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Beepenue:
P a3paboTKOM YCTaHOBOK MOTPY>XHbIX
3NEKTPOLUEHTPODEXHbIX HacocoB (SLIH) y>ke MHorne
rofbl 3aHMMaOTCS VHXEHEePbl 1 y4eHble, paboTatoLLme B
obnacTv MeTannoBeAeHWS!, MMOPaBAKA, SNEKTPOHUKN,
Tennonepenaqn, U3y4eHnst CBONCTB MNacTUHECKNX Macc,
Pa3N4YHbIX aCNEeKTOB NMPOEKTUPOBaHNSA MEXaHNYECKOro
obopynoBaHus 1 B Apyrx gucumnamHax. B KopoTkown
BBOOHOWM 4YacTu 6bINo Obl HELIENECO0DPA3HO ONMNChIBATb
BCE MHOIO4NCNEHHbIE acneKTbl, CBA3aHHbIe C TakMI
yCTaHOBKaMu, BMECTO 3TOr0O Mbl MPUBOAMM MNepeYeHb
OCHOBHbIX KOMMOHEHTOB YCTaHOBKM.

KpaTkoe onncanue:

HacocHbI arperaT nogBeLmnBaeTCH Ha KOJIOHHE
HaCcoCHO-KoMMNpeccopHbIx TPy (HKT), npn aTom
3NEKTPUYECKMI Kabenb OT MOBEPXHOCTU K HACOCY
KpenuTcs K Hapy>kHom noeepxHOCTn HKT KpenexkHbIMu
nosicamm. KomnoHoBka 060pyLoBaHms CBEpPXY

BHW3 BKIIKOHAET HACOC, HXKE KOTOPOIrO HAaXOAUTCH
ragocenaparop, 3atemMm — rmaposalmTa, Nocne KoTopomn
pacnonaraeTcd anekrpogsuraress. [1py ncnons3osaHnm
CKBaXXMHHOIO faTymka OaBfeHns OH yCTaHaBMBaETCH

B HW>XKHEN YacTu anekTpogsurarensd. Jng norpy»xHbix
3MEKTPOLEHTPODEXKHbBIX HACOCOB XapakTepHa BbICOKas
nogada, npubnnantensHo ot 20 000 6appenen B CyTkM
Ha rnybuHe 4000 cdyToB Ao 5000 6appeneit B CyTkM

Ha rnybuHe 10 000 ¢yTOB, NpUYeM 3TOT NokasaTesb
3aBUCUT OT MHOXeCTBa (DaKTOPOB, OAHAKO, CYLLECTBYIOT
1 CTYNEHN C HM3KOW Nofaden (MpubnmuantensHo 100
Bappener B CyTKn).

JnekTpoaBUraTenb:

[Norpy>xHOWM anexkTpoaBuraTesls — ABYXMNOJIOCHbIN,
TpexdasHbl, aCUHXPOHHbBIN C KOPOTKO3aMKHYTbIM
POTOPOM. OnekTpoasuraTenb paboTaeT C HOMUHANBHOM
YacTomn BpawleHnsa 3500 06/MuH. Npu YacToTe 60

'y, 1 2900 06/MuH. Mpu YacToTe 50 'y, dsuratens
HarMoJIHEH OYULLIEHHBIM MUHEPabHBIM MACIOM OJ15
obecneyeHnst AN3NEKTPUHECKON MPOYHOCTU, CMa3Kun
MOALUNMHNKOB U TEMIONPOBOAHOCTU. YMOPHbIN

58 | ROGTEC

Introduction:
he electrical submersible pump system has been
developed over the years by Engineers and
scientists involved in metallurgy, hydraulics, electronics,
heat transfer, plastics, many aspects of mechanical
engineering, and other disciplines. It is not practical to
outline all of the many aspects of the system in the short
introduction section. Instead, the major components
are introduced in the following pages.
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Overview:
The pump assembly is hung on the tubing with the
electric cable banded to the outside of the tubing from
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NOALUNMAHUK SMEKTPOOBUrATENS MPUHUMAET HarpyaKy
OT POTOPOB. He 0bnagaroLLee SNEeKTPUHECKON
NPOBOAMMOCTbLIO MUHEpPaNIbHOE MacCO CRYXXUT ANs
CMa3Ku MOALUNMHNKOB ABUraTena v nepegayv Tenna

B ABuratene Ha ero kopnyc. OT Kopnyca asuratens
Tenno, B CBOK 04epedb, OTBOAUTCA C MOMOLLbIO
CKBaXXMHHOIO (honaa, KOHTaKTUPYIOLLErO C
HaPY>XHOW MOBEPXHOCTLIO KOpMyca Npu ABMXXEHWN
MUMO anekTpoasuratens. o aTon npuymHe
SNEKTPOABUraTENb HE CReayeT YCTaHaBNMBATb HKE
TOYKM BXxoda hnomnga, ecnm He NpeayCMOTPEHb!
Kakne-nnbo cpencTsa ans HanpaBneHUsa noToka
dronaga ¢ NnoMoLLbo asuratend. TunuyHble
HOMUHasIbHble AnaMeTpPbl ABUraTens oas pasnmnyHbIX
anameTpoB obcagHbiX KONOHH: (a) 3,75 atonma, (6)
4,56 oonma, (B) 5,40 gronma, 5,44 gronma, 5,62
arornmva n (r) 7,38 gronma. HekoTopble nponsBoanTenu
npegnaratoT dNeKTpoaABUraTeNM C HECKOMbKO
OpyrmuMm gnameTpamu, Y HEKOTOPbIX B NpeaiaraemMom
aCCOPTUMEHTE MOryT OTCYTCTBOBATb ABUraTenu

C KaknMmn-nmbo 13 ykasaHHbIX BbllLE OMAMETPOB.
OnekTpoaBuraTeslb MOXET UMETb OAMHOYHbBIN KOPMYC
NV HECKONBbKO CABOEHHbIX KOPMYCOB, CKPEMEHHbIX
6ONTOBbIMU COEANHEHUSAMW, ONS OOCTUXKEHUS
>KENaeMown MOLLHOCTU. MOLLHOCTb 9NeKTpoasuraTenem
Bapbupyetca oT 5 go 1000 v 6onee nowagnHelx Cui.

Hacoc:

VIcnonb3yeTca MHOrOCTyneH4YaTblil MOrpy>XXHOM
3NEKTPOLEHTPOBEXHBIN HAcoC. T CNONb3YyeMON
CTyMeHn onpefenaeT NPUOIN3UTENBHYIO PACHETHYIO
nogady, T.e. 06bemM fobbiBaeMoro dnonaa B eauHNLYy
BPEMEHW, NMpY 3TOM, MO Mepe cxaTtunst paonaa,

Ha KaxxOyto CNeayroLLyto CTyneHb NPUXOOUTCS BCe
MeHbLLUMI 06beM. KonNn4ecTBO CTyneHen onpenensaeT
OBLLMI pacHeTHbIN HaNop 1 TPEBYEMYKO MOLLIHOCTb
aMeKTpoaBuraTens.

Mpw n3roToBNEHUM pabodero Koneca obbI4HO
NCMONb3YETCA YyryH TUNa «HUPE3UCT», BO3MOXHbI
BapuaHTbl 4118 padboTbl ¢ (DAOUOOM C BbICOKUM
coaeprkaHneM necka. HanpasnstoLme annapaTtbl, Kak
NpaBuIo, N3roTaBAMBAKOTCA U3 YyryHa TN «HUPESUCT».
CTaHpapTHBIM MaTepranom g Bana SBnseTcs

cnnae «K-MoHenb». Kak BapuaHT, O Bana MoryT
NCMOMb30BaThCHA TaKME BbICOKOMPOYHbIE MaTepUabl,
Kak crnaebl «/IHKOHeNb» 1 «XacTennom». KpbIWKu 1
OOHHbIE YacTu C BONTOBbLIM KpemnneHemM obecnevmsaroT
BO3MOXXHOCTb U3MEHEHNS MPOU3BOANTENBHOCTA

1 OBLLEr0 Hamopa Hacoca NMyTem UCMONb30BaHS
HEeCKONbKKX cekLmin. OgHaKko, B HacoCax C BbICOKOM
NPOU3BOANTENBHOCTBIO KPbILLIKK UM OOHHbIE YacTw,

Kak MpaBusio, BbIMONHAKTCS 3aUe0 C KOPyCOM.
HomuHanbHbIN HAPYXXHbIM OMaMeTP HAcOCa BapbUpPyeTCs
oT 3,38 gtonma oo 11,25 gronma, ogHako ons HeTSHbIX
CKBaXXVH MCMNOJb3YIOTCHA HACOChl AVAMETPOM He 6osiee
7,62-8,38 gronma.

www.rogtecmagazine.com

surface to pump. The equipment is arranged from top
to bottom with the pump first, with the gas separator
below, then the seal section, followed by the motor.

If a downhole pressure sensor is used, it is hung at
the bottom of the motor. ESP’s are thought of as high
volume lift perhaps producing ~20,000 bpd at 4000’
down to ~5000 bpd at 10,000’ depending on many
factors, but low volume (~100 bpd) stages exist.

Motor:

The electric submersible motor is a two-pole, three-
phase, squirrel cage induction type. The motor runs at
a nominal speed of 3500 rom on 60 Hz frequency and
2900 rpm on 50 Hz. The motor is filled with a refined
mineral oil to provide dielectric strength, lubrication
of bearings and thermal conductivity. The thrust
bearing of the motor carries the load of the rotors.
The electrically nonconductive mineral oil lubricates
the motor bearings and transfers heat in the motor
to the motor housing. Heat from the motor housing
is in turn carried away by the well fluids moving past
the exterior surface of the motor. For this reason,
the motor should not be set below the point of fluid
entry unless some means of directing the fluid by
the motor is utilized.

Typical nominal motor diameters of equipment may be:
(@) 8.75”, (b) 4.56”, (c) 5.40”, 5.44”, 5.62”, and (d) 7.38”
for various casing sizes. Some motors are offered with
somewhat different diameters and some manufacturers
do not carry some of the diameters indicated. Some
Motor construction may be a single housing or

several “tandems” bolted together to reach a desired
horsepower rating. Motors range in horsepower from 5
to 1000 hp and larger.

Pump:

The electric submersible pump is a multistage
centrifugal type. The type of stage used determines the
approximate design volume rate of fluid produced but as
the fluid compresses, each stage will have progressively
less volume to handle. The number of stages determines
the total head designed for and the motor horsepower
required.

The usual materials used in manufacturing an impeller
are Ni-Resist with some options for sand handling.
Diffusers are typically manufactured of Ni-Resist.

The standard shaft material is K-monel. Optional, high-
strength shaft materials are Inconel and Hastalloy.
Bolt-on heads and bases make it possible to vary the
capacity and total head of a pump by using more than
one pump section. However, large capacity pumps
typically will have integral heads and bases. The nominal
outside diameter of a pump will range from 3.38” to
11.25” but 7.62” to 8.38” could be largest oil well
applications.

ROGTEC | 59



B [JOBblHA

Mapo3awmra. fMipoTexTop, KOMNeHcaTop:

OCHOBHbIM Ha3Ha4eHeM NPOTEKTOPa ABUraTens
ABASAETCS U30NALMS SNEKTPOABUraTENS OT CKBaXKMHHOIO
donpa. B uenom, CcylecTByeT ABa OCHOBHbIX TUMa
MPOMBILLNEHHBIX MPOTEKTOPOB UM MTMAPO3aLLNT,

XOTS UX PasfnyHble MapKn UMEKOT OTAENbHble

OTAM4Ms opyr OT gpyra. B ogHOM Tvne ncnone3yroTes
S1aCTUYHble YMNOTHUTENbHbIE Anadparmel, a B OpYrom
— NabupuHTHbIE YNNOTHeHUS. B rugposalumTe nepBoro
TUNa anactudHas guadparma KoOMneHcupyeT 06 beMHoe
pacLuMpeHne Macna, KOTOpOoe HaxOAMTCSA BHYTPU
OBuratens, nog AencTememM Tenna, obecnevmsas npu
3TOM €ro N30AALUMIO OT CKBaXKMHHOIO onitonga. B
NabUPUHTHOM YMIOTHEHN UCMONB3YETCA pasH1LA B
NAOTHOCTY (ONOUAOB 419 NPEefOTBPALLEHVS NonajaHms
CKBaXXMHHOIO dpfitonga BHyTPb Hacoca. [Onga atoro
NPEAYyCMOTPEHBI U3BUIUCTbIE KaHasbl, B KOTOPbIX
MOTOPHOE Macio, PacLUMPSACh, BbITECHAET HEKOTOPbIN
06beM CKBaXKMHHOMO dhntonaa B 6/10Ke CONpPsKeHNs

y BEPXHen YacTu npoTtekTtopa. OanH NpoTEKTOP
0BbIHHO BKJIIOHAET HECKOJIBKO NabUPUHTHBIX Kamep,

C BOSMOXXHOCTBIO YBENMHEHNS X KONTMYECTBA NyTEM
MNOCNEAOBaTENBHOMO PACMONOMEHNA MPOTEKTOPOB. [pu
YCTPOWCTBE MOpO03aLluThl 31aCTUYHbIE YINOTHUTENBHbIE
avadparmMbl, Kak npaBuo, AOMOHATCH
NabUPUHTHBIMU Kamepamu, YTOObl CHU3UTb KPUTUHHOCTb
NOTEHLMaNbHOro paspyLleHns anadparmsl.

[NpoTekTop (rMApPO3aLmMTa) BbINOSHAET HYETbIpE
OCHOBHbIX PyHKUMM: (1) coeanHAET Hacoc C
OBUraTeneM ¢ NOMOLLbIO COeaMHEHWs Kopryca 1
NpnBOAHOro Bana; (2) pa3mMeLlaeT B cebe ynopHbI
NOALUMMHNK, MPUHUMAIOLLMIA OCEBYIO Harpy3Ky OT Bana
Hacoca (npw Hann4uK); (3) nsoMpyeT apuraTess OT
CKB2XXMHHOMO h/iionaa, C COXPaHEHNEM BO3MOXXHOCTU
BbIPaBHMBAHWS OaBEHNUS B CKBXKUHE 1 AaBNEHNS B
MacnoHano/IHEHHOM ABuraTtene; 1 (4) obecneqmBaeT
BO3MO>XHOCTb TEMJIOBOr0 PacCLUNPEHNS MOTOPHOIO
Macna nop AencTerem Tenna, Npous3BoLMMOro
aBuratenem npu paboTe, 1 ero Ten0BOro Cxxatung
nocne OTKYeHWs/Mycka Hacoca.

fasocenaparop:

fa3ocenapaTop ycTaHaBIMBagTCs MeXay NMPOTEKTOPOM
NN TNOPO3aLLMTON 1 HacocoM. OH npefHasHa4eH ans
oTAeNeHns 3Ha4YUTEeIbHOM YacTh CBOOOAHOMO rasa,
KOTOPbI COAEPXXNTCS B 40ObIBAEMOM hntovae, U ons
obecnedeHus npremMa nromga HACOCOM.

CylLLecTBYEeT [jBa OCHOBHbIX TUMa KOHCTPYKLMN
ra3ocenapaTopoB — HEMOABMXKHbIE 1 BPaLLAKOLLMECcs.

B HenoaBuKHOM rasocenapartope HarnpasnieHne notoka
donga MeHaeTea Ha o6paTHoe, B HacTosLLEee Bpems
3TOT TUM CenapaTopoB NUCMOJIb3YETCH He Tak YacTo.

B Touke HUBKOro AaBfeHNst MPOUCXOOUT OTASNeHNe
raza. OCTaBLUMICA B XXUOKOCTU rad OTOensercs ¢
MOMOLLIBIO NTONACTHOMO KOJleca, KOTOPOe Bbi3biIBaeT
3aBUXPEHMe NOToKa. B BMXPEeBOM NOTOKE NPOUCXOOUT
pasgeneHne XnaKocTn 1 rasa. OTAeneHHbIN ras
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Seal Section. Protector, Equalizer:

The motor protector’s primary purpose is to isolate

the motor from the well fluid. There are, in general,

two types of industry protector or seal section designs
although there are specific differences from one brand
to another. One type uses a positive bag seal and

the other type uses a labyrinth or tortuous path. The
“positive seal” design incorporates a fluid barrier bag
to allow for thermal expansion of the motor fluid yet still
provided isolation of motor fluids from wellbore fluids.
The “labyrinth path” utilizes differential fluid specific
gravity to prevent well fluid from entering the motor.
This is accomplished by paths where the motor fluid
is allowed to expand to displace more or less of the
wellbore fluid as it expands through a tortuous path
at an interface near the top of the protector. There
are usually several “labyrinth paths” in one protector
and more could be added by placing protectors in
series. Normally the bag type positive seal protector is
backed up with “labyrinth paths” so that bag failure is
not necessarily catastrophic.

The protector or seal section performs four basic
functions. These are: (1) It connects the pump to the
motor by connecting the housing and drive shaft; (2)
Houses a thrust bearing to absorb pump shaft thrust (if
present); (3) Isolates the well fluid from the motor while
still allowing pressure equalization between the wellbore
and the oil-filled motor; and (4) provides for thermal
expansion of the motor oil due to heat generated by the
motor during operation and thermal contraction of the
motor oil following pump shutdown/startup.

Gas Separator:

The gas separator is installed between the protector or
seal section and the pump. Its purpose is to separate a
significant portion of any free gas in the produced fluid

and provide a fluid intake section for the pump.

There are two major types of gas separator designs - the
static type and the rotary type. The static type reverses
the fluid flow direction within the housing but the use

is not as frequent now. At this point of low pressure
there is gas separation. Any gas remaining in the fluid is
separated by the pickup impeller which causes a vortex.
The vortex allows the gas and fluid to separate. The
separated gas is vented to the annulus and the higher
density fluid flows into the first stage of the pump.

The rotary type design utilizes a rotary inducer/centrifuge
to centrifugally separate the gas and produced liquids.
The gas/fluid mixture initially enters the intake ports and
moves into the inducer. This increases the pressure

of the fluid and moves it through the transition section
into the centrifuge. In the centrifuge the fluid is forced

to the outside and gas rises through the centrifuge and
flow divider into the crossover section. Here, the gas
vented into the annulus and fluid is directed into the first
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OTBOAMTCSA B 3aTPyOHOE MPOCTPAHCTBO, a bonee
MAOTHASA XXWUAKOCTL MOCTYMNaeT B MNEPBYIO CTYMeHb
Hacoca.

Bo Bpallatouiemcs razocenapaTtope Ncnonb3yeTcs
BpallamLanca kaMmepa, AeNCTBYLWAas Kak
LeHTpudyra, B KOTOPOWM 3a CHET LIEHTPOOEXHOW CUSbI
pPasaensaTCa ra3 U XXUaKocTb. [[a30XKMOKOCTHAs
CMECb MOCTYNaeT Yepes BNyCKHble OTBEPCTUS BO
BpaLlatoLlytocs kamepy. [Npn sToM gasneHne gnovaa
YBENNYMBAETCS, U OH NonagaeT B LeHTpUQyry Yyepes
nepexoaHyto cekumto. B ueHTpudyre »xmakoctb
BbITECHSIETCS B HAPYXXHYKO YacTb KaMmephbl, a ras
NOAHMMAETCS MO LeHTpUMyre, NPOXOAUT Yepes
pasgenuTesls N0ToKa 1 NoNagaeT B NepenyCKHyo
CeKumto. 3aech ra3 oTBoaNTCS B 3aTpybHOE
NPOCTPaHCTBO, a XXUOKOCTb HaNpPaBAsSeTCH B

nepBYylO CTyMeHb Hacoca. B HacTosee Bpemsa Takom
TUN ra3ocenapaTopoB NPOU3BOAUTCS Tpems (B
onvxanwem byayLiemM nx CTaHeT YeTbipe) hupmamm-
nponssoanTenamm. «Buxpesom» cenapaTtop MOXET
NMETb NTONACTHOE KOIECO MEHbLLErO pasmMepa B
HXHEN YacTu KaMmepsbl, rae MoXXeT NMPouUcXoamTb
3aBMXpPEHME NMOTOKA rada 1 XXUAKOCTU, BbIXOASLLErO U3
cenapartopa.

HekoTopble hVPMbI-NPON3BOaUTENM NPeaiaraoT
cneumanbHble CTyrneHW, Koraa OTCyTCTBYeT MPOXO[,

] ll:‘l‘ ! 3
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WHEN WILL YOUR ESP FAIL?

pump stage. At present three (four in the near future)
manufacturers are producing this type of separator. A
“Vortex” separator may have a smaller paddle wheel at
the bottom of a chamber where gas and fluids can swirl
before exiting the separator.

Special stages are offered by some manufacturers
when there is no path for separated gas. The special
stages mix the gas and fluids and some are more
proficient in producing head in the presence of high
gas content.

Pressure Sensing Instrument:

The instrument has two major components - a surface
readout unit and a downhole pressure and temperature
sensing instrument. The downhole sensor is bolted to
the base of the motor and sends a “ghost” signal to
the surface unit through the motor windings and power
cable as opposed to older designs requiring an extra
“I” wire. One readout instrument alternates pressure
and temperature readings on a 20-second interval.
Other downhole instruments including intake and motor
winding temperature. Other types of instrumentation
are available.

There are many factors involved in operating ESP
systems to lift a field. Below is an outline covering many
of the aspects to be aware of when operating ESP’s.

—

ARE YOU READY?

ESP Shuttle enables you to reduce the impact of an ESP failure, for better planning and
well management across the life of your well. ESP Shuttle provides a proactive approach

to maintaining artificial lift that keeps productivity up and disruption down. ESP failure no

longer has a major impact on production.

To find out how you can achieve greater production continuity, visit

LIEFTING EXPECTATIONS

SEITECS %
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ONst OTAeNeHHoro rasa. B cneumanbHbIX CTyneHsxX
NPOUCXOOANT CMEeLLUMBaHME rasa 1 XXNOKOoCTu,

a HEKOTOPbIE U3 HUX 061a4at0T NOBbILLEHHOWM

3P MHEKTUBHOCTLIO AN1s1 CO3AaHMs Hanopa nMpw BbICOKOM
coepkaHnn rada B CKBaXKMHHOM dontonae.

laTyuK faBneHwa:

Mprbop COCTOUT M3 ABYX OCHOBHbIX KOMMOHEHTOB —
HaseMHOro 6/10Ka pPerncTpaumn NokasaHun CKBaXKNHHBIX
NprOOPOB 1 JaTyMKa OaBneHus 1 TemnepaTypbl

B CKBaXXMHE. CKBaXKWHHBI AaT4MK NpuKpenneH
BonNTaMu K HWXKHEW YacTn aNeKTpoaBuraTens, oH
nocblflaeT curHasbl Ha Ha3eMHbI 610K perncTpaymnm
nokasaHuin 4eped 0OMOTKY 3NIEKTPOABUraTENS U
CUNOBOW Kabenb 1 He TpebyeT AOMONHUTENBHOMO
kabens KNI, koTopbln 6bin HEOBXxoaMM B Bbonee
paHHMX cxemax cucTeMbl. [pumMeHsieTcs oanH 610K
perncTpauum, KOTopbli Noo4YepenHo CHUTLIBAET
nokasaHusa aaBneHus n Temnepatypbl ¢ 20-CeKyHAHbIM
NHTepBanoM. [pyrue CKBaXKMHHbIE MPUOOPLI
BKJ/IIOYAOT AaTUUKN TeMnepaTypbl Ha Npueme Hacoca
1N TemnepaTtypbl 0OMOTKIN 3NeKTPOoABUraTENS.
B03MOXHO TakxXe MCrnofib3oBaHne 1 Apyrnx TUNoB
KOHTPONBbHO-N3MEPUTENBHBIX NPUOOPOB.

S hekTNBHOCTL aKcANyaTaumm yctaHoBoK 3LH npu
pa3paboTKe MECTOPOXAEHNSA 3aBUCUT OT MHOXXECTBA
(hakTopOB. HMKe nepevncneHsl OCHOBHbIE aCMeKThI,
KOTOpPble HEOOXOAMMO MPUHUMATL BO BHUMaHNE Mpn
akcnnyaTtaumm SLH.

daKTopbl, OT KOTOPbIX 3aBUCUT 3ththeKTUBHOCTL
akcnnyatauuu ILUH:

1) CkBaXKVHHbIE JaHHbIe, HEOBXOANMbIE 15
NPOEKTUPOBaHWA 1 3KCMyaTauun:

) McnbltaHnsa CKBaXKMH

i) [daHHble N0 B3aMMOCBS3M MexXay 3ab0nHbIM
OaBNIEHVEM B CKBaXXMHE U €& 00LMM 0eBUTOM

i) TemnepaTypa n cBoncTBa ntonaa

V) Hann4me oCnoXHALWMX YCNOBUIA

(@) Mecok

) TBepnple OT/IOXKEHUS

) H2S, CO2

) BA3KOCTb, BbicOKas CNOCOOHOCTb K

06pasoBaHMO 3MYIbCUN

(e) Bbicokas Temnepatypa

() BonbLio 06beM rasa, gobbiIBAEMOro BMECTE C
YKUOKOCTbIO

(9) OTknoHeHue

(h) TTpo4me ocnoXHsLWME YCNoBUA

V) [podunb CKBaXKMHDI

vi) Cuctema Tpyd CKBaKMHbI

vii) YcTbeBOE OaBneHmne

viii) HacTtoTa ('4) UCTo4HMKa NUTaHNA

iX) BxomuT v B cOCTaB YCTaHOBKM NPUBOS, C
PEryMPYEMOR YacTOTOM BpaLLeHNs?
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Outline of Factors for Good ESP Operations:

1) Well Data for Design and Operation:
) Well tests
i) IPR data
i) Temperature and fluid properties
iv) Harsh conditions present?
(a) Sand
(b) Scale
(€) H2S, CO2
(d) Viscosity, emulsion
(e
(

_ ==

High Temperature
f) High gas production with the liquids
(g) Deviation

v)  Well Profile

vi) Tubulars

vii) WHP

viii) HZ of power supply available
ix) VSD part of installation?

2) Select Target Production:

) AOF of well

i)  Bubble point

i) Produce above or below bubble point
iv) Target production

3) Equipment Design:
i) Determine TDH
i) Select type of pump and calculate number of stages
i) Intake: Standard or gas separator
iv) Protector/Seal/Equalizer
(a) Bag/s
(b) Labyrinth sections
(c) Tandem protectors?
v) Motor, type, HP
vi) Downhole instrumentation
vii) Cable: round / flat, size
Bands or cross coupling protectors
viii) Well head feed through type
ix) Control panel: Standard or VSD
x) See API RP 11S4 Recommended Practice for Sizing
& Selection of ESP Installations

Example Simple Conceptual Design is on the following page:

Consider the following data for design purposes. More
detailed data would be required for actual application
design however:

IPR:

SIBHP: 2900 psi

Test Rate: 4000 bpd

Test Pressure on Perforations: 400 psi

Little gas
Perforations Depth: 6500 ft

www.rogtecmagazine.com



PRODUCTION M

Hanop,o¥yT.[ [ [ [ [ ] S I —— SOOEKT. | Knj
Head in [ XAPAKTEPUCTUKA T T I T T MOLLUHOCTb |HACOCA
Feet [ — HATOPA PABOYUIA ANAMA3OH n.e. %
55 = HeapcaPACITY OPERATING RANGE Brake Pump
HP EFF
%
50
N
45 =
N
AN
N
40 S 80
AN
35 S 70
AN
AN
.
30 RN 60
25 . 50
NC
N
NN
20 [ TONbKO KNA 7 \\ 40
[—  HACOCA
[ PUMP ONLY /// NEX
15— EFFICIENCY — N 3 30
v 4 AWAY
7 AN
10 — —_— 2 20
p AN
Z AN
V4 3®OEKT. MOWHOCTb N\
Y, . N\ 1 10
5 7 9n/AB. NOA HATPY3KOMN \
MOTORLOAD BRAKE \\
4 HORSE POWER
1000 2000 3000 4000 5000 6000
60Ty
BAPP/CYT. (42 AMEP. FTANIIOHA) Barrels Per Day (42 US Gallons) 60
TUN HACOCA: GC4100 Pump Type: GC4100 3500 OB/MVH. NPV 60 'y RPM @ 60HZ = 3500 Jwoooo HERTZ

YOENbHAA NJIOTHOCTb = 1,000 sp. Gr. = 1000
60 'y - XAPAKTEPUCTUKA 60 Hertz - One Stage Pump Performance
OJHOCTYMEHYATOIO HACOCA 3LIH A7 OBCAAHON KOMOHHbI MUH. HAPYXXH. AMAM. 7 AIONMOB
Centrilift Pump for Minimum 7” OD Well Casing
CEPWA 513 513 SERIES

MpuMep YNPOLLIEHHOMO pacYeTa A1 KOHLENTyalbHOro npoekTnpoBaHns (Puc.)

Example of Simple Conceptual Design, see graph above

BbI60p NnaHoBbIX NapamMeTpoB 400bI4M:
MakcrManbHO BO3MOXKHbIN AeOUT CKBaXKMHbI
TemnepaTypa 1 gaBneHne HacblLLEHNS

[obbl4a Npy gaBneHnn BbILLE W HYDKE AaBNEHWS
HaCbILLEHWS

[NnaHoBble MapameTpbl 406bI4YM

KoHCTpyKumst 060pyaoBaHus:

OnpegenenHne NoaHOMO AMHAMUYECKOro Hamopa
Bbi6op TMna Hacoca 1 pacyeT KonmyecTsa CTyneHem
[Npriem: CTaHOAPTHBIN UK C ra3ocenapaTopoMm
Mvaoposawmta/ MNpoTekTop/ KomneHcaTop

(@) C ogHon anacTnyHom anadparmon (1nm
HECKOJIbKMMM)

(b) JTabnpunHTHbIE KaMepbl (KONMHYECTBO)

(c) CoBOEHHble MPOTEKTOPbI?

V)
Vi)

OnekTpogsuraTess, TUM, MOLHOCTb

CKBaXXNHHAst KOHTPOJIbHO-N3MepUTENbHASA
annaparypa

Kabenb: ¢ KpyrfbiM ceveHnemM / NAOCKNUIA, AnameTp
KpenexxHble nosica v MyToBble MPOTEKTOPDI
viii) Tn NpoBOAKM Yepes yCTbeBOE 060PYAOBaHNE

iX) [laHefb ynpaBneHus: CTaHgapTHasa unm ¢

vil)

www.rogtecmagazine.com

Pump Depth 6000 ft

Casing: 5.5 inch

Tubing (to be determined but for 4000 bpd should be 3
Y2, 4 or 4 4 inch approximately)

WHP: 100 psi

Consider combination of water and oil such that the
combined SpGr is 0.9.

Approximate using volume of liquids do not change with
down hole pressure and temperature. This is not true of
course but approximately true if high water cut and little
gas are present. This assumption allows a simple design
example. For more and more gas and oil with water, this
would be less and less true.

Power supply is 60 HZ. Use the above pump
performance curve for this example.

Target rate: 4000 bpd

The pressure at the perforations is 400 psi. Consider
the casing flow to the pump intake has little friction.
The pump intake pressure, PIP, is 400 psi — 500 ft
(.9%.433 psi/ft) = 205.15 psi.
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YCTPOWMCTBOM PEryNMPOBaHNS HacTOTbl BpaLLEHUS
x) Cm. ctaHgapT API RP 1134 «PekomeHayemast
MEeTOAVKa onpeaeneHns pasMepoB 1 Bbibopa Tuna 'y
CTaHOBOK 3LIH»
[ns npoeKkTnpoBaHnsa HEOOXOANMO NPOaHaM3MPOBaTh
chepyoLwme gaHHsle. [Mpy peansHOM NPOEKTUPOBAHMM
01151 KOHKPETHOro NpUMeEHeHNs MoTpebytoTcs bonee
noapoBHble AaHHbIE:

[aHHble Mo B3aMMOCBA3U MexXXay 3a00VHbIM AaBNeHNEM
B CKBaXKMHeE 1 €& 0OLLMM 0eOUTOM:

Ctatndeckoe 3aboiiHoe gaBnerne: 2900 dyHTOB Ha
KBaOpaTHbIV O0NM

Hedbut npu ncnbiraHusax: 4000 6appener B CyTKn
[aBneHne B nepdoprpoBaHHOM MHTEpBase Npu
ncnbiTaHnsax: 400 oyHTOB Ha KBagpaTHbIA OtOM

Hebonbluoe KONM4ecTBO rasza

"nybuHa nepdoprpoBaHHoro nHTepsana: 6500 dyToB
"nybuHa norpy>keHnst Hacoca: 6000 gyToB

OnameTp o6cagHom KONoHHbL: 5,5 Atoima

HKT (nognexxut onpegeneHnto, Ho Ansa nebuta

4000 b6appenelt B CyTKX OnameTp A0SKeH OblTb
npnénmuanTensHo 3 ¥, 4 unn 4 % gronmMa)

YcTtbeBoe gasneHve: 100 yHTOB Ha KBagpaTHbIN OHOM

PaccMoTpeTb BapraHT CO CMeChto BOAbl U HeEdTH C
CYMMapHOW yaensHOM NnoTHOCTLo 0,9.
MpubnnanTensHble PacHeTbl BbIMOHATCA C
OOMYLLEHNEM O TOM, HTO OOBEM XKNOKOCTEN He
MEHSETCS B 3aBUCUMOCTU OT AaBNeHUst 1 TeMnepaTypbl
B CKB&XXMHE. OTO, KOHEYHO, He Tak, HO NPV BbICOKOWM
0BBOOHEHHOCTM N HU3KOM COLEP>KaHWM rasa
NPUBIN3UTENBHO COOTBETCTBYET UCTUHE. Takoe
OOMyLLLEHNE NO3BONAET YNPOCTUTL NMPUMEP BbINOHEHNS
pac4eToB OJ151 NPOeKTUPOBaHus. C yBenm4eHnem
KOJIn4ecTBa rasa n HedT1 C BOLOW 3TO JonyLleHne BCE
BonbLUe OTKIIOHAETCSA OT UCTUHBI.

AnekTtponutanne 60 Mu. [Ons gaHHoro npumMepa
NCNONb3YEeTCs NPVBEAEHHas! BbILLE KpuBasi
XapakTepUCTUK Hacoca.

3annaHnpoBaHHbIn aedut: 4000 Gappeneit B CyTKM

[aBneHne B HTepBane nepgopaunn cocTaBnaeT
400 pyHTOB Ha KBafgpaTHbIM AtonM. [prHUMaeTca
OOMyLLLEHNE O HU3KOW Cue TPEeHNst 4 MoToKa B
obcafHOM KOTIOHHE K MpreMy Hacoca.

HaBneHne Ha Bxofe B Hacoc, [BH, coctaBnsieT 400
dyHT/KB. arom — 500 dyTos (0,9*0,433 dyHT/KB. AKONM
/ dyTOoB) = 205,15 PyHTOB Ha KBaAPATHbIN OONM.
[ns pacyeTa gaBneHus Ha BbIXOAE C MOMOLLBIO
JaHHbIX Mo NapameTpam notoka B HKT npuHumaem
Takowm BapuaHT Bblibopa HKT, npu KOTopom noTepwn
OaBNEHVA Ha TPeHNe cocTaBnstoT 2-5% OT BENHMHDI
nageHnst gasnexus B HKT. Takon nogxon Tunn4eH
ONst MPOEKTMPOBaHWA ycTaHoBkn SLH. [Ons
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For tubing flow to calculate the discharge pressure,
consider tubing is selected such that friction pressure

is 2-5% of the tubing pressure drop. This is typical for
the design of an ESP. For this design use 3% for friction
pressure drop.

Discharge pressure = WHP + .433(.9)(Depth)(1.+ %
Friction) =

=100 + .433(.9)(6000)(1. + .03) = 2508.3 psi

Then the TDH or total dynamic head is : TDH = (Pd
- PIP)/( (.433)(.9))
= (2508.3-205.15) / ( (.433)(.9)) = 5901 ft

From the above performance curve read about 43.5 ft /
stage.

Then the number of stages required is:
# Stages = TDH/ (head/stage) = 5901/43.5 = 136
stages

The HP required from the motor would be:

(# Stages) ( HP/Stage) (SpGr) = 136(1.95)(.9) = 238.7 HP
A larger somewhat de-rated motor would normally be
selected for this application

To complete the design, a cable would be selected
(normally with no more that 30 /1000 ft voltage drop),

a switch board or VSD would be selected, and use of
tubing for this design should be such that the pressure
drop due to friction would be about 3% of the total
tubing pressure drop. Other hardware would be ordered.

For heavy oil viscosity correction factors would come
into play. For free gas at the pump intake, the gas would
become part of the volume digested by the pump and
the gas would also reduce the effective SpGr of the
mixture. For more than 10-15% at the pump intake, we
would become more concerned with the need for gas
separation.

VFD or Variable Drives:

For critical installations, many times the data is such that
the design may not fit the well conditions as the operator
would prefer. Also changing well conditions may require
changes in the ESP operation before the unit is pulled.

If sufficient motor capacity is available, then a VSD can
help achieve optimum operating conditions before the
unit is pulled.

Variable frequency drive (VFD) controllers are solid state
electronic power conversion devices. AC input power

is first converted to DC intermediate power using a

diode rectifier and/or thyristor (SCR) bridge. The DC
intermediate power is then converted to quasi-sinusoidal
AC power using an inverter switching circuit. Figure 1 is a
basic block diagram of a VFD connected to a motor.
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MowHocTb Ha BbinpamutenbHaa  Ctabunus. HanpsaxeHue MHBepTOpHaAa cxema AnekTpoaBuratenb
BXxone cxema nocT. Toka Inverter Circuit Motor
Input Power Rectifier Circuit Fixed DC Voltage
+
—

HacToTHbIN Npeobpasosatess — Puc. 1.

VFD Figure 1

PaccMaTpPMBaEMoro nprUMepa UCronb3yemM sHadeHne 3%
[NS NOTepb OaBeHns Ha TpeHue.

[aBneHne Ha Bbixoae = YCTbeBOE AaBNeHNE +
0,433(0,9)(rnybuHa)(1. + % TpeHue) =

=100 + 0,433(0,9)(6000)(1 + 0,03) = 2508,3 yHTOB Ha
KBagpaTHbIA OONM

For the electrical submersible pump (ESP) application
there is a step up transformer and a length of cable
between the output of the VFD and the motor.

VFD’s for ESP oil well applications are divided into
two major categories. They are either variable voltage
inverters (VVI) or constant voltage inverters (CVI).

AC motor characteristics require the applied voltage

3aTpar no pa3segke 1 [obblue HedTU

YHpaBnﬂeTe HeyCTOl7I'-Il/IBbIMVI B MUpeE KanntarbHbIMX U SKCMJ1yaTauMOHHbIMA pacxouaMM?

WUcnonbayiTte peweHuns IHS no aHanusy, MmoaenvpoBaHUIO U y4eTy ynpaBreHYeCKUX peLleHui Ansi opueHTaumm
B paMKax CEerofHsILLUHero CrIoXKHOro pbiHKa 3Hepropecypcos.

MNpoBeauTe aHanNM3 MeCcTOpPOXAEHUs, C MOMOLL LI MPOrpaMMHOro NpoAykTa uHTepnpeTauum | PETRA®

0I1TVIMM3I/IpyﬁTe npou3BoACTBEeHHbIEe nNpouecchl, UCNOoJIb3yA KOMNbIOTEPHbIe cpeacTBa

moaenupoBaHus | PERFORM®, SubPUMP®, Pipesoft-2°

CmopenupyiTe hakTopbl, onpegensilolmne BefIMYMHY 3aTparT, C MOMOLLbLIO NPorpamMMbl
OISl onepaTMBHOrO ynpaBneHus aKcniyaTaunuoHHbIMKU 3aTpatamu | OPEST™

0I1TVIMM3I/IpyﬁTe chnyx(MBaHMe, PEMOHT U OﬂepaTMBHblﬁ y4yeT ucnonb3ysd Hall

nporpaMmHbIA NPOAYKT U ycnyru | Intermat®

BpemeHHble nuueHaun NPOAYKTOB. CBSKUTECH C HAIMMM TEXHUYECKUMU crieLmanicTamu.

MonyynTe OONONMHUTENBHY NOAPOGHY MHGOPMaLNIO.

www.ihs.com/solutions-ru nnu agpec anekTpoHHoM NouThbl sales.psg@ihs.com

MoceTuTe Haw cTeHA Ha BbicTtaBke MIOGE | MaeunboH 1, CteHg 1409

Tha Source
for Sritical mdomemiion nnd inssgi =



B [JOBblHA

Torpa nonHeI anHamndeckuii Hanop (MAH) paseH: MNAOH
= (Pd - [1BH)/((0,433)(0,9))
= (2508,3-205,15) / ( (0,433)(0,9)) = 5901 chyT

Vicxopst 3 npvBeAEeHHOM BbILLIE KPUBOW XapakKTEPUCTUK
Hacoca, Ha ofHy CTyrneHb NPUXOAUTCA NpuMepHo 43,5
dyTa.

Torpa TpebyemMoe KONMYECTBO CTYNEHEN COCTaBNAET:
KonudecTtBo cTyneHen = NJH/ (Hanop/cTyneHb) =
5901/43,5 = 136 cTyneHen

Tpebyemas MOLLHOCTb SNEKTPOABUraTENS B NOLLAAMHbBIX
cunax (n.c.) CoCTaBnsgeT:

(konn4ecTBO CTyneHel) ( N.c./cTyneHb) (yaoenbHas
nnotHocTk) = 136(1,95)(0,9) = 238,7 n.c.

Kak npaBunio, Ha NpakTuke BbIbrpaeTcsa 60n1ee MOLLHbIN
SM1eKTpoaBMraTess C aKcnyaraumen npyu MOLWHOCTU
HECKOJBKO HIKE HOMUHATBHOMN.

[nsa 3aBepLUeHNs MPOEKTUPOBaHNS BbibMpaeTcsa Kabenb
(kak NpaBwIO, C NepenagoM HanpsKeHUs He bonee

30 B/ 1000 ¢hyTOB), LUMT yNpaBfeHnst nnm yCTPONCTBO
perynmpoBaHust 4HacToTbl BpalleHus, npu atom HKT ans
OaHHOW CXeMbl OO/MKHbI ObITb TaKMMK, YTOObI NafeHve
OaBneHns n3-3a TpeHus 66110 0koo 3% OT 0bLLEro
nageHnsa gasneHnsa B HKT. 3akasbiBaeTcs npodee
obopynoBaHue.

Llna Taxkenom BA3KOW HedTW NCMOSIb3YIOTCH
MnonpaBoYHble KO3MMDULMEHTBI. [Py HaNM4Mm
CcBOOGOOHOrO rada Ha npremMe Hacoca 3TOT ras
COCTaBfISIeT YaCcTb 06bema (hrovaa, NPOXOASLLErO
4Yepes HaACOC, OH TakKXKe MOHVXKAET YAEbHYIO MIOTHOCTb
dntomga. MNpu cogep)xaHnm raza Ha npremMe Hacoca
6onee ~10-15% BCTaeT BOMPOC 0 HEOOXOAMMOCTH
NMPUMEHEHUA rasocenapaTopa.

YacTOTHO-perynupyemblil 3NeKTPONpPUBOA:

[ns KpUTUHECKM BaXKHbIX YCTAHOBOK 3a4acCTyto AaHHbIE,
Ha KOTOPbIX 6a3NPYETCH NPOEKT, TaKOBbI, YTO CXema
yCTaHoBKM OLIH He COOTBETCTBYET TEM CKBaXKMHHbIM
YCOBUSAM, KOTOPbIE yCTpounm Bbl onepaTopa.

Kpome Toro, nameHeHve yCnoBuii B CKBXKMHE MOXXET
noTpeboBaTh M3MEHEHUST NapaMeTpoB paboTbl SL|H
0O €ro N3BAe4YeHNs N3 CKBaXKMHbI. [1pn [OCTaTO4HOM
pecypce opuraTensd 4OCTUHb ONTUMAaSTbHBIX PaboHmX
YCNOBUIA OO VU3BMEYEHMS HACOCA U3 CKBaXKNHbI MOXKHO
C MOMOLLbIO HaCTOTHOIrO MpeobpasoBaTess.

Perynsatopbl HacTOTbl BpaLLEeHUst 9NeKTpoaBUraTens
NPEaCcTaBNAtoT cOB0N NONYNPOBOOHUKOBbLIE YCTPOMCTBA
— CUIOBbIE 3NIEKTPOHHbIE NPeobpasoBaTenu.

CHavana nepemeHHbIn TOK NUTaHus NpeobpasyeTcs

B MOCTOSIHHbIV TOK B MPOMEXYTOYHOM 3BEHE
YCTPOWCTBA C MOMOLLIbIO AMOAHOMO BbINPSAMUTENS 1
(nnn) NpeobpasoBaTelbHOro MOCTa Ha TUPUCTOPAaX
(KPEMHMEBBIV YNIPaBASIEMbIN BEHTWUSIb). 3aTeEM
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to be proportionally adjusted whenever the frequency
is changed in order to deliver the rated torque. For
example, if a motor is designed to operate at 460 volts
at 60 Hz, the applied voltage must be reduced to 230
volts when the frequency is reduced to 30 Hz. Thus the
ratio of volts per hertz must be regulated to a constant
value (460/60 = 7.67 V/Hz in this case). For optimum
performance, some further voltage adjustment may

be necessary, but nominally constant volts per hertz is
the general rule. This ratio can be changed in order to
change the torque delivered by the motor.

The VI VFD controls the output voltage by controlling
the DC voltage level with SCRs. The output of this type
of drive is a quasi-sinusoidal wave called a 6 step shown
in Figure 2.
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HacToTHbIN NpeobpasoBaTtens — Puc. 2.
VFD Figure 2

The vertical distance from the top of the top step to the
bottom of the bottom step equals the DC bus voltage.
As the frequency increases the SCRs on the input will
cause the bus voltage increase and conversely when
the frequency decreases the SCRs will reduce the bus
voltage.

VI VFDs with 6 step outputs have been applied to ESP
oil well applications for over 30 years. There is some
additional motor heating associated with the use of 6
step because on the harmonic content of the quasi-
sinusoidal wave shape. This additional heating as been
compensated for by using motors that have be re-rated
for the application of 6-step VFDs.

YacToTHbIN NpeobpasoBaTtens — Puc. 3.
VED Figure 3
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MOCTOSIHHbIN TOK NPeobpasyeTcs B NEPEMEHHbIN TOK C
KBa3NCHyConaansHOM (hOpPMON KPUBOW HaNPSXKEHNs
C MOMOLLBKO NHBEPTOPHOM NEPEKNIOHAIOLLIEN

cxembl. [1] Ha puc. 1 npeactaBneHa 6asoBasi cxema
4acTOTHOro NpeobpasoBaTensi, CoOeANHEHHOMO C
3NEeKTPOOBUraTENEM.

NS NOrpy>XHbIX 3N1EKTPOLIEHTPOOEXXHbIX HACOCOB

B CXEMe MPUCYTCTBYET ellle NOBbILLIAKLLNIA
TpaHcopmMaTop 1 OTPE30K Kabenst Mexay BbIXOAOM
4aCTOTHOro NpPeobpasoBaTeNisl U ANEKTPOABUraTENEM.
YacToTHble NpeobpasoBaTteny ansa 3LH, ncnonbayembix
B HETSAHbIX CKBaXKMHAX, OENATCS Ha ABe OCHOBHbIEe
KaTeropuun B 3aBMCUMOCTW OT TUNa NHBEpTOpPa

— VHBEPTOP C PerynmpyemMbiM Hanps>XeHnem nnm
VMHBEPTOP C NMOCTOSIHHbIM HaNPSIXKEHUEM.

[Ons coznaHns HOMUHANBLHOTO KPYTALLErO MOMEHTa
XapaKTepUCTVIKM 3N1EKTPOABUIraTENS NEPEMEHHOMO
ToKa TpebyroT NPOMOPLIMOHANBHOMO PEryIMPOBaHNS
MPUNOXXEHHOIO HaMPS»KeHNs B COOTBETCTBUM

C U3MeHeHMeM 4acToTbl. Hanpumep, ecam
3MeKTpOABUraTeNb paccyMTaH Ha paboTy npu 460 B
npu vactoTe 60 'y, TO MpU CHWXXeHMM YacToTbl Ao 30 'y,
NPUIOXEHHOE HaMPSPKEHNE AO/MKHO ObITh CHUXXEHO A0
230 B. Taknm 06pa3om, COOTHOLLIEHNE «HaMPSXKeHWe-
YacToTa» JOHKHO UMETb MOCTOSHHYO BENMHMHY (ANs
naHHoro cnydas 460/60 = 7,67 B/I'u). ns nocTmxeHus
onTyMasbHbIX 3KCMyaTaUuMOHHbIX NapamMeTpoB

The CVI VFD controls the output voltage and frequency
with a pulse width modulated (PWM) output shown in
Figure 3.

The peak between the top of the positive pulses and the
bottom of the negative pulses always stays the same
(or constant voltage). The width (or duty cycle) of each
individual pulse increases with increasing frequency

LLnpoTHO-MMNynbCcHaA MOAYNALMA
YacToTHbIN perynaTop
BbixogHoun curHan (mexkcasHbii)

Pulse Width Modulated
Variable Frequency Controller
Output Waveform (Line to Line)

_ll_l__"]__ _Illm_

Hu3kue yactota n Bbicokue yactota n

Hanpsa)xeHue HanpAXxeHue
Low Frequency High Frequency
and Voltage and Voltage

YacToTHbIN NpeobpasoBaTens — Puc. 4.
VED Figure 4.
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MOXKET NoTPeboBaTbCs HEKOTOPOE A0MOSHUTENIbHOE
PEryNMPOBaHME HaMPSKEHNS, HO OBLLIMM NPaBMIOM
YCNOBHO CUATAETCS NMOCTOSIHHOE COOTHOLLIEBHME
«HanpsPKeHe-4acToTa». OTO COOTHOLLEHMNE MOXHO
MEHATb OJ1A NBMEHEHUA KPYTALLEero MOMeEHTa,
obecnevmBaemMoro apuraTenem.

B yacToTHOM NpeobpasoBartene C MHBEPTOPOM C
perynnmpyembiM Harnps>KeHNEM BbIXOOHOE HaNpsihXeHne
KOHTPOMMPYETCS PEryNpPOBaHNEM YPOBHST HANPSXKEHUS
MOCTOSIHHOIO TOKA C MOMOLLbIO TUPUCTOPOB. Ha
BbIXO[e Takoro Tuna npeobpasoBaTtens obpasyeTrca
KBa3WCUHycomaaneHas 6-CTyneH4aTas hopmMa KpuBom
HaNPSKEHUS (CM. PUC. 2 HIXKE).

PaccTosiHne no BeEPTUKaJIN OT Bepxa BerHeI7I CTyneHn
00 HN3a HUKHEN CTYNEHN PaBHAETCA HarnpA>XeHno Ha
LLUNHE NOCTOsAHHOro Toka. o Mepe yBenm4eHnA 4aCcToTbl
TNPUNCTOPbI Ha BXoAe obecneyrBatoT NoBblLLIEHWE
Harnps>XXeHn4d Ha WwnHe, n HaO60pOT — NP YMEeHbLUEHNN
HacCTOTbl TMPUNCTOPDI obecneuymBatoT NMOHMXKEHNE
Hanps>XxXeHn4 Ha WnHe.

HacToTHble MpeobpasoBaTenn ¢ MHBEPTOPOM C
pPeryMpyemMbiM HanpsXXeHnem ¢ 6-CTyneH4aTon
OPMOI BbIXOOHOIO HAMPSPKEHNST MPUMEHSAIOTCS

¢ OLH, ncnonb3yembiMy B HEPTAHBIX CKBaXKMHAX,
y>xe 6onee 30 neT. MNpuMeHeHne Takux YCTPONCTB
NPUBOAUT K HEKOTOPOMY OOMOMHUTENBHOMY HarpeBy
3NEKTPOABUIraTeNs BBUAY COAEPXKaHNS FAPMOHMK

B KBa3WCHHyconaansHom hopmMe BOJHbI. ITOT
OOMONHUTENBHBIN HArPEB KOMMEHCUPYETCS C MOMOLLbIO
MNCMONb30BaHNUS SEKTPOABUIATENEN C MepepacHeToM
HOMUHAJTBbHBIX XapakTePUCTUK CreumanbHO s
NPUMEHEHNS C YaCTOTHbIMK NpeocbpasoBaTensMm ¢ 6-
CTyneH4aTon (POPMON BbIXOOHOMO HANPSXKEHWS.

B 4yacToTHOM NpeobpasoBaTtene ¢ MHBEPTOPOM C
MOCTOSIHHbIM HaMPSXKEHNEM BbIXOOHOE HanpshKeHue
1 YacToTa PerympyroTcs ¢ MOMOLLBIO LUMPOTHO-
VMMMYJSIbCHOW MOOYNALMK (CM. pUC. 3 HUXKE).

AMMNNTYOA MEXAY BEPXHEN TOYKOWN MONOMKUTENBHBIX
VMMMYJSIbCOB N HXKHEN TOYKOW OTpULATENBHbIX
MMMY/IbCOB BCErAa OCTaeTCs MOCTOSIHHOM
(nocTosiHHOE HanpskeHure). LLinpuHa (nnn
«KO3IMPULMEHT 3aMNONHEHUSI») KaXKAO0Iro OTAEBbHOMO
MMMybCa YBEINYMBAETCS C MOBbILLEHVEM YaCTOTh,
noBbILLas, TakMM 06pa3oM, cpedHee MPUIOXKEHHOe
HanpshkeHre. Takoe perynmpoBaHne HanpsKeHNs

1 4aCTOTbl MPOVUTIOCTPUPOBAHO Ha PUIC. 4 HIKeE.
CpepnHee HanpshkeHne, NPUXOLALLEECs Ha MepuoL,
HU3KOW 4aCTOTbl, HKE, YEM CPEeOHee HamnpshKeHue,
npuxogsileecs Ha nepuof 605ee BbICOKOW HYacTOThbl.

[Mpy NCNONB30BaHMM YaCTOTHbIX MpeobpasoBaTenem
C VHBEPTOPOM C MOCTOAHHBIM HaMPSAXKEHNEM
MPEUMEHUTENBHO K SLH, akcnnyatnpyemMbiM B HEPTSAHbBIX
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therefore increasing the average applied voltage. This
voltage and frequency control is shown in Figure 4
below. The average voltage over the low frequency
period will be lower than the average voltage over the
higher frequency period.

When the CVI VFDs are applied to the ESP oil well
application, the rapid switching of the PWM output
causes reflections to occur over the long lengths of
power cable. This can cause voltage spikes up twice the
peak system voltage to appear at the output of the step
up transformer and the ESP motor terminals. Figure 5
shows the ringing that occurs at the end of the voltage
transitions during the PWM switching.

YacToTHbIN Npeobpa3oBaTesb — Puc. 5.
VFD Figure 5

To reduce the risk of insulation failure and to reduce
motor heating due to harmonics the manufactures of
these drives have included low pass filters on the output
of their CVI VFDs. This is filtered PWM (FPWMS3) or
variable sine wave generation PWM (VSG PWM4). A
typical voltage output waveform of a filtered CVI VSD is
shown in Figure 6.

1,00

YHacToTHbIN NpeobpasoBaTesb — Puc. 6.
VFED Figure 6

Variable frequency drives for ESP oil well applications
range in size from 25 KVA to 2000 KVA at 480 volts to
2400/4160 volts. They can be designed for stand alone
applications in the field in NEMA 3 or 4 enclosures or
they can be in NEMA 1 enclosures for motor control
room applications. When purchased from an ESP vendor
they will come with the necessary controls for motor and
VFD protection and control.

1. Campbell, Sylvester J. (1987). Solid-State AC Motor

Controls. New York: Marcel Dekker, Inc. pp. 79
2. Bose, Bimal K. (1980). Adjustable Speed AC Drive

www.rogtecmagazine.com
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CKBaXKMHax, ObICTPOe NepeKtoyeHe BbIXOQHOrO ToKa C Systems. New York: IEEE Press
LUINPOTHO-UMMYNbCHOM Moaynauven (LLUVIM) nprnsognT K 3. Registered trademark of baker-Hughes Centrilift
NMOSIBNEHNIO OTPaXKEHWIN HA ONNHHBIX ydacTkax cunosoro 4. Registered trademark of Wood Group — ESP, Inc.
Kabens. 3TO MOXXET BbI3BaTb OPOCKN HANPSXKEHWS

[0 3Ha4YeHNs, BOBOE NPEBLILLAIOLLENO MakCUMasIbHOe 4) Installation:

HaNPS>XXeHNEe CUCTEMbI Ha BbIXOLE MOBbILLAKOLLErO There are many factors to be considered to prepare

TpaHchopMaTopa 1 KnemMMax anekTpoasuraTens for installation, install the cable and unit components

BUH. Ha puc. 5 nokasaH ahdeKkT oTparkeHust and start up and monitor the unit. See API RP 11

— KpaTHOoe YBENMYeHVe BOJHbI, BO3HKMKatOLLIEE Ha S3, Recommended Practice for ESP Installations.

KOHEYHOM y4acTKe Nnpeodbpa3oBaHns HaNpPs»KeHWs npu See API RP11S5 Recommended Practice for

NEPEKYEHNN C MOMOLLbIO LUMPOTHO-UMIMTYIbCHOM Application of ESP Cable. See APIRP 1156

MOZYAALNN. Recommended Practice for Testing ESP Cable
Systems.

[ns CHWXeHWs pycka Npobos N3oALMK 1 NS

YMEHbLLEHUS HarpeBa a1eKTpoaBuraTens na- ESP Deployment Options

3a CoAep>KaHNg rapMOHUK U3rOTOBUTENN TaKmnx As previously discussed, the ESP assembly is normally

npeobpasoBaTtenei BB B UX Cxemy hunbTp hung on tubing with the electric cable banded to the

HDKHKX 4aCTOT Ha BbIxofe. B pesynbTtate nossmnach outside of the tubing. A heavy rig/hoist intervention is

cxema LUVIM ¢ punbtpom (FPWMS), nnn LM ¢ therefore required to replace failed and sub-optimal

006pasoBaHneM perynmpyemMblx CUHyCoUaanbHbIX BOSH systems and the unpredictability of ESP failures can

(VSG PWM4). TunnyHasa hopmMa KprBow BbIXOAHOIO result in significant disruption, cost and production

HaNPsXKEeHUst AN CXeMbl HaCTOTHOIO Npeobpas3oBaTens deferment. To reduce the impact of ESP failures a

C VHBEPTOPOM C MOCTOAHHBIM HAMPSXKEHNEM C number of alternative deployment options have been

nobasneHvem unbTpa NokasaHa Ha puc. 6 HKe. developed by the ESP vendors, such as Centrilift, Reda

and Wood Group.
XapaKTepnCTVKM YacTOTHbIX NpeobpasoBaTenei
ons SUH, ncnonbsyembix B HehTea00bIBaKOLLEN Cable deployed systems, coiled tubing deployed

MPOMBILLNIEHHOCTU, BAPbUPYIOTCH OT 25 KNNOBOJILT- systems and through tubing deployed pumps were all

?
Do you want to see through walls? Tracerco™

TRACERCO Diagnostics” Pipeline Assurance services enable our customers to use
on-line non-invasive techniques to determine the condition and characteristics of
pipeline contents.

Flow Assurance - Pipe-in-pipe Annulus

deposit surveys B i Integrity measurements :
to determine the = to determine whether
location and amount = the annulus is dry or
of pipeline deposits. flooded. Reliable, robust
and low risk method of

pig location and detection.

Slugging study -
accurate real time
process measurements
that determine the size,
duration and velocity of
liquid and gas slugs.

Moisture Under
Insulation Detection -
identifying the location
of wet insulation that is
a precursor to corrosion.

For more information please contact us via the e-mail address shown,
or by telephoning +44 (0) 1642 375500

, — e —
= = — Johnson Matthe .

www.tracerco.com —tracerco@matthey.com A-member of the Johnson Matthey Group
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amnep o 2000 KUIoBOJIbT-aMmmep NMpu HanpsXxeHnum
0T 480 B no 2400/4160 B. OHW MOryT ObITb
paccH1TaHbl Ha OTAENbHYIO YCTaHOBKY Ha MeCTe

B kopnycax knacca NEMA 3 vnn 4 (no ctangapTy
NEMA - HaumoHanbHOM accoumaumm Npon3BoanTenen
SNEKTPOOBOPYAOBAHWS), U HA YCTAHOBKY B
annapaTHbIX YNPaBNeHNs SMeKTpoABUraTENAMU

B kopnycax knacca NEMA 1. [Npu 3akynke y
noctasluka SLH aTn ycTponcTsa NOCTaBNATCA B
KOMMJIEKTE C HEOOXOAMMbBIMU CPEACTBAMN 3aLLMThI
1 ynpaBfieHns SNEKTPOABUrATENAMN N HACTOTHBIMM
npeobpasoBaTensamu.

1. VcTtounuk: Campbell, Sylvester J. (1987). Solid-State
AC Motor Controls. New York: Marcel Dekker, Inc.
pp. 79

2. WcTouHuk: Bose, Bimal K. (1980). Adjustable Speed
AC Drive Systems. New York: |IEEE Press

3. BaperucTpupoBaHHas Toprosasi Mapka KoMMnaHum
Baker-Hughes Centrilift

4. 3aperncTpupoBaHHas TOprosasi Mapka KOMMaHum
Wood Group - ESP, Inc.

4) MonTax:

a) [lpun NoAroToBKe K MOHTaXy, MOHTaXKE Kabens
N KOMMOHEHTOB YCTaHOBKM, a TakxXe 3anycke
1 MOHUTOPWHIE PaboTbl YCTAHOBKW HEODXOONMO
Y4YMTbIBaTb MHOXECTBO (hakTopoB. CM. cTaHaapT
API RP 11 S8, «PekomeHngyemas metoanka
MOHTa>ka ycTaHoBOK OLH». Cm. ctangapT
APl RP11S5, «PekomeHgyemas meToanka ans
ycTaHoBKM kabena SLH». Cm. ctangapTt APIRP
11S6, «PekomeHgyemas MeTogmka Anst UCrbITaHWi
kabenen SLH».

BapnanTbl pasmewenmna YILUH

Kak obcy>xganock paHee, YOLH B cbope 0bbIHHO
HaBeLVBaEeTCA Ha MOLBEMHOM TPyOe C NCMOSIb30BaHMEM
SM1EKTPNHECKOro Kabens, 6aHOaKMPyeMoro K
Hapy>XHOWM CTOPOHe TPyObl. Taknm obpasom, Ang
3aMeHbl BbileALLUNX U3 CTPOSA U HEAOCTATOYHbIX
cucTeM TpebyeTCs BMELLATENbCTBO C UCMOSIb30BaHMEM
TSPKENbIX MPUCMOCOBNEHNIA/NOABEMHBIX YCTPOWCTB,

a HenpeackasyeMoCcTb 0TKasoB YOLIH MoXeT umeTb
CBOUM pe3y/bTaToOM 3Ha4YMTENbHbIE MOBPEXAEHNS,
3aTparhbl U 3a4eP>XXKN B MPON3BOACTBE paboT. [ns
TOro, YTOObl YMEHbLLWTbL MOCNEACTBMSA 0TKa3oB YILIH,
noctasLmkamMum YOLIH, Takumu, kak «Centrilift»,

«Reda» n «Wood Group», 6bin padpabdoTaH Lienbin pag,
anbTepHaTMBHbIX BapUaHTOB Pa3MeLLEeHVs.

CucTeMbl C KaHaTHbIM Pa3MeLLIEHMEM, CUCTEMBI

C KONTIOOMHIOBbIM Pa3MELLIEHVEM U HACOCHI C
pas3mMeLLeHneM Yepes Tpydy Oblnn padpaboTaHbl B LENSX
CHW>XEHWNS MOCNeACTBUIM O0TkasoB YOLIH, Ho, B cuny
LeIoro psifa TEXHUHECKUX Y KOMMEPHECKUX MPUYMH,
OHW He BbINY C FOTOBHOCTbLIO MPUHSATLI OTPACTIBHO.
[No3gHee, bnarogaps ycunuam komnaHum «ZEITECS»
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designed to reduce the impact of ESP failures but, for
a variety of technical and commercial reasons, have

not been readily adopted by the industry. More recently
ESP Shuttle Systems have become available through
ZEITECS where the entire ESP system (pump, seal and
motor) may be run and retrieved on wireline. The ESP
cable and the female electrical connectors are run with
tubing as the ‘permanent’ completion and then the ESP
Shuttle system with the male electrical connectors is run
through the tubing on wireline to the docking station at
bottom. The wireline is detached and retrieved before
production.

The best ESP deployment method for a particular
application can be determined only by a thorough
evaluation of well lifecycle economics.

5) Operation / Monitoring:

i) Monitor: Amps, surface voltage, downhole
temperature and pressure starts/stops, power supply
frequency

i)  Advanced

a) Motor winding and well temperature

) Motor fluid dielectric strength

) Vibration

) Discharge pressure

) See API RP 11S Operation, Maintenance &
Toubleshooting of ESP Installations

(
b
(c
(d
(

e

6) Removal from Well/ Inspection;

i) Remove with care

i) Inspect as removed: Sample fluids, solids etc

iii) Collect fluid and solids samples

iv) Observe color indicating exposure to excessive heat

v) Note Vibration marks if any

vi) Any evidence of cable or pothead burns

vii) Mechanical damage if evident

viii) Package including pothead and instrumentation
(without removal) to shop for teardown

7) Shop Teardown:

i) Have available historical run data and documentation

i) Sample internal materials and fluids

iii) Search for primary cause of failure and other

conditions:

(a) Wear

(b) Foreign materials

(c) Electrical transients or electrical burns

(d) Water in motor?

(e) Seal function or failure of:

Shaft seals

Bag preventer

Contamination of labyrinth sections

Wear or failure of thrust bearing

()  Motor: Burned or contaminated

(9) See API RP 11S Recommended Practice for ESP
Teardown Report

Bon =
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cTanu goCTYMNHbIMU YeNHO4YHbIE cUCTeMbl YOUH, B
KOTOpPbIX BCsS cnuctema YBOUH (Hacoc, ynnoTHeHne

1 OBUraTenb) MOMyT CNYCKaTbCS M M3BNEKATLCA Ha
Kabenb-Tpoce. Kabenb YOLIH 1 rHe3ga snekTpuyecknx
COeVHUTENEN OMyCKartTCA BMECTE C TPybon B
Ka4yecTBe «MOCTOSIHHOrO» KOMMEKTAa, 1 3aTeEM
YenHo4YHaa cuctema YOLIH BMecTe co wTencenbHbIMm
4aCTAMM SNEKTPUHECKNX COEAMHUNTENEN OMyCKAETCs
4Yepe3d Tpyby Ha Kabenb-TPOCe B AOK-CTAHLMIO B HUXKHEWN
YacTn. Kabenb-TpoC OTCOEANHAETCS 1 N3BIEKAETCS
nepen Ha4anoM godblyn.

Hamny4iumin cnocob pasmellgHrsa Y3OLIH ons KoHKpeTHoro
MPUMEHEHNS MOXXET ObITb ONpeaeneH TOMbKO
NoCcpPenCcTBOM TLLATENBHOM OLEHKM SKOHOMUHECKIX
ACMNEKTOB XKN3HEHHOMO LMKIA CKBaXKMHDI.

B) OkcnnyaTaumsa / KoHTposb napameTpoB paboThbl:

i) KoHTponto nognexxar crenytoLme napamMmeTpbl:
cuna ToKa, HampshKeHE Ha MOBEPXHOCTU,
Temneparypa 1 AaBfeHVe B CKBXXNHE B Ha4Yane
paboTbl 1 MpW OCTAHOBKE, YacToTa NCTOYHNKA
nuTaHus.

i) JononHuTeneHble napameTpbl

(a) TemnepaTtypa 0OMOTKM OBUraTeENs U

Temneparypa B CKBaXKUHE;

(b) AnanekTpuyeckasa NPOYHOCTb XKXUOKOCTA B
asurarene;
Bubpauus;
LaBneHve Ha BbIXOae;
Cwm. ctaHgapT API RP 115, «OkcnnyaTtauus,
TEXHUYECKOE OOCNY>KMBAHME U YCTPaHeHne
HEeMCnpaBHOCTEN YCTaHOBOK JLIH».

CICNG)

6) VisBnedeHne N3 CKBaXKMHbI / OCMOTP:

i)  M3BnekaTb C OCTOPOXKHOCTHLIO;

i) Nocne n3BneveHnss OCMOTPETb HACOC: B3ATb MNPOObI
XKUOKOCTEN, TBEPOAbIX BELLECTB U T.4.;

i) Cobpatb Npobbl XNOKOCTEN U TBEPObIX BELLECTB;

iv) TlpoBepuTb LUBET Ha NpeaMeT N3MEHEHNA
BCNEACTBME BO3OENCTBUS MOBbILLEHHBIX TEeMNeparyp;

v) OTMETUTb NPU3HaKN NOABEPXKEHHOCTN BUOpaLn
npy UX HaIM4um;

vi) [NpoBepuTb HanM4me NPU3HaKOB MPOXXOroB Ha
Kabensx nnn KOHLIEBbIX KabebHbIX MydTax;

vii) NpoBepnTb HaNMMYME MEXaHNHYECKIX NMOBPREXXOEHWN;

viil) YnakoBaTb 060pyaoBaHne, BKIKOHas KOHLEBbIE
My Tbl 1 KU (6e3 n3sneveHns), ona OCTaBku B
MaCTEPCKYIO ANA AEMOHTaKa.

7) [JeMOoHTaXK B MacTepCKOW:

)  Heobxoaumo Hanu4ne gaHHbIX MO SKChyaTaumm
YCTaHOBKM 3a OnpeAesieHHbI npoLuennin nepmomg, v
BeLeHNEe COOTBETCTBYIOLLEN OOKYMEHTALNN;

i) Bsatne npob matepranoB 1 XXNOKOCTEN,
HaxXOAALLMXCS BHYTPW HACOCa;

i) MccnepoBaHne OCHOBHbBIX MPUYMH HENCMPaBHOCTEN

www.rogtecmagazine.com

iv) Determine possible reuse of pump and motor
if reconditioned and tested. See APIRP11S2
Recommended Practice for ESP Testing. See API
RP11S8 Recommended Practice on ESP
Vibrations. See API RP 11S7 RP on Application
and Testing of ESP Seal Chamber Sections

8) Determination of failure:
i)  Examine removal and teardown data and assess
cause(s) of failure

9) Continuous Improvement:

i) Indicate equipment that could extend run life such
as sand resistance

i) Stages/ impellers or high temperature trim or need
for better checks at installation etc. Note that
these recommendations may not be implemented
on the new equipment going in but possibly on
the following run/pull/installation.

10) Maintenance of Failure Data Base:

In order to show improvements with time in

run life, it is necessary to have a good record of
past failures and the cause of each. Only then can
attention be focused on the most critical areas
and only then can improvements in run life be
achieved.

For additional information on a failure tracking project
details see: Industry Reliability and Failure Tracking
Joint Industry Projects seek to increase ESP and PCP
Run-Life By Jesus Chacin, Paul Skoczylas and Darren
Worth, ROGTEC, Issue 7.

N OPYrnx yCRNoBUi:

(@) UsHoc;

(b) Hanu4me nHOpPOOHbLIX MaTepPUanos;

(c) Hanu4me MrHOBEHHO BOZHUKAKOLLMX
HEYCTaHOBMBLUNXCH TOKOB U 3NEKTPUHECKNX
O>KOrOB;

(d) Hanwnume Boabl B gpuratene?

(e) CocTosiHME YNNOTHEHNIA, MPU3HAKN
NOBPEXAEHNI:

YNNOTHEHWIA BasOB;

dnacTnyHom anadparmbl;

3arpsizHeHve NabPUHTHBIX KaMep;

I3HOC 1nm NoIOMKa YMOPHbIX MOALMIHNKOB.

() Odeuratens: NpU3HaKn CXUraHns nam

3arpsA3HEHNS;

(9) Cm. ctangapt API RP 11S, «Pekomenayemas
METOAMKa COCTaBNEHNSA OTHETOB MO AEMOHTAXKY
YyCTaHOBOK OL|H>.

iv) OnpegeneHne BO3MOXXHOCTU MOBTOPHOIO
NCMNONb30BaHNA Hacoca 1 apuratens nocne
pemoHTa 1 nucnbiraHnin. Cm. ctaHgapT APIRP11S2,
«PekomeHayemasd MeToAyMKa UCTMbITAHUIA YCTaHOBOK

Mo
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SUH». Cm. ctangapT APIR P11S8,
«PekomeHaoyemas MeETOAMKA KOHTPOS BUBpaLImn
ycTaHoBOK JLH». Cm. cTtaHgapT API RP 1157,
«PekomeHaoyemas MeTOAMKa Bbibopa 1 UCTbITaHW
YNAOTHUTENBHBIX Kamep yCTaHOBOK JDLIH».

8) Onpepnenenve HencnpasHOCTEN:
) V3y4eHne faHHbIX MO U3BAEHEHNIO N EMOHTaXKY
Hacoca 1 oueHKa NpuHmH(bl) OTKasa.

OHW, BO3MOXHO, 60J1ee NoaxoOaT ANA CRedytoLLmX
LIMKJIOB CMyCKa/ U3BMIBHYEHNS/ MOHTaxKA.

10) Bepervie 6asbl JaHHbIX MO HEUCMPABHOCTAM:

[nst Toro 4tobbl CO BpeMeHeEM 06eCneYnTb
yBENNYeHNEe MEXXPEMOHTHOIO Neproaa, HeobXoaMMo
TWaTeNbHO BeCTM 6ady AaHHbIX MO UMEBLLMM MECTO
0oTKasaM 1 UX npuymHam. TONbKO B 3TOM Cly4ae
MO>XHO COCPEAOTOUMTLCS Ha Hanbonee BaXkKHbIX

acriektax n ,EI,O6I/ITbCFI MOBbILLEHNA MEXKPEMOHTHOIO

9) [1oCTOSIHHOE COBEPLLEHCTBOBaHVE B UCMOb30BaHN pecypca.

HaCOCOB:

i)  OnpeneneHne SNEMEHTOB, KOTOPblE MO Obl LononHUTENbHY MHdOPMaLMO Mo BegeHuo 6as
NPOOINTb MEXPEMOHTHbBIM MEPMO, HAcCOCa, OaHHbIX MO oTKadamM SLH cMm. B crneaytolemM OOKYMEHTE:
HanpuMep, CTOMKME K BO3AENCTBUIO Necka Reliability and Failure Tracking Joint Industry Projects
KOMMOHEHTbI: seek to increase ESP and PCP Run-Life By Jesus

(1) Ctynenw/ pabo4yne kKoneca, nnm Chacin, Paul Skoczylas and Darren Worth, Rogtec, Issue
BbICOKOTEMIMEPATYPHbIE BHYTPEHHNE SNIEMEHTHI, 7. («<COBMECTHbIN OTPaCNEBOM MPOEKT MO CO3AaHUIO
NN HEOBXOOMMOCTb Bonee TaTeNbHbIX NPOBEPOK 6asbl aHHbIX OTKA30B W HagexXHOCTN SLIH 1 BUHTOBbIX
npv MoHTaxe 1 T7.4. CnegyeT OTMETUTb, YTO 3TN HACOCOB CMOCOBCTBYET YBENMYEHUIO X CPOKA CNyXKObl»,
pekoMeHaaUMm MOryT BbITb HEBBIMOHVMbI A5 asTopbl: Vincyc HauwH, MNon LLkosbinac n OappeH Yopr,
HOBOIro 00OPYAOBaHWS, CMYCKAEMOrO B CKBEXKUHY, xypHan ROGTEC, Bbinyck 7).

Tunuunbie oTkassbl IUH Examples of ESP Failures
[peHaxkHaA npobka
(CKBa>XMHHbIE YCMOBWA)
Koppoaua HKT Drain Plug OTKa3 aneKTpoaBuraTena, Bo3pact
Tubing Corrosion (Well Conditions) o6opynoBaHnA
3% 3% Motor Failure Age of Equipment
Livknnynana paboTa rmasHoro kabena SLIH 3%
Main Cable Cycling ESP
3% MonanaHve Boabl (B anekTpoasuraTesb) B pesynbtare
NoBpPEXAEHNA NPOTeKTopa / MPUEMHOro OTBEPCTMA
Bospact obopynosaHmaA Water in (Motor) from Protector Failure / Intake Failure
(rnaBHbI Kabenb) 3%
(Main Cable) Agoe of Equipment [lecheKTbl N3rOTOBNEHNA SNEKTPOABUraTena
9% Motor Manufacturing
3%
3akynopvBanme (Hacoca) KoHueBaA kabenbHaA MydhTa aneKTpoasuraTens
cynbthraamm xenesa — BpOCOK HanpAXeHUA
(Pump) ‘Plugged with Iron’ Motor Pothead - Voltage Surge
Sulfide 3%
3% ; ;
TpelmHa Ha KOHLEBOW KabenbHoM
MydTe anekTpoasuratena
Motor Pothead Cracked
9%
BhbIxoa 13 cTpoA (anekTpoasuratena) B
pesynbTarte 6pocka HanpAXeHna
(Motor) damaged from Volyage Surge
6%
3akynopviBaHue 1 6rokMpoBKa Hacoca
/ CKBaXXWUHHblE ycnosuA
Pumps Plugged and Locked HarpeB aBuratens (UMKNN4eckme KonebaHua
/ Well co?dmons YPOBHA XXUAKOCTU B CKBaXKUHE, LMKIIMHECKUIA
26% 3akynopsaHme (NPUeMHOro pexxum paboThbl CKBar\;lKV;HbI',_'G)K(t:I'IJ'Iyal.TaLlfITIFlld
OTBEpCTMA) NapacuHoM / NP1 HU3KOM Facxcﬁe)| f(|) or Z?' (cycling fluid,
acansTuHamm cycling wel ,2%—0/0 conditions)
(Intake) Plugged with parrifin/asphaltines °
3%
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