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Tab. 6. Summary data on the results of hydraulic calculation of wells

  Well  
Bottom hole pressure 

calculated , �P �  
   Bottom hole pressure
         actual, �P�  

Dynamic
level calculated, m 

Dynamic level
actual, m Deviation, %  

1 8.53 7.66 1252 1146 9.25 
2 8.79 8.22 1065 1182 -9.90 
3 10.75 9.48 1175 1018 15.42 
4 11.02 8.81 1046 998 4.81 
5 13.68 12.63 477 434 9.91 

Fig. 1. Distribution of fluid flow rate, pressure and 
temperature along the length of the tubing (wellhead at the 
top of the figure): a) well 3; b) well 4

а)  б)

1112 m. In well No. 2, the formation of ARPD on the 
surface of the production casing is also recorded.

The base intercleaning period (ICP), which 
corresponds to the accumulation time of the wax layer 
with an average design rate, starting from the moment 
when the pipe surface is “clean” until the moment when 
20% of the tubing section is waxed, averages 35 days.

Selection of technologies to prevent wax 
deposition in the analyzed wells

When analyzing measures to combat ARPD, the 
following methods were considered that are currently 
used in the considered field:

1. Mechanical – dewaxing plants;
2. Thermal – flushing with hot oil (HOF) and 

water with surfactants (HWF);
3. Chemical – flushing with a hydrocarbon solvent 

(HCF), inhibitor protection using the reagent supply 
units (RSU).

The effectiveness of the MDU, HOF, HWF and HCF 
methods is determined by the ratio of the mass of the 
removed paraffin from the tubing walls to the initial 
mass of paraffin. Based on the operating experience of 
wells equipped with MDU and the results of laboratory 
tests of hydrocarbon solvents, the following method 
efficiency was adopted in the calculations: MDU – 90%, 
HOF, HWF – 75%, HCF – 90%. The effectiveness of 
the inhibitor injection method, determined in laboratory 
conditions, is expressed in a decrease in the rate of wax 
deposition on the pipe surface, which for calculations 
was taken in accordance with the effectiveness of the 
selected inhibitor. Inhibitors, for wells on which no 
studies were carried out, were taken from similar wells. 

The calculated ICP for the MDU, HOF, HWF and 
HCF methods was determined taking into account the 
removal efficiency and the rate of wax accumulation 
from the size of the remaining layer (after removal) to 
the moment the tubing section was blocked by 20%.

The diameter of the surface to be cleaned by means 
of MDU is 56 mm for tubing with a diameter of 73 
mm, that is, the effect of the use of a scraper occurs 
when the thickness of deposits on the wall reaches 
more than 3 mm. Up to this point, ARPDs accumulate 
unhindered. The ICP for MDU is the time after which 
it is necessary to carry out flushing to remove deposits, 
with the current number of scraper runs, determined 

paraffin layer and the mass of deposited on the wall and 
suspended paraffin in the tubing and in the production 
casing. The results of modeling paraffin deposition 
within the framework of hydrodynamic calculation in 
wells (the results for wells 3 and 4 are presented) are 
presented in Figure 2 (each of the figures shows the 
distribution of the wax layer along the length of the 
tubing) and in Table 7.

When analyzing the data presented in Table 7, a high 
formation intensity of wax deposits in the well tubing 
was established. The depth value of the beginning of 
paraffin deposition varies in the range from 378 to 
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practically. The calculated ICP for the RSU method was 
determined taking into account the decrease in the wax 
deposition rate by an amount equivalent to the efficiency 
of the method until the moment of waxing of 20% of the 
tubing section (Table 8).

In wells 2, 3 and 5, the formation of wax in the 
annulus was found. At the moment, the main methods 
of control are hot flushing, HCF and the introduction 
of injection cable lines. These methods lead to 
significant costs and oil shortages. For these wells, it 
is recommended to increase the annular pressure to 

squeeze down the dynamic level below the depth of the 
beginning of wax deposition. For each of these wells, 
hydrodynamic modeling was carried out to select the 
optimal annular pressure to prevent the formation of 
ARPD (Table 9).

As a result of the change in the annular pressure, a 
decrease in foaming was established and the dynamic 
level stabilized at a constant value, while ARPD was not 
formed in the annulus.

Thus, based on the results of the presented calculations, 
recommendations were formed on the effective selection 
of technologies and technical means to prevent the 
formation of ARPD in production wells.

Well No. 1: Run the scraper 4 times a day; carry out 
preventive flushing with hot oil with ICP of 152 days.

Well No. 2: Increase the annular pressure up to 2 MPa 
to prevent the formation of ARPD in the annulus; run 
the scraper 2 times a day; carry out preventive flushing 
with hot oil with ICP of 135 days.

Well No. 3: Increase the annular pressure up to 3 MPa 
to prevent the formation of ARPD in the annulus; run 
the scraper 4 times a day; carry out preventive flushing 
with hot oil with ICP of 271 days.

Well No. 4: Run the scraper once a day at a depth of at 
least 1200 m; conduct preventive flushing with solvents 
in circulation or with pumping 1200 m with ICP of 265 
days, since ARPD deposits in the tubing were recorded 
at a depth of more than 1100 m.

Well No. 5: Increase the annular pressure to 5.5 MPa 
to prevent the formation of ARPD in the annulus; run 
the scraper 4 times a day; carry out preventive flushing 
with hot oil with ICP of 231 days.

It is considered the most effective method of 
flushing with the help of HCF to remove ARPD deposits 
and achieve the calculated ICP, but their cost is much 
higher than flushing with hot oil or water (Table 10). 
Therefore, it is necessary to approach in detail the 
choice of wells where it is necessary to use HCF, and 
on which HOF/HWF. From the recommendations 
presented, it is clear that only in well  4, flushing should 
be carried out with the help of HCF, this is due to the 
depth of the beginning of paraffin deposition (more 
than 1100 m).

Fig. 2. Modeling of paraffin deposits (wellhead on the top of 
the figure): a) well 3; b) well 4

а) б)

Well  

Tubing Basic ICP 
(waxing 20% of 
tubing section),
days (calculated 

parameter) 

Maximum 
thickness of the 
paraffin layer,

microns 

Depth of 
maximum layer 

thickness, m 

The mass of 
the settled 

paraffin, kg 

Weight of 
paraffin 

suspended in 
oil, kg 

The volume 
of the settled 
paraffin, m3 

Depth of the 
beginning of 

paraffin 
deposition, m 

1 1142.5 10.0 13.17 1.03 0.079 560 27 
2 1269.7 wellhead 7.16 0.02 0.042 690 24 
3 645.3 6.0 3.88 0.30 0.023 378 48 
4 666.2 755.5 15.36 10.01 0.088 1112 47 
5 763.1 wellhead 9.12 1.15 0.055 526 41 

Tab. 7. Summary data based on the results of modeling wax deposits in wells
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 Well  
Current 
annular  

pressure, МPа  

Recommended 
annular pressure,  

МPа  

Calculated
dynamic  
level, m  

2 0.52 2.0 1269.0 
3 2.02 3.0 950.0 
5 1.83 5.5 700.0 

Tab. 9. Results of calculations to determine the optimal 
annular pressure. *Cost of flushing with hot oil / cost of 
flushing with oil and gas

Tab. 10. Costs for well flushing operations

 Well Number of
flushing  

Calculated 
ICP, day  

Total costs, 
thous.rub. 

1 6 152 91800/201519.5* 
2 7 135 107100/140619.6 
3 4 271 61200/115738 
4 4 265 301257.2 
5 4 231 61200/332693.9 

Tab. 8. Summary data on the results of determining the inter-cleaning period of wells

Well
 

Rate of wax deposition 
    on the pipe wall,

  mm/month  

Rate of wax deposition
on the production casing

 wall, mm/month  

Rate of wax deposition  
    on the pipe wall,

    kg/day  

   Calculated ICP (20% of paraffin deposition), day  

Standart  MDU
(Э=90%) 

HOF, HWF 
(Э=75%)  HCF (Э=90%)

1 6.86  - 2.63 27 152 20 24 
2 7.62  0.78 1.43 24 135 18 22 
3 3.87  1.59 0.78 48 271 36 43 
4 4.0  - 3.07 47 265 35 42 
5 4.58  1.59 1.82 41 231 31 37 

Conclusion
In this work, an urgent problem is considered – the 

selection of effective and economically viable methods for 
combating wax deposits on downhole pumping equipment. 
To solve this problem, computational hydraulic models 
were created, hydrodynamic modeling and modeling of 
paraffin deposits during lifting of fluid in a well were 
carried out using the example of five wells of one of the 
oil fields of the Perm Territory. Based on the calculations, 
recommendations were given on the choice of the method 
for removing and preventing ARPD for the analyzed 
wells. The proposed measures have been implemented at 
the wells and to date have led to a reduction in the costs of 
measures and significantly reduced oil shortages. At three 
wells, the change in annular pressure led to a decrease in 
foam formation and stabilization of the dynamic level, 
while the main problem was solved – ARPDs are not 
formed in the annulus.

The proposed approach to the selection of measures 
for the prevention and removal of ARPD seems 
appropriate to replicate to other producing wells of oil 
fields in the Perm Territory and Russia.
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