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Co3paHue 1 BHegpeHUe TeXHONOrUM U 060pyA0BaHMA
ANA 3KcnayaTauuu HedTAHbIX CKBAXKMH MaNoro AMameTpa HaCOCHbIMM
YCTAaHOBKAMM C KAHAaTHbIMMU LWITAHraMK

CTaTba NoCBALWEHA O[HOMY U3 HanpaBJIeHU Pa3BUTUA TEXHONOTUU U 060PYAOBAHMA ANA IKCNAYATALUN He(DTAHBIX
CKBAXXMH C 6OKOBbIMU CTBOJIAMU MAJIOr0 AMaMeTpa. AHANU3 Npoms CKBaXKUH NOKA3bIBAET, YTO MHOTUE U3 HUX He MOTYT
3KCNNYaTUPOBATLCA C NPUMEHEHUEM CTaHAAPTHOro 060pyAOBaHMUA, NOCKOJIbKY, BO-NEPBbIX, AUAMETP MHOTUX CEPUINHO
BbINYCKAEMbIX CKBAaXKMHHbIX HACOCHbIX YCTAaHOBOK NPeBbIWAET AUaMeTp NPOXOJHOr0 ce4eHMs 6OKOBbIX CTBONIOB CKBAXMWH,
a BO-BTOPbIX, 60/bluMe TeMNbI HA60Pa KPUBU3HLI M 3HAYUTENIbHOE OTKJIOHEHUE 0CU CKBAXKUHbI OT BEPTUKANU HE MO3BOIAIT
HOpMaJnibHO paboTaTh faXKe HACOCHBIM YCTAHOBKAM C MaJibIMU AUAMeTpPaJibHbIMU rabaputamu.

0TMeyeHo, YTO OCHOBHbIM BapUAHTOM 3KCMJIyaTal M1 MaIoAe6GUTHBIX CKBAXKUH BO BCEM MUPE CYUTAETCA WITAHTOBbI
cnoco6. 0aHaKo pa6oTa aToro 060pyAOBaHUA B GOKOBbIX CTBOJIAX TAKKe CONpPAXKEHA C pAAOM Npobnem, B YMCie KOTo-
pbIX HEBO3MOXHOCTb Pa3MelleHUs CTaHAAPTHOro 060pyaoBaHUA 6€3 U3rnba, 60sibLIME OTKJIOHEHUA OCU CKBAXKUHDbI
OT BepPTUKaNU, HEBO3MOXKHOCTb HOpPManbHOW paboTbl KJ1lanaHoB, 60NblIMe CUNbI TPEHUA WTAHT 0 KOJIOHHY HacOCHO-
KOMMPEeCCOPHbIX TPY6, U3HOC WTAHT U TPYO U T. A. M03TOMY ANA paGoThbl B TAKUX YCNOBUAX OblJIa NpeANoXKeHa cxeMa
HACOCHOWM YCTAaHOBKMU C KaHaTHOM wTaHrou. Mpuuem ans o6ecneyenmna s eKTUBHON PabOTbl CKBAKMHHBIX HACOCHBIX
YCTAHOBOK C KAaHATHOM WITAHroM 6bInM pa3paboTaHbl KaHATbl 3aKPbITON KOHCTPYKLUUU ¢ Z-, X- n 0-06pa3HbIMU Npo-
BOJIOKaMM U CnelumnanbHble FroJIOBKM KAaHAaTHOM WITAHIU, B KAYeCTBE KOTOPbIX UCMOJIb3YIOTCA 3afieNIKU, 06ecneynBaio-
WMue paBHOMEpPHOe HarpyKeHue BCex NPOBOJNIOK KaHaTa. UccnepoBaHMA NOKa3anu, 4TO XKECTKOCTb KaHaTa HOBOW
KOHCTPYKUMU cocTaBnsaeT 85-92 % eCTKOCTU KONOHHBbI MPYTKOBbIX HACOCHBIX WITAHT AUAMETPOM 22 MM, NPU 3TOM
AMaMeTp KaHaTa, KOTOPbIW CErofHA UCMONb3YETCA B KAYeCTBE KONOHHDI WITAHT, cocTaBnaeT Bcero 20 MM, a pa3pbIB-
Hoe ycunue pocturaer 36,2T.
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Creation and Implementation of Technology and Equipment for Small
Diameter Oil Well Exploitation with Rope Rod Pumping Units

The article is devoted to one of the directions of development of technology and equipment for operation of oil wells
with small diameter sidetracks. The analysis of well profiles shows that many of them cannot be operated using standard
equipment because, firstly, the diameter of many commercially available downhole pumping units exceeds the diameter
of the borehole lateral passage section, and secondly, high rates of curvature set and significant deviation of the well
axis from the vertical do not allow normal operation even by pump units with small-diameter dimensions.

It is noted that the rod method is considered the basic variant of low-yield well operation all over the world. However,
the operation of this equipment in lateral wells is also associated with a number of problems, including impossibility
toinstall standard equipment without bending, high deviation of well axis from vertical, impossibility of normal operation
of valves, high friction forces of sucker-rod strings, wear of sucker-rods and pipes, etc. Therefore, for operation in such
conditions the scheme of pumping unit with rope rod has been offered. To ensure the efficient operation of downhole
sucker rope units, closed ropes with Z-, X- and 0-shaped wires and special rope rod heads were designed, with terminations
providing uniform loading of all rope rope wires. Studies have shown that the stiffness of the new rope design is 85-92 %
of that of the 22-mm rope string, while the rope currently used as a string is only 20 mm in diameter and has a breaking
strength of 36.2 tonnes.

Field trials at the fields developed by LUKOIL-PERM confirmed that the proposed equipment allows efficient operation
of low- and medium-yielding wells with small diameter laterals, contributing to increased production and oil recovery
factor, including at the fields at the final stage of operation.

B nocnepHue roapl paspaboTka HedTerasoBblx MECTOPOXAE-
HUM 3a4acTylo BELETCS C UCMOb30BAHUEM MHOTOCTBOJIbHbIX
CKBaYXWH, NPUMEHeHNe KOTOPbIX NO3BOJIAET YMEHbIIMTb 3aTPaThI
Ha pa3bypuBaHue U YBENUYNTb NJIOLLAAL OXBATA NPOLAYKTUBHbIX
FOPU30HTOB CUCTEMAMM APEHNPOBAHNA NNACTOBOTO (aMAA.
MopnoGHbIE TEXHONOTUM, B YACTHOCTHU, BCE WMPE UCMOJIb3YIOTCA
Ha AaBHO 3KCMNYaTUPYIOLWMXCA MECTOPOXAEHUAX. B aTOM cry-
Yae [ONOSHUTENbHblE HOKOBbIE CTBOJIbI CTPOATCS U3 OCHOBHbIX
CTBOJIOB UMEIWWMXCA IKCMIYATALUOHHbIX CKBAXWH, NO3BONAOT
peaHMMUpPOBaThL aBapUitHble CKBaXUHBI, 06ECNEYNTL YyBENNYEHUE
BoOblun HedTH, COKPATUTbL 3aTpaThl Ha BypeHue U pa3BuTUe
nHbpacTpyKTypbl HedTenoObIBaOLEro npegnpuaTus [1].

NPOBJIEMA NOAABOPA OBOPYI0BAHUA

ANA SKCNAYATALUU CKBAXWH C BOKOBbIMU

CTBOJIAMW MANOT0 AUAMETPA

B Poccuu gobblua HethTH ¢ TOuKM 3peHus cnocoba akcniyaTa-
UMM CKBAXWH pacnpefenseTcs ciegytolwmm obpasom: 1o 80 %
A06bLIYYM 06ecneynBaeTcA yCTAaHOBKAMMU 3NEKTPOLEHTPObEX-
Hbix HacocoB (ILH), okono 15 % — WTaHrOBbIMW CKBAXWUHHBIMU
HACOCHbIMW YCTaHOBKaMM, OCTaBlIMECA NPUMEPHO 5 % [o6bI-
BAKOTCA C MPUMEHEHWNEM MPOUYUX BUAOB 0060PYyAOBAHUA, MPH-

In recent years, oil and gas fields have often been developed
using multilateral wells, which reduce drilling costs and increase
the area covered by reservoir drainage systems.

Such technology, in particular, is increasingly being used in
long-established fields. In this case, additional sidetracks are
constructed from the main boreholes of existing production
wells, make it possible to reanimate junked wells, ensure
increased oil production, reduce drilling costs and develop
the oil producer's infrastructure [1].

THE PROBLEM OF SELECTING EQUIPMENT

TO OPERATE WELLS WITH SMALL-DIAMETER

SIDETRACKS

In Russia, oil production in terms of well operation
is distributed as follows: up to 80 % of production is provided
by electric submersible pumps (ESPs), about 15 % by sucker-
rod pumping units, and approximately 5 % by other types
of equipment, with an increasing number of different solutions
available for low- and medium-yielding wells. New solutions
include, for example, downhole pumping units with linear
motors, reciprocating drives combined with submersible
motors.
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plunger electrical submersible HaGopa KpMBU3HbI Ha ry6uHe 950 M 3,95 °/10 M

Fig. 2. Borehole profile (inclinogram) with

sidetracks of small diameter with a rate

Puc. 1. 06nacTv npUMeHeHUs pa3nnyHbIX HACOCHBIX YCTAHOBOK AR fO6bIYN HEDTH

Fig. 1. Areas of application of various pumping

yem Bce 60MblUE Pa3HbIX TEXHUYECKUX pelleHuii npeanaraercs
ANs paboTbl B MaNO- U CpefHefeOMTHbIX CKBaXWHax. B uucne
HOBbIX TEXHUYECKUX PELEHUI MOXKHO, K NPUMEpY, YIOMAHYTH
CKBAXMHHbIE HACOCHbIE YCTAHOBKM C IMHEHBIMU 3NEKTPOABUra-
TeNsIMU1, BO3BPATHO-MOCTYNATENbHbIMUA MPUBOAAMMU B COYETAHUM
C norpyxHbimu anekTpopsuratenamu (M31).

Mpo6nembl BbIGopa cnocoba fobbiun Hed Ty, a TakKe 060pyao-
BaHuA pns obecneyeHns 3P dEKTUBHOTO NPUMEHEHUSA KOHKPeT-
HOro cnoco6a cBsA3aHbl He TONbKO C MHOroo6pa3uem BULOB
060pYAOBAHUA, HO U C TEM, YTO KQXKAbIHA U3 HUX MOXET UMETb
AOCTaTOYHO y3KWe 06MacTu npumMeHeHus. Tak, Ha puc. 1 aBTopamu
CTaTby NPeACTABNEHO BUAEHWE 0ONACTEH NPUMEHEHUS Pa3ANY-
HbIX BULOB CKBAXKMHHBIX HACOCHbLIX YCTaHOBOK. Pasymeercs,
aBTOPCKOE BUJEHUE MOXET He BMOJIHe COBMAAaTh C TOUKAMMU
3pEeHMA Lpyrux cneuuanucToB, OAHAKO NpaKTUKa Nokasana,
4YTO 3TW Pa3MuUsA OYEHb HECYLLECTBEHHbI. Heobxoanumo oTme-
TUTb, YTO NPeANIOKEHHOE pacnpefeneHne obnacTeil npUMeHeHus
HedTefobbIBaOWErO 060PYAOBAHNA HE UMEET OrpaHUYeH Wil
M0 OCNOXHSAKIWMUM YCIIOBUAM 3KCMyaTalMK, B TO BPEMS KaK,
K NpUMepy, Hanop 1 Nojaya WTaHroBbIX HACOCOB MOTYT Cylle-
CTBEHHO CHUKATbCS NMPY 3HAYUTEILHOM COEPKAHUM CBOGOJHOMO
rasa Uau nNpu CAOXKHON UHKAUHOMETPUM CKBAXKMH, YCTAHOBKM
AnacdparMmeHHbX HACOCOB, @ TaKXKe YCTAaHOBKU C IMHENHBIM
MOTPY)HbIM NPUBOLOM HE MOTYT Pa3MeLlaTbCs B CKBAXKMUHAX
Manbix auameTpos (MeHee 122 MM) U T. A.

W3 puc. 1 BUAHO, 4TO A1t IKCNAYATALUM MANOAEOUTHBIX CKBAKMH
CYLLECTBYET HE 04YeHb 60NbLON HABOP 3DEKTUBHBIX TEXHOOT Ui
" BULOB 060pYAOBaHMA. B 4acTHOCTU, 3TO KacaeTcs CKBaXMUH

of curvature set at a depth of 950 m
Jin 3.95°/10 m

The problems of selecting an oil production method as well as
the equipment to ensure effective application of a particular
method are not only related to the variety of equipment types,
but also to the fact that each of them can have quite narrow
fields of application. So, in fig. 1 the authors of the article
show their vision of different types of downhole pumping
units. Of course, the authors' vision may not exactly coincide
with the views of other specialists, but practice has shown
that these differences are not very significant. It should be
noted, that the suggested distribution of application areas
of oil production equipment has no limitations in terms of
complicating operating conditions, whereas, for example, the
head and delivery of sucker-rod pumps can significantly reduce
at a considerable content of free gas or at complicated well
inclinometry, diaphragm pumps as well as linear submersible
drive units cannot be placed in small borehole diameters (below
122 mm), etc.

Figure 1 shows that there isn't a very large set of effective
technologies and types of equipment for operating marginal
wells. In particular, this applies to small-diameter wells and
sidetracks, which are a very interesting area of oil industry
development. It is no secret that sidetracking a well requires
about 2-4 times less money and time than constructing
anew well. In addition, sidetracking from existing wells allows
increasing the drainage area of productive formations and
improving the ultimate recovery factor. An important aspect
is that there are some tax preferences for sidetracking compared
to drilling new wells.
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Puc. 3. Tabnuua nog6opa no rnybuHe CKBaXKMHHOTO WTAHrOBOro
060pyA0BaHUSA C AMAMETPabHBIM rabapuTom 73 mm:

1 - HTEpBaNbl FNY6UHBI CKBAXKMWHbI C 3aNpPeToM Ha yCTaHOBKY HacocoB
13-3a reOMeTpUYecKoil HeBNUCHIBAEMOCTH; 2 — UHTEPBaNbl FY6HUHBI
CKBaXMHbI C NOTEpPEii yCTOMYMBOCTH PAabOThI WAPOBbIX KNANAaHOB WTAHTOBbIX
HacocoB

Fig. 3. Depth selection table for downhole sucker-rod equipment with
73 mm diameter dimension:

1 - borehole depth intervals with prohibition to install pumps due

to geometrical non-fitability; 2 - borehole depth intervals with loss
of stability of ball valves of rod pumps

Manoro AMameTpa u GOKOBBIX CTBOIOB CKBAXMWH, ABAAIOLLMXCA
0YeHb MHTEPEeCHbIM HanpaBaeHWeM pa3BUTUA HeTAHON Npo-
MbllNeHHOCTH. He cekpeT, 4To npoBefeHMe BOKOBOrO CTBOMIA
CKBaXUHbI TpebyeT NpUMEpHO B 2—4 pa3a MeHblUe CPeAcTB
1 BpEMEHW, YeM CTPOUTENLCTBO HOBOII CKBaXMUHBI. Kpome Toro,
CTPOMTENLCTBO HOKOBBIX CTBOJIOB U3 CYLLECTBYIOLLUX CKBAXKMUH
no3BONAET YBENINYNTb NIOWaAb APEHUPOBAHUSA NPOAYKTUB-
HbIX NNACTOB M MOBbLICUTb KO3 PULUMNEHT KOHEYHOTO U3BJe-
YyeHUs HedTW. HemManoBaXKHbIM acCNeKTOM ABNAETCA TaKxKe
HanM4yme HEKOTOPbIX HaNOroBbIX NpedepeHLUnin Npu npose-
LeHUN BOKOBbLIX CTBOJIOB NO CPABHEHUIO C BYpEHUEM HOBbIX
CKBAXMH.

OAHAKO Mpu MCNONb30BaHUN BGOKOBLIX CTBOJIOB CKBAXUH
BO3HWUKAET MHOXECTBO NPobNEM KaK BO BpeMs OypeHus, Tak
W npu paboTe 3TUX cUCTEM. ITO CBA3AHO C TEM, YTO HOKOBLIE
CTBOMbI HEOOXOAMMO NPOBOAUTE U3 OCHOBHBIX CTBOJIOB, MEt0-
KX HebonblKe BHYTPEHHUE fuameTpbl — 122-150 mM. Mo 3Toi
NpUYKUHE ANA BCKPbITUA 06CafHbIX KONOHH HEBO3MOXHO UC-
nonb30BaTh (hpesepbl 6ONbIIOro fUamMeTpa, a AMameTp obcaa-
HOM KONIOHHbI ANt GOKOBLIX CTBOJIOB OrPaHUYEH Mana3oHoM
102-114 mM. MOMKUMO 3TOrO, TEXHONOTMA NPOBEAEHUS HOKOBLIX
CTBOJIOB CBSI3aHa CO 3HAYNTENIbHBIMU TEMMAMU HA6OPa KPUBU3HbI
(ManeiMu pagnmycamu KpMBU3HbI BOKOBbLIX CTBONOB) [2].

Puc. 4. BO3MOXHOCTb BNUCHIBAEMOCTM CKBAXMUHHOTO 060pyA0BaHUs

B UCKPUBNIEHHbIE 06CAAHbBIE KONOHHbI C HOKOBLIM CTBOIOM Maforo AMamMeTpa
B 3aBUCUMOCTM OT TEMNA KPUBM3HbI NPU BHYTPeHHeM fuameTpe 102 MM

Fig. 4. The ability of downhole equipment to fit into curved casing with
sidetracks of small diameter as a function of the rate of curvature

at aninternal diameter of 102 mm

However, the use of sidetracks presents many problems both
during drilling and when running these systems. This is due to
the fact that sidetracks have to be run from main bores, which
have smallinternal diameters of 122-150 mm. For this reason,
large-diameter cutters cannot be used for sidetracking, and
the casing diameter for sidetracks is limited to 102-114 mm.
Besides this, sidetracking technology is associated with
significant rates of curvature set (small radii of sidetracking
curvature) [2].

Fig. 2 shows a typical profile of a small-diameter sidetracked
well, such as those constructed at LUKOIL-PERM facilities. These
profiles have very high rates of curvature set at small inner
casing diameters. The profiles were built based on inclinometry
of wells with sidetracks using “Autotechnologist” software,
which is used for selection, diagnostics and optimization of
downhole pumping equipment for oil production.

The analysis of inclinograms shows that many wells cannot be
operated with standard equipment for two reasons. First, the
diameter dimension of many commercially available downhole
pumping units exceeds the diameter of the borehole sidetrack.
Secondly, the high rate of curvature setting and significant
deviation of borehole axis from the vertical do not allow normal
operation even for pump units with small diametric dimensions.
Thus, fig. 3 shows a table generated during depth matching
of downhole rod pumping units with maximum diameter
of 73 mm. The red colour of many of the depth intervals indicates
that even this small-diameter equipment cannot be installed
without bending, because the rate of curvature gain is too
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Puc. 5. N3HoC napsbl «wWwTaHra — KONOHHA HACOCHO-KOMNPECCOPHbIX TPY6»

Fig. 5. Wear and tear of the sucker-rod/tubing string pair

Ha puc. 2 npepcTaBneH TMIMYHBIA Npod UMb CKBaXMUHbI € 60-
KoBblM cTBOJIOM Manoro guametpa (BCMJ), kakue cTposaTcs
Ha o6bekTax 000 «JIYKOW-MEPMby. 3T1 npothuan MMeIoT 0YeHsb
GosblMe TeMnbl HAbOpa KPUBU3HBI PYU MaNbIX BHYTPEHHUX fUa-
MeTpax 06cafHbX KOJIOHH. Mpoduan nocTpoeHbl Ha 0CHOBaHMM
WHKJMHOMETPUU CKBAXXUH C BOKOBLIMM CTBOJIAMMU C MOMOLLbIO
nporpammHoro obecnedenus (M0) «ABTOTEXHONOM», NpUMe-
HieMOTo /1A NOA60pa, AMarHOCTUKM U ONTUMU3ALUK paboThl
CKBAXXMHHOTO HAaCOCHOr0 060PYAOBAHMUA A5 B06bIYM HEDTH.
AHanu3 UHKAMHOrPaMM MOKa3blBAeT, YTO MHOTUE CKBAXMHbI
HEe MOTyT 3KCMJIyaTUPOBATLCA C MPUMEHEHUEM CTAHAAPTHOTO
o6opynoBaHus No fByM npuunHaM. Bo-nepebix, AMameTpanbHblii
rabapuT MHOTUX CEPUITHO BbIMYCKAEMbIX CKBaXXUHHbIX HACOCHbIX
YCTaHOBOK MpeBbIWAeT AUAMETP NPOXOAHOTO CeYeHus GOKo-
BbIX CTBOJIOB CKBaXWH. Bo-BTOpbIX, 60/1blMe TeMNbl Habopa
KPWUBM3HBI M 3HAYUTENILHOE OTK/IOHEHWE OCU CKBAXKMHBI OT BEp-
TUKaNU He NO3BONIAIOT HOPMaNbHO PaboTaTb Aaxe HACOCHBIM
YCTAHOBKAM, UMelOLLUM MaJible AMamMeTpabHble rabaputsl. Tak,
Ha puc. 3 npefcTaBfeHa Tabnuua, chopMUpOBaHHas Npu nog-
6ope no rny6uHe CKBaXMHHbIX WTAHrOBbIX HACOCHbIX YCTAHOBOK
C MaKCMManbHbIM anameTpom 73 mm. KpacHblii LBeT MHOTUX
WHTEpPBaJOoB rMyOUH rOBOPUT O TOM, YTO 34E€Cb HEBO3MOXHO
YCTaHOBMUTb flaXKe TaKoe ManorabaputHoe obopynoBaHue 6es 13-
rmba — cNUWKOM BENUKM TeMMbl Habopa KpuBK3HEL. Kpome Toro,
Ha puc. 3 BUAHBI 3HAYKU, CBULETELCTBYIOLMUE O TOM, YTO B ITUX
WHTepBanax rny6uH HET BOZMOXHOCTM UCMOJb30BaTh HACOC,
MOTOMY 4TO CTAHAAPTHblE KNanaHbl paboTaTh B TaKKUX YCNOBUAX
HE MOTYT MO NPUYMHE CIULIKOM BONbIIOTO OTKIOHEHUS OCH
CKBaXMWHbl OT BEPTUKANN.

AHann3 BO3MOXHOCTU NPUMEHEHUs B YKa3aHHbIX CKBaXMHAX
MMEHHO WUTAHIOBbIX HACOCHBIX YCTAHOBOK OOYCNOBAEH TEM,
41O Ae6MT 6ONbWMHCTBA HEDTAHBIX CKBAXWUH C 6OKOBbLIMY
cTBONaMm Ha ob6bekTax 000 «JIYKOWN-MEPMb» cocTasnsert
5-15m3/cyT, 4TO CyLLEeCTBEHHO OrPaHUYMBAET NepeyeHb AOCTY-
HOrO CKBAXXMHHOro 060pyaoBaHua [3].

high. The icons in fig. 3 also shows that no pump can be used in
these depth intervals because standard valves cannot operate
in these conditions because the borehole axis deviates too far
from the vertical.

The analysis of the possibility of using rod pumping units in
the mentioned wells is conditioned by the fact that flow rate
of most oil wells with sidetracks on the objects of LUKOIL-PERM
is 5-15 m®/day, which considerably limits the list of available
downhole equipment [3].

Fig. 4 shows plots of the possibility of placing downhole
equipment in the sidetracks of wells. Unfortunately, sidetracks
are lined with pipes with an inner diameter of, at best, 102 mm.
As we can see from the figure, practically all standard types
of equipment can work there only if the rate of curvature in
sidetracks does not exceed 2-4° per 10 m. In reality the rate
of curvature can be as high as 8-12° per 10 m (fig. 3). If we
take into account that the length of equipment is only 6-8 m,
it becomes obvious that none of the standard equipment
(including size 2A ESP unit) could be installed in such boreholes.
If the inside diameter of the casing pipe is 89 mm, it is almost
impossible to install any down-hole pumping units at all.

FEATURES OF SMALL-DIAMETER SIDETRACKED WELLS
OPERATED BY THE SUCKER-ROD METHOD

The main way of operating low-yield wells worldwide is the rod
method. However, many problems arise when operating with
this method of sidetracking, such as:

1) the inability to fit standard equipment in a small-diameter
side shaft without bending;

2) significant deviations of the borehole axis from the vertical:
® inability to operate the valves properly;

3) high friction forces of the rods against the tubing string:
¢ wearing through of rods (couplings), centralizers and pipes;
¢ rod and pipe column breaks;

® loss of tightness of the tubing strings;

¢ “hanging” of the pipe columns, no downward movement of
the ram.

Fig. 5 shows the worn pipe fragments, the rod coupling and
the centralizer mounted on the rod to protect it from wear.
The “Autotechnologist” software has a block for calculating
so-called contact loads and stresses, showing why and how
complications arise in terms of wear and tear on the rod/ string
casing pair. The results of the calculation are presented in
fig. 6. On the left is the borehole profile and contact loads
(contact stresses) that occur when the sucker-rod string is
running in deviated wells. The deformation along the depth
of the well indicates the rate of wear of the rod/string casing
pair. Calculations have shown that the use of sucker rods in
small-diameter sidetracked well, even with many aligners (up
to four per sucker rod), does not solve the problem of wear.
When running small-diameter sidetracked well with 89 mm
casing, it is necessary to use tubing with a diameter of no
more than 60 mm, which does not allow working with standard
22 mm pump rods.

Therefore, a rope rod pumping unit scheme has been proposed
for such conditions.
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Ha puc. 4 npeacTtaBneHsl rpaku 3aBUCUMOCTHM BO3MOKHOCTH
pa3MelleHUs CKBaXXMHHOTO 060pyA0BaHMA B 60KOBbIX CTBOJIAX
CKBaXWH. boKoBble CTBOJ/IbI CKBAXMWH, K COXaeHMt0, 06CaxeHbl
Tpy6aMu ¢ BHYTPEHHUM LUAMETPOM, COCTABASIOWMM B JIyyLIEM
cnyyae 102 mm. Mpu 3TOM, KaK BULHO U3 PUCYHKA, MPAKTUYECKH
BCE CTAHAAPTHble BUAbI 060PYLOBaHUSA MOTYT TaM paboTath,
TONILKO €C/IM TeMnbl Habopa KpUBU3HbI B GOKOBbLIX CTBOMAX
He npeBbIWaT 2—4° Ha 10 M. Ha pene xe Temnbl Habopa Kpu-
BU3HbI MOTYT focTUraTh 8-12° Ha 10m (puc. 3). Ecan npu 3Tom
NPUHATD, YTO AANHA 060PYAOBAHUA COCTABNAET BCErO 6-8 M,
CTAHOBUTCA OYEBUIHO, YTO HU OAWH U3 BULOB CTAaHAAPTHO BbINy-
cKaemoro o6opyaosaHus (B Tom uncne yctaHosky ILH rabaputa
2A) B Takue CTBO/IbI HEJIb3A YCTAHOBUTb. ECNn e BHYTPeHHMIl
AnameTp obcagHol Tpybbl cocTaBnseT 89 MM, To BOOOLLE Npak-
TUYECKN HEBO3MOXHO YCTAaHOBUTL KaKMe-TMbB0 CKBAXKUHHbIE
HAcOCHble arperarsl.

OCOBEHHOCTH IKCNAYATALIUN CKBAXKUH

C BOKOBbIMU CTBOJIAMU MAJIOTO ANAMETPA
IITAHFOBbIM CMOCOBOM

OCHOBHbIM CNOCOBOM 3KCMyaTaLUM MANOAEOUTHBIX CKBAXMUH
BO BCEM MUpe CYUTaeTCA WTaHroBbld. OAHAKO Npu aKcnayaTaLuu
C NOMOLLbI0 LAHHOTO cnocob6a BOKOBEIX CTBOJIOB MOSABAAETCS
MHOeCTBO Npo6aeM, TaKUX Kak:

1) HEBO3MOXHOCTb Pa3MeLLEHUA CTaHAAPTHOrO 060pyAOBAHNUA
B 6OKOBOM CTBOJIE Manoro fuameTpa 6e3 nsruba;

2) 3HauYMTEeNbHbIE OTKJIOHEHMA OCU CKBAXMWHbI OT BEPTUKANN:

® HEBO3MOXHOCTb HOpPMabHOI paboTbl KNanaHos;

3) 6onblUMe CUIbI TPEHUSA WTAHT O KOIOHHY HACOCHO-KOMMpec-
copHbIx Tpy6 (HKT):

® NpoTUpHI WTAHT (MydT), LEHTPATOPOB U TPY6;

® 06pbIBbI KOJIOHH LWITAHT U Tpy6;

® oTeps repMeTUYHOCTM KONOHH HKT;

® «33aBMCAHUE» KONOHH WTAHTF, OTCYTCTBUE ABUXKEHMSA NAYHXKEPa
BHU3.

Ha puc. 5 noka3saHsl U3HOWeEHHble hparmMeHTbl TPYObI, WTAHToBas
MydTa 1 LeHTPaTop, YCTAHOBNEHHbIN HA WTAHTY AN 3aWUTI
0T U3HOCa.

B M0 «ABTOTEXHONOr» UMEETCA BIOK pacyeTa TaK HasbiBae-
MbIX KOHTaKTHbIX Harpy30K U HanpseHWi, NoKa3bliBaoWMii,
NoYeMy U Kak BO3HWUKAIOT OCJIOXHEHUSA B 4aCTW M3HOCA Napsl
«wTaHra — konoHHa HKT». WToru pacyeta npeacTaBieHsl
Ha puc. 6. CneBa noKa3aHbl NPOPUAb CKBaXKWHbI U KOHTAKTHbIE
Harpy3Kku (KOHTaKTHblE HANPAXKEHUs), BO3HUKAIOWWe Npu paboTe
WITAHrOBOM KONOHHbI B UCKPUBNEHHBIX CKBaXMWHax. ledopma-
LMA No rnyGuHe CKBAXKMHbI TOBOPUT O TEMMAX U3HOCA napsl
«wTaHra — konoHHa HKT». Kak noka3biBaloT pacyeThbl, UCNOJb-
30BaHue B BCM[ wraHr gaxe c 60bWMUM KOJUYECTBOM LIEH-
TPaTopoB ([0 YeTbipex WTYK HA KaXAOW WTaHre) He pelwaet
npo6aembl u3Hoca. MNpu 3kcnnyatauum 6CM, ¢ o6capHoii Ko-
JIOHHO C BHYTPEHHUM AMAMETPOM 89 MM HEOOXOAMMO UCMOJIb-
3oBatb HKT ¢ anametpom He 6onee 60 MM, UTO He MO3BONSET
paboTaTh CO CTAHAAPTHBIMU HACOCHBIMU WTAHTaMU ANAMETPOM
22 MM,

MoaTomy Ans paboThl B TaKUX YCJIOBUAX Obla NPeANOXKeHa CXeMa
HaCOCHOM YCTAHOBKM C KAHATHON WTAHIOMN.

When the rope is used as a sucker-rod string, completely different
operating conditions arise: the absence of sucker-rod couplings
and the smooth surface of the specially designed rope results
in a uniform distribution of contact loads along the entire
sucker-rod-contact length, which can reach 200-500 m, which
reduces contact forces and wear many times over. As a result,
the wear intensity of a rod/tubing string pair decreases 20-30
times, even at depth intervals with high rates of curvature
set. These theoretical calculations were further confirmed in
practice during implementation of downhole pumping units
with rope rods.

FEATURES OF SMALL-DIAMETER SIDETRACKED

WELLS OPERATED BY DOWNHOLE PUMPING UNITS

WITH ROPE RODS

In recent years, many oil and gas companies (Tatneft, Rosneft,
LUKOIL, etc.) have widely applied the method of compacting
the grid of production wells, which makes it possible to
significantly increase the oil recovery factor by constructing
a number of new wells at long-operating fields. For example,
Tatneft has adopted a programme to almost double the number
of production wells. In order to reduce the construction costs
of these additional and mainly low-yield wells, production
casing with a diameter of 89-114 mm is used. This reduces
the cost of well construction by two to three times compared
with the construction of wells where casing with a diameter
of 146 or 168 mm is used.

However, new problems arise, which include:

1) long payback period for small-scale equipment - electric
motor-driven vane pumps (centrifugal pumps);

2) the impossibility of placing small equipment (electric motor-
driven vane (centrifugal) pump units) without bending in small
diameter curved boreholes;

3) the inability to place standard sucker-rod strings in small
diameter wells;

4) high friction forces between the rods and the tubing string
in small-diameter curved wells.

Many of these problems can be solved by using borehole
pumping units with rope rods. There are different applications
for rope rods:

1) a rope rod is mounted at the top of the casing instead
of 22 or 25 mm diameter rods for maximum load capacity.
A production casing with an internal diameter of 89 mm cannot
accommodate a tubing string of more than 60 mm, and only
rods with a nominal diameter of 19 mm can be run in this
tubing string, with maximum loads not exceeding 55-60 kN.
In order to increase the permissible maximum load, a rope
rod, which in this case is 200-600 m long, is used instead of
the pump rods;

2) a rope rod replaces the entire rod string from the polished
wellhead rod to the weighted bottom of the rod string
(5-10 rods), providing downward travel of the pump plunger.
This scheme may be implemented in small-diameter casing
strings, at great depth of sucker-rod pump suspension and in
highly curved wells with high intensity of sucker-rod and pipe
wear. A rope rod up to 3000 m long can be used in this variant;
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HACOCbl. KOMMPECCOPbI

Mpu paboTe KaHaTa B KAYeCTBE KOMIOHHbI WITAHT BO3HUKAOT
COBEpPLWEHHO ApYrue yCNoBMA 3KCNNyaTauuu: oTCyTcTBUE
WTaHroBbix MydT W rNafkas NOBEPXHOCTb KaHaTa cneunanb-
HOM KOHCTPYKLWM NPUBOAAT K paBHOMEPHOMY pacnpefenieHunio
KOHTAKTHbIX Harpy3oK Mo BCcel AanHe KoHTaKTa wraHru u HKT,
KoTopas MoxeT gocturatb 200-500 M, YTO MHOrOKpaTHO CHUXaeT
KOHTaKTHble yCUAKUA U U3Hoc. B pe3ynbTate MHTEHCMBHOCTb
“3Hoca napsl «wraHra — konoHHa HKT» cHuxaetca B 20-30
pas3 Aaxe B MHTepBanax ry6uH c 60abWUMK TeMNaMK Habopa
KPWUBM3HBI. ITU TEOPETUYECKUE pacyeThl OblN B flanbHeillem
NoATBEPXKAEHbI HA NPAKTUKE NPU BHEAPEHUM CKBAXKMHHbIX HACOC-
HbIX YCTAHOBOK C KAHATHLIMMU WTAHraMu,

OCOBEHHOCTHU 3KCNAYATALUU CKBAXWH C BOKOBbIMHU
CTBOJIAMW MAJBIX AUAMETPOB C MOMOLLbIO
CKBAXXWHHbIX HACOCHbIX YCTAHOBOK C KAHATHbIMU
LUITAHTAMHU

B nocnepHue roabl MHOrne HedTerasoBble KOMMAHUK
(MAO «TaTHehTby, MAO «HK «PocHed Ty, MAO «JTIYKOWI» u gp.)
WWAPOKO NPUMEHSAIOT NPUEM YNIOTHEHUSA CETKU A0OLIBAOLLNX
CKB@XXWH, 4TO NO3BOJAET CYLECTBEHHO NOBbLICUTb KOIDPULMEHT
U3BeYeHUs HedTH 33 CYET CTPOUTENLCTBA OJLLIOTO KoNUYe-
CTBA HOBbIX CKBAXWH Ha AABHO 3KCMIYyaTUPYIOLWMXCA MECTO-
poxpaeHusax. Hanpumep, B [AQ «TaTHedTb» NpuMHATa nporpamMma,
npefycMaTpuUBaloLLas NpaKTUYeCKn YABOEHUE Yncaa LOObIBAIO-
WMX CKBAXWH. B Lensax cokpalleHns pacxofoB Ha CTPOUTENLCTBO
3TUX LONOJIHUTENbHBIX U B OCHOBHOM Manofe6UTHBIX CKBaXKUH
B HWX UCNOMb3YIOTCA IKCMIyaTaLMOHHbIE KONOHHBI ANAMETPOM
89-114 mM. 3T0 NO3BONAET CHU3UTHL CTOMMOCTb CTPOUTENLCTBA
CKBaXMWHbI B 2—3 pa3a no CpaBHEHUIO CO CTPOUTEIbCTBOM CKBA-
XUWH, B KOTOPbIX MPUMEHSAIOT 00CafHbIE KONOHHbI AUAMETPOM
146 nnn 168 mm.

0nHaKo npw 3TOM NOABAAIOTCSA HOBLIE NPOBNEMBI, B YUCNIE KOTO-
pbIX:

1) 60/1bLLOI CPOK OKYNAeMoCTH ManorabapuTHoro 06opynoBaHus
— YCTaHOBOK 3N1€KTPONPUBOLHBIX TONACTHBIX (LEHTPOGEXKHbIX)
HacocoB;

2) HEBO3MOXHOCTb pa3melyeHus ManorabaputHoro o6opyno-
BaHMA (YCTAHOBOK 3/1eKTPONPUBOLAHbIX JIONACTHbIX (LEHTPO-
GeXHbIX) HacocoB) 6e3 U3rnba B UCKPUBEHHbLIX CKBAXMHAX
Manoro AnameTpa;

3) HEBO3MOXHOCTb pa3MelleHns CTaHJaPTHBIX WTAHTOBbIX
KONOHH B CKBAXXMHAX Manoro AMameTpa;

4) 60/blUME CUJIbl TPEHUS WTAHT 0 KoNoHHY HKT B UCKpUBNEHHBIX
CKBaXXMHax Manoro guamerpa.

MHorue u3 3Tux npobaem MOryT 6bITb PeLleHbl MyTEM UCMOJIb30-
BAHMA CKBaXXMHHbIX HACOCHbIX YCTAHOBOK C KAHATHbLIMU WTaH-
ramu.

CywecTByIOT pa3Hble CXeMbl NPUMEHEHUA KAHATHbIX WTaHT:

1) KaHaTHaA WTaHra MOHTUPYETCA B BEPXHEN YacTU KOJOHHBI
BMECTO WTAHT [UAaMETPOM 22 unu 25 MM ans obecneyeHns mak-
CUManbHOMN rpy30NoABLEMHOCTU. B akcniyaTauMoHHON KOMOH-
He C BHYTPEHHWUM fuameTpomM 89 MM HEBO3MOXHO Pa3MecTUTb
konoHHy HKT guametpom Gonee 60 MM, a B 3Ty KoJoHHy HKT
MO3HO CMYCTUTb TOJIbKO WTAHTU C YCIIOBHbIM AAMETPOM 19 MM,
MaKCUMasbHble Harpy3Ku Ha KOoTopble He MOryT npessbliwaTts 55-60

KOHCTPYKLMA WTAHIK: WTAHra C YeTbIPbMA LLEHTPaTOPaMu
Rod design: rod with four centralizers

KoHTakTHas
Harpy3Ka «WTaHra —
HAaCOCHO-KOMNpeCccopHas
Tpy6a» no rnybute, MMa
Borehole contact load
in the rod/string pair, MPa
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Puc. 6. PacueTHble 3HaYeHMA KOHTAKTHOI Harpy3ku u gecdopmauum B nape
«WTaHra — KOJIOHHA HaCOCHO-KOMNPECCOPHBIX TPYO»

Fig. 6. Calculated values of contact load and deformation in the sucker-
rod/tubing string pair

3) the rope rod is installed in a section of the string where
there is intense wear on the rod-tubing string pair (e. g., in
the sidetracking area). In this case, the length of special rope
insert may be 150-600 m [4].

For rope rod operation special pumps type NND2 according to
[5], pumps of 2SP or SPR series as well as pumps with discharge
chamber type NNRK can be used, providing forced plunger
downwards movement as well as valve system operation at
deviation from vertical up to 65 °.

However, in many cases, standard pump units can also be paired
with a rope rod if the deviation angle from vertical doesn’t
exceed 48 °, which significantly reduces the cost of downhole
equipment.

In order to operate well pumping units with a rope rod
efficiently, a rope design had to be created to ensure:

1) minimum deformation (lengthening) of the rod string (rods
and rope) in order to maintain the required effective stroke
length of the rod pump plunger;
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KH. B uensx ysenuyeHus onycTumMon MakCUManbHoOM Harpy3Kku
BMECTO HAaCOCHBIX WTAHT NPUMEHAETCA KaHaTHaA WTaHra, ANnHa
KOTOpO# B JaHHOM cnyyae coctasaset 200—-600 m;

2) KaHaTHas WTaHra 3aMeHsAeT BCIO KONOHHY WTaHT OT NOJUPO-
BAHHOTO WTOKA YCTbEBOIO 060PYAOBAHUA [0 YTAKENEHHOO
HW3a WTaHroBOM KONOHHbI (5-10 wraHr), obecneynsaloLLero xog,
MyHXepa Hacoca BHU3. [laHHas cxema MOXeT GbITb peann3oBaHa
B 06CafiHbIX KONIOHHAX Maoro AUaMeTpa, npu 60MbLION ry6uHe
NoABECKM WITAHFOBOI0 HACOCA, @ TAKKE B CUIbHO UCKPUBNEHHbIX
CKBaXXMHAX C BbICOKOW MHTEHCMBHOCTbIO U3HOCA WTAHT U Tpyo.
B naHHOM BapuaHTe MOXET 6bITb UCMONb30BaHA KaHATHAA LWTaHra
AnvHon go 3000 m;

3) KaHaTHaA WTaHra yCTaHaBNMBAEGTCS B y4aCTOK KONOHHbI, rae
NPOUCXOLUT UHTEHCUBHBIN M3HOC Naphbl «WTaHra — KoaoHHa HKT»
(Hanpumep, B 30He 3ape3ku BOKOBOrO CTBOA), @ BEPXHAS U HUXK-
HAAS YaCTW WTAHTOBOM KOOHHbI COCTABNAITCA U3 CTAHAAPTHbIX
WTaHr HeobxoaMMoro fuameTpa. [iMHa BCTaBKW U3 cnelmanb-
HOrO KaHaTa B 3TOM CJly4ae MOXET cocTaBATh 150-600m [4].
[ins paboTbl ¢ KAHATHOM WTAHTOM MOTYT GbITb UCMONb30BAHbI
cneymanbHble Hacocsl Tna HHA2 no [5], Hacocsl cepuit 2CN
unu CIP, a Take Hacockl ¢ pa3psagHon Kamepon Tuna HHPK,
obecneyunBaioLye NPUHYANUTENBHOE BUXEHNE NYHKEPA BHU3,
a TaKxxe paboTy KNanaHHO CMCTEMbI NPU OTKJIOHEHUM OT Bep-
Tnkanu go 65 °. OaHaKo BO MHOTUX CNy4asnX B Nape C KaHaTHOW
WUTAHroi MOTYT GbITb UCMOJb30BaHbI U CTAHAAPTHbLIE HACOCHbIE
arperarbl, €CIM Yrofl OTKIOHEHUA OT BEPTUKANM He NpeBbllaeT
48 °, 4TO 3HAUNTENLHO CHUXKAET CTOMMOCTb CKBAXMHHOTO 060-
pynoBaHMs.

Ins acdekTMBHON paboThbl CKBaXKUHHBIX HACOCHbBIX YCTAHOBOK
C KaHaTHOIA WTaHToi He0HX0AMMO BbINIO0 CO3AaTh KOHCTPYKLMIO
KaHaTa, obecneunBamwLLyio:

1) MMHMManbHble gecopmaLuy (YAAMHEHNS) COCTaBHON KONOHHbI
WTaHr (WUTAHTK + KaHaT) B LeNAX CoXpaHeHUs Heobxoaumoi
3¢ PeKTUBHOM SANHbLI XOA4a NJIYHKEpa WTAHTOBOro HAcoCa;

2) BO3MOXHOCTb CO@AMHEHUSA KaHaTa C KONIOHHOW WTaHT Npu pae-
HOMEPHOM HarpyeHWn BCex NPOBOJIOK KaHaTta, OTCYTCTBUN
B MPOBOJIOKAX HaNpsKEHWIt U3rnba, Manblx JUaMeTpabHbIX
W 0CeBbIX rabapuTax ycTpoiicTBa coefiMHEHMUsA (KaHAaTHOM 3a-
LenKu);

3) Hanbosee raaKyto HapYXHYK NOBEPXHOCTb KaHaTa ANs MUHM-
MU3aLMUN KOHTAKTHbIX HAaNpsXXeHUA B 30He KOHTAKTa «KaHaT
— KonoHHa HKTy»;

4) HanMuMe CMa3KM B 30HE KOHTAKTA «KaHaT — KoNoHHa HKT»;

5) rpy30M0LbEMHOCTb, NPEBbILWAIOLLYI0 MAKCUMABHO JONYCTU-
Mbl@ Harpy3Ku A1 HAaCOCHbIX WTAHT AMaMETPOM 22 1 25 MM;

6) NpMeMneMyo CTOMMOCTb KaHaTa B LieNsaX WUPOKOro BHepe-
HUS HACOCHBIX YCTAaHOBOK Jaxe Npu MasblxX [ebUTax CKBaXMuH.
B pe3ynbrate coBMecTHOM paboTsl yueHbix U3 Poccuiickoro rocy-
LapCTBEHHOro yHMBepcuTeTa HedTH 1 ra3a (HaumoHanbHoro
nccnefoBaTebCKoro yHusepcuteta) umenu U.M. y6kuHa, segy-
wux cneuuanuctos 000 «JIYKOAN-MEPMby u AO «CeBepcTans
KaHaTbl» 6bl1M pa3paboTaHbl KaHaThbl 3aKPLITON KOHCTPYKLMK
LN KaHaTHOW wTaHru ¢ Z-, X- u 0-06pa3HbIMU NPOBOOKAMM
W cneumnanbHble rofI0BKW KaHATHOM WTAHK, B KayecTBe KOTO-
pbIX UCMONb3YIOTCA 3aAeNKM, 06ecneynBaioLe paBHOMEPHOE
HarpyeHwue BCex NPOBOJIOK KaHaTa. Ha KoHLax 3aAenoK umeeTcs

Puc. 7. CeueHune kaHaTa
Fig. 7. Cross-section of the rope

2) the possibility of connecting the rope to the string with
uniform loading of all rope wires, no bending stresses in the
wires, small diameter and axial dimensions of the coupling
device (rope termination);

3) the smoothest rope outer surface possible to minimise
contact stresses in the rope-to-tubing contact zone;

4) the presence of lubricant in the rope-to-tubing contact zone;
5) load capacity in excess of the maximum permissible loads
for pump rods of 22 and 25 mm diameter;

6) acceptable cost of rope in order to introduce pumping units
widely, even at low well rates.

As aresult of joint work by scientists from the Gubkin Russian
State University of Oil & Gas (National Research University),
leading specialists from LUKOIL-PERM and Severstal Wire
Ropes, closed rope design for rope rod with Z-, X- and 0-shaped
wires and special rope rod heads were developed, which use
terminations to ensure uniform loading of all rope wires.
The ends of the terminations are threaded for connection to
a pump plunger, polished rod or boom column, the Z-wires are
placed only in the outer rope layer, and the alternating X- and
0-wires are placed in the rope layer following the outer rope
layer. The number of Z-, X- and 0-wires, the profile of the Z- and
X-wires and the diameter of the O-wires are chosen based on
the rope diameter, in order to ensure that the Z-, X- and 0-wires
fill the cross-sectional area of the respective layer as much as
possible (fig. 7).

The rope fulfils almost all the requirements, namely:

1) the modulus, or stiffness, of the rope is 85-92 % of the
stiffness of a 22 mm diameter rod string;

2) special grips (rope terminations) with an outer diameter of
only 2.3-3.0 rope diameters can be used for closed ropes without
organic rope core. For comparison, the diametral dimension of
the rope shackles used as grips (terminations) for ropes with
an organic core is 5-8 times the diameter of the rope itself;
3) formed by the Z-wires interlocking with each other, the
outer surface of the closed rope structure is practically smooth

(fig. 8);
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Puc. 8. 3D-mopenb 3afenku KaHaTHOM WTAHIW ANS MOAENMPOBAHMA

¥ ONTUMU3NPOBAHHAN KOHCTPYKLMA KAHATHOM 3afenKku:

1 - KOHMYecKas BTYKA; 2 — KIMHOBbIE BKNAAbIWY; 3 — 6aHAax;

4 — cTONOpHasA raitka; 5 — canbHble KNUHbA; 6 — KOpNYC;

7 — COeAMHUTENbHAsA BTYNKA; 8 — KOHUYECKan BTY/KA; 9 — KaHaT 3aKpbIToi
KOHCTpYKLUMM

Fig. 8. 3D model of the rope rod termination for the simulation

and the optimized design of the rope termination:

1 - conical bushing; 2 — wedge inserts; 3 — bandage; 4 - lock nut; 5 - oily
wedges; 6 — body; 7 — connecting sleeve; 8 - conical bushing; 9 — wire
closed design

pe3bba AN CoefUHEHUSA C MIYHXEPOM HACcOCa, NOSIMPOBAHHbIM
LUTOKOM M/ KONIOHHOW LWTaHTF, Z-06pa3Hble MPOBOJIOKM pacmno-
NIOXEeHbl TOJILKO B HAPYXHOM CJl0€ KaHaTa, a Yepepyiolymecs
X- 1 0-06pa3Hbie NPOBOIOKM — B CNIEAYIOLEM 33 HAPYXKHBIM CI0€
kaHaTa. KonnuecTtBo Z-, X- n 0-06pasHbix NpoBoNok, Npothusb
Z- v X-06pasHbix NpoBONOK U AuameTp 0-06pasHbIX NPOBONOK
BbIOpaHbl UCXOAA U3 AMaMeTpa KaHaTa B Lensx obecrevyeHus
MaKCMManbHOro 3anonHeHus Z-, X- u 0-o6pasHbIMU NPOBONO-
KaMu nonepeyHoro ceyeHms COOTBETCTBYIOWEro cnos (puc. 7).
KaHaT oTBeYaeT NpakTUYECKN BCEM yKa3aHHbIM Tpe6oBaHUAM,
a UMEHHO:

1) yCNOBHBIA MOAYNb, UNIN XKECTKOCTb KaHaTta, cocTasnseT
85-92 % }eCTKOCTU KOJIOHHbI MPYTKOBbIX HACOCHbIX LWTAHT fM1a-
MeTpoM 22 MM;

2) LNs KaHaTa 3aKpbITOi KOHCTPYKLMM 6€3 cepAeyHUKa U3 opra-
HUYECKUX MAaTepuanos MOXHO MCMONb30BaTb CelnanbHble
3axBatbl (KaHaTHble 3aleNIK1) C HAPYXHbIM MaMeTpoM, COo-
cTasnsawwWwmm Bcero 2,3-3,0 mameTpa KaHata. 114 cpaBHeHus,
AMaMeTpanbHbI rabapuT Koylei, NCNONb3yeMbIX B KayecTBe
3axBaToB (33[1€/10K) KaHATOB C OPraHUYeCKUM CepAEeYHUKOM,
coctasniseT 5—-8 AnamMeTpoB CaMoro KaHara;

3) o6pa3oBaHHas Z-06pa3HbIMM MPOBOJOKAMU, BXOAALMMY
B 3auenneHue (3aMoK) Apyr C APYrOM, HapyXKHas NoBepXHOCTb
KaHaTa 3aKpbITOi KOHCTPYKLMM NPaKTUYECKM rnagkas (puc. 8);
4) N0 TIMHWAM CONPUKOCHOBEHMUSA Z-00pa3HbiX MPOBOJIOK Ha No-
BEPXHOCTM KaHaTa 3aKpbITON KOHCTPYKLUMM 06pa3oBaHbl BUH-
ToO6pasHble KaHaBKW C nonepeyHbiM pa3mepom 0,1-0,3 MM,
ABNAIOLMECA XOPOLKUM pacnpeAeneHHbIM «pe3epByapomy, 3anon-

.10

Puc. 9. 06wWwas cxema CKBaXMHHOW HACOCHOM YCTAHOBKM C KaHATHO
WTaHTON:

1 - NpUBOQ WITAHTOBOI HACOCHOI YCTaHOBKM; 2 — 060pyA0BaHME YCTbA
CKBaXMHbI; 3 — NOAMPOBAHHbI WTOK; 4 — BEPXHAA KaHaTHaA 3afiefka;

5 — KOJIOHHA HAaCOCHO-KOMNPECCOPHBIX TPY6; 6 — KaHATHAA WTAHTa;

7 — HUXHAA KaHaTHasA 3afieNka; 8 — «TAXENblit HU3» KONOHHbI WTaHT;

9 — nayHxep co WToKoM; 10 — UMAUHAP WTAHrOBOro Hacoca

Fig. 9. General scheme of the borehole pumping unit with a rope rod:

1 - rod pumping unit drive; 2 — wellhead equipment; 3 - polished rod;

4 - top rope termination; 5 — tubing string; 6 - rope rod; 7 - bottom rope
termination; 8 - “heavy bottom” of the rod string; 9 - plunger with rod;
10 - rod pump cylinder

4) helical grooves of 0.1-0.3 mm in cross-sectional dimension
have been created along the contact lines of Z-wires on the
surface of the closed construction rope, which are a good
distribution “reservoir” filled with liquid (oil) or semi-liquid
(mixture of oil, paraffin, micro-crystalline wax) lubricating
material available in each production well. This prevents
so-called dry friction from occurring in the rope-tubing contact
zone.

The rope diameter used today as the boom column is 20 mm.
The breaking force of the rope reaches 36.2 tonnes, which is
about 2.5 times higher than that of a 22-mm-diameter rope in
“special” or “super” versions of strength group D. Therefore, the
possibility of using rod pumps in wells with a suspension depth
of up to 2.5-3.0 thousand meters can be solved by using a rope.
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Puc. 10. Cxema CKBaXMHHOM HAaCOCHOM YCTAHOBKM C KaHATHOM LWITAHTOM
AN paboTbl B 60OKOBOM CTBO/E HE(TAHON CKBAXMUHbI:

1 - CTaHOK-Kayanka; 2 — yctoesoe 060pyaoBaHue; 3 — CKBaXUHHbIA Hacoc;
4 — KaHaTHaA WTaHra; 5 — ueHTpatop

Fig. 10. Diagram of downhole pumping unit with rope rod for work

in the lateral wellbore of an oil well:

1 - pumping unit; 2 - wellhead equipment; 3 - borehole pump; 4 - rope
rod; 5 - centralizer

HEeHHbIM XUAKUM (HeTbiO) AU NONYKUAKUM (CMeCbio HedTH,
napaduHa, uepe3nHa) CMa304YHbIM MaTEPUANIOM, UMEIOLLUMCS
B KaX[0il fo06blBaloLe CKBAXKMHE. ITO NPensTCTBYET BO3-
HMKHOBEHWIO TaK Ha3blBAEMOTr0 CyX0ro TPEHWA B 30He KOHTaKTa
«KaHaT — KonoHHa HKT».

[lnameTp KaHaTa, KOTOPBIA CErOAHA UCMOMb3YeTCA B KayecTBe
KOMIOHHBbI WTaHr, — 20 MM. Pa3pbiBHOE ycuave KaHaTa fjocturaer
36,27, 4TO NPUMEPHO B 2,5 pa3a bosblue, YEM Y WTAHTU FPYNMbI
MPOYHOCTM «[l» B UCMONHEHUN «CNeL» UIN «Cynep» LUaMeTPOM
22 mM. TTo3TOMy 33 CYET MCNONb30BAHUA KaHaTa MOXET ObiTb
pelueH BONPOC 0 BO3MOXHOCTU NPUMEHEHMSA ITAHTOBbIX HACOCOB
B CKBaXWHax ¢ rny6uHoin noaseckun fo 2,5-3,0 Thic. M.

[lns pa3meleHus kaHata B kosioHHe HKT manoro guametpa 6bina
paspaboTaHa cneuyuanbHas KaHaTHas 3aaenka (puc. 9) c raba-
PUTHbLIM pa3mepom 42 1 52 mM. MatemaTuyeckoe MmogennpoBaHue
W 3KCTIEPUMEHTaNbHbIE PAabOThI N03BOUAM 0OECNEUNTL MPU 3TOM
paBHOMEpPHOe HarpyxeHue BCeX NPOBOJIOK KaHaTa Npu 0CeBon
Harpy3ke 2871 [6].

06was cxema CKBaXWHHO HAaCOCHOMN YCTAHOBKM C KAHATHOI
WTAHrOi ANs paboTbl B CKBaXMHAX Manoro auametpa (fo 102 Mm)
n ons paboTsl Npu 6onblwoi rAybuHe NOABECKM WTAHTOBOrO

Puc. 11. AsTone6efKa C KaHaTHOM WTAHIOM
Fig. 11. Winch truck with rope rod

A special wire rope termination (fig. 9) with dimensions
of 42 and 52 mm has been developed to place the rope in
a small diameter tubing string. Mathematical modelling and
experimental work allowed for a uniform loading of all rope
wires at an axial load of 28 tonnes [6].

The general scheme of well pumping unit with rope rod for work
in small diameter wells (up to 102 mm) and for work at great
depth of sucker rod pump suspension is shown on fig. 9, for oil
production from lateral wells of small diameter - on fig. 10.
The rope rod is usually located in the area of the highest rate
of curvature gain and maximum induced or contact stresses in
the rope/tubing string system. The lower and upper sections
of the rod string are usually made of standard pump rods
(manufactured according to Russian state standard or API
standard), selected by the “Autotechnologist” software in
accordance with the “formation — well — pumping unit” system
operating conditions. The connection of standard boom sections
with a rope rod is made with the help of rope terminations. The
terminations are mounted on the rope of the required length
at the service base and are then preloaded with up to 196 kN.
The rope rod (rope with rope terminations) is wound onto
awinch drum on a vehicle transport base (fig. 11), which ensures
the delivery of the rope to the well, its lowering and lifting
from the well during an underground repair.

The selection of rope-rod pumping units and the calculation of
the performance of the “reservoir — well - rope-rod pumping
unit” systemis carried out with the “Autotechnologist” software.
By making it possible to run rope-rod pump units into the
lateral bores without fear of wear and tear the rods and tubing,
the dynamograms of the downhole equipment have changed
dramatically. As shown in fig. 12, proper underbalanced casing
depth ensured effective pumping even as the ram stroke was
extended. The additional underbalance increased the flow rates
of the small-diameter sidetracked wells.

Severstal Wire Ropes has mastered the production of closed rope
according to STO 34269720-TU 012-2018. It should be noted
that previously such products have not been produced in Russia,
although similar ropes are produced in Italy, the UK and China.
The technical specifications provide for three types of rope
rods: standard (group K1), corrosion- resistant (group K2) with
all wires galvanized and corrosion-resistant (group K2) with all
wires galvanized and Poketon M630F externally coated (fig. 13).
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Puc. 12. iInHamorpammbl paboTbl WTAHTOBbIX HACOCOB NPU UX YCTAHOBKE: @) B OCHOBHOM CTBOJIE CKBaXMUHbI; 6) B 60OKOBOM CTBO/IE MANoro AMameTpa

Fig. 12. Dynamograms of rod pumps operation when installed: a) in the main wellbore; b) in the sidetracks of small diameter

Hacoca npepcTaBieHa Ha puc. 9, ns fobbiun HedTi U3 6OKOBBIX
CTBOJIOB Majoro guamerpa — Ha puc. 10.

KaHaTHas wraHra o6bIYHO pa3MelLaeTcs B 30He HauboNbLNX
TeMNOB Habopa KPUBU3HbI U MAKCUMaJIbHbIX MPUBEAEHHbIX
MAW KOHTAKTHbIX HaNpPsAXeHWil B CUCTEME «KaHAT — KOJIOHHA
HKT», HUXHAA 1 BEpPXHAA 4aCTb COCTABHOM KOMOHHbI WTAHT
06bIYHO BEIMONHAIOTCA U3 CTAHAAPTHBIX HACOCHBIX WTAHT (M3ro-
TaBnuBaeMmbix no FOCT P unu no ctanaapty API), nogo6paHHbIx
¢ nomouwpto M0 «ABTOTEXHONOr» B COOTBETCTBUM C YCIOBUAMM
paboThl CUCTEMBI «MNACT — CKBAXMHA — HACOCHAsN YCTaHOBKa.
CoepunHeHve cekunii U3 CTaH[APTHBIX WTAHT C KAHAaTHOW WTaH-
roM OCYLLEeCTBAAETCA C MOMOLLbI0 KAHATHbIX 3aeN0K. 3afeNKu
MOHTUPYIOTCA HAa KaHAT HEOOXOAUMOMN JJIMHBI HA CEPBUCHOM
6ase, nocne Yero NofBEPraloTCA NpeABapUTENbHOMN BhITAXKE
Harpyskoit o 196 kH.

KaHaTHas wraHra (KaHaT ¢ KaHaTHbIMM 3a/leIKaMi) HaMaTbIBa-
eTcs Ha 6apabaH nebefiku Ha aBTOMOGUILHON TPAHCMOPTHOI
6a3e (puc. 11), obecneynsaloLeii FOCTABKY KaHaTa Ha CKBAXMHY,
€ro Cnyck U Mofbem 13 CKBaXKWHbI NPU NPOBEAEHWUN NOA3EM-
HOro pemMoHTa.

Mopf60op HACOCHBIX YCTAHOBOK C KaHATHLIMU WITaHraMu M pac-
4eT pabouux xapaKTepUCTUK Npu paboTe CMCTEMbl «MNACT —
CKBaX(MHA — HACOCHaA yCTaHOBKA C KAHATOM» OCYILeCcTBAAeTCA
¢ nomotbto M0 «ABTOTEXHONOI».

3a CYeT TOro YTO HACOCHbIE YCTAHOBKM C KAHATHOW WTaHrom
OKa3aN0Cb BO3MOXHbIM CMYCTUTb B 6OKOBLIE CTBOJIbI U NPU 3TOM
He 60ATbCsA U3HOCA, NPOTUPA KONOHHbI WTaHru U HKT, 3Hauu-
TEbHO U3MEHUNNC AMHAMOTPaMMbl PaboTbl CKBaXXMHHOMO 060-
pynoBaHus. Kak BugHo u3 puc. 12, obecneyeHne HeobxoaMMoro
3arny6neHus nop [UHAMUYECKUit ypoBeHb 0becneunno Hop-
ManbHyto paboTy Hacoca Aaxke Npu YBEAUYEHUN JIMHBI X0[a
nayHxepa. [lononHuTenbHaa aenpeccus Ha Nnact No3Boauna
YBENUYUTL BebuTbl ckBaxuH ¢ BCMA,.

KomnaHwuen «CeBepcTans KaHaTb» OCBOEHO MPOM3BOACTBO Ka-
HaTa 3akpbiToit koHcTpyKumun no CTO 34269720-TY 012-2018.
Crout oTmMeTuTh, YTO paHee B Poccum Takas npoAyKUMA He BbiMy-

Puc. 13. KanatHas wraHra

Fig. 13. Rope rod

Bench-scale laboratory testing of polymer-coated rope rod
samples showed that the coating protects the rope not only
from corrosive effects of formation products, but also from
swelling due to compressive loads. During ram installation orin
operation (due to high curvature, asphaltene sediments, pump
ram wedging, etc.) rope ropes may be subjected to compressive
loads that cause instability and rope swelling, which may lead
to rope rod wire breaks while running the rig. Fig. 14 shows
the results of bench tests of rope samples with and without
polymer coating.

Since 2018, the polymer-coated rope rod has been undergoing
pilot tests at the fields of LUKOIL-PERM [7]. Fig. 15 shows
the installation of a polymer-coated rope rod on a well, using
a geophysical winch and roller system to lower the rope rod.
In addition, the Department of Oil and Gas Industry Machinery
and Equipment of the Gubkin Russian State University of Oil
and Gas (National Research University) has developed the
NNRK discharge chamber pump, which provides increased load
on the lower part of the sucker-rod string and doesn’t allow
“compression” of the rope string (fig. 16). In 2019-2020, NNRK
pumps were pilot-tested and recommended for commercial
operation.
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CKanacb, X0TA aHaNOrMYHbIe KaHaTel npou3soaaTca B Ntanuy,
BenukoGputanuu, KHP.

TeXHUYECKUMM YCNIOBUAMK NPEAYCMOTPEH BbINMYCK KAaHATHBIX
WITAHT B TPEX UCNOJHEHMAX: cTaHaapTHoM (rpynna K1), koppo-
3WOHHO-CTOKOM (rpynna K2) c OLMHKOBaHHbIM MOKPBITUEM BCEX
NPOBOJIOK M B KOPPO3MOHHO-CTOMKOM (rpynna K2) c oumnHKo-
BaHHbIM MOKPbLITUEM BCEX MPOBONIOK U HAPYIKHBIM NONUMEPHbIM
nokpsiTuem Poketon M630F (puc. 13).

CreHpoBble nabopaTopHble UCMbITAHWUA 06Pa3LOB KAHATHOI
WTAHFW C NOJIMMEPHBIM MOKPbLITUEM NOKA3asu, 4TO NOKPbLITUE
3alMILaeT KaHaT He TOIbKO OT KOPPO3MOHHOTO BO3JEeNCTBUA
NAacToBOM NPOAYKLMM, HO U OT pacnyleHus B pesynsrate fei-
CTBUSA CXUMAIOLWMX HAarpy3oK. [pu MOHTaXe nayHepa Hacoca
WM B MpoLecce 3KkcnayaTaluum (M3-3a 60JbLWON KPUBKU3HBI, ac-
thansTocmononapadMHOBbIX OTNOXEHWIA, NOAKIMHUBAHUA NJYH-
Xepa Hacoca M T.A.) Ha KaHaTHble WTaHMW MOTyT LeNCTBOBATb
CUMAOLWWMe HAarpy3Ku, NPUMBOAALLMUE K NOTepe YCTOMYMBOCTH
KaHaTa 1 ero pacnyleHuio, 4T0 Npu paboTe YCTAHOBKU MOXET
NPUBECTMU K Pa3pyWeHNto NPOBOJIOK KAHATHOM LWTAHIU U ee
06pbiBy. Ha puc. 14 nokasaHbl pe3ynbTaThl CTEHLOBbIX UCTbI-
TaHWit 06pa3LL0B KAHATHBIX WTAHT C NOIMMEPHBIM NOKPLITUEM
u 6e3 Hero.

C 2018 r. KaHaTHas WTaHra ¢ NONIMMEPHBIM NOKPbITUEM NPO-
XOAMT OMbITHO-MPOMBIC/IOBbIE UCMBITAHUA Ha MECTOPOXAEHUAX
000 «IYKOAN-NEPMb» [7]. Ha puc. 15 noka3aH MOHTaX KaHaT-
HOW LWITAHIW C NONUMEPHBIM MOKPLITUEM HA CKBAXWHE, ANA Cny-
CKa KaHaTHOW LWTaHTU UCNoNb3yloTcsA reodusmnyeckas nebenka
1 CMCTEMA POJIUKOB.

Kpome Toro, B Poccuiickom rocyfapCcTBeHHOM yHUBepcuTeTe
HeTn 1 rasa (HaumoHanbHOM UccnefoBaTeNIbCKOM YHUBEPCU-
TeTe) umeHu U.M. Ty6kuHa Ha kadeppe MalwuH U 060pyaoBaHus
HedTAHOI 1 ra30BOi NPOMBILIEHHOCTH pa3paboTaH HacocC € pas-
psgHoit kamepoit HHPK, obecneunBalownit yBenumyeHue Harpy3sku
Ha HUXKHIOK YaCTb KOMIOHHbI WITAHT WU He JONYCKaWMI CKaTUSA
KaHaTHOI wTaHru (puc. 16). B 2019-2020 rr. Hacockl HHPK
MPOLM ONbITHO-NPOMbICIIOBbIE UCMIBITAHUA U PEKOMEH[L0BAHBI
K NMPOMBILWEHHON 3KCNyaTaLum.

3AKJIOYEHUE

B pesynbtate npoBefeHus Komnuekca paboT no co3faHuio ckea-
XWHHON HACOCHOW YCTAHOBKM C KAHATHOM WITAHIOM, HA4aBLIMXCA
B 2011 r., 66111 pa3paboTaHbl:

® TexHWYecKue YC0BUA HA KaHaTbl 3aKPbITON KOHCTPYKL MK
AN NPOM3BOACTBA KaHaTHOI WwTaHru B Poccuiickoit Pepepaumu;
® KoMnNeKC 060PYAOBAHNA ANA COEANHEHWUA KaHATHbIX WTAHT
C NNYHXEPOM Hacoca 1 KOJIOHHOM WTaHT;

® crielyanbHble HacoCkl, obecneynBalolne pacTsaKeHUe KaHaT-
HBIX WTAHT NPU XOA€e NAYHXEepa BHU3;

® NporpaMMHbIi 610K AN Nof60pa CKBAXKMHHBIX HACOCHBIX YCTa-
HOBOK C KaHATHO WTAHIrON K NnapameTpam CKBAXUHbI, BXOAALLNIA
B NPOrpaMMHblil KOMMIEKC « ABTOTEXHONOTY;

® PYKOBOASALLME AOKYMEHTbI, BKNKOYaIOLME TPeOOBAHMSA, MHCTPYK-
LMK 1 peKoMeHAauum no paboTe ¢ KaHATHOI WTAHrOM.
CoBmecTHble ycununsa yyeHbix n3 PoccUNCKOro rocyaapCcTBeH-
Horo yHuBepcuTeTa HedTu 1 ra3a (HaunmoHanbHoOro uccnepoBa-
TeNbCKOro yHuBepcuteta) umenu U.M. ly6kuHa, cneumanucros

Cnepbl BAMAHWUA NPOBOJIOK HAPYXKHOTO
CNos Ha 3alMTHOE NOKPbITHE

Traces of the influence of outer layer
wires on the protective coating

a) a) 6) b)
Puc. 14. WicnbiTaHne 06pasLioB KaHATHBIX WTAHT HA CKaThe:
a) C NONUMEpPHBIM MOKPbITUEM (pacnylieHns HeT); 6) pacnyweHne KaHaTHOW
wraHru 6e3 nokpeITUA
Fig. 14. Compression test of rope rod samples:
a) polymer-coated (no bloating); b) uncoated rope rod bloating

Puc. 15. MOHTaX KaHaTHOM WTAHTU C NONIMMEPHbLIM MOKPbITUEM Ha CKBAXUHE

Fig. 15. Installation of a polymer-coated rope rod on a well

CONCLUSION

As a result of the work package for the rope-stayed borehole
pumping unit, which began in 2011, the following have been
developed:

e technical specifications for closed ropes for rope rod
production in the Russian Federation;

® a set of equipment for connecting rope rods to the pump
plunger and rod string;

® special pumps which ensure that the rope rods are stretched
when the plunger moves downwards;

* a software block for the selection of downhole pumping
units with a rope rod to well parameters, included in the
“Autotechnologist” software package;

¢ guidance documents including requirements, instructions
and recommendations for working with the rope bar.
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Puc. 16. MoHTax Hacoca ¢ pa3psaHoit kamepoit HHPK 44/27 v pguHamorpamma ero pa6oTbl
Fig. 16. Installation of the pump with the discharge chamber NNRK 44/27 and the dynamogram of its operation

000 «JIYKOMJI-MEPMb» 1 AO «CeBepcTans kKaHaTbi» Nnpusenn
K co3panuio B Poccuitickoit ®epepalum HOBbIX TEXHONOMUM
M KOMNIEKCOB 060pYAOBaHUSA, NO3BOAAIOWMNX IDHEKTUBHO
3KCMIyaTUpOBaTh Mao- U CPeAHefeOUTHbIE CKBaXUHbI € 60-
KOBbIMW CTBONIAMU Manoro gMameTpa, 4To No3BoNseT yBe-
AN4nTL 06bEM [06bIYM U KOIDDULNEHT U3BNEYEHUS HedTH
Ha MeCTOPOXAEHNAX, HAXOAALLNXCA Ha 3aBepLIalolLen CTafum
3KCMyaTaumuu.

The joint efforts of scientists from the Gubkin Russian State
University of il & Gas (National Research University), specialists
from LUKOIL-PERM and Severstal Wire Ropes have led to the
creation in the Russian Federation of new technologies and
equipment complexes that allow efficient operation of low-
and medium-rate wells with small diameter sidetracks, thus
increasing oil production and recovery rates at fields in the
final stages of exploitation.
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