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Abstract. The paper analyzes the main techniques and technologies of oil fluid recovery in the
context of energy consumption, significantly rising over the latest decade. It is recognized that
the number of publications in the area of energy efficiency is growing steadily. Currently Russian
oil and gas industry are facing the task of accelerating reduction of energy consumption while
preserving, or even increasing, production rates. The task is complicated by the fact that the majo-
rity of deposits in Russia either have already entered (primarily, Volga-Ural region) or are now
entering (West Siberia) their last stage of exploration, whereas new deposits in East Siberia are
only being brought into production. Furthermore, a lot of new deposits, which provide for high
recovery rates, are profitable a priori as at the first stage of exploration they do not need any arti-
ficial lift due to their free flow production without any oil well pumps. However, there is a signi-
ficant share of new deposits with low-permeability reservoirs, which require either a system of
reservoir pressure maintenance or periodic hydraulic fracturing. At the same time deposits at the
late stages of exploration, apart from the use of pump units, systems of reservoir pressure mainte-
nance and hydraulic fracturing, require regular repair and restoration, measures against salt and
heavy oil sediments, mechanical impurities, flooding, etc., which all has a negative effect on well
profitability. In order to solve these problems, the authors review existing methods and calculate
specific energy consumption using various pump systems for hypothetical wells, varying in yield.
According to the research results, it has been revealed that from the point of view of energy effi-
ciency, it is desirable to equip low- and low-yield wells with sucker rod progressive cavity pump
units, medium-yield ones — with electric progressive cavity pumps driven by permanent magnet
motor, medium- and high-yield wells — with electric progressive cavity pumps or electric submer-
sible pumps driven by permanent magnet motor, depending on the characteristics of the pumped-
out oil fluid.
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O0ocHOBaHUE BHIOOPA BUHTOBBIX HACOCHBIX YCTAHOBOK
KaK 3Hepro3(p(peKTUBHON TEXHOJIOT UM
MeXAHU3UPOBAHHOM 100BIYM

J. A. Cnuopxnn'), K. C. Kynam,lx')

YCankr-TlerepGyprekuit roprei yansepenret (Cankr-IlerepGypr, Poccuiickas dexeparts)

Pedepar. B crartse npoaHamm3upoBaHBI OCHOBHBIE TEXHUKH M TE€XHOJIOTHH HOOBIYH HE(DTSIHOTO
¢utrona B yCIOBHUAX 3HAYMTEIBHOTO POCTa LEH HA AJICKTPOIHEPTHUIO 32 MOCIIENHEE JECATHICTHE.
OtMmeueH CTaOWMNBHBIA pOCT IMyONMHMKammii 1o Teme sHeprodddexTuBHOCTH. I poccHicKoit
HedTerazono0bIBaoNIell TPOMBIIUICHHOCTH aKTyajdbHa 3a/iada CHIDKCHUS DHEro3aTpar IpU  CO-
XpaHEHNH W JjaXKe YBEIMUCHUH TEMIIOB IIpon3BojcTBa. OHa OCIOXKHSAETCS TEM, YTO OONBIINH-
CTBO MECTOPOXJIeHHH MO0 yxe BeTymuio (Bomro-Ypansckuit peruon), nubo Berymaet (3amai-
Hast CHOUph) B MOCIIEAHIOI0 CTaAUIO pa3pabOTKH, TOr/a KaK HOBBbIE MeCTOpOXIeHUsI BocTouHoM
Cubupu ere TOJIBKO BBOJSTCS B KCIUTyaTaruio. Kpome Toro, MHOrne HOBBIE MECTOPOXKICHHUS,
obecreuynBaloe BBHICOKUM 1e0eT, peHTa0eIbHbI alpHopy, Ha IEPBOM 3Talre SKCIUTyaTalud He
TpeOyIoT MEXaHH3allH1, TIOCKOJIbKY pa3pabarhiBaloTcs (OHTAHHBIM CHOCOOOM, 0€3 HCIOIb30Ba-
HUsI CKBOKMHHBIX HACOCHBIX YCTaHOBOK. Ho mpy 3ToM HEMallo M HOBBIX MECTOPOXKJICHUH C HU3KO-
MIPOHUIAEMBIMH KOJIIEKTOPAMH, Ha KOTOPbIE HEOOXOANMO BO3JIEHCTBOBATH CHCTEMOIl MOAIEpKa-
HUS TUIACTOBOTO AABJICHHMS JINOO MPOBEACHUEM MEPHOIIMUECKU THIPABINIECKOrO Pa3phiBa IIIACTA.
Ha mecropoxkneHnsx mo3gHel craguy pa3pabOTKH HEOOXOAMMO PETYISIPHO OCYIIECTBIATH pe-
MOHTHO-BOCCTaHOBHUTEJbHBIE PabOThI, BECTH OOPHOY C OTIOKEHHSAMH COJIEH, ac(halbTOCMOIONa-
paduHOB, MEXaHUYECKUMH IPIMECIMH, OOBOJHEHHEM H M., YTO HETATUBHO CKa3bIBAETCS Ha PEH-
TabeTbHOCTH CKBaXHH. J[JI1 peIIeHus 3TUX 3a/ad B CTaThe PACCMOTPEHBI CYIIECTBYIOIINE METO-
JWKA U IPOBE/ICHEI pacyeTsl yAEIbHBIX SHEpro3aTpar NpH HCIOJIB30BAHUH PA3IMYHBIX HACOCHBIX
YCTaHOBOK ISl YCJIOBHBIX CKBXHH, oTiIH4aromuxcs neburom. Ilo pesynbratam HcciepoBaHH
BBISIBJICHO, YTO C TOUKHU 3pEHUS SHEProd()(HeKTUBHOCTH HU3KO- U MAJIOAEOUTHBIE CKBaKUHEI JKeJla-
TEJIPHO OCHAIIATh IITAaHTOBBIMHM BUHTOBBIMH HACOCHBIMH YCTQHOBKAaMH, CPEAHEICONTHBIE — JIIEK-
TPOBHHTOBBIMHU C BEHTHJIBHBIMH JABUTATEISIMH, CPEJHE- U BHICOKOICOUTHBIE — JJIEKTPOBHHTOBBIMU
WIM BJIEKTPOLICHTPOOSIKHBIMH B 3aBHCHMOCTH OT XapaKTEPUCTHK BBIKAYMBAEMOrO HE(TIHOTO
¢dmonna.

KaroueBble cji0Ba: HacOCHasl yCTaHOBKa, SHereTHyeckas 3pQeKTHBHOCTE, OTPY>KHOH dIIEKTHYE-
CKHI JIBUTaTellb, BEHTHJIBHBII ABUTATENb, HU3KOAECOUTHAS CKBAXKMHA, CPEHEIeONTHASE CKBAXKHHA,
SHEPreTUYECKHE 3aTPaThl, 00BOHEHHAs! HE(Th, TPYIHOU3BIEKAEMbIE 3aI1achl

Jas murupoBanus: Cunopkus, JI. 1. O6ocHOBaHKME BBIOOpa BHHTOBBIX HACOCHBIX YCTaHOBOK
Kak 3Heprod(pGeKTUBHON TEXHOJIOTHU MeXaHu3upoBaHHO# 100buu / JI. Y. Cunopkun, K. C. Ky-
naBelX // Onepeemuxa. H3zs. evicur. yueb. 3asedenuti u sHepe. obvedunenuu CHI. 2021.
T. 64, Ne 2. C. 143-151. https://doi.org/10.21122/1029-7448-2021-64-2-143-151

Introduction

The last decade is characterized by a spike of interest in energy efficient
technologies [1-5], which is reflected in the publication activity according to the
data from the scientific electronic library (www.elibrary.ru), presented in Fig. 1.
Ultimately, it can be explained by the motivation of the industry to reduce
specific energy consumption due to a significant increase in electricity
rates (according to Fig. 2, within 12 years from 2008 to 2020 they increased by
a factor of 3.57) and, as a result, due to rising production costs.
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Although in general issues of rational consumption of energy and other
resources in the process of oil and gas recovery never lose their topicality,
since 2008 they have become particularly acute. This was clearly demonstrated
by the global oil crisis of 2020, when for many oil producing companies (espe-
cially in Russia and in the US) the cost of oil barrel exceeded its contract prices.
With this in mind, nowadays Russian oil and gas producing companies need
to accelerate the reduction of energy consumption while preserving, or even
increasing, production rates.

The task is complicated by the fact that the majority of deposits in Russia
either have already entered (primarily, Volga-Ural region) or are now entering
(West Siberia) their last stage of exploration, whereas new deposits in East
Siberia are only being brought into production. Furthermore, a lot of new depo-
sits, which provide for high recovery rates, are profitable a priori as at the first
stage of exploration they do not need any artificial lift due to their free flow pro-
duction without any oil well pumps. However, there is a significant share
of new deposits with low-permeability reservoirs [6], which require either
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a system of reservoir pressure maintenance (RPM) or periodic hydraulic fractu-
ring (HF). At the same time deposits at the late stages of exploration, apart from
the use of pump units, RPM systems and HF, require regular repair
and restoration, measures against salt and heavy oil sediments, mechanical
impurities, flooding, etc., which all has a negative effect on well profitabi-
lity [7-17]. For instance, as it is seen from Fig. 3, energy consumption at the
stage of oil fluid lift accounts for about half of total energy consumption in the
process of oil fluid extraction.
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transportation

W Gas transpartation
26.6 %
W Water Injectlan

W Gas compressian
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Fig. 3. The structure of energy consumption for 3™ and 4™ exploration stages
of oil fluid recovery

As follows from Fig. 3, the major share (56.7 %) in the structure of energy
consumption is taken up by the lift of oil fluid from the wells. Hence the best
results of energy efficiency improvement can be obtained in this area.

Energy efficiency directly depends on the performance factors of all the ele-
ments in a pump unit. Therefore, the higher the performance factor, the greater
energy efficiency, i. e. the lower energy consumption of the oil fluid lift.

Currently most operating wells [18, 19] are equipped with electric submer-
sible pumps (ESP) — around 66 % (99.457 wells in 2018); then followed by
sucker rod pumps (SRP) — around 30 % (45.571 wells in 2018); other equipment
(screw and diaphragm pumps, ejectors, gas lifts, hydraulic pulsers etc.) account
for approximately 4 %. From the position of energy efficiency and production
potential, the most promising equipment is progressive cavity pumps (either
driven by submersible electric motor or using a sucker rod drive). In 2018 they
were utilized approximately in 1.600 wells. And their number is rising every
year due to the necessity to lift heavy viscous oil and the growing number
of wells classified as low-yield.

Let us assembly-by-assembly consider energy losses for four types of pump
units, viz. ESP, SRP, electric progressive cavity pumps (EPCP) and sucker rod
progressive cavity pumps (SRPCP).

The structure of losses will be identical for ESP and EPCP systems, as the
only difference between them is in the pump design. It should also be noted that
the efficiency factor of ESP systems varies in a wide range depending on the
necessary feed — from 25 % at 15 m’/day yield to 68 % at 700 m*/day yield,
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which leads to high specific energy consumption. The impact of feed on EPCP
efficiency factor is not that significant.

PESP/EPCPZPchFA})qf +APldu+APpr+AP +APCI+APtr+A})cs+APgS+AP

sem if »

where P,. — useful capacity of the pump; AP, — power losses, defined by the
efficiency factor; AP, — power losses in the letdown unit; AP, — losses in the
protector; APy, — losses in the submersible electric motor; AP, — losses in the
cable line; AP, — losses in the transformer; AP, — losses at the control station;
AP, — losses in the group socket; AP, — losses in the inlet filter [20-26].

Calculation of SRP energy consumption is complicated by the system's
constant time variation, associated with the recurring pumping cycle; still
a general expression can be defined as follows [27]:

})SRP:})uc_'-A})cs-FA})em_'-APred+Aij+APSRP’

where AP,,, — losses in the electric motor; AP,.; — losses in the reduction gear;
AP,; — losses in the pumpjack; APgzp — power losses in the pump.

Power losses of the SRPCP system depend primarily on the characteristics of
oil fluid and the presence of mechanical impurities [28, 29]

Poppep = B, + AP+ AP, + AP, ; + AP, + APpcp,

where AP, — losses from the rotation of rod string in the fluid and friction on the
inner tubing wall; APpcp — power losses in the pump.

Let us compare calculations of specific energy consumption for the above
mentioned pump units depending on specific well conditions.

Specific energy consumption is estimated using the following formula:

P
Rvp.vol )
o,T
where P — energy from the grid, kW-h; O, — hourly volumetric yield, m’/h;
T — time, h.
The following main parameters, presented in Tab. 1, were selected as condi-

tions. It should be noted that the values of these parameters are hypothetical and
are assigned solely for the purpose of comparative calculations.

Table 1
Parameters of compared wells
Parameter Well scenario
1 2 3
Yield 15 50 100
Pump setting depth 1.100 1.100 1.100
Oil fluid density (oil + water) 950 950 950
Oil fluid viscosity, Pas 2.2 2.2 2.2

After assigning the parameters, comparative calculations of consumed ener-
gy and specific energy consumption were calculated for each well scenario using
the methods described above. Calculation results are presented in Tab. 2.
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Table 2
Calculation results of specific volumetric energy consumption
for different types of pump units, KW-h/m’

Electric Electric progressive Sucker rod
. Sucker rod . . . .
No submersible pump ump unit cavity pump unit progressive cavity
unit (SEM/PMM) pump (SEM/PMM) pump unit
1 37.53/25.07 17.62 28.34/15.40 9.05
11.62/9.84 7.35 8.89/6.54 7.70
3 7.21/6.49 - 5.58/4.48 7.47

As it is seen from the calculation of specific volumetric energy consump-
tion (Tab. 2, Fig. 4), there is a significant difference between pump units. Relia-
bility of calculation results is confirmed by practical measurements from the
wells, presented by V. I. Tarasov, M. N. Kaverin, S. B. Yakimov in paper [17].
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Fig. 4. Calculation results of specific volumetric energy consumption
for different types of pump units

ESP systems are characterized by maximum energy consump-
tion (37.53/25.07 kW-h/m’) in the process of low-yield (15 m’/day) well explo-
ration; with an increase in the volume of pumped fluid it drops significantly.
This is explained by the fact that ESP efficiency factor varies in a wide range,
from 15 to 70 % depending on the typical size, reaching the maximum
at 700-800 m’/day, as shown in paper [30]. It implies that this type of systems
is optimal for high-yield wells (over 50 m’/day). At the same time even the
application of state-of-the-art permanent magnet motors (PMM) brings no sig-
nificant changes to the overall picture, providing an economy of 33.03 % under
the first scenario, 15.32 % under the second one and 9.08 % under the third one,
but still demonstrating a high level of energy consumption compared to other
pump systems. The effect at low-yield fields can be increased with the use of
small energy efficient ESP units (2A, 3), but all their advantages are derailed by
high costs of the equipment, which prolong the payback period by several years.

The application of SRP units produces a much better effect than introduction
of PMM: 53.03 % under the first scenario and 36.75 % under the second one.
The third scenario was not calculated, as it cannot be implemented at oil wells
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producing more than 50 m*/day due to strict design limitations of the pump unit.
It should be noted that the calculations imply the use of a conventional pumpjack
as a top drive, which does not lead to optimal energy efficiency parameters.
The use of chain drives (CD) or hydraulic drives of “Geyser” or “Ob” types
provides an economy of about 20 %, but the problems, associated with operating
costs (CD) or climate (hydraulic drive), put restrictions on their wide application.

The assembly itself is practically identical for ESP and EPCP units, but there
is a basic distinction in the principle of pump operation, therefore pumps driven
by SEM and PMM are to be compared separately. Analysis shows that, in case
of SEM use, EPCP is more energy efficient than ESP — by 24.48 % under the
first scenario, by 23.43 % under the second one and by 22.61 % under the third
one. Comparison of PMM-driven pump units produced the results of 38.57 %
for the first scenario, 33.56 % for the second one and 30.97 % for the third one.
It is clear that energy efficiency of EPCP is higher than that of ESP, both for
SEM and PMM, but a large-scale replacement does not seem feasible due to
technological limitations.

It is evident that in terms of energy efficiency SRPCP is practically unrivaled
among the pump units suitable for low-yield wells (Tab. 3). In case of yield
over 50 m*/day (scenario 2), the situation is not that straightforward, but SRP
is rarely if ever used under such conditions, and EPCP is quite expensive, so it
is easier and cheaper to install SRPCP. In case of 100 m’/day (scenario 3)
the calculations reveal negative comparative energy efficiency.

Table 3

Comparison of SRPCP to other pump systems in terms of specific energy consumption
(on a percentage basis)

Electric Electric Electric Electric
. . Sucker rod . . . .
No | submersible pump | submersible pump ump unit | PTOSIessive cavity | progressive cavity
unit (SEM) unit (PMM) pump pump (SEM) pump (PMM)
1 75.89 63.90 48.64 68.07 41.23
2 33.73 21.75 —4.76 13.39 -17.74
3 -3.61 -15.10 - -33.87 —66.74

In Russia progressive cavity pumps (with both submersible and sucker rod
drives) are not yet widely used despite their apparent advantages, espe-
cially from the viewpoint of energy efficiency in the wells, producing less
than 50 m’/day.

SRPCP does not have many drawbacks, but they are quite significant:

1) a stator elastomer in PCP units gets quickly destroyed when oil fluid con-
tains CO, and H,S, it swells from the water and wears off by rubbing with
mechanical particles. Nowadays there is quite a diversity of rubber stocks for
every type of problem, i. e. a competent choice is required to select the material
of stator insert. Abroad such universal materials as UltraFlex-157, hydrogenated
high-nitrile soft (HHNS) and high-nitrile hard (HNH) elastomers are widely
used. Besides, full-steel rotor/stator couples and twin screw pumps (similar to
multiphase pumps) come into operation;

2) restrictions regarding the depth of pump suspension, caused by the dura-
bility of the rod string. Unfortunately, Russia does not produce sucker rods
that can resist high-torque load. Hence, there is the limit of 1.000—1.200 m.
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At the same time it is understood that foreign SRPCP systems can go 3.000 m
down the hole and lower.

Advantages are more numerous: independence of the pressure head from
rotor speed; high absorbing capacity; absence of valves; uniform rate of injec-
tion; low quantities of metal in the pump design.

With this in mind, the major advantage of SRPCP (same as EPCP) is the
possibility to lift viscous heavy bitumen oil.

In 1990s Russia actively introduced SRPCP systems, of both domestic
and foreign production, but due to unsatisfactory selection of rotor/stator coup-
les, their tightness, rod string assembly their implementation was practically
cancelled.

CONCLUSION

To sum it up, the following conclusions can be drawn from the position
of energy efficiency: low-yield wells need to be equipped with sucker rod pro-
gressive cavity pumps; low- and middle-yield wells require electric progressive
cavity pumps, driven by permanent magnet motor; for middle- and high-yield
wells the best fit is either electric progressive cavity pumps or electric submer-
sible pumps, driven by permanent magnet motor, depending on the oil fluid.
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