0630p TexHonoruv InexTpnyeckunx LieHTpo6e)xHbix Hacocos

An Overview of Electric Submersibhle Pumps Technology

Beeaenne

Ha 6onee yem 60 npoueHTax HedpTeA0ObIBAIOLWNX CKBAXMWH
ANA NPOM3BOACTBA M3HAYaNbHO ONpefesieHHbIX U3BleKaeMblX
3anacoB HeO6X0AMMO NPUMEHEHNEe TON NN UHOW TEXHONMOrun
MexaHu3npoBaHHOW A06bl4n. 13 npubnnamtensHo 832000
CKBa>XWH C MexXaHU3upoBaHHOW f06bI4YEN B MUpe, NPUMEPHO
14 npoueHTax aKcnNnyaTupoBannCb MMM IKCNIyaTupyroTcA

c ucnonb3oBaHmem ALH. MexaHusnpoBaHHbIe cNOCO6bI
AOGbI‘-II/I ABNAIOTCA HEOTbEMITIEMOW YacTbio aKcnnyatauuun
CKBaXWH, B 0COBEHHOCTM Ha MECTOPOXAEHNAX NO3AHEN
cTaaun paspaboTku, rAe NPOAYKTUBHbIE NNacTbl He
obnapaloT A4OCTATOYHbIM AaBfieHWEM ANA nogbeMa HedTu
Ha ycTbe. [1o Mepe TOro Kak AebuTbl CKBaXXMHbI N0 rasy un
HedTU NpoAoIKaKT CHUXATbCA a 4ebuT Nno Boae pacTer,

B YaCTHOCTU B njlactax ¢ BOAOHAMOPHbIM peXXnMom,
HedTenobbiBaOWAaA KOMNAHNA MOXET Ha4yaTb UCNONb30BaTb
3aBOAHEHME - MeTO/ MOBbIWEHNA HedTeoTAaun NPU KOTOPOM
BOAA 3akaymBaeTCA B NNacT Yepe3 BOAOHArHeTaTeNbHy0
CKBaXWHY ANA nepemelleHnA yrneBoaopoaoB K APYIUM
cKBa>kuHam. Npu 3TOM cO BpemMeHeM AebUT CKBa>KMHbI

no HedpTU NPOAOIIKUT CHMXKATbCA, a 4ebuT nNo Boae

6yneT pacTu. B pesynbTaTte, BpemMA 0TKa4yku, K npumepy,

ANA CTaHKa-Kayanku pacTteT A0 TOr0O MOMEHTa, noka

Hacoc He cTaHeT paboTaTb ABajuaTb YeTbipe Yaca B

cyTku. B aTo BpemA, Hanbonee NpakTUYHbIM METOLOM
yBenuyeHna aobblyn ABNAETCA yCTaHOBKA Hacoca C
6onblien Npon3BoANTENBHOCTLIO. OAHUM M3 NpUEMIEMbIX
BapuaHToB, B 0CO6EHHOCTUN Npu onepaumAx 3aBOAHEHUA C
npvMmeHeHnem bonbwnx o6bLEMOB, ABNAETCA NOrPy>XHOW HaAcocC
C 3/1EKTPONPUBOAOM.

Cuctembl QUH moryT 6bITb HaUNy4wWnm BapuaHToM AnA
BbICOKO,qeﬁlllTHbIX CKBa>WH, Ha KOTOPbIX NPOXU3OLWWJIO NaaeHue
YPOBHA A06bI4N U CcylecTByeT He06X0AMMOCTb €ro NoBbIEHNA.
OTa 3apava akTyasibHa ANA MHOTMX MEeCTOPOXAEHUAX B
Poccuiickon pepepaunm n ctpadHax CHIL Ctapble cuctembl
rasnudTa B yCnoBUAX CMNbHOro 06BoAHEeHNA MoryT paboTaTb
npu 6onee HU3KMX AaBreHMAX U obecneynTb 6onee NOMHbIN
oT6op n3BneKaembix 3anacos HedTn, eCnu 3aTpaTuTb cpeacTsa
Ha nepeBof 3TuX ckBaXkmH Ha OLIHbI. Ha puc.1 npeactaBneHsbl
paboyme ananasoHbl CUCTEM.

M3 Bcex cuctem MexaHM3mpoBaHHOW A06bIYN aneKTpuyeckmne
ueHTpobexHble Hacockl (QLIH) obecneynBaloT HanbonbLyto
oTpavy Ha Hanbonee rnyboKnNX CKBa>KnHax, HoO BMecTe ¢

TeM ux npumeHeHne TpebyeT 6onee 4acTblX PEMOHTOB U
COOTBETCTBYIOLWEro yBenmyeHua 3atpat. B go6asok, SLH
obecneymBaloT NPeBOCXOAHbIe paboune xapakTepucTUKN B
cpepax HachbIWeHHbIX ra3oM 1 Boaon. a3 n Boga NnpucyTCcTBYOT
eCTeCcTBEHHbIM 06pa3oM B Cbipoi HeTu B Bonbwnx obbemax.
[nA BO3MOXHOCTW OTKa4kun HepTn Ha ycTbe Heobxoammo
OTAENUTb OT Hee ras n Boay. Beicokoe ux cogep>xaHne MoxeT
BbI3BaTb ra3oBble NPO6KN B MexaHM3Me Hacoca, YTo npuseaeT K
3HAYNUTEJSIbHOMY CHUXXEeHUIO NPpoOn3BOANTENBHOCTU U n0Tpe6yeTc:=|
N3BneYeHne N3 CKBaXXnHbl BCE HACOCHO-KOMMPECCOPHOMN
KOMMOHHbI 1 NOBTOPHOW ee 3anpasBKu.
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Introduction

More than 60 percent of producing oil wells require some

type of assisted lift technology to produce the recoverable oil
originally in place. Out of about 832,000 wells lifted world wide,
about 14% are/were lifted with ESP. Artificial lift systems are

an essential part of production, especially in maturing oil fields
where the reserves lack sufficient pressure to easily bring the
crude oil to the surface. As the production of natural gas and
crude oil continues to diminish and water production increases,
particularly in water driven reservoirs, the lease operator may
begin waterflood, an enhanced recovery method in which water
is injected into the reservoir at one well to drive hydrocarbons
to other wells. However, with time, oil production will continue
to fall and water production will increase. As this occurs, the
pumping time for a given beam pump system will be increased
until the lease pumper is producing the well twenty-four hours a
day. At this time, the most practical way to improve production is
to install a system with greater production capability. One of the
choices, especially in high-volume waterflood operations, is the
electrically driven submersible pump.

In Russia and the FSU, where many larger oil wells have
declined in production, ESP systems are the best choice. Older
gaslift systems which now have a high water cut would produce
to lower pressure and produce higher recoverable oil if money
were spent to re-equip them with ESP’s. See Figure 1 for an
idea of the range of operation.

Electric submersible pumps (ESP’s) offer the highest yield

of most deep-well artificial lift systems, but suffer the highest
frequency of expense and repair. In addition, ESP systems offer
superior performance in somewhat gaseous and water-infused
environments. Gas and water occur naturally with crude oil and
in high percentages. The gas and water must be separated from
the flow of crude oil in order to pump it to the surface. High
percentages can cause gas locking in the pump mechanism
resulting in a serious decrease in flow delivery — and requiring
the entire production string to be pulled from the well and re-
primed.
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Lift — Rate Charts of AL Methods showing ESP is hi-volume

method of lift (Courtesy Weatherford)

Electric Submersible Pump Technology
Most producing oil fields utilize a downhole pumping system, which
is electrically driven, to bring oil to the surface. The pump typically
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KpvBble Npou3BoANTENIbHOCTM NUETa MEXAHU3UPOBaHHOW

[o6b14n, SLIH nokasaH Kak BbICOKOAEOUTHbLIN MeTog NudTa
(npenoctaBneHo komnaHuen Weatherford)

TexHonorua 3aNeKTPNYECKUX LEHTPO6eKHbIX HACOCOB

Ha 6onblunMHCTBE HEPTAHBIX MECTOPOXAEHWI Ha CTaaUN
aKcnnyaTaummn ANA OTKa4yknm HedTU Ha YCTbe MCMONb3YITCA
CKBa>XVHHbIE HAcOCbl, KOTOPble UMEIDT 3flekTponpusoa. Hacoc
Kak npaBuno BkNyaeT B cebA HECKONbKO NocneaoBaTesNbHbIX
CEeKUMIN LeHTPOB6EXHbIX HACOCOB, KOTOPbIE MOTYT 6bITb
CKOH(hMTrypMpoBaHbl C y4eTOM crneuncnyeckmx napameTpos
CTBONA CKBaXWHbI ANA ONpeAeneHHOro HasHa4yeHus.
OnekTpunyeckmne LeHTpobexkHble Hacockl (ALH) aBnatoTca
06LWenpUHATLIM METOAOM MEXaHU3NPOBAHHOW A06bI4N,
obecneyvBaloLWMM WNPOKUIA AManasoH pa3MepoB U
Npou3BOANTENbHOCTU. DNEKTPUYecKne LeHTpobeXKHbIe Hacochl
Kak NpaBuio UCMONb3YKOTCA Ha CTapbIX MECTOPOXAEHUAX C
BblCOKOW 06BOAHEHHOCTbIO (BbICOKMM COOTHOLLIEHWEM BOAa-
HedTb). Hacockl QLH obecneunBaoT SKOHOMUYHYIO A0ObIYY
nyTem NoBblleHMA HedhTeoTAaun Ha JaHHbIX HU3KOMPOAYKTUBHbIX
cTapblX MECTOPOXAEHMAX. 3aKaHuynBaHMA ¢ ocHalleHnem OLIH
ABMNAIOTCA anbTepHaTUBHbLIMW CPEACTBAMU MEXAHN3NPOBAHHON
3KCNyaTaumm CKBaXKuH, KOTOpble UMEIOT HU3KNe AaBfeHuA
npn3aborHoM 30Hbl. 3aKaHYMBaAHUA CKBaXXWHbI C OCHaLLEeHUeM
OUH aBnatoTcAa Hanbonee ahPeKTUBHLIM CNOCOHOM
aKcnyaTaumm BbICOKOAEOUTHbIX CKBaXUH. pu ncnonb3oBaHuu
OUH 6onbwmnx pazamepos 6binn nonyyeHsl Aebutsl Ao 90000
6appenert (14500 M3) XXNAKOCTUN B CYTKMU.

KomnouenTbl JUH

Cunctema SLIH cocTONT N3 HECKONbKNX KOMMOHEHTOB, KOTOpbIE
BpaLlalT NocneaoBaTesibHO COeAUHEHHbIEe LeHTPObeXHble
Hacocbl ANA NOBbIWEHWA AaBNEHUA CKBaXXWHHOW XNAKOCTH

1 noabema ee Ha ycTbe. QHeprua AnA BpalleHnA Hacoca
obecne4ynBaeTCA BbICOKOBOMNbTHbLIM (0T 3 A0 5 KB) nctovHnkom
nepemMeHHOro Toka, KOTopblil NPUBOAMT B AeCTBUE cneumarnbHbIi
Asuratenb, CnocobHbIN paboTaTb NPK BbICOKMX TemnepaTtypax
no 300 °F (150 °C) n Bbicokunx gasneHunAx o 5000 dyHT/aronm2
(34 MMa) B ckBaxuHax rnybuHon Ao 12000 cyToB (3,7 KM) C
notpebnaemon mowHocTbio Ao 1000 nowapuHbix cun (750 KBT).

B OUH npumeHAeTcA LEeHTPOBEXHbI HAacOoC, KOTOPbIA COEANHEH C
aneKTpoABuraTenemM n pabotaeT nNpu NOrpy>KEHUN B CKBAXKUHHYIO
XNAKOCTb. [epMEeTUYHO M30NNPOBAaHHbIN ANEKTPoABUraTenb
BpallaeT cepuio paboumnx konec. Kaxpaoe pabodee koneco B
cepun nofaeT XUAKOCTb Yepes 0TBOJ BO BXOAHOE OTBEPCTUE
pabo4yero Koneca pacnonoXeHHOro Hag HuMm. B Tunosom 4
aonmosom JLH, kaxaoe paboyee koneco paet npubasky
nasneHuA npumepHo 9 psi (60 KMa). Hanpvmep, TunuyHbin 10-Tn
CEKUMOHHBbIV Hacoc co3paeT aasneHne okono 90 psi (600 Klla)
Ha BbixoAe (T.e 10 konec x 9 psi). JIPT n NPON3BOANTENBHOCTb
Hacoca 3aBUCAT OT AnameTpa paboyero Koneca u LWWNPUHbI
nonatku pabo4yero Koneca. [laBneHne Hacoca ABNAETCA
chyHKUMen konuyecTBa pabounx konec. B kavecTse npumepa, 7-
MW CEKLMOHHBIN HAaCOC C MOLHOCTbLIO 1/2 nowaanHOW CUmbl MOXeT
OoTKaumBaTtb H60mnbLON 06BbEM BOAbI MPU HU3KOM AaBMIEHWMW, TOrAa
Kak 14-TN CEKLMOHHBIN HACOC C MOLHOCTbIO 1/2 nowaavHow cunbl
OTKayaeT MeHbLUUA 06beM HO Npu 6onee BLICOKOM AaBneHuu.
Kak BO BCex LLleHTPO6EXHbIX Hacocax, yBenmyeHue rmybuHsl p p

comprises several staged centrifugal pump sections that can be
specifically configured to suit the production and wellbore characteristics
of a given application. Electrical submersible pump (ESP) systems are

a common artificial-lit method, providing flexibility over a range of sizes
and output flow capacities. Electric submersible pumps are typically
used in older reservoirs on wells with high water cuts (percentage of
water to oil). ESP’s provide cost effective production by boosting fluid
production from these less efficient, older reservoirs. ESP completions
are an alternative means of obtaining artificial lift in wells that have low
bottom hole pressures. ESP completions are the most efficient choice for
high volume capable wells. Production rates up to 90,000 barrels (14,500
ms3) of fluid per day have been obtained using large ESP’s.

ESP Gomponents

The ESP system consists of a number of components that turn a staged
series of centrifugal pumps to increase the pressure of the well fluid and
push it to the surface. The energy to turn the pump comes from a high-
voltage (3 to 5 kV) alternating-current source to drive a special motor
that can work at high temperatures of up to 300 °F (150 °C) and high
pressures of up to 5000 Ib/in2 (34 MPa), from deep wells of up to 12000
feet (3.7 km) deep with high energy requirements of up to about 1000
horsepower (750 kW).

The ESP uses a centrifugal pump, which is attached to an electric motor
and operates while submersed in the well fluid. The sealed electric
motor spins a series of impellers. Each impeller in the series forces fluid
through a diffuser into the eye of the one above it. In a typical 4 inch
submersible pump, each impeller will add an approximately 9 psi (60
KPa) of pressure. For example, a typical 10-stage pump will develop

a pressure of about 90 psi (600 KPa) at its outlet (i.e.10 impellers x 9
psi). The lift and capacity of the pump is related to impeller diameter
and the width of the impeller vanes. The pump pressure is a function

of the number of impellers. As an example, a 1/2 horsepower 7-stage
pump may deliver a high volume of water at a low pressure while a 1/2
horsepower 14-stage pump will deliver a lower volume but at a greater
pressure. Like all other centrifugal pumps, an increase in well depth or
discharge pressure will reduce the capacity.

In an ESP system, the motor is on the bottom of the assembly, and the
pump is on top (Figure 2). An electrical cable is strapped to the outside
of the tubing, and the whole assembly is lowered into the well with the
pump and motor set below the liquid level. A system of mechanical
seals and an equalizer/protector/seal (equivalent names) are used to
prevent the fluid being pumped entering the motor and causing a short
circuit. The pump can either be connected to a pipe, flexible hose or
lowered down guide rails or wires so that the pump sits on a “ducks foot”
coupling, thereby connecting it to the delivery pipework. As the motor
turns, it rotates the impeller in a stack of centrifugal pump stages. The
more stages included the higher it will lift the liquid.

The electric motor must be sized to meet the pump demands, with the
pump is designed to carry the fluid load. The shaft may be of Monel,
and the stages be made of a corrosion- and wear resistant material. The
pump has a rotary centrifugal action. The protector is attached to the

top of the pump to seal the motor and allow a drive shaft in the center to
drive the pump.

A cable extends out of the upper end of the motor, up the side of the
pump/seal, strapped to the outside of every joint of tubing from the
motor to the surface of the well, and is extended on the surface to the
control junction box. The cable consists of three strands of protected
and insulated continuous wire. Because of limited clearance around
the pump/seal, a flat cable is usually used to reach from the motor to
the tubing above the pump. At this point it is spliced to a less expensive
round cable and continues to the surface. The cable may have a metal
shield to protect it from damage.

The design requirements for ESP systems require extensive and careful
consideration when trying to mediate specific application problems.

For design, well inflow information is needed (PI or IPR), well fluids
information (oil rate, WOR, GLR), tubular information (depths and sizes ) )
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CKBa>XXWHbl NN AaBfieHNA Ha Bbixo4e NPUBOANT K CHUXXEHUIO
npon3BoaNTENbHOCTMU.

B cuctemax SUH anekTpoasuratens pacnonaraeTcA BHU3Y
KOMMOHOBKMW, @ Hacoc cBepxy (puc. 2). AnekTpuyeckuin kabenb
KpPenuTcA K Hapy>Hon noBepxHocTn HKT n komnoHoBKa B

cbope cnyckaeTcA B CKBaXKMHY TaKnuM 06pa3om, YTO Hacoc u
3M1eKTPOABUraTeslb HaXo4ATCA HUXE YPOBHA Xuakoctu. Cuctema
MEXaHWYeCKUX yNIOTHEHU 1 BbipaBHUBalOLLEe/NpeaoXpaHnTensHoe
yN0THEHUE (paBHO3HAYHble HA3BaHWA) UCMONb3YOTCA ANA
npeaoTBpaLleHnA NOCTYNNEHNA XUAKOCTU B 3N1eKTpoABUraTesb

N yCTPaHEeHNA OMacHOCTWN KOPOTKOro 3aMbikaHuA. Hacoc moxeT
6bITb NoAcOoeAnHEH NNBO K Tpybe, K rM6KOMY LnaHry, Mo cnyLleH
Nno HanpaBnALWMM pefnbcam UM NPOBONIOKE TakuM obpasom,

YTO Hacoc caguTcA Ha dhnaHueByto MydTy C Nlanov 1 nNpu 3ToMm
obecne4mBaeTcA CoOeAnNHEHNe C KOMNPeCcCopHbIMK Tpybamu. MNpun
BpaLlEeHUN 3NeKTpoABUraTena BpalleHme nepeaaeTca Ha paboyee
Koneco B 6aTapee nocrnefoBaTesnbHbIX LEHTPO6EXHbIX HACOCOB. HYem
6onblue ceKUni UMeeT Hacoc, TeM Bbllle ByaeT NoAbEM XUAKOCTU.
OnekTpoasurarens nogbupaeTca ¢ y4eToMm noTpebHOCTeW Hacoca.
Hacoc npoekTupyeTcA AnA 0TKayky onpeneneHHoro obbema
XXMAKOCTU. Ban moxeT 6biTb U3roTOBNEH U3 MOHEeNb-MeTanna, a
CEKLMMN N3 KOPPO3MOHHO- U N3HOCOCTOMKOrO matepuana. Hacoc
MMeeT POTOPHO-LEHTPOOEXHOE AecTBUE. 3alnTHBINA y3en
KPenuTCcA CBepXy Hacoca AnA U30MPOBaHWUA 3N1eKTpoaABUraTena un
ana obecneyeHnA ABUXXEHWUA Bana B LEHTPe ANA NpyMBoAa Hacoca.

Kabenb npoxoauT U3 BepXHen YacTu anekTpoasuratena, C6oky ot
Hacoca/ynfioTHEHWA, U KPEMNUTCA K BHELLHEN NOBEPXHOCTM KaXK oW
HKT no Bcel anvHe nuhTOBON KOMIOHHbI OT 3f1eKTpoABUraTena

[0 YCTbA CKBaXWHbI, a 3aTeM A0 aneKTpopacnpenenmTenbHon
KOpobku. Kabenb COCTOUT U3 TPEX XN 3alULLEHHOTO U
N30MMPOBAHHOIO HEMPEPbLIBHOTO NPoBoAa. BBnay orpaHu4eHHoro
3a30pa BOKPYr Hacoca/ynnoTHeHWA, B NPOMEXYTKe OT
anekTpoasuratena go HKT Bblwe Hacoca ucnonb3yeTcA MNOCKWIA
Kabenb. B aToM MecTe OH cpalmBaeTCcA C MeHee [OPOrUM Kpyribim
Kabenem, KOTOpbIV NPOXoanT A0 YyCTbA. Kabenb MoXeT nmeTb
MeTannnyeckyto 060s104Ky ANA 3almMTbl OT NOBPEXAEHUA.

MNpoekTupoBaHue cuctem SLH TpebyeT BCECTOPOHHErO 1
TWAaTeNbHOro aHannsa ¢ Lenbio 0AHOBPEMEHHOTO pelleHnA pAaa
cneundnyecknx 3anay ux npumMeHeHnA. [InA NpoeKkTMpoBaHnA
TpebyeTcA nHopmaLma No NPUTOKY CKBaXKMHbI (KpnBaA noToka
(KM) unn kpueana npoaykTMBHOCTU ckBaxuHbl (KIC)), aaHHble

0 CKBaXXUHHbIX XXMAKOCTAX (AebuT no HedpTn, BOAOHETAHOM
aKTop, ra3oXXnAKOCTHOE COOTHOLIEHNE), AaHHbIE Mo Tpyb6am
(rny6uHbl 1 pasmepbl HKT 1 o6caaHbix Tpyb), Temnepartypbl

(Ha 3ab0e 1 Ha yCTbe), U [aBMeHNA Ha YCTbe CKBaXWHbI. AnA
HaAanexatlero npoeKTupoBaHuA 1 nogbopa o6opyaoBaHNA Takxe
TpebyeTcA MHOopMaumA no Teepaov dase, TBEPAbIM OTNOXEHNAM,
acanbTeHam, KOPPO3NOHHO-aKTMBHBIM XXMAKOCTAM, KOPPO3NOHHO-
AKTUBHbIM ra3dam u T.4.

O6opynoBaHne ycTbA TpebyeT yCTaHOBKU CUTOBOIO
TpaHcdopmarTopa 1 WwuTa ynpasneHua, a Takxe
aneKTpopacnpenenmTenbHON KOPobKu ¢ BO3AYLLHBIM OXNaXKAEHUEM.
Ecnu TpebyeTcA ncnonb3oBaHne NnpMBoaa C perynnpyemon
ckopocTbto (MPC), Toraa Heob6xoauM AONONMHUTENbHbIN
noBbILWAIOWMIA TpaHcopmaTop B Lieny Ao Bxoda kabens B yCTbe
CKBaXWHbI. TpybHaA ronoBka MMeeT KOHCTPYKLMIO, NO3BONAIOLLYIO
yaepxumeatb KonoHHy HKT v nsonuposatb aneKTpu4eckuni

Kabenb. OTOT N30NATOP, KaK NpaBuno, crnocobeH BblaepXaTb
nasneHne Kak MuHumym 3000 psi. LT ynpaBneHna o6bi4HO
obopyayeTcA amnepMeTpoM, NiaBkUMU NpefoXpaHuTenamu,
MOSIHMe3aLwwmTon 1 cucTemon oTkntodeHna. OH umeeT u apyrve
YCTPOMCTBA, TAKNE KaK BbIK/o4aTesib NpM BbICOKOM U HU3KOM TOKe
n aBapvuZHylo curHanmsauuto. OH nossonaeTt aKcnayaTtnpoBaTtb
CKBaXVHY HenpepbIBHO, C NepepbiBaMn UNW NOMTHOCTbLIO
OCTaHOBWTb akcnnyaTtaumio. OH obecneymBaeT 3awwmnTy OT MUKOB
HanpAXXeHnA Unu pasbanaHCcMpoBaHWi, KOTOPbIE MOTYT NPOU30UTKN
B MCTOYHUKE 3neKTponuTaHuA. TpaHcdopmaTtopsbl, Kak npasuno,
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of tubing, casing), temperatures (BHT and WHT), and surface pressures
(WHP) are all required. Information on solids, scales, asphaltenes,
corrosive fluids, corrosive gasses and other such information is also
needed for proper design and selection of equipment.

Surface facilities require a power transformer and a switchboard, and

a junction vent box. If a variable speed drive (VSD) is to be used, then
an additional step up transformer is needed before the cable enters

the wellhead. The tubing head is designed to support the tubing string
and seal the electrical cable. This seal is usually designed to hold a
minimum of 3,000 psi. A switchboard is usually equipped with an amp
meter, fuses, lightening protection, and a disconnect. It also contains
other features such as high and low amp cut-offs and alarms. This
allows the well to be operated continuously, intermittently or to be shut
off. It provides protection from electrical surges or imbalances that may
occur in the source power. The transformers are usually located at the
edge of the lease site. The incoming electrical power is transformed to
the correct voltage required to operate the motor at the anticipated load,
and to overcome the electrical losses in the cable. Higher voltage (lower
amperage) reduces the losses through the downhole cable, but there
may be other considerations (The Lease Pumper’s Handbook, 2006).
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Submersible pump components
KomnoHeHTbl LeHTpobexxHoro Hacoca (CBepxy BHU3 —

TpaHcdopmaTopsbl, LWUT yNpaBieHna, amnepMeTp, YyCTbeBON Kabernb,
aneKTpopacnpeaenuTenbHan kKopobka, ycTbeBoe 06opynoBaHue,
OpeHaXKHbIN KnanaH, 0bpaTHbIV KnanaH, Kpymblii kabenb, HKT,
cpalumBaHve, ropu3oHTasbHbIN ABUraTesb, HacoC, BXOAHbLIE
OTBEPCTUA, 06CaaHaA KONMoHHa, M30NVPYHOLLIAA CEKLIMA, SNEKTpoABUraTerb)

ESPs have a dramatic reduction in performance when significant
fractions of gas enter the pump. The threshold for the onset of gas
problems is generally accepted to be 10% of the gas volume fraction at
the intake (measured inPIP’s, or pump intake pressures). Given their
high rotational speed of up to 4000 rpm (67 Hz) and tight clearances,
they are not very tolerant of solids such as sand. ) )



pacnonaratoTCA Ha Kpak KyCTOBOro oCHoBaHuA. BxoaAllee anekTpuyeckoe
Hanps>XXeHne TpaHchopMnpyeTcA B HanpAXeHue, Tpebyemoe AnA paboThbl
aneKTpoasuraTena Ha npeanonaraemMon Harpyske v AnA KoMneHcauuv noTepb
B kabene. [oBbIlEHHOE HaNPAXEHME (NMOHUXKEHHbIV TOK) CHUXXAeT NoTepu Ha
CKBaXXMHHOM Kabene, HO cnefyeT yunTbiBaTh U Apyrue aktopbl (CnpaBoyHoe
PYKOBOACTBO MO NPOMbICNOBLIM HacocaM, 2006).

OLH pe3ko TepAlT NPpon3BOANTENBHOCTb KOrAa B HAcoc nonagaeT
3HaYMTENbHbIV NPOLEHT rasa. [oporoBbIfi ypoBEHb ANA HayYana BO3HUKHOBEHMWA
npobnembl ¢ ra3om Kak npaeuno npuHumaeTtcA 10% nonm rasa no o6bemy Ha
BXOZe Hacoca npwv AasfieHnn Ha Bxofe Hacoca. BBuay Toro, 4To Hacockl umeloT
BbICOKYIO - A0 4000 06/MuH (67 'l) - CKOPOCTb BpaLLleHNA 1 Marble 3a30pbl, OHU
He ABMAKTCA CTOMKMMU K BO3AENCTBUIO TBEPAOW (hasbl, Hanpumep necka.

OLUHbI AnA HepTAHBIX CKBaXKMH BbIMYCKaOTCA ANA 06CaAHbIX KOMOHH
onameTpoB oT 4 1/2 o 9 5/8 agronmoB. BeinyckatoTcA Hacockl AnA obcagHbIX
KOMOHH 60nblUero agnameTpa, 0AHAKO OHU UCMOSMb3YIOTCA MPENMYLLECTBEHHO B
BOAAHBIX CKBaXKMHax. [inA onpeaeneHHoro pasmepa 06CaaHOM KOMOHHBI, Kak
npasuno, 6onee onTuManbHbIM BbIGOPOM ABNAETCA 06opyAoBaHue € 60MbLLUUM
anameTpomM. Ob6opynoBaHue ¢ 60MbWMM AuaMeTpoM ABnAeTcA 6onee KOPOTKUM,
KaK aneKTpoABuratenb, Tak 1 Hacockl ABNAIOTCA 6onee apheKTUBHbIMK, a
anekTpoasuratenu ner4e oxnaxapartcA. OHM co3[aloT TUXOE KOMMNAaKTHOe
ycTbeBoe 060opyaoBaHue.

Mpeumywecrsa UH

Bcneacteue MuHMManbHbix TpeboBaHUii K 060pyAOBaHUIO HA YCThbe,

OUHbI MoryT nonb3oBaTbCA CMPOCOM ANA MPUMEHEHUIA Ha MnowaaKax

C OorpaHn4yeHHbIMN pa60l-II/IMI/I nnowanAMn, Kak HanpumMmep Ha MOPCKUX
yCTaHOBKax, ecnv 3aTpaTbl Ha NOABEM He ABMAIOTCA OrpaHNYMBaIOLLNM
hakTopoM. OHM TaK>Xe UCMOoNb3YTCA Ha NPOMbICNAxX, rAe HeT AOCTYMHOro rasa
ana cuctem rasnudpta. AUHbI ABNAOTCA 0AHMM M3 Hanbonee BbICOKOOHbEMHbIX
MeTOA0B MexaHU3upoBaHHoM akcnnyatauun. ALHbI umetoT npeumyLlecTso Haa
OPYruMuy BblICOKOO6BEMHBIMM METOAAMM, TaK Kak OHWM MOryT co3aaBaTth bonee
BbICOKYIO Aenpeccuto Ha nnacT U NOBbICUTb ero NPOAYKTUBHOCTb B TeX Cny4vasx,
KOraa BO3MOXHO peLleHre npobnemM ¢ NoOMexoi OT rasa 1 BblHOca necka.
[nameTp o6cafHOM KOMOHHBI TaKXXe He ABMNAETCA BaXKHbIM AnA obecnevyeHns
BO3MOXHOCTW OTKa4yku Takux 6osblimx o6bemoB. 1o mepe pocta 06bemoB
3aBOAHEHUA, TPAAULMOHHbBIM CTaHOBUTCA OTKayka HECKOMbKUX ThicAY Happenei
>KMOKOCTW B CYyTKM B npouecce ynyyleHna 3pheKTUBHOCTH NNacToBOro
BbITECHEHUA. ,D,aHHaFI cucTema nerko MoxeT ObITb aBToMaTmn3smpoBaHa U MOXeT
NpPOBOAUTb OTKaYKy Nepuoanyeckn Unam NocToAHHO, HO MOCTOAHHAA OTKayka
ABNAETCA NPeAnoYTUTENBHOW ANA YBENUYEHUA cpoka cny>6bl. [na Hernyboknx
CKBaXXVH KanuTanbHble 3aTpaThbl ABMAOTCA OTHOCUTENIbHO HEBbICOKUMMW.

Hepnoctatkm JLUH

CyuecTByeT Heckonbko HepgocTaTtkoB ALH. OcHoBHoOM npobnemon

ABNAETCA OrpaHNYEHHbIN CPOK cnyX6bl. Hacoc kak TakoBOM OTHOCUTCA K
BbICOKOCKOPOCTHOMY LIEHTPOBEXHOMY TUMY, KOTOPbIN MOXET ObIThb MOBPEXAEH
abpasunBHbIMK MaTepvanamm, Teepaomn ason nunm obnomkamv. GopmvposaHve
OKanuHbl UM MMHEPaNbHOro Ocaka MOXeT nomeluaTb paboTe 3NeKTPU4EeCKoro
LieHTPOo6eXXHOro Hacoca. dKoHoMmu4Yeckas adhpekTnBHOCTb ALIH B 60nbLLON Mepe
3aBMCUT OT CTOMMOCTU ANTIEKTPOIHEPTUN. 3710 ABNAETCA 0COBEHHO KPUTUYHbIM

B OTAaneHHbIx permoHax. Cuctema He obnaaaeT WMPOKON IKCMNyaTaLmMoHHOM
rMbKoCTbi0. Bce OCHOBHbIE KOMMOHEHTbI HAXOAATCA B NPM3ab0AHON 30He
CKBa)XWHbI, NO3TOMY, KOrAa BO3HUKaeT npobnema nnun TpebyeTtca 3ameHa
Kakoro-simbo KOMMOHEHTa, NPUXOANTCA U3BNEKaTb BCIO CUCTEMY LienvukoM. Ecnin
MPUCYTCTBYET BbICOKWIA MPOLIEHT rasa, NPUHUMAIOTCA Mepbl ANA ero oTAeneHnaA

1 BO3BpaTa Ha3aj B 06caiHyto KOMOHHY [0 TOrO Kak OH nonageT B Hacoc.
3acacbiBaHue 60rbLuvx 06beMOB CBOOOAHOTO ra3a MOXET BbI3BaTb HEYCTONUMBYIO
paboTy M NPUBECTU K MEXaHUYECKOMY U3HOCY 1 BO3MOXHOMY neperpesy. Ha
MOPCKMX yCTaHOBKaXx, rae no npasunam TpebyeTcA NpuMeHeHne nakepa, Becb

ra3 0TKa4MBaeTCA C XMUAKOCTbIO. B 3Tux 0cobbIX yCNoBUAX NPUMEHAIOTCA
creumarbHble HacoCbl, B KOTOPbIX BO3MOXHO CO3[aH1e NepBMYHOMO Harnopa Ha
npveme Hacoca.

OTKa3bl 06opyAoBaHNA

Korpa obopynoBaHue BbIXOAWT U3 CTPOA (CM. MPMMeEp Ha pUc.3), OHO 06bIYHO
BO3BpALLAETCA B PEMOHTHYIO MacTepCKYIO ANA ANarHOCTUKW 1 aHanmsa oTkasa.
O6bI4HO OCHOBHAA NpPUYMHA OTKa3a He BCeraa cpasy ABNAETCA 04EBUAHON.
[inA peTanbHOro 0CMOTPA BbILEALWEro U3 CTPOA pa3obpaHHOro Hacoca,

MOXHO BOCMOJIb30BaTLCA MPUBEAEHHbBIM B CMIUCKE NIMTepaTypbl CripaBoyHbIM P P

Norpy»kHOro
oﬁopy,uosawﬁ

.
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Cuctema ancTaHUMOHHOMO
KOHTPONA W ynpaBieHuA
pa6oToii YIHL B pexxume
peanbHoOro BpeMeHH

Mo oueHKkam akcnepToB Mo BCEMy MUpY B
ABYX CKBaXWHaxX U3 TPEX, aKcnyaTupye-
MbIX MEXaHU3UPOBaAHHLIMU METOAAMM,
L06bl4a MOXET 6bITb CYLLECTBEHHO
onTumuaupoBana. lNpu 3Tom He nocnea-
HIOK PONb UrpaeT BO3MOXHOCTb Onpe-
LeNeHnA cocToAHMA 060pyAOBaHMA, 1 Ha
OCHOBaHUM 3TOr0 NPUHATUE Hanbonee
ONTUMarbHbIX PeLIeHHit.

Cuctema espWatcher* komnanuu «LLnio-
mbepxe» N03BONAET OCYLLECTBNATL AUC-
TaHUMOHHBIA KOHTPONb W yripaBneHue
Y3HL, Tem cambiM npefoTBpaLlan npex-
JleBpeMeHHble 0TKa3bl HACOCOB U YBENH-
yuBanA CPokmM ux akcnnyataumu. Cuctema
espWatcher o6ecneunBaet HaEXHyt
JBYCTOPOHHIOK CBA3b, XpaHEHWE U aHa-
NN3 [aHHbIX, He A0NyCcKaeT BO3HUKHOBE-
HUA HeucnpaBHOCTEN 060pYAOBAHUA U
aBapuiiHbIX CUTYyaLuii.

Pe3ynbTaTom UCMONb30BaHNA CUCTEMBI
espWatcher cTaHoBMTCA CHUXEHME
3KCMyaTalUNOHHbIX PacX0J0B U NOBbILIE-
HUA gebuTa, 4TO B KOHEYHOM WUTOre Bbipa-
XaeTcA B 3HAYUTENIbHOM YBEeNNYeHNN
peHTabenbHOCTU.

TexHonorum «LLntom6epxe» —
onTUMM3aunA paboTbl NOrpy>XHOro
o060pynoBaHuA.

www.slb.com/espwatcher

Schiumberger

*Mapka Schlumberger 06-AL-082
© 2006 Schlumberger



pykosoacTsoM Jn u Moyapca (1984) “duarHocTnka aneKTpruyeckmnx
LeHTPO6EXHbIX HacocoB” Ecnu npeactaBnAeTcA BOSMOXHbLIM
BbIABUTb MPUYMHBI 0TKa3a, Ha NMOCNEeAyHoLWMX YCTaHOBKAX MOXET

6bITb UCMOMB30BAHO YCOBEPLLIEHCTBOBaAHHOE 060pyaoBaHue s
CHWXEHWA BEPOATHOCTU NOCNEAYOLWMX NONOMOK. B npoLuniom mHorve
HedTenobbIBaOLLME KOMMaHUW Nocbifianiv CBOMX NpeacTaBuTenen ona
OCBWAETENIbCTBOBAHMA pa3bopku, 04HAKO Mo NocsieAHNM OTpacieBbiM
COrnalleHnAM, B OCHOBHOM 3Ta paboTa NpOBOANTCA UCKITOYUTENBHO
noctaswmkamu. Cm. cnegytowmn pasaen “ArpeccrBHbie cpegbl” No
mMeToaam 3awnTbl OT aﬁpaSVIBHbIX TBepAablX YacTuu.

Pa3pa6oTku Hoseiiwmx IUH

CM. npunaraemblin CNMCOK nuTepartypbl “HOBOCTU MEXaHU3NPOBAHHOM
[o6blun, HacTb 2 —YeTbipHaauaTb pa3paboTok rMy6UHHbBIX 1 HA3EMHbIX
CMCTEM OAMHHAALATW KOMNaHUI MO 3NEKTPUYECKUM LIEHTPOGEXHbBIM
Hacocam 1 ApyruMm cucTeMam MexaHu3vpoBaHHOW A06bl4K, aBTOpbI

JIn v gp. (2006). YeTbipe N3 AaHHbIX Npe3eHTaUmin oOXxBaTbiBalOT

HOBOE NoA3eMHOe 1 Ha3emHoe obopyaosaHue anA cuctem SLIH,
BKMtoyanA AaHHble no ALH dmpmbl Bekep Xbto3 AnA cBEPXBbICOKMX
Temnepartyp, cuctembl MoHuTopuHra Welllink n Welllift donpmbl Beikep
Xbt03, faHHble no HoBomy JOLIH Smithlift HSESP, rae rny6uHHbIN
anekTpoasuratens SLH npmeoanT B AencTene amadparMeHHbIn Hacoc
C NPOM3BOANTENBHOCTLIO 0komno 200-300 6appeneii/aeHs ¢ rmy6uHbI
2500 dpyToB.

CoBcem HepaBHo dvpma MysuHr Botep Nuapactpus (MWI)
paspaboTana HoBbin SLIH, KOTOpbIN COCTOUT U3 06 bEANHEHHOTO
BOJOHENPOHMLIAEMOro 31EKTPOABUraTeNA 1 LMnIMHApa Hacoca, U B
KOTOPOM MCKIIOYEH AJIMHHBIN Ban U CIIOXHbIE CUCTEMbI MPUBOLOB.
B anekTpuyecknx ueHTpobexHbIx Hacocax MWI ucnonb3sytotca
CTaHAapTHbIE NPOMbILLNIEHHbIE YMNOTHEHNA, KOTOPbIE He ABNAOTCA
npoporoctoAwmmmu (MysuHr Botep MHaacTpus, 2006).

ArpeccuBHble cpefibl: 06pawiesue ¢ Teepaoil thasoit:

TBepaana hasa, kak NpaBuo NNacToBbIN NECOK UMW NECOK OT
rmapopaspbiBa, MOXET BbI3bIBaTb MHTEHCUBHDBIV MPEXAEBPEMEHHbIV
n3Hoc OLH. KoHueHTpaummn necka oTnnyaroTcA no abpasnBHOCTY,
OCTPOTE KPOMOK, U KOHLIEHTpaumn B npomune (ppm). MakcumansHoe
ppm, koTopoe ALH moxeT BbiaepkaTthb - okono 5000 ppm. Heobxoanmo
NpOBOAUTbL aHANU3 Necka rno pekomeHaauum nponssoautena SLH nnu
no Apyrum AoKyMeHTam. Ha pucyHke Huke nokasaHbl NpobnemHble
y4acTKu B I06OM Hacoce, BO3HMKaIOLLME MpuY BbIHOCE TBEpAoW dhasbl:

IMpw BbIHOCE MEecKa Marble 3a30pbl CTAHOBATCA YBENNYEHHbLIMY,
3(hbheKTUBHOCTL Hacoca NafaeT, IKCLEHTPMYHOE BpalleHne Bbi3biBaeT
npo6riembl C MOAWMMHUKAMM 1 APYrUMW YaCTAMM.

Lntombepxe PE[JA pelaeT aaHHyto npobnemy B Hacoce ARZ npu
NMOMOLLY HECKOMbKNX MoAucbuKaumi, BKnovaa npumeHeHue bonee
TBEPAbIX MaTepyanoB Hacoca, C NOBbILEHHbIM COAEeP>XXaHUEM HUKENA
1 0o6aBnNeEHNEM HEKOTOPOro KONTMHECTBA XPOMa, a TakxKe Apyrunx
[obaBok, 4YTO B pe3ynbTarte AaeT TBepaocTb no bpuHento 180-

220. 371 MoaMdKaLmMN Tak>Ke BKITHOYAIOT YCOBEPLLEHCTBOBAHHbI

1 YNPOYHEHHBIV CTYNNYHBIN Andbdpy30p 1 paananbHO-yrnopHbie
noawnnHUKM KoHUeBoro sana.

[lanee npvBOAATCA BapyaHTbl NMOBLILLEHNA YCTONYMBOCTU K
NOBbILLEHHON KOHLEHTPpaLMM necka n abpasvBHOCTU:

ARZ (OvokcnaumpkoHveBana MydpTa - JnokeuaumpkoHneBas BTynKa)
ARZ ZS (OvokcnaumpkoHneBas BTynka — mydta u3 SiC)

ARZ SS (mydTa nz SiC - Btynka u3 SiC)

5530 CTynexu

ARZ ¢ aByXpAAHbIM MNOALLIMIHUKOM

HanbineHHoe nokpbiTe Kapbuaa Bosbgpama

ARZ ¢ 0QHUM NOALIMMHUKOM Ha KaXXA0W CTYNeHn

LLinom6epxe PEJA Takxe npeanaraeT Ha BbI6Op KOHCTPYKLUMK

Hacoca nnasatoLLero U KOMNPeccuoHHOro Tvna. KoHeTpyKumA
KOMMPECCMOHHOTO TUMa CTyrNeH4YaTo nepeaaeT Harpy3Ku Ha YNnopHbIN
NOALUWMHYK NPOTEKTOpPa, TakuM 06pa3oM HYaCTUYHO YCTPaHAETCA U3HOC
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ESP’s for oil wells are designed for casing sizes from 4 1/2 to 9 5/8’s
casing. Pumps designed for larger casing are available; however, they
are mainly used in water wells. The largest diameter equipment for a
given casing size is generally the best selection. The larger equipment
is shorter, both the motors and pumps are more efficient, and the motors
are more easily cooled. They present a quiet low profile wellhead.

ESP Advantages

Due to these minimal surface requirements, ESP’s can be a popular
choice for space limited applications such as offshore facilities if pulling
costs are controlled. They are also used in locations where gas is not
available for a gas lift system. ESP’s are one of the higher volume
methods of lit. ESPs have advantages over some other high volume
methods since they can create a higher drawdown on the formation and
achieve more production, if problems such as gas interference and sand
production can be solved. Casing size is also not important to being
able to pump these high volumes. As waterflood volumes increase, it

is common to pump several thousand barrels of fluid a day while trying
to improve formation sweep efficiency. This system is easy to adapt to
automation and can pump intermittently or continuously, but continuously is
preferred for longer life. For shallow wells, the investment is relatively low.

ESP Limitations

There are some drawbacks to the ESP. The primary concern is the limited
operational life. The pump itself is a high speed centrifugal type that can be
damaged by abrasives, solids or debris. The buildup of scale deposits or
gyp can interfere with the operation of submersible pumps. The economics
of an ESP is heavily dependent on the cost of electrical power. This is
especially critical in remote areas. The system has limited flexibility. All the
major components are at the bottom of the well so the entire system may
have to be pulled when a problem is encountered or a change is required.

If a significant quantity of gas is present efforts are made to separate

it and return it back to the casing before entering the pump. Ingesting
large volumes of free gas can cause irratic performance and result in
mechanical wear and potential overheating. Offshore installations, where
regulations require a packer, force all the gas to be pumped with the
liquids. Special pumps are available in the industry to allow initial building
of head at the pump intake under these special conditions.

Failed Equipment

When equipment fails (see an example shown in Figure 3), it is usually
returned to the shop for inspection and failure analysis. The root cause is
not always immediately evident. For details of what to look for at a failed
pump teardown, see the included reference by Lea and Powers (1984)
on Submersible Pump Inspection. If failure trends can be identified, then
improved equipment can be used for subsequent installations to reduce
future failures. In the past many operators sent representatives to co-
witness the teardowns, however with the newer alliance agreements, most
of this work is done exclusively by the vendors. See following section on
“Harsh Environments” as to how to protect against solids abrasion. p p

Severely worn impeller, subjected to pumping solids, observed
in a pump teardown inspection.
MIHTEHCUBHBIV M3HOC paboyero Koneca, KoTopoe paboTasno ¢
OTKaykoW TBepAow hasbl, BbIABNEHHBIA NOCE MHCMEKTMPOBaHWA
pa3obpaHHOro Hacoca.
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MeXAy OTAENbHLIMU CTYNEHAMMU 1 Andbdby3opamm Npy HanM4nm necka.
3Ta KOHCTPYKUMA NpeasiaraeTcA BCEMU KPYMHbIMU NMocTaBLLMKaMm
OLH, xoTA cbopka Hacoca TpebyeT 60MbLIEN TOYHOCTM MO CPABHEHWIO
C KOHCTpYKUMen nnasatoLLero Tmna.

dupma bBenkep Xbto3 LieHTpunudT npepnaraeT HECKOMbKO BapMaHTOB,

OTHOCALUMXCA K 3KcnlyaTaumn B yCNOBMAX NMOBbILLIEHHOIo coaep>XaHnA
necka. OHM BKMO4aloT:

O6bl4HaA KOHCTPYKLUMA Hacoca
Huuero He pobaBnAeTcA AnA abpa3vBHON CTOWKOCTMU

SND CTabunmanpoBaHHbIN HOPMaSIbHbIA PEXMM SKCMTyaTaumm
YnpoyHeHHaA ronoska v ocHoeaHwe noawunHuka (TC) + ogHoro B
LieHTpe

SHD CTabunmanpoBaHHbIN TAXKENbIN PEXUM IKCryaTaumm
Ynpo4HeHHaA ronoska u ocHoBaHue noawmnHmka (TC)
1 YNPOYHEHHbIE BKNaAbILW, pa3MeLLleHHble CO CTaHAAPTHLIM
OTHOLLEeHNeM AfimHa/anameTp
Tonbko paavanbHON NoaAepPXKN

SSD CtabununsnpoBaHHbI CBEPXTAXESbIA PEXMM 3KCMyaTaumm
Ynpo4HeHHanA ronoBka 1 ocHoBaHue nogwwunHuka (TC) +
HepasbemHbi
T-06pa3HbIil NOALMMHUK CKONbXEHUA C pa3melleHnem 1:5
T-06pa3HbIi NOAWMWMHUK B MOAyNne ANA pagvansHoro 1 B
Avdpbcby3ope anAa cMeLaHHoro NoToka

SXD CtabununsupoBaHHbI NpedesibHbIN PEXM 3KCnyaTaumm
Bbino nony4yeHo Ha Hacoce ODI SSP (Super Sand Pump) ana
paauarnbHbIX CTyneHen
unm CL 1:1 gna cmelwaHHoro noToka

YKa3zaHHble BblLLe BapnaHTbl B HAcToALLlee BpeMA Npoao/KaroT
YCOBEPLLEHCTBOBATLCA M JAOT HOBbIE NMPeuMyLLecTBa Npu BbIHOCE
TBepaov hasbl. HoBaa cepua HacocoB CenturionTM oTnnyaeTca
60nbLLIMM NPOXOAHBIM OTBEPCTUEM CTYNeHen ANA NpefoTBpaLleHmA
3aKynopyBaHUA HarHeTaTesIbHoro 0TBEPCTUA Hacoca TBepAoit hason
N OKaJIMHOW.

HoBble cepun HacocoB nokasbiBaloT 605iee BbICOKME YPOBHU
HaMopHOro AaBrfieHWNA, NPON3BOANTENBHOCTY U Apyrue
XapaKTepucTUKK, KOTopbie NPUBOAATCA HUXE:

Mpuem Hacoca:

Kopnyc 4.0 n 5.38 aionma, n3onupoBaHHbI Y Hanbonee ToncTomn
4acTn CKBaXWHbI, B cO4eTaHnmn ¢ pe3bbon 6aTTpec obecneymsaeT
[aBneHue paspbia 5627 psi.

[1BOViHbIE YNNOTHAOLWME KOnbLa ANA 3amTbl pe3bobl.

Cepua 400 umeeT 11/16” Ban Ha OQHOCTYMEHYaTbIX Hacocax u
7/8” Ban B cTtyneHAx HV. Cepua 538 nmeet Ban 7/8” n 1 3/16”
HuTpoHOoBbIN MaTepuan ABNAETCA cTaHAapTHbIM, MoHenb n
VHKOHenb (3aperncTpypoBaHHbie TOProBble Mapku hvpMbl
Cnewwnan MeTans Kopn) no >xenaHuio 3akasyunka.

MoawmnnHuk Bnycka Hacoca: Hukenesbl U3HOCOCTOMKMWN -
CTaHAAPTHBINA, C Kapbuao-BonbMPamMoBLIM TBEPAOCMNABHbLIM
NMOKPbITUEM MO XENaHWio 3aKas4mnka.

LecTtnaybuosbiin wnuy, SAE noaxoanT KO BCEM CyLLECTBYOLWNM
YNNOTHEHNAM

PasmeLleHne 60nToB NOAXOAMT KO BCEM CyLLECTBYHOLLUM
YMNOTHEHNAM.

[onoBka:
PasmelleHne 60NTOB NOAXOAMT KO BCEM CYLLECTBYHOLMM HAcocam u
HarHeTaTeNbHbIM roNOBKaM.

LlecTnaybuLoBbIn WnvL SAE NoAXoaUT KO BCEM CYLLECTBYHOLLMM
Hacocam.

BepxHune KOHLbI BCEX BanoB 3aKpenmnAlTCA Ha LWNOHKax AnA
3KCMAyaTauMoHHbIX UCMbITAHWIA C BpaLLEeHeM.

Heckonbko ynnoTHAWMX Konew AnA 3awmTbl pe3bb.

BepxHuii nogwmnnHmK ¢ BkNagpiwamu: HUkenesbIi UI3HOCOCTONKNIA
- CTaHAAapTHbLIN, ¢ Kapbuao-BonbpPamMoBbIM TBEPAOCMNABHBIM
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New ESP Developments

See included reference to What’s New in Artificial Lift, Part 2- Fourteen
downhole and surface system developments from eleven companies for
electrical submersible pumping and other artificial lift related operations
by Lea et al. (2006). Four of the presentations include new downhole
and surface equipment for ESP systems including information on Baker
Hughes ESP for extremely high temperatures, Baker Hughes Welllink
and Welllit system monitoring systems, and information on the new
Smithlift HSESP, where a downhole ESP motor powers a diaphragm
pump capable of about 200-300 bpd from about 2500 ft.

More recently Moving Water Industries (MWI) has developed a new

ESP that is a direct coupled waterproof motor and pump bowl! which
eliminates long shafts and complex drive systems. MWI’s electric
submersible pumps use standard commercially available seals which are
low cost (Moving Water Industries, 2006).

Harsh Environments: Solids Handling:

Solids, most commonly formation or frac sand, can cause severe
premature wear in an ESP. Sand concentrations vary in abrasiveness,
sharpness and ppm The maximum ppm that ESP’s can handle might be
around 5000 ppm. Sand analysis from the ESP vendor or from another
source is recommended. The figure below shows typical problem areas
in any pump due to solids production:
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Problems areas in radial flow stage due to solids production
(courtesy Schlumberger REDA)
MpobnemMHble y4acTKM B 30HE paananbHOro NoToKa,
BO3HMKLLUME B pe3ynbTaTe BbIHOCA TBEpAOV a3kl (MpefocTaBneHo

cmpmoin LLintombepxe PELA)
CBEPXY: Pabouee koneco, Ouddy3op
CHW3Y: 3posuna, dposua/msHoc, MI3Hoc

As sand is produces, tight clearances become enlarged, pump efficiency
degrades, eccentric rotation causes bearing and other problems.

Schlumberger REDA attacks this problem in their ARZ pump with
several modifications including a harder material for the pump materials
including more Nickel and addition of some chrome among other things
resulting in a hardness of 180-220 Brinell. They also include improved
and harder hub diffusers and end shaft journal bearings.

Some options in order of increasing sand concentrations and
abrasiveness are listed below:

ARZ (Zirconia Sleeve-Zirconia Bushing)
ARZ ZS (Zirconia Bushing-SiC Sleeve)
ARZ SS (SiC Bushing - SiC Sleeve)
5530 Stages

ARZ w/double bearing distribution
Tungsten carbide flame coating

ARZ w/one bearing every stage

Schlumberger REDA also offers a choice of either a floater or
compression pump design. The compression design transfers stage
loads to the protector thrust bearing eliminating some wear between
individual stages and diffusers in the presence of sand. This option is



NOKPbITUEM NO XeNnaHNIO 3aKa34vunKa.

Kopnyc 4.0 gtovima, M30mMpoBaHHbIN y Hanbonee TONCTOW YacTu
CKBaXXMHbI, B codeTaHun ¢ pe3bbon 6aTTpec obecreynBaeT faBneHve
paspbiBa 5627 psi.

Hacocbl hupmbl Besepcopa obnagatoT cnegyowmmm
KOHCTPYKTMBHbLIMA OCOBEHHOCTAMU:

¢ CTyneHn Hacoca ycTaHaBNMBalOTCA Ha Basly U3 HUKeNb-MeAHOro
cynepcnnasa ¢ BbICOKMM NPeenioM NPOYHOCTM Ha pa3pbiB

* Martepwuan 0CHOBHOIO Koprnyca U3roToBfieH U3 HU3KOYTNepoancTon
cTanu. [onoBKa 1 0CHOBaHWE N3roTOBJIEHbI U3 CPEeAHEYNepOANCTON
cTanu, a Takxke noAlmnHmk TuC Kopnyca CTOMKMiA K U3HOCY AnA
npeaoTBpaLLEHNA paanarnibHOro u3Hoca 1 Bubpaumu; ans paboTbl B
arpeccuBHbIX KOPPO3MOHHbIX YCNOBUAX MOXET 6bITb 3aKa3aH Kopnyc
13 HepXKaBetoLLEeN CTanu, UK No XKenaHuio 3akasymka Kopnyc na
YIMEepoaMCTON CTanM MOXET BbiTb MOKPbIT HAMbIIEHNEM U3 MOHENb-
mMeTanna.

e [na ycnosuii paboTbl B abpa3vnBHOW (NeCOK) cpeae, Bce
NOALUWMHUKN MOTYT BbITb BbIMOHEHbI U3 CTOMKOTO K M3HOCY
Kapbmao-BonbthpaMoBoro TBEpAOro crnnasa Anqa nogaepkaHvaA
paaunansbHon YyCTOMYMBOCTM.

* Bce Hacocbl Besepchopa n3rotoeneHbl B COOTBETCTBUM CO
ctaHgapTom ISO 9001:2000 u ucnbitaHsl no API-RP-11S2.

Kak u Bce npoussoantenu Besepdopn npegnaraet
KOMMPECCUOHHbIE HAcOChl, a 6OMbLIMHCTBO Npon3BoAnTENeNn
Takxe npeanaratT ocobble NOKPbLITUA UK creunanbHble

cnnasbl AN1A KOPMyCcoB ANA paboTbl B yCNOBMAX KOPPO3NOHHO-
arpeccuBHbIX cpea. Besepdopa 3aABNAET, 4TO MOXET NOCTaBNATb
cneymanbHble HAacoChl ANA TAXENbIX PEXUMOB 3KCnyaTauum.

®upma Bya M'pyn UCTT anA paboTbl B yCNOBMAX arpeCcCuBHbIX
cpea npegnaraeT Mo XXenaHuo 3akas3unka CToNKne K
abpa3nBHOMY N3HOCY/paaunanbHO CTabnnnanpoBaHHbIe HAcoChl U
pasnun4Hble Npouecchbl HaHeCeHNA ANPDYINOHHbBIX YNPOYHAOLWNX
nokpbITMin. CTyneHn Hacoca NokpbiBaTCA AN1A NOBbIWEHNA
CTOWKOCTY K abpa3nBHOMY M3HOCY M Tak>Xe AnA hopmMupoBaHmuA
OKa/lnHbI.

AbpasuBHoe cTonkuin Hacoc AR npeagHasHayvyeH AnAa BblHOCA
TBepaomn gasbl. Banbl uarotosneHsl 3 marepuana nitronic
50 unu u3 pyrnx BbICOKOMPOYHbIX KOPPO3NOHHO-CTONKUX
maTepvanos.

CoBcem HepaBHO 6bina npeacTaBieHbl 3 HOBbIX
BbICOKO3(O(hEeKTMBHBIX Hacoca manoro o6bema cepun 400

¢ 60nblWMMN OTBEPCTUAMM Kpblnb4aTku. Hacoc TD460
npeanaraet 6onee WMPOKNE OTBEPCTUA KPbINbYaTKN, KOTOpbIe
yny4lwaoT NPpoKa4YnBaemMoCTb XUAKOCTN C HU3KOW MNOTHOCTHIO,
paboTaloT nNpu 60MbLIMX ra30oBbiX hakTopax U CHUXaT
B/IVAHWE TBEPAOro ocagka. TN HACOChl UMEIOT HanBbICLLYIO
3(PPEKTUBHOCTbL 1 HAMOPHOE AaBMEHNE HA CTYNeHb B AnanasoHe
npousBoanTensHocTy Ao 450 6appenen/aeHb. PaspaboTke
Hacoca TD460 npegwecTBOBano ycCoBepLIEHCTBOBAHNE HAaCOCOB
TD150, TD300 1 TD460. ®dupma Byg 'pyn NCIMN npepnaraet
LUIMPOKUI BbIBOP KOMMPECCUOHHBLIX HACOCOB Ha 3aKas.

OcnoXHeHHble YCNOBUA AKCNAyaTauuu: ynpasneHne cBo60AHbIM
ra3om Ha npueme Hacoca:

Bbino npoBeaeHO MHOXECTBO UCCNEAOBaHNI C Lenblo
onpepeneHnAa cny4vaes, Koraa ra3 CTaHOBUTCA MOMEXoW AnfA
pabotbl ALH. OgHo 13 nccneposanuin (TropnuH n ap., 1986)
nokasblBaeT, YTO Korga oTHoleHue = 666 (06bem rasa/obvem
xunakoctu) / PIP 6onblue 4yem 1.0, paboyme xapakTepucTnkn
Hacoca napatroT oT Kpuon Hanopa. PIP — pasnexue Ha npueme
Hacoca.

Cneaytowmm rpacmk gaeTt npumMmepHble 3Ha4eHMA BO3MOXHOCTEN
OUH npwn paboTe c razom p )

available from all the major ESP providers although the pump build
requires more care than when using the floater design.

Baker Hughes Centrilift continues to offer several options related to sand
handling. They include:

Normal pump construction
No particular features added for abrasion resistance
SND Stabilized Normal Duty
Harden Bearing (TC) in the head and base + one in the middle
SHD Stabilized Heavy Duty
Harden Bearing (TC) in the head and base and hard bearings
spaced at a standard I/d ratio
This is radial support only
SSD Stabilized Severe Duty
Harden Bearing (TC) in the head and base plus aT flanged sleeve
bearing spaced 1:5
TheT bearing is in a module for radial and in the diffuser for mixed flow
SXD Stabilized Extreme Duty
This was derived from the ODI SSP (Super Sand Pump) for radial stages
or the CL 1:1 for mixed flow

The above options are now continued with a new pump design
that offers additional advantages when producing solids. The new
CenturionTM pump line incorporates a larger stage opening to help
prevent solids and scales from bridging the pump discharge.

Baker Hughes Centrilift Centurion TM pump stage (Courtesy
Baker Hughes Centrilift)

CrtyneHb Hacoca CenturionTM cpupmbl Berikep Xbio3
LleHTpunudT (npepoctasneHo cvpmoii Beikep Xbto3 LieHTpunnd)

The new series of pumps shows higher head production, efficiency and
other features listed below:

Intake:

4.0 and 5.38 in. housing, scaled on the thickest part of the well,
combined with buttress threads provide a 5,627 psi burst pressure.
Dual “O” ring seals protect threads.

The 400 series features an 11/16” shaft | stand pumps and a 7/8” shaft
in HV stages. The 538 series has a 7/8” and a 1 3/16” shaft. Nitronic
material is standard, Monel and Inconel (Registered TM’s of the Special
Metals Corp) optional.

Captured intake bearing: Ni-Resist standard, tungsten carbide optional.
SAE six-tooth spline mates to all existing seals

Bolt pattern matches all existing seals.

Head:

Bolt pattern matches all existing pumps and discharge heads.

SAE six-tooth spline mates to all existing pumps.

Upper end of all shafts are splined to field test rotation.

Multiple “O” ring seals to protect threads.

Captured bushing upper bearing. Ni-resist standard, tungsten carbide optional.
4.0” housing sealed on the thickest part of the well, combined with
buttress threads provides a 5,627 psi burst pressure.

Weatherford pumps offer the following features:

* Stages mounted on nickel/copper super-alloy shaft for high inherent
yield strength

* Main housing material comprised of a low-carbon steel. Head and
base made from medium-carbon steel and also house abrasion-
resistant TuC bearing to prevent radial wear and vibration; for corrosive p p
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ESP CAPABILITMES IN GASSY CRUDE
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LUeHnTpunudt. PaboTa ¢ rasom:

LleHTpunudT npegnaraeT Asa TUna ra3oBblX cenapaTopoB: POTOPHOIO
KaMepHOro Tuna, KOTopbI pa3fenAeT ra3oByto U XUaKyto gasbl ¢
MOMOLLBIO LIEHTPOBEXXHOW CUSIbl, U LIMKITOHHOIO KaMepHOro Tuna B
KOTOPO LieHTpobeXxHanA cuna B LMKIIoHe obecneyvBaeT oTaeneHve
3ara3oBaHHOMN >XXUAKOCTU.

PoTopHas kamepa paboTaeT NocpeacTBOM NPOnycKa XUaKoCcTH
Yepes BpaLlatoLLyoca Kamepy, KoTopasa AeNCTByeT Kak 3aMKHyTasn
LeHTpudyra, nogaeanA 6omnee TAXENY XUAKOCTb K BHELLHEMY
OvaMeTpy M OCTaBMAA NErkuii ra3 B LEHTpe. B KOHeYHOM Touke
Kamepbl ra3 nocTynaeT Ha3a B KOMbLEBOE NPOCTPaAHCTBO obcaaHOM
KOJTOHHBbI.

B UMKNOHHOM cenapaTtope NPUMEHAETCA KOPOTKOE HanpasnsioLlee
YCTPOWCTBO ANA CO34aHMA BpaLlaTeibHOro ABVKEHNA AnA
pa3feneHna raaupoBaHHON XMNAKOCTY Ha ABe hasbl. CKOpoCcTb
BpaLLEeHUA XXUAKOCTU HUXKE, YEM B KOHCTPYKLMM C POTOPHOM Kamepow,
1 XMOKOCTb BpallaeTcA cBo6oAHO NO BCeMy AvameTpy B o6nactu
cenapauun. Mo cpaBHeHMIO C POTOPHO kamepoii 6onee meaieHHoe
BpaLleHue ABNAETCA NPeAnoYTUTENbHEE, ECNN NPUCYTCTBYIOT
abpasuBHble BKITIOYEHNA.

Cepua | Tun HasHaueHue moaenu Makc.nebut MotuHocTb Bana n.c
(6appeneir/n) | npu 60 Ny
400 POTOPHbI CTAH[. |400GSR 4000 550
LIMKNTIOHHBIA | CTAHA. |400GSR 5000 550
LIMKNOHHbIA | BbIC-OB.| 400GSVHV | 8000 550
538 POTOPHbI CTAH[. |538GSR 10000 1250
LIMKJTIOHHBIN | BbIC-OB | 538GSVHV | 15000 1250

®dupma LieHTpunudT npeanaraeT ra3osble cenaparopbl Ansa
60nbLIMHCTBA Hanbonee 4acTo UCMONb3yeMbIX CEPUA HAacocoB: 338,
400, 513, n 675. B 2005 rogy LieHTpunudT BHEapun cenapatop
GasMasterTM ansa cepuin 400 n 538.

[InA NoBbILLEHHbIX COAEPXKAHUI rasa cenapaTtop MOXeT NPUMEHATLCA
B COMETaHMM C My/bTU-NONACTHbLIM ra3oBbiM Hacocom MVPTM ana
nosly4eHVA Hamnopa Aaxe B TOM clyyae, Koraa ra3 nocTynaeT B
ctynenn MVP.

Linom6epxe Pepa: PaboTa ¢ rasom:

YcTtaHoeka AGH dmpmebl LLntombepxxe anA paboTbl B yCNOBUAX
NOBbLILLEHHOTO COAEP>XKaHWA ra3a ABNAETCA MOANULIMPOBAHHbBIM,
MHOFOCTYNEeHYaTbIM HACOCOM C BbICOKOMN BbICTPOXOAHOCThIO,
npegHa3Ha4YeHHbIM AN1A NOTOKa >XXNOKOCTU C BbICOKMM coAep>XaHneM
rasa. No 3aaBneHuto npeactasutenen PEJA, Hacoc cnocobeH
paboTaTb C MOTOKOM >XXMAKOCTU C BbICOKUM O6BEMHBLIM ra30BbIM
hakTopom (45%) Npu HU3KOM JaBNEHWUN HA NMPUEME, U TEM He
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application stainless steel housings can be provided, or carbon steel
housing can be “flame-sprayed” with a monel coating if preferred.
¢ For abrasive (sandy) conditions, abrasion-resistant tungsten carbide
bearings can be used throughout the pump to maintain radial stability.
e All Weatherford pumps built to ISO 9001:2000 standard and are tested
to API-RP-11S2.

Weatherford offers the compression pumps, as do most manufacturers.
Most manufacturers also offer the special coatings or metallurgy
housings as above for corrosive conditions. Weatherford states that
special pumps for harsh well conditions can be made available.

Wood Group ESP’s offer the following for more sever environments;
optional abrasion resistant/radially stabilized pumps and various stage
coating sand diffusion processes for hard coatings. Stages may be
coated to increase resistance to abrasion and also to scale build up.

The AR, or Abrasion Resistant pump is designed for solids production.
The shafts are made of nitronic 50 or other high-strength, corrosion-
resistant materials.

Three new higher efficiency, low-volume pumps with wider vane
openings have recently been introduced into the 400 series pump line.
The TD460 offers wider vane openings that can help produce lower
gravity fluid, handle more gas and reduce the effects of scaling. These
pumps have the highest efficiency and head per stage of any in the
450 bpd range. The development of the TD460 was preceded by the
improved TD150, TD300 and TD460 pumps. Wood Group ESP’s offer
a large choice for wider vane openings for 400 series pumps. They too
offer the compression pump build.

Harsh Conditions: Handling Free Gas at Pump Intake

There are many studies to determine when gas is a problem to ESP
performance. One study (Turpin et al., 1986) shows that when ¢ = 666
(gas volume/liquid volume) / PIP is greater than 1.0, pump performance
falls off the head curve. PIP is the pump intake pressure.

The below chart estimates ESP gas handling capabilities:

ESP CAPABILITIES IN GASSY CRUDE
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Approximate ESP Gas Handling Capabilities (courtesy Baker

Hughes Centrilift)

Centrilift Gas Handling:

Centrilift offers two types of gas separators; The rotary chamber type,
which separates gaseous and liquid phases through pure centrifugal
force and the vortex chamber type in which centrifugal force in a vortex
achieves separation of gassy fluids.

The rotary chamber works by passing fluid through a rotating chamber,
which acts as an enclosed centrifuge forcing the denser liquid to the
outer diameter and leaving the lighter gas in the center. At the end of the
chamber the gas is channeled back into the casing annulus. p p



MeHee co3faBaTb AOCTaTO4HbIN YpoBeHb Harnopa. Kak npaswurno,

OH yCTaHaBIMBaeTCA B Ka4eCTBe HUXXHero ueHTpasibHOro B
nocnegoBaTtenbHbIX CEKLMAX CABOEHHOrO Hacoca. YCTaHoBKa

AGH peicTByeT nyTem CHUXXEHUA pa3MepoB My3blpbKOB napa 1
N3MeHEeHNA pacnpeneneHna ra3oBbliX Ny3blpbKOB, CMelunBan rasoBblii
M >XMAKOCTHOWN NOTOK BOeAuHO, ycTaHoBKa AGH npeobpasyeT noToku
B 0AHOha3HYHO XXMAKOCTb A0 TOro Kak oHa nocTynaeT B Hacoc. OHa
TakxXe MOXeT 6bITb yCTaHOBJIeHa nocrieaosartesibHO Ha ra3oBbiMn
cenapaTropamy pOTOPHOIO UM LIMKITIOHHOTO Tuna.

CucTtema PoseidonTM chupmbl LLntombepxxe - mHorogpasHoe
YCTPONCTBO OCEBOro NOToKa AnA paboTbl C ra3om, ycTaHaBNMBaeTCcA
HWXe HedpTAHOro Hacoca AnA achdeKTnBHOM paboThbl C ra3npPoBaHHBIMU
XXMOKOCTAMU. YCTPONCTBO MOXET YCTaHABMMBATLCA Haf ra3oBbiM
cenapaTopom B TOM Cryyae, eCnv ra3 MoXeT ObITb BbiNyLUeH, v Hag
CTaHAapTHbIM NPUEMOM, ECJIM BECb a3 AOMKEH NOCTynaTb B HACOC.

Cuctema PoseidonTM (Toprosas mapka HedTAHOro nHctutyta
®parumm (IFP), dmpm Total n Statoil; nuueH3nen Ha TexHonoruo
obnapaet Lntombepxe) 3TO MHOrogasHbIN refIMkoakCuasibHbIA Hacoc.
CTyneHn oceBOro NOToKa NUTAOT MaBHbIA HE(PTAHON HACOC U NoaatoT
MOTOK >XXWAKOCTU U ra3a Ha cTyneHn Hacoca. O6bem rasa cHuxxaeTcA
nocpeacTBOM Komnpeccum cuctemMsl Poseidon. Mo coobiieHnam,
cuctema paboTana npv ra3oBom 06 beMHOM chakTope A0 75%.

[azoBbIi cenapatop dupmbl LLntombepxe — guHammyeckoe
cenapauvoHHOe YCTPONCTBO, B KOTOPOM NpUMeHAETCA AenCTBUe
€CTEeCTBEHHOrO LIMKIOHa, CO34aBaeMoro ocobo KoHdurypaumen
BMYCKHOIO OTBEPCTUNA, COCTOUT U3 MHAYKTOPA OCEBOro NOTOKa,
MHOrO4MCIeHHbIX reHepaTopoB wapeBon BOPOHKU, MHOIOYMCIIEHHbIX
NoALNMHNKOB CO CKBO3HbIM MOTOKOM U BbIMYCKHbIM NepexoaHNKOM
ana obecneyveHnA BbICOKOA(hheKTNBHON cenapauun rasa. B rasosom
cenaparope LUMKIOHHOro Tuna ucnonb3yeTcA TexHonornAa ARZ
LMPKOHNEBDbIX yCTOI7I‘-IVIBbIX K M3HOCY NOALIMMHUKOB B COYeTaHU

C YCOBEpLUEHCTBOBaHHOW 06LLei CUCTEMOWN NOALLMMHUKOB A1A
noBbIilWeHnA HaAe>XXHOCTW.

Cenapatop c¢upmbi Besepcopa

[asoBbIn cenapatop mpmbl Besepdopa ocHoBaH Ha cenapauum
a3 pas3nnyHbIX NIOTHOCTEN NOA AEUCTBUEM LEHTPOBEXHbIX

cun. [a3oBbIN UMKNOHHBINM cenapaTop Besepdopa 6bin paspaboTtaH
ONnA oTAeneHnA rasa v oTinyaeTcA NOHMXXEHHON Bubpaumen,
BblICOKOKa4eCTBEHHbIMW NMOALWNNMHUKAMN, HUSKUM pacxoaoMm
MOLLHOCTW 1 NOBbILWEHHOW 3 (heKTUBHOCTbIO. CABOEHHbIN ra3osblin
cenapartop LUMKIoHHOro Tuna 6bin pa3paboTaH AnA aKcnyaTtauum
Ha CKBa>XMHax C BbICOKUMU ,D,eﬁlllTaMI/I, Ha KOTOPbIX ncnosib3oBaHne
MOHocenapartopa 6b1i10 6bl HeAOCTaTO4YHbIM AN1A obecnevyeHua
obLen acpheKTMBHOCTH.

Cenapatop c¢upmbl Bya MNpyn:

[azoBbIn cenapaTtop cupmbl Bya Mpyn, y3en cTonkom K
abpasnBHOMY M3HOCY OTKayuBaroLwen cMcTeMbl (PUPMbI,

COCTOUT U3 Tpex CTyneHei. B nepsBon cTynexu, ncnonb3yetcaA
Hn3KoobopoTuctoe koneco NPSH ana npuaaHma aHeprum
XUAKOCTU. B cenapaunoHHon Kamepe ncnonb3yeTcA poTop C
3aKpenJieHHbIM IJJTI/Id)TOBbIM 3aMKOM CTaJibHbIMU nonaTKamMmu,
KOTOPbIA co34aeT LeHTPOBOEXHYo cuny AanA pasgeneHusa
XXUAKOCTEN ¢ pa3Hon NNOTHOCTbIO. B nepexogHon cekumu,
XXUAKOCTU C MEeHbLUEeW NNOTHOCTbIO BbibpackiBaloTCA M3 Koprnyca p p
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060pyaoBaHNA 1 MaTepranos
ANA BHOBb CTPOALLMXCA U
MOAEPHM3UPYEMBIX YCTAHOBOK
ona bypeHua n nobblun.
CTponTenbsCTBO, PEMOHT,
MOHTaXX M MYCKO-Hanaaka.
Ycnyru no Haasopy 3a XO4OM BbINOAHEHMA paboT v
TEXHNYECKMNIN KOHCANTUHEL.
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rasoBoro cenapartopa B KonbLeBoe NMPOCTPAaHCTBO CKBa>XWUHbI.

B Tex cny4anx, korga 06beM cBO6OAHOrO ra3a He MOXeT

6bITb 06paboTaH POTOPHbLIM ra30BbIM CENAPaTopoM, MOXeT
npumeHATbCA rasosbin cenapatop XGX. Cuctema XGC nmeet
KOMMPECCHOHHYIO Kamepy Bcnef 3a CABOEHHbIM ra3oBbIM
cenapaTtopom. KomnpeccrMoHHaA kamepa no3BofiAeT ¢ NOMOLLbIO
cXaTtua nepesecTn cBO6OAHbIN ra3 Hasaj B pacTBOp npu
OfHOBPEMEHHOM APO6IEHMN KPYMHbIX ra30BbIX NY3blPbKOB

B Menkune. 3To obecne4vnsaeT opMnpoBaHne ogHOPOAHOro
pacTBopa, ¢ KOTopbIM CTyneHb ALIH moxeT co3aaTtb Hanop 6e3
obpasoBaHuA ra3oBbIX NPO6OK.

Cnoco6bl 3anycka
MoHTa)k n cnyck Ha c6opHoi konoHHe HKT c kpenneHnem
Kabena cHapyxm

Mpeumywectaa:

OTOT MeToa ABNAETCA TPaAuUUOHHbLIM. [InA cnycka/ussneveHunsa
ncnosnb3yTcA 06bl4HbIE BypOBble YCTaHOBKNU. [JOCTYMHOCTb

BO BCEM MUpe yCcnyr no yCTaHOBKe, 06CNY>XNBaHUIO, 3aMeHe,
PEMOHTY 1 T.A.

Hepoctatku:

C TekyLlien noTpebHOCTbIO B BypOBbIX YyCTAHOBKaXx BblCOKaA
CTOUMOCTb N HN3KaA AOCTYNHOCTb YCTAaHOBOK ABNIAETCA rMaBHbIM
HepocTaTkoM. [laHHaA cuctema HeceT Haubonee BbICOKUIN PUCK
MexaHW4YecKoro noBpexaeHnA kabensa, n kabenb nogsepraeTcA
B03.EleI7ICTBI/IIO cpeabl, HaXO,D,FlLLleVICFl B CTBONE CKBa>XXWHbI.
Pa3bembl 1 couneHeHna KabenA noasepraoTcA BO3AENCTBUIO
cpedbl B cTBONE cKkBaxuHbl. Kabenb kpenutca K HKT yepes
Kaxable 25 yTOB, XOTA B HacToALllee BpeMA BONbLUMHCTBO
HedpTenobbiBaOWNA KOMNAHWI NPU 3aKaHYMBAHUAX HA MOPCKUX
CKBa>XXMHax U HaKNOHHO-HanpaBJieHHbIX CKBa>XMHax UCNONib3YOT
KabenbHble 3aXXUMbl Ha KaXxAoM 3amke HKT anAa sawmThbl

n KpenseHunAa kabenAa BMeCcTo MeHee NPOYHbIX Kpene>XHbIX

neHT. Ckayku AaBJieHnA BO BpeMA 3anycka u skcnnyatauuu
0KasblBalT 3HAYNTENbHOE BO3AENCTBME Ha Kabenb u
KOMMOHOBKY. Tpa,qVILWIOHHbII?I MeTo4 ABNAeTcA caMbiM MeafeHHbIM
MeToA0M MOHTa>a un CI'IyCKa/I/I3Bﬂe'-IeHVIF|, K TOMY Xe MOXeT
BO3HUKHYTb Npobnema 6e3onacHOro NnpoBeAeHnAa onepaumm
cnyckKa u usBrie4eHuA.

Cnyck Ha HenpepbiBHOM rmbkom HKT (CT) — Kabernb cHapyxxu

MpeumywectBa:

ABnAeTcA 6onee 6bICTPLIM METOAOM pa3BepTbiBaHMA Hacoca. B
60NbLUMHCTBE Clly4YaeB UCMONb3yeTCcA cTaHAapTHaA yCTaHOBKa
n obopyaosaHue rnbkux HKT. NpoBeaeHue paboT 6e3 6yposon
YyCTaHOBKU ABMAETCA OFPOMHbIM NPENMYLLECTBOM BO MHOMMUX
pervnoHax.

Hepoctatku:

CylwecTByeT pUCK MEXaHU4YeCcKoro nospexaeHna kabena

npu cnycke n nogbeme. Kabenb nogsepraeTcA BO3AENCTBUIO
cpedbl B CTBOME CKBaXWHbl. PasbeMbl 1 couneHeHna kabenna
noABepralTCA BO3AENCTBUIO Cpeabl B CTBOME CKBAXMHbI.
TpebyeTca Kabenb yNyylEeHHOro UCNOSIHEHNA. Kak ynoMuHanocb
paHee, KpenneHue neHTamu Yyepes kKaxable 25 yToB ABNAETCA
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The vortex separator uses a short inducer to produce a rotary motion

to separate the two phases of a gassy fluid. The speed of fluid rotation

is lower than with the rotary chamber design and the fluid is allowed

to rotate freely in the full diameter of the separation area. The slower
rotation makes it preferable when abrasives are a factor compared to the
rotary chamber type.

Series | Type Model Designation Max. Rate Shaft HP
(B/D) Capacity @ 60Hz
400 ROTARY STD. 400GSR 4000 550
VORTEX STD. 400GSR 5000 550
VORTEX HI-VOL 400GSVHV 8000 550
538 ROTARY STD. 538GSR 10000 1250
VORTEX HI-VOL 538GSVHV 15000 1250

Centrilift offers gas separators for all the most commonly used pump
series; 338, 400, 513, and 675. In 2005, Centrilift introduced the
GasMasterTM separator in 400 and 538 series.

For extremely high gas contents in the production steam, the separator
can be combined with the Centrilit MVPTM multi-vane gas handling
pumps to achieve head production even if some gas travels into the
MVP stages. The patented split vane impeller design allows the MVP

to continue generating substantial head in conditions exceeding 70%
free gas, reducing the tendency for underload shut downs due to gas
interference. MVP can be used alone or as a charge pump in a standard
ESP system. For extremely high gas applications, MVP can be combined
with a gas separator.

Centrilift MVP Gas Handling Stage

CtyneHb MVP anAa paboTthl ¢ razom dovpmel LieHTpunud
Schlumberger Reda: Gas Handling:
The Schlumberger AGH advanced gas handling device is a modified,
multistage, high specific speed centrifugal pump designed for high gas
volume production streams. It is said to handle low intake pressure high
(45%) GVF fluid steams and still produce head. It is normally installed
in series below as center tandem pump. The AGH device functions by
reducing vapor bubble sizes and changing the gas-bubble distribution,
mixing the gas and liquid stream to all the AGH to treat it as a single-
phase fluid before entering the pump. It can also be installed in series
above rotary or vortex-type gas separators.

The Schlumberger PoseidonTM system is a multiphase, axial flow
gas-handling device installed below the main production pump to allow
efficient handling of gassy fluids. The system can be installed above a
gas separator when gas can be vented or above a standard intake if all
gas must enter the pump.

The PoseidonTM ( a trademark of Institute Francais du P’trole
(IFP),Total and Statoil; technology licensed to Schlumberger) system
is a multiphase helicoaxial pump. The axial flow stages prime the main
production pump and push the gas-liquid flow stream in to the stages.
Gas volume is reduced through the Poseidon system by compression.
Operation in GVF’s up to 75% have been reported.

The Schlumberger gas separator is a dynamic gas separation device,
which utilizes a natural vortex action created by a specially designed inlet
configuration, axial flow inducer, multiple vortex generators, multiple flow
—through bearings and a discharge crossover to provide highly effective
gas separation. The Votex gas separator features the ARZ Abrasion-
Resistant zirconium redial bearing technology coupled with an improved




CTaHAapTHbIM CNOCOOOM Ha BePTUKasbHbIX CKBaXXWHAX, HO Ha
HaKMNOHHO-HaNPaBNEHHbIX U MOPCKMX CKBaXXUHaxX UCMONb3yTcA
kabesnbHble 3axumbl (LaSalle nnu Canon). MeTop Tpebyet
MCMosb30BaHWA AOMOMHUTENBHOMO NepcoHana n obopynoBaHuA.
Takxe TpebyeTcA OONONHUTENbHbIN 6apabaH n yCTPoNnCcTBO
HaMoTKkK. Cnocob nsBnevyeHna MOXeT 6blTb CIULIKOM MeANEHHbIM.
MoxkeT BO3HMKHYTb Npobnema 6e30nacHoro Cnycka u u3BfieveHus.

Ha HenpepbiBHOM ru6kom HKT (CT) —Kabenb BHyTpu

O6bI4HO HavMeHee 3aTpaTHbIN cnocob cnycka v u3BneyeHuA
OUH. Cnyck n nssneyeHue moryT 6biTb Npon3BeneHsbl 6e3
ucnonb3oBaHuA 6ypoBon ycTaHoBKM. Kabenb NofnHOCTbIO
nsonuposaH BHyTpu HKT. Kabenb He noaBepraeTcA BO3aeincTButO
XMMUYECKOW cpelbl Unu nepenanamM AaBneHuin. HanmeHbLuni
puck noBpexaeHua kabena. [locturaeTcA NOMHbIA KOHTPONb
naBneHuA Ha kabenb. Cuctema cCBOAUT K MUHUMYMY YMCIO
COeAVMHEeHWI U couneHeHnin. BepoATHO, camblii 6€30MacHbIn MeTop,
cnycka v nsBneveHua. Micnonb3dyeTcA cTaHfapTHaA ycTaHOBKa 1
obopynoaHue rnbkux HKT (CT). Camblii 6bICTPbIN METOA cnycka
n n3eneyveHna. Ha Puc. 9 npeactaBneHa KOHCTPYKUMA CUCTEMBI
OQHOrO U3 NPOV3BOAUTENEN.
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OLIH ¢ kabenem BHyTpK Tpyb6.

Cucrema TTU-ESP

Kabenb, anekTpoasuraTesb 1 yNioTHAIOWMIA Y3en OCTal0TCA Ha MecTe
BO BPEMA MHOMOYMCNEHHbIX 3aMeH Hacoca. AToT meTop TpebyeT HKT
4 1/2” n ABnAeTCcA Havbonee NOAXOAALMM ANA MPOMbICIIOB C BbICOKOW
CTOMMOCTBIO KanuTasibHoro PeMOHTA W A€ HacOoChl YacTo BbIXOAAT

U3 CTPOA Kak Npaswumo oT NpucyTCcTBnA TBepaon gasbl. Cm. Cnmcok
nuTepatypsbl - uHkuHC ¢ coaBTopamu (2002).

Hacoc ycraHaBnuBaeTcA HUXKe 30Hbl nepgopaynm

[inA paboTbl B yCNOBMAX MOBBILLEHHOTO COAEPXXaHUA ra3a ycTaHoBKa
Hacoca Hue 30Hbl nepdopaumn ABNAETCA XenaTenbHON, HO

[NA 3TOro HE06X0ANM KOXYX, KOTOPbIN NOTpebyeT NpUMEHeHnA
KOMMOHOBOK 3aKaH41BaHUA 60MbLIero anaMeTpa, K ToMy >ke

KOXYX MOXET cobupaTtb TBEpAplil 0CaA0K 1 acdanbTeHbl. [pyrim
CnocoboM ABMNAETCA UCMONb30BaHNE PELIMPKYNALMOHHOIO Hacoca
[NA HarHeTaHVA 4acTu XXMAKOCTW CHWU3Y anekTpoasuratens anAa pp

overall bearing system for more reliability.

Weatherford Separator

The Weatherford Gas Separator is based on the separation of phases
of different densities in the action of centrifugal forces. The Weatherford
Vortex Gas Separator was developed for gas separation with reduced
vibration, high specification bearings, lower HP requirements, and
improved efficiency. The tandem Vortex Gas separator was an obvious
development, offering gas separation for larger rate wells, where the
single system efficiency would be possibly compromised.

Wood Group Separator:

The Wood Group gas separator, part of their abrasion-resistant pumping
system, comprises three stages. In the first stage, a low NPSH impeller
is used to impart energy to the fluid. In the separation chamber, a pinning
steel rotor is used to generate centrifugal forces to separate fluids based
on density differences. In the cross-over section, the lighter density fluids
are ejected from the gas separator housing to the annulus of the well.

In applications where the amount of free gas cannot be handled by
rotary gas separators, an XGX gas separator can be used. The XGC
system introduces a compression chamber downstream from the
tandem gas separators. The compression chamber allows the free gas
to be compressed back into solution while simultaneously breaking the
bigger gas bubbles into smaller bubbles. This provides an increasingly
homogenized solution, in which an ESP pump stage can build head
without gas locking.

Figure from Wood Group ESP showing gas exiting a gas
separator before entering the pump section.
Ha cxeme SLH chmpmel By 'pyn nokasaH Bbixog rasa us
ra3oBoro cernaparopa A0 MOCTYMNEHUA B CEKLMIO Hacoca.

Alternate Deployments
Jointed Tubing Deployed External Cable

Advantages:

This is the conventional method. Conventional rigs are used for
deployment/ retrieval. It is available on a global basis for installation,
servicing, replacement and maintenance.

Disadvantages:

Rig availability and cost can be big disadvantages with current
demand. This system has the highest risk of mechanical cable
damage and the cable is exposed to the wellbore environment.
The Cable is banded to the tubing every 25ft, although most
operators now operating in offshore or inclined tubing completions
are using cable clamps around each tubing joint to support and
protect cables instead of the less robust cable bands. Pressure
fluctuations during startup and operation impact the cable and
the unit, for that matter. The conventional method is the slowest
deployment/retrieval method and safety during run-in and retrieval
can be an issue.

CT Deployed - External Cable
Advantages:

This is a faster deployment method. It uses mainly standard CT units
and equipment. Rigless operations are a big advantage in many areas.) b
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oxnaxkaeHus. [ina aetanbHOro o3HakomeHns cM. Cnmncok nuTepartypbl:

Buncon ¢ coaBr. (1998) u cxemy Ha Puc. 10.
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[lnA ycnoBuin NOBLILLEHHOTO COAEPXKaHNA rasa, KOXyX Ha
JIEBON CXeMe 1 peLMpKynALumMA Ha NpaBow

(BunbcoH ¢ coaBT., 1998)
For gas, Shroud on left and Re-circulate on right
(Wilson et al., 1998)

Opyrvie cnocobbl MOHTaXa ¥ Crycka BKIOYatoT YyCTaHOBKY
OTAENBHOro Hecyllero Kabens ¢ aNeKTpuyeckum Kabenem npu
ucnonb3osaHun HKT 6onbluoro amameTpa, KOTopble MOryT
M3BfieKaTbCA, CUCTEMbBI C BMPLICKOM BOAbI HWXE nakepa AfA
obrneryeHnA UCTEYEHNA rasa, a Takxe pasfimyHbie CUCTEMbI U3
HeCKOsbKMX NocneaoBaTesnbHbIX 6yCTepoB, yCTaHOBKY 6onee Yem
0[HOTO Hacoca Mpw UCMoNb30BaHUW OAHOTO B KAYECTBE PE3EPBHOTO
rocrie Toro, Kak nepBbIi HACOC BbIXOAUT U3 cTpoA. SLIHbI
ycTaHaBNMBaNUCh B CaMblX Pas3fiMyHbIX HaKNOHHO-HaNPaBAEeHHbIX
CKBaXXMHax, BKNOYaA rOPM30OHTaNbHbIA y4aCTOK FrOPU3OHTasIbHOM
CKBaXXWHbI. [laxe ecrnv OHU NPUMEHAIOTCA B HAKITOHHbLIX CKBaXXMWHaXx,
OHM [OMXKHbI YyCTaHaBNMBATLCA B HEUCKPUBIIEHHOM y4acTKe,

C KpnBU3HON MeHee 1/2 rpaayca Ha 100 ¢yToB. CneunansHoe
o6opynoBaHne MOXeT BKIlOYaThb AATUMKK, ra3oBble cenaparopsl,
npenoxpaHuTenu kabena, ABOVHbIE NPeAOXPaHUTENN NN
ypaBHWUTENW, CABOEHHbIE UM AaXe CTPOEHHbIE 3IeKTpoaBUraTenv
1 Hacochl, obpaTHblE U ApeHaXKHble KnanaHbl, UCNonb3oBaHne
KOMMOHOBKM [ANA CMycKa B CKBaXWHY KapoTaXkHbIX Npubopos npu
cnyweHHoMm OLH, a Takxxe HarHeTaTenbHble NMHWUK NOL C6OPKON, 1
LApyrve BapuaHTbl.

Kpatkuit 0630p

Ha puc. 11 npvBeaeH HECKONbKO yCTapeBLUNiA rpadink,
[EMOHCTPUPYIOLWMNIA TEHAESHLMN NCNOMNb30BaHWA MEXaHN3MPOBaHHON
[o6b14un.

CNEBA HATMPABO: PbiHoK B MiiH $, QLH, LLiTaHrosbiih Hacoc,
laznudT, BunToBoOM Hacoc, [pyrue, Beero.

MpuBeaeHHbIN rpacduk nokasbiBaeT, 4TO pbiHOK OLIH pacTeT
CBEpPXBbICOKMMU TeMnamn. PbIHOK BUHTOBbLIX HACOCOB pacTeT AnA
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Disadvantages:

There is a risk of mechanical damage to cable running in and

out. The cable, as mentioned above, is exposed to the wellbore
environment, requiring a higher specification cable. Connections and
splices exposed to the wellbore environment. Banding of cable to coil
every 25ft is typical in vertical wells but as above, for inclined wells,
cable clamps (LaSalle or Canon) are used offshore and for inclined
wells. Additional personnel and equipment are also required. An
additional reel and spooler is required. The retrieval method can be
slow, and safety can be a concern on run-in and during pulling.

Coil Tubing System - Internal Cable

Often the lowest cost ESP deployment and retrieval method. Rigless
deployment can be done avoiding rig availability problems. The cable
is totally isolated inside coiled tubing, with no exposure of the cable
to chemical or pressure attack. This is the lowest risk system when
considering cable damage. There is full pressure control on the
cable. The system minimizes the number of splices and connections
required, and may be the safest deployment and retrieval method.
Standard CT unit and equipment are used. It is fastest deployment
and retrieval method. See Figure 9 for one manufacturers system.
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ESP with cable inside the tubing

Through Tubing Conveyed ESP System

The cable, motor and seal are left in place during possible multiple
pump changes. This requires 4 1/2” tubing and is best suited for
areas with high workover costs, where pumps are failing frequently
usually because of solids. Centrilift has been successfully

using TTC deployed ESP systems for years in Alaska and other
locations. See included reference by Dinkins et al (2002).

Pump Set Below Perforations

For gas handling it is desirable to set the pump below the
perforations but this requires a shroud that requires larger
diameter completions and the shroud can collect scales and
asphaltenes. Another technique is to use a recirculation pump to
inject some of the production below the motor to maintain cooling.
Centrilift’s patented recirculation system can be deployed in wells
with as small as 5.5 inch casing. For details see the included
reference by Wilson et al. (1998) and illustrated in Figure 10.
Other deployments include using a separate strength cable with the
power cable requiring very large tubing to be retrievable, systems to
inject water below a packer so gas can flow and various systems of
multiple series boosting, and installation of more than one pump using
one as a spare later when the first system fails. ESP’s have been



HU3KOAEOUTHBLIX BA3KNX HEQDTEN C BbICOKUM coaepXXaHuem TBepaon
asbl. ALIHbI cTaHOBATCA WMPOKO BoCcTpeboBaHHbIMU. C BbICOKOM
LileHOW Ha HepTb NoTeHuman co3aaHnA Aenpeccumn C MOMOLLbIO

OUH ABnAeTCcA BO MHOMMX OTHOLLEHWUAX 6onee npuefieKaTenbHbIM
Mo CpaBHEHUIO C UCNONb30BaHNEM CTaHKa-kadanku. MonyyatoT
LUIMPOKOE pacnpocTpaHeHne NpuMBoOAbI C NEPEeMEHHON CKOPOCTbIO AnA
NOBbILEHNA 3KCNyaTaLunoOHHON MMOKOCTU, HOBbIE CTYMEHN Hacoca
1 cenapartopsbl, NOBbILWAOLWME XapaKTepPUCTUKN 3 PEeKTUBHOCTH
paboTbl C ra3oMm, CTYMeHV 1 BKNaablwm, No3sonawoLwme paborarb

¢ bonbluen KoHLeHTpaumen Teepaon dasbl, n obopyaosaHvue anA
paboTbl B yCNOBMAX BbICOKMX Temnepatyp. [peablayluve ctatbu
“YT0 HOBOrO B MexaHu3npoBaHHoW Aobblve” B XxypHane World Oil
3a 20 neT ¢ MomeHTa noasneHnA SLH npMBoAAT MHOXECTBO HOBbIX
TEXHONOrM4Yeckux pelueHnin. ExxerogHo (a B HacToALlee BpemA

pa3 B nofaroga) B XblOCTOHE NPOBOANTCA KPYrNbiv cTon no SLUH
(cm. www.ALRDC.com no Kpyrnomy CTony 1 Apyrum cMmno3mymam
Mo MexaHW3MpOBaHHOW J06bI4W, B KOTOPbIX CPEAN MPOHnX
obcyxaatTcA Bonpockl, oTHocAwmecA K QLH). 3ToT Kpyrnbin

CTON ABNAETCA BeAyLWMM oTpacnesbiM hopymMOM No npobnemam
npumeHexmA SLH.

Cnucok nurtepatypbl

° [OuHkuHc, B., MatTepcoH, Ix.C., OanH, x.P., KanyruH, M., n Baicc,
k. &., “GUH cnyckaemble B HKT- lNepBble 3anyckn yCTaHOBOK Ha
BecT Cak ’; 2002 CemyHap no aneKTpuyeckum
LieHTpo6eXXHbIM HacocaMm, XblocToH, Texac (Man 1-3, 2002).

e Jln, Ix.®. n Mayapc, b., “UIHcnekTMpoBaHue aNeKTPUYECKnxX
LeHTpobeXHbIX Hacocos’, HacTb 1-5’; MNeTponeym VHXeHUpUHr
WHTepHawHn (Anpenb-AsrycT, 1984).

e Jln, Ix.®., Bunknep, X., u CHangep, PE., “4T10 HOBOrO B
MexaHV3npoBaHHOM Ao6blve, HacTb 2- YeTbipHaauaTtb paspaboTok
rMyOUHHBIX M HA3EMHbIX CUCTEM OAMHHAALATM KOMMaHWIA No
ANEKTPUHECKNM LIEHTPODBEXHBIM Hacocam 1 ApyruMm cuctemam
MexaHuaunposaHHow fobbiuun’; World Oil, 227, 5 (Man 2006).

° MysuHr Botep MiHgacTtpus (MWI), SnekTprnyeckune LeHTpobeXHble
Hacocbl, www.mwicorp.com/pump_electrical.htm, MNMoapasaenerHve
apeHapl Hacocos chupmbl MWI Deerfield Beach, FL (MocneaHas
pepakuus - B nioHe 2006).

* Poksenn AyTOMeNLLH, “H4acTOTHO-perynnpyemble NpuBoabI
obecnevnBaloT onTUMasbHble pabo4ne xapakTePUCTUKN U 3aLLmUTy
NEKTPUHECKUNX LIEHTPOBEXXHBIX HACOCOB HA MOPCKUX CKBaXKUHAX,
OnucaHne npumMmeHeHnA, Poksenn Aytomenie, Munyoku, wrat
BanomuHr, CLLUA (2001).

* CnpaBo4HOE PyKOBOACTBO MO Hacocam, “lnaea 7:
MexaHunsmposaHHaA fobbida ¢ SLH’, Oknaxoma Komucensa no
manopeHTabenbHbiM ckBaxkuHam (MWC), Oknaxoma, wrar
Oknaxoma (MocnegHAA pegakuua - B uioHe 2006).

* BwuncoH, B.J1., Mak, Ox., n ®octep, [., “Cuctemsbl ALH anA paboTtbl
HWxe 30Hbl nepgopaunn, SWPSC (Anpenb 8-9, 1998).

° TiopnuH, [Dx.J1., Jin, k. ®., n BeapaeH, . 1., “NoTok raso-
>KNAKOCTHOWN CMecK Yepes LIEHTPOBEXKHbI HAacoc: KoppenAauusa
AaHHbIX; 31 MexxayHapoaHbIn cumnosmym no Hacocam, TAMU 1986 M

installed in various deviated wells, including the horizontal portion of

a horizontal well. If installed in an inclined well, they still must be in a
straight section, perhaps 1/2 degree/hundred. Special equipment can
include sensors, gas separators, cable protectors, tandem protectors or
equalizers, tandem or even triple motors and pumps, check and drain
valves, use of the Y tool to by pass the downhole pump system to run
tools and injection strings below the unit, and other variations.

Summary
Figure 11 is a somewhat old graph showing trends in the use of AL systems.
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TeHAeHUMM MexaHN3MpoBaHHOW A06bIYM (MpeaocTaBneHo
dmpmoi LLeBpoH, P Jlecu)
AL trends (courtesy Chevron, R. Lestz)

This above chart shows ESP’s increasing at a dramatic pace. PCP’s

are increasing for lower rate viscous and solids laden production, but for
high lift rates, ESP’s are becoming very popular. With the cost of oil being
high, the drawdown potential for ESP’s is very appealing compared

to gaslift and the higher rate potential is appealing compared to beam
pumping in many circumstances. Variable speed drive to enhance
flexibility, new pump stages and separators enhance gas handling
capabilities, new stages and inserts allow handling of solids to a greater
extent, and higher temperature equipment is becoming available. Past
articles of “What’s New in Artificial Lift” in World Oil Magazine for the last
20 years list many of the ESP innovations as they have appeared to the
industry. The annual (now semi-annual) ESP roundtable held in Houston
(see www.ALRDC.com for this and other AL symposiums that may deal
with ESP’s) is an excellent industry forum for ESP operational issues.
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