TEXHOJIOTWA MHOrO®A3HOMN OTKAYKM

MULTIPHASE PUMPING

1 0BLUIAA UHOOPMALMA

TexHonorma MHOroha3HoOM OTKaYKn pa3Bunach HACTOMbKO, YTO
CTaHOBUTCA Ba>KHbIM KOMMOHEHTOM B CaMbIX Pa3/IMyHbIX CXemMax
[o6blun. MNepecTas 6bITb Y3KOCNEUMANN3MPOBAHHON, TEXHOMOMMA
MHOropasHo 0TKayKu BbICTPO CTAHOBUTCA CTaHAAPTHOW
COCTaBAOLEN COBPEMEHHOMN cUCTEMbI A06bI4M HedhbTu 1 rasa. C
NPUMEHEHNeM MHOrohasHoON 0TKa4kn obecrnevnBaeTCA IKOHOMMA
3aTpar U AocTUraeTcA TeXHonormyeckan rmokocTb B MPUMEHEHNN:
CNeKTp oTKa4neaemoro ononaa BKovaeT B ceba Kak TAXENyto
Hed)Tb Ha3EeMHbIX MECTOPOXAEHUN, TaK 1 0ObI4HYIO HE(PTb MOPCKUX
1 WenbgoBbIX MecTopoxaeHunin. B GyayLuem, no mepe yny4weHusa
nokasarenev aPeKTUBHOCTU 1 HAAEXHOCTU, OKNAAETCA LUMPOKOE
MCMONb30BaHMeE 3TON TEXHOMOMMU Npu paboTe C >XXMPHbIM ra3om 1 B
NOA3EMHOM CKBaXXMHHOM 060pynoBaHUM.

2 TEXHOJIOrM1 MHOTO®ASHOI OTKAYKM

B onepauunAx no fobblde HedTH 1 ra3a NPUMEHANNCH Pas3nnyHble
TexHonornm ogHochasHom oTKaykm [cm. 23,24,25,26]. Ecnn
60NbLUNMHCTBO TEXHOMOIMIN OTKaYKM NO3BONAET OCYyLLeCTBJIATb NPONyCK
0o4eHb HebonbLIMX 06BEMOB ra3a B MOTOKE >XXUAKOCTU, TO TONbLKO
HEKOTOPble TEXHONOrMM NO3BONAIT 06pabaTbiBaTh MOTOKM C 60MbLLIOW
o6bemMHOM Aonen ra3a, KOTopble BCTPEYaloTCA BO BHOBb OTKPbIBAEMbIX
MecTopoxaeHuAx. Puc. 1 unniocTpupyeT TEXHONOrK, NpUMeHAeMbIe
npu oTKayke MHorohasHoro dontonga. [JByXBMHTOBbIE HACOCHI
06BEMHOIro BbITECHEHUA, BUHTOBbIE U NOpPLUHEBbIe HACOCbl NOABUNUCH
B Ka4ecTBe YCrneLLHbIX TEXHONOMM MHOroha3HoM OTKauku B
[ONOMHEHME K CNpanbHO-0CeBbIM LIEHTPOOEXXHBIM Hacocam. KaxxaaA
13 3TWX TEXHOSOMMIA NPUMEHANACH B CBOEM Anana3oHe, B KOTOPOM ee
cneundmn4eckme BO3MOXKHOCTM 6binn Havbonee noaxofAmMA. OTn
TEXHOMOrN, NONYYMBLUME NMPOMBILLNIEHHOE NMPUMEHEHWE, OMNUCaHbI
HVXXe C pa3bACHEHVEM CyTU TMMOB pa3paboTkn HedhTerasoBbixX
MECTOPOXAEHWI, 06yCnaBMBaIOWMX NPUMEHEHNE KaXKAON U3 9TUX
TEXHOMOruin.

2.1 NopluHeBble HacocChbl

MopLuHeBble Hacockl BEPOATHO NpeAcTaBnAlT cobon Hambonee
NPOCTOM TUN MHOrogasHoro Hacoca. MHorogpasHaA cmeckb NogaeTcA B
LUMNMHAP 3a cYeT BcacbiBaHWA. 3aTeM 06beM LMNMHAPA YMEeHbLUIaeTCA
NPUBOAA K MOBBILIEHWIO AaBMNEHNA A0 TaKOro 3Ha4YeHWA, Korga CMechb
MOXeT ObITb BbiMyLLeHa B TPy6ONPOBOA 32 HACOCOM. OTa TEXHONOTMA
HaxoaMT MPUMEHEHMe B YCTaHOBKaX CO CPeAHVMM 06 beMOM OTKayKu

— MeXJy YyCTaHOBKaMUN C BUHTOBbIMW HACOCaMN Marnon MOLLHOCTU

n 6onee MOLUHbIMW YCTaHOBKaMM C ABYXBUHTOBbIMW HacocamMun. Otn
HacoCbl MMEIOT [OCTaTOYHO Maslyto MOLLHOCTb, YTOObI MPUMEHATLCA Ha
OOVHOYHBIX CKBaXKMHAX, HO 3TOM MOLLHOCTU JOCTaTO4HO ANA OTKAYKU
npoayKUMn N3 HECKONMbKNX CKBa>KUH. OHun MoryT 6bITb NCNOMb30BaHbI
B Ka4ecTBe KOMMPECCOPOB XXMPHOTO ra3a v MoryT BblAepXUBaThb
3HaYWTENbHbIE NepuoAbl NPU NOCTYNIEHUM OAHOM NULLb ra30BON
hasbl B OTCYTCTBME XUAKOCTU. Takom Tnn Hacoca obecnevmBaet
OTHOCUTESIbHO BbICOKOE yBenuyeHue aasneHuna — go 1400 psi, u
HEMNoxomn obLWMi K.M.A4. MO CPaBHEHUIO C APYTMU TEXHONMOMUAMM
MHOrodasHon OTKa4kun. AHanu3 nuTepaTypbl Ha 3Ty TEMY NOKa3bIBaeT,
YTO MexaHUCTUYecKaA Moaenb paboymx XxapakTepuUCTUK NOPLUHEBOTO
Hacoca He nybnvkosanacb. B npoMbILLNEHHOM NPUMEHEHUM HaXO4ATCA
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1 INTRODUCTION

Multiphase pumping has evolved to become a critical component in many
different production schemes. Far from being a niche technology, multiphase
pumping is fast becoming a standard component of the modern oil and

gas production system. Multiphase pumps are being utilized to provide cost
saving and provide operation flexibility in applications as diverse as on-
shore heavy oil and subsea/offshore conventional oil. The future promises
expanded use of this technology in wet-gas and downhole applications as
further improvements are made in efficiency and reliability.

2 MULTIPHASE PUMPING TECHNOLOGIES

A variety of single-phase pump technologies have been applied to oil and
gas production operations [23,24,25,26]. While most pump technologies
can tolerate trace amounts of gas in the liquid stream, only a few can handle
the higher gas volume fractions (GVF’s) found in today’s oilfield. Figure 1
illustrates the technologies that have been applied to pump a multiphase
fluid. The positive displacement twin-screw, PCP and piston pump have
emerged as successful multiphase pumping technologies in addition to the
helico-axial rododynamic pump. Each of these technologies has developed
a range of applications that are best suited to it’s unique capabilities. These
established and commercial multiphase pump technologies are described
below with some insights provided into the type of oil and gas developments
that are making use of each technology.
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2.1 Piston Pumps

Piston pumps represent perhaps the most straightforward type of
multiphase pump. The multiphase mixture is brought into the chamber at
suction conditions. The chamber volume is then reduced resulting in an
increase in pressure until the point is reached where the mixture can be
discharged to the downstream piping. This technology is finding application
in moderate size applications between the smaller PCP and larger volume
twin-screw pump. These pumps are small enough to address single-well
applications, but large enough to also boost production from several wells.
They are able to serve as wet-gas compressors and can handle extended
periods of time with only gas entering the pump. These type of pumps
also provide a relatively high pressure boost, reaching 1,400 psi, and a
good overall efficiency when compared with the other multiphase pumping
technologies A review of literature indicates that a mechanistic model of
piston pump performance has not been published. Two types of piston
multiphase pumps are commercially available:

Mass Transfer Pump. This pump was first installed commercially by
National Oilwell in June 1998. It features a conventional oilfield gearbox



ABa Tyna nopLUHEBbIX MHOrO(a3HbIX HACOCOB:

Hacoc nepeHoca macchbl. [epBoe NpoMbILLNEHHOE NPUMEHEHWE
Hacoca Takoro Tuna 6bino ocylecTsneHo komnanven National Oilwell B
uioHe 1998 r. B Hem codeTatoTCA 0ObIYHBIN PEAYKTOP, NPUMEHABLUNNCA
Ha He(PTAHLIX MECTOPOXAEHWAX, N NPUBOA, C KOTOPbLIMWU NepcoHan
XOpOLLO 3HaKoOM. B Hacoce ncnonb3yeTcA OAMHapHbIN rOPU3OHTASbHBbIN
LMNUHAP Y NOPLUEHb ABYXCTOPOHHEro fencTteunA (Puc 2). bonbluoe
KONMYEeCTBO TaKUX HACOCOB B HAcTOALLEe BpemA paboTatoT B
npoBuHUMKN AnbbepTa, KaHaaa

MnyH>XepHbIA Hacoc. [epBoe NPOMbILLNEHHOE NPUMEHEHNEe Hacoca
Takoro Tuna 6bino ocylwecteneHo komnaHuen Weatherford B okTAbpe
1999 r. B Hacoce ucnonb3yeTcA rmapasnMyeckas CUnoBaA cucrema

1 OBa NOPLUHA OQHOCTOPOHHero aenctauA (Puc 3). BeptukansHaa
opueHTaumA nopLuHen obecnevnBaeT Manyto 3aHMMaemyto nnowanb,
YTO NO3BONMIO CMOHTUPOBATL TAKME HACOChI HA HECKOMbKUX

Mopckux nnargopmax B MekcrnkaHckom 3anuse, CLUA. 3Tu Hacochl
UCMOMb3YIOTCA ANA MMYLIEHNA CKBaXXWH C XXUPHLIM ra3oM v AnA
pasrpy3Ku ra3oBbiX CKBaXXWH C MasnbiM aebutom. [3].

2.2 BuHTOBbIe Hacocbl (PCP)

LLinpoko ucnonb3yemble B Ka4ecTse 3ab60MHbIX, BUHTOBbIE HACOCHI
3aBOeBany XOpoLLyLo penyTaumto. B aTnx Hacocax 4acTo ncnonb3yeTcA
CTanbHOW poTOp, KOTOPbLIV BpaLLaeTcA B pE3MHOBOM CTaTope, XOTA
NMPUMEHAIOTCA TaK>Ke N CTaTOPbl M3 KOMMO3UTHBIX Mareprarnos 1
ctanu. MNonocTtu, hopmupyemble nNpu 3auensieHn potopa u craTopa,
npenocTaBnAlT cobor 3PEKTUBHBIN U HEAOPOrON MEXaHWN3M OTKaYKU
MHorochasHom cmecu. Takon Hacoc BecbMa 3hMEKTUBEH NMPY HANNYNA
necka. Hacocbl Takoro Tuna 4acTo UCMOoMb3YTCA NPU OTKaYke Masbix
06emMoB U Npu paboTe Ha OAMHOYHBIX CKBaXKUHaX, rae ux Manas
CTOVMMOCTb 06ecrneynBaeT O4EBUAHOE NPENMYLLECTBO Nepes UHbIMA
TEXHONOrMAMM MHOTrO(ha3HON OTKaYKMK.

2.3 [1IByXxBUHTOBbIE HACOChI

[nAa mHorochasHoM 0TKa4yKu Havbonee WMPOKO NPUMEHAIOTCA
[OBYXBWHTOBbIE Hacochkl. B oByXBMHTOBOM Hacoce paboyaa ob6bemMHan
MonocTb CO34aEeTCA NPU 3aUenieHn ABYX BPaLLAIOLLMXCA BUHTOB.

B oTnunuve oT 04HOBUHTOBOrO HaCcoCa, rae CTanbHOM poTOp
HaxoauTcA B U3NYECKOM KOHTAKTE C PE3MHOBLIM CTATOPOM, B
[BYXBMHTOBOM Hacoce poTOopbl He KacaloTcA Apyr Apyra — Mexay
HUMU 1 MeXAY KaXXAbIM BanoMm 1 KOprycom umeeTcA HeborbLLon
3a3op. [ByXBUHTOBbIE HACOChI Hanbonee YacTo NPUMEHAIOTCA Npu
oTKayke TAXEnon HedTh, HO B HACTOALLEE BPEMA 3aBOEBbLIBAIOT
NPUMEHEHNE B MOPCKMX YCTaHOBKAX W ANA OTKAYKM 06bIYHON HedTu.
Bornbluasa o6bemHana NPON3BOANTENBHOCTb 3TUX HACOCOB NMPUBOAUT K
TOMY, YTO OHW HaxXOAAT MPUMEHEHME B YCTaHOBKaX, 06CNy>KUBaOLLMX
HECKONbKO CKBaXXMH/KYCTOB CKBaXvH. B nocnepHee Bpema ana
OMMcaHNA TEXHUYECKUX XapaKTEPUCTUK ABYXBUHTOBbLIX HACOCOB
6bIN10 NPEeACTaBIEHO HECKOSBKO Moaenen. B Tabnuue | npuBeaeHbl
pasnu4Hble MoAenu, onMcaHne KOTopbIX OMybNMKOBaHO B TEXHUHECKNX
napaHunax [13,19,21,31]. MoxHo BuaeTb, 4To nepunog 2003-2004 r.r.
6bIn1 04EHb aKTUBHBIM. XapaKTepuCTNKK OnybnvMKoBaHHbIX MOAenen
UMEIOT 3HaYUTESIbHOe NPEVMYLLECTBO MO CPaBHEHUIO C MOAENAMM,
BbIMyCKaeMbIMW Ha HACTOALLMIA MOMEHT NINLEH3MPOBaHHbLIMMW
npov3BoanTENAMAU. DTV HOBbIE MOAENN NO3BOMAIOT NPOBEPUTH
pacyeTHble NPeAnonoXeHnA, UCMoNb3yemble Npu NoAroToBke
NMPOrHo3upyembIx pabounx xapakTepUCTMK Hacoca 1 No3BoNAIT
CpaBHUTb MOAENM, NpeanaraeMble pasnnyHbIMU NPON3BOAUTENAMM.

2.4 CnupanbHO-OCeBble HacoChbl

CnmpanbHO-0CeBOW LLIEHTPOBEXHBIN HAacoc Hbin paspaboTaH n

ucnbiTaH B pamkax npoekta «[locenaoH» [7]. B aaHHON TexHonorum
UCMNOMb3yeTCA CNNpasibHO-0CEBOM MyTb ABMXKEHUA OOV AA C LieNbio
yNyyLWeHna paboymx XxapaKTeprcTuK Npu oTkavyke MHOrodasHom
cmecu. bbino obHapyXeHo, YTO TakaA TEXHONOrnA uMeeT
npenmyLLecTsa nepes, Norpy>KHbIMU LIEHTPOBEXHbBIMU HAacocamm,
06bI4YHO NPUMEHAEMbIMU HA HE(PTAHBLIX MECTOPOXAEHNAX, B KOTOPbIX
CbJ'IIOVI,D, AOBUXETCA B paanasibHOM, a He B 0CeBOM HanpasJieHUN.
CnunpanbHO-0ceBble HACOChl 0BbIYHO NPUMEHAIOTCA MPU OTKAYKe O4YeHb
6onblunx 06bEMOB HEYTU, HANPUMEP B HACOCHbIX arperatax KoMnaHum
lOkoc B Cnbupu, n B ycTaHOBKax MectopoxxaeHua [lyHb6ap komnaHum
Totanb B CeBepHoM Mope. VimeeTca TeHaeHUMA NpuMeHeHus p p

and prime mover, so is very familiar to oilfield personnel. The pump uses a
single horizontal pump chamber equip with a dual acting piston (Figure 2).
A number of these pumps are in operation in Alberta Canada.

Ramp Pump. This pump was first installed commercially by Weatherford

in October 1999. It utilizes a hydraulic power system and two single-acting
pistons (Figure 3). The vertical orientation of the pistons results in a smaller
footprint and as a result this pump has been installed in several offshore
applications in the U.S.A. Gulf of Mexico. This pump has been used to kick-
off wet-gas wells and unload lower rate gas-wells [3].

Puc. 3 - Figure 3

2.2 Progressing Cavity Pumps (PCP’s)

Widely used as a downhole pump in the oilfield, the PCP has a well
established reputation. This pump most often features a steel rotor turning
within a rubber stator although steel and composite stators have also been
utilized. The chambers formed by the intermeshing of the rotor and stator
provide an effective and low cost means of pumping a multiphase mixture.
This pump is very effective at handling sand. The pump is most often utilized
for lower volume and single-well applications where it’s lower price provides
a distinct advantage over the other multiphase pump technologies.

2.3 Twin-Screw Pumps

The most widely utilized multiphase pump is the twin-screw pump. The twin-
screw pump creates a volume chamber by the intermeshing of two rotating
screws. Unlike the PCP, where the steel rotor makes physical contact with
the rubber stator, the screws do not touch, but are separated from each
other and the housing by a small clearance. Twin-screw pumps are most
often applied in heavy oil applications, but are gaining acceptance for
offshore and conventional oil developments. The large volume capacity

.

Puc. 4 - Figure 4

of these pumps tend to push them toward multiwell/ cluster applications.
Recently a number of models have been presented to describe the
performance of twin-screw multiphase pumps. Table I illustrates the

various models that have been published [13,19,21,31]. As can be seen,
2003-2004 has been a particularly active time. These published models
represent a significant advance over the proprietary manufacturer models
that have existed to this point. These new models allow examination of the p p
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Tabnuue 1
Table 1

TaKUX YCTAHOBOK AN1A OTKAYKN CMECK CO CPeAHUM OOBbEMHbIM
KO3(hPULIMEHTOM cofepXaHuA rasa. HeycTpaHnMbIM HEAOCTATKOM,
NPUCYLLUMM LIeHTPOOEXXHOW TEXHONOrUM, ABMAETCA TO, YTO NOTOKM
rasa v XXMaKoCTW pa3fenAlTCA B MONOCTU HAcoca N Hacoc

C HEKOTOPOro MOMeHTa TepAET CNOCOBHOCTb 3HAYUTENbHOTO
noaHATUA AaBneHnA. O6LWEenPUHATO, YTO NPU AOCTUXEHUM
06bEMHOro KoathuLUMeHTa coaepxaHna rasa 3HaveHusa 80%,
Apyrue TEeXHOMOrMmn OTKa4kn CTaHOBATCA 6onee ahHeKTUBHBIMU.
B T0 BpemaA, kak AnA ysenuyeHna JaHHOro BepxXHero npejena
06bEMHOr0 KoadhhrLUMeHTa CoaepXKaHNA rasa Nponu3BoanTenu
YCMEeLWHO NPUMEHAIOT CUCTEMbI PELMPKYNALMK, CnpanbHO-0ceBan
TEXHOMOrMA OTKa4YKN MMEeET ABHOE NPEUMYLLECTBO MpKU CpeaHnx
3HaYeHnAX o6bEeMHOro koadduumeHTa cogepxanua raza. Obbi4HO
YCTaHOBKMW CO CPeAHMM 06BbEMHBIM KO3 hMLMEHTOM coaepXKaHuA
rasa npeacTaBnAT co60M YyCTAHOBKYM C MOBLILWEHHbIM pabovnm
[aBneHneM, B KOTOPbIX HU3KUA 06bEMHBIV KO3DPULIMEHT
coaep>XaHunA rasa ABMAETCA NPAMbIM CNEACTBUEM MOBbLILLEHHOTO
[aBneHuA, NPy KOTOPOM CHUXaeTcA 06beM ra3oBon pakuum B
nepekayvBaemMom notoke. B pesynbTaTe Takne TEXHOMOrMU O4EHb
4acTo yaobHbI ANA NPUMEHEHMA B NOABOAHbBIX YCTAHOBKAX.

2.5 Pabouve anana3soHbl

TexHonormm oTKayKyn MOryT CpaBHMBATLCA PAAOM CrOCOO0B.
Konn4ecTBo BO3MOXHbIX CMOCO60B AnA CPaBHEHVA NapamMeTpoB
MHOrohasHbIX HACOCOB PE3KO YBENMYMBAETCA, MOCKOMbKY
pononHnTensHaA gasa NpeacTaBnAeT ele oavH napameTp AnA
cpaBHeHuA. Ha puc 5 nokasaH Hanbonee NpMMeHnMbIA crnocob
CpaBHEHWA, OCHOBAHHbI HA U3MEPEHNN NokasaTtenen NoBbILLEeHNsA
[aBneHnA N NPON3BOANTENIBHOCTW B OCHOBHbIX TEXHOMOMMAX
MHOrogasHon oTka4yku. Heob6xoanmMo oTMETUTb, YTO NpefenbHble
3HaYeHVA, yKa3aHHble Ha rpadmkax AnA OAMHaPHbIX HA3EeMHbIX
MHOropasHbIX HAaCOCOB, B3ATbI HEMOCPEACTBEHHO N3 KaTasioros
npovssoauTenen. B HekoTopbIx crny4asax Apyrve NpovM3BoaTENn B
COCTOAHUM MPEBbICUTb YKa3aHHble NpeaenbHbie pabodne napameTpbl.
Hanpwmep, MHOroCcTyneH4aTbiv myOuHHbIA ABYXBUHTOBOW HACOC
npoussoacTea komnaHum CAN-K MoXeT co3aaBaTb 3Ha4YUTENbHO
6onbluee AaBnieHne Ha Bbixode, a ycTaHoBku Sulzer, paboTatolme
Ha MeCTOPOXAEHNAX KoMnaHun OKoc, CnocobHbI pa3BmBaTh
3HAYUTENbHO BONbLUYIO MPON3BOANTENBHOCTL MO CPABHEHMIO CO
cnnpanbHO-0CeBbIM HACOCOM. Heo6xoanMO Takxe OTMETUTb, YTO C
LieNblo NOBbILLEHNA 06 EMHON NPON3BOANTENBHOCTU N3rOTOBUTENN
COCTaBMAT KOMMOHOBKY A0 LLECTN HACOCOB ANA paboTbl B napannens
(koMnaHunA Pocckop — ABYXBMHTOBbIE HACOChI AnA komnaHum KOkoc)
1 ABYX HACOCOB, COEAVHEHHbLIX NocnefoBaTenbHo, ANnA obecneyveHna
HeobxoAMMOro MoBbILLEHWA AaBneHna [22]. Takme ycTaHOBKM C
HECKOMbKUMU Hacocamm 06ecrne4mnBaloT NOBbILLEHHYIO FTMOKOCTb,
ynpoLLaA PEMOHT U peakLmio Ha 0TKa3bl, OAHOBPEMEHHO CHUXaA
CTOMMOCTb MOCPEACTBOM UCMOSIb30BaHUA HACOCOB CTaHAAPTHbIX
TMNOPa3MepoB, a He crneumnanbHO N3roTOBMEHHbIX HACOCOB OYeHb
60nbLioro pasmepa. CpaBHeHWE pasnnyHbIX HACOCHBLIX TEXHOMOIMI
MOXHO Tak>e BbIMOSHATL MO ApYrM napameTpam, HanpuMep no
[A0MnycKaeMbIM 3Ha4eHAM 06 beMHOro KoaduLmeHTa cogepXxaHma
rasa v BA3KOCTW NepekavnBaemow XXnaKocTu. icxogHbIMn JaHHbIMK
ONA CPaBHEHNA TaK>Xe MOryT BbITb crieumndn4eckue nokasarenv,
Takue, Kak crnocobHOCTb nepeka4mnsath dona ¢ cogepXxaHmem
necka unm nepemexxatoLmnnca NoTok (XKMAKOCTb-ras), Mmbo no cBoemy
pasmepy, chopme 1 macce.
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assumptions used in the development of the pump performance predictions
and allow for the comparison of pumps proposed by various manufacturers.

2.4 Helico-Axial Pumps

The helico-axial type of rotodynamic pump was developed and tests

as part of the Poseidon project [7]. This technology makes use of a
helico-axial flow path to improvement performance under multiphase
flow conditions. This has been found to be superior to conventional
oilfield ESP pumps, where the fluid follows a radial rather than an axial
flow path. Applications making use of the helico-axial technology are
typically very large volume applications, such as the Yukos installation

in Siberia and the Total Dunbar installation in the North Sea. Helico-
Axial applications also tend to exhibit moderate GVF’s. Inherent to the
rotodynamic technology is the tendency for the gas and liquid streams

to separate within the pump and for the pump to lose the ability to
deliver a meaningful boost in pressure. It is widely accepted that as
GVF’s approach 80% other technologies become more effective. While
manufacturers have successfully used of re-circulation systems to extend
this upper limit of GVF, the helico-axial technology clearly favors the
moderate GVF applications. Typically, moderate GVF applications are
higher pressure applications where the lower GVF is a direct result of the
pressure reducing the gas volume in the production stream. As a result,
subsea applications are often very well suited to this technology.

2.5 Operational Ranges

Pump technologies can be compared in a number of ways. The number

of possible comparisons increases dramatically for multiphase pumps

as the presence of an additional phase introduces a new dimension for
comparison. Figure 5 show a very general comparison based on the
pressure boost and flow rates for the primary multiphase technologies. It
should be noted that the limits shown on the plot are taken directly from
pump manufacturers catalogs for single surface multiphase pumps. In some

Puc. 5 - Figure 5

=

Puc. 6-7 Figure 6-7

cases other manufacturers have been able to exceed the operational limits
shown. For example the multi-stage downhole twinscrew pump produced
by CAN-K can deliver a much larger pressure boost and the Sulzer Yukos
application has been able to deliver higher flow rates from a helico-axial
pump. It should also be noted that manufactures have combine up to

six pumps in parallel to increase the volume capacity (Rosscor —Yukos
twin screw pumps) and have combine two pumps in series to increase

the pressure boost provided [22]. These installations with multiple pumps
provide increased flexibility for pump repair and response to failures while
also reducing costs through use of standard pump sizes rather than a
specially design, one of a kind large pump. Comparisons of the various
pump technologies can also be made based on parameters such as GVF
and liquid viscosity. Application specific issues such as their ability to handle
sand or slugging or their size, shape and weight can also serve as a basis
for comparison.



3 NPUMEHEHWUE MHOTO®A3HbIX HACOCOB

TexHonormA MHOroasHon OTKa4YKM YCMNeLWHO NPUMEHAETCA B
HedhTerasoBon NPOMbILLINIEHHOCTW ANA peLeHns uenoro paaa
NPOu3BOACTBEHHbIX Npobnem. K coxaneHuto npouecc pa3snuTmA
3TON TEXHONOrMm o4eHb cnabo NpeacTaBneH B XypHanax u
nybnmkaunax KoHdepeHumin. B cneaylowmx pasaenax npuBeneHo
KpaTkoe onucaHme OCHOBHbIX TUMOB YCTaHOBOK. [logpo6bHoCTH
npeacTaBneHbl B eXeroAHnke Texacckoro yHMBepcuTeTa no
MOHTaXy ¥ TEXHUYECKOMY 06CNy>XMBaHWIO (B AanbHenLWwem

— Texacckui yHMBepcuTeT) - B 6rnoke ctaten «Kpyrnbiin cton
nonb3oarenen MHorodasHbix Hacocos» (MPUR). 3T 3acepanna
Kpyrnoro crona, Mmetolime MecTo B NocnegHve WecTb neT,
npepocTaBuny hopym AnA o6CY>KAEHUA ONbiTa NCMONb30BaHNA
HacoCcoB KOHEYHbIMW MOTPEBUTENAMMU, HAa KOTOPbIX BbINK TakXe
npeacTasneHbl HeouunanbHble 4OCbe Ha 3TN TexHonoruw. Mocne
HEKOTOpbIX Mpe3eHTauMin NocneaoBanu BbiMyCKn oduumanbHon
TEXHUYECKOW AOKYMEHTauumn, HO B HONMbLWINHCTBE Cry4Yaes
npeseHTauun Kpyrnoro ctona npeacTaBnAlT coboin NuLlb
ny6nun4Hoe obcyXXAeHne NPUMEHEHNA KakKon N0 KOHKPETHOWM
YCTaHOBKMU.

3.1 MpumeHeHMe ANA OTKA4YKU TAXeNoOMN HethTn 6eperoBbix
MecCTOpPOXXAEHUN

Mcnonb3oBaHne MHOroasHbIX HACOCOB ANA 0TKAYKMN TAXENOoW
HedbTn 6eperoBbix MECTOPOXAEHNI NpeacTaBnAeT cobon Hanbonee
LUIMPOKO UCMOMb3yemyto hopMy NPUMEHEHWNA 3TOW TEXHONOTUN.
O6bI4HO 3TO HonbLUME NPOEKTLI ¢ BypeHnem 60MbLIOro KonnyecTsa
CKBaXXWH 1 pa3paboTKON HOBbIX MECTOPOXAEHWN. [INA Taknx
NPOEKTOB MHXXEHEepPbl UMEeNN BO3MOXHOCTb CpaBHEHMA onepaumi

no po6biye 06bI4HBIM CNOCOHOM C COBPEMEHHBLIMU TEXHONOMMAMU
1CMonb3oBaHNA MHOrogasHblX HAacocoB. B 6onblwMHCTBE cnyvaes
NoAxoA, ¢ NpMMeHeHneM MHorodasHbIX TEXHONornm obecneynsaeT
3KOHOMMIO KanuTanbHbIX 3aTpaTt, YTO MOXET CNY>XMWTb pbl4arom Ansa
MHOrMX A06bIBAIOLWMX NNOWAAOK. BbiNo Takxe yCTaHOBMNEHO, HTO
npUMeHeHne MHoroasHon TeXHONornmM obecnevnBaeT CHUXEHNE
nnowaau, 3aHumaemon nof ob6opyaoBaHue, CHUXKEHNE pucka
pasnueoB He TV 1 06bema BbIbGpOCca rasa 1 Napos U3 pe3epsByapos,
a B HEKOTOPbIX CMYYaAX - U CHMKEHe obbema CXXuraHmA nonyTHOro
rasa. Hanbonee noapobHO AOKYMEHTMPOBAHO WCMOMb30BaHWe 3TOW
TexHonoruv B BeHecyane, KanugopHun n MingoHesum [2,8,9,20].
OpaHako NpUMeHeHne 3TON TEXHONOMMN Ha MECTOPOXAEHWN

Oil Sands B npouHuMKu AnbbepTa, KaHaaa, 661510 noapobHO
obcy>xAeHo NyLb Ha 3acedaHum kpyrnoro ctona (MPUR) [11,29,32].
B cnepyrowmx pasgenax onvcbiBaloTCA Cneaylowwme npoeKThbl:
paspaboTka MmecTopoxaeHuA Orinoco B BeHecyane, NpoeKThbl
3aKa4ku napa B nnacT Ha MmectopoxaeHnAx Duri B IHaoHe3un n
Diatomite B KanudopHuu, a Takxe paspaboTtka mectopoxaenua Oil
Sands, nposuHuMA AnbbepTa, KaHaaa.

MpoekT paspaboTkn mecTtopoxaeHua Orinoco, BeHecyana.
HayvanbHble paboTbl HA MECTOPOXAEHWUW, BbINOMHEHHbIE B
napTHepcTBe koMmnanmaAamu PDVSA n Orinoco (Petrozuata, Sincor
n Hamaca) npegoctaBunun Hambonee o6beMHbIN maTtepvan ana
NMOHUMaHUA TEXHONOTUW ABYXBUHTOBOW MHOrOhasHoM OTKauKMu.
Ha aTom mecTopoXAeHUn ANA CHUXEHNA BA3KOCTMW Npu fo6blye
W TpaHCNopTMPOBKe HedTU uUcnonb3yeTcA pasbaBuTenb.

Ha aTux MecTopoxaeHMAX XxapaKTepHOW 0COHEHHOCTbIO
ABMAETCA Masblil ra30BbI (DaKTOP B Ha4yane akcnayatauuu

€ nocneayloLwmum ero yBenmyeHnemM no mepe pa3paboTku.
BopoconepxaHue, oTCyTCTBYlOLWEe B Hayane aKcnnyatauum,
TaK>xe Bo3pacTaeT CO BpeMeHeM. [IByXBMHTOBbIE HACOCHI HaLN
34eCb 3KCKN03nBHOE NpumeHeHne. Kak nokasaHo B oTyeTe
KpucTteHceHa [1], 3po3ua oT BO34eNCTBMA necka cocTaBnaeT
63% ob6bema peMoHTa HacocoB npu HapaboTke oT 40 oo 660
OHen mexay pemoHTamu. B otyeTte Bepbptorre [30] obcyxaatoTea
npobnembl N peLeHna Npy UCNONb30BaHUN ABYXBUHTOBBIX
HacocoB Ha npoekTe Sincor. CerogHA ycunmA cocpenoToHeHbl Ha
CHWKeHWUW 3po3un nog aencteuem necka [1,5, 31], obecneyeHunn
OTKA4KM C yBENMYEHHbIM COOTHOLLEHWNEM ra3-XXUAKOCTb U Ha
CHUXXEHWUW BIIMAHUA MOBbILIEHHOrO BOJOCOAEPXKaHNA Ha paboune
XapaKTepucTuku Hacoca. p p

Yukos Priobskoye oil field instalation; 6 Rosscor MR 250 pumps in parallel

3 UTILIZATION OF MULTIPHASE PUMPS

The oil and gas industry has successfully applied multiphase pumping
technology to solve a variety of operational problems. Unfortunately,

the evolution of this technology is poorly documented in journal and
conference publications. In the following sections several of the key
types of applications are summarized. Details of these applications have
been provided as case histories at the annual Texas A&M University —
Multiphase Pump User Roundtable (MPUR). This event, which has been
held for the past six years, provides a forum for discussion of end user
experiences and presentation of informal case histories. Some of these
presentations have been followed by formal technical papers, but in most
cases the MPUR presentation represent the only public discussion of
that particular application.

3.1 On-Shore Heavy Oil Applications

Utilization of multiphase pumps in on-shore heavy oil applications has
been the most common form. These are typically mega-projects involving
the drilling a many wells and developments of new fields. For such
projects, engineers have had the opportunity to compare conventional
production operations with the modern multiphase production approach.
In most cases the multiphase approach was found to provide upfront
capital cost savings that could be leverage across many production sites.
The multiphase approach also has been found to reduce the footprint

of oil and gas operations, reduce risks of oil spills, and eliminate vapor
emissions from tanks and, in some cases, flaring of the associated

gas. Applications in Venezuela, California and Indonesia are among the
best documented [2,8,9,20]. However, recent applications in the Alberta
Canada oil sands have only been detailed at the MPUR [11,29,32]. The
following sections describe the Venezuela Orinoco developments, the
Indonesia Duri steamflood, the California Diatomite steamflood and the
Alberta Canada Oil Sands developments.

Venezuela Orinoco Developments. Early work by PDVSA and the
Orinoco partnerships (Petrozuata, Sincor and Hamaca) have provided
much of our current understanding of twinscrew multiphase pumping
technology. These developments utilize diluent to reduce oil viscosities
for production and transportation. These fields feature low initial GOR'’s
that increase over the life of the field. Water cuts, which were initially
zero, also increase with time. Twin-screw pumps have been exclusively
applied in these developments. As indicated by Christensen [1], sand
erosions represents 63% of the pumps repairs with pumps running from
40 to 660 days between repair. Verbrugge [30] discussed problems
encountered and solutions developed for use of twin-screw pumps in the
Sincor development. Today’s challenges focus on mitigation sand erosion
[1,5, 31], handling the increasing GLR’s and mitigating the effects of
increasing water cuts on pump performance.

Indonesia Duri Steamflood. While representing only a few multiphase
pumps, the Duri steamflood, operated by CALTEX, has provided
important information on pump performance in a sand producing
environment. The results indicate that twin-screw pumps can tolerate
significant sand production if the sand remains entrained in a heavy

oil. Sand transported with steam alone quickly destroys the screws.
Details of this application were presented at the MPUR and were later
developed into a formal technical paper by Putra & Uphold [20].
California Steamfloods. As first described by Corless at the Texas

A&M Multiphase Pump User Roundtable and later published in 2001 [2],
twin-screw multiphase pumps have been installed in the Midway area ) b
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MpoekT 3aka4yku napa B NyacT Ha mectopoxkaeHuu Duri,
UHpoHe3nA. HecMoTpA Ha TO, 4TO B MPOEKTE Mo 3aKayke napa B
nnacT Ha mecTopoxxaeHun Duri, koMnaHuen-onepaTopom KOTOporo
ABnAeTcA CALTEX, npeactasneHo HebonbLIoe KoNM4ecTBo
MHOrochasHbIX HacocoB, bblna nonyyeHa BaXxHaA nHpopmauma no
XapakTepucTUKaM HacoCOB B YCIOBUAX 6OMbLLOrO coaepXXaHmA
necka. PesynbTaTbl NOKa3bIBaOT, YTO ABYXBMHTOBbIE HACOCHI MOTYT
CnpaBnATLCA C 60MbLUNM coaepXXaHnem necka npu ycrnoBum ero yHoca
TAXENow HedpTbto. Mecok, NepeHOCUMMbIA MOTOKOM YMCTOrO Napa,
6bICTPO BbIBOAMT U3 CTPOA BUHTLI. [104pOOGHOCTI 3TOrO NPpUMEHeHNA
6bIM NpeAcTaBfieHbl HA KPYITIOM CToMe 1 6blv No034Hee BKIIOYEHbI B
ohrumanbHyt0 TEXHUYECKYIO JOKYMEHTauUuIo, BbinyLieHHyto lMyTpa, E.
n 0.0. Anxonbg [20].

MpoekT 3akayku napa B nnact B KanudopHuu. Kak 6bino
nepBoHavanbHO onucaHo B otyeTe Kopnec, P Ha 3aceaaHun Kpyrnoro
cTona nonb3oBarenen MHOrogasHbIX HACOCOB, a TakXe onybrIMKoBaHO
B 2001 r [2], ABYXBMHTOBbIE HACOCHI 6bINIM CMOHTUPOBAHbI Ha Yy4acTKe
Midway, Heqaneko oT mecTeuka berikepccpuna, KanmcopHua.
Vcnonb3yemble AnA oTKayku dnonaa, npom3soauMoro npu
LIMKNW4ECKOM 3aKayke napa B AVaTOMUT, 3TU HACOChl OKa3anuck 6onee
3P PEKTNBHBIMU IKOHOMUYECKM, YeM 060pyAOBaHUE, NPUMEHAEMOE

B 06bI4HbIX OnepaumaAx, Koraa TpebyeTcA ycTaHOBKa HECKOMbKMX
cocynos 60MnbLIOro 06beMa, YCTAHOBKY OXNMaXAEHNA BEHTUNATOpamMm
OpebpeHHbIX TPYOHbIX MyYKOB M 0AHOha3HbIX HACOCOB. [puMeHeHne
MHOroasHbIX HaCOCOB NMO3BOMMIO NPU TPaHCMOPTUPOBKE dhonaa

He ynanAaTb coaepXkalleeca B Hem Tenso, Toraa Kak obbl4Hble MeToapbl
TpebyloT oxnaxkaeHna cdnionaa nepeq cenapaunen n otkavykon. Kpome
3KOHOMMWM 3aTparT, TEXHONOrMA MHOroha3HoM 0TKa4km obecnevnsaeT
NoBbILLEHNE 3KONornyeckon besonacHocTn. Hanpumep, TexHonorna
MHOro(hasHoM OTKaYKM CHUXXAET BbIGPOCHI rA30B N3 pe3epByapos,
CHWXaeT 06LLYy0 3aHMMaeMyo NnoLaab U CHUXaET PUCKMU,

CBA3aHHble C XpaHeHnem 6onblunx 06 beMOoB HeddTV B pe3epByapax Ha
nnowaaKax ckBaxkmH. C TOYKM 3peHnA aKCnyaTaummn Ucrnonb3oBaHne
MHOrohasHbIX HACOCOB CHVXaeT KONMYECTBO paspeLLeHuii,
TpebyembIx ANA UCMONb30BAHNA Pe3epBYapoB, U CHUXKAET pacxofbl,
CBA3aHHblE C MPOBEAEHNEM MHCNEKLUUIA 1 OBHOBNEHNEM Pa3peLLIEHUN.
OTa TexHonornA Takxe 6bina ncnonb3oBaHa KomnaHuen Aera

Energy ana TpaHcnopTupoBku fobbiToro chnonga K bnvkaniuen
YCTaHOBKE MOArOTOBKW, MO3BOMMNB NMMKBUAUPOBATL CTapetoLlee n
Hegowucnonb3yemoe obopynosaHue (Puc 8).

3akauka napa Ha mectopoxxaeHum Oil Sands, npoBuHUMA
AnbbepTa, KaHapga. B npownom rogy npoBuHumna AnbbepTa,

KaHapa, ctana nuaepoM B OTHOLLEHWW KOTMHYECTBA CMOHTUPOBaHHBIX
MHorodasHbIx HacocoB. Ha mectopoxaeHun Primrose,
paspabatbiBaemom koMnaHuet CNRL, cMoHTupoBaHo 6onblue
MHOrogasHbIX HacoCoB, YeM rae nMubo eLle B Mupe: K aBrycty 2003 r
Tam 6bIn10 CMOHTMPOBaHO 34 Hacoca [32]. Komnanua CNRL nucnonbsyer
3TW HACcOChl ANA YNnasnMBaHUA 1 TPAHCMOPTUPOBKM A06bLITOrO rasa,
KOTOPBbIV paHee cxuranca Ha dhakene. 3TOT ra3 B HacToALLee

BPEMA UCMOoNb3yeTCA AN1A MPON3BOACTBA Napa Ha MECTOPOXAEHUN.
Mocne cpaBHeHUA TEXHONOTMU MHOTODA3HOM OTKAYKK C PAAOM
OpYyryx BapuaHToB, aTa TexHonoruA 6bina BbibpaHa, Kak Havbonee
peHTabenbHaA u TexHonorn4eckn rmbkaa [11]. [IByxsMHTOBbIE
MHorodpasHble Hacochl Takxe 6bln BbibpaHbl komnaHuer Imperial Oil
anA paspaboTku mectopoxaeHua Cold Lake [29]. Ha okTabpb 2003 r
HapaboTka HacocoB B komnaHuu Imperial Oil coctaBuna 27000 yacos
(3,08 rona) 6e3 BO3HUKHOBEHMA NPOHIEM C MEXAHUYECKOW HaCThHO,
YNNIOTHEHVAMY UK BUGpaLUmen.

3.2 NpumeHeHue ANA oTKa4yku obbl4HOro rasa u HedpTn 6eperoBbix
MEeCTOPOXAEHUN

MpyMeHeHne AnA oTKayku 0BbIYHOIO ra3a n HedpTn 6eperoBbIx
MECTOPOXAEHUI YXe Takxe UMeeT cBoto uctoputo. imeetca
TEeHAEHUMA K UCMONb30BaHMIO TOMBLKO OAHOrO MHOrOga3Horo Hacoca
[ONA BbINOMHEHVA cneumpuyecknx NPOU3BOACTBEHHbIX 3a4aq.
CHuxeHne 06pa3oBaHuA rnapaTHbIX NPoboK. B xonoaHbIX ycnosuax
rasosblin rMapaT NpeacTaBnAeT cepbe3Hyto npobnemy. B HekoTopbix
Cry4anAx CKBaXXVHbl OCTaHaBNMBAIOTCA Ha BECb 3VMHUIA Nepuop,
BCneAcTeue obpa3oBaHnNA rmapaTHbIX NPo6oK B MHOrohasHom cucteme
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outside of Bakersfield California. Used to handle fluids produce from

the Diatomite cyclic steamflood, these pumps were found to be a cost
effective alternative to convention operations, which typically involved the
installation of several large vessels, a Fin-Fan cooling unit and single-
phase pumps. The use of multiphase pumps allowed heat to be retained
in the fluid for transportation, while the convention methods needed to
cool the fluids before separation and pumping. In addition to being more
cost effective, multiphase pumping provided a more environmentally
friendly solution. For example, multiphase pumping eliminated vapor
losses from the tanks, reduced the footprint, and reduced the risks
associated with storing large volumes of ail in tanks at the well-site.

From an operational point of view the use of multiphase pumps
eliminated permitting tanks and the costs associated with inspections
and permit renewals. This technology has also been applied by Aera
Energy to transfer produced fluids to a nearby processing facility, allowing
the abandonment of an aging and underutilized facility (Figure 8).

Puc. 8 - Figure 8

Alberta Canada Oil Sands Steam Operations. In the past year, Alberta
Canada has jumped into the lead in the number of installed twin-screw
multiphase pumps. The Primrose development by CNRL has more
multiphase pumps than any other field in the world, having installed 34
pumps by August 2003 [32]. CNRL has used these pumps to capture
and transport produced gas that had previously been flared. The gas is
now utilized to generate stream for this development. After comparing
multiphase pumping with a variety of options, it was selected as the most
cost effective and the most flexible [11]. Twin-screw multiphase pumps
were also selected by Imperial Qil for their Cold Lake development [29].
As of October, 2003 Imperial Oil had accumulated 27,000 hours (3.08
years) of run time without a mechanical, seal or vibration issue.

3.2 On-Shore Conventional Oil and Gas Applications

Use of multiphase pumps in conventional oil and gas operations also
has established a track record. The applications tend to involve only one
multiphase pump and tend to address specific operational issues.
Hydrate Mitigation. In colder environments, gas hydrates pose a
serious operational problem. In some cases wells are shut-in over the
entire winter due to formation of hydrates in the multiphase gathering
system. Multiphase pumps have been used to mitigate hydrate problems
by boosting pressures out of the hydrate formation region [28].
Boosting Wells into High Pressure Gathering System. Piston,
twin-screw and PCP’s have all been used in Alberta Canada to boost
production from low pressure wells into higher pressure gathering
systems. Used as an alternative to installation of vessels and convention
gas compression, the multiphase pumping option is often found to
reduce the complexity and the cost.

Remote Sites. Multiphase pumps have been used in a number of remote
locations to reduce the complexity and cost. These include use of two
twin-screw pumps installed in series by ADCO in the UAE [22] and use of
helico-axial pumps by Saudi Aramco and by Yukos in Siberia.

3.3 Offshore Applications

Multiphase pumping has been utilized to address several interesting offshore
operational challenges. Piston pumps have been used to unload and kick-off
low rate gas wells in the U.S.A. Gulf of Mexico. A twin-screw pump was
selected to boost a combine gas/liquid flow stream for Freeport McMoRan
after the loss of one of their single-phase export pipelines. In addition, an
early offshore application of a twin-screw pump was for BP in Trinidad [10].

3.4 Subsea Applications

Multiphase pumping represents the only commercial form of subsea
processing. Multiphase pumping represents the most basic type of subsea
processing and hence the most achievable. Multiphase pumping can be



cbopa HedhTW. MHOrodhasHble HacoChl UCMONL3YIOTCA ANA YCTPaHEeHNA
3TON NPo6nembl MyTEM NogbeMa AaBIIEHVA Bblle AnanasoHa
obpasoBaHua rmgpara [28].

Moabem aaBneHuA nonaga CKBaXKUH AJ1A 3aKadykv B CUCTEMY
HechTecHopa BbICOKOro AaBneHun [1nAa nogbema AaBneHns
chntomaa, NOCTynatoLLero U3 CKBaXmH ¢ MasibIM LaBfieHNEM C
Lenbto AanbHenllen 3akaqyky B cucteMy cbopa BbICOKOro AaBieHusA
B NpoBuHUMK AnbbepTa, KaHaaa, ncnonb3yoTcA NopLUHEBbIE,
AOBYXBUHTOBblE N BUHTOBbIE HACOChbI. OyeHb YacTo OKa3blBaeTcA,
YTO UCMONb3yemMan B KAYECTBE aflbTepHATVBbI YCTAHOBKE COCYO0B
1 06bIYHbIX YCTAHOBOK KOMMPUMMPOBAaHUA ra3a, TEXHONOrMA
MHOrocha3HoM OTKauKy ynpoLaeT 1 CHUXaeT CTOMMOCTb
obopyaoBaHuA.

YaaneHHble nnowaaku. MHorogasHble HacoChbl UICMONL3YOTCA

B pAAe yaaneHHbIX 06bEKTOB C LIEMbIO YNPOLLEHWA CXeMbl L06bIYM

1 CHWXeHuA cToumocTU. Cloaa MOXHO OTHECTU UCMOMb30BaHNe
AOBYXBUHTOBbIX HACOCOB, COeAMHEHHbIX nocnenoBsaTesibHo, KoMnaHuen
ADCO B OA3 [22] 1 ncnonb3oBaHne cnnpanbHO-0CEBbIX HACOCOB
komnanvAmK Saudi Aramco n lOkoc B Crbupn.

3.3 NMpumeHeHUe B MOPCKUX yCTaHOBKax

TexHonormA MHOrohasHom OTKa4vky Hbina Cnonb3oBaHa AnA peLleHnsa
MHOIMX MHTEPECHbIX MPO6reM MOpPCKon A06bI4K. MopLUHEBLIE HACOCHI
UCMNONb30BaNNCh ANA Pasrpy3Ku 1 MyLIEHUA ra30BbIX CKBaXKUH C
manbiv gebutom B MekcnkaHckom 3anvee, CLUA. [1ByxBUHTOBbIE
Hacocbl 6bInn BblﬁpaHbI AanA NogHATUA AaBneHnA cMmecun Fa3/)KVI,ElKOCTb
Ha mecTopoxaeHun Freeport McMoRan nocne Bbixoga u3 cTpos 04HOro
13 ogHoa3HbIX TPAHCMOPTHBIX TPy6onpoBoaoB. Kpome Toro, 0aHo 13
paHHNX npmmeHeHvuh ABYXBUHTOBbIX HACOCOB B MOPCKUX YCTAaHOBKaxX
6bI110 OCyLLECTBNEHO KOMNaHwen bputuw MeTponeym B TpuHuaane
[10].

3.4 NMpumeHeHue B NOABOAHbIX YCTaHOBKAaX

TexHonormA MHOrohasHoM OTKaYKy NpeacTaBniAeT cobon
€AVHCTBEHHYO NPOMbILLUIEHHYO TEXHOOrno OGpaﬁOTKI/I B NOABOAHbIX
ycTaHoBKax. TexHONorMA MHOrocha3Ho 0TKayKku NpeacTaBnaeT
cambli OCHOBHOWN TuM 06paboTKu Npun NoABOAHON [O6bIYE U, MO3TOMY,
Haunbonee AOCTYNHbIN. TexHonorna MHorochasHom oTkavykm MoXeT
6bITb KNnaccugmumpoBaHa Kak cuctema «Tun No1» ana noasogHowm
obpaboTku chrironaa. OHa NO3BONAET HEMOCPEACTBEHHO NepekaymBaTb
MHOrohasHyto cMecb Npu M1UHUManbHOM Habope 06opyAOBaHMA.
MHorogasHble Hacochl Take MOryT 6bITb MCMOMb30BaHbl COBMECTHO
C APYTYIMU TEXHOMOMMYECKUMU CXeMamu NOABOAHOM 06paboTKu.
Hanpumep, B cucteme «Tun No2» ncnonb3yeTcA YacTuyHaA cenapaunsa
pobbiToro contonga. B naHHoM crnydae MHoroghasHbIn Hacoc
npeacTaBnAeT coboW HaUMyYLINA BapuaHT OTKa4yKy NOTOKa >XXMAKOCTU
C HEKOTOpPbIM coAep>XaHneM nonyTHoro rasa. MHorodasHblin Hacoc
WM KOMMPECCOP XXMPHOIO ra3a Tak>ke NpeacTaBnaloT HaunyuLWwmia
BbIOOpP AJ1A 0TKa4KM NOTOKa rasa. Ecnv ras He BbIxoauT nog
COBCTBEHHbIM AABMEHMEM, TO MHOFO(ha3HbIN HACOC UM KOMMNPEeccop
>KMPHOrO ra3a MOoryT NOAHATbL AAB/IEHUE NOTOKA rasa, JaXe ecrv B
HEeM NPUCYTCTBYIOT HECKOMbKO NMPOLIEHTOB 06bEMHOIO COAepXXaHnA
XXMAKOCTU. ABMNAACH OTHOCUTENBHO HOBOM 061aCTbiO MPUMEHEHMWA,
noaBoAHaA oTkayka chronaa MHoroasHbIMM HAacoCaMu yxxe UMeeT
BrieyaTnALLyo uctopuio. B Tabnuue 2 npeacrasneH Cnncok
pasnunyHbIX MPOEKTOB C UCMOMb30BaHMEM NOABOAHOW MHOrohasHom
OTKauku, Haxoaawmxca nMbo B cTagmm peanmsaumm, nmbo B ctagmu
pa3paboTku koHuenuuu. MoXKHO BUAETb, YTO TEXHOMOMMA CNpasibHO-
0CeBbIX HACOCOB, NPeAcTaBneHHanA komnaHuen Framo, AsnAeTcA
6e3ycnoBHbIM nuaepom [15,18]. MNpumeHeHne B noasogHoM Aobblye
UMEET TEHAEHUMIO K YBENMYEHNIO MPOU3BOANTENIBHOCTU NpU

cpeaHeM 06bEMHOM KO3hhULmMeHTe coaep>KaHmA rasa, YTo naeansHo
noaxoauT AnA 3TOn TexHonorun. B nocnegHue rogpl npoussoanten
[OBYXBMHTOBBIX HACOCOB TaK>Xe NpeacTaBunm MoancmKaumm HacocoB
anAa I'IO,D,BO,ElHOI?I oTKa4yku. Atn ABYXBUHTOBbl€ HACOCbI NPU3BaHbl
6bITb MCMOMb30BaHHBLIMK A1 OTKa4Ky hnomaos ¢ 6onee BbICOKUM
COOTHOLLEHVEM ra3-XXMAKOCTb, a TakXe B Cryvanx, Koraa nocne
npoxoxxaeHunAa ANnTeNbHbIX XXNOKOCTHbIX I'Ip060K Ha HebonbLIoN
nepvog, MPOUCXOAUT PE3KOE MOBbILLEHNE COOTHOLLEHUA ra3->XNAKOCTb.

classified as a “Type 1” subsea processing system. It directly handles the
multiphase mixture with a minimum of equipment. Multiphase pumps can
also be used in conjunction with the other types of subsea processing
schemes. For example, the “Type 2” subsea processing system makes use
of partial separation of the produced fluids. In this case a multiphase pump
will still represent the best option for pumping a liquid stream that will have
some amount of associated gas. A multiphase pump or wet-gas compressor
will also represent the best choice for the gas stream. If the gas stream

is not left to flow under it's own pressure, a multiphase pump or wet-gas
compressor can boost pressure of the gas stream even when it contains
several percent liquid by volume. While a relatively new area, subsea
multiphase pumping has established an impressive track record. The Table
2 shows a list of the various subsea multiphase pump projects underway
or in the conceptual stage. As can be seen the helico-axial technology
provided by Framo is the established leader [15,18]. Subsea applications
have tended to exhibit the high flow rate and moderate GVF’s ideal for

this technology. In the past few years the twin-screw manufacturers have
also introduced subsea versions of the pumps. These twin-screw subea
multiphase pumps seek to address the higher GLR applications and the
applications where slugging can introduce brief periods of high GLR after
passage of the liquid slug. This year has been particularly active with many
new entrants into this field. While the installation base is very small, some
information can be gained from the established track record, with some
pumps running in excess of 6 years without need for intervention.

3.5 General Conclusions Regarding Application of Multiphase Pumps

A number of conclusions can be reached concerning what types of
applications are utilizing multiphase pumps. This topic is also discussed

in the paper by Martin & Scott [12] which address the issue of multiphase
pump candidate selection. While multiphase pumping can address a wide
variety of issues, the top types of applications are:

1) New large-scale developments where new equipment is being
purchased. In these cases, use of multiphase pumps and a multiphase
development strategy can reduce upfront capital costs. Existing production
where separators, tanks and equipment have already been bought and paid
for are more difficult to justify and in most cases multiphase pumping will
only be viable to solve environmental issues such as elimination of flaring,
installation of vapor recovery systems or to reduce risks of a release from
well-site storage vessels.

2) Boosting production from low pressure or liquid loaded wells. When
wells can no longer produce at an economic rate or in a steady-state fashion
due to a high pressure gathering system, multiphase pumping can be used
as an effective artificiallift option.

3) Improving recoveries from subsea well. Subsea wells exhibit some

of the lowest ultimate recoveries in the oil and gas industry [4]. To achieve
sufficient recoveries, some type of subsea processing will be needed to
adequately deplete the reservoir. As the most established form of subsea
processing, multiphase pumping is expected to play an increasingly
important role in subsea development schemes.

Multiphase pumping is a commercial technology that has become accepted
as a “best practice” in several different types of oil and gas production
applications. However, this technology is very new and a result of adaptation
of well established single-phase pumping technologies. At present, we have
seen what can be considered only the second generation of these pumps.
Early problems with seal failures in multiphase service and fluctuating GVF’s
[6] have largely been solved, but for the most part the pump is a simple
adaptation of the single-phase pump. The future holds the opportunity for
many advances as these pumps are applied to challenging new areas and
further adapted to improve efficiency and reliability. Just as the modern high
bypass turbo jet engine was not invented over night, the multiphase pump
would be expected to undergo a number of improvements in coming years.
A few of the new applications are discussed below and also the top research
areas being pursued at Texas A&M University.

4.1 New Areas of Multiphase Pump Application

The top new areas of application include:

Subsea. While not a completely new area, subsea multiphase pumping is
new for the positive displacement technologies. For subsea applications,
interest is focused on understanding failure modes, mean time to failure
and intervention. Another area of interest is that of speed control. While
traditionally the industry has relied on variable frequency drives (VFD’s),
the large size of the subsea multiphase pumps has generated interest in
the use of torque converters for speed control. These devices become cost
effective for large applications (greater than 500 hp) and may offer some
advantages for subsea operations. The ability to place the speed control
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B aTom rogy B AaHHoON cdhepe noABnIoCb 0CO6EHHO MHOIO HOBbIX
y4YacTHMKOB. HecmMoTpA Ha TO, YTO NapK YCTaHOBMEHHbIX HACOCOB eLle
04Y€Hb HEBENUK, HEKOTOPYIO MHEOPMALIMIO BCE XKE MOXHO MONy4nTb
13 3KCMNyaTauNOHHBIX XXYPHAmoB, N3 KOTOPbIX BUAHO, YTO HapaboTka
HEKOTOPbIX HACOCOB MpeBbIWaeT 6 neT 6e3 Heo6X0ANMOCTU KaKoro-
nmbo BMellaTensCcTBa.

[ = = — o
| T | —— —- —_—— —— rw —_ —
" i 1 i ' ' 1
e i -
= re=) = — = = Py
= = —— e - — =
- - - — - - ==
= e = — - = H
= - — = - —a b
= s = a - Fp— =
. i e 1 =yt - r = 1 S,
= = _ _ s
"

[ — ! - = 3
— - i — o — ===y - e
—— e T T T == s
HIF - P a— = e - m—.

g
—— - - - —r _— e —
s -
_— - —— — - ———— e mr
— e | ——— e
e
e e e SR . T =
¥ - t 0  — E oy B t x
S —
it

abnuue 2

Table 2
3.5 O6Lwme BbIBOAbI KacaTeribHO NPUMEHEHNA MHOrogasHbIX HacocoB
MOo>XHO caenaTb HECKOMbKO BLIBOAOB KacaTeslbHO TOro, B Kakux
yCTaHOBKax NPUMEHAIOTCA MHOrohasHble Hacockl. 3Ta Tema
Takxe obcyxaanacb B JOKYMEHTe, BbinyLweHHoM MapTuH &
CkoTT [12], B kOTOpPOM 06Cy>Kaanca Bonpoc Bbibopa BO3MOXHOIO
TMna MHorocpasHbIX HACOCOB. HECMOTPA Ha TO, YTO TEXHONOrnA

MHOFOCba3HOVI OTKa4ku pellaeT MHOrne BonpocChbl, OCHOBHbIMW BUAaMU
npuMeHeHnA ABNAKTCA creayrowine:

1) HoBble KpynHomaciluTabHble NPOeKTbl C 3aKyNKOW HOBOTrO
obopyaoBaHuA. B Taknx cryyanax ucnonb3oBaHne MHOrogasHbIx
HacoCOB U CTpaTernmn NOCTPOEHNA CxeMbl J06bIYM HA UX OCHOBE
MOXET CHU3WTb HaYanbHble KanuTansHble 3aTpatsbl. CyliecTsytowan
cxema [o6blun, Korga cenapaTtopsl, pesepByapbl M 060pynoBaHue
y>Xe 3aKynseHbl 1 onna4eHbl, MeHee 060CHOBaHa, a B 60MbLUMHCTBE
Crny4aeB TEXHOMNOrMA MHOroha3HoN OTKaYKN ABMAETCA €ANHCTBEHHO
>KN3HECNOCO6HON ANA peLLeHNA 3KONOrnYecKnx npobnem, Takmx
Kak CHIKEHVe obbema CXMraHnA Ha dhakesne, MOHTaX cMcTeM
cbopa BbIGPOCOB rasa Win CHMKEHNE PUCKa yTe4eK 13 pesepsyapos
XpaHEeHVA Ha NoLaaKe CKBaXKUH.

2) Moabem paBneHua gronaa CKBaXkKMH C HU3KUM AaBfIEHMEM UIU
CKBaXXUH ¢ 60nbluMM coaep)xaHuem XXuakocTu. Korga cksaxkuHa
6onbLUe He MOXET A06bIBaTh B 3KOHOMUYECKN peHTabenbHbIX

obbemax unv B yCTaHOBMBLUEMCA PEXUME BCNEACTBME BbICOKOMO
AaBneHuns B cucteme cbopa HedpTn, MHOrodasHble HacoChl MOTyT BbITb
3pPEKTUBHO MCMOMNb30BaHbI B KAYECTBE CPEACTBA MEXAHWU3NPOBaHHOM
[o6bI4n.

3) YnyyweHue aebuta noaBoAHbIX CKBaXXUH. [104BOAHbIE CKBaXKMHbI
MMEIOT OAHO M3 CaMbIX HU3KMX 3HAYEHUI KOHEYHOW HedbTeoTAauM B
HedbTerasoBom nHaycTpwm [4]. AnAa 4OCTUXKEHUA yAOBNETBOPUTENBHOIO
3HayeHVA HedpTeoTAaum TpebyeTcA NPUMEHEHNE TaKUX TEXHONOMUIA
NnoABOAHON [06bIYM, KOTOPblE CMOCOOCTBYIOT AOMMKHOMY
ncyepnbiBaHUIO pe3epsyapa. ABnAAck Hanbornee pacnpoCcTpPaHeHHON
hopmoii noaBoAHOM 06paboTku chntomaa, TEXHONOrMA MHorochasHom
OTKayky obellaeT urpaTb O4eHb BaXKHYHO pOrib B CXeMax pa3paboTku
NOABOAHBIX MECTOPOXKAEHUIA.

4 OBNACTH BbINOJHEHWA TEKVILMX UCCNEAOBAHMIA

TexHONorMA MHOrohasHoN OTKauKM ABMAETCA NPOMBILLIIEHHO
TEeXHomMorueil, KoTopaa NpyU3HaHa ny4Lueid B pasnnyHbIX cxemax
L06b14K HedhTU 1 ra3a. OiHaKO 3Ta TEXHOMOTMA ABMIAETCA O4eHb
MOJIOf0W, MOABMBLLEICA B pe3ynbTaTe afanTauuy TeXHONnoruii
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equipment on the seafloor rather than on a floating platform may provide
cost savings. Also the cold deepwater temperatures will be able to dissipate
any heat generated by the torque converter. Voith Turbo has developed a
torque converter for subsea applications. In March 2004 they demonstrated
this device under simulated deepwater conditions. Also, Texas A&M has just
installed a torque converter on our Flowserve twin-screw pump. During 2004
we will be investigating the first application of a torque converter with a twin-
screw multiphase pump.

Wet-Gas. As GVF’s increase the efficiency of multiphase pumps has
been found to dramatically decrease. While still representing a savings
in upfront capital expenditures, clearly the multiphase pump needs
additional work when applied to wet-gas applications. To address this
issue, manufacturers are attacking the problem from two different
directions. Pump manufacturers are working to improve efficiency of
multiphase pumps when GVF’s are in the 95-99% range [16] and
compressor manufacturers are working to extend their compressor
technology to tolerate 1-5% liquids. At Texas A&M, we are also
investigating new ideas to improve efficiency of twin-screw and PCP’s
under wet-gas conditions.

Downhole. The success of surface multiphase pumping has generated
interest in taking these same techniques downhole as part of artificial lift
methods. For example, the Poseidon helico-axial technology is already
being offered by Schlumberger as a first stage gas handler for downhole
ESP’s [17]. CAN-K is offering a downhole twin-screw pump and others
are working to improve the gas handling capability of downhole PCP’s.

4.2 Current Research Areas

Each year, a survey of the top technology needs in multiphase pumping

is taken at the Texas A&M U. Multiphase Pump User Roundtable

(MPUR). Over the years we have seen topics like seals move from being

one of the high interest areas to one attracting only moderate interest as

seal problems have been solved through use of seal flush systems. One

item that has always attracted a lot of interest is that of reliability data and

field testing. To address the high interest items identified at each year’s

MPUR, Texas A&M U. has created the MPUR-Consortium. Working with

oil and gas producing companies the list of high interest tops has been

further refined and prioritized as listed below:

) Mitigation of Sand Erosion in Twin-Screw Pumps

2) Investigation of New Ideas on Wet-Gas Compression for Twin-Screw
and PCP’s

3) Understanding and Mitigating Water-Cut Effects for Twin-Screw
Multiphase Pumps

4) Downhole Multiphase Pumping

5) Installation Guidelines for Multiphase Pumps Operating in Parallel
and in Series

These items represent some of the highest interest topics and ones that

will be the focus of research at our field-scale facility.

5 REFERENCES

[1] Christensen, M.: “Petrozuata’s Experience with Multiphase Pumps in
Heavy Oil, Gas,Water and Sand Service; presentation given at the 3rd
Annual Texas A&M Multiphase Pump User Roundtable (MPUR), Houston
(May 3, 2001).

[2] Corless, R.: “Multiphase Pumps Replace Conventional Heavy Oil
Facilities,” Oil & Gas J. (Sept. 24, 2001).

[3] Curtis, G.: “Ram Pump;’ tutorial given at the 1st Annual Texas A&M
Multiphase Pump User Roundtable-CANADA, Calgary (October 27, 2003).
[4] Devegowda, D. and S.L. Scott: “Assessment of Subsea Production
Systems,” paper presented at the SPE ATCE, Denver (Oct. 5-8, 2003).
[5] Dorenbos, C., Mueller-Link, D. and Jaeschke, A.: “Sand Handling
During Multiphase Operations with Twin-Screw Pumps;” SPE paper
69846 presented at the Thermal Operations and Heavy Oil Symposium,
Venezuela (March 12-14, 2001).

[6] Fagundes Netto, J.R. and E.F. Caetano: “Similarity Analysis Applied
to Two-Phase Slug Flows,” paper presented at the 4th N. America
Conference on Multiphase Technology, Banff, Canada, 239-249 (June
3-4, 2004).

[7] Gie, P: “Field Tests of the Poseidon Pump,” SPE paper 23624
presented at the 2nd LAPEC, Caracas (1992).

[8] Giuggioli, A, Villa, M., De Ghetto, G., and Colombi, P.: “Multiphase
Pumping for Heavy Oil : Results of a Field Test Campaign,” SPE paper
56464 presented at the 1999 SPE ATCE, Houston (October 3-6, 1999).
[9] Gonzalez, R. and Guevara, E.: “Economic Field Development in
Venezuela Heavy Oil Fields Using Multiphase Pumping Technology,’
SPE paper 30262 presented at the 1995 International Oil Symposium, p p



ogHohasHoM 0TKayku. B HacToALee BpemA Mbl BUAWMM, YTO MOXHO
paccmaTtpuBaTh TONMbKO BTOPOE MOKOJIEHWE HACOCOB Takoro Tuna.
[MepBoOHa4asnbHble NPobnembl, CBA3aHHbIE C BLIXOAOM M3 CTPOA
YNOTHEHWIN 1 chryKTyaumen 06 beMHOro KoadhchmumeHTa cogep>kaHma
rasa [6] B OCHOBHOM peLLEeHbI, HO OCHOBHaA YacTb Hacoca ABMAETCA
npocTow aganTtaumen ogHodasHoro Hacoca. byayulee npeacrasnAeT
6onbluMe BO3MOXHOCTH npoaBuM>XeHnA ,U,aHHOI7I TEeXHOJ1I0rnn, NOCKOMbKY
3TW HAcOChl MPUMEHAIOTCA B HOBbIX cdhepax 1 nx acpeKTUBHOCTb

W Hae>XHOCTb Bce H6onee yny4ywaeTca. Tak >ke Kak U COBPEMEHHBIN
[BYXKOHTYPHbIN TypbOopeaKTUBHbIA ABuratesib, KOTOPbIA He MOABUMCA
HeOoXnAaHHO, MHOrodasHbIi HACOC NPETEPNUT MHOTO Y Ty4LLEHWIA B
npeacToAwme rogbl. Huxe obcy>kaatoTcA HoBble cchepbl MPUMEHEHVA
1 OCHOBHbIe 06/1aCTU UCCIef0BaHWA, NPOBOAMMbIE TEXaCCKUM
YHUBEPCUTETOM.

4.1 HoBble cepbl NPUMEHEHUA TEXHONOrMU MHOroa3HoOM OTKa4YKu
OcHOBHble HOBble chepbl MPMMEHEHNA BKMOYAOT B cebA creaytowme:

NMoasoaHana Ao6blya. He ABNAACL COBEPLUEHHO HOBOW 06M1acTbio
NPUMEHEHNA, NOABOAHAA MHOroYa3HaA 0TKayka ABMAETCA HOBOM

B cdhepe TEXHONOMMI 06 BEMHOIO BbITECHEHWA. [InA NoABOAHOIO
NMPUMEHEHNA MHTEePEeChl CCHOKYCUPOBAHbLI HA NOHUMAaHUN BUAOB
0TKa3a, CpeaHeM BpeEMEHN HapaboTKM Ha 0TKa3 M Ha KONMYecTBe
BMeLLaTenbLCTB nepcoHana. [ipyroin obnacTbio nHTepeca ABNAETCA
perynupoBaHve ckopocTu. B To Bpema kak TpaavLMOHHO B
NMPOMBbILLIEHHOCTU NoJaratoTCA Ha NPUBOAbI C PETYIIMPYEMOI YacTOTOW,
MHoroghasHble HacoCbl MOABOAHOIO NMPUMEHEHNA MPeACTaBNAT
WHTepec B OTHOLLEHWUU UCTIONb30BaHWA NpeobpasoBaTesna KpyTALero
MOMEHTa B Ka4eCTBE perynaTopa CKOpoCTu BpalleHusa. Itun
YCTPONCTBA CTAHOBATCA peHTabenbHbIMW AS1A KPYMHbIX YCTAHOBOK
(mowHOCTBIO 6onee 500 n.C.) u NpeacTaBNAIOT HEKOTOpPbIE
npevmyLLecTBa Ana NoABOAHbIX onepaumnii. Bo3aMoXXHOCTb pa3meLleHmns
060pyAOBaHVA PerynmpoBaHnA CKOPOCTU Ha MOPCKOM AHe, a He Ha
nnasy4en nnatcopme, obecneymsaeT IKOHOMUIO 3aTpat. Kpome Toro,
xonogHaa Boga Ha rnybuHe cnocobHa paccenBaTb ntoboe Tenno,
reHepupyemoe npeobpasoBareniemM KpyTALLEero MomeHTa. KomnaHven
Voith Turbo pa3paboTaH npeobpasoBaTenb KpyTALLEro MOMeHTa AnA
NoABOAHBIX YCTaHOBOK. B MmapTe 2004 r oHa npogeMoHCTpupoBana
CBOE YCTPOWCTBO MNPV CMOAETMPOBAHHBIX NMOABOAHBIX YCIIOBWAX.
Cneunanuctamm Texacckoro yHusepcuteTa npeobpasosarenb
KPYTALLEro MoMeHTa 6bi/1 CMOHTUPOBaH Ha COBCTBEHHOM
[OBYXBMHTOBOM Hacoce komnaHum Flowserve. B 2004 r mbl nccneposanu
nepBoe MCMonb30BaHWe npeobpasoBartenA KpPyTALLEro MOMeHTa Ha
[OBYXBUHTOBOM Hacoce.

JKupHbIi ra3. Bbino o6Hapy>xeHo, YTo Npu yBenu4eHu o6 beMHOro
Ko3adhhuLmMeHTa cogepxaHna rasa K.n.a. MHorogasHoro Hacoca

pesko cHmkaeTcA. O4eBNAHO, HTO HECMOTPA Ha AKOHOMUIO
nepBOHaYasibHbIX KanuTasibHbIX 3aTpart, npu NCnosib3oBaHUn
MHOrogha3Horo Hacoca B yCTaHOBKax MO OTKAYKe XXMPHOro rasa
TpebyeTcA NpoBeAeHVEe JOMOMHMTENBHOW paboThl. [InA pelueHnA aTon
npobnembl NPon3BoaNTENMN 060PYAOBAHNA aTaKytloT ee C ABYX CTOPOH.
MpoussoauTenu HacocoB paboTatloT Had yyyLeHVeM K.n.4. npu
3HaYeHUn 06 bEMHOTO KO3hbchmLMEHTa CoaeP>KaHMA rasa, HaxoaAwemcs
B AnanasoHe 95-99% [16], a npou3soanTenM KOMNpeccopos paboTatoT
Haz Tem, 4Tobbl KOMNPECCOP MOT BblAEPXUBATL COAEPXKaHNe
>XXMAKOCTU B avanasoHe 1-5%. B TexacCckoM yHUBEpCUTETE Mbl TaKXKe
nccnenyem HoBeble naewn, yny4yuawoume K.n.a. AByXBUHTOBbIX U
BMHTOBbIX HACOCOB MpY OTKAYKe >XXMPHOro rasa.

MoasemHoe o6opynoBaHUe CKBaXXUH. YCnex Ha3eMHOro NpuMeHeHnsa
MHOroasHbIX HAaCOCOB Bbl3Bal 3aMHTEPECOBAHHOCTb B NPUMEHEHNUN
TOW >Xe TEXHONMOrnm B rMybuHe CKBaXKMHbI B Ka4ecTse meToaa
MexaHM3npoBaHHON A06bI4N. Hanpumep, TeXHonornA cnupanbHo-
0ceBoro Hacoca lMocernaoH yxxe npeanoxxeHa komnaxuen LLniombepxe
B Ka4yecTBe NepBOV CTYNEHN AN1A NMOrPY>XHbIX AMEKTPUHECKMNX HACOCOB
[17]. Komnanua CAN-K npeanaraeT riy6yvHHbIN ABYXBUHTOBOW
CKBaXXVMHHBIV HAcoc, a Apyrie KomnaHum paboTatoT Hag yBenmyeHnem
NPON3BOANTENBHOCTU MO rady rMyONHHbBIX BUHTOBbLIX CKBaXKUHHbIX
HacocoB.

44

ROSSCO

MULTIEH I TEME

MHOINO®A3HAHR
TEXHONOIMA
HACOCHbLIX CUCTEM

MULTI PHASE PUMP
SYSTEM TECHNOLOGY

WWW.ROSSCOR.NL

+7 495 - 432 62 BO
T 485 - 836 54 46

rossmosc@mapk.east.ry




4.2 O6nacTu BbINOJIHEHUA TEKYLUUX UCCIIeA0BaHUIA

B Texacckom yHMBeEpCUTETE KaxkAablii rof NpoBOAATCA UCCNefoBaHNA

nepBOCTENEHHbIX NPO6IIEM TEXHOMOMMN MHOTO(a3HON OTKaYKM.

MpoBoamnTCA 3acefaHnA KPyroro cTona nonb3oBaresniert MHOrochasHbIx

HacocoB. Ha NpoTAXEHUN HECKONbKMX NIeT Mbl BUAUM, YTO, Hanpuvep,

npobnema c ynnoTHEHNEM yTpaTusia CBOe NEPBOCTENEHHOE 3HAYEHNE

1 cTana obbl4HbIM TEXHUYECKMM BOMPOCOM, MOCKOMbKY C MPUMEHEHNEM

CMCTEMbI MPOMBIBKM YMIOTHEHUIA 3Ta npobnema 6bina peLleHa.

MapameTpamu, Bceraa Bbi3biBaOLWMMN HeocnabeBaroLmin MHTEPEC,

ABNAIOTCA AaHHbIE MO HAAEXHOCTU M MO UCMbITAHUIO B MOMEBbIX

ycnosumAx. Ana 06cy> aeHnA 3TUX MHTepPeCHbIX Npobsiem B Texacckom

yHMBepcuTeTe co3aaH KoHcopunym Kpyrnoro ctona. B cotpyaHudecTse

¢ HehTerasonobbIBAOLLMMIN KOMMAHUAMM OBHOBIIEH M PACTIONOXKEH

B NOpAAKE NPUOPUTETHOCTU HUXKENPUBEAEHHBIN CNMCOK Hambonee

MNHTEPECHbIX TEM:

1) YMeHbLUIEHVE 3p03um ABYXBUHTOBbIX HACOCOB MOA BO3AEMCTBUEM Necka

2) ViccnepnoBaHnA HOBbIX MAEW B TEXHONOMMW KOMMPUMMPOBaHMWA
>KMPHOTO ra3a C NMOoMOLLbHO ABYXBUHTOBbIX Y BUHTOBbLIX HACOCOB.

3) WN3ydeHne npobnembl n ycTpaHeHne BNMAHUA BOAOCOAEPKAHMA HA
paboTy MHOrohasHbIX HAaCOCOB

4) MHorochasHadA oTKayka ¢ 3a60A CKBa>KUHbI

5) PykoBoacTtBo no pabote MHorodhasHbIX HACOCOB B MapasifieNlbHON 1
nocnenoBaTenbHOM CXeMax

3TV NO3uUMK NPEACTaBNAT HEKOTOPbIE U3 CaMbIX MHTEPECHBIX TEM,

Ha KOTOpbIX ByAeT CHOKYCUPOBaHbI UCCNEA0BAHNA Ha HALLMX NOMNEeBbIX

obbekTax.
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