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RESUMO

Introducao. Atualmente, falta uma metodologia que possa permitir determinagdes altamente precisas
das taxas de formagdes de depésito de asfalteno (AD) em caso de operagdo dupla de dois reservatérios de
petroleo por meio de um Unico pogo multi-zona produtor de petréleo usando hastes ocas de pequeno didametro
parte do equipamento de bombeamento de fundo de pogo. Essa metodologia visa minimizar os custos das
empresas de petréleo e gas com a manutengéo de tais pogos de petroleo e prevenir o seu fracasso. Objetivos.
Criagdo de uma metodologia voltada para estimativas quantitativas precisas das taxas de formacgdo de
depodsitos organicos na parte interna das colunas de hastes ocas. Métodos. Calculos de distribuicbes de
temperatura ao longo da superficie interna da coluna de haste oca; apresentagdes graficas dos dados
calculados; testes de laboratério usando uma unidade Cold Finger para as se¢des selecionadas das cordas da
haste oca e as apresentagdes graficas dos resultados. Resultados e discussao. O algoritmo sugerido foi
testado em campo em um pogo produtor de petréleo multi-zona alvo do campo de petréleo Pavlovka em Perm
Krai da Federagdo Russa. Usando o algoritmo sugerido, uma variagdo nas taxas de formacao de depdsito
organico ao longo do comprimento da coluna de haste oca foi avaliada e a profundidade da taxa maxima de
formacao de depdsito foi determinada. Para evitar os depdsitos em questao ao longo da coluna de haste oca
em um pogo produtor de petréleo alvo do campo de petréleo de Pavlovka, testes de laboratério foram
conduzidos para determinar a eficiéncia do emprego da tecnologia quimica, ou seja, o uso de inibidores de AD,
bem como uma tecnologia para a remogao dos depositos formados usando solventes AD. Conclusées. O
algoritmo proposto é mais preciso e requer menos tempo e dinheiro em comparacdo com os algoritmos
existentes. Permite uma avaliacdo mais eficaz da profundidade de formacédo dos depdsitos organicos e da
intensidade nestas marcas. Ao avaliar os resultados dos estudos laboratoriais, pode-se notar que o uso das
tecnologias consideradas para eliminar depdésitos organicos € altamente eficaz e pode ser utilizado para este
fim.

Palavras-chave: depdsito de asfalteno, operagdo dupla, pogos com varias zonas, temperatura, inibidor.
ABSTRACT

Background. There is currently a lack of a methodology that can enable highly-precise determinations of rates
of asphaltene deposit (AD) formations in case of dual operation of two oil reservoirs via a single multi-zone oil-
producing well using small-bore hollow rods as part of downhole pumping equipment. This methodology aims to
minimize the costs of oil and gas companies for servicing such oil wells and preventing their failure. Aims.
Creating a methodology aimed at accurate quantitative estimations of the organic deposit formation rates at the
inner part of the hollow rod strings. Methods. Calculations of temperature distributions along the hollow rod
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string inner surface; graphic presentations of the calculated data; laboratory tests using a Cold Finger unit for
the selected sections of the hollow rod strings and the graphic presentations of the results. Results and
Discussion. The suggested algorithm was field-tested at a target multi-zone oil-producing well of Pavlovka oil
field in Perm Krai of the Russian Federation. Using the suggested algorithm, a variation in organic deposit
formation rates along the hollow rod string length was evaluated, and the depth of the maximum deposit
formation rate was determined. To prevent the deposits in question along the hollow rod string at a target oil-
producing well of Pavlovka oil field, laboratory tests were conducted to determine the efficiency of employing the
chemical technology, i.e., the use of AD inhibitors, as well as a technology for the removal of the formed
deposits using AD solvents. Conclusions. The proposed algorithm is more accurate and requires less time and
money compared to existing algorithms. It enables the most effective evaluation of the formation depth of the
organic deposits and the intensity at these marks. When evaluating the laboratory studies results, it can be
noted that the use of the considered technologies to eliminate organic deposits is highly effective and can be
used for this purpose.

Keywords: asphaltene deposit, dual operation, multi-zone wells, temperature, inhibitor.
ABSTRACT

AKTyanbHOCTb: AKTyanbHOCTb UCCNeAOBaHMs 0bycrnoBneHa OTCYyTCTBMEM METOOUKM NO3BOSSAOLLEN C BbICOKOM
TOYHOCTbIO onpegenvTb Xapakrep " cTeneHb N3MEeHEeHNsI WHTEHCMBHOCTU obpa3soBaHus
acanbTocmosionapadMHOBLIX OTIIOXKEHUI MPU OQHOBPEMEHHO — pasdesibHOM 3KcnnyaTauun AByX HedpTAHbIX
nnacToB eQUHOW TPaH3UTHOW HedhTeaobbIBaloLLEN CKBaXMHOW C NPUMEHEHNEM B COCTaBe MyBMHHO-HAaCOCHOro
obopyaoBaHusA NOMbIX WTAHI C MarnbiM BHYTPEHHUM AMaMeTpoM. [pumeHeHne gaHHOW MEeToAMKM HamnpaBreHo
Ha MMHMMM3AUMIO 3aTpaT HeddTerasoBbIX KOMMAHUN Ha OBCNYXXMBaHWE OaHHbBIX HEPTEA0ObIBAIOLLNX CKBAXUH U
npefoTepalleHne ux otkasa. Llenb: co3gate MeToamKy, NO3BOMSIOLLYIO OCYLLECTBNATE TOYHO KONUYECTBEHHOE
onpeaeneHne MHTEHCUBHOCTU 0Bpa3oBaHWsi OpraHWYecKMX OTIOXEHWA Ha BHYTPEHHEN MOBEPXHOCTWU MOMbIX
wraHr. MeToAabl: pacdeT pacnpefeneHns Temnepatypbl BHYTPEHHEN MOBEPXHOCTU KONOHHbI MOMbIX LUTAHT;
rpaduyeckoe NpeacTaBrieHne pacyeTHbIX AaHHbIX; MPoBeAeHNss NabopaTopHbIX NCCNeaoBaHNA Ha YCTaHOBKE
«XOMNOQHOIO CTEPXHSA» B BbIOPAHHbIX, MO UTOry aHanu3a rpadPuyecknx OAHHbIX CEYEHMAX KOJMOHHbI MOMbIX
WTaHr, u rpadwuyeckoe npeactaBneHme pesynbtatoB. Pesynbratbl n O6cyxaeHue: [1peanoXeHHbIN
anroputM anpobupoBaH Ha LEeneBOW TpaH3MTHOW HedTenoObiBaloLWwen CkBauHe [1aBnoBCKOro HeTAHOro
mectopoxaeHus [Nepmckoro kpasa Poccuiickon ®epepauun. B pesynbrate MpUMEHEHUS NPeasioKEeHHOro
anroputTMa nofy4yeHo M3MEHEeHUEe MHTEHCMBHOCTM 0B6pa3oBaHUSA OpPraHNYECKUX OTMOXKEHUA NO AMNMHE KOJTOHHbI
nonbiX WTaHr, onpeaeneHa rnybuHa HambonbLien MHTEHCUBHOCTU obpasoBaHns oTnoxeHun. C uenbio 60pL6obl
C paccMaTpvBaeMbIMU OTIIOXKEHUAMU B KOMOHHE MOMbIX LITAHr LeneBon HedTeaobbIBalOLENn CKBaXMHbI
[MaBnoBCKOro HeMTAHOro MeCTOPOXAEeHUS MpoBeAeHbl nabopaTopHble UCCneaoBaHus Mo onpedeneHuio
appekTUBHOCTH NpUMeEHeHUs TexHonornm XUMU3auun—npumeHeHme NHrMGUTOpPOB
acanbTocMononapaduHOBLIX OTMOXEHUA, a TaKkKe TEXHOMOMMN yaaneHus copMmMpOBaBLLMXCH OTIIOXEHUN
pactBoputensMn acdganbTocmMononapaguHOBbIX OTNOXeHU. 3akfto4veHue:  [1peanoXeHHbI anroputm
obrnagaet 6onblien TOYHOCTBHO U TpebyeT MEHbLUMX BPEMEHHBIX W [OEHEXHbIX 3aTpaT B CpaBHEHUU C
CyLLEeCTBYIOLWMMM anropyutMamMu. Mcnonb3yd [OaHHbIA - anroputM  CTAHOBUTCH  BO3MOXHbIM — Hambonee
3(PPEKTUBHO OLEeHUBaTb MNyOMHBI 0O6Pa3oBaHUA OPraHUYECKUX OTMOXKEHWA WU WMHTEHCMBHOCTb Ha AaHHbIX
otmeTkax. OueHuBas pesynbTaTbl NlabopaToOpHbIX WCCNEAOBaHWA MOXHO OTMETUTb YTO MpPUMEHEHWEe
paccMaTpuMBaeMbIX TEXHOMOrMn 6Gopbbbl C OPraHMYECKUMU OTIIOXKEHUSIMU  BbICOKOI(PMEKTUBHO U MOXET
MCnonb3oBaTbCs A48 AaHHOW Lenw.

Keywords: acgbanbmeHocmononapaghuHosbie OMIIOXEHUs, O0OHOBPEeMEeHHO-pa3lesibHasi JKcrlyamayus,
mpaH3UMmHbIe CK8aXXUHbI, memrepamypa, uHaubumop.

1. INTRODUCTION: economic efficiency of the development of oil
fields (Bahgizin et al., 2019; Shaislamov et al.,

At present, a crucial task for oil production 2007; Putilov, I. et al., 2020).
enterprises is to improve the profitability of oil- Among such technologies is dual
producing wells operation in the context of operation (DO) of multi-zone wells. This

decreasing hydrocarbon production rates and technology is used for the following purposes:
increased proportion of difficult oil fields with

production zones featuring low permeability, low * Operation of multi-zone formations where
net oil pay values, and complicated pore volume Productive reservoirs may be separated into
structure, which raise the question of employing Nnumerous interlayers.

the technologies for increasing the technical and « Reduction of capital investment and
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operating costs related to oil field drilling and
operation.

* Enabling of accounting of recovered
products from each reservoir along with a
working agent injected into it.

* Operating the formations featuring
multiple productive reservoirs exhibiting stark
difference regarding their geological and
geophysical parameters as well as the chemical
composition of recovered products (Ilvanov et al.,
2013; Garifov et al., 2013)

Field experience with operating two and
more production facilities of a single multi-zone
oil-producing well demonstrates the high
efficiency of this technology. On average, capital
investment and operating costs are reduced by
30 % as compared with the costs related to oil
field drilling and operation utilizing individual
networks at each oil reservoir (Nurgaliev and
Habibullin, 2016). The use of dual operation
technology enables increasing the density of well
networks without increasing the drilling depth.
The increased operational efficiency results in the

increased capacity of oil-producing wells.
Therefore, the DO technology enables a
significant reduction in oil production costs

(Ivanovskij, 2010; Josset et al., 2015; Nurgaliev
and Habibullin, 2015).

At present, multiple design solutions are
available for dual operation equipment. Examples
of existing DO units are detailed in papers
(Shrajpman et al., 2008; Pepeljaev and
Krivonosov 2008, 2009; Volodin et al., 2008).
Upon analyzing the specified papers, it can be
concluded that hollow pumping rods are often
used as part of equipment employed for the dual
operation of two oil reservoirs. Among the
practical advantages of employing hollow rods
are the following (Latypov, 2012; Hisamov et al.,
2009; Krjakushin et al., 2009).

* Capability of monitoring bottom-hole
pressure across the upper development facility by
marking the dynamical level value.

» Capability of taking separate oil flow rate
measurements and separate samples at each
development facility.

+ Capability of process washing of
downhole pumping equipment operating both in
the upper and lower productive intervals.

* Increasing the rate of fluid lifting along the
wellbore.

Among disadvantages of employing
hollow rods, an increased withdrawal of sand

from the bottom hole can be considered along
with the fact that selection and calculation of
hollow rods can be difficult due to design
complexity and presence of concentric pressure
as well as reservoir fluid impact upon both the
inner and outer rod walls (Dubinov, and
Ivanovskij, 2016)

The use of hollow rods enables separate
operation of two oil reservoirs; however, in this
scenario, lifting of products recovered from one of
them is performed along a string with a small
hydraulically equivalent diameter. Hollow rods
with an inner diameter of 9.52 to 18.0 mm are
employed at Russian oil fields. Lifting of fluid
along a small-bore string is often hindered by
organic deposits, which results in the built-up of
additional hydraulic resistance. Engineers
implementing the DO technology employing
hollow rods must anticipate the possibility of
organic deposit formation in a hollow rod string
and select appropriate technologies for taking
care of possible hindrances to prevent premature
failure of downhole pumping equipment.

At present, various methods are available
to forecast the possibility of organic deposit
formation in an oil-producing well. These
methods can be divided into three groups.

The first group of methods presented in
the works of Turbakov et al. (2009), Kishhenko et
al. (2018), Erofeev et al. (2010), and Osipov et al.
(2016) involves solving two mathematical
equations in sequence.

Examples of these equations are
presented in Equations 1 and 2. The first
expression describes the change in the
temperature of the inner surface of the tubing.
The second expression is an empirical formula
aimed at determining the paraffin saturation
temperature of degassed oil.

ber = toun — (HCKB - H)
0,034+ 0,725 w (Eq.1)
’ 10Q/(1728'pf'd2'67)
3.686
tHaC = 70,5 e 0 (qu)

where t.; is the hollow rod inner surface
temperature, °C; t,,is formation temperature
(fluid temperature in the downhole) °C;
w is geothermic gradient, °C/m; H, is the well
depth , m; H is the depth from the well mouth , m;
Q is the well mass discharge with flow rate,
t/day; pris the fluid density,kg/m3; d is inner
diameter of the liquid transporting pipe, m; I is
the mass fraction of asphaltenes in oil, %.
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The first equation is a function of
temperature distribution along the inner surface
of a rod through which lifting of fluid is performed
inside the well. The second equation is a function
of the temperature of oil saturation with paraffin
dependent on various physical parameters; this
function can be evaluated based on various
empirical dependencies. In these dependencies,
the following factors affect the temperature of oil
saturation with paraffin: pressure and gas content
distribution along the wellbore, the mass fraction
of asphaltenes, resins, and paraffin in the
produced fluid, as well as oil saturation
temperature under surface conditions. Among the
disadvantages of this group of methods is that it
is only possible to evaluate the depth at which
organic deposit formation begins and the
introduction of significant errors related to the
determination of the temperature of oil saturation
with paraffin. This error is composed of three
constituents: continuous change of physical and
chemical properties of the recovered fluid in the

production process, variation in pressure
distribution along the wellbore as well as
consequent variation in gas content, and

availability of various methods for estimating the
temperature of degassed oil saturation with
paraffin. Among them are visual, refractometric,
rheological, volumetric, gravimetric, photometric
methods, nuclear magnetic resonance methods,
and differential scanning calorimetry.

The second group of methods is
presented in the works of Misnik and Galikeev
(2011) and (Korobov and Rogachev, 2015). This
method is based on the study of asphaltene (A),
and resinous (R) compounds impact on the
paraffin formation process and, in particular, on
paraffin crystallization temperature. This method
describes a linear statistical relationship between
A/R ratio and field data representing depths of
well clean-up and organic deposits. Among
disadvantages of this method is a continuous
variation of the A/R ratio in recovered products,
the presence of numerous deviations from the
suggested linear law, as well as the need to
conduct multiple laboratory tests and obtain
statistical data to determine the linear law of
interest for each of the surveyed oil fields.

The third group of methods features
Robinson and Peng equations of state (Robinson
and Peng, 1976) and is presented in the work of
Falovskij et al. (2011), Farayola et al. (2010),
and Dalirsefat and Feyzi (2007). This method is
based on laboratory tests used to determine
critical parameters of each component in a

hydrocarbon mixture. Upon discovering the
critical parameters, it is possible to determine
Pressure Volume Temperature (PVT) ratios for
the hydrocarbon mixture in question. This method
has some disadvantages, i.e., the need to employ
expensive equipment, reliance on sophisticated
mathematical techniques, and excessive time-
consuming laboratory researches and
subsequent mathematical calculations.

In light of all of the above, it becomes
evident that the problem of lacking a precise
method for determining the depth at which
organic deposit formation begins in oil-producing
well and in particular in hollow rod strings needs
to be addressed with the vital task of discovering
ways to assess the rate of organic deposit
formation. High-accuracy forecasting of organic
deposit formation rate is crucial when operating
small-bore downhole pumping equipment.

2. MATERIALS AND METHODS

The target facility for determining the
pattern of the hollow rod inner surface
temperature variation along its length, a multi-
zone oil-producing well of Pavlovka oil field in
Perm Krai of the Russian Federation, was
selected. To estimate the hollow rod inner
surface temperature under the method described
in the Methods chapter, the values presented in
Table 1 were required. These values included
both the physical and chemical properties of the
recovered product and the geothermic properties
of the well. All considered values were
determined by the technological documents or
the previous laboratory surveys of the studied
target facility. However, the geothermal gradient
(w) was calculated under Equation 3.

tun

—t
w=—"%".100%

Drm - DH.C. (Eqs)

where t, . is reference datum temperature
°C; D, was base formation top depth, m; D, . was
reference datum depth, m.

The given well operates two oil reservoirs.
The upper productive interval was TI-Bb interval.
The fluids recovered from the reservoir were
pumped inside the pumping and compressor
pipes (PCP). The lower productive interval was T
interval. The fluids recovered from this reservoir
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were pumped through the hollow rod string. The
downhole pumping equipment installed in the
given well was used to separate product from two
oil reservoirs.

Table 1. Input data for the hollow rod inner
surface temperature distribution calculation

. Reservoir
Value Size T TI-Bb
tun °C 25 24
Dy, m 1479 1470
Dyacoc m 1509 1400
Bs % 8.4 71
Dgyn m - 694
D¢ kg/m3 870 834
q m3/day 4.9 13.9
tuc °C 7
1) °C/m 0.013
dy mm 146
dsi2 mm 132
dua mm 38
Az mm 19
dyr1 mm 73
dyier2 mm 62
dexs mm 216
Y — W/ (m - °C) 64
AuemeHTa W/ (m-°C) 1.51
An W/ (m-°C) 0.1325
Ag W/ (m-°C) 0.593
Ryp m - °C/W 120
Cy J/kg - °C 4182
Cy J/kg - °C 2100

where Dy, was pump suspension depth,
m; B, was fluid water cut, %; Dqy, Was dynamical

level depth, m; d.,; was the well diameter,
mm; d,, was the outer diameter of the
production string, mm; d,; was the outer

diameter of the hollow rod, mm; d,., was the
outer diameter of the pumping and compressor
pipe, mm; d,., was the inner diameter of the
production string, mm; d,,, was the inner diameter
of the hollow rod, mm; d,.,, was the inner
diameter of the pumping and compressor pipe,
mm; A, Was the heat conductivity coefficient of

the  pump-compressor  pipe, W/ (m - °C);
Anementa Was cement  stone heat conductivity
coefficient, W/ (m-°C); A,was water heat
conductivity coefficient, W/ (m-°C); A, was oil
heat conductivity  coefficient, W/ (m-°C);
R, was thethermal resistance of the rock

surrounding the well, m - °C/W; c, was water heat

capacity, J/kg - °C; c, was oil heat capacity, ]J/kg-
°C.

Forecasting asphalt deposits (AD)
formation in hollow rods of a target facility
required plotting a chart representing surface
temperature distribution along the length of
hollow rod inner wall. The following initial data
were required for this calculation:

. Geometric characteristics and thermal
conductivity of the material of cement stone (CS),
production string (PS), pumping and compressor
pipes (PCP), and hollow rods.

. Well production rate.

. Depth and temperature of the reference
datum in the given region.

. Top and bottom temperature and
elevations of the operated oil reservoirs.

. Pump-setting depth.

. Thermal  conductivity of geological
material around the well.

. Dynamical level value of the given well.

. Physical and chemical properties of liquid

fluids (density, dynamic viscosity, water cut of
recovered products, and thermal conductivity).

. Associated petroleum gas composition.

The pattern of inner wall surface
temperature variation along hollow rod length
was determined based on expressions presented
in (Korobov and Mordvinov, 2013; Gorshkov,
2014; Krajnov et al., 2010; Malashkina, 2015).
First, it was required to calculate the total thermal
resistance as per Equation 4 for fluids recovered
from both productive reservoirs:

1

K -
1 (Eq.4)

E+R
where o was the internal pipe fluid heat
transfer  coefficient, W/ (m?-°C); Rwas the
thermal resistance of the media surrounding the
well, m?-°C/W; Kg wasthe coefficient of heat
condition from the fluid to the environment,

W/ (m? - °C).

Coefficient a was calculated based on the
criteria dependent function for laminar flow
presented in Equation 5:

At
a=4-—
d

where A,was pipe material heat

conductivity coefficient, W/ (m - °C).

(Eq.5)
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Coefficient R could be calculated based
on Equation 6:

R—Zm (Eq.6)
where A;wasinsulating material heat
conductivity coefficient, W/ (m - °C);

h; was insulation layer thickness, m

However, coefficient R could not be
applied to the entire well depth because different
components determine it. For this reason,
calculations were made for three different thermal
resistance modes and their corresponding
sections: from bottom-hole to pump-setting depth
(R4), from pump-setting depth to dynamical level
(Ry), from dynamical level to well-head (R3).
Under all three modes, thermal resistance was an
aggregate of various combinations of resistance
values corresponding to hollow rod body, the fluid
moving inside pumping and compressor pipes
(PCP) string, casing string PCP wall, cement
stone, and geological material around the well.

By applying Equations 5 and 6 to

expression Eq. 7, the following was obtained:
= 1
T— d +ZE (Eq.7)

4’ - /11' /11

Coefficient K was calculated based on the
assumption of complete alignment of all well
components. Because coefficient R varied along
with the well depth, coefficient K varied within a
similar range.

To determine the pattern of temperature
variation along the wellbore, Equation 8 was
written down. Its left-hand member was
representing the quantity of heat given up by
liquid in the elementary area dL upon lifting the
recovered products by PCP or hollow rod with the
lateral area amounting to - D -dL. The right-
hand member of this expression represented the
decrease of fluid temperature upon its lifting.

Kr [t — (b —w-L)]-m-d-dL

:Cf.a).pf.u.Frp.dtf (Eq'8)

where L was the vertical distance from the
bottom-hole to the studied elementary pipe
section, m; dL was elementary pipe section, m;
¢r was water-in-oil emulsion heat capacity J/kg -
°C; uwastheaverage fluid flow rate, m/sec;
wass a clear opening area, m?; dtfwas a fluid
temperature change in the elementary
section, °C.

To perform the integration of Equation 8, it

was required to use the equation of integration
constant (C;), which was determined based on
initial conditions with h = 0wu t. = t,, obtained
from Equation 9:

Cfw:Pr-(

C, =
1 KTT[d

(Eq.9)

where q was volumetric fluid flow, m3 /day.

In Eq. 8, the product of the average fluid
flow rate (u) and clear pipe area (F)

corresponded to the volumetric flow rate value
presented in Equation 10:
u-Fyp=q (Eq.10)

A solution to Eq. 8, taking into account Eq.
10, was found via Egs. 11 or 12;

C = w = =
tCT=tnn_w'L+fK_—n_p_qu_ Cl
Koods (Eq.11)
ce CrPfa

Cf . w . pf ] q

tCT:tl'IJ'I_ G)L+m
KrmdL (Eq.12)

. <1 — e SrPra >

Upon calculating inner temperature

distribution across hollow rod surface along the
well length, a chart was plotted based on Eq. 11.
The created chart was required to select several
sections with  characteristic  temperatures
(maximum, minimum, closest to the initial paraffin
crystallization temperature (IPCT)) and
intermediate temperature values. The obtained
temperature values would be subsequently used
in laboratory tests for determining the rate of AD
formation on the Cold Finger unit. To improve the
accuracy of tests conducted on this unit, 4
unconnected Cold Fingers were used
simultaneously. Because the Cold Finger unit
was a "reverse pipeline", the temperature of the
refrigerant fluid used for cooling the inner surface
of Cold Fingers was taken as equal to the
temperature of the hollow rod inner surface,
which was calculated based on Equation 11. The
assessed oil sample mixing speed was taken
based on the calculated recovered products flow
rate along the internal surface of hollow rods.
Based on the obtained laboratory test results, the
rate of AD formation was assessed using
Equation 13:

(Eq.13)
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where I was AD formation intensiveness,
%; mup was the mass of adhered AD equal to the
difference of the Cold Finger masses before and
after survey, g; m,; was AD mass of the studied
oil sample, g.

The effectiveness estimation of applying

inhibitor reagents was made according to
Equation 14:
_ L -1
King = ——-100% (Eq.14)

I
where Kj,, is specific inhibition capacity,
%; 1,is AD formation intensiveness after AD
inhibitor application, %; I,is AD formation
intensiveness before AD inhibitor application, %.

The effectiveness estimation of the
hydrocarbon solvents was made based on
Equation 15.

Map2 — Map1

K, = -100% (Eq.15)

Map2
3. RESULTS AND DISCUSSION

3.1. Calculation of the technological parameters of
the target multi-zone oil-producing well operating
two oil reservoirs

The temperature distribution along the
well depth was carried out with the algorithm
presented in the Methods chapter. The
preparatory stage of the calculation is the
determination of such parameters as thermal
resistance of the media surrounding the well (R),
coefficient of heat conductivity from the fluid to
the environment (Kt), water-in-oil emulsion heat
conductivity coefficient (4¢), water-in-oil emulsion
heat capacity (cf)and inner pipe surface fluid heat
transfer coefficient, («). Calculation R, Ky, a is
carried out under Egs. 3,1,2 respectively. The
water-in-oil emulsion heat capacity values (c¢) are
used by Eq. 16. The water-in-oil emulsion heat
conductivity values are found in Eq. 17.

CfZCH-(l_ﬁB)-l_CB.ﬁB

. 2- A+ A, -2 ﬁB.(AH_/‘lB)
! 2./1H+A‘B+2.ﬂ}3-(/1H_/1}3)

(Eq.16)

Ae= A (Eq.17)

These parameters need to be determined
for the three intervals the producing well was
conventionally divided into. The first interval is the
distance from the depth of reservoir T to the

pump suspension depth (R4, Kt1), the second is
the distance from the pump suspension depth to
the dynamical level mark (R;, K1,), and third is
the distance from the dynamical level mark to the
oil-producing well mouth (R3,Kt3). The
parameters calculated for the given producing
well are presented in Table 2.

Based on Equation 11, the temperature
graph of the inner surface of the pumping and
compressor pipes used for pumping product from
TI-Bb reservoir and the temperature graph of the
inner surface of the hollow rod body string
transporting the product from T reservoir have
been formed and presented in Figure 1.

Analysing Figure 1, we may conclude that
the temperature of the inner surface of the hollow
rods changes more intensively compared to the
inner surface of the pumping and compressor
pipes (PCP). This is explained by the fact that the
fluid recovered from reservoir T features two
additional thermal resistance values (resistance
of the liquid layer and resistance of the hollow rod
body). For this reason, the fluid loses
temperature faster as it approaches the well
mouth. The reason for changing the temperature
distribution pattern above the dynamic level
(Ddyn) is the change of the fluid contained in the

annulus (thermal resistance of the gas mix
increases the same oil parameter several-fold).

3.2. The result of determining possibilities of the
organic deposit formations according to the
methods described in paragraph 1

The solution of the equations describing
the temperature of the string and the temperature
of oil saturation with paraffin, which are the first
group of methodologies, is shown in Figure 2.
The second group of methodologies does not
have a graphical solution, since it is based on the
analysis of the existing graphs of the dependence
of the formation depth of the organic deposits on
the ratio of asphaltene and resinous phase.
According to the results of this analysis, for the
fluid under consideration, the ratio of the mass
content of asphaltenes to resins (A/R) is 0.21,
and the depth of the onset of sediment formation
is 600 m. Application of the third group of
methodologies is not possible due to the need for
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high-precision and expensive equipment, which is |

its main disadvantage.

After analyzing this graph and the results
given for the second group of methods, we can
say that these methods are inaccurate, do not
take into account many factors and are based on
empirical dependencies, not on laboratory
studies, so we cannot recommend them for use.

3.3. Determination of the intensiveness of AD
formation in laboratory conditions

The laboratory studies of AD formation
intensiveness were carried out with the CF-4 cold
finger unit presented in Figure 3.

Figure 3. The Cold Finger laboratory unit CF-4

Based on the analysis of Fig. 1 for the
laboratory  studies of the AD formation
intensiveness, 5 temperatures were selected to
match the estimated temperatures of the inner
surface of the hollow rod within the given
intervals of the well depth. In each of the
intervals, the studies were carried out at the
sample mixing rate of 300 rpm for 25 minutes,
which equals the time of fluid elevation through
the studied intervals. The study was carried out
on 4 samples simultaneously and under the same
conditions to minimize the possible error of the
survey results. The AD formation intensiveness
was assessed based on Equation 13. Figure 4
presents the examples of Cold Fingers before the
survey and after its completion.

a) b)

Figure 4. Cold Finger picture example: a) before
the survey; b) after the survey

Table 3 shows the results of the survey of
the AD formation intensiveness within the studied
intervals.

Table 3. AD formation intensiveness in the

studied intervals
t,, °C 1, %
24.29 0
22.21 0.33
16.47 0.30
11.35 0.27
7.36 0.31
where t, is Hollow rod inner surface

temperature, °C.

Analyzing these data, we may conclude
that the intensiveness of AD formation on the
inner surface of the hollow rod changes
throughout the rod length. The most intensive AD
formation process was found at the temperature
of 22.21 degrees, which corresponds to the depth
of 1079 meters from the well mouth. This peak of
AD formation intensiveness is associated with the
drop of recovered fluid temperature below the
paraffin appearance temperature (IPCT), and
then below the mass paraffin phase appearance
temperature (MPAT). As the temperature further
drops to 16.47 °C, and then to 11.35 °C at a depth
of 779 m and 379 m, respectively, the AD
formation intensiveness correspondingly reduces.
This fact may be explained by the active
precipitation of AD previously, at a depth of 1079
m, and the absence of sufficient temperature
gradient between the fluid and the hollow rod
inner surface. At the temperature of 7.36 °C, the
second peak of AD formation intensiveness is
observed in the well mouth. This peak may be
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associated with the intensive growth of the
temperature gradient between the hollow rod
inner surface and the recovered fluid.

The collected results of the laboratory
survey of the changes in the intensiveness of the
AD formation in the hollow rod string are depicted
in the temperature graph of the inner surface of
the hollow rod string and the inner surface of the
PCP string and presented in Figure 4.

In Figure 4, it can be seen two epicenters
of AD formation within the studied oil-producing
well. During operation, the greatest share of the
organic deposits forms at a depth of 800-1100
meters, thereby facilitating the emergence of
additional hydraulic resistances. Generally, as a
result of the simulation of oil elevation through the
hollow rod string, 0.76 g of asphaltene deposits
for the studied 63.677 g of oil was found.

3.4. Determination of technological efficiency of
the counter-AD technologies used in the hollow
rod strings

At the present moment, there are many
methods of AD appearance prevention. The most
economically feasible and efficient individual
counter-AD technology shall be selected in the
diversity of recovered fluids and recovery
conditions at every target facility (Caeiro et al.
2015). There is a known classification of counter-
AD formation methods that divides all methods
into two groups: AD formation prevention
methods and methods of combating the
developed deposits. Different deposit combat
measures shall be applied depending on the
physical, chemical, and rheological properties of

the recovered fluids, their composition,
temperature, and recovery conditions. These
methods may be classified into thermal,

chemical, physical, and mechanical. The thermal
methods are based on heating the oil above the
IPCT temperature followed by the dissolution of
the wax component of the fluid, preventing its
recovery from the fluid volume (Putilov, et al.,
2020; Revel-Muroz et al., 2017 Reza and
Farzaneh, 2007) The chemical methods assume
the application of the reagents preventing the AD
formation (inhibitor reagents) or the substances
that eliminate the existing deposits (hydrocarbon
solvents, detergents) (Robinson and Peng, 1976;
Shaislamov, et al., 2007; Shrajpman, et al.,
2008). The physical meth-ods require various
physical fields (magnetic, acoustic, ultrasound,
electric) and mechanic deposit removal methods
(Turbakov, et al., 2009; Volodin, et al., 2008).
Due to the specificity of a configuration of the

downhole pumping equipment used for dual
operation (DO), there are certain restrictions for
the applicability of the counter-AD measures.

This way, it was considered two AD
removal technologies applicable for this type of
oil operation, which are the application of
chemicals (inhibitor reagent application) and AD
removal using hydrocarbon solvents.

The research of technological efficiency of
applying the inhibitor reagents to prevent deposit
formation on the inner surface of the hollow rods
was carried out with the Cold Finger unit. The
research covered three different reagents: FLEK-
IP-106, EFRIL-IPO417M grade DP and SNPH-
7909. The studies were carried on two
concentrations for each of the studied reagents:
200 g/tonne and 400 g/tonne. The intensiveness
of AD formation under the use of inhibitor
reagents was calculated with Eq. 10. The results
of these studies are presented in Fig. 5. Upon
the results of the laboratory researches, the
specific inhibition capacity of the studied reagents
was calculated. This property was determined
using Eq. 14. These value calculation results are
shown in Table 4. Based on the results shown in
Figure 5, and in Table 4, it may be concluded that
for the oil recovered from the target oil-producing
well of Pavlovka oil field, the most efficient AD
inhibitor is EFRIL-IPO417M grade DP. The
specific efficiency is 48.1% at the chemical
reagent dose of 200 g/tonne.

Table 4. Calculated specific efficiency of the
studied reagent application

Considered inhibitor C (g/tonne) | King (%)
200 7.9
FLEK-IP-106 400 4.0
EFTIL-IPO417M grade 200 48.1
DP 400 121
200 36.8
SNPH-7909 400 29 5

The technological efficiency of AD solvent
washes for removing the formed deposits was
also determined with the Cold Finger unit. In the
current survey, three different AD solvents were
used: EFRIL-270, FLEK R-016, RTS-1. The
survey was carried out in the AD samples
collected from the reservoir fluid collected from
the target oil-producing well by sinking the Cold
Finger into the free volume of solvent for 60, 120,
and 150 seconds. The solvent efficiency was
assessed with Eqg. 15. The results of the
completed laboratory are shown in Table 5.
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Table 4. Results of the solvent capacity studies
of the considered AD solvents.

Considered solvent Tyeen (°C) K, (%)
60 66.4
EFRIL-270 120 711
150 741
60 76.3
FLEK R-016 120 86.2
150 92.4
60 79.5
RTS-1 120 85.2
150 88.5

Analyzing these data, it may be noticed
that the most efficient AD solvent for the product
recovered from the target oil-producing well is
FLEK R-016. The solvent capacity coefficient for
the treatment time of 150 s was 92.4%.

4. CONCLUSIONS:

1. A method is proposed for assessing the
formation rate of the organic deposits on the
inner surfaces of the string and hollow rods in
case of a dual operation of two oil reservoirs. This
method is based on assessing the temperature

distribution of the oil-producing well and
conducting laboratory studies.
2. The hollow rod inner surface

temperature distribution has been calculated. The
laboratory survey was carried out to assess the
nature and the AD formation intensiveness
change degree on the studied surface based on
the calculations.

3. The nature and the degree of AD
formation intensiveness change on the studied
surface have been analyzed. The analysis of the
changes may discover the reason for the AD
formation intensiveness changes along the depth
length. It requires further studies due to the lack

of theoretical materials to describe the
phenomenon. Based on the AD formation
intensiveness change analysis, it became

possible to forecast the AD deposit formation in
hollow rods and, particularly, to determine the
depth of the most intensive organic deposit
formation.

4. A comparison of the proposed method
for assessing the formation depth of the organic
deposits with existing analogs is given. Based on
this comparison, we can conclude that the
proposed method has high accuracy and
efficiency; and we recommend it for use at

existing oil production facilities
limitations of its applicability.

to explore

5. The technological applicability of the
chemical technology (AD solvent and inhibitor
application) has been assessed. According to the
laboratory survey results, the application of both
deposit removal technologies is technologically
efficient with the correctly selected reagent.
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Table 2. Interim results of the calculation of temperature distribution along with the target oil-
producing Pavlovka oil field well. Source: the author

Reservoir
T TI-Bb
Value Size Interval
1 2 3 1 2 3
R m? - °C/W 0.41 0.33 1.36 - 0.28 1.31
Kp W/ (m2 - °C) 2.24 2.72 0.71 - 3.21 0.74
¢ J/kg - °C 2238.6 2217.15
A W/ (m-°C) 0.151 0.148
a W/ (m2 - °C) 36.04 27.53
Temperature, °C
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Figure 1. PCP string inner surface temperature graph and the hollow rod string inner surface

temperature graph
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the given inhibitor dose of 200 g/tonne; b) upon application of the given inhibitor dose of 400 g/tonne
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