
Complex Use of Mineral Resources. 2024; 329(2):54-62   ISSN-L 2616-6445, ISSN 2224-5243 

DOI: 10.31643/2024/6445.16 
Earth sciences 

The method of non-stationary flooding and the conditions for its effective use in 
the operation of an oil field 

1Effendiyev G.M., *2Moldabayeva G.Zh., 2Tuzelbayeva Sh.R., 2Imansakipova Z.B.,3Hongjun Wu 

1Azerbaijan National Academy of Sciences, Baku, Azerbaijan 
2Satbayev University, Almaty, Kazakhstan 

3LLP "DPS Kyzylorda", Kyzylorda, Kazakhstan 

*Corresponding author email: g.moldabayeva@satbayev.university

Received: July 26, 2023 
Peer-reviewed: August 17, 2023 
Accepted: August 22, 2023 

ABSTRACT 
The article describes the essence of unsteady waterflooding, which is one of the most effective 

methods of increasing the oil recovery factor, used to change the direction of filtration flows, 

which makes it possible to engage in the development of undeveloped oil reserves and reduce the 

rate of watering of the deposit in productive reservoirs. A common technological method of 

unsteady water flooding is the use of cyclic modes of operation of injection wells. The essence of 

this method is that at an unsteady state in the oil deposit, there are conditions for the continuous 

manifestation of elastic forces of the reservoir system. In a heterogeneous reservoir between 

different zones, channels, and fluid flows there are gradients of hydrodynamic pressures, due to 

which there can be fluid flows from one layer to another, from fractures to blocks, as well as 

changes in flow directions. During unsteady flooding of heterogeneous formations, a part of oil 

reserves in low-permeability layers or zones remains uncovered by injected water. The 

waterflooded reservoir appears as an unsystematic alternation of watered and oil-saturated 

microflows.  While creating in such reservoirs alternately changing in value and direction of 

pressure gradients, conditions for injection water penetration into stagnant oil-saturated low-

permeable zones and channels appear in the oil reservoir and oil movement from them to active 

drainage zones. As a result of the analysis, the positive effect of the implementation of unsteady 

waterflooding technology was revealed, and recommendations for improving its application at 

other operational facilities of oil fields were given. 

Keywords: non-stationary flooding, injection well, cyclic injection, oil recovery, filtration, 
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Introduction 

  Non-stationary flooding (NC) is applicable both 

at an early and late stage of development. It is also 
possible to use it in highly watered fields developed 
by the method of conventional stationary flooding, 

even after reaching the maximum cost-effective flow 
rate of producing wells. Methods of non-stationary 
flooding are widely used in oil fields, however, they 

are not always effective due to insufficient strict 
compliance with the recommendations [1].  

Since there is a high water content in them, 

scientific and technical solutions for blocking 
permeable areas of the reservoir become crucial. In 
this regard, ways to use effective water insulation 

compositions are being investigated [[2], [3]]. A 
considerable number of compositions are known 
and great experience of their application in various 
geological and physical conditions has been 
accumulated. However, their technological 
efficiency is low and does not exceed 40–50 % [4]. 
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The effectiveness of this method is influenced by 

the geological structure of the deposit, the current 

state of development (the flooding system, the 

working stock of wells, the level of waterlogging, the 

proportion and nature of the production of 

geological reserves), heterogeneity in permeability, 

etc [5]. Therefore, the need to predict the 

effectiveness of the cyclic impact process is an 

urgent task. The problem of water inflows has always 

remained at the center of attention, and in recent 

years, especially more often began to attract the 

attention of researchers [[6], [7]]. Theoretical and 

experimental studies aimed at studying on 

mechanism of origin of water inflows, reasons for 

their origin, and also search for methods of struggle 

against this phenomenon, were carried out. 

The purpose of this work was to increase the 

elastic reserve of the reservoir system by periodically 

changing the water injection pressure. The analysis 

of geological field data carried out by the author 

showed that the traditionally considered geological 

factors and the filtration capacity properties of rocks 

do not exhaust all the factors affecting the flow rate 

of the well. The complex nature of the distribution of 

reservoirs and the high heterogeneity of the section 

were also taken into account, which resulted in a 

wide variety of deposits by types of natural 

reservoirs and the nature of saturation. The use of 

non-stationary flooding made it possible to reduce 

unproductive injection and reduce possible losses of 

mobile oil reserves [8]. 

The main part. Selection of a potential site for 

non-stationary flooding It is carried out taking into 

account the following circumstances, depending on 

the systems of development and organization of the 

cyclic process of injection and selection of liquid. 

When choosing options, it is necessary to take into 

account the location of injection and production 

wells by area, to prevent language water 

breakthroughs by changing the operating modes of 

wells, to pump water through nearby wells in 

opposite modes. 

The stronger the heterogeneity of the formation, 

the higher the amplitude of pressure fluctuations 

should be, since with its growth the amount of 

pulsating energy introduced into the formation to 

overcome filtration resistances to the oscillatory in 

the fluid flow increases [9]. 

The choice of the optimal injection pressure 

should be carried out by taking into account the 

geological and physical characteristics of the 

formations, the analysis of field development data, 

the results of well research, and data on hydraulic 

fracturing. In nonlinear filtration, when the reservoir 

pressure increases, the permeability of the reservoir 

increases, and when it decreases, the periodic 

(cyclic) pressure change will lead to an additional 

increase in the average reservoir pick–up during the 

cycle, depending on the nonlinearity parameter and 

the amplitude of the oscillations [10]. 

Figure 1 - Selected Yu-2+3 for experimental work 
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Figure 2 - Schedule of field development for the Yu-2+3 facility 

The distribution of the average pressures over 

the cycle along the length of the formation will differ 

more strongly from the linear one, the higher the 

amplitude of the oscillations. Thus, the cyclical effect 

on an inhomogeneous reservoir in the presence of a 

dependence of permeability on pressure will give 

additional intensification and additional coverage of 

flooding due to the interaction of the nonlinearity of 

the process with its periodicity. Based on the review 

and practical application, the following conditions 

were formed [[11], [12]]: 

• an existing development system with an

organized PPD system; 

• production of reserves significantly lags behind

waterlogging; 

• presence of significant residual recoverable oil

reserves; 

• significant heterogeneity of the interlayers

within the layers, in terms of permeability; 

• maximum full opening of the effective oil-

saturated thickness in production and injection 

wells;  

• Reservoir pressure at the initial level;

• technical serviceability of wells;

• hydrodynamic connection of wells (tracer

studies). According to the above criteria, a site was 

selected at the Yu-2+3 facility in the field Figure 1.   

Experimental studies of non-stationary 
flooding 

 The geological structure, reservoir permeability 
heterogeneities, and their relationship to each other 
have been studied for this site. Maps of losses (liquid, 
oil, Keksp), sedimentary microfacies, RMS attributes, 
electrofacies, lithotypes, total thicknesses, and 
isobars were constructed, and reports of JSC 
"NIPIneftegaz" and LLP "ALSTRON" on tracer studies 
(wells) were analyzed №№4309, 4366) [[13], [14]].  
As of 01.01.2022, geological reserves for the Yu-2+3 
facility amount to 36,360 thousand tons, initial 
recoverable reserves – 9,332 thousand tons, OIZ – 
3,493 thousand tons, production from the bottom – 
63%, accumulated oil production – 5839 thousand 
tons. 147 producing and 67 injection wells are 
located at this facility. The accumulated water 
injection is 27,413 thousand m3, and the current 
compensation for the selection by injection is 107% 
(Figure 2). 

According to geological and physical criteria, the 
most suitable is site No. 1. Plot No. 1. 4 injection 
wells No.4382, 4919, 4366, 4907 are operating in the 
selected area in the area of BCNS 1. 

The intake capacity of injection wells averages 
188 m3/day, the average annual water content of 
the site is 90%, the current compensation is 165%. 
Maintenance of reservoir pressure at the site is 
carried out by pumping Alb Cenomanian water [15]. 

56



Комплексное Использование Минерального Сырья. №2(329), 2024     ISSN-L 2616-6445, ISSN 2224-5243 

Figure 3 - Indicator output from reacting wells 

To determine the direction of filtration flows, 
carbamide (2020) and disodium phosphate (2014) 
were injected in 2014 and 2020. 

In 2020, a tracer study was conducted in the 
injection well No. 4907 (injection of carbamide). 
According to the results of laboratory studies, the 

output of the indicator was recorded for 14 wells 
(№№875, 975, 1489, 1506, 2517, 4404, 4421, 4423, 
4435, 4702, 4704, 4764, 4824, 4881). In 4 wells 
(№№2213, 3213, 4307, 4965) no samples were 
taken because the wells were in conservation. 

Disodium phosphate was injected into well No. 
4366 in order to determine the distribution of 
hydrodynamic flows in the formation. The output of 
the indicator is fixed for all 16 wells (№№775, 974, 

975, 1489, 1502, 1506, 1508, 1513, 1515, 2521, 
4307, 4308, 4404, 4421, 4423, 4435). It can be noted 
that the indicator was traced in reacting production 
wells No. 4907 and No. 4366 (Figure. 3), which was 

the rationale for choosing this site.   
Further, the time of operation and shutdown of 

wells during cyclic injection is determined, which is 
determined by the formula of M.L.  

Surguchev using the reservoir parameters:  
ω = 2 p /L2  
T= L2/2 ρ where p =K/ με is the average piezo 

conductivity of low-permeable interlayers; K- 
permeability μ -viscosity ε is the compressibility 
coefficient of the rock Calculated, the average 
duration of cycles (stop/work) was 7 days, further 
durations up to 14 days. 

This made it possible, by increasing the period of 
cyclic exposure, to shift the area of maximum 
intensity of fluid exchange between layers of 
different permeability into the inter-well space in the 
direction of the selection area. The cycle begins with 
the shutdown of the injection wells of the western 
group No. 4382 and 4919. 

Wells of the eastern group No.4366, 4907 have 
been operating for 7 days. After 7 days, the wells of 
the western group are working and the wells of the 
eastern part of the group are shut down. At the end 
of 7 days, wells in the southern part No. 4919, 4907 
are working, and wells No. 4366, 4382 are shut down 
in the northern part [[16], [17], [18]]. Wells No. 4366, 
and 4382 in the northern part are operating for 7 
days, and wells No. 4919, and 4907 in the southern 
part are shut down. At the end of 7 days, wells No. 
4919, and 4382 in the western part are turned off for 
14 days, and wells No. 4366, and 4907 in the eastern 
part work for 14 days. Then the cycle repeats. Non-
stationary flooding in 2022 at this site of the first 
operational facility began in March. Symmetrical 
cycles with the duration of the work period 
(downtime) of 7 and 14 days were used. Prior to the 
start of the experimental work, an audit and 
verification of the tightness and serviceability of the 
shut-off valves were carried out, the current state of 
the faces of injection wells involved in the process 
was determined, and a hydrodynamic study was 
carried out by the efficiency method for injection 
wells. It is recommended to conduct a GDIS to 
determine dynamic levels and to take control 
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samples to determine water availability in all 9 
reacting wells [[19], [20]]. 

The effect of cyclic injection was monitored for 9 
wells. Production well No. 4702 did not participate in 
the analysis due to high water availability. 
Accumulated oil production is shown in Figure 4. that 
before the cyclical flooding in February, oil 
production was 438.3 tons, after the completion of 
the cycle, oil production was 895.5 tons, 
respectively.  

At the start date of the application of non-
stationary flooding, the water content of the wells of 
the site was 88%, with an average monthly oil flow 
rate of 5.4 t/day. In the first cycle of application of 
the NC, the water content decreases by (1%) with a 
significant increase in the oil flow rate to 7.3 t/day 
(Figure 5) [21]. A month after the start of non-
stationary flooding, the water content decreases to 
77% with an increase in the average monthly oil flow 
rate to 12.8 t/day. 

Figure 4 - Accumulated oil production by cycles 

Figure 5 - Dynamics of average daily oil production and water availability 
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Results and discussion 

 Thus, the non-stationary flooding program was 

implemented in full and confirmed its technological 

effectiveness. The duration of the OPI for non-

stationary flooding was 84 days, during this period 8 

cycles were carried out. Due to the impact of non-

stationary flooding, an increase of 457.2 tons of 

additional oil production was obtained. 

The water content of reacting wells has 

decreased №№4764, 875, 1489, 4764, 4704, 4423, 

and in the whole area from 88% to 78%. During the 

analyzed period, 50% less water was pumped into 

the reservoir than before the event, and 

compensation for selection by injection decreased 

by 65%. At the same time, the reservoir pressure 

rose from 193 to 234 kg/cm2.  

The results of experimental studies allowed 

obtaining the dependence of the resistance factor 

on the permeability of the medium and the 

concentration of the solution, which will make it 

possible to create conditions for the isolation of 

water inflows using a non-stationary flooding 

program in the considered medium. The application 

of the methodology of rational planning of 

experiments allows one to get maximum 

information during the realization of the experiment 

plan. Reduction in water mobility can be achieved 

even at minimum concentrations. In this regard, the 

expression for determining the necessary 

concentration depending on the permeability of the 

medium is obtained. The application of appropriate 

methods of data processing and information 

analysis makes it possible to justify the choice of 

polymer solution. 

Conclusion 

 In most fields, after almost complete 

production, the residual oil is in a capillary-pinched 

form or in the form of separate oil columns. To 

increase the completeness of its extraction, the 

method of non-standard flooding is widely used, the 

effectiveness of which has been proven during pilot 

work at the Yu-2+3 field facility. 

Analysis of geological and physical 

characteristics of objects and the existing 

development system, it can be noted that this 

method is applicable almost everywhere. In order to 

achieve the greatest efficiency from the introduction 

of cyclic impact, it is recommended to use the 

criteria proposed in this paper for the selection of 

sites and the technology of work. 

The results obtained and the workflow 

presented in this paper provide a better 

understanding of the mechanism of polymer 

solutions in waterflooding. In addition, the definition 

of optimized workflows to evaluate any solutions in 

porous media and changes in permeability is 

supported. 
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ТҮЙІНДЕМЕ 
Мақалада стационарлы емес су жіберудің мәні көрсетілген, бұл сүзгі ағындарының бағытын 
өзгерту үшін қолданылатын мұнай өндіру коэффициентін арттырудың тиімді әдістерінің бірі 
болып табылады. Бұл әдіс өндірілмеген мұнай қорларын игеруге және өнімді 
коллекторлардағы кен орындарының сулану қарқынын төмендетуге мүмкіндік береді. 
Тұрақталмаған су жіберудің кең таралған технологиялық әдісі ретінде айдау 
ұңғымаларының циклдік жұмыс режимдері қолданылады. Бұл әдістің мәні мынада: мұнай 
кен орнында тұрақталмаған жағдайда қабат жүйесінің серпімді күштерінің үздіксіз болатын 
жағдайлар туындайды. Әр түрлі аймақтар, арналар мен сұйықтық ағындары арасындағы 
біріңғай емес қабатта гидродинамикалық қысым градиенттері пайда болады, соның 
арқасында сұйықтықтың кейбір қабаттардан екіншісіне, жарықтардан блоктарға ағуы 
мүмкін. Сонымен қатар ағындардың бағыттары өзгереді. Тұрақталмаған су жіберу кезінде 
біріңғай емес қабаттардың төмен өткізгіш қабаттардағы немесе аймақтардағы мұнай 
қорларының бір бөлігі айдалатын сумен қамтылмаған күйінде қалады. Су басқан қабат 
суланған және мұнаймен қаныққан микроағзалардың жүйесіз ауысқан түрінде болады. 
Мұндай коллекторларда көлемі мен бағыты бойынша кезектесіп өзгеретін қысым 
градиенттерін құру кезінде мұнай қабатында қысымды суды мұнаймен қаныққан өткізгіштігі 
төмен аймақтар мен арналарға енгізу және олардан мұнайды белсенді дренаждық 
аймақтарға ауыстыру үшін жағдайлар туындайды. Талдау нәтижесінде стационарлық емес 
су жіберу технологиясын іске асырудың оң әсері анықталды, сондай-ақ оны мұнай кен 
орындарының басқа объектілерінде қолдануды жетілдіру бойынша ұсыныстар берілді. 
Түйін сөздер: Стационарлық емес су айдау, айдау ұңғымасы, циклдік айдау, мұнай беру, сүзу, 
гетерогенділік. 
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АННОТАЦИЯ 
В статье изложена сущность нестационарного заводнения, которое является одним из 
достаточно эффективных методов увеличения коэффициента извлечения нефти, 
применяемого для изменения направления фильтрационных потоков, что позволяет 
вовлечь в разработку невыработанные запасы нефти и снизить темпы обводнения залежи в 
продуктивных коллекторах. Распространенным технологическим методом нестационарного 
заводнения является использование циклических режимов работы нагнетательных скважин. 
Сущность такого метода заключается в том, что при неустановившемся состоянии в нефтяной 
залежи возникают условия для непрерывного проявления упругих сил пластовой системы. В 
неоднородном пласте между различными зонами, каналами и потоками жидкостей 
возникают градиенты гидродинамических давлений, за счет которых могут происходить 
перетоки флюида из одних слоев в другие, из трещин в блоки, а также изменяются 
направления потоков. При нестационарном заводнении неоднородных пластов часть 
запасов нефти в низкопроницаемых прослоях или зонах остается неохваченной 
закачиваемой водой. Заводняемый пласт представляется как бессистемное чередование 
обводненных и нефтенасыщенныхмикропотоков. При создании в таких коллекторах 
попеременно изменяющихся по величине и направлению градиентов давления, в нефтяном 
пласте возникают условия для внедрения нагнетаемой воды в застойные нефтенасыщенные 
малопроницаемые зоны и каналы, и перемещения из них нефти в зоны активного 
дренирования. В результате анализа выявлен положительный эффект от реализации 
технологии нестационарного заводнения, а также даны рекомендации по 
совершенствованию ее применения на других эксплуатационных объектах нефтяных 
месторождений. 
Ключевые слова: нестационарное заводнение, нагнетательная скважина, циклическая 
закачка,нефтеотдача, фильтрация, неоднородность. 
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