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Abstract - The paper is devoted to the effectiveness increase of 
monitoring the value of seam pressure when operating oil-
producing wells. This problem is relevant for well operation 
when using subsurface measuring systems. In such cases, seam 
pressure is determined by recalculation of the dynamic level 
value, measured at wellhead. The absence of the method of 
reliable characterization of a multiphase flow leads to substantial 
errors in the seam pressure, measured in that way. In the present 
paper, a principally different approach to determination of seam 
pressure is considered, which is based on the mathematical 
processing of the accumulated data on parallel wellhead and 
subsurface measurements. Oil-producing wells, exploiting 
Famenskaya deposit of Ozyorny field, were chosen as an object of 
the research. The data on 579 parallel wellhead and subsurface 
measurements were processed. The use of incremental regression 
analysis made it possible to develop multidimensional models for 
Famenskaya deposit, allowing one to determine the seam 
pressure value in the absence of possibility of its direct 
measurement. A principle advantage of the developed method is 
the use of only those parameters as initial data, the determination 
of which during well operation is not accompanied by difficulties. 
Comparison of seam pressures, measured and calculated by 
means of the obtained models, demonstrates high reliability of 
the developed method. 

Keywords — oil producing well; bottom-hole pressure; bottom-
hole pressure monitoring;  multivariate mathematical models; 
correlation analysis; correlation number. 

I.  INTRODUCTION  

An optimal method of bottom-hole pressure definition in 
oil wells is its direct measurement  by subsurface pressure 
gages. Availability of the subsurface pump in a well makes 
gage running  difficult.  In these cases, definition of bottom-
hole pressure is provided by one of the following methods: 

• direct measurement of pressure during pump suction 
using specially installed sensors; the pressure during 
pump suction  is further recalculated into the bottom-
hole pressure without any problems; 

• measurement of wellhead parameters of  wells’ 
operation (dynamic head Hd, pressure at wellhead in 
annulus Pwh) and their further recalculation into the 
bottom-hole pressure. The determination of the 
bottom-hole pressure by this method is accompanied 
by significant difficulties, regarding mainly the 
necessity to calculate characteristics of multiphase 
flow in a wellbore [1-9].  However,  in the cases 
when the well is unequipped  with subsurface 
measuring systems, the above-mentioned  approach  
is widely used. 

Several thousands of producing wells on Perm region 
territory are unequipped with  subsurface measuring systems  
and the issue of reliable  determination of the bottom-hole 
pressure for them is rather relevant. Industry documents, 
currently in force, regulate the determination of the bottom-
hole pressure by recalculating wellhead parameters with 
preliminary calculation of multiphase flow characteristics. In 
practice, the abovementioned  method  often demonstrates 
unreliable results. That is why, development of a quite 
different method of bottom-hole pressure definition is 
advisable. The work [10]  proposes the method of bottom-hole 
pressure definition, based on  building  of multidimensional 
statistical models, the input parameters of which are the 
parameters, definition of which does not cause troubles during 
wells’ operation. The abovementioned method has 
demonstrated  high efficiency, and as the result, the conclusion 
was made on reasonability to develop analogous approaches  
for  other fields of the region as well. This paper is devoted to 
development of statistical models,  allowing one to define 
bottom-hole pressure during operation of the wells, located at 
Ozyorny field of Famenskaya deposit. 

II. INITIAL DATA  

The key advantage of the above mentioned method is 
use of only those parameters as the initial data, definition of 
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which does not cause significant troubles during wells’ 
operation. The parameters chosen are as follows: 

• dynamic head Hd(m); 
• pressure at wellhead in annulus Pwh (МPа); 
• water cuttings of well production W(%), 
• fluid flow rate Qfl (m

3/day), 
• oil flow rate Q oil (t/day), 
• well depth to water-oil contact (Н w-o cont); 
• depth of pump running Нpump(m),  
• pump submersion Н subm(m). 

The initial data used are the results of 579 parallel wellhead 
and subsurface measurements, carried out in 22 wells. 

III.  DEVELOPMENT OF STATISTICAL MODELS  

The first stage included  studies  on evaluation of the 
influence of dedicated parameter values during well operation 
on the bottom-hole pressure value.  Between values Рb-h and 
the above mentioned parameters, correlation coefficients  r  
are calculated. It should be mentioned that not only 
coefficients between the parameters and values of the bottom-
hole pressure, but also reciprocal coefficients between the 
studied parameters were calculated. Correlation coefficient 
values are demonstrated in the correlation matrix (table 1). 
Analysis of  r coefficient values has revealed that the influence 
of the parameters on Р b-h changes within a wide range, from 
statistically significant negative to statistically significant 
positive. The values of  r  vary from -0.57 to +0.55. 

For more detailed analysis, correlation fields are 
constructed between the actual bottomhole pressure and the 
well operation indices.  The correlation field between the 
"bottom-hole pressure-dynamic head" is shown in Fig.1. 

Having analyzed  the correlation field, it is available to 
define the following tendency: while increasing the dynamic 
head values, the  bottom-hole pressure value reduces 
according to the statistically significant dependence:  

Pb-h 
М = 5.171 + 0.1904Нd    (1) 

when r = -0.4, p = 0.0000.  
 
TABLE I CORRELATION MATRIX AMONG OPERATION PARAMETERS 

 Рb-h Нd Рwh  W Qfl  

Рb-h 1.00 -0.57* 0.16* 0.05 -0.04 

Нd  1.00 0.04 0.24* -0.21* 

Рwh   1.00 -0.03 0.15* 

W   
 

1.00 0.11* 

Qfl    
 

 1.00 

Qoil   
 

  

Н w-o cont   
 

  

Нpump   
 

  

Нsubm    
 

 

a. Note: *-significant correlations 

TABLE I. CONTINUED   

 Qoil Н w-o c Нpump Нsubm 

Рb-h -0.05 0.44* 0.04 0.55* 

Нd -0.29* -0.23* -0.33* -0.94* 

Рwh 0.16* -0.02 0.28* -0.02 

W -0.08 -0.12* -0.21* -0.22* 

Q fl 0.95* -0.05 0.17* 0.27* 

Qoil 1.00 -0.09* 0.27* 0.34* 

Н w-o cont  1.00 0.09* 0.25* 

Нpump   1.00 0.48* 

Нsubm    1.00 

 
It should be mentioned that when Нd<800m, the 

correlation between Нd  and Р b-h  is more weak than when 
Нd>800m. 

According to this dependence,  model values Рb-h
МНd are 

calculated and compared with actual values of the bottom–
hole pressure (Fig.2). 

The correlation field between the "bottom-hole pressure-
pump submersion" is shown in Fig. 3. With increasing values 
of Hsubm, the value of Pb-h increases according to the following 
relationship:  

Pb-h 
МHsubm = 4.712+0.003695 Hsubm  (2) 

It should be noted that at Hsubm <580 m, the correlation 
between Hsubm and Pb-h is stronger than for Hsubm > 580 m. 
Based on this dependence, the predicted values of Pb-h

MHsubm 
were calculated and compared with Pb-h (Fig. 4). 

 

 
Fig. 1. Correlation field between parameters  «Bottom-hole pressure – 

dynamic head» 
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Fig.2. Correlation field between  

values Рb-h and Рb-h
МНd 

Figure 4 shows that these indicators strongly control each 
other. 

That is why, taking into the account variety of different, in 
some cases, differently directed effects of the studied 
parameters by Рb-h, let us build two versions of 
multidimensional models. 

The first version – actual parameter values; the second 
version – actual parameter values, taking into the account 
time. Multidimensional models of these versions are built 
using incremental regression analysis (IRA) [11-13]. 

Calculation of regression coefficients of the developed 
model is provided using the least-squares method. Meanwhile, 
the Рb-h is a dependent criterion, and values Нd, Pwh , W, Qfl, 
Qoil, H w-o cont, Нpump Hsubm are independent factors, taking into 
account the versions used. 

For the first version, the multidimensional model is as 
follows:  
Рb-h

МО = -941.156 - 0.001Нd + 0.520Нw-ocont  + 0.022W + 
0.736Рwh  + 0.007 Qoil - 0.008Нpump + 0.004 Нsubm - 0.036Qfl. 
   (3) 

where R=0.779, р<0.0000, the standard error constitutes 
0.92МPа. 

Generation of the model occurred in the succession, 
mentioned in the regression equation. Coefficient values, 
describing the force of statistical relations, changed as follows: 
r = 0.567; R=0.647, 0.682, 0.709, 0.739, 0.757, 0.776, 0.779. 
This model was used to calculate values Рb-h

МО  for all the data  
which  were compared with  Рb-h (Fig.5). 

Under the second version, the study of changes of Рb-h
м  

model values, depending on the studied parameters, is 
provided per data, sorted out by the time principle. For the 
given development object, the first model is built under three 
initial measurements (n=3). The next model will be built when 
n=4, and so on up to n=579. Thus, 577 multidimensional 
models have been built. Examples of multidimensional 
models, taking into account the abovementioned principle, in 
increments of 50 values, are given in table 2. 

Analysis of all 577 models built reveals that parameter Нd 

takes part in building of 553 (95.8%) models; Р wh -  in 
building of 574 (99.5%), W – 514 (89.1%), Qfl – 414 (71.7%), 
Qoil – 424 (73.5%), Н w-o cont – 566 (98.1%), Нpump – 448 
(77.6%), Нsubm -  553 (95.8%) models. 

 
Fig.3. Correlation field between parameters “bottom-hole pressure – 

pump submersion” 
For more comprehensive analysis of time 

multidimensional models built, the change of absolute terms 
of the regression equation was compared to coefficients for 
parameters and R values in time. As an example, Fig. 6 shows 
the graph of the change in the coefficients of multiple 
correlation for the constructed multidimensional models. 

Analysis of these charts has exhibited that in all the charts 
a significant change of values is revealed within the period till 
05.04.2011; further, the tendency of values reduction is 
observed. To provide the limit of studied characteristics 
change, i.e. sample division into two classes regarding the 
time, linear discriminant analysis (LDA) was used. 

As a result of applying this method, the following linear 
discriminant function is obtained: 
Z=-0.021W -0.730 Н w-o cont - 0.005Нd - 0.0012Нsubm + 0.620 
Pwh -0.008Нpump - 0.092Qfl + 0.095Qoil +1365.633 (4) 

where R=0.497, χ2=162.85, p=0.000. 
For this function, the Z values for the entire sample were 

calculated and the probability values of belonging to the first 
class of P (Z) were determined. The relationship between Z 
and P (Z) is shown in Fig.7. 

It can be seen from the figure that as the values of Z are 
increased, the value of P (Z) increases regularly. The average 
value of Z for the first class is +0.335, for the second – -0.976. 
The resulting class division was used in the construction of 
multidimensional models for predicting bottomhole pressure 
values. 

The evaluation of the reliability of the division of the 
sample into classes is performed by methods of mathematical 
statistics (Table 3). The average values of the analyzed 
indicators are statistically different in six cases out of eight, 
which confirms the correctness of the division of the sample 
into two classes. 
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Fig.4. Correlation field between values Рb-h and Pb-h МHsubm 

 
 

 
Fig.5. Correlation field between actual and model ( first version) values 

of bottom-hole pressure 

TABLE II.  MULTIDIMENSIONAL MODELS TO CALCULATE BOTTOM-HOLE 

PRESSURES AS PER SECOND VERSION (РB-H
ММ) 

n 

Absolute term-
-numerator,  p 

value - 
denominator 

Coefficients for  parameters - numerator,  
 p value - denominator 

 

Нd Рwh W 

3 
-784.129    
0.030301    

50 
-1243.29    
0.007083 

-0.02   
0.000000 

0.60   
0.000511  

100 
-1289.83    
0.007083 

-0.01   
0.000000 

0.33   
0.019257  

150 
-2970.34    
0.000000 

-0.01   
0.000017 

0.33   
0.009963 

0.15   
0.000000 

200 
-3064.78    
0.000000 

-0.01   
0.000000 

0.42   
0.000080 

0.14   
0.000000 

250 
-3359.22    
0.000000 

-0.01   
0.000000 

0.45   
0.000080 

0.10   
0.000000 

300 
-3330.98    
0.000000 

-0.01   
0.000000 

0.38   
0.000002 

0.06   
0.000000 

350 
-3180.81    
0.000000 

-0.01   
0.000007 

0.39   
0.000006 

0.07   
0.000000 

400 
-2833.41    
0.000000 

-0.01   
0.000007 

0.35   
0.000006 

0.04   
0.000000 

450 
-2391.04    
0.000000 

-0.001   
0.083174 

0.45   
0.000000 

0.03   
0.000000 

500 
-1340.79    
0.000000 

0.000004   
0.994319 

0.64   
0.000000 

0.02   
0.000000 

550 
-1030.35    
0.000000 

-0.0003   
0.588411 

0.71   
0.000000 

0.02   
0.000000 

579 
-941.156    
0.000000 

-0.001   
0.242098 

0.736   
0.000000 

0.022   
0.000000 

 
TABLE II.  CONTINUED 

n 

Coefficients for  parameters - numerator,  
 p value - denominator 

 

R - 
numerator,  
p value-

denominator 
 
 

 
Qfl  

 
Qoil 

 
Нw-o cont 

 
Нpump 

 
Нsubm 

3 
 

    
0.991   

<0.1220 

50 
 

0.01   
0.096981 

0.67   
0.006859 

0.02   
0.000000 

-0.02   
0.000000 

0.838   
<0.1158 

100 
 

 
0.70   

0.001511 
0.01   

0.000000 
-0.01   

0.000000 
0.688   

<0.000000 

150 
 

0.02   
0.049890 

1.61   
0.000000 

0.01   
0.002499 

-0.01   
0.006058 

0.816   
<0.000000 

200 
-0.32   

0.049430 
0.39   

0.041755 
1.66   

0.000000 
0.01   

0.000249 
-0.01   

0.000064 
0.802   

<0.000000 

250 
-0.26   

0.080144 
0.33   

0.067783 
1.82   

0.000000 
0.01   

0.001208 
-0.01   

0.000840 
0.874   

<0.000000 

300 
 

 
1.81   

0.000000 
0.01   

0.001208 
-0.01   

0.002216 
0.814   

<0.000000 

350 
-0.22   

0.000000 
0.25   

0.000000 
1.73   

0.000000 
0.01   

0.195186 
-0.01   

0.060418 
0.8154   

<0.000000 

400 
-0.15   

0.000000 
0.16   

0.000001 
1.54   

0.000000 
 

-0.01   
0.109712 

0.812   
<0.000000 

450 
-0.14   

0.000000 
0.15   

0.000001 
1.30   

0.000000 
-0.005   

0.000875 
0.003   

0.006887 
0.794   

<0.000000 

500 
-0.10   

0.000006 
0.11   

0.000442 
0.74   

0.000000 
-0.01   

0.000000 
0.005   

0.006887 
0.782   

<0.000000 

550 
-0.06   

0.001175 
0.04   

0.102508 
0.57   

0.000000 
-0.01   

0.000000 
0.005   

0.000000 
0.771   

<0.000000 

579 
-0.036   

0.014427 
0.007   

0.741265 
0.520   

0.000000 
-0.008   

0.000000 
0.004   

0.000000 
0.779   

<0.000000 
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Fig.6. Change in values of coefficients of multiple correlation 

 
 
TABLE III.  COMPARISON OF AVERAGE VALUES OF INDICATORS 

 Indicators 
 

Statistical characteristics of indicators Criteria 
_t_  
  p 

Class 1 Class 2 

Рb-h, МPа 6.5±1.5 5.9±1.4 
3.79891    

  0.000161 

   Нd, m 1219.0±256.5 1350.9±264.1 
-5.35565    

  0.000000 

Pwh, MPa 1.55±0.67 1.42±0.43 
2.30247    

  0.021664 

W,% 6.5±13.2 14.7±19.7 
-5.66473    

  0.000000 

Qfl, m3/day 7.8±10.6 9.9±12.9 
-1.98733    

  0.047358 

Qoil (t/day) 6.2±8.5 6.2±8.5 
0.07263    

  0.942123 

Н w-o cont, m 1844.1±0.5 1844.5±1.3 
-5.27533    

  0.000000 

Нpump, m 1585.8±51.7 1596.1±79.1 
-1.79998    

  0.072386 

Н subm, m 469.3±228.4 405.9±182.6 
3.05555    
  0.00235 

 
Sample division as per the time classes is taken into the 

account when formulating resultant regression equations.  
In the first case, the regression equation is as follows: 
Рb-h

m1 = -2582.13 - 0.003Нd + 1.41Нw-ocont + 0.03W + 
0.36Рwh - 0.14 Qfl + 0.15Qoil - 0.002Нpump.   (5) 
where R=0.797, р<0.0000, the standard error constitutes 
0.91МPа. 

Model generation was provided in the succession, given in 
the regression equation. The coefficient values, defining force 
of statistical relations, changed as follows: r=0.563; R=0.714, 
0.753, 0.764, 0.782, 0.794, 0.797. 
 

 
Fig. 7. The relationship between P (Z) and Z 

 
According to the given model values Рb-h

m1 were calculated 
as per the first class data. 

In the second case, the regression equation is as follows:  
Рb-h

m2 = -515.582 + 0.007Нsubm - 0.008Нpump - 0.078Qoil + 
0.018W + 0.288Нw-o- cont + 0.705Рwh + 0.001Нd + 0.016 Qfl (6) 

where R=0.913, р<0.0000, the standard error constitutes 
0.57 МPа.  

Model generation was provided in the succession, given in 
the regression equation.  The coefficient values, defining force 
of statistical relations changed as follows: r = 0,562, R=0,710, 
0.783, 0.859, 0.886, 0.911, 0.912, 0.913. According to the 
given model, values Рb-h

м2 were calculated as per the second 
class data. 

Comparison of the actual and model (for two classes) 
values of the bottom-hole pressure is given in Fig. 8. 

Analysis of Fig. 4 exhibits that the actual and model values 
of bottom-hole pressure provide high accuracy control of each 
other. 

To prevent gross errors while predicting bottom-hole 
pressure values, the model was built taking into the account 
both:  values Рb-h

МО and values Рb-h
m1 , Рb-h

m2 jointly being as 
follows:  
Рb-h

ММ=3.927-0.9316Рb-h
МО+0,7115(Рb-h

m1,Рb-h
m2)-0.0103(Рb-

h
МО)2+0.1476Рb-h

МО*(Рb-h
m1,Рb-h

m2)-0.045(Рb-h
m1,Рb-h

m2)2,  
    (7) 

where R=0.893, р<0.0000, the standard error constitutes 
1.51 МPа. 

Comparison of values Рb-h and Рb-hММ is demonstrated 
with regard to suitable correlation field (Fig.9). 

The analysis of the given correlation field exhibits that the 
actual bottom-hole pressure values and the values of the 
bottom-hole pressure calculated, using the developed 
multidimensional model, control each other reliably enough 
with practically similar accuracy, regarding all the value 
range. 
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Fig.8. Comparison of actual and model (for two classes) values of bottom-

hole pressure 

 
Fig.9. Correlation field between actual bottom-hole pressure and bottom-hole 

pressure calculated as per multidimensional model 
 

IV. CONCLUSION 

1. A multidimensional mathematical model has been 
developed that allows determining the bottom-hole 
pressure according to known values of exploitation 
indices. 

2. The advantage of the developed method for 
determining the bottom-hole pressure is the use as 
input parameters of only those parameters, the 
determination of which during well operation is not 
accompanied by significant difficulties.  

3. The principal difference of this technique from 
previously known ones is the lack of separation of the 
wellbore into separate intervals, the absence of a 
stage of calculating the characteristics of a 
multiphase flow. 
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