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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-paraftin 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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HOM CKBaXXMHBI C MPUMEHEHHEM BETPO3IEKTPHUECKON YCTAHOBKM B KayeCTBE aBTOHOMHOTO HC-
TOYHMKA MUTaHUA. JIOCTOMHCTBOM JaHHOTO TEILUIOBOTO CHOCO0a BO3JAEHCTBUS SIBISIETCS €r0 He-
MIPEpPBIBHBIA XapaKTep, YTO MO3BOJISIET COXPAHSITH MPOITYCKHOE CEUEHHE HACOCHO-KOMITPECCOPHBIX
Tpy06 mocrtosHHBIM. IlpencraBieHa cxemMa aBTOHOMHOTO KOMILIEKCA JUISi BHYTPUCKBAKUHHOTO
anekTponporpesa HeTH. B KkauecTBe 3IEKTPOHArPEBATENILHOTO 3JIEMEHTa, Pa3MEIlaeMoro B
CKBa)XHHE, MOXXET BBICTYNATh TPyOUaThI WJIM MHIYKUMOHHBI HarpeBaTenb. HarpeBarenbHbII
9JIEMEHT KOMIUIEKCa MOXET IPHMEHSThCS B CKBAKUHAX, DKCIUTyaTHPYeMbIX (DOHTAHHBIM, Ta3-
JTU(THEIM U MEXaHH3UPOBAHHBIM CIIOCOOAMU, TIPH 3TOM JUISl €r0 YCTAaHOBKH HE TPeOyeTcs IIpoBe-
JICHUsI KalUTaJIbHOro peMoHTa. OnpeneneHsl TeMIepaTypa HachleHnsT HepTH napaduHOM U ee
pacnpejenieHue 1o NIyOnHe CKBa)XKUHBL. PaccunTaHO KOJIHYECTBO TEIUIOTHI, KOTOpOe HE0OXO0UMO
COOOIINTh CKBAKUHHOM INPOIYKIMH B HACOCHO-KOMIIPECCOPHBIX Tpybax Iyt oOecrmedeHmst 3¢-
(hEeKTUBHOTO peXHMMa SKCIDTyaTallul CKBAKHUHBI C YIE€TOM JHHAMUYECKOTO COCTOSHHUSI CHCTEMBL.
VYcraHOBIEHB! ONTHMalbHas TTyOHHA PAclOJOXKEHUS] HArpeBaTENBHOTO 3JIEMEHTa B CKBAXKHHE
U €T0 MOIIHOCTb. BhIMonHeH pacyeT HEOOXOANMOH MOIIHOCTH BETPORIEKTPHUECKOH yCTaHOBKHU
JUI TIOJJIEp’KaHUsl 3aJlaHHOM TEeMIepaTypbl B CTBOJE CKBaXHHBL. IIpoBeneHHbIE HCCIenoBa-
HUS TTOKA3aJId, YTO JUIS PEOTBpaleHHs1 00pa3oBaHus acdanbTocMononapadMHOBBIX OTIIOKEHUH
Ha CTEHKaX HACOCHO-KOMIIPECCOPHBIX TPYO HE(TSAHBIX CKBaXKMH LEIECOOOPa3HO MCHOJIb30BAThH
MIPOTOYHBIN 3JIEKTpOHArpeBaTesb, KOTOPHI oOecneyuBaeT MOANEpKaHHE CPEIHEH yCTaHOBUB-
LIelCcsl TeMIepaTyphl [0 CTBOJy U HA YCTb€ CKBAXKHHBI BbIIIE TOUYKM HadalbHOH KpHCTaJUIM3a-
uH acgaabrocMoonapauHOBBIX OTIOoXeHHH. [IpruMenenne pa3paboTaHHOTO AIIEKTPOTEpPMHUE-
CKOTO KOMILIEKCA SIBIISIETCS] aKTyalbHBIM B YCIOBHUSIX 00pa3oBaHUs ac(haabTocMoonapaduHOBBIX
OTJIOXKEHUH B CTBOJE CKBAKMHBI Ha MECTOPOXKJICHUAX, HE UMEIOLIUX MOAKIIOUCHUS K IEHTpa-
JIN30BaHHOI SHEProCUCTEME YCTAaHOBKM AN MOAACPKAHMSA 3aJaHHOM TeMIIepaTypsl B CTBOJIE
CKBa)KUHBL.

KuiroueBbie cioBa: acdansrocMmononapadhMHOBEIE OTI0KEHUS, HeTsIHAS CKBa)KHUHA, BETPOIJICK-
TpHYECKas yCTAaHOBKAa, HACOCHO-KOMIIpECCOpHas TpyOa, 3JeKTpOTepMHUUYECKOEe BO3ACHCTBHE, TEIl-
JIOBOM METOJ

Jist uuTHpOBaHus: DIEKTPOCHAOKEHHUE CTAHLIMH HAarpeBa HE)TH B CKBaKMHE OT BETPOBJICKTPHU-
4yeckoi ycranoBku / A. A. Benbekuit [u ap.] // Duepeemuxa. Hze. evicut. yueb. 3aeedenuil u snepe.
ob6veounenuii CHI. 2019. T. 62, Ne 2. C. 146-154. https://doi.org/10.21122/1029-7448-2019-62-2-
146-154

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].

4{ Methods of controlling the ARPD }—

| Prevention | | Removal |

Using smooth 3 :
coatings Chemical Physical Thermal Mechanical Chemical

o Hot oil or

Wetting Vibrational —  water as a
coolant

Modifying agents| 1| Influence by Tivesteam

magnetic,
electrical and

; electromagnetic Electric furnaces
Disperser ﬁeldsgl

Sc1‘apm‘s| | Solvents |

Scratchalizers

— Induction heaters

Depressors Ultrasonic ~ |—

Reagents
causing
exothermic
reactions

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.

s

o
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not more than 100 m not less than 4 m 16

17 A

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 (m’/day) Oy 35
Well depth (m) L 2900
Gas to oil ratio (m*/m’) G 29.2
Average value of the well angle of slope (deg.) o 9
Formation pressure (MPa) P 27
Production string inner diameter (m) D 0.15
Formation oil density(kg/m®) Poil 748.3
Oil specific heat (J/(kg'K)) Coil 880
Coefficient of water cut b 0.75
Formation water density (kg/m®) Py 1050
Formation water specific heat (J/(kg-K)) Cy 4100
Formation temperature (K) T, 364
Inner diameter of the tubing (m) d 0.0503

The composition of the ARPD selected from the wellhead (selection date:
December 10™, 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 °C.

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]:

t=1t,+0.2P-0.1G=33.33+0.2-27-0.1-29.2=35.81 °C=308.81 K;
ty =11.398 +34.0841gC,, =11.398 +34.0841g4.4 =33.33 °C,

where ¢ — paraffin saturation point under the formation conditions, K; #, — paraf-
fin saturation point under the surface conditions, °C; P — formation pressure,
MPa; G — gas to oil ratio, m’/m’; C, — 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]
0.0034 +0.79mcosa

T(H) = U (L—H): IOQV/(86400-20d2'67)

2

where 7; — formation temperature, K; L — well depth, m; H — current depth,
measured from the wellhead, m; o — well angle of inclination from the vertical,
deg.; Qy— well production rate for liquid under standard conditions, m*/day;
d — inner diameter of the tubing, m; ® — geothermal gradient, deg./m, calculated
using the formula
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T-T, 364278

o= _ = 0.03023,
(L—H,)cosa. (2900 —20)cos9°

where T, — neutral layer temperature, K; H, — neutral layer depth, m.

The temperature of the neutral layer for the oil area of Western Siberia is set
as T,=278 K. 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 H, = 20 m.

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

T(H) = 364 — (2900 —100) 0.0034+0.79-0.03023 - cos9° _ 208 1 K.

35
10(86400~20~0.05032-"7)

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.

Depih, m Temperature, K

0
100 20981
200 3004
300 302.8
400 305.1
500 307.5 The paraffin saturation point for oil
600 309.9 The depth of lowering the heating element
700 3122
800 3146
900 3169
1000 | 19,
1100
1200
1300
1400
1500

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

O=c,, mAT,

where O — amount of heat, received by the substance during heating, J; ¢, —
specific heat of the water-oil mixture, J/(kg - K); m — mass of the heated water-
oil mixture, kg; AT — difference between the final and initial temperatures of the
substance, K.

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

¢, =C,y (1= b)+c,b=880-(1—0.75)+4100-0.75 = 3295 J/(kg-K),

mix

where c,; — specific heat of oil, J/(kg'K); ¢, — 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
m= meix ’

where V' = Oy /24 — volume of the water-oil mixture, passing through the hea-
ting element per 1 hour, m’; p,,, — density of the water-oil mixture, kg/m’.
The density of the water-oil mixture in the tubing is determined by

Bpie = P (1= D) + p, b =748.3-(1-0.75) +1060-0.75 = 982.1 kg/m®,

where p,;— density of formation oil, kg/rn3; p,— density of formation wa-
ter, kg/m’.

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

V=&=§=1.4583 m’.
24

24
The heated mass of the water-oil mixture in the tubing is equal to

m=Vp,, =1.4583-982.1=1432.20 kg.

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

O=c,, mAT =3295-1432.20-13.1=61820196.9 ] =17.17 kW-h.

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
Oloss = 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 (7'= 308.8 K) within an hour using the formula

P
B, =—-100,
we =7

where Py — power of the wind-driven power plant, kW; P — power of the in-
line electric heater, kW; £ — 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.
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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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