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Welcome
STAGES OF NATIONAL LEADER HEYDAR ALIYEV’S OIL STRATEGY

Dear conference participants and dear guests, I greet you on the opening ceremony of the International
Scientific and Practical Conference “HEYDAR ALIYEV AND AZERBAIJAN OIL STRATEGY: Ad-
vances in oil and gas geology and geotechnologies” dedicated to the 100th anniversary of the national leader
of the Azerbaijani people, Heydar Aliyev.

The oil policy of the national leader of the Azerbaijani people Heydar Aliyev can be divided into several
stages. The initial stage covers the period from the election of Heydar Aliyev as leader of Azerbaijan in 1969
to the period of independence. During that period, a new stage started in the history of oil and gas industry
development in Azerbaijan. Beginning in 1969, Azerbaijan entered a highly dynamic stage of growth in the
oil and gas industry.

As aresult of the initiative and efforts of national leader Heydar Aliyev, which stimulated the development
of the oil industry in Azerbaijan in 70-80s, the Shelf type of equipment for drilling at the depth of water column
of 200 meters provided the discovery of new giant deep-sea oil and gas fields. The discovery of 8 new oil and
gas fields expanded oil reserves by two and gas reserves by three. During this period, the new large oil fields
(Guneshli, Chirag, Azeri, and others) were discovered at a depth of 80-350 meters.

At this stage, a special program for petroleum refining in Azerbaijan was developed and implemented by
the initiative and under the coordination of the prominent politician Heydar Aliyev. With the implementation
of the stages of the “reconstruction plan of the oil refining industry in Azerbaijan”, the changes occurring in
the mentioned sphere deepened and expanded. Heydar Aliyev's oil strategy at the initial stage created an
opportunity for the formation of an oil industry in Azerbaijan corresponding to world standards.

The allocation of USD 450 million in the Soviet Union for the construction of the Deep Water Jackets
Factory in Baku (Azerbaijan), which had no analogs in the world at that time, the receipt of a license from
Moscow (this plant was planned to be built in Astrakhan) was the result of the wise policy of Heydar Aliyev.

All these facts were due to the wise and farsighted policy of the national leader of the Azerbaijani people
Heydar Aliyev. He was well aware that all the works carried out would serve the economic independence of
Azerbaijan, which would gain independence in the future. History has proved national leader Heydar Aliyev
right.

Heydar Aliyev's independence period oil policy. Azerbaijan faced many difficulties in the early 90s after
gaining independence. The rupture of the economic relations between the Azerbaijan Republic and the Repub-
lics of the former USSR and the instability within the country put the oil and gas industry in a severe crisis
state. In such conditions, Heydar Aliyev, who returned to Azerbaijan at the request of the people for the second
time stood with the slogan “Oil is the national wealth of Azerbaijan” and was closely engaged in the develop-
ment and restoration of the country's oil industry. It was necessary to choose between two variants for the
settlement of the hard situation established in the oil industry and the development of hydrocarbon reserves of
the country. It was necessary either to wait 15-20 years for the financial and economic situation of our country
to become favorable, or to invite foreign oil companies. The national leader of the Azerbaijani people decided
to attract large oil companies to Azerbaijan and a “New oil strategy” was developed in a short period of time.
At that time, by order of the President of Azerbaijan, negotiations with foreign companies on the development
of Azeri-Chirag-Guneshli fields were started. Genius leader Heydar Aliyev, who saved Azerbaijan from ca-
tastrophe, began to take measures for its economic recovery. From the very first days, the First Vice President
of SOCAR, Ilham Aliyev, was involved in the negotiation process, becoming one of the most active partici-
pants in the development and successful implementation of the new oil strategy. On September 20, 1994, the
“Contract of the Century” — “Production Sharing Agreement” was signed with 11 famous oil companies from
7 countries of the world on the development of Azeri-Chirag-Guneshli fields (deep water part). President of
Azerbaijan Heydar Aliyev, who made a statement a few days before the signing of the agreement, assessed it
as one of the decisive means to protect the sovereignty of our country and achieve rapid development of the
national economy and said: “The presented project ensures the economic interests of the Republic of
Azerbaijan, Azerbaijani people today and in the future, therefore I have decided to sign this agreement”.

In the time that has passed since the signing of the “Contract of the Century”, today, the successful reali-
zation of the “New oil strategy” of national leader Heydar Aliyev has become a reality. Considering all that, it
is possible to single out the following implemented directions of the new oil strategy:

Ensuring Azerbaijan's access to the global markets of energy sources through the attraction of international
oil companies, foreign business circles, and large investments in oil and gas projects;
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Creation of export pipeline system to ensure free and rapid access of Azerbaijani oil to the world market;

The Presidents of the USA, Turkey, Azerbaijan, Georgia, Kazakhstan, and Turkmenistan signed an inter-
governmental agreement on the establishment of the head export pipeline Baku-Tbilisi-Ceyhan at the OSCE
summit in Istanbul in November of 1999, and later this Agreement was ratified by Turkey and the parliaments
of Azerbaijan and Georgia. The foundation stone of the Baku-Tbilisi-Ceyhan pipeline was laid with the par-
ticipation of the national leader of Azerbaijan, Heydar Aliyev, with Turkey and Georgian presidents at San-
gachal terminal in Baku on September 18, 2002, and its construction was initiated. The connection of the
Azerbaijani part of BTC with the Georgian part took place in October 2004.

Currently, this pipeline allows not only to export Azerbaijani oil to world markets but will also become
the main trunk pipeline of the “Silk Road” and Turkish-speaking countries. The selection of the Baku-Thbilisi-
Ceyhan route results from our national leader Heydar Aliyev’s excellent policy; now, this pipeline has entered
the oil pipeline system as a world “artery”.

Collecting and increasing oil revenues, which is the national wealth of Azerbaijan, for future generations,
using these revenues for today’s generations, considering current social needs, economic progress, and devel-
opment requirements of our country.

According to this, national leader Heydar Aliyev signed a decree on the “Establishment of the State Oil
Fund of the Republic of Azerbaijan” on December 29, 1999.

One of the achievements of realizing the “New Oil Strategy” established by national leader Heydar Aliyev
is the introduction of advanced Western techniques and technology to Azerbaijan.

The new technology and equipment used in the hydrocarbon fields’ development, drilling, and operation
have positively impacted the oil industry. For the first time in Azerbaijan, the construction of a giant offshore
plant allowing the drilling of 48 wells in the Central Azeri field was built. Technically, one of the largest
terminals in the world, the Sangachal terminal, has been built. In Azerbaijan, the companies “Tektfen”,
“Azfen”, “McDermott” and others played a big role in the realization of the above-mentioned gigantic con-
structions. Thousands of Azerbaijani citizens work in foreign companies and firms in Azerbaijan's oil and gas
sector.

To date, the oil strategy worked out by Heydar Aliyev is the basis for the fact that Azerbaijan, as an
independent state, is the owner of its national wealth, that the economics of our country has integrated into the
global economy, that our country survived the political, economic, and social crisis that occurred in the early
1990s and that the developed, strong and democratic state of Azerbaijan was established at the beginning of
the 21 century. Seeing all this in advance, President of Azerbaijan Heydar Aliyev, in his historic speech at
the signing ceremony of the “Contract of the Century”, said: “I am happy to participate in elaboration and
signing of this contract. I recognize the responsibility I have assumed and hope that future generations
will properly appreciate the historic event that took place here today”.

At present, the oil strategy of national leader Heydar Aliyev is successfully advancing to a new stage under
the leadership of the President of the Republic of Azerbaijan, [Tham Aliyev.

The beginning of an essential stage of the oil strategy of President ilham Aliyev is September 14, 2017.
On this date, the Azerbaijani government, an International Consortium, and BP signed a new agreement on the
development of the Azeri-Chirag-Guneshli oil and gas field until 2050. Addressing the signing ceremony at
the Heydar Aliyev Center in Baku, President [Tham Aliyev said: “The contract that will be signed today is
very important for our country. Development of Azeri-Chirag-Guneshli oil field is extended till 2056.
The new contract to be signed is even more profitable for Azerbaijan, although the contract signed in
1994 has fully satisfied our interests. This time the contract was signed on even more favorable terms”.

Dear conference participants! I believe the conference dedicated to the 100th anniversary of Heydar Ali-
yev will continue its work in a constructive and creative atmosphere, and the decisions and recommendations
made here will be of great importance for scientific research resulting from the oil strategy of national leader
Heydar Aliyev.

I welcome you once again and wish success to the conference participants.

Thanks for your attention!

Prof. Fakhraddin Kadirov,

The General Manager of the Oil and Gas Institute of
Ministry of Science and Education of Azerbaijan

Full Member of the Azerbaijan National Academy of Science
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THE IMPACT OF SHALINESS AND WELL PAIR SPACING
IN THE SAGD PERFORMANCE
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Summary. Steam Assisted Gravity Drainage (SAGD) is a common thermal recovery tech-
nology that uses steam to heat and extract oil from bitumen reservoirs. It consists of an upper
horizontal injector and a lower horizontal producer. Varied lateral extent, thickness, and fre-
quency of shale layers can be observed and these shale layers can substantially impair the pay
zone's vertical permeability and slow down the SAGD process by interfering with the flow of

Keywords: shale, thermal, steam and oil. Henceforth, identifying shale problems and finding solutions to them has become
SAGD, bitumen, critical in SAGD production.
steam chamber This study investigated shale issues in the SAGD process from the simulation perspective.

Hypothetical shale cases were built in SAGD simulation models using the CMG STARS sim-
ulator. In addition, the vertical well pair spacing in the SAGD simulation model was changed to
test it as a remediation technology to reduce the negative shale impact on the steam chamber, and
the SAGD performance.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

In the SAGD process, steam is injected from a horizontal injection well above a horizontal producer.
Steam flows horizontally and vertically in the reservoir as a steam chamber is developed as shown in the
left side of Figure 1. Due to the injected steam, heat is transferred into the surrounding reservoir and oil in the
vicinity of the chamber is heated and its viscosity is reduced, and it is mobilized. It drains, driven by
gravity, from the perimeter of the chamber to the production well. The condensate also drains with it.

A significant concern in the development of the SAGD process is the effect of barriers to vertical flow
within the reservoir, as in the right side of Figure 1. They may consist of significantly sized shale layers or
may be interbedded shale layers that can reduce the vertical and sometimes horizontal permeability.

In this paper, interbedded shales are defined as shales with limited lateral length, i.e. they are not contin-
uous from the beginning of the well to the end point of the horizontal well.

Continuous and extensive shale layers can divide the reservoir and may prevent development of the
steam chamber and result in an unsuccessful SAGD operation (Ipek et al., 2008). On the other hand, thin
(a few centimeters thick) limited horizontal lengths of shale layers may not severely damage SAGD pro-
cess performance (Butler, 1996). Inter-bedded shale (IBS) and shale laminates are detrimental to the per-
formance of SAGD and hybrid SAGD/Solvent processes since they reduce, sometimes severely, vertical
mobility of the pay zone. Many reservoirs in Athabasca feasible for SAGD or hybrid SAGD/solvent
processes have such problems, some of them extensive. Therefore, to improve productivity in these res-
ervoirs, dealing with shale problems has become inevitable and solutions are urgently needed.

The nature and extent of these laminations is not well understood. The current technology for dealing with
shale laminations is to inject steam at sufficiently high temperature and pressure so that thermal stresses
developed in the reservoir fracture the laminations and disrupt their continuity. Low energy processes
under development, including low pressure SAGD will not raise the temperature and pressure sufficiently
to disrupt the shale layers. It is therefore necessary to use other methods to fracture the shale laminates.

One obvious approach in dealing with shale problems is to adjust the injection well placement. The prob-
lem was first studied in the lab in the late 1980s (Yang, and Butler, 1992). The results have suggested that
a higher injector will lead to increased production when intervening shale laminates are present. Most of
the subsequent numerical studies have agreed with this assertion (Yuan et al., 2004).
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Hypothetical shale cases were built in simulation models. In addition, the well pair spacing in SAGD
simulation model was increased to test this approach as a remediation technology to reduce the negative
shale impact on SAGD performance. In that case, the SAGD process was initialized by Wet Electric
Heating (WEH) (Yuan et al., 2004). It was observed that the increase in vertical well pair spacing using
WEH initialization could improve poor SAGD performance in the model.

Method and / or theory

The reservoir properties used in the simulation model are included in the following section. In addi-
tion, vertical well pair spacing in the SAGD simulation model was increased to test as a remediation
technology to reduce the negative shale impact on SAGD performance. In that case, the SAGD process was
initialized by Wet Electric Heating (WEH). In the simulation model, an increase in vertical well pair
spacing using WEH initialization improved poor SAGD performance at early stages of production.

SIMULATION
Table illustrates the reservoir properties used. They were based on the Athabasca deposit.

Parameters used in the model

Initial Reservoir Pressure, Pr 2900 kPa
Initial Reservoir Temperature, Tr 13 °C
Porosity, ¢ 32 %
\Vertical Permeability, kv 1/3 kh
Horizontal Permeability, kh 4D
Initial Water Saturation, Swi 0.14
Initial Oil Saturation, Soi 0.86
IPay Thickness, h 25 m
Length, L 600 m
‘Width, w 121 m
Depth, D 470 m
Steam Injection Temperature, Ti 263 °C
Maximum injection bottomhole pressure, Pbhmax 5000 kPa
Minimum producer bottomhole pressure, Pbhmin 3000 kPa

Figure 2 illustrates the steam chamber and SAGD performance in a homogeneous reservoir without
shale. The steam chamber developed uniformly in the homogenous environment, as shown in Figure
2.The oil rate had a maximum value around 200 m?/day, which is reasonable for a SAGD process with these
reservoir properties. In another representation, shale layers were randomly located to determine the impact
of shale on SAGD performance. In the model, randomly implemented shale layers behave as the shale lami-
nates in the Athabasca area. The reservoir was represented by a 121x1x25 grid, with block sizes of
Im*x600mx1m. In the "Shale Case 1", eight shale layers 6 to 7 m in width and 1 m thick were symmetri-
cally located at the top 5 m of the reservoir, as shown in Figure 3, first figure on the left. The steam
chamber, figure second from left in this Figure 3, is fairly uniform and is very similar to the one for the
no shale case, indicating that the shale had little impact. Figure 3 also compares the SAGD performances in
the presence and absence of shale at the top of the reservoir. The shale layers in the top part of the reservoir
had an insignificant impact on SAGD performance.

In the "Shale Case2", as shown in Figure 4, there were three layers of shale; two just above the
injection well and one on the left side of the reservoir. The steam chamber at the second year of the SAGD
process from Figure 4 shows the disturbance in the development of steam chamber due to the shale layers just
above the injection well. The shale layers located close to the upper part of injection well had a significant
impact on the shape of the developed steam chamber which is confirmed by the SAGD performance
difference between the no shale case and Shale Case 2 (Figure 4).

Several simulation cases were performed using different shale locations and showed that shale loca-
tion could determine the magnitude of impact of shales in the SAGD process.
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Remediation Technology

Figure 5 illustrates the well and shale locations for a typical SAGD, where the vertical well pair
spacing is 5 m and for a Wet Electrical Heating, WEH, SAGD initiation process where the vertical well
pair spacing is 10 m, respectively.

Steam chambers at two different times for Shale Case 2 and for the WEH case are shown in Figure 6.
While the Shale Case 2 steam chambers show significant irregular development caused by shale, steam
chamber at the beginning of the second year from the WEH case where vertical well pair spacing is 10
m, has little shale impact and it becomes almost regular in shape, at 2.5 years.

Figure 6 also shows a comparison between the SAGD oil rates for these two cases. SAGD initializa-
tion with WEH, which has 10 m vertical well pair spacing, can reduce the negative impact of shale on
SAGD performance at the early stages of production.

Results and discussion
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Fig. 5.Well and shale locations in a usual SAGD and WEH process
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Fig. 6.Comparison of steam chambers and SAGD performance between the Shale Case 2 and WEH case

Conclusion
Shale impact on SAGD performance was evaluated in simulations and the preliminary conclu-
sions from these simulation results are:
1. SAGD performance and steam chamber development can be sensitive to the location and the size of
the shale above the injector
2. An increase in vertical well pair spacing, from 5 m to 10 m, using a WEH initialization can reduce
the negative impact of shaliness above the injector and can improve SAGD performance at the early

stages of production.

3. It is recommended to do further detailed study for varying location, distribution and size of laminated
and interbedded shales to have a better understanding of shale impact on the performance and steam
chamber development, and to have a better recommendation for vertical well pair spacing to over-
come the shaliness negative impact on SAGD performance for the remediation technology
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Summary. Gas Hydrates (Methane Hydrates) are ice-like crystalline solids formed by the trapped
entrapment of gas molecules in a lattice by water molecules. They are formed under high pressure
and low-temperature conditions. They usually contain methane gas, which is the main component
of natural gas. Water molecules surround the methane molecules trapping them in a ‘cage’ of water

Keywords: Black Sea, molecules to form gas hydrates (GH). They are commonly found in the continental margin (conti-
Caspian Sea, Gas Hydrates, nental slope), seafloor sediments, and near-polar frost (permafrost) areas also includes the Black Sea
Revolution of Unconventional and Caspian Sea. GH are important for earth sciences and economics; the methane leaks that occur
Energy in these zones are a direct indicator of the presence of hydrocarbon reserves in the depths, behaves

for the accumulation of methane gas. GH themselves are also an important source of energy. They
are called “zipped gas, burning ice” because they contain 164 times more gas than its volume.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Today, Marine Gas Hydrates deposits, which can be defined as a type in economic terms as a “relatively
clean energy source of the near future”. When the near-future scenarios in the energy are researched, it is
understood that coal based energy/electricity production will reach its maximum level in a short time,
particularly when power plants to be installed are taken into. By the 2040s, it is predicted that natural gas-
based energy production will out perform a rapidly increased share of renewable energy resources. Shale gas
and Gas hydrates both are an alternative in natural gas production. "these two unconventional energy sources
have been investigated in recent years and production technologies have been developed. As a result, since the
2000s, Shale Gas has taken its present place in the oil industry and has become “game-changer” energy source
in terms of countries’ policies. Now turn is on Gas Hydrates in the new plays as the unconventional
hydrocarbon revolution. Gas Hydrates are a potentially huge worldwide resource in the form of natural gas
trapped in the ice in permafrost ocean sediments. Due to the large volume of methane they contain, it seems
Gas hydrates reserves will stand out as the main alternative/ Unconventional energy Resource in near future.

GH occurs at high-pressure and moderate temperatures in the Marmara, Mediterranean, and Black Sea.
To carry out work in those areas, the Geophysical seismic laboratory established within Dokuz Eylul
University with the support of the State Planning Organization (DPT) served as a focal point in many research
activities and carried out exploration studies between 2005 and 2018 by mapping GH and taking samples from
the seafloor for the first time. Among these studies, the first phase of the National Gashydrate projects were
been completed and a priceless discovery with a national team has generated decades of energy potential.

Method and / or theory

What are Gas hydrates or methane hydrates? Gas hydrate refers to dirty white color crystalline ice-like
substance, which formed under high pressure and low temperature by combining lattice-bearing water
molecules and natural gas molecules. The formation of the ice-like, crystalline GH composed of hydrocarbon
gas molecules and water molecules surrounding them under the seafloor in high pressure and low-temperature
environments depends on the combination of four factors: low temperature, high pressure, water, and which
mainly consists of methane. These are the conditions required for the formation of gas hydrates and some
parameters that control the gas hydrate formation process. Stationarity condition of gas hydrate represented by
the high pressure and low temperature conditions, and this situation is called "thermobaric conditions". If
temperature increases and/or pressure drops, structure of the gas hydrate passes two phases that is gas and
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water. Gas hydrate is in earth sciences and economically important for several reasons: (1) Gas hydrates are
good cap rocks for oil and natural gas. A volume of gas hydrate can store up to 164 times per volume gas, and
that gas hydrate occurs almost all around the world, (2) The methane hydrate itself is an important energy
source (3) Methane seepage may indicate the existence of a deeper oil and gas reservoir, and (4) The methane
production and migration in the slope sediments may cause massive slides. Last but not at least Methane gas
has 22 times more global warm absorption capacity compared to carbon dioxide if it is released into the
atmosphere. In other words, greenhouse gas due to its contribution to climate change.

BSR is bottom of gas hydrate accumulation follows the topography of the sea floor and on seismic sections
they called Bottom Simulating Reflector in marine geophysics seismic sections. BSR reflections follow
isothermal surface, the depth is determined by the geothermal gradient (Figure 1). The amount of methane gas
captured/stored in GH all over the world is estimated to be twice the total carbon held in all fossil fuels in the
World and more than fifty times the oil and natural gas resources. Existing GH deposits have been determined
with up-to-date technology, only a small part of them have commercial potential, the real reserve and its
contribution to the country’s economy are much higher. Currently only a small fraction of existing gas hydrate
deposits have commercial potential. Even that alone is the incredible size of the available resource.

{s) owny
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Fig. 1. BSR-that is bottom of gas hydrate accumulation follows the topography of the sea floor
and on seismic sections they called Bottom Simulating Reflector

The areas within potentially show the Messoyakha area which is the first land production area in the world,
GH areas in oil and gas fields such as Alaska, Gulf of Mexico, Angola Bay, and the Eastern Mediterranean,
and GH areas such as the Nankai Trough where the first production was realized in the sea and the South China
Sea. We are lucky with the gas hydrate resources as we know with Azerbaijan is also lucky it as oil and natural
gas. Many countries, such as oil and gas-non existing China, Japan, South Korea, India, and Germany, as well
as the oil- and gas rich United States, Brazil, Norway, and Iran have invested in this area. The first production
test study has been carried out successfully in 2013 by Japan, and the second stage production test study was
conducted in 2017. Within the scope of the 3rd phase, it targeted production works on a commercial scale
starting already and continued to work towards uninterrupted production. China, which is the first country to
continuous and stable gas production, carried out the same techniques in different areas. China has also come
to the fore with the most patents among other gas hydrate countries. This was a big step towards making gas
production from gas hydrates feasible.

The Hydrate Ridge located on the coast of Alaska, the Atlantic Ocean, the Pacific Continental Margin,
Southern Mexico, the Central American Trench extending from Mexico to Costa Rica, the Atlantic Continental
Margin, the Blake Outer Ridge, the southeastern and western active margin of the United States shows that
GH is spreaded in sediments. On the Blake Plateau on the southeastern continental slope of the USA, only one
area of approximately three thousand km? has methane reserves equal to approximately 30 times the annual
gas consumption of the USA. In 2018, it was combined with an expanded gas hydrate production test with
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stratigraphic testing in the western part of the Hydrate-01 well in the Prudhoe Bay area. The final goal of this
project is a long-term (12-24 months) gas hydrate production test (Collet, 2018). After many projects such as
the northern slope of Alaska, the US has planned and started a new drilling and pressure coring project in the
Gulf of Mexico in early 2022 and 2023 (Collet T., personal communication 2023).

The most concrete step for GH studies in Turkey was an advanced research project supported by the State
Planning Organization in 2003 (Cifci et al., 2003). With this project, a Geophysics Seismic Laboratory was
established within Dokuz Eyliil University, the laboratory activated by the author as project coordinator and
supported several funds.

Fig. 2. Marine geophysical laboratory was run several cruises to research the gas hydrate mapping and sea bottom sampling between
2005 and 2018 to collect, process and interpret the geophysical and geological data using several thousands km data. The laboratory’s
infrastructure was been strengthened the laboratory is became only one in Turkey and international level in the world. With additional
knowledge and experience, they have acquired staff and researchers who have served within, taking part in research projects with
Turkey’s research, exploration and drilling vessels and making important and valuable contributions

Results and discussion

B DK10-x05
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Fig. 3. The Bottom Simulating Reflector (BSR) mimics the sea floor on the seismic sections. The BSR reflections follow isothermal
surface, the depth is determined by the geothermal gradient. At the BSR reflection level, sudden amplitude changes can be observed.
Sometimes it extends to reflections and here BSR disappear. BSR is not real geological reflections that comes from interfaces, they
cross the real sedimentary units on seismic sections. Free gas accumulation can be observed under the BSR reflections. BSR may
indicate the presence of a deep reservoir of HC
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Conclusion

Gas-hydrates are Game Changer. Gas-hydrates are most probably the near future energy sources of the
World. The Black Sea and Caspian Sea are two of the richest waters having immensive hydrate accumulations.
Considering that energy resources are very limited; such a very important reserve discovery has the strategic
importance that can change the fate of any country. A “game-changer” energy source in terms of countries’
policies towards energy sources to recover unconventional hydrocarbon resources changed everything.
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STACKED SECTION: EXAMPLES FROM LAND AND MARINE SEISMIC DATA
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Summary. This paper presents an application of Wiener filtering to suppress the ground-roll and
swell noises, which are with low frequency and high amplitude, included in land and marine seismic
data. The noises always contaminate and make invisible the reflections especially in low frequency
part of seismic data. The filtering of them without distorting the available frequencies is required in
seismic data processing. For this purpose, the Wiener filter is designed to find the filter coefficients
Keywords: Low frequencies, which are used to estimate the noises embedded in seismic data. Therefore, the noise estimation has
ground roll noise, swell noise been adaptively subtracted from the data to perform the filtering process. The applications of the
method to both land and marine datasets show that the proposed filtering is effective in protecting
available reflection signal and also provide a much improved quality of deep part of stack sections
compared with the conventional classical band-pass filtering.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Seismic data acquired for the exploration of subsurface structural, stratigraphic or hydrocarbon potential
include many types of noise that distorts the valuable primary reflections. The amplitudes of noises are gener-
ally superimposed with that of the amplitude of reflection events especially at low frequencies. Two of them
are ground roll noise in land which is the vertical component of the Rayleigh surface waves, and swell noise
occurred in bad weather conditions in marine data. The main characteristics of noises are that they have high
amplitude, low frequencies and lower propagation velocity. The lower frequencies represent the available re-
flections from deeper reflectors such as deep hydrocarbon bearing reservoirs and structural and stratigraphic
layers. On the other hand low frequencies are very important to obtain high resolution subsurface images and
for acoustical impedance inversion (kroodeet al, 2013). Thus, the lower frequency amplitudes of seismic data should
be protected during the filter processing. In conventional processing, both noises are commonly filtered by
using band-pass and transform based filters such as f-k (frequency-wavenumber), tau-p (tau-slowness), t-f
(time-frequency) and etc. All these filters are mute-based filters depending on predetermined frequencies and
velocities, that is, firstly the cut-off frequencies or velocities are defined and the amplitudes between them are
eliminated by zeroing out or multiplying with a small numerical value.

Figure 1 shows schematically procedure of the both mute and estimate based filtering strategy. As shown
in Figure 1a-b, the filtering of noises using frequency selective surgical mute is mostly practical and faster, but
available amplitudes within the spectral band are also filtered or distorted unnecessarily, and therefore, the
signal to noise ratio of the data is reduced. Nowadays, it is mostly preferred the estimation-based filtering
(Deighan and Watts, 1997; Liu, 1999; Yuan and etc., 2022) instead of surgical mute-based filtering to prevent
the available spectral information of seismic data as given in Figure 1c-d. One of the estimation-based filtering
is the Wiener filter which is widely used for the purpose of deconvolution in the seismic processing (Yilmaz,
2001; Karsli and Bayrak, 2004; Dondurur and Karsli, 2012). The most important feature of Wiener filters is
that they convert an input signal into any desired signal. Thus, it provides to adjust the amplitude and phase
of the coherent noises in the data with areference noise signal. If a noise model is determined, the Wiener
filter successfully converts it to real noise including the seismic data. The main idea behind the proposed filter
is to determine the noise component from data and then to attenuate it by arithmetical subtraction. In this paper,
the importance and contribution of Wiener filtering technique in filtering of noises without surgical muting the
available spectral information was introduced and some real examples obtained from the application with mute
and without surgical mute-based techniques are presented comparatively.
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Fig. 1. Theoretical demonstration of the filtering of low
frequency noises. (a, b) estimate and (c, d) mute based
filtering strategies

Method and / or theory

The purposed strategy and mathematical base of Wiener filter application is briefly presented. When
considering the seismic data model as D(t)=S(t)+N(t) (S(t) and N(t) are respectively signal and noise), N(t)
should be estimated and is subtracted from D(t). For this purpose, Wiener filter coefficients which convert the
an input to desired output are calculated solving the least square error function, E (or cost function) as follows,

E= Z?i1(Nt - Nest:)2 (1)

Here, N, is a noise model which can be conveniently extracted from the data itself by a simple low-pass
filtering (for marine data) and is used as sweep signal according to frequency characteristics of the noise (for
land data). Nes(t)=f(t)*D(t) (* shows convolution) which is called as estimated noise or actual output. Now the
Wiener filter strategy focus on obtaining the estimation filter coefficients, f(t). After putting the Ne into the
equation (1), it is solved taking the partial derivatives and setting them zero and rearranging the equations to
obtain filter coefficients, f(t) as follows,

f=R’!C (2)

R is autocorrelation (D&®Dy) of the seismic data, Dy and is in Toeplitz matrix form. C is cross-correlation
(N®Dy) between noise model N, and seismic data D.. Now, the filtering is performed as,

S=D-f*D 3)

This process is also known as deconvolution or inversion processing. The inversion of R matrix is solved
using Levinson-Dubrin recursion algebra which is recursive, fast and stable and also very useful for large
amount data (Claerbout, 1976). For stabilization of inversion, a quadratic regularization is used. More
implementation details of the method can be found in Karsli and Bayrak (2004) and Dondurur and Karsh
(2012).

Results and discussion

The application of the method is conducted for both land data with sampling interval 4 msec from
Canadian and marine data with sampling interval 1 msec from Tiirkiye. Fourier spectra of the one of shot data
sets including ground roll noise and swell noise are given in Figure 2a and 2b. As it is seen, the low frequency
parts of the both data are dominated by the amplitude of noises (see elliptic area). If it is used a classical band-
pass filter using proper cut-off frequencies to filter the noises, all amplitudes overlapping at low frequency part
are inevitably muted. Such a filtering causes the loss of useful low frequency information of the data and
weakens the reflection information located in the deep parts of the stacking sections.

The results of land and marine seismic data are presented in Figure 3 and 4. The stacked data were obtained
by applying conventional seismic data processing including data loading, geometry definition, editing, band-
pass filter with 15-60Hz (Fig. 3a) for land data, 20-213 Hz (Fig. 4a) for marine data and Wiener estimation
filter (Fig. 1b) with 8-15Hz sweep signal as noise model for land data and low-pass filter output with the cut-
off frequency =15 Hz as noise model for marine data. The successive processes include CDP sort, velocity
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analysis, normal move out correction, stack and display with automatic gain control (500ms). As it is clearly
seen that since the Wiener filtering protects the lower frequency contents of the data (see arrows), the amplitude
of the deeper reflections increases and resolution is improved.
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Fig. 2. An example of Fourier spectra from both land (a) and marine (b) seismic shot data
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Fig. 4. Application results of filters on deep part of the stacked marine seis-
mic data. (a) Classical band-pass filter and (b) Wiener filter

Conclusion

In this study, it was shown that Wiener filtering has effectively filtered the ground roll and the swell noises
which overlap available reflections in low frequency band of seismic data. In order to indicate the performance
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of the proposed method, stacked sections were obtained using both the classical band-pass filtering and Wiener
filtering. Outcomes from both filters are compared in terms of both quality of the final images and protection
of useful information of data. The proposed filtering clearly improved the quality of stack sections and
therefore provided more interpretable seismic section in terms of structural and hydrocarbon trap exploration,
especially at deeper part of seismic data.
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ON THE OIL STRATEGY OF AZERBAIJAN

Kerimov V.Yu.!, Serikova U.S.2

'Ministry of Science and Education of the Republic of Azerbaijan, Institute of Oil and Gas

2 Federal State Budgetary Educational Institution of Higher Education "Sergo Ordzhonikidze Russian State
Geological Exploration University”

Summary. For transformation of independent Azerbaijan into the modern, strong, having
sustainable development of economy state the national leader Heydar Aliyev defined oil strategy
which became a basis of radical transformation of further political and economic reforms. This
strategy provided involvement of foreign investors to development of oil fields of Azerbaijan,
diversification of routes of transportation of crude oil, effective management of oil revenues and the
entry of Azerbaijan in a new stage of development.
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CoBpeMeHHBIH 3Tall Pa3BUTHA He(DTEra30BOT0 KOMIUIEKca A3epOaiimKkana Hadajcs ociie IPHOOpEeTeHUS
B 1990 r. mezaBucumoctu. B pesynbrare monmutuueckoi HecTtabmimpHOCTH M pacnaga CCCP 3HaunTeNbHBIN
YpOH ObLT HaHeceH SKOHOMUKe A3zepOaiikaHa. B oueHb CI0KHOW CHTyallMu OKa3alach HETAHAS OTpacib
SKOHOMHUKH: 3HAYUTEIHHO COKpAalIeHO ee (DMHAHCHPOBAHHE, PE3KO YMEHBIIWINCH 00BEMBI Pa3BeIOYHOTO U
AKCIUTyaTaIlMOHHOTO OypeHUs |, KaK CIeACTBUE, CHU3MIACh Jo0kda Hetr u ra3a B Kacnuiickom Mope. Oc-
HOBHBIMHU [TPUYMHAMH CHUKEHUS 00bEMOB TOOBIYH CTAIIN: HCTOIIEHHE MECTOPOKICHUH BCIIEACTBUE ITUTEIb-
HOM 3KCIUTyaTalliy, OTPaHNYEHHbIE BO3MOKHOCTH OCBOCHUS HOBBIX 3AJI€XKEW B CBSI3H C OTCYTCTBUEM COBpE-
MEHHOH TEXHUKH W TEXHOJIOTHH JJIsl OypeHUs CKBaXUH TIPH TITyomHax Mops ceimre 150-200 M, pe3koe CHU-
XKEeHHe 00beMa JKCIUTyaTallMOHHOTO MeTpaxa U Manod((eKTHBHOCTh PabOT HaJl CYHIECTBYIOMIUM (OHIOM
CKBa)XKMH. BrIpaOoTKa 3a1acoB 0 MECTOPOKACHHUSM B [IeJIOM cocTaBiisiia K 1997 r. mpumepno 50% oT Havasb-
HBIX M3BJIEKAEMBIX 3aITacoB.

HepCHeKTI/IBBI Pa3BUTUA TOIINIMBHO-OHEPIETUYCCKOTO KOMIIJICKCA Ha OJvKanIIne oAbl CBA3BIBAJIUCH C
BBOJIOM B JKCILUTyaTanuio O0raTeIX MecTopoxaeHuid. Bmecte ¢ Tem orcyTcTBre 3 ()EeKTUBHBIX TEXHOIOTUI
TOPMO3HUIIO OCBOEHUE MECTOPOXKICHUH C IPOMBIIITIEHHBIMH 3artacaMy (Kak IpaBuiio, B TTyOOKOBOHOM YacTu
Kacmmst), mpupocT 3amacoB U UX reojoro-a3KOHOMHYECKas OIIeHKa TaK M He ObUIH 3aBepiieHsl. OMHUM U3
myTel MpeoosIeHNsI PEIICHHsT SKOHOMUYECKUX TPYAHOCTEH, C KOTOPHIMHU CTOJIKHYJIaCh BHOBb 00pa3oBaHHOE
rOCyJapcTBO TMOCIIE OOpEeTeHUsI HE3aBUCUMOCTH, CTaJ0 UMEHHO pa3BUTUE HE(TIHON U ra30BOM MPOMBIIIICH-
HoctH (Anues, 2003). Y mosToMy OBLTO BaXKHO MPHBJIEUEHNE HHOCTPAHHBIX MHBECTHIINN B 9KOHOMHKY A3ep-
OalipkaHa, 1, B TIEPBYIO 04Yepeib, B HEPTSHYIO M Ta30BYI0 IPOMBIIUIEHHOCTh Kacnuiickoro Mopsi.

Jnst mpeBpalieHus: He3aBUCUMOro AzepOaiikaHa B COBpeMEHHOE, CHIIbHOE, 00JaJarolee yCTONINBBIM
pPa3BUTHEM SKOHOMHUKH TOCYIapCTBO OOIIeHANIMOHANBHBIN Tnfep [ eiinap Anves onpeaenit HeQTSIHYIO cTpa-
TETHUI0, KOTOpasi CTaJia OCHOBOW KOPEHHOU TpaHc(hopManny JaTbHEHIIHX MOTUTHKO-9KOHOMHYIECKUX pedopM
(Amu-3azne u ap., 2020). Dta cTpaTerus odecnevnia NPUBJICYCHUE HHOCTPAHHBIX HHBECTOPOB K pa3paboTke
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He()TAHBIX MECTOPOXKICHUH A3epbaiipkaHa, TUBepCUUKAIIUI0 MAPIIPYTOB TPAHCIIOPTUPOBKH ChIPOH HEPTH,
3¢ pexTHBHOE yIIpaBiIecHNE HEPTIHBIME TOXOAaMH U BCTYIDICHHE A3epOaiikaHa B HOBBIM dTall pa3BUTHS.

B urone 1993 rona Anues Bo3rinasuin Musumn Memxkmuc. Ocenbio 1993 roga B Ouorpaduu I'eitnapa Anm-
€Ba IPOIILIH MEePBBIC MPE3UICHTCKUE BHIOOPHI, HA KOTOPBIX 3a HETo mporojocoBaiio 98,8%. 3a 1Ba ¢ mojaoBH-
HOH rojja eMy y/Aajoch HaBeCTH MOPSAOK B cTpaHe. B cTpaHe Oblia MOCTUTHYTa BHYTPUITOIUTHYECKAS CTa-
ounbHOCTh. B centsaope 1994 r. B baky pykoBoauTeNny KpyIMHEHIINX TPAaHCHAIIMOHATHHBIX HE(DTSHBIX KOMIIa-
HUW MHpa TOCIe IUIUTEIbHBIX MEepPeroBopoB noamnucani «KoHTpakT Beka» — coralieHue o pa3padoTkKe
He()TAHBIX MECTOPOXKICHHI Ha TITyOOKOBOJHOM Ienb(de azepbaimkaHckoro cekropa Kacmuiickoro mops
A3epu, Unpar u riryookoBoaHoM dact [ tonenum. B HacTosmiee Bpems 3akimodeH 21 KOHTPAKT ¢ 35 KomIra-
HUSMHU MHUPA 110 MPUHIIAITY COBMECTHOIO MPOU3BOJICTBA U pa3jieia NpoayKiuu. [Iporuosupyemsie 3apy0ex-
HbIE€ UHBECTUIIMHU TOJIbKO 3a cueT 10 moamucaHHBIX COTfalleHui oueHuBanuck B 56 mupa. nomi. CHIA Iloa-
mucanne «KoHTpakTa Bekay, 03HAMEHOBABIIIee HAYaJl0 HOBOTO IIEPHOAA Pa3BUTHS HEPTIHON HMHIYCTPHH U
3KOHOMHUKH A3epOaiikaHa B 1[JIOM HAMETHIIO JMHAMUYCCKHUU MyTh Pa3BUTHS U MPOLBETAHUS FOCY1apCTBa B
XXI Beke. «KonTpakT Bekay, 3aKIr0ueHHBIN MPE3UACHTOM H OOIIEHAIIMOHAILHBIM JTUACPOM A3epOaiikana
leiimapom AnMueBBIM, YCIIEITHO pealn3yeMbIi ero mpeeMHIKoM HeHenTHHM [Ipesunentom Unpxamom Aswe-
BBIM, TI03BOJIMJI PECITYOJIUKE COBEPIIMTD 3HAYUTEIbHBIA PHIBOK B Pa3BUTHU U 3aHITH COOTBETCTBEHHYIO I'€0-
MOJIMTUYCCKYIO MO3UIUI0 B Mupe. Peanmzanus « KoHTpakTa Bekay SBISCTCS IPKUM J0Ka3aTeIbCTBOM IIPETBO-
peHUS B XKU3Hb BEPHON HE(TIHON CTpAaTErny, COCTABISIONICH KOHIENIIHIO YKOHOMIUYECKOTO Pa3BUTHS He3a-
BucumMoro AzepbOairimkana (Cynranos, 2000).

XOoTs MO HpeaBapUTEIbHBIM pacueTaM HU3BJCKaeMbIC 3amachl HE()TH HA MECTOPOXKACHUAX «A3epn»,
«Yupar» u B TiIyOOKOBOJHOW YacTH MecTopoxaeHus «['roHenum» coctaBmsid 511 MHUIMOHOB TOHH,
BITOCJICZICTBHH COTJIACHO HOBBIM OIIEHKaM, 3amachl HeTH ObUTH ycTaHOBIEHBI B 00beMe 1.072 mmumapnaa
toHH (Cyntanos, 2008).

OKcIuTyaTanysi 3TOrO TUTAaHTCKOro OJ0Ka MECTOPOXKICHMH IpeaycMaTpuBaslach B TpeX cTamusix. 7
HOs10pst 1997 rona Ha mmatdopme «Uupar» Obina q00bITa MepBas HePTh U YCHENTHO ObLTH OCYIISCTBICHBI
nocneaytomiue dtanbl (Mup-badaes, 2009). J{71s1 BEIIOIHEHUS TIOJI0XKEHHUIM KOHTPAKTa B HAMEUEHHBIC CPOKH U
[IOCTaBKHU PacTyIIUX 0ObEMOB JOObIBaeMOM He(hTH Ha MEXIyHAPOIHbIE PHIHKH OBLIM TOCTPOCHBI M CHAHbI B
9KCIUTyaTalHiO0 HOBbIE HE(PTENPOBOABIL:

- B koHue 1997 roga HedTh cTaysia sKCOPTHpPOBaThcs Ha YepHoe Mope mo TpybOomporoxy baky-
Hosopoccuiick;

- B 1999 romy ObLT IPOJIOKEH W CIaH B HKCILTyaTaluio HeTenpoBo u3 baky B qpyroit uepHOMOpCKHi
nopt — Cyncy. B nexabpe 1999 rona Ha MupOBbIE PHIHKH OBUT BBIBEJICH TEPBBIH TaHKEp, TPYKEHHBIN
azepOaiiKaHCKON He(ThIO;
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- B 2002 roay B pe3ysbTaTe HACTOMYMBBIX YCHIMH OOLIeHAIMOHATBHOTO uaepa ['efinapa Anuesa Obl1
3aj0xeH (pyHIameHT mpenycMorpeHHoro B «KoHTpakre Beka» ocHoBHOro Hedremposoaa baxy-Toumucu-
JlxelixaH, KOTOPBIA MHOTHE CUUTAIA MA(OM KT TPyOOIIpoBO1oM Ha Oymare. CTpOUTEILCTBO TPYOOIIPOBOIa,
MPEICTABISIONIEr0 To0anbHOe 3HA4YeHHE, CTajlo BAKHBIM IIArOM, HAmpaBlICHHBIM Ha MpeBpalleHue
Azepbaiimkana B dHEpreTuaeckuii kopuaop. 25 mast 2005 roga ¢ yuactuem llpesnnenra AzepOaiimxanckon
PecnryOnuku Mnbxama AnrieBa cocTOsIIach EpeMOHMSI OTKPBITHS HedrenpoBoaa baky-Townmmcu-/Ixeiixan, B
2006 rogy Havanach TPaHCIIOPTUPOBKA azepOaiikanckoi HedTu u3 Typenkoro nmopra Ixeiixan (Kepumos u
ap., 2014).

B memom, it mocTtaBkm aszepOaiimkanckoi HedTH m3 Kacrnmiickoro MOpsi HA MHPOBBIC PBHIHKH OBLITH
MOCTPOCHBI HEe(PTENPoBOALl MPOTSHKEHHOCThI0 10 1/10 skBartopa 3emmu: baky-Hosopoccuiick (1330
kuometpoB), baky-Cynca — (833 kuiomerpa) u OcHOBHOW 3KcnopTHbIH HedTenpoBon baky-Toumucu-
xetixan (1768 KUITOMETPOB).

K 2010 roay nmpou3BoACTBO HEPTH M T'a30KOHACHCATA TOCTUTIIO PEKOPIHOTO YPOBHS B 1 MIILL., TPH 3TOM
TPU YETBEPTH NPOU3BOACTBA Npuxoauiiock Ha 610k AULT. JloObrua Beipocna ¢ 5.2 mupa. ky6. m B 2005 roxy
o 18.2 mupna. xy6. M B 2015. C 2007 roma AzepbaiikaH cTal HETTO-3KcHopTepoM Tasa (9.8 mupa. ky6. m
notpebiisieTcs Ha BHyTpeHHeM phiHKe) (Cepukosa, 1015).

K navany 2020 roga B pa3paboTky Onoka «Aszepu-Uupar-I'roHenuim» ObUI0 HHBECTUPOBAHO OKOJIO 41
Munnapaa gomapos CIHIA, ¢ storo 6iioka 100bITo 546 MIIITMOHOB TOHH HedTH, a Takxke 49 MUIITHapAOB
KyOOMETpOB TTOIYTHOTO Ta3a.

Bompoc o pasgenenun Kacmust AHCKyTHpOBaJICS Ha CaMOM BBICOKOM YpPOBHE BCEMH IISATHIO
MPUKACOMHCKUMHU TocyaapcTBamu. [IpuMeHeHne ¢GopMmynbl «meauM THO, a BoAa oOLias» W NpUHIUIA
[IO3TAHOCTH TPHUBEIO K NPHEMJIEMOMY pelleHH0 npobieMbl crtaryca Kacmuiickoro mMops c ydeTom
MHTEPECOB BCEX MPHUKACIMUACKHUX rocyaapcTB. 23-24 centsOps 2002 . coctosuics BusutT llpesnnenta
AzepOaiimkanckoii Pecmybnuku ['. AnmeBa B MoCKBY, OCHOBHOH LENBbIO KOTOPOTO OBLIO MOANMCAHUE
cornmamenns Mexay Poccuiickonr ®epeparmeir m AsepOaitmkaHckoir PecrmyOmukoil o pasrpaHUYeHUH
compenenbHbIX y4acTKoB AHa Kacrmiickoro mops. IloamucanneM MOCKOBCKOTO COTIAIICHHS 3aBEPIIIINCH
MHOTOJIETHHE TIeperoBopkI o cratyce Kacnus. Tpu npukacnuiickux rocyaapctsa — AzepOaiimxkan, Kazaxcran
n Poccust — mpunum k cornameHuto. B pemennn Bonpoca o cratyce Kacnusi HeolleHUMoe 3HaueHUE NMena
TTO3UTHUBHAS TTO3UIIHS TIPE3UACHTOB U aBToputeT I'.A.Anmnena (Cepukona, 1013).

PazBuTHe reonoropasBeJOYHBIX paboT ¥ Havallo KpymHOMacITaOHOH Mopckoit no6ban B Kacrmiickoit
AKBATOPHUU B IIEJIOM MIPUBEIU K HOBBIM CEPhE3HBIM OTKPBITHAM, HOBBIM KPYITHBIM 9KOHOMHUYECKUM IPOEKTaM
1 UHTEHCHBHOMY Pa3BUTHUIO He(hTerazoBoro KoMIuiekca B AzepOaiimxane.

M

Il

logst mpoxoasT, 1 MBI Bece Oobine oco3HaeM Benuune [ 'elimapa AnveBa. OH OCTaHETCS B HCTOPUH, KaK
azepOaiKaHCKOTO Hapoa, TAaK 1 MHPOBON UCTOPHH (hEHOMEHATHHBIM YEIOBEKOM H MOTUTHKOM
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OCHOBATEJIb COBPEMEHHOTI'O A3EPBAfIIDK1§HCKOFO rOCYJIAPCTBA TEAJIAP AJIMEB — ABTOP
KOHIEINIHWHU O HE®@TAHOU CTPATETNU ABEPBAUIKAHA

Kepumos B.10.!, Cepuxosa ¥.C.2
! Munucmepcmeo nayxu u obpaszosanus Pecnybauxu Azepbationcan, Uncmumym nedpmu u 2asza
2@I'BOY BO, «Poccuiickuii 20cy0apcmsentblii 2e01020pazeedounsiii yuusepcumem umenu Cepao Oporconuxuozer

Pe3ztome. 11151 ipeBpaiieHus He3aBUCUMOro AsepOaiikaHa B COBpPEMEHHOE, CHIIbHOE, 00Iaaoniee yCTOHUUBBIM Pa3BUTHEM dKO-
HOMUKH TOCYIapCTBO OOIIEHAMOHANBHBIHN uaep [eiinap Anmes onpeneniit HePTAHYIO CTPATETHIO, KOTOpas cTajla OCHOBOW KOPEH-
HOH TpaHc(OpMaIKH JadbHEHIINX HOJUTHKO-YKOHOMHYECKUX pedopM. DTa cTpaTerus obecrednia MpuBJIeYCHUEe HHOCTPAHHBIX HH-
BECTOPOB K pa3paboTKke HePTIHBIX MECTOPOKACHUH A3epbaiimKana, TUBepCcU(PHUKAINIO MapIIPYTOB TPAHCIOPTHPOBKH CHIPOH He(TH,
s¢dexTrBHOE yrpaBieHre HeQTIHBIMHI JOXOJAMH U BCTYIIeHHE A3epOaii/kaHa B HOBBIN Tall Pa3BUTHSL.

Knrwuesvie crosa: leiidap Anues, neghpmezazosas npomvluLieHHoCmb, Heghmezazosvie pecypcewl, Kacnuiickoe mope, 0obviua,
Hemuy, 2a3, KOH6EHYUU O NPABOBOM CIMAMYCe, 2e01020PA36e0Kd, KOHMPAKM 8eKa
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NATURAL AND TECHNOGENIC CATASTROPHIC GAS BLOWOUTS AND EXPLOSIONS
IN THE ARCTIC AND OTHER REGIONS OF THE WORLD

Bogoyavlensky V.I., Bogoyavlensky I.V., Nikonov R.A.
Oil and Gas Research Institute of the Russian Academy of Sciences (OGRI RAS), Moscow, Russia: geo.ecologyl7@gmail.com

Summary. The study of the Earth's degassing processes is one of the main areas of research at
the OGRI RAS. The authors created the geoinformation system "The Arctic and World Ocean" (GIS
"AMO") with a huge amount of constantly updated geospatial data, giving possibilities for a com-
prehensive analysis of various natural and man-made phenomena directly or indirectly related to the
degassing of the Earth. In the Arctic, a large amount of expeditionary works have been carried out
with a wide range of geological and geophysical methods, which are analyzed in conjunction with
RS data from space. This made it possible to obtain fundamentally new data on the gas-dynamic
mechanisms of dangerous processes in the permafrost, including catastrophic blowouts and gas ex-
plosions with the formation of giant craters and mud volcanic eruptions. In total, about 18.5 thousand
potentially dangerous objects were identified, which allows identifying the most dangerous zones in
the terms of gas explosion in the north of the Western Siberia. In the Arctic, Caspian and other
regions of the World, using remote sensing, the causes and consequences of technogenic degassing
of the subsoil at a number of emergency oil and gas exploration wells with catastrophic conse-
quences were investigated.

Keywords: Earth degassing,
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mud volcanoes, gas seeps,
remote sensing (RS), unmanned
aerial vehicles (UAVs)
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Beenenne

Bbonee 30 ner 8 UITHI" PAH pa3BuBarTcs ncciaen0BaHus IPOIECCOB JIera3alui 3eMIIU B Pa3IUUHbIX T€0-
JIOTMYECKUX YCIOBUAX U popmMax npossieHnil. Cpeau HUX 0co0yr0 3HAUMMOCTh UMEIOT CKPBITHIE OT IJ1a3 TIy-
OWHHBIE W IPUIIOBEPXHOCTHBIE IMPOLECCHI, JHUIIb YaCTh KOTOPBIX OTOOpakaeTcs Ha MOBEPXHOCTH 3eMJIH,
BKJIIOYasi THO MHpPOBOTO OKeaHa, B BHUJE CUIOB (Seeps — MPOCAYMBAHUS) MOA3EMHBIX (IIOUIOB, BKIIOYAS
cMecu yraeBoaopoausix razos (CYBI).

OcHoBHBIE 11eTH pabOTHI aBTOPOB OPUEHTHUPOBAHBI HA HCCIIEA0BAHNE HEOCTATOYHO U3YUECHHBIX OMACHBIX
9H/IOT€HHBIX TPOIECCOB reHepaiy, akkyMysiiuu 1 murpamuu CYBI' BIIoTs 10 MX BBIXOJOB HA MOBEPX-
HOCTh 3eMJI U JJHa MUPOBOT0O OKeaHa B BUJIC IEPMAHCHTHOMW, MyIbCUPYIOIICH W/WIIH MEPUOANYSCKON MOIII-
HOW UMITYJILCHOM (B3PBIBHOM) Iera3aiuu Help, HEPEeIKO NPUBOIIEH K KaTacTpopUUECKIM U3MEHEHUSIM pe-
nbeda, BKIIro4as 00pa3oBaHUe THIAHTCKUX KPaTepoB U ONOI3HEH. B reorpaduueckom miaHe peruoHsl uccie-
JIOBaHUU MPOCTUPAIOTCS OT CAMBIX CEBEPHBIX IIUPOT APKTHKH, XapaKTEPU3YIOIIHUXCS CYIIECTBOBAHUEM KPHO-
JUTOTEHE3a, 10 HUYeM He OTPaHHMYEHHBIX PETUOHOB C Pa3IMYHBIMU (hopMamMu NpOSBICHUN IPUPOIHOM U TEX-
HOTEHHOM Jierazanuy 3eMiIM, B TOM YUCJIE CBSI3aHHBIX C IPSI3EBBIM BYJIKaHU3MOM, AUCCOLMALNEH ra3oruapa-
TOB M HeKOHTpoJupyembiMu iepetokamu CYBI' B okonockBaxxuHHOM npoctpancTse (borossnenckuii, 2020;
Borosienenckuii, 2021). KoMIuiekcHBIN MOIX0 K U3YUYEHHUIO PA3TUUHBIX T€ONPOCTPAHCTBEHHBIX JaHHBIX 1103-
BOJISICT BBISIBUTH CKPBITHIC TPUITEPHBIC B3aUMOCBSI3H, IPSIMO WJIM KOCBEHHO CBA3aHHBIE C Aera3auueil 3emiuu
U IPYTHMH NIPOLIECCAMH.

B 2008 r. 8 UTTHI" PAH Ha ocHoBe mporpammuoro obecrnieuenus (I10) ArcGIS (ESRI, CIIIA) 6buta co3-
naHa reouHpopManoHHas cucteMa «Apktiuka 1 Muposoit okean» (I'MC «AMO») (borosiBnenckuit, 2020;
borossnenckuii, 2021; borossienckuii u ap., 2019; Bogoyavlensky et al., 2021; borosiBnerckuii B., boross-
nerckuit U., 2022; borosiBnenckuit u np., 2017), B KOTOPYIO 3arpy»aroTcsi TeONpPOCTPAHCTBEHHBIE TaHHBIE,
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BKJIFOUAs BBIIIETIEPEUNCIICHHBIE MaTepHallbl aBTOPOB U JIPYTHX Y4YeHbIX (TIyOuHOH moucka Oomee 120 mer),
(dhopMupYyIONIHE TIOCTOSHHO pa3BHBaeMble, CHCTEMaTH3UPOBAaHHBIE OTPOMHBIC MaccHBBI JaHHBIX (Big Data),
JIOCTYITHBIE I KOMIUIEKCHOTO aHanu3a. B wactHoctr, B [ IC « AMO» co31aHbI OTASTbHBIC TUPEKTOPUH TaH-
HBIX 00 ONACHBIX IPUPOIHBIX SBJICHUIX: 3EMJICTPSCCHHUS, CTPATOBYJIKAHBI, IPS3EBbIC BYJIKAHBI, MCTCOPUTHBIC
KpaTephbl, KpaTephbl BRIOPOCOB Ta3a, CUIIBI He()TH | ra3a, ra30TUapaTsl, MHOTONIeTHHE OyTphl mydeHus (MBII),
JieZI0Basi 0OCTAHOBKA, TEXHOTEHHbBIE KaTacTPOMbI MPH OypEHUM CKBaXKHH, T00bIUE ¥ TPAHCIIOPTUPOBKE HEPTH
u rasa u ap. (puc.l).

Masorngpatbl
@ [locToBepHble
© Mo kapaTaxy
O Bo3moxHbIe

® laza
¥ CrpaTtoBynKaHbl
Y% Mpnsesbie BynkaHb!

Puc. 1. Kaprorpaduueckas cxema pacrpocTpaneHns HeyTera3onposiBieHU Ha MOBEPXHOCTHU CYIIN U aKBaTO-
puit Hupxymapkrudeckoro peruona (2022 r.)

Metoas! Hcc/IeNOBAHMIT

B nocnennee pecsaTuieTHE aBTOPHI €KETOAHO MPOBOIST IKCIIEUIUOHHBIE paOOTHl B APKTHKE 0 U3yYe-
HUIO HOBOT'O OIIACHOTO SIBJICHUS, CBA3aHHOIO C IMPOLECCAMHM MOLIHBIX BBIOPOCOB, CAMOBOCIUIAMEHEHHH U
B3PBIBOB Ta3a Ha CyIIe, a TAKKe CO THa TEPMOKAPCTOBBIX 03ep, peK U MpuOpekHbIX 30H Kapckoro mops (bo-
rosiBieHckuit, 2020; borosiBnenckuii, 2021; borossnenckuii u np.,2019; Bogoyavlensky et al.2021; borosis-
nerckuii B., borosBnenckuit U., 2022). Taxoke mpoBeneH psd sxcrneauuuii B AzoBo-UepHomopckom u Kac-
nuiickoM pernoHax, B Pecriyonmke Tarapcran, B Tynbckol, Huxeropopckoit u CapatoBckoii obnactsix. B
MOJIEBBIX UCCIICOBAHUSAX B APKTHKE IIPUMEHSUIICS IIMPOKUH KOMIUIEKC I'€0JIOr0-re0pr3nUeCcKiX UCCIeI0Ba-
HUH, BKItOYas ceiicMopaszBenky (2D-4D), reopainoyIoOKaIfio, 3X0JI0KaIHI0, OypeHHUEe HErlTyOOKUX CKBAXKHH,
B3sTHE P00 ra3a, BOABI M TPYHTA IS TEOXUMUIECKHX HccienoBaHmii. Bo Bcex pernoHax ¢ 60mbIoit s dek-
THUBHOCTBIO ITPUMEHSUINCH OeCIIIIIOTHBIE JieTaTenbHble anmapaTs! (BI1JIA), mo3BosmBIINe TONTYyYUTh IPUHIIN-
MUAJTBHO HOBYIO MH(OpMAIMIO0 00 YHUKaIbHBIX 00bekTax. C mpuMeHeHneM (oTorpaMMeTpudecKkoil oOpa-
6otku nansbix BITJIA Mavic Pro u Mavic Mini (DJI, Kurait) B [10 Agisoft Metashape («I'eockan», Poccust)
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u ArcGIS crposrcs uudpossie 3D-4D Moaenu nzyyaeMbix 00BEKTOB, AOCTYIHBIE TS TOTIOJHUTEIBHOTO U3Y-
YeHUs B BUPTyalbHOH peansHoCcTH (boroseienckuit u np.,2019; Bogoyavlensky et al., 2021; Borossinerckuii
B., borosisnenckuii 1., 2022). Takke, MaciITaOUpoOBaHHbIE MAKETHI IIU(PPOBBIX MOAECIICH MPH MTOMOIIH a1~
TUBHOW TEXHOJIOTMHM M3roTaBiuBaioTcs Ha 3D-mpuntepe. Oco00 MHPOPMATHBHBIMU SBIISIOTCS TAHHBIEC IH-
CTaHIMOHHOTO 30HAMpoBaHus 3emiu ([I33) M3 KocMoca, BO MHOTHX CIIy4asx IPEJOCTaBISIFOIIAE BO3MOXK-
HOCTh  PETPOCHEKTHBHOTO aHajm3a 0coOeHHOCTEH (OpMHUpPOBaHUS MOTEHIMATIBHO OMACHBIX OOBEKTOB, a
TaKXKe KaTacTpOPUUECKUX COOBITHI, MPOU3OLIEIINX CO BPEMEHHU MEPBHIX IHPOKOMACIITAOHBIX KOCMOCHE-
MOK ¢ Hadana 1960-x ronos (borossnenckuii, 2020; borosieenckuii, 2021; borosiBnenckuii u ap.,2019; Bo-
goyavlensky et al., 2021; borosiBienckwuii B., borossnenckuit U., 2022; borosiBnenckwii u ap., 2017). [lupoko
HCTIONB3YI0TCs U poBbie Moaenu penbeda ArcticDEM, no3Bosisoye mpoBoJUTh MOHUTOPHHT €r0 U3MEHe-
HU, 0cOOEHHO B 30HaX KatacTpoduueckrux BEIOPOCOB U B3phIBOB rasa (Bogoyavlensky et al., 2021; Boross-
neHnckuit B., borossnenckuii 1., 2022).

OO0cykaeHue pe3yJbTaTOB

Hauunas ¢ 2014 r. Ha cyme ApKTHUKH U3Y4arOTCA TMTAHTCKUE MOJOCTH B MacCUBaxX MOJA3EMHOIO JbAA
(peanbHBII TEPMOKAPCT) ¢ KpaTepaMy MOIIHBIX BEIOPOCOB ra3a, koTopbix B [UIC «AMO» 3adukcupoBaHo u
B Pa3HOM CTENEHU JCTAIbHOCTH McCieqoBaHo okoio 20 (puc.2). Heckonbko TakuxX OMacHBIX COOBITHH MPO-
H301UI0 BOJIM3K MHGPACTPYKTYpPhI Hedrera3oBeix mpombiciios (kpatepsl Cl, C2, C17 u ap.). Bo Bcex Tpex
TTOATBEPKICHHBIX OYSBUAIIAMH CIydasx BEIOpocoB ra3a (kparepsl C3, C11 u C12) mponcXoauian ero camo-
BOCIUIAMEHEHHUSI M B3PBIBBI, KOTOPBIE MBI OOBACHIEM 3JICKTpU3AIMEH TPOCTPAHCTBA U AICKTPOCTATUISCKUMU
paspsanamu (borosenenckuii, 2020; borosiBnenckuii, 202 1; borosienenckuti B., borosenenckuii 1., 2022). Ot-
METHUM, YTO 3TH TPOIIECCHI TAK)KE BOSHUKAIOT M MTPH MOIIIHBIX BHIOPOCAX TPA3EBHIX BYJIKAHOB, B TOM YHCIIE Ha
cyle u akBaTopusix AzoBo-UepHomopcko-Kacmutickoro pernona (borosisnenckuii, 2020; borossinenckutii B.,
Borosienenckuit U., 2022). He BbI3bIBa€T COMHEHHI, YTO Ta30HACHIIICHHBIC TIOJJ3EMHBIC MTOJIOCTH 00pa3oBa-
JIUCh TIOJ] ACWCTBUEM DHIOTEHHBIX MEXaHU3MOB, a MpeAmecTByonue B3psiBy MBI pa3sBuBatoTcs mos Bius-
HHEM Ta30BOH TWMHAMUKH CBepxXiHTOCTaTHIecKoro napnenus (borossnenckuii, 2020; borossnenckuii, 2021;
borosisnenckuii B., borosinenckuii 1., 2022).

Puc. 2. T'uranTcKye mojocT B MaCCUBaX MOJ3EMHOTO JIbJia, OOHaXKUBIINECS MOCIIE BEIOPOCOB-B3PHIBOB ra3a Ha MOJIyOCTPOBE
Sman. O6wextsl: A - C1, B - C12, C - C17 (doto aBTopoB) (borossnenckuii, 2021)

Ha ceepe 3amagnoit Cubupu (momyoctpoBa Aman, I'sinanckuit nu TazoBckuit) mo nanaeM J[33 n3 xoc-
Moca OOHapy>keHO CBbIlIe 4.4 THICSY 30H Jierazanuu U3 TepMokapcToBeix 03ep (TOKBI), pek u mpuOpekHbIX
30H Kapckoro Mops ¢ kpaTepamu BeIOpOCOB ra3a co jHa (puc.3) (borossaenckuii u ap., 2019) . Konnuecto
9THUX KpaTepoB, TAK)KE Ha3bIBaeMBIX MMoKMapkamu (pockmarks), Ha nHe psiga o3ep cocTaBisieT MHOTHE COTHU,
1, BO3MOKHO, Jake ThICS4IH. Beero mst ceBepa 3amagHoit CHOMpPH IIpH KOMIUIEKCHOM aHam3e JaHHBIX J133
a’POKOCMHYECKHMH CPEICTBAMHU OOHAPYKEHO OKOJIO 18.5 ThICAY MOTEHIMATFHO ONACHBIX 00BEKTOB, 00pa3o-
BaBIIUXCA MO ACWCTBUEM SHAOTCHHBIX M 3K30TE€HHBIX TPOIIECCOB, BKItouas Oonee 14 teicsu MBII u Gonee
4.4 TeICSY 30H Jerazallii CO JHA Pa3IMYHBIX BOJoeMOB (puc.l u puc.3). Ha ocHOBe 3THX TaHHBIX MTOCTPOEHA
peruoHanbHas KaprorpaduuecKkas cxema yCIOBHOTO PUCKa BEIOPOCOB ra3a, IpH TOM ObUIH BHISIBIIEHBI HAHOO0-
nee onacHele yyacTku: Ha Smane — IOxHo-Tambetickuii, Ceaxunckuii, Cesepo-Tambelickuii 1 Manbirus-
ckuil; Ha I'simane — BOnMm3u nocenka Ytpenaui (3aBox «Apktuk CIII" 2»); B TazoBckoM pernone — Y peHrou-
cko-CamOyprekuit.

Ha nomyoctpose SIman Ha psine 00HapyKEeHHBIX 00bEKTOB HHTEHCUBHOM JieTa3aliii Help aBTOpamMu 000c-
HOBaH T'pA3EBYJKaHMUYECKUI MexaHnu3M usBepkeHuil. CormacHo 'OCT P 57123-2016, rps3eBoi BynkaH —
«TEe0JIOTUYECKOe 00pa30BaHUE, MOCTOSIHHO WM HNEPUOJMYECKH HM3BEPrarollee I'PA3EBble MACChl U Ta3bly»,
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00BIYHO IPUYPOYEHHOE K pa3ioMaM. Takue sBIeHHs ObUIH BEISBICHBI U HCCIIEIOBaHbBI HA PsIIe TEPMOKAPCTO-
BBIX 03ep, BKItogas TOKBI' Otkpritne (borossnenckuii, 2020; borossienckuii, 2021; borossnenckuii B.,
borosisnenckuii 1., 2022).

Puc. 3. TepmoxapcToBOe 03epo ¢ KpaTepaMmu BEHIOPOCOB Tra3a Ha AHE (A) u KapTorpaduyeckas cxema pacmpo-
CTpaHeHUs MOJOOHBIX 03ep Ha ceBepe 3amaanoil Cubupu (B)

B xagecTBe oHOTO M3 MPUMEPOB Ha pHC. 4.A TpuBeneH JeTHUI kKocMocHUMOK WorldView-2 cBepXBbI-
COKOT'0 MPOCTPaHCTBEHHOTO pasperienus kpymHoro TOKBI™ (1.6 x2.1 kM), pachoio:KEHHOTO B IEHTPATBHON
yacTu noiyoctpoBa fAman. Ha ero nHe oOHapy»XeHBI TPH 30HHI cyliecTBoBaHus mokMapok (P1, P2 u P3) u nsa
oowekTa (V1 u V2), oToxaecTBIsieMble HAaMH C TPA3EBYIKAaHHYECKAMHU MTOCTPOHKAaMHU. JTO TIOATBEPKIAETCS
UX XapaKTepHO KOHHYEeCKOH (pOpMOii 1 HANMYHEM OKPYTIIBIX/AIUIUITHIECKUX KAIBEP C )KepilaMH, KOTOpbIE
0c00EHHO XOPOIIO BUAHBI I ByJKaHa V1 BMecTe ¢ HaTeYHBIMU (JOPMaMH €ro moBepxHocTH (cM. puc.4.B1).
C y4eToM TOro, 4TO TOJIIMHA O3€PHOTO JIbAA B 3TUX LIMPOTaX MOXKeET JocTUrath 1.5-2.0 M MBI cuuTaeM, 4To
riyOWHA BEpIIUHBI ByJIKaHa OT IOBEPXHOCTH BOJIBI COCTABIISIET HE MEHEE dTHX BEJIMYMH. 3a CUYeT HOBBIX U3-
BEp)KEHHH TPpsA3eOpEKUNH BepIIMHA BYJIKaHa MOXET MEPUOJUYECKH TOJHUMATHCS BBIIIE YPOBHS BOJBI, HO €€
(hopMHpOBaHNE OIrpaHUYMBAETCS] Pa3MBIBAHUEM U €KETOIHBIM CPE3aHUEM ABMKYLIMMCS 10 BETPY TAIOIIUM
meaoM. [lo maraemv /133 B 1985-2022 rr. 00HApYXEeHBI IPSMBIC MPU3HAKN 3UMHIX W3BEP)KCHUU ra3a U3 Bep-
mmH V1 1 V2 B Bue paHHHUX (Mai-HIOHB) MPOTAIUH BO Jby, & TAKKe NUICH(BI pacpoCTpaHEHUs B BOJIE
CTpYH rasa W/WiH IUIACTOBBIX (DIIFOMIIOB ¢ paCTBOPEHHBIM ra3oM B JIETHUH Oe3nennblil nepuon (puc.4.B2).

Puc. 4. TepmokapcToBoe 03epo Ha nosryoctpose SImain ¢ 3oHamu aerazauuu: P1, P2 u P3 — nokmapku; V1 u V2 — rpsi3zeBble ByJIKaHb

ABTOpaMy poaHANM3UPOBAHbI MMOCIEACTBHS KatacTpoduueckux BeIOpocoB (ponranos) CYBI™ u HepTH
¢ 00pa3oBaHMEM T'MI'AaHTCKUX KpaTepoB BOJIM3U YCThEB aBapPUHHBIX CKBAXKHH ITOMCKOBO-Pa3BEeJOYHOTO Oype-
HUS B ApKTHKE, B I0KHBIX paiioHax Poccun u B KacrimiickoM pernone, a Taxxe B psijie Hedrerazomno0ObiBaro-
mmx crpad mupa (CLUA, Mekcuka, Kanana, Magonesust u ap.). Baxxnas unpopmanus Oblia monyyeHa Ha
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ocHoBe AaHHbIX /[33 13 KocMoca 1 crienuanbHO NpoBeAeHHBIX aspodoTtockemok ¢ BIIJIA. Hecmotpst Ha nHk-
BUIALUIO (POHTAHOB MHOTHE JECATWIETHS Ha3al, JOKa3aHO, YTO Ha PSAZIE UCCIIE0OBAaHHBIX OOBEKTOB aKTHBHAS
smuccust CYBI nponomxkaercs u B HacTosee BpeMs. B kauecTBe oHOr0 3 npumMepoB npuBeaeM KymxuH-
CKyI0 KaTtacTpody B ApkTuke, Ha KoTopoii ¢ontanupoBanue CYBI mmnock 2362 mus (1980-1987 rr.) (bo-
rosereHckui, 2020; borosBnenckuii u ap., 2017).

BrIBoabI

Ha ceBepe 3amagnoit Cubupu MpoOUCXOIUT MIUpOKOMAacITaOHas aera3alus 3eMIId, TIpu 3TOM O0Hapy-
YKEHO OKOJIO 4.5 THICSAY 30H HHTEHCUBHBIX BEIOPOCOB T'a3a co THAa TEPMOKAPCTOBBIX 03ep. B ApkTrke aBTopaMu
BBITIOJTHEH OOJIBIION 00BbEM JKCIICIUIIMOHHBIX Pa0OT ¢ IUPOKUM KOMILJICKCOM Ie0JIOr0-re0(hU3nISCKUX Me-
TOJIOB, KOTOPBIE B COBOKYITHOCTH ¢ JaHHBIMH J[33 13 KocMoca MO3BOJIHIIN MTOTyYUTh MPUHIUITHATHLHO HOBYIO
rH(OPMAITHIO O Ta30JMHAMUYECKIX MEXaHU3MaX OIACHBIX MPOIECCOB B KPHOIUTO30HE, BKITFOUAs KaTaCTpPO-
(udeckue BHIOPOCHI U B3PBIBBI r'a3a ¢ 00pa3oBaHMEM TMT'AaHTCKUX KparepoB. He BBI3bIBAET COMHEHHI, 4TO
HCCJICIOBaHHBIC KpaTephl 00Pa30BAIUCh HA MECTAX CYIECTBOBAHUS MO[3EMHBIX TA30HACKHIIIEHHBIX MTOJIOCTEH
(TepmokapcT), chopMHUPOBAaBIINXCS MOJ JIEHCTBHEM JHIOTCHHBIX MEXaHHM3MOB, a B3PBIBBI MTPOU3OILIN O]
JeficTBHEM Ta30JUHAMHYECKOTO MEXaHU3Ma C CBEPXJINTOCTATUYECKUM JaBJIEHUEM Ta3a B TIOJIOCTH.

Ha fImane BmepBble MOATBEPIKIACHO CYIIECTBOBAHUE Psiia OOBEKTOB Jera3alliy Heap Tps3eByIKaHHYE-
ckoro Tuma. C y4eToM psiia paHee OTKPBITHIX TPSI3eBIX BYJIKAHOB Ha cymie Amsicku, [ pennanauu u Ucnananm,
a Taoke Ha qHe Moper bodopra, Kapckom n Hopsexckom (Haakon Mosby), MOXHO yTBEpKIaTh O CYIIECTBO-
BaHUU [{HpKyMapKTUUECKON IPsI3€BYIKAHUYECKON IPOBUHLINN.

Hcrounuxku puHaHcUpoOBaAHUS

Pabota BrImonHeHa B pamkax ["ocynapcTBeHHOro 3a1anust 1o TeMe «lloBbienue 3eKTUBHOCTH U IKO-
JOrMYecKOil 0e30MaCHOCTH OCBOEHUS He()TETa30BhIX PECYPCOB apPKTHUECKON M CyOapKTHUECKON 30H 3eMiu B
YCIIOBHSIX MeHstomIerocs kmumaray (122022800264-9)
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Pe3rome. V3yuenne npo1eccoB Jiera3anuy 3eMiu SBISETCS OJTHUM U3 OCHOBHBIX HarpasiieHui uccienosanuit UITHI' PAH. As-
TOPBI CO3/IAJIH TeOMH(POPMAMOHHYIO cucteMy «ApkTnka U Muposoit okean» (I'MC «AMO») ¢ orpoMHBIM 00BEMOM T'€OIIPOCTPaH-
CTBCHHBIX JaHHBIX, IO3BOJIAIONUIMX IIPOBOANUTH KOMIUIEKCHBIN aHaIU3 pa3IMYHbIX IPUPOAHBIX U TEXHOT€HHBIX ABJICHUI, NPsIMO WK
KOCBEHHO CBSI3aHHBIX C Jierasaiueii 3emiin. B ApKTHKE BBIMOIHEH OO0JIBINION 00bEM IKCIICAUITHOHHBIX pabOT ¢ IMUPOKHM KOMILIEKCOM
reosIoro-reopu3n4eckux METoA0B, KOTOPhIE MPOAHAIN3UPOBAHEI B COBOKYITHOCTH C JAHHBIMH JUCTAHIIMOHHOTO 30HANPOBAHUS 3eMIIN
(I33) u3 kocMoca. DTO MO3BOJIWIO MOMYYUTh NPUHIUINAIGHO HOBYIO MH()OPMALHKIO O Ta30JMHAMHYECKHX MEXaHU3MaxX OMAaCHBIX
MPOIIECCOB B KPHUOJIUTO30HE, BKITFOUAs KaTacTpOQHUIECKHEe BEIOPOCH M B3PBIBEI ra3za ¢ 00pa3oBaHHEM IHTAHTCKUX KPaTepoB H Ipsse-
BYJIKAHMUECKHE H3BEp)KEHHs. Bcero BBIABICHO OKOJO 18.5 THICSY MOTEHIMANBEHO OMACHBIX OOBEKTOB, YTO TO3BOJHIIO BBIICIHTH
HanboJiee ra30B3pHIBOOIIACHBIC 30HBI HA ceBepe 3amanHoii Cubupu. B Apkruke, Kacnuiickom 1 Apyrux pernoHax Mupa ¢ mpuMeHe-
HueM /133 uccienoBaHbl IPUYHHEI U TOCJISICTBUS TEXHOTCHHOM JIera3anny Hep Ha psiie aBapUHHBIX He(hTera3olouCKOBBIX U pa3Be-
JOYHBIX CKB)KUH C KaTaCTPOPUIECKIMH ITOCIIEICTBUSIMU.

Knrouesvie cnosa: oecazayus 3emiau, 6b10pocel U 83pbl8bl 2a3d, epsazegbie 8YIKAHbLL, CUNbL 243d, OUCIAHYUOHHOE 30HOUPOBAHUE
3emnu ([{33), becnunomnwvie nemamensvhoie annapamol (bI1J14)
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Summary. Watering is one of the main problems in the development of oil and gas fields. Re-
gardless of the principle of technology, one of the indicators of the effectiveness of water shut-off
methods is the stability time of the water shielding. The water shielding stability time, apart from
other factors related to the water shielding composition itself and the porous medium, also depends
on the distance of the water shielding zone from the well. Distances that are too remote, where the
flow rates are much lower, require significant costs. And near, due to high speeds, the probability of
destruction of the water shielding zone is much higher. Therefore, determining the optimal distance
of the water shielding zone from the well is of interest. The purpose of this study is the development
a mathematical model for the determination of the optimal distance of the water-shielding zone from
the well.

Keywords: watering, water
shut-off, optimal placement,
mathematical modeling
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Introduction

Watering is one of the main problems in the development of oil and gas fields. It leads to serious problems
both technically and economically and technologically. Firstly, watering affects the productivity of production
wells and reduces their service life. The presence of water in the wellbore increases the weight of the liquid
column, which leads to an increase in the power consumption of the
lift, increases operating costs. Watering also contributes to the for-
mation of scale, corrosion and degradation of field structures, from
the wellbore to surface structures. Another serious problem associ-
ated with watering is the increased requirement for the separation,
purification and disposal of formation water, leading to an increase
in the cost of oil produced (Taha, Amani, 2019). Therefore, the de-
velopment of existing and the creation of more effective methods
for preventing and reducing the inflow of formation water to the
well is one of the urgent problems in the development and operation
of oil and gas fields. To combat watering, there are various technol-
ogies for influencing the reservoir and the bottomhole zone. How-
ever, they are connected by one common drawback — the fragility
of the created insulation as a result of its flushing under the influ-
ence of formation fluid flows. Regardless of the principle of technology, one of the indicators of the effective-
ness of water shut-off methods is the stability time of the water shielding. This is the time during which the
shielding does not lose (or loses slightly) its functionality. This parameter, in addition to being a purely char-
acteristic of the shielding composition itself, depends on the reservoir pressure and fluid flow rate in the res-
ervoir. Therefore, the isolation screen should be located at such a distance from the well (see Fig. 1) where the
fluid flow rate does not exceed the critical value. It should be noted that with increasing distance, the flow
velocity becomes lower, but the consumption of the shielding composition and energy costs increase. There-
fore, the determination of the minimum (critical) distance along the radius from the well of the treatment zone
by the criterion of critical speed is of interest.

The paper is devoted to this particular issue - the issue of determining, on the basis of a mathematical
model of oil filtration in a porous reservoir, the minimum distance of the treatment zone around the well, where
the flow rate is not greater than the critical velocity, at which this sheilding composition begins to lose its

Water Shutoff Zone

Thickness of the Shutoff Zone

Shutoff Zone Coordinate

Fig. 1. The layout of the water-shutoff
zone around the well draining the zone
with a radius of R,
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function. For this purpose, we use the Binary flow model, taking into account the deformation of the reservoir
rocks, the PVT properties of the hydrocarbon system, and the mass transfer between the phases. Below we
propose a solution to the problem under consideration.

Mathematical model
The equations of motion for oil, gas and water (assuming that there is no mutual solubility of oil-water
and gas-water) in a porous medium based on the Binary Model are written in the following form, respectively:

12ty 050 P |- S 1,p0 @1
%ﬂr«po(p,sgg—ﬂ=—§fo(p,so), 2.2)
i;{cpw(p )a—ﬂ:—gfw(p,sw), (2.3)
where

PP { ﬁ;)(;ip){:?;))zﬁ;pi? }k(p)’ @4
o [ s
Pu(P-5.) L I;lo)(; )(p)} (P) (2-6)
f,(p.s,) = {B(p) S(B;)(mq)(p), 2.7)
o [ A0

f.(p.s,)=s, B¢((p)) ; k — initial and current permeability, 10m*; k_(s,)» Kig (54) > Ky (5)~ relative phase
w(P
permeability for oil, gas and water; ¢ — initial, current porosity; s_ s s — pore saturation with oil, gas and

0°°g2°w

water; s+, +S, =13 p oy, op, — the viscosities of oil, gas and water, atm-s; Parameters with indices g,0, w

correspond to gas, oil and water, respectively.

Equations (2.1), (2.2) and (2.3) describe the filtration of oil, gas and water in the reservoir. They take into
account the mutual dissolution of oil and gas, the PVT properties of the hydrocarbon system, the deformation
of the reservoir, resulting in changes in porosity and permeability. It is assumed that gas and oil do not dissolve
in water.

Since the main production of the well is oil, therefore, equation (2.1) is considered, which is solved using
the methodology presented in (Aliev et al., 2010) and an expression for the flow rate in general form is ob-
tained:

_27h(H,-H,) , (2.8)
=R 1
In—¢ - —
r, 2
where H :jcp (p, s)dp +const , (2.9)

H,,H, are the values of the H function on the boundary of the well drainage zone and at the bottomhole,

respectively.
To apply (2.8), it is necessary to determine the pseudo depression (H, —H ), for which the integrand ¢

in (2.9) is approximated by the following polynomial of the second degree: ®(p,s)=ap* +bp+c
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In this case, from (2.9) to determine (H, - H ), the following formula is obtained:

a b
He—HW=§(p§—piv)+5(p§—p§)+0(pe—pw) (2.10)

Here, the coefficients a,b and c are determined by the values of the ¢ function on the boundary of the well
drainage zone and at the bottomhole as follows:

a= (6_([)W)(pe_ pw’z—((pe _N(pw)(’ﬁ_ pw) > b= ((Pe _(Ps)_a(pe2 _ p\i/) , C:(Pw_apvzv_bpw’ (211)
(pe - pw)(p_ pw)(p_ pe) Pe — Pw

where ¢, ¢, and ¢ are the values of the ¢ function on the boundary of the well drainage zone, at the bot-

tomhole and the average value, respectively; ¢ =o(P,3), p= Pt Pu

Let us rewrite (2.8) taking into account (2.10) as follows:

a 3 3 b 2 2
2nh|:3(pe - pw)“'g(pe - pw)+c( pe - pw):| (2.12)

q =
ln&—l
r, 2

w

For the formation cross section at I', the flow rate:

g=vS=v-2xarh (2.13)

Assuming the constancy of the flow rate in a fairly short distance around the well with a radius of r, , we
write from equalities (2.12) and (2.13) as follows:

a b
2nh{(p§ - piv)+5(p§ - pa)+c(p, — pw)}

3
ln&—l
r, 2

w

v-2nrh =

From here we get an expression for determining the filtration rate along the cross section of the reservoir
with the T' radius at the p, — p, drawdown:

a 3 3 9 2 2 _
|:3(pe pw)+2(pe pw)+c(pe pw)}

rin———
r, 2

Using expression (2.14), it is possible to determine the optimal coordinates of the screen if the critical
filtration rate for a given shielding composition is known in advance, above which the composition is washed
out:

Ve (2.14)

a b
g(pi - pi)+5(p§ —pi)+c(pe — Py)

r-0
" R, 1)
In—&—= [V
r, 2

Having data on the well flow rate (q ), it is possible obtain a similar expression from (2.14) by multiplying

(2.15)

the denominator and numerator by 2zh and taking into account (2.12) in the following form:

v=_3 ,andso:y - 9
27hr P 2ahV
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Results of computer study and conclusions
On the basis of (2.14), taking into account (2.11) and the necessary 20

relations, some computer studies were carried out, the results of which

are shown in Fig. 2. Note that as data on the stability of the shielding 30

composition, a hypothetical dependence of the stability time on the oil 5

flow rate was used. All calculations were performed at a constant de- %20 T

pression of 20 atm. Fig. 2 shows the curves of the change in flow rate S

from the distance around the well at reservoir pressure of 245 atm (blue 10T\

curve), 163 atm (red curve) and 123 atm (blue curve) calculated by 0 ‘ ‘ ‘

expression (2.14). According to these data, it can be seen that with dis- 0 1 rm 2 3
tance from the well, the flow rate drops sharply, but after 1.0-1.5 me- ’

ters, in this case, the rate reaches a minimum value and practically does  Fig. 2. Curves of changes in flow rate
not change. In addition, it can be seen that the higher the reservoir pres- ~ from distance around the well at reservoir

sure, the greater the filtration rate, despite the identity of the draw- ~ PreSStre of 245 atm (blue curve), 163 atm
d in th ant (red curve) and 123 atm (green curve)
owns in the variants.

Nomenclature
a, —1s a rock compacting factor, 1/atm; z, § — z-factor and gas temperature factor; C — content of poten-

tially liquid hydrocarbons in the gas phase, m’/m’; B ,B, — volume factor of oil and water; s —solubility of gas
in liquid, m*/m? p  p— initial and current reservoir pressure, atm; p,, — atmospheric pressure, atm; p, = bot-
tom-hole pressure, atm; p — pressure at the external boundary, atm; 7=1 o(P) —ratio of the specific gravities

Y4(P)
of oil and gas at reservoir pressure; I — radial coordinate; R — well drainage area radius, m; r, — wellbore

radius, m; v — velocity, m/s; h — formation thickness,m; t — time, s.
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Summary. Our proposed project provides for the creation of the necessary infrastructure, includ-
ing an underground gas storage facility (UGS) and a liquefaction terminal. The possibility of dis-

Keywords: underground gas . AR . .
Y & g covery of oil and gas reservoirs within the region was also considered.
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Beenenue

I'a3, mocrymatomwmii mo cucreme razonpoBogoB AGRI (Azerbaijan-Georgia-Romanian Interconnector),
KOTOPBIX OJDKEH auBepcruuimpoBats ero nmocraBku u3 Kacnuiickoro perrnona B EBporty anbTepHaTHBHBIM
myTeM, OyJeT akKyMyJIHPOBaThCs B XPAHWIMIIC U CKUKATHCS B CIICIIMATBHOM TEPMHUHAJIE HEMOCPEACTBEHHO
nepeJ MOrpy3Koi B TAHKEP, YTO MO3BOJIUT PE3KO COKPATUTh SKCIIITyaTal[MOHHBIE pacX0bl TepMUHaa. B nansb-
HeeM, yXKe B CKIKCHHOM COCTOSHMM TaHKEpaMu OyJeT MOCTABIATHCSA B TEPMHHAI B PYMBIHCKOM IIOPTY
Koncranna.

Mertoa (u/uau Teopus)

Kak u3BecTHO, B HacTOsIIIee BPEMSI C IIEIbI0 KOMITEHCALIUN HEPAaBHOMEPHOCTEH ra30moTpedieHus, pesep-
BHPOBaHMS Ta3a Ha CIy4ail aBapuil U TEPaKTOB Ha ra30MPOBOAAX, @ TAKXKE CO3JaHUs CTPATETHYECKUX 3aI1acoB
COOPY’KArOTCS OA3EMHBIC XPaHWIINILA Ta3a.

Haubomnbiiee pacnpocrpanenue noyunin [1XI7, co3qaHHbIe B UCTOIICHHBIX 3aiexkax ¥ B 1 BOJOHOCHBIX
TOpPHU30HTAaX, Ha KoTopble puxoaarcst 70% ot obmero yucia [1XT .

AHanu3 reosoro-reopU3nYecKoro MaTeprana u JaHHbIX OypeHusi, MPOBEACHHBIX 3a MOCIEeIHIE UCATH-
JIETHS, TIO3BOJINJ BRISIBUTH HanOOJIee MMepCIEeKTUBHBIN 00BeKT utst co3nanus B HeM I1XI', KoTopslii ipemcTaB-
asieT co0oii 4 KyarcooOpa3zHO COWIEHEHHbIE MEXIy co00l OpaxHaHTHKIMHAJIBHBIE CTPYKTYphl: KyneBckas,
3anagno-Yanagunckas, Bocrouno-Uanagunckas nu Carpamuyaiickas (puc.), pacnojoXeHHbIE B 3amagHon
['py3un. B TekToHHMYECKOM OTHOIIEHUH PETHOH OTHOCUTCS K HikHe-Prnoncko# noazone 3anagnoit (Komxua-
CKOM1) 30HBI TOTPY>KEHUS 3aKaBKa3CKOW MEKTOPHOU BIIaIUHEI.

Bce aTH cTpyKTYpBI, MOTpeOeHHbIE O]l YeTBEPTUUHBIM ITOKPOBOM, BBISIBJICHBI celicMopasBeakol B 50-x
rofiax MpoIUIOro BeKa W B AajbHEHIIEM MOATBEPKACHBI ITyOoKnM OypeHueM. M3 Hux Haubojee KpymHOH
apisiercst KyneBckas ckiiagka, ceBepo-3anaiHas epeKInHaIbHas 4acTh KOTOPO paciioioxeHa B akBaTOpUU
UYepHoro Mops 1 TpeOyeT AONOIHUTENBHOM AeTanu3anuy. OHa MPOCTHPAETCS € I0r0-BOCTOKA Ha CEBEPO-3ara]
u gocruraet B 1iuHy 18-20 kM npu mmpune A0 8-10 kM. DT0 cuMMeTpudHast OpaXuaHTUKIMHANbHAS CTPYK-
Typa BeicoToU 10 900 M, ¢ mocaeaHe 3aMKHYTON M30TUIICOM 3a7eraHrs KPOBJIU JATCKUX OTIIOXeHHH -1200
M.

Kynesckas ctpykrypa takke FOB-C3 opuenTannm otaeneHa HeriyooKoi CHHKIMHAIBHON EPEMBIUYKON OT
3ananHo-Yananunckoit ckinaaku. Pazmeps ee 12X6 kM u BbicoTa 10 300, ¢ nocienHel 3aMKHYTON H30TUIICOH -
1700 M. OHa TaKxKe MoCpeICTBOM HETITyOOKOH CHHKJIIMHAIBHOH IIEpEeMBIUKH cowieHseTcs ¢ Bocrouno-Yanmaau-
CKOM ckagKoit pazmepamu 7-8X3-4km u BeicoToM 200-250 M ¢ mocneaHe 3aMKHyToM u3oruricoi -1800 m.
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The structural map of a roof of
the Turonian-Danian carbonate deposits
Sagvamichao (1), East Chaladidi (2), Kulevi (4) and Kvaloni (5).
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carbonate deposits
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Tectonic gap

CrpyKTypHast KapTa 10 KPOBJIE TYPOH-IAaTCKUX KapOOHATHBIX oTioxkeHuit Carsamuyao-KysieBckoi 30HbI

ITocnennss crpykrypa — CarBamudao pazmepamu 8-9X4 xkm, Beicotoit 10 300 M U ¢ mocnenHel 3aMKHY-
TO# n3oruncoi -1900 M mocpeACTBOM HMIMPOKOH CUHKIMHAJIBHON NepeMbluku couwlenseTcs ¢ Bocrouno-Ya-
JAAUCKOM TOBOJIBHO MOJOTON CKIIAIKOM CyOIIMPOTHOTO POCTUPAHMS.

Ha crtpykrypax 3amagnoe m Boctounoe Yanaguau ObuiH BBISBICHBI HE3HAUMUTENbHBIE 3all€KU
HedTH, HePTEHOCHOCTh KOTOPBIX CBA3aHA C MAYKOH OPraHOTE€HHBIX MeJIKodopaMeHU(epoBhIX TPEIIH-
HOBATHIX U3BECTHAKOB, 3AJIETAIONINX B KPOBJIE MAaCTPHUXT-IATCKUX OTIOKEeHUH. HedTsHAas 3a11€5KB B CBO-
ToBo# yactu BocTtouno-Yananuackoi aHTUKIIMHAIY 3aj1eraeT Ha rryouHe 1865 M, a B ipeenax 1oro-BoCTO4-
HOM nepukinHany 3ananaHo-Yananguackoi antukauHanu — Ha 1890 M. Ha Boctouno-Yanaguackoil miomanu
0510 poOypeHo 17 ckBaxkuH. [IpoMbIIIeHHbIE TPUTOKK HEPTH OBLIH MOMYy4eHbI B ckBaknuHaX NeNe 4, 13 u
16 ¢ HaYaIbHBIMU AEOUTOM HE(PTH COOTBETCTBEHHO 4, 70 M 2 TOHHBI B CyTKH. B ckBakuHe 13 HadaabHBIN
neout (70 TOHH B CYyTKH) Pe3KO YMEHbIIWICS U uepe3 1.5 roma cocraBui 4 ToHHBI B cyTkH. Ha 3amanHo-
Yanaauackoit miomaan 0110 MpoOypeHo 16 cKBawH, U3 KOTOPBIX CKBaXHHBI NeNed, 9 11 9* manu mpombI-
JIEHHBIN IPUTOK HePTH 110 4 TOHH B CyTKH. [[pyrue CKBaKWHBI JaJId MTPUTOK XIJIOPKAIBIIEBON BOIBI, HHOTAA
C IUIEHKaMHu HePTH — 110 25 TOHH B cyTKU. CpeqHecyTOUHBIH NeOUT CKBaKMH MECTOPOXKICHHUS MOCTEIIEHHO
CHHM3WJICS U K KOHILy 1984 . ocTaBmIasics B 9KCIUTyaTHIIMU OJJHAa CKB)KHHA JaBayia OJHY TOHHY He(dTH. ['a30-
BBl ()aKTOp COXpaHsIICS Ha YpoBHE 64 M>/T.

OO0cy:kaeHue pe3yJbTATOB

OTMe4YeHHOE MO3BOISIET TOBOPUTH O BO3MOKHOCTHU CO3JaHUs B JAHHBIX CTPYKTYpPaxX MOA3EMHOTO XpaHU-
JIMIIA ra3a, CBA3aHHOE C UCTOIICHHBIMHU 3aexkamMu HeTu. Ha cranpubix crpykrypax (Kynesu u CarsamMmudao),
rze He OBbLIM BBISBIICHBI 3aJI€KH HE(TH, BO3MOXKHO CO3JJaHNE XPAHWIIUIIA, CBSI3aHHOE C BOJOHOCHBIMU TOPHU-
30HTaMH.

OCHOBHBIM KOJIJIEKTOPCKHUM TOPH30HTOM SIBIITIOTCS TYPOH-JATCKHe KapOOHATHBIE OTIIOKEHUS, HAIeHKHO
MepeKpbhIBaeMble HEMPOHUIIAEMON TOJIIIEH MaJeoeH-30IIeHOBBIX U3BECTKOBBIX TJIMH C MPOCIOSIMH ITECHaHU-
KOB, Mepreyieit U U3BECTHIKOB MOIIHOCTBIO A0 100 MeTpoB.

Oco0as mpuBIIEKAaTETHPHOCTh MPOEKTA 3aKIIF0YAETCS B BOSMOKHOCTH TIOOYEPEIHOTO OCBOEHHS OTMEUEH-
HBIX CTPYKTYP B 3aBHCHMOCTH OT HE0OXOAWMOTro o0beMa XpaHwiuiia. [IpoBe/icHHbIe HAMU UCCIIEIOBAHUS
MO3BOJIMIIM ONPeNeNIuTh 00beM mpoektupyemoro [1XT.
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OneHka 3amacoB raza B XpaHWJIHIIE ObUIa MPOBeieHa 00BEMHBIM METOJIOM, KOTOPBIN Oa3upyercs Ha JaH-
HBIX O T€0JIOTMYECKHUX I'PaHUIAX PAcIIPOCTPAHEHUs 3aJI€XKH, XapaKTepe IOPOBOrO MPOCTPAHCTBA U COOTBET-
CTBYIOIIEM IiacToBoM JaBieHnn (Russian joint-stock company "Gazprom", 1996). B nepBom npuOimxkeHun
MOKHO TOBOPHUTH 00 0011eM 06beMe xpanummina 20 Miap.m°.

Bo3MOXHOCTD cO34aHUS IOA3EMHOIO0 XPAaHWININA ra3a UMEETCS] TAKKE U B HEOKOMCKHX OTJIOXKEHHUSIX
motHOCThI0 1000-1200 M, mepeKphITHIX HEMPOHUIIAEMBIMU aNT-CECHOMAHCKUMHU TIIMHUCTHIMH U TY()OTE€HHO-
H3BECTHAKOBBIMU MEpreJisiMU o011ei MomHocThIo 10 1000 M.

[TonoxwurensHeiM KputepueM co3panus [IXI apnsercs 6IM30CTh K MMEIOIIUMCS U IUIAHUPYEMBIX Maru-
CTpPaJIbHBIM Ta30IpOBOJaM, a TAKXKE HEIIOCPEACTEHHBIN BBIXOA K UepHOMY MOPIO.

Hapsiny ¢ co3maHueM MOA3eMHOr0 XPaHHWJIMINA ra3a CTPATErHYecKOro Ha3HAaueHHsl B Ipejaenax
3TOTO PErMOHA TAKXE BO3MOXKHO OTKPBITHE HE(TEra30BbIX 3ajexkeH.

BoiBoabI

Peanuzanust mpoekra MO3BOJIUT oOecnednTh OecrepeOoiHy0 padoTy HMMEIONIUXCS U ILIAaHHPYEMBIX
TPaHCHAI[MOHATBHBIX Ta30MIPOBOIOB, a TAKXKE SHEPreTHUECKYI0 0€30MacHOCTh HE TONBKO | py3nu, HO U CTpaH
EBpocoro3a.

[Ipoext mpomren anpobauuio u 66U omoOpen [onbekoit [ocynapcTBeHHONM KOoMMaHued HedTH U Tasa
(PGNiG) umeroreii 0ONBIION OMBIT B CO3/IaHUH MTOI3€MHBIX XPAHUJIHII] Ta3a ¥ TOUCKaX HE(TSHBIX U Ta30BBIX
MECTOPOXKACHUH.

JIUTEPATYPA

Poccuiickoe akunonepHoe obuectBo "I"aznpom”. Beepoccuiickuii HayqHO-UCCIIEI0BATEIbCKIUI HHCTUTYT NPUPOIHBIX ra30B U ra3o-
BbIX TexHonoruit "BHUUT'A3". MeTtonuueckue yka3aHus MO ONPEISICHUIO TEXHOJIOIMYECKH HEOOX0JUMBIX 6€3B0O3BPATHBIX I10-
TEpb Ta3a MpH CO3JaHUU U SKCIUTyaTally Ta30XpaHIIHUI B TOPUCTHIX I1acTax. Mocksa, 1996.
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Pestome. TlpemnaraeMplii HAMU TIPOCKT MPETyCMATPUBACT CO3JIaHUE HEOOX0AUMON MHDPACTPYKTYPHhI, BKIFOUYAIOIICH B ce0sl Mo~
3emHoe xpanmuiie raza (IIXI") u TepMHHAN 0 ero CKMKCHUI0. Takke pacCMOTPEHa BO3MOXXHOCTh OTKPBITHS B Mpe/eiax PeruoHa
3anexeit HedTH U rasa.

Knrwoueswle cnosa: noozemnoe xpanunuwe 2aza (I1XI), corcusxcennswiii 2as

33



Z.Mustafayeva, M.Parlaktuna | ANAS Transactions, Earth Sciences, Special Issue / 2023, 34-36; DOI: 10.33677/ggianasconf20230300008

ANAS Transactions Earth Sciences Special Issue /2023

http://www journalesgia.com

INVESTIGATION OF NATURAL GAS HYDRATE POTENTIAL
OF THE SOUTH CASPIAN SEA

Mustafayeva Z., Parlaktuna M.
Middle East Technical University, Ankara, Tiirkiye: mahmut@metu.edu.tr

Summary. Some unique characteristics of the Caspian Sea, especially the South Caspian Sea,
such as low geothermal gradient, rapid sedimentation, a great number of mud volcanoes, suitable
temperature and pressure conditions make it worth for exploration of gas hydrate potential. In this
study, gas hydrate potential of the South Caspian Sea is determined within the targeted coordinates,
39°N - 50°E, 40°N - 50°E, 40°N - 52°E and 39°N - 52°E, which includes Absheron area and several
mud volcanoes but excluding the parts shallower than 100 m water depth. The total area is subdi-
vided into three categories, namely gas hydrate concentrated zone, gas hydrate bearing zone and
around craters of mud volcanoes. The mean of accessible resource volume is estimated as
2.18x10'2, 1.53x10',1.65x10'° Sm? of gas for these three zones, respectively. The mean of total
accessible resource volume of targeted areas is estimated as 1.75x10'* Sm? of gas.

Keywords: Natural gas
hydrates, the Caspian Sea,
the South Caspian Sea,
mud volcanoes,

Monte Carlo method
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Introduction

The Caspian Sea is one of the oldest regions that petroleum industry is actually established. Recently, the
region is under study as being gas hydrate province as well as being oil and gas province. Some unique prop-
erties of the region, like low geothermal gradient, rapid sedimentation, a great number of mud volcanoes,
suitable temperature and pressure conditions, and actively generation of hydrocarbons make it attention grab-
bing (Buryakovsky et al., 2001).

Seismic, geological, and geophysical investigations are conducted and analyzed Under Deep Sea Drilling
Project (DSDP) and Ocean Drilling Program (ODP). It was determined that the Caspian Sea has all essential
conditions for formation of gas hydrates especially in the southern part.

A rough estimation of amount of methane is done in (Gerivani and Gerivani, 2015). According to their
calculation in Gas Hydrate Stability Zone (GHSZ) in Absheron region, which is 100 km away from Baku, with
thickness of 200 m extending for 10 km and only 5% of the sediments volume being composed of gas hydrates
is assumed. Around 1 billion cubic meters of methane hydrate is estimated. Since 1 m® of solid hydrate can
contain 160 Sm® of methane has around 160 standard billion cubic meter of hydrocarbon gas.

An estimation of mud volcanoes is done by Muradov (2002). In that study, resources of hydrocarbon gases
in hydrates saturate sediments up to a depth of 100 m and are estimated at 0.2-10'3— 8-10'> m*®. The amount of
hydrocarbon gases concentrated in them is 10"~ 10'? Sm?® (Huseynov and Guliyev, 2004).

In this study, natural gas hydrate potential in the South Caspian Sea is investigated. The targeted area is
taken almost within the coordinates 39°N, 50°E - 40°N, 50°E and 39°N, 52°E - 40°N, 52°E, excluding the
parts shallower than 100 m. The area is divided by three according to hydrate saturation in sediments.

Three gas compositions are adapted from Diaconescu and Knapp (2000). Pure and saline water environ-
ments are considered and compared regarding the gas compositions and related zones. Methane hydrate equi-
librium pressure values are obtained by CSMHYD program (CSMHYD, 2017). Pressure-temperature and tem-
perature-depth diagrams are obtained accordingly.

Mud volcanoes in the region experiences very high geothermal gradient values and intensive gas seepage.
Different gas compositions and geothermal gradient values from mud volcanoes of the South Caspian Sea are
available in (Ginsburg et al., 1992). CSMHYD is used again to obtain hydrate formation pressure values.
Pressure-temperature and temperature-depth diagrams are obtained for three mud volcanoes, Buzdag, Elm,
and unnamed one on the Abikha bank.

Calculations are done by volumetric method. Estimations are calculated by Monte Carlo method using
@RISK (@RISK, 2018). Parameters are obtained from literature and other studies from different fields in the
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world. Accessible resource volumes are obtained from all three zones within the field of interest. Total acces-
sible resource volume is reached finally.

Methodology

Equation 1 is used for the estimation of gas in hydrate reservoirs:

Where:

OGIP=A X h X @ X S, Xx VR xCO

OGIP: Original CH4in-place in gas hydrate reservoirs, Sm?
A: Cross-sectional area of hydrate zone, m?
h: Thickness of hydrate zone, m

@: Porosity, fraction

Sh: Gas hydrate saturation in pore space, fraction

VR: Gas/hydrate volume ratio (volume of gas at STP in 1 m® of gas hydrate), Sm*/m’
CO: Cage occupancy, fraction

&

Since the field needs further explorations, some data are unavailable in the literature. Estimations from
other fields and some assumptions are used for parameters for which are not presently known.

The targeted area of this study is determined within the coordinates 39°N, 50°E - 40°N, 50°E and 39°N,
52°E - 40°N, 52°E, excluding the parts shallower than 100 m in the South Caspian Sea (Figure 1). Elm and
unnamed mud volcano on the Abikha bank is also added to calculations due to their high probable gas hydrate
potential. Planimeter measurements are applied on the available maps to estimate different hydrate bearing
areas. The study area makes totally 17576.93 km?. While dividing the area into different sections, idea from
Fujii et al. (2008) is used. It is divided into three zones according to hydrate saturation. Gas hydrate concen-
trated zone is highlighted in black color. Bearing zones are highlighted in blue. Mud volcanoes are highlighted
in red circles (Figure).

Details of the determination of numerical values of parameters in Equation 1 can be found in (Mustafa-

yeva, 2018). The resultant values of three zones are listed in Table 1.

50°E 51°E 52°E
A Gas Hydrate
Gas Hydrate Y
> Bearing zone
Concentrated Zone 10 £
40°N
-
Mud Volcanoes
\ -
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i"i
) ~ -~”‘~'."". 21
390N [ Hemek o iy

51°E

52°E

40°N
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Map showing gas hydrate concentrated and bearing zones and mud volcanoes. Black line: gas hydrate concentrated

zone; blue line: gas hydrate bearing zone; red circles: mud volcanoes
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Table 1
Input parameters of three zones used in Equation 1

ZONE A (m?) h (m) ( fraft“ion) (fraction)  VR(%) fra(égon)
Hydrate Minimum 5.70x108 200 0.45 0.1 166 0.96
Concentrated Mean 7.13x108 841 0.60 0.2 - 0.98
Zone Maximum 8.55x108 1400 0.90 0.4 172 0.99
Hydrate Minimum 1.36x10'° 190 0.21 0.1 166 0.96
Bearing Zone M.ean 1.70x1010 877.2 0.29 0.2 - 0.98
Maximum 2.04x1010 1420 0.35 0.4 172 0.99
Mud Minimum 4.75%107 15 0.15 0.1 166 0.96
Volcaneos Mfean 5.94x107 20 0.35 0.2 - 0.98
Maximum 7.12x107 30 0.50 0.4 172 0.99

Results

Estimations of gas volumes in different zones are done by @RISK program. @RISK is an add-in for
Microsoft Excel, which performs risk analysis using Monte Carlo simulation. @RISK gives an opportunity to
users see and analyze all possible outcomes. It presents a range of possible values in Microsoft Excel spread-
sheet that allows making the best choice under uncertainty. So, after determining value range for parameters,
probability density functions are used for 10,000 iterations by @Risk. The resulted outcomes give the proba-
bility of the minimum, mean, and maximum estimations. Table 2 lists the estimates obtained within this study.

Table 2
Estimated gas volumes within three different zones (Sm?)
ZONE Minimum Mean Maximum
Hydrate Concentrated Zone 5.47x101 2.18x10"? 6.53x1012
Hydrate Bearing Zone 2.00x10" 1.53x10" 5.23x10"
Mud Volcaneos 2.80x10° 1.65x10'0 4.80x10'°
TOTAL 2.55x10" 1.74x10™ 5.88x10™

Conclusion

Accessible resource volumes are obtained from all three zones within the field of interest. Total accessible
resource volume is reached finally. Although these estimations are done under lots of uncertainties, unique
geologic and stratigraphic features make South Caspian Sea worth for researching for gas hydrates.
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Summary. The South Caspian Basin is a deep-water basin containing one of the thickest accu-
mulated sedimentary sequences on the Earth, with up to 25 km of sediments, overlying thin oceanic
crust. To understand the nature of the South Caspian Basin we build model of the tectonic motion

Keywords: South Caspian, of the South Caspian Basin, an enigmatic aseismic “block” within the Arabia-Eurasia collision,
tectonics, subduction, faulting, | which moves relative to both Iran and Eurasia. The model integrates subsurface interpretation in the
collision, plates Caspian Basin with active tectonics studies from outcrops. Understanding basin tectonics also has

applied value as it helps to understand and potentially reduce earthquake hazards.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

The study combines geologic and geodetic studies, field-based and remote-sensing study of active faults,
and the interpretation of offshore seismic reflection data in the central and southern Caspian to examine the
timings and styles of deformation in its interior and along its margins. The results of study show that the
presently active tectonics of the South Caspian began abruptly at 1.8 Ma ago. In the east and west, this onset
involved a change from shortening to oblique lateral slip, and along the northern margin (the Absheron Ridge),
it involved the oblique strike-slip and shortening reactivation of structures that had been quiescent since 6.0
Ma. The tectonic history of the South Caspian Basin (SCB) is hence one of northward subduction until 6.0
Ma, followed by rapid oroclinal bending and plateau growth in the ranges surrounding the basin until 1.8 Ma.
At that time, the basin began to be expelled to the northwest, with underthrusting and incipient subduction
beneath the Kura basin along its western margin. The various short-lived stages in the destruction of the South
Caspian give insight into the late-stages of oceanic closure and the transition to continental collision.

Different styles in the offshore sector separate Caspian into several structural domains: Absheron domain
of subduction tectonics, West Kura domain of strike-slip and deep basin interior (fast subsidence). We interpret
the west Kura domain as linking northwards to onshore to lateral strike-slip faults within the Kura basin.

Method and / or theory

The South Caspian Basin (Fig. 1) is a deep-water basin containing one of the thickest and most rapidly
accumulated sedimentary sequences on the Earth, with up to 20 km of sediment overlying an enigmatic base-
ment of possible back-arc basin origin (Zonenshain and Le Pichon, 1986). SCB have been studied in detail
using regional seismic reflection data and potential field and subsidence modelling (Abdullayev et al., 2017;
Egan et al., 2009; Green et al., 2009).

Results and discussion

Over half of the sedimentary thickness has accumulated in the last 5.5 Ma, or less (Abdullayev et al, 2017),
with many kilometers of clastic sediment (the Pliocene productive series) overlying mobile Miocene mud-
stones of the Oligo-Miocene Maykop formation. The interior of the basin is aseismic in the instrumental period,
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though active faults and earthquakes occur around the margins of the South Caspian, showing that the basin is
moving relative to its surroundings.

100 km

Fig. 1. Map of folds within the Absheron domain (green), West Kura domain (yellow) and deep basin interior (purple). We interpret
the west Kura domain as linking northwards to onshore right-lateral strike-slip faults within the Kura basin. The Absheron domain
links eastwards to the right-lateral Main Kopetdag strike-slip fault

Jackson et al. (2002) estimated the relative motion of the South Caspian Basin relative to both Eurasia
and Iran by constructing a velocity triangle. Green et al., (2009), use a deep seismic reflection line across the
central Caspian to show that the major shortening across the Absheron Ridge ended in the Miocene, ~6.0 Ma,
and so does not correlate with the onset of rapid basin sediment accumulation. Ages constraining deposition
of Productive Series have been summarized in Abdullayev et al. (2019) putting a boundary on deposition of
Productive Series at somewhere between ~6.0 Ma to 4.0 Ma.

We studied relative plate movements and faulting in the eastern Caspian lowlands on the eastern shores
of the Caspian. If the eastern Caspian lowlands move coherently with the South Caspian Basin, and are not
internally deforming rapidly, it implies that the widespread east-west folding observed within the lowlands is
no longer active. As these folds have formed due to north-south shortening, it is apparent that the currently
active tectonics should have initiated after folding, and that the tectonic configuration has changed from one
involving predominant shortening to one involving NNW expulsion of the South Caspian relative to its sur-
roundings. The absence of deformation within the Caspian lowlands also implies that the sense and rate of
motion across the Kopetdag should be consistent with the motion across the Absheron Ridge offshore, as they
both accommodate relative motion between the South Caspian Basin and Eurasia.

From 1.8 Ma we see a rapid onset of the present tectonic phase, with transpressional faults in the east
cutting through the older folded terranes, and the development of new north-south transpressional systems
within the Kura basin.

The identification and mapping of major strike-slip faults accommodating relative motion between the
South Caspian Basin and its surroundings has an applied interest, as these faults constitute a large seismic
hazard both to population centers and to infrastructure, including gas production facilities in the offshore,
pipeline crossings, and terminals.
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Fig. 2. Stratigraphic and structural event chart of the South Caspian highlighting ages discussed. Rapid oroclinal bending (6-4Ma),
initial subduction (pre 6.0 Ma) and formation of modern anticinal trends (after 1.8 Ma). Dates are obtained from Abdullayev et
al. (2017)

Conclusions

The study has revealed several domains of folding and faulting within the South Caspian that are likely
related to “thick skinned” faulting, based on their wavelength and asymmetry, as opposed to the thin-skinned
deformation observed in the deeper basin, which is more likely related to movement within the mobile Maykop
deposits. The thick-skinned structures of the Absheron Ridge in the central Caspian started to grow at 1.8 Ma
and are related to onset of the present-day tectonic regime. The structures in the proximal offshore Kura domain
are interpreted as the result of strike-slip deformation that can be traced onshore to structures that display
prominent right-lateral displacement in Holocene age deposits. The anticlines started to form at 1.8 Ma with
the folding and then replaced by faulting that continues to the present-day. Altogether, observations from
seismic reflection data suggest an onset of strike-slip tectonics along both the Absheron Ridge and in the Kura
basin at 1.8 Ma. Shortening along the western margin of the basin has been occurring for the last 3.8 Ma.
Along the Absheron Ridge the presently active faulting followed from a period of tectonic inactivity that began
at 6.0 Ma. Prior to 6.0 Ma there, was intense south-vergeant folding and thrusting within the central Caspian,
likely related to northward subduction of the basement of the South Caspian basement under Absheron Ridge.

Our results refine our understanding of the present-day kinematics of the South Caspian Basin, and of the
factors that may have helped cause an evolution in the tectonic configuration through time. The initial phase
of shortening lasted until 6.0 Ma, when subduction of the South Caspian basement stalled and there was a
“quiet period related to Low Pliocene Productive Series.

The stalling of subduction in the central Caspian at 6.0 Ma was followed by a period of rapid oroclinal
bending (6-4 Ma) with thewestern and eastern parts of the Alborz mountains rotating respectively clockwise
and anticlockwise around the southern margins of the South Caspian, and with clockwise rotation of the Ko-
petdag and Binalud ranges. It is likely that continued mountain building along the southern margins of the
Caspian during this time would have led to basement involved shortening at the basin margins, which we see
in the offshore Kura basin from 3.8 Ma, and in the fold and thrust belts of the Kopetdag in Turkmenistan.
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Summary. The purpose of these studies is to tackle a scientific problem of identifying patterns
in the origination and evolution of structural-geodynamic and hydrocarbon systems in the Black
Sea-Caspian region (BCR) and to determine conditions conducive to the formation and distribution
of hydrocarbon fields using basin analysis, numerical geologic modeling, paleotectonic and paleo-
geographic reconstructions, geochemical studies, etc. Research findings and their scientific merit
consist in a comprehensive analysis of patterns behind the formation and evolution of structural-
geodynamic and hydrocarbon systems in the BCR.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Structural-geodynamic systems (SGS) can be defined as the totality of elements within the framework of the
basement and sedimentary cover unified by a common reaction to geodynamic impacts from the external or
internal (in relation to the system) source of tectonic energy during one or several phases of tectonic genesis. The
framework of different tectonic zones is given in details in the map of the main structural elements (Figure 1).

The conducted studies allow producing the models of structural-geodynamic systems in the BCR
determining the key features of the present-day tectonic zonation in the region. We built 3D structural models
of the sedimentary cover for this purpose (Figure 2).

Fig. 1. Map of the main structural elements of the Black Sea-Caspian region
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Fig. 2. Model of the sedimentary cover of the Black Sea-Caspian region

Sizeable zones of interblock interaction at the basement of mobile platforms are studying with great
interest from a practical standpoint. This interaction results in the deformations in the overlapping plate cover
and has an impact on the settings in which sediment deposition and fluid exchange occur during its formation.
These studies can facilitate the search for and localization of potential oil and gas targets of anticlinal and
depositional origin, in particular, at the level of deep horizons in the plate cover.

Results

The main results are presented in scientific publications and conferences (Guliev et al., 2021; Guliyev et
al., 2017; Kerimov et al., 2021, 2022; Lavrenova et al., 2021; Mustaev et al., 2021, 2022; Senin et al. 2022).

The following work was completed as part of our studies within the conditions conducive to the formation
of sedimentary basins in the BCR and regularities behind their distribution: we performed basin analysis,
summarized the results from earlier studies, constructed lithologic-paleogeographic schematic maps,
paleogeographic maps and maps showing the extent of sedimentary basins. Basin analysis involved generating
depth structure maps and thickness maps based on the reviewed G&G data. These maps allowed tracing a shift
in the depocenters, identifying particular aspects related to the formation of sedimentary basins, define their
boundaries, and distinguish sizeable areas of persistent downwarping

The geologic-geochemical data on the material composition of deposits in the sedimentary cover and
geochemical characteristics of the section provided a basis for identifying the elements of generation-
accumulation hydrocarbon systems (GAHS), including regional Middle Jurassic, Cretaceous (Aptian),
Paleogene (Kuma formation), and Maikopian oil and gas source rock intervals as well as a potential oil and
gas source rock interval in the Miocene deposits. To identify reservoir intervals we reviewed the available data
on oil and gas saturation in the sedimentary section, i.e. oil and gas shows and fields. For this purpose, we
created a relevant database on the indicators of oil and gas occurrence. According to this data and taking into
account paleogeographic reconstructions completed for each sedimentary basin, we determined the most
important permeable rock intervals and impermeable seals. We estimated present-day maturity to reconstruct
the processes of hydrocarbon generation based on the numerical modeling of the GAHS (Figure 3).

The modeling of hydrocarbon systems resulted in the reconstruction of hydrocarbon migration and
accumulation processes in the Meso-Cenozoic complex of the BCR. Due to the persistent subsidence of the
studied basins, migration of hydrocarbons proceeds towards their flanks.

Consequently, flank and near-flank zones represent areas where hydrocarbon accumulation is most likely
to occur (Figure 4). Due to the specific aspects of the tectonic framework and the presence of squeezing folds
in the Mesozoic complex, hydrocarbon migration processes in the Terek-Caspian Basin are currently not
unidirectional. The flow of fluids from the main oil kitchen areas located in the downwarped part of the
foredeep is mainly directed towards the platform flank and the southern flank. Thus, the main hydrocarbon
pools formed in anticlinal structures of the central north-south trending foredeep. All the modeled GAHS are
marked by crossflows (to a greater or lesser extent) due to the particular aspects of the evolution of depositional
processes in the setting of alternating transgressions and regressions. The crossflows are also linked with the
active tectonic regime in the studied region. The presence of stacked pools validates the conclusion on
widespread processes of HC crossflows.
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Fig. 3. Models and maps of modern maturity: the Middle Jurassic (a), the Lower Cretaceous (b), the Eocene (c), Maikop (d) and the
Miocene (e) deposits

Conclusions

The conducted studies have produced the following results:

1. The following four areas of persistent subsidence, i.e. depositional basins, have been identified: the
Karkinit, Indolo-Kuban, East Kuban, and the Terek-Caspian Basin.

2. We have defined the conditions conducive to the evolution of structural-geodynamic systems in the BCR
from the Late Paleozoic to the Pleistocene with a trend towards the gradual attenuation of geodynamic activity.

3. It has been revealed that geodynamic processes have remained active in the Black Sea-Caspian region
during a long span of geologic time up to the present day.

4. We have defined favorable conditions for the evolution of hydrocarbon systems in the region's basins
that include, on the one hand, the maturation of organic matter of oil and gas source rocks as a result of suc-
cessive subsidence of sedimentary complexes, and, on the other hand, the regime that facilitates a regular flow
of hydrocarbons towards the marginal zones of the basin and adjacent zones occupying an uplifted position
throughout the evolution of the basins.
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Fig. 4. Models of hydrocarbon migration from the Upper Jurassic (a), Cretaceous (b), Eocene (c), Maikop (d) and Miocene (e) deposits
(green lines show the migration paths of liquid hydrocarbons, red - gaseous)

5. It has been demonstrated that variations in basin subsidence rates at different stages of their evolution
had a critical impact on the realization of hydrocarbon-generating potential by oil and gas source rock intervals.

6. It has been found that from the latest Paleogene onward intermittent tectonic revival within the studied
territory of the BCR has created an environment for vertical hydrocarbon crossflows and the appearance of
stacked accumulations.
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THE EFFECTIVENESS OF THE APPLICATION OF NON-STATIONARY FLOODING
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Summary. The paper highlights the use of non-stationary flooding, which is one of the suffi-
ciently effective methods of increasing the oil recovery coefficient used to change the direction of
filtration flows, which allow involving unprocessed oil reserves in development and reduce the rate
of flooding of deposits in productive reservoirs. A common technological method of implementing
non-stationary flooding is the use of cyclic modes of operation of injection wells.

As a result of the analysis, the positive effect of the implementation of the technology of non-
stationary flooding was revealed, and recommendations were made to improve its application at
other operational facilities of PU "ZHMG".

Keywords: unsteady flooding,
injection well, oil recovery,
heterogeneity, cyclic injection
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BBenenmne

HecranmonapHoe 3aBonnenne (H3) mpuMeHnMO Kak Ha paHHEH, Tak M Ha MMO3/AHEH cTagun pa3padoTKH.
Bo3MO0kHO €ro ucronbp30BaHrEe U Ha BHICOKOOOBOJHEHHBIX MECTOPOXICHUAX, pa3pabaThiBaeMbIX METOIOM
OOBITHOTO CTAITMOHAPHOTO 3aBOAHECHMS, JTaXKe MOCIEe MOCTIKEHUS MPEIeT-HOTO peHTa0eIbHOTO AebnuTa 10-
obiBaronux ckBaxuH (P3aea, 2020).

MeTop! HECTAITMOHAPHOTO 3aBOTHEHMSI IITMPOKO MPUMEHSIOTCS Ha HEPTSIHBIX MECTOPOXKIEHHUIX, OHAKO
He Bceraa X PeKTUBHBI M3-3a HEAOCTATOYHO YETKOTO COOIIOICHHUS peKoMeHaaITiil. FiMeeTcss MHOKECTBO TIPH-
YHH, TI0 KOTOPHIM LUKIHYECKOe 3aBOHEeHUE OyeT (h(HEeKTUBHBIM HE ISl KaXKIOTO MECTOPOKACHUS: Te0JI0-
THYECKOEe CTPOCHUE 3aJIeKH, TEKyIIee COCTOSIHHE Pa3paboTKu (CHUcTeMa 3aBOJHEHUs, padoTarommii (HoHI
CKB&)XHH, yPOBEHb OOBOTHEHHOCTH, JIOJIS M XapaKTep BHIPAOOTKH Ie0JIOTHUECKIX 3aI1acoB), HEOAHOPOIHOCTh
10 MPOHHUIIAEMOCTH U T.NI. B CBSI3U ¢ 3TMM BO3HMKAET HEOOXOAMMOCTH MPOTHO3UPOBAHUS PPEKTUBHOCTH
poliecca nukindeckoro Bozaericteust (Knobloch et al., 2018).

Lensro qaHHOM pabOTHI ABISLIOCH YBETUUICHIE YIIPYTOTO 3araca IIaCTOBOW CHCTEMBI ITyTEM TIepHUOarYe-
CKOTO M3MCHCHUS JABJICHUSI HarHETaHus BObI. [[pOBEICHHBIN aBTOPOM aHAJIU3 Te€0JIOTO-IIPOMBICIOBBIX JaH-
HBIX ITOKAa3aJl, YTO TPAJAUIIMOHHO PACCMATPUBAEMBIE T€OJIOTHYECKUE (PaKTOPBI, TAKHE KaK JIUTOJIOTO-(pannanb-
HbIE 0COOEHHOCTH CTPOSHUS MPOIYKTHBHOTO TOPU30HTA U (PUIBTPAIIMOHHO-EMKOCTHBIE CBOICTBA TIOPO[] HE
WCYEPIIBIBAIOT BCEX BIUSIONIMX HA ICOUT CKBaXXUHBI (hakTopoB. [IprMeHeHHEe HECTAIMOHAPHOTO 3aBOIHEHUS
MTO3BOJIMJIO COKPATHTh HEMPOU3BOIUTEILHYIO 3aKa4YKy M CHU3UTh BO3MOXHBIE IMOTEPHU IMOABIIKHBIX 3aIacOB
He(TH o BRIOpaHHOMY y4acTKy. (Manichand, Seright, 2014).

ITo cocrosituio Ha 01.01.2022 r. mo 06bekTy KO-2+3 reonorunyeckue 3anachl cocTapysiroT 36 360 Thic. T,
HavaJibHbIC U3BJIeKaeMble 3anackl — 9 332 teic. T, OU3 — 3493 T1hIC. T, BRIpaboTKa 0T HU3 — 63%, HakoIIeHHAS
noObrua HeTH — 5839 ThIC. T. Ha manHOM 00bekTe 147 moObkiBaromux 1 67 HarHeTaTeNbHBIX CKBaKWH. Hakor-
JleHHas 3aKa4ka Boasl 27 413 Teic.M?, Tekymmas kommneHcamus 0T6opa 3akaukoii — 107% (Tab., puc. 1) (Castro-
Garcia et al., 2016).
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Puc. 1. I'papux pa3zpaboTtku MmectopoxaeHus X mo oobekty 10-2+3

ITo reonoro-pu3nUecKUM KpUTEPHIM, HaUOOJIee MOIXOAAIINM SBISIETCS ydacTok Ne 1.

Yuyacrok Ne 1. Ilo BeIOpaHHOMY ydacTKy pabortaioT 4 HarHerarenbHble cKBaxMHBI NoNe 4382, 4919,
4366, 4907 B patione BKHC-1. [IpuemuicTocTh HarHETaTENBFHBIX CKBXKHWH COCTABIISACT B cpenHeM 188 m3/cyT,
cpeaHerooBasi 00BOAHEHHOCTD M0 y4acTKy — 90%, Texyinas komneHcamnus — 165%. [loanepixkanue miacto-
BOTO JIaBJICHUSI HAa yYacTKe OCYILECTBISETCS 3aKaYKOW anb0-ceHOMaHCKO# Bozpl. Jls onpenenenus Hampas-
neHus GUIbTpanroHHBIX TOTOKOB B 2014 1. 1 2020 1. mpoBeneHa 3akauka kapoamuaa (2020 r.) u AuHATpHS
tdocdara (2014 1.) (Mora et al., 2021).

B 2020 r npoBeneHo TpaccepHOe Hcce0BaHNE B HATHETATEJbHON cKkBaskuHe Ne 4907 (3akauka Kap-
6amupa). [lo pesynpTatam mpoBenEeHHBIX JIAOOPATOPHBIX MCCIEAOBAHUN BBIXOJ MHIMKATOPA 3a(HUKCHPOBaH
o 14 ckBaxunam (NeNe 875, 975, 1489, 1506, 2517, 4404, 4421, 4423, 4435, 4702, 4704, 4764, 4824, 4881).
B 4 ckBaxxmnax (NeNe 2213, 3213, 4307, 4965) nipoObl HE OTOUPATIHCH, TIOCKOJBKY CKBa)KHHBI HAXOJIWINCH B
Oesneiicreun u koHcepBanuu (Al-Obaidi et al., 2021; Mishra et al., 2014).

IIo ckBaxkuHe Ne 4366 c 11e1610 ONIPEeAEIICHUS paclpeIesIeHNs THAPOINHAMUICCKHX TTIOTOKOB B IIACTE
mpoBe/ieHa 3akauka nuHatpus ¢ocara. Beixon naankatopa 3adukcupoBaH 1o BceM 16 ckBaxuHam (NeNe
775, 974, 975, 1489, 1502, 1506, 1508, 1513, 1515, 2521, 4307, 4308, 4404, 4421, 4423, 4435). MoxHO
OTMETHUTH, YTO WHAMKATOP MPOCIEKUBAJICS B pearnpyromux MoO0sBaromux ckBaxknHax Ne 4907 u Ne 4366
(puc. 2), 9to SBUIOCH 00OCHOBAHUEM JIJIsl BBIOOpa aHHOro yuacTka (Abhijit, Vishnudas, 2022).

R A ee—

Bl SR

o™ D S ——

Puc. 2. Beixon uHIUKaTOpa U3 pearupyroluX CKBaXKUH

BoiBoabI

Y G0NBIIMHCTBA MECTOPOKICHHUH TIOCTIE MPAKTHIECKH TTOJTHOM BRIPAOOTKH OCTaTOYHAS HE(DTh HAXOIUTCS
B KaWJUIAPHO-3allIEMJICHHOM BHJE WM B BHJE OTIACIIBHBIX ICIMKOB He(TH. [IJI MOBBIIICHUS MOJHOTHI €€
M3BJICYCHHUS IIIUPOKO HCTONIb3yeTcs MeToi H3, ad(hekTHBHOCTE KOTOPOro ObLIa JoKa3aHa B X0/ IPOBEACHUS
OIIP na o6bexTe F0-2+3 mecropoxaenus X. B ornmune ot 6oipmmHCTBEa MYH TEXHOIIOTHS TUKINYECKOTO
BO3JICUCTBHS HE TPeOYET MOMOIHUTEIRHBIX 3aTpaT Ha 00yCTPOHCTBO MECTOPOKICHUS M 3aKYIKY JTOIOJIHU-
TEJBHOTO 000PYA0BaHUs, YTO HE YBEJIUUYUBAET CEOSCTOMMOCTD T0ObIUM He(PTH. AHAIHN3 re0a0ro-hU3NIECKUX
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XapaKTEPUCTUK OOBEKTOB M CIIOKHBILIEHCS CUCTEMBI pa3pabOTKH, TIOKa3bIBAET, YTO JAHHBIH METO] IPUMEHUM
MIPaKTHYECKH MOBceMecTHO. [t mocTmkeHus Hanboupined 3(pPeKTHBHOCTH OT BHEAPEHUS MUKIUIECKOTO
BO3JICHCTBUS PEKOMEH]IYECTCS MCIIOJIb30BaTh MPEIOKECHHBIC B TaHHOH pad0Te KpUTEepHH Moadopa y4acTKOB
Y TEXHOJIOTHUIO IPOBEICHUS PadoT.

OCHOBHBIE TIOKA3aTeNIH 10 MECTOPOXKACHNIO X U 00beKTy F0-2+3

MapaMerobt KHC mectopoxaenus: X
pamerp 1 2 [ 31 32 33 4 | 5 3
OO0mmii
aJb0- AIB6- HTOT
Tun 3akaunBaemMoii BOAbI CEHOMAaH- Crounas
CCHOMaHCKas
CKasl
HI'3, Teic. T o MecTopokaernio | 41070 | 37158 | 51357 |46 715| 55692 | 46 163 |68 730 | 346 885
Obnbext [0-2+3 8410.18 | 4820.16 | 3531.10 |4476.72| 3194.53 | 2565.24 [9362.42| 36 360
HU3, teIc. T mO MecTopoxkaenuto| 14 593 13 436 19211 17329 21183 17368 [25818 | 128 938
O6next F0-2+3 2159 1237 906 | 1149 | 820 658 | 2403 | 9332
Haroniennas 106brua negu 8929 | 8728 | 15521 | 9446 | 16117 | 14467 12620 85828
110 MCCTOPOKICHUIO
Obnbext F0-2+3 1639 1502 650 386 | 483 510 | 669 | 5839
0,
Bripadoria or HU3, % 61 65 81 55 76 83 49 67
110 MECTOPOXKJICHUIO
O6nbext [0-2+3 76 121 72 34 59 77 28 63
Jleiicts. oz (106) na 2021r. 94 63 119 | 80 | 164 103 | 146 | 774
110 MECTOPOKICHUIO
O6bekT FO-2+3 25 22 24 11 28 10 27 147
bA ponn (106) na 2021r. 29 44 36 41 46 39 a1 | 276
110 MECTOPOKIACHUIO
O6nbext [0-2+3 10 4 4 6 10 3 8 45
Heiicts. ®onp (Har) Ha 2021T. 0 30 44 35 55 56 69 331
110 MECTOPOKICHUIO
O6nbext [0-2+3 13 13 9 6 8 4 14 67
b1 honx (nar) na 2021r. 12 21 31 33 22 9 17 145
110 MCCTOPOKJACHUIO
O6nbext [0-2+3 0 1 1 0 0 0 0 2
Coornomenne H//l na 2021r. 4/9 4/9 3/8 49 | 13 2 | e | o
110 MECTOPOXKJICHUIO
O6next [0-2+3 12 3/5 3/8 12 2/7 2/5 12 12
Jlo6bIua xuakoctu 3a 2021r.
10 MECTOPOXKJICHHIO 937 644 997 771 1228 808 1162 6548
Obbexr 10-2+3 378 257 251 169 | 222 74 216 | 1567
Koumencamas na 2021r. 211 189 193 | 194 | 163 26 | 158 | 187
110 MECTOPOXKJICHUIO
O6nbext [0-2+3 211 229 185 213 184 269 | 204 107
)
O6BoHEHHOCTS, % 78 76 73 73 68 78 69 73
110 MECTOPOKIACHUIO
O6next F0-2+3 79 75 71 70 55 61 63 70
3axauka 3a 2021r. 2206 1368 | 2207 | 1718 | 2376 | 6302 | 2023 | 2167
Obwext FO-2+3 876 666 535 416 514 1465 | 243 531
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IOPEKTUBHOCTDb IPUMEHEHUSA HECTAIIUOHAPHOI'O 3ABOJHEHUSA HA MECTOPOXJEHUH X
JJIsS1 OTPAHUYEHMUSA BOAOIIPUTOKOB B YCJIOBUAX HEONIPEJAEJEHHOCTHU

Mouapgataesa I'.K., Coi3abikoB A.X., Enuroaesa I'.7K., Ty3ea6aesa L11.P., Umancakunosa 3.b.
HAO «Kazaxcxkuil HQyuOHAIbHBI MeXHUYecKull ucciedosamenvckuil yuusepcumem um. K.HU.Camnaesa:
moldabaeyva@gmail.com

Pestome. B cratbe ocBelaeTcss I(PUMEHEHHE HECTALIMOHAPHOTO 3aBOIHEHHUS, KOTOPOE SBJISETCS OJHUM U3 JOCTATOUHO 3 PEKTUB-
HBIX METOJIOB yBeNUUeHUs Ko duirenTta u3piaedeHns HeTH, MIPUMEHIEMOro Il N3MEHEHUs] HalpaBIeHUs (QUIBTPAHOHHBIX MO-
TOKOB, TIO3BOJISIIOIINX BOBJICYb B Pa3pabOTKy HEBBIPAOOTaHHBIC 3aMackl HEYTH U CHU3UTH TEMITbI OOBOTHEHHS 3aJI€KH B IIPOTYKTHB-
HBIX KOJJIEKTOpax. PacripocTpaHeHHBIM TEXHOJIOTHYECKHM METOOM pealli3aliii HeCTAllHOHAPHOTO 3aBOJHEHHS SIBIISIETCS HCIIONIB30-
BaHME [UKJIMYECKUX PEKUMOB pabOTHI HAarHETATEIILHBIX CKBAXKHH.

B pesynbrare aHanu3a BBISABICH MOJOKUTEIBHBIA d((QEKT 0T peann3anuyl TEXHOJIOTHH HECTAIIMOHAPHOTO 3aBOJHEHHMS, a TaKXKe
JJaHBl PEKOMEHIALIK 110 COBEPIICHCTBOBAHUIO €€ IIPUMEHEHHMS Ha JIPYTUX SKCILUTyaTalMOHHbBIX 00bekTax [TY « KMI'».

Knirouesvie cnosa: necmayuonapnoe 3a600nenue, Ha2HemMamenbHas CKEANCUHA, Heghmeomoaud, HeOOHOPOOHOCMb, YUKIUYECKAs
3akauka
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Summary. The localization of natural bitumen (PB) finds in the archipelagos of the Western
sector of the Russian Arctic is considered. The nature of their appearance in connection with the
geothermal regime of the subsoil is discussed. Based on numerical modeling, temperatures and heat

Keywords: bitumen, flow density in 2D geometry along seismogeological profiles and in 3D geometry for the isometric
catagenesis, temperature, structure of the Franz Josef Land archipelago are calculated. It was concluded that all the noted
heat flow manifestations of PB are genetically related to hydrothermal activity, the signs of which are ade-

quately recorded in the geotemperature field.
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Beenenne

[IpupoaHbie OUTYMBI 3aJIETAIOT B HEJIPax B TBEPIOM, BA3KOM M BS3KO-TUIACTUYHOM COCTOSIHUSX. OHU sIB-
JISIIOTCSL CJIO’KHOW CMECBHIO YTIIEBOJOPOJIOB, TETEPOATOMHBIX M BRICOKOMOJIEKYJIIPHBIX COETMHEHUH, cofepxkKa-
X KUCIOPOI, CEPY, a30T U MeTainisl (MyciaumoB u fip., 2012). C reHeTHYecKol TOUKH 3pEeHUs K IPUPOTHBIM
OMTyMaM OTHOCSIT €CTECTBEHHBIC MPOU3BOJIHBIE HEPTH (MANBTHI, achanbThl, acPaTbTUTHI, KEPUTHI, T'YMHHO-
KEPHTBI, 030KEPUTHI, aHTPAKCOJIMTHI U JIp.) U UX aHanoru (Hadptouasl) (boromonos u ap.,1995).

B mporpaMme X0351i{CTBEHHOTO OCBOEHHS APKTUYECKUX aKBATOPHH M apXUIEeNaroB BaKHEUIIIMM Harpas-
JICHUEM JIESTENBHOCTH SBIIIETCS DHEPreTHIecKoe odecmneueHrne perrnona. Ceiuac MBI TOBOPUM 00 oOecmiede-
HUH OOBEKTOB T€O0JIOTOPa3BeJOYHBIX Pa0dOT, METEOCTAaHIIMH Ha OCTPOBaX, 0OBEKTOB BOSHHOH HH(PACTPyK-
Typbl. Ho o Mepe pa3BUTHS TEppUTOPHUNA Ha apXumenarax JOJDKHBI TIOSBUTHCS MOCEIEHHS I€0JI0TOB, METE0-
POJIOTOB, PEIOAKOB, IOIPAHNYHUKOB, JOJKHBI OBITH OPraHU30BaHBI CKJIaIbl, IPUYANIbl U PeMOHTHBIE 0a3bl. 1
BCE 3TO TpeOyeT yCTOWYNBON IHEproodecrnedeHHocTH. HeCOMHEHHO, YTO HaI0 PacCYMTHIBATH HA MECTHOE, a
HE Ha IPUBO3HOE SHEPTETHUECKOE CHIPhE, TPAHCIIOPTUPOBKA KOTOPOTO JIeNaeT HEPEeHTaOeIbHBIMU BCE TIAHBI
OCBOCHUS TEPPUTOPHUH.

B axBatopum bapeni-pernona 3anangHo-ApKTHIECKOH TOISAPHOM 30HBI POCCHE OTKPBITHI KPYITHBIE MeC-
TOPOKJCHMS YIIIeBO10po10B. B bapeHiieBoMm Mope KpymHENHIIIMMHU SBISIOTCS Ta30KOHACHCATHBIE MECTOPOXK-
nenus: lltokmanoBckoe u Jlenosoe; razoprie: CeBepo-Kunpaunckoe, Mypmanckoe, Jlyanosckoe. B Ileuop-
CKOM Mope — HedrerazokonaeHcatHoe Cesepo-I'ynseBckoe u ueTsipe HeQTaHbIX: Jlonrunckoe, [lpupazinom-
Hoe, MensiHCKOe Mope U Bapanaeil mope. IIpu 0cBO€HUMM MECTOPOXKIECHUI yTI€BOAOPOJIOB NEPCIEKTUBbI
SHEPTeTHUECKON cTabmIpHOCTH apxunenaros 3emist Opanua-Mocuda u Hosast 3emis, octpoBoB Konryes u
Baiirad cranoBsTcs BnojHe peanbHBIME. Ho cymiecTByer ere 0oiee peHTa0eNbHBIN Ty Th TOTYYeHHS TOTUINBA
IUTSE OCTPOBHBIX KOTENBHBIX — 3TO 100BIYa OMTYMOB, KOTOpPBIE B 3HAYUTEIHLHOM KOJIMYECTBE OTKPBITHI HA OCT-
pOBax Kak B mporecce OypeHus, TaK U 3a CUET MPOSBICHUH Aera3aluny yrieBOA0POIOB.

MeTtoa

BaxxHoit 0cO0EHHOCTHIO YHUCIEHHOTO MOACITUPOBAHMS TE€OTEPMUYECKOTO TOJIS SIBISICTCS IIEPEXO]T K TPeX-
MEPHBIM MOJIETISIM, KOTOPBIE allPHOPHO JUIA apKTUYECKUX OCAJOYHBIX 0acCEHHOB, MMEIONINX H30METPUYHOE
CTpOEHHE, SBIAIOTCA HanbOosee mpuemiieMbiMA. Ha OCHOBE Takux MOAEINeil MOTYT OBITh IIOCTPOEHBI MTPOU3-
BOJILHO OPUEHTHUPOBAHHBIC TJIOCKOCTU-CPE3bI, HAWTYUIITUM 00pa30oM MOTIEPKUBAIOIHNE OCOOCHHOCTH TEMIIE-
paTtypHoro pacmpeseneHus. GakTUyecku Takasi METOJIMKA JaBHO U3BECTHA MOl TEPMUHOM “TOMOTpadus’.
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Tomorpaguueckuit MeTos B HayKax 0 3eMiie pa3BUBACTCS B HAIlle BpeMsI HE MEHEE aKTUBHO, YEM B MEJIH-
[IMHE, ACTPOHOMUH WU TeXHUKe. TepMuH “TomMorpadus’ cTaja MPUMEHATHCS B TEOJIOTHISCKON TEPMUHOIOTHH
numns 30-40 met Hazan, XOTs 9Ta METOJIMKA IO Ha3BaHWEM ‘“‘U3ydeHHE TTyOMHHOTO CTPOCHHS 3eMJIN’, HC-
MOJIB3yeTCs yoKe OOJbIIe CTa JIeT.

[IpenmymiecTBO ToMOrpauuecKo MOIENIN 3aKIF0UACTCS B IOCTPOCHUH OOBbEMHBIX, TPEXMEPHBIX H300-
pakeHHi 00BEKTOB, B BO3MOXKHOCTH UX PACCMOTPETH «CO BCEX CTOPOn». [t ToMorpaduu He UMeeT 3HaYCHUS
Kakas CTPYKTypa WM Kakoe reo(puznieckoe noje orodpaxaercs, 1 370 00yCIOBUIIO MOSIBICHHE HECKOIBKHUX
BUIOB reodusndeckoil Tomorpaduu: ceiicMudeckas Tomorpadus B pa3IMuHBIX BapuaHTax oOpabOTKU cel-
CMHMYECKHX BOJH, IPaBUTALIMOHHAS, 3JEKTPOMAarHUTHAas U T.O. YCHEXU INPUMEHEHHs celicMoToMorpaduu
(Dziewonski, 1984a; Dziewonski, 1084b), sipko mpoeMOHCTpHpOBaBLIeH HaTHYKE TITyOUHHBIX HEOTHOPOIHO-
CTel, eCTECTBEHHO, CTUMYJIMPOBAJIH pa3paboTKy MoJ0o0HOTo moaxonaa u ajst aApyrux mnoneit (Tapakanos,1997;
Crinyak,1999), B KOTOPHIX TaK)Ke MOKHO BUAETH 00bEMHBIE HEOJTHOPOIHBIE O0BEKTHI WIIH, KaK Ceiiuac MHOTHE
I0JIaraoT, HeJMHEWHbIe reosorndyeckue cTpykrypsl (Ilymaposckuit,1993; Hukonaes,1997; Xyropckoit u nip.,
2003), mpu 3TOM HEOOXOUMO HaxXOXKeHHE IITyOUHHBIX TEMIEpaTyp U INIOTHOCTH TEIJIOBOTO MOTOKA Ha pa3-
JIUYHBIX TIyOMHaxX B KoopAauHaTax XY Z. s peanbHbBIX reoIOTHIeCKHX 00bEKTOB IMOApa3yMeBaeTCs OCTPO-
€HHe TEMIIEPAaTypHOTO paclpeAesieHHs] B 3aBUCHMOCTH OT IIHWPOTHI, AOJTOTHl M IIyOWHBI. TakuM oOpa3om,
TpeXMepHasi TepMOTOMOrpaduyeckas MOAETb OTIMYACTCS OT TEMIIEPATYPHOTO pa3pe3a TEM, UTO MO3BOJISET
“3arJsiHYTH” 32 JMHUIO TPOQUIIs, YTO 0COOEHHO Ba)KHO MpPU PabOTe C M30METPUYHBIMHU MM MO3aHMYHBIMH
cTpykrypamu. C IOMOIIBIO COOTBETCTBYIOLIEIO IPOTPAMMHOIO OOECIEUCHHMS JIETKO MOXHO CO34aTh WM
KapThI-Cpe3bl TeMIepaTyp (TEIJIOBBIX TIOTOKOB) Ha ONpPEIeNICHHBIX TIyOHHAX, WM MOKa3aTh KOHQUTYpaIuio
HU30TEPMUYECKUX MTOBEPXHOCTEH, HITM MMOCTPOUTH T€OTEPMUUECKUI MTPOPUIIB IO TI0OOMY CEUEHHIO.

[IpakTyeckoe 3HaYeHUE TEPMOTOMOTpapUUIECKONl METOUKH 3aKJIF0YAETCS B HAXOXKICHUN TeMIIEpaTyp-
HBIX TPaHUII, KOHTPOIHUPYIOUIUX TOT WJIM WHOHM MPOIIeCC TeHepallui Wik TpanchopManuu Bemectsa. Hampu-
Mep, Uil MPOTHO3UPOBAHUS HE(PTETA30HOCHOCTH C TMOMOILNBI0 TEPMOTOMOTpaduu OLEHUBAETCS TITyOWHA
HaXOKICHUS TEMIIepaTypHOro HHTepBaia katarenesa OB.

[IporpamMmMHOe obecrieueHre W METOJIMKA TEPMOTOMOTPaQHUYECKOTO MOJCIHPOBAHHS MOAPOOHO HAMH
ObLTa omKcaHa BO MHOTUX myOiukarusix (XyTopckoii u ap., 2013).

Oo6cy:xneHue pe3yabTaToB

[Mpodunu, nepecekaromre ocrpoBa apx. 3OU U mpuieramnyr0 akBaTOPHIO, OCTPOSHBI MO JTaHHBIM
MOB-OI'T u onuparotcst Ha pe3ynbTaThl OypeHus Tpex rirybokux ckBaxuH (Harypckas, CeBepnas, Xeiica)
(puc. 1), mo maHHBIM KOTOPBIX HAONIIOAIOTCS PE3KUE MU3MEHEHUSI MOIIHOCTEH OTIOKEHUH U OTCYTCTBHE Ha
0oJIpIIel YacTH apXuIienara OTJIOKEHUH MOJIO)KEe TPHACOBBIX. Pa3pes TpuacoBBIX OTIOXEHHH HACHIIIEH WH-
TPY3UBHBIMH 00pa30BaHUsIMU, KOTOPBIE OTYETINBO (PUKCUPYETCS KaK B pa3pe3ax CKBaXKHH, TaK M Ha Mpodu-
1six MOB-OI'T. Huke Tpuaca, B pa3pe3e Harypckoi CKBaXKHHBI, YCTaHOBIIEHBI paHHENAJICO30MCKHE U MO3/1-
HENPOTEPO30HCKUE OTIIOKEHUS, HO B IIPOTH0Oax, TaM, Ii¢ 00IIne MOIIHOCTH YBEIUIUBAIOTCS 10 6 KM, IIpea-
MoJiaraeTcsi pa3BUTHE MOJIHBIX pa3pe3oB MepMH, KapOoHa, IeBOHA U CHITypa. B akBaTopualibHON yacTu paspe-
30B 110 JaHHBIM MOB-OI'T npeanonaraercst Takke CyIIECTBOBAHUE FOPCKUX M MEIOBBIX OTIOXKEHHH.

Puc. 1. Cxema pacnonosxeHus npouield MOISIHPOBaHUS U PACIIPOCTPAHEHUS IPOSBIICHUIT
HNPUPOAHBIX OUTYMOB Ha apxureinare 3emin Opanna-Hocuda
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Pe3ynbrarel pacuera COBpEeMEHHBIX TEMIIEPATyp U IUIOTHOCTH TEILIOBOTO IMOTOKA BJIOJIb CYOIIUPOTHOTO
npodwrst V-V u mepunnonanpHoro npoduins VI-VI mokazansr Ha puc. 2. Pa3pe3sl mocTpoeHBI IO TaHHBIM
r'e0JIOrMUECKUX ChEMOK U ONUPAIOTCS Ha pe3yibTaThl OypeHus ckBakuH Harypckasi, CesepHas u Xeiica.

Bapuanuu TernnoBoro noToka Baosib Npoguiieii cBsi3aHbl ¢ ero pedpakiiueii B yCI0BUIX CTPYKTYPHO-TETI-
TMO(QU3NIECKUX HEOTHOPOIHOCTEH, OOYCIOBICHHBIX PAa3TMIHON MOIIHOCTHIO M TEIUIONPOBOTHOCTHIO TE€0JIO-
THYECKHUX KOMITJIEKCOB.

s’ ulls s’ usny
(1L 1w e

Puc. 2. Pacnipenienenne temneparyp (°C) ¥ IIOTHOCTH TEIIOBOTO TOTOKA (MBT/M?) BIions npoduieii V u VI Ha apxumenare
3®U (pacnonoxenue npoduieii cm. puc. 1).

Me&1 oTMe"aeM cyliecTBOBaHHE WHTepBaia Temreparyp karareneza OB B rpagannun MK, .3 Ha ocTpoBax
Xeiica, 3emist Bunbueka u ['pam-bern B otnmosxkennsix Tpuaca. Ho Ha 0. 3eMitst AJleKCaHApHI ATOT K€ HHTEPBAI
TEMIIepaTyp HaXOIUTCA B OTIOXKEHHSIX (PyHIaMEHTa MO3AHENPOTEPO30HCKOTO—paHHENane030HCKOr0 BO3-
pacTa, 4To SIBISIETCS MaJOBEPOSITHBIM MPU3HAKOM (POPMHUPOBAHMS Ha 3TOM OCTPOBE YIJICBOJAOPOAOB, B TOM
yucie npupogHsix outymoB (I11b), nMeronmx ruxpoTepMaIbHOe TPOUCXOXKICHHE. TakuM 00pa3oM, OTCyT-
crBue Haxonok [1b Ha 3emie AnekcaHapbl MOKHO OOBSICHUTH OTHOCUTEIBHO HU3KUMH TEMIIEpaTypaMu B Me-
3030HMCKOM 0caJoYHOM Yexiie ocTpoBa (MeHee 80°C), He cocOOCTBYIOLIMMH IPOLIECCY KaTareHesa.

[Tocie nHTEpHONALIMY NIOTYYaeM HEIPEPHIBHYIO KapTUHY paclpeneneHus temueparyp (puc. 3), kotopas
HaunboJiee aJIeKBaTHO OTpakaeT reOTePMHUYECKOE ToJie B IICHTPE apXuIenara, T.e. TaM, TJie IUIOTHOCTh Ipo-
CTPaHCTBEHHOTO PacCIoyIoKeHus npoduiell Hanbombimas. B nepudepuifHpIx yyacTkax MOTpelIHOCTb HHTEP-
MOJISILMY YBEIUYIMBACTCS U3-3a Pa3pekKeHUs] HCXOAHBIX 2D-mpoduinei.

-5 KM

Puc. 3. 3D-mozens TeMneparypHoro noiis B paiione 30U
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[To pacyeTHBIM JAHHBIM OTMEYAETCSl YMEHBIIEHUE TeMIepaTyphl B 3eMHoi kope moa 3MU B 3amagHom
HarpaBjieHuH. Tak, TeMiiepaTypa Ha TiryonHe 8 kM 1oy octpoBamu I 'pem-bert u 3emiis Bunsdeka coctaBiseT
360°C, a mox octpoBamu 3emist Anekcanapsl, ['ykepa u 3emms ['eopra — 300°C. I[lo-BuaumomMy, ¢ STUMH
OCOOCHHOCTSIMH TEMIIEPATYPHOTO TIOJS TMOJI apXHUIIEIaroM CBS3aHO OOJIbIIee KOJIWYEeCTBO NposiBiacHuii [1b
HMEHHO Ha OCTpOBax BOCTOYHOM yactu 3DU.

BriBoabI

MHOro4YHCIEHHbIE HAXOKH KUIKUX, BI3KO-KUAKUX U TBepAbIX [Ib Ha apkTHueckux apxumenarax cBU-
JIETEIBCTBYIOT 00 aKTUBHOM THIPOTEPMAIBHOM TIPOIECCE, MTPOUCXOIUBIIEM 37eCh B T€OJOTHISCKOM IPO-
LLIJIOM M, BEPOATHO, MPOAOJIKAIOIIMMCS B HEJJaBHEN reosiornueckoi ucropuu. [lo nmokannzannu Haxonok 11b
MOXHO IPOCIEINUTh AeUCTBHE TUIPOTEPM, IPOHU3BIBAIOIINX CKOIIICHU YTiIeBo10poAoB. [Ipouecc ruaporep-
MaJbHOHN pasrpy3Kd COMPOBOXKIAI, a TIOPOH M CIIOCOOCTBOBAN (POPMHUPOBAHUIO CTPYKTYPHO-TEOIOTUIECKIX
00CTaHOBOK Ha OCTPOBaX apxuresara.

Bwmecre ¢ BemecTBOM THIIPOTEPMBI 3IBEKTUBHO BBIHOCAT OOJIBIIIOE KOTHYSCTBO SHEPTHHU, TIOBHIIIAS TEM-
[epaTypy OKPYKArOIIUX ITOPOJI M U3MEHAA UX T€OTePMUIECKHE XapaKTEPHUCTHKH 110 CPAaBHEHHIO ¢ (POHOBBIMU
3HaYCHHUSAMH. TeIIoBOE T0JIe TIPH THAPOTEPMATHLHON pasrpy3Ke IprodpeTaeT O0IBIIYI0 SHTAIBIINIO U HECTA-
LIMOHApHBIN XapakTep. TemnepaTypa B Heipax U INIOTHOCTh TEIUIOBOTO MOTOKA U3MEHSIOTCS B 3aBUCUMOCTHU
OT TETIO- U TEMITEPATyPOIPOBOTHOCTH CPEbl, TaK YTO (UKCUPYEMBbIE BEIHYMHBI T€OTEPMHUYECKUX ITapaMeT-
POB — 3TO pe3yJbTaT CYNEPIO3UIIMN BCEX TEIJIOBBIX BO3JIEUCTBUMN: KaK T€HEpAIlMU TEIIa, TaK U €T0 pacxoaa
Ha MPOTPEB OKPYXkaroIlel Cpeibl ¥ Ha U3JIydeHue B Tporochepy. ITo 00yCIOBIMBAET BAXKHOCTh POBEACHUS
FEOTePMUYECKUX UCCICAOBAHUM B palloHAX PacHpOCTPAHEHUSI MPOJOJIKUTEIBHOIO THAPOTEPMATIBLHOTO MPO-
Lecca, B TOM YHUCIIE TaM, L€ 3TOT NPOLECC MAPKUPYETCs BEIIECTBEHHBIMU ITpu3Hakamu. [losiBnenue npupon-
HbIX OMTYMOB, IPUYPOUYEHHBIX K pa3jioMaM M IMPOHUIIAEMbIM 30HaM, OJJUH U3 TAKUX MPU3HAKOB.

[IpoBeneHHBIH pacyeT NIyOUHHBIX TEMIIEPATyp U TEIUIOBOro moToka B reomerpun 2D u 3D Ha apkTHuye-
CKHX apXuIenarax npoJAeMOHCTPUPOBAJ CYIIECTBOBAHUE KATAr€HETUUECKOTO MHTEPBAJIa TEMIIEpATyp B Oca-
JIOYHOM H€XJIe IMEHHO TaM, rie GukcupyroTcst Haxoaku I[1b.
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ORTA XOZOR HOVZOSINDON CONUBI XOZOR HOVZOSINO
KECID ZONASINDA UYGUNSUZLUQ SOTHLORI VO FASILOLORIN
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STUDY OF UNCONFORMITY SURFACES AND DISCONTINUITIES IN THE TRANSITION ZONE
FROM THE MIDDLE CASPIAN BASIN TO THE SOUTH CASPIAN BASIN
USING SEISMOSTRATIGRAPHIC ANALYSIS METHOD

Mammadov P.Z.!, Namazli N.E.2, L.P. Mammadova3, N.I. Nasirova®
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Summary. The study of discontinuities and unconformity surfaces in the sediment layer of the
transition zone of the South Caspian Basin and the Middle Caspian Basin is of great practical im-
portance. As it is known, the main reason for the formation of non-anticlinal type traps in oil and

Keywords: South Caspian gas basins is unconformity surfaces. In addition, the study of unconformity surfaces is also consid-
Basin, Middle Caspian Basin, ered important in terms of restoration of paleogeographical conditions. In addition to the study of
seismostratigraphic analysis, unconformity surfaces, the study of discontinuities within the sedimentary layer is also important in
discontinuity, unconformity solving such issues. The seismostratigraphic analysis method was used in order to study the uncon-

formity surfaces and discontinuities in the research work.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Giris

Uygunsuzluq sothlorinin izlonmasi va fasilolerin 6yranilmasi seysmostratiqrafik tadqiqatlarin asas istiqa-
matlordan biridir. Seysmik izoxron sarhodlardon forqli olaraq uygunsuzluq sathloerinin miixtslif yerlorinds vaxt
diapazonu doyisir. Lakin belo uygunsuzluq sothlorinin xronostratiqrafik chomiyyeti ondan ibaratdir ki, onlar
gadim siixurlar1 bir qodor cavan siixurlardan ayirir vo fasilolori gostorir.

Bu baximdan ke¢id zonasinda fasils vo uygunsuzluq sathlori cox vacib gostericilordir. Todqigat zonasinda
cokiintiitoplanmada fasilalorin rolu paleotektonik soraiti Gyranmak yolu ilo miioyyonlagdirils bilor. Todqiqatlar
gostorir ki, oligosends baglamis Conubi Xazarin okean tipli konsolido olunmus gqabiginin subduksiyasi sonraki
¢okiintiitoplanma prosesina ciddi tasir gostormisdir. Bu baximdan gadim mezozoy ¢okiintiilorinin qirisigliga
ugramas1 uzunmiiddatli fasilolorin yaranmasina sabab olmusdur.

Kecid zonasinda oligosendon baglamis qirisiq omologolmo prosesi erkon pliosen (mohsuldar qat)
cokiintiilarinin toplanmasina gador boylik fasilslorin ve kaskin uygunsuzluq sathlorinin yaranmasina sabob
olmusdur. Erkon pliosen (mshsuldar qat) zaman1 yaranmis fasilalarin mengayi vo vaxt diapazonunu dyran-
moklo hévzanin inkisaf morholslorini doqiglosdirmak vo geoloji tarixi borpa etmok miimkiindiir (Anu3zane u
ap., 2018).

Metod va / vo ya Nazariyyo

Ilk dofa seysmostratigrafik analiz iisulunun tatbigi ilo kegid zonasinda yaranmis sedimentasiya kompleks-
lorinin qirisiqlia moruz qalmasi vo miixtslif zamanlarda yaranan pazlasma zonalarmin Oyronilmosi ilo
P.Z.Mammadov mosgul olmusdur. Onun tarsfindon erkon pliosen (mshsuldar gat) ¢okiintiilori daxilinds bir
neco qeyri-antiklinal tipli tololor agkarlanmig vo xaritolonmisdir (Anm3azne u mp., 2018).

54



P.Z.Mammadov et al. | ANAS Transactions, Earth Sciences, Special Issue / 2023, 54-56; DOI: 10.33677/ggianasconf20230300013

Seysmostratiqrafik todqiqatlar gostormisdir ki, regionda 4 név uygunsuzluq sothlorinin ayrilmasi
miimkiindiir. Burada konsolids olunmus okean qabigi iizorinds uygunsuzluq sothi vo ¢okiintii qatindaki tekto-
nostruktur uygunsuzluq sothlori miixtalif yasli makrokomplekslor arasinda izlanilir. Bu iki vo daha yiiksok
rangl1 uygunsuzluq sathlari (konsolide olunmus okeanik qabiq ve kontinental qatin sothi; miixtalif yash seys-
mokomplekslor arasindaki uygunsuzluq sothlari) asason tektonik vo struktur doyisikliklor zamani yaranirlar.
Bundan olava, kasilisdo izlonilon seysmik horizontlarin xronostratiqrafik shomiyystli olmasi ilo yanasi
cokiintiitoplanmada miiayyen fasilslor naticesinds yaranmis dayaq horizontlar1 da miihiim rol oynayir (Mame-
1oB, 2009).

Miizakira

Seysmik sedimentasiya komplekslarinin sarhodlari, asasen ikinci deracali uygunsuzluq sathloridir. Vaxt
kasilislorinds uygunsuzluq sothlorindon asagida vo yuxarida yatan tobagolor arasinda akustik sartliklar forqle-
nir va bu sathdon fasilali va fasilasiz izlonilon sksolmalar yaranir. Uygunsuzluq sathlari boyunca ondan yu-
xarida vo asagida yatan nazik lay serhadlorindaki oksolma omsallari ¢ox bdyiik olduqda fasilasiz seysmik ho-
rizontlar izlonilir.

Coanubi Xazar ¢okokliyinda fasilo vo uygunsuzluq sathlarini izlamak ii¢iin sinfaz oxlarinin bucaq uygun-
suzluglarindan bagqa asagidaki amillorden - masalan, dalga manzarasinin doyigsmasi, miixtalif tezlikli siizgac-
loms va s. istifads etmak olar.

Bizim torafimizdon Orta Xozor hovzasindon Conubi Xoazor hdvzasing kegid zonasinda uygunsuzluq sath-
lori va fasilalorin seysmostratiqrafik analiz asasinda dyronilmasinds, yasti-paralel laylarin va asason hévzonin

sorq hissasinds qalinlig: lateral doyison klinoformalarin tohlili boyiik rol oynamisdir (sokil) (Mommadova va
b., 2018).

Gilavar strukturu
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Yasti-paralel laylarin pazlasma zonalarini vo lateral artan klinoformalar1 gostoran vaxt kasilislori

Notica

Fasilalorin izlonilmasinds vo onlarin arasindaki geyri-antiklinal tipli talolorin askarlanmasinda elektrik vo
akustik karotaj materiallarindan istifads edilmisdir. Bizim torafimizdon seysmostratiqrafik analiz {isulunun im-
kanlarindan istifads edilorak Canubi Xazor hovzasinin simal-qarb bortyani zonasinda lay dastalarinin pazlagsma
zonalarinin agkarlanmasi hoyata kecirilmisdir. Belo zonalarin yaranma soraiti vo doniz soviyyslorinin doyis-
konliyinin nazars alinmasi naticasinde mohsuldar qatin bazi lay dostslori hildudunda paleocografi soraitin iistiin
tasiri Oyranilmisdir. Seysmofasial tadqiqatlar naticasinds bazi transqressiv-sahilyani fasiyalar agkarlanmigdir.

ODOBIYYAT

Anmzane Ax.A. , 'ymues U.C., Mamenos I1.3. u ap. [IponykrtusHas Tonma AsepOaiimkana. M. Heapa, 2018, T. 1.

Mawmenos I1.3. Mogemn cequmentamyu B FOKMB 1 nx ceiicMoctpaturpaguueckue xapakrepuctuku. JKypnan “Crparurpadus u
Cenumenrainorus Hedrera3oHOCHbIX OacceitnoB”. 2009, Ne 1, ¢. 51-67.

Mammadova L.P., Qaniyeva R.Y., Mammadov P.Z. Conubi vo Orta Xazar hovzalorinds lateral artan sedimentasiya cisimlarinin
genezisinin tadqiqi, “Azerbaycanda Geofizika Yeniliklori”, 2018, Ne 4, s. 14-24.
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Xiilasa. Conubi Xazar hovzasi ilo Orta Xozar hovzasinin kegid zonasinin ¢okiintii qatinda fasilslerin va uygunsuzluq sathlorinin
Oyranilmasi boyiik praktiki shamiyyat kasb edir. Malum oldugu kimi neftli-qazli hévzalards geyri-antiklinal tipli talelarin yaranmasina
asas sabab mohz uygunsuzluq sathloridir. Bundan olavs uygunsuzluq sothlorinin 6yranilmesi paleocografi soraitin barpa edilmasi
baximindan da vacib hesab olunur. Uygunsuzluq sothlorinin 6yranilmasi ilo yanagsi ¢okiintii qatinin daxilindaki fasilolorin tadqiqi do
bu kimi mesalslorin hollinde 6nemlidir. Tedqgiqat isinde uygunsuzluq sothlerinin ve fasilelerin dyrenilmesi maqgsadile seysmostratiqra-
fik analiz tisulundan istifads edilmisdir.

Acar sozlar: Conubi Xozor hévzasi, Orta Xozar hovzasi, seysmostratiqrafik analiz, fasilo, uygunsuzlug sathlori
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Summary. The effects of the hydrocarbon presence were shown on the NFG sections by the
application of NFG downward continuation operations on the theoretical models. As the application
of this method, important results were obtained for the Hasankale-Horasan petroleum area by apply-

Keywords: Normalized Full ing this NFG method to the gravity data for the purposes of hydrocarbon presence. It was shown that
Gradient (NFG), more effectively signs of the hydrocarbon structures on the NFG section obtained field and models
Hasankale-Horasan data at low harmonics. Mass geometry and location of the mass giving rise to the anomaly can be

used to be determined from the knowledge of singular points at the mass and its borders.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Hydrocarbon containing structures can be determined by comparing the calculated field with the observed
gravity field. Second derivatives, downward analytical continuation, horizontal gradient vector, Andrew-
Griffin variation method, statistical methods and downward continuation of Normalized Full Gradient (NFG)
values of the gravity field are commonly used methods in hydrocarbon exploration (Griffin W.R, 1949;
Andreev and Klushin, 1962; Berezkin and Buketov, 1965; Berezkin, 1973; Ciancara and Marcak, 1979;
Mudretsova, 1984; Molovichko et al., 1989; Lyatsky et al., 1992; Aydin, 1997; Aydin, 2000; Pasteka, 2000;
Aydn et al., 2002).

Normalized Full Gradient (NFG) method depends on the downwards analytical continuations of
normalized full gradient values of gravity data. Analytical continuation discriminates the certain structural
anomalies which can’t be distinguished in the observed gravity field. Analytical properties are lost at the
singular points of the borders of mass giving rise to the anomaly in the gravity potentials and derivatives. Mass
geometry and location of the mass giving rise to the anomaly can be used to be determined from the knowledge
of singular points in the mass and its borders. Downwards analytical continuations values of the observed
gravity data show irregular variations during the passage of the mass giving rise to the anomaly. The initial
values of these irregular variations describe the depth to the upper surface of mass giving rise to anomaly. The
application of this method is restricted since the errors in the gravity data become more effective in the
downward analytical continuation values with the increasing depth (Aydin, 1997).

Since residual gravity signals of oil and gas reservoirs are rather weak, gravity data in hydrocarbon
exploration purposes should be handled specifically. NFG data were obtained from the calculations of Fourier
series coefficients of the gravity data by Filon method (Davis and Rabinowitz, 1989). Afterwards the effects
of hydrocarbon existence in the NFG sections were put forward with the model calculations by utilizing the
NFG data. Also the hydrocarbon potentials of the Hasankale-Horasan area were interpreted using the NFG
method for the gravity data.
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Method
The NFG operator GH(X, z) is defined in two dimensions by Berezkin (1973) as

Uz (U2 ’
OX " oz
ii U (x.2;) 2+ U (x.,2)) Y’ "
M= OX for4

where M is the number of observation points, (i=0, 1, 2, 3,...., M ; j=0, 1, 2, 3,...,2). U(X;, z) is the function

. . . oU(X,z; oU (X;,Z;
defining the gravity anomaly values along the X axis, - (; ) and (;Z il

GH (Xi ’Zj ):

b

are derivatives of the function U(Xx;,

zj) with respect to x and z respectively, and v is known as the degree of the NFG operator and controls the peak
amplitude. The degree of the NFG can be taken as 1, 2, 4, etc., v =1 is generally used for the potential field
data (Aydin, 1997).

Discussion

A profile was selected which is 53 km long in the Erzurum-Hasankale-Horasan region and is concurrent
with the SW-NE trending seismic section as given in Figure 1. The whole profile which stratigraphically over-
lies the Jurassic Mudurnu Formation overlaid conformably by the Cretaceous Sakaltutan Ophilites is on top of
the alluvium units. The beginning of the profile is made up the faulted Eocene Bulkasim Formation which is
overlaid unconformably by the Pliocene Karakurt Formation, and the latter one is covered up jointly by the
Aras Formation and the Quaternary alluvium. Application of the NFG method to the gravity model obtained
from a complex geological structure: a) Ag(x,z) curves calculated for the geological models having and not
having hydrocarbons, b) Second derivatives, ¢) Andreew-Griffin variation method curves calculated for N1-
N2=1-5, N1-N2=1-10 and N1-N2=1-15 harmonics, and c¢) Seismic section having hydrocarbons at 10 km in
Figure 1. It is seen 45 mGal anomaly duing to the change in the basement topography gravity increasing along
the whole profile (Figure 1a). The NFG sections of the profile were calculated and drawn for the harmonics
of N1-N2=1-10, N1-N2=1-15, N1-N2=1-20, N1-N2=1-25, N1-N2=1-30 and N1-N2=1-35 (Figure 1g). The
effect of the rise in the middle of the profile was shown as the minima closing area between two maxima at
the N1-N2=1-10 harmonics. This effect was observed at all the other harmonics too. Characteristic minimum
singular point was observed at 10 km for the anticlinal area for N1-N2=25 harmonics. This situation was also
observed at the harmonics of N1-N2=1-25, N1-N2=1-30 and N1-N2=1-35. The depth of a structure which
could be considered as reservoir character is at 35 km. A minimum singular point was observed at the harmon-
ics of N1-N2=1-20, N1-N2=1-25, N1-N2=1-30 and N1-N2=1-35 at 45 km of the profile and the depth of this
point is about 2-2.5 km. These parts are against the limestone units in the interpreted seismic and geological
sections. These parts shown with the shaded rectangles and ellipses (in the Figure 1g) were considered as the
areas having reservoir characteristics.

Conclusion

By using the Filon method for the calculation of the Fourier series coefficients, singular points were de-
termined at the lower harmonics with better congestions. Density variations which are caused by the presence
of hydrocarbons make up the minimum closure between two maxima for the reservoir. These advantages were
put forward by the NFG method for the hydrocarbon exploration, this method has shown that it could be used
at the initial and final stages of the hydrocarbon explorations by applying to the gravity data for the promising
areas. Therefore it is a reality that this method could be used to determine the areas for detailed seismic and
borehole sites.
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Fig. 1. In the survey area, a)Ag(x,z) gravity profile, b) Second derivatives, ¢) Andreew-Griffin variation method curves calculated for
N1-N2=1-5,N1-N2=1-9 and N1-N2=1-15 harmonics, d) seismic line, e) profile position, f) singular points was observed for the various
harmonics and the NFG sections calculated for the Ag(x,z) data of the profile for 1-15, 1-20, 1-25, 1-30 and 1-35. The shaded rectangles
and ellipses correspond to anomalous zones for considering as the areas having reservoirs.
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Summary. The South Caspian basin containing the significant part of the world’s hydrocarbon
resources is a region of extensive mud volcanism. All the oil and gas fields within the basin are
associated with mud volcanoes evidencing active petroleum systems. Relationship between hydro-
carbon accumulations and mud volcanoes remains the most relevant research issue for a long time.
The present paper introduces the results of the comprehensive analysis of hydrocarbon systems and
the geodynamic processes creating mud volcanoes within the Azerbaijani sector of the South Cas-
Keywords: The South Caspian | pian basin based primarily on the seismic data. The results of the study suggest that the mud volca-
basin, hydrocarbon system, noes are the key element of the petroleum systems of the basin. Mud volcanism appears to be syn-
mud volcano, Maikop Group chronized in time and space with the growth of folds, providing an associated development of mud
volcanoes and oil and gas fields. The origin and formation of mud volcanoes have been investigated
in the context of the evolution of the South Caspian Basin. The results of study might significantly
contribute to the better understanding of petroleum systems and mud volcanism within the South
Caspian basin and prove genetic link between mud volcanoes and hydrocarbon accumulations.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

The South Caspian basin (SCB) contains the significant part of the world’s hydrocarbon resources. The
multiple giant oil and gas fields have been uncovered and a number of promising structures are recorded within
the basin. The prolific oil and gas content of the basin evidences the active petroleum systems. The basin is
characterized by the availability of all elements of petroleum system and the processes necessary for hydro-
carbon accumulations to be formed (Huseynov and Huseynova, 2014; Huseynova, 2019; Huseynova and
Afandiyeva, 2019). Thus, the sandy layers of the Low Pliocene Productive Series (PS) are the main reservoirs;
the shaly layers of PS serve as the seals for the hydrocarbon accumulations; the Oligocene — Lower Miocene
Maikop Group is recognized as the main source rocks; the Upper Pliocene Aghjagil shales are considered to
be the regional seal rocks. The most uncertain and thus relevant issue while analyzing petroleum systems and
the whole basin is the mechanism of hydrocarbon migration and formation of their accumulations.

The South Caspian basin is the world’s largest area of mud volcanism development. According to the 2D
and 3D seismic survey within the Azerbaijani sector of the SCB performed in 1990-2014 approximately 100
local uplifts are associated with mud volcanoes. (Fig. 1) Some structures are complicated by two and more
volcanoes (Shah-deniz — 4, Absheron — 2, Mashal — 2, Shafag — Asiman — 5) (Yusubov et al., 2023). That kind
of association evidences the closest relationship between oil and gas deposits and mud volcanoes, in other
words, mud volcanoes are specific type of hydrocarbon seepage manifestation indicating oil and gas accumu-
lations. That is why, the mud volcanism has been remained one of the most relevant research issue in terms of
application to prospecting and exploration of hydrocarbon resources for a long time.

The most previous researches did not apply the seismic data to describe the elements of the petroleum
systems and mud volcanoes of the SCB. The present research represents a comprehensive analysis of the South
Caspian basin based primarily on the seismic data. The aim of the study is to investigate relationship between
hydrocarbon systems and mud volcanism. For this purpose, the origin and formation of mud volcanoes have
been investigated in the context of the evolution of the South Caspian Basin. The results of study might sig-
nificantly contribute to the better understanding of petroleum systems and mud volcanism within the South
Caspian basin and prove genetic link between mud volcanoes and hydrocarbon accumulations.
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Fig. 1. The area of accumulation of Maikop deposits and development of mud volcanism (A): 1 — state borders, 2 — Caspian coastline,
3 — Kura and Araz Rivers, 4 — boundary of the Maikop deposits, defined by seismic survey, 5 — area of mud volcano distribution, 6 —
mud volcanoes, 7 — seismic lines, 8 —boundaries of the Talysh-Vandam gravity maximum, 9 — structures discovered according to
geological and seismic surveys, 10 — outcrops of Mesozoic deposits, 11 —mud volcanoes revealed according to seismic data (along the
top of Surakhany Suite of PS). Cross-sections through the oil and gas fields associated with mud volcanoes (B)

Method and database

The study involves analysis of the hydrocarbon systems and mud volcanoes of the South Caspian basin
integrating a huge amount of geological, geophysical, geochemical and other relevant data. The geophysical
database includes well logging data and seismic survey by the common depth point method (CDP), performed
within on- and offshore of the Azerbaijani sector of the South Caspian basin.

Results and discussion

The SCB is characterized by high subsidence and sedimentation rates, especially in Pliocene-Quaternary pe-
riod, resulted in the thick sedimentary filling of about 20.5 km according to the recent results of seismic data inter-
pretation (Yusubov et al., 2018, 2019, 2020). The results of study show that the Low Pliocene Productive Series
represented by alternation of the sandy and shaly layers (the main reservoirs and seal rocks) were formed due to
activity of several paleo-river systems. (Yusubov et.al., 2020) These rivers provided clastic material from prove-
nances of three different orientations: the northwest (Paleokura), the north (Paleopirsagat, Paleovelvelechai, Paleo-
samur, Paleovolga) and northeast (Paleoamudarya) (Javanshir et al, 2015; Alizade et al., 2018; Alizade et al., 2018;
Abreu and Nummedal, 2007; Hinds et al, 2007; Abdullaev et al., 2010; Abdullaev et al., 2011). As the basin filled,
depending on the tectonic processes that cause the transgression and regression of the sea coastline, the river chan-
nels periodically changed their flow directions, occupying the same areas. The process was of an inherited character
and branching river systems functioned within a certain space. Thus, a multistorey complex of deposits of the Low
Pliocene Productive Series represented by isolated geological bodies of various shapes, sizes, and lithologies were
formed above the organic rich shale of Oligocene — Lower Miocene Maikop Group (the main source rocks). Due
to rapid burial Maikop deposits have not been compacted, keeping water and being very plastic and uncompact.

The structure and formation mechanism of the mud volcanoes have been studied based on interpretation
of the significant 2D/3D seismic and well logging data from the Azerbaijani sector of the South Caspian Basin.
A “giant” mud volcano system has been recognized in the area with multiple groups of channels rooting from
common feeder source. Locations of the mud volcanoes were specified and a series of new mud volcanoes
have been recorded. Stratigraphically, the mud volcanoes root from the base of Oligocene — Miocene Maikop
Group and eruptive channels appear to branch out at the level of the top of PS.

The results of seismo-geological modeling show that the mud volcanism initiated in Early Miocene and
continues at present and the eruptive channels of mud volcanoes do not extend below Maikop deposits.

The boundaries of paleobasins of Maikop and Productive Series have been specified and mapped. both
approximately coincide. The area of mud volcano distribution occupying 57000 km? does not extend outside
the boundaries of Maikop and PS evidencing their relationship. The thickness map of Maikop Group was
constructed. According to the map the thickness of Maikop deposits does not exceed 2600 m.
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In previous research (Guliyev et al., 2020) the authors suggested the mechanism of mud volcano formation
based on the Rayleigh — Taylor phenomenon. According to the mechanism the clayey Maikopian sediments
are considered as a liquid with the non-Newtonian properties. The overlying sediment loading forces plastic
Maikopian sediments to extrude into the upper denser space initiating mud volcano development. With further
increase in overburden thickness and consequently in lithostatic pressure the mud mass continues intruding in
the upper medium forming the mud volcano channels. Simultaneously the mud intruding into the upper me-
dium causes a system of extensional fractures providing additional pathways for liquefied mud squeezed up
towards the earth’s surface.

Paleoreconstructions of seismic cross-sections demonstrate that the formation of mud volcanoes initiated
in Miocene and continues simultaneously with sedimentation until present. According to the paleoreconstruc-
tion results mud volcanism appears to be synchronized in time and space with the growth of folds (Fig. 2).
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Fig. 2. Vertical slice of 3D seismic cube (A). Reconstructions of seismic cross-sections on the surface of Pontian (B) and
Surakhany (C) deposits

The sedimentary filling of the SCB composed of complex interrelations of geological bodies represented
by lithological varieties formed in marine, continental and transitional sedimentation conditions. One of the
main properties of a geological section formed in such hydrodynamic conditions is their hydraulic isolation,
in other words, the absence of the lateral and vertical permeable channels between the reservoir as was con-
firmed by the results of the authors’ previous studies (Yusubov and Yusubov, 2010; Yusubov and Guliyev,
2015; Yusubov et al., 2020).

According to the previous researchers the deep faults are considered to be the main migration pathways
within SCB. However, the results of the seismic data interpretation by common depth point method obtained
over the past 10 years do not reveal the deep faults connecting source rocks to reservoirs. Faults recorded in
the upper part of the section are supposed to be formed as a result of mud volcanism activity.

The results of our study allow to suppose that Maikopian mud mass, containing the generated hydrocar-
bons, on its way upward initially fills the reservoirs with gas, oil and water. The process continues until, the
pressure that injects the fluid into the reservoirs, higher than geostatic pressure. Thus, the eruptive channels of
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the mud volcanoes and accumulations of oil and gas are created (Fig. 3). The results of the study suggest that
formation of oil and gas accumulations in the South Caspian basin is associated to mud volcanism and the
eruptive channels of the mud volcanoes serve as the main pathways for hydrocarbon migration (Fig. 4).

Fig. 3. Scheme of hydrocarbon migration through the eruptive channel of mud volcano
by example of the seismic cross-section through Azeri — Chirag — Guneshli oil field

Fig. 4. The model of the hydrocarbon system according to seismic and deep drilling data: 1 and 2 — source rocks (Maikop and Miocene);
3 - reservoirs of Productive Series. Black arrows show directions of hydrocarbons migration

Conclusion

The results of the study suggest that in the South Caspian basin mud volcanism appears to be synchronized
in time and space with the growth of anticlinal folds. Formation of oil and gas accumulations is associated
with mud volcanism. The channels of mud volcanoes are supposed to be the main pathways for hydrocarbon
migration and the key element of petroleum system.
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KARBOHIDROGEN SiSTEMLORI VO PALCIQ VULKANLARI: PARAGENEZ VO YA OLAQOLI INKIiSAF

Quliyev 1.S.!, Yusubov N.P.2, Hiiseynova $.M.2
T4zarbaycan Milli Elmlor Akademiyasinmin Rayasat Heyati )
2Azarbaycan Respublikasi Elm va Tohsil Nazirliyinin Neft vo Qaz Institutu

Xiilasa. Diinyanin karbohidrogen ehtiyatlarinin shomiyyatli hissasini 6ziinds saxlayan Conubi Xozar hovzasi pal¢iq vulkanizminin
genis inkisaf etdiyi orazidir. Hovzadoki biitiin neft vo qaz yataqlar palgiq vulkanlar: il slagaladir bu da aktiv neft sistemlarinin
movcudlugunu tasdiq edir. Karbohidrogen yigimlariin palgiq vulkanlari ils slagasi, uzun miiddst 6yrenilmesins baxmayaraq, on aktual
todqiqat masalasi olaraq qalir. Bu isdo Conubi Xozor hdvzasinin Azerbaycan sektorunda palciq vulkanlarini yaradan geodinamik
proseslorin vo karbohidrogen sistemlorinin hortorafli tohlilinin naticalori, xiisusi ilo do seysmik molumatlar osasinda, toqdim olunur.
Toadgiqatin naticalori gostarir ki, pal¢iq vulkanlart hovzenin karbohidrogen sistemlorinin osas elementidir. Pal¢iq vulkanlarinin vo neft
vo qaz yataqlarmin olagsli inkisafini tomin edon proseslorin vo qirisiglarin inkisafi zaman vo mokanda sinxron bag vermasi goriiniir.
Pal¢1q vulkanlarmin mensoayi ve formalasmasi Cenubi Xoezor hovzesinin tokamiilii kontekstinds tedqiq edilmisdir. Tedqiqatin naticelori
Conubi Xazar hovzasinds palgiq vulkanlari ilo karbohidrogen yigilmalar arasinda genetik alaqgeni siibut edir, hamginin karbohidrogen
sistemlarinin va palgiq vulkanizminin daha yaxsi basa diisiilmasine shamiyyatli tohfs vers bilar.

Acar sozlor: Conubi Xozor hovzasi, karbohidrogen sistemi, palciq vulkani, Maykop lay dastasi
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PROSPECTS FOR THE DEVELOPMENT OF THE HYDROCARBON POTENTIAL
OF PALEOZOIC DEPOSITS OF THE SHELF OF THE WESTERN ARCTIC OF RUSSIA

Dzyublo A.D., Maslov V.V.
Gubkin Russian State University of Oil and Gas,
65 Lenin ave., Moscow, Russia, 119991 : dzyublo.a@gubkin.ru, maslov.v@gubkin.ru

Summary. The task of this work is the desire of the authors to draw attention to the problem of
accelerating the pace of searches for promising objects on the shelf of the Western Arctic and
additional exploration of already discovered deposits in the Paleozoic oil and gas complex. The main
result of the previously performed offshore exploration work is the identification of a new oil-
bearing area in the eastern part of the Pechoromorsky shelf. Large oil fields have been discovered
here: Prirazlomnoye, Varandey-sea, Medynskoye-sea, Dolginskoye. The proven reserves and
resources of hydrocarbons (HC) allow us to assume that in the near future a new oil-producing area
will be formed on the shelf of the Pechora Sea. In total, there are more than 3,500 million tons of
initial raw oil resources in the Pechora Sea. The initial total gas resources in the Barents and Kara
Seas are concentrated mainly in Mesozoic sediments and amount to more than 80 trillion m3. Since
the development of oil and gas fields in the Arctic is characterized by the severity of natural and
climatic conditions, a short interglacial period of up to 3 months a year, iceberg danger, remoteness
from existing infrastructure, the need for import substitution of deep-sea equipment, it is not
necessary to count on their rapid development and production of oil and gas. However, despite these
problems, it is necessary not to reduce the pace of preparation for the development of offshore fields.

Keywords: Paleozoic, shelf,
Western Arctic, oil and gas

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

HccnenoBanusi reoslorn4eckoro crpoeHus menbda 3amagHod ApPKTUKH, K KOTOPOMY OTHOCSATCS
Bbapenueso-Iledopckuii u Kapckuil pernoHsl, pa3BUBalOTCs C CEPEAMHBI IPOULIOTO CTOJNETUA. Pe3yabTarhl
I'PP mocmy>xunu 0OCHOBOW JAJISl OTKPBITHS KpyMHEHIINX He(TSHBIX U Ta30BBIX MeCTOpOoXKAeHHH beccenb u
ap., 2022.

Meton (u/uam Teopust)

W3yueHHOCTD OTIOKEHHH Nae030iCKOro KOMIUIEKca Ha menbge 3anagHoil ApKTHKH ciiabasi, HECMOTPS
Ha TO, YTO IIEPBbIe YIIOMUHAHMA O T'€0JIOTHUECKOM CTPOEHHH OTAEIbHBIX YYACTKOB LIeb(a MOSBUINCH 110
pe3yabTaTaM MEJIKOMACIITa0HBIX a3POMAarHUTHOH U IpaBUMETpUUIECKOl cheMoK B 1960-1962 . B 1977-1979
IT. B Pe3yJIbTaTe pernoHaNbHBIX MpoduasHbIX pador MOB OI'T B kommiekce ¢ HaOOPTHOM IrpaBUMETpHUEH
BBISIBJIEHA M OKOHTypeHa [IpupasznoMHas aHTHKIMHAJIBHASA CTPYKTypa B [leyopckom Mope — B MOCIEACTBHU
kpymHOE HeTsiHOE MecTopoknenue (beccens u ap., 2022; [13t0610, 2008). BeimeneHs! 1 MpOCIeKEHbI 0Tpa-
JKaroII1e TOPU30HTHI B IEBOHCKHX, KAMEHHOYTOJIBHBIX U TPHACOBBIX OTIOXKEHUX (puc. 1).

OcobeHHOCTH cTpaTUrpadUH MaJCO30HMCKUX TOJII, BCKPHITHIX OypeHHeM Ha CTPYKType MeablHCKas-
MOpe 2, pacCMOTPEHbI Ha (DOHE N3BECTHBIX 3aKOHOMEPHOCTEH CTPOEHUS OCaZ0YHOI0 YeXJia 1 JUTodannaib-
HOW M3MEHYMBOCTH MAIIE030MCKUX OTJIOKEHHH B ceBepHOM uyacTu Bapanaeil-AI3pBUHCKON CTPYKTYpHOI
30HbI (BAC3).

B 10>xHOI 4acTu CTPYKTYpPHOU 30HBI U Ha ceBepe B pailoHax npoaomkeHus BAC3 B npenenax akBaTopuu
[Tegopckoro MOpst MOIITHOCTh MaIE030MCKUX KOMITJIEKCOB YMEHBIIIAETCS KakK 3a CUET MX KOHCEIUMEHTAINOH-
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HOTO COKpAIleHHs, TaK U 3a CYeT Bce OoJiee TryOOKOro Mmpeano3HEeBOHCKOTO U APYTUX pa3MBIBOB. B ce-
BEPHOM HAITPABIICHUU TIPOSIBIIIETCS M 3HAYUTENbHAS JUTO(AaabHass N3MEHYHBOCTD psijia cTpaThrpaduye-
CKHX TOPU30HTOB.
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Puc. 1. Cxema pacnonioxeHus: MECTOPOXKICHUI U HMEePCIIeKTUBHBIX CTPYKTYp THMaHO-
ITeuopckoii mpoBuHIMK U akBaTopuM [ledopckoro mopst

Ha ITaxanueckoii miomiaau B 2001 1. npoOypeHa napameTpuieckasi CKBaKMHA Ha CHIIYPUICKUE OTIIONKE-
Hus. ['myOuna ckBaxkunbl coctaBuia 4417 m. CuiypuiicKue OTJIOKEHHS BCKPBITH B HHTEpBaie TyOnHbI 3989-
4417 M 1 oXapaKTepU30BaHbI KEPHOM. B pe3ynbrare NCHBITaHUS CKBAKUHBI B CHITypE MOJTyYeH HEMPOMBIII-
JICHHBIN TPUTOK He(TH U3 OTIOKEHHUH BEHJIOKCKOTo sipyca (/13100110 u ap., 2021) (puc. 2).

MecropoxneHre MeaplHCKOe-MOpe HaXOAUTCS Ha CTaliy 1opa3Beku. M3BnexaeMble 3anackl HeTu co-
cTaByA0T 97.3 MIH. T. B 0OCHOBHOI 3aJ1€5K1 HUKHENIEPMCKOTO — KAMEHHOYTOJIBHOTO BO3PAcTa COCPENOTOUEHO
96% BBHISIBIIEHHBIX 3aI1aCOB HE(PTH.

B npenenax cerepo-3amnaaHoro 010ka MECTOPOXKACHHUS 110 JaHHBIM UCIIBITAHUS B OTJIOKEHUSIX BEPXHETO
CHITypa OTKpPBITa IJIaCTOBO-CBOAOBAsI 3aexb HedTu. B nntepane 3785-3805 mony4yeH NpuTOK Jerkoi HeTH
miotHocThio 0.83 r/cM® u 1ebutom 4.67 M*/cyT.

B 2022 r. ITAO HK «PochedTr» Ha menbhe [Tewopckoro mops B Bapanaeii-AI35BUHCKOM CTPYKTYPHOU
30HE OTKpBUIA HOBOE KPYITHOE HeTsIHOE MecTopoxkaeHne — Manavarckoe. bypeHne ocymecTBisiiocs ¢ Oe-
pera octpoBa IlecsikoBa, c 0Tx0m0M 0T BepTHKanu 10 1232 m. Obmias rimyOuHa cKBa>KHHBI cocTaBuiaa 4435 M.
B x071€ MCTIBITaHui TTOTy4€eH (JOHTAHHBIN IIPUTOK HEPTH ¢ MaKCUMATbHBIM Ae0utoM 220 M>/cyTku. Tlomyden-
Has He()Th JIeTKasl, MAJIOCEPHUCTAsI, HE3HAUUTEIBHOM Bsi3kocTH (/3100110 U ap., 2022).

CkBaxnHOM Majauarckas-2 yCTaHOBJICHO HAJIMUKE MPOMBIIIJICHHBIX 3ajieKei HeTH B OBUHIAPMCKHUX
OTJIOKEHUSX HIKHero aesoHa. Ha Gamanc I'ockomuccnu mo 3amacam mocTaBieHbl 82 MIIH T U3BJIEKAEMBbIX
3amacoB HeTu. Mamayarckoe MECTOPOXKICHUE CTAIO OJHUM W3 CaMbIX KPYIHBIX OTKPBITHH Ha KOHTUHEH-
TanpHOM 1enbde Poccun 3a mocieanee Bpems.

DTO OTKPHITHE TOATBEPINIIO 3HAYNTENbHBIN HeTssHOM moTeHman Tumano-Iledopckoii mpoBHHIIMK Ha
mensge, Te IIaHupyeTcs AanbHelinee OypeHHe CKBaXHUH U H3y4eHHE OTI0KEHHUH 11aneo30sl.
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Puc. 2. Cxema cTpoeHUs BCKPBITOH YaCTH CHITypHICKO-HIDKHE(PPAHCKOTO KOMILIEKCa
YcnoeHbie 0603HaueH1a CIHCOK CKBaXKUH
I[IX-1 - ITaxanueckas ckB.l
A -cxeaxuma ITP-5 - IIpupa3nomHas CKB.5
w -3aboi MM-4 -MensiHckas-mMope 2 ckB.4
Z - mecTopoaeHua/HedTenpoRBneHna MM-1 -MenpiHCcKas-mMope 2 ckB. 1
I - HYMepauma nauex MM-2 -MenpiHckasg-mMope 2 CKB.2
3139 - rnybuHa cTpaTUrpadruecKnx M NMTONOTMYECKUX PaHKY, MM-3 -Menpiackas-mope 1 ckB.3
; - OTPAMIOWME rOPU3OHTbI 16 -ITepeBo3nas ckB.6
i = PA3IMBIBDI T14 -ToGoiickas cks.14

- PEerMoHaNbHaA NOKPbIWKa
. - 30HaNbHaA NOKPLIWKA

Ha ocHOBe HOBBIX TIpe/ICTaBlICHHUI O TIEPCIIEKTUBAX aKkBaTopuasbHOW yactu Tumano-Ilewopckoro Gac-
ceifHa MPOTHO3MPYETCs, YTO 30HBI HE(TEra30HAKOIUIEHUS MOTYT OBITh CBSI3aHBI TaKXKE CO CKIaJ4aTBIMH
CTPYKTypaMH HIDKHETIaJIe030MCKUX OTIOXKEHHH U ¢ IUAaMPOBBIMU CTPYKTYpaMu. BrIcOKOIpoayKTHBHBIE J10-
BYIIKM He(TH U Ta3a, MPUYypPOUYCHHBIC K 3aKapCTOBAHHBIM KapOOHATaM, TEPEKPHITHIM TpeadpaHCcKuM Heco-
rJIaceM, MOTYT HMETh 3HAUUTENHHO OoJiee UPOKOe pacpocTpaHeHne, YeM npecTaBisuioch paHee (Cobop-
HOB, 2023) (puc. 3).

BapennieBoMopckuii menb¢ obnamaet 60IBIIMM MTOTSHINAIOM yTIeBoopoaHoro (Y B) chipbs. B penpl-
JIYIITUE TOBI 371eCh OBLTH OTKPBITHI Ta30KOHICHCaTHBIE MecTopoxaeHus [lItokmanoBckoe, Jlenosoe, Jlyamos-
ckoe, Mypmanckoe, CeBepo-Kunbaenckoe. C nosiBlieHHEM HOBBIX JaHHBIX 00 0COOCHHOCTSIX T€0JI0TUYECKOT0
CTpOeHHs He()TETa30HOCHBIX M HE(TEra3onepcrneKTUBHBIX KOMIUIEKCOB, ITOJYyYEHHBIX Ha OCHOBE NPOBOJIU-
MbIx [TAO «T"azmpom» u [TAO HK «PocHed1b» ceiicMopa3Benounbix padot 2D u 3D, nosiBunack BO3MOX-
HOCTb 3aHOBO OIICHHUTb MOTEHIIMAJ NaJ€030MCKHUX OTIOKEHUH.

[To HoBBIM maHHBIM CtymakoBoit A.B. (MI'Y nmenu M.B. JloMmoHOCOBa), TTOTy4eH KOMITO3UTHBIN Cei-
cMudeckuid mpoduitb (puc. 4), KOTOPBI MOKa3bIBACT CTPOCHHE MANC030UCKUX OTIIoKeHHH CeBepHO#l yacTu
BapennieBo mops u CeBepo-Kapckoro 6accelina. BepxHss rpaHna KOMILIEKCa PEATIONAraeTcs Ha BpeMeHax
nopsiaka 5.5-5.7 c. B npeaenax nporu6os B CeBepo-Kapckom Oacceiine u 2-3.5 c. B mpezenax CBOJIOB U Mera-
BasmoB. B CeBepo-bapentieBckol BraguHe KPOBJS aKyCTHUECKOTO (yHIaMEHTa TOTrpyX.aeTcs Tiryoxke 8 c.
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Kposns akycruueckoro gpyHnamenTa pacujieHEHHas, B OOPTOBBIX YacTsAX NPOruO0B pa3BUTHI cOpockl. OLeHKa
BO3pacTa aKyCTH4eCKOTro ()yHIaMEHTa SIBISETCS AUCKYCCHOHHBIM BOIIPOCOM, HO, BEPOSATHO, HE MOJIOXKE J0-
keMOpwuiickoro (Crymakosa, 2011).
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Puc. 3. Ceiicmuueckuii mpodusipb B paitone Tapckoro HedTsiHOro MectoposkaeHus Ha octpose Konryes. B
HIDKHETIAJIC030MCKUX OTJIOKCHHUAX BBIACJICHA BBICOKOAMIUTMTY/HAS CKJIAJKa, OCIOXKHEHHAs HaJBHIOM
I0T0-3aIIaJHON BEpPreHINH. B ee sape BO3MOXKHO HAIMYHE KPHITOIHANHNPA BEPXHEOPAOBHKCKUX COJICH
(CobopHos, 2023)

A

ﬁauwupanreucmn Cesepo-GapeHiieackas anaaguna BocTouHo-bapeHuesckan

Bear SoHaETYnGHEn Cesepo-KapckasaenaguHa cB

r

o

L]
5
*
o
o
a
E
=
z
~
a
®
*
o
x
a
©
=
g

Puc. 4. KomnosurHslii ceiicmuyeckuii mpoduis yepe3 bapenuesomopckuii u CeBepo-Kapckuit 6acceiitb

B ApkTHueckoM CeKTope Iajleo30HCKHe OTIOKEHUS MTOBCEMECTHO 3aJEraloT Ha OOJBIIMX IIyOMHAX M
CKB)XMHAMH NPaKTHYECKH HE U3Y4YeHBI. BenencTsre 3Toro npu crparudukaniy ceiCMOreoorniecKix KoM-
IUIEKCOB, KaK MPaBUJIO UCTOJB3YIOT JaHHbIe o ocTpoBaM (Ctynakosa, 2011). Ecnu onepupoBaTh cpegHUMU
TOJIIIMHAMMU OCAJIKOB, CJIAraloLINX Pa3IniyHble KOMIUIEKCHI, TO [IPY HAJIMYMU B pa3pese MOJIHOU MoCcIen0Ba-
TEIHHOCTH CPEAHAS MOIIHOCTD MAJE€030MCKUX OTIOXKEHUM Ha apxunenare HoBas 3emiis cocTaBUT MOpsiAKa
10000 m. Ha octpoBax CeBepHO# 3eMiIi CBOJHBII pa3pe3 Male030MCKIX OTI0KEHUH BKIIIOYaeT KeMOPHUIICKO-
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JEBOHCKHMH MHTEpBAN pa3pe3a, CPEAHss TOJMIIMHA KOTOPOro cocTaBiseT nopaaka 8500 M. YuuTsiBas, 4TO B
HaunOoJsee norpyxeHHsIx 4acTsax Cesepo-Kapckoro 6acceiina MakcuMallbHast MOLIHOCTD M1aJI€030MCKUX OCa-
koB cocrapiseT 13000 M, MOXXKHO TOJIaraTh, 9YTO B ATHX 30HAX MOJTYYWI Pa3BUTHUE MTOJHBIN pa3pe3 maaeo30sl.
Taxum 00pazom, 0a3ambTOBBIN CECMOKOMIIEKC MOXKET OBITh YCIOBHO AaTUPOBAaH KEMOpPHEM, a MepeKphIBa-
IOLIME €T0 CEHCMOKOMIUIEKCHI — COOTBETCTBEHHO OPIOBUKOM-CUIIYPOM, A€BOHOM-KapOOHOM U IEPMBIO.

B axBatopun Kapckoro Mopst BeIAeIsIeTCS 1Ba CAMOCTOSITETIFHBIX O0CaI0UHBIX OacceifHa, XapaKTepHu3yIo-
LIUXCSI Pa3INYHBIMUA OCOOCHHOCTSIMH T€OJOTMYECKOT0 CTPOCHUS M Pa3IMYHBIMU NEPCIIEKTUBAMH He(Tera3o-
HOCHOCTH OCaJJOYHBIX KOMIUIEKCOB.

IOxHasa yacTe akBaTOpUHU, PACIOIOKEHHAs K IOry OoT apxunenara Hosas 3emist, BblieseHa B COCTaBe
OxHo-Kapckoii pernoHansHON Jenpeccuu, KOTopast sSIBJISIETCS CEBEPHBIM OKOHYaHneM 3amnaano-Cubupckoro
ocanouHoro Oaccelina (Kuproxuna u ap., 2011; Hlycrep, J3t00m0, 2012). B HedTera3oHocCHOM OTHOIIEHUH
9Ta YacTh aKBaTOpWH BhIeNeHa B coctaBe HOxHo-Kapckoil HedTerazoHocHON 0061acTH, BXOIAIIEH B COCTaB
3amagHo-Cubupckoit HehTera3oHOCHOM MPOBHHIINY.

Cesepnas yacts Kapckoro Mopst npeacrasisieT coboii camoctostenbHyo CeBepo-Kapekyro nepcrnexTrB-
HYI0 He()Tera30HOCHYIO IPOBHUHIIMIO. Y UNTHIBAs], YTO 3Ta YaCTh AKBATOPUH HE H3ydeHa INTyOOKHM OypeHHeM,
MOJIEJTb T€0JOIHYECKOTO CTPOCHUS ATOro OacceifHa MoxeT 0a3UpOBaThCs TOJILKO HA re0(hU3NIECKUX MaTepu-
anax M TreoJIOTMYEeCKUX JaHHBIX MO ocTpoBaM M apxumnenaraMm (Konroposuud, 2-18; Mansiues u ap., 2023;
Maptupocsa u ap., 2011). OTnoxxeHUsT TOBEPXHEIESBOHCKOTO MEPCHEKTHBHOTO HE(PTEra30HOCHOTO KOM-
miekca Boiaessitoresa B Ceepo-Kapcekoit Bnagune. @opmMupoBaHue yrieBOAOPOIHBIX CUCTEM B HHKHEIIAIEO-
30MCKUX OTJIOXKECHUSAX OMUCAHO ISl APEBHUX He(TerasoHOCHbIX OaccelinoB Bocrounoit Cubupu, Tumano-
[Tedopckoro u Bonro-Ypanbsckoro, rae BayXHYIO POJIb UTPAIOT HeTerazoMaTepUHCKHE TOIIM pruercKoro,
BEHJICKOT0, KEeMOPHUHCKOTO ¥ CHITYPHIICKOTO BO3pacToB (puc. 5).

HOxno-Kapckmit u CeBepo-Kapckuit ocanounsie 6acceiinbl pasneneHsl CeBepo-CHOMPCKUM TTOPOTOM,
KOTOPBIH NpeAcTaBiseT co00i KPYIHBIH, KOHTPACTHBIA SPO3MOHHO-TEKTOHUYECKUH BBICTYT (yHIaMEHTA.

B Cesepo-Kapckom Oaccetinst I'PP Benetr kommanust [IAO HK «Pocuedtrs». Ha nuniensnonnom yuactke
BbIsIBIIEHBI (cBbIIIe 30) CTPYKTYpHI, Cpeii KOTOPBIX Hanboee KpynHble Makaposa-1, BanoBa-1, Mennepa-
1. I3Briekaembie pecypcChl YIIIEBOJOPOIHOTO CHIPhS HA YUaCTKE COCTaBIIAIOT 10 otnieHke 2018 1. (u3BIeKkaeMbie
pecypcebl): HedTb+KkoHAeHcaT — 1535.1 Mn.T (Pmean), ras — 1069.7 mipa.m® (Pmean).

[lepcnieKTHBHBIE OTIIOKEHUS: 0CAA0YHBIN YEXO0JI CJI0KEH TEPPUTCHHBIMHU M KApOOHATHBIMU OTIIOXKEHUSIMHU
MIPEIOIOKUTENBHO OPJOBHUK-CUIYPHICKOTO, T€BOHCKOTO, KaMEHHOYTOJILHOTO, IEPMCKOT0, TPHACOBOTO U
FOPCKOTO BO3pacTa, U3 KOTOPBIX MOUCKOBBIM HHTEpEC MPEICTaBIAeT MHTEPBAJ C OPAOBUKA 110 CPEAHUHN JIEBOH.
I'mybuna 3aneraans — 500-4000 m.

Axsatopus CeBepo-Kapckoro ygactka He uzydeHa OypeHueM. Ha conpenenbHbIX TeppuTOprsax mpooy-
penbl: ckB. CBepapyrckas-1 Ha 0. CBepApyn; TpH CKBaKMHBI Ha 0-Bax apX. 3emust @panua Mocuda: Haryp-
ckas-1, Xeiica-1 u CeBepHasi-1; ckB. Aamupanteiickas-1 B akBaropuu bapeHieBa Mopsi.

B ceBepnoit wactu Kapckoro Mops 1o pe3ysibTaTaM HHTEPIIPETANN CEHCMUISCKAX Pa3pe30B OBLIN I10-
CTPOEHBI CTPYKTYPHO-TEKTOHUYECKHE CXEMBI, XapaKTepHU3YIOI1e OBEIEHNE OTTIOPHBIX TOPU30HTOB B 0Ca/104-
HOM uexJie ceBepHoi yactu Kapckoro mops (Tapacenko u ap., 2021) (puc. 6).

AHanu3 BpeMEHHBIX Pa3pe30B U Pe3ybTaTOB CTPYKTYPHBIX IOCTPOEHHUH MO3BOJSIET CAETAaTh BHIBOZ O
TOM, YTO C ceificMocTpaTturpaduyeckux u CTpyKTypHO-TeKTOHHUYecknx nosuimii CeBepo-Kapckuit Oaccelin
MpeaCTaBiIsieT 3HAYUTEIbHBIH HHTEPEC B OTHOIIEHHH HE(TEra3oHOCHOCTH. B OTNOXEeHMAX pa3luYHBIX Oca-
JOYHBIX KOMIUIEKCOB BBIACIISIIOTCS aHTHKIMHAJIbHBIE, CTPYKTYPHO-TEKTOHUYECKUE, CTPYKTYPHO-CTPaTHIPa-
(nueckue, TeKTOHNIECKI-IKPAaHUPOBAHHBIE JIOBYIIIKH.

BriBoabI

HanpHeliiiee ocBoeHue sHepropecypcoB YB cbipbsi B P® B TeKyllleM CTOJIETUH, B YACTHOCTH BO BTOPOM
€r0 MOJIOBHHE, CBSI3BIBACTCS C PacIIMpPEHUEM pecypcHOi 6a3bl ¥ B ra3zoBbix U HE(QTSHBIX MECTOPOKACHUIT 32
cuet Poccuiickoro cekropa akBatopuii 3ananHo-Apkruaeckux bapenneso u Kapckoro mopeii. B nepByto oue-
peap HeoOXOAMMO 3aBEPIIUTH MPOMBIIIICHHYIO OLIEHKY 3aI1acoB Ta3a W HeTH pecypcoodpasyroninx (yHU-
KaJIbHBIX) MECTOPOKIACHNUHN, IOATOTOBHUB UX K BBOAY B pa3zpadOTKy, M BO BTOPOI MOJOBHHE TEKYIIErO CTOJe-
THUS HA4aTh HKCIUTyaTalHIO 3aJIekKeEN B ME3030MCKUX U Male030MCKHUX OTI0XKEHHAX, CO3aTh HOBBIM MOpCKOH
3amamHo-ApKTHUECKUH HeTera3o100bIBarOIINN IEHTP.
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INEPCIHHEKTUBbBI OCBOEHUSA YIVIEBOAOPOJHOI'O IIOTEHIIUAJIA
MAJIEQO30MCKAX OTJIOKEHHWN MIEJb®A 3AITATHOM APKTUKHA POCCHN

3106410 A./l., MacsioB B.B.
PI'V ne¢pmu u eaza (HUY) umenu .M. I'yoxuna, Poccus
Jlenunckuil npocn., 65, Mockea, 119991 dzyublo.a@gubkin.ru, maslov.v@gubkin.ru

Pesrome. Lens HacToAIICH PaOOTHI 3aKIII0YACTCS B JKEJTaHUU aBTOPOB MPUBJICYb BHUMAHKE K NPOOIeMe YCKOPEHHS TeMIIa 110-
HCKOB NEPCIIEKTHBHBIX 00BEKTOB Ha Ienbde 3amaaHoil ApKTHKH U JOPa3BEIKH y)Ke OTKPBITBIX 3aJie)Kell B ajico30icKkoM HedTe-
ra30HOCHOM KoMmiutekce. OCHOBHOM pe3yJbTaT BHIIOTHEHHBIX paHee MOPCKHX I'€0JI0ropa3BeAOUHBIX paboT — BEISBICHHE HOBOTO
He()TEeHOCHOT0 palioHa B BOCTOUHOH yacTH [leyopomopckoro meinbda. 31eck OTKPHITH KpyIHbIe HedTsHbIe MecTopoxxaeHus: [Tpu-
pasnomHoe, Bapauneii-mope, Mensiackoe-mope, Jonruackoe. Pa3BenanHble 3amacel U pecypcsl yriieBogopoaos (YB) mo3sossior
CUNTATh, 4TO B HeaslekoM OyyiieM Ha wmenbde [ledopckoro mops 6yaer chopmupoBa HOBBII HedTenoObIBatoIIuit paiioH. Beero
HavaJbHBIX CBIPbEBBIX pecypcoB HedTu B [Teyopckom Mope uncnutes 6onee 3500 muH. T. HauansHble cyMMapHbIe pecypebl ra3a B
BapennesoM 1 KapckoM MOpPSAX COCPENOTOYEHEI B OCHOBHOM B ME3030MCKHMX OTIONKEHUAX U COCTAaBIAIOT Gosee 80 Tpian. m>. Ilo-
CKOJIbKY OCBOGHHE HEe(TEra3oBbIX MECTOPOXKACHHUIT B APKTHKE OTIMYACTCS CYPOBOCTHIO IPHPOAHO-KIMMATHYECKHUX YCIOBHIA, KO-
POTKHMM MEKIIEIOBBIM IIEPUOIOM JI0 3-X MECSLEB B rofy, aiicOeproBoil OMacHOCTHIO, YAAIEHHOCTBIO OT CyILIeCTBYoLIeil HHppa-
CTPYKTYPHI, HEOOXOAMMOCTHIO HMIOPTO3aMEIeHHs ITy0OKOBOJHOTO 000y IOBAHUS, TO HAa OBICTPOE MX OCBOCHHUE U 1OOBITY HE()TH
1 ra3a paccuuThIBaTh He npuxoautcs. OHaKo, HECMOTpPS Ha yKa3aHHBIE MPOOJIEMBI, CIeAyeT He CHM)KATh TEMITBI IIOATOTOBKU K
pa3paboTke MOPCKHUX MECTOPOXKICHHH.

Knrwouesvie cnosa: naneosoii, wenvgh, negpmezazonocnocme, 3anaonas Apxmuxa
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GEOLOGICAL RISK ASSESSMENT IN HYDROCARBON EXPLORATION
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Summary. The geological risk in hydrocarbon exploration is defined as the probability of the
absence of a hydrocarbon accumulation in the study area. Exploration prospects can be characterized
by three parameters that determine its value: expected gain (or volume of hydrocarbons), risks (or
chance of success or failure) and cost of the project. Expected volumes are usually estimated in
probabilistic terms, taking into account uncertainties. These uncertainties and risks often overlap and
that leads to overestimation of geological risks. A methodology for estimating of potential reserves
including geological risks is proposed in the paper. This distribution of hydrocarbon resource vol-
umes indicates also both, the probability of the absence of hydrocarbons (geological risk) and the
probability of volumes below a certain threshold (chance of commercial failure). The calculations
are carried out by using the Monte Carlo method.

Keywords: hydrocarbon,
exploration, risk, probability,
petroleum system
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Introduction

Hydrocarbon prospect evaluation includes the potential reserve assessment of the area and geological risk
assessment. The methodology for assessing resources and risks used by almost all companies is practically the
same and differs only in details (Feller, 1968; Kepumos u ap., 2015; Rose, 2001). When assessing resources,
a probabilistic approach is used, where all the geological input parameters are not accepted by one value, but
are described by a probabilistic distribution. Then resources are calculated using the Monte Carlo stimulator
and are presented in the form of a probability distribution. This way, the uncertainty of the input geological
parameters of the model is taken into account when evaluating resources. The less reliable the parameters are,
the greater their uncertainty, and the greater is the variance of the estimated resource. Then, companies,
regardless of the previous process, evaluate the risks of individual parameters of hydrocarbon systems that
may lead to failure, which is the absence of a hydrocarbon accumulation in the studied area. Unfortunately,
there is no single methodology for risk evaluation, as well as there is no clear definition of risk. Many
companies assess risks based on the degree of reliability of information and the scope of work by which
geological parameters are estimated. This leads to the confusion of the concepts of "risk" and "uncertainty".
Of course, more reliable data one has, the less the uncertainty of the parameters. However, reducing uncertainty
does not necessarily reduce risks. It can lead to both: a reduction in risks or an increase in them. By calculating
risks and volumetrics separately, the risk is double-dipped. It should be taken into account that estimated
resources include the uncertainty of input parameters. And double-dipping may lead to an overestimation of
risks.

There is no single approach to the number of risk parameters. In fact the greater the number of factors, the
higher the estimated risk. Therefore, often the values of risks received by different companies can be
significantly different, despite the fact that they work on the same data set.

Another point that leads to an overestimation of geological risk is the dependence of various parameters.
When multiplying the risk values of different parameters, it is assumed that they are all independent. In reality,
this condition is not fulfilled. For example, many parameters have a trend of change with depth. Therefore,
they cannot be considered as independent random variables, but are correlative.

All of the above factors require a revision of the methodology for assessing geological risks.

Theoretical framework and method

Suppose that we are studying some geological parameter that can be described by various probability
distributions fk(x). Moreover, each of the options can occur with a probability px, where Y. px=1. Then the
final distribution of the parameter can be expressed as the mixture of the distributions (Feller, 1968, p.53).

73



E.Bagirov /| ANAS Transactions, Earth Sciences, Special Issue / 2023, 73-75; DOI: 10.33677/ggianasconf20230300017

W(X) =Xk f (x, O

Figure 1 shows an example of this procedure. A certain parameter can be described by a distribution
density (in the left column) with probabilities of 0.3, 0.5, and 0.2, respectively. Then the density and distribu-
tion function of the mixture can be represented as graphs in the right column.
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Fig. 1. Mixture of distributions (left column) with the probabilities of occurrence 0.3, 0.5 and 0.2 respectively
with the resulting distribution (right column)

The methodology is the following — each of the geological parameters used in the assessment of potential
reserves are described by a mixture of successful and unsuccessful case distribution. After that, using the
Monte Carlo method, these parameters are simulated and the final distribution of potential reserves is calcu-
lated.

Figure 2 shows an example of risk-free (a) and risk-based (b) reserve distribution. Since by risk we mean
the probability that the reserves will be close to zero, in this example, risk is approximately 0.4.
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Fig. 2. Hypothetical reserve distribution function without (a) and with (b) accounted risk

Results and discussion

The risks, related with each element of hydrocarbon system should be estimated separately.

Source rocks. The source rock potential, UEP, is defined as the amount of hydrocarbons that these rocks
can generate with the complete transformation of organic matter from one km? of the fetch area. This index
mainly depends on the content of organic carbon (TOC), hydrogen index (HI) and the net thickness of the
organically saturated range(s). The values of each of these parameters can be described by the corresponding
distribution. Assuming, that the value of one of those the parameters (not necessarily all of them) is equal to
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zero, this means the absence of the parent rock. Let’s define the source rock absence, as event {Net thick-
ness=0}. In such case, by mixing the net thickness distribution and the “absence event” the final distribution
of UEP can be obtained.

Migration losses. Migration losses can be estimated in the process of basin modeling. Probably, the most
important factor that can lead to the absence of hydrocarbons is the position of the first carrier bed. The prob-
ability that the prospect is in the shadow of migration can be considered as one of the geological risk factors
and should be quantitatively estimated.

Reservoirs. Here the approach can be similar to source presence risk. Under the volume of the container,
we define the volume of void space that can contain hydrocarbons per unit area. This volume depends on
porosity, hydrocarbon saturation, and net reservoir thickness. As a risk of the presence of reservoir rocks, one
can define the event that net thickness is equal to zero. Using the mixture method, it is possible to obtain the
risk-adjusted distribution of container volume per unit area.

Sealing capacity. This parameter determines the hydrocarbon column height that the caprock can contain.
The risk of the seal can be related with the caprock leakage (hydrodynamic breakthrough, the presence of
conductive faults, etc.). In this case, the height of the deposit can be equal to zero and the probability of such
event can be defined as seal risk.

Oil-bearing area. This is the area of the site bounded by water-hydrocarbon contour and depends on seal-
ing capacity. It can be calculated from the column height — area plot.

Trap risk usually is defined as the probability of the absence of a trap closure. This risk depends mainly
on reliability of seismic data.

Taking into account all the risk factors, it is possible to estimate the resources, as shown in Figure 3.

Calculations have been conducted by using the Monte-Carlo method on Crystal Ball program.

rry—— = poyr— 0 R i

Sealing capacity Oil accumulation area _ Volume of container

1o

=
m s
wd
% o

Fig. 3. Calculation of the volume of potential resources taking into account risks on a hypothetical structure

Conclusion

The proposed methodology allows to evaluate geological risk in exploration more objectively. Assess-
ment of risks and volumes of expected reserves are carried out within the framework of a single procedure
of probabilistic simulation using the Monte Carlo method. The risks related with different parameters of
hydrocarbon systems are tied with geological framework. The problem of dependence of parameters, their
number, as well as reassessment of risks is solved. Reserve distribution charts allow not only to estimate the
range of expected reserves, but also allow to find the probability of the absence of accumulations (the chance
of geological failure), and the probability that the expected reserves will be below some limit value (the
chance of commercial failure).
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Summary. The main focus of this paper is on the environmental sustainability challenges of in-
land hydrocarbon pipelines on the example of Eastern Province of Saudi Arabia. Hydrocarbon pipe-
lines have been known for causing significant environmental damage, in addition to requiring vast
amounts of natural resources such as water, land, steel, etc. Therefore, environmentally sustainable
operation of pipelines is a concern that requires further research. The paper describes environmental
challenges of pipeline operations and provides examples of approaches and technologies that can be
successfully utilized to make pipelines more environmentally sustainable. It is concluded that the
operation of in-land hydrocarbon pipelines can be made environmentally sustainable. This can be
achieved by adopting a systematic framework, focusing limited resources on significant environ-
mental aspects and technologies, integrating circular economy into day-to-day activities, and having
strong management support.
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Introduction

The need for increased environmental sustainability of human activities and businesses is being widely
recognized both at national and international levels. Depletion of natural resources, increase of waste
generation, climate change, rise in the level of greenhouse gas emissions and other phenomena are gradually
pushing the mankind and governments around the world to realize that we have only one planet (Connor et al.,
2020. Exploration of oil and gas resources can bring prosperity to a country with a long-term energy policy in
place, and balanced, responsible behaviour towards environment. Regrettably, the process of environmental
pollution occurs at all stages of the oil industry: exploration, production, transportation, storage and refining
(Rossa, Dario, 2013). Although use of pipelines has justified itself as being one of the flexible and cost-
effective options, pipelines have been notorious for causing major environmental contamination. Furthermore,
the operation of in-land hydrocarbon pipelines requires considerable amounts of natural resources such as
water, land, steel, etc. (Goodland, 2005; Longo, 2019; Belvederesi et al., 2018). As a result, environmental
sustainability of pipelines is a significant concern.

Methods or Theory

The main objective of this paper is to review environmental sustainability challenges of in-land hydrocar-
bon pipelines. Eastern Province of Saudi Arabia has been selected as a case study due to being a major hub of
pipelines’ network. Methods consist of reviewing literature for international best practices and using successful
examples from field work.

Results and discussion

A. Environmental Sustainability in In-land Pipelines Operations

Pipelines in Saudi Arabia transport millions of barrels of hydrocarbon products per day and are capable
of causing serious environmental damage. Unlike plants and refineries which tend to operate within a fence,
pipelines extend for hundreds of kilometers deep into remote, desert areas, and run both under- and above-
ground. Moreover, because of their remoteness, pipelines may run in areas with no infrastructure (e.g., tele-
communications network) to support deployment of surveillance equipment for pipeline monitoring purposes.
This feature of pipelines greatly influences the way environmental challenges are controlled.
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Common significant environmental aspects for in-land hydrocarbon pipelines include: a) oil spill; b) gas
release; c) fugitive emissions; d) flaring and SO, emissions; e¢) consumption of groundwater; f) discharge of
wastewater; g) energy consumption; h) generation of hazardous wastes and others. Consequently, environmen-
tal impacts would be soil pollution, air pollution, global warming, depletion of natural resources and so on.

It is argued that in-land hydrocarbon pipeline operations can be made environmentally sustainable by
applying a systematic approach based on key principles of ISO 14001 standard:

« Establish Significant Environmental Aspects: organizations need to identify environmental risks of pipeline
operations and build-up the so-called “Environmental Aspects and Impacts Register”. Using a risk ranking
methodology, the most significant aspects should be highlighted, and then limited resources should be
concentrated on those aspects. This approach is more beneficial than trying to resolve all environmental
challenges at once.

« Set specific and measurable environmental targets and objectives for Operations, Maintenance and
Engineering disciplines (e.g., reduction of flaring, reduction of oil and gas leaks, repair of valves instead of
replacement, etc.). The targets and objectives must be approved by management and must be linked to
significant environmental aspects.

« Conduct regular (e.g., quarterly) management environmental reviews to discuss progress towards achieving
environmental targets and objectives.

« Integrate/embed environmental requirements into operational and engineering procedures. This is to ensure
that work is executed in accordance with such requirements from the very beginning.

« Deploy intelligent tools and equipment: focus new technologies and equipment on significant environmental
aspects in order to yield maximum benefits.

« Include environmental sustainability initiatives into the annual budget cycle: trying to implement
environmental initiatives with no planning and budget will produce little value. Instead, such initiatives must
be linked to significant environmental aspects and included into the organization’s annual budget cycle.
Moreover, the cost should demonstrate potential savings and other benefits to be realized in the long run
(e.g., reduced maintenance or operating costs, reduction in the number of environmental infringements,
improvement in pollution levels, etc.).

B. Environmental Aspects of Oil Spills

Oil spills are one of the significant environmental aspects in in-land hydrocarbon pipeline operations.
Pipeline operators may implement extensive inspection regimes in order to preserve integrity of pipelines, but
ruptures and oil leaks still take place. In terms of environmental sustainability, a major issue here is that, over
a period of time, hydrocarbon spills (small and major) lead to gradual contamination of land around pipelines.
This requires systematic clean-up effort which should also be cost-efficient. While prevention of all oil spills
may not be always feasible, pipeline operators may consider investing in mobile sand cleaning technologies,
among other solutions. One such technology is a thermal desorption unit which has been used in many
industries in North America and Europe for the past several decades.

Direct fired thermal desorption unit

This technology heats contaminated material to a high enough temperature to dry it and vaporize
contaminants from it. The technology is trailer-mounted and can be deployed with relative ease to remote
desert areas. By utilizing such solutions, contaminated lands around pipelines can be purified gradually and
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systematically to the specification required by local legislation. This would lead to improved environmental
sustainability of pipeline operations.

C. Fugitive Emissions

Fugitive emissions (e.g., volatile organic compounds) are one of the significant environmental aspects in
pipelines, with valves being the most common source. Normally, these emissions are identified and remediated
by means of annual Leak Detection and Repair (LDAR) Surveys. However, considering remoteness and geo-
graphical spread of pipelines, an annual survey may not always be sufficient for ensuring a long-term environ-
mental sustainability of pipeline operations. It is suggested, therefore, that the annual surveys in pipelines can
be supplemented by installation of fixed gas leak detection cameras. The latter has functionality to quantify
gas leaks and provide an instant detection and alert to the Operations teams rather than having to wait for the
next annual LDAR survey.

A relatively new trend in the industry has been the use of so called “Low-E” or “Low-Emission” valves
and packing. The rise of popularity of such valves has been driven by environmental enforcement agencies
like the US EPA and strict environmental legislation. A key difference between a Low-E and non-Low-E valve
is that the former comes with the warranty from the manufacturer that the valve will not leak above 100 parts
per million for five years.

To summarize, by enhancing annual LDAR surveys with installation of fixed gas leak detection systems
and gradual deployment of Low-E valves pipeline operators in Saudi Arabia can significantly improve envi-
ronmental sustainability of their operations.

D. Flaring and SO, Emissions

Millions of standard cubic feet of gas are flared annually by pipeline operators. Pipelines operate a high
number of valves which require maintenance and replacement. In many instances, a valve replacement would
lead to a section of pipeline being emptied of gas to allow the crew to work safely. To ensure longer term
benefits and environmental sustainability, piloting and testing new technologies should be given high priority.
Two types of technologies can be considered. First, mobile gas evacuation units which capture the gas to be
flared and divert it from one pipeline to an adjacent pipeline thereby completely eliminating the flare. Second,
mobile degassing units are available to incinerate the flare gas at a high efficiency rate resulting in no smoke
and noise pollution as well as elimination of hazardous pollutants. While these types of technologies have been
extensively used by the industries in North America and Europe, they have not been fully adopted yet in Saudi
Arabia although steps in the right direction are being taken. This, therefore, presents an excellent opportunity
for further improving environmental sustainability of pipeline operations.

E. Circular Economy

With the growing volumes of wastes and increased consumption of natural resources, the principle of
circular economy has been gaining momentum. The economy is defined as “circular” when it focuses on
elimination of wastes by reusing, recycling, and refurbishing equipment, products, and machinery for a longer
duration (Vanhamaki, 2021; Corvellec et al., 2021). In this regard, pipeline business, just like many others,
can successfully adopt the circular economy approach. Numerous opportunities exist for re-use and recycling
of products and materials used in pipeline operations and maintenance activities. By integrating circular
economy into day-to-day activities, making pipelines an environmentally sustainable business is an achievable
and realistic goal. As part of the circular economy, it is advantageous to conduct life cycle assessments (LCA)
on products, materials and services procured for pipelines. Even though these assessments have not become
commonplace yet, the awareness about them is currently on the rise. This is partly due to ISO 14001: 2015
(EMS) standard which encourages organizations to adopt a life cycle perspective (Bressanelli et al., 2022).

Conclusion

It is concluded that there are plenty of opportunities to make the operation of in-land hydrocarbon pipelines
environmentally sustainable. The means available to pipeline operators range from adopting a systematic
approach, deploying technologies and focusing on significant environmental aspects, to integrating circular
economy into day to day activities. Carrying out life cycle assessments for various products and materials used
in pipelines would further help to identify what exactly can be re-used, recycled or extended for longer life.
Also, one should not ignore the value of engaging pipeline workforce and engineers to contribute suggestions
on how their operations can become more sustainable. Furthermore, management support will play a crucial
role in this whole process since it is the management responsibility to allocate necessary resources, provide
strategic direction and inspire their organizations to achieve a more environmentally sustainable mode of
operation.
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Summary. The latest catastrophic earthquakes in eastern Turkey require their geodynamic under-
standing. The two most decisive events (with magnitude (M) ="7.8 and 7.5) were observed with an interval
of 9 hours on February 06, 2023, followed by a whole series of aftershocks (four with M >6, about twenty-
five with M >5 and above, and more than two hundred with M >4). These tragic events led to about 50
thousand deaths and enormous property damage. The above values indicate the colossal tension created
in the Earth's crust. Besides the conventional geodynamic parameters, such giant tension can be caused by
the influence of the giant mantle quasi-ring counterclockwise rotating structure. The existence of this
structure has been detected by 11 independent geological-geophysical factors (residual satellite gravity,
GPS, paleomagnetic data, geoid isolines, seismic tomography, paleobiogeographical data, coincidence of
the center of the structure with the critical latitude of the Earth, a series of tectonic-structural data, etc.).
The position of the western part of the Baku-Tbilisi-Ceyhan pipeline is shown on the Easternmost Medi-
terranean map of the satellite-derived gravity gradient field accompanied with the essential tectonic pa-
rameters. The map of the above and other pipelines of Azerbaijan is combined with the projection of the
deep rotating structure on the Earth's surface. The impact of this rotation effect should be considered when
laying and operating regional underground oil and gas pipelines.

Keywords: deep rotating
structure, hydrocarbon
pipelines, engineering
geodynamics
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Introduction

The region where these strongest earthquakes occurred is located in a tectonically very complex junction
zone of four tectonic plates: Eurasian, Arabian, African and Anatolian (e.g., Tatar et al., 2004; Kadirov et al.,
2012; Faccenna et al., 2014; Uzel et al., 2015; Eppelbaum et al., 2018). The joint movement of these plates
(consisting, in turn, of tectonic elements of different ages) occurs at an average rate of 6-15 mm per year (e.g.,
Rellinger et al., 2006). However, after two marked powerful shocks on 06.02.2023, the Anatolian plate shifted
to the southwest by more than 3 meters at once. Many buildings and engineering constructions were destroyed.

Applied Methods
It was found that the most crucial element of the zone of the junction of the Eurasian and Gondwana
platforms is the zone of collision of the Mesozoic terrane belt (MTB) (composed of massifs of thinned
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continental and oceanic crust) (Eppelbaum and Katz, 2015) and the Alpine-Himalayan orogenic belt (formed
of a highly variegated complex of blocks of continental bark and numerous ophiolites). The most complex
section of this junction zone corresponds to the distal protrusion of the MTB, which intrudes into the Alpine-
Himalayan belt in the eastern area of wedging out of the tectonically most complex part of the Anatolian plate
(Figures 1 and 2). Based on the positions of deep geophysics, two planetary geodynamic zones are developed
in this junction zone: the sublatitudinal critical parallel of the Earth 35° (Veronnet, 1912) and the submeridional
geoid anomaly belt, where the Ural-African step of the transition from positive to negative geoid anomalies is
developed (Eppelbaum et al., 2018). Near the intersection of these two planetary zones, the distal protrusion
of the MTB is located.
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Fig. 1. Tectonic-geophysical scheme of the studied region overlaid on the gravity residual
anomaly.

(1) Archean cratons, (2-4) folded belts: (2) Paleo-Middleproterozoic, (3) Neoproterozoic, (4)
Late Paleozoic (Herzynian), (5) Mesozoic terrane belt, (6) Alpine-Himalayan orogenic belt, (7)
Cenozoic traps of the African-Arabian rift belt, (8) main fault systems, (9) isolines of
polynomial obtained regional gravity trend, (10) rotational geodynamic elements derived from
paleomagnetic (major) and tectonic (minor) data (after Eppelbaum et al.,, 2021, with
supplements), (11) distal part of the Mesozoic terrane belt, (12) high magnitude seismogenic
zone in Eastern Turkey (February 06-07, 2023).

SF, Sinai Fault, DST, Dead Sea Transform, MEEF, Main Eastern European Fault, EMNB,
Eastern Mediterranean Nubian Belt, OF, Owen Fault, WC, Western Caucasus, EC, Eastern
Caucasus, EAF, Eastern Anatolian Fault
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Fig. 2. Integrated scheme of geodynamic indicators distribution of the region under study (overlaid by
the residual gravity anomalies) (after Eppelbaum, 2021, modified and supplemented).

(1) isolines of gravitational trend, (2) main interplate faults, (3) main intraplate faults, (4) vectors of the
GPS monitoring (after Reilinger et al., 2006)

The structural analysis describes the most significant features of the Earth's crust's regional deformation
with a sublatitudinal Alpine belt and a submeridional Neoproterozoic belt with an arcuate protrusion of the
MTB in the zone of their junction. The combination of structural and paleomagnetic data shows (Figure 1) that
deep diagonal faults are developed approximately in this zone, near which the rotation of tectonic blocks in
the counterclockwise direction dominates in the west, and in the east, in the clockwise direction. The zone of
catastrophic earthquakes under consideration is developed west of the arcuate ledge.

In the developed Easternmost Mediterranean satellite-derived gravity gradient map (with the main tectonic
elements), the western part of the Baku — Tbilisi — Ceyhan pipeline was countered (Figure 3). It can be seen
that the pipeline line passes near several tectonically active areas. At the same time, it is located to the west of
the most dangerous area.
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Geophysical-geodynamic mapping (Figures 1-2) using tectonic modeling, GPS data analysis (Reilinger et
al., 2006), calculation of a residual satellite gravity anomaly (data were taken from the World Gravity DataBase
as retracked from different missions, e.g., Sandwell and Smith (2009)) together with the analysis of numerous
paleomagnetic (Figure 1), structural-tectonic, petrological, biogeographical and other data only recently made it
possible to obtain a reliable explanation of the geodynamic features and history of the development of the region
under consideration (Eppelbaum et al., 2020, 2021). A deep mantle structure was revealed, rotating in a counter-
clockwise direction. This phenomenon significantly influenced all geodynamic regional processes in this most
complex region of the development of spreading and collision processes in the tectonosphere. Figure 1 shows
that the most active deformations and geodynamic processes up to the growth of mantle diapirs are developed in
the apical part of the deep structure. The Sinai plate with intense seismic activity is also developed here. In the
contact zone of the most active faults (Dead Sea Transform and Eastern Anatolian Fault), deep stresses are dis-
charged in the distal part of the northward-moving Arabian lithospheric plate with the deviation of the focal zones
of high-magnitude earthquakes to the south-west, in the direction of movement of the blocks counterclockwise
(Figure 1). Therefore, the Anatolian plate was shifted in this direction towards the Mediterranean Sea.
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Fig. 3. Satellite-derived gravity gradient map with the main tectonic elements and seismological features in eastern Turkey
(1) main fault systems, (2) interplate and intraplate faults, (3) Mediterranean Ridge, (4) distal part of the Mesozoic terrane belt,
(5) epicenters of two main catastrophic earthquakes in eastern Turkey, (6) dangerous seismogenic zone (after Hancilar et
al.,2023). ECB, Eratosthenes Continental Block, DST, Dead Sea Transform, SF, Sinai Fault, J-S, Judea-Samaria, A, Antileba-
non, NAF, Northern Anatolian Fault, EAF, Eastern Anatolian Fault. The western part of the Baku — Tbilisi — Ceyhan pipeline
is white-contoured
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Figure 4 displays the position of four Azerbaijan pipelines: (1) Baku — Novorossisk, (2) Baku — Supsa, (3)
Baku — Thilisi — Ceyhan, and (4) South gas corridor. It can be observed that the pipeline Baku — Tbilisi —
Ceyhan is under the most geodynamic danger. It is necessary to note that the significance of the geodynamic
monitoring of hydrocarbon pipelines was underlined earlier in Alizadeh et al. (2017).

Azerbaijan's Pipelines
| Blue line: Baku - Novorossisk

| Red line: Baku - Supsa

|
- Green line: Baku - Thilisi - Ceyhan

: South gas corridor

Fig. 4. Correlation between the projection of the deep mantle rotating structure (white lines, after Eppelbaum
etal., 2020) and the pipelines of Azerbaijan (https://en.wikipedia.org/wiki/Pipelines_in_Azerbaijan). The back-
ground map is obtained from Google Earth
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Results and discussion

Thus, the created map (Figure 1) explains the main features of catastrophic earthquakes in eastern Turkey
and can serve as a basis for upcoming research in seismological engineering. The data (together with Figures
2-4) can be used for future regional underground pipeline development and monitoring.

Conclusions

The presented data unambiguously indicates the existence of a giant rotating structure that influences all
four plates involved in the complex tectonic-geodynamic interaction. Considering this effect, the future pro-
jection and exploitation of the underground hydrocarbon pipelines should be realized under the control of
multifactor tectonic-geodynamic analysis and engineering geodynamics.
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POSSIBILITIES OF INTEGRATED USE OF NON-DESTRUCTIVE TESTING METHODS IN ORDER TO TAKE INTO
ACCOUNT THE SCALE EFFECT WHEN STUDYING THE CAPACITIVE SPACE OF FRACTURED RESERVOIRS
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Summary. Clay-carbonate rocks of the Kashiro-Verei age of one of the regions of the Volga-
Ural oil and gas region are considered as an object of research. The possibility of studying reservoirs
by X-ray tomography of a full-sized and standard core in conjunction with the use of electron mi-
croscopy has been scientifically substantiated. As a result of comprehensive studies, lithological
types of rocks have been identified that differ in the structure of the capacitive space. The represent-

Keywords: carbonate ativeness of various lithotypes in the volume of rocks was quantified based on the data of studies of
reservoirs, core tomography, a full-size core. A joint analysis of the results of standard core tomography and electron microscopy
electron microscopy, made it possible to examine the structure of the pore space and the development of microfracturing
fracture, heterogeneity processes at a detailed level. It is concluded that the considered type of development object is char-

acterized by a void space, through which fluid filtration is potentially possible. The conducted stud-
ies made it possible to more reliably assess the prospects for the use of enhanced oil recovery meth-
ods, primarily hydraulic fracturing technology.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenue

[Ipu uccnenoBaHuAX KepHA BCIEICTBHE MPOSBICHUS MaciuTaOHOTroO 3¢ ¢eKTa JOCTOBEPHOCTh PE3yJibTa-
TOB 3aBHCUT OT F€OMETPHUYECKOT0 pa3Mepa U3y4aeMbix 00pa3oB. CTpyKTypy EMKOCTHOI'O IIPOCTPAHCTBA Kap-
OOHATHBIX IIOPOJT MOYKHO NPEICTABUTH, KAK CUCTEMY KPYITHBIX H MEJIKHX ITYCTOT. [IpH 9TOM KpyITHBIE CHCTEMBI
(xaBepHBI, KPYIHbIE TPEIIMHBI U OYaru KPYIMHBIX HOP) COOOMIA0TCs MEX Iy cOOO0M 3a CUET MUKPOTPEIIUH U
MEJIKHX ITyCTOT.

[Ipy m3yueHHH MyCTOTHOTO MPOCTPAHCTBAa KEPHOB Pa3IMYHOTO paszmepa 3(pdekTuBeH MeTo] TomMorpa-
¢un, mpu KOTOPOM MOPOJIBI Pa3AENIAIOTCS IO X PEHTreHoBcKo# mnotHocT (Mahanta, 2021; Ketova, 2022).
KommnbrorepHoe MozmenupoBaHHE pe3ybTaTOB TOMOTPa(UYECKOro METOHAA BBIMOJHSETCS OOBIYHO B IPO-
rpaMMHOM Komiuiekce Avizo Fire (Schmitt, 2016). JleTaibHOE H3ydeHHe MMyCTOTHOTO IIPOCTPAHCTBA TTOPOT HA
MUKpPOYPOBHE MO3BOJISET BBIMOIHUTE METOJI IEKTPOHHON MUKPOCKOIHH, TPH KOTOPOM CKaHUPYETCs IOBEPX-
HOCTB KepHa ¢ ¢oTorpadupoBaHuEeM 0COOCHHOCTEH MUKPOITyCTOTHOTO MpocTpaHcTBa. COBMECTHOE HUCTIONb-
30BaHME TOMOTpapuu U MUKPOCKOIIMH TI03BOJISET NOIYYUTh KOMIUIEKCHOE IIPEICTABIEHUE O CTPYKTYpE U He-
OJTHOPOJTHOCTHU MPOJYKTUBHOTO TLIACTA.
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Meton

Pa3pematomas criocoOHOCTh TpH ToMoTpaduu moiHopa3MepHoro kepHa (d=100 MM) cocTaBiseT 1mo-
psaka 300 MKM, YTO MO3BOJISIET BBIAEISATh YYACTKH PA3JUYHBIX THUIIOB IIyCTOTHOCTH, JIOKAIH3allUN KaBEpH,
JUTOJIOTHYECKHE HEOIHOPOAHOCTH, a TaKXKe KpyHHbIe TpeIUHbL. ToMorpadus cTaHAapTHHIX neTpodusnyde-
ckux 00pas3noB (d=30 MM) MO3BOJSET W3yYaTh CTPYKTypHO-MOP(HOIOTHYECKHE MPU3HAKH, TEOMETPHIO Y-
CTOTHOTO TIPOCTPAHCTBA C YYETOM BIUSHHS MUKPOHEOJHOPOJHOCTEH U CIIOMCTOCTH KepHa. Pazpemiaromast
CIOCOOHOCTB TpH 3TOM cocTaBisieT nopsiaka 40 mxm (Yang, 2020).

CkaHUpOBaHUE TOBEPXHOCTU 00Pa3LOB NPH MHUKPOCKOIHMHU MO3BOJISIET PabOTaTh MPH YBEIUYEHHSX HO
30000 kpar, 9TO COOTBETCTBYET paspermarorieii crrocoonoctr 0.1 MkM. MeToa 0o3BOJISIET BU3YaTU3UPOBATh
KaK CTPYKTYpY TpaHyJ HOPOAbI, TaK W MPOSBICHUE MUKPO- U HAHO- TPEHIMHOBATOCTH. TakuM o0pazom, Me-
TOJBI PEHTT€HOBCKOM TOMOTrpaguy 1 MUKPOCKOIIMH MO3BOJIIIOT PACCMATPHUBATh T'€0JIOTHYECKHE OOBEKTHI Ha
Pa3NIUYHOM CTPYKTYPHOM yPOBHE.

B xavecTBe 00bEKTa HCCIIEAOBAHUN PACCMOTPEHBI TIIMHUCTO-KapOOHATHBIE MTOPO/IBI KAITUPO-BEPEHCKOTO
BO3pacTa OJHOTO U3 MecTopoXxaeHuid Bonro-Ypanbckoro HedrerasoHocHoro peruona. IlponykruBHbIe miac-
ThI XapaKTEPU3yETCs BBICOKOH CTETIEHbIO HEOAHOPOJHOCTH, HE()TEHOCHBIE HHTEPBAJIbI IPEACTABICHBI H3BECT-
HSIKaMH C Pa3JIMYHBIM TUAMa30HOM (QHIIBTPAIHOHHO-eMKOCTHBIX CBOUCTB. COTJIACHO MCCIIEIOBAHUSM KEPHA B
Te0JIOTHYECKOM paspese BblesieHo 4 nuTtoTtuna. Jlutotun 1 mpencraBieH O€3TTUHUCTHIMU M3BECTHSIKAMH C
nopucrocteio Oonee 20%. MuTepBansl aurtoTuna 2 MpeacTaBiIeHbl YepeaoBanueM mo 2-10 cM HopucThIX U
IUIOTHBIX pa3HOCTeH mopof. MHTepBanbl TUTOTUNOB | M 2 MHTEPHPETHPYIOTCSA IPHU MOACUETE 3aIacoB Kak
He(TEeHACHIIIEHHBIE KOJUIEKTOPBL. JINTOTHT 3 XapaKTepu3yeTcsi HeOTHOPOAHOCTBIO, KOTOpasi UMEeT 30HAIb-
HBIH xapakTep. JInTOTHN 4 mpencTaBieH YIUIOTHEHHBIMH 3arIMHU3UPOBAHHBIMU W3BECTHAKAMU U HE COZEP-
XKUT He(PTEHACHIIIIEHHBIX YYaCTKOB.

OO0cy:kaeHue pe3yJbTaTOB

Ji1 KOJMMYeCTBEHHOHN OLIEHKHA HEOHOPOTHOCTH M €MKOCTHBIX CBOWMCTB MPOBEJEHBI TOMOTpadUIecKue
WICCIIEIOBAHUS TTOJTHOPAa3MEPHOTo KepHa. J{Js mpoHumaeMoro 1uroTumna 1 ycTaHOBIEHO pa3BUTHE KaBEPHO3-
HocTH. st muToTHNa 2 IpoHHULaeMblit 00beM (76%) npeobianaet Hag yIUIOTHEHHBIM (24%). J{ns nutoTnna
3 3HauuTEeNBbHO OonbImMi 00beM (86%) mpencTaBieH YIDIOTHEHHON MOPOJOW, MEHBIIUN — KOJUIEKTOPOM
(14%). Buzyanu3zamus myCTOTHOTO MIPOCTPAHCTBA Ha CTAHJAPTHOM KEPHE MO3BOJIMIA B IPOHUIIAEMOM 9acTH
JUTOTHIIA 3 BBIICJIUTh YYACTKH C MUKPOTPEIIMHOBATOCTBIO, YTO COTJIACYETCS C YCTAaHOBJIEHHOH cllaboil Tpe-
IIMHOBATOCTHIO M0 JJAHHBIM THAPOIMHAMHUYECKUX HCCIenoBanmii ckBaxxuH (Martyushev, 2019).

Ha pucynke 1 mpuBeneHO KapTHPOBaHUE ITYCTOTHOTO MPOCTPAHCTBA TOPO/] MO TaHHBIM PEHTTEHOBCKON
tomorpaduu. OCHOBOI U1 MOCTPOCHUS KapT SIBIIAIIOCH OMPEEICHNE Pa3MEPOB ITyCTOT B IIOJIMTOHAX HEOOIb-
LIOTO pa3Mepa C MOCIASAYIOIMM PACUeTOM OCPEIHEHHBIX 3HAUEHUH PACKPHITOCTH Ha Iiomaau ceuenus. Ko-
JMYECTBO MYyCTOT OTOOPAKEHO B Pa3BEPHYTOM IIBETOBOM JHAIa30He: HAHOOJIee KPYITHBIE — OpaHXKeBbIE, JKEI-
THIE [IBE€TA, METIKHE — CHHUE, (PHoeTOBBIE. B 11e510M MpoBeieHHOe KapTHPOBAHHE MTOKA3bIBAET 3HAUNTEIHHOE
OTJIMYHE B CTPYKTYpE MOPOBOTO MPOCTPAHCTBA TUTOTHNIA 1 OT IuTOTUIOB 2 U 3. [IprMedarensHO, 4TO B JU-
TOTHIIE 4, UHTEPBAIBI KOTOPOT'O 10 JAHHBIM KapoTa)ka pacCMaTpUBAETCs Kak aOCOIOTHO TUIOTHBIE TIOPO/IBI,
TaK)Ke YCTAaHOBJIEHA 30Ha C OTHOCUTEIHHO KPYITHBIMH ITyCTOTAMHU.

B Tabnune npeacrarieHa HHPOPMAIHSL O CTPYKTYpe pa3MepoB TIOP B EMKOCTHOM IPOCTPAHCTBE ISl pas3-
JUYHBIX JTUTOTUIIOB. B 11€710M aHaln3 MOKa3bIBAET 3aMETHOE YBEIMYECHUE OTHOCUTEIBEHOTO KOJIMYECTBA KPYII-
HBIX ITyCTOT B JUTOTHIE | 1O cpaBHEHUIO ¢ nutoTunamu 2 u 3. [lpudem, naxe B nuroturie 4, 11 KOTOPOTO
He()TEHOCHOCTh HE YCTaHOBJIEHA, MPUCYTCTBYIOT, XOTh M B HEOOJBIIOM KOJWYECTBE, MOPHI OTHOCHUTEIHHO
KpYIHOTO pa3Mepa.

[Ipu u3ydeHnn paznuuuii MyCTOTHOTO MPOCTPAHCTBA JIMTOTHIIOB HA MUKPOCTPYKTYPHOM YPOBHE METO-
JIOM 3JIEKTPOHHON MHUKPOCKOIINH aHAJTHN3UPOBAIHCH YIaCTKU MMOBEPXHOCTH MOPOJ. Pe3ympTaTsl 2IeKTpOHHO-
MUKPOCKOITUYECKUX CHUMKOB IIPUBEACHBI HA PUCYHKE 2.

AHanm3 pe3ynbTaToB MUKPOCKOITUH MTOKA3bIBAET, YTO JTUTOTHUII | TIpeICTaBIeH OKPYTIBIMU OnoMOpdo3amu
dhopamunudep pazmepom 10 1-2 mm. Jlist mutoTrna 1 ceTh MUKPOTPEIIMH Pa3BHUTa B LIEIOM CJIa00, TPEIIUHBI
HMMEIOT HEOOJIBIIYIO MPOTSHKEHHOCTD. J[JIsl MPOHMIIAeMON YacTH JIMTOTHIIA 2 Ha MUKPOCKOITMUECKUX CHUMKAX
BUJIHO, YTO ITyCTOTHOE MPOCTPAHCTBO YACTUYHO 3aIOJHSIETCS TIIMHUCTHIM M HOBOOOPa30BaHHBIM KapOOHATHBIM
BEIIECTBOM, TIPH 3TOM IPOCIEKUBAETCS pa3BUTHE KOPOTKUX MHUKPOTpenH. i muToTHIa 3 OCHOBY MaTpHy-
HOTO BEIIECTBA COCTABIISAIOT OMOMOP(]O3bI 10 BOJOPOCIISIM, KOTOPBIC MPEICTABICHBI BHITHYTHIMH JKI'y THKAMHU
IWIMHApHYeCcKor (popMel (uamerp okoso 10 MkM). B mpoHuiiaeMoM o0beMe MPUCYTCTBYIOT MUKPOKABEPHBI
Juametrpom a0 0.5 MM. JIuToTun 4 Ha MUKpPOYPOBHE COCTOUT U3 INTACTUHYATHIX KPUCTAIJIOB KalbLUTA, KOTOPBIE
Ha OTAETBHBIX YIaCTKAX 3aMEIAI0TCS KPYITHBIMHU Pa3HOCTSIMH pa3MepoM JI0 5 MKM. JIJist muToTuma 4 BBISIBICHBI
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MUKPOTPEIIMHBI, MEXKCIIOEBHIC IIETH, a TAKXKE B HE3HAYUTEIILHOM 00beMe MEX3epHOBasi IOPUCTOCTh. B 1iemom
MOJKHO CJIENIaTh BBIBOJI, UTO KaIIMPO-BepeiicKas TONIIA XapaKTePHU3yeTCsl ITyCTOTHBIM ITPOCTPAHCTBOM, ITO KOTO-

POMY MOTEHIMAIBHO BO3MOXKHA (DHIIbTPAIUs (DIFOUIOB.

BriBoabI

IIpenyiaraemplii KOMIUIEKC METOJIOB BU3YaJIW3alMK IIyCTOTHOI'O IPOCTPAHCTBA JUIsl KallUPO-BEPEHUCKOM
He(TEHOCHOW TOJIIY TO3BOJIHII KOJIMYECTBEHHO YCTAaHOBUTH 00BbEMBI IOPOA, MPEACTABICHHBIX Pa3TUIHBIMU
JIUTOJIOTUYECKUMH pazHOCTIMU. COBMECTHBIN aHAU3 Pe3yIbTaTOB TOMOTpaduu CTaHAAPTHOTO KEPHA U 3JIEK-
TPOHHOW MUKPOCKOIIWH TO3BOJIMI Ha AETalIbHOM YPOBHE BH3YaIM3HUPOBATh KaK CTPYKTYpYy IOPOBOTO IpO-
CTPaHCTBA, TaK U Pa3BUTHE MHUKPOTPEUIMHOBATOCTH. [[OHMMaHNE CTPYKTYpbl TPEIIMHOBATOCTH HEPTIHOTO
00BEKTa, B TOM YHCJIe, TI03BOJISIET Oosee OOBEKTUBHO OLIEHUTH EPCIIEKTUBEI IPUMEHEHHS METOIOB MOBBIILIE-

HUS He()TeOoTauH, IPEKAE BCETO TEXHOIOTUHU TUAPOPa3phIBa IJjlacTa.
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THIT IOpOA 40-69 | 69-92 | 92-116 | 116-139 | 139-162 | 162-185 | 185-208 | 208-231 | >231
J0JISl yCTOTHOCTH Pa3JIMYHBIX Pa3Mepos, %

aurortun 1 22,8 13,9 25,7 12,0 12,8 5,6 4,1 1,6 1,5

JuToTHH 2 49,3 14,4 23,8 5.6 4,7 1,2 0,7 0,2 0,1

autoTHN 3 50,4 15,9 20,6 5.4 4,5 1,4 0,9 0.4 0,5

anrornn 4 39,0 11,5 14,4 7,4 9,6 52 5.6 3,1 42
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Puc. 2. Mukpodotorpaduu noBepxHocTu 06pa3sios 1t autoTrnos 1 (a), 2 (6) u 3 (B) u 4 (1)
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BO3MOXHOCTH KOMINVIEKCHOI'O UCITIOJIB30BAHUA METO/IOB HEPA3PYIIAIOIIET'O KOHTPOJISA
C HEJIBIO YYETA MACHITABHOI'O 9®®EKTA ITPU U3YYEHHUU EMKOCTHOI'O ITPOCTPAHCTBA
TPEIIUHOBATBIX KOJIJIEKTOPOB

Taaxun C.B.!, Typ6anos B.III. , Koabryesa H.IO.3, Kasbimos K.IL4, Ocopenxnii B.M.*
[TepmcKutl HAYUOHATBHILE UCCTEO06AMENbCKULI ROTUMEXHUYECKULE YHUGEDCUMen
’Munucmepcmeo nayku u obpasoeanus Asepbatioscanckoii Pecnybauxu, Hucmuntym negpmu u 2aza
3000 «MHUII-TIpoznos-PHM»

Tepmckuti 20cydapcmeeniblii HAYUOHANbHbIL UCCIEO08AMENbCKULL YHUSEPCUMEN

Pesrome. B xauecTBe 00BEKTA UCCIICIOBAHUI PACCMOTPEHbI MIMHUCTO-KapOOHATHBIE MOPOABI KAIIMPO-BEPEHCKOro Bo3pacra oJi-
HOTO U3 pailoHoB Bonro-Ypansckoro Hedrera3oHoCHOTro pernona. Hayano 060CHOBaHBI BO3MOKHOCTH U3yUYEHHUS KOIJIEKTOPOB METO-
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JIaMH PEHTT'€HOBCKOIf TOMOTpadyu IMOJHOPa3MEPHOTO M CTaHIAPTHOTO KEPHA B COBOKYITHOCTH C IPUMEHEHHEM ICKTPOHHON MUKPO-
ckonuu. B pe3ynbTraTe KOMIIIEKCHBIX UCCIEJOBAaHUN BbIAEICHBI INTOJIOTUUECKHIE TUIIBI IOPO/], PA3IMYAIOIIIECs CTPYKTYPOH eMKOCT-
HOro npoctpanctsa. [1o qaHHBIM Hcce10BaHUI OIHOPA3MEPHOT0 KEPHA KOJHMUYECTBEHHO OLICHEHA IPEICTABUTEIbHOCTD Pa3IMYHbIX
JIUTOTHIIOB B 00beMe 1opo/1. COBMECTHBII aHaIIH3 Pe3y/IbTaTOB TOMOTpad)K CTAHAAPTHOTO KepPHA U 3JIEKTPOHHOI MUKPOCKOITUH 1103~
BOJIMJI Ha A€TaIbHOM YPOBHE PACCMOTPETh CTPYKTYPY IOPOBOTO IMIPOCTPAHCTBA U Pa3BUTHE MPOIIECCOB MUKPOTpemuHoBaTocTh. Cre-
JIaHBI BBIBOJBI, YTO PACCMOTPEHHBIN THI 00BEKTa pa3pabOTKH XapaKTepU3yeTcs IyCTOTHBIM IMPOCTPAHCTBOM, IO KOTOPOMY ITOTEHIIH-
aIbHO BO3MOXHA (GuiabTpanys ¢uironaos. [IpoBeeHHbIE HCClIeI0BaHNS O3BOIMIN O0Nee JOCTOBEPHO OLIEHUTh MEPCIICKTUBBI MPUMe-
HEHUS] METOJIOB MTOBBIIICHHST HEPTEOTauH, IPEXK/E BCET0 TEXHOIOTUHU THAPOPa3PhIBa IIACTA.
Knrouesvie cnoga: xapboonammuule KOIEKMOPbL, MOMOSPAPUA KepHA, DNeKMPOHHAS MUKPOCKONUA, Mpewund, HeOOHOPOOHOCb
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STUDY OF THE HEAT-MASS TRANSFER PROCESS CONSIDERING
THE WELL-RESERVOIR SYSTEM IN FRACTURED RESERVOIRS

Jalalov G.}, Rasulov M.}, Sinsoysal B.2
'Ministry of Science and Education of the Republic of Azerbaijan, Institute of Oil and Gas,
Department of Numerical Modeling of Intralayer Dynamic Processes,
Baku, Azerbaijan: mresulov@gmail.com
Istanbul Gedik University, Faculty of Engineering, Department of Computer Engineering
34876, Kartal, Istanbul, Turkey: bahaddin.sinsoysal@gedik.edu.tr

Summary. The theoretical study of oil field development processes and the creation of adequate
technological schemes, taking into account the possible compound physical processes occurring in
the field to ensure optimal exploitation of deposits, highlight the necessity of a complex scientific
approach. Besides the geological-geophysical data required for the creation of technological
Keywords: mass-heat transfer, | schemes, obtaining the physical data of the deposit is one of the important factors. Obviously, much

deformable collector, of these data come from wells drilled into the reservoir. The most important aspect of these studies
well-reservoir system, is the investigation of the mass exchange and phase transition mechanisms of hydrocarbons, taking
Joule-Thomson coefficient into account the pressure and temperature changes in the reservoir and the well during liquid filtra-

tion. In this paper, the effect of pressure and temperature changes during the processing of hydro-
carbon deposits on exploitation indicators is examined by considering the well-reservoir system.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Assumed that a circular oil layer with a deformation radius r;, and a height H is exploited by means of a
central well with a production rate Q of a radius 7;. It is assumed that the reservoir temperature T}, the contour
and the well bottom pressure p, and pj, change by the law k(p) = ax[1 + a,(p — ps)], which is bed per-
meability (Jalalov et al., 2018. Here, a;, and a; are positive constants determined from field or laboratory data.

The hydrodynamic model of the considered problem is taken into account within the following physical
assumptions:

The well is complete according to its opening degree and character,

Oil filtration obeys Darcy's law and it is non-isothermal,

The pressure at the bed boundary is constant,

The initial natural distribution of temperature along the layer is stable,

The temperature of the fluid and porous medium are the same at any point in the layer,

Heat transfer in the radial direction of the layer is negligible compared to the convective heat transfer,
Influence of temperature changes in layer is not taken into account when determining the parameters of
the porous medium and fluid,

e The variation of the permeability parameter of the layer based on the deformation of the collector is

expressed by a well-known empirical formula.

Taking into account the transition from the radial region to the rectangular region, the dimensionless dy-
namic distributions of pressure and temperature functions of the reservoir and well are described as the fol-
lowing system of equations within the appropriate initial and boundary conditions (Abasov et al., 1993; Che-
kalyuk, 1965; Karachinsky, 1975).

épz 0 “(p)épz
3 — _Z < <
3 3 (x = 3 JXe S x < x5,7T>0, (1D
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oT,  k(p) 0p, (9T, 0D, ap,
— Lo A2 === —= <x<
™ . X E)x+Bc’)x +D(’)t X S X <x5,T>0, (2)
aT, aT, P, g
a +U<A1 a_+SBlLa_ O_f —_—
a _ — — _
D, G- YE\wps (T2|r:r0 ~T,),0<Z<1, 3)
—0P, a(v%) ")
0z P +(214 P +prg,0<zZ <1, (4)
97 YC1F1K(P)— =0, (5)
X=X¢
52(35- 0) = Lxe <x <xs (6)
4mtk(p) ( 0D, D,
.l_l (XW ) Q + 67 ) ) (7)
X=X¢ X=X¢
p,(xx, t) = ps, T >0, (8)
Tz(x- 0)=T,Ts =1, 9)
Ty(x;.0) = T, (10)
_ G
T,(z,0) = 1+T—(Lpr—z),0<ES 1, (11)
0
_ _ L
Py(2,0) = Py, t) + 2921, (12)
Po
— 0Ly
T,:(0,t) =1o + ) (13)
To
v(z,0) = 0. (14)

2 2
T T . . .
Here, x, = :O.xs = :S, p2,P1, T» and T, represent pressure and temperature functions in the reservoir and

[MP] k — permeability coefficient

[mkm?], u — dynamic viscosity [MPa * sec], 7, — radius of the well [m], r, — radius of the layer [m], t —

well, respectively, [ — elastic capacity coefficient of the reservoir

. . . . . [Djol . .
time variable [day], C,; — volumetric heat capacity of the reservoir [ 72 ] Csy — specific heat capacity of

34K
the rock [ ] Cr — specific heat capacity of the fluid [ ] py — density [—] m — porosity, € — Joule-

Thomson coefficient [m], 1 — coefficient of adiabatic expansion [ﬁ], Py — reservoir pressure [MPal],
3
Ty —reservoir temperature [K], H — reservoir thickness [m], Q —well debit [:’:7], C — borehole influence

3
coefficient [Mm—m], P; — well pressure [MPa], T; — well temperature K°, v — fluid velocity in the well [%],
Y — coefficient of hydraulic resistance, L — length of the wellbore [m], @ — thermal conductivity of the well-

bore Lzm;—aco, y — specific gravity of the fluid, w — fluid percolation rate in the reservoir [—] g — free-fall

acceleration [%], texp — Working life of the well [day], G — geothermal gradient [ ] L, and L, show the
coordinates of the formation bottom, ceiling and the device placed in the well [M].
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The Finite Differences Method

As is seen, the equations constituting the problem (1)-(14) belong to the mixed type, i.e. parabolic accord-
ing to the function p,(x, t), and hyperbolic according to the functions T,(x,t) and T;(x, t). Moreover, the
equations are non-linear.

It is clear that the pressure change in the oil layer is caused only by the well, which in turn leads to the
temperature change in the layer. According to the principle of causality, an excitation moving from one point
to another must pass through all points between these two points. That is, the temperature wave generated by
the pressure difference Ap = p; — p. (Joule-Thomson effect) propagates at a finite speed to a finite distance
in a finite time and thus causes the temperature wave to propagate at a finite speed. In the literature, homoge-
neous schemes are applied, which do not take into account the properties that arise in the solution of the prob-
lem and discretize the problem with finite differences (Aziz, Settary, 1982). Methods devoted to application
of more sensitive schemes in problems with phase transition processes between phases are widely available in
the literature (Rasulov, 2011; Le Veque, 2002). The classical finite difference method was mainly used to solve
the posed problem.

Now, we establish the following grids on the intervals [x., x| and [0,1]

wn,r = {xj = xc + jhye,j = 0,1, .., ;7 = khy, k= 0,1,2, ...},
wp,r ={zy, =0+Vvh,,v=01,... m7 = kh,k=0,12,..}.

We decompose the finite difference scheme corresponding to problems (1)-(14) into finite differences
equations in two cases.

a) The Caseof C =0

Firstly, we write the system of equations expressing the layer process in the wy, . grid under the appro-

priate conditions as follows

@ @ @ @ @ _ p@
p@ _p p® —p @ _p

Jjk+1 j.k j+1,k j.k Jj.k j—1,k
L I K oL 2k _p K o2k 15
N f%( P ) -5 f—%( P )] s

G=12..,n—1k=012..),
PP =1,(G=012.,n), (16)
hyp
@ _ p@ x
PP =p@, X" o (17)
MM ame k()
PR =7,k =012.), (18)
@ @ - @ @ @ @
Tier — Tk k(Pix) 1 [Tk — Tk P ks — Bria
= Axi — —_— + B
h; hy hy hy
@ @
- (P® —p
+D;"‘(”1‘kh—"k),(/ =12, ..,nk=012..), (19)
T

7@ =T,( =012,..,n) (20)

and then following difference scheme describing the motion in the wellbore as its finite difference equivalent
at any node (z| |v, 1) of the grid wy_ -

(2) (2)
V. -V —P
vk+1 v,k — Vchlk(ﬁ) 1,k+1 0,k+1' (21)
h, hy

(€Y) €)) 2 2

P — P V - V-
v,k+1 v—1,k+1 — prl v,k+1 v—1,k+1 + Ql 1/]2 Vv2k+1 +pfg, (22)

h, h, qrp 7
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(&) (€Y} (1) 1) (€)) (€Y}
Toerr — Ty YoV A Doer1 ~Dlaken | Bojern voLktl | 9)\_
hT pf V,k‘l‘l 1 h-L- hZ OCf
D, |=—yE T? -1 23
1 C_f—V WPy ( 0k+1 0,k+1)' (23)
T(l)—1+£(L ~2,),0<zZ<1 24
v,0 — Ty VP Zv)r <z=1l (24)
@ _ 5@ prgLs
Pro =Foxsr t , (25)
Po
a 0Ly
Tok+1 = 1o+ T (26)
0
V,o = 0. 27)

Here, Tv(}(), Pv(,}c) and V,; are approximate values of functions T1(z,t),P1(z,t) and v(z,t) at any points
(z,, Ty), respectively.
b) The Caseof C =1

In this case, the boundary condition (17) is written as

47TF(5) hy

Poj+1 = Pox + Txc h_ (Pyy — Poy) — heQ. (28)
X

Conclusion

Taking into account the thermodynamic effects, a new finite difference method is proposed for finding
the numerical solution of the system of nonlinear differential equations characterizing the fluid flow in the
reservoir, which is fractured during the development process, under the given conditions. Also, a software
package is created that allows to determine the nature of changes in pressure processing indicators.
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Summary. The objective of this research is a differentiated scenario-based seismic hazard as-
sessment of the territories of oil and gas fields on Absheron peninsula through analysis of distribu-
tion of peak ground acceleration (PGA) and calculation of site amplification factor. Azerbaijan's
hydrocarbon deposits are mainly located in the South Caspian oil and gas basin, as well as on the
territory of the Absheron peninsula, where more than 80 oil and gas fields are located. By using
probabilistic seismic hazard analysis and clustering of seismic events that occurred in the southern
part of the Caspian Sea in 2000, the magnitude of the Caspian Sea (Mw 6.1; 6.2, 25.11.2000) seismic
event for the current study as a scenario earthquake was assumed to be 6.3. To plot models of the
PGA distribution in the study area, the values of the amplification factor of the site effect were
calculated based on the analysis of boring data and lithological materials. Calculated values of PGA
according to the macroseismic data of the Caspian earthquake vary within 100-380 gal in the field
of Balakhany-Sabunchi-Ramany oil fields, which is one of the first oil fields of the Absheron
peninsula and also is the territory of research.

Keywords: oilfield, scenario
earthquake, seismic hazard,
intensity, peak ground
acceleration
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Introduction

Long-term studies of the geological and geophysical characteristics of the Absheron peninsula show that
the peninsula is characterized by complex tectonics, geomorphology, a variety of lithological composition and
the rock components. On the Absheron peninsula, Quaternary deposits are widely distributed in the central
part of the peninsula and are characterized by the presence of various structural and orographic areas. The
Baku oil and gas region is a large region in terms of oil production and reserves on the territory of Azerbaijan.
The oil fields of the region are located on the territory of the Absheron peninsula (Surakhany, Balakhany,
Sabunchi, Ramany, etc.) and the adjacent water area of the Caspian Sea. The main offshore oil and gas fields
are Azeri-Chirag-Gunashli, Shah Deniz, Oil Rocks, Bahar, Sangachal, etc. (Guliyev et al., 2009).

The Absheron peninsula is located in the central part of the Alpine-Himalayan seismic belt and is in-
volved in the dynamics of lithospheric structural units of the Arabian and Eurasian plates. Potential seismic
hazard for the Absheron peninsula represent the earthquakes of the North Absheron seismogenic zone, which
is caused by the south-eastern continuation of Main Caucasus fault system. The Absheron peninsula was
exposed to the hazards of earthquakes from neighboring Shamakhy-Ismayilli and the Caspian Sea focal
areas (Babayev, 2003).

Methodology

In this research, Balakhany-Sabunchi-Ramany oil fields, located within the Absheron peninsula, was used
as a case study for differentiated scenario-based assessment of earthquake hazard.

For achieving differentiated scenario hazard assessment, we calculated the peak ground acceleration
(PGA) and intensity of earthquakes from the 25 November 2000 Caspian scenario earthquake (M=6.3)
taking into account the influence of the subsurface soil, which includes both physical (elastic wave
velocities, density, attenuation), geometric characteristics of layers (thickness, shape of the boundaries) and
site effects (Babayev, Telesca, 2014).
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Fig. 1. Distribution map of earthquakes of the Absheron peninsula for 1942-2023 years.
Legends represent the magnitude variations

This study consists mainly of S-waves, because S-waves, in most cases, have the most destructive effect.
To estimate the values of the maximum amplitudes of seismic waves at the bottom of the soil layer, Aptikaev-
Kopnichev formula was used (1):

LgA,=028 M-0.8 LgR (km)+ 1.7, if A>160 sm/s? (1)

where, A, — peak ground acceleration (gal);
M - earthquake magnitude;
R — hypocentral distance (km)

The amplification factor of the seismic waves through formations were calculated, using the SHAKE
software (with values of 0.95 and 1.86). As a result, distribution models of surface peak ground acceleration
and seismic intensity, according to the data of the scenario earthquake with an epicentral distance of 35 km
and magnitude of M = 6.3, was plotted.

Discussion

The plotted differentiated seismic hazard model of the Balakhany-Sabunchi-Ramany oil fields made it
possible to present in more detail the degree of seismic hazard by estimating the distribution of peak ground
acceleration (PGA) at surface in relation to the shakings at the bottom of the layers (Telesca et al., 2012).

AZERBADIAN
OIL AND GAS FIELDS

Northern Absheron @ Gas-condensate fields
@& Oil fields

Ny i Astanov

Shah Dy

Fig. 2. Map of the distribution of seismic events (M=4.0-7.0) on the Absheron peninsula for 1975-2021
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Based on the plotted model, it is possible to observe the attenuation of PGA on the territory of the Bala-
khany-Sabunchi-Ramany oil and gas field, which is associated with a high content of sands, sandy-clay mate-
rials directly in the ground of the deposit, sandy loam, loam, which contribute to the attenuation of seismic
energy.

Although the PGA does not fully characterize the assessment of ground shakings that does not include the
frequency, periods and duration of seismic oscillations, peak ground accelerations are widely used worldwide
as the main criterion. Macroseismic intensities also remain a convenient parameter for assessing earthquake
damage. The MSK-64 intensity was obtained based on the empirical relationship with surface peak accelera-
tion values.

Conclusion

It was revealed, that as a result of a scenario earthquake (the scenario Caspian earthquake of 2000), most
of the oil and gas zones of the Absheron peninsula is characterized by seismic impacts with an intensity of VII,
as well as with the identification of VIII-intensity zones. As a result of the Caspian earthquake of 2000, selected
in this study as a scenario, considering the influence of ground properties, the surface peak ground acceleration
observed in the central parts of the Balakhany-Sabunchi-Ramany deposits reaches up to 240 gal and more
(Babayev, Telesca, 2014).

-

Fig. 3. Distribution map of the values of peak ground acceleration and intensity on the
Balakhany-Sabunchi-Ramany field. The research area is highlighted by a square

In calculation of the peak ground acceleration at surface, the geological structure from the upper part of
layers to the underlying layers with a loose composition and high plasticity was modeled taking into account
the thickness of composition, content and density of layers, the velocity of P- and S-waves. The results show
that the main influence on the amplitude of seismic oscillations is exerted by the thickness of a relatively low
velocity zone of quaternary sediments that lie on limestones, clays and sandy clays of various thickness. In
future, this model of the peak ground acceleration distribution at surface and intensity can be used in studies
of the impact of earthquakes with various magnitudes and epicentral distance on the productivity of oil and
gas fields.
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TUTULUB SAXLANMASI UCUN ANBARIN YARADILMASI

Karimov F.N., Valiyev N.A., Bayramova F.Z.
Azarbaycan Respublikas: Elm va Tahsil Nazirliyinin Neft va Qaz Institutu, Baki, Azarbaycan:
f_kerimov@mail.ru, nvaliyev@socar.az, fatimabayramova@yahoo.com

CREATING A STORAGE FACILITY FOR CAPTURING AND STORING CARBON DIOXIDE (COz) FROM THE
ATMOSPHERE IN DEPLETED OIL AND GAS LAYERS LOCATED ON THE ABSHERON PENINSULA

Karimov F.N., Valiyev N.A., Bayramova F.Z.
Ministry of science and education of the Republic of Azerbaijan, Institute of Geology and Geophysics:
[ kerimov@mail.ru, nvaliyev@socar.az, fatimabayramova@yahoo.com

Summary. Currently, Azerbaijan produces 5 billion m? / year of methane (CHs) natural gas in
the CHP production, and as a result, 10 million tons of carbon dioxide (CO2) is released into the
atmosphere. These emissions have a negative effect on climate change. The proposed scientific re-
search work considered prospects for collecting and storing carbon dioxide emitted into the atmos-
phere and creating a gas storage facility by pumping it into depleted oil and gas reservoirs. On the
Keywords: Carbon dioxide, Absheron Peninsula, many depleted reservoirs in the composition of oil and gas fields are no longer
climate change, depleted oil exploited. It is on these seams that the creation of underground gas storages of carbon dioxide is
and gas reservoirs, gas capture | proposed, as well as for further expedient use. Collecting carbon dioxide in the atmosphere will also
and storage, gas transportation | serve to reduce the impact of global climate change. For this purpose, complex geophysical methods
were applied for geological-tectonic characteristics of the study area, geodynamic and stress condi-
tions, specification of the lithological section, identification of tectonic faults, and assessment of
tightness. The Zira field is considered as an object of research.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Giris

Hazirda insanlarin maddi nematlor vo enerji istehsalinda faallig1 planetimizin karbon dovriyyesine moh-
vedici tesir gostorir. Karbon qazinin atmosferds miqdari ilkin (0.028%) normadan dofalarls goxdur. Son illords
CO»-nin atmosferds miqdart iss 47%-don ¢ox artmisdir.

Iqlim Dayismoleri {izra Dovlotlorarasi Komissiyanin 2021-ci ildeki qiymatlondirma hesabatina asason son
100-120 il arzinds miisahids edilon iqlim doayismalarinin mohz insanin faaliyyati ilo bagli oldugunu gostoran
yeni vo osasli siibutlar vardir. Insanin foaliyyatinin noticasi olaraq yaranan istixana effektinin on birinci sobobi
atmosfers atilan CO»-dir. CO; asasan sonaye obyektlorinin faaliyyati, elektrik enerjisinin alds edilmasi vo diger
maqsadlarls tabii qaz va das komiir biokiitlonin yandirilmasi zamani ayrilir. Tadqiqatlar goéstorir ki, 1900-
2019-cu illar arzindo CO»—nin konsentrasiyasinin atmosferds artma siirati son 800-1000 il arzinds olan siire-
tindon on az1 10-dofs yiiksokdir. Birlogmis Millatlor Togkilatinin Iqlim Dayismalari iizro komissiyasinin diin-
yanin 189 6lkasi torafindon qobul olunmus konvensiyasinin yekun moagsadi atmosferds olan antropogen mon-
sali istixana gazlarinin konsentrasiyasinin tohliikasiz saviyyaya qador azaldilmasidir. Bu istiqgamatds planlag-
dirilan vo kegan osrin sonlarindan baslayaraq genis totbiq edilmays baslanan layihalorden biri atmosfers atilan
CO»-nin tutulmas1 vo yeralt1 qaz anbarlarinda saxlanilmasidir.

1990-c1 illarin sonlarindan baslayaraq iso ABS, Kanada, Yaponiya, Avropa va Avstraliyada ham dovlat
vo ham do 6zal sektor torafinden maliyslosdirilen bir sira bu tip tadqiqat proqramlarina start verilmisdir.
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Metod va / va ya Nazariyyd

Azorbaycanda o ciimlodon, Abseron yarimadasi arazisinds yerlogon strukturlardan yiiz ildon ¢ox bir miid-
dotdir ki, neft va qaz hasil edilir. Laylarda neft va qaz tiikkendikco orada miiayyan bosluglar yaranir. Bu bog-
luglarm geoloji va texnoloji cahatdon dyranilmasi va onlardan karbon qaz1 saxlamaq maqsadi ils istifads edil-
masi ekoloji va texniki baximdan c¢ox sorfali hesab edilir. CO,-nin anbarda tohliikasiz sakilds saxlanilmasi va
saxlanilma miiddoti do 6namli masalalordon biridir. Buna gdra do uygun va etibarli yeralti1 gaz anbarinin segil-
masi, onun tohliikasizliyinin tomin edilmasi va hermetikliyin pozulma ehtimalinin minimuma endirilmasi mag-
sadi ilo kompleks geoloji-geofiziki todqiqatlar aparilmigdir.

Qarstya qoyulan mogsodo ¢atmagq ti¢iin qaz anbarlarinin segilmosi, texniki gostoricilorinin miioyyan olun-

masi, hermetikliyinin qiymatlondirilmasi maqgsadils asagidaki kompleks geofiziki todqiqatlar aparilmigdir:

¢ Elektrik Kasfiyyati iisulu

Iki morhalodo aparilib:

1. Simmetrik (AMNB) Elektrik Profilloms kosfiyyati iisulu — bu iisulla ¢l 6lgms islori iki moarhslads
apartlmisdir.

2. Anomal elektrik miiqavimoti agkar edilmis sahslorde Saquli Elektrik Zondlama (SEZ) tisulu ils ¢6l
islorinin aparilmasi. SEZ iisulunun totbiq edilmasinde magsod anomal elektrik miigavimetinin yerinin
toyin edilmasindan ibaratdir.

¢ Geodezik, Qravimetrik vo InSAR Tadgqiqat iisulu

Kosmik va ananavi geodeziya iisulu ils yer sathinin tohliikali miiasir horaketlori vo deformasiyalar1 6yronil-
misdir.

e Geotermik Tadqiqat iisulu

Geotermik todqiqat tisulu kicik dorinlikli temperatur 6l¢molorinin kémoyi ilo torpaq gatinda istilik kegirmo
qabiliyyati ila forqlonan obyektlari va tektonik pozulmalari agkar etmoys imkan vermisdir.

e Mikrotremor Tadqiqat iisulu

Bu iisul qaz anbarinin yerlagacoyi orazids fluid dinamikasini va geyri-bircinsliyi 6yronmok vo mikroseysmik
rayonlagdirma {igiin totbiq edilmisdir.

¢ Radiometrik Todgiqat iisulu

Radiometrik metodun istifadasi hermetiklik soraitini giymatlondirmays imkan vermis va ¢at yerlorini miioyyan
etmoak ii¢lin istifads edilmisdir.

Miizakira
Layiho iizro yuxarida gostorilon todqiqat lisullarindan istifade etmokla ¢6l olgmo islori, todqgiqatlar
aparilmigdir.
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Sahonin geoloji kasilisini togkil edan litoloji tarkiblorin asasan qum va gilli siixurlardan taskil olundugu
ilo alagadar ayri-ayr1 qatlarin bolgiilors ayrilmasinda ¢otinliklorin yaranacagini nazors alaraq sixlasdirilmis
Olcii qurgusu hazirlanmis vo 6lgms islori zamam totbiq edilmisdir. Qirilmalarin, catlarin, elaco ds, quyu
agzinda vo otrafinda miimkiin qaz sizmalarinin askar edilmasi mogsadils aparilmis radioaktiv vo qaz tohlili
miisahidslorine asason todqiqat srazinde radioaktivlik sahssinin fon giymaotlorinin 25-35 nZv/saat arasinda
doyismasi miioyyan olunmusgdur. Tadqiqat srazisinde méveud 56 quyu agzinda metan gazinin qatiliginin toyin
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edilmasi liclin aparilmis miisahidolore osason yalmz 32 sayli quyuda qaz sizmasinin moévcudlugu askar
edilmisdir ki, bunun da quyu agzinda mévcud baglayici qurguda olan texniki nasazligla olagodar olmasi gliman
edilir. Mikrotremor 6lgmalari struktur iizerinde fundamental tezliyin doyisen maksimumunun va bu tezliyin
maksimal qiymatinin 13-14 Hz otrafinda (P13 va P11 ndqtelor) oldugunu gostorir. Qrunt horakstlarinin
maksimumunun amplitud giliclonmasi iso 8.1-a barabardir (P12 néqtesinds yerlssir). Orazinin fundamental
tezliyinin vo maksimumunun amplitud giiclonmasi doyigmolari orazinin geologiyasi ilo (siixur qalinliglari vo
yeralt1 sular saviyyasi na qadardir) slagolondirilir.

Notica

Zirs sahasindos aparilmig geofiziki tadqiqatlar naticasinda:

— sahonin geoloji kasilisini toskil edon litoloji torkiblerin forz olunan veo xiisusi elektrik miiqavimatlori
toyin edilmisdir;

— arazinin geoloji kasilisinds elektrik kosfiyyati molumatlarina asason miixtalif litoloji tarkiba malik olan
ic gat ayrilmigdir — bu qatlarin yer sothinds baliqqulagindan, onun dabaninda yatan qatin gilli qumlardan vo
iiclincii qatin is9 gillorden taskil olundugu ehtimal olunur;

—mioayyan edilmisdir ki, bu litoloji tarkiblarin xiisusi elektrik miigavimatlari yer sathindan darinliys dogru
azalir, qalinhglari iss oksins olaraq artir;

— baligqulagindan, gilli qumlardan va gillordon togkil olunmus qatlarin qalinliq vo orta xiisusi elektrik
miiqavimati sxemlorino osason demoak olar ki, sahodo oxu toxminon simal-sorq conub-qorb istigamotine uygun
antiklinal struktur izlonilir;

— ehtimal olunan bu antiklinal strukturun sarniri boyu onu togkil edan litoloji torkiblarin qalinliglarinin va
xiisusi elektrik miigavimotlorinin azalmasi miisahids edilir vo bu amil ¢ox gliman ki, eyni istigamatdo mikro
catlarin inkisafi ilo slagadardir.

Karbon qazinin tutulmasi, y1gilmasi va laya vurulmasi texnologiyalarinin tatbiqi haqqmnda diinya tacriibasi
va bu istiqgamoatds gabaqcil sirkstlorin tocriibslori arasdirilmisdir. Tatbiq edilmis layihslorin Azerbaycan
soraitino adaptasiya tokliflori islonmisdir. “Mitsubishi”, “Bellona”, “Sulzer”, “SasksPower”, “Green Japan”
sirkatlorinin texnologiyalarinin Azarbaycanda totbiq edilmasi perspektivliyi magsadouygun hesab edilmisdir.

Simal ES-dan tutulacaq CO;-nin Zirs yatagina boru komari ilo nogl edilocayi marsrutu dyronilmisdir.
Karbon qazinin lay vurulmasi iigiin kompressor stansiyasinin goézlonilon mohsuldarlig1t vo giicii haqqinda
molumatlar aragdirtlmisdir.

CO; gaz1 anbarmin hermetikliyini tomin edon meyarlar islonmisdir:

* Masamali kollektor laymn daban va tavanin kegirici olmayan gilli laylarla hiidudlanmasi, geoloji talonin

olmasi;

* Movcud quyularin qoruyucu komorlori vo quyuiistii avadanliglarin texniki cohoatdon saz olmast;

* Strukturun yer sothinds neft, qaz va lay sular1 sizmamalariin olmamasi;

* Yaradilacaq anbar layinin yer sathindon kifayat godar (1000+2000 m) darinds yerlosmasi;

* Vurulacaq gazin tazyiqinin layin hidravlik yarilma amsalinin kegmomasini tomin etmok.

Naticado 32 vo 61sayli quyularda hermetivlik pozulmusdur. 9 vo 20 sayli quyularda radiaktiv fon
yiiksokdir. Cox gliman ki, gazma mohlullarinin orada toplanmasi va laydan gslon fliiidin sobabindon orada
yiiksok radiaktiv fon olmusdur.

Hesablanmis mesamos hacmlarine gora Zire yataginin laylarinda Simal ES-dan tutulacaq karbon qazinin
50 ildon ¢ox miiddotds tohliikesiz saxlanilmas1 miimkiin olacaqdir.

Hayata kegirilmis geoloji, geofiziki vo radio-geokimyavi tadqgigatlar kompleksinin naticolorine asasan,
atmosferdon utilizo olunan texnogen CO,-nin tutulmasi vo tohlilkasiz saxlanilmasi iiclin uzun middot
islonilmis, neft-qaz1 tiikonmis Zirs yataginin mogsadouygunlugu osaslandirilmisdir ki, bu da Yer kiirasinin
osas ekoloji problemlorindon biri olan global iglim doyismalorino monfi tosirin azaldilmasi halli {i¢iin on tosirli
metodlardan biridir.

Takliflor

1. Bu tadqiqat isinin Respublika arazisinds olan neftli-qazli strukturlarinda davam etdirilmasi vo yeni
qaz tutumlu kollektorlarin agkarlanmasina yonsldilmasi toklif olunur.

2. Layihas lizro todqgigatin naticasi olaraq texnogen karbon qazinin atmosferdon tutulub, boru kemari ils
noql etdirilorok nefti-qazi titkonmis laylarda uzun miiddot tohliikosiz saxlanmasi toklif olunur.

3. 32 va 61 sayli quyuagzi avadanligin hermetikliyi barpa edilsin.

4. 9 va 20 sayli quyularda toplanmis radiaktiv qazma mohlulu va qumlarin yigilib tullantt merkazine
gondorilmosi tomin edilsin vo orazi tomizlonsin.

100



F.N.Karimov et al. | ANAS Transactions, Earth Sciences, Special Issue / 2023, 98-101; DOI: 10.33677/ggianasconf20230300023

ODOBIYYAT

Korimov F.N., Quliyev F.©., Bayramova F.Z., Sixiyeva L.M. Karbon gazinin tutulub saxlanilmasi ve onun magsadyonlii istifadasi.
Azorbaycan Neft Tosarriifati, No. 2,2021. s. 54-57.

Korimov F.N., Quliyev F.O., Bayramova F.Z., Sixiyeva L.M. Azarbaycanda tullanti manbalarine yaxin geoloji formasiyalarin qaz
tutumu imkanlarinin dyronilmasi. Azarbaycan Neft Tosorriifati, No. 6,7, 2021, s. 53-59.

Korimov F.N., Quliyev F.O., Bayramova F.Z., Namazova M.A., Sixiyeva L.M. Karbon qazinin geoloji formasiyalarda saxlanmas1
iiciin onun naqlinin optimal variantinin iglonmosi. Azerbaycan Neft Tosorriifati, No. 11, 2021. s. 55-58

Tlamun J1.JI. UaTepnperanus qaHHBIX HHXKeHEpHOU reodusuku. «Henpa», Mocksa 109 c.

ITonos E.A., Ten K.M., ®ynruxos I'.H., Censaxos B.W., I'mymko C.I1. MeToauueckue pekoMeHAaLUH 10 UCIOiIb30BaHuo BO3 s
JETAIbHOTO PacwICHEHNs pa3pe3a NpH PEIICHNH I'e0JOTMYeCKUX H HH)XEHEPHO-Te0JIOTMIecKHX 3a1a4d. Poranpuat Mocksa, 1990,
S52c.
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KARBON QAZININ (COz) ATMOSFERDON TUTULUB SAXLANMASI UCUN ANBARIN YARADILMASI
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Xiilasa. Hazirda Azorbaycanda istilik elektrik stansiyalarinda elektrik enerjisi istehsal etmok iigiin har il 5 mld m® hacminds
tobii metan qaz1 (CH4) yandirilir, bunun naticasinds atmosfera 10 mln ton karbon qazi (CO2) atilir. Bu atilmalar qlobal iqlim de-
yismoalorine monfi tasir gostorir. Toqdim edilon elmi-tadqiqat isinde atmosfers atilan karbon qazinin tutulub-yigilmasi vo tiikonmis
neft-qaz laylarina vurub tohliikosiz saxlanilmasi perspektivliyino baxilmisdir. Azorbaycan orazisinds, xiisusi ilo Abseron yarima-
dasinda yerloson neft-qaz yataqlarinda bir ¢ox laylar mévcuddur ki, onlarda nefti-qazi tiikonmis va islonmodo istirak etmir. Mohz
bu laylarda yeralt1 karbon qaz1 anbar1 yaratmaq, qazi yigaraq, golocokdo magsadyonlii istigamatda istifado etmok toklif edilir. Kar-
bon qazinin atmosferden yigilmasi isa bir basa global iqlim dayismalerine menfi tasirin azalmasina xidmat edacok. Bu magsadla
tadqiq edilocak arazinin geoloji-tektonik xarakteristikasi, geodinamik va gorginlik soraiti, litoloji kasilisin deqiqlasdirilmasi, tekto-
nik pozulmalarin miioyyan edilmasi va hermetikliyin qiymatlandirilmasi ticlin kompleks geofiziki iisullar tatbiq edilmisdir. Tadqi-
qat obyekti kimi Zirs yatagi nozords tutulur.

Acar sozlar: Karbon qazi, iqlim dayismalari, tiikonmis neft-qaz laylari, qaz anbari, qazin tutulub yigilmasi naqli
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EOSEN-MAIKOP HYDROCARBON SYSTEM OF THE MIDDLE KURA AND SOUTH CASPIAN DEPRESSIONS

Yusubov N.P.
Ministry of Science and Education of the Republic of Azerbaijan, Institute of Oil and Gas: nyusubov@gmail.com

Summary. In the Middle Kura depression hydrocarbon deposits and oil and gas formation centers
are located in layers composed of Maikop and Eocene terrigenous deposits. Here, the reservoirs
formed in coastal-marine conditions are located mainly in the bottom layers of the reservoirs and are
replenished with oil and gas due to the in-situ migration of hydrocarbons.

In the South Caspian Basin, oil and gas deposits were formed as a result of the migration of
hydrocarbons from the centers of their formation into sedimentary-type traps (lithological-
stratigraphic) with the participation of eruptive channels of mud volcanoes. Here, reservoirs of
Keywords: terrigenous deposits,| coastal marine origin are located mainly in the wing of anticlinal uplifts, usually in one of them,
mud volcano, fluid migration, inextricably linked by mud volcanism.
anticline, reservoir An analysis of this factual information made it possible to draw a conclusion on the probability
of discovering deposits in areas of the South Caucasus that are not covered by mud volcanism. It is
assumed that deposits at such objects can be formed as a result of migration from the source of
hydrocarbon formation to the lower horizons of the productive strata along fractures. At the same
time, the possibility of formation of deposits in the sedimentary layer, in which the center of
hydrocarbon formation is concentrated, is predicted.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenue

Ha ocHoBe aHTHKIMHAIBHO-TPABUTALMOHHON THUIOTE3bl 00pa30BaHMS 3alie)kel YTIIEBOJAOPOAOB OOIb-
ITUHCTBO U3BECTHBIX MECTOPOXKIEHUN OTKPBHITO B A3epOaifmkane. TeM He MeHee, Ha MaJlbIX U CPETHUX TIIy-
OnHaxX 0OHApPYKEHO MHOTO MECTOPOXKACHHUIH HEPTH U ra3a, HOpMUPOBaHUE KOTOPHIX HIPOTUBOPEUUT ITOM T'-
nore3e. 3aJeKd THX MECTOPOXKICHUH SKPaHUPOBAHBI 30HAMHU YXYyIIIECHUsS (MIBTPAMOHHO-EMKOCTHBIX
cBoiicTs (I"azanOymnar, ["'apanar, ['anmas, Bymia-nenns u np.) KOJUIEKTOpoB. B TO jke Bpemst MOPUCTOCTE B KOJI-
JIEKTOpe KoJIeOJIeTCs B IMPOKUX Mpejeiax, nHorna gocturas 25% u 6onee. Kak nokasanu pe3ynbTaThl CTPYK-
TYPHBIX MOCTPOCHUH (TI0 CEUCMHUUYECKUM JTaHHBIM), MECTOPOXKICHHS PAacIONaraloTcsi B ONpeAeaEHHON YacTh
AHTHKJIMHATBHBIX TOAHITHN, TA€ KPYITHO- FITH CPEeIHENOPHUCTHIE TIECYaHNKN SKPaHUPYIOTCS BOAOHETPOHHIIA-
€MBIMU MEJIKOIMOPUCTBIMU IMECUaHUKaMU NI TTIMHAMU. PeSyHBTaTI)I I/ICCJIG,ZIOBaHI/Iﬁ KE€pHa U aHAJIN3 JaHHbIX
kapoTaxa ckBaxuH (I'IC) mokaspIBaroT, 4TO 3TH 3aJIeKH He()TH U raza MpUypoUeHBI K pe3epByapam, oopa3o-
BaHHBIM W3 TEPPUTEHHOTO MarepHala, MPHHOCHMOTO PEYHBIMH CHCTEMaMH B MPUOPEKHO-MOPCKUE 30HBI,
HMHOT[Ia TIEPEOTI0KEHHOTO MopckuMHu TeueHusMu (FOcy6oB, I'ymues, 2015; FOcy6oB u mp., 2020).

B mecTopoxxnenusx, oTkpsIThix B CKB, 3anexu yriaeBo10po10B pa3MeIeHbI B HIDKHUX OTAeNIaX MaiKoI-
CKUX OTJIO’)KEHUH B Tak Ha3bIBaeMbIX [ azanOymarckux ropuzonTax (I"azanbymar, Mup6emmp, Tep-Tep u ap.).
3aiex, CBA3aHHbIE C DOIIEHOBBIMU OTJIOXKEHHSIMH, TAK)Ke pa3MeEIICHbl B HIDKHUX sIpycaxX (MHOT/Ia [EHTPab-
HOM "acTH) cpeaHero soueHa (Tapcaammsp, [fop3ynaar u ap.). Kak mokas3siBaioT celicMU4ecKre JaHHbIE, pa3-
JIOMBI B X (JOPMHPOBAHUH HE Y4acTBYIOT. [l03TOMYy MOKHO MpennonI0KNUTh, YTO 3aIOJIHEHHE KOJIEKTOPOB
IIPOM3OIILIO B Pe3yIbTaTe MUTPAUU (IIFOMIOB BHYTPH TUIACTa, B KOTOPOM 00pa30BalIUCh YTIIEBOIOPOILL. 3a-
JIEKH 3TOTO THMA IKCIUTYaTHPYIOTCA Ha MECTOPOXKIEeHUIX Maikon n AxuBernin Ha Tepputopun [1lamaxa-
l'obycranckoro HeTera30HOCHOTO palioHa. JlaHHbBIE KapoTaxa U celiCMOPa3BEIKU CBHJICTEILCTBYIOT O JINTO-
JIOTrO-CTpaTUrpauIecKo NpUpPOIE 3TUX MECTOPOKICHHH.
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B IOKB mecTopoxkieHus NprUypodeHbl K KOJJIEKTOpaM, 00pa30BaBIIMMCS NPH BBHIIIOJHEHUH ILTACTOB
HIDKHETO sIpyca MPOAYKTUBHOMN TONIIM TEPPUTE€HHBIMH OTJIOKCHUAMH. 3aI€XKH B HUX HAIlOJIHUWINCH YIJIEBO-
JOpoAaMu, 00pa30BaHHBIMU B MAMKOICKUX OTJIOKEHHAX (MaTepUHCKas Mopoja). AHAIU3 CeHCMHYECKOTro
BOJIHOBOTO TIOJISI CBUJCTENBCTBYET 00 yYacTUH APYNTHUBHBIX KAHAIOB IPSA3EBBIX BYJIKAHOB B (POPMUPOBAHUU
m3BecTHBIX Ha FOKB MecTopoxnenuit Hedtr u raza.

Kak BrITEeKaeT U3 BBIIIECKA3aHHOTO, B 00EUX JIENPECCUIX OCHOBHBIM HCTOYHHUKOM YTJIEBOIOPOIOB SBIIS-
10TCs Maiikorickue otinoxkeHus, a B CKB — u sonenossie (FOcy6os, ['ynues, 2022).

MeTtonoJiorus

PaboTa BeImoHEHA ¢ IPUMEHEHUEM METOAMKH KOMILIEKCHOM MHTEpIpEeTallui NaHHBIX CeCMOpa3BeIKN
MeTo oM oTpaxEHHOH BosHEl (MOB) 1 kaporaxa ckBaxkuH (['MIC). Takoi moaxoa K MHTEPIpETAIlH I€0JI0T0-
reo(r3nUecKoil HH(GOPMAIIIH MTO3BOJIMII MOCTPOUTH KOHIIENITYa IbHBIE MOAETH OacceifHa 0CcaKOHAKOIIICHHS,
U3YYUTh JINTONOTO-(halaabHble 0COOCHHOCTH IIJIACTOB, a CIIEJIOBATENBHO, YCIOBHS CETUMEHTAIUN YTIICBO-
J0poAo0Opa3yIoIMX MOPOoJ U CBOMCTBA TOJIL, colepamux pesepByapsl. lanubie ceficmopasseaxkn MOB
OBLIH MCIIOJI30BaHBl B OCHOBHOM ISl IOCTPOEHHS KAPKACHBIX T€0JIOTHIEeCKUX Mojeneld. Kpuseie kapoTaka
W JIaHHBIE KepPHA HCIOJIB30BAINCH ISl ONpeeNieHrs (HIbTPAIMOHHO-EMKOCTHBIX CBOWCTB, HEOOXOIMMBIX
JUIsL TOTIOJTHEHHUST KApKACHOM MOJIEITH C LIEIbI0 TIOCTPOCHUSI TAKOBBIX KOHIICTITYaNbHBIX. BrionHeHHas paboTa
T03BOJIMIIA TIOCTPOUTH JINTOJIOTO-(haIIHAIEHY IO MOJIEN YTIIEBOI0POA00Pa3yIOIETO IIACTa, CIIPOTHO3UPOBAThH
30HBI, XapaKTEPU3YIOIINECS MMOBBIIIEHHON MOPUCTOCTHIO M MPOHHUIIAEMOCTHIO, OMPEIEIUTh T€OJOTHIECKHE
3JIEMEHTHI, 00eCTIeYNBAIOIINE MUTPALIMIO YTIEBOAOPOIOB U3 0YaroB reHepaliu B pe3epByapsl. [lpu atom amns
npoBeneHus GanranbHOrO aHaNIM3a UCIOIb30BANINCH XapaKTePHbIE IPU3HAKH CECMOpa3BeIOYHBIX OTpaxKe-
HUH B MEXCKBRXHHHOM MPOCTPAHCTBE — HEMPEPHIBHOCTH MPOCIIEKUBAHNUS OTPKEHUH, (DIyKTyarus 3Hade-
HUH aMIUTUTY], YaCTOTHI, IUPHUHA (a3bl U Ap.

duckyccus

[To maHHBIM celicMOpa3Beky (TIEPEPHIB B OCAJAKOHAKOIUICHUH U AJICOPEKOHCTPYKIIMH) U TITyOOKOTo OY-
peHus, B KOHIIE MeJIOBOro nepuona Ha Teppuropusax Kypunckoi n FOxHo-Kacnuiickol BnaanH CyIiecTBO-
Baja cyma. Mopckre BOJbI HAaYWHAIHA TOKPHIBATh TeppuToprio KyprHCKO# BaguHbl ¢ Hadajia MajeoleHa,
korza crainu popmupoBatbes Kypunckuid, [llamaxsi-I"o0ycTanckuii, AOIepoHCKui mporuOsl. B 310 BpeMs B
MIPOIIECC OIMYCKaHUs Havyalla BOBJICKAThCS U CEBEPO-BOCTOUHAs yacTh KOxHo-Kacnuiickoii BiainHbI (30Ha Me-
3030HCKHUX BBICTYIIOB). B 3T0 Bpems cymiectBoBana Caatnbl-1 efiuaiickas 30Ha OTHATHIA, oTaensBmas Hiok-
HEKYPHUHCKYIO U 10r0-BocTouHyt0 yacTu [llamaxuHo-I'o6ycTarckoro mporuda ot CpeaHeKypHHCKOH Aerpec-
cun. Ha aToM sTamne pa3zsutus OacceiiHa ceIMMEHTAINH TTaJIeOleHOBBIE OTI0XeHnH coaepxkanu 0.16% Copr,
1 0.04% Copr HaKaIIMBAJIMCh B HEUTPAIBHBIX U OKUCIUTEIBHBIX TEOXUMUYECKHUX YCIOBUAX (AJH-3a]Ie U IIp.,
1975) ocagkoHakoruieHHS. B TO ke BpeMs DOIICHOBBIE OTJIOKEHHUS HAKAIUTMBAINCH B BOCCTAHOBHUTEIHHBIX
(mpu 0.56% Copr), cnaboBoccranoBurenbHbIX (ipu 0.37% Copr), Heirpansubix (ripu 0.30% Copr) u oxuc-
autenbHbIX (ipu 0.04% Copr) reoXMMHUYEeCKHUX YCIOBUAX 0CaAKOHAKOIIIICHUSI.

Crnenytommii 5Tan pa3BUTHA BHaAWH Ha (DOHE MPOIOIKAIOIIETOCS MTOIHATHS TeOaHTHKINHAIEH Maoro
u bonbioro Kaskasza co3man OnaronpusTHbIC YCIOBHUS IS (hOPMHUPOBAHUS MaWKOIICKOTO 0CaI0uHOro Oac-
ceifHa, OXBATHBIIIETO B TEUEHHUE OJIMTOIICHA M OTYACTU MHOILIEHA BCIO pacCMaTpHBaeMyro Teppuropuro. Ha
MNPOTSLKEHUH BCE MCTOPUU HAKOIUICHHSI OIMTOIICHOBBIX 0TioXkeHu CaaTibl-1 eliuaiickasi 30Ha ME3030MCKHUX
TIOAHATHH OCTaBanach Cymei. MalKomcKre OTI0KEeHNS (HOPMHUPOBAHCH B CHIIFHO BOCCTAHOBHUTEIBHBIX (TIpH
1.05% Copr), BoccTanoButenbHbIX (1ipu 0.67% Copr), cnabo BocctaHoButenbHbIX (ipu 0.50% Copr) reoxu-
MHUYECKHUX YCIOBUAX OCATKOHAKOIUICHHUS.

Kak mokasanu pe3ynpTaThl aHAIM3a JaHHBIX KapoTa)ka U CEHCMOpa3BeKH, BEITIOTHEHNE OacceiiHa ceu-
MEHTAIIUU MPOUCXOMIIO TP MOJIOTOM peiibed)e U B IPUOPEKHBIX 30HAX, HA MAJIBIX MOPCKUX IIyOHHAX (10
40 m). B Takux ycnoBusxX, Kak MpaBUIIO, PACHPOCTPAHSIIOTCS TEPPUTEHHBIE MOPOBI-KOJUIEKTOPHI, KOTOPHIE
00pa3yrT 6apsl, Bajabl U TPSAABI BRICOTOM J0 HECKOJBKHX METPOB, PACIOJIOXKEHHBIE MapauleIbHO Oepery,
IUISDKHBIE 00pa3zoBaHus. Bee 3To mponcxoauT 6aroaapsi mporeccaM TPAaHCTPECCHH B PETPECCUH, UYTO B UTOTE
MIPUBOJUT K MEPEMEIICHUIO OeperoBoil TuHUKM. B OCHOBaHMM TPAHCTPECCUBHBIX CEPHUI 4aCcTO 3aJieraloT 0a-
3aJIbHBIC TOPU30HTHI, CJIOKEHHBIE OTCOPTUPOBAHHBIMU 110 KPYITHOCTH 00JI0MOYHBIMY 3épHaMu. Kak n3BeCcTHO
(bym, 1977; JIunep, 1986), mpubpexubie hartuu dpe3BEIYaitHO OJarompusaTHEL I O0HAPYKEHUS MOIITHBIX,
OTHOCHTEJIHHO BBIIEPIKAHHBIX TEPPUTCHHBIX KOJUIEKTOPOB C BBICOKUMH EMKOCTHO-(ODUIIBTPAIIMOHHBIMU CBOM-
cTBaMU. B cinyuyae ux orpaHMyYeHUs] HEMPOHULAEMBIMHU MOPOJIAMU OHU CTAHOBSTCS JUTOJOTMYECKUMHU TPU-
POIHBIMHU pe3epByapamMu i HepTH U raza.
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OCHOBHBIE BLIBOJIbI

Ha pucynke mpencraBieHa cxemarndeckast MOJENb (OPMHUPOBAHUS 3AJIEKH C yIACTHEM T'PSI3EBOTO BYJI-
kaHa (cyneBa) u 0e3 ero yuactus (cnpasa). Kak BHIHO M3 pPUCYHKA, B 000MX Clydasx MHUrpanus (QIrouaoB
HAYMHACTCS U3 MAMKOIICKON (OTMEYEHBI CTpElKamMH) He(pTeMaTEepUHCKON TOMIU. DTH YYaCTKU BBIJCICHBI
HaMH 0 OCOOEHHOCTAM CEMCMHUYEeCKOW 3amucH. B MecTax, OTMEUYEHHBIX CHHUM U IMOIyYEPHBIM I[BETOM,
HaOmogaeTcs GayKTyalus B aMILTUTYJHO-9aCTOTHOM XapaKTePUCTUKE BOJIHOBOTO ITOJIs, OTPAKEHHOMN OT I10-
JIOIIBBI KPOBJIM ¥ BHYTPEHHEH Y4acTH MalKOIICKUX OTJIOKEHHUH. DTH KOJIeOaHUs MbI MHTEPIIPETUPYEM KaK de-
PEeIOBaHUS TUTOIOTHUECKUX OCOOCHHOCTEH OTIIOKEHUH, YTO Na€T BOZMOXKHOCTH C/IeTIaTh BIIOJTHE ONpeAeEH-
HBIH BBIBOJT O TIEPCIIEKTHBAX TITyOOKO3aIETAIONINX TOPU30HTOB C TOUKH 3pEeHUST HETEera30HOCHOCTH.

0.0 0.00

Bonmziii cioit

I'pazeBbic BYIKAHEL

Cxemaruyeckasi MOZIeNb GOPMHUPOBAHHUS MECTOPOXKICHHI Ha IITy0OK03aJIeraroluX ropH30HTaX ¢ y4acTHeM (ClieBa)
u Ge3 yuacTus (CrpaBa) Tpsi3eBOr0 BYJIKaHU3MA

[To manaeM (Anu-3ane u ap., 1975; Amuzane u ap., 2018) yraeBogoponsl B KOKB chopmupoBaHs! B oc-
HOBHOM He(Te-Ta30reHepUPYIOIUMH UHTEPBAJIOM MalKOIICKOTO M MHUOIEHOBOI'O KOMIUIEKCOB OTJIOKEHHH.
31ech OCHOBHYIO pOJib B (DOPMHPOBAHUU 3ajieKel yTIeBOJOPOJIOB UrpaeT rpszeBoii BynkanusMm (FOcy0os,
I'ynues, 2022; I'ynues u ap., 2020). [lo pesynsraram Hactosimeit padbotsl B FOKB nporHosupoBana BeposiT-
HOCTH OOHAPYKEHHUS MECTOPOXKACHUH, C(HOPMHUPOBAHHBIX O6€3 yHIacTHs TPs3eBOT0 BYJIKaHM3Ma, 32 CIET BHYT-
puriactoBoii Murpauuu. [Ipenmomnaraercs, 4To 3ajie)ky Ha TAKUX 00BEKTaX MOTYT (POPMHUPOBATHCS B PE3YJIb-
TaTe MUTPALMHU U3 Oo4ara 00pa3oBaHUs YIIeBOAOPOIOB B HIKHHUE TOPU30HTHI MPOAYKTUBHOM TOJIIN MO Tpe-
mHaM. [Ipr 3ToM TporHO3UpPYETCS BO3MOXKHOCTh 00pa30BaHMS 3aJie)Ked U B OCAZIOYHOM CIIO€, B KOTOPOM
COCpeoTOYeH ouar 0Opa3oBaHUsl YIIIEBOIOPOIOB.
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SOLEH-MAMKOIICKASI YTJIEBOJOPOJHASI CACTEMA CPEIHEKYPUHCKOM
1 I0)KHO-KACIIUINCKOM BIIA IUH

KOcy0os H.II.
Munucmepemeo Hayku u O6pazoeanust Pecnybnuku Azepbaiioscan, Hucmumym negpmu u easza: nyusubov@gmail.com

Peztome. B Cpennexypunckoii Bnaauae (CKB) 3anexu yrieBonopoaoB U o4aru HeTera3oo0pa3oBaHusl pacioiOKEHBI B CIOSIX,
CIIO’KEHHBIX MAHKOIICKUMHU H 30IEHOBBIMU TEPPUTEHHBIMH OTJIOKECHHAMH. 31eCh pe3epByapsl, cOPMUPOBAHHBIE B TIPHOPEIKHO-MOP-
CKHUX YCIIOBHSX, PAcIIOaraloTcs IPEUMYIIECTBEHHO B TIOIOMIBEHHBIX CIIOSX IJIACTOB M IIONOJIHSIOTCS HETHIO M Ta30M 3a CUET BHYT-
PHILIACTOBOM MUTPAIMHX YTIEBOIOPOIOB.

B I0xn0-Kacnuiickoii Bnagune (FOKB) 3anexu Hedtu 1 rasa ¢popmupoBanuch B pe3ysibTaTe MUTPaluy YIIIEBOIOPOIOB H3 04aros
nx 00pa3oBaHus B JIOBYIIKH OCaI0YHOI0 THIA (JIUTOJIOrO-CTpAaTUTpadMuecKUe) MPU YIaCTHH PYITHUBHBIX KAHAIOB IPSI3EBbIX BYJIKa-
HOB (I'B). 3neck pesepByapbl IPUOPEIKHO-MOPCKOTO IPOUCXOKACHHS PACIIONAralOTCsl B OCHOBHOM B KpblJIe aHTUKIMHAIBHBIX IOAHSA-
TH, 0OBIYHO B OJHOM M3 HHUX, HEPA3PbIBHO CBA3aHHBIX I'PSI3EBBIM BYJIKAHU3MOM.

AHanus 3To# hakTrdecKoi HH(OPMAIIH TO3BOIHMIIO CAETATh BBIBOJA O BEPOSITHOCTH OOHAPYKEHHSI MECTOPOXKACHHH B paiioHaxX
IOKB, He 0XBaueHHBIX IPs3€BBIM ByIKaHH3MOM. [Ipeamonaraercs, 4To 3ajIe)ku Ha TaKUX 00BEKTaX MOTYT (opMHpOBaThCS B pe-
3yJNbTaTe€ MUTPAIMH OT O04ara oOpa3oBaHMs YTICBOAOPOJOB B HIKHUE TOPH30HTHI IPOAYKTHBHOM TOJIIH IO TpemUHaM. B To xe
BpeMs IPOTHO3MPYETCS BOZMOXKHOCTH 00pa30BaHUs 3aJIeell U B 0CaJ0OYHOM CJIoe, B KOTOPOM COCPEJOTOYEH oYar 00pa3oBaHUs
YII€BOJOPOJOB.

Kniouesnie cnosa: meppucennvie omuodxicenus, epsa3esoli 8VIKaAH, MUpayus Quouo0s, AHMUKIUHANb, KOJIEKMOp
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INPOTHO3MPOBAHME PACITPOCTPAHEHMS I'1YBOKOBOAHBIX KOHYCOB
BEIHOCA MECTOPOXKAEHUS 3ATIA AHO-CUBUMPCKOV HI'TI ITPV IIOMOIIIN
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PREDICTING THE DISTRIBUTION OF FLOOR FANS OF THE WEST SIBERIAN FIELD
USING GEOLOGICAL PROCESS MODELLING

Nefedov Y.V., Gribanov D.A., Gribanov M.A.
Saint Petersburg Mining University: Nefedov_YuV(@pers.spmi.ru

Summary. Modelling of the geological processes is a computational technique that creates strat-
igraphic models that show the expected sediment geometry and predict the distribution of lithologies
and depositional environments. The method helps to reproduce the evolution of sedimentary systems
over geological time, hence, in addition to borehole and seismic data, an analysis of the history of
geological development is necessary. Such data are: sea level variation, climatic and paleogeo-
graphic conditions, descriptions of the process of substance transport, rates of transport and deposi-
Keywords: Geological process | tion of terrigenous material, sources of drift. During the modeling process, it is necessary to have a
modelling, Achimov formation, | clear understanding of the final result and to tune the input parameters in detail, which causes the
floor fans, seismofacial analysis| calculation of many iterations to agree with the conceptual model. The results allow evaluation of
various options and enable prediction of the distribution of prospective oil and gas reservoirs in areas
where no wells are drilled. Modeling of floor fans was carried out for the Achimov formation of the
West Siberian field. As a result, a sedimentation model was obtained, which reflects the formation
of elements of the sedimentation system of the studied area.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenne

B nacrosiee Bpemst BeCb MHUp MEPEXOAUT K HOBOMY 3Tamy pa3BuTus HedTsiHON oTpaciu. TpaaunnoHHbIe
3arachl UCTOLIAIOTCS, M HA CMEHY MM IIPUXOAAT TPYyIHOU3BIEKaeMble, pa3BeKa U pa3padoTKa KOTOPBIX Tpe-
OyeT BHepeHNs MPUHIMIAAIBHO HOBBIX TexHOooruid. B 3ananno-Cubupckoit HedTera3oHOCHOH MPOBUHITUT
LIMPOKO PacIpOCTPaHEHbl AUUMOBCKHE OTJIOKEHUS, OJJHAKO OHU UMEIOT CII0)KHOE T€0JIOTHYECKOE CTPOSHHE.
st ycnemHoro 0CBOGHUS AaHHBIX PECYPCOB HEOOXOIMMO HETKOE IMOHWMAaHHWs MpoueccoB HOpMHUpPOBAaHUS
3ajexkeil. B ocHOBe reosoruueckoil MOAEIM JOJDKHA JIeKaTh I'PaMOTHO IOCTPOCHHAS KOHLENTyalbHAs MO-
nenb. Hanexnoe npencrasinenne o0 oOpa3oBaHuM 3ayekeil HeTH U ra3a MMeeT pelaroliee 3Ha9YeHHs AT
YCIICIIHOW pa3BeAKH MECTOPOXIeHUH He(TH U Tra3a. ['eonornueckoe MoienupoBaHHue MO3BOJISET CO3AaBaATh
TPEXMEPHBIE MOJIENH, C IOMOLIBIO KOTOPBIX YAAETCs IPOrHO3UPOBATE PACHIPEAETICHUE CBOMCTB MJIacTa TOJIBKO
B TEKYIIIUIl MOMEHT BpeMeHH. | eocTaTHCTHYeCKre alTOPUTMBI IIMPOKO IPUMEHSIIOTCS TIPH Pa3BeIKe U pa3pa-
00TKe 3anexell yriaeBogopoI0B, OAHAKO OHM OTPaHUYEHBl B BOZMOKHOCTH CMOJIENIHNPOBATh MPOCTPAHCTBEH-
HYIO HENPEPHIBHOCTH B T€OJIOTMYECKOM 00BeKTe. MeToIbl T€0CTaTUCTUKU HE HCIIONb3YIOT HH(POPMALMIO O
Ipoleccax OCaJKOHAKOIJICHUS, B PE3YJIbTaTe MOIyUYCHHbIE MOJIENN HE BCETAa OTPAXKAIOT IPUPOLY T€0JIO0TH-
YecKOW CTPYKTYpbl. MTHCTpYMEHTOM, KOTOPBI BOCTIPOM3BOJUT 3BOJIOLMIO MEOJOTHMUECKUX TeNl B AMHAMUKE,
SIBJIAETCSL CEIUMEHTALIMOHHOE MOJENUpOBaHUE. [laHHBIN aNropUTM CHUMYJIHPYET NPHUPOJHBIE HU3MEHEHHS
CBOHCTB IIIacTa, KOTOPhIE UMEIOT PEIIAloIIee 3HaYeHNUE 1Sl OLIEHKH HEOIHOPOAHOCTH.

Meton (u/nam Teopust)

Ce,Z[I/IMeHTaLII/IOHHOG MOZACIIUPOBAHUC OCHOBAHO Ha YHUCJICHHOM MOJACIIMPOBAHUN (I)I/ISI/ILIGCKI/IX nmpoueccon
nepeHoca 0Cag0YHbIX OTJIOKCHHI pPE€KaMu, MYTbEBBIMU ITOTOKaAMH, MOPCKUMHU TCYCHUAMU U IIO3BOJIACT CO31a-
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BaTh TpeXMepHbIe peanucTuunble Moaenu (OnbHeBa, Kykosckas, 2022; Tetzlaff et al,. 2014). B nannoi pa-
0ote rcmonn3yeTcs Moayihk Geological Process Modelling (GPM), pa3zpaboranusiii kommnanuei Schlumberger
B 2017 rogy. [IpeumyiiecTBOM JaHHOTO TUIATWHA SIBIISIETCS BO3MOXKHOCTh MHTETPALIUU PE3YIbTaTOB MOJIEIH-
poBaHus B pabounii mpouecc mporpamMmsl Petrel.

CennMeHTaIIMOHHOE MOAEIMPOBAHIE BOCTIPOM3BOIUT MPOLIECCH (DOPMUPOBAHUS TITyOOKOBOAHBIX KOHY-
COB BBIHOCA B TEUCHHE I'EOJIOTHIECKOTO BPEMEHH, a, CIE0BATENFHO, TOMUMO CEHCMHUYECKON W CKBAXKHHOM
nHpOpPMaLUK, HeOOXOUM I'TyOOKHI aHaJIH3 HCTOPHUHU Te0JIorHYecKoro pa3Butus. [IpoBenenue MmoaenpoBa-
HUs TpeOyeT 4eTKOro MOHWMAaHMs KOHEYHOTO pe3ysbTaTa M IPaMOTHO MOCTPOSHHOW KOHLENTYaJIbHOW MO-
nenu. J{na ee mocTpoeHus BBIIONHEH ceificModaluanbHblil aHaIu3, 10 HTOraM KOTOPOTO yJajloCh BBIAEIHUTh
OCHOBHBI€ DJIEMEHTHI CEIMMEHTAIMOHHON cUcTeMBbl. [lanbHEHIIMM [IaroM Ha IyTH CO3JaHUsI MOJIENN SIBIISI-
eTcs OnpeziesieHne BpEMEHHOI0 MHTepBasia MoenupoBanus. [ onpenenenus: IuTensHOCTH GOPMUPOBa-
HUSl OTJIOKEHNH IPUMEHEH NOJX0]l CEeKBEHC-cTpaTurpaduu. bepuac-rorepuBckue KIMHOPOPMBI OTHOCATCS K
OUKJIUTaM 3-ro nopsaka. BpemeHHol npoMexyTok ux (opmupoBanus cocrasisierT ot 0.4 10 2.2 MIH. JleT
(Epos, 2018). KoppekTHOEe BOCCTaHOBIICHHE FMIICOMETPUH NaJEONOBEPXHOCTH SIBIISIETCS BaXKHOH OCHOBOI
Ui IIpoBeneHus MoaenupoBanus. Kapra naneopenbeda mocTpoeHa myTeM BBIYMTAHUS CTPYKTYpPHOH IO-
BEPXHOCTHU PETIEPHOTO TOPU30HTA — KPOBJIH 02)KEHOBCKOW CBUTHI U3 CTPYKTYPHOU TTOBEPXHOCTH UCCIIEye-
Moro miacta. [Tocne peKOHCTPYKIMH MajJeonoBEPXHOCTH HEOOXOJMMO BHECTH MOTPABKH JI0 IPOTHO3UPYe-
MBIX ITyOuH naneodaccerina. Koppekuus nposoaniack ¢ yueroM naneoreorpapuieckux cxeMm (Konroposuu
u 1ap., 2014). Ilo momydeHHO# KapTe ONpeAesieHbl HCTOYHUKH CHOCA — 00JIACTH CTapTa IepeHoca BEleCcTBa.
[Ipoananu3upoBana OpoBKa Ienb(a Ha HATWYKE YUIMHEHHBIX OTPUIIATENBHBIX QOPM penbeda, TaKKe Iy TH
TPaHCIIOPTHUPOBKH BBLAEIISIOTCS MO pe3yibTaTaM ceiicModanuanisHOro aHanu3a. B kauecTBe HCXOIHBIX 1aH-
HBIX 337aBajloCh 4 THIIa OCaJOYHBIX MOPOA B 3aBUCUMOCTH OT MX T'PaHyJIOMETPUYECKOro cocrana. st Hux
3aJlaBaAMCh pa3Mep, GUIbTPAIMOHHO-eMKOCTHBIE CBOMCTBA, XapaKTEPUCTHKH YIIJIOTHEHHSI, CKOPOCTH pas-
MBIBa, OCKACHUS U 3PO3UH OCAI0YHOT0 MaTepuaa.

MozennpoBaHue OCYIIECTBISIIOCH C UCIIOIB30BAHUEM aJITOPUTMA ISl HECTAlMOHAPHOI0 IOTOKa. MaTe-
MaTHKa Tpoliecca KOHTPOJIUPYET NMepBOOUEPEIHOE 3all0HEHUE BIIAIMH B Nasicopebede MPUCKIOHOBOI va-
ctu. PacmpeneneHuie JUTOTUIIOB MPOMCXOAWT MEPBOHAYAIBHBIM OCAXKACHHEM Ha CKIIOHE Ooyiee KPYMHOM
¢dpakunu, HanOosee TOHKas Qpakiyst BEIHOCUTCS Ha caMble yaaneHHsle yuactku (Tetzlaff et al,. 2014).

O0cy:kaeHue pe3ybTaTOB

Ha pucynke noka3aHbl BpeMEHHBIE CJIAHCHI CEIMMEHTALIMOHHON MOJAENH C ABYMS MCTOUYHHMKAaMHU CHOCA,
Ha KOTOPBIX HarJsIAHO 0ToOpaxkaeTcst GOPMHUPOBAHHE CUCTEMbI KOHYCOB BBIHOCA C TPAHCIIOPTUPYIOLIUMCS 110
CKJIOHY 00JIOMOYHBIM MaTepuaioM. Kaxaplil cienyomuii MoIeTupyeMbIi TOTOK yYUTHIBAET TEKYIIHE U3Me-
HEHHS B Maneopensede U NoCIe yIONNMMU UTepalusIMH TPOUCXOJUT HapalluBaHue 00beKTa motokaMu. Tun
HUCTOYHUKOB MUTAHUS U IPaHyJIOMETPHUUECKUH COCTaB OCaJ0UYHON CMECH ONpPEAEISUIN MOP(OIOTHIO KOHYCOB
BBIHOCOB. Teno mMmeet mupuny 18.5 kM u mmuHY 15.6 kM. [lomydeHHBIE cCeTMMEHTAITMOHHBIC MO OBLTH
npeoOpa3oBaHbl B MOBEPXHOCTH U MO0 HUM IOCTPOEHA KapTa TONIIMH IOIYy4YeHHOTO 00beKkTa. MeTol mo3Bo-
JISIET MOJIYYUTh PEATUCTUYHYIO TPEXMEPHYIO MOZEIb, KOTOPask MOXKET B albHENUIIEM HCIIOJIB30BAThHCS B I€0-
CTaTUCTUYECKUX AJITOPUTMAX IJIS [TOJydeHuUs 0ojiee HaJeKHbIX Pe3yIbTaToB. [10myueHHbIH UTOT COMTOCTaBUM
C MOCTPOEHHON KOHIENTYaIbHOM MOJENbI0 M TMO3BOJMI CIPOTHO3UPOBATH PACIPOCTPaHEHHE KOHYCOB BBI-
HOCA.

BriBoabI

CenuMeHTanimoHHoe MoenupoBanue B Moayiie GPM mpennaraetr HOBBIN MOJIXOJ K TOCTPOSHUIO TUHA-
MHYECKON MOJEINH, C TOMOLIBI0 KOTOPOH BO3MOXKHO MOATBEPANUTD M YIYUIINTh KOHIENTYaIbHYIO MOJAEIb
MECTOPOXKACHHA. VICIIONB30BaHUsA CUMYJIATOPA TEOJIOTHYECKUX MPOLIECCOB MO3BONISIET CO3aTh PEaHCTHY-
HYIO apXUTEKTYpy TypOUIUTHOMN cUCTeMbl. B pe3ynbprare MoenupoBaHus MoJydeHa MOJIeNb, KOTopasi oTpa-
*aeT (OpPMUPOBAHKE JIEMEHTOB ITyOOKOBOAHBIX KOHYCOB BBIHOCA aYMMOBCKOW TOJIIIM M MOXET OBITH HC-
IOJTb30BaHa ISl JATbHEHIIIer0 Te0CTaTUCTHIECKOTO MoieipoBanus (aruii u nerpodusuku. [lomyaeHHbIi
pe3yNbTaT COTJIaCyeTcs ¢ JAaHHBIMH celcMO(auiIbHOro aHann3a u OypeHus. JJaHHBI METO/T OTKpPBIBAET I10-
JIOKUTENIbHBIE TIEPCIIEKTUBBI 11 O0Jiee HaJeKHOTO CO3JaHus T€0J0rMIECKUX MOJIENIEH.

107



Y.V.Nefedov et al. | ANAS Transactions, Earth Sciences, Special Issue / 2023, 106-108; DOI: 10.33677/ggianasconf20230300025

Pacnpeaeaene oT10eHmin

MMecganmms
KpPYIHOSEPHHCTRIH

Anepporir

Tecqannk
CpeHeIePHUCTRIT

| R

Craiichl ceqMMEHTAlMOHHON MOJIEIIH, TOKa3bIBAIOLIHE MTOCIIe0BaTeIbHOE (POPMUPOBAHNE CHCTEMBI KOHYCOB BBIHOCA

JUTEPATYPA

OnbreBa T.B., Xykosckas E.A. CenuMeHTaIMOHHOE MOJEIMPOBAHUE B MporpaMMHOM komiuiekce Petrel. M3matensctBo MAU.
Mockaa. 2022, 216 c.

Epmos C.B. Cuxsenc-ctpaturpadust 6epprac-HIDKHEANTCKUX oTiaoxeHni 3amannoit Cubupu. I'eonorus u reopmsuka, T. 59, Ne 7,
2018, c. 1106-1123.

Konroposuu A.D., Epmos C.B., Kazanenkos B.A. u ap. [Taneoreorpadus 3anagno-CrHOHpCKOro ocaoqHOro d6acceifHa B MEIOBOM
nepuone. ['eonorus u reodpusuka, T. 55, Ne 5-6, 2014, c. 745-776.

Tetzlaff D., Tveiten J., Salomonsen P., Christ A.-B., Athmer W., Borgos H., Sonneland L., Martinez C., Raggio F. Geologic process
modelling, Vol. 11, 2014.

INPOTHO3UPOBAHHUE PACITPOCTPAHEHUS I''TYBOKOBO/HBIX KOHYCOB BbIHOCA
MECTOPOXJAEHUA 3AITAJHO-CUBUPCKOMU HI'II ITPH ITIOMOIIIN
CEJUMEHTAIMOHHOI'O MOJAEJIUPOBAHUA

Hedenos 10.B., 'pudanos [.A., 'pudanos M.A.
Canxm-Ilemepbypeckuii eopuwiti ynusepcumem.: Nefedov YuV@pers.spmi.ru

Pe3tome. MonenmupoBanue CeIMMEHTAMOHHBIX MPOLECCOB MPEACTABIACT COOOH BBHIYMUCIUTEIBHBIH METOM, KOTOPBIH MO3BOJIAET
c037aBaTh CTpaTUTpadIeCKUe MOJIEIH, TOKA3BIBAIOIINE 0XKUAACMYIO TEOMETPHIO OTIOXKEHHUI M IIPOTHO3UPOBATh pacpeeIeHue JIH-
TOJIOTUH ¥ 0OCTaHOBKH OCaIKOHAKOIUICHHUS. MeTo ToMoraeT BOCIIPOM3BOANTE SBOJIOHIO OCATOYHBIX CHCTEM B TEUECHHE I'e0I0THYe-
CKOT'O BPEMEHH, CIIEJOBATEJILHO, IOMUMO CKBRKHHHOI 1 ceificMriecKkoit nH(opMaIny, HeoOX0AUM aHaIN3 HCTOPHH Te€0JIOTHIECKOT0
pa3ButHs. TakuMM JaHHBIMH SBJISIOTCS: KOJIeOaHUs yPOBHS MOPsI, KIIMMaTHYECKHE U NajieoreorpauaecKie yCaoB s, OMUCAHUS ITPO-
1ecca TPaHCIOPTHPOBKH BEILECTBA, CKOPOCTH MEPEHOCA U OCaXJEHHUs TEPPUTEHHOT0 MaTepuaia, MCTOYHMKOB cHoca. B mpouecce
MOJIETTMPOBaHHS HEOOXOJUMO UMETh YETKOE MMOHUMaHKHEe KOHEYHOTO Pe3yNbTaTa U AETadbHO HACTPAUBATh BXOJHBIE MTAPaMETPHI, UTO
00yCJIaBIMBAET pacyeT MHOXKECTBA UTEPALIMH JUIs COIIACOBAHMUS C KOHLICNITYaIbHOH MOZEIBbIO. Pe3ybTaThl HO3BOJISIOT OLEHHUTH Pa3-
JIMYHBIE BAPHAHTHI U JAI0T BO3MOXKHOCTh CIIPOTHO3MPOBATH PACIIPECIICHNE NTEPCIIEKTHBHBIX HE()TEra30HOCHBIX OTJIOXKEHHH B 00a-
CTSIX, TAE OTCYTCTBYIOT IPOOYpEHHBIE CKBaXXHHBI. MopenupoBaHre KOHYCOB BEIHOCA IPOBOJHMIIOCH IS aYMMOBCKHX IIACTOB MECTO-
poxnaenus 3amnaxHoit Cubupu. B pesynpraTte monydeHa ceUMEHTAMOHHAS MOZENb, KOTOpasi OTpakaeT (JOPMUPOBAHUE DIIEMEHTOB
CeIUMETalIOHHOM CHUCTeMbI U3y4aeMOo II0Iaau.

Knrouegvie cnosa: Cedumenmayuonnoe MoOenuposanie, auuMo8CKUe OM0NCeHUs, 2yb0Ko8o0Hble KOHYCbL 8bIHOCA, celicMogha-
YUATbHBLI AHAU3
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MODELLING THE GROWTH OF A COLMATAGE AGENT FOR RESERVOIR SWEEP
IMPROVEMENT UNDER WATER FLOODING

Panahov G.M.!, Abbasov E.M.}, Balakchi V.].2
Unstitute of Mathematics and Mechanics
2 Ministry of science and education of the Republic of Azerbaijan, Oil and Gas Institute:
geylani.panahov@imm.az

Summary. The paper describes the formation of plugging aggregates deep within the formation,
on the walls of the pore channels and in the free pore space, resulting in a local increase in flow
resistance due to the complete blockage of individual pore channels. A model of growth of colmatant
detached from the walls of the porous medium in the near wall flow is proposed, which takes into
Keywords: colmatant, structure | account not only the influence of hydrodynamic flows on chemical reactions occurring in the system
formation, diffusion, plugging The model takes into account not only influence of hydrodynamic flows on chemical reactions in
the system, but also inverse influence of growing clay ball on flow pattern. Industrial testing of
proposed bridging compound was carried out on Binagadi oil field (Azerbaijan).

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Secondary recovery techniques extend a field's productive life generally by injecting water or gas to
displace oil, resulting in the recovery of 20 to 40 percent of the original oil in place. Enhanced oil recovery
(EOR) involves injecting a fluid into an oil reservoir that increases oil recovery over that which would be
achieved from just pressure maintenance by water or gas injection.

Over time, due to viscous differentiation and reservoir heterogeneity, flushed channels with increased
zonal permeability are developed in reservoirs, reducing the effectiveness of water treatment (Dake, 1998).

The importance of improving well injectivity and increasing waterflood coverage remains significant
because of the ever-changing reservoir conditions, high economic costs and tightening environmental
requirements.

Experiments have shown that the alkaline solution significantly affects the swelling of clay minerals, as
the montmorillonite content decreases with increasing concentration of Na,COs solution and reaction time in
a closed medium (Panahov et al., 2023). However, the dissolution rate of montmorillonite slows down when
the concentration of OH" ions in bentonite decreases. The swelling strain of bentonite also decreases with
increasing Na,COs concentration and reaction time (Panahov et al., 2023; 2019; 2018). The void coefficient at
saturation of samples dissolved in the same solution for the same reaction time can be expressed by the fractal

swelling model €= kpsD = The fractal dimension, D, , increased slightly with increasing reaction time and

concentration of Na,COj solution due to the dissolution traces on the surface.

After primary adsorption, bentonite macromolecules provide strong bonding of dispersed aggregates to
the rock surface, forming a stable mass in the dynamic flow. Another part interacts with bentonite
macromolecules in the flowing fluid and forms aggregates in the form of one or more particles with bentonite
molecules attached to them.

Therefore, the formation of aggregates deep in the formation on the pore channel walls and in the free
space of pores leads to a local increase in flow resistance by completely blocking single pore channels, which
in turn leads to a change in filtration flow directions and an increase in waterflood sweep efficiency of the
formation.
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Lab test

The process effect was evaluated using pressure build-up curves before and after injection of blocking
solutions. As can be seen from the figure, when the proposed method is used, pressure build-up time in the
porous medium increases, which indirectly indicates a decrease in hydraulic conductivity of the system
(Figure). And this suggests a higher blocking capacity of the proposed method.
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A model of clayey colmatant growth in the near-wall flow was considered, taking into account not only
the influence of hydrodynamic flows on the flowing in the system, but also the reverse effect of the growing
colmatant on the flow character. Analytical solutions were used to determine the velocity field of the fluid near
the colmatant layer. This study showed that hydrodynamic flows may have a significant impact on the pore-
clogging processes. As a result of “evolution” of colmatants, aggregates of complex structure are formed. It is
shown that the process of aggregate formation depends on the ratio of characteristic values of injected fluid
velocity and aggregation velocity. When the forming structures do not have an inverse effect on the flow, the
systems are described by “reaction-diffusion-convection” equations.

Theoretical background

Usually only random particle movements (chemical diffusion or random movement of individuals in
population-type models) (Field, Burger, 1985; Murray, 1977; Turring, 1952) and sensitivity to gradients of
substances involved in the processes (Woodward et al., 1995) are considered in the models.

A similar approach is applicable to the modelling of structure formation processes in a stationary medium:
the kinetic part of the system and the geometry of the domain in question (Lobanov et al., 1999) and is related
to the properties of the nonlinear medium.

Although the growing colmatant is a clay structure formed in the solid phase, it is still permeable to liquids
due to the large number of pores. In a number of problems, a fundamental point is the presence of shear stresses
in the flow, which significantly change the picture of structure formation. In particular, consideration of shear
stresses is fundamentally important in the analysis of colmatant aggregation (Tandon, Diamond, 1997).

The process of structure formation has a complex spatial and temporal nature. A phenomenological model
of reaction-diffusion type was proposed for its qualitative description (Attaullakhanov et al.,1998). The model
under consideration contains a large number of parameters and has a set of solutions. In porous media, both
the convective flows themselves and the inverse effect of the growing colmatant on the flow pattern play a
significant role. The main objective is to evaluate the effect of filtration on the emerging colmatant structure.
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The model of structure formation including convective flows and reagent diffusion can be represented by
following equations (Lobanov et al., 1999):

2
9 _pao+2
ot 0+0

0

0 _ A O T
at_D2A¢+,B¢9(1 Cj[”qﬁon 21,9—div(Vg),

—y0p — y,0 —div(V6)
)

where 6, ¢ — concentrations of impurity (carbonate solution) and clay at the point X attime t; D, and D,
— diffusion coefficients; «, 5, 7, x> X»»> 65> ¢,» C —model kinetic parameters; V — flow velocity.
The equation describing the evolution of the colmatant is as follows

oy
—=0, 2
p (2)

where y is the unmeasured impurity concentration. Moreover, it was assumed that the formed tangles do not
affect the diffusion of impurity and colmatant, i.e. diffusion coefficients do not depend on the K, concentration
of the impurity i .

Equations (1) - (2) are written in the moving reference frame connected with the centre of the ball of
colmatant. Here it is used that the aqueous solution is a viscous incompressible fluid and the continuity
equation is fulfilled

divv =0

In the convective flow model, it was assumed that the "clubbing" taking place in the system - does not
directly affect the flow rate of the solution. This means that the change in flow was only due to changes in the
shape and size of the ball.

We considered the problem on evolution of the ball detached from the particle (wall) of porous medium
in near wall layer of viscous incompressible fluid in two-dimensional flat case.

During dimensionless measurement of system (1) - (2) the following values are chosen as a characteristic
scale of the problem: U — maximum flow velocity (in the fixed coordinate system), L — characteristic size,

defined on the base of investigation of system (1) - (2) without convective flows L ~100-,/D, /& (Garo etal.,

1978), where L << d of capillary is porous medium.
Using analytical expressions for velocity field it is possible to determine variations of reagent
concentration distributions with time by solving system (1) - (2) with known velocity field.

Conclusions

The proposed model makes it possible to draw a number of important conclusions. Hydrodynamic flows
may have an essential influence on structure formation processes in the system carbonate-in-water with clayey
inclusions. The composition forms clay balls of large size and complex shape. It can cause clogging of highly
permeable pores of the formation. In addition, it can initiate a plugging process away from the colmatant and
lead to the development of in-situ structural formation.

Industrial testing of the proposed bridging compound was carried out on the Binagadi field (Azerbaijan).
Technological treatment was carried out at well No. 232852 of Binagadi Oil Company in the Binagadi North
field.
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Summary. This work presents a comprehensive analysis of the geochemical, mineralogical, and
petrographical properties combined with bulk kinetics modeling of Domanik rocks from various
depths of the Kuzminovsky oilfield in the Volga-Ural Basin, Russia. The study reveals that the
Domanik samples have a high content of total organic matter (TOC) of up to 13.31 wt %, and mainly
contain Type II kerogen with a slight II/III kerogen type, which indicates very good to excellent oil
generation potential. The hydrogen-rich kerogen in the samples is expected to generate paraffin,
naphthene, and aromatic (P-N-A) oil with low wax content. The maturity indicators demonstrate
that most of the studied Domanik samples have generally reached low thermal maturity stages,
defining an immature to moderate-mature oil generation window. The results of the kinetic models
suggested that Domanik rocks with vitrinite reflectance (VRo) values in the range of 0.60-0.71%
have reached relatively low kerogen transformation ratio, indicating low probability of oil
generation. The Domanik samples are characterized by low porosity (up to 3.29%) with a wide range
of pore sizes, including interparticle, cavities, cracks, and organic matter pores. The development of
these pore types and their quality is mainly controlled by high mineralogical brittleness, i.e.,
carbonate and quartz, together with high organic matter inputs. Based on the obtained results and
observations, the Domanik Formation has a high potential for commercial oil production, which
typically requires hydraulic fracturing followed by an in-situ retort, mainly by thermal methods such
as steam injection and in-situ combustion processes.

Keywords: Domanik For-
mation, organic-rich rocks,
kinetic modeling,
unconventional tight oil,
Volga-Ural Basin (Russia)

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

Undoubtedly, global unconventional oil resources, such as shale oil, natural bitumen, and extra-heavy oil,
can be a future of the petroleum industries. Oil shales, as unconventional hydrocarbon resources, are the most
promising sources of hydrocarbons in terms of their reserves (30% of the proved global reserves (Meyer,
Attanasi, 2003). Generally, fractured, tight, shale oil as well as oil shale plays, are considered as exploitable
self-contained source and reservoir rocks (Romero-Sarmiento et al., 2016). Tight reservoirs are characterized
by low porosity averaging 3 to 6% and poor permeability from uD to less than < 0.1 mD (Kunar, Shandilya,
2013). The lithology of tight reservoirs is typically shale and carbonate rocks with large thickness (Kunar,
Shandilya, 2013). Tight oil reservoirs are also known as intractable rocks with low permeability which
containing fluids such as shale-hosted oil (shale oil) with little or no water (Mills, 2008). Consequently,
hydrocarbons can be produced from such reservoirs using special recovery techniques and technologies
including hydraulic fracturing, thermal-based recovery methods, etc.

Present research aims to evaluate the Domanik Formation in the Kuzminovsky oilfield, Samara region,
Volga-Ural Basin, Russia, as a potential unconventional tight reservoir to exploit these types of reservoir rocks
for development and high probability production.

Methods
A total of 18 samples of Domanik Formation, with geological ages ranging from Upper Devonian
(Frasnian) to Lower Carboniferous (Tournaisian), were collected from different depths (from 1726.5 m to
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1784.9 m) in Kuzminovsky oilfield (well Ne 26R), north of Samara region, Volga-Ural basin, Russia. These
samples were subjected to multi geochemical, petrographical, and petrophysical analyses.

2. Results and discussion

2.1. Organofacies characteristics under microscopic examinations

The analyzed samples are composed of carbonate minerals, liptinite, and vitrinite macerals. The liptinite
macerals appear light brown to brown under reflected white light and show yellow to greenish-yellow
fluorescence under ultraviolet (UV) light (Fig. 1). Structured and unstructured hydrogen-rich kerogens,
including alginite, amorphous organic matter (AOM), and bituminite, are present in the liptinite assemblages.
Telalginite and lamalginite forms of structured alginite were observed in most of the liptinite macerals,
indicating an oxygen-depleted benthic environment. Unstructured AOM exhibited greenish-yellow to yellow
fluorescence, and a small portion of structureless bituminite II was also observed. These findings suggest that
the samples could be a potential oil source rock with low waxy characteristics.
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Fig. 1. Photomicrographs of the analyzed, under reflected white and UV lights.

2.2. Geochemical characteristics

The Domanik samples exhibit a significant quantity of OM, with a range of 0.72% to 13.31%. This
suggests that the majority of the samples analyzed contain substantial amounts of OM, making them promising
source rocks for producing large amounts of petroleum. Moreover, the correlation between the Total Organic
Carbon (TOC) and the yields of petroleum produced through thermal cracking of kerogen (S2) indicated a
high potential for generating hydrocarbons. This potential ranges from good to excellent, with the ability to
produce substantial quantities of hydrocarbons at optimal thermal maturity levels (Bissada, 1982). The
Domanik rocks are mainly characterized by Types II and II/III kerogen, suggesting that the organic matter
input is in the immature to moderate mature stage of the oil-window. This implies a strong potential for oil
generation.

2.3. Bulk kinetics modeling

In this research, the bulk kinetics analysis was conducted on three spent samples collected from the
Domanik Formation. Depending on the kinetic model, the VRo values of the examined samples were measured
and plotted against the computed transformation ratios (Fig. 2). The findings revealed that the current thermal
maturity of the analyzed samples, equivalent to 0.61 to 0.71% VRo, had reached approximately 11-20% TR
ratio at geological temperatures ranging from 110-125°C. As a result, the studied intervals of the Domanik
Formation have not generated commercial amounts of oil.
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Fig. 2. Bulk kinetic parameters in terms of (A) activation energy distribution (Ea) and computed temperature
(°C), and (B) TR (TR %) and vitrinite reflectance (%Ro).

2.4. Mineralogical characteristics and their contribution for brittleness

In this study, the analyzed Domanik rock samples consist higher carbonate and quartz brittle minerals
compared to clay mineral, with high brittleness index (BI) of up to 0.99%. Based on this mineral constituent,
the analyzed Domanik rocks are likely to be high brittle rocks for fracability and development of natural and
artificial fractures. This interpretation was supported by the presence of the fractures in the analyzed Domanik
rocks (Fig. 15a and b).

2.5. Petrophysical characteristics (porosity)

The microscopic examinations conducted in this study have revealed the presence of secondary porosity
in the form of micro-fractures (Fig. 3c). These fractures in the Domanik rocks are observed to be filled with
oil, as observed under reflected UV light (Fig. 3d). Additionally, thin section microscopy has shown the partial
dissolution of unstable shell grains (foraminifers) in some of the analyzed samples (Fig. 3e-h). This partial to
complete acidic alteration of the foraminifer's grains has enhanced and developed the total porosity of the
Domanik rocks. Microscopic examinations conducted under transmitted light have further revealed that the oil
(brown color) mainly fills the entire pore spaces of the foraminifer's grains (Fig. 3g and h).

In addition to thin section, the nano-focus X-ray control system (micro-CT) also revealed the presence of
fractures in the analyzed Domanik rocks (Fig. 4). This suggests that the high content of brittle minerals in the

Domanik rocks, which have high BI values, is the primary factor contributing to the fractures observed in the
study area.

Fig. 3. Micro-CT imaging of the analyzed samples. Fig. 4. Photomicrographs of cores, thin sections of the
analyzed samples.

Moreover, micro- and nano-focus X-ray control systems (micro-CT) were employed to study the structure
of the porous space in the Domanik rocks, as shown in Fig. 5. Accordingly, the porous space of Domanik rocks
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could be divided into three types based on grain diameter (um). The first type consists of interparticle pores,
with sizes ranging from 10 um to 100 um (Fig. 5a). The second type comprises cracks and cavities with a grain
diameter of more than 0.1 mm (100 um) (Fig. 5a), which are believed to have formed during the diagenesis
process. The final type of pores is mainly found in OM pores, with sizes of 10 um or less (Fig. 5b). The total
volume of these pores is likely to increase with higher OM input into the Domanik rocks. SEM analysis also
confirms the presence of these pore types, including interparticle, cavities, cracks, and OM pores (Fig. 6).

=i

Fig. 5. The orthoslices in different projection of region of Fig. 6. Photomicrographs of the SEM for the analyzed samples.
interest (ROI), 3D visualization of the region of interest (ROI).

3. Conclusions
Based on the obtained results, the following major conclusions can be drawn:

e The studied samples have a high TOC content of up to 13.31 wt. %, and a petroleum potential of up to
32.86 mg hydrocarbon/g rock, indicating that they are highly prospective source rocks.

e The OM input in the studied samples is mainly composed of Types II and II/III kerogen, which suggests
that the samples are in the immature to moderately mature stage of the oil window and have a high
potential for oil generation.

e The presence of hydrogen-rich kerogen and high oil generation potential also confirms the results of
the Py-GC investigation, as well as the abundance of fluorescent oil-prone liptinitic assemblage.

e Bulk kinetic modeling indicates that the analyzed samples in the studied well have generated low
amounts of oil at geological temperatures ranging from110 to 125°C, which correspond to relatively
low vitrinite reflectance (VR) values and transformation (TR) ratios of 0.60—0.71% Ro and 10-20%,
respectively.

e The studied samples are primarily characterized by brittle minerals such as carbonate and quartz with
a high brittleness index of up to 0.99 and low porosities (up to 3.29%). This indicates the presence of
unconventional tight oil reservoir rocks that could be suitable for conducting hydraulic fracturing for
commercial oil production.

Generally, the above characteristics of the Domanik rocks can be used as a foundation for further
unconventional tight oil exploration in the Volga-Ural Basin, particularly in the deeper burial depths, where
these rocks of the Domanik Formation are anticipated the high maturity levels and resulted in retinted of more
oil that could be released.
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Summary. Free gas and gas hydrate areas, which the existences have been known through the
determination of acoustic and physical characteristics of sediments in two different regions (Off-
shore of Turkey in the eastern Black Sea and the Gwangyang Bay at the south Korea) having geo-
logical histories and formations, were mapped with the utilization of high resolution acoustic and
seismic methods. Technical as well as scientific collaboration were realized between Institute of
Marine Sciences and Technology (IMST) and Pukyong International University(PKNU) based on
the marine seismic studies. In this context in both of regions, the Eastern Black Sea and the Gwang-
yang Bay at the south of Korea, shallow gas and gas hydrate formations, various hydrocarbon indi-
cators (pockmarks, mud volcanoes, faults causing seepages) are mapped and sampling was done
with piston coring method. Also two mud volcanoes were found in the region and they were named
as Izmir and Pusan respectively. This situation supports the probability of existing gas accumulations
in this environment.

Keywords: Eastern Black Sea,
gas hydrate, BSR, Bright spot,
Multichannel seismic reflection
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Introduction

The Black Sea was formed as a back-arc basin as a result of the northward subduction of the Thetis Ocean.
This wide basin is divided into two by the Andrusov and Archangelsky ridges, namely the Middle Black Sea
Ridge. The Eastern Black Sea Basin and the Western Black Sea Basin have different characteristics. The Black
Sea is a closed basin in the form of an east-west trending elliptical depression that has an area of 436,400 km?,
with maximum depth of 2,212 m and it is one of the world’s largest inland seas.

In the exploration studies carried out in the shelf, open sea and international waters on the coasts of our
country, gas hydrate and shallow gas reserve related structures like BSRs, mud volcanoes, mud diapirs, gas
seeps etc. were observed and the presence of gas hydrate was proved by samples taken at some locations.

The BSR level refers to the strong seismic reflection surface from the bottom of the gas hydrate containing
sediments. Free gas is usually found below the BSR level, and the world-wide production of gas from gas
hydrates today is the extraction of this free gas from below the hydrate.

The aim of the study is to investigate the acoustic and physical properties of the sediments in two different
seas of the World, the Eastern Black Sea and in the Gwangyang Bay located in the south of Korea.

Survey area in the Eastern Black Sea covers the continental slope, apron and abyssal plain (Figurel). BSR,
bright spots and gas columns were observed on the seismic profiles that collected at the farthest east of the
survey area. Also two mud volcanoes were found in the region and they were named as Izmir and Pusan
respectively. Slump features were observed on the continental slope. Seismic attribute analyses, instantaneous
frequency, envelope and apparent polarity, were applied on the sections where showing strong reflections in
the seismic profiles. Low frequencies are observed on the instantaneous frequency sections which supports the
probability of gas accumulations in this environment.
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Fig. 1. Study Area at the southeastern Black Sea offshore Turkey.
With the high resolution seismic reflection method shallow gas ac-
cumulations are observed below BSR (Bottom Simulating Reflec-
tor) structures which are the seismic indicators of gas hydrates. Also
mud volcanoes, mud diapirs and gas seeps were observed

Data and Methods

This study was carried out as a bilateral TUBITAK Project with the collaboration of Institute of Marine
Sciences and Technology and South Korea Pukyong National University. In the scope of the Project cruises
were carried out in the Gwangyang bay in 2009 and in the Eastern Black Sea in 2010. In Eastern Black Sea
high resolution multi-channel seismic reflection and CHIRP data were collected by the researchers from Dokuz
Eyliil University(DEU) Marine Sciences and Technology Institute onboard R/V Koca Piri Reis vessel (Figure
2) and CHIRP data were collected in the South Korea in Gwanyang Bay on board R/V Tam Yang.
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Fig. 2. Map showing the study area and locations of collected multi-channel seismic reflection lines

12 scientific researchers from DEU and many researchers from Pukyong National University joined the
survey. Approximately 1700 km of high resolution multi-channel seismic data were collected in the study area
The streamer length was 1350 km with 216 channels, the soruce was a Generator-Injector (GI) gun with
2x(45+45) cubic inch volume. The ferquency of subbottom profiler(CHIRP) system is 3.5 kHz. The applied
seismic data processing flow includes band pass filtering, automatic gain control (AGC), F-K filter, velocity
analysis, NMO, stack and migration.
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Results and Discussion

A fold zone is observed in the west of the study area which is associated with the left-lateral strike-slip
Trabzon fault. In the north of the line DK 10-11, which exits in the easternmost part of the study area, the
exensions of continental canyons system are observed on the apron part (Figure 3). On the N-S trending seismic
profile DK10-11, this fold structure with Trabzon faults is observed in the middle part of the profile. Chaotic
features on the slope are interpreted as slumps. Towards north uniform parallel sediments exists at the upper
part of BSR structure.

BSR reflections were observed at a depth of approximately 1800-2700 ms from the sea floor and their
average width was calculated between 2000-4000 m. Figure 4 shows an example for BSR structure. In some
areas shallow gas do not exist under the BSR reflections on some seismic sections but some areas show
acoustic masking or acoustic turbidity indicting shallow gas under BSR structure.

A mud volcano is discovered and named as Busan mud volcano (Figure 4b). Acoustic masking is
interpreted as gas accumulations. Feeding channel of mud volcano is observed as acoustic masking. Sediments
are dipping because of velocity pull down. High amplitude reflections are shown by yellow circles. AVO is
applied for BSR analysis.

Figure 4 is an example section which shows BSR structure in the middle part of the mud volcano and high
amplitude reflections at the northern part of the mud volcano.

In the final map, possible shallow gas accumulations, BSRs and mud volcanoes are shown on the
approximate bathymetry map (Figure 5).

Sesimic attribute analysis are applied on the targeted structures on the seismic sections and especially on
the indicators known as direct indicators (bright-spot, dim-spot, flat-spot etc.) in hydrocarbon exploration. The
applied attributes are envelope, apparent polarity and instantaneous frequency. Areas with strong reflections
with negative polarity in the envelope and apparent polarity sections, show themselves with low frequency
content in the same region in the instantaneous frequency section.
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Fig. 3. DK10-11 interpreted seismic reflection line in the study area

Conclusions

In the study area, BSR reflections were observed in the east of the region, indicating the presence of gas
hydrate (Figure 5). Two mud volcanoes were discovered and named as Busan and Izmir mud volcanoes. These
mud volcanoes are probably formed on the diapiric structures which are formed probably under a compressional
tectonic regime. BSR structures are observed at the upper parts of these features. The existence of velocity pull
downs and the Seismic attributes, AVO analysis and modeling studies have revealed the presence of gas.
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Gas and BSR mapped as an area of seismic attribute analysis applied to the instantaneous frequency and
envelope cross-section, cross section areas of the image appear with a strong polarity of the cross section of low-
frequency regions have been identified in areas with a strong negative polarity.
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Fig. 5. Map showing possible shallow gas accumulations, BSR area and mud volcanoes on bathymetric map
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TECHNOLOGICAL BASIS FOR THE DEVELOPMENT OF GAS DEPOSITS IN A COMBINED MODE

Agalyev S.D., Garayev G.T.
Yagshygeldi Kakayev International Oil and Gas University, Ashgabat, Turkmenistan: ilyaluryev.edu@gmail.com

Summary. Issues of equipment and technology for operating gas wells in conditions of
condensate and flooding require constant improvement. The result of our proposed technology is to
increase the productivity of flooded gas wells by increasing the rate of upward gas flow from the

Keywords: Gas well, bottomhole itself. The effect of reducing the diameter of the lifting pipes and increasing the velocity
fluid removal technology, of the gas-liquid flow at the bottomhole is achieved by lowering the tubing perforated in the lower
perforated tubing part of the string to the lower perforations of the production string. The results of field tests are

given. Applicability criteria for the proposed technology are identified.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

BBenenue

HecMoTps Ha 3HaUMTENHHOE KOJWYECTBO MMEIOIINUXCS CIIOCOOOB M YCTPOWCTB ISl MHTEHCH(DUKAIUN
BBIHOCA )KHJJKOCTH M3 Ta30BBIX CKBKUH, TPOOIIeMa yIaleHus )KUAKOCTH Beerna OyeT TpeOoBaTh peleHus,
a MMCIOIMECS TEXHOJIOTHMH — COBEPIIEHCTBOBAaHUS. Takoe MOJOKeHHE OOBSICHSAETCS TeM, YTO MHOTHE U3
HUX XapaKTepHU3YIOTCS 3HAUYUTEIHHOW MaTepHUaJo€MKOCThIO, JOPOTOBU3HOMN, CIIOKHOCTHIO B OCBOCHUH U
OKCILTyaTalluu U HU3KOH MIPOAOJIKUTECIBbHOCTBIO 3(1)(1)6KTI/IBHOI“O HUCIIOJIB30BAaHMS.

B kauecTBe MeT010B OOpHOBI ¢ OOBOJHEHUEM CKBAKMH HAUOOJIbBIIEE PACTIPOCTPAHCHUE TIOTYUYHIIN Me-
TOJBI yAANEHUS )KUAKOCTH U3 CKBAXXUH C NOABEMOM €€ Ha MOBEPXHOCTh. B 3TOM cityuae oCHOBHOM 3a1aueit
SBJIIETCS OOECTICUCHNE CKOPOCTH TTOTOKA T'a3a He MeHee 5 M/c Ha 3a00e ckBaKuH U He 6omee 10 m/c Ha ycThe
(JIypnera, 2014). B mpoMBICIIOBO# MpaKTHKE yIaICHUS KUIKOCTH U3 FA30BbIX CKBKHUH MOTYYWIH IPUMEHE-
HUE MPOAYBKH CKBaXHH B aTMOC(epy U BBIKHIHBIC TUHUH, YMEHBIIICHUE AHAMETPa KOJIOHHBI JIN(PTOBBIX TPYO,
CHIDKEHHUE YCThEBBIX JIABJICHUN U BBOJI BCIICHUBAIOIINXCSI TOBEPXHOCTHO-aKTUBHBIX BetecTB (ITAB).

Merton

OCOOEHHOCTH T'€0JIOTHYECKOTO CTPOCHHMS Ta30BbIX M I'a30KOHACHCATHBIX MECTOPOXKIEHHUH, Kak mpa-
BHJIO, TAKOBBI, YTO CYXO€ Ta30BO€ MOJIE OKPY’KEHO MOJONIBEHHBIMH U KOHTYPHBIMH IIJIACTOBBIMU BOJAMHU.
B aTHX ycnoBusX Ha OJHOU U3 cTaAuK pa3pabOoTKH MECTOPOXKACHUS HAYMHAET MPOSBISTHCS BOJAOHATIOPHBIH
pexuM. [Ipu 3TOM MOXKET MPOMCXOAUTH YACTUYHOE WIIM MOJIHOE OOBOJHEHHE Ta30BBIX CKBAXXKHMH 3a CUET
KOHJEHCAIMH IapooOpa3HOM BOJBI U3 I'a3a M IOCTYMJIEHHUS BOJbI HA 34001 CKBa)XMHBI U3 IUacTa. B razo-
KOH/ICHCATHBIX CKBaKMHAX K 3TOH HKHUAKOCTH JOOABISIETCS YIIIEBOAOPOAHBIN KOHACHCAT, MOCTY AN 13
I1acTa U BHIMAAAIONINI U3 Ta3a B CTBOJIE CKBaKKH. B HauanbHbIH neprno pa3paboTKH 3a1eKU PU BEICOKUX
CKOPOCTSX Ia30BOT0O IIOTOKa Ha 3a00€ CKBaXMH M HEOOJBIIOM KOJIMYECTBE JKUIAKOCTU OHA MPAKTUYECKH
MTOJTHOCTHIO BRIHOCUTCS Ha TIOBEPXHOCTD. [10 Mepe CHIKeHHUsI CKOPOCTH MOTOKA Ta3a Ha 3a00€ U yBeTnYeHUS
pacxoa KUAKOCTH, TIOCTyMaroulei Ha 32001 CKBa)XMHBI 32 CUET 0OBOIHEHUS MPOHUIIAEMBIX MPOILTACTKOB
U yBeIM4YeHHsI 00BEeMHOIN KOHACHCATOHACKHILIEHHOCTH IIOPUCTOH Cpelibl, He 00eCcIIeYBAETCs IOIHbIA BEIHOC
XKHUIKOCTH U3 CKBAKUHBI, IPOUCXOAUT HAKOIJICHHE CTOJI0a )XuAKoCcTH Ha 3a00e. OH yBeIU4YMBAET IPOTHUBO-
JaBJICHUE Ha IJIACT, MPUBOJUT K CYIIECTBEHHOMY CHIKEHHIO J1eOWTa, K MPEKpalIeHUIO MPUTOKA Ta3a H3
HU3KOMPOHUIAEMBIX IPOIUIACTKOB U J1aXKe K MOJIHOM OCTAaHOBKE CKBAXKHHBI.
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[IpenoTBpaTUTh NOCTYIUICHUE KUIKOCTH B CKBKUHY MOKHO HOZIZIEPKaHUEM YCIIOBHI 0TOOpa ra3a Ha 3a00e
CKBAXXMHBI, IIPU KOTOPBIX HE IIPOUCXOANUT KOHAEHCALMM BOABI M JKUIKUX YIJIEBOZOPOJIOB B IPH3a00HHOM 30HE
TUIacTa, HeJIOMYIIEHHEM POphIBa KOHYyCa IOJOIIBEHHON BOJBI MM SI3bIKA KPaeBOM BOJBI B CKBaXHHY. Kpome
TOT0, MOYXHO TIPEAOTBPATUTD MOCTYIIEHHE BOJBI B CKBKUHY M30JISIIMEN TOCTOPOHHUX U [UIACTOBBIX BOII.

Be160op criocoba ynaneHust KUAKOCTH ¢ 32005 CKBKUH 3aBHCHUT OT I'€0JI0T0-IIPOMBICIIOBON XapaKTEPUCTUKH
Ta30HACHIIIEHHOTO ITACTa, KOHCTPYKIMH CKBAKMHBI, KAYeCTBA [IEMEHTHPOBAHHUS 3aKOJIOHHOTO ITPOCTPAHCTBA, I1e-
pHona pa3pabOTKH 3aJIeXKH, a TAKXKE OT KOJIMYECTBA M IPUYMH TOCTYIUICHHS KUIKOCTH B CKBAKUHY.

Jist Toro 4ToOBl BEIOPATh METOA yIAJICHHS KUIKOCTH U3 Ta30BBIX CKBAXXHH, HEOOX0IUMO OBLIO U3yUYHUTh
MEXaHU3M CKOIUIEHHsI BOABI U KOH/AEHCATa B CTBOJIE CKBAXKMHBI, TAK KaK IPUCYTCTBUE KUAKOCTH Ja’Ke B Ma-
JBIX KOJIMYECTBAX B MIPOAYKIMH NPUBOIUT K ABYX(pasHOMY MOTOKY B HACOCHO-KOMIIPECCOPHBIX TpyOax.

Pacnpenenenue ’XUaKOCTH B IPUCTEHHOM CJIO€ Pa3IMyaeTcs 1o HampasieHuto noToka. Cnoi 1, koTopsiii
nMeeT TONIMMHY He Oonee 0.5 MM, Kak NpaBUIIO, HETIOABUKEH OTHOCUTEIBHO IOTOKA AaX€E B IIPEAEIbHOM
cllydae MpeBbleHns 00beMa ra3oBoi (a3sl Hal 00HEMOM KHUIKOH (hazbl. ITOT CIION CYHIECTBEHHO CHUXKAET
YPOBEHB THIPABIMYECKUX COMPOTHBICHUI ra30KUIKOCTHOTO MOTOKA B TPY0ax, Kak-Obl «cMa3biBas» ux. Cie-
Iyroruii cinoit 2 (5...14 MM) )KHIKOCTH CYIIECTBYET MPH PeKNMAaX JBIKEHHUS Ta305KUIKOCTHOTO TIOTOKA HIDKE
MPEACIIBHBIX CKOPOCTEH BocXosero noroka. Croii 3 mabmogaeTcs B mmpokux npegenax (10...15 mm), ox-
HAaKO MPH MaJIBIX CKOPOCTSX BOCXOJSIIETO TTOTOKA MOKET MEPEHTH B CJION 2, KOTOPBIH cTekaeT Ha 3a00i 1o
BHYTPEHHEH IMOBEPXHOCTH HACOCHO-KOMITPECCOPHBIX TpyO. Y, HaKOHEN, CyIecTByeT OCHOBHOM ITOTOK rasa B
CTEP)KHEBOM PEXUME, KOTOPBIH YBJIEKAET KalelIbHY0 XKHUJIKOCTh K YCThIO CKBRKHHBI M CIIOCOOCTBYET €€ yia-
neHuto. KonmmaecTBo KUAKOCTH, ABMKYIIEHCS B 00paTHOM IMOTOKY T'a3a HAPaBIEHUH, MOXKET JOCTUTATh 25%
BHYTpPEHHETO 00BEMa TpYO.

B ra3oBoii ckBaxuHE axke Majble KOIMYECTBA KUAKOCTH 00Pa3yoT BCE ONMCAHHBIE CJIOU, KOTOPHIE B 3aBU-
CHMOCTH OT CKOPOCTH BOCXO/ISIIIIEr0 TIOTOKA MOTYT CIIOCOOCTBOBATh HAKOIIIEHHIO KHUIKOCTH Ha 3a00€ CKBaYKUHBI
3a CU€T CYLLIECTBOBAHMS CIOA 3, KOTOPBIN 00ECIIEUMBACT CTEKAHHUE KHKOCTH MO CTEHKaM CKBayKHHBI.

PesynpraTrom npeutaraemoit Hamu TexHosoruu (JIypeesa u ap., 2009) siBnsieTcs MOBBIIIEHNE POU3BOTH-
TETBPHOCTH OOBOAHEHHBIX T'a30BhIX CKBAYKMH 32 CUET YBEITMUEHHUSI CKOPOCTH BOCXOIAIIETO ITOTOKA ra3a OT ca-
MOT0 320051

Ha noBepxHocTu 3emnu nepdopupyror HuxHue TpyOsl konoHHsl HKT Ha anmuHy, paBHYIO paccTOSIHUIO
OT 320051 CKBa)XHMHBI JIO KPOBJIM Fa30HOCHOTO ILTacTa. B ckBaxuHy, 000py10BaHHYIO SKCIUTyaTallMOHHOW KO-
JIOHHOH ¢ mep(opaiOHHBIMHA OTBEPCTHSIMU Ha YPOBHE MPOJYKTUBHOI'O TOPU30HTA IO 32005 CITyCKAIOT KO-
JIOHHY, COCTOSIIYO0 B HI)KHEH 4acTH U3 nep(OpUpOBaHHBIX TPYO, a BhIIIE KPOBIU NPOIYKTUBHOTO IJIACTA —
n3 HerieppoprpoBaHHBIX TPYO. [Ipn sTOM nramerp TpyObl, HauMHAS OT 32005 CKBRXKUHBI, CTAHOBHTCSI MEHBIIIE,
4eM JaMeTp SKCIUTyaTalluoHHON KoloHHbBI. Yepes nmepdopanuonnsie otBepcetus B kKononHe HKT ra3 mocry-
naet B HKT 3a cuér nepenana naBneHus MeXIy IIACTOM M 3200€M CKBa)KHHBI. B MEXKOJIIOHHOM MpPOCTpaH-
CTBE I'a3 OCTAETCS HETIOABMKHBIM.

N3-3a nocrosauHoro auamerpa kojoHHbBI HKT ckopocTh moToka rasa Bo3pacTaeT Mo IJMHE B COOTBET-
CTBHH C IEPENaZoM JABJICHUs, B TO BpeMsl Kak B AKCIUTyaTallMOHHOW KOJIOHHE u3-3a Oojbiuero, yeM HKT
JraMeTpa, CKOpOCTh Ta3a 3HAUYMTENIbHO HIDKE. YBeTHUeHHe CKOPOCTH rasa Ha 3a0oe MpHUBOAUT K OoJbIIei
BBIHOCHOM CIIOCOOHOCTH MOTOKA Ta3a, YTO MCKIIIOYAET WM 3aMEIJIseT CKOIUIEHHE JKUAKOCTH Ha 3a00€ U ca-
MO3aJaBlIMBaHHE CKBaXXHHBI. KpoMe Toro, 3aTpyOHOE MPOCTPaHCTBO MO-TPEKHEMY MOYKHO UCTIONB30BaTh JUIS
CO3JIaHMs TUPKYJISILUK PACTBOPOB INIYILIEHHS, OCBOCHUS, HHTUOUTOPOB KOPPO3HUH U T.J.

OO0cy:xaeHue pe3yJibTATOB

[IpomeicnoBsle ucnibiTanus TexHonoruu (Jlypeesa, bazapos, 2009) na ckBaxune Ne 211 mecTopoxaeHus
Haiipin, rae npoucxoauT MHTEHCHBHOE 0OBOAHEHHE MPOAYKINH, MTOKa3alu 3PPEKTHBHOCTh MPEIaracMoro
croco0a ynaJeHust KHUIKOCTH U3 Fa30BOM CKBaKHUHBI.

XapakTepHO, YTO MPH MPOBEJACHUH T'a30IMHAMHYECKHX UCCIIENOBAHUH JI0 U MOcCie ciycka nepdopupo-
BaHHbIX HKT no HmwkHHX oTBepcTHil MHTEpBaia nepdopaund He HaOI01aI0Ch 3aMETHOTO YBETUUEHHS J1e-
Outa ra3a ¥ yCThEBBIX AABJICHUH MPU Pa3IMYHBIX PEKUMAaxX, OMHAKO JaJbHEHIIAs SKCITyaTalusl CKBaXKHHBI
MTO3BOJIMJIA OMPEJENIUTh PEUMYIIECTBA MPUMEHEHN HOBOW TEXHOJIOTUHU I yAAJCHHUS KUAKOCTH 32 CUET
3HAYUTENIBLHOTO YBEJINYEHNS MTEPUOAA MEXKTY TPOTYBKaMH.

Kax BunHO U3 pucyHka, uepes kaxiple 5 mecsiueB B TedeHre 2016-2017 rr. ckBaXuHy OCTaHABIUBAIH C
LIEJTBIO yIaIeHNS] HAKOMTUBIIIEHCS B CTBOJIE XKHUIKOCTH IyTEM MPOAYBKH B atMochepy. B mae 2017 r. ckBaxxuHa
caM03a/1aBUJIach U OCBOUTSH €€ IyTEM IIPOJYBKH U OCYIIKH CTBOJIA HE YAanock. Ilociie 3aMeHbI UMEIOIIUXCS B
ckBaxxuHe HKT Ha nepdopupoBaHHbIe B HIPKHEH YaCTH KOJIOHHBI TPYObI CKBaXKHHY YIal0Ch OCBOUTH C Je0u-
TOM Ta3a IPUMEPHO B 1.5 pa3 BhIlIE, UM B EpUOJ] CTAOMIBHON paOOThI CKBAXKUHBI B IPEABIAYILEM IOY.
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[lanee B TedeHNE TOCIEAYIOMINX YETHIPEX MeCsILIEeB AeOUT ra3a yBeIHYUICS IPUMEPHO B 5 pa3. ITO MOXKET
OBITH CBSI3aHO C TEM, YTO CTAOMIM3UPOBAIAch paboTa CKBOKHHBI U MPOSBIIICS dPPEKT OT HUCIOIH30BAHI
nepdopuposannbix HKT, cnyleHHBIX 10 HIXKHUX OTBEPCTUI HHTEpBalia nmepQoparim.
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Jlunamuka neOUTOB ra3a, KOHJICHCATa ¥ BOJBI 10 CkBakuHe 211 mectopoxaenus Haiibm

I[Tpu 5TOM 1eOUTHI KOHAEHCATa U BEIHOCUMOI € Ta30M BOJIBI TAK)KE 3HAUYUTEIBHO YBEINYUIIUCH B CBS3HU C
TEM, YTO CKOpPOCTh IOTOKA raza ot camoro Oarmmaka HKT crama mocrarodnoi mis oOecriedeHHUs MOJTHOTO
BBIHOCA YKHJIKOCTH U3 CKBRXKUHBL. [locne ckayko00pa3HOro pocTa Ae0MTOB KOHIEHCATa M BOJIBI HAOMI0JaeTCs
UX MajieHue U cTaOMIn3anysi Ha ONpeae€HHOM YPOBHE, YTO TOBOPUT O TOM, YTO CKBa)KMHA OYMIIECHA OT IO-
CTETIEHHO HAKATUTUBAIOIIEHCS U «3aBUCAIOIIEH» B TIOTOKE ra3a )uaKocTH. HakorieHue sxe cTonba ®HuIKoCTH,
MPUBOJIAIIETO K CaMO3aJaBIMBAHHUIO CKBAXKHHBI, BOOOIE HE MPOUCXOJIIIIO, U CKBAKHWHA MPOJIOJDKANIA CTa-
OowibHO padoTath A0 utoist 2019 r. 3aTem neOUT ra3a HavYall CHYKATHCS B CBSI3U C BBIPAOOTAHHOCTHIO Mepdo-
PHPOBAHHOTO MPOTUIACTKA MPOIYKTUBHOTO TIIACTa.

C 1menpio BOBJICYCHHSI B pa3paOdOTKy JOMOIHUTEIFHBIX HHTEPBAIOB B Aekadpe 2019 r. ckBakuHa Oblia
OCTaHOBJICHA Ha KanuTanbHbd peMoHT. Kononna HKT Ha ypoBHE HOMONHUTENBHOTO HHTEPBaa epopaum
Obu1a 000pyIOBaHa CTaHAAPTHHIMU (HenephopupoBaHHBIME) TpyOamu. Kak BUIHO U3 PUCYHKA, JalbHEeHIIast
9KCIUTyaTallHsl CKBRKUHBI TIPOJIOJDKACTCS C HU3KUMH JIeOUTaMu.

BoiBoabI

Takum 06pa3om, peIoKEHHBIH CIOCc00 AKCILTyaTallii OOBOJHEHHBIX Ta30BBIX CKBAYKHH TTO3BOJISIOT 3(-
(heKTHBHO yIaIATh XKUIAKOCTH C 32005 Ta30BBIX M TA30KOHICHCATHBIX CKBAKWH M IPEIATCTBOBATH €€ HAKOII-
nenuto. JluHamuka sKcrtyartaiuu ckBakudbl 211 Halibin noka3seiBaeT 3¢ ()eKTUBHOCTD MPEI0KESHHOTO CII0-
co0a 3KCIUTyaTaIy, a BO3BPAIeHHE K CTAHIAPTHOW KOHCTPYKITUH IIPUBEIIO K CHUKESHHIO ITPOU3BOIUTEIHHO-
CTH CKBa)KHHEL.
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TEXHOJIOI'USA Y JAJIEHUA KNJKOCTHU U3 I'A30BbIX CKBAYXKUH
3A CUET YBEJIMYEHUSA CKOPOCTH BOCXO/JSIIEIO IIOTOKA

Araiusies C. /1., I'apaes I'.T.
Medicoynapooneiii ynusepcumem nepmu u 2aza um. HAawvieenou Kaxaesa, Awixa6ao, Typkmenucman: ilyaluryev.edu@gmail.com

Pe3ztome. Borpochl TEXHUKU M TEXHOJOTUH 3KCIUTYaTaIllH Ta30BBIX CKBAXKHH B YCIOBHUAX BBINAJICHHUA KOHICHCATa U OOBOJHEHUS
TpeOYIOT IIOCTOSIHHOT'O COBEPIICHCTBOBAaHMUS. Pe3ynbTaToM mpeuiaracMoii HaMu TEXHOJIOTHH SIBISIETCS MOBBIIICHAE TIPOU3BOIUTEIb-
HOCTH OOBOJHEHHBIX Ta30BBIX CKBAKMH 32 CUET YBEIMUCHHSI CKOPOCTH BOCXOIAIIETO IMOTOKA ra3a oT caMoro 3a00s. Dddekr ymeHb-
[ICHUS TUaMeTpa MMOIbEMHBIX TPYO H YBEIHMYCHUE CKOPOCTH T'a305KUAKOCTHOTO IIOTOKA Ha 3a00€ JOCTUTAETCS 3a CUET CITycKa nepgo-
PUPOBAHHBIX B HIKHEH YaCTH KOJIOHHBI HACOCHO-KOMIIPECCOPHBIX TPYO /10 HUXKHUX Mep(OpPallMOHHBIX OTBEPCTHI IKCILTYaTAI[HOHHOM
KOJIOHHBI. [IpuBeIeHbI pe3ysIbTaThl IPOMBICIIOBBIX HCIIBITAHUN. BBISBICHBI KPUTEPUHU TPUMEHUMOCTH MPEAIaraeMoil TEXHOJIOTHH.

Knrouesvie cnosa: 2azosas ckeasicuna, mexHono2ust YOanieHus Hcu0Kocmu, nephopuposantule HACOCHO-KOMNPeccopHvle mpyoul
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NUMERICAL METHOD FOR INVESTIGATING PORE PRESSURE BEHAVIOUR WITH POROSITY REDUCTION
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Summary. The effects of the assumption of linearity in solving the problem with a moving
Keywords: Stefan problem, boundary, which describes the one-dimensional flow of groundwater in compacted sedimentary ba-
pore pressure, compaction sins, are studied numerically.

processes, Landau change

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenue

N3BecTHO, 4TO MPOLIECCH YIIJIOTHEHUS IPUBOJIAT K MAJICHUIO CBOOOAHOMN MMOPUCTOCTH C POCTOM TITyOUHBI
OT MOBEPXHOCTH TOPOJ BIUIOTH JI0 CPEAHEH M HIDKHEH KOpPbI M MPOTPECCUBHOMY OO0E3BOXKMBAHUIO 3€MHOM
KOpBI B TE€YEHHE UCTOPUHU POCTa MOIIHOCTH ocafouHoro cios (Audet, Fowler, 1992; Bethke, Corbet, 1988;
CyetnoBa, 2010; Seung Hyun Kim, 2014). UncieHHbIM METOJIOM H3Yy4aeTCs BONPOC BIMSHUS CHIDKEHUS TI0-
PHUCTOCTH Ha TUAPOIIOTUIECKIE XapaKTEPUCTUKNA 3€MHOU KOPEL.

Nzyuarotcs 3 GeKThl IPEANON0KESHUS O JIMHEHHOCTH MPH PELICHUH 3aauu ¢ TIOJABM)KHOM IpaHUIICH, KO-
TOpast OMMMCHIBAET OHOMEPHOE T€UEHHE MOA3EMHBIX BOJI B YIUIOTHSIOMIMXCSA 0CcaovHbIX OacceliHax. Haxox-
JICHUE aHAJTIMTUYECKOr0 PEIICHMs JTUHEIHHON 3aauu, B KOTOPOU yAENbHBIN 3amac U ruaponpoOBOAUMOCTh HE
MEHSIOTCS, TIPEICTABIAET 3aTPyAHEHNE M3-32 HAIMYUS HEM3BECTHON BEIMYMHBI, a TaKXKe IMOABIKHOM rpa-
HUIIBL. JTO pelIeHNe HYKHO IPUMEHSTDH K Ir€0J0rHYECKUM MPOOIeMaM C OCTOPOKHOCTBIO M3-3a MOCIEICTBUI
JIOTTYIIIEHUS] TOTO, YTO KOHKPETHBIN 3amac TOCTOSHEH B TUaNa30He HANMPSOKEHUH, TUITUYHBIX IS OCAJ0YHBIX
OacceiHoB.

B nanHoit pabote npeanaraercs 3pPeKTUBHBIN adroOpuT™M AJIs peIeHNs JINHEWHOW 3a/1a4H.

O6o3naunm uepes D ;) 001aCTh, KOTOPask IMMTUPYET YacTh HOPOJbL, II€ IPOUCXOJUT MPOLECC YIIIOT-
HeHud. Iy onpenen€HHOCTH OCh 0Z HANpaBUM BHU3 OT YPOBHS MOPS, KaK ITOKa3aHO HAa PUCYHKE.

DT,l(t) = {(t, Z)lO <t< T, 0<z Sl(t)}; DT,l(t) = [OI T) X [OI l(t)] .

3necy [(t) — HIKHSS TpaHUIA 00TACTH, KOTOPAsl HOUICKHUT OIPEICTICHUIO BMECTE C PEILICHHEM.
B D7ty paccMoTpum 3as1ady:

10p(t,z)  0%p(t,2) N 10K ap(t,z) poe
C at  0z2 K 0z 0z K at’

(1)
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p(Z, 0) = pO(Z)' (2)

p(0,t) = p,(0), 3)

oD, 0 _ @
0z

K —az w"-fﬂ?
3pecs € wo(Bg—pr)’ P = Po¢ 0 (w(’}-fp?

PHUCTOCTH, (. — KpUTHUECKas MOPUCTOCTh I CKBO3HOI'O MOTOKA. SICHO, uTO pu @ = @y, K = Ky, u npu
(p = (pC B K = 0'

), Ky, o — HauanbHbBIE 3HAUYEHUS TPOHUIIAEMOCTH U TI0-

| 16)

JUiist HaXOKAeHUsI Hen3BeCTHOTO [(t) mpeuiararoTcst [Ba BapHaHTa: KHHEMATHIECKOE YCIoBHe Ge3 MmpH-
BieueHus ypasHeHus (1):

dl(t du(t,
1O e )
t X =i
1(0) =H, (6)
U yCIIOBUE, KOTOPOE MpHUBJIeKaeT ypapHeHue (1) B BUIeE
dl(t) , 0 9%p(t,x) 1
— = —w*—In—- ———X
dt dx d0x? _ 2%p(z,t)
x=l(t) —L22
Jd 10K0 0 0z
10K t,z
0 1oKop(tz)  pog.| 7
0z Kdz 0z Kaodt'|
x=1(t)
1(0) =H, (8)

31ech k HasbiBaeTcs kodddumuentom Credana.
C uenbto cozanus 3QPEKTUBHBIX YHCICHHBIX METOIOB CHavYala pacCMOTPUM CITydail, KOra 3Ha4eHUs
MPOHHULIAEMOCTH M IOPUCTOCTH MOCTOSIHHEL. B 3TOM ciiyyae ypaBuenue (1) mpumer BUA:

10p(t,z) 0%p(t,z)
c ot  9z2 ©®

HavanbHoe u rpannuHbie ycinoBus aist (9) OyayT (2)-(4), a st Haxoxaenust [(t) ucnonb3yeM ypaBHEHHE

(5).

YuciaeHHBbIH AJITOPUTM
Hannuue noaBmkHOM rpaHuilbl 00JACTH 3aTPyAHSET allpPOKCUMHUPOBAHHUE MPOU3BOAHON MO BPEMEHH.

zZ
I[J'IH TOro 4TOOKI U30€KaTh ATOTO 3aTPpYAHECHHSA, C IOMOILIBIO 3aMEHBI X = E BBIIIPABJISICM I'PAHUILIBI (Seung

Hyun Kim, 2014). Torna Dr ;) TpeBpamaeTcs B IpaMoyronbayto obnacts Dr, = {(t,y)[0 <t <T,0 <
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x <1}, Tie MBI MOXXEM CO3/1aTh MPSIMOYTOJIBHYIO CETKY (2, j = {(tv,xj)|tv =vAt,v=0,12..,;x; = jh,j =
0,12, ..., N} U almpoKCUMUPOBaTh 3a1auy (9), (2)-(4) pasHocTsimu. At U h — IIaru CETKH 10 BPEMEHH U 110
KOOpJIMHATE.

Ecnu Mer Oyziem creoBath 1o JIMHUAM X = X; ¥ Npoau(depeHIupyeM 10 BPEMEHH t, MbI MOTyIUM
ClIeyIolee BhIpaKeHHUE:

d dp| dx d
CL S L (10)
Btj dx j dtj dx x
dx
B Touke x; st = Ameem
dx; —x;dl(t
7 _ _]_( ) (11)
dt I(t) dt
[Moactasus (11) B (10) momygaem
dp| _ —x;dl(t) dp N dp
otl; 1(t) dt oxl;  oxly
Tornaa (9) npumeT Bux
dp x di(t)op 1 d%p
—=— — ,0<x<1,t>0 12
ot 1o dt ox T E@ax2 <% 12)
K ypaBHeHHIO 100aBUM CIIEAYIOIINE YCIOBHSI
p(0,x) =0,p(t,0) = U,p(t,1) = 0. (13)
Hewussectnas rpanuna [(t) onpenensercs us:
di(t dp(t, x
aie) _ _kM 1(0) = H. (14)
dt dx _
x=1
Hus 3apaq (12)-(14) B y3max (x}’, tv) BBIMIICHIBAETCS CIIEMYIONIas pa3HOCTHAs cXeMa!
Pv+1—PV+x"VLm Y, —PY )+—At (PY, — 2P + P,) (15)
Jj - 2hL,, j+1 j-1 Lgn(h)z j+1 Jj j=1)
P’ =0,P§ =P,P} =0, (16)
kAt
Ly = Lm_ﬁ(BPIIIn_‘l'PI{In—l +P£1—2): 17)

Kaxk Buno u3 (15) u (17), pasHocTHas cxeMa uMeeT nopsanok Tounoct O (At + h?), a cuyer npoBoauTcs
cHauana 1o (17), (18), a morom 1o (15), (16).

BoiBoabI

— Jnst co3nanust 3 peKTUBHON pa3HOCTHOM CXEMbI CHadana 001acTh ¢ MOJBUKHON TPpaHUIICH, KOTOpas
AMUTHPYET Y9acTh MTOPOJEI, T/Ie TPOUCXOANT MPOIECC YIUIOTHEHHUS, TIEPEBOJUTCS K O0JIACTH C KECTKOU Tpa-
HHUILIECH, T1Ie yI0OHO CTPOUTH PAaBHOMEPHYIO CETKY.

— IpeanoxkeHa SKOHOMHYHAS ¥ ITPOCTast Pa3HOCTHAs cxeMa ¢ mopsiakom Tounoctd O (At + h?) nnsa nu3y-
YEeHHsI TIOBEJICHU JaBJICHUS B TIPOIIECCe YIUIOTHEHUS TIOPUCTOCTH C POCTOM IITYOHHBI OT TIOBEPXHOCTH ITOPOJ.

JIUTEPATYPA

Audet D.M., Fowler A.C. A mathematical model for compaction in sedimentary basins. Geophys. J. Int., Vol. 110, 1992, pp. 577-590.
Bethke C.M. and Corbet T.F. Linear and Nonlinear Solutions for One-Dimensional Compaction Flow in Sedimentary Basins. Water
Resources Research, Vol. 24, No. 3, 1988, pp. 461-467.
Seung Hyun Kim. Two Simple Numerical Methods for the Free Boundary in One-Phase Stefan Problem. Hindawi Publishing Cor-
poration Journal of Applied Mathematics, Volume 2014, Article ID 764532, 10 pages, http://dx.doi.org/10.1155/764532.
Cyetnosa E. 1. Biusaue ¢uron1oanHaMIYecKuX U PEONIOTHYECKUX CBOMCTB OCAIKOB Ha MPOLECC BI3KOYNPYToro YIJIOTHEHUS IPH
Pa3IMYHBIX CKOPOCTAX ocankoHakorenus. @usuka 3emmu, No. 6, 2010, c. 72-79.

127



1.5.Guliyev et al. | ANAS Transactions, Earth Sciences, Special Issue / 2023, 125-128; DOI: 10.33677/ggianasconf20230300030

YUCJIEHHBIN METO/ 111 HCCJIETOBAHUA TOBEAEHUSA TIOPOBOTI'O JTABJIEHUA
B ITIOPOJE C YMEHBIHIEHUEM INIOPUCTOCTH

I'yaues U.C.!, Mup3soesa JI.P.2, Pacyios M.A.3
pesuouym HAHA
Munucmepcmeo Hayxu u Obpasosanus Pecnybnuxu Azepbatioocan, Uncmumym 2eonozuu u 2eousuxu: dilazer@yandex.ru
SMunucmepcmso Hayxu u Obpasosanus Pecnybnuxu Asepbatioocan, Uncmumym negpmu u 2asa: mresulov@gmail.com

Pe3rome. YnciieHHBIM METOIOM N3y4aroTCst 3(1)(1)61(1'1)1 MPEAIOJIOKEHUA O JIHHEHHOCTH Ipy peHICHUH 3a1a4u C TIOIBHYKHOM rpaHu-

e, KOTOopasi OIMHUCHIBACT OJJTHOMEPHOE TEUCHHE MOA3EMHBIX BOJI B YILUTOTHSFOIUXCS OCAJJOYHBIX OacceiiHax.
Knrouesvie cnosa: 3adaua Cmegana, noposoe 0agienue, npoyeccol yniomuenus, 3amena Jlanoay
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MATMATUYECKUE 1 OCAAOYHBIE BY AKAHMYECKHNE CUCTEMBI:
CPABHUTEABHBIVI AHAAV3 U30TOITHOT'O COCTABA T'A30B

®Densyaaaes AA.
Munucmepcmeo nayxu u oopasosarius Pecnyoruxu Asepbaiidxat,
Mremumym zeorozuu u zeopusurcu: fakper@gmail.com

IGNEOUS AND SEDIMENTARY VOLCANIC SYSTEMS: COMPARATIVE ANALYSIS
OF THE ISOTOPIC COMPOSITION OF GASES

Feyzullayev A.A.
Ministry of Science and Education of the Republic of Azerbaijan, Institute of Geology and Geophysics: fakper@gmail.com

Summary. The purpose of the study was to assess the nature of the gases of various volcanic
systems using known genetic criteria developed by many years of research by a number of scientists
around the world. A comprehensive processed and analyses of the collected large amount of litera-
ture data and the author's own research results made the following main conclusions:

— the isotope composition (IC) of CO2 and argon (*°Ar/*°Ar) in igneous volcanoes varies within
very narrow limits, in comparison with sedimentary volcanoes. However, the use of these parameters
Keywords: igneous/hydrother- | as an unambiguous genetic criterion is not possible;

mal and sedimentary volcanic —more objective genetic indicators are: helium isotope ratio (R/Ra) and IC of hydrocarbon (HC)
systems, gas, isotopic composi- | gases. According to these parameters, the HC gases of the considered volcanic systems have differ-
tion, comparative genetic ent genetic sources: a) abiogenic in igneous and carbonic sedimentary volcanic systems; b) predom-
analysis inantly abiogenic-biogenic - in the hydrothermal system; c) biogenic - in methane sedimentary vol-

canoes;
—amount of abiogenic methane in the gas of the igneous volcanic system is about 1% on average.
The results are of interest in connection with the discussion about the genesis of commercial
accumulations of HCs in the sedimentary strata of the earth's crust.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenue

[posiBiieHYs ByJIKAHU3MA MPEJCTABISIOT cOOO0M OJIMH M3 HanOoJIee XapaKTEPHBIX M BAXKHBIX T€OJIOTHYe-
CKHX IPOIIECCOB, IMEIOIINX OTPOMHOE 3HAYEHNE B HCTOPUH Pa3BUTHUS B (HOPMUPOBAHUS 3eMHOM KOpBI. B Mu-
POBOI1 MPaKTHKE MOHATHE BYJIKAH JOJITOE BPEMS acCOLUUPOBANIOCH ¢ 3((y3UBHBIMU I'€OJIOTHIECKUMH 00pa-
30BaHHUSMH — BYJKAHHUYECKHUMU MOCTPONKAMH /BO3BBIIIECHHOCTSAMH C KpaTepoM Ha BepiInHe, chOPMHUPOBAB-
IIAMUCS TIPY M3BEPIKEHUSIX HA MOBEPXHOCTh PACKANEHHBIX W TOPSYUX MPOJYKTOB MAaHTUHU B Ta3000pa3HOM,
KHUIKOM H TBép):[OM COCTOsSIHUH. OI[HaKO B MOCJIICAHUEC NCCATUIICTUA K IOHATHUIO BYJIKAH CTaJIM OTHOCHUTHL U
IpsI3eBbIC BYJKaHBI, KOTOPbIE OoJiee MPaBUIBHO OBLIO OBl Ha3bIBaTh OcanouHbIMU BysikaHamu (OB). 3oHy ke
COWJICHEHUS] MarMaTHYECKOTO BYJIKAaHM3Ma C OCAJI0YHON TOJINEH MOMXHO XapaKTepH30BaTh KakK THIPOTEp-
MaJIbHas CHCTEMA, WIIH, BO3MOXKHO, KaK IOJICUCTEMA.

VY CTaHOBICHO €X00CME0 B IPOCTPAHCTBEHHOM PACIIPECICHINH MarMaTHYECKUX M OCaI0OYHBIX BYJIKAHOB:
a0COIOTHOE OOJIBIIIMHCTBO 00OHMX THIIOB BYJKAHOB MPHUYPOUCHO K TPAHUIIAM JIMTOC(HEPHBIX TUTUT, K 30HAM UX
KOHBepreHiuu u ocodenno cyoaykmuu (Le Pichon et al., 1990 Guliyev, Feyzullayev, 1997; Dimitrov, 2002;
Kopf, 2002; Joseph et al., 2011; Menapace, 2017).

OCHOBHBIE om.iuuumenbHbie OCOOEHHOCTH MarMaTHYECKUX M OCAaJOYHBIX BYJIKAHOB 3aKIIIOYAIOTCS B UX:
TCHETHYECKON CYIIHOCTH, BEIIECTBEHHOM COCTaBe, CBOWCTBAX U TEMIIEPAType MPOJAYKTOB UX JIEATEIHHOCTH.
Onu CYHICCTBEHHO OTJIMYAIOTCA APYT OT ApYyTa 1O COCTaBy BBIHOCHMBIX Ha IMOBEPXHOCTDH q)HIOI/IZ[OB.

Lenvio 0annoll cmamou SIBISIETCS] CPABHEHUE MTPUPOJIBI Ta30B PA3IUYHBIX BYJIKAHUUECKUX cUCTeM. J]aH-
Has 337a4a OblIa pelreHa Ha OCHOBe cOopa, 0000IIeHNs 1 aHAIM3a OOIBIIOT0 00BeMa OIyOTNKOBAaHHBIX JaH-
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HBIX TI0 U30TOITHO-TEOXUMHUYECKOMY COCTaBY ra30B MarMaTHYECKUX U 0CAJOYHBIX BYJIKAHOB PA3JIMYHBIX Oac-
CEHOB MHpa, BKIIIOYas Pe3yJIbTaThl MHOIOJICTHUX MCCICIOBAaHUH ¢ yyacTheM aBTopa. CpaBHUTEIBHBIN aHa-
JIU3 Ta30B BYJIKAHOB BBITIOJHSIICS C MCIIOJIb30BAHUEM U3BECTHBIX T€HETHUYECKUX KPUTEPUEB, Pa3pa0d0TaHHBIX
MHOTOJISTHUMH UCCIICZOBaHUSAMU 11eJ0r0 psiga yueHbix mupa (Lorenson and Kvenvolden, 1993; Dai et al.,
2008; Prinzhofer, 2013; Isotope Geochemistry, 2014; Jackson et al., 2020 u ap.).

PesynbTaThl u ux 00cy:KaeHue

Jonsg MeTaHa B raze MarMaTu4ecKo/ruiporepmManbHoil cuctemsl usmensercst ot 0.01% mo 7.7%, npudaem
moutH B 80% ciyuasix comeprkanue ero meHee 0.2% (puc. 1), coctaBmsisi B cperaeM okoio 1.1%. 1o KocBeHHO
03HaYaeT, 4YTO MacITadbl 00pa30BaHKs MeTaHa TIy0sKe 0CaJOYHOM TONIIN HE3HAYUTENbHBI, YTO TCHETHYECKH

MTOATBEPIKIACTCA TUCTOTPaMMOi pactipenenenus 3HaueHnit UCY MeTaHa pa3nmuYHbBIX BYJTKaHHYECKUX CHCTEM
(puc. 2).
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Puc. 1. 'ucrorpammsl pacnpeiesieHus 3Ha4eHUM cozep-
JKaHUs METaHa B ra3ax MarMaTHYeCKOH/THIpOTepMalb-
HOH CHCTEMBI
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Puc. 2. I'ucrorpammer pacnpenenenus 3Haueanit UCY merana B
razax pasJM4HBIX BYJIKAaHHYECKMX CHCTEM: a - Marmaruye-
CKOM/TUIPOTEpMAaIEHON CHCTEMBI; O - Ta3bl 0CaJ0YHBIX BYJIKAHOB
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CymecTBeHHas reHetnyeckas auddepeHunanys yrieBoaopoaubix (YB) ra3oB pa3iuyHbIX ByJIKaHUYe-
CKHX CHCTEM HaOIIoAacTCs ¥ IPH pacCMOTpeHHH 3aBucHMOCcTH Mexay MICY Merana u atana (puc. 3a), a TaKxke
HCY merana u pazuuneit mexay UCY merana u stana (puc. 30).

3uauenust UCY CO, u otHomenus **Ar/*Ar MarMaTuueckoii / THAPOTEPMATBHOM CUCTEMBI U3MEHSIOTCS
B 3HAYUTEIIBHO 00JIee Y3KHX IIpefesax B CPaBHEHUH C 0CaAOUYHBIMU ByskaHaMu. OJTHAKO réHeTH4ecKas UIeH-
TUQUKANUS Pa3IMYHBIX BYJKAaHHYECKHX CHCTEM IO ATHUM IapaMeTpaM HeoJlHO3HauHa B cpaBHeHun ¢ UCY
MeTaHa. BakKHO TakyKe OTMETUTh, YTO OCAJOYHbIE BYJIKAHBI C YTICKHCIBIM Ta30BBIM COCTABOM IPUYPOUHBa-
FOTCSI K TIOJTIO Ta30B MAarMaTHYECKOH / THIPOTEPMATIbHOIN CUCTEMBI.

PesynpTatel cpaBHUTENBHOrO aHanu3a MICY yriaeponaconep)kayx ra3oB 4 U30TOIIHOTO OTHOILEHHS U30-
tonos reaust (*He/*He) IMpPOKO UCTIONB3YIOMIEr0Cs, KAK KPATHOE COBPEMEHHOMY €I'0 3HAYEHHIO B aTMOchepe
(R/Ra) (Anderson, 2000), noka3ayu, uto 3HaueHus R/Ra B 0callouHbIX ByJIKaHaX METaHa HE MPEBBIIAIOT 1,
npudeM noutu B 90% ciyuaes paBHbl MeHee 0.2 (puc. 4).
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Puc. 3. I'paduku 3aBucumoct Mexay (a): MCY merana u 3TaHa 1-mMarmMaTu4eckuii; 2-ocaJjo4HbIC ByJIKaHbI:
A — abuorennsie; b — 6uorennsie; b-A — 6uorenHo-abuorenHsie ra3bl; (0) mexay MCY Merana u pasHunen
mexay UCY merana u srana: 1, 111 - marmatudeckas/ruaporepmainbhas u | - ocagoynas CHCTEMBI
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(R/Ra) B razax MarMaTH4eCKUX/THAPOTEPMAIIBHBIX
CHCTEM M 0CaJI0YHBIX BYJIKaHOB
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BriBoabI

BrImonHeHHBIN CpaBHUTENBHBIA aHAJIN3 W30TOMHO-TEOXHMUYECKOTO COCTaBa ra30B MarMaTH4ecKou /
TUAPOTEPMATEHON M 0CaI0YHON BYJIKAHMYECKUX CHCTEM TO3BOJISET CAENATh BBIBOJI, YTO TEHETUIECCKUI HC-
TOYHUK Y B Ta30B 3THX JIBYX BYJIKAHHYECKUX CUCTEM UMEIOT PA3IIUYHYIO IPUPOAY:

a) a0MOTEeHHYI0 B MarMaTHYECKOH M 0CaJI0YHOH (C YTIEKHUCITBIM COCTAaBOM Tra3a) BYJKaHUIECKHX CUCTE-
Max;

0) aOMOTeHHO-OMOTCHHYIO — B THIIPOTEPMAIBHON CHCTEME;

B) OMOTEHHYIO (TEPMOTEHHO-MUKPOOHAIIEHYO0) — B OCAIOYHBIX BYJIKaHAX C METAHOBBIM COCTABOM rasa.

DTOT BBIBOJI C YYETOM HHU3KOTO (B cpemHeM okoio 1%) comeprkannsi abHOTEHHOTO METaHa B ra3e Marma-
THUYECKOW/THAPOTEPMAaTbHON ByTKAHMYECKOH CUCTEMBI MIPEACTABISICT HHTEPEC B CBSI3U C AUCKYCCUEH O reHe-
3HCe MPOMBILUICHHBIX CKOIIIEHUH ¥YB B 0cagouHoi Tonie 3eMHON KOPBIL.
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MAI'MATHYECKHUE U OCAJJOYHBIE BYJIKAHUYECKHUE CUCTEMBbI:
CPABHUTEJIBHBIN AHAJIU3 U30TOITHOI'O COCTABA I'A30B

DeiizyiiaeB A.A.
Munucmepcmeo nayku u obpasosanus Pecnyonuxu Asepbaiioscan, Hnecmumym ceonoeuu u eeousuxu: fakper@gmail.com

Pesrome. 11erpb BBITIOIHEHHOTO HCCIEIOBAHUS — OLICHKA IPHUPO/IBI Fa30B PA3JINYHBIX BYJIKaHHYECKHUX CHCTEM C MCIIOJIB30BaHHEM
M3BECTHBIX '€HETHYECCKUX KPUTEPHEB, Pa3pabOTAHHBIX MHOTOJICTHUMHU HCCIICJOBAHHUSAMH LIEIOTO Psijia YUCHBIX MUpa. B pesysbrare
KOMIUIEKCHOT'O aHaJIM3a COOpaHHOTo U 00paboTaHHOro GOJIBIIOro 00beMa JINTEPaTyPHBIX JaHHBIX U COOCTBEHHBIX UCCIICIOBAHUN aB-
TOpa CAeNaHbl CICLYIOIINE OCHOBHBIEC BEIBOJIBL:

— msoronusii coctas (UCY) COz u aprona (“°Ar/*°Ar) B MarmMaTtuueckux ByJIKaHAX B CDABHEHHH C OCAIOYHBIMH BYJIKAHAMH H3-
MEHSeTCs B O4EHb Y3KHX npejenax. Tem He MeHee UCIOJIb30BaHUE ITUX NTAPaMETPOB B Ka4eCTBE OJJHO3HAYHOIO T'€HETHYECKOTO KPH-
TEepHsi HE TIPE/ICTABIISCTCS BOSMOXKHBIM.

Ha ocHoBanuu n3ortonHoro otHomeHus renust (R/Ra) u UCY yruneBogopoxassix (YB) ra3oB cienaHo 3akIFOYEHHAE O pa3inidy
IEHETHYCCKUX UCTOYHHKOB YB ra3oB pacCMOTPEHHBIX BYJIKaHHYECKHX CHCTEM: a) aOUO2eHHbIll — B MarMaTH4YECKOH U yrIICKUCION
0CaJ[0YHON BYJIKAHHYECKUX CHCTEMaX;

0) NPEeUMyLIECTBEHHO abUO2eHHO-OU02eH bl — B TAAPOTEPMAJIBHON CUCTEME;

B) OUO2eHHbLIl — B MCTAHOBBIX OCA/IOYHBIX BYJIKAHAX; 10JIs1 a0MOr€HHOTO0 METaHa B ra3e MarMaTHyeCKoi BYJIKAHHYECKOM CHCTEMBI
COCTaBIISIET B CpeTHEM OK0IIo 1%.

Pe3ynbTaThl MpeacTaBiIsAIOT HHTEPEC B CBA3U C JUCKYCCUEH O TeHe3UCe IPOMBILUIEHHBIX CKOIUIEHUH Y B B 0caqo4uHO# TosIE 3eM-
HOM KOpBI.

Knrouesvie cnosa: mazmamuyeckue u 0CadOuHble GYIKAHUYECKUE CUCMEMb, 243, UOMONHbLI COCMAS, CPASHUMENbHbIU 2eHemU-
YyecKull ananu3
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TEXHOAOTUYECKUE OCHOBBI PASPABOTKV I'A30BOM 3AAEXU
ITP1 KOMBMHVNPOBAHHOM PEXXINME

l'eaaumypaaos A.I'.Y, Aypbesa VL.J.2, imanryasies I'A.1, Aypbes I1.B.!
IMexdynapodnvlii yrusepcumem repmu u zaza um. Heurvizerdu Kaxaesa, Auixabad, Typxmerucman
2Hayuno-uccaedosamervckuil uHcmumym npupodrozo zasa npu I'K « Typixmenzas»,
Auixabad, Typxmernucman

TECHNOLOGICAL BASIS FOR THE DEVELOPMENT OF GAS DEPOSITS IN A COMBINED MODE
Geldimuradov A.G.!, Luryeva LL% Ishangulyyev G.A.! Luryev LV.!

"Yagshygeldi Kakayev International Oil and Gas University, Ashgabat, Turkmenistan: ilyaluryev.edu@gmail.com
2Scientific-research Institute of Natural Gas under SC “Turkmengas”’, Ashgabat, Turkmenistan

Summary. The combined operation mode of deposits allows combining the advantages of gas
and water-driven modes. This is an artificial mode that makes it possible to control the development
of a field in a water-driven mode with an increase in the final gas recovery coefficient by preventing
selective flooding of the drained zone of the field. A technology for creating a combined regime in
a flooded gas reservoir is proposed, the physicochemical foundations of the process are investigated,
and criteria for the applicability of the technology are identified. An algorithm for calculating the
technological indicators of the development of a gas deposit in a combined mode has been compiled.
According to the proposed algorithm, in a one-dimensional setting, the processes that can occur
during the development of a gas deposit were modelled, according to the characteristics of the
productive reservoir, water system, as well as the composition and properties of gas and water,
similar to a real field.

Keywords: gas deposit, water
drive mode, combined mode

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

BBenenne

Cama npupoa GopMUPOBaHUS TA30BOM 3aJI€KH 3a CUST HAIIOPA KPACBBIX MJIH ITOIOIIBEHHBIX IIACTOBBIX
o/ipa3yMeBaeT MPOSBICHUE BOJOHAIIOPHOTO PEKMMa Ha JIF00O0H cTaiuK pa3padOTKHU. DTOT MPOIECC 3aBUCHT
OT MHOTHX (PaKTOPOB: pa3MEpPOB W aKTUBHOCTH BOJOHAIOPHOTO OacceiiHa, (a3oBBIX MPOHUIAEMOCTEHN s
raza U BOJBI, TeMIIOB 0TOOpa ra3za u T1.1. [locne Havana BHEApPEHUS IIACTOBOM BOJBI B Ta30BYIO 3aJICKb
YIPaBISATH MPOLECCOM OOBOIHEHUS TOIBKO PErYyIUpPYs AeOUTHI CKBKHMH MPAKTUUIECKH HEBO3MOXKHO. OOBOI-
HEHUE CKBXXHMH MPUBOIUT K OBICTPOMY COKPAIICHHUIO IKCILTYyaTAlMOHHOTO (OHIA, OOJBIIIOMY KOJIHYECTBY
T0OBIBaeMOM BEICOKOMHHEPATH30BAHHOM BOJBI U, KaK CIIEACTBUE, K HU3KUM KO3 GHUITHEHTAM Ta300TIaqH.

B 1O e BpeMms, y BOJOHAOPHOTO PEXKHMa €CTh HEOCIIOPUMOE TMPEHMYIIECTBO — MOIACPKAHUE
IJJACTOBOTO JABJICHUsS 3a CYET 3aMelleHHs ra3a Bojoi. VICKyCCTBEHHO co3laBaeMblii KOMOWHHUPOBaHHBIN
PEeXHUM TI03BOJISIET UCIIONB30BATh MPEUMYIIIECTBA BOJIOHAIIOPHOTO PEXUMa U HUBEJIHPOBATH €r0 HETOCTATKH
3a CUeT IPEIOTBPAIICHUS N30UPATEIHFHOTO OOBOTHEHUS IPSHUPYEMON YaCTH Ta30BOH 3aJICKH.

Meton

CyIIHOCTh TEXHOJIOTHH OpPTaHW3aIlii KOMOMHUpOoBaHHOTO pexknma (JIypresa u np., 1996) 3aximrodaercs
B cieaytomeM. YacTh m0OBIBalONIMX CKBAXMH BPEMEHHO MEPEBOISIT B HArHETaTeJbHbIC AN 3aKaukKu
XUMpeareHTta, (OpMHPYIOT 30HY C MOPOBOH HACHIIEHHOCTHIO, O0ECIeUnBaIOIEeH HENOABMKHOCTh XHM-
peareHTa B 3TOH 30He. XMMpEareHT MPH KOHTAKTE C IIACTOBOW BOJOHN 00pa3yeT HepacTBOPHUMBIN OCaJOK,
MPENMATCTBYIOIMN JabHEHIIIEMY NPOABUKEHUIO IJIACTOBOM BOJIBI B Ta30BYIO 3aJieKb. B KauecTBe XUM-
pearenTa ucnonb3ytoT 10 %-Helil pacTBOp runaHa (TUAPOIU30BAHHBINA MOJTUAKPUIOHUTPIN).

PaccmoTpuM KpyTOBYIO ra30BYIO 3aJI€XKb:
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CxeMa OCYIIECTBICHHUS TEXHOJIOTHH AJIsl CO3aHUs KOMOUHHUPO-
BAaHHOTO peXMMa: | — HarHeTaTeNbHbIe CKBAXXUHBI; 2 — 3arpak-
JaroIasi 30Ha ¢ XUMPEareHToM; 3 — TOOBIBAIOIINE CKBAYKHHBL, 4
— HavanpHbI [ BK

B HauanpHBIN mepHoI OCYHIECTBISETCS 0TOOP Tra3a uepe3 JoObIBarolue ckBaxuHbl 1 u 3. B mporuecce
Pa3paboTKH MECTOPOKACHHUS U3MEHSETCSl HaYaJIbHOE MOJIOKEHUE ra30BOAIHOr0 KoHTakTa 4. [Ipu nossnennun
IIPU3HAKOB M30MPaTeIbHOrO0 OOBOIHEHHUS 3aJI€KU IO MBE30METPUUECKUM CKBR)KMHAM ONPEAEISIIOT Hadaio
BHEJJPEHUS TIACTOBOM BOJIBI, TIOCJIE YETO MPUCTYNAOT K 00pa30BaHUIO 3arpakaaromniei 30161 2 mupuHoii 0.1
KM. J{ns 3TOro CKBaKMHBI 1 Hapy’>KHOTO psiia, pacHoJOXKEHHbBIE MO0 OKPYKHOCTH, BPEMEHHO MEPEBOAAT B
Har"HeTaTeNbHbIE U C UX NMOMOIIBIO 3akaunBaroT 10 %-HbIl pacTBOp runana. PacTBop 3akadnmBaroT JO HACHI-
LIEHHOCTH [IOPOBOT'0 IPOCTPAHCTBA, 00ECTICYHBAIOIIEH €Tr0 HEMOABUKHOCTD B 30HE 3aKauKU.

Harneraembiif pacTBOp HauMHAET MEPEIBUraThCs 110 HAIIPABICHHUSIM, ONPEASIEHHBIM 30HAMU MTOHMKEH-
HOTO JaBJICHHUA U MyTAMH HAUMEHBLIETO COMPOTHBICHHUA. 30HAMU NMOHM)KEHHOTO AAaBJICHUS SBISIIOTCS 32001
JKCINTYaTHPYIOIINXCS CKBAKUH. [103TOMYy HaMH pEKOMEHy€eTCsl HATHETATh TUIIaH MOCIE0BATEIBHO 110 CKBa-
YKUHAM, TPEIHAa3HAYeHHBIM I 3aKaYKH XMMHUYECKOTO PEareHTa, ¢ LeNbl0 CO3/IaHus HEMPEePHIBHOTO KOJbLIA
13 XMMpeareHTa.

IlyTn HauMEHBIIETO CONPOTUBIICHUS CO3JAIOTCS YCIOBUAMH CAMOTO IUTACTA U SIBICHUSIMH, COIIPOBOXKIA-
IOIUMH JIBUKEHHE XMMUYEeCKOro peareHrta. J[is oOpa3oBaHMs IMyTH HAMMEHBIIETO COMPOTHBIEHUS HAMU
npeiaraeTcs NPUMEHSITh TOPU30HTAIbHOE OypeHue CKBAKWH, TIpeIHA3HAUEHHBIX I HATHETaHUsl XUMUYe-
CKOTO peareHTa.

Hawnboiee yaoBIeTBOPSIONIMM yCIIOBHEM ISl 00pa3oBaHus Y(PPEKTUBHOTO (PH3NKO-XUMHIECKOTO Oaph-
epa Ha MyTH JBWKEHHS KpaeBbIX BOJ SBIsieTCsl OaTapeifHOe pa3MelleHne CKBaXKHH, TPeIHA3HAUCHHBIX JUIS
HarHeTaHUsl XUMUYECKOTO peareHTa.

Br100p HarHeTaTeIbHBIX CKBa)KUH MIPOU3BOJUTCS, HCXOMS U3 CIELYIOLINX TPeOOBaHUIL:

— BCKpBITHE CKBaXHHOW TOJILKO JAHHOT'O DKCILUTyaTallMOHHOTO 00BbEKTa MPU HAAEKHON U3OJSIHMU BCEX
BBIIIETIEKAIINX TPOHUIIAEMBIX KOJIIEKTOPOB;

— T€PMETHYHOCTb KPEIUICHUS CKBaXXMHBI (KOJIOHHA, IEMEHTHOE KOJbLO), YCTPAHSIIOMAs BO3MOKHOCTD
yTeUYeK U MOTePh XMMUYECKOTO PeareHTa;

— OTCYTCTBHE 3arpsi3HCHHOCTH MPHU3a00MHON 30HBI CKBAYKUHBI, HE TTOIAIOIICHCS JICTKON OYHCTKE;

- PAacCTOsIHHE HarHeTaTeJIbHBIX CKBaKUH APYT OT Apyra — He 6osee 250-400 m.
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Harneranue HaunHAIOT ¢ HEOOMBIIMX OOBEMOB Ta3a. XMMHUYECKUI PeareHT MOJaeTCs B CKBAKUHY TOP-
IUsAMU (TIoriepeMeHHO ¢ Ta3oM). [Ipu 5ToM JaBieHne HarHETaHUS CIIEIYET CO3/1aBaTh BhIIIE TIACTOBOTO JIaB-
nenus He 6omnee yem Ha 10-15 %.

JeiicTBue 3arpaxkaaronieil 30HbI 2 HAUMHAETCA MPU €€ KOHTAKTEe C BHEAPSIOMIEHCS TIACTOBOM BOJIOH, Tak
KaK 00pa3yIOUINiCs TP STOM MPOAYKT KOATYJISIINH, SBISISICH HEPACTBOPUMBIM B BOJIE, TIEPEKPHIBAET MOPHI U
MHKPOTPEIIUHEI TUIACTA, YTO MPETITCTBYET JaTbHEHIIIeMy MTPOIBIKCHUIO TUTACTOBOM BOIBI B 3aJICKb U COX-
paHsieT ckBaxKuHEI 3 B ""cyxoit" 30He. B pe3ynbrate XUMHUUECKON peaKIuy MEX Ay TMIIaHOM U MOHAMHU KaJIbIus
B IUIACTOBOM BOJIe, 00pa3yeTcs resib KOHIEHTPAINeH ¢ U CO3Tar0TCS yCIOBHYS TSl OCYIIECTBICHHSI KOMOMHHM-
POBAHHOTO peXMMa KCIUTyaTalllH Ta30BOM 3aJI€KH, TaK KaK UCKYCCTBEHHBIN TeNIEBBI Oapbep MPemsITCTBYEeT
JAJTbHEHIIIEMY MOCTYIUICHUIO B 3aJI€Kb IUIACTOBOM BO/bI. Takum oOpa3om, pa3paboTka ra3oBoM 3aiexu OyAeT
MPOJIOJKATHCA MIPHU Fa30BOM PEKUME, & HE IPU BOAOHAIIOPHOM.

[IpenmMy1iecTBOM 3TO# TEXHOJIOTHH SBISIETCS BO3MOKHOCTh HATHETAHHUS XUMHYECKOTO peareHTa 3apaHee,
Ha HauboJiee OMACHBIX HANPABJICHUIX BHEAPEHUS BObI, HE ONMPEACsas TeKyIIee MOJ0KEHUE ra30BOIASHOIO
KOHTaKTa, BO3MOXKHOCTh 3KCILTyaTUPOBATh HATHETATEIILHBIC CKBAXXHHBI KaK JTOOBIBAIOIINE M TIOCIE 3aKaYKU
XIUMHYECKOTO peareHTa.

[Ipu ucob30BaHUH MPeAaracMoi TEXHOJIOTHH Pa3pad0TKU METOMKA MPOTHO3UPOBAHMSI TOKa3aTeeh
CBOJUTCS K CIEIYIOIIEMY alTOPUTMY:

— pacu€r mokasaresei pa3pabOTKU MPHU Ta30BOM pPEXHME [0 Hadaya MPOSBIEHH BOJIOHAIIOPHOTO pe-

KUMa O AEWCTBHEM eCTeCTBEHHOT'O Ha4aIbHOTO TPalieHTa JaBICHNUS;

— pacu€T mokasatelyiel pa3paObOTKHU MPH BOJIOHAIOPHOM PEKUME;

— pacu€t mapameTpoB 00pa30BaHUs Oapbepa s IIaCTOBOU BOJBI (00BEM 3aKaYMBAEMOrO B TLIACT pac-
TBOpa THIIaHa, CKOPOCTH €ro (GMIBTPAINH, paclpeieleHne KOHIIEHTPAINH T'UITaHa B IJIacTe, CKOPOCTh
(dpoHTa copOIMHK T'MITaHa, UPUHA 00pa3yroiierocs GU3NKO-XUMUIECKOTO O0aphepa, NU3MEHEHUE KOH-
LEHTpaIl MOHOB MOJUBAJICHTHBIX METAIJIOB B IJIACTOBOM BOJE, AMHAMMKA KOHLIEHTPAIMHU TEJs BO
BPEMEHH U T.11.);

- pacu€r nokaszaTesici pa3pabOTKK IIPH T'a30BOM PEKUME MOCIIE HCKYCCTBEHHOTO MPEKPAICHHUS BIUSHUS
BOJIOHATIOPHOI'O PEKUMA, TO €CTh MOCIE OCTAHOBKY BHEIPEHHUSI IJIACTOBOW BOJBI HA KOHTAKTE C pac-
TBOPOM THUIIaHA.

HanOonpmuii WHTEpeC NpeaCcTaBIsSeT pacdéT MmapaMeTpoB 0OO0pa3oBaHUS HCKYCCTBEHHOTO (DH3MKO-

XUMUYECKOTO Oapbepa. MonenupoBaHue MPOUCXOISIIINX MPH 3TOM MPOIIECCOB B OJTHOMEPHON IMOCTAaHOBKE
OCYIIECTBJISICTCS HAa OCHOBE pereHus cuctemsl (1)-(3):

9q ,oC  _ 0C _ ..

6t+6t+u6x_0' (1)
99 _ 1rrn

= KC"n 20, )

r7ie ¢ — KOHIIEHTpPAIFsI BEIIECTBA, TOMYYaOIIEerocs B pe3yIbTaTe XUMUIECKON peakinu; ¢ — Bpemsi; C — KOH-
LIEHTpAIUs BEUIECTBA, PACTBOPEHHOTO B TUIACTOBOM BO/IE (MOHOB KAJIBIUsA); U4 — CKOPOCTh (PMIILTPALIUU ILIa-
CTOBOI BOJIBI; K — KOHCTaHTa CKOPOCTH XHMHYECKOW PEAKIIHH.

HauanpHable 1 rpanndHbIe yCIIOBU cucTeMsl (1)-(2):

C(x,0) =0; q(x,0) =0; C(0,t) = C,, 3)

TO €CTh B HAYAJIbHBIM MOMEHT BpeMeHH =0 B momymnpocTpaHcTBe x>0 mI1acToBOM BOABI HET, @ HA TPaHUIIE
x=0 KOHIIeHTpalus NOHOB Kaiblus paBHa Co.

O0cy:kaeHue pe3ybTaTOB

o npeanoxxeHHOMY aJrOpUTMY B OTHOMEPHOW IOCTAHOBKE OBUIM CMOAEIMPOBAHBI MPOLIECCHI, KOTOPHIC
MOTYT NPOUCXOIUTH MNpU Pa3paboTKe Ta30BOH 3aJIe)KW IO XapaKTEPUCTHKAaM HPOAYKTUBHOIO ILIACTa,
BOJIOHANOPHOM CHUCTEMBI, a TAK)KE COCTaBy M CBOMCTBAM rasza M BOJIbl, CXOJTHON C MECTOPOXKIAECHUEM Y YaJIXKU
(JIypnesa, 2014), mpu Bogonanopaom (BHP) u komObunuposannom (KP) pexumMax sxcrtyaTanuu.

st co3nanust B miiacte 6apsepa u3 10% pactBopa runana, mupunoid 100 m morpeGyercst 6.9 miH. M3
pacTBOpa, KOTOPBI HEOOXOIMMO HarHeTaTh B IJiacT B TedeHHe 31 cyTok. [Ipu KOHTaKkTe HOHOB KaJbIIHs B
IJJACTOBOM BOJIE C PACTBOPOM T'MITaHa 3a 37 CyTOK 00pa3yeTcsl relieBhlii 0apbep. 3a 3T0 BpeMsl KOHIICHTPALIUS
refsi JOCTUTHET MAaKCUMAaJIbHOTO 3HaueHus 19.5%, a KOHIEHTpalusi HOHOB KaJIbLUs B 30HE KOHTaKTa OyneT
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CTPEMHTHCSI K HYJO. 3aBBILICHHAS IIMPUHA XMUMUYECKH aKTHMBHOM T'HIIAHOBOM 30HBI OOECHEUUT TaKKe
MTOBTOPHOE 00pa30BaHKE TrelleBOr0 Oaphepa B ciiydae MpOpbIBa €ro IMOJ HANOpOM IUIACTOBBIX BOJ Ha Ipe-
JbIAYIIEM MecTe KoHTakTa. CieioBaTellbHO, MOKHO YTBEPIKIIaTh, UTO MOCIIE CO3AaHUs TEIeBOro daprepa a0
KOHIIa paccMaTpUBaeMOTo Nepuoja pa3paboTKU MecTOpokIeHus, nogoonoro Yuamku, npu KP ne Oyner
HaOIIt0JaThCsl BHEPEHNE TIACTOBEIX BO/I.

BriBoabI

CpaBHeHue nporuo3ubix nokasaresneil mpu BHP u KP nokasbiBaeT npenMy1iecTBa HCKyCCTBEHHO CO3JaH-
HOro pexuma. [Ipy KOMOMHMPOBAaHHOM PEXHUME COXPAHAETCI MaKCHMAalIbHOE KOJIMYECTBO AKCILIyaTalllOH-
HBIX CKBAKMH, HAKOIUIEHHAs 00bua ra3a Bbine Ha 5.51 mupa. M, uem npu BHP. CyMMapHOe KOJIHYECTBO
BHEpUBILEICS M1acToBoi Boabl mpu KP na 20.6 Mia.M> Menbiie, yeM npu BHP.

O1n ¢GakTOpel CHOCOOCTBYIOT yBeNHUeHHIO Kod(duimeHTa KoHeuHo# razootmaun mpu KP 3a cuér
MPeIOTBpPAIICHUS N30HUPATETHLHOTO 0OBOIHEHHUSI 3AJI€KH U OTCYTCTBUS 3aIlleMJICHHBIX LIEIUKOB ra3a B 00BOI-
HEHHOM "acTu macTa. [Ipu 3ToM Taxke CHMKAIOTCS 3aTpaThl Ha SKCILTyaTalnio 0OBOAHEHHBIX CKBAXKHH, YTH-
JM3AIMIO TUTACTOBBIX BOJ M HE HapyIIaeTcs dKOJIOTHUecknii Oamanc B okpyxaromeii cpene (Jlypeesa, 2015).

[IpennoxeHHbIe TEXHOJIOTHIO PETYINPOBAHIS OOBOIHEHHS MPOLYKTUBHOIO TOPHU30HTA TUIACTOBBIMHU BO-
JaM{ C TOMOILBIO CO3AaHUsI KOMOMHHPOBAHHOTO PEXHMMA, BBIYMCIUTENbHYIO MOJAETh M METOIUKY TOATO-
TOBKH MCXOAHBIX JAHHBIX MOXHO HCIIOJIb30BaTh I MOJOOHBIX Ta30BBIX MECTOPOXKAeHNH. OCHOBHBIM KpH-
TE€PHEM IIPUMEHUMOCTH SBJISIETCA OTCYTCTBHE B ra3e CEpOBOJOPOJA M KOHJEHCATA, 30H C PE3KO BBIPAKEHHOU
HEOJJHOPOIHOCTBIO MO MPOHUIIAEMOCTH, & TAK)KE HAIMYHE B Ka4eCTBe (haKTOpa, OCIONKHSIOMIETO IPOLIECC pa3-
pabOoTKH, TOJIKO aKTUBHOT'O MPOSBIICHUS BOJOHAIIOPHOTO PEXXUMA.
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TEXHOJOTI'MYECKHUE OCHOBBI PA3PABOTKHU I'A30BOM 3AJIEKU ITIPU KOMBUHUPOBAHHOM PEXKHUME

Tenpumypanos AL, Jdypsesa NL.H.%, Mmanryasies I'.A.!, lypves H.B.!
'Medicoynapooneiii ynusepcumem nepmu u 2aza um. Aewwvizenou Kaxaesa, Awixabao, Typkmenucman
2Hayuno-uccredoeamenvckuti uncmumym npupoonozo 2aza npu I'K « Typrmenzazy, Awixabao, Typkmenucman

Pe3zrome. KoMOMHMPOBAHHBIN PEXXUM IKCIUTyaTallMH 3aJIeKeH IO3BOJIIET COUETAaTh IMPEUMYILECTBA a30BOr0 ¥ BOJOHAIIOPHOTO
PEXUMOB. DTO UCKYCCTBEHHBIH PEXXUM, KOTOPBII 1aeT BOBMOXKHOCTb PETYIMPOBAHUS pa3pab0TKU MECTOPOKAEHHS IPU BOAOHAIIOP-
HOM PEXHME C MOBBIIICHHEM K03 (GHIMEHTa KOHSUHOH ra300Taa4un 3a CU€T MpeIoTBPaICHHUs N30UPaTEeIbHOr0 0OBOIHEHHUS APECHH-
pyemotii 30HBI MecTOpokAeHU. [IpennoskeHa TEXHOIOTHS CO3JaHNsI KOMOMHHUPOBAHHOTO PEXHMa B OOBOAHEHHOI ra30BOM 3aJIekKH,
HCCIIEIOBAHBI (PU3UKO-XUMHUYECKHE OCHOBBI POLIECCA, BBISBICHB! KPUTEPUH IPUMEHUMOCTH TeXHOIOTHH. COCTaBIICH allTOPHTM pac-
YeTa TEXHOJIOTHYECKHX MOKa3aTese pa3padoTKH ra30BOH 3aJIe)KU IPH KOMOWHUPOBAHHOM peXiMe. 10 MpeyioxKeHHOMY alrOpHTMY
B OJJHOMEPHOM MOCTAaHOBKE OBIIM CMOJEIMPOBAHBI IIPOLECCH, KOTOPBIE MOTYT IPOMCXOMUTH IIPH pa3pabOTKe ra30BOH 3aJICHKH, II0
XapaKTepUCTHKAM IIPOJYKTUBHOIO ILIACTa, BOJOHAIOPHOM CUCTEMBI, & TAKXKE COCTaBy U CBOMCTBAM Ia3a U BOJbl, CXOJHBIM C peajb-
HBIM MECTOPOXKJCHUEM.

Knrwouesvie cnosa: 2azo6as 3anexicb, 6000HANOPHBI PENHCUM, KOMOUHUPOBAHHBIL PEHCUM
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GEOLOGICAL AND GEOCHEMICAL PREREQUISITES FOR OIL AND GAS CONTENT
OF THE JURASSIC TERRIGENOUS DEPOSITS OF THE CHARJOW STAGE

Karshiev A.O., Akramova N.M.
JSC “Institute of Geology and Exploration of Oil and Gas Fields”: igirnigm@ing.uz

Summary. The results of geochemical study of scattered organic matter, bitumoids and gases of
Lower Middle Jurassic terrigenous deposits, where rocks with high content of Corg and bitumoids
are found, are presented. From the standpoint of the results of geochemical studies and according to
the degree of catagenetic transformation of rocks, the most perspective areas were identified for the
search of mainly HC deposits in Jurassic rocks. The existence of oil and gas source stratum in the
Jurassic rock complex under study, as well as the degree of catagenetic transformation of the organic
matter contained in them, suggest the possibility of discovering new accumulations of oil and gas in
the presence of reservoir rocks and traps for HC reservoirs.
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reservoir, gas, bitumoid
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Beenenue

IOpckas teppurennas tomma byxapo-XusuHckoro perunoHa (bXP) mo cpaBHeHUI0 ¢ KapOOHATHBIMH OT-
JIOKEHUSIMH OIIOMCKOBAaHA ropa3fio B MeHblIel creneHu. OQHAKO MPOMBIIICHHBIE [IPU3HAKY ra3a, o0Hapy-
JKEHHBIE B ceBepo-3amagHoil yactu Yapmkoyckoit crynenn (KangsiMckoe m KymnnOerkakckoe MOIHSATHE),
YKa3bIBAIOT HA HEOOXOAUMOCTH O0JIee TIIATENbHOTO FEOXUMHUUECKOT0 NCCIIEIOBAHMUS U OIIPEeNICHUsT KpUTe-
pueB He(pTEra3oHOCHOCTH B 10T0-BOoCcTOUHBIX (JleHruskynbckoe, Mcnannbl-Uanasipckoe n Kynrakckoe moj-
HAATHE) YacTsIx cTynenu (puc. 1). UMeHHO 371ech, B OTJIOKEHHUSX TEPPUTEHHON (HOpPMAIIUH FOPBI, TOMUMO 00-
Hapy>KEHHBIX CKOIUIEHHH Y B MPOMBIIIIIEHHOTO H HEPOMBIIIJIEHHOTO 3Ha4YeHHs, 3a()MKCUPOBAHBI MHOTOYHC-
JeHHbIE He()Tera300uTYMOIPOsIBIICHHS, Ha0M0AaBIIMeCs B IpoLiecce OypeHHsl U UCIIBITAaHUS CKBAXKHH.

[TonmoxwurenpHas olleHKa mepcrnekTuB HedrerazoHocHoct bXP mo reoxmMuvecknM JaHHBIM BIEpBBIC
Obuta nana A.M. AxpamxomkaeBbiM, A.K. KapumoseiM, X.b. ABazmaroseiM, M.W. Kymnup, C. PamazanoBbM
u 1p. B mponecce n3yuenus paccesHHoro opranuueckoro semectsa (POB) me3zo30iickux otnoxenuit BXP umun
OBLI0 OTMEUEHO PacIPOCTPaHEHHE B Pa3pe3e TEPPUreHHON (hopMaIuy I0PCKOr0 BO3pacTa BHICOKOKa4eCTBEHHBIX
MaTEePUHCKUX NOpo (Akpamxopkaes,1982; babaes u np., 1977; Kapumos,1974; Kymaup, Acnanosa,1985; Pa-
Ma3aHoB u 1p., 2001). [lepepoxnenre ux B MpOU3BOAAIINE TTOPOIBI MPOU3OILIO B MEIOBOM HMEPHOJ U COMPO-
BOXKIAJIOCH SMUTPAIlei 0YeHb KPYITHBIX 00bEMOB MPENMYIIIECTBEHHO ra3000pa3Hpix Y B. OcHOBaHMEM I 110-
JIOOHOTO 3aKITIOYEHUS TTOCTYKIJI TYMYCOBBIN cocTaB ucxoaHoro OB TeppureHHON TOMITH.

Hacrosimas pabota siBisieTcsi IpoJOKEHHEM MHOTOJIETHUX aHATUTHYECKUX HCCIIEAOBAaHUN TeOXUMHUYe-
CKMX XapaKTepUCTUK ra3oB M PacCESTHHOro opranudeckoro Bemectsa (OB), mpoBoanMmbIX B J1a0opaTopuu
«['eoxummuu paccestHHOro OPraHNUECKOI0 BEILIECTBAY.

MeTtoab! uccienoBanusi. Pabora BeINonHsIack Ha 06a3e TOCyIapCTBEHHOTO yupexaeHus B MHcTuTyTe
T'COJIOTUH U Pa3BeIKu He(TSHBIX U ra30oBbiX MecTopoxkaenuit (I'Y UTUPHUI'M): onpenenenue conepxanust
opraandeckoro yriepona (Copr), xiopodopmHoro outymonaa (XbA), MOIEKYISIpPHO-CTPYKTYPHBINA COCTaB
ourymonioB (MK-criekTpbl) 1 XuMU4eckuii cocta ra3oB. [Ipu nHTEpIpeTanuy HCIOIb30BaHbl OOIICTTPUHS-
TBhIE METOJbI TEOXUMHUYECKOTO HCCIEAOBAHHUS PACCESIHHOTO OPraHUYeCKOro BEIECTBa MOPOJ U OUTYMOUIOB
MIPUMEHUTENBHO K OCHOBHBIM 3aj[auaM HeTeTra30IOMCKOBBIX padoT, a TAakXKe OIyOIMKOBaHHbIE U (DOHIOBBIC
MaTepuanbl FEOXMMHUYECKHUX HCCIENOBAHUN, MPOBEACHHBIX paHee corpyaHukamu BHUI'HM, BHUI'PU,
NI'uPHUI'M u np.
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Puc. 1. Pactipenenenue 3anexxeid YB 1 OnTyMONposIBICHHH B IOPCKUX TEPPUTCHHBIX OTIOXKEHHIX YappkoycKol cTyneH!

I'eoxuMuyeckasi XapaKkTepHUCTHKA PACCesIHHOI0 OPraHNYecKoro BellecTsa

B paspese teppurennoit popmaruu ropsl BXP BeImenstoTcs — KUMEpeKcKasi, TypyacKas, reruoamaMckas,
TaHTUAYBaJIbCKasi U OaCYHCKasi CBUTHI.

Kumepexckas cButa. KonmuecTBo BCKPHIBIINX €€ CKBaKMH HE3HAUNUTENBHO. B Hanbosee moaHbIX pas-
pe3ax MpHUCYTCTBYIOT HIDKHEIOPCKIE OTIIOKEHHSI KOHTHHEHTAIbHOTO reHe3uca (Kumupek, cks. Nel 4m; Y3yn-
mop, ckB. Ne2; [Tamyx, ckB. Nelm; Saruapsik, ckB. Nelm; lypran, ckB. No25). [Toposs! npeacTaBiIeHb B OC-
HOBHOM PUTMHYHBIM IE€pEeCciIanBaHUEM aprujIMTOB, aJIEBPOIMTOB U necyaHukoB. CojepikaHue OopraHude-
ckoro yraepoza (Copr) B mopozax, NpeICTaBICHHBIX IPEUMYIIECTBEHHO IIeCYaHUKaMH, KoJie0IeTcs B mpee-
nax Hu3kux 3HaveHui 0.10-0.13% (cxB.2m bepapikynyk, naT.4109-4149M) 1 nume B TEMHO-cepoM, oOora-
LIEHHOM YIJIUCTBIM BELIECTBOM, IecuaHuke u3 uHtepBana 4157-4160 M xapakTepusyercs CpeHUM 3Hade-
HueM 0.79%.

I'ypyackas ceuta. OTI0XKEHUS CI0KEHbl KOHTHHEHTAIBHBIMU 00pa30BaHUSIMH, IPEUMYILIECTBEHHO ap-
THJUTUTaMU C TIPOCTOSMHU TIECYAaHUKOB, aJI€BPOJIMTOB, TIMHUCTO-YIIIUCTHIX CIAaHIIEB. B 10ro-BocTouHOM YacTu
Yapmxoyckoil crynenn (Lypran-25, Xununackas-1) cButa mpeicTaBieHa pUTMUYECKH IE€peCcIanBalOIIN-
MHCS II€CUYAaHMKAMH, aJE€BPOJIMTAMH, apruUIMTaMHd M YITSAMHU IOMMEHHOro reHesuca, B paspese Ilamyk
(ckB.1mm) — TEMHO-CEPBIMU APTHILTUTAMH, aJEBPOJIMTAMH, PA3HO3EPHUCTHIMU ITECYAHUKAMH C TMPOCTIOAMHU yT-
JMCTHIX TJIMH, B BEpXHeW yacTu — rpaBenutamu (265m). Conepxkanne Copr U3MeHsIeTCsl B MIMPOKUX Tpeenax
ot 0.1 1o 9.67%, Beixog 6utymonnoB XbA — ot 0.02 1o 0.23%. [laHHbIE KOMUYECTBEHHBIX M KAYECTBEHHBIX
xapakTepuctuk OB CBHIETENBCTBYIOT O TOM, YTO B aaje€HE — HIDKHEM Oailoce yclloBUS CEAMMEHTALMH HE
MMOBCEMECTHO OBUTM 03epPHBIMH. B 4acTHOCTH, MECTaMu ONpeAeICHHYIO POJIb UTPall MOPCKOH PEKUM OCaIKO-
HaKOIUJICHHUS. DTO NposiBIsieTcs B yBenuueHnu cogepkanust Copr u XBA B uepHbIX rnuHax Yuksipa (Copr go
8.32%, XBA 1o 0.17%); Cy3smsl (Copr mo 2.66%, XBA mo 0.031%); Yub6ama (Copr mo 3.67%, XbBA mo
0.193%); bepapikyayka (Copr g0 9.67%, XBA 1o 0.119%); B uepnsix apruumrax [lamyka (Copr mo 6.16%
u XBA 1o 0.072%). B muxpokomnonentHoM coctaBe OB yBennuuBaeTcs 0N allbI’MHUT-TEHNTHHUTOBBIX
kommoneHToB (Kymraup, Acrnanosa,1985).

Jerudagamckasi cBuTa. 371€Ch MPOUCXOANTIA IEPUOINYECKas] CMEHA KOHTHHEHTABHBIX U MPUOPEKHO-
MOPCKHX YCJIOBHM OCaJKOHaKOIUIEHHWH Ha Mopckue. CopepikaHre OpraHMYecKoro yrjepoja B MHTepBajax
riyoun 2633-2639 m (Yanaslp, ckB.1) u 3664-3668 m (bepasikynyk ckB.lm) mensiercst ot 0.33 mo 3.86%,
penko mocturas 13.16% (ckB.31 Yukeip), XbA — ot cpennero (0.027-0.04%) 3HaueHns [0 BBHICOKOTO Ha
ypoBHEe MuKpobuTymornpossieanii (0.084-0.54%, Yuxeip, Yannaeip, BocTounsrii JleHru3Kkymns). YTauCThId
yepHbIid apruT ckB.7 Capno6a B mHTepBaie 3304-3314 m anomanbsHO oboramiern Copr (25.3%) u XBA
(0.171%).
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TanrugyBajbckasi CBUTA IPEICTABICHA METIKOBOJHBIMU IPHOPEKHO-MOPCKUMH OTIIOKEHUAMH — Ilecya-
HUKaMH, aJIEBPOJINTAMH, APTHJUTUTAMH M U3BECTHSIKAMH C OPTaHUIeCKUMHA ocTaTkaMu. MomHocTh 110-437 M.

Baiicynckasi cBMTa Ipe/CTaBiIsIeT NEPEXOIHYI0 MIMHUCTO-KapOOHATHYIO TONIIY C YepEeIOBaHUEM H3-
BECTKOBHUCTBIX aJIEBPOJIUTOB U ApTHIUINTOB C MPOCIOSIMU Mepresiel M N3BECTHAKOB. | €OXUMHUECKHe YCIOBUS
0CaIKOHAKOIICHHUS OTJIOKEHUH ObUIH c1ab0 BOCCTAHOBUTEIHHBIMU U BOCCTAHOBHUTEIHHBIMHU, MECTAMH JTaXKe
PE3K0 BOCCTAaHOBUTEIBHBIMU. B M3yUueHHBIX pa3zpe3ax 3THX CBHUT Ha nirybuHax ot 2125 (CesepHblit Kumepek,
ckB.1m) 10 3790 m (CeBepHblit Human, ckB.9) comepkanne OpraHuuecKoro yriaepoaa M3MEeHsIETCS B IIUPOKOM
muarazone ot 0.03 mo 13.69% (KyBaum, Yanaeip, cks.1), B cpennem cocrasisist 1.2%. Berxog OutymMonmoB —
0.14-1.149%, B cpemuem — 0.08%. [Tosimennsie (3.94-9.88%) conep:xanns Copr oTMEUEHBI B UEPHBIX aJIeB-
poauTax, apruinTax u rauHax Yubama, Kysaun, Akkyma, Yanasipa, Matonara u Boctounoro JleHru3Kkyis.
[Ipenenpro BricoKas koHIeHTpamus Copr (Copr paBen 10.92-13.69%) u XbA (XbA=0.081-0.211%) 3a¢uk-
CHUpoOBaHa B cepoM aneBponute Myponarena (uHT.2774-2777 M), uepHbIX aprismuTax Kysauwm (uHT.2751-2758
M) u Yanneipa (uHT.2528-2535 M). MUKpOOHTYMOTIPOSIBICHUSI OTMEYAIOTCS IOYTH BO BCEX HCCIICAOBAHHBIX
o0pasuax, CKOIJIeHNsI OMTyMa TOCTUraloIuX MPOMBILIICHHBIX 3HaueHui (XBA — Beie 0.5%), 3adguxcupo-
BaHBI B uepHbIX aprsumuTax (Yarmeipa, naT.2509-2515 M) 1 necuannkax (I'aBansr, HHT.2952-2960 Mm). 3ako-
HOMEPHOCTh U3MEHEHHS PacTIpeieTIeHH MOTyUYeHHBIX 3HAY€HUH OT TUTOTHUIIA [TOPOJT HE TPOCTIEKUBAETCSI.

[To mannbpM MK-criekTpoMeTpuu MOJEKYISIPHO-CTPYKTYPHBIH COCTaB OUTYMOWIOB TaKKe OTIUYACTCS
HeoqHOpoaHOCThIO (MyXyTauHOB U 1p., 2021). UK-cnektpst 6utymonnos Kapomara u Capxazna, oboramieH-
Hble apomatHieckumu (1.a. 755-757, 812-813, 875, 1603 cm'!) u anudparrueckumu (m.a. 1458, 1378 cm!)
CTPYKTypaMH, YKa3bIBalOT HA X OCTaTOYHBIN Xapakrep. CriekTp oOpasia ckB.4 MaroHaTta 6JIM30K K CIIEKTpam
MOTJIOIIEHNSI BTOPUYHBIX OMTYMOHIOB, IPEACTABICH alnpaTniecKuMU U apOMaTHYeCKUMHU CTPYKTypaMu Ha
(hone cmaboro mposiBNeHMs KUCIOpoaHbIX. B outymonze [lamyka, 3anmeraromiemM Ha JOCTATOYHO OOJBINNX TITY-
ounax (uHT.3729.7-3737.2 M), CHIDKEHA JI0JI1 apOMATHUKK U aau(aTHKH, HAOII0AaeTCs BO3pacTaHUE WHTCH-
CHBHOCTH KHMCIOPOAHBIX CTPYKTYDp (m.1.1729, 1275¢m™), 310 roBoput o ToM, 4T0 Ha paccesnnoe OB 3Haun-
TENBHOE BO3JIEHCTBHUE OKa3all TeMIlepaTypHBbIi (hakTop (puc. 2).
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CrenoBatenbHO, IO JaHHBIM H3Y4YEHHUS TEOXUMUYEcKoi obctanoBkM 1 OB MOXHO mojaraTh, 4To B IOp-
CKHX TEPPHUTE€HHBIX OTIIOKEHHIX MPAKTUYECKH 110 BCEMY pa3pe3y BCTpeHaroTca He(Tera3oMaTepHHCKHE TI0-
OBl KaK HH3KOI'O, TAK U BBICOKOTO KauecTBa. M nayke B HU3KOKAUECTBEHHBIX HeTEMAaTEpUHCKUX MTOPOJax
(Copr ke 0.5%) oTMeuaeTcst HaTMuue SMUreHeTHYHBIX ouTyMonnoB (XBA Boie kiapka 0.024%). Beico-
KO€ COZIepKaHue OPTraHNIECKOTO YTIIepoa Py HE3HAYUTEITHFHOM CO/IeP)KaHuN OMTYMOHIOB B HUKHE- U CPEJI-
HEIOPCKUX OTIOXKEHUX, BEPOSTHO, TIO3BOJISIET TOBOPUTH 00 00HAPYKEHUH MTPEUMYIIIECTBEHHO Ia3000pa3HbIX
yraesogopooB (Kapumos,1974; Pamazanos u ap., 2001). 3aech, BUANMO, MPOUCXOAUT (0COOCHHO B HUKHEH
4acTH pa3pesa) reHepaus OOJBIINX KOJUIECTB ra3000pa3HbXx YB ¢ npumechio He(TSHBIX. COOTBETCTBEHHO
TTyOWHE 3aJieTaHusi MEHSAETCS U CTeIeHb npeodpazoBanHocTH Topoxa (ot MK;-MK3 1o MK;3-MK4), ycranos-
JIeHHasl TI0 MUHepajiaM TPYIIbI [NIMH, XapakTepy LEMEeHTAllul TEPPUTeHHBIX TOPOJ, HEYCTONUHBBIM U HOBO-
00pa3oBaHHBIM MUHEpAJIaM U CTelleHH yraedukanuu TBepaoro OB, nmpeobpa3oBaHHOTO 1O yroJbHOMY LUKIY.
B cBs13u ¢ 5THM reHepupyrone BO3MOXKHOCTH TEPPUTEHHON (popManny clielyeT CBI3bIBATh C MOPOIaMH KakK
BepXHeH, Tak u HbkHeH yactelt (Kymnup, Acnanosa,1985).

I"a3w1 1 kOHAEHCATHI Ta3okoHaeHcaTHOrO (Kapomar, [lasxaTeiH, MUPKOMUIIKYAYK, ATamypan) U HedTe-
razoBoro (Maronat, CapbIKyM) MECTOPOXKACHNN HUKHE-CPETHEIOPCKUX OTIIOKEHUH TI0 CBOMM CBOWMCTBaM U
COCTaBY CXOXHU MEXTy coboit (MyxyTauHOB U 1p., 2021). OmHAKO MO CPAaBHEHHIO C Ta3aMH BEPXHEIOPCKUX
OTJIOXKEHUI OHU 00eaHeHBI MeTaHoM (75.8-88.5%) u comepxkat Gombiie roMmosioroB MeraHa (Cotppcume — 9.2-
17.8%); KonmeHcaThl 6os1ee erkue ¢ wioTHocThio 0.721 10 0.770 r/cm®. MOXKHO OTMETHTB, 4TO B KapOOHAT-
HOM BepxHel tope rasel 60s1ee cyxue (Coipyemmne-3.0-8.7%); KoHaeHcaTsl — TsKemnie (0.798-0.824 r/em?).

Taxum 006pa3oM, B CpeTHEIOPCKUX OTJIOKEHHSX BCE YaIlle BCTPEUatoTCs 00pasiibl, B KOTOPBIX OTPEIEICHBI
oueHb Bbicokue (Oonee 2%) xomuuectBa Copr u conepxanue XBA (csbime 0.045%). B ocHoBHOM BMmemaro-
e uX Mopoasl o paspesam Myponarena, Capxan, Kyma6, bepnsikynyk, AizaBar, Bocrounsnii Ymun, Bo-
cTouHbIi JleHrn3Kkyns u np. npuypodensl k X VII-XVIII ropuzonTam (puc. 3).

Hosrle nanHBIe 1O reoxuMHuueckuM xapaktepuctukam POB u BemecTBeHHOMY cocTaBy MOpOJ TOMOJ-
HSIOT paHee MMEIOINUECs TPEACTaBICHHUS O XapaKTepe Mpeo0pa3oBaHUsl OMTYMHBIX KOMIIOHEHTOB TEppH-
TCHHO-IOPCKHX OTIIOXKEeHUH YapKoyCKOH CTYIIEHU ¥ MOTYT OBITh MCIIOJIb30BaHbI B KAUECTBE KPUTEPHUEB IS
OLIEHKH MPOAYKTUBHOCTH TIJIACTa, a TAKXKE JJIsI TPOTHO3a (ha30BOT0O COCTaBa YIIEBOAOPOAOB U THIIA 3AJIEKEH.

BriBoabI
B paspese TeppureHHoil Gopmairu HauOOIee HACBIIICHB OPTaHUYECKUM BELISCTBOM U OUTYMOHUIaMU
MOPOJIBI Iern0alaMCKOM ¥ TaHTH/yBaJIbCKOM CBHT.
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Puc. 3. Pacnipenenenue conepxanus Copr ¥ OUTYMOHIOB 110 pa3pe3y IOPCKUX TEPPUTCHHBIX OTIOKCHUH
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[IpucyTcTBHE MHOTOYHMCICHHBIX HedTe-, ra3o- U OUTYMONPOSIBICHUN B TEPPUTECHHO-IOPCKUX OTIIOXKE-
HUSIX, BO3MOXKHO, CBUJIETENBbCTBYET O PA3BUTHH HE TOJBKO MPOLECCOB Hedrerazoo0pazoBaHus, HO U HedTe-
ra30HaKOIUIEHUS], MacIiTabbl KOTOPOTO B 3HAYMTEIBHOW CTEIIEHU 3aBHCEIH OT IUIOTHOCTH AMHTpaimu YB.
Takas pernoHajbHas pacIpOCTPAaHEHHOCTh HAPTHUIOB HAa pacCMaTPUBAEMOI TEPPUTOPHH YKa3bIBaeT Ha I10-
TEHLIHUAJIbHbIE BO3MOKHOCTH OTJIOXKEHUI TEPPUTeHHON (hopMaLnu, KOTOpPhIE eIe JaIeKO He HCUEPIIAHBL.

C no3uiuii pe3ynbTaToB TEOXUMHUYSCKHX HCCIICAOBAHUN M 10 CTETNIEHW KaTareHEeTHYeCKOH mpeodpaszo-
BaHHOCTH TOPOJ AJIsl IOMCKOB mpeumymiecTBeHHO 'K 3anexxeil B mopoaax ropel Haubosee mepcreKTUBHEBI
yaactku: KyBaun, Akkym, [lapcankyns, Yabam, Kumepek (3anagnas yacte Yappkoyckoit ctynenn); Boctod-
HEIH Jlenru3kynb, bepaukymyk u Capno0 (IieHTpainbHas 9acTh CTYIEHH), B IIPeAesiaX KOTOPBIX KPOBIIS FOPHI
3ajneraet Ha riyounax 2.0-3.0 kM, a reotemiiepaTypsl He npeBbimatot 110°C (Pamazanos u np., 2001).

CymecTBoBanue He(hTEra30MaTepUHCKUX TOJLI B UCCIIEAYEMOM KOMIUIEKCE IMOPOJI IOPCKOT0 BO3pacTa, a
TaKXe CTEIIeHb KaTareHeTHYEeCKOH MIpeoOpa3oBaHHOCTHU conepxamierocs B HUX OB mo3BossiioT mpeamnonarats
BO3MOXKHOCTb OTKPBITHS HOBBIX CKOIUIEHUH HE()TH U Ta3a PH HAJMYUH [TOPOJ-KOJJIEKTOPOB H JIOBYIIEK JUIsI
3anexel YB.
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TEOJIOI'O-TEOXUMHWNYECKHE IPEJIIOCBIJIKH HE®@TET'ASOHOCHOCTH
IOPCKNX TEPPUTEHHBIX OTJIOKEHUIN YAPI)KOYCKOM CTYIIEHA

Kapmues A.O., Akpamosa H.M.
I'Y « UTUPHUT' My : igirnigm@ing.uz

Pesrome. TpencraBieHbl pe3yIbTaThl TEOXUMUUECKOTO HCCIISJOBAHMUS PACCEHHOTO OPraHNYECKOro BELIeCTBa, ONTYMOUIOB U ra-
30B HIDKHECPEIHEIOPCKHX TEPPUTCHHBIX OTIOKEHHUH, TIe 00HAPYKEHbI OPOIbI C BEICOKUM copepxanneM Copr u 6utymonmos. C
MO3UIHI PE3yIbTATOB FEOXMMHUUYECKUX UCCICAOBAHMI U IO CTENIEHH KATAreHETUIECKOH MPpeoOpa3oBaHHOCTH TIOPOJ ISl TOMCKOB TIpe-
nmyinectBenHo 'K 3anexeii B mopoaax 0psl BeIZEIEHbI HanboIee nepcrekTuBHbIe yaacTku. CyliecTBoBaHue He)TEra3oMaTepHHCKIX
TOJII B HCCIJICyEMOM KOMIUIEKCE ITOPOJ IOPCKOTO BO3pAcTa, a TAKXKE CTENCHb KaTareHeTHYECKOH MpeoOpa3oBaHHOCTH CoepIKalle-
rocs B HuUX OB 1mo3BoIIsIIOT npearonaraTs BO3MOKHOCTh OTKPBITHSI HOBBIX CKOIUICHUH HE()TH ¥ ra3a MpH HAJIMIHUH IIOPOA-KOIIEKTOPOB
U JIOBYILIEK JUIs 3anexei YB.

Knrwouesvie cnosa: copusonm, YB, sanesicw, 2as, bumymouo
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TAYPAAKCKOV CBUTHI B CBSI3V C TIOUICKAMU MECTOPOXX AEHUST
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Masaouu C.P., Paxumos ®D.A.
Mnemumym zeorozu, ceticmocmonkozo cmpoumervcmea u cercmorozuu HAHT:
smavloni@mail.ru

FACIES-PALEOGEOGRAPHIC FEATURES OF THE FORMATION OF THE GAURDAK SUITE
IN CONNECTION WITH THE SEARCH FOR A HYDROCARBON DEPOSIT IN THE AFGAN-TAJIK DEPRESSION

Mavloni S.R., Rakhimov F.A.
Institute of Geology, Seismic Construction and Seismology, NAS of Tajikistan: smavioni@mail.ru

Summary. At this level of knowledge of the geological structure and oil and gas potential of the
Afghan-Tajik epiplatform orogenic area, we can talk about the following priority areas of work for
oil and gas. Due to the presence of overthrusts in the post-salt section of the sections with a displace-
ment amplitude of up to 15-20 km, as well as the presence of AHRP almost throughout the entire
wellbore, it is technically difficult and economically unprofitable to search for a hydrocarbon deposit
in the central part of the basin.

The discovery of industrial accumulations of natural gas should be associated with the Upper
Jurassic Callovian-Oxford deposits in the zones of paleo-elevations. It should be also taken into
account the lithofacies features of the Gaurdak Formation, in the absence of which it is possible to
expect the migration of hydrocarbon deposits into the overlying Cretaceous-Paleogene deposits.

Keywords: Afghan-Tajik
depression, Gaurdak suite,
Upper Jurassic, gas
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[Mnomans Adrano-Tamxukckoii BnaauHel (ATB), 3annmaromield TeppUTOprH BOCTOYHOM YacTH Y 30eKuc-
tana (balicynckas crynens n CypxannapbuHCKas CHHKIIMHAJIbHAS 30Ha), ceBepHOi yactu A¢ranucrana (Ce-
Bepo-Adranckoe nognatue) u FOro-3anannoro Tamkukuctana, coctapiser 94 Teic. k> Ha nomo Pecry6-
mukn TamxukrcTan nmpuxoauTcs nopsiaka 30 ToIC. kM’. B npeaenax TapKukckoi wactu ATB ¢ 3amana Ha
BOCTOK BBLACIISIETCS MISATh CTPYKTYpHO-TeKTOHMUYeCKHX 30H (CT3), rae BemyTcsl MOMCKOBO-Pa3BeJOYHbBIE pa-
60161 Ha He(Th U ra3: KapupHuranckas aHTUKIMHAIbHASA 30Ha, Baxiickas cuHKIMHaIbHAs 30Ha, OOUrapm-
CKasl aHTUKJIMHATbHAS 30HA, KynmsaOckasi cuHKmMHANbHAS 30Ha. O60c00IeHHO HA KpaifHEM CeBepe BITaIUHBI
pacnonoxer JymanOuHCKuid Tporuod, B IpeAeiax KOTOPOro B OTJIMYHE OT APYTUX 30H, T/I€ aHTUKIMHAILHBIE
CTPYKTYpPBHl UMEIOT CyOMEpPHANOHAIBHOE MPOCTUPAHHE, MOJOKUTENbHBIE MOAHATHS HMEIOT CyOIIMpOTHOE
npoctupanue. Ha 10ro-BocToke BIaAnHBI, CONPUKACAsICh B MEPUIMOHAIIEHOM HampaBlieHUH ¢ xpedrom ['uH-
IyKyUI, TpoTAruBaeTcs MikaMplnickas npupasioMHas 30Ha ckiaok. ATB sBisercs 10ro-BOCTO4YHOM 4acThIO
nuIIaTGOpMEHHON oporeHnueckoi obmactu LlenTpanbHoii A3uu, KOTOpas B HEOT€H-YETBEPTUUHOE BpeMsI
pa3BUBaJIaCh B OTJIIMYKE OT IIATGOPMEHHBIX U T€OCHHKIMHAIBHBIX 00JacTeil 000co0IeHHo.

TexToHO-cTpaturpaduyeckas ucropust ATB xapakrepusyercs cienyromumMu ocodenHocTsiMu. CocTas-
asirouMe B ctpoeHur ATB koMIiekcamu SIBISIFOTCSL TPH CTPYKTYPHO-(popMallMOHHbIE 00pa30BaHUs: HUX-
HUH, cpenHui 1 BepxHui. HIKHUI KOMIUIEKC SIBJISI€TCS CKJIAAYaThIM OCHOBAaHHEM BIIAJMHBI, KOTOPBIH CBSA3aH
C TepLMHCKUM 3TaloM pa3BUTUA Tepputopun. CpeqHHui KOMIUIEKC C 9PO3MOHHBIM Pa3MbIBOM IIE€PEKPHIBAET
CKJIaJJuaToe OCHOBaHHE BIAJWHBI M CJI0XKEH 0CaJ0YHBIMU 00pa30BaHUsIMH IOPCKOTO, MEJIOBOTO ¥ MAJIEOTEHO-
BOTO Bo3pacTa. BepxHuil koMIuiekc HeceT B ce0e OTHeYaTKH SMUMIAT(HOPMEHHOTO OpPOreHHMYECKOro 3Tamna
pasButusi. CpaBHUTENBHBIA aHAIN3 MOITHOCTEH 1 (hariiaibHO-TIAIeoTreorpadiaeckuXx 0COOEHHOCTEH 0canod-
HOTO MTOKPOBA OTPAYKAET OTHOCUTEIHHYIO OJHOTUITHOCTh pa3BUTHs Oonbiieit yactu Teppuropuu ATB. B rox-
HBIX palioHaX TEPPUTOPUHU U3-3a YCUJICHHS POJIM BOCXOJALINX ABM)KEHUI B CBOJIAX CTPYKTYp OCaJIOUHBIE OT-
JIOKEHUSI Pa3MbITHI 10 BEPXHEH CEKIIMU BEPXHET0 Mena (KaMIlaH-MaacTPHXT).
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Oo6napy>xennsie B npeaenax ATB anTukinHanbHbIe CKIaIKH, KaK IPABUI0, UMEIOT OCIOXKHEHHBIE Pa3-
phIBaMH CBOJ M KpyThle BocTouHbIe Kpblibs (60-70°). I'parunsr CT3 B penbede 0OHAPYKUBAIOTCA B BUJIE
THIICOMETPUYECKON CTYIIeHH, aMITIUTY 1A CMEIIEHHsI KOTOPOU M3MepsieTcsl COTHSIMH MeTpoB. Ha rpaBumerpu-
YEeCKHX KapTax 3TUM 30HaM COOTBETCTBYET CTYLICHHWE M30aHOMAaJl CHJIBI TSDKECTH, KOTOPOE MCCIea0BaTeNn
CBSI3BIBAIOT C HAJJMYMEM YETKO BRIPAKEHHOTO Pa3jioMa Ha TTOBEPXHOCTH MAIC030MCKOT0 (hyHIaMEHTa.

Hapsiny co ctpykrypHBIM OypeHneM, OCHOBHBIM METOIOM OOHApy KEHUS MOJOKUTENBHBIX (hopM penbeda
ObUIH BIIEKTpOpa3BeKa, rpaBUpa3BeKa U ceiicMopasBeaka, ocooenHo MOI'T. 3a Gosee ueM copokaaeTHUIH
TIEPHO PA3BUTHUS OTPACIH ITUM METOJIOM K TITyOOKOMY OypeHHI0 OBLIO TIOJATOTOBIEHO 25 CTPYKTYp U O0HA-
pyxeHsI 14 mecTopoxneHuit HeTH, ra3a ¥ ra30KOHIEHCAaTa, KOTOPhIE TEHETHYECKH CBS3aHBI C Mell-Tlajieore-
HOBBIMH OTJIOKEHHsIMH. [IpupocT 3amacoB yriaeBogopo10B 0 HUM COCTaBWII 12.1 MUJITMOHA TOHH YCIOBHOTO
TOILTUBA, TO €CcTh 0KoJ0 (.86 MUILTHOHA TOHH Ha OJHO MecTOpokeHue. [10/100HbIN HU3KHIA TOKA3aTElb €IS
pa3 MoATBepKIaeT MHEHHE OOJIBIIIMHCTBA TE€0JIOTOB O TOM, YTO HACTAJIO BPEMS CKOHIIEHTPHPOBATH BCE YCHIIHS
Ha M3YYCHUH U OOHapyKEHHUH MECTOPOXKICHUHN YTIIEBOJOPOOB, CBS3AHHBIX C BEPXHEIOPCKMMHU KEJIOBEH-
OKC(OPIACKUMHU OTIOKEHHUSIMH.

BriepBeie mpomykT (IpUpOAHBIH Ta3) M3 KeIUIOBEH-OKC(HOPICKUX OTIOXKEHH ObLT oOHapyxeH B 1959
roay Ha tepputopuu Jymanbunckoro mporu6a. Ilo moxcyeraMm crenuagucToB, KOTOPBIE  OKOJIO TO/a HE
MOTJIM MTOTYIIUTH BO3HUKIIUN MOKap B ckBakuHe Ne 9 (Mecropoxaenue Jlyuob), 3amacel mpupoIHOTO ra3a B
3TOi CKBaXkUHE cocTaBisy Oosee 1.5 mapa. M°. Takke IPOMBINUIEHHBIE 3aI€KH IIPUPOJIHOTO Ta3a U3 BEPX-
HEIOPCKUX OTJIOXKEHUH ObLIN oOHapykeHbsl B 1962 romy B Amamrarie, Jxapkyayke (Y30ekucran), B 1963
rogy B Xomka ['yrypaak u Etumrar (CeBepHbiii Adranuctan). Komnekropom ciykaT opraHoreHHo-00110-
MOYHBIE N3BECTHAKH (KyXUTaHICKasi CBUTa) XY TOPU30HTA, KOTOPHIE IEPEKPBIBAIOTCS HBANIOPUTOBBIMHU ITOPO-
JaM¥ TayPAaKCKOW CBUTHI (KUMMEPHIK-THTOH ), BEHYAIOINMHI BEPXHEIOPCKYIO CEKIIHIO pa3pesa.

PesynbTarhl OypeHHs MOMCKOBO-Pa3BEJOYHBIX U MApaMETPHUECKUX CKBaXHH B nipeaenax ATB nokazanm,
YTO B LIEHTPAIBHBIX YYacTKaX 3TOH rpabeHoO0pa3Hol BIaJAWHBI, TayplaKkcKas CBUTa MpeAcTaBiieHa J1M00 THIl-
cam¥ (aHTHIPHUTAMH) C PEIKUMHU MTPOCIOSMH KapOOHATOB, THOO NMEET TPEXWICHHOE CTPOCHUE U B 3TUX CIIY-
Yasix COCTOUT M3 HIKHHUX THUTICOB-aHTHJIPUTOB, CPEAHEH COJICHOCHOW TOJIIN U BEPXHUX aHTHApUTOB. CBUTA
3ajieracT B BUJE JIMH3BI OTPOMHBIX pa3MepOB, MOLIHOCTh KOTOPOH BO BIAJAMHAX MU3MEPSETCs HECKONIBKHMHU
kmtomerpamu — 110 3.0 kM u 6onee (Acnzona, 2017).

B 2011 roxy xommnanus ARKeX mo 3amanuro komnanuu « Teruc [lerponeym JIlumuremy ¢ mensto u3yde-
HUSL OCOOCHHOCTEH pacrpoCTpaHEHUs] BEPXHEIOPCKUX 00pa30BaHWI BIEpBBIE MpOBEJa adporeodunieckue
uccnenoBanus B ATB KOMIUIEKCOM METOI0B, BKIIOYAIOLINX TOJTHOTEH30PHYIO IPaBUMETPUUYECKYIO TPaJieH-
TOMETPHUIO, TPABUMETPHUI0, MATHUTOMETPHUIO U BBICOKOTOYHOE CKaHUPOBaHKE 3¢MHOM noepxHocTu JINJIAP.
Wudopmarius, nonydeHHas B pe3yibTaTe KOMIUICKCHON HHTEPIPETALINH, ajia IEHHbIC 3HAaHHsI 00 IBOIIONNU
CTPOEHUSI M IEPCIIEKTUBHOCTH Ha HE(TH U ra3 JaHHOTO paiioHa, B OCOOEHHOCTH M0 TITyOMHHOHN 4acTH pa3pesa,
TaK KaK 0 CEHCMUYECKUM JTaHHBIM MOJIYYUTh YETKOE TIPE/ICTaBIIEHHE O ITOICOJIEBBIX 00Pa30BaHUAX HE TIPE/-
CTaBIIAETCS BOBMOXKHBIM. Ha OCHOBE TOTyYeHHBIX TaHHBIX CIETAaHO MIPEAIONI0KEHNE O TOM, YTO MAaTEPUHCKHE
MOPOJIBI FOPCKOTO BO3pacTa, BO3MOKHO, BCTPEUAIOTCS BO BCEX 0acCEHHOBBIX yyacTKax (B OCHOBHOM 3TO OBLIO
YCTAHOBJICHO 10 IaHHBIM MarHUTOMETPUH, ONUPAsiCh HA KOTEPEHTHOCTh CECMUYECKUX CUTHAJIOB B HEKOTO-
pBIxX Oonee TiyOoKuX paspesax). OmHAKO MaTepHAIbl TIOJEBBIX WCCIIEOBAHNHN, a Tak)Ke TIyOOKHX MapaMeT-
pudeckux ckBakuH (Cuéxxyxu mkaHyOH, ckBakuHa Nel) He moaTBep:kaaroT 3TOT Te3uc. OHM, Ha00OPOT,
Jaf0T OCHOBaHHWE MPUITH K BBIBOJIY, YTO B 3aBUCHMOCTH OT MOP(QOIOTUU JHa OacceifHa IOPCKOro MepHoa,
KOTOpasi KOHTPOJUpOBaia (panuanbHyIO TPUPOTY POPMHUPOBAHHS OCAJKOB, B BOCTOYHOM HAIPABIEHUH TIPO-
HCXOJIUT BBIKIIMHUBAHUE KApOOHATHBIX IMOPOJ] — MOIIHBIX (Oosiee 200 M) U3BECTHSKOB KeutoBeli-okchopaa u
UX 3aMeIleHNEe CUIBHO 3aTrMIICOBAaHHBIMY TJIMHAMH, AJIEBPOJINTAMU C TIPOCIIOSMH aHTHAPHUTOB U coneit. O tHOo-
BPEMEHHO MTPOUCXOAUT (hallHalbHOE 3aMelleHHe 3BAIOPUTOBBIX TIOPO TEPPUTSHHBIMH TIOPOJaMH — aJIeBPO-
sutamu u ruHamu. 1lo nanaeivM B.M.Bparani, ocHOBaHHBIX Ha pe3yibTaTax MaJMHOJIOTHYECKUX UCCIIEA0BA-
HUH, Ha BOCTOK OT Kyns0CKol CHHKIMHAIBLHON 30HBI, B CTOPOHY FOTO-3amaiHoi YacTu JlapBa3ckoro xpeora,
MPOMCXOJHUT MOJTHOE BBHIKIMHUBAHNE OATCKUX, KEJUIOBEHCKHUX, OKCPOPIACKUX, KHMMEPHDKCKUX, 8 MECTAMU U
aaneH-6aiockux ornoxxeHui (bparam u ap.,1970).

CymMa reoU3NUecKUX U FeOJIOTHIECKUX MaTepHalioB 10 MPOOYpPEHHBIM B IIEHTPANBHBIX pallOHAX pac-
CMaTpHUBaEeMOH TEPPUTOPUH CKBAXKHH YKa3bIBAET Ha TO, YTO aHTUKJIMHAIBHBIE CKIIQJKH Ha STHX Y4acTKax SB-
JISIIOTCS. HAUMEHee 0J1aronpusSTHRIMU 1T OypeHus Ha MOJICOJIEBYIO 0pY. B pe3ybTare HaJBUTOBBIX MEPEKPHI-
THH, TPUYPOUEHHBIX K MTOPOJIaM HA/ICOJIEBOTO AMCTAPMOHMYHOTO KOMILIEKCA, ITO/ICOJIEBAs I0pa OKa3bIBAETCS
MIOTPYKEHHOMH 371ech Ha MTyOUHBI MpeBbIIatomue 7 KM (puc.).
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MPOIOIBHBIA TEOMOPGOTIOTHYECKHH NMTPOGHTh
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MHOro4nCIIeHHBIMH HCCIEI0BAaHUSIMH HAYyYHO OOOCHOBAHO, YTO B CAMOM KOHLIE OKC(OPIICKOTO BPEMEHU
MIpaKTHYECKH Ha Bce Tepputopun LlenTpansHoit A3un, B ToMm uncie u ATB, nponsomnia perpeccrs Bog Mops
Taruca. Oto Teppuropus NpeBpaTUIACh B OTPOMHY0, CUJIBHO OCOJIOHEHHY!IO JIaryHY, B KOTOPOM IPOUCXO0IUIIO
9BANIOPUTOBOE OCAAKOHAKOIUIEHHE OONBLION MOLTHOCTH. YKe B Hauajle paHHEMEJIOBOT'O BpEMEHH JOMUHHUPO-
BaJIM KOHTHHEHTAJbHbIE YCIOBHS OCaJKOHaKOIUIeHUA. VIMEHHO ¢uitonaoynopHbIe CBOWCTBA 3BallOPUTOBOM
(dhopMau KHUMMEPHIK-TUTOHA CITIOCOOCTBOBAIN COXPaHHOCTH YIJIEBOAOPOAHBIX CKoIuieHui. C ydyeTom u3-
MEHEHHs najeoreorpaduiyeckoil 00CTaHOBKHY U (paluanbHOTO 3aMEIEHHUs COJIel Ha TeppUreHHble 00pa3oBa-
HUS Ha BOCTOKE TeppUTOpuH, TO Ouib KynsOckoil CHHKIMHANBHON 30HE, MOXKHO IPEAIoaraTb, YTo HeJb3s
HCKIIIOYaTh BO3MOXXHOCTD T€HEPAIlUH YTIEBOJIOPOIOB HEPTSIHOTO psijia Ha OOHAPY)KEHHBIX MECTOPOKIESHHSIX
(ITatunak, Cenaysn, Xomka CapTes U Ip.) 3a cueT Kak OOKOBOM, Tak M BEPTUKAJIbHOM MHUrpanuu u3 Oomnee
rITyOOKHX ME3030MCKHUX YacTel TeppUTOpUH. 34eCh PACCESIHHBIE KUIKKE YIIE€BOJOPOIBI MO BO3ACHCTBHEM
BBICOKUX TEeMIlepaTyp M JaBJICHHH MMEepPeXOJHuiIn B ra3oBoe coctosHue. [locneanue, obnanas BBICOKUMU MU-
IPallMOHHBIMHA CBOMCTBaMH IO MJIOCKOCTSIM Pa3IOMOB, NIEPEMEIIATIUCH B BhILIEEKAIINE KOJUIEKTOPCKHUE Io-
PHU30HTHI MeJia U MajeoreHa, rae Mo Mepe CHM)KEHUs JaBJICHUS U TEMIIEpaTyphl OCYLIECTBISUICS 0OpaTHBIN
Iepexoa ra3o00pa3HbIX YIJIEBOAOPOAOB B xkuakue. IlogoOHbIe mpomeccsl OTMEUeHbl M Ha TeppuTopuu 3a-
nagHo-Typkmenckoit Bnaaunel (Huzpes,1970). Jloka3aTeascTBOM CYIIECTBOBAHUS MUTPALIMU 110 pa3jioMaM B
30HaxX OTCYTCTBHSI IBAIOPUTOBON (POPMALMH, /A€ HET MPErpajibl HEPETOKY YIIIEBOJOPOAOB, SIBISAIOTCS MHOTO-
YHCcJIeHHbIE (aKThl HAX0XKICHHS IMPOMBILUICHHBIX CKOMJICHUH ra3a B KbI3bUITALICKON CBUTE HMXKHEIO Meja
(BayIaHKMH-TOTEPHB) BO MHOTHX paiioHax lleHTpanbHOW A3nH, KOTOpBIE 00pa30BAUCh B CYTy00 KOHTHHEH-
TalbHOU (panmanbHol oOcTaHoBKe. [loHMMaeM, 4TO Ha COBPEMEHHOM ypOBHE 3HAHHMW M JTOCTYIHOCTH Teo-
J0ro-reo(pU3NIECKuX MaTepuanoB NAaHHBIM Te3UC He sBisieTca OeccropHeiM. HeoOxoanmo manbHeiInee
HaKoOIlJIeHHE (PAKTUYIECKOro MaTepHuajla U KOMIUIEKCHOE €ro U3yUCHHUE.

BriBOabI

[lepennTeprperanus TUTOIOTO-(hAHATEHEIX OCOOEHHOCTEH CTPOCHHS TaypJaKCKOl CBUTHI B Mpeaeax
Adrano-TamKUKCKo# SMHILTATGOPMEHHON OPOTeHIMYECKON 00IacTH MPHUBEa K MOSBICHUIO HOBBIX HIIEH, KO-
TOpBIE, HECOMHEHHO, OyIyT CIOCOOCTBOBATH 00Jiee MPaBHILHOMY MOHUMAHUIO TUIOIIAAHOTO PaclpoCTpaHe-
HUS OTUX OTJIIOKEHUH W OOHAPYKEHUIO CBSI3U MEXIy Taleoreorpa(puuecKuMu yCIOBUSIMHA HAKOIIJICHHS 3Ba-
MOPUTOBOH (hopMaIu ¢ HAXOKACHUEM TIPOMBIIIUIEHHBIX 3a[1aCOB MMPUPOJIHOTO T'a3a B KEJJIOBEH OKcOpACKIX
00pa3zoBaHUsIX BepXHEH I0pbl. HekoTopble U3 HUX y)Ke POBEPEHBI K 00OCHOBAHBI Pe3yJIbTaTaMu OypeHUs 1
ceiicmopasBeaku. Hanpumep, moaTBepKaeHa MITUTOTEKTOHNYEeCcKast MoJienb AdraHo-TaKuKCKoi BIaIuHBI,
I/Ie BMECTO TPaIUIIMOHHBIX TEKTOHMYECKUX CTyTEeHEH MorpykeHus ¢yHaaMeHTa oT OOpPTOB K LEHTPY BIIa-
JIUHBI ¥ KOHCEJIMMEHTAIIMOHHOTO YBEIMUYCHHUS MOITHOCTH ME3030MCKO-KaHO30MCKUX OTJIOXCHHI OOHApY-
KEHO HECKOJIbKO CITy4aeB BKIMHHMBaHUS (HAaIBHUra) COJICHOCHBIX OTJIOKEHHH raypIaKkCKOW CBUTBHI OTPOMHOM
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MoIIHOCTH (10 3.5 KM) B Oosee MoJio[ible 00pa30BaHUsl HEOTEHOBBIX OTJIOKEHUH W Hao0OpoT. BrisBiIeHHE
I0J00HOT0 JIMTOJIOr0-TEKTOHUYECKOT0 HECOOTBETCTBUS IO3BOJIAET M3MEHHMTh HAlpaBieHHE He(Ternoucko-
BBIX pa0oT B Tpeienax n3yueHHOH TepPUTOPHH U H30€KaTh KOJIOCCATBHBIX KAlUTAIOBIIOKEHNH.
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Pe3ztome. Ha naHHOM YpOBHE U3yUCHHOCTH T'€OJIOTHYECKOTO CTPOSHHS U HedTerazoHocHocTr Adrano-Tamkukckoii anumnatdop-
MEHHOH OpPOTeHNYECKOH 00JIaCTH MOYKHO TOBOPHTB O CIIEAYIOIINX IIEPBOOUEPETHBIX HAPABICHUIX paboT Ha HeTh 1 ra3. M3-3a Hamm-
4lisl HaJIBUTOB B HAJICOJICBOM CEKIIUM Pa3pe30B ¢ aMIUIUTY0H nepemenienus 1o 15-20 kM, a raxxe npucyrcrsust ABIIJI npakTudecku
10 BCEMY CTBOJIy CKBAXKMHbI BECTH [IOUCKU MECTOPOXKICHUS YIII€BOAOPOJOB B ICHTPAIbHON YaCTH BIAJAUHBI TEXHUUYECKU 3aTPyTHU-
TEJIPHO U SKOHOMHYECKH HepeHTabenbHo. OOHapy)KeHHe MPOMBIIUICHHBIX CKOIUICHUH IPHPOIHOIO ra3a He0OXO0JUMO CBSI3BIBATH C
KeJUTOBEH-OKC(HOPACKUMH OTJIOKEHHSIMH BEpXHEH IOpbl B 30HAaX Pa3BUTHUs manieononHstiid. Cieqyer Takke YYUThIBATh JUTOJIOTO-
(anuanbpHBIe 0COOEHHOCTH raypAaKCKOM CBUTHI, B 30HAX OTCYTCTBHSI KOTOPBIX MOXKHO OXKHAATh MUTPALIUIO 3aeXell yriieBoA0pOa0B
B BBIILIEIIEKAIINE MEI-TTAJIEOTCHOBBIE OTI0KEHHSI.

Knrouesvie cnosa: Agpeano-Taoxcuxckas enaouna, 2aypoaKckas ceumad, 8epxusis opa, 2da3
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OIL WELL KILLING DURING WORKOVER OPERATIONS IN COMPLICATED CONDITIONS

Mardashov D.V.!, Rogachev M.K.2

Federal State Budgetary Educational Institution of Higher Education “St. Petersburg Mining University”:
Mardashov_DV@pers.spmi.ru

’Federal State Budgetary Educational Institution of Higher Education “Ufa State Petroleum Technical University”

Summary. Well killing of the production wells before workover operations in final-stage oil and
gas-condensate field’s production can be complicated by abnormally low formation pressure, car-
bonate type of reservoir rocks and high gas-oil ratio. These issues lead to the intensive absorption of
technological fluids by the formation and gas ingresses, which increases the time of killing wells
and putting them on production, reduction of productivity and additional OPEX. Therefore, it is
crucial to develop a high-performance well-killing compositions that would allow improving the

Keywords: workover opera- efficiency of killing wells in complicated geological, physical and technological conditions. Labor-
tions, well killing operation, atory and methodological complex for physical modeling of oil well killing operation was created
well killing fluid, takeover, at the Mining University in order to develop new technological fluids for well killing operation.
abnormally low reservoir Using this complex, a number of blocking emulsion and polymer fluids for well killing operation
pressure have been developed, ensuring the preservation of filtration characteristics of the bottomhole for-

mation zone with various types of reservoir rocks. The results of field tests of the developed killing
technologies have shown technological efficiency in the form of an increase in the flow rates of oil,
a reduction in the timing of their commissioning, as well as a reduction in the water content of the
produced fluids.
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Beenenne

3HaunTeNnbHas 4acTh HEPTAHBIX MecTOpOKIeHHI Poccnu xapakrepusyeTcs MOBBIIIEHHONH 00BOTHEHHO-
CTBIO 10OBIBaEMOM MPOAYKIUH, TOHMKEHHBIM IIACTOBBIM JIaBJIEHHUEM, BHICOKUM I'a30BBIM (PAKTOPOM, CHIKE-
HUEM NPOIYKTUBHOCTH CKBa)KHH, a TAKXKE YBEJINYEHUEM CTEIIEHU M3HOCa M0J3eMHOro odopyaoBanus. [lan-
HBIE OCJTIOKHEHHA TPEOYIOT 3HAYUTENBHBIX 3aTpaT Ha IPUMEHEHHE MIEPETOBBIX TEXHOIOTHUHN [T IO AP KaHUS
TpeOyeMoro ypoBHsI JOOBIUN YTIIEBOAOPOAOB, KOTOPBIE, KaK MPaBHUJIO, PEATU3YIOTCS C IOMOLIBIO TEKYIETO U
KaIlUTaJIbHOTO PEMOHTA CKBXKHH. [Ipu 3TOM yBennuuBaeTcst He TOJABKO YacTOTa, HO M CJIOKHOCTD MTOA3EMHBIX
peMoHTOB. B pe3ynbrare pocta uuciia peMOHTHBIX padoT OyAeT yBeINYMBATHCA U KOJIMYECTBO HMOATOTOBH-
TENBHBIX MEPOIPHUATHI, COMPOBOKAAIOIIUXCA TITylIeHHeM ckBakuH (Mapnarios, 2022).

TpaauuuoHHBIE METOABI TIYIIECHHS CKBRXUH, IPUMEHsIEMbIe Ha TIOAABIISIOIIEM OONBLIMHCTBE pazpada-
THIBAEMbBIX MECTOPOKACHUH X OCHOBAHHBIC HA UCIIOJIb30BAHUU BOJHBIX PACTBOPOB COJIEH, OKA3bIBAIOT CyIIIE-
CTBEHHOE HETATHMBHOE BO3JICHCTBHE HA (DMIILTPAIIMOHHBIE CBOMCTBA TIOPO/I-KOJUIEKTOPOB MPU3a00HHOMN 30HEI
miacta (I13I1). Ucnonb3yemble cerons OJIOKHPYIOLIHE COCTaBbl AJIS TIyLICHHUs CKBayKUH HE Bceraa obecre-
YUBAIOT HAAEKHYIO M30Jsinuio U 3amuty [1311, ocoGeHHO B yCIOBHSIX aHOMaJIbHO HU3KOIO MJIaCTOBOTO /1aB-
nennst (AHIIJ), Beicokoro ra3oBoro (hakropa, MOBBIIIEHHOW €CTECTBEHHOW W MCKYCCTBEHHOH (BCIEICTBUE
rugpasiandeckoro paspeisa riacta (I'PII)) TpenpHOBaTOCTH, BEICOKOW HEOAHOPOJHOCTH Tiacta u T.1. Heco-
OTBETCTBUE CBOICTB NPUMEHSEMBIX >KUIKOCTEH TIJIYLIEHUS! T'eOJOTO-POMBICIOBBIM U TEXHOJIOTHYECKUM
YCIIOBUSIM CKBaXKMH, KaK IPaBWIO, IPUBOJAUT K PA3JIMUHBIM HETATUBHBIM IIOCIEICTBUSAM B BUJE 3HAYUTEINb-
HOTO TIOTJIOMIEHUS XKUAKOCTH rinymeHus ckBaxuH (JKI'C) mpoayKTHBHBIM IUIACTOM, Ta30TposBieHus, (op-
MHUPOBaHUsI OOBOJHEHHON 30HBI ¢ MOJU(PHULIMPOBAHHON (ha30BOM MPOHMIAEMOCTHIO U Ip. B muTore nanusie
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HETaTUBHBIE MTOCIIEICTBHSA MOTYT NIPUBECTH K HEOOXOAMMOCTH MTOBTOPHOI'O TIIYLICHUS! CKBAXKUHBI, JINOO yBe-
nudeHns o0beMa 3aKadrBaeMoi B Hee TEXHOJIOTHIecKOoH kuakoctu. [lpn aToM moTpeOyroTcst 3HAaUNTENbHbIE
3aTpaThl CPEJCTB M BPEMEHHU KaK Ha caM IpOoLeCcC TIyIIeHUs CKBa)KUHBI, TaK U Ha €€ OCBOEHHUE U MOCIEIYI0-
LM BBIBOJ Ha PEXKUM SKCIUTyaTallMd. JTO, B CBOIO OYepeib, HETaTUBHO BIMSET Ha MPOAYKTHBHOCTh CKBa-
YKUHBI ¥ IPUBOTUT K 3HAYUTENbHBIM TIOTEPSM I10 JOOBIYe HEPTH H3-32 MPOCTOEB, a TAKXKE JITUTEIIHHBIX CPOKOB
ee OCBOCHHMA U BBIBOAA Ha pexum (Mapaamos, 2021; Mapaamos, 2022).

B cBsi31 ¢ 3TUM paboTa, HallpaBJIeHHas Ha CO3JaHle HAYYHO-METOANYECKUX OCHOB MMPOEKTUPOBAHUS MIPO-
recca raynieHnst HepTeoOBIBAOIINX CKBAXKHH TMEePe]l MOI36MHBIM PEMOHTOM B OCIIOKHEHHBIX YCIOBUSAX MX
IKCIUTyaTalllH, a Takke pa3padoTKy d(h(eKTHBHBIX perenTyp KUAKOCTEH TIIyIIEHUS U TEXHOJIOTHH UX TIPH-
MEHEHWUSI, SIBJISICTCS aKTYyaJIbHOM 3a/1a4eii Jy1a He)Tera30Boi OTPACIIH.

Mertoa (u/uau Teopus)

C uenbro GU3MYIECKOT0 MOACITUPOBAHUSI POIIECCOB TIYIIECHNUSI U OCBOSHHS HE(PTSHBIX CKBRKHH B OCIIOXK-
HEHHBIX YCIIOBUSX MX HKCIUTyaTaIlMy CO3/IaH JIA00PaTOPHO-METOMUYESCKII KOMIUIEKC, OCHAIIICHHBIH BICOKOTEX-
HOJIOTUYHBIM 000PYIOBAaHUEM U CIIEITUATIBHO Pa3pabOTaHHBIMY SKCIIEPUMEHTATBHBIMU CTeHIaMU. O TIINYATEIb-
HOW OCOOEHHOCTBIO JJAHHOTO KOMITIEKCA SBISIETCSI BO3MOXKHOCTh MOJICITUPOBAHHMS IIPOIIECCOB TEUCHUSI U (PHITb-
Tpalur BEICOKOBA3KUX TEXHOJIOTHYCCKUX )KHI[KOCTCP'I, B TOM YHCJIC C KOJIbMAaTaHTOM-HAIIOJIHUTCIIEM, B CUCTEMEC
«ckBaknna — [13[1», obecrieurBas Mpy 3TOM UMHTAIMIO OCIIOHEHHBIX YCIOBHIA 3KCILTyaTalluk CKBAKUH (aHO-
MaJhbHO HU3KOE IIACTOBOE JaBJICHUE, TPEIIMHHBIA KOJIJICKTOP, BRICOKHIA Ta30BbIH dakTtop, [ PIT) (puc.).

JlaGopaTtopHO-METOIMIECKHUI KOMIUIEKC O pa3paboTKe HOBBIX U HCCIIEAOBAHUIO
CyliecTByIOIUX Ookupyronmx coctaBos JKI'C

KOMIUJIEKC CTAHJAPTHOI'O BBICOKOTEXHOJIOIT'MYHOI'O OBOPYJOBAHU A

DU3UKO-XUMUYECKUE Peonornyeckue DuUIBTpalnOHHBIC T'eomexannueckne
HCCIIe0BaHUs HCCIIEIOBAHUS HCCIIEI0BAHUS HCCIIEeA0BaHUS

PA3BPABOTAHHBIE SKCIIEPUMEHTAJIbHBIE CTEH/IbI

Hccnenopanne Hccnenosanne OuibTpaoHHbIe DuUIBTPALIOHHBIE HCCIIEJOBAHMS
OIOKHPYIOIHX || ra30yJep>KHBAIOMINX ||  HCCICAOBAHUS C BBICOKOBA3KHX TXK B yClIOBHAX TPEIMHHOIO
cpoiicts TOK cpoiicts TOK npornanTom I'PTI KOJUIEKTOPA € Ta30IPOSBICHUEM

CocraB s1abopaTopHO-MeTo Ideckoro kommiekca no uccienosanuio JXKI'C (Mapnamos, 2022)

OO0cy:kaeHue pe3yJbTATOB

B pesynbpTare mpoBeneHHBIX UCCIIEAOBAaHMN pa3pabOTaHbl HOBbIE OJIOKHPYIOLIME COCTABbI JKUAKOCTEH
TITYIIEHUs] CKBKUH C HCTIOJIB30BaHHEM PeareHTOB OTEYECTBEHHOTO MTPOU3BO/ICTBA, & TAK)KE yCTaHOBJIEHA 00-
nacTh ux 3¢ peKTUBHOrO NpuMeHenus (tadn.) (Mapaamos, 2021; Mapaamos, 2022):
e biokupyromumii coctaB 00patHoii BogoHedTsIHOH smynbcun OBHD (cooTHOMIEHNE BOJHOM U yTiIeBO-
nmoposHoi a3 — 80/20 %), crabunm3upoBaHHBIN peareHToM-oMynbratopom SIJIAH-32 (1-1.5 % mac.).

¢ briokupyromuit nonuMmepHsiid coctaB bIIC, mpencrapnstonuii coO0 CIIMTYIO TOTUMEPHYIO CHCTEMY
Ha ocHOBe kcaHTaHoBou kamemu (0.5-1.0 % mac.), cTpykrypupoBanHyio ameraroM xpoma (0.15 %
Mac.), ¢ 1oOaBlIeHHEM perysTopa BpeMenu reneodpazoBanus (0.12-0.65 % mac.) (BOAHO-CIIMPTOBOTO
pacTBopa OpraHnYECKUX KOMILICKCOHOB).

e brokupyromue smynbcruonHbli OBHO-MK u nonumepssiit BIIC-MK coctaBbl ¢ MpaMOpHOU Kpolii-
kot (5 % mac. MK-500 (mpu packpeiToctu TpemuH He 6o1ee 0.5 mm) wim 3% MK-500 + 3% MK-
1000/1500 (pu packpsiTocTu TpemmH oonee 0.5 Mm).

o Uurencupunupytomuii coctaB OKHD (cooTtHomenne BogHOH U yraeBogoponHoi ¢az — 50/50 %),
cTaOMIM3upoBaHHbBIN pearenToM-amyiabraropom SAJIAH-22 (1% mac.), ¢ HCIIONB30BaHNEM B KA4eCTBE
JICTIEPCHOMN (ha3bl BOJHOTO PACTBOPA COISTHON KHCITOTHI.

[Ipr MpHUrOTOBICHUU AMYJIBCUOHHBIX OJIOKUPYIOIIUX COCTABOB HCIIOJIBb30BAJCS pa3padOTaHHBIA COB-
MectHO ¢ OO0 «Cunte3-THII» smynbrarop oOpatHbix smyiabcuid AJIAH-D2. JlanHbIi peareHT crnocobeH
9MYJIBIUPOBAThH HE TOJIBKO BOJHBIE COJIEBBIE PACTBOPHI, HO M KHUCJIOTHI, YTO MIO3BOJISIET UCIIOIB30BATh €T0 AJIS
MONy4YeHUs TUAPO(POOHO-IMYIIECHOHHBIX COCTABOB, MPUMEHSIEMBIX TPH: TIYIICHHH CKBAXKHH MEPE]] T0/13eM-
HBIM PEMOHTOM; KHCJIOTHOH 00paboTke HOOBIBaIOLINX CKBaXHH; OTPaHMYEHUU BOAONPUTOKA B TOOBIBAIOIINE
CKBA)XKMHBI; BEIDAaBHUBAHUH (PPOHTA BBHITECHEHMS B HEOAHOPOIHBIX KOJJIEKTOPAX; BHIPABHUBAHUU NPO(UIISL
[IPUEMHUCTOCTH HarHETATEIbHBIX CKBAYKUH; 3aLIUTE TIOA3EMHOTO HE(PTEra30IpOMbICIOBOTO 000PYI0BAaHUS OT
koppo3uu (Mappaiios, 2021; Mappaaiios, 2022).
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O6nacTb 3 PEeKTUBHOTO NPUMEHEHHUS pa3paboTaHHbIX ONOKHpYIOKX coctaBoB (Mapaamios, 2022)

HaumenoBanue Tun T a30BbIi
pa3paboTaHHOTO IIponunaemocts OOBOTHEHHOCTD AHITI 5, 5| TPII| t, °C
cocTaBa KOJUIEKTOpa (hakrop, M°/M
OBHO TEPPUTCHHBIN HHU3Kas Mi;izgecggigﬂ HET menee 150 |wer | 90
OBHOD-MK  |kapOoHaTHBIH mobas nro0ast Ha MeHee 150 | ma | 90
BIIC TEpPUTEHHBIH | CpeHss 1 BbicoKasl | BbIcokas (Oosee 60%) | Her 150-300 | mer| 80
BIIC-MK KapOOHATHBIN mro0as mo0as na 150-300 na 80
OB;[II? _‘/_ (;11_3[133_ mo00it mo0ast mo0as Ia 6onee 300 | ma | 80-90
OKHO KapOOHATHBIHM | cpelHss U BbIcOKast | BbIcOKas (6onee 60%) - - - 90

YcTaHOBIIEHBI MEXaHU3MBI, XapaKTep U CTENICHb BIUSHUS Pa3paboTaHHBIX TEXHOJIOTUIECKUX KUAKOCTEH
Ha (QUIBTPALMOHHBIE XaPaKTEPUCTUKU TEPPUTCHHBIX (U1 ycnoBui 3ananHo-Cubupckoil Hedrera3oHOCHOR
npouHIH (HI'TT)) 1 kapOoHaTHEIX (1151 ycrmoBuit Bonro-Y pansckoit HI'TT) mopo, 9To O3BOJISIET OCYIIIEeCTB-
JISITh HATPaBJIEHHOE PEryIHpOBaHue WX (ha30BbIX MPOHUIIAEMOCTEH C IeNTbI0 COXPaHEHUS, BOCCTAHOBIICHHS U
yIy4ineHust GUIbTpalMOHHbIX XapakTepucTuk [1311 npu rirymeHnn cKBaKHH epe MoI3eMHBIM PEMOHTOM B
Pa3IMYHBIX TEOJIOTO-PU3UIECKUX U TEXHOJOTHYECKHX YCIOBHAX DPa3pa0OTKU HE(PTSHBIX MECTOPOXKISHHIMA
(Mapmarmos, 2022).

MexaHu3M COXpaHeHUs (QUIBTPAMOHHBIX XapaKTEPUCTHK HU3KONPOHUIIAEMBIX TEPPUI'CHHBIX MOPOJ-
KOJIJIGKTOPOB 3aKJII0YaeTcs B TOM, yTo Oyokupyrommii coctaB OBHD, cTabunu3upoBaHHBIA peareHTOM-
smynbraropom SJIAH-52, npu nomaganuy B MMOPHUCTYIO CPeIy MPOSBISIET THAPOPOOUZHPYIONTHE CBOHCTBA,
YTO BHIPKAETCS B HE3HAUUTEIILHOM CHIDKEHHU MTPOHHUIIAEMOCTH T10 YTIIEBOJIOPOJHON (a3e, a TakKe YBEIH-
YeHUU (PUIBTPALIMOHHBIX COMPOTHBICHUH 110 OTHOIIEHHIO K BoaHOHU ¢a3ze (Mapnamos, 2022).

B ycrnoBusix cpenHe- 1 BBICOKOTIPOHUIIAEMBIX TEPPUTEHHBIX MOPOJI-KOJIEKTOPOB, a TAKXKE BRICOKOTO Ta-
30BOrO (haKTOpa MEXaHU3M COXpaHEHUs (QHUIbTPAIMOHHBIX XapaKTEPUCTHK 3aKI0YaeTcsi B (POPMUPOBAHUU
pa3paboTaHHBIM OJIOKUPYIOIIMM IouMepHbIM cocTaBoM BIIC razoHenpoHHuIIaeMoro 3KpaHa My TeM CO34aHus
HaNpOTUB HHTEPBaJa nepdopaury U B TOPOBOM IIPOCTPAHCTBE BPEMEHHOTO H30JIUPYIOLIETO CII0S, TPOYHOCTh
KOTOPOT'O 3aBUCHUT OT KOHIICHTPAIINH TTOJIUMEPA M PeryiiaTopa BpeMeHu ero crmmBku (Mapmarmos, 2022).

MexaHHu3M cOXpaHeHUs1 QUITTPAIIMOHHBIX XapaKTEPUCTHK KApOOHATHBIX MOPOJ-KOJIEKTOPOB 3aKJII0Ya-
eTcs B JOPMUPOBAHUHN OJIOKUPYIOIIMMH SMYJIbCHOHHBIMH U TIOJIMMEPHBIMHI COCTaBaMH, IPUTOTOBICHHBIMU C
KOJbMaTaHTOM-HAIOJHUTEJIEM, Ha BXO/IE B TPEIINHY HETTPOHUIIAEMOTO THIPOJMHAMUYECKOTO 3aTBOPA 32 CUET
apouHoro 3¢ dexra pa3HOPPaKIUOHHOW MPaMOPHOW KPOIIKH, IPOYHOCTH KOTOPOTO 3aBUCUT OT (PaKI[MOH-
HOTO COCTaBa HAIIOJHUTES], CTENICHN PACKPBITOCTH TPEIINHBI M IEHCTBYIOIIETO Ha HETO Mepenaia AaBiIeHus
(Mappammog, 2022).

[Ipumenenue pazpaboranHoro Ookupytomiero coctaa OBHD Ha psme HeTsHBIX MecTOpokIeHuH 3a-
nagHoi Cubupu mokaszano cokpamienue (10 1-3 CyTOK) CpoKOB BBIBOJIa CKBaXKHH Ha PEXKUM DKCIUTyaTallHy,
yBenuuenue (Ha 5-10 m*/cyT) ux ne6utos no Hedtu U cHmkenre (Ha 20-30 %) 0OBOAHEHHOCTH 10OBIBAEMOM
nponykmuu (Mapparmos, 2022).

BrIBoaBI

1. I'mymienvie He(pTAHBIX CKBRKHH TIEPE]] MTOJ3EMHBIM PEMOHTOM B OCJIOKHEHHBIX YCIOBHSIX (aHOMAIILHO
HHU3KOE IJIaCTOBOE JTAaBJIEHHUE, TPEIIMHHO-TIOPOBBIN KOJUIEKTOP, BEICOKHMIT ra30BbIil (PaKTOp), KaK MPaBHUIIO, PH-
Bozut K nornouieHnto JXXI'C npoayKTUBHBIM TJIaCTOM, Ta30IPOSIBICHHIO, YXYAILEHUIO (QUIBTPAIMOHHBIX Xa-
pakrepuctuk [13I1.

2. J1st noBeImeHust 3¢ (heKTUBHOCTH TITYIICHNS He(DTSHBIX CKBaKHUH B OCIIOKHEHHBIX YCIIOBHSIX pa3paboTaH
KOMITJIEKC OJIOKUPYIOIINX dYMYIbCUOHHBIX ¥ TIOJIMMEPHBIX )KUAKOCTEH TITyIIeHUs] CKBaKHH, 00€CTICUNBAIOIINX
COXpaHEHHE, BOCCTAHOBJICHUE U Yyiy4lleHrne QuIbTpauuoHHbIX XxapakTepucTuk I13I1 ¢ pasnuunbiM THIIOM
MOPOA-KOJIJIEKTOPOB. Y CTAHOBJIEHBl MEXAHU3MBI, XapakTep U CTENEHb BIUSHUS JAHHBIX TEXHOJOTHMYECKHX
KUJKOCTEH B 3aBUCHMOCTH OT HX XUMHUYECKOTO 1 KOMITOHEHTHOTO COCTaBa Ha (PHIIBTPAIlMOHHBIE XapaKTepH-
CTHKH TeppureHHbIX (11st ycnoBuit 3amagno-Cubupckoit HI'TI) 1 kapbonatHbIx (11 ycnoBuit Bonro-Ypans-
ckoit HI'TI) mopoa-KoJIeKTopoB.

3. PazpaboTka O6JOKHPYIOMIMX COCTABOB KUAKOCTEH TIIYIIICHHS OCYIIECTBIISUIACH C UCTIONh30BaHUEM J1a00-
PaTOpHO-METOINYECKOT0 KOMILIEKCa Uil (PU3UUECKOT0 MOJCITUPOBAHUS MPOLECCOB IIIYIIECHUS U OCBOCHUS
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He()TAHBIX CKBXXUH, PEAYCMATPUBAIOIIETO SKCIIEPUMEHTATBLHOE ONpeielieHIe PU3NKO-XUMHIECKUX, PEOJIO-
THYECKUX, OJIOKHPYIONINX, Ta30yACP>KUBAIOIINX U (PHITPAMOHHBIX CBOMCTB TEXHOJIOTHYECKUX JKUIKOCTEH
B TepMOOAPUUYCCKUX TUIACTOBBIX YCIOBUSAX C MPUMEHEHUEM CTAaHAAPTHOIO J1aOOPaTOpHOro 000pYyIOBaHMS U
CHEIMATILHO Pa3pabOTaHHBIX CTEHJIOB.

4. B pe3ynbpTare IMPOMBICIOBBIX HCIBITAHUN pAa pa3pabOTaHHBIX TEXHOJOTHH TIIyIIeHUS He(PTIHBIX
CKBaXXUH IOJTYUYCH TEXHOJIOTUYECKUI 3(1)(1)GKT B BUAC YBCIIMYCHHUA UX ]166I/ITOB, COKpali€Huda CPpOKOB BbIBOAA
Ha PEXHUM JKCILTyaTallu, CHIDKEHUSI 0OBOJHEHHOCTH J0ObIBaeMOl mpoyKIuu. OCHOBHBIM ()aKTOPOM KO-
HOMHYECKOTO 3P eKTa OT peanu3aniy pa3paboTaHHBIX TEXHOJOTHI SBISETCS MPEAOTBPAIEHHBIN yIepO oT
OTEph 10 JOOBIYe HEPTH 32 CUET COKPAIICHUS KOIMYECTBA IUKIIOB TIYIICHNS, YMEHBIIECHHUSI CPOKOB OCBOE-
HUSA CKBAKMH U BbIBOJIa UX HA PCIKUM ISKCILTyaTalliU, a TAKKE COXpaHCHUSA ILG6I/ITOB 110 HC(I)TI/I.

JIUTEPATYPA

Mapnamos [1.B. PazpaboTka OI0KHPYIOIMX COCTABOB C KOJIBMATAHTOM JUIS TNIYHICHHS] HEQTAHBIX CKBAXXHH B YCIOBHAX aHOMAJIBHO
HU3KOT'0 TUIaCTOBOTO JaBJIeHHs M KapOOHATHBIX IIOPOA-KOJUIEKTOPOB. 3anucku ["opHoro nHcruryTa, No. 251, 2021, c. 617-626.

Mapnamios /1.B. KoMmmiekcHoe MoennpoBaHue IIyIeHNs] HeQTSHBIX CKB)KUH IIPH MOJ36MHOM PEMOHTE B OCIIO’KHEHHBIX YCIOBHSIX
UX JKCIUTyaTaluu: aBropedepar auccepTanuu JokTopa Texunyeckux Hayk. Cankr-IlerepOypr, 40, 2022.

IJITYIHEHUE HEOTSAHBIX CKBAKHUH IEPE/] TIOA3EMHBIM PEMOHTOM B OCJIO’KHEHHBIX YCJIOBHSAX

Mappaawmos JI.B.!, Poraues M.K.?
'@I'BOY BO «Canxm-Ilemepbypeckuii 2oproiii ynusepcumemy: Mardashov_DV@pers.spmi.ru
2OI'BOY BO «Yumckuii 20cyoapcmeentivlii Hehmanol MexHudeckuii YHUueepcumenty

Pe3tome. Tynienre 100BIBAIONIMX CKBOXHUH epe]] IPOBEICHUEM PEMOHTHBIX Pa0oT Ha He()Tera30KOHACHCATHBIX MECTOPOIK/Ie-
HUSIX, HAXOMSIINXCSI HA TI03/IHEH CTaanH pa3paboTKH, MOXKET OCIIOKHSITHCS aHOMAaIbHO HU3KUM IITACTOBBIM JaBJICHHEM, KapOOHATHBIM
THIIOM TTOPO/I-KOJJIEKTOPOB U BEICOKUM T'a30BbIM (paKTOPOM. DTH OCIIOKHEHHUS IPUBOASAT K HHTCHCHBHBIM HOTJIOMICHHSIM TEXHOIOTH-
YECKHUX KUIKOCTEH IIACTOM M Ia30IMPOSIBICHHSIM, 4TO CIIOCOOCTBYET YBEIUUCHHUIO IPOIODKUTEIBHOCTH [ITYIICHUS CKBAXXUH H CPOKOB
BBIBOJA UX HA PEIKHM IKCILTYaTAIMH, CHIYKEHUIO POYKTHBHOCTH CKBAXXUH U IOMOJHUTEIIBHBIM 3aTpaTaM. BerencTBue aToro akry-
QIFHOH SIBIISICTCS pa3paboTKa OJOKUPYIOIIUX COCTABOB, MO3BOJSIOIIUX IMOBBICHTE 3()()EKTHBHOCTh IMIIYIICHHS CKBAXKHH B CIOXKHBIX
reoJIOro-QU3NYECKUX U TEXHOJIOTHYECKHUX YCIOBHUSX.

Jlnis pa3paboOTKK HOBBIX TEXHOJOIMYECCKUX JKUIKOCTEH TIIyIICHHS CKBOXUH B [ OpHOM YHUBEpPCHTETE OBLI CO371aH J1abopaTopHO-
METOAMYECKHH KOMILICKC JUTsl (PH3MYECKOr0 MOJICINPOBAHUS IPOLIECCOB MIyHIeHHsT HeTAHBIX CKBaXXHH. C IOMOLIBIO JaHHOTO KOM-
iekca ObUT pa3paboTaH psif OJOKUPYIOIINX IMYJIbCHOHHBIX M MOJUMEPHBIX KHIKOCTEH TITyLICHHS CKBaXHH, 00SCIICUMBAIOIIIX
coxpaHeHne GUIbTPALIMOHHBIX XaPaKTEPUCTUK MPHU3a00WHOI 30HBI IJTACTA C PA3IUYHBIM THIOM MOPOI-KOJUIEKTOPOB.

Pe3ysbTaThl MPOMBICIOBBIX MCIBITAaHUH pa3pabOTaAHHBIX TEXHOJIOTHI TITyHICHHS MOKA3alH TEXHOJIOTHYECKYIO 3 PEKTHBHOCTD B
BHUJIC YBEINYCHUS AeOUTOB HE(DTSHBIX CKBAKHH, COKPAIIEHUS CPOKOB BBIBOJIA UX HA PEKHM IKCIUTYaTAllUH, & TAKIKE CHIDKCHHUSI 00-
BOJIHCHHOCTH JTOOBIBACMOW TIPOTYKIIUH.

Kntouesvie cnoea: noozemmvlii peMonm, 2nyuieHue CKEANCUH, HCUOKOCHb YMEHUS. CKBAJICUH, NO2AOWEHUe, HOMATLHO HU3KOe
naacmogoe oaeneHue
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SEDIMENTATION OF THE KARAGANIAN DEPOSITS OF THE WESTERN CAUCASUS

Pinchuk T.N., Fursina A.B.
Kuban state university, Krasnodar: bitumoid@bk.ru, pinchukt@mail.ru

Summary. The Karaganian basin of the Eastern Parathetis covered almost the entire territory in
the Western Pre-Caucasus, with small islands on the uplifts of the Greater Caucasus. Along the
southern side of the West Kuban Trough, the Karaganian basin eroded underwater uplifts and is-
lands, with the demolition of detrital material of the Maikopian, Eocene and Cretaceous deposits.

Keywords: organic matter, On the platform part of the Western Pre-Caucasus, the Karaganian sediments are deposited accord-
karaganian deposits, ing to the Chokrakian, and to the north with erosion on the Maikopian sediments. There is an inten-
sandstones, clays sive accumulation of dispersed organic matter within the conditions of the advancing sea. The Ka-

raganian deposits, in contrast to the Chokrakian deposits, are characterized by a higher content of
organic carbon in clays (from 0.53 to 3.0, average 1.56%).

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenue

B 3amapnom IlpenkaBkaszbe KaparaHckuii OacceilH MOKpHIBaj IOYTH BCIO TEPPUTOPUIO, BAOID FOXKHOTO
0opTra OH pa3MbIBaJ MOABOAHBIE HNOAHATHS U ocTpoBa bosipmoro Kaskasa, cHocuil 00JIOMOYHBIN MaTepua
Pa3MBITHIX MOACTHIAIONINX OTJIOKEHHH maneoreHa U Mena. OIHOBpEMEHHO HaMeTuIach HEOObIIas pedHas
cHcTeMa ¢ KaBKa3CKHX OCTPOBOB CO COPOCOM MPECHBIX BOA B 3aJIMBBI M OyXTOUKH KaparaHckoro dacceiina.

ITo ocagxoHAKOIUIEHHIO B KaparaHCKOE€ BpeMs BbLIEISAETCS Tpu dTamna. [IepBblil aTan TpaHCTPeCCUBHBIM,
COTPOBOXKIABIIIUICS pacIIUpEeHHEM IrpaHuIl OacceiHa B CEBEPHOM HaIIPaBJICHUH, K OTCYTCTBUEM CBSI3H C IOJI-
HOCOJIEHBIMH OacceiiHamu. BTopoii sTam — conpoBoXAaBIIMKCS KPAaTKOBPEMEHHOH CBSI3bIO C MOJTHOCOIEHBIMU
OacceliHaMU U TPOHUKHOBEHHEM OoJiee COJIOHOBOIHOU (ayHbl. Tpetnil — cBsi3aH ¢ perpeccuBHOM (ha3oit co-
KpaIlleHHs TpaHuIl OacceiiHa K 10Ty ¥ paclpOCTpaHeHNeM dBPUTaIMHHON (ayHBI.

ITo cBoemy pexxuMy KaparaHckuii 6acceitH Boctounoro [lapaternca Obl1 OTYMOPCKHAM, ONPECHEHHBIM
(amxe 18%o) B HEKOTOPBIX YacTAX U OTHOCUTENbHO HerTyOokuM (bormanosuy, bypsik, 1986). B kaparanckoe
BpeMst Bocrounsrit [TapaTeTuc 3acenmia sHneMudHas dayHa, pe3Ko OTIMYHAS OT CPEIU3eMHOMOPCKOH, eclTn
HE MPUHUMATH BO BHUMaHHE KOPOTKUI BapHEHCKUH SMH30/, Kora B 6acceifH cMoriia BOWTH MOpcKas ¢ayHa,
KOTOpas He MoJIy4nsa JajdbHEHIIEero pa3BUTHs U BCKOPE BEIMEpia MPU U3MEHEHUH SKOJIOTHYECKUX YCIOBHM.
Bo BTOpOI#i momoBuHE KaparaHa (KapTBEIbCKOE BPEMS ), MEIKOBOhE BCETO 00MUpHOTO Oacceiina BocTouHoro
[TapareTtuca ObLIO 3acesieHO 0IHOOOPa3HOM (hayHOH FHAeMUUYHBIX (omaaua u peske spBuinii. B Oacceitne mo-
YTH BE3/I€ MPUCYTCTBYIOT OOraThie KOMILIEKCHI MOJLTFOCKOB Spaniodontella v koMIuiekchl (hopaMuHH(Ep CIIOEB
¢ Discorbis urupensis. BctpedeHsl 0TOMUTHL PbIO KaparaHCKOTo 0ONKKa, OOJIHUTHL, PAAHOSPUH, U (POpaMHUHU-
tdepwr: Bolivina sp., Quinqueloculina sp., Ammonia ex gr. beccarii (L.), Florilus sp., Discorbis urupensis
Krach. u gpyrue. HecMoTpst Ha SHIEMUYHBIN XapakTep (QayHbl, CBUACTENBCTBYIOMIEH O MPEUMYIIECTBEHHO
3aMKHYTOM XapaKTepe KaparaHcKoro BojoeMa, OH ObUI 3aMETHO TpaHCIPECCHBHBIM. Ero ocaaxy mokpbIBaiu
OOJIBLIYIO MJIOIIAb, YEM TAPXAHCKHE M YOKPAKCKHE, B OKPANHHBIX 4acTsIX OacceliHa 3ajerast Ha MaiKOIICKHX
u 0oJiee IPEBHUX OTIOXKCHHSIX.

Cesepo-3anaansiii KaBkas B cpeiHeM MHOLIEHE MPEICTABISI COO0H KPYITHOE, HO HEBBICOKOE OCTPOBHOE
COOpY’KEHHE C pacueHeHHBIM penbedoM. CeBepo-3anagHoe nodepexbe ObUI0 JOCTATOUHO U3PE3aHHBIM, Me-
CTaMHM C MEJIKOBOIHBIMH JIAI'yHAMHM HJIH OECCTOUHBIMHU 3aJIMBaMu. B mpuOpesxHoit 30He OacceitHa mpo1oinKaiu
HaKaIuTUBaTbCsl IpyOO-TeppUTEHHBIE OCAIKH: TaJeyHO- M IEeCYaHO-TIIMHHUCTHIE, M3BECTKOBO-PAKyIICUHBIE,
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HWHOra OMOrepMHBIE U CTPOMATONUTOBBIE 00pa3oBaHus. OTIOXKEHHUS K CEBEPY NEPEXOIUIN B 30HY Mporuoa-
HUS, IpecTaBiaeHHbIe 3amanno-Kybdanckum nmporndom (3KIT) n Boctrouno-Kyo6anckoit snaguroi (BKB), roe
BEIJICNIEHBI Kak MaTpocckas cuta (bemyxenko, 2002).

Ha roxxHoM 60pty 3KII KaparaH ciokeH INIMHUCTO-MEPreIbHBIMU OCaIKaMH, MECTAMHU CPElIN HUX OTMe-
YEHBI IPOCIION MECUAHUCTHIX PAKyIIEYHUKOB, IEPEXOAAIINX B IETPUTYCOBbIE IECYAHUKU C MacCON PAKOBHH,
a Tak)Ke MIITAaHKOBBIX M OOJIMTOBBIX M3BECTHAKOB. [0 1ookHOMY GopTy BKB 0canku mpencTaBieHs! mecyaHu-
CTBIMH IVIMHAMHM C TOHKMMH NpOCIIoiKkamMu Mepreneld. Ha morpyxeHnn B ceBepHOM HampaBlieHHH HaKaruIiBa-
JIMCh TJIMHBI, C1a00 MeCYaHUCThIE, c1ab0 N3BECTKOBUCTHIE C TOHKUMH CJIOSIMHM KPETIKUX Mepresieid, MHOrna Ka-
BEPHO3HBIX C IIPUMa3KaMH HE(TH IO TpeluHaM. TOJIIIMHBI KaparaHa B CKBaXKMHaX IOKHbIX 0opros 3KII u
BKB cocrapnsim 200-250 M.

1o ceBepromy GopTy nporu0a 1 BIaguHbI OTIOKEHUS MPEACTABICHBI IEPECIanBaHUEM IIMH C IIaCTaMU
[I€CYaHUKOB, AJIEBPOJINTOB, AJIEBPUTUCTHIX INIMH, MEpreyieil 1 N3BECTHAKOB, MMEIOLINX OAYMHEHHOE 3Have-
HHe. [ TUHBI TeMHO-Cepblie, B OCHOBHOM HEM3BECTKOBHUCTHIE C MPOCIOSIMH KapOOHATHBIX, BCTPEUCHBI TOHKHUE
MPOCIION JOJOMHTOB, Mepresieid. TONIIMHBI KaparaHCKUX OCaJKOB AOCTUTAIOT 327 M MO ceBepHOMY OOpTYy
3KII, a no BKB pe3ko cokpamarorcs 70 50-150 M 1 ci10KeHBI TTIMHAMU C MPOCIIOSIMU TUIMTYAThIX MEprenei u
KpymHBIMH (OKOJIO 1.5 M) KOHKpEUHSMH MIIAHKOBO- «IIEJEIUIIOAO0BBIX» HW3BECTHAKOB. Pe3koe m3MeHeHne
tonuuH o BKB yka3biBaeT Ha TEKTOHHUYECKYIO MEPECTPOMKY C MOJHATHEM CEBEPHOTr0 OOpTa U yCTaHOBIIE-
HUEM MEJIKOBOJHBIX (anuil.

Ha nnargopmenHoii yactu 3anagHoro IlpenkaBkasbs KaparaHCKue OTJIOXKEHHS IPEICTaBICHBI Yepe-
JIOBaHWEM TIUH, TIECKOB W aJEBPOJHUTOB C MpeobiagaHueM IecKoB. TONIMIMHBI KaparaHa COKpallarTCs
BHYTPH 30HHI B ceBepHOM Hampasienun ot 100-120 m no 30-40 m (KaneBckas mi.). CeBepuee KaneBckoii
IIJIOLIAAM KaparaH ¢ pPa3MbIBOM 3aJIeraeT Ha MaKOIICKUX OTJIOKEHUSIX M COKpAIAeTCs B TOJIIMHE 3a CUET
cpesanus BepxHel yactu. CokparieHue TONIMKH HabmogaeTcs He ToiabKo Ha ceBepe 10 10-15m (Kymes-
cKad 11.), Ho ¥ Ha BocToke — 27 M (Ilecuanooxomnckas mi.). Jlanee Ha KpailHUX CEBEPHBIX MIOMAASIX UACT
BBIKJIMHUBAHHE KaparaHCKUX OTJIOKEHUH, TaK B CEBEPHBIX CKBaxkxuHax KymieBckoi, 3eneHol miomaaei
Ha cpeIHeM Mailkole 3a1eraroT 00pa3oBaHNg KOHKH HiH capmaTa. CeBepHas rpaHUIA PaCIPOCTPAHEHUS
kaparasa gocturaet Jlono-Canbckoro Mexaypeubsi, 3aX0uT B 3anagHeie Eprenn, [Ipumansiuse, a B [Ipu-
KacIuU MPOCJIEKUBAETCA HA I0KHOM ckjoHe Bana KapnuHckoro. Ha MuoneHoBoi Irpsazne BCKpPBIBAIOTCS
CepbIe MEJIKO3EPHUCTHIE IIECKHU, YEPELYIOIINECS C 3€JIEHOBATO-CEPhIMU ININHAMU U HAJIEBBIMU MEPIEIISIMHU.
[IpucyTcTBHE TanbKu, IPaBUsS U PAKOBUHHOTO JIETPUTA CBUACTENHCTBYET O HEMOCPEACTBEHHOMN OJIM30CTH
OeperoBoii TUHUMU.

ITo MuHEpaTBPHOMY COCTABY IIECUaHHUKH KBapILEBbI€ C IPUCYTCTBUEM IOJIEBBIX LINATOB, OOUINEM JIN-
CTUKOB MYCKOBHUTA, peKe OMOTUTA, XJIOPUTOB, TNIayKOHHUTA. [IpUCYTCTBYIOT 00JIOMKH KpeMHel, aMpubo-
JIOB, 3€pHA JUCTEHA M CTAaBPOJIUTA, SMUI0TA, U3 AKI[ECCOPHBIX MUHEPAJIOB BCTPEUECHB! €ANHUYHbBIC 3€pHA
TypMajiHa, pyTHIIa, JeiKoKkceHa, cdeHa. PynHble MUHepasbl MpeAcTaBleHbl B OCHOBHOM 3€pHaMH IH-
puTa, 00JIOMKaMHu reMaTUTa U JUMOHHTA. MUHEpaIoTHIECKHi cocTaB 1mo paiioHaM 3amamgHoro IIpenkas-
Ka3bsl HECKOJBKO OTIM4YaeTca. Tak, Ha ceBepe IecuaHble 00pa3oBaHus, OoraTtele KBapueM, AUCTEHOM H
CTaBPOJUTOM, SIUAOTOM M CHIUNIMMATUTOM, HMEIOT IJIATQPOPMEHHOE MPOUCXOKICHUE, CHOC MaTepuala,
BEPOSITHO, CBA3aH ¢ aBaHAenbToH [laneokansmuyca B pailoHe A30BCKOro Mopsl U najeoaBaHaenbTon Jlona
B CEBEPHOI YacTu.

[To r0HBIM palioHaM BCTPEUYEHBI CUIEPUTOBBIC IECYaHUKH, CTSHDKEHUS OapuTa, cTshkeHus Gocdaros, 1e-
JgecTUHa. MuHepalbHBIN cOCTaB pa3HOOOpa3eH, KpOMe KBapla, KUCIbIX MJIardOKIa30B, MOJIEBBIX LIMATOB U
CIIFOJT BCTPEUEHBI 3€pHA SIINI0TA, TPaHaTa, IIUPKOHA, CeHa U PyIHBIX MUHEPAJIOB, CHOCHMEIE C Pa3MBIBAEMBIX
MOIHATUH ceBepo-3anaanoro Kapkasa. B roxkHol yacTu mporuba 1o pa3pe3y K MHHEPaJIbHOMY COCTaBY JI0-
0aBISIOTCA 3epHa LUPKOHA, [PAaHATOB, IMPOKCEHOB, SMHUAO0TAa. B HeHTpansHON YacTu mporuda coKpariaeTcs
muHepanbHBIN cocTaB (Kybanckas CI' 12000), roe mpeoOiamgaroT yriaoBaThie B OJTyOKaTaHHBIC 3€pHA KBapIIa,
TIOJIEBBIX IIMATOB, MyCKOBHUTA, XJIOPUTOB, PYAHBIX MUHEPAJIOB — MUPHUTa, reMaTtuTa. OTCyTCTBYIOT aKIECCOp-
HBIE MUHEPAJbI, YTO CBS3aHO C yJIAJICHHOCTHIO HCTOYHHKOB CHOca. [locTymnenne o6JI0MOYHOTO MaTepuaia
OCYILECTBIUIOCH Pa3MbIBOM KaBKa3CKuUX OCTPOBOB, CIIOKEHHBIX OCAAOYHBIMU IIOPOAMH M1ajleoreHa, Meia 1
Ha BOCTOKE FOPEHI.

B ycnoBusx HacTynaromero Mops B KaparaHcKoM 0acceifHe MpOoXoIuiI0 HHTEHCHBHOE HaKOIUIEHUE pac-
cessHHOTO opranudeckoro BemiecTBa (Copr) mo rmy6okoBognoi yactu 3KII. Coxepixanne Copr. B mopoaax
Bapsupyet ot 0.52 mo 2.33 %, B cpennem coctasiser 1.47 %. B Hanbosee morpyxeHHOH YacTH mporuda
CYIIIECTBOBaJIa 30HA CEPOBOIOPOIHOTO 3apakeHus (Mukepuna, [Tunuyk, 2014). Kaparanckue oTioxeHus Ha
cesepHoM 0opTy 3KII B paiione IIpubpesxHOro MecTopoXIeHus, B OTIAMYHE OT YOKPAKCKUX, XaPAKTEPHU3YIOTCS
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OoJiee BHICOKMM COAEp)KaHHEM OpraHudecKkoro yriaepoaa B rimHax (ot 0.53 mo 3.0, cpennee 1.56 %). Conep-
xanne XbA komebmercs ot 0.000625 no 0.08 %. Ilpuyem MakcuMansHbIe 3HaYEHHS 3a(DUKCHPOBAHBI B CKB.
1, B KOTOpO# OTMEUEHBI U BbIcOKHE 3HadeHus outyma "A" (10 0.85 %) u 3HaYeHHE MIMPHUHBI KANMJUIIPHOMI
BBITSDKKH (10 52 MM). OTIMYUTETBHON 0COOCHHOCTHIO OUTYMOUIOB Kaparana 3TOH MJIOMIaIH SBISETCS CMO-
JUCTHIN (MHOTA C IpUMeChio acanbTeHOB) ux coctaB (Mukepuna, ®@aneeBa, 2013). YkazaHHbIe 0COOCHHO-
CTH MOTYT CBHJIETEIBCTBOBATH O 00Jiee BHICOKOM HE(TEeMaTEPHHCKOM IMOTEHIIMAJe, KOTOPhIA OoJbIIeH Ya-
CTBIO HE PEeaJM30BaH M3-3a OTCYTCTBUS B pa3pe3e KOIeKTopoB. OAHAKO HE3HAYUTEIbHBIE MPUMAa3Ku U TpH-
TOKH He()TH U3 KaparaHcKHUX IJIMH BcTpeueHsl B paspesax CI'-12000 u apyrux miomaznei. [lopogamu-kosiek-
TOpaMH{ B KaparaHCKUX OTJIOXKEHUSX ABIISIFOTCSA MEJIKO- U CPEAHE3EPHUCThIE KBApLEBbIC IECUAHUKH, KPYITHO-
3€PHHUCTHIE aJIEBPOIMUTHI C MEK3EPHOBBIM TUIIOM ITyCTOTHOTO IPOCTPAaHCTBA M IECYAHUCTBIE MEPT eI, HallpH-
Mep, kak Ha Tamanu (puc.).
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BoiBoabI

CpaBHUTENbHASA XapaKTEPUCTHKA OCAJIKOHAKOIUICHHSI KAPAaraHCKUX OTJIOKEHUH, UX PACHPOCTPAHEHHUS 110
Tepputoprn 3ananHoro [IpenkaBkasbs MOKa3bIBAET, YTO HE(TE-ra30MaTePUHCKUM ITOTSHIIHAIOM 00JalaloT
rryOOKOBOIHBIE OTIOKeHUs 3ananHo-KybaHnckoro nporuba. 3anexxu HeTH U ra3a B KaparaHCKUX OTIOXe-
HUSX BCTpedeHbl Ha TamanckoM nomyocTtpoBe (Panaropuiickoe, 3ananno-Hedrsanoe, [Ipukybanckoe, Kapa-
6eToBckoe u ap.), B 3KII (Abuno-Ykpaunckas, [Tpubpexnas, u ap.).

Pabota BeimonHeHa B pamkax rpanta PH® 22-17-00047.
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OCAJIKOHAKOILTEHHUE KAPATAHCKHX OTJIOKEHUI 3AITAJTHOT O IPEIKABKA3BS

IInnuyk T.H., ®ypcuna A.B.
Kybanckuii 2cocynusepcumem, Kpacnooap:pinchukt@mail.ru, fursinf74@mail.ru

Pezrome. B 3anamnom IlpenkaBkaszbe kaparanckuii 6acceitn Boctounoro Ilaparetnca mokpeiBai HOYTH BCIO TEPPUTOPHUIO, C HE-
OOJIBIIMME OCTPOBaMH Ha onHATHAX bonbmoro Kaskaza. Brons 1oxxHOTO 60pTa 3amagno-KybaHckoro nporunda kaparanckuii 6acceitH
Pa3MbIBaJI OABOAHBIE TIOJHATHS X OCTPOBA CO CHOCOM 0OJIOMOYHOTO MaTepHaiia MaiKOIICKHX, S0IICHOBBIX M MEJIOBBIX OTIOXeHHH. Ha
miatdopmenHoi yactu 3anmagHoro [IpeakaBkasbst KaparaHCKHE OCaJKH 3aJIeTal0T COTJIACHO Ha YOKPAKCKUX, a CEBEPHEE, C PAa3MBIBOM
— Ha MalKOIICKHX OTJIOXKCHUSAX. B yCIOBMAX HacTymaromero Mopst HIeT HHTEHCHBHOE HaKOIUICHUE PACCESHHOIO OPraHMIEeCKOro Be-
mectBa. Kaparanckue oTio)xeHHus], B OTIMYHE OT YOKPAKCKHUX, XapaKTEPH3YIOTCs 00j1ee BHICOKMM COAEPKaHHEM OpraHHIEeCKOro yr-
nepona B riuHax (ot 0.53 10 3.0, cpennee 1.56 %) u 06nana0T HehTEMATCPUHCKUAM TOTCHIIMATIOM.

Knrouesvie cnosa: opaanuueckoe éeujecmeo, Kapazanckue OmuodICeHUs, NecHanuKu, 2nuHbl
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O CBSBAXTPIA3EBBIX BYIKAHOB C HE®@TETA3OHOCHOCTBIO HEAP

Caaamos A.M., 3amanosa A.I'.,, ®aryaaaes D.b., Mameaosa IIL.P.
Munucmepcmeo Hayxu u Obpasosarius Pecnyoauxu Asepoaiidxat,
Mncmumym zeorozuu u zeopusuxu: aynur-zamanova@rambler.ru

RELATIONSHIP BETWEEN MUD VOLCANOES AND THE OIL AND GAS CONTENT OF THE SUBSOIL
Salamov A.M., Zamanova A.H., Fatullayev E.B., Mamedova Sh.R.

Ministry of Science and Education of the Republic of Azerbaijan,
Institute of Geology and Geophysics: aynur-zamanova@rambler.ru

Summary. Mud volcanism is a combination of the processes causing lifting and eruption to the
surface via water channels clay masses and pieces of hard rocks which have been softened by
underground waters. Mud volcanoes are mainly found in the areas of oil and gas fields where
thickness of the sedimentary crust is high and there are shale layers in the stratigraphic section which
serve as cap rocks for those fields. Presence of the shales is required for development of mud
Keywords: mud volcano, oil, volcanoes. Areas of mud volcanoes development territorially related to the zones of oil and gas
gas, breccia, eruption, clay accumulations where discovered oil and gas fields on current stage of exploration are mainly referred
to the Mid-Miocene — Pliocene age of the stratigraphy.

Aim of the analysis of scientific materials defined indirect relation between mud volcanoes and
exploration of oil fields.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beeaenne

B kommiekce reosoro-reo)u3n4eckux HCCIelOBaHUI H3ydeHHE TPS3€BOr0 BYJIKAHHW3MA OYEHb aKTY-
aJBHO.

Lenbto mpoBeieHUs aHAIN3a HAYYHBIX MaTEpUaoB ABJSUIOCH BBISBJICHHE KOCBEHHON CBA3M MEXIY MpO-
OYKLIUSIMH TPA3EBYIKAaHMYECKHX MAaTEpUaioB U HEQTIHBIMU MECTOPOKACHHUSIMH.

Eme B 1932 r. H.M.Bocko6oiiankos n A.B.I'ypreB yka3piBay Ha 3aKOHOMEPHYIO CBA3b MEXIY Tpsi3e-
BBIMH BYJIKAHAMH U HEQTSIHBIMH MeCTOpOXIeHHIMHU A3epbaiimkana u TamaHckoro n-osa. [.B.A6ux, roBops
0 MarMaTHYECKOM MPOHUCXOXKICHUU TPSA3EBIX BYJIKAHOB, HE CKIIIOYANl X B3aUMOCBS3b C HEPTEHOCHOCTHIO.
[IpuypoueHHOCTh TPsI3EBBIX BYJIKAHOB K HE(TErazoHOCHBIM 00JacTsAM H3BECTHA Yyxe Oojee cTa JieT
(Azarbaycanin geologiyasi, 2015; ATnac rps3eBbix ByjikaHOB mupa, 2015; AmmeB u ap., 2009). I'eonorn-
He(PTSHUKU PacCMaTPHUBAIOT IPSA3EBOH BYJIKAHNU3M B KAUECTBE OJIHOTO U3 BAKHEWIIMX KPUTEPUEB EPCIIEKTHB-
HOCTH TOT'O MJIM MHOTO perruoHa Ha HedTh u ra3. Takas cBs3b BIOJIHE 3aKOHOMEPHA: IpeoOpa3oBaHUe OpraHu-
YECKOI'0 BEIECTBA Ha IIyOMHE OJHOBPEMEHHO IPOLYLUPYET CKOIUICHHUS YITIEBOAOPOIOB U IOPOXKIAET Ipsi-
3eBble ByJKaHbl (JInmonoB, 2004).

JleranbHOE M3ydeHUE MPOAYKTOB NEATEIBHOCTH IPA3EBBIX BYJIKAaHOB B JIPYIMX PETHOHAX IO3BOJIAIIO
TaKXX€ yCTaHOBUTH [€HETHUECKYIO CBS3b MEXXIY HUMHU U He(hTerazoHOCHOCThIO Henp. Ilpu 3Tom onHu ucce-
JOBATEJH MPHUIFCHIBAIOT TPSA3EBBIM ByJIKaHAM CO3HJIATENbHYIO, a IPyTHe, HAa000pOT, pa3pyIIUTENbHYIO POJb
B mporeccax (hopMUpoBaHus 3anexeld HeQTH U raza. Takke JaBHO U3BECTHO, YTO 30HBI PA3BUTHS TPSI3EBOTO
BYJIKAHU3Ma XapaKTEPHU3YIOTCs HE TOJBKO MPOSBICHUAMHI HEPTH U T'a3a, HO U UX MECTOPOXKACHUIMH. BmecTte
C TEM OYEBUIHBIM SIBIISIETCS M TakoW (akT, Kak MPUYPOUEHHOCTHh HanOoJiee KPYMHBIX U aKTHBHO JEHCTBYIO-
LIUX BYJKAHOB K CKJIaJIKaM, CJI0’KEHHBIM TJTMHUCTHIMH TOJILIAMH HUKHUX TOPU30HTOB MOJIACCOBBIX Pa3pe30B
(Xomonos, 2012).

I'eoxumMuyecKMMHU HCCIENOBAaHUAMU BBISIBIEHO, YTO YCJIOBHSI MEJIKOBObS JIAlYHHOI'O TUIa Haubojee
OnaronpuaTHBI U1 He(Terazoo0pa3oBaHus, TaK KaK B HAX OPraHMYECKHH MaTepHall MoIajaeT B OCAJKH,
MIPaKTHUYECKN HE HCIBITAB OKHUCIEHUS, U €ro Pa3JIoKEHUE CO3/1aeT BOCCTAHOBUTENBHYIO WINM HEHTpaNbHYIO
IreOXUMHUYECKYI0 00CTaHOBKY, T1I€ IPOUCXOAAT IIPEBPALCHHUS 3aXOPOHEHHOIO OPraHMYeCKOI0 BEIIECTBA B yT-
JIeBOJIOPOABI M 00pa30oBaHMs HE(YTETTPOU3BOASAIINX CIIOCB.
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Bo BpeMms rpsizeByIKaHHUECKON AEATEIBHOCTH HAa 3eMHYIO TIOBEPXHOCTb BHIHOCHTCSI OTPOMHOE KOJIMYe-
CTBO BEIIECTB B TBEPJOM, KUIKOM (Boza, HE(PTH) M Ta3000pa3HOM COCTOSIHHH, UTO JaeT pa3HOOOpa3HyIo reo-
JIOTO-TEOXMUMHUYECKYI0 HH()OPMAIIUIO O COCTaBe OTIIOKEHHH U QutonaoB. Cpean KHUIKUX MPOLYKTOB (COMoU-
HBIX BOJI) IPSA3EBBIX BYJIKAaHOB HAaHOOJBIINM PAacHpPOCTPaHEHHEM IMOJB3YIOTCSA BOABI MHIPOKapOOHATHO-XJIO-
PHUIHOTO U XJIOPUIHO-HATPUEBOIO TUIIOB, B KOTOPBIX HA0IIOAAI0TCS MTOBBIILIEHHBIE COAep KaHus Oopa, Opoma,
1ozaa, HaTpHs, IUTUS U HEKOTOPBIX APYTHX dieMeHTOB (JImmonos, 2004).

B HedrerazoHoCHBIX 00MacTsAX KUIKUE KOMIIOHEHTHI IMOYTH BCETAA BKIIOYAIOT HEKOTOPOE KOJINYECTBO
HedTH.

P.P.PaxmanoB (1987) ormedaer, 94To 00beM TBEPIOH Macchl, BEIOpachIBAeMON I'PSI3EBBIM BYJIKAHOM, 3a-
OJIHO U M3BEPKEHUEM, MOKET JIOXOUTH JI0 5 MIIH.M’. BpeKuus rpsa3eBbIX BYJIKaHOB 00J1a1aeT GOJBIINM BO-
JOHACHIILIEHHEM M CIIOCOOHA MO BIMSHUEM BOJBI Pa3KMKATHCS, PACIUIBIBATECS M MPUOOPETaTh TEKYYECTh
(puc.). CpaBHHUTENBHO C TUIOTHOCTBIO TIMHHUCTHIX TOPOJ, TPSA3EBYJIKAHWUYECKAs OpEKYHs XapaKTepH3yeTcs
MEHBIIEN IIOTHOCTBIO, T.€. 1.5-1.9 r/cm®. B cocTaBe TBEpABIX BEIOPOCOB MPEOONAIAOT TIMHUCTHIE TOPOJIBL.
B TBepabIx BHIOpOCax rps3eBbIX BYJIKaHOB BhIsiBIeHO Oonee 100 MuHepanoB (peTHKTOBbIE 1 HOBOOOpA30BaH-
HbIE) ¥ 0K0JI0 30-TH MUKPO3JIEMEHTOB (TPyTIIa )KeJe3a, METOTHO3EMENbHbIE, PEIKHE U PACCeTHHBIE, XaIbKO-
¢unbHEIE). B Opexunsx rps3eBbIX BYJIKAaHOB IO CPAaBHEHHIO C KOPEHHBIMH HMOPOJAMHU COICPKUTCS OOJbIIe
OMTYMUHO3HBIX BEIL[ECTB.

W3BeprkeHne rpsa3eBbIX BYJIKAaHOB CONPOBOXKIACTCS Tak e razaMu. 1'a3bl rps3eBbIX BYJIKAHOB IJTaBHBIM
obpazom cocroar u3 Metana (80-98%), mpumMecu 3TaHa, IpoNaHa u Ap. ra3os.

JeiicTBytomuii rps3eBoii ByJIKaH

3a 0JHO U3BepKeHUE B aTMOoc(epy BeIOpackiBaeTcs 0kono 250 min.M® rasa. Konmuuectso CO; B yr-
JIEBOJAOPOIHBIX Ta3aX BYJIKaHOB 00bIyHO He mpessimaeT 10%. Ilo conepxkaHuio TSKENbIX yrieBOA0POI0B
B Ta3aX IPS3EBBIX BYJIKAHOB MOXHO ONPECNIUTh X MPUHAIICKHOCTh K YHCTO Fa30BBIM WM HE(QTSIHBIM
MECTOPOXKICHUSIM.

o cpaBHEHUIO ¢ TBEPABIMU BEIOPOCAMH M Ta3aMHU KOJIMUECTBO HE()TH U BOJBI, BBLACTSIEMBIX U3 TPSI3EBBIX
BYJIKAHOB, CYIIIECTBEHHO MEHbIIE. B 3THX BoJlaX peoOsIaialoT HOHBI XJIOPUIA i HATPHSL.

HecMoTpst Ha CylIecTBEHHBIC Pa3Iniusl IPS3EBIX BYJIKAHOB IO MOP(OIIOTUH U XapaKTepy AESTEILHOCTH,
B HUX TPU U3BEPKEHUAX HU pa3y He HAOMOAaINCh HEPTSIHbIE CTPYH. DTO CBUAETENBCTBYET O TOM, UTO BBI-
BOJIHBIC KaHAJIbI IPSA3EBHIX BYJIKAHOB HE CBsI3aHbI HEMIOCPEICTBEHHO C 3ajexaMu HedTu.

H.IT.}Ocy6oB, N.C.I'ynues (2022) oTMeuaroT, 4T0 HE(TH IPA3EBBIX BYJIKAHOB B CUJIBHON CTEIIEHH OKHC-
neHbl 1 OuonerpagupoBanbl. HedTH, reHepupoBaHHBIE MalleOreH-HIKHEMUOLIEHOBBIM KOMIUIEKCOM, H30-
TOITHO JIETKUE, TOT/Ia KaK CPeAHEe- U BEPXHEMHUOLICHOBBIE (IMaTOMOBBIE) HE(YTH — H30TOMHO TspKenbie. OKoIo
50% rps3eBbIX BYJIKaHOB BBLACISIOT HCKIIOYUTEIIBHO MaJ€0reH-HIKHEMHUOLIEHOBBIE HeTh. B 17% rpsizeBbix
BYJIKaHAX XapaKTePHBIMH SBIIsIETCS HE()TH PEUMYIIIECTBEHHO U3 TMATOMOT0 KOMITJIEKca OTIIOKEeHUH, a B 33%
OTMEYAETCsI CMECh, ANEOTEHOBOIO M JUATOMOBOTO KOMIUIEKCOB.
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3akirouenue

[IpoBeneHHBIC UCCIIEIOBAHUS TTO3BOJIFIIN CACIIATh CICIYIONTHE OCHOBHEIE BBIBOIBI:

- B oejioM, HOI‘py)KeHHbIe O6JIaCTI/I C MOIIHBIM U CMATBIM OCAaJOYHBIM MaTepI/IaJIOM, OCJIO)KHCHHBIMU
HapYIICHUSMHU HETPEPBIBHOTO Pa3BUTHS, B IPHHIIUIIC SIBJISIOTCS paiioHamMu (pOPMHUPOBAHUS TPA3EBBIX BYJIKA-
HOB;

— KOMHJICKCHLIﬁ AHAJIN3 HpO)IYKTOB I/IBBep)KeHI/Iﬁ FpSISGBBIX By.IIKaHOB NMECT BA)KHOC 3HAUYCHUC HpI/I BbI-
SICHEHHH BOTIPOCOB I'€HE3MCa YTIEBOAOPOIHBIX CKOILJICHU;

— OOmactu pa3BUTHUS TPSA3EBOTO BYJIKaHW3Ma TEPPUTOPHUAIBHO COOTBETCTBYIOT T€M WM WHBIM 30HAM
He(Tera3oHaKOIICHHS, T/I¢ BEISIBIICHHBIC MECTOPOKICHHS He(DTH U ra3a Ha COBPEMEHHOM 3Talle pa3BeqaHHO-
CTHU HEJIp IPUYPOUCHBI B OCHOBHOM K CPETHEMHUOIICH-TLUTUOIICHOBOMY HHTEPBATy paspesa.
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O CBA3AX T'PA3EBBIX BYJIKAHOB C HEO@TETA3OHOCHOCTBIO HE/IP

CanamoB A.M., 3amanoBa A.I'., @arynnaes J.b., Mamenosa 111.P.
Munucmepcmeo Hayxu u Obpazosanusi Pecnybnuku Azepbaiioxcan,
Hucmumym eeonozuu u ceousuku: aynur-zamanova@rambler.ru

Pe3tome. I'psi3eBoii ByJIKaHU3M — COBOKYITHOCTB IIPOLIECCOB, 00YCIIaBINBAIOIINX OABEM U BBIOPOC Ha IIOBEPXHOCTD 110 BHIBOIHBIM
KaHaJIaM Pa3MATYEHHBIX IIACTOBBIMU BOJAMHM INIMHHCTBIX Macc M 00JIOMKOB TBEPABIX MOPOJ. ['psi3eBbIe BYJIKaHbI paCIIPOCTPAHEHBI B
npeesnax HedTera30HOCHbIX IUIOIAAeH Ha Y4acTKaX ¢ MOIHBIM OCaJ0YHBIM CJIOEM 3EMHOM KOPBI, I/Ie B pa3pese, KaK MPaBHIIo, PHU-
CYTCTBYIOT IJIMHHUCTBIE HOPOJIBI, CITYIKAIME TOKPOBOM 3aneskeil. Hanuuue rivH sBisercs Heo0X0AMMbIM (aKTOpoM pa3BUTHS Ipsise-
BOT'O BYJIKaHU3Ma.

O6nacté pa3BUTHS TPSA3EBOrO BYJIKaHW3MA TEPPUTOPHATIBHO COOTBETCTBYIOT TEM WJIM MHBIM 30HaM He()Tera30HAKOILUICHUS, T
BEISIBJICHHBIE MECTOPOXK/ICHUS HE()TH 1 r'a3a Ha COBPEMEHHOM J3Talle pa3BeAaHHOCTH HEP IIPHYPOYSHBI B OCHOBHOM K CPEJTHEMHOLICH-
IUIMOLICHOBOMY HHTEPBAILy pa3pesa.

He.ﬂblo IPOBEACHUS aHaJIM3a HAYYHBIX MAaTECPUAJIOB SABJIAJIOCH BBISABIICHUC KOCBEHHOM CBSI3H MEXAY I'PA3€BBIMU BYJIKAHAMUA U I10-
HCKaMU HEQTAHBIX MECTOPOXKICHUH.

Knroueswie cnosa: epszesoil gyixkan, Heghmo, 2as, OpeKyus, usgepicenue, enuHd
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Summary. A number of methodical problems associated with geochemical studies of
sedimentary rocks (pyrolysis, vitrinite reflectance) from outcrops and wells are considered. The
existence of a complex of factors influencing the results of organic-geochemical studies is shown on
the example of data on sedimentary formations of Azerbaijan.
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Beenenne
B reoxuMmueckux ucCienoBaHUAX opranmdeckoro pemectsa (OB) mopoa oCHOBHEIME (paKTOpaMH, BITH-
SFOIMHU Ha Ka4eCTBO U TOUHOCTH PE3YJIbTATOB, SBISIOTCS CIEAYIOLINE:
TOYHOCTH ¥ YyBCTBUTEIHLHOCTD U3MEPEHHIA;
CTaTUCTUYECKasi 3HAUUMOCTh 00beMa BEIOOPKH;
MeTOAMKa 0TOOpa 00pasLoB;
HEOJHOPOIHOCTh coaep:kaHus u kayectBa OB kak B mpezaenax Makpo 0OBEKTOB (TOINIIA, TOPU3OHT,
I1acT), TaKk 1 Ha MUKPO YpOBHE (B Mpe/enax ¢parMenrta oopasima mopoibl);
e MexinabopaTopHas TUCIICPCHS.

PesyabTathl HcciieqoBaHHSA

O6bem BeIOOpKH. OOIIEN3BECTHO, YTO YeM OOJIbIIE KOJINYECTBO M OXBAT HAOIIOJCHUH, TEM OJIMKE MOITy-
YEHHBIE OLIEHKU NOAXOIAT K JOBEPUTEIbHBIM (MCTHHHBIM) MapaMeTpaM CTaTHUCTHUYECKOI'O PACHpPEAEICHU.
Jiist momy4eHus B ONpeAeICHHON CTEeTIeHN HAJEeKHBIX CTATUCTUYECKUX MOKa3aTelel TpeOyoTCs TaHHbIe 60-
nee 80 aHANM30B. DTO SMIHUPHUECKOE NTPABHIIO HE BCET1a BHIMTOJHUMO. [109TOMY NpH reOXUMHUYECKUX HCCIIe-
JOBaHMSIX B YCIOBHIX OTPAaHUYEHHOI0 00beMa TaHHbIX KaXKAbIM 00pa3er] CTAHOBUTCS BaXKHBIM A7 (OPMHPO-
BaHUS NPEJCTABIECHIH 00 N3ydaeMbIX OOBEKTaxX U MPOIeccax.

Hanpumep, npu nzyueHnn HEKOTOPOH (opManuu 00beM HCIOIb3YyEMBIX BEIOOPOK MOXKET MOBIHUATH Ha
onieHKu Y B-renepupyouero norenuuana OB oTioxeHnid, Ha KOPPEKTHOCTh FreoXuMudeckoil Tunuzanuu OB
U CTENEHb €70 TePMUYECKON IPe0Opa30BaHHOCTH.

Mertonuka or6opa 06pa3ioB. BiusHue runepreHHbIX (akTopoB SBISETCS CYNIECTBEHHON OMEXOoU Mpu
FEOXUMHUECKUX HCCIECAOBAHMAX, YTO TpeOyeT 0co00ro BHUMAHMA B cly4ae 00pa3LoB MOPOJI C ECTECTBEHHBIX
OOHa)KeHUH. Y CTaHOBJICHO, YTO U1 MUHUMH3ALNU BIUSHHUS IPOLIECCOB BHIBETPUBAHMS Ha PE3yNbTaThl HC-
CJIeIOBaHUM, 00pa3Lbl MOPOJIbI JOKHBI OBITH OTOOPAHBI ¢ TIyOUHBI HE MeHee 2 MeTpoB. OJIHAKO Yallle BCEro
ot6op npob mpouzBonutcs ¢ rayounsl 20-30 cM. CpaBHEHHE Pe3yNbTaTOB MUPOJIUTHYECKUX H3MEPEHUH Ha
OJTHOM U TOM >k€ 00pasLie IOPOAbI, B3STHIX BCKOPE IOCHE 0TOOpa U ABa MECsIa CIIyCTs, I0Ka3au, 4To B Te-
YeHUE YKAa3aHHOTO IEePHO/Ia IMPOUCXOIUT YMEHBIIICHIE TEOXUMUYIECKUX mokazaTenel (Deiizymiaes, Mcmaii-
noBa, 2004). B OB nmopoJ penuKToBbIe M HU3KOMOJEKYJISIpHBIE Y B coeanHeHns SBIsSIOTCS Hanboiee 1yBCTBU-
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TEJILHBIMHU K K30T€HHOMY BIIMSHHIO. bojee HU3KHE BEIWYMHBI TEOXMMHUYECKUX MAapaMeTPOB IOPOJ C ecTe-
CTBEHHBIX OOHAKCHHH 10 CPAaBHEHHIO C TAKOBBIMH KEPHOBBIX 00Pa3IOB CO CKBKHH MOTYT TakKKe OBITh 005-
SICHEHBI BO3/ICHCTBHEM TUTIEPTeHHBIX MTPOIIECCOB.

Heonnoponnocts xoHnenTpauunii. Konebanue cogepxanust OB B oOpasue (B Macmradbe My U cm) SIBIISI-
€TCs pe3yJbTATOM €CTECTBEHHOTO HEPAaBHOMEPHOTO €ro 3aXOpOHEeHHs Ha JHe BojoeMoB. Komnuectso OB B
MOpOJIc OKAa3bIBaET CYIIECTBEHHOE BIMSHHUE HA TOKA3aTelM ero T€OXMMHUYECKON THIU3aluu. B dacTHOCTH,
JaHHBIC MUPOJIN3a MOKA3BIBAIOT, YTO B 3aBUCUMOCTH OT coaepkanus OB yaensubie YB-nponyuupyomue u
SMUTPAIHOHHBIC XapaKTEPUCTHKA MATEPHHCKUX MOPOJ MOTYT 3HAUMTENbHO MeHAThes (Tarues, 3eitHanos,
2010).

Ecnu B mporecce nutoreHe3a MUHEPaIbHBIM COCTaB TIIMHUCTHIX MOPOJ B OCHOBHOM OCTaeTCs CTaOMJIIb-
HBIM, TO OPTaHUYECKask COCTABIISIOIIAs UCTIBITHIBAET CyLIECTBEHHBIE peoOpa3zoBanus. s uccnenoBanus Ba-
puanuu cojaepxkanusi OB Ha MEKpO ypoBHE HanOoJiee MOAXOIAIIUMH SIBJISIOTCSI 00pa3Ibl ¢ TEPMUUCCKU He-
peoOpa30BaHHBIX OTIOKEHHU.

[ToBTOpHBIE U3MEPEHHUS C OHOTO U TOTO ke 00pa3lia KepHa CBUAECTENbCTBYIOT O HATMYMH MUKPO HEO-
HOPOJIHOCTEH B pacnpeneneHny KoHieHTpauu OB u ero kauectBa B HEOONBIIMX ()parMEeHTaxX €AUHOTO 00-
pasna. Takum oOpa3oM, JaHHBIE CBHETEIBCTBYIOT O TOM, YTO B MApaJUIEIbHO MPOBEJCHHBIX JIAOOPATOPHBIX
H3MEPEHMSIX OTJIMYUS MOTYT OBITh 3HAUUTEILHBIMH.

Pe3ynbTaThl MOBTOPHBIX FTEOXUMHYECKUX aHAIHM30B (TUTomans JlyBaHHbIH, ckB.Ne 73)

@ — — \[" - ~ :
o % m Iz mz o) . m 8~
O6pazer, Ne § S = 8 = ~ >~ O 8 Q
u3Me- 2 -3 £ 2 g ® g O e
ryOHrHa O s g = 5 S 3 = 2 = s &
peHI/Iﬂ o : = = = & \: =
= 2 @ < o= 3
1 0.61 0.10 0.63 0.42 426 103 69
L 2 0.61 0.10 0.55 0.9 428 90 148
3390-3400 m 3 0.60 0.05 1.21 0.44 429 201 73
4 0.75 0.07 0.97 0.56 426 129 75
1 1.14 0.29 2.67 0.58 430 234 51
IL 2 0.88 0.25 1.26 1.12 424 143 127
3455-3465 M 3 0.50 0.01 0.56 0.44 425 112 88
4 1.35 0.17 2.29 0.81 429 170 60

Ji minTiocTpaliy CKa3aHHOTO B TaOJIHIIE MTPeICTaBIeHbl JaHHBIE ITMPOJIN3a 00Pa3I0B MHOLIEHOBBIX IT0-
PO, OTOOPaHHBIX CO CKBAKHH IUIOMAIN JyBaHHBIN, pacIOI0KEHHOW HA BOCTOYHOM OKOHUaHuu IllamMaxwi-
I'obycranckoii oOmactu AsepOaiimkana. AHamu3bl ObUIH BBIIOJHEHB! B YETHIPEX HE3aBUCHMBIX JIaOOpaTO-
pusix. BennmumHbl OTpakaTeTbHON CIIOCOOHOCTH BHUTPHHHTA YKa3bIBAIOT HA TO, YTO MCCIICAYEMbI HHTEPBAT
HE JOCTHUT TEPMHUUYECKUX YCIOBUM KaTtareHe3a. CoriiacHO 4eThIpeM MOBTOPHBIM aHanu3aM coxaepkanue TOC
B IIEpBOM 00pasiie KepHa BapbupyeT B quamazone 0.60-0.75%gsec. Bo BTopom o0pasiie, 0TOOpaHHOM HUXKE 110
paspe3y ckBaxunbl, otmedeHo TOC B npenenax 0.50-1.35%. B BonopoaHOM HMHAEKCE, SABIAIONIEMCS TPOU3-
BoaubIM 0T TOC, oTpaxaroTcs omnpeneneHHsie konedbanus ¥YB obpasyiomero noternuaia OB. CtabunsHbIe
BeMYMHBI Tmax (TeMIiepaTypHBIi UK JJabopaTopHOi TepMoaecTpykinu OB) cBUAETENBLCTBYIOT O KOHUIIU-
OHHOCTH aHAJIN30B.

JlaHHBI IpUMeED SIBISICTCS WUTIOCTPpAIliel €CTECTBEHHOTO pa3dpoca 3HaYeHNH TeOXUMHIECKHX ITapaMeT-
POB B Ipejesnax TOJIIM C MPEUMYIIECTBEHHO TNIMHUCTBIM COCTaBOM. B maHHOM ciyuae Bapualus. 1Mo Bcei
BUAMMOCTH, OTPa’KaeT eCTeCTBEeHHOEe KonebaHue coaepkanust OB.

MesxnaboparopHas nucnepcus. [Ipyu BHITOITHEHNN peTHOHAIBHBIX 0000IMIAIOIINX UCCIIEA0BAHUH C MPH-
BIICUCHUEM JAHHBIX U3 Oojiee, ueM OJHOH jaboparopuu 3Ta mMpodiaeMa CTAaHOBHTCS OCOOCHHO aKTyabHOM.
CymecTBoBaHrue Takoil mpobieMbl Hambojiee KOHTPACTHO OTPAXEHO B CHEHUAIBHOM HCCIECIOBaHUH
(Dembicki, 1984).
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[ n3ydeHust Mex1abopaTopoil AUCIEPCHH MBI BOCIIOIB30BAINCH PE3YJIbTATAMH aHAJTUTUIECKUX HCCIIe-
nmoBauuit OB opo;1, BEIMTOTHEHHBIX HAa Pa3IMIHBIX ()parMEeHTax OIHOTO M TOTO XKe 00pasiia B IBYX 3apy0erk-
HBIX JTabopaTopusix, 6marogapsi yeMy ObUIM CO3JaHbl MapasuielibHble BBIOOpKH. Hike Ha mpumepe JaHHBIX
nuponu3a 00pasuos (mo Metoauke Rock Eval) ¢ ecrecTBeHHBIX 00HaKEHUI CpEeAHEIOPCKUX U BEPXHEMAHKOII-
CKUX OTJIOKEHUH MPUBOIUTCS rpaduaecKoe MmpeIcTaBIeHne cpaBHUTeNsHOTo aHanm3a (Puc.).
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JlnarpamMmbl CONOCTaBJIEHHS JIaHHBIX 0 F€OXMMHUYECKUM IMoKa3zareiasim nupoiuza OB B (a) cpenHeropckux u (0)
BEPXHEMANKOIICKUX OTIOKEHHSX. [10 rOpH30HTAIBHOM OCH OTMEUCHBI IaHHbIE 1-0if TabopaTopui, Mo BEPTUKAIEHON
— 2-oit naboparopuu

[epBsIit HA0OP COCTOSIT U3 PE3yNIBTATOB aHAIK3a 00Pa3I0B, OTOOPAHHBIX HA OOHAXKEHUHU BEpXHEMANKOII-
CKUX OTJIOXKEHWH, B ceBepo-3anaaHoi yactu [llamaxer-I'o0ycTanckoro paiioHa. MaiKorickue OTIOKEHHUS B
9TOM YacTH palioHa He MOTPYKAIKCh HAa TIIyOWUHBI KaTareHeTu4eckoro npeodpasopanusi OB u ocTanuch He-
3pENBIMU ¢ TCOXUMHUYECKOM TOYKHU 3peHus (cpeaHee 3HaueHue %R,=0.36).

Bropoit Habop cocTos1 U3 pe3yabTaToOB aHalM3a 00pa3IoB, OTOOPAHHBIX C €CTECTBEHHBIX BHIXOJIOB Ha
TTOBEPXHOCTh CPEIHEIOPCKUX OTIIONKEHUI Ha ceBepHOM ckioHe b.KaBkaza. OB B 3THX OTJIOKEHUSAX MpeTep-
eso rIyOoKoe KaTareHeTH4ecKoe mpeodpaszoBanue (cpeanee 3Hauenue %R,=1,57), cinemoBarenbHO, FreOXu-
MUYecKas XapaKTEPUCTUKA dTUX 00pa3lioB OYIET OTINYATHCS OT PACCMOTPEHHOTO PaHee MepBoro Hadopa (CMm.
Puc.1). HecumMeTpudHOCTE 00J1aka TOUYEK OTHOCHUTEHHO THArOHAIBLHON JTMHUHM U PACIIOIOKEHHE €T0 HIDKE
JIMHUAY PaBHBIX 3HAYCHUHN YKa3bIBACT HA HATMIUE CHCTEMATHIECKOTO CMEIIICHUS B U3MEPEHUSX.
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Takum 00pa3oM, Ha KOHKPETHBIX IIPUMEPaxX MOKa3aHbl OCOOEHHOCTH PAa3INYHBIX (haKTOPOB, BIHSIONIUX
Ha pe3yJIbTaThl FTEOXUMUYECKUX HcclieoBanui Y B norennuana.

BrIBoaBI

[Ipu wHTEpTIIpETAINY TEOXUMHYECKUX HCCIIEIOBAHUA HEOOX0JMMO YINUTHIBATH BIUSHUE KOMILIEKCA pa3-
JINYHBIX (haKTOPOB, HAHOOJIee BAXKHBIMKM M3 KOTOPBIX SBJISIOTCS TOYHOCTh M UYBCTBHUTEIBHOCTh aHATUTHYEC-
CKUX MpHOOPOB, 00BEM BBIOOPKH, METOJMKA OTOOPA, HEOAHOPOAHOCTh 00PA3IOB U MEKIIa0opaTOpPHAS JVC-
niepcus. Jns obecrieueHns KayecTBa M JOCTOBEPHOCTH MHTEpHpeTanuu Y B-00pa3yonmx cBOWCTB OPOJ U
WX KaTareHeTHYeCKOW 3PEIOCTH HEOOXOANMO YUUTHIBATH 3TH (PaKTOPHI.

OO6ecrieurBasi paBHOMEPHOCTh OXBaTa F€OJOTHYECKUX OOBEKTOB CO CTATHCTUYECKH 3HAYUMBIM 00BEMOM
aHAJIM30B MOYKHO MUHUMU3UPOBATH PUCK HETOOLEHKY WIH TIEPEOIICHKH UCCIIETyEeMbIX CBOWCTB, B YaCTHOCTH
VB noteHInana MaTepUHCKON TOJIIN U CTENIEHH €0 TEPMUIECKOT0 TpeoOpa3oBaHMs.

OK30reHHbIE TMPOIECChl OKAa3bIBAIOT CYIIESCTBEHHOE BIIMSHUE HAa TEOXMMHUYECKHE MokasaTenu. Kak
npaBmwiio, OB B kepHe XapaKTepu3yeTCs MEHBIICH THIEPIeHHOW MPeoOpa30BaHHOCTHIO MO CPABHEHUIO C
IOpOIaMH, OTOOPaHHBIMH C €CTECTBEHHBIX OOHAKEHHIA.
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O METOAUMYECKHUX OCOBEHHOCTSAX TEOXUMHNYECKHUX PICC.J]E}IOBLAHPIVI OPITAHUYECKOI'O
BEHIECTBA B OCAJOYHBIX OTJIOXKEHUAX ABEPBAUIKAHA

Tarues M.®.
SOCAR, HUIIH «Hegmezazy: tagiyevm@hotmail.com

Pestome. PaccMOTpeH psii METOMUYECKUX MPOOJIEM, COMYTCTBYIOIIUX T'€OXMMHUYECKAM HCCIICAOBAHUSAM O0pa3loB IOpPOJI C
CCTCCTBCHHBIX OOHAXKCHUI M CKBaXHH (MUPOJIU3 MOPOJI, ONpEIe/iCHHe— OTPa)XkaTelIbHON CrocoOHOCTH BUTpHHHUTA). Ha mpumepe
JaHHBIX [0 HEKOTOPBIM IuTOMaAsM AsepOaiipkaHa MOKa3aHO CYIIECTBOBAHUE KOMILIEKCa (haKTOPOB, OKa3bIBAIOIIMX BIHMSHHE Ha
Ppe3yabTaThl OPraHO-T€OXUMHYECKUX UCCIIEIOBAHMM OCAT0UHBIX OTI0KEHHH.

Knrouesvie cnosa: opeanuueckoe geujecmeo, RUpOIU3, Mexc1abopamopHasn oucnepcus
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TEXHOAOI'US YITPABAEHWS ITECKOITPOSIBAEHVEM ITPY PASPABOTKE
HEDTSIHBIX MECTOPOXXAEHUI CO CAABOCIIEMEHTUPOBAHHBIMU
KOAAEKTOPAMMI

Tananvixuu A.C., I'puropnes M.B.
®OI'bOY BO «Canxm-Ilemepoypzciuii 2opviii ynusepcumem»: Tananykhin_DS@pers.spmi.ru

SAND MANAGEMENT TECHNOLOGY FOR THE DEVELOPMENT
OF OIL FIELDS WITH UNCONSOLIDATED RESERVOIRS

Tananykhin D.S., Grigorev M.B.
Federal State Budgetary Educational Institution of Higher Education “St. Petersburg Mining University
Tananykhin_DS@pers.spmi.ru

Summary. Development of oil fields with unconsolidated reservoirs is often accompanied by
uncontrolled destruction of the bottom hole formation zone of the reservoir, followed by the removal
of solid suspended particles into the wellbore. Traditional methods of combating sand occurrence
including the installation of screens, using chemical treatment, changing the profile of the well, etc.
are not effective enough. Failure to achieve the design indicators is associated with a significant
decrease in the productivity due to the destruction of the reservoir. According to the program No.
2020611693 created by the author, the permissible depression is no more than 0.15 MPa in some
cases. The main idea of the approach is to provide scientifically-based controlled sand free produc-
tion, as well as control of various parameters of the fluid, well and reservoir in order to influence the
sand production process and maintain the bottom-hole zone of the formation in a geomechanically
stable state. It was found that water and gas saturation of the formation have a multidirectional effect
on the process of sand production and the dependences of both the quantity and the granulometric
composition of the removed particles on the pressure drop and the saturation of the formation were
established as a result of the conducted experiments.

Keywords: sand production,
laboratory experiments,
reservoir saturation,
unconsolidated reservoir,
granulometric composition
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BBenenue

[To Mepe BBIPaOOTKM 3amacoB JICTKOJOCTYMHON He(PTH M pa3BUTHS TEXHOJIOTHI J0ObIYH, HedTerasomno-
ObIBaroIIie KOMIIAHWH TIOCTENEHHO MEePEXOIAT K pa3paboTke paHee HepeHTaOeIbHBIX aKTHBOB. 32 TIOCTIeTHUE
ATk JieT B 3anaaHoit CuOupu B SKCIUTyaTalMi0 ObUIM BBEJICHBI HECKOJIBKO HEe()TEra30KOHICHCATHBIX MECTO-
POKICHMI ¢ HEQTAHBIMU OTOPOYKAMH, pa3pab0OTKa KOTOPHIX JOTOIHUTEIBHO OCIOKHSICTCS BBICOKOW BSI3KO-
CThIO He(DTH M CJIa00W CIIEMEHTHUPOBAHHOCTHIO MOPOJI MPOAYKTUBHOTO TuIacTa. B claGociieMeHTHPOBaHHBIX
[TOPOIaX-KOJUIEKTOpaxX pacipeaesieHne HanpsHKEHHH B TOPHOHM MOPOJIEe UTPAET KIFOYEBYIO POJb B IIEITOCTHO-
CTH M YCTOWYUBOCTH MPU3a00MHON 30HBI U BO3MOXKHOCTH €€ pa3pylineHus. HekoTopsie uccienoBaTeu, oi-
HAaKO0, OTMEUAIOT, YTO B KOJUIEKTOPaX MOI0OHOTO THUTIA ITOBEICHUE MTOPO/IBI OOJIBIIIE TIOX0XKE Ha IOYBY, YEM Ha
TIOJTHOTIEHHYO TOPHYIO TTOPOJY.

[Iposenennsie B Cankt-IleTepOyprckoM ropHOM YHUBEPCUTETE aHATUTUIECKUE UCCIIEAOBAHIS TIOKA3alIH,
YTO MECKOMPOSBICHUE HHUIMUPYETCS, KOT/a ACHCTBYIOIINE HAMTPSDKEHUs B Ipru3aboitHo# 30He tutacra ([1311)
MIPEBOCXOAT MPOYHOCTH MOPOJbl. Ee yCTOWYMBOCTE 3aBHCHT OT MHOTHX (PaKTOPOB, HO OCHOBHBIE M3 HUX:
MEXaHWYIECKHE CBOWCTBA TOPHOM MOPOIbl; HackmeHHOCTh 11311 miacToBeIMU GumronaamMu; GU3HKO-XIMHUYIE-
CKHE CBOICTBa IIACTOBBIX (PIIOMIOB; TOPHOE JaBJICHHUE; BIIEKyIas (KUHETUYECKasl) CHila, BBIHOCUMAs TTOTO-
KOM; CHJIa COIIPOTHBIICHUS (CUIIa TPEHUS, TPAaBUTAIIHS, KOTE3Us1); COACPKaHUE IIIMHEI; [IOPOBOE JAaBIICHHUE; 3a-
0OIHOE TaBJICHHE; PEKUM TeUCHUS (DIIFOHIA.

Meton (u/uam Teopust)

C nenpro pU3MUECKOr0 MOJENHUPOBaHMS Ipolecca neckonposisieHus B Cankr-llerepOyprckom ropHom
YHHUBEPCUTETE CO3/IaH J1a00PATOPHO-METOIMUECKIIH KOMIUIEKC, OCHAIIEHHBIH BRICOKOTEXHOJIIOTHIHBIM 000py-
JOBaHHEM M CIEIHANTBHO pa3paboTaHHBIMK SKCIIEPUMEHTALHBIME CTeHAaMu (puc. 1).
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Puc. 1. Cxema 1a00paTOPHOTO CTEHIA

[IporpaMma rcciiefoBaHNi cOCTOsIIA U3 CEPHH (GUITBTPALIMOHHBIX SKCIIEPUMEHTOB, TIPOBOIUMBIX B YCJIO-
BUSIX, IPUOJIMIKEHHBIX K IIACTOBBIM, C MOJACIMPOBAHUEM JAaBICHUN U IPaHyJIOMETPUYECKHM COCTaBOM ILIa-
CTa-KOJUIEKTOpPA, YTO [TO3BOJIMIIO BOCCO3ATh XapaKTep BHIHOCA MEXAaHUYECKUX YacTUI] B IPU3a00HHON 30HE
MMUTHPYEMOTO TIIacTa.

O0cy:xneHue pe3yabTaToB

B pesynprare npoBeneHHBIX HUCCIEAOBAHUI yCTAaHOBIIEH XapaKTep CTaOMIM3ay, KOTOPHI BO MHOTOM
onpeaensercs GUIBTPYIOMIEHCS Yepe3 o0pa3ell HaChITHON MOJIeNu (Ba30ii — Ipu (GUIIETPALMU BOJOHE(TAHBIX
cMmeceil HauanbHbI KBY B aOCOMIOTHBIX 3HAYEHUAX 001aNaeT OJHUM W3 HaWOOMNBIINX 3HAYCHUH, OJHAKO
PE3KO CHIDKAeTCs C TEYCHNEM BpEMEHH, U YKe K TpeTheil mpode qocturaet 15-20% oT HagarbHOTO 3HAYESHMS.
st ra30HEQTAHBIX CMecel CUTyalusl MPOTHBOIOIOKHAS — JaHHbIEe cMecu obianaror Hu3kuM KBY B abco-
JIOTHBIX 3HAYCHUSX, HO C TCUCHUEM BPEMEHHU COZICPKAHNE MEXaHHUECKUX IPUMECEH B PUIIbTPATE CHUKACTCS
HE TaK 3HA4YUTEJIbHO, JOCTHUTast K TpeThell mpode 45-55% oT HauanbHOTO 3HaUeHus (puc. 2).

KBY Hedr1n/Boaa 30/70 13 atm

1000 ‘ ‘
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E ‘ 200MKM
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500MKM
L 4
+ B700MKkM
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ITocsien0BaTe/ILHOCTD ITANIOB AHAJIM3A rpaH cocraBa

Puc. 2. PesynbraTsl 1a00paTOPHBIX SKCIIEPHMEHTOB C (rutbTparyeii raso-
He(TSAHBIX CMecel ¢ TBEPIbIMHU B3BEIICHHBIMH YaCTHLIAMU

CBHJIETELCTBA BIMSHUS (QUIBTPAINUN BOJOHE(PTIHBIX CMECel Ha MPOIECC MECKOMPOSBICHHS U3JI0KEHBI
B pabotax (Salahi et al., 2021; Dabirian et al., 2018), mpu 5Tom B padote (JIexnes u np., 2020) ormeuaercs,
YTO BIMSIHUE 00BEMHOI'0 pacnpe/esieHus a3 B HOoToKe (Iionaa pacupoCTpaHsIeTCs TOJbKO Ha YaCTHUIIbI JHa-
MeTpoM Oonee 10 mxm. BiusiHue e ra30Boit a3kl Ha TEUCHHE MECKOMPOSBICHUS MTOATBEPIKIACTCS PE3yIib-
tatamu padotsl (Grigorev et al., 2020).
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BriBoabI

1. ITo pe3ynpTaTaM UcCCIIeIOBaHNH OBLIO BHISBICHO, YTO OCHOBHEIM TIEPHOJIOM pa3pyIIeHHUS MpHU3a00HHOM
30HBI IUIACTA SIBIISIETCS ATAIl OCBOSHMS CKBaKMHBI. Ha TPETbU CYTKH SKCILUTyaTalluU IIECKOIPOABICHUEC CHUKA-
ercs Oosee yem Ha 80 %.

2. UccnenoBaHusiMu OTMEUEHO, YTO JUTS JBMKEHUS Ta30HE(TAHBIX CMECeH XapaKTepHO 0oJiee HU3KOE KO-
nmgecTBo B3BemeHHbIX yacTul] (KBY), Ho oHO GoJiee mpomonKUTENbHOE, IPEXKIE BCETro 3a CUET MUTPAIINH Ya-
crun quametpoB MeHee 10 MxM. [IpoBenénHble HccnenoBaHus MO OLEHKE BIUSHUSA 1e0uTa cKBaKuHbI Ha KBY
MIOKAa3aJIM, YTO CHIDKEHUE Pacxoja MPUBOAUT K Jorapudpmudeckomy cHkenrnto KBY. Ilosbimienne nepenana
JaBJIeHUs B 2.5 pa3a IPUBOIUT K POCTY KOJIMIECTBA BEBIHOCUMBIX 4acTull B 1.2 - § pa3 B 3aBUCUMOCTH OT BPEMEHHI
paboThl CKBAKWHBI, YTO JOMOJHHUTEIHHO MOATBEPKIAET HEOOXOAUMOCTh MPOBEICHUSI TEXHOJIOTMYECKH 0e3-
OTIACHOTI'O dTara OCBOECHUS CKBAXKUHBI.

3. IlomyyeHHble pe3ynbTaThl NPOJEMOHCTPUPOBAIM HEOOXOAMMOCTH y4éTa HE TONBKO TE€OXUMHYECKUX
CBOMCTB FOpHOﬁ IOpOAbI 1 BO3MOKHOCTD IJIACTOBBIX (1)J'IIOI/IIIOB BBIHOCUTDB YaCTUILIBI IOPOAbI, HO, ITPEKC BCCTO,
TpeOyeTcst IpUHUMATh BO BHUMaHUe (PU3NKO-XHUMHUUeckre Gakropsl HackimenHocTr 11311 pasnuuabiMu ¢iron-
Jamu. Co3naHue IIEHOYHO-YACPKUBAEMBIX YACTHL] TOPHOU mOpos! mo3BosieT cokpatute KBY no 2.3 pasza B
3aBHCHUMOCTH OT BS3KOCTHU HC(I)TI/I.

4. IlpoBeneHHbBIE HCCIENOBAHMS MO U3YYEHHUIO (ha30BOTO COCTOSIHUSI MIOTOKA (COAEPIKAHUE BOJBI B TOTOKE
MeHsI0ch 0T 10 10 90%) mokasanu, 4To BoJa He HHTCHCU(PULIUPYET MPOLIECC MECKONPOSBICHUSL.

5. Pe3ynpTaThl aHAIMTUYECKUX PACUETOB U J1a0OPATOPHBIX SKCIEPUMEHTOB MOKA3aJIM, YTO JONOIHUTEIb-
HBIH YUYET (PU3UKO-XMMUYECKOTO (haKTopa MO3BOJISAET HAJEKHO POTHO3UPOBATh FEOMEXaHHYECKOE COCTOSTHHE
1311 1 tocTOBEPHO pacCUUTHIBATEL BPEMsI HA4allo MECKONPOSBICHUS.
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TEXHOJIOT' M YIIPABJIEHUA NIECKOIPOSIBJIEHAEM IIPA PASPABOTKE HE®TSAHBIX MECTOPOXKIEHUIA
CO CIABOCIHEMEHTUPOBAHHBIMU KOJUVIEKTOPAMUA

Tanaubixul /1.C., 'puropseB M.B.
@I'EOY BO «Canxm-Ilemepbypeckuii copnwiii ynusepcumemy: Tananykhin DS@pers.spmi.ru

Pesrome. PazpaboTka HEPTIHBIX MECTOPOXKACHHH CO CIa00CIEMEHTHPOBAHHBIMH KOJUISKTOPAMH YacTO COMPOBOXKIAETCS HEKOH-
TPOJIMPYEMBIM Pa3pyIICHUEM MPU3aii0OHO# 30HBI IIACTA C MOCICIYIOIIHNM BHIHOCOM TBEPBIX B3BEIICHHBIX YACTHUIl B CTBOJI CKBa-
JKHUHBL. AKTYabHOCTH pabOThI CBSI3aHA C TEM, YTO TPAJUIIUOHHBIE METOIBI GOPHOBI C MECKOMPOSIBICHHEM, BKIIIOUAIOIIHE B Ce0sl ycTa-
HOBKY (DHIIBTPOB, CO3JaHUE PA3HOTO POJA HKPAHOB, B TOM UHCIIE XUMHIECKHX, N3MEHEHUE KOHCTPYKIMU CKBaXXHMHBI U T.J[. HEIOCTA-
TOYHO 3()(peKTUBHEL. HeocTrmkeHne MpOoeKTHBIX IoKa3aTeel CBA3aHO CO 3HAUYUTEbHBIM CHIDKEHHEM ITPOTYKTHBHOCTH CKBaXKHH H3-
3a pa3pyuieHus kosuekropa. CoryiacHo co3ianHoi aBTopoM nporpammsl IBM Ne 2020611693 nonycrumas nenpeccusi COCTaBIIseT B
psine ciaydaeB He Oosee 0.15 MITa. OcHoBHOI npeeil moaxoa siBisieTcst oOecrieyeHne Hay4HO-000CHOBaHHOM KOHTPOJIMPYEMOH 10-
ObIuM MecKa, a TAKKe YIPaBICHHE Pa3InuHbIMHU MTapaMeTPaMH JKHIKOCTH, CKBOKHHBI M [UIACTA C IIENBI0 BIHSHUS Ha MPOLECC MECKO-
MPOSIBIICHHS U TOAAEPKaHHE MPHU3a00NWHOI 30HBI IJIACTa B TEOMEXaHUYECKH CTAOMIBHOM COCTOSIHUHM. B pe3ynbrare MpoBeIeHHBIX
HCCIICIOBAHUI YCTAHOBIICHO, YTO BOO- M FA30HACKIIIEHHOCTH MOPO/IBI PA3HOHATIPABICHHO BIHSIOT HA MPOLECC MECKOMPOSBICHUS, a
TaK)Ke YCTAHOBIICHBI 3aBUCUMOCTH KaK KOJIMYECTBA, TAK U TPAHYJIOMETPHIECKOT0 COCTaBa BEIHECCHHBIX YACTHUII OT [IEPera/ia AaBICHHUS
1 HACHIIIEHHOCTH TOPOJIbL.

Knrouesvie cnosa: npouzeoocmeo necka, 1abopamophvie IKCNEPUMeHmbl, HACblujeHue pe3epsyapa, HeKOHCOTUOUPOBAHHbII pe-
3epeyap, epanyiomMempuieckuli cocmag

163



R.A.Umurzakov et al. | ANAS Transactions, Earth Sciences, Special Issue / 2023, 164-167; DOI: 10.33677/ggianasconf20230300040

ANAS Transactions Earth Sciences Special Issue /2023

http://www journalesgia.com

METOANKA 1 OTAEABHBIE PE3Y AbTATBI PAHI'OBOI'O
INTAAEOTEKTOHNYECKOI'O AHA/MN3A ITPU BBIAEAEHUN 30H
HEDTETA30HAKOIIAEHUN B IIAAT®OPMEHHO OBAACTHU

HA IITPMUMEPE BYXAPO-XMBMHCKOI'O PETTIOHA

Ymypsakos P.A.}, Pa66umkyaos C.A.2, Axmeaos X.P.3, Typaes IILA.
ITawkenmcexuil 2ocydapcmeenolil MmexHuveckutl yHusepcumen,
Vsoexucmar: umrah@mail.ru, umruzokb4@gmail.com
2Mnemumym zeorozun u paseedku HepmaHoLX U 2a306b1X Mecmopoxdenuti, YI'H, Y3bexucman
SKapwumckuii unxerepHo-aKoHomudeckuii uncmumym, Ysbexucman

METHODOLOGY AND INDIVIDUAL RESULTS OF RANK PALEOTECTONIC ANALYSIS
IN THE IDENTIFICATION OF OIL AND GAS ACCUMULATION ZONES IN THE PLATFORM REGION
USING THE EXAMPLE OF THE BUKHARO-KHIVA REGION

Umurzakov R.A.!, Rabbimkulov S.A.2, Akhmedov Kh.R.?, Turaev Sh.A.!

!Tashkent State Technical University, Uzbekistan: umrah@mail.ru, umruzok54@gmail.com

°The Institute of Geology and Exploration of Oil and Gas Fields, University of Geological Sciences, Uzbekistan
3Karshinsky Engineering and Economic Institute, Uzbekistan

Summary. A study of the use of paleotectonic analysis to determine the age of oil and gas trap
structures is provided. It was noted that all previous paleotectonic studies were performed with data
superimposed on each other related to factors of different scope and genesis, without taking into
account the influence of their different rank components. This circumstance does not provide suffi-
cient information about real processes. Therefore, the need to use the developed method of rank
paleotectonic analysis is justified, the methodological basis of which is based on ideas about the
system tectodynamic model of the tectonosphere. Maps of isopachites of tectonic movements of
three ranks were built for five time intervals of Mesozoic-Cenozoic history: Early-Middle Jurassic,
Late Jurassic, Cretaceous, Paleogene and Neogene-Quaternary. Seven categories of oil and gas ac-
cumulation zones are identified, differing in paleotectonic indicators.

Keywords: paleotectonic
analysis, methodology,
rank approach, oil and gas
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Beenenue

[Tpu n3yuennn ycioBuii GopMUpOBaHUS JIOBYILEK U 3aiekell He(hTH U ra3a HanboJblllee 3HAYCHNE TIPH-
JnaéTcsl PONM MajJeOTEeKTOHUYECKOTO aHalu3a. JleTanbHoe omucaHue pa3iuyHbIX acIeKTOB Male0TeKTOHUYE-
cKoro aHanmsa ObpuI0 BhIMONHEHO B.B.benoycoBsiM, M.S.PyakeBuuem, K.A.Mamxkosuuem, B.b.Hefimanom,
H.N. Boponunsv, B.M. Myxunbsim, A.T. Konotyxunasim, U.X. Xanucmaroseim, A.X.Hyrmanosem u ap. Ila-
JICOTEKTOHMYECKHE HCCIIEOBAHUS TPOBOJMIIUCH HAPSLY C PACCMOTPEHHEM CTPYKTYPHO-TEKTOHHMYECKHX TO-
KazaTeleil, KOTOpble OIpPeeIsiIn OCOOCHHOCTH pacIipeieieHns 3anexeil HedTu u raza. OTMEYeHHBIMH BEIIIIS
aBropamu u Briocnencteuu A.X. Hyrmanosem (2010) ObUTO yCTaHOBJICHO, UTO TIpH (POPMHUPOBAHUU CTPYKTYP
JIOBYIIIEK HEMaJIOBaYKHOE 3HAUEHHE HMEIOT Najieoreorpaduieckne, TeOXMMUYIECKHE YCIOBUS, a TaKke (pakrop
BpeMeHH. B HacTosIee Bpemsl JaHHbIE TAJIE0TEKTOHNYECKOTO aHATN3a HCIIONIB3YIOTCS IS BBISIBICHUS 3aK0-
HOMEPHOCTEH T€0JIOTHYECKOTO CTPOSHUS, HA OCHOBE KOTOPBIX OCYIIECTBISIETCS POTHO3UPOBAHKE PA3BUTHUS
JIOBYIIEK He()TH W raza pa3IMYHOTO THIIA B TEPPUTEHHBIX M KapOOHATHHIX oTiokeHHsx (A.X.HyrmaHos,
b.1.XoxueB). OgHako clieAyeT OTMETHTD, YTO BCE MPEAbIAYIINE NaleOTeKTOHMYECKHIE HCCIIEA0BAHMUS BBITIOJI-
HEHBI HA OCHOBE MHTEP(EPEHIIMOHHON KapTHHBI IBIKEHUH U JeopMalnii ¢ HAIOXKEHHBIMHA JPYTy HA JpyTa
JAHHBIMH, CBSI3aHHBIMHU C Pa3JIMYHBIMHE IO MaciuTaly oxBara ¥ reHe3uca GpakTopaMu, 0e3 yuéra BIMSHUS X
Pa3HOPAHTOBBIX COCTABIAIONINX. DTO 0OCTOATEILCTBO HE MO3BOJISIET B JOCTATOYHON Mepe MOTyYUTh HHPOP-
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MaIMIO O peanbHBIX mporeccax. [loaToMy Hamu Oblia pa3paboTaHa METOUKA PAHTOBOTO HMCTOPUKO-CTPYK-
TypHOTO (WJIH TTaJIe0TeKTOHNYIECKOT0) aHam3a (YMyp3akos, 2008), METOI0IOTHYECKYIO OCHOBY KOTOPOH CO-
CTaBJISIOT MPEJCTABJICHUS O CUCTEMHOMN MOJICIIN TEKTOHOC(]EPHI, T/Ie B KAa4eCTBE OCHOBHBIX 3JICMEHTOB MPE/I-
CTaBJICHBI TEKTOIMHAMHYECKHE CUCTEMBI pa3Hbix paHroB (Hukomnaes, 1992).

MeTton (u/uam Teopust)

TexToarHaMHYECKas CUCTEMA MPEACTaBIAET COO0H MOETh B3aUMOACHCTBHSA TEKTOHUIECKUX IBMYKEHHMH,
nedopMaIyii ¥ TEKTOHUIECKUX HATPSDHKEHHI B OTIPENEIEHHON Te0IOTHYECKON cpeie, XapaKTepu3yeMo 11e-
JIOCTHBIMHU cBoMicTBamu (Hukoiaes, 1992). JleficTByromye B 3eMHOM KOpe HAITPSHKCHISI OTIPECIISIOT XapaKTep
1 0COOGHHOCTH BO3HUKaromMX Aedopmanuii. Ha ocHOBe M3ydeHUs 3aBUCMOCTEH pacipeaesieHusl paccTos-
HUW MEXAY Pa3pbIBHBIMU HAPYIICHUSIMU OT UX JUIMHBI, a TAKXKE PACCTOSHUN MEXAy Ouaramu 3eMJIETPSCEHUI
OT MIX DHEPTETHYECKOT0 TIOKa3aTelNsl ObIIN yCTAaHOBIIEHBI MACINTAOHBIEC TIOKA3aTENH TeKTOJMHAMUYECKUX CH-
cTeM s TeppuTopuu 3anagHoil yactu Tanp-llans u npuneraromux paitoHoB TypaHckoit mntel (YMyp3a-
KoB, 2008). C yuéToM 3THX MacIITaOHBIX [TOKa3aTeNel OCyIIeCTBISIETCS BBIOOP Pa3MepOB MajleTOK UK «OKO-
LIEK OCPEIHEHUS» UCXOAHBIX JAHHBIX B COOTBETCTBUU C pa3MepaMu «HEOJHOPOAHOCTEI», YTO MO3BOJSET
BBISIBUTH OCOOCHHOCTH PAHTOBBIX COCTAaBIISTIONIMX TEKTOHHYECKHX ABIKEHUH U nedopmarmii. Bmecte ¢ Tem
CIIEAyeT YUYUTHIBATh U (PaKTOp BPEMEHH: TEKTOIMHAMHUYECKHUE CHUCTEMBbI HM3IIMX PAHTOB JACHCTBYIOT IJIHU-
TEJBHO, OXBATHIBAOT OOJBINNE 00BEMBI 3eMHOI KOPBI; 00Jiee BRICOKUX PAHTOB — MPOSBISIOTCS KPaTKOBpPE-
MEHHO, OXBaTBIBAIOT JIOKAJIbHBIE 00BEMBI 3eMHOM KOpBl. OHH BCE MPOSIBIIOTCSA B T€OJIOTUYECKONH UCTOPHUU
PUTMUYHO, UMEIOT KOHKPETHYIO T€OXPOHOJIIOTHUECKYIO PUBSI3KY (YMyp3akos, 2023). Orciona ciueayer, 9To
MIPU U3YUECHUHU UCTOPUH TEOJIOTUIECKOT0 Pa3BUTHUS PETHOHOB, HEOOXOANMO NPOBOAMTE MATEOTEKTOHNIECKUI
aHaJIM3 [0 Ka)KJOW paHTOBOM COCTABJISIOLIEH OTAEIBHO. IMEHHO TaKOW MOAXO IBJSETCS FEHETUUECKUM, YUU-
TBHIBAIOIIMM pa3HOOOpa3ue NeHCTBYIOMUX (aKTOpOB, BIUSIONINX Ha (POPMHUPOBAHUS T€OJIOTHIECKUX CTPYK-
Typ. Hns teppuropun byxapo-XUBHHCKOTO PErroHa MO XapaKTepy MPOSIBICHUS TEKTOHUYECKUX PEKHUMOB
OBLIO BBIZENIEHO TPU KPYIMHEHUITNX pUTMA IIEPBOTO paHTa (HadaibHbIE (ha3bl KOTOPBIX COOTBETCTBYIOT: Tep-
BOTO — MPEJIIOIOKUTENHFHO TIEPMO-TPHACY; BTOPOTO — KOHILY KeJutoBel-okc(hopaa — Hadamy KAMMEPUK-TH-
TOHA MO3THEH I0PbI, TPETHET0 — Haualy onuroneHa). Kasxaplit u3 3THX puTMOB BKIIIOYAET «aKTUBHYIO» U «IIac-
cUBHYI0» (a3sl. Beero BeineneHo math (a3 (paHHe-cpeTHEIOPCKHUA, TO3AHEIOPCKHUI, MEJIOBOH, TaJIeOreHOBBIH
Y HEOTeH-YETBEPTHUIHBIN), JJIs1 KOTOPHIX OB BBHIIIOJIHEH aHATN3 MOITHOCTEH. B KauecTBe MCXOMHBIX JaHHBIX
UCIIOJIb30BAHbI CKBKWHHBIC MaTepHaibl U (pparMeHThl KapT W30IMAaXHT, cocTaBieHHble A.X.HyrMaHOBBIM 1
ap., (2010). J171st pa3noKeHus: HCXOTHON KapThl H30MAaXHUT METOJOM «CKOJB3SIIET0 OKHa) C BRIOPaHHBIMH pa3-
mepamu okoH (10x10 xkm; 25x25 km; 95%95 kM) BBITIOTHEH pacy€T CpEeAHUX 3HAYSHH MOITHOCTeH. Makcu-
MaJbHBIN (TpeTHil) pa3Mep «OKHa OCPEIHEHH MO3BOJISIET BBIIBUTH PETHOHATBHBIE OCOOEHHOCTH, COOTBET-
CTBYIOIIME HH3IIEMY (YCIIOBHO MEPBOMY) PaHTy AJsl JaHHOTO Maciitaba mccienoBaHuil. B mocnemyromem
BBITIONHSIETCS TPOIlelypa BRIYUTAHUS HAJOKEHHBIX JeOpMaIlHii: U3 JaHHBIX 110 BTOPOMY «OKHY» BBIYUTA-
FOTCSI JaHHBIE TPETHETO, U U3 MIEPBOTO — BTOPOr'O U MOJYYAIOT COOTBETCTBEHHO BTOPYIO U TPETHIO PAHIOBBIE
cocrapistome. B nanbHelieM npoBOIUTCS aHANIN3 U3MEHEHUS! pUCYHKA CTPYKTYPHOTO IjlaHa B OTMEYEH-
HBIX (ha3ax TeKTOHUYECKHX JABMKEHUH U AeopManuii OTAEIBHO MO KXKAOH PAHTOBOM COCTAaBIISIFOIICH C TO-
CTPOEHUEM H30IMaXUUYECKOTO TPEYTOJIbHUKA.

OO0cykaeHue pe3yJbTaTOB

s anpobanyy METOAMKY PAaHTOBOI'O MaJICOTEKTOHMUYECKOTO aHali3a BeIOpaHa LeHTpalibHas JyacTh by-
xapo-XWBHUHCKOTO perroHa. [lomxyden koMiiekc kapTorpaduaeckux MaTepraioB M BBITIOJIHEH aHAIU3 UCTO-
PUH pa3BUTHUSA CTPYKTYPHBIX PUCYHKOB Ka)KJOW PaHTOBOI COCTaBISIOLIEH C OLIEHKOI BO3pacTa 3aJ0XeHMS.
Ha yposne nepBoro panra Ha ()oHe 0011ero OIyCKaHuUs B paHHE-CpeAHEH U MOo3AHEH 10pe U B MEJIOBOE BpeMs,
B [1aJIEOT€HOBOE BPEMsI OTMEUCHO PE3KOE U3MEHEHUE OPUEHTUPOBKH CTPYKTYPbI HOJHATHE-BIIAANHA C CEBEPO-
3arajgHoro Ha CyOMepHANOHAIEHOE, 3 B HEOT'€H-Y€TBEPTUYHOE BPeMs BOSHUKAET KPYITHOE MTOJHATHE CEBEPO-
BOCTOYHOM OPHEHTHUPOBKH C CyMMapHBIM pazMaxoM aMIuutyasl asmxeHuid 800-1000 metpos. OanHako 31a
CTPYKTypa HE HalllJIa CBOET0 OTPAKEHHs B Oosee IIyOOKHMX MOPU30HTAaX HU)KHE-CPEeIHEH W BEpXHEH IOpbI,
MeJa, 9YTO MOXKET OBITh CBSI3aHO C OOJIBIION aMITIIUTYAOH IOPCKUX M MEJIOBBIX OITyCKaHWHA, ¥ MPH OCPETHEHUN
Ha YpOBHE IEPBOT0 paHra OHU He ObUIM BhIABICHBI. Ha ypoBHE BTOporo panra otmedeH auddepeHnuponan-
HBIH XapakTep pacupeAesIeHus HOOHATUI 1 BOaIuH, Kaxkaas (aza xapakTepu3yeTcsi CBOe0Opa3HbIM CTPYKTYP-
HBIM TUTaHOM. BMecTe ¢ TeM B Ooiee mo3aHue (a3l HAOIIOAaeTC YaCTUYHOE H3MEHEHNE CTPYKTYPHOTO TUIaHa
¢ nosiBJiecHUeM J[eHTM3KyJIbCKOUM 30HBI MOJAHATHH. B MenoBoe BpeMst HaOI01aI0Ch PacIIMPEHUE 30HBI Oy C-
KaHUil IpH coxpaHeHnH e€ o0IIell OpHeHTallH, U JIUILb B MAJIEOreHe HabmoaaeTcs nepepadoTka CTPyKTyp-
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Horo miaHa ¢ opmupoBanuem Karanckoro, Mybapekckoro, ['a3nuiickoro nogHsaTui, pa3aenéHHbIX BIaad-
HamH, a Takxe Kynrakcko-KaHpIMCKOM 30HbI TOJHATHA, KOTOPasi yCUJIMIIACH B HEOT€H-UYE€TBEPTUUHOE BPEMS.
Ha ypoBHe TpeTbero panra BO3HUKIINE B HUKHE-CPETHEIOPCKOE BpeMs JIOKAJIbHBIE CTPYKTYPbI COXPAHSIOT, C
HEeOOJBIINM HCKIIIOUEHHEM, CBOM TOJIOXKEHHsI B TIO3JJHEH IOpe W YaCTUYHO — B MEJIOBOE BpeMs. V3MeHeHue
PUCYHKa CTPYKTYpHOTO TIJIaHA B OCHOBHOM HaOIFOJaeTCs B MMaJEOT€HOBOE M HEOTE€H-UYETBEPTUIHOE BPEMSL.
Bwmecre ¢ ceBepo-3amaiHbIMA TOSBISIOTCS 30HBI JJOKAJIBHBIX MTOIHATHI CEBEPO-BOCTOUYHOTO U CYyOIINPOTHOTO
MIpOCTUpaHuil. B TeppUreHHbIX HUKHE-CPETHEIOPCKUX OTJIOKEHUAX OTMEUEHBl aHTUKINHAIIBHBIE CTPYKTYPBI
TPEThEero paHra, chopMUPOBAHHBIE HA PA3IUYHBIX Pa3zax MZ-KZ nedhopmaruii, 4To MO3BOIHIIO BEIACITUTH TPU
THUIIA IUIOUIA/ICH: K IEPBOMY TUITY OTHECEHBI IUIOLIAAN CTPYKTYP paHHE-CPEIHEIOPCKOIO BPEMEHU 3a10KEHUS
U «YHacJIeZJOBAaHHOTO JUIMTEIHHOIO MPEPHIBUCTOrO Pa3BUTHS» B TeueHue Bcero MZ-KZ; ko BTopoMy THUILY
OTHECEHBI TUIOMAAN, XapaKTEPU3YIOIIHNECS paHHE-CPEAHCIOPCKUM BPEMEHEM 3aJI0KEHUS JIOKAIBHBIX CTPYK-
Typ TPETHErO paHra U MOCIEAYIOIIEr0 YHACIEIOBAHHOTO NPEPHIBUCTOrO Pa3BUTHS B MEPUOJ 10 Hadaja Ia-
JIeoTeHa; K TPeThbeMy TUITy OTHECEHBI IJIOLIa/H, Te JIOKAJbHBIE CTPYKTYPHl TPETHETO paHTa B Mpereniax
HUKHE-CPETHEN I0pbl XapaKTepU3yl0TCsa HEOr€H-4eTBEPTUYHBIM BO3pacToM 3anoxkeHus. [lomumo storo, co-
CTaBJICHA KApTa-CXE€Ma HAJIOKECHMS IUIOLAACH MpPOSBICHUS JIOKAJbHBIX CTPYKTYP TPETHETO paHra Mo BCEM
Ty (hazaM Me30301CKO-KaiHO30MCKHX ABMKEHUH (PUCYHOK), Ha KOTOPOH BBIJENIEHBI IJIOMIAIN C Pa3IHYHBIM
XapaKkTepoM Mal€OTEKTOHUUYECKOT0 Pa3BUTHUS: YHACIEJOBAHHOTO MPEPHIBUCTOTO Pa3BUTUS B TEUEHHE BCETO
MZ-KZ, vcnipITaBIIvX MEPeCTPOrKY B mocieayromnue ¢hasbl AeGopMannii, HaJI0KEHHBIX B HEOT€H-UETBEPTHY-
HOE BpeMsl.

Hagon

TyQakyne

IInomann pa3aMYHON MANCOTEKTOHHMYECKON UCTOPUH (HOPMHPOBAHHS JIOKAIb-
HBIX CTPYKTYp TPETBErO paHra, 3aJI0KCHHBIX B PasHbIX (hazax Me3030U-KaifHO-
30MCKUX JIBXKEHHIA: 1 - paHHE-CPEIHEIOPCKOM, 2 - O3 JHEIOPCKOH, 3 - MEJIOBOI,
4 - maneoreHoOBOH, 5 - HEOreH-4eTBepTUYHOH. MecTopoxkaenust YB: 6 - Hedrs-
HbIC, 7 - HeTera3oBsie, 8 - He(Tera3o0KOHACHCATHBIC, 9 - ra3oBbie, 10 - ra3oko-
HAeHcaTHbIe, 11 - OTAeNbHBIE MIOMAAN OTCYTCTBHUS JIOKAJIBHBIX aHTHKINHAIb-
HBIX CTPYKTYp TPETHETO PaHTa

Ha ocHOBe 3THX TaHHBIX BBIICICHBI 30HBI HE(DTETa30HAKOTUICHHS, B KOTOPBIX HAOIIOIaeTCsl TPYIITUPOBa-
HHE MECTOpOXAeHUN YB Ha mmomaasx, OTJIMYaroUIMXCsl BO3PAacTOM 3aJI0KEHUS M YHACJIEAOBAaHHOCTHIO, a
TaK)Ke MePECTPOUKON U MOSBICHNEM HOBBIX DIIEMEHTOB (CM. pHCYHOK). [1o XapakTepy cOOTHOIIEHUS MOKa3a-
TeJIei Bce 30HBI pa30MTHI HAa 7 KaTteropuit. B mpenenax uccneayeMoit vactu byxapckoi cTyIeHU BBIIEIECHO 7
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30H, B Yapmkoyckoi — 12 30H HedrerazoHakoruieHUs.. AHAIN3 pacnpeeseHus 3anexeid ¥YB B 30Hax ¢ pas-
JIMYHBIM BO3pacTOM (POPMUPOBAHNUS AHTUKJINHAIIBHBIX CTPYKTYP-JIOBYIIEK [TOKAa3bIBAET, UTO 3aJIEKU BCTpEya-
IOTCSI HE TOJIBKO B CTPYKTYpax APEBHETO 3aJI0KEHUsI, HO U TaeoreH-HeoreH-ueTBEpTHYHOTO Bo3pacTa (op-
MupoBanus. [Ipu 3TomM HabIrOAaeTCA NPENMYILECTBEHHOE paclpeieieHIe Ta30KOHIeHCATHBIX 3aJIekel B 60-
Jiee MOJIOZBIX AHTUKIMHAJIBHBIX CTPYKTYpax HEOr€H-4eTBEPTUYHOIO 3aJI0KEHUSI B KApOOHATHOW MO3AHEIOP-
CKOH TOJIIIE (CM. PHCYHOK).

BriBoabI

Takum 00pa3oM, paHTOBBIA MAIEOTEKTOHNIECCKUI aHAIN3 TTO3BOJIIII BRISIBUTH OCOOCHHOCTH T'eOJIOTHYE-
CKOT'0 Pa3BUTHS PAHTOBBIX COCTABJISIOMIMX TEKTOHMUYECKUX IBUKEHUW LIEHTpajJbHOU YacTu byxapo-XuBUH-
ckoro peruoHa. [lo BpemeHu GpopMHpOBaHUS W HAJOKEHUS CTPYKTYPHBIX IUIAHOB TPETHETO PaHra Mo BCEM
ATy (hazaM Me3030s-KaifHO30s1 BBIZIENIEHBI CEMb KaTeroOprii 30H He(pTera3oHaKkoIuIeHns. B 30HaX HaIOKeHHUS
Pa3HOBO3PACTHBIX CTPYKTYP U UX YHACIEJOBAHHOI'O PAa3BUTHS MECTOPOKAEHUS, KaK TPaBUIIO0, UMEIOT MHOIO-
SIPYCHBIN XapakTep, YTO OOBSICHACTCS MaCOTEKTOHHYECKUMU 0COOEHHOCTAMU paspe3a. Ha Gonbiieit yactu
TEPPUTOPUH, T]I€ JIOKATbHbIE aHTUKINHAIBHBIE CTPYKTYPhI TPETHETO PAHTa HE BBISIBIEHBI, MOTYT UMETh MECTO
CTPYKTYpPHBIC JIEMEHTHI 00JIee€ BHICOKAX PAHTOB, K KOTOPBHIM IMPUYPOYCHBI TPYIIIHI M3 HECKOIBKUX WITH OJTU-
HOYHBIC MECTOPOXKACHUs. JIOBYIIIKaMU 3TOH YaCTH MOTYT OBITh HE TOJBKO MEJIKHUE aHTHKJIMHAIN, HO U HEaH-
TUKJIMHAJIBHOTO, JINTOJIOTMYECKU U TEKTOHUYECKH YKPaHUPOBAHHOTO TUIOB. I1o pe3ynapTaTam uccnenoBaHui
BBIZTAaHBI PEKOMEHIAITIH BBITOTHEHIS TIONCKOBBIX padoT.
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P BEIAEJEHNM 30H HE®GTET A3OHAKOILUIEHU B INIAT®OPMEHHOM OBJACTH
HA NIPUMEPE BYXAPO-XUBUHCKOI'O PETHOHA
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Pesztome. IlpuBonutcs uccnen0BaHue NPUMEHEHUS NAJICOTEKTOHUYECKOrO aHalu3a I OIpE/esICHHs BO3pacTa CTPyKTyp-JIOBY-
ek He(TH ¥ raza. OTMEYeHO, YTO BCE IPEIbIIyIINe NaJeOTeKTOHNYECKHE UCCIICIOBAHNS BBIIIOJHEHB! C HATOXKEHHBIMU IPYTy Ha
Jpyra JaHHBIMH, CBSI3aHHBIMH C Pa3IMYHBIMU [0 MaciuTaby OxBara M reHesuca Gpakropamu, 6e3 yuéra BIUSHUS X Pa3HOPAHTOBBIX
COCTaBIISIONIUX. DTO 00CTOATENLCTBO HE MO3BOIISIET B IOCTATOYHON Mepe MOMy4nTh HHHOPMALUIO O peanbHbIX npoueccax. [Toaromy
000CHOBBIBaETCSI HEOOXOIMMOCTb MIPUMEHEHHSI pa3pabOTaHHOH METOMUKH PAHTOBOTO MAJICOTEKTOHUYIECKOTO aHAIIN3a, METOJO0JIOTH-
YECKyI0 OCHOBY KOTOPOH COCTaBIISIFOT NIPEACTABICHHS O CHCTEMHOHN TeKTOJMHAMUYECKOH MO/IeN TeKTOHOC(Eephl. ITocTpoeHsI KapTh
M30TIaXHUT TeKTOHUYECKHX ABIDKCHUH TPEX PAHTOB JUIA IISATH BPEMEHHBIX HHTEPBAJIOB ME3030HCKO-KalfHO30CKOH MCTOPHH: paHHe-
CpPEeAHEIOPCKOM, TTO3AHEIOPCKOH, MEJIOBOH, AJICOTeHOBOH M HEOTCH-USTBEPTHIHON. BrIienieHbl ceMb KaTeropuii 30H He)Tera3oHaKoI-
JICHUS, OTJINYAIOIUECs 1aJe0TEKTOHNYECKUMY II0Ka3aTEesIMU.

Kniouesnie cnosa: naneomexmonuueckuii ananus, MemoouKd, panzogulil no0xoo, Hepmo u a3
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THE ROLE OF THE BUKHARO-KHIVA REGION IN THE STATE OF
THE HYDROCARBON POTENTIAL OF THE REPUBLIC OF UZBEKISTAN

Bogdanov A.N., Qarshiev O.A., Khmirov P.V.
State Institution «Institute of Geology and Exploration of Oil and Gas Deposits», Republic of Uzbekistan
64, Olimlar str., Tashkent, 100164: bogdalex7@yandex.ru

Summary. The article presents a brief overview of the development of the oil and gas potential
of the Bukharo-Khiva region over the entire period of exploration for oil and gas, information on the
state and growth of reserves, annual and cumulative production of hydrocarbons. The Bukhara-
Khiva oil and gas region is the leader in the Republic of Uzbekistan in terms of the number of
discovered fields, initial reserves, indicators of annual and cumulative hydrocarbon production. One
of the most striking factors influencing this state of affairs is the fact that 4 unique hydrocarbon
deposits have been discovered in the region. Currently, within the Bukhara-Khiva region 514 oil and
gas deposits have been identified, which are concentrated in 203 hydrocarbon deposits in the strati-
graphic range from the Lower-Middle Jurassic to the Upper Cretaceous inclusive, the predominant
amount of which contains free gas. The main stratigraphic range of the region containing hydrocar-
bon reserves is the Middle-Upper Jurassic carbonate deposits, which account for up to 82.4% of the
initial reserves and 78.5% of the cumulative production of the region. The authors noted that the
depletion of the main, unique deposits of the region is at a fairly high level, however, these deposits
still provide more than a third of the annual production of the Bukhara-Khiva region. It also indicates
a significant share in the structure of the raw material base of large deposits. Based on the results of
the analysis, it was determined that, in aggregate, for unique and large deposits, the share of initial
reserves is 82.7%, annual production — 81.7%, cumulative production — 92.1% of the total for the
region.
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Beenenne

B 1953 rony ¢ otkpeiTeM Mectopoxaeamii CetamanTene u Tamkyayk B mpezenax byxapo-XuBHHCKOTO
peruona (BXP) Obina moka3aHa ero MpOMBIIIIEHHAs Ta30HOCHOCTh M OTKPBITA HOBAas CTPAHUIA B UCTOPUU
CTaHOBIIEHHsI HeTera3oBoi oTpaciu PecnyOonuku Y3oekucran (bornanos, Xmeipos, 2021). Uepes 3 rona, B
1956 roxy, BBISBISETCS HEPTETA30KOHIEHCATHOE MECTOPOXKIeHUE ['a31i, YTO MO3BOIISIET OTHECTH PETHOH K
KaTeropuu He(pTera30HOCHBIX, & CAMO MECTOPOXKICHNE CTAHOBUTCS TIEPBBHIM YHUKAJIBHBIM I10 3aracaM yriie-
BogopoaHoro (YB) ceipbst Mectopoknenuem Coserckoro Corosza (Aoaymuiaes u ap., 2022). Beop ero B 3kc-
ryatarnuio B 1962 roay mo3Bosmi pecnyOirKe CyIIeCTBEHHO HapacTUTh 00BeMBI JOOBIYU CBOOOIHOTO Tra3a
110 9.2 mapa. M B 1964 roxy (u3 xotopsix 91.3% npuxoaunocs Ha Mectopoxkaenue ['asnm). C 3Toro MomeHra
BXP cranoBuTCs (hrarMaHoM yIIeBOJOPOAHO-CHIPHEBOI 0a3bl peCcIyOIMKH U HECMEHHBIM JILAEPOM 10 00be-
MaM eXeroHoi 1o0bran HedTH U ra3a (Aomymnaes u ap., 2019 a,0).

MartepuaJbl 1 METOABI

B ocHOBY nccnenoBaHuil moyokeH KOMIUIEKCHBIM aHaIN3 O IPUPOCTE, COCTOSHUM U ABM)KEHUH 3aI1acoB
MIPOMBINIUICHHBIX KaTETOPHA, ©KETOHOM 1 HAKOTIIEHHOH N00br4au Y B-cbipbs BXP. cTOYHUKOM TaHHBIX CITy-
xui popMbl ['ocyrapcTBEHHOM CTaTUCTUIECKOM 0T4eTHOCTH — ['0CyIapcTBeHHbIE OaaHChI TOJIE3HBIX UCKO-
naembIx PecrryOnuku Y30ekucTaH.
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PesyabTatel u 00cyxnenne

MupoBas ucTopus pa3pabOTKH MECTOPOKICHUH HEPTH U Ta3a MOKa3bIBACT, YTO OCHOBHOMN 00beM TOOBIIH
MIPUXOTUTCS HA YHUKAIbHBIE U KPYIIHBIE TIO BEIMYMHE 3a11acoB MeCTOpokKAeHud. 110 JaHHOMY MOKa3aTemnro
PecnyOnuka Y30ekucran He uckmouyenue. M3 296 mectopoxkaeHui yriieBOJOPOAOB C CYMMAapHBIMH Hadaib-
HBIMH 3aI1acaMU ITPOMBIIUIEHHBIX KaTETOPHid B 00beMe 5.73 MITH. T.y.T Ha IOJIF0 YHUKATBHBIX MECTOPOKACHUN
(4 enuuunIel) mpuxomuTes 36.4%, Ha MO0 KPYITHBIX MecTOpokaeHu (27 equnui) — 44.1%, Ha moimto cpe-
HUX 110 3amacam MectopoxaeHuii (31 equanna) — 9.0% 1 Ha OO MEIIKHX MECTOPOXIeHUH (234 eaMHUIIbI)
—10.4%. To ecTb B yHUKaJIBbHBIX M KPYITHBIX MECTOPOKIACHHUAX COBOKYITHO cocpeioToueHO 80.5% HavambHBIX
3anacoB Y B npoMblIluieHHbIX KaTeropuil. Takas cuTyanus paclipoCTpaHsIeTCs U Ha IoKa3aTesd HAaKOTUIEHHOU
no0brn YB. Ha moimo yHUKanbHBIX M KPYIMHBIX MECTOPOKICHHH CyMMapHO mpuxoautcs 85.9% ot Hakor-
JeHHo! 100bun Y B pecnyOnuky 3a BeCh Mepro] SKCIUTyaTaliH.

BXP sBnsieTcst He(hTera30HOCHBIM PETHOHOM, POMBIIIIICHHAS IPOAYKTUBHOCTh B KOTOPOM YCTaHOBJICHA
B TEPPUTCHHBIX OTIOXKEHHUIX HHUKHE-CPEeIHEIOPCKOTO BO3PacTa, KapOOHATHBIX OTIOKEHUAX CpellHe-BepXHe-
IOPCKOTO BO3pacTa U TEPPUTEHHBIX OTIIOXKEHHUSX MenoBoro Bo3pacta (bormanos u np., 2022). IIpu sTom Ha
JOJTEI0 MEJIOBBIX TEPPUTEHHBIX OTIOXEHUH mpuxoautcs 16.4% oT HauaipHBIX 3amacoB Y B NpOMBINIIEHHBIX
KaTeTOPHiA, Ha JTOJF0 FOPCKHUX TEPPUTCHHBIX OTIIOKEeHHUHA — 1.2% 1 Ha OO FOPCKUX KapOOHATHBIX OTIOKEHUN
— 82.4%. AHanoruyHO KOJMYECTBY 3aIlacoB paclpeeiINCh U MOKa3aTeNl HaKoIeHHOH noobrun: 20.9%
MIPUXOJIUTCS Ha TEPPHUTESHHBIE OTIIOKEHHS MEIIOBOTo Bo3pacTa; 0.6% — Ha FOpCKHe TePPUTEHHBIE OTIOKEHUS
n 78.5% — Ha ropckue kKapOOHATHBIE OTIOKEHUS.

Ho 70-x romoB XX cronetusi Mectopoxacaust bXP umenn 3anexxu YB B OCHOBHOM B pa3pe3e MEIOBBIX
TEPPUICHHBIX OTIOKEHUH. OJHAaKO MO3IHEEe BCKPHITHUE B Psiie CKBaXMH HAa MECTOPOXKACHUX Ypradynak,
Oxnsrii [lamyk, Antad u Ap. 3HAYUTENHFHBIX MOIITHOCTEH KapOOHATHOW (hopMaIliy IO3BOJIMIIO CAENATh BEIBOT
0 HaJMYWU JIOBYIIEK pU(OBOTrO THIA, KOTOPBIE CO3/IAI0T YCIOBHS JJIS JIOKAIH3AIMKA B UX 00BEME 3armacoB
YIJIEBOIOPOJOB C BHICOKOHM KOHIIEHTpalMeH Ha eIMHHIly 00beMa. YKazaHHbIH (pakT uMen Oonplioe 3HaYeHHE
JUTS. KOHIIEHTPAIlUU T€0JI0rOpa3Be0YHBIX pa0oT IeIeHANPaBIeHHO Ha OPCKHUE KapOOHATHBIE OTIIOKeHUs. B
pesynbrate B cepeanHe 60-X TOMOB MPOIUIOTO CTOJETHA 00Iee KOJIMYECTBO BBIABIECHHBIX 3anexeil YB co-
cTaByisio 115 enuHUI, B TOM YHCIIE B pa3pe3e MEOBBIX OTIOXKEHUH — 58 eMHUI, B pa3pe3e IOPCKuX Kapoo-
HAaTHBIX OTNIOKEeHUHN — 48 equnui u 9 3anexeil YB — B I0pCKUX TEPPUTEHHBIX OTIOKEHUSAX.

B aTOT miepros OBIII0 OTKPHITO YHUKATHFHOE MECTOPOXKACHHE | 'a3/m ¢ HavalbHBIMU 3aracaMu Y B Ha TOT
Mepro/| B KoiuuecTBe 579.1 MIIH. T.y.T, KOTOPBIE B MOJIHOM 00beMe ObIIIM TPUYPOUEHBI K MEJIOBBIM TEPPUTCH-
HBIM OTJIO’KEHHSIM, YTO COCTABIIATIO COOTBETCTBEHHO 87.9% OT HavanbHBIX 3aacoB Y B MenoBbIX OTIOXKEHUN
BXP, 81.4% ot HauansHbIX 3amacoB bXP u 60.8% 0T HaganpHBIX 3an1acOB Y B MPOMBIIUIEHHEIX KaTETOpUI B
enoM PecriyOnukn Y30eKkucTaH.

AHaJoTHYHas CUTyalus CJIOXKHUIACh U B TOOBIYE YIIIEBOJOPOAHOrO ChIpba. Tak, B Hayane 60-x rogoB XX
CTOJIETHS TOAOBas TOOBIYA YTIIeBOAOPOAHOTO Chipbsi B BXP cocraBmnsuma 11.2 MitH. T.y.T, U3 KOTOPBIX 8.7 MIIH.
T.y.T (77.7%) npuxoamiocs Ha MecTopoxkaeHue I'azmu. Ho yxe B korne 60-x rogoB modsrda YB B BXP mo-
cturia 36.2 MITH. T.y.T, U3 KOTOPBIX 29.6 MiH. T.y.T (81.8%) — o T"azmm.

K 1967 rogy Ha 10710 MENOBBIX OTJIOKEHUN Ipuxoausaoch 84.7% OT cyMMapHBIX HayaJIbHBIX 3aI1acOB
YIJIEBOZOPOOB IIPOMBIIIJICHHBIX KaTETOPU PErHOHa, Ha IOJII0 I0PCKUX KapOOHATHBIX OTIOoXeHnuHd — 14.4%,
Ha JIOJIIO FOPCKUX TEPPUTECHHBIX OTI0KeHUM — 0.9%; 10J11 HAKOTUICHHOM 100bIYM Y B 13 MEOBBIX OTJIOKEHUH
cocrasisuia 87.9%, u3 10pcKUX KapOOHATHBIX oTioxeHuit — 12.1%; rogoBas nobwrua (1966 rox) — 73.4% u3
TEPPUTCHHBIX OTJIOXKEHUH MEIOBOrO BO3pacTa, 26.6% — u3 10pcKuX KapOOHATHBIX OTJIOKEHHH.

C pocToM 00bEMOB I'€0JI0rOpPa3BEAOYHBIX Pa0OT IIeJICHANPABICHHO Ha OPCKUE KapOOHATHBIC OTJIOKEHUS
k 1980 roay o01iiee KOJIMYECTBO 3alIexkei BO3pOCo 10 181 equHUIIbI, B TOM YUCIIE B MEJIOBBIX OTJIOKEHHUIX —
65, B FOpCKHUX KapOOHATHBIX OTIIOKEHUAX — 101, B FOPCKHUX TEPPUTEHHBIX OTIOXKEHMIX — 15. B 3T0T 3ke mepuos
B BXP BBIsSIBIICHO e1mie 3 YHUKAIBHBIX 110 3amacaM Y B MeCcTOpOKIeHUS, TOBES TEM CaMbIM HX KOJIMIECTBO HE
tosbko B BXP, HO u B 1ienom o PecnyOninke Y30ekuctaH 10 4 €IUHMIL. DTO CYIIECTBEHHO MOBJIMSIO Ha
COCTOSIHHE CHIphEeBOi Oa3bl yrieBonopoaoB bXP, Tak kak mons ux B o0memM o0beMe HaYalbHBIX 3aM1acOB YyT-
JIEBOJIOPOJIOB pernoHa coctaBmia 67.5%. [Ipu aToM moist romgoBoii 1o00brn Y B U3 yHHKAIIBHBIX MECTOPOKIE-
Huti (1980 rom) oT cymMMapHO# TOIOBOM JTOOBIYH IO PETHOHY cocTaBmiIa 63%, a oI HAKOTUICHHOH JOORIIH
—74.4%.

CrnenyrommM 1o 3HAYUMOCTH sIBJsieTcss GOHJ KPYHHBIX o 3anmacam Y B mecropoxaenuii. Ha 1980 rox
JIOJIEBOE YYaCTHE KPYITHBIX MECTOPOXKICHNUH B 00IIeM 00beMe HavallbHBIX 3al1acoB yIIIEBOJIOPOJOB PETHOHA
cocraBuio 26.6%. [1pu sTom, nomnst romosoii 7oosrau Y B (1980 ro) oT cymmapHO# 10OBIUM IO PETHOHY CO-
craBuia 29.6%, a 1ojg HakomieHHon 1o0bryu — 20.1%.
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CyMMapHO 1O 3THM JIByM I'pyINIaM MECTOPOKACHUH (YHUKaJIbHbIC U KPYIHbIC) BhIIICYKa3aHHBIE MTOKaA-
3aTeJIM UMEIOT [IOJIaBIIAIOLIEe 3HAUEHNE 1 COCTABIISIFOT COOTBETCTBEHHO: /I0JIEBOE yUacTHE HauyaJIbHBIX 3arla-
coB YB no otHomrenuto k peruony — 94.1%; nons roporoit no6sran YB (1980 rox) ot cymmapHo# 100b4H
o peruoHy cocraBuia 92.6%; nomns HakomIeHHO! K00buN — 94.5%.

OTkppiTHE 3 YHUKATBHBIX MECTOPOXKIEHUH B pazpe3e IOPCKUX KapOOHATHBIX OTIIOKEHUH CHIIBHO M3MeE-
HHJIO pacTpeieNieHne 3amacoB Y B mo crpaturpaduaeckoMy muamnazony. Tak, Toyst HadalbHBIX 3armacoB Y B
IOPCKHUX KapOOHATHBIX OTIOKEHHUH MO PErHoHy BbIpocia A0 69.1%, 10 METOBBIX TEPPUTEHHBIX OTIOXKEHUN
camsuiach 10 30.6%, noi1st FOPCKUX TepPPUIeHHBIX OTIOXKEHUH Obuta Kkpaitne Mana u cocrasisia 0.3%. Beuny
Toro, uTo Ha 1980 rox Ha yHUKAIBHBIX M KPYITHBIX MECTOPOXKICHISIX C 3aJIekaMi Y B B pa3pese kapOoHaTHBIX
OTJIOKEHUH I0PHI ellle He B MOJHOM Mepe ObUIHM pean30BaHbl JOOBIYHBIE BO3MOKHOCTH (HavyallbHAs CTaHsI
pa3paboTKH), MOKa3aTeIH XXEerOAHON J0ObIYN YTIIIeBOAOPOAHOTO CHIPhs HAXOAUINCH Ha ypoBHE 45.6% (mpo-
TUB 53.8% IO MEIOBBIM OTJIOXKEHHAM, ocTaBmueca 0.6% MpUXOOWINCh Ha IOPCKHAE TEPPUTEHHBIE OTIOXKE-
HYs1). CKPOMHO BBITJISIIENN TIOKA3aTeNIM HAKOTUIEHHON JOOBIUM: Ha OO IOPCKUX KapOOHATHBIX OTIOXKEHUH
npuxoauinock 13.2%; Ha 100 TEPPUTEHHBIX METIOBBIX OTIOXKEHUN — 86.5%); Ha OO FOPCKUX TEPPUTEHHBIX
otnoxeHuit — 0.3%.

B Hacrosiee Bpemsi B ipeenax bXP BeisiBieHO 514 3anexeld HeTH U ra3a, KOTOPbIe CKOHIIEHTPUPOBAHBI
B 203 MecCTOpOKIAEHUAX YIIIEBOJIOPOIHOTO ChIpbi. 13 HUX B pa3pe3e MeNOBBIX TEPPUTECHHBIX OTIONKEHUN BbI-
siBiieHO 84 3anexxku Y B, B pa3pese pcKkux KapOOHATHBIX OTIIOKEHUH — 374 3a51exu U B pa3pes3e IPCKUX Tep-
PUTECHHBIX OTJIOXEHUHN — 56 3amexeil.

B Hacrosee Bpemst Bce yHUKanbHbIe MecTopoxaeHust BXP yxxe moctaTouHo BEIpaOOTaHbI U HAXOATCS
Ha 3aBepLIaroNIeil cTaguu pa3paboTku. Tak, BeIpaboTaHHOCTH MecTOpokaAeHus ['aznu coctaBnser 85%, me-
cropoxaerus lllypran — 82.7%, mectopoxnenus Jlenrnskynb-Xysak-Ilans-CeBepHblid [IeHru3Kyab-Xoa-
xacasnt — 61%, mectopoxxaenus 3eBapabl — 89.1%. HecMoTps Ha Takyro O0IbIIYIO BEIpaOOTaHHOCTbD, 3TH Me-
CTOPOXJICHUS U CETOHS JIAI0T B cOBOKymHOCTH 33.4% oT romosoii 1oosiuu YB BXP (2022 rox) u 25.6% ot
no0eruu YB PecrryOnmku Y306ekucraH.

Kpowme Toro, nons HaganpHBIX 3armacoB Y B, CKOHIIEHTPUPOBAaHHBIX B KPYITHBIX IO 3a1acaM yTIIeBOAOPO-
HOTO CBIPbSI MECTOPOXKIIEHHAX, cocTaBisieT 37.3% OT cyMMapHBIX 1o peruoHy. [Ipu 3ToMm romoBast mo0brya
yII1eBo0poa0B paBHa 47.5% ot exxeronHoi 1o0sran Y B pernona (2022 rox). [lokazarenn HaKoIuIeHHOH 10-
ObIuN 32 BECh IEPUO]] IKCILTyaTallH TAK)KE CYIECTBEHHBI M COCTABIAIOT 35.5% OT cyMMapHBIX 3Ha4E€HUH 110
peruony.

CoBOKYITHO MOKa3aTelIy MO0 YHUKAJIBHBIM U KPYMHBIM IO 3arnacaM YB MecTOpoXAeHUsM Cleayolue:
J0JIs1 Ha4aJIbHbIX 3anacoB Y B cocraBiser §2.7% oT cyMMapHBIX 110 PErHOHY; roJioBas 400bIYa yIJIEBOIOPO-
noB paBHa 81.7% OT exeromHo# K0ObMY peTHoHa; HAKOIUIeHHAs o0bkrda coctaBisieT 92.1% oT cymmapHBIX
3HAYEHUH 110 PETHOHY.

BriBoabI

Kax Buaum, BIusHUE YHUKATBHBIX U KPYITHBIX 10 3an1acaM Y B MecTopoxieHuil Ha oKa3aTeu ChIpheBOr
6a3p1 BXP 6e3 npeyBennyeHnst OrpoMHO, TaK JK€ KaK 1 Ha 1oka3arenan PecrryOnukn Y30ekucTaH B iesnoM (puc.
1, 2). Tak nmons HadaNbHBIX 3amacoB Y B B YHHKaNBHBIX W KPYIMHBIX 1O 3amacaMm MecTopoxaeHusx bXP co-
cTaBysgeT 66.3% OT HaualbHBIX 3aM1acOB MPOMBIILICHHBIX KaTeropuii Pecyonuku Y36ekuctan. ['ogoBas no-
obr4a (2022 rox) cocrapiseT 62.3% OT roI0BOM T0OBIYM PECIyOJIMKH, a TIOKAa3aTeI HAKOIUICHHON JOOBIYU
VB 3a Bech niepro1 IKCILTyaTannuu coCTaBisaroT 82.3% OT HaKOIUIEHHOM JOOBIYM Y30eKucTaHa.

Pacnpenenenue moka3zareneii, XapakKTepHU3YIOIIUX roJ0BY0 100bay HedTH 1 ra3a B BXP (2022 rox) no
CTpaTUrpapuUIeCKOMY JAUAINA30HY, BRITISIUT CICAYIOMUM 00pa3oM: bosee 98% romosoit noosun YB npuxo-
JTUTCSI Ha JIOJTFO FOPCKUX KapOOHATHBIX OTIIOXKEHHH U 1€ 0KOII0 2% MPUXOAUTCS Ha TOJTF0 FOPCKUX U MEJIOBBIX
TEPPUTEHHBIX OTIOKECHHM.

Taxoe monoxxeHue e B ONKaiIme rojpl, Mo BCeil BUAMMOCTH, COXPaHUTCS. DTOMY CIIOCOOCTBYET TOT
(axT, 4TO B HACTOSAIIEE BPEMsI OCTATOUHBIE 3amackl Y B IpOMBINIUIEHHBIX KaTerOpUi, CKOHLIEHTPHUPOBAHHBIE B
YHHUKAQJIBHBIX U KPYIHBIX MecTOpokaeHUAX bXP, cocTaBnsaroT 65.2% 0T CyMMapHbIX 1o pernony U 43.7% ot
PecniyOnmkm Y30ekuncraH.
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Puc. 2. /lunamuka goOBIYM MO YHHKAJIBHBIM U KPYIHBIM MECTOPOXKACHUSIM OTHOCHUTENBHO
cyMMapHoO# 1o6bran byxapo-XuBHHCKOTO pernoHa U PecryOnmku Y30eKkucTaH B 1eJ10M
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POJIb BYXAPO-XUBUHCKOI'O PETHOHA B COCTOSAHUU
YIJIEBOJOPOJHOTI'O HOTEHIUAJIA PECITYBJIMKHA Y3BEKUCTAH

Bboraanos A.H., Kapmues O.A., Xmbipos I1.B.
Tocydapcmeennoe yupesxcoenue « Mncmumym 2eono2uu u pazeeoku HeghmaHbixX U 2a308biX
mecmopoxcoenuiiy (I'Y « ATUPHHUT'M»), Pecnybnuxa Y36exucman
100164, 2. Tawxenm, yn. Onumnap, 64: bogdalex7@yandex.ru

Pe3ztome. B cratbe npencTaBieH KpaTKuil 0030p pa3BUTHS HedTera3o0Boro noreHnuana byxapo-XuBrHCKOTo pernoHa 3a Bech me-
PHOJ IPOBEIEHHS Te0JIOTOpa3BeJOYHBIX paboT Ha HE(YTH U Ta3, CBEJCHUS O COCTOSHUH U MPUPOCTE 3aM1acoB, €XKEr0JHOH 1 HAKOILICH-
HOM JOOBIYE YTIeBOJOPOJHOTO CHIPHSI.

Byxapo-XuBHHCKHIT He(TEra30HOCHBIN PErHOH SIBISIETCS JIMAUPYIOIMM B PecryOnuke Y30eKHCTaH 10 KOJMYECTBY OTKPBITBHIX
MECTOPOXKICHUH, YUCIISIIMUXCS HAYaJIbHBIX 3aI1aCOB, OKA3aTEIISIM €KEr0IHON U HAKOTUICHHOM JOOBIYH YIIIeBOJOPOJHOIO ChIpbs. Oj1-
HHUM U3 Hanboiee ApKUX (pakTOpOB, BIMAIOLINX HA JAHHOE MOJIOKEHHUE JIeJ, ABIIETCS TOT (DaKT, 4TO Ha TEPPUTOPHU PETHOHA OTKPHITO
4 yHUKaJIBbHBIX MECTOPOXKICHHS YTIIEBOJOPOIHOTO CHIPHSL.

B nacrosimee Bpems B mpenenax byxapo-XHBHHCKOTO perHoHa BBISBIEHO 514 3anexeil HeTH U raza, KOTOPBIE CKOHIICHTPUPO-
BaHbI B 203 MECTOPOXKICHUSAX YTIEBOAOPOIHOTO CHIPbS B CTPATUTPA(HUIECKOM JHAIa30HE OT HIKHE-CPETHEIOPCKOrO Bo3pacTa IO
BEPXHEMEJIOBOTO BKIIIOYHTEIBHO, Ipeobiaiaromiee KOJINIEeCTBO U3 KOTOPBIX COEPKaT cBOOOAHBIH ra3. OCHOBHBIM CTpaTUrpadude-
CKUM JIalla30HOM PETHOHA, COJIEPrKaI[M 3aI1achl yIIIEBOJIOPOIHOTO CHIPhS, SBIISIOTCS CPEeIHE-BEPXHEIOPCKHE KapOOHATHBIE OTIIONKE-
HYSI, HA JIOJTIO KOTOPBIX IpUXoAUTCs 10 82.4% HavyaabHBIX 3arnacoB U 78.5% HaKOIJIEHHOW 1OOBIYYM pernoHa.

ABTOpaMI/I OTMECYECHO, YTO Bpra6OTaHHOCTb OCHOBHBIX, YHUKAJIbHBIX MeCTOpO)K}leHl/Ii/'I PEruoHa HaXOAUTCA Ha 1OCTAaTOYHO BBICO-
KOM YPOBHE, OJJHAKO 3T MECTOPOKAEHHUS U B HACTOSIIMHA MOMEHT JaroT O0JIbllIe TPEeTH ToJ0BoM 100buH byxapo-XuBHHCKOTO peru-
oHa. Taroke yka3aHO Ha 3HAYUTEIBHYIO JOJTI0 B CTPYKTYPE ChIPhEBOI 0a3bl KPYMHBIX MecToposkaeHuil. [1o pesynbraTam anamusa omnpe-
JeTIEHO, YTO COBOKYITHO IO YHHKAJIBHBIM M KPYIHBIM MECTOPOXKICHHUSIM IO HA4YaIBHBIX 3aI1acoB cocTaBisieT 82.7%, romoBoi 10-
Obrun — 81.7%, HakomIeHHOH 100BIIHM — 92.1% OT CyMMapHBIX 110 PETHOHY.

Kniouesvie cnoga: mecmopooicoenue, 3a1exce, y2ne6000poosl, Heghmv, 2as, 3anacul, 0ooviua
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