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N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics 
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and 
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to 
researchers, authors, publishers, and institutions sets it apart from other research  databases.  
The  inclusion  of News  of  NAS  RK.  Series  of  geology  and  technical sciences in the 
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of geology and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. 
Бұл индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science 
Citation Index Expanded, the Social Sciences Citation Index және the Arts & Humanities 
Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР 
ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы Emerging Sources Citation 
Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web 
of Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
Қазақстан) H = 4

Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
Р е д а к ц и я л ы қ  а л қ а:

ӘБСАМЕТОВ Мәліс Құдысұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының орын-
басары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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ситета Небраски (штат Небраска, США) H = 32
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1Satbayev University, Kazakhstan, Almaty city;
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HYDRODYNAMIC SIMULATION OF THE STEAM-ASSISTED GRAVITY 
DRAINAGE METHOD FOR DIFFERENT RESERVOIR THICKNESSES 

USING ECLIPSE

Zaurbekov K.S. ― Master of Technical Sciences, doctoral student of Satbayev University. Department of 
Petroleum Engineering (Almaty, Kazakhstan) 
E-mail: kadmen.95@mail.ru, https://orcid.org/0000-0001-7425-7448;
Zaurbekov S.A. ― Candidate of Technical Sciences. Professor of Satbayev University Department of 
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Sladkovsky A.V. ― doctor of technical sciences, professor of Silesian University of Technology, (Poland, 
Katowice)
orcid.org/0000-0002-1041-4309;
Balgayev D.Y. ― Master of Engineering and Technology. Doctoral student of the Department of 
Technological Machines and Transport, Satbayev University (Almaty, Kazakhstan н)
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Abstract. The Steam-Assisted Gravity Drainage (SAGD) method is one of the most 
effective methods of oil recovery from low-permeability reservoirs with high-viscosity 
oil. Particularly for productive reservoirs with thicknesses of 25 and 30 meters, the 
SAGD method may be successfully applied under certain conditions. One of the main 
advantages of the SAGD method is the capability to recover oil from thin reservoirs 
that were previously inaccessible for production. In addition, the SAGD method may 
significantly boost the oil production ratio and minimize the negative impact on the 
environment, since it requires fewer wells than conventional production methods. 
However, the application of the SAGD method also has its limitations and drawbacks. 
In particular, the method requires considerable initial investment, as well as high-
energy intensity. In addition, the SAGD method may not be effective under certain 
geological settings, such as a rough reservoir surface and the presence of geological 
checks. Thus, the successful application of the SAGD method for productive reservoirs 
with thicknesses of 25 and 30 meters requires a thorough study of the geological, 
hydrodynamic and economic conditions of the field. Besides, a detailed simulation of 
the SAGD process employing custom-made software tools, such as Eclipse, should be 
performed to optimize process parameters and maximize oil production.
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The article was prepared within the framework of the Global Fund under project No. 
AP09261282 "Increasing the service life of pumps of sucker rod pumping units"
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Аннотация. Бу гравитациялық мұнай дренажы (SAGD) тығыз және тұтқыр 
қабаттардан мұнайды алудың ең тиімді әдістерінің бірі болып табылады. Атап 
айтқанда, қалыңдығы 25 және 30 метр болатын су қоймалары үшін SAGD 
әдісі белгілі бір жағдайларда сәтті қолданылуы мүмкін. SAGD әдісінің негізгі 
артықшылықтарының бірі - бұрын пайдалану мүмкін болмаған жұқа қабаттардан 
мұнай алу мүмкіндігі. Сонымен қатар, SAGD әдісі мұнай өндіру жылдамдығын 
айтарлықтай арттырып, қоршаған ортаға теріс әсерді азайта алады, өйткені ол 
дәстүрлі өндіру әдістеріне қарағанда аз ұңғымаларды қажет етеді. Дегенмен, 
SAGD әдісін қолданудың шектеулері мен кемшіліктері де бар. Мысалы, әдіс 
бастапқы кезеңде айтарлықтай инвестицияларды, сондай-ақ жоғары энергия 
сыйымдылығын талап етеді. Сонымен қатар, SAGD әдісі кейбір геологиялық 
жағдайларда тиімді болмауы мүмкін, мысалы, қабат бетінің біркелкі еместігі және 
геологиялық кедергілердің болуы. Осылайша, қалыңдығы 25 және 30 метр болатын 
су қоймалары үшін SAGD әдісін сәтті қолдану үшін кен орнының геологиялық, 
гидродинамикалық және экономикалық жағдайларын мұқият зерделеу қажет. 
Сонымен қатар, Eclipse сияқты арнайы бағдарламалық құралдарды пайдалана 
отырып, SAGD процесін егжей-тегжейлі модельдеу процесс параметрлерін 
оңтайландыру және мұнай беруді барынша арттыру үшін қажет.
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Аннотация. Метод парогравитационного дренажа нефти (SAGD) является 
одним из наиболее эффективных методов добычи нефти из низкопроницаемых 
пластов с высоковязкой нефтью. В частности, для продуктивных пластов с 
толщинами 25 и 30 метров метод SAGD может быть успешно применен при 
определенных условиях. Одним из основных преимуществ метода SAGD 
является возможность добычи нефти из тонких пластов, которые ранее были 
недоступны для эксплуатации. Кроме того, метод SAGD может значительно 
увеличить коэффициент добычи нефти и сократить негативное воздействие на 
окружающую среду, так как он требует меньше скважин, чем традиционные 
методы добычи. Однако применение метода SAGD также имеет свои ограничения 
и недостатки. Например, метод требует значительных инвестиций на начальном 
этапе, а также высокой энергоемкости. Кроме того, метод SAGD может быть 
неэффективен при некоторых геологических условиях, таких как неровная 
поверхность пласта и наличие геологических препятствий. Таким образом, для 
успешного применения метода SAGD для продуктивных пластов с толщинами 25 
и 30 метров, необходимо тщательно изучить геологические, гидродинамические 
и экономические условия месторождения. Кроме того, необходимо провести 
детальное моделирование процесса SAGD с использованием специализированных 
программных инструментов, таких как Eclipse, для оптимизации параметров 
процесса и максимизации добычи нефти.
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Introduction
There are considerable challenges in the global oil and gas industry to actively 

develop huge reserves of high-viscosity oils and bitumens. Reserves of light oils are 
gradually depleted and there is a need for maximum possible recovery of high-viscosity 
oils and bitumens to replenish and strengthen the resource base of the fuel and energy 
complex.

Experience in developing fields of high-viscosity oils and bitumens has shown that 
the most effective and feasible recovery methods for heavy oils are thermal methods.

By now the global oil industry is developing rapidly and at a tremendous pace, new 
methods and technologies for recovery of heavy oils are appearing, making our options 
vast when choosing thermal methods for a particular field. Thus, some of the main and 
frequently used methods of thermal treatment are as follows: - steam-treatment, - in-
situ combustion, - hot water injection, - steam-cyclic treatment of bottomhole zones of 
producing wells and combination of these methods with other physical and chemical 
methods (combined methods) (McLennan et al., 2006).

As evidenced in practice, the most widespread of all known arsenal of thermal 
methods are technologies, the essence of which is based on the heat transfer agent 
injection into the reservoir: the reservoir stimulation by pattern steam injection and 
steam-cycling treatment of producing wells.

Due to the above-mentioned technologies about 80 % of all high-viscosity oils and 
bitumens are produced in the world via state-of-the-art enhanced oil recovery methods 
(Karazhanova et al., 2023).

In order to select the optimal method of thermal treatment of the pay zone, it is 
necessary to study the geological and production characteristics of the productive 
reservoir, build a model of the reservoir, and calculate the expected well rates in the 
SAGD method for different reservoir thicknesses (Gotawala et al., 2010).

Meanwhile, it is necessary to build a model of the well, calculate its profile, and 
determine the length of the horizontal section to employ the SAGD method.

Methods
The mathematical model built in the Eclipse program allows determining the state 

of the simulated process at any time by its known initial state. By setting a change of 
this or that parameter, it is possible to draw conclusions about its overall effect on the 
process (Birrell et al., 2000).

In order to build a hydrodynamic model, the candidates of X field, characterized 
by high values of density and viscosity of oil, were selected. The characteristics of 2 
productive reservoirs with a thickness of 25 and 30 m to build a hydrodynamic model 
were as follows: 

- the density of oil is about 915 kg/m3;               
- the reservoir waters are of the calcium chloride type with a density of 1.095 g/cm3 

and mineralization of 95 g/l; 
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- the oil viscosity is 5.6 Pa*s, i.e. the oil in the field belongs to ultra-viscous.
The characteristics of a productive reservoir are as follows:
- the vertical thickness of pay zone is 25 and 30 m at depths of 903–936 m;
- the reservoir is composed of irregularly alternating sandy-siltstone and clayey

rocks;
- pay zones in the field are represented by sandstones and siltstones, with a porosity

of 23–29 % (open porosity);
- the permeability of rocks is 1500 mD;
- oil saturation factor is 0.5–0.6;
- the gas saturation factor is 0.32–0.69;
- initial reservoir pressure in reservoirs is 2.0–2.5 MPa;
- temperature is 25–35°С;
- oil flow rates are 26.4–62.1 m3/day.
Based on the set objectives, the first stage was built a mathematical model in the

Eclipse program, which allows determining the state of the simulated process at any 
time by its known initial state (Chan et al., 2012). At the second stage according to 
SAGD method, the process of injection of highly heated steam into productive reservoir 
was simulated with the following injection regime: ― steam temperature - 300°C, 
steam injection volume ― 1600 kg/hour, for 15 days (Gladkov et al., 2012). By setting 
a change of one or another parameter in the ECLIPSE program, it is quite possible to 
draw conclusions about its effect on the process occurring in the reservoir as a whole 
(Zhao et al., 2013). 

We used the ECLIPSE 2003A_1 program version to build models (Schlumberger, 
ECLIPSE – 2003). In this program version, the following innovations are used to build 
the well model: 

– Steam Assisted Gravity Drainage (SAGD) technology option is implemented,
which allows determining the injection capacity of well, depending on the selection of 
neighboring wells of the scheme. This option is controlled by the WCONINJP keyword;                                                           

– connection D-factors for the inflow-dependent skin factor can be calculated from
the expression defined by the WDFACCOR keyword. This expression is based on the 
correlation of the inertial resistance coefficient, which depends on the permeability and 
porosity of the connected grid units;

– wells and groups can now control their heat rate with new control modes and values/
limits in the WCONPROD and GCONPROD keywords. The molar thermal equivalents 
must be defined with the CALVAL keyword before applying the new control mode;

– the WINJMULT keyword can now be employed to enter multipliers for injection
wells changing along with their bottomhole pressure value, or wellbore pressure adjacent 
to individual junctions.

Calculated hydrodynamic models of the SAGD method were built for productive 
reservoirs with vertical thickness of pay zone of 25 and 30 m and flow rate planning for 
the operation period of 10 years (Zhao et al., 2014). 

Results and Discussion
The oil saturation growth model shown in Figure 1a after the SAGD process shows 
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a significant increase in oil saturation over time (the red zone turns to yellow and then 
to blue). 

Figure 1b shows the growth of reservoir rock temperature surrounding the steam 
chamber in the reservoir, which allows concluding that the temperature of the productive 
reservoir increases over time and has a positive effect on reducing oil viscosity and 
increasing the oil recovery factor (ORF) - the blue zone gradually turns into red.
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- growth of oil saturation in the reservoir at h = 25 m (a) and at h = 30 m (b).

Fig. 1 - Computational model of oil saturation growth for productive reservoirs 
at h = 25 m and h = 30 m
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- visualization of steam chamber impact on the productive reservoir at h = 25 m (a) and at h = 30 m (b)

Fig. 2 - Visualization of oil volume change process under the steam impact                                   
at h = 25 m and h = 30 m

From the analysis of reservoir models, shown in Figure 2, it follows that the oil viscosity of the 
productive reservoir decreases significantly during the exposure time (the red zone gradually turns into a 
blue zone) and the heating of the reservoir zone increases, which positively affects both reducing oil 
viscosity and increasing the oil recovery factor.

From the graph in Figure 3a it follows that the total heat loss increases over time (blue and green 
lines) due to an increase in the steam chamber and, consequently, the heating area of the cap rock.
Heating the upper part of the reservoir to the temperature of steam is undesirable because of the high heat 
loss in the surface, as well as because of the high heat requirements of the chamber. Losses in the 
covering layers also increase due to the fact that the steam chamber advances under the side of the 
reservoir roof and all the generated heat goes to heating the cap rock and the baren zone above the oil-
saturated reservoir.

            Instantaneous values of heat loss at h=30 m            Initial oil reserves at h = 25 m
            Instantaneous values of heat loss at h=25 m            Initial oil reserves at h = 30 m
                Total heat loss at h=25 m
                Total heat loss at h=30 m

Fig.3 - Total heat loss and instantaneous heat loss (a) 
and initial oil reserves (b) at h = 25 and 30 m

In 10 years the ORF will reach a value of 0.36, which follows from the graph in Figure 3b (Butler et 
al., 1985). The graph corresponds to the graph built according to Butler theory (Butler et al., 1994)
(Figure 4a).
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Fig. 2 - Visualization of oil volume change process under the steam impact                                   

at h = 25 m and h = 30 m

From the analysis of reservoir models, shown in Figure 2, it follows that the oil 
viscosity of the productive reservoir decreases significantly during the exposure time 
(the red zone gradually turns into a blue zone) and the heating of the reservoir zone 
increases, which positively affects both reducing oil viscosity and increasing the oil 
recovery factor.
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From the graph in Figure 3a it follows that the total heat loss increases over time 
(blue and green lines) due to an increase in the steam chamber and, consequently, the 
heating area of the cap rock. Heating the upper part of the reservoir to the temperature 
of steam is undesirable because of the high heat loss in the surface, as well as because of 
the high heat requirements of the chamber.  Losses in the covering layers also increase 
due to the fact that the steam chamber advances under the side of the reservoir roof and 
all the generated heat goes to heating the cap rock and the baren zone above the oil-
saturated reservoir.
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In 10 years the ORF will reach a value of 0.36, which follows from the graph in Figure 3b (Butler et 
al., 1985). The graph corresponds to the graph built according to Butler theory (Butler et al., 1994)
(Figure 4a).
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In 10 years the ORF will reach a value of 0.36, which follows from the graph in 
Figure 3b (Butler et al., 1985). The graph corresponds to the graph built according to 
Butler theory (Butler et al., 1994) (Figure 4a).

Fig.4 - Expected growth of ORF (a) and total oil production (b) according to Butler theory
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Fig. 5 - Oil production rate and total water production (a) and pressure event (b) 
at h = 25 and h = 30 m

Numerical results from Graph 5a predict the typical three stages of SAGD, i.e., the steam 
chamber while Butler theory captures only steam chamber growth and oil production decline after 
reaching a peak, when the steam chamber extends vertically to the top of the pay zone (Zhao et al., 2013).
It has been observed that oil production rate curves show significant fluctuations, especially in the early 
stages of steam injection. This is probably due to frequent phase changes in the unit grid near the well 
area (Shin et al., 2007).

The Graph 5b shows the dependence of total oil production on the time of field development.
Upon completion of all phases of field development, we determine the total production based on this 
graph. It is known that with increasing the period of field operation there is a decrease in reservoir 
pressure and the transition from the free-flow production method of the field to the pumping method, this 
process is well reflected in Graph 5b.
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The Graph 5b shows the dependence of total oil production on the time of field development.
Upon completion of all phases of field development, we determine the total production based on this 
graph. It is known that with increasing the period of field operation there is a decrease in reservoir 
pressure and the transition from the free-flow production method of the field to the pumping method, this 
process is well reflected in Graph 5b.
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Fig. 5 - Oil production rate and total water production (a) and pressure event (b) 
at h = 25 and h = 30 m

Numerical results from Graph 5a predict the typical three stages of SAGD, i.e., 
the steam chamber while Butler theory captures only steam chamber growth and oil 
production decline after reaching a peak, when the steam chamber extends vertically to 
the top of the pay zone (Zhao et al., 2013). It has been observed that oil production rate 
curves show significant fluctuations, especially in the early stages of steam injection. 
This is probably due to frequent phase changes in the unit grid near the well area (Shin 
et al., 2007).

The Graph 5b shows the dependence of total oil production on the time of field 
development. Upon completion of all phases of field development, we determine the 
total production based on this graph. It is known that with increasing the period of field 
operation there is a decrease in reservoir pressure and the transition from the free-flow 
production method of the field to the pumping method, this process is well reflected in 
Graph 5b.

               Cumulative steam-oil factor at h=25 m                 Watercut at h = 25 m
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Fig. 6 - Cumulative steam-oil factor (a) and watercut (b) at h =25 and 30 m

The increase in the steam-oil factor does not begin immediately with the injection of steam, but 
there is a gradual increase in its effect on the increase in oil production, as shown in the graph in Figure 
6a.

As follows from the analysis of data shown in Figure 6b, when carrying out technological SAGD
operations, the water cut of wells increases slightly from 0.55 to 0.75, which is due to a high degree of oil 
steam energy transfer and steam condensation at the boundary of the steam chamber.

                          Water flow rate at h=25 m                       Total water production at h = 25 m
         Water flow rate at h=30 m               Total water production at h = 30 m

Fig. 7 - Water flow rate and total water production at h = 25 and 30 m

Water flow rate during technological SAGD operations fluctuates in a significant amplitude in the 
initial period of time, and then the value of the water flow rate, significantly reduced and stabilized over 
time. Since the main source of steam in SAGD is water, the growth of its extraction over time is quite 
logical. The graph in Figure 7 shows that the growth of the volume of extracted water grows linearly over 
time.

Conclusion
The Steam-Assisted Gravity Drainage (SAGD) method is one of the thermal methods for 

increasing oil and gas production from low-permeability reservoirs with viscous oil. The method is based 
on the use of high-temperature steams to reduce oil viscosity and increase its mobility, which contributes 
to increased production.

The developed method of simulation in the ECLIPCE program allows to:
- preliminary evaluate the effectiveness of the SAGD method for the development of low-

capacity productive reservoirs with high-viscosity oil;
- trace the process of high-viscosity oil heating in the reservoir and display the distribution of 

highly heated steam over time;
- determine the initial heat loss and initial oil reserves in the reservoir;
- calculate the expected ORF for a specified period of time;
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Fig. 6 - Cumulative steam-oil factor (a) and watercut (b) at h =25 and 30 m
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The increase in the steam-oil factor does not begin immediately with the injection 
of steam, but there is a gradual increase in its effect on the increase in oil production, as 
shown in the graph in Figure 6a. 

As follows from the analysis of data shown in Figure 6b, when carrying out 
technological SAGD operations, the water cut of wells increases slightly from 0.55 to 
0.75, which is due to a high degree of oil steam energy transfer and steam condensation 
at the boundary of the steam chamber.

               Cumulative steam-oil factor at h=25 m                 Watercut at h = 25 m
               Cumulative steam-oil factor at h=30 m                 Watercut at h = 30 m

Fig. 6 - Cumulative steam-oil factor (a) and watercut (b) at h =25 and 30 m

The increase in the steam-oil factor does not begin immediately with the injection of steam, but 
there is a gradual increase in its effect on the increase in oil production, as shown in the graph in Figure 
6a.

As follows from the analysis of data shown in Figure 6b, when carrying out technological SAGD
operations, the water cut of wells increases slightly from 0.55 to 0.75, which is due to a high degree of oil 
steam energy transfer and steam condensation at the boundary of the steam chamber.

                          Water flow rate at h=25 m                       Total water production at h = 25 m
         Water flow rate at h=30 m               Total water production at h = 30 m

Fig. 7 - Water flow rate and total water production at h = 25 and 30 m

Water flow rate during technological SAGD operations fluctuates in a significant amplitude in the 
initial period of time, and then the value of the water flow rate, significantly reduced and stabilized over 
time. Since the main source of steam in SAGD is water, the growth of its extraction over time is quite 
logical. The graph in Figure 7 shows that the growth of the volume of extracted water grows linearly over 
time.

Conclusion
The Steam-Assisted Gravity Drainage (SAGD) method is one of the thermal methods for 

increasing oil and gas production from low-permeability reservoirs with viscous oil. The method is based 
on the use of high-temperature steams to reduce oil viscosity and increase its mobility, which contributes 
to increased production.

The developed method of simulation in the ECLIPCE program allows to:
- preliminary evaluate the effectiveness of the SAGD method for the development of low-

capacity productive reservoirs with high-viscosity oil;
- trace the process of high-viscosity oil heating in the reservoir and display the distribution of 

highly heated steam over time;
- determine the initial heat loss and initial oil reserves in the reservoir;
- calculate the expected ORF for a specified period of time;
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Fig. 7 - Water flow rate and total water production at h = 25 and 30 m

Water flow rate during technological SAGD operations fluctuates in a significant 
amplitude in the initial period of time, and then the value of the water flow rate, 
significantly reduced and stabilized over time. Since the main source of steam in SAGD 
is water, the growth of its extraction over time is quite logical. The graph in Figure 7 
shows that the growth of the volume of extracted water grows linearly over time.

Conclusion
The Steam-Assisted Gravity Drainage (SAGD) method is one of the thermal methods 

for increasing oil and gas production from low-permeability reservoirs with viscous oil. 
The method is based on the use of high-temperature steams to reduce oil viscosity and 
increase its mobility, which contributes to increased production. 

The developed method of simulation in the ECLIPCE program allows to:
- preliminary evaluate the effectiveness of the SAGD method for the development of 

low-capacity productive reservoirs with high-viscosity oil;  
- trace the process of high-viscosity oil heating in the reservoir and display the 

distribution of highly heated steam over time;
- determine the initial heat loss and initial oil reserves in the reservoir;
- calculate the expected ORF for a specified period of time;
- predict the rate of oil and water production, as well as pressure events in the 

reservoir;
- set the expected steam-oil factor and watercut of productive wells over time;
- obtain the expected water flow rate and total water production over time.
When simulating SAGD for different thicknesses of productive reservoirs, it 
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is necessary to keep in mind that the SAGD process may be more effective for thin 
reservoirs than for thick ones. Thick formations may require the use of more wells and 
more steam generators to achieve the desired efficiency.

Thus, the hydrodynamic simulation of the Steam-Assisted Gravity Drainage method 
for different thicknesses of productive reservoirs using Eclipse is a complex and multi-
parameter process, which requires the preparation of a geological model, determining 
the physical parameters of the reservoir.

REFERENCES
McLennan J.A., Deutsch C.V., Garner D., Wheeler T.J., Richy Richy J.F., and Mus E., 2006 ― McLennan 

J.A., Deutsch C.V., Garner D., Wheeler T.J., Richy Richy J.F., and Mus E. ‘Permeability Modeling for the
SAGD Process using Minimodels’, SPE 103083, SPE Ann. Tech. Conf.and Exh., Texas, USA.

Karazhanova M.K., Zhetekova L.B., Abbasova S.V., Aghayeva K.K., Sabyrbaeva G.S., 2023 ― 
Karazhanova M.K., Zhetekova L.B., Abbasova S.V., Aghayeva K.K., Sabyrbaeva G.S. Study of interrelations 
between composition and properties of high-viscous oil. News of the National Academy of Sciences of the 
Republic of Kazakhstan, Series of Geology and Technical Sciences, ISSN 2224-5278 Volume 1, 457 – Рр. 
92–101, https://doi.org/10.32014/2023.2518-170X.261.

Gotawala D.R. and Gates I.D., 2010 ― Gotawala D.R. and Gates I.D. On the Impact of Permeability 
Heterogeneity on SAGD steam chamber growth. Natural Resource Research 19(2). Рр. 151–164, 2010. 
DOI:10.1007/s11053-010-9114-0.

Birrell G.E. and Putnam P.E., 2000 ― Birrell G.E. and Putnam P.E. ‘A study of the Influence of Reservoir 
Architecture on SAGD steam chamber Development at the Underground Test Facility, Northeaster Alberta, 
Canada, Using a Graphical Analysis of Temperature Profiles’, Paper. 2000-104. CIPC., Calgary Canada, 
https://doi.org/10.2118/2000-104.

Chan S., Chen Z. and Dong M., 2012 ― Chan S., Chen Z. and Dong M. Experimental and numerical 
study of primary water mobility in bitumen reservoirs and its impact on SAGD. J Petrol Sci&Eng. Рр. 92-
93, 30–39, https://doi.org/10.1016/j.petrol.2012.06.008.

Gladkov E.A., 2012 ― Gladkov E.A. Geological and hydrodynamic modeling of oil and gas fields. 
Tutorial. Tomsk, TPU publishing house, 2012, 84 р. (in Russ.).

Zhao D.W., Wang J., Gates I.D., 2013 ― Zhao D.W., Wang J., Gates I.D. Optimized solventaided steam-
flooding strategy for recovery of thin heavy oil reservoirs, Fuel 112. Рр. 50–59. https://doi.org/10.1016/j.
fuel.2013.05.025.

Schlumberger, ECLIPSE. Reference guide. Version 003_1. 2003. – 2030 р.
Zhao D.W., Wang J., Gates I.D., 2014 ― Zhao D.W., Wang J., Gates I.D. Thermal recovery strategies 

for thin heavy oil reservoirs, Fuel 117. Рр. 431–441. https://doi.org/10.1016/j.fuel.2013.09.23.
Butler R.M., 1985 ― Butler R.M. A new approach to the modelling of steam-assisted gravity drainage, 

J. Can. Pet. Technol. 24, 03. Рр. 42–51. https://doi.org/10.2118/85-03-01.
 Butler R.M., 1994 ― Butler R.M. Steam-assisted gravity drainage: concept, development, performance

and future, J. Can. Pet. Technol. 33, 2. Рр. 44–50. https://doi.org/10.2118/94-02-05.
 Zhao D.W., Wang J., Gates I.D., 2013 ― Zhao D.W., Wang J., Gates I.D. Optimized solventaided steam-

flooding strategy for recovery of thin heavy oil reservoirs, Fuel 112. Рр. 50–59. https://doi.org/10.1016/j.
fuel.2013.05.025.

 Shin H. and Polikar M., 2007 ― Shin H. and Polikar M. ‘Review of Reservoir Parameters to 
Optimize SAGD and Fast-SAGD Operating Conditions’, JCPT, PETSOC-07-01-04. Vol. 46, https://doi.
org/10.2118/07-01-04.

https://doi.org/10.32014/2023.2518-170X.261
http://dx.doi.org/10.1007/s11053-010-9114-0
https://doi.org/10.2118/2000-104
https://doi.org/10.1016/j.petrol.2012.06.008
https://doi.org/10.1016/j.fuel.2013.05.025
https://doi.org/10.1016/j.fuel.2013.05.025
https://doi.org/10.1016/j.fuel.2013.09.23
https://doi.org/10.2118/85-03-01
https://doi.org/10.2118/94-02-05
https://doi.org/10.1016/j.fuel.2013.05.025
https://doi.org/10.1016/j.fuel.2013.05.025
https://doi.org/10.2118/07-01-04
https://doi.org/10.2118/07-01-04


305

ISSN 2224-5278 3. 2023

CONTENTS

D.K. Akhmetkanov, M.Zh. Bitimbayev, V. Lozynskyi, K.B. Rysbekov, B.B. Amralinova
NEW VARIANTS FOR WIDE OREBODIES HIGH–CAPACITY MINING SYSTEMS
WITH CONTROLLED AND CONTINUOUS IN–LINE STOPING.....................................................................6

F.A. Akhundov, M. Sarbopeeva,  R. Bayamirova, A. Togasheva, A. Zholbasarova
ON THE ISSUE OF PREPARING THE WELLBORE FOR ITS FASTENING..................................................22

A.M. Baikadamova, Y.I. Kuldeyev
GEOLOGICAL STRUCTURE OF THE ZHARKENT THERMAL GROUNDWATER DEPOSIT
BY THE EXAMPLE OF WELL 3-T.....................................................................................................................35

A.A. Yerzhan, P.V. Boikachev, B.R. Nakisbekova, Z.D. Manbetova, P.A. Dunayev
METHOD OF SYNTHESIS OF MATCHING TELECOMMUNICATION DEVICES BASED 
ON THE METHOD OF REAL FREQUENCIES FOR 5G ANTENNAS IN A DISTRIBUTED
ELEMENT BASIS.................................................................................................................................................47

K.S. Zaurbekov, S.A. Zaurebkov, A.V. Sladkovsky, D.Y. Balgayev
HYDRODYNAMIC SIMULATION OF THE STEAM-ASSISTED GRAVITY DRAINAGE 
METHOD FOR DIFFERENT RESERVOIR THICKNESSES USING ECLIPSE...............................................60

A.T. Ibrayev, D.A. Aitimova
A METHOD FOR ACCOUNTING THE IMPACT OF ERRORS ON THE QUALITY 
OF ANALYTICAL INSTRUMENTS AND OPTIMAL CONTROL SYSTEMS................................................70

I.G. Ikramov, G.I. Issayev, N.A. Akhmetov, SH.K. Shapalov, K.T. Abdraimova
RECYCLING OF PRODUCTION WASTE AND ENVIRONMENTAL IMPACT ASSESSMENT...................80

J.A. Ismailova, A.R. Khussainova, Luis E. Zerpa, D.N. Delikesheva, A.A. Ismailov
A NEW PREDICTIVE THERMODYNAMIC MODEL OF PARAFFIN FORMATION WITH THE 
CALCULATION OF THE MATHEMATICAL ORIGIN OF THE POYNTING CORRECTION FACTOR......96

Zh.S. Kenzhetaev, K.S. Togizov, A.K. Omirgali, E.Kh. Aben, R.Zhalikyzy
INTENSIFICATION OF INHIBITOR-ASSISTED URANIUM ISL PROCESS...............................................108

M.A. Li, T.T. Ibrayev, N.N. Balgabayev, B.S. Kali, D.A. Toleubek
SIMULATION AND OPTIMIZATION MODELING OF WATER USE MANAGEMENT
IN IRRIGATION SYSTEMS..............................................................................................................................119

A.S. Madibekov, L.T. Ismukhanova, А.О. Zhadi, A. Mussakulkyzy, K.M. Bolatov
RANKING THE TERRITORY OF THE ALMATY AGGLOMERATION ACCORDING 
TO THE DEGREE OF POLLUTION.................................................................................................................130

E.K. Merekeyeva, K.A. Kozhakhmet, A.A. Seidaliyev
CHARACTERISTICS OF THE STRUCTURAL UPLIFTS OF KURGANBAI AND 
BAYRAM-KYZYLADYR LOCATED WITHIN THE ZHAZGURLI DEPRESSION......................................149

R.N. Moldasheva, N.K. Shazhdekeyeva, G. Myrzagereikyzy, V.E. Makhatova, A.M. Zadagali
MATHEMATICAL FOUNDATIONS OF ALGORITHMIZATION OF WATER POLLUTION 
MODELING PROCESSES.................................................................................................................................164

Y.G. Neshina, А.D. Mekhtiyev, A.D. Alkina, P.A. Dunayev, Z.D. Manbetova
HARDWARE-SOFTWARE COMPLEX FOR IDENTIFICATION OF ROCK
DISPLACEMENT IN PITS................................................................................................................................180



306

N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

М.B. Nurpeisova, Z.А. Yestemesov,  V.G. Lozinsky, А.А. Аshimova, S.S. Urazova
INDUSTRIAL WASTE RECYCLING – ONE OF THE KEY DIRECTIONS 
OF BUSINESS DEVELOPMENT.......................................................................................................................193

B. Orazbayev, M. Urazgaliyeva, A. Gabdulova, Zh.  Moldasheva, Zh. Amanbayeva
METHODS OF MULTI-CRITERIA SELECTION IN PETROLEUM GEOLOGY UNDER
CONDITIONS OF FUZZY INITIAL DATA......................................................................................................206

B.R. Rakishev, A.A. Orynbay, A.B. Mussakhan
AUTOMATED FORECASTING OF THE PARTICLE SIZE COMPOSITION OF BLASTED
ROCKS DURING BLASTHOLE DRILLING IN HORIZONTAL UNDERGROUND 
WORKINGS........................................................................................................................................................222

Y.Sh. Seithaziyev
GEOCHEMICAL STUDIES OF CONDENSATE, GAS AND CORE SAMPLES DERIVED
FROM GAS-CONDENSATE FIELDS IN THE MOYNKUM SAG (KAZAKHSTAN)...................................242

E.Yu. Seitmuratova, R.T. Baratov, F.F. Saidasheva, V.S. Goryaeva, M.А. Mashrapova, Ya.K. Arshamov
TO STUDY THE RING STRUCTURES OF CENTRAL AND SOUTHERN KAZAKHSTAN
AND THEIR ORE CONTENT............................................................................................................................262

J.B. Toshov, Sh.R. Malikov, O.S. Ergashev, A.K. Sherov, A. Esirkepov
IMPROVING THE EFFICIENCY OF THE PROCESS OF DRILLING WELLS IN COMPLEX 
CONDITIONS AT GEOLOGICAL PROSPECTING SITES.............................................................................282

V.A. Tumlert, Zh.K. Kasymbekov, R.A. Dzhaisambekova, E.V. Tumlert, B Sh. Amanbayeva
INFLUENCE OF THE HYDROGEOLOGICAL MODE OF OPERATION ON THE CHARACTER
OF COLLATING OF THE FILTER AND THE FILTER ZONE OF SEASONAL WELLS..............................295



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see 
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan 
implies that the described work has not been published previously (except in the form of an 
abstract or as part of a published lecture or academic thesis or as an electronic preprint, see http://
www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere, 
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities 
where the work was carried out, and that, if accepted, it will not be published elsewhere in the 
same form, in English or in any other language, including electronically without the written 
consent of the copyright-holder.  In particular, translations into English of papers already 
published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, 
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National 
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the 
Committee on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving 
Cases of Suspected Misconduct (http://publicationethics.org/files/u2/New_Code.pdf). To verify 
originality, your article may be checked by the Cross Check originality detection service http://
www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide 
corrections, clarifications, retractions and apologies when needed. All authors of a paper should 
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published 
works which are not yet cited. Reviewed articles should be treated confidentially. The reviewers 
will be chosen in such a way that there is no conflict of interests with respect to the research, the 
authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they 
will only accept a paper when reasonably certain. They will preserve anonymity of reviewers and 
promote publication of corrections, clarifications, retractions and apologies when needed. The 
acceptance of a paper automatically implies the copyright transfer to the National Academy of 
Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan 
will monitor and safeguard publishing ethics.

Правила оформления статьи для публикации в журнале смотреть на сайтах:
www:nauka-nanrk.kz

http://www.geolog-technical.kz/index.php/en/
ISSN 2518-170X (Online), 

ISSN 2224-5278 (Print)

Заместитель директор отдела издания научных журналов НАН РК Р. Жәлиқызы 
Редакторы: М.С. Ахметова,  Д.С. Аленов 
Верстка на компьютере Г.Д.Жадыранова

Подписано в печать 14.06.2023.
Формат 70х901/16. Бумага офсетная. Печать – ризограф.

20,0 п.л. Тираж 300. Заказ 3.

Национальная академия наук РК
050010, Алматы, ул. Шевченко, 28, т. 272-13-19




