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Background. When solving problems aimed at increasing the efficiency of the reservoir development process, it is often
necessary to know not only the recoverable oil reserves, but also the degree and nature of the development of balance reserves,
balance reserves of oil and gas per well by the area of the deposits. This allows to make correct and reasonable management
decisions on regulating and improving development in order to increase the current and final oil recovery factor. In this matter, our
target object is the Sangachal-deniz — Duvanny-deniz — Khara-Zira field.

Methods. The article examines the issues of optimal regulation and management of the development processes of the
Sangachal-deniz — Duvanny-deniz — Khara-Zira oil and gas-condensate field using Shewhart models and methods, which are
relevant for petroleum science and practice. Based on the system analysis, an EOR is proposed to increase oil recovery of the field
and recommendations for the rational development of oil and gas-condensate horizons of the field.

Results. The stratigraphy, tectonics, oil and gas potential and current state of development of each field separately are
considered. A brief description is shown. Currently, industrially significant residual oil reserves at these exploitation facilities are
concentrated in the upper stage of the Productive Series (PS) (Lower Pliocene) deposits. The main development facilities are the
V, VI, VIl horizons of the PS.

Dynamics of technological indicators of development on field were analysed. The annual oil production was 206.9 thousand
tons, condensate was 0.864 thousand tons. Annual production of dissolved gas was 83.4 million m®, and free gas production
35.8 million m® are estimated by data of 2022.

Oil and gas of the analyzed area are confined to tectonically screened traps, since it is complicated by numerous longitudinal
and transverse faults.

Conclusions. Development was carried out with flooding from 1971. Field is at the third development stage. Water-gas

mixter and periodic influence methods is appropriate for increasing oil recovery factor.

Keywords: water-gas injection method, Shewhart control charts, oil and gas wells, optimal development, control

boundaries.

Background

Oil and gas production plays a pivotal role in sustaining
global economies and ensuring energy security. When that
entails significantly improving operational efficiency in gas
and oil fields, the choice of technology and methods is an
important factor. The tightly interconnected links of the
production and value chain require the use of integrated
systems and applications that can help reduce the total cost
of ownership while increasing asset utilization to enhance oil
recovery. The latest technology solutions have also
improved the control and analysis of various processes in
gas and oil fields. In their study (Cherepovitsyn, Rutenko, &
Solovyova, 2021) come to the conclusion that it is a common
fact that the development of the oil and gas resources is
associated with significant difficulties, which creates
fundamentally new requirements for management and
makes it necessary to use special approaches to assessing
the sustainability of this process.

One of the most important aspects of field development
and analysis is control systems and the selection of
appropriate  EOR methods. By the (Nuranbayeva,
Orysgozhix, & Alaguzov, 2021), during the period of
depletion of the main oil reserves in fields entering the last
stage of development due to the priority development of
highly productive highly permeable reservoirs, an increasing
proportion of residual reserves become difficult to recover.

ISSN 1728-3817

Therefore, it becomes relevant to use effective methods of
increasing oil recovery in existing fields, most of the original
volume of geological reserves remains in the deposits. One
of these methods is unsteady waterflooding, which has
proven its effectiveness.

The latest solutions for advanced process control and
optimization cover the entire oil and gas production process,
helping to ensure the consistency of its stages and maximize
the benefit from side streams, as well as increase the
condensate recovery rate.

The general issue of oil field operation is to create the
most rational development system in order to achieve the
maximum possible oil production. That is, to increase the oil
yield of the field or fields, while at the same time keeping the
factors affecting the process under control is the most
important issue. The concept of oil yield is the ratio of the
amount of oil extracted from the formation to the balance oil
reserves. Itis also necessary to keep in mind the terminology
applied to the concept of oil yield. Of these:

* Displacement factor (DF) is the ratio of the volume of
oil obtained by displacing it from core samples with a working
displacing agent under reservoir conditions to the initial
volume of oil.

» Current oil recovery characterizes the oil extraction
process and increases over time as oil is extracted from the
reservoir.
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+ Final oil recovery (also known as final oil recovery
factor, ORF) is an indicator that shows what proportion of the
initially available geological oil reserves can be extracted
using a certain reservoir development technology. This
indicator reflects the maximum amount of oil that can be
extracted from the reservoir upon reaching the technological
and economic limit, that is, until the moment when extraction
of further reserves becomes unprofitable. When developing
fields or deposits, there are a number of factors that affect
the final oil recovery, such as the geological properties of the
reservoir, for example, porosity, permeability, oil viscosity;
reservoir development methods, such as water
displacement of oil, gas displacement, thermal methods and
economic and technological limitations.

The purpose of the work: to analyze the development
process of the Sangachal-deniz — Duvanny-deniz — Khara-
Zira island field and to determine methods for increasing oil,
gas and condensate recovery, and to determine optimal
boundaries for field regulation during development.

Lithological-stratigraphic and tectonic features of
the object

The object analyzed in this work is the Sangachal-deniz
— Duvanny-deniz — Khara-Zira island field of the Baku
archipelago, which is one of the promising tectonic zones
of the South Caspian Depression (Nasibova, Mukhtarova,
& Ganbarova, 2024; Nasibova et al., 2023).

The Sangachal-Deniz — Duvanny-Deniz — Khara-Zira
Island field is located on the northwestern border of the Baku
archipelago, 50 km southwest of Baku, in the shallow part of
the Caspian Sea. Deep exploration drilling has been
conducted in the field since 1951. It was discovered in 1963
by well No. 24, which opened the horizon VII at an interval
of 2821-2815 m and otained an oil flow of 250 t/day. It has
been put into operation since 1967 (Salmanov et al., 2023b).

As a result of the exploration drilling, a gas-rich oil
accumulation was discovered in the horizons V, VII of the
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Productive Series (PS) and a gas-condensate accumulation
in the horizon VIII, and their distribution along the areas was
determined.

The oldest sediments in the section of the field opened
by the wells belong to the Middle Miocene. The upper part
of the section consists of PS, Absheron, Aghjagil and
Quaternary sediments.

The Chokrak horizon consists of clays characterized by
low sand content and is 474 m thick. In the adjacent onshore
Duvanny area, Chokrak is represented by alternations of
clay, sand, sandstone and dolomite.

The Middle and Upper Miocene-Diatom group (Karagan,
Konk, Sarmatian) sediments are represented by clay,
sandstone and marl. The maximum thickness of the diatom
group sediments is 760 m.

The Pontic stage exposed in the Sangachal-Deniz and
Duvanny-Deniz areas, is represented by clays and has a
thickness of 70-80 m.

The full thickness of the PS has been uncovered by wells
in all areas of the field, and the greatest thickness (3950—
4000 m) was discovered in the northeastern part of the
Sangachal-Deniz and Khara-Zira Island areas. In the
hypsometrically high parts of the Sangachal-Deniz and
Duvanny-Deniz structures, the thickness of the Productive
Series is 2960-3600 m.

The tectonic structure of the field includes the local
structures of Sangachal-Deniz, Duvanny-Deniz and Khara-
Zira lIsland, located on the same anticlinal line from
northwest to southeast. The field is represented by a single
structure-brachyanticline, extending from northwest to
southeastward by the horizon VIIl, with dimensions of
30%11 km (Salmanov et al., 2023b).

The transition areas of local areas are manifested by the
thickening compression of isohyps (Fig. 1).
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Fig.1. Sangachal-Deniz — Duvanny-Deniz — Khara-Zira Island field.
Structural map by the top of horizon Viil
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Characteristics of structures

The Sangachal-Deniz structure is asymmetrical and
dome-shaped brachyanticline fold. It is separated from the
Kanizedagh structure by a long and shallow saddle, and
from the Duvanny-Deniz structure by a short and shallow
saddle. The structure is divided into 23 tectonic blocks by
longitudinal and transverse faults, oriented northwest-
southeastward. The axis of the fold is weakly inclined and
convexly curved towards the southwest. Its asymmetry is
manifested in the longitudinal section as well as in the
transverse section.

The southwestern limb of the fold (20-30°) is more
inclined than the northeastern (35—45°) limb.

The Sangachal-Deniz brachyanticline is complicated by
three longitudinal faults. These faults are of a stepped
nature. In sequence, each northeastern block has subsided
relative to the southwestern block. The amplitude of their
vertical displacement varies between 100-200 m. With
increasing depth, these faults become close to each other,
and are assumed to be jointed in a single fault by the lower
part of the Productive series and the upper part of the
Miocene sediments (Salmanov et al., 2023b).

The Duvanny-Deniz structure is located southeast of
the Sangachal-Deniz structure and is separated from this
uplift by a slight narrowing of the layers. In appearance, the
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axis of the layers is weakly bent and turned to the northeast
with its convex side. In the southeast, the axis of the fold
straightens and turns towards the Khara-Zira island.

Tectonically, the Duvanny-Deniz structure is complicated
by mud volcanoes, the dip angle of the northeastern limb is
45-50°, and the southwestern limb is 35-40° (Fig. 2). At the
bottom of the sea, the Productive series sediments are
concentrated in the arch and northwest plunge of the fold,
and the Upper Pliocene and Quaternary sediments are
concentrated in the southeast plunge.

The southeast plunge of the fold is sharply elongated in
the southeast direction and is four times longer than the
northwest one. The fold dips sharply in the direction of the
Khara-Zira Island structure.

The arch part of the fold is complicated by longitudinal
faults corresponding to the mud volcanoes of Duvanny
Island, Khara-Zira Island, and Abikh.

The central longitudinal fault noted in the Sangachal-
Deniz fold meets the northern part of the Duvanny-Deniz fold
in the southeast, and then is traced by only two faults to the
southeast. Along these faults, the central block has
descended like a graben to transverse faults. The
displacement amplitude of the central block is 100—120 min
the southwestern limb, and 1500 m in the northeastern.
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Fig. 2. Duvanny-Deniz. Geological profile on profile I-I

As can be seen from the profile, horizons V and VI of the
field are oil-bearing, while horizon VIl is gas-bearing.

The Khara-Zira Island structure is located 25 km
southeast of the Sangachal Cape and forms the last fold of
the Sangachal-Deniz — Duvanny-Deniz — Khara-Zira Island
fold. Khara-Zira Island is a brachianticlinal fold in the
northwest-southeast direction based on the upper layers of
the Productive series and the Aghjagil stage. The length of
the fold is 6 km, and the width is 2 km.

The structure of the Khara-Zira Island structure is
asymmetric longitudinally and transversely. The arch part of
the fold is complicated by the mud volcano of the same
name. Its northeastern limb dips under 15-20°, and the
southwestern limb is relatively steep, characterized by a dip
angle of 30—-40° (Salmanov et al., 2023b).

Methods

When solving tasks aimed at increasing the efficiency of
the reservoir development process, it is very often necessary
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to know not only the extractable oil reserves, but also the
degree and nature of production of balance reserves,
balance reserves of oil and gas per well on the area of the
deposits. This allows to make the correct and justified
management decisions on the regulation and improvement
of development in order to increase the current and final oil
recovery factor (Mukhametshin, 2022).

One of the ways to solve this problem is the geological
and industrial analysis (Bagirov, 2011), based on the study
of the influence of geological and technological factors on
the degree of production of oil reserves, reflected by various
indicators.

As research materials, statistical data are used for the
development and production of (Urazgaliyeva et al., 2023)
Sangachal-Deniz — Duvanny-Deniz — Khara-Zira Island field.

Along the section of the Sangachal-Deniz — Duvanni-
Deniz — Khara-Zira Island gas-condensate-oil field, horizons
V (Vuy, Vm, Vb), VII and VIII have oil and gas-condensate
accumulations. Currently, industrially significant residual oil
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reserves for these exploitation objects are concentrated in the
upper stage of the PS sediments. The main development
objects are horizons V, VI, VIII of the Productive Series.

In 2022, annual oil production was 206.9 thousand tons,
condensate 0.864 thousand tons.

Annual production of dissolved gas was 83.4 million m?,
and free gas production was 35.8 million m3.

Oil and gas in the analyzed area are confined to
tectonically screened traps, as it is complicated by numerous
longitudinal and transverse faults. The area is divided into
separate blocks. Oil and gas of separate blocks are
exploited by a separate network of wells, since the faults are
impermeable, the physical parameters of the reservoirs of
the blocks are expressed by different moderate values: the
permeability of the V, VIl and VIII horizons is respectively 31,
67 and 68-10° ym?, porosity is 20, 19 and 20 % and
carbonate content is 13, 10.5 and 8.6 % respectively.

The lithology of the reservoirs is expressed by sands and
sandstones. The clayiness of the horizons is variable and
amounts to 18.4, 21 and 26.9 %, and sand content is 46, 44
and 41 % respectively.

The search for the best option for the development of an oil
or gas field is usually carried out based on the selection of a
certain number of options. It is obvious that the optimal
development option will be found as a result of such a search.

To regulate the development of the research object, the
dynamics of development indicators were used: annual
production of oil, gas and condensate, the number of oil and gas
wells drilled by year, daily production of oil and gas per well.

The goals of regulating the development of the
researched object are to maintain the pace of development
within the limits of the optimal development and eliminate the
causes of going beyond the optimal limits when developing
the horizons during the next years. To solve this task, the
capabilities of "Control maps" of Shewhart dynamic models
are used, which will allow rational development of products
from horizons during development (Fig. 3 (a), 3 (b); Fig. 4).

The methodology allows to reliably determine the optimal
zones for the development of the dynamics of oil extraction
of a separate object, in the case of transition of the annual
production below or above the limits of the optimal regulation
of the process, to clearly determine the time of disruption of
the process, to clarify the causes of this phenomenon and to
recommend measures to return it to this zone. At the same
time, it is expedient to consider the estimates of the dynamic
series both for the entire period of oil extraction of a specific
object and for individual stages.

According to the method, the number of measurements of
the parameter X, in our case — the volume of annual production
of ail, gas and condensate, the volume of annual dissolved gas
in oil, the volume of water injected into the reservoir, the amount
of daily extraction of oil and gas per one well, the amount of
drilled oil and gas wells during development, is equal to n, the
average value is determined by the formula

X=y" x1/n.
Deviation (R) in turn will be determined by the formula
R=yn1RL
T A= gt

Then the optimal zone of development of the
development process or the upper and lower limits of
regulation (Xupper. N Xbottom are determined by the formula

— 3R
=X-— X

lower upper

=X+

where d is a factor, it is taken from a special table compiled
by Shewhart.
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If the analyzed parameters run beyond the established
limits of regulation, then this indicates that the optimality of
the development process is violated and it is necessary to
take measures that will allow the process to return to the
optimal course.

This requires an adjustment and optimization of the
development plan to achieve the goal of improving gas, oil
and water drive control and balanced displacement (Yang,
Kim, & Choe, 2017; Zhang et al., 2023).

Advanced oil production technologies and regulation
methods are actively introduced and improved in order to
increase the efficiency of development and extraction of
reserves from deposits. The most optimal method of
Shewhard's control maps is already mentioned above. This
method will be used for optimization of the Sangachal-Deniz —
Duvanni-Deniz — Khara-Zira Island gas-condensate-oil field.

The field is in industrial development since 1967. Along the
section, there are 5 productive objects that are under exploitation:
Vu, Vm, Vi, VII, VIII. oil and gas condensate development horizons.
The type of oil deposits is layered, tectonically and lithologically
screened. The reservoir type is terrigenous, consisting of sands
and sandstones. The permeability of layer-reservoirs varies from
67-10°to 3110 uym?. As we can see, the field has been under
development for 58 years, and it is in the final stage of
development. However, the application of positive measures for
optimization of the development system is required and
recommended. For this purpose, Shewhard models were built,
taking into account the dynamics of development from 1963 to
2023. The data includes: free gas in min.m3, water injection in
thousand tons, oil production in th.t., dissolved gas in oil in
million m3, condensate in thousands of tons, at the same time,
a number of drilled oil and gas wells and oil and gas production
per one well (Fig. 3 (a), (b), (c), (d), (e); 4 (a), (b)).

Objects were developed in natural mode until 1971.
Starting from this year, the development was carried out with
water injection. The water injection process was mainly
carried out in horizons V and VIl of the field. A total of
73842 thousand m® of water was injected into the layers,
resulting in the production of 11 million tons of additional oil.
Seawater was mainly injected into the wells.

The maximum level of oil production was reached in
1975, estimated 4640 thousand tons, gas production
reached 2988 million m3 in 1997. The maximum production
level of dissolved gas reached 2369 milion m® and
245.8 tons of condensate was developed from the horizons
of the facility in 1978. At the same time, the field was at the
second stage of development.

As we can see from the models, the established
boundaries for regulating the development process are
symmetrical relative to the center. However, the deviation in
development process is observed. Production of oil, gas and
condensate runs beyond the regulation limits. The reason
for the expansion was the water-pressure mode (injection of
water into the productive layer), which led to the flooding of
objects. Water-logged production in the horizons V and VIl
was 56.8 % and 31.9 %, respectively, and in the horizon VIII
it was only 8 %. The initial reservoir pressure was 30.0-60.2
MPa in the horizon V, 30.5-53.4 MPa in the horizon VII, and
49.5-57.9 MPa in the horizon VIII.

Studies have shown that the system used for water injection
was ineffective, and the process was stopped due to high
product waterlogging in the productive blocks, and its
continuation is considered inefficient because it is not
technologically and economically feasible (due to the high cost).
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Fig. 3. Control maps of Shewhard for adjustment of the development process
Adjustment control maps: free gas production (a); water injection (b); oil production (c);
dissolved gas production (d); condensate production (e)

As can be seen from the models, in the third period of
development, there was a sharp decrease in gas production,
it fell from 2988 million m?3 to 399 million m3, and in 2010 it was
152 million m?, below the limit of optimization of development.
The decrease in oil production is naturally observed since
1975, gradually decreasing to 746 thousand tons. It is below
the lower limit of regulation. A decrease is observed in the
production of dissolved gas in oil from 1973 (from 1648.5
million m3) to 1990 (to 246 million m3), as it is below the
regulation limit. Production condensate decreased from 245.8
tto 29 t. Of course, it fell below the optimal limit of regulation.

Many optimization schemes have been proposed to
simultaneously optimize various variables such as well
locations, well operation schedules, well types, and the
number of wells (Yang, Kim, & Choe, 2017).

The task of ensuring the effective operation of the well fund
is one of the urgent tasks of the oil field development process.
This task is solved by improving and managing oil and gas
extraction technology (Aliyev, 1983) by studying wells.
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As Gregory King noted in his lesson "Introduction to
Petroleum and Natural Gas Engineering", in the
development stage, all of the wells required for initial Field
Development Plan are drilled, completed, and tied back to
the production facilities. During this period, multiple drilling
rigs may be running simultaneously in order to drill and
complete all of production wells, injection wells, and,
possibly, observation wells required by the development
plan in a timely manner.

In this regards, for the specified horizons of the
Sangachal-Deniz — Duvanni-Deniz — Khara-Zira Island, the
limits are established in the following order, in pieces: for oil
wells — Xav.=120.8, Xup.=144.8, Xiow.=96.8, the range in
drilling wells by year R=9.1 (see, Fig. 4(a)).; for gas wells —
Xav.=9, Xup.=13, Xiow.=5, the range in drilling wells by year
R=1.5 (see, Fig. 4(b)).

The regulation limits for daily oil production per well are
established in the following order — Xav.=44, Xup.=59.4,
Xiow.=28.6, the range in production by year R=5.8 (see,
Fig. 4 (c)).
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Fig. 4 (c). Regulation map of oil production per well

From the model it is obvious that upper and lower
regulation limits are symmetric to average limit. 1963 to 1979
oil production per well is beyond the upper limit, and from
1963 to 1969 there is an increase in oil production, then
gradually decreasing is noted. Subsequent decreasing
between (1979-1985) regulation limits and oil production
amounted from 59.4 to 28.6 th.t. Starting from 1985 oil
production is beyond lower limit. There is decreasing in oil
production from 28.6 to 7 th.t. that below 2 % of production.
As we see the target object entered a late stage of
development, its recoverable reserves can be specified
directly based on the exploitation data for the period of work
at this stage and new development methods and ways to
intensify oil production and other factors are required.

The regulation limits for daily gas production per well are
established in the following order — Xav.=202.6535,
Xup.=305.8535, Xiow.=99.4535, the range in production by
year R=38.8002 (see, Fig. 4 (d)).

As can be seen from the models, the established limits
are symmetrical relative to the center. But in the number of
the wells beyond the optimal limits is noted. According to the
model, it is established that 48 oil wells and 8 gas wells are
completely moderate for optimal development of horizons of
the field. Starting from 2014, the number of oil wells
decreases from 96 to 66. To eliminate fluctuations in the
development process, it is necessary to return 30 oil and 4
gas wells along the horizons of the field.

Discussion and conclusions

However, it should be noted that regardless of how correctly
the task of identifying operational objects in the section of a
deposit is solved before the start of development, it should be
periodically refined. This is due to the fact that the differences in
the values of the parameters of operational objects are
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Fig. 4 (d). Regulation map of gas production per well

decreasing more and more during the development process
and after a certain period they may turn out to be insignificant.
And since the discovery of the identity of the geological and
industrial conditions of adjacent layers (Abduallayeva, &
Abdullayev, 2022), their separate exploitation should be
stopped, as an irrational oil extraction system. These measures,
as it is known, allow to optimize the development of oil and gas
fields due to the effective use of wells.

As of 01.01.2023, 669 wells were drilled at the field
facilities. There were 71 wells in the active production fund,
of which 67 are active and 4 are inactive. The drilling of 2
wells has not been completed. Due to certain geological and
technical reasons, 408 wells (120 wells for geological
reasons and 288 wells for technical reasons) were canceled.
77 wells are awaiting cancellation, and 111 wells are under
repair due to the breakdown of hydraulic structures.

Since the beginning of development, 72,418.7 thousand
tons of oil, 3,586.8 thousand tons of condensate, 23,864.3
million m3 of dissolved gas have been produced from the
field; free gas extracted from gas-condensate accumulations
is 36,021.3 million m?3.

In 2022, annual oil production was 206.9 thousand tons,
condensate was 0.864 thousand tons. Annual production of
dissolved gas was 83.4 million m?, and free gas production
was 35.8 million m3.

The long history of field development has led to depletion
of the field facilities. Despite this field has substantial
remaining reserves. The activity level on the producing field
will remain high in the years ahead, and this field will account
for the bulk of production in the coming years. Moreover, the
resource base for existing facilities increases when small,
neighbouring discoveries are tied-in to the existing
infrastructure.
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As the reserves are declining, there's more and more
interest to use new technologies to investigate old fields
potential and consider redeveloping them, reduce drilling
days by optimized use of modern drilling equipment, fluids
and hydraulics to drive down development drilling costs. A
variety of technologies and approaches to extend the life of
old fields that were initially developed are used. These
include: New infill wells beneath old fields to access deeper
targets or the ones that were previously deemed
uneconomic to develop; drill multilateral wells to minimize
surface footprint, as well as reduce construction and
production facility costs; geosteer within thin oil bands to
increase hydrocarbon section length; reduce drilling days by
optimized use of modern drilling equipment, fluids and
hydraulics to drive down development drilling costs. (Field
development, Oil & gas solutions). As is known, the modern
technology of oil production provides for the use of methods

of increasing oil production (EOR). These methods allow to
increase oil production by 3—10% and more compared to the
amount achieved when using the natural mode of
dependence and waterlogging.

It is expedient to rely on the well-known method created
by Professor B. A. Bagirov (Fig.5) for the use of EOR
methods (Bagirov, 2011, Bazhenova et al., 2004, 2012;
Aliyev, 1983). According to this method, four main factors of
the developed operational object have a significant influence
on the effectiveness of the application of EOR methods: oil
viscosity in reservoir conditions, reservoir depth, rock
permeability and the degree of utilization of oil balance
reserves. Based on this model, which allows to reliably
classify all horizons of the field without exception, it became
possible to determine the scale of application of certain
types of EOR methods on these objects.

Development objects
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Where: A- oil viscosity, A1- <10 mPaxs, A2 > 10mPaxs
B- occurrence depth of the reservoir, B1 <2000 m, B2 > 2000 m
C- permeability of the reservoirs, C1 < 0.1 mkm?, C,> 0.1 mkm?
D- use level of geological reserves, D1 < 20%, D2-20-40%, D3 > 40%
Fig. 5. "Tree" model for application of types of EOR methods (by B. A. Bagirov)

Thus, according to geological and field data we know:

» 0il viscosity of horizons V, VII and VIl is 1.2, 1.2 and
1.0 MPa s, respectively;

 the occurrence depth of horizons V, VII and VIII is
3700, 2500 and 5780 m, respectively;

« permeability of horizons V, VIl and VIll is 31 10-3, 67
10-3 and 68 10-3 uym?, respectively;

+ use level of reserves is 70.7 %.

Taking into account these parameters, we will find a
suitable method for increasing oil and gas recovery from
reservoirs. Thus, we find the A1B2C1Ds ratio. According to
Bagirov's method (Bagirov, 2011), water-gas mixter and
periodic influence methods are appropriate for increasing oil
recovery factor.

* For the purpose of efficient development and
exploitation of horizons of the Sangachal-Deniz — Duvanni-
Deniz — Khara-Zira Island field, it is advisable to drill and
commission production wells. At the same time, exploitation
should be justified by returning wells from lower horizons, as
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well as geological, technical and technological measures
application is required.

» Four main factors of the developed operational object
have a significant influence on the effectiveness of the
application of EOR methods: oil viscosity in reservoir
conditions, reservoir depth, rock permeability and the degree
of utilization of oil balance reserves. Based on this factors
we found that water-gas mixter and periodic influence
methods is appropriate for increasing oil recovery factor.

» To eliminate fluctuations in the development process,
it is necessary to return 30 oil and 4 gas wells along the
horizons of the field.
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AHARI3 ONTUMISALIT MPOLIECY PO3POBKMU HA®TOrA30BUX POOOBULL
(HA NPUKNAAI POOOBULLA CAHIAYAN-AEHI3 - AYBAHHUWU-AEHI3 — XAPA-3IPA)

B cTyn. lpu eupiweHHi 3a80aHb, cnpsiMogaHuUX Ha nideuuweHHs1 egpekmueHocmi npoyecy po3pobku noknady, Yacmo Heo6xiOHO 3Hamu He
nuwe 8udobysHi 3anacu Hagpmu, a U cmyniHb i xapakmep eupobrieHHs1 6anaHcosux 3anacie, a mako) po3nodin 6anaHcosux 3anacie Haghmu ma
2a3y Ha 00Hy ceepdsnio8uHy o niowi noknadie. Lle dae 3mo2y npuiiMamu npasusibHi ma o6rpyHmoeani ynpaesliHcbKi piweHHs1 000 pe2yroeaHHs
ma edocKoHaneHHs1 po3po6Ku 3 Memoto nNideuUWeHHs1 MOMOYHO20 Ma KiHyeeo2o KoegiyicHma eausyyeHHs1 Haghmu. Y ybomy KoHmekcmi o6'ekmom
Hawozo docidxeHHs1 € podosuwe CaHzaqan-0eHi3 — [lyeaHHuli-0eHi3 — Xapa-3ipa.

Me T o aun. Po3anadarombcsi numaHHs ONMUMasibHO20 peayslioeaHHs ma ynpaesliHHsA npouyecamu po3pobku Haghmoza3oKoHOeHcamHoz20 po-
doeuuwja CaHzayan-0eHi3 — [lyeaHHuli-0eHi3 — Xapa-3ipa 3 sukopucmaHHsIM Modeneli i Memodie LLlyxapma, siki € akmyanbHUMU Ans1 Hagpmoeoi HayKu
ma npakmuku. Ha ocHoei cucmemMHO20 aHani3y 3anponoHoeaHo Memoou nidsuweHHs1 Hagpmoeiddayi Ons 36inNbWeHHs 8uny4YeHHs Hagpmu 3 podo-
suwa ma HadaHo pekomeHOauyii u4000 payioHanbHOI Ppo3pPobKu Haghmozaa3oKkoHOeHCamHuUx 20pU3oHmis podosuwa.

Pe3ynbTaTtu. Po3ansHymo cmpamuzpadgito, mekmoHiky, Hagpmoz2a3zoHOCHicmb ma nomo4Huli cmaH po3pobKu KOXHO20 podosulya OK-
pemo. HasedeHo ix cmucnuii onuc. HuHi npomucnioeo 3Hayywi 3anuwkosi 3anacu Hagpmu Ha yux o6'ekmax ekcrnyamayii 3ocepedxeHi y sioknadax
8epxHbo20 sipycy lMpodykmueHoi moewi (HUXHil nnioyeH). OcHoeHUMU 06'ekmamu po3pobku € 2opuszoumu V, VII, VIII IT.

lMpoaHanizoeaHo OuHaMiKy MeXHOJI02i4HUX MOKa3HUKi8 po3pobku podosuwa. 3a daHumu 2022 p., piyHuli 8udo6ymok Haghmu cmaHosue
206,9 muc. m, koHOeHcamy — 0,864 muc. m. PiyHuli sudo6ymok po34yuHeHo20 2a3y cmaHoeue 83,4 MiIH M?, a einbHO20 2a3y — 35,8 M/IH M°.

IMoknadu Hagpmu i 2a3y AdocnidxyeaHoi OinsiHKU NPUypo4YeHi 00 MeKMOHIYHO eKpaHO8aHUX MAacmokK, OCKiflbKu cmpyKmypa ycknadHeHa YUc/eH-
HUMU 103308XXHIMU ma nonepe4YHUMU Po3sioMamu.

B ucHoOBEKMU. Po3pobka 3dilicHiosanacs i3 3acmocyeaHHsIM 3aeo00HeHHs1 3 1971 p. Podosuuwie nepebysae Ha mpemili cmadii po3po6ku. [ns nideu-
weHHs1 Koegbiyienma Haghmoeiddauyi douinLHO suKkopucmosyeamu MemooOu 3akadyeaHHs1 60002a308UX cyMiwell ma Memodu nepiodu4yHo20 ensusy.

KnwuyoBi cnoBa: mMmemod 3akayyeaHHss 60302a3080i cymiwi, koHmponbHi kapmu Lllyxapma, Hagpmoei ma 2a3oei ceepdsioeuHuU, onmuma-
JNIbHa Po3pP0o6Ka, KOHMPOJILHI MeXi.

ABTOpM 3asBMSI0TL NPO BiACYTHICTL KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yvacTi B po3pobreHHi gocnimpkeHHs; y 36opi, aHanisi umn
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.
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