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SUMMARY 

The gas-lift method of operation is the most technologically advanced and economically feasible, 
especially for deposits developed from offshore bases and sites. The ranking of gas-lift wells on flow 
rates, specific gas flow, degree of water cut and compressed gas injection points showed that the energy 
spent on raising a unit of production is still quite high. The optimizing of gas flow rate for raising well 
production is currently being addressed in different ways, however, it is necessary to obtain the highest 
flow rate at the lowest specific gas flow rate, which is the reason for the fuzziness. 

The purpose of this paper is to improve methods for analyzing information and making decisions to 
improve the efficiency of gas-lift operation. The analysis of studies of gas-lift operation accumulated 
over recent years has been carried out in this work. The presence of uncertainty in the statement of 
purpose and limitations significantly complicates decision-making , and the paper proposes the 
application of the theory of fuzzy sets in decision-making. The calculations performed according to the 
data of a particular well showed that the best result in the form of 151 tons of oil is provided with a gas 
flow rate of 27500 m3. 
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Introduction 
 
The gas-lift method of operation is the most technologically and economically expedient, especially 
for deposits developed from offshore bases and sites. The problem of optimizing the gas flow rate to 
raise well production is currently relevant and is solved in different ways, however, it is necessary to 
strive to obtain the highest flow rate at the lowest specific gas flow rate, which is the reason of the 
fuzziness in statement. Based on the foregoing, the purpose of this manuscript is to improve methods 
of analyzing data and making decisions to improve the efficiency of gas lift operation taking into 
account the fuzziness of the statement of purpose and limitations. 
 
Analysis of the current state of problems using the gas-lift method of operation 
 
This section of the manuscript provides an overview of the methods and technologies developed over 
the past two decades to solve the problems of optimizing gas-lift wells. The analyses of well data has 
been carried out over a wide range, from one well up to multidimensional schemes of optimization in 
real time and covering all wells in the field. A number of works are devoted to modeling, the 
development of computational schemes and computer programs. The computer system developed by 
the authors (Barashkin and Samarin, 2006) is a toolkit for making a reasonable optimal decision on 
this problem. Operational control tasks is arisen while operating a gas-lift complex. In this regard, the 
computing system proposed in (Barashkin and Samarin, 2006) allows developing the optimized 
decisions of operator including the programs of the detailed modeling of process in the contour of 
operational control in real time. Detailed computer modeling of processes with continuous and 
periodic gas-lifts allowed analyzing the dynamics of the output parameters of the processes with a 
wide variation in the initial and adjustable parameters. Such an analysis allowed the authors clarifying 
the model. The created software package allows solving the problem of choosing technical solutions 
while equipping gas-lift field gas-liquid elevators, as well as calculating the operating modes of a gas-
lift well during its operation. Gutierrez et al.  works 2. (Gutierrez at al., 2007), which is a 
comprehensive approach using dip curves for a reservoir together with network and technological 
models  (Schlumberger, 2007) is also devoted to modeling using an integrated approach. An integrated 
model of asset provides more accurate conditions of processing imposed by communications in the 
real world. The iterative offline-online scheme proposed by Rashid (Rashid 2010) has been used to 
optimize gas-lift. In a situation where it is necessary to make a choice between modes with a 
minimum specific gas flow rate or a maximum liquid flow rate or some average between these modes, 
one of the criteria of decision making under uncertainty is used. So, the Hurwitz criterion, which takes 
into account the heuristic coefficient of success has been used in (Buy, 2014). In this case, the optimal 
mode is selected according to the group characteristics based on the condition (Buy, 2014): 
 

  QQQ llopt   1..max.. min.s.f. (1), 

where    is heuristic coefficient of success; Qmax. l.   corresponds to the maximum value of fluid 
selection; Qmin. s. f.  is fluid selection corresponding to minimum specific gas flow rate. When the 
increase of flow rates of fluid and oil are equal  = 1, in accordance with an equation, the optimal 
mode coincides with the mode of the maximum flow rate. In case of absence of increments of oil 
production due to increase of fluid production ( = 0), the optimal mode provides the minimum of 
specific flow rate. In this case, the task of optimization is two-criteria, that is, the optimal mode 
should ensure maximum flow rate and minimum specific gas flow. In accordance with this, one or 
another method of making the optimal decision should be chosen. At the same time, the proposed 
criterion is generalizing, that is, allowing the reduction of the two marked criteria to one and thereby 
the task is reduced to a single-criterion. An overview of methods and techniques developed to solve 
the problem of continuous optimization of gas-lift over the past two decades has been presented in 
(Bellman and Zadeh, 1970). They range from an isolated analysis of one well to a multidimensional 
scheme of real-time covering all the wells in the considered field. Although some of the considered 
methods are clearly limited due to the fact that they neglect the processing of results of the observed 
effects of interdependent wells with common flow lines, other methods are limited due to the 
efficiency and quality of the solution obtained while working with large-scale networks consisting of 
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hundreds of hard-to-reach wells. The purpose of the present work, as noted in (Bellman and Zadeh, 
1970) is to create an idea of the developed approaches reflected in studies accumulated to present date 
and to highlight the remaining problems of interest in the future. The work dedicated to the necessity 
to use an optimization device (Rashid at al., 2020) while considering fields with many interrelated 
gas-lift wells and components of an object is noted. A strict multiphase solving device of flow 
network has been used to solve pressure and flow problems throughout the network in combination 
with a sequential quadratic programming device for a limited distribution problem. The advantages of 
a simultaneous solution to obtain accurate results are shown (Bellman and Zadeh, 1970; Rashid at al., 
2020), but the corresponding calculations are not presented. In (Dutta-Roy at al., 1997), a network 
system has been defined to completely consider the interaction between the producing and gas lift 
systems at the same time for a complex offshore of operation on gas-lift to increase production and 
reduce costs. A kind of gas lift curves has been constructed for varying well-head pressure, which, 
according to the author, is a fairly good description of the considered process. The curves have been 
assumed to be piecewise linear, and the method of sequential linear programming has been used for 
optimization. Vazquez et al. (Vazquez at al., 2001) proposed an approach combining the genetic 
algorithm with the Taboo search method. The latter performs a local search and saves a set of search 
points marked as viable, known as Tabu (taboo) steps. These studies are moving in the direction 
where improvement in objective function is most likely. The method has been tested on a 25-well 
system and 5% increase of production has been reported compared to the initial state. Other methods 
of the mechanized production ave also been considered, the scheme can be equally applied to the gas-
lift scenario. The main drawback of the approach was great difficulties and the associated high cost of 
evaluating the function due to the global stochastic scheme. 
 
Problem statement.  
 
The essence of the gas-lift method of operation is to increase the production of the well supplying it 
with the necessary amount of compressed gaseous working agent.  
As the review of studies shows, the gas-lift method of operation is one of the oldest methods of 
mechanized oil production. As can be seen from the review, traditional technologies developed in the 
last century do not meet all the requirements associated with high pressure, high efficiency and safety. 
In this regard, great success has been achieved in the creation of new equipment capable of working 
in difficult conditions. Decision-making problems are posed using two criteria, which requires the use 
of modern methods that take into account this circumstance introducing fuzziness in the studies 
performed in recent years in solving various problems of oil-field practice (Bellman and Zadeh, 1970; 
Rashid at al., 2020; Dutta-Roy at al., 1997; Vazquez at al., 2001; Efendiyev at al., 2017). According 
to it, the task of choosing optimal modes based on the analysis of field data using the theory of fuzzy 
sets has been set. 
 
Results of researches.  
 
Data have been collected to solve this problem on operation of wells by the gas-lift method, which 
have been subjected to statistical processing. Initially, the dynamics of oil production and gas flow 
have been analyzed. A method known as the "moving average method" has been applied in analyzing 
the dynamics. The moving average method is based on the property of the average to repay random 
deviations from the general regularity. As a result, the calculation of the average somehow slides from 
the beginning of a series of dynamics to its end. According to this method, a certain number of points 
is selected, which can be changed or clarified while building dependencies. In this case, it is chosen 
equal to 3. First, the first three points are averaged over the abscissa and ordinate, then, the next three, 
etc. starting from the second. An averaged series has been obtained as a result. The dependences of 
gas flow and oil production on time are constructed according to these data. The main characteristics - 
these are graphical dependencies of the specific gas flow and production from the total gas flow rate 
are often used in practice using gas-lift method. (Figure 1).  
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Figure 1. Graphic dependencies of specific gas and well flow on total gas flow. 

 
Here, curve Qoil characterizes the dependence of the flow rate on volumetric flow of gas, and R curve 
- the specific flow rate of working agent on volumetric flow of gas. The optimal modes are 
determined in practice based on it. In this case, the correspondence of the optimal mode to the 
minimum value of the specific gas flow (coordinates of point A) is taken into attention. This point is 
the tangent point to the curve Qoil passing through the beginning of coordinates. Along with this, the 
mentioned analysis is significantly complicated by the presence of uncertainties. The mentioned 
uncertainty is arisen due to a fuzzy formulation of the purpose and limitations while making decisions 
in this case. The task is to obtain the maximum amount of oil with a minimum amount of gas injected 
into the well in this case. As a usual, it is impossible to provide both of the above mentioned 
conditions at the same time while solving such problems, and in this case, methods are used to make a 
compromise solution. Such an approach is the approach known from the theory of fuzzy sets. 
According to this, it is necessary to evaluate the membership function for each of the selected criteria. 
In this regard, appropriate calculations have been performed taking into account the statements set in 
(Abraham, 2006) 
. Further, the smallest of this value pair is found on these values which represents the values of 
membership functions of the set of solutions (data are partially presented in table 1). The maximum 
value of this membership function corresponds to the optimal solution. The calculation results are 
shown in the table where the optimal solution is highlighted.  
 
Conclusions 
 
Thus, the analysis of studies of gas-lift operation accumulated over recent years has been carried out 
which showed great attention of researchers to this method. The presence of uncertainty in the 
statement of purpose and limitations significantly complicates decision making. In this regard, the 
application of the theory of fuzzy sets has been proposed in 

Table 1. The results of the analysis of mining data for decision making in fuzzy conditions. 

Month Vg Qoil µ Vg µ Qoil µ D 

25 22433,33 135 0,90 0,57 0,57 

29 23833,33 115 0,84 0,34 0,34 

21,67 26833,33 131,33 0,73 0,52 0,52 

... ... ... ... ... ... 

18 27500 151,33 0,71 0,83 0,71 

18,67 28000 154,67 0,69 0,89 0,69 

... ... ... ... ... ... 

 
decision making. The calculations performed according to the data of a particular well showed that 
the best result in the form of 151 tons of oil has been provided with a gas flow rate of 27500 m3. 
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