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ANALYSIS OF THE EFFICIENCY OF THE 
METHODS OF INTENSIFICATION UNDER 
THE SET CONDITIONS

The object of research is the well stimulation processes, namely acid treatments. The studies carried out are 
based on the influential acids on the productive formation, which is represented by limestone, on an increase in 
well production, a decrease in water cut, the duration of the effect, and additional production.

The main hypothesis of research is the assumption that the effectiveness of stimulation methods is determined 
by the change in flow rates and water cut of wells before and after the treatments. This method of evaluating the 
effectiveness allows to determine the fundamental possibility and prospects of using one or another type of impact 
on the bottomhole formation zone (BFZ). Regression analysis to identify the influence of geological, physical and 
technological factors on the efficiency of stimulation in wells is considered. Equations are shown that describe 
the quantitative influence of each of the considered geological and technological factors on the efficiency of well 
treatments. The obtained equations make it possible to select the optimal conditions for well stimulation for the 
given conditions in order to achieve the planned efficiency.

The sequence of changes in the studied parameters characterizes the effectiveness of various types of impact 
on the BFZ. However, this method does not allow determining the quantitative effect of a specific geological-
physical or technological factor on the efficiency of well stimulation. In the case of two-stage treatments on 
high-water-cut wells, the number of parameters on which the effectiveness of the entire measure may depend, 
increases several times. In this case, in order to identify the degree of influence of one factor or another on the 
efficiency of well treatment, it is possible to determine after carrying out multivariate statistical analysis and 
building mathematical models.

It was found that both the increase in production rate and the volume and pressure of acid injection play an 
important role in the treatment of carbonate rocks with hydrochloric acid. But the most important role is played 
by the degree of water cut. In this paper it was suggested to use a more complex stimulation method, which will 
simultaneously reduce the water cut and increase the well flow rate.
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1.  Introduction

One of the urgent problems in the oil and gas industry 
is to improve the efficiency of well operation and increase 
fluid production. Specific mining and geological conditions 
of occurrence of productive strata leave a significant imprint 
on the technological features of well operation, as well as the 
fact that the increase in water cut increases over time [1, 2]. 
Therefore, the use of traditional methods of stimulation is 
not always justified, because, firstly, it can cause irreversible 
changes in the productive reservoir. This leads to irreplace-
able losses of hydrocarbons. And, secondly, a serious negative 
impact on the environment of the ecosystem  [3,  4].

Having analyzed all these factors, set to solve such 
urgent tasks:

–	 to perform geological and industrial analysis of 
the field development and systematize the results of 
the application of technologies for intensifying fluid 
production;
–	 to experimentally substantiate new acidic composi-
tions of reagents to increase hydrocarbon production.

The object of research is the well stimulation processes, 
namely acid treatments.

The aim of research is to determine if the chemical 
composition of acids will better affect the carbonate res-
ervoir rock in difficult geological conditions.

2.  Methods of research

The effectiveness of stimulation methods is determined 
by the change in the flow rate and water cut of the wells 
before and after the treatments. The necessary input for 
the calculations is in the fields. In this case, the assess-
ment of the efficiency of the increase in oil production 
is reduced to determining the dependences of changes 
in the flow rate and water cut of wells after treatment, 
in comparison with the values of these parameters for 
treatment  [5, 6]. This method of evaluating the effec-
tiveness makes it possible to determine the fundamen-
tal possibility and prospects of applying one or another 
type of impact on the BFZ. The sequence of changes in 
the studied parameters characterizing the effectiveness of  
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various types of impact on the bottomhole formation 
zone  (BFZ) can be traced in dynamics, for example, by 
the nature of water cut growth. However, this method 
does not allow determining the quantitative effect of  
a specific geological-physical or technological factor on 
the efficiency of well stimulation. In the case of two-stage 
treatments, for example, clay-acid treatment (CAT), at 
high-water wells, the number of parameters on which the 
effectiveness of the entire measure may depend increases 
several times. In this case, in order to identify the degree 
of influence of one factor or another on the efficiency of 
CAT wells, it can be determined after conducting mul-
tivariate statistical analysis and building mathematical 
models  [7,  8].

For the statistical calculation, it was decided to use 
multivariate analysis. The research carried out is based 
on the application of the approaches described in  [9,  10].

Based on the correlation analysis of the data, let’s ob-
tain the equations and correlation coefficients:

1.	 The dependence of the injection pressure of calcium 
chloride on the volume of hydrochloric acid:

Pсасl2 = –0.7433+0.9768VHCL,	 (1)

where Pсасl2 – the injection pressure of calcium chloride; 
VHCL – the volume of hydrochloric acid. Correlation coef-
ficient r = 0.909. Fisher’s coefficient = 90.66, and Fcr = 161.4476.

2.	 Dependence of the hydrochloric acid injection pres-
sure on the volume of displacement water:

Vs.w = 4.785+0.4642РHCL,	 (2)

where Vs.w – the volume of squeezing water; РHCL – hydro
chloric acid injection pressure. Correlation coefficient 
r = 0.9622. Fisher’s coefficient = 90.66, and Fcr = 161.4476.

3.	 Dependence of the influence of the well flow rate to  
treatment on the well flow rate after treatment:

qb.о = 0.332+0.5711qa.о,	 (3)

where qb.o – oil flow rate before treatment; qa.o – oil pro-
duction rate after treatment. Correlation coefficient r = 0.95. 
Fisher’s coefficient = 160.02, and Fcr = 161.4476.

4.	 Dependence of the production water cut for treat-
ment on additional oil production:

Wb,o = 44.29+0.115∆Q,	 (4)

where Wb.о – the degree of the production water cut before 
treatment; Q – additional oil production. Correlation coef-
ficient r = 0.98. Fisher’s coefficient = 232.23, and Fcr = 240.54.

5.	 Dependence of the production water cut before treat-
ment on product water cut after treatment:

Wb.o = –75.0382+1.685Wa.o,	 (5)

where Wb.о – the degree of the production water cut be-
fore treatment; Wa.о – the degree of production water cut 
after treatment. Correlation coefficient r = 0.98. Fisher’s 
coefficient = 235.4748, and Fcr = 240.54.

6.	 Dependence of the effect of additional oil production  
on the water cut after treatment:

∆Q = 12.3021+4.921Wb.о,	 (6)

where ∆Q – additional oil production; Wa.о – degree of 
water cut after treatment. Correlation coefficient r = 0.99. 
Fisher’s coefficient = 224.6735, and Fcr = 230.16.

7.	 Dependence of the effect of oil flow rate on treat-
ment on the water cut ratio in the product after treatment 
and before treatment:

q
W

Wb o
b o

a o
.

.

.
. . ,= − +0 8789 3 4982 	 (7)

where qb o.  – oil production rate before treatment; W Wb o a o. .  –  
degree of water cut reduction. Correlation coefficient r = 0.91. 
Fisher’s coefficient = 88.06695, and Fcr = 161.45.

3.  Research results and discussion

As a result of the carried out multivariate regression 
analysis  [11] of the influence of geological, physical and 
technological factors affecting the CAT efficiency, it was 
revealed that the efficiency of CAT depends on two groups 
of factors. Firstly, it depends on the quality of blocking 
water supply channels to the watered fractured part of 
the formation. Secondly, the quality of the hydrochloric 
acid impact on the pore oil-saturated part of the reservoir. 
However, the effectiveness of hydrochloric acid action largely 
depends on the full-fledged implementation of waterproofing 
works with reliable blockage of water supply channels, and 
the insulating material must have stable strength proper-
ties to prevent acid from entering water supply channels:

ΔQ T
W

Wef
b o

a o

= − + +135 343 4 88 0 5. . . ,
.

.
	 (8)

where ∆Q – additional oil production. Correlation coef-
ficient r = 0.91. Fisher’s criterion = 90.809.

Analysis of the obtained equations shows that the CAT 
efficiency is more likely to be described by additional oil 
production from the measure (ΔQ). Intermediate efficiency 
can be characterized by the duration of the effect (Тef), 
and the CAT success at the time of the measure in terms 
of the increase in oil production rate and the degree of 
water cut reduction W Wb o a o. . :( )

∆Q = 99.944+42.46Vh+5.6Рh,	 (9)

where Vh – the hydrolyzed polyacrylonitrile volume; Рh –  
the hydrolyzed polyacrylonitrile injection pressure. Cor-
relation coefficient r = 0.904. Fisher’s criterion = 40.677.

It can be seen from equation (9) that the maximum 
positive effect on additional oil production from CAT  
wells  (ΔQ) has the hydrolyzed polyacrylonitrile volu
me (Vh), injection pressure (Рh) and the volume of squeez-
ing water injection (Vw). The greatest negative impact is 
exerted by the volume of calcium chloride (Vc.c.) and the 
well production rate for oil:

q

q
V P

b o
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. . . ;= + −0 467 0 079 0 021 	 (10)
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From the obtained equations (10) and (11) it can 
be seen that the increase in oil production rate q qb o a o. .( )  
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and the degree of water cut decrease W Wb o a o. .( ) depend 
more on:

–	 calcium chloride volume (Vc.c);
–	 hydrolyzed polyacrylonitrile volume (Vh);
–	 volume and pressure of hydrochloric acid injec
tion (Vh.a and Рh.a);
–	 volume and pressure of injection of squeezing wa
ter  (Vw and Рw);
–	 wells production rate for oil before treatment ( )..qb o

The expected oil production rate of the well after CAT 
is higher, and the water cut is lower when a small amount 
of acid is pumped at low pressure. Obviously, when pump-
ing large volumes of acid at high pressure, the acid can 
be forced into the water cut of highly permeable inter
layers and lead to an increase in water cut. The larger the 
volume of injected hydrolyzed polyacrylonitrile (Vh), the 
better the water cut interlayers overlap, which reduces the 
water cut and increases the oil production rate of the well.

When conducting CAT in the process of filtration, 
a previously non-working formation thickness is mined, and  
the larger it is, the more effect:

T
W

W

q
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b o

a o

b o

a o

= − − +14 31 8 3994 200 067. . . .
.

.

.

.
	 (12)

Correlation coefficient r = 0.8. Fisher’s criterion = 14.43.
From equation (12) it can be seen that the ratio of the 

increase in oil production rate q qb o a o. .( ) and the degree  
of water cut decrease W Wb o a o. .( ) has the maximum posi-
tive effect on the duration of the effect.

The obtained equations and dependencies make it possible 
to select the optimal conditions for conducting CAT wells 
for the given conditions in order to achieve the planned 
efficiency.

4.  Conclusions

The mathematical models and dependencies obtained 
in the course of the study make it possible to most fully 
reveal the influence of geological, physical and technological 
parameters of CAT on the efficiency of well treatments. 
As independent variables, 14  geological and technologi-
cal parameters of the CAT were used, as the response 
functions – 6 main criteria for the CAT efficiency of the 
wells. The interpretation of the results of multivariate 
regression analysis was carried out and the main groups 
of factors that most of all affect the results of the CAT 
efficiency were identified.

The multiple correlation coefficients for the equations 
are 0.904–0.99. This means that the constructed regres-
sion explains the reliability of the forecast results by  
90.4  % and 99  %.

The obtained regression equations can be used to pre-
dict the effectiveness of well stimulation under specified 
conditions.
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