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Abstract — Based on the generalization of different groups of 

fields of the terrigenous strata of the lower Cretaceous age of 

Western Siberia flooding experience, models are obtained that 

allow to assess the degree of hydrodynamic interaction of 

producing and injection wells, reflected by the maximum value of 

the cross-correlation function determined by analyzing the time 

series of production and injection wells. An algorithm for 

predicting the values of the cross-correlation function using the 

geophysical studies of wells and distances between wells data is 

proposed. It also allows making justifiable management decisions 

when choosing measures to identify and improve flooding systems 

in different geological conditions of objects. 

Keywords — production and injection wells; cross-correlation 

function; flooding; geological-statistical modeling; correlation. 

I.  INTRODUCTION 

The analysis of the studies results presented in the works [1-
9] showed that the efficiency of the process of oil displacement 
by water is largely determined by the degree and nature of the 
interaction of producing and injection wells. 

After the deposits are put into operation, the degree of 
hydrodynamic interaction is determined by hydrodynamic, 
flowmetric and tracer studies. However, to determine the 
objects development strategies it is important to know how the 
wells will interact already at the stage of field withdrawal from 
exploration. It will allow to reasonably choose the density of 
the well grid and the system of their location and to determine 
the parameters of injection that largely determines the 
efficiency of flooding and, as a consequence, – the efficiency 
of development as a whole. I. e. at the stage of fields input in 
development there has to be a complex of algorithms that allow 
carrying out diagnostics of the size characterizing 
hydrodynamic interaction on indirect data at various values of 
distances between production and injection wells, pressures and 
volumes of injection in water layer on sites with various 
geological structure. 

II. METHODS AND MATERIALS 

In the process of developing oil production facilities, there 
is often a lack of representative material based on 
hydrodynamic and other direct methods of well and reservoir 
studies, due to financial and organizational reasons. This does 

not allow justifying decisions aimed at improving the process 
of deposits flooding and requires the creation of methods that 
allow carrying out this justification, the purpose of which is to 
increase the efficiency of development. Moreover, the methods 
should be based on the use of current field-geological 
information available. Some issues of solving this important 
problem of decisions substantiation based on current 
information from specific fields were considered in works [10-
13]. However, the use of these results in other fields requires 
justification and adaptation. 

III. RESULTS 

When selecting water injection sources, it is important to 
know not only whether the producing wells will react to water 
injection, but also the degree of this response, since the well 
flow rates and the possibility of regulating the process of oil 
reserves production depend on this. The knowledge of the 
response degree is of particular importance for idle and transit 
well stocks. 

In both cases, the absence of time series of discharge and 
injection makes estimation of the interaction degree based on 
the use of the cross-correlation function (CCF) impossible and 
requires the creation of a method for forecasting the maximum 
values of cross-correlation functions. One of such ways is to 
study the influence of these geophysical studies of wells on the 
CCF value and to create a predictive algorithm with the use of 
these indirect data. 

The influence of thickness and reservoir properties of the 
reservoir in the producing and injection wells, as well as the 
distances between them (F) on the change in the maximum 
values of the cross-correlation functions for R ≥ 0.5 was 
studied, i.e. the producing wells that are affected by the 
injection of water into the reservoir were investigated. 

The pair correlation conducted on the basis of different 
function types exhaustive search yielded the following best 
regression equations for wells of group 2 objects identified in 
[14] on the basis of the West Siberian oil and gas province 
Lower Cretaceous deposits grouping:  
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where as the independent variables influencing successfulness 
were considered respectively in producing and injection wells: 
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 distance between production and injection wells (F, m). 

Other parameters were not considered due to either the 
absence of their  multiple determination or small intervals of 
their change. 

The correspondences obtained show that the better reservoir 
properties of the reservoir in both injection and production 
wells are, the greater the value of cross-correlation functions 
are. Significant are the relations of cross-correlation functions 
values and permeability coefficient, spontaneous potential 
reduction factor, induction logging layer resistance in the 
production wells, as well as their relations with permeability 
coefficient and spontaneous potential reduction factor in the 
injection wells. However, insufficiently high values of 
correlation coefficients and significant inaccuracies do not 
allow using the obtained dependences as reference ones for 
predicting cross-correlation functions from indirect 
geophysical data. In this regard, geological and statistical 
modeling with the use of multivariate regression analysis was 
carried out.  

As a result, the following model is obtained: 
P P I
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I I I I
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R 1,070 0,0003K 0,009М 0,010Н

0,010Н 0,044Н 0,024m 0,036ρ
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The pair correlation conducted on the basis of function 
exhaustive search in conditions of group 7 objects [14] yielded 
the following best regression equation: 
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The equations obtained  show that, like in the conditions of 
group 2 objects, the better reservoir properties of the reservoir 
in both injection and production wells are, the greater the value 
of cross-correlation functions are. However, the degree of this 
influence is different, so as the set of geophysical parameters. 
Significant are the relations of cross-correlation functions 
values and average thickness of oil-saturated interlayers, their 
number, permeability coefficient, spontaneous potential 
reduction factor, induction and lateral logging layer resistance, 
production wells hydrocarbon saturation coefficient, as well as 
their relations with total and effective oil-filled thicknesses, the 
average thickness of oil-saturated interlayers, their number and 
the lateral logging layer resistance in the injection wells. 

Similar to the previous group of objects, insufficiently high 
values of correlation coefficients do not allow using the 
obtained dependences as reference ones for predicting cross-
correlation functions from indirect data. Therefore, the 
following multivariate model is proposed for practical use: 

I P
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net net IL

R 0.138 0.0084Н 0.020Н
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0.0003F.  (r = 0,821) (47) 

IV. CONCLUSION 

The cross-correlation functions maximum values prediction 
algorithm for the conditions of different groups of objects in 
terrigenous reservoirs of Western Siberia on the basis of the 
constructed models are proposed. Their purpose is to make the 
decisions of determining the modes of production and injection 
informed and to apply the methods of influence on the bottom-
hole zone and layer using the data of geological and geophysical 
studies of wells. The physical interpretation of the obtained 
models is given. The parameters that have a predominant 
influence on the values of cross-correlation functions are 
revealed. It is established that the degree of wells interaction in 
the conditions of different objects and their groups is influenced 

by different sets of geological parameters that must be taken 
into account when solving problems of improving the 
development efficiency. 
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