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Abstract. Production of highly solidifying abnormal oils (with a paraffin content of over 30 % by mass) in the Far North
is complicated by the intensive formation of asphalt-resin-paraffin deposits (ARPD) in the bottomhole zone
of the productive formation, well and surface equipment. Existing methods and technologies for countering
the formation of organic deposits in well equipment have many advantages. However, their application in the
production of highly paraffinic oil does not fully prevent the formation of ARPD in the tubing string. This leads
to a significant reduction in oil production, reduction of turnaround and intertreatment periods of production
wells operation, an increase in specific operating expenses for paraffin removal. Results of theoretical and
laboratory investigations presented in the article show that one of the promising ways to improve the operational
efficiency of wells equipped with electric submersible pumps during extraction of highly paraffinic oil from
multiformation deposits is the application of a new integrated technology based on the joint production of highly
solidifying abnormal oil with oil, characterized by a lower paraffin content and manifestation of structural and
mechanical properties, in conjunction with the regulation of the parameters for the electric submersible pump.
Results of numerical modeling using the PIPESIM steady-state multiphase flow simulator, physical, chemical
and rheological investigations show that with a decrease of highly paraffinic oil from the productive formation
Daer in a blend with Stary Oskol oil from the Kyrtaelskoye field, a decrease in the mass content of paraffin in
the blend and the temperature of its saturation with paraffin, depth and intensity of the organic deposits formation
in the tubing string, pour point, as well as the improvement of the rheological properties of the investigated
structured dispersed systems is observed. Article describes a promising assembly of well equipment for the single
tubing separate production of highly paraffinic oil from multiformation deposits of the Timan-Pechora province,
providing separation of the perforation zones in two productive formations using a packer-anchor system at
simultaneous-separate operation of the formations by a double electric submersible pump unit.

Key words: highly paraffinic oils; organic deposits; structured dispersed systems; phase transitions of paraffin in oil;
multiformation deposit; single tubing separate production of oil

Introduction. Oil fields with a high paraffin content are widespread throughout the world [29,
32, 36]. Currently, development and implementation of advanced technologies for the extraction,
treatment and transportation of highly paraffinic oils under complex natural and climatic conditions
is of particular importance, since it forms an innovative potential for further development of deposits
in the Arctic zone of the Russian Federation [27]. Oils are divided into three groups by paraffin con-
tent: low paraffinic (less than 1.5 % by mass), paraffinic (from 1.5 to 6.0 % by mass) and highly
paraftinic (over 6.0 % by mass); by the content of resin-asphaltene substances: low resinous (less
than 5.0 % by mass), resinous (5.0-15.0 % by mass) and highly resinous (over 15.0 % by mass) [14].
In the article [11], it is proposed to additionally classify oils with a paraffin content of more than
6.0 % by mass into the following subgroups: moderately paraffinic (6.0-10.0 % by mass), highly par-
affinic (10.0-20.0 % by mass) and super-high paraffinic (over 20.0 % by mass). It is noted that the
share of oil with a paraffin content of more than 6.0 % by mass accounts for about 27 % of world
reserves, half of which are highly and super-high paraffinic oils.

More than 300 deposits of highly solidifying abnormal oils are known In Russia and the former
USSR countries. The main reserves and production volumes of such oils in Russia are in the Timan-
Pechora oil and gas province (OGP) [7, 26]. State balance of mineral reserves in the Timan-Pechora
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province accounts for 239 oil and gas fields as 0£01.01.2019 (incl. 213 oil, 16 oil and gas condensate,
5 gas and oil, 5 oil and gas). Share of the North-West region in the structure of oil production in the
Russian Federation is 5.4-6.2 %. Thus, oil production in 2019 amounted to 31.2 million tons [20].
Most of the oils in the Timan-Pechora OGP are abnormal — these are highly paraffinic oils, solidifying
at positive temperatures, and heavy high-viscosity oils [8, 15, 35]. A distinctive feature of highly
paraftinic oils is their high-temperature viscosity and tangible structural and mechanical (viscoplastic,
thixotropic and viscoelastic) properties. This is due to the crystallization of paraffinic hydrocarbons
and structure formation when the temperature drops to a level below the temperature of oil saturation
with paraffin [6, 29, 31]. Thus, oils from productive sediments of the Middle and Upper Devonian in
a number of fields (Kharyaginskoye, Kyrtaelskoye, Yuzhno-Lyzhskoye, Vostochno-Saratayuskoye,
Vostochno-Kharyaginskoye, Zapadno-Saratayuskoye, Lekharyaginskoye, etc.), which are classified
as medium and small in terms of initial recoverable reserves, are characterized by an extremely high
paraffin content (over 20 % by mass) and pour points from 25 to 40 °C [12, 17]. Most of the fields
have multiple formations [16, 18].

Complications associated with paraffinization of well equipment are most relevant in the pro-
duction of highly paraffinic oil at the Kyrtaelskoye, Yuzhno-Lyzhskoye, Severo-Kozhvinskoye and
Yuzhno-Kyrtaelskoye fields developed by the TPE “LUKOIL-Ukhtaneftegaz™ [17, 30]. The main
commercial oil and gas potential of the Kyrtaelsko-Pechorogorodsky oil and gas region, located in
the southwestern part of the Pechora-Kolvinskaya oil and gas area, is associated with the Eiffelian,
Stary Oskol and Dzhier sediments of the Middle Devonian-Frasnian subdomanic oil and gas structure
containing 95.7 % of the recoverable oil reserves, 100 % of condensate and 97.8 % of gas. Small
deposits of hydrocarbons and oil signs were found on the territory of the Pechora-Kozhvinsky mega-
shaft in the sediments of the Domanik-Tournaisian, Lower-Upper Visean, Upper-Nevizian-Lower
Permian and Middle-Upper Permian oil and gas structures [16, 22].

Statement of the problem. Significant number of methods and technologies for countering
ARPD inside the well equipment have been developed to date in order to prevent the formation and
remove already formed organic deposits [4, 5, 9]. The most widespread methods of countering or-
ganic deposits in well equipment are the methods of mechanical and thermal paraffin removal due to
low costs and ease of implementation [12, 13, 23].

Physical and chemical properties and composition of well product, flow rate and well operation
method, intensity and interval of paraffin formation, component composition of organic deposits are
the most important factors determining the effectiveness of using certain methods of countering
ARPD [13, 33, 34]. The main criteria for the technological efficiency of measures taken to prevent
the formation and removal of organic deposits in well equipment are such indicators as intertreatment
and turnaround periods of production wells. These indicators, on the one hand, characterize the
operating conditions of wells (for example, the degree of intensity for paraffin formation processes),
and on the other hand, the state and quality of work carried out for the selection, maintenance and
repair of well equipment, including the effectiveness of measures to prevent the formation of organic
deposits and their removal using various methods [24]. Field experience shows that the most
preferable and effective is the use of integrated methods and technologies for preventing the
formation of ARPD. This allows, taking into account the geological and physical conditions of the
oil field development, to minimize the number of complications in the existing well number, to
increase the intertreatment and turnaround periods of their work, and also to exclude the effect of
the “sawtooth” change in the flow rate of the well in the case of periodic application of methods for
removing ARPD [10].

Analysis of the accumulated experience for operating oil production wells at the Kyrtaelskoye
field, equipped with electric submersible pumps (ESP), shows that the main complicating
factors are:

597



[ Journal of Mining Institute. 2021. Vol. 250. P. 596-605 DOI: 10.31897/PMI.2021.4.13
ﬁ Mikhail K. Rogachev, Aleksandr N. Aleksandrov

* intensive formation of ARPD (paraffin content in oil of productive formations Dys and Daer
1s 21.3 and 37.9 % by mass, respectively);

« high gas-oil ratio (average value for Das and Daer deposits is 231.4 and 87.1 m’/t, respectively);

* high-temperature viscosity (oil from the upper part of the Eifelian stage is characterized by
high values of pour point — 38-40 °C, yield point and effective viscosity in the temperature range
below the paraffin phase transition temperature in it) [17].

The main methods of countering ARPD at the Kyrtaelskoye field during the operation of wells
equipped with ESP are:

» mechanical (cleaning of the inner surface of the tubing string is carried out mainly using
stationary and mobile installations for paraffin removal with a semi-automatic drive with an
average frequency of 2-4 times a day and, to a lesser extent, using mechanisms with an automatic
drive - MDWA “Suleimanov” winches up to 6-8 times a day);

* thermal (hot oil flushing of well equipment and flow lines, application of heating cables with
controlled heating, induction heaters of the manifold and a check valve of the wellhead equipment);

« application of tubing with a protective coating;

* paraffin removal in the tubing string without lifting well pumping equipment using coiled tub-
ing, for a complicated number of production wells (Daef reservoir), the optimal intertreatment period
was experimentally established, equal to 10 days; between treatments of the tubing string using coiled
tubing, additional heat treatments of well equipment and flow lines are carried out;

» combined methods — integrated application of tubing with silicate-enamel coating and heating
cables with periodic measures for mechanical cleaning of lift pipes.

Analysis of the situation on paraffin removal in wells at the Kyrtaelskoye field shows that the
measures taken to prevent the formation and removal of ARPD deposits in well oilfield equipment
during the production of highly solidifying abnormal oil, despite certain progress in this direction, do
not allow complete elimination of complications and minimize their consequences. Shutdowns of
medium and high production wells due to paraftinization of the tubing string with its subsequent
overhaul significantly reduce oil production rates, lead to a reduction in turnaround and intertreatment
periods of production wells and an increase in specific operating costs for paraffin removal. In this
regard, it is necessary to improve the existing and develop new methods and technologies for coun-
tering organic deposits, which are the most acceptable for the operation of wells equipped with ESP
in multi-formation highly paraffinic oil fields of the Timan-Pechora province.

Methodology of the research. Oils from productive formations Dzer (upper part of the Eifelian
stage) and Doy (Stary Oskol oil and gas condensate deposit — the main development object) of the
Kyrtaelskoye field are classified as highly paraffinic in terms of paraffin content. Investigated oil
dispersed systems (ODS) differ significantly both in the component composition and in the content
of high molecular mass paraffinic hydrocarbons, which determines the difference in their physical,
chemical and rheological properties. It is proposed to consider the possibility of using the technology
of simultaneous-separate production of highly solidifying abnormal oil from the D,.r deposit together
with the Stary Oskol oil, which is characterized by a lower paraffin content and manifestation of
structural and mechanical properties.

Calculation was performed using the PIPESIM steady-state multiphase flow simulator in order
to substantiate the effectiveness of the proposed technology for the simultaneous-separate production
of highly paraffinic oil from the Dzer and Dog productive formations of the Kyrtaelskoye field. Nu-
merical modeling is carried out taking into account the model of the two- and three-phase state of the
fluid. Use of the Multiflash Wax module provides a detailed description of the paraffin formation
process and the behavior of the liquid phase when changing temperature and pressure conditions
based on the construction of a thermodynamic equilibrium model [2, 37].
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Determination of the physical and chemical properties of wellhead anhydrous oil samples taken
from a number of wells that drilled-in the Middle Devonian terrigenous deposits at the Kyrtaelskoye
field was carried out in accordance with GOST R 51858-2002. The pour point of the studied highly
paraffinic oils and their mixtures was determined according to GOST 20287-91 (method B). Deter-
mination of the group hydrocarbon composition of anhydrous oil samples was carried out in accordance
with GOST 11851-85 (method A).

Study of the rheological properties for highly paraffinic oils from the Kyrtaelskoye field and
their mixtures was carried out by the method of rotational viscometry according to standard and
developed techniques [1, 19, 28]. Rheological investigations were carried out on a Rheotest RN 4.1
rotary rheometer using an HI cylindrical measuring system. This system allows measuring the
viscosity of a liquid in the recommended range of 10-105 mPas at an adjustable shear stress and
shear rate in the range of 0.2-2000 s '. Required volume of liquid for testing is 35 ml. Regulation and
maintenance of the temperature regime in the investigated range of 65-20 °C was carried out using
a Julabo F25-ME circulation thermostat.

Value of'the ultimate (static) shear stress for the studied highly paraffinic oils of the Kyrtaelskoye
field and their mixtures at a given temperature was determined in the Controlled Shear Stress mode
with a controlled increase in the shear stress from 0 to 10, 50, 100, and 150 Pa for 100, 200, and 400 s,
respectively, in dependence on temperature and was equal to such a value of the shear stress at which
the shear rate becomes non-zero. Determination of the flow curves and effective viscosity for the
studied oils and their mixtures at a given temperature was carried out in the Shear Rate Ramp mode
with a smoothly (linearly) variable shear rate in the range of 0-300 s~ for 300 s. Value of the temper-
ature corresponding to the onset of structure formation in the studied ODS during their cooling was
indirectly estimated from the viscosity-temperature characteristics obtained for different flow regimes
according to the method described in [1, 21]. Intersection point of two tangents to the constructed
viscosity-temperature characteristic in semilogarithmic coordinates at a certain shear rate corresponds
to the temperature for the beginning of structure formation.

Results. Based on the known component composition of formation oil (Table 1), using Multi-
flash Wax module, the phase equilibrium diagrams of the hydrocarbon system for the productive
formations Daer and Dos: of the Kyrtaelskoye field were constructed.

Table 1
Component composition of formation oil in D;r and Dy deposits [2, 37]
Value
Element
Deposit Der Deposit Doy
Component composition of formation oil, % mol.

Methane 24.44 9.77
Ethane 8.71 3.19
Propane 10.30 3.01
Iso-butane 1.52 2.38
N-butane 6.70 1.05
Iso-pentane 2.23 0.71
N-pentane 4.26 0.51
Hexane 6.60 0.64
Heptane 6.12 17.32
Octane 7.43 25.80
Cos+ 20.53 35.23
Carbon dioxide 0.13 0.10
Nitrogen 1.03 0.29
Helium 0.01 -
Molar mass, g/mol 147.97 232.60
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Fig.1. Phase equilibrium of hydrocarbon systems for Dzer and Dast deposits at the Kyrtaelskoye field and their mixtures (a)
and the change in the saturation temperature of oil in the Da2er deposit with paraffin when mixed
with Stary Oskol oil (b) in various ratios

WAX — paraffin formation line; V/L — evaporation and saturation lines, separated by a critical point C

At the current stage, the solution to the problem was carried out using the Blend Fluid function
in the Multiflash Wax module. It allows determining the phase behavior of the resulting blend with
different ratios of its components from the known component composition of the initial oils. Figure 1
shows diagrams of the phase equilibrium for hydrocarbon systems in the Dser, Dagt deposits of the
Kyrtaelskoye field and their blends in various ratios with the determination of the values of their
saturation temperature with paraffin.

Analysis of the simulation results shows that the phase transition of paraffin in the Stary Oskol
oil, as compared to the highly solidifying abnormal oil of the D2.r deposit, occurs at a lower temper-
ature, which is confirmed by the results of experimental investigations. Thus, the saturation temper-
ature of the studied oils with paraffin for the Da2er and Dast deposits at atmospheric pressure is 58.15
and 44.21 °C, and the paraffin content in oil is 28.53 and 12.08 % by mass, respectively. Significant
difference between the obtained modeling results and experimental data on the paraffin content in the
oil from the upper part of the Eifelian Stage may be due to the uneven distribution of paraftin over
the Der deposit, which varies widely from 25.3 to 37.9 % by mass. It was found that with a decrease
in the proportion of highly solidifying abnormal oil from the Dzer deposit in a blend with Stary Oskol
oil, a significant decrease in the mass content of paraffin in the blend and the temperature of its satu-
ration with paraffin is observed. This will contribute to a decrease in the depth and intensity of organic
deposits formation in well equipment (Table 2).

Table 2

Change in the mass content of paraffin in the studied ODS and the temperature of their saturation with paraffin

Oil dispersed system Paraffin saturatior} temperature of oil Mass content of paraffin,
at atmospheric pressure, °C % by mass
Oil of upper Eiffel stage (Daer deposit) 58.15 28.53
Blend 75/25 55.42 25.58
Blend 50/50 52.57 21.00
Blend 25/75 48.92 17.51
Blend 10/90 45.54 14.59
Stary Oskol oil (Dast deposit) 44.21 12.08
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Results of experimental investigations of the physical and chemical properties of wellhead
anhydrous oil samples taken from a number of wells that drilled-in the Middle Devonian terrigenous
sediments at the Kyrtaelskoye field are presented in Table 3.

According to the physical and chemical properties oil from the Kyrtaelskoye field is classified
as especially light, highly solidifying, highly paraffinic and resinous [ 14]. The main structure-forming
components in the studied ODS are paraffinic hydrocarbons, the content of which in the oil of the
D2er and Doy deposits 1s 32.29 and 12.42 % by mass, respectively.

Results of determining the group hydrocarbon composition of the studied highly paraffinic oils
and their blends are presented in Table 4.

Table 3
Physical and chemical characteristic of degassed oil from D;.r and D¢ deposits
Value
Parameter RD on MPI
Deposit Daer Deposit Do

Density at 20 °C, kg/m? GOST R 51069-97 802.3 8224
Pour point, °C GOST 20287-91 +40.0 +29.0
Group hydrocarbon composition, % by mass:

paraffins 32.29 12.42

silica gel resins GOST 11851-85 4.72 6.12

asphaltenes 0.68 1.15
Melting point of paraffin, °C GOST 23683-89 +59.0 +52.0

Table 4
Group hydrocarbon composition of oils from the Kyrtaelskoye field and their mixtures
Content, % by mass
Oil dispersed system
Asphaltenes Silica gel resins Paraffins

Oil of upper Eiffel stage (Daer deposit) 0.68 4.72 32.29

Blend 75/25 0.72 5.18 25.34

Blend 50/50 0.81 5.38 20.60

Blend 25/75 0.88 5.49 17.43

Blend 10/90 0.98 5.85 14.36

Stary Oskol oil (D2st deposit) 1.15 6.12 12.42

It was found that with an increase in the share of Stary Oskol oil in the blend, first of all, there is
a significant decrease in the content of paraffinic hydrocarbons in comparison with the original oil of
the upper part of the Eifelian stage (Daer deposit). Content of resins and asphaltenes when mixing the
studied oils, in contrast to paraffinic hydrocarbons, changes insignificantly.

Results of experimental investigations describing the change in the pour point of highly
solidifying abnormal oil from the Daer

deposit when it is mixed with the Stary 40.0 Y —

Oskol oil (Das deposit) in the ratios of 380

75/25, 50/50, 25/75 and 10/90 are shown in o 36.0 1

Fig.2. It was found that the dependence of & 34.0 :

the pour point of the investigated oil E 32.0 »=—0.001x — 0.035¢ +39.716 .

dispersed systems on the content of Stary 30.0 R2=0.979

Oskol oil in the blend from 25 to 90 % by 28.0

mass is a quadratic function. Thus, with the

content of Stary Oskol oil in the blend in Content in the blend of Stary Oskol oil, % by mass

the amount of 50 and 75 % by mass, the , , , , .
Fig.2. Change in pour point of highly paraffinic oil

7 o
pour p91nt decreases by 4.0 and 6.0 °C, from Daer deposit when mixed with Stary Oskol oil
respectively. in different ratios
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Fig.3. Dependence of the ultimate shear stress
of highly paraffinic oil from D2er deposit when mixed

Fig.4. Dependence of the temperature for the beginning of structure
formation for the studied highly paraffinic oils of the Kyrtaelskoye

with Stary Oskol oil in different ratios on temperature field and their blends on the shear rate

Multiple increase in the ultimate (static) shear stress of highly paraffinic oils from the Dy and
Dy deposits of the Kyrtaelskoye field is observed at temperatures below 40.0 and 32.5 °C, respec-
tively, which indirectly indicates the beginning of the formation of a strong spatial structure in the
studied ODS (Fig.3). With an increase in the content of the Stary Oskol oil in the blend from
50to 75 % by mass, the temperature for the beginning of a strong spatial structure formation decreases
by 5.0 °C, and the ultimate shear stress of the blend — up to 10 times compared with the highly
solidifying abnormal oil in the upper part of the Eiffel stage.

Obtained results of studying the rheological properties for blends of highly solidifying abnormal
oil from the Der deposit with Stary Oskol oil in various ratios allowed estimating the temperature for
the beginning of structure formation for the studied ODS based on processing their viscosity-
temperature characteristics corresponding to a wide range of shear rates (Fig.4). It was found that the
temperature for the beginning of structure formation in the investigated range of shear rates (0-300 s™)
decreases by 2.5 °C. For oils from productive formations Dzer and Doy of the Kyrtaelskoye field in

the study area, the critical shear rate is
conventionally distinguished, equal to

5000 50.6 and 30.4s! respectively, above

? which the temperature for the beginning
= 4000 of structure formation remains constant.
§ 3000 Analysis of the viscosity-temperature
S characteristics of the studied ODS shows
2000 that with an increase in the content of
5 Stary Oskol oil in the blend from 25 to
% 1000 75% by mass, a decrease in the
\\\ temperature for the beginning of structure

0

formation and the critical shear rate is
observed in comparison with the highly
solidifying abnormal oil of the Doer
deposit. Thus, when the content of Stary
Oskol oil in the blend is 50 and 75 % by
mass, the temperature for the beginning
of structure formation in the studied range
of shear rates decreases by 3.1 and 5.6 °C,
respectively.

25 50 75
Content in the blend of Stary Oskol oil, % by mass
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Fig.5. Change in effective viscosity of highly solidifying
abnormal oil of the Da2er deposit when it is mixed in different ratios
with Stary Oskol oil depending on temperature
(at a shear rate of 10.8 s7')
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Figure 5 shows the dependencies
describing the change in the effective
viscosity for the studied highly paraffinic
oils of the Kyrtaelskoye field and their
blends on temperature. It was revealed that
with an increase in the content of Stary
Oskol oil in the blend from 25 to 90 % by
mass, a multiple decrease in the values of
the effective viscosity for the investigated
oil dispersed systems is observed in the
temperature range below 40.0 °C.

Successful pilot testing of the deve-
loped integrated technology for preventing
the formation of ARPD during the produc-
tion of highly paraffinic oil from the pro-
ductive formations Dzer and Das of the
Kyrtaelskoye field depends on a number of
factors. First, for a complicated number of
production wells, it is necessary to provide
for the selection of promising assembly of
well equipment, the reliability and effi-
ciency of which has been confirmed by
operating experience in a number of other
multiformation fields. When implementing Fig.6. Well equipment layout diagram in case of single tubing separate

.. production with the use of a dual system [25]
a system for joint development of produc- |~ lower unit: 2 — shear valves 3 — cable packer
tive formations, the key requirement is to 4 dual system with sealed bypass line; 5 — production strings with a diameter from

. . .. . 146 mm; 6 — upper unit; 7 — string disconnector; 8 — anchor; 9 — divarication;
prov1de individual control for each ObJeCt 10 — valve and pump connections; 11 — bypass line with sealed load-carrying
and implement Separate control of the pipes; 12 — clamp for ﬁxiqg two c.able lines; 13 —displacemc;nt unit for

. . . . compensation of the installation length (for unit installation)

operation for each formation in real time —

with measurement of pressure, temperature

and productivity of individual formations at the bottomhole of the wells [3]. Based on the conducted
patent and literature review, an assembly of deep pumping equipment is proposed, which will allow
the implementation of the single tubing separate production (STSP) technology for highly solidifying
abnormal oil from the Daer deposit together with the Stary Oskol oil under conditions of the
Kyrtaelskoye field.

STSP assembly with the use of a dual system (JSC “Novomet-Perm”) is designed to separate the
perforation zones of two productive formations using a packer-anchor system during the simultane-
ous-separate operation of formations by a double submersible electric centrifugal pumping unit.

The main advantages of the technology for simultaneous-separate operation with the use of dual
systems are [25]: reduction of capital expenses for the construction of an additional well; operation
in wells with casing strings with a diameter from 146 mm; isolated operation of two development
objects and measurement of produced products for each formation; differential impact on each for-
mation with the ability to control the withdrawal of liquids; efficient development of formations at
large distances between them. Scheme of well assembly for simultaneous-separate oil production
using a dual system is shown in Fig.6.

Installation of a gas separator should be considered as additional well equipment during pilot
field tests for STSP of high-paraffin oil at the Kyrtaelskoye field in order to prevent the negative
effect of free gas on the operation of the upper pumping unit.

~ Upper formation Dag
I

min 80 m

=
. Lower formation Daer
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Required ratio of produced oils in the blend is ensured by controlling the operating parameters
of the lower and upper pumping units through the well control stations equipped with a frequency
converter. Values of the recovered oil reserves at the Kyrtaelskoye field allow adhering to the recom-
mended ratios for the joint production of highly solidifying abnormal oil from the Dzer deposit with
the Stary Oskol oil (from 50/50 to 10/90, respectively).

Conclusion. Complications arising from the production of highly paraffinic oils lead to a signif-
icant decrease in oil production, a reduction in the turnaround and intertreatment periods for produc-
tion wells, and an increase in the unit specific operating expenses for paraffin removal. Possessing
many advantages, the existing methods and technologies for countering ARPD are not able to fully
solve this problem, and the economic costs of measures to prevent the formation and removal of
organic deposits in well equipment during the production of highly paraffinic oil remain very high.

Integrated technology proposed by the authors for preventing the formation of ARPD during
production of highly solidifying abnormal oil (with a paraffin content of more than 30 % by mass)
from multiformation deposits, based on the use of special well equipment for the simultaneous-
separate operation of several productive formations and the selection of the well operation mode,
taking into account the peculiarities for rheological behavior of highly paraffinic oils (manifesta-
tion of viscosity super anomalies and the presence of structural and mechanical properties) under
different temperature conditions and flow regimes will reduce the risks of negative consequences
associated with the intensive formation of organic deposits in well equipment, increase the inter-
treatment and turnaround periods of production wells with complicated stock. Results of theoret-
ical and laboratory investigations show that with a decrease in the proportion of highly paraffinic
oil from the productive formation Dz.r in the blend with the Stary Oskol oil from the Kyrtaelskoye
field, there is a decrease in the mass content of paraffin in the blend and the temperature
of its saturation with paraffin, the depth and intensity of organic deposits formation in the tubing
string, the pour point and improvement of rheological properties for the studied structured
disperse systems.
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