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Abstract. In this article, the authors reviewed a new technology to prevent the formation of as-
phalt-resin-paraffin deposits by the thermal method of electrothermal impact on the oil wellbore 
shaft using a wind-electric installation as an autonomous power source. The advantage of this 
thermal stimulation technique lies in its continuous nature, which will allow keeping the clear 
opening of the tubing constant. The scheme of the autonomous system for down-hole electric hea- 
ting of oil is presented. A tubular or induction heater can serve as an electric heating element 
placed in the well. The heating element of the system can be used in the wells exploited by free-
flow, gas lift and mechanized methods, while its installation does not require an overhaul.  
The paraffin oil saturation temperature and temperature distribution over the depth of the well 
were defined. The amount of heat, which must be transferred to the oil mixture in the tubing  
in order to ensure effective operation of the well, taking into account the dynamic state of the sys-
tem, is calculated. The optimal depth of the heating element's location in the well and its power 
was determined. The calculation of the required power for wind-electric installation to maintain 
the set temperature in the wellbore was performed. Having conducted the studies, it was revealed 
that in order to prevent the asphalt-resin-paraffin deposits formation on the tubing walls of oil 
wells, it is expedient to use the in-line heater, which maintains the average steady-state tempera-
ture along the wellbore and at the wellhead above the initial crystallization point of the asphalt-
resin-paraffin deposits. The application of the developed electrothermal system is relevant in the 
conditions of formation of asphalt-resin-paraffin deposits in the wellbore shaft at the fields, which 
do not have a connection to the centralized power grid. 
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ной скважины с применением ветроэлектрической установки в качестве автономного ис-
точника питания. Достоинством данного теплового способа воздействия является его не-
прерывный характер, что позволяет сохранять пропускное сечение насосно-компрессорных 
труб постоянным. Представлена схема автономного комплекса для внутрискважинного 
электропрогрева нефти. В качестве электронагревательного элемента, размещаемого в 
скважине, может выступать трубчатый или индукционный нагреватель. Нагревательный 
элемент комплекса может применяться в скважинах, эксплуатируемых фонтанным, газ-
лифтным и механизированным способами, при этом для его установки не требуется прове-
дения капитального ремонта. Определены температура насыщения нефти парафином и ее 
распределение по глубине скважины. Рассчитано количество теплоты, которое необходимо 
сообщить скважинной продукции в насосно-компрессорных трубах для обеспечения эф- 
фективного режима эксплуатации скважины с учетом динамического состояния системы. 
Установлены оптимальная глубина расположения нагревательного элемента в скважине  
и его мощность. Выполнен расчет необходимой мощности ветроэлектрической установки 
для поддержания заданной температуры в стволе скважины. Проведенные исследова- 
ния показали, что для предотвращения образования асфальтосмолопарафиновых отложений 
на стенках насосно-компрессорных труб нефтяных скважин целесообразно использовать 
проточный электронагреватель, который обеспечивает поддержание средней установив-
шейся температуры по стволу и на устье скважины выше точки начальной кристаллиза- 
ции асфальтосмолопарафиновых отложений. Применение разработанного электротермиче-
ского комплекса является актуальным в условиях образования асфальтосмолопарафиновых 
отложений в стволе скважины на месторождениях, не имеющих подключения к центра- 
лизованной энергосистеме установки для поддержания заданной температуры в стволе 
скважины. 
 

Ключевые слова: асфальтосмолопарафиновые отложения, нефтяная скважина, ветроэлек-
трическая установка, насосно-компрессорная труба, электротермическое воздействие, теп-
ловой метод 
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Introduction 
 

Intra-field communications represent a single hydrodynamic network, which 
operation complexity is associated with constant thermobaric variations and 
phase conversions. One of the key problems of oil production is the formation  
of organic deposits on any of the technological levels of this system [1, 2].  
The choice of methods to influence wells, their bottom-hole zone and the entire 
formation, optimization of the existing and developing new approaches to con-
trol deposits are the tasks of urgency, the solution of which will improve the 
technological efficiency and economic stability of oil production enterprises and 
the industry as a whole. 

Paraffin deposits in wells and in the bottom-hole formation zone are the  
subject of a primary consideration in oil production industry. 

The asphalt-resin-paraffin deposits (ARPD), accumulating on the surfaces  
of the tubing, as well as in the pumping equipment and in the bottom-hole for-
mation zone, result in a reduction in the overhaul period and in a decrease in the 
well performance efficiency [3, 4]. 

Currently, all methods of controlling deposits are divided into two main 
groups: methods of removing already formed deposits and methods of preven- 
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ting their formation. Due to a great variety of conditions for the development  
of oil fields, various technological parameters and geological and physical con-
ditions, as well as fluid properties, it is expedient to use an individual compre-
hensive approach to the selection of technologies. 

Fig. 1 presents classification according to which the following techniques of 
controlling the asphalt-resin-paraffin deposits are specified: chemical, physical, 
thermal, mechanical, smooth pipe coatings and integral action (applying several 
methods) [1, 5, 6]. 

The most efficient methods of controlling paraffin deposits are thermal 
methods of affecting the wellbore, based on the ability of the ARPD not to form 
a solid phase or melt at temperatures higher than the crystallization tempera- 
ture of 35–50 °C [4, 6–9]. 

 

 
 

Fig. 1. Classification of methods of controlling the ARPD [5] 
 
The article deals with the electro-thermal impact on the ARPD on the tubing 

walls in the well. The advantage of this thermal stimulation technique lies in its con-
tinuous nature, which will allow keeping the clear opening of the tubing constant.  
A tubular or induction heater can serve as an electric heating element placed in the 
well [10, 11]. The disadvantage of electric heating lies in its dependence on the pre- 
sence and reliability of an external power supply system. Most present-day oil fields 
in Russia are located within remote areas, far from the centralized power supply sys-
tem. The use of autonomous power supply systems on the basis of wind-driven 
power plants may be considered as an alternative to the reconstruction of old or con-
struction of new electrical networks [12–14]. 

The aim of this work is to determine the required power of the wind-driven 
power plant to ensure the efficiency of the down-hole heating element operation 
to prevent the ARPD formation. 
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Scheme of the system 
 

Electric heating is carried out using a heating element, placed directly in the 
inner space of the tubing in the well, which allows heating any types of wells 
when implementing free-flow, gas-lift and electromechanical methods of oil 
production [15]. Such a scheme for implementation of electric heating does not 
require underground work, and in some cases it does not need well shut- 
down [16]. The process of lowering the heating element is carried out using  
a load-carrying cable and complies with standard work with geophysical instru-
ments. The tubular or induction electric heating element is in contact with down-
hole fluid, so the heat transfer goes directly into the fluid [17]. 

The structure of the autonomous system for down-hole electric heating  
of oil comprises (fig. 2): 1 – wind-driven power plant; 2 – feeding cable; 3 – oil 
heating unit control station; 4 – power cable; 5 – temperature sensor cable;  
6 – terminal cabinet; 7 – safety lock; 8 – load-carrying cable; 9 – thermowell 
temperature sensor cable; 10 – lubricating device; 11 – tmain lock; 12 –wellhead 
equipment; 13 – thermowell with temperature sensor; 14 – receiving pipeline; 
15 – tubing; 16 – casing string; 17 – electric heater. 

 

 
 

Fig. 2. Schematic view of an autonomous system for down-hole electric heating of oil 
 
Calculating the depth of lowering the heating element 
 
As a source data for lowering the heating cable, the well of one of the fields in 

Western Siberia was selected. The selected well parameters are presented in tab. 1. 
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Table 1 
Parameters of the well  

 

Well production rate for liquid under standard conditions (m3/day) QV 35 
Well depth (m) L 2900 
Gas to oil ratio (m3/m3) G 29.2 
Average value of the well angle of slope (deg.)  α 9 
Formation pressure (MPa) P 27 
Production string inner diameter (m) D 0.15 
Formation oil density(kg/m3) ρoil 748.3 
Oil specific heat (J/(kg∙K)) coil 880 
Coefficient of water cut b 0.75 
Formation water density (kg/m3) ρw 1050 
Formation water specific heat (J/(kg∙K)) cw 4100 
Formation temperature (K) Tl 364 
Inner diameter of the tubing (m) d 0.0503 

 
The composition of the ARPD selected from the wellhead (selection date: 

December 10th, 2005) is as follows: asphaltenes – 2.45 %, resins – 12.5 %, paraf-
fins – 4.4 %. The melting temperature of paraffin, extracted from degassed oil 
under laboratory conditions, is 62–70 °С. 

 
Determining the paraffin saturation point for oil 
 
When determining the paraffin saturation point for oil, the formula, recommen- 

ded by All-Russia Institute for Oil and Gas Research (“VNIIneft”), is used [3]: 
 

o
0 0 2 0 1 33 33 0 2 27 0 1 29 2 35 81 C 308 81 K;t t . P . G . . . . . .= + − = + ⋅ − ⋅ = =  

 
o

0 11 398 34 084lg 11 398 34 084lg4 4 33 33 C,pt . . C . . . .= + = + =  
 

where t – paraffin saturation point under the formation conditions, K; t0 – paraf-
fin saturation point under the surface conditions, °С; P – formation pressure, 
MPa; G – gas to oil ratio, m3/m3; Cp – paraffin concentration in oil, %. 

Mass paraffin precipitation begins in the well at a depth corresponding to the 
temperature of paraffins crystallization initial point. Within the subsequent in-
terval, massive formation of paraffins takes place, and closer to the wellhead and 
in the onshore pipelines, deposits in the form of resins occur [18, 19]. 

 
Temperature distribution over the well depth 
 
The temperature distribution along the depth of the well can be presented by 

the formula [3] 
 

2 67/(86400 20 )

0 0034 0 79 cos( ) ( ) ,
10

.
V

l Q d

. .T H T L H
⋅

+ ω α
= − − ⋅  

 

where Tl  – formation temperature, K; L – well depth, m; H  – current depth, 
measured from the wellhead, m; α – well angle of inclination from the vertical, 
deg.; QV – well production rate for liquid under standard conditions, m3/day;  
d – inner diameter of the tubing, m; ω – geothermal gradient, deg./m, calculated  
using the formula 
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where Tn – neutral layer temperature, K; Hn – neutral layer depth, m. 
The temperature of the neutral layer for the oil area of Western Siberia is set 

as Tn = 278 К. The depth of the neutral layer below the earth's surface varies 
from 20 to 40 m, in this paper let us set it as Hn = 20 m. 

Example of calculating the down-hole temperature at a depth of 100 m 
 

2 67
35

(86400 20 0 0503 )

0 0034 0 79 0 03023 cos9( ) 364 (2900 100) 298 1 K.

10
..

. . .T H .
⋅ ⋅

+ ⋅ ⋅ °
= − − ⋅ =  

 

The results of calculating the temperature distribution over the well depth 
from 0 to 1500 m are presented in fig. 3. Thus, it may be concluded that the 
heating element must be lowered to a depth of 600 m. 

 

 
 

Fig. 3. Temperature distribution along the depth of the well 
 

Heat calculation  
 

Let us determine the amount of heat, required for in-line heating of the  
water-oil mixture in a well with a specified production rate using the formula 

 

,mixQ c m T= ∆  
 

where Q – amount of heat, received by the substance during heating, J; cmix – 
specific heat of the water-oil mixture, J/(kg ∙ K); m – mass of the heated water-
oil mixture, kg; ∆T – difference between the final and initial temperatures of the 
substance, K. 

The specific heat of the water-oil mixture is determined by 
 

(1 ) 880 (1 0 75) 4100 0 75 3295 J/(kg K),mix oil wc c b c b . .= − + = ⋅ − + ⋅ = ⋅  
 

where coil – specific heat of oil, J/(kg∙K); cw – specific heat of formation wa- 
ter, J/(kg∙K); b – coefficient of water cut. 
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The mass of the heated water-oil mixture in the tubing is determined by 
 

,mixm V= ρ  
 

where V = QV / 24 – volume of the water-oil mixture, passing through the hea- 
ting element per 1 hour, m3; ρmix – density of the water-oil mixture, kg/m3. 

 The density of the water-oil mixture in the tubing is determined by 
 

3(1 ) 748 3 (1 0 75) 1060 0 75 982 1 kg/m ,mix oil wb b . . . .ρ = ρ − + ρ = ⋅ − + ⋅ =  
 

where ρoil – density of formation oil, kg/m3; ρw – density of formation wa- 
ter, kg/m3. 

Using the in-line electric heating element, it is necessary to heat the water-oil 
mixture at a depth of 600 m in such a manner that the introduced amount of heat 
is sufficient to compensate for the temperature drop below the paraffin saturation 
point further along the wellbore towards the wellhead. 

As a result of previous calculations, it was found that the initial temperature 
of paraffins crystallization is 308.8 K, and the temperature at the wellhead  
is 295.7 K. Thus, it is necessary to calculate the amount of heat required for hea- 
ting the water-oil mixture by 13.1 K within an hour using the down-hole in-line 
heater. 

While calculating, it was assumed that the well production rate is constant 
and does not change upwards due to a decrease in the viscosity of oil during 
heating or downwards resulting from a decrease in the clear opening of the tu- 
bing, as well as thermal losses 

The heated volume of the water-oil mixture in the tubing is equal to 
 

335 1 4583 m .
24 24

VQV .= = =  
 

The heated mass of the water-oil mixture in the tubing is equal to 
 

1 4583 982 1 1432 20 kg.mixm V . . .= ρ = ⋅ =  
 

The amount of heat required for heating the water-oil mixture in the tubing  
is equal to 

 

3295 1432 20 13 1 61820196 9 J 17 17 kW h.mixQ c m T . . . .= ∆ = ⋅ ⋅ = = ⋅  
 

The inner diameter of the production string is 0.15 m, and the outer diameter 
of the tubing string is 0.0603 m. Thus, the casing annulus of the well is repre-
sented by 0.0449 m thick water-oil mixture ring. The ratio between the outer 
diameter of the tubing string and the inner diameter of the casing string is 2/5. 
Regarding this, we take the energy losses during heating the liquid column equal 
to 40 % of the previously calculated amount of heat, in this case equal to 
Qloss = 6.87 kW∙h.  

Thus, to prevent the ARPD formation on the tubing walls in the oil wellbore 
under specified conditions, it is necessary to use the in-line electric heater with  
a power of P = 24.04 kW. 
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Selecting a wind-driven power plant 
 

According to the study, presented in [20], the installed capacity utilization 
factor (ICUF) of a wind-driven power plant as part of an electro-thermal system 
depends on the average annual wind speed; variations in ranking of wind distri-
bution, the heating cable resistance and the method of controlling. Minimum 
values of the ICUF of a wind-driven power plant as a part of the system, depen- 
ding on the average annual wind speeds, are presented in tab. 2. 

 

Table 2 
ICUF of the wind-driven power plant as a part of an electro-thermal complex 

 

   Average annual wind speed, m/s 4 5 6 7 

   Minimum ICUF, % 10 16.3 22.8 27.1 
 

Let us determine the power of the wind-driven power plant as a part of an 
electro-thermal system with the in-line electric heater to remove and prevent  
the ARPD formation on the tubing walls in the oil wellbore based upon mi- 
nimum ICUF (tab. 2) and the time to reach the set temperature at the well- 
head (T = 308.8 K) within an hour using the formula 

 

100,WG
PP
k

= ⋅  
 

where PWG – power of the wind-driven power plant, kW; P – power of the in-
line electric heater, kW; k – minimum ICUF of the wind-driven power plant, %. 

Fig. 4 shows the influence of selecting a nominal capacity of the wind-driven 
power plant on the steady-state temperature at the wellhead, with variations in 
the average annual wind speed accounted for. 

 

 
 

                          70           90         110         130         150         170         190         210         230        250 
Power of the wind-driver plant, kW 

 

Fig. 4. Selecting a nominal capacity of the wind-driven power plant 
 

CONCLUSION 
 

Having conducted the studies, it was revealed that in order to prevent  
the ARPD formation on the tubing walls of oil wells, it is expedient to use  
the in-line heater, which maintains the average steady-state temperature along 
the wellbore and at the wellhead above the initial crystallization point of  
the ARPD. It is possible to use an autonomous wind-driven power plant with  
a nominal capacity of 90 to 250 kW, depending on the average annual wind 
speed within the well pad area, as a power source for the electric heater. 

The reported study was funded by RFBR according to the research project 
No 18-38-00530. 
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