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Abstract 
This article describes some problems on water supply of gas wells and reliable forecasting of watering gas outlets. 
Moreover, many ways of solving the issues have been recommended with scientific provident. 
Keywords: watering, hydrodynamic, production, regression, gas wells, layer-by-layer, drafting, strata, sub gas, 
mechanism, carbonate, sediments, well production, simulators, limestone 
1. Introduction 
A reliable forecast of the watering of gas outlets of subgas deposits is one of the problems in the development of 
oil and gas fields. There are many geological and technological reasons for the premature watering of the 
production of wells of sub gas deposits: a breakthrough of bottom water, poor quality cement, large depression, 
layer-by-layer heterogeneity of the reservoir, etc. 
The issue of the reliability of estimating the watering of wells at all stages of the development of subgas deposits 
is a complex task. Ways to solve the problem may be different: hydrodynamic models; multivariate regression 
analyzes and empirical methods. 
Nowadays, to solve this issue, when drafting design documents for the development of oil and gas fields in 
Uzbekistan, Petrol's geological modeling and Schlumberger hydrodynamic simulators Eclipse 100 are widely used. 
Their use makes it possible us to construct geological models of productive formations and complex hydrodynamic 
models that are sufficiently adequate to the actual conditions. They describe the mechanism of the filtration process 
of reservoir and working fluids injected into the formation. Obviously, this method is characterized by a high 
degree of theoretical substantiation of the mechanism of oil recovery and eliminates the error due to the human 
factor, due to the use of software and computer systems. However, design experience at the fields in Uzbekistan 
shows that this path, on the one hand, is very laborious, and on the other hand, there is not always reliable 
information about the properties of the productive strata. 
In recent years, in Western Uzbekistan, a number of massive, low-volume subgas deposits have been introduced 
into development, with a limited amount of initial geological field information. In this connection, at the design 
stage of such oil deposits, there is no possibility of using hydrodynamic methods for calculating technological 
development indicators. In such cases, in order to substantiate one or another indicator of a development system, 
one has to resort to the results of generalizing the experience in developing fields in a given region that are in a 
late stage of operation. 
It should be mentioned that with the entry of many fields in various oil-producing regions of the world into the 
late stage of development, systematic studies are being conducted to study the degree of influence of natural and 
technological indicators on the oil recovery factor (ORF) using mathematical statistics methods, especially using 
the regression analysis. 
The aims of thisresearch is to establish the general laws of ORF, allowing to quantify and compare, as well as to 
predict the value of recoverable oil in different geological and physical conditions of deposits and development 
systems. A lot of material has been accumulated on deposits that are in the late and final stages of development, 
the results of summarizing the actual data on these deposits are of particular value for studying the influence of 
various technological solutions on the efficiency of implemented development systems. 
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One of the main advantages of statistical models derived from multivariate regression analysis is that they allow 
us to establish not only the qualitative but also the quantitative influence of a particular indicator on the process, 
while the influence of other factors. This is one of the main reasons for the preferential use of statistical models 
for assessing the influence of geological and technological factors on the oil recovery factor in various geological 
and physical conditions of deposits, and not single-factor relationships. 
Consider some of the tasks of well production watering based on the generalization of geological field materials 
from long-term gas and oil fields located in the Bukhara-Khiva oil and gas region of Uzbekistan, where the main 
productive horizons are confined to the Upper Jurassic carbonate sediments represented by limestones. 
Analysis of the dynamics of the average water cut of wells constructed depending on the development period 
(Figure. 1), the depletion of recoverable reserves (Figure. 2) and the current oil recovery factor (Figure. 3) show 
that they differ significantly among themselves in the analyzed objects. In this regard, consider 

 
Figure 1. Dynamics of the average water-cut of wells from the development period 
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Figure 2. Dynamics of average water-cut of well production due to depletion of recoverable reserves 

 
Figure 3. Dynamics of average water cut of wells from the current oil recovery ratiothe reasons for their 

differences with the use of multivariate correlation analysis 
 
The experience of using the statistical models proposed so far shows that relatively reliable results are obtained 
when using them for conditions similar to those for which they were obtained [1,2]. 
To assess the statistical relationship using the correlation coefficient, which calculated by the formula: 
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𝑟௫௬ =  ଵ(ேିଵ)∙ ீೣ∙ீ೤ ∑ (𝑥௜ − 𝑥̅)(𝑦௜ − 𝑦ത)ே௜ୀଵ                 (1) 

where 𝑟௫௬ -the correlation coefficient between the process indicators and one of the factors;𝑥̅, 𝑦ത -mathematical 
expectations;𝐺௫, 𝐺௬ -dispersions calculated by formulas 𝐺௫ଶ =  ଵ(ேିଵ) ∑ (𝑥௜ − 𝑥̅)ଶே௜ୀଵ ; 𝐺௫ଶ =  ଵ(ேିଵ) ∑ (𝑦௜ − 𝑦ത)ଶே௜ୀଵ          (2) 

The reliability of the correlation coefficient is estimated by the criterion of reliability 𝑂௥ =  ห௥ೣ ೤ห√ே                        (3) 

where the standard deviation of the correlation coefficient 𝐺௥ =  ଵି௥ೣ ೤మ√ே                    (4) 

When criteria Gr> 2,6 with a probability of 0.95, it is possible to assume the possibility of the existence of a linear 
correlation connection between the analyzed parameters. Correlation coefficients allow us to estimate the measure 
of the linear statistical relationship between indicators and factors, as well as between the factors themselves. The 
results of the correlation analysis are the source material for constructing empirical formulas, called equations in 
statistics. 
The linear regression equation is 

у  =а0 + а 1х1  + а 2х2  + а 3х3  + .. .  +апхп ,            (5) 
whereа0, а 1 ,  а 2 ,  а 3……а n-  regression equation coefficient.  
As a result of the calculations, a correlation matrix was constructed (Table 1) and an equation 
was obtained in the form: 

ORF = 0,0071·hн + 0,0616 Vн/ V3- 0,0037· S + 0,0070·B      (6) 
 
Table 1. Correlation Matrix 

Factors and 
indicator 

Correlation coefficient Average 
values 

Standard 
deviation ORF hн Vн/V3 S B 

ORF 1 0,737 0,113 -0,547 0,141 0,1552 0,1505 

hн 0,737 1 0 0 0 26,6607 15,7046 

Vн/ V3 0,113 0 1 0 0 0,4740 0,2759 

S -0,547 0 0 1 0 24,3219 22,0945 

B 0,141 0 0 0 1 42,7725 31,5353 

 
As can be seen from the results of calculations at comparable values of oil viscosity and reservoir permeability, 
the effective oil saturated formation has the greatest influence on the process of extracting oil from subgas gas 
deposits (hн) and the grid density of the wells (S), the ratio of oil-saturated volume to the total volume of the 
reservoir and the water-cut of the well production have a relatively lesser effect. 
It should be noted that the obtained equation (6) does not replace the existing methods of substantiation of ORC 
for different values of B, depending onhн, Vн/V3и S, but it can be used to conduct an express analysis of the 
development of sub gas oil deposits of the massive type. 
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