BpudonHr 3a KpyribiM CTONIOM Ha TEMY

TEXHOMNOrMM MHOroasHbIX CUCTEM

Mulltiphese Rounelizole Discussion

ROGTEC ny6nukyeT cepuito 06Cy>AeHMIA 3a KpyrbiM CTOMOM, MOCBALLEHHbBIX HOBbIM TEXHONOMMAM. B 3TOM HoMepe Ny6nvKyoTCA MHeHWA
npeacTaBUTENEN HEKOTOPbIX BEAYLLMX MPOVM3BOAMTENEN 1 OMEPaTOPOB MHOrO(ha3HbIX HACOCOB, BEAYLUMX CBOIO AEATENbHOCTbL B Poccum 1 Apyrux
cTpaHax CHI, Bbicka3aHHbIe VMW BO BPeMA 06CYXXAEHUA MPEVMYLLECTB MCTOMNb30BaHWA JaHHON TEXHOMOMMW B 3TVX PETMOHAX.

As part of a series of technology focussed roundtable discussions, we would like to introduce representatives from some of the leading multiphase
pump manufacturers and installers active in Russia and the CIS, who discuss the benefits that this technology is bringing to the market.
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1. cxoaA 13 Ballero MMpoBOro OMnbiTa NOCTaBKU MHOrogasHoro
HacocHoro o6opyaoBaHUA, Kakoro poaa NPUMEHeHUA BbiUrpanu
6GnaroaapA BbIGOPY UMEHHO TEXHONOrMM MHorogasHom [o6b14n?

IT: Ha Bcex TexHonornyeckmx obbekTax HedhTv 1 rasa, e Mbl MPUMEHANN
CUCTEMbI MHOroha3HOro HacoOCHOro 060PyNOBaHWA ABYLLUHEKOBOTO TUna
anA céopa NpoAyKTa ¢ NPOMbICIIOBLIX KYCTOB, Bbliv NMOMYyYeHbl OTAINYHbIE
pesynbTarbl. B 0CHOBHOM, 3TO 6bINO BHEAPEHUE HOBOW MHOPaCTPYKTYpPbl
B CyLLeCTBYytOLLME HedhTenpombICbl. Kpome Toro, 6narogapA BHEAPEHMIO
TEXHOMOMMN MHOrOha3HOro HACOCHOTO 060PYAOBaHMA U OTHOCUTENBHO
OrpaHN4eHHOMY YPOBHIO MHBECTVPOBAHMA BO MHOTOM BbIUIPaNn U Te
NPOEeKTbI, rae 6bl HANOXEH 3anpeT Ha CXuraHue rasa.

KM: Cambim 6orbLUMM MPpenMyLLECTBOM UCTIONB30BaHUA NOCTYNaTENbHbIX
BMHTOBbIX MHOrOChasHbIX HACOCOB ObINo yBeNnyeHue aobblum dnouaa
Ha cTapbIX MecTOpoXAeHNAX. CHIKEHME YCTHEBOrO AaBNEHNA
CnocobCTBOBASIO 3HAYUTENBHOMY YBEMMYEHWIO AebuTa CKBaxkWH. ELue
OOHUM APKM NpenmMyLLeCTBOM ABUITaCb BOSMOXXKHOCTb paﬁOTbl 3TOro
TWMa Hacoca B Cpefe C BbICOKUM copepXaHneM necka. HarHeTtaTtenbHble
BUHTOBbIE HACOChl 6raroAapA IMHUN C NMONOXMTENBHBIM YNOTHEHNEM
MeX Ay POTOPOM M CTaTOPOM MeHee NoABep>KeHbl BO3AENCTBUIO TBEPAbIX
NpUMeCel, B OTIIMYME OT APYrUX TUMOB HACOCOB.

[AMJT: MoBbiweHvie [O6bIMM CBA3AHHOE C AEMPECCUen Ha CKBaknHe
ABNAeTCA Havbonee TpaaLIOHHBIM U BbIFOAHBIM COCO6OM NPUMEHEHMA
MHorodhasHoro HacocHoro obopyaosaHuAa (M®PH). Kpowme Toro, 6binm
[OCTUrHYTbI 60MbLUME pe3yNbTaTbl HA CTAPEIOLLIMX UMK Y>Ke Pa3BUTbIX
MECTOPOXAEHUAX (3aKMOUMTENbHBIA 3Tan akcrnyaTtaumm). O6bIHHO,

Ha TaKVX MECTOPOXXAEHUMAX CyLLEeCTBYeT Npobnema BbICOKOro
NPOTUBOAABIIEHWA, CO3AaBaeMan Ha3eMHbIMN BbIKUAHBIMA NHUAMM.
Takoke CTOUT YNOMAHYTb KOMMPUMMPOBAHME BIIAXKHOTO rasa, co BCeW
ero nNpobnemMaTuKoii: ynaenmsBaHve NapoB B 3aKONTOHHOM MPOCTPAHCTBE,
a TaKKe pasrpy3Ky ra3oBbIX CKBaXKMH C BbICOKVM BOLOMPOABIIEHNEM,
rokasasni NPUMEHUMOCTb 1 SKOHOMUYECKYHO Pa3yMHOCTb 3TOM
TexHonorum. CkazaHHOEe OTHOCUTCA K Ha3eMHbIM 06beKTaM, BEPXHM
CTPOEHUAM, @ TaK>Ke NOABOAHBIM YCTaHOBKAM.

XAC: CornaceH ¢ np1BeaeHHLIMU BbilLie KOMMEHTAPUAMM — [, Ha BCEX

06beKTax, Ha KOTOPbIX Mbl paboTanu, 6blIn NOy4eHbl MNONIOXUTENbHBbIE
pesynbTarbl.
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1. Based on the Multiphase pumps you have installed around the
world, what types of applications have benefited from a multiphase
production system approach?

GG: All Oil & Gas applications in which we have applied twin screw
multiphase pump systems for tying in production clusters in the field have
benefited. In most cases, it has been new infrastructure being integrated in
existing oilfields. Also projects in which gas flaring has been prohibited have
benefited from the MPP systems, due to the relatively limited investment levels.

KM: The greatest benefit that the Progressive Cavity Multiphase Pumps
have provided has been in increasing fluid production of older fields. The
lowering of the wellhead pressure has contributed to significant increases
in flow rates. Another distinct advantage that the PC Multiphase Pump has
demonstrated is in applications with high sand content. The Progressive
Cavity Pump with its positive sealing line between the rotor and stator can
handle solids better than other types of pumps.

DML: Production boosting associated with wellhead pressure draw-down

is the most common and beneficial way to use MPP. Additionally, aging or
“brown” fields (tail-end production) have benefited significantly. They usually
suffer from high back pressure due to the surface flow line system. Also wet
gas compression in all its “colours” should be mentioned: vapour recovery
from the casing annulus as well as offloading high water-cut gas wells has
proven to be feasible and economic. The above goes for onshore, topsides,
as well as subsea installations.

JdS: All applications we have been involved with have benefited - | agree
with the comments above.

2. What types of applications show the most economic potential for a
multiphase solution in Russia and the Caspian?

GG: All applications with high GVF. In Many cases, flow line distances

in Russia and the Caspian region are rather long with according back
pressures, requiring booster units. Especially in the cases where multiphase
systems require only a single pipeline, resulting in lower capital investment
compared to a double pipe line in the case of conventional solutions with
separators and gas compressing equipment. The MPP system allows lower
Well head pressures, and as such increases the well in-flow performance,



2. Ha kakux Tunax o6bekToB B Poccumn n Ha Kacnum BO3MOXKHO
nosyyeHue HaubonblUe SKOHOMUYECKOW BbIroAbl MpU NPUMEHEHUN
MHorodasHbIX TEXHONOrMin?

IT: Ha Bcex o6bekTax ¢ Bbicokum O6bemMHbIM conepxanie raza (OCT).
3avacTyto, NPOTAXKEHHOCTb BbIKMAHBIX TPY60npoBoaos B Poccum n

B KaCMUIACKOM pernoHe OoCTaTo4HO Bennka C CoOOTBETCTBYOLLMMA
NPOTUBOAABIEHVAMN, AS1A Yero TpebyeTcA COOpY>KEHNE AOKUMHBIX
HacoCHbIX cTaHLmn. OCoB6eHHO Tam, rae MHorothasHble cUCTeMbI
TPebyOT NoABeAEHNA TONBKO OAHOTO TPYBOMNPOBOAA, HTO B KOHEYHOM
uTore ckasbiBaeTcA Ha 6onee HU3KOM obbeme MHBECTULIWA, YeM TaMm,

rae TpebyeTcA COOpyXKeHVE CABOEHHbIX TPYGOMpPOBOAOB, B Clyyae
TPAAVILIMOHHBIX TEXHONMOTUYECKMX PELLEHUI C MPYUMEHEHVEM CenapaTopoB
1 ra3o0KoMMpeccopHoro obopynosaHnA. Cuctema MHorodhasHoro
HacocHoOro 060pyAoBaHMA NO3BONAET BECTY 60MEE HUSKUIA PEXXMM
AaBlieHNA Ha YCTbe, U, TaKnM o6pa30M, yBenu4nBaeT NPUTOYHbIe
XapaKTepUCTMKM CKBaXKWHbI, 106aBNAA HANIMYHOCTV CBOUM BagenbLlam.

KM: Bonbluan yacTb 06LEKTOB B 9TUX PETUOHAX BbIMIPAET OT NPUMEHEHUA
MHorochasHoro obopyaosaHus. NMocKonbKy MHOrogasHaa TEXHONOornA
n3baBnAeT OT HEOBXOAUMOCTY UMETb KOMMPECCOPbI 1 CenapaTopsl, e
MPYCYLLY H3KUE KanuTasnbHbIE 1 OnepaunoHHble pacxobl. B cypoBbix
KIMMMaTUYECKMX YCMOBUAX 3TVMX PErMOHOB MHOrochaszHoe obopynoBaHve
MMeeT MEHbLUMI COCTaB 1 MO3TOMY TpebyeT MeHbLUMX 3aTpaT Ha
TEeXHN4ecKoe obcny>xmBaHue. JononHUTENbHbIM MPENMYLLECTBOM
MHOrO(ha3HOM CUCTEMbI NMPY IKCTPEMASTBHO HU3KUX TeMrepaTypax
ABMAETCA CNOCOBHOCTb CHU3UTL KONMMYECTBO NPOGEM, CBA3AHHBIX C
obpasoBaHvem ruapara.

AMJI: Mpexxpe Bcero A 6bl ykasan Ha yBenuyeHre o6bluv U Lenpeccuio
Ha CKBabKMHAX Ha TUMOBbIX HE(ITAHBIX MECTOPOXAEHUAX, I4e YCTLEBOe
[laBreHre HaxoQUTCA Ha YMEPEeHHOM UM HU3KOM ypoBHe. Kpome

TOro, yBenuueHvie Ao6bl4n NOCPEACTBOM MPYMEHEHUA MHOrOha3Horo
HACcOCHOro 060pPYA0BaHUA rapaHTVPYET CH0pP M TPAHCTIOPT MOMyTHOMO
HehTAHOrO rasa, UCKIoYan ero CxvraHue Ha daxene.

XAC: CrapetoLume MeCTOPOXAEHMA, U3MEHFAIOLMECH YCIOBUA CKBaXKMH

1 rob6anbHbIN 3anpeT Ha CXXUraHne rasa CTaBUT HOBble 3a4a4u Nepes,
TEXHOMornemn TpaHcnopTa ¢ NOMOLLbIO MHOTOha3HOTO HACOCHOO
060pynoBaHNA — MPOBEPEHHON, MPOCTON U SKOHOMUYECKU BbIrOQHON
TEXHOMOrMen, HaleaLLe CBOe MPUMEHEHKE Ha OPOMHOM KOMYecTBe
MECTOPOXAEHUI HedpTM 3a nocneaHne 16 net. Heckonbko MHoroghasHbIX
HacoCcoB 6bIN CMOHTUPOBAHbBI 1 3aryLUEHbI B KCMyaTauvio unv yayT
3anyLieHbl Ha ob6bekTax B cTpaHax CHI (Hanpumep, Poccun, KazaxctaHe,
TypKMeHUCTaHe).

2 b. Kakum 06pa3om TexHONorua MHorogasHou nepekayku noMoXxeT
[aHHbIM peruoHam?

IT: C6op v TpaHCNOPT LEHHOTO ra3a BMECTE C XXUAKUM MPOLYKTOM
CKBaXXVH C KYCTOB 40 O6BEKTOB NepepaboTky ANA yTUnmM3aumm rasa,
HanpumMep BbIpaboTKe aHeprm unn Terna. W Bce no ogHow Tpybe,
MO3TOMY HET HeOBX0AUMOCTU BKIaAblBaTb CpeacTsa B 60ree CrIoKHYo
VHEppacTPYKTYpy C cenapaTopamu, KOMMNPECCOPHLIMU 1 AOKUMHBIMU,

B TOM YMCIIE, HACOCHBIMM XXNOKUX YINIEBOAOPOAOB Y COOPYXKEHUEM
creumanbHbIX ra3onpoBoAoB. [Jaxke npuy 60MbLION yaaneHHoCTH
MECTOPOXAEHUI, 3Ta TEXHOMOMA S3KOHOMMYECKY Boree LienecoobpasHa.

KM: C6op 1 TpaHcnopT LeHHOro rasa BMEeCTe C XXUAKWM NPoAyKTOM
CKBaXXVH C KYCTOB 40 O6BEKTOB NepepaboTky ANA yTUnmM3aumm rasa,
HanpumMep BbIpaboTKe aHeprm unn Terna. W Bce no ogHow Tpybe,
MO3TOMY HET HeOBX0AUMOCTU BKIaAblBaTb CpeacTsa B 60ree CrIoKHYo
VHEppacTPyKTYpy C cenapaTopamu, KOMMPECCOPHbLIMU 1 AOKUMHBIMU,

B TOM YUCIIE, HACOCHBIMM XXUOKUX YTIEBOAOPOAOB Y COOPYXKEHUEM
creumanbHbIX ra3onpoBoAoB. [laxke npuy 60MbLLION yaaneHHOCTH
MECTOPOXAEHUI, 3Ta TEXHOMOMA S3KOHOMMYECKY Boree LienecoobpasHa.

AMIE: Sta TexHonormA rapaHTUpyeT 1 06bIYHO NMOAHMMAET YPOBEHb
[06b14K, He TpebyA MPOMbBICIIOBOrO cenapaLyoHHOro 06opynoBaHNA
1 JOMOSNHATENbHBIX JIMHUA-LLNENHOB TaM, rAe OHU He TpebyroTcA.
MHoroha3oBble HaCOCHbIE CUCTEMbI ABAKOTCA aBTOHOMHbBIMU 1 p p

resulting in increased cash flow to its owners.

KM: Most applications in these regions will benefit from the Multiphase
option. Since a multiphase system eliminates the need for compressors and
separators, there are lower capital and operational costs. With the harsh
weather conditions faced in these regions, there are fewer components
present and thus require lower costs of maintenance. An added benefit of
the Multiphase System in extreme cold conditions is its ability to reduce
problems associated with hydrate formation.

DML: At the forefront | would see production boosting and wellhead pressure
draw down in typical oilfields with moderate to low WHP. Aside of this,
MP-Boosting assures collection and transportation of the associated gas,
avoiding flaring.

JdS: Ageing fields, changing well conditions and a global ban of flaring
open new challenges to multiphase pumping — a proven, simple and
economical technology which has been used on a vast number of oil fields
during the past 16 years. Several multiphase pumps have been installed
and are in operation or will be commissioned soon in the CIS (e.g. Russia,
Kazakhstan, Turkmenistan).

2 b. Why and how will multiphase help these areas?

GG: Gathering and transporting valuable gas volumes together with the
liquids from the pad clusters to downstream facilities for gas utilization, for
example for power generation or heating. All of this through one pipeline, so
there is no need to invest in a more complex infrastructure with separators, gas
boosters and compressors as well as liquid pumps and special gas lines.This is
all even more economical in cases where the fields are more remote.

KM: A Multiphase System is simpler than a conventional system and
requires a single pipeline to move the un-separated fluids as far downstream
as needed. The economic advantage of fewer pipelines and equipment will
be very significant.

DML: This assures and usually increases production, avoids field separation
and additional gas flow lines, where they are not necessary. Self-contained
and remote controlled MP systems will additionally increase production
uptime together with a reduced Capex and Opex.

JdS: In remote locations multiphase boosting permits the elimination of
separators, compressors, individual pumping equipment, heaters, gas
flares, tanks and separate flow lines, hence improving production at

lower costs. An additional benefit is the reduced environmental impact

for onshore installations. The small footprints require only a fraction of the
space conventional equipment needs, and the ability to handle gas in a
closed system instead of venting and flaring, guarantees low emissions

and contributes to the increasing consciousness for our environment. Their
ability to pressure boost the well flow to centralized processing facilities

and to handle low inlet pressures make multiphase pumps an ideal tool to
develop smaller fields. In older fields the oil productions drops and the water
cut and GF(Gas Factor) tend to increase. While conventional production
technology requires constant modification of the field equipment to cope with
the changing process conditions (inlet pressure, increased GF, increased
water production), the large operating envelope of multiphase pumps offers
continuous operation without technical changes, despite changing well
conditions. The reduction of the well head pressure allows the well to keep
producing longer.

3. What is the level of understanding and acceptance of multiphase
solutions in Russia?

GG: The level of understanding as well as the acceptance from our
experience can be considered as good,; It is increasing due to the
proven reliable results from more than 35 Rosscor systems with, in total,
over 80 pumps installed in Russia. There remains an important task for
communicating the benefits of a full system approach to engineering
companies and end-users.

KM: The Multiphase Systems have been used and several installations have p p
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yNpaBfAOTCA ANCTaHLMOHHO, GyoyT CNOco6CTBOBATL AOMONHUTENBHOMY
yBenuMyeHnio [o6bI4M Mpy 6e30TKa3HOM paboTe 1 UMEIOT HU3KUIA YPOBEHD
KanuTasbHbIX ¥ OrepauMoHHbIX 3aTpar.

XAC: Ha ynaneHHbIx 06beKTax MHOroghasHble HACOCHbIe U3GaBNAT OT
cernaparopoB, KOMMPECCOPOB, OTAENbHBIX HACOCOB, NeYel, hakenos
AnA CXKUraHnA rasa, eMKOCTen 1 OTAeNbHbIX BbIKUAOHbBIX HI/IHI/II7I,
cnepoBaTesibHO, YNy4LlaloT nokasaTenu Aobblun 3a MeHbLUME 3aTpaThbl.
[ononHuTenbHbIM NPEnMYLLIECTBOM ABMAETCA COKpaLLEHNe BO3AENCTBUA
Ha OKpPY>KatoLLyO cpeay B Crlydae Ha3eMHbIX YCTaHOBOK. HebonbLuow
Y4aCTOK 3eM, MO CPaBHEHUIO C Y4aCTKOM HEOOXOAMMbIM AJ1A
pasmeLleHnA TpaayLMOHHOMO 060pYAOBaHKA, U CMOCOBHOCTbL MPUHMMATD
ra3 rno 3akpbITON CUCTEME, BMECTO ero copoca 1 CXUraHuaA, rapaHTupyoT
HM3KWE YPOBHM BbIBPOCOB B aTMOCEPY U CMOCOBCTBYHOT MOBbILLEHWIO
Hallero Co3HaHuA B 06nacTu oxpaHbl OKpy>katoLlen cpeapbl. CrnocobHOCTb
AOXKMMaTb NPOAYKT OT CKBa>KWUHbI A0 ueHTpa.anoﬁ YCTaHOBKU
nepepaboTKu 1 CNPaBNATLCA C HU3KUM BXOAHbIM AaBIIEHNEM AenatoT
MHorohasHble Hacochl naeanbHbIM UHCTPYMEHTOM AN1A pa3paboTku
HebOorbLUMX MECTOPOXAEHU. Ha cTapbix MECTOPOXAEHNAX YPOBEHb
[06bI4n HedhTV NafaeT BMECTE C MOBbILLEHVEM BOAOCOAEPXKAHUA 1
ra3oBoro haktopa. B To BpemsA Kak TpaanuMOHHbIE TEXHONOTMN A06bI4M
TPebyIoT NOCTOAHHBIX M3MEHEHW MPOMbICIIOBOrO 060PYAOBaHNA C
YYETOM M3MEHEHNA TEXHOMOTMYECKUX YCIOBWIA SKCTyaTaumm (BXOAHOrO
[OaBNeHNA, YBENMMYEHNA ra30BOro hakTopa, yBeMYEHNA coaepXaHua
BOAbI), MHOrohasHoe HacocHoe obopyaoBaHue, paboTatoLlee B LLUIMPOKOM
[vanasoHe PeXXMMOB, NO3BOJIAET, HECMOTPA Ha U3MEHEHWE B YCIOBUAX
paboTbl CKBaXKUH, BECTU HEMPEPbIBHYIO 3KCMyaTaLuyio npomMbicna 6es
BHECEHUA TEXHNYECKMX U3MeHeHUn. CHUXeHne YCTbeBOro AaBfieHnA
cnocobCTByeT 6onee AMTENBHON IKCMyaTauUun CKBaXKMHbI.

3. KakoB ypoBeHb NOHUMaHWUA U NPUHATUA TEXHONOrUKn
MHorocpasHoro obopyaosaHuAa B Poccun?

rl': |/|CXO,D,F| MX Hallero onbITa, ypoBeHb NOHUMaHUA, Kak U NPUATUA,
MOXET CHATATbCA XOPOLLMM. V1 OH MOBBILLIAETCA, YTO MOXHO BUAETH
13 [OCTOBEPHbIX pe3ynbTaToB paboTbl 35-Tn cuctem Pocckop,
YCTaHOBJEHHbIX Ha 06bekTax B Poccum 1 BKOHaroLLWX, 06LWLMM
yumcrom, 80 HacocoB. BadkHbIM ocTaeTcA 3agaya AOBECTU 4O
MaLLMHOCTPOUTENBHBIX (OMPM M KOHEYHbIX MONb30BaTenemn Bce
npevmyLLecTsa NosIHOro CUCTEMHOTO Noaxoaa.

KM: MHorochasHble cucTembl HAaXoAAT NpuMeHeHue B Poccuu, rae Ha
HECKOMNbKMX 06beKTax OHU paboTaroT y>ke MHoro neT. ObLuee NpuHATHe
XOpoLLee 1 MoHUMaHVe HeoBXoAMMOCTY B 9TON TexHonorum B Poccum
pacteT. OfHaKo, Kak 1 Be3fe B MVpe, MPOLIECC 3aBOEBaHWA JOBEPUA
KOHEYHbIX NOMb30BaTesnel, NpeanoYnTaloLmMx CTapyo U rpOMO3aKYHO
TEXHOMOTNIO, Y MHOTOGha3HOM TEXHOMOMN UAET MEANEHHO.

AMIE: Kak v B nto6oit Apyroi cTpaHe, 04eHb BabkHO A06GUTHLCA MOHMMAaHMA
1 NMPUHATUA HOBOW TEXHOMOTM BCEMU 3aUHTEPECOBAHHBIMU TMLI@MKN Ha
Ka>K[,OM YPOBHE KOMMaHuu, 6yAb TO KoMnaHuA, AobbiBatoLaA HedTb Unn
ras, U NPOEKTHbIN UHCTUTYT. TO OKa3asoCh HE Tak NPOCTO B TaKOM
60rbLUON CTpaHe Co BCeMU e€ yaaneHHbIMu Tepputopuamm. Kpome Toro,
Mo-NPEeXHeMy CyLLECTBYET A3bIKOBOW 6apbep.

C Apyroi CTOpPOHbI, Cpean 3aMHTEpeCcoBaHHbIX ML eCTb Te, KOTOPble
obnafatoT 04eHb XOPOLLMMM TEXHUHECKUMU 3HAHUAMU 1 UMEIOT CBOU
COBCTBEHHbIE Pa3paboTKM TEXHOMOMIA BO MHOTMX 06nacTaAXx.

Hackonbko A Mory CyanTb, YpOBEHb NMOHUMaHNA XOpoLLUWA. B yacTu
NPUHATUA eLle eCTb MECTO ANA YNyYLLEHUA.

XAC: CHauana 061 KOMMEHTapPUIA, POCCUMCKUM UHKEeHepam
VNCKPEHHE MHTEPECHDBI HOBbIE NMOAXOAb! U TEXHOMOTW, NMPY YCIOBUN

MNX 3KOHOMMYECKOW padyMHOCTU. Bcerpa Hy>kHO CMOTpeTb Ha
npevmyLLecTsa MHOrochasHoOM TEXHOMOMM B CPABHEHUM C MPOYUMM
BapuaHTamm pa3paboTKn MECTOPOXAEHWIA, AOCTYMHbIX HEPTAHBIM
komnanuAM. MHorogasHoe HacocHoe 0bopynoBaHNe ABMAETCA OOHUM
13 NHCTPYMEHTOB B ALLUMKe AJ1A UHCTPYMEHTOB. B HEeKOTOpPbIX crydanAx
3KOHOMMYECKYU 6oree BbIroAHOM MOXET BbITb TpaaMLMOHHaA TEXHOMOMMA
(cenapaTopbl) UM NOrpy>KHbIE HACOCHI, HO BO MHOTVX APYrUX CryyasaXx,
0COBEHHO B CNOXHbIX UK CYpPOBbIX KITMMaTU4eCKMX yCrnoBuax,
MCMOMb30BaHMe MHOrogha3HbIX HACOCOB U TPAHCMOPTUPOBKA NpoayKTa

46 | POITEX

been running for many years in Russia. The overall acceptance has been
good and there is a greater awareness in Russia for this option. However,
like other parts of the world, the Multiphase solution is slow to win the
confidence of end users, who historically prefer to stay with the older and
cumbersome conventional technology.

DML: As in every country it is most critical to achieve understanding and
acceptance of new technology with all the concerned people at every
company level, whether an oil & gas production company or an engineering
institute. This has not been easy in such a big country with all its remote
areas. Additionally there is still a language barrier.

On the other hand there is a very good engineering background with the
concerned people as well as their own technology development in many
areas. As far as | can judge, the level of understanding is good. There is
space for improvement on the level of acceptance, however.

JdS Firstly a general comment, Russian engineers are genuinely interested
by new approaches and new technologies, as it makes economic sense. A
multiphase solution always needs to be look at on its own merits compared
to other development options available to the oil company for developing

an asset. Multiphase pumping is one of the tools in the tool box. In some
cases it may be more economical to develop on a conventional basis (using
separators) or downhole pumps, but in many other cases, especially in
difficult or hostile environments it does makes good sense to use multiphase
pumps and boost the well products to a near-by separation plant.

3 b. What is the level of understanding and acceptance of multiphase
solutions in the Caspian?

GG: Fair to good; increasing due to the proven reliable results. Multiphase
systems have been introduced at a later stage in the Caspian compared
with Russia, but also there the track record exceeds 5 years.

KM: The level of understanding and acceptance is growing, but has not
gained the foothold that it has in Russia.

DML: In my opinion the above is similarly valid for the Caspian Region.

JdS: There is certainly a good understanding of the benefits of multiphase
pumping compared to conventional schemes, especially if the fields are
small or marginal (to warrant a full development based on separation). With
the gas reutilsation programmes underway to reduce the amount of gas
flaring one would probably see a certain growth in the potential applications
for multiphase pumping.

4. What steps should be taken to improve understanding and
acceptance of multiphase pumping in Russia and the Caspian?

GG: It is important to improve and to maintain the level of understanding and
acceptance. This can be done by communicating general features as well as
specific details of reference projects with reliable applications, with potential
users and their engineering institutes. This can be done on various levels,
from individual approaches, seminars and publications.

KM: There is a great need for communicating the benefits of Multiphase
Pump Systems to the Exploration and Production companies in both Russia
and the Caspian. This will require a two-part approach. First, the individual
pump manufacturers should establish a dialogue with the end-users by
acquainting them with the unique features and benefits of a Multiphase
System. Secondly, forums like the MPUR and experts in the industry

from the academia should organize Technical Meetings and Seminars to
convince the users with their research and development efforts that are
advancing this technology.

DML: Ongoing education of all people concerned is a must to achieve the
necessary level of comfort with this technology and its suppliers.

JdS: This is the question of the cost/benefits of the product/service provided.
In most cases purchases are made on a competitive tender basis for the
equipment cost only. Considerations on the product life cycle cost are often



no Tpybonposoay A0 bnvkailuen cenapaLmMoHHON YCTaHOBKU ABMAETCA
pasyMHbIM BapraHToOM.

3 b. KakoB ypoBeHb MOHMMaHUA U MPUHATUA TEXHOSOrUU
MHorocpasHoro obopyaosaHua Ha Kacnun?

IT: JocTaTouHo XopoLumii. YBenmuuBaeTca BBUY Mosly4eHHbIX
[OCTOBEPHbIX pe3ynbTaToB paboTbl. MHorochasHble chcTemMbl Bbinm
BHeApeHbl Ha Kacnum Ha 6onee no3pHeM aTtane, Hexkenu B Poccun, Ho,
TEeM He MeHee, Nepurog, UX IKCnyarauum yxxe bonee 5 ner.

KM: VpoBeHb NoHUMaHVA 1 MPUHATUA PacTeT, OAHAKO He MPYHAS TOro
pasmaxa, KOTopbli OH NpuHAN B Poccum.

AMITE: A cunTato, Bce ckasaHHoOe BiLLe Tak)Ke OTHOCUTCA U K KaCTUACKOMY
PErvoHy.

MXAC: OnpeneneHHo ecTb xopoLLee MoHYMaHUe MPenVyLLECTB
1CMomnb30BaHNA MHOrOha3HOro HACOCHOrO 060PYAOBaHNA B CPABHEHN
C TPAAVILMOHHBLIMM CXeMaMm, 0COBEHHO Ha HEBOMBLLUNX U OTAANEHHBIX
MEeCTOPOXAESHWAX (A1A MOATBEP>KAESHNA BO3MOXHOCTU X MOMTHOTO
pasBUTUA Y>Xe Ha OCHOBE cenapupoBaHA). VimetoTcA nporpammbl
YTUIN3aLMM ra3a C LieMnblo COKPaTUTb KONMMYECTBO rasa, MayLLero

Ha dhaken, 1o 6yaeT crnocobCcTBOBaTL BO3MOXXHOMY MPYMEHEHMIO
MHOroha3Horo HaCOCHOro 060PYAOBAHNA.

4. Kakue Heob6xoauMO NpeAnpuHATD Laru rno yny4weHuto
MOHVUMaHWUA 1 MPUHATUA TEXHOOrUM MHOrohasHOro HaCOCHOro
obopynoBaHua B Poccun u Ha Kacnun?

[T: BaxkHo yny4LuaTth 1 NoaaepXUBaTh YpoBEHb MOHUMAHWA U MPUHATHA.
370 MOXET 6bITb AOCTUrHYTO MOCPEACTBOM Nepenady MHopmaumm

06 06X MPUHLIMMAX TEXHOMNOTMM, & TaKXKe KOHKPETHbIE CBEAEHWA,
KacaroLmecA NPoeKTOB., rae eCTb HaAeXHble NpumMepbl NpUMeHeHnA, ¢
MOTEHLMANbHLIMU NOTPESUTENAMU U UX UHXKEHEPHBIMU UHCTUTYTaMMU.
Bce 3710 MOXXHO AenaTb Ha pasnnyHbIX YpoBHAX. OT UHAMBWAYaNbHOTO
obpalLeHNA, CEeMUHaPOB 1 U3AaHUN.

KM: CywecteyeT Gonbluana Heo6XoaMOCTb B JOBEAEHWUI MHGOpMaLM O
npenmMyLlecTeax TeXHONornm MHOrOd)a3HOFO OﬁOpy,D,OBaHI/IFl A0 BHMMaHUA
[[06bIBaOWMX 1 MPOBOAALLMX Pa3BEAKY KOMMaHWIA, Kak Ha TEppUTOpUA
Poccvn, Tak 1 Ha Kacrinn. 31o notpebyeT ABYXCTOPOHHETO NMOAXoaa.
MepBoe, 0TAENbHbIE NPOV3BOAWTENM HACOCOB AOMKHbBI HAYaTb Avanor

C Nonb30BaTeNAMM, 3HAKOMA UX C YHUKAITbHLIMU XapaKTePUCTUKaMu 1
npenmyLLecTBamm MHOroha3Hom cucTembl. Bo-BTOpbIX, hopyMbl, Takme
Kak MPUR v akcnepTbl B AaHHON OTPac/v U3 Hay4HOro coobLuecTsa
[OMKHbI OPraHN30BaTh TEXHUYECKMNE COBELLIAHNA 1 CEeMMHApPbI C LIENbIO
ybexxaeHvA nonb3oBaTenei NocpeacTBOM O3HAKOMIIEHVA C pesyrnbTatamu
Hay4HO-VCCnenoBaTeNbCKUX PaboT, KOTOPbIe MPOABUrAOT AaHHYO
TEXHOMOrUIO.

AMJI: MocToAHHOEe 06y4eHUe BCex 3anHTEPEeCcOBaHHbIX MWL, ABMAETCA
o6A3aTesbHbIM 1A JOCTUXKEHNA HEO6XOAUMOrO YPOBHA NOAAEKKMN 9TOM
TEXHOMOMMM 1 €& MOCTABLUMKOB.

¥AC: 3to Bonpoc cToMMOCTU/NOMbL3bI (PEHTABENBLHOCTH), MPUHOCUMON
TOBapoM/ycnyroi. Halle Bcero NoKynky AenarTCA Ha OCHOBE TeHAepa
B KOHKYPEHTHbIX YCMOBWAX TOMbKO UCXOAA U3 CTOMMOCTM 060pyA0BaHuA.
Pacxonbl Ha conep>xaHue NpoayKTa B Te4eHne cpoka paboTbl HacTo B
pacyeT He NpuHMMaeTcA. 3avacTyto, 6onee [OPOro NPOAYKT, UCXOAA

13 ero NPAMON LieHbl MOKYMKW, 06XOAUTCA AeLleBne B AONTOCPOYHON
nepcrneKkTuBe, ecriv MPUHMMAaThb BO BHUMaHVEe 3aTpaThbl Ha TEXHNHECKOe
obcnyXvBaHue v 3anacHble 4acTu.

5. Kakue yHuKasnbHble TEXHU4YECKUE TPYAHOCTU CYLUECTBYIOT B
Poccuu / Ha Kacnun?

IT: [InanasoH H13KMX / BEICOKWX TEMMepaTyp OKpy>KatoLLeii cpessbl.
MapadomH 1 cepoBomopoL,

KM: CnoxHble norogHble ycrnoBusa, yaaneHHble TEppUTOpuY 1 JoCTyn p p

not taken into consideration. Quite often a more expensive product based on
a straight purchase cost comparison reveals itself cheaper in the long run
considering its maintenance and spare part cost.

5. What are the unique technical challenges facing the Russian /
Caspian regions?

GG: Low / High ambient temperature ranges, Paraffin’s & H2S

KM: Severe weather conditions, remote locations and access to Multiphase
Technology appear to be the major challenges in these regions.

DML: Among others, definitely the harsh environmental conditions have to be
dealt with.

JdS: In reality the multiphase challenges in Russia and the Caspian area
do not differ much from other parts of the world. One needs to be able to
cope with the changing process conditions (inlet pressure, increased GF,
increased water production), as experienced in any oil field which evolves
over time. Field evolution is covered by the wide operating envelope of
multiphase pumps associated with the capability to vary the speed of the
pumps. For example, inverter driven electric motors make it possible to
adjust the pump unit easily to the changing well or field conditions. One
difficulty specific to the region is the harsh climatic conditions with a wide
temperature range from +35 deg C down to - 55 deg C. Other challenges
that may be encountered are corrosive fluids or well fluid leaden with sand.

5 b. How will these be overcome?
GG: Dedicated engineered packages that cope with the requirements

KM: The Multiphase Pump manufacturers will have to increase their
presence in these regions and be prepared to modify the designs and
features of their products to address the application requirements of these
regions. There needs to be an infrastructure that supports the installation
and maintenance of these systems once in place. This will give the users
greater confidence to accept this technology.

DML: By good engineering practise and experience of all parties involved.

JdS: To overcome such wide temperature variations between summer and
winter the equipment is typically indoors or in shelters with ventilation and
heating systems. When the well fluid is corrosive (H2S, chlorides etc.) or
carries a high amount of abrasive solids, the wetted construction materials
must be selected particularly carefully (e.g. in accordance with NACE
requirements). Special surface treatment of the pumping elements may be
necessary as protection against excessive wear. Here one can state that in
the presence of sand or other abrasive particles a centrifugal helico-axial
pump would be a better choice than a positive displacement twin-screw
pump. Indeed the tolerances inside the pump are smaller within a twin-
screw pump than in helico-axial pump (API 610 clearances or larger). Also
the performance (pressure and flow) of the helico-axail pump which by its
principle does not rely on tight clearances to generate pressure will be less
impaired. Therefore it has a longer life and a better performance than a twin-
screw pump with regards to sand presence

6. Commercial multiphase pumps include twin-screw, progressive
cavity and helicoaxial technologies. How does one select the
appropriate technology?

GG: There are several issues to consider when selecting the best applicable
technology for the job. This includes comparing the application details and
requirements with the capacity and differential pressure envelope of each
technology. Also, the consideration of the average and maximum GVF etc.
From our experience on typical inquiries from Russia and Caspian, twin
screw pump systems cover the needs of flow rates from 80 m3/h up to 8.000
m3/h. On the low end there is, capacity wise, some overlap with PC type
pumps. On the high end one sees helico axial pumps

KM: Each type of technology has its advantages and a range of operating
conditions for which it is best suited. The Progressive Cavity pump is p p
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K MHOFOd)a3HOI7I TEexXHONornum ABNAKTCA, NO-BUANMOMY, OCHOBHbIMU
TPYOHOCTAMU B Aa@HHbIX permoHax.

AMIE: Kpome Bcero npoyero, orpeaeneHHo XecTKe YCrioBua
OKPY>KaroLLeN cpefbl, C KOTOPbIMIA MPUXOANTCA CHUTATHLCA.

¥AC: Ha camom aene, TpyaHOCTU Ana MHorodhasHow TexHonorum B Poccum
1 Ha Kacnum He cuibHO OTNMYalOTCA OT TPYAHOCTEN B APYrnX Yronkax
nnaHeTbl. CylecTByeT HeOOXOANMOCTb 6bITb CNIOCOBHBIM CMPABMATLCA C
N3MEHALWNMNCA TEXHOTOrMYEeCKUMU pexxmumMmamMmimn (BXO,D,HbIM AaBneHnem,
yBenMyeHnem ra3oBoro hakTopa, yBenuieHne o6BoAHEHHOCTM), YTO C
TEYEeHVEeM BpeMEHMN NPOABMAETCA Ha NMtoBOM HEPTAHOM MECTOPOXXAEHMUM.
OBonoLMA MECTOPOXAEHVA NOAAESPXMBAETCA MHOrOha3HbIMU Hacocamu,
paboTaOLLMMY B LUMPOKOM AMana3oHe Pexxmma, CrioCOBHbIMU MEHATL
CKOpPOCTb paboTbl. Hanpumep, anekTpuyieckne asuUrateny ¢ nUTaHueM ot
MHBEpTOpa TOKa NO3BOMNAT KOPPEKTUPOBATh paboTy HACOCHOTO arperara
B COOTBETCTBUM C YCNIOBUAMYM PaboTbl CKBaXKVHbBI U NpoMbicna. OaHow
CINOXHOCTbBIO J@HHOTO PErvioHa ABJAITCA CypOBble MOrofHbIe YCNOBWA C
LUMPOKMM nepenagom Temnepatyp oT +35C po -55C. MNpoune TpyaHocTw, ¢
KOTOPbLIMY MOXHO CTOSKHYTHCH, - KOPPO3UOHHbIE chrtonabl G0 NPOaYKT
CKBa>KVHbI C COEPXKaHNeM rnecka.

5 b. Kak npeogoneTb 3T1 TpygHOCTU?

IT: CrieuvnanbHoe TexHUYeckoe 060pynoBaHne CrocobHoe OTBeYaTb ATUM
TpeboBaHWAM

KM: MpowussoanTeny MHorothasHbIX HACOCOB AOMKHbI YBENYUTL CBOE
NpUCYTCTBME B AaHHbBIX PErMOHaX U 6bITb rOTOBbI BHECTV U3MEHEHNA

B KOHCTPYKLMIO 1 XapaKTEPUCTVKMN CBOMX NPOAYKTOB C TEM YTOObI
COOTBETCTBOBATb TPEHOBAHMAM B AaHHbIX pernoHax. Kpome Toro,
[[OMXKHbI ObITh pasBuUTa cepBrCHaA MHAPPaACTPYKTypa AN1A YCTaHOBKW

1 1MOCneaytoLLero TEXHNHECKOro 0BCIyXXMBaHUA 3TUX CUCTEM, Kak
TONbKO OHM ByayT BHEAPEHbI. 3TO BCENUT B NOMb3oBaTesiaA 60/bLUyO
YBEPEHHOCTb 1 FOTOBHOCTb NMPUHATL AAHHYHO TEXHOMOTWHO.

AMJI: Cneayna npaBuibHbIM UHXEHEPHO-TEXHUYECKMM MPUeMaMm U OnbITy
BCEX 3aHTEPECcOBaHHbIX CTOPOH.

XAC: [1na npeononeHmna Takoro 60MbLLOrO nepenaaa Temrneparyp ot
NETHEro 1 31MHero nepuoaa obopynoBaHne 06bIYHO MOHTVPYETCA B
MOMELLIEHNM UMK MOA, HAKPbLITUEM C YCTPOMCTBOM COOTBETCTBYIOLLEN
BEHTUNALMN 1 oborpesa. B cryyae KOppO3MOHHbIX CBOMCTB NpoayKTa
CKBa>KVHbI (CEpOBOAOPOA, XOPUabI, M T.N.) IMO0 NPUCYTCTBUE B NPOAYKTE
60nbLIOro KomyecTea abpasvBHbIX NpUMecer, Heobxoaym 0cobo
TLaTenbHbIN BIGOP BNArOCTONKUX KOHCTPYKLIMOHHBLIX MaTepuanos
(Hanpvvep, B cooTBETCTBUE C TPeboBaHWAMN HaumoHanbHoM
accoumaumm nHxeHepos-kopposnoHncToB NACE). BoamoxHo, TpebyeTca
HaHeCeHue crneumasibHOro noKpbITUA Ha 3f1ieMeHTbl HACOCHbIX arperatoB
ANA yNyyLWeHnA N3HOCOCTOMKOCTU. 34eCb CTOMT OTMETUTb, YTO B
NPVCYTCTBUN NECKa Unv Apyrmx abpasvBHbIX YacTUL| LIEHTPOOEXKHbIN
refIMKo-akcmasibHbIN HACOC NOAOVAET Ny4lue, HeM 06 bEeMHbIN MOPLLHEBON
[BYLLUHEKOBbIN HAacoc. B AencTBUTENbHOCTI AONYCKW BHYTPY Hacoca
MEHbLLE Y ABYLIHEKOBOrO HAcoCa, YeM Yy refiMKo-aKCasibHoOro (3a30pbl Mo
API 610 vnu Bbiwe). Kpome Toro, MeHbLLee oTpuLaTenbHoe BO3AENCTBIE
0Ka3blBaeTCA Ha XapaKTepUCTVKM (AaBNEHUEe 1 Pacxoa) renmko-
aKcWasbHOro Hacoca, KOTOPbIV MO CBOEMY NMPUHLIMMY He nonaraeTcA Ha
NNOTHbIE 3a30pbl ANA CO34aHWA AasneHyA. [1oaToMy OH MMeeT GonbLUMiA
CPOK Cry>Obl 1 NMyyLLME XapaKTePUCTUKK, YeM [BYLLHEKOBbIA HACOC C
Y4€TOM MPYCYTCTBUA Mecka.

6. Kommepyeckue MHorogasHble HacoCbl BKJIoHaT ABYLIHEKOBbIE,
HarHeTaTenbHO-BUHTOBbIE U refinoakcuarnbHble TexHonormu. Kak xe
BbI6paTh NOAXOAALLYIO TEXHONOrMI0?

IT: Mpy BLIGOPE Hanbonee NOAXOAALLEA TEXHOMNOMM ASIA BbINOMHEHUA
paﬁOTbI HaOo0 y4nTblBaTb HECKOSIbKO MOMEHTOB. Clo,qa BXOOAT —
CpaBHEHVE MPUKNAAHbIX AeTanei 1 TpeboBaHWin C NPON3BOAUTENBHOCTHIO
1 rpaHnLen nepenanoB AABNEHNN B KaXKA0N TEXHONOrMK. Takxke BOnpoc
CpenHero 1 MakcuMaribHoro o6beMHoro coaepxkanuna rasa (OCr), n T.a.

Mo Hawwemy onbITy 0 CTaHAAPTHbIX 3anpocax oT Poccum go Kacnuiickoro
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ideal for lower flow rates and differential pressures. It is typically used in
applications with high sand content, flow rates up to 150,000 bpd equivalent
and pressure differentials below 600 psi. The twin-screw is more appropriate
for medium flow rates up to 500,000 bpd and differential pressures ranges
as high as 1000 psi. The helicoaxial is the only option for the high end of the
operating conditions. Of course this is an over-simplification of the selection
criteria as many other factors have to be considered.

DML: Those pump types differ in various characteristics, i.e. the working
principle, capability of handling gas only, and capacity, to name just a
few. Their selection greatly depends on the desired operating envelope,
i.e. the different technologies are actually not competing, but compliment
each other. Following the definition of the job, technical proposals should
be enquired with potential bidders. Having carefully evaluated them,
again using good engineering practise, manufacturers should be invited
for detailed explanations and in-depth technical discussions. Applying
new technology in oil and gas production requires a high level of comfort
with the envisaged supplier.

JdS: Today, both positive displacement pumps and helicoaxial pumps
have been successfully used in multiphase applications onshore,
offshore or sub-sea. Among the positive displacement pumps, twin
screw pumps are dominant, while helicoaxial pumps are in fact special
centrifugal pumps. They can handle considerably higher flow rates

and pressures at a high GVF (Gas Volume Fraction) and tolerate GVF
fluctuations. Usually, the GVF can be as high as 95...98 % at inlet
conditions. Additionally, longer gas slugs can be expected with marginal
field applications. In order to maintain the capability to compress the
gas phase, a small quantity of liquid must be provided during the entire
operation. This can be achieved by either an internal system which
tolerates short gas slugs only or an external liquid management system
which can be sized for gas slugs of 30 minutes or more. External liquid
management systems are located downstream, with the pump discharge
within the skid limits. Besides their ability to cope with long gas slugs,
external liquid management systems usually operate without additional
cooling requirements and can be cleaned from solids sediments without
disassembling the pump.

Here one can state that in the presence of sand or other abrasive
particles a centrifugal helico-axial pump would be a better choice than

a positive displacement twin-screw pump. Indeed the tolerances inside
the pump are smaller within a twin-screw pump than in helico-axial
pump (API 610 clearances or larger). Also the performance (pressure

an flow) of the helico-axail pump which by its principle does not rely on
tight clearances to generate pressure will be less impaired. Therefore

it have a longer life and a better performance than a twin-screw pump
with regards to sand presence. Again due to their operating principle twin
screw (positive displacement) pumps are better to handle a wide variety
of viscous well fluids (such as emulsions, waxy crudes, bitumen and
sand laden extra heavy crude) than helico axial (centrifugal) pumps. This
is an especially important feature when the quality of the produced crude
oil decreases. In areas with low temperatures in the winter months,
multiphase pumps can be used for hydrate control and prevent a field
shut-in during this period. Also depending on the flow rate of pressure
requirement one or the other technology may be more suitable. Typically
helico-axial pumps target higher flow (above 1’000 m3/h at pump inlet)
and higher power applications (references available up to 6 MW and
over 4’000 m3/h at pump inlet) than twin-screw pumps. Please add
some where the conversion of bpd into m3/h

0. 150’000 bpd = 1000 m3/h
0. 300’000 bpd = 2’000 m3/h

7. What suggestions can you make to engineers interested in
evaluating multiphase pumping?

GG: Implement multiphase technology at an early stage of the field
development engineering. Start a dialogue with experienced multiphase
system manufacturers in order to fine tune all relevant multiphase flow
infra structure components, and to customize the multiphase system to
the application



MOpA, CUCTEMbI ABYLLUHEKOBbIX HACOCOB OXBATbIBAIOT MNOTPEOHOCTU B
pacxoge oT 80 m3/4ac Ao 8 000 m3/4ac. B HKHEN YacTu amanasoHa, ¢
TOYKW 3PEHVA NPOV3BOANTENBHOCTU, YACTUHHOE HANTOXKEHWE NPUMEHEHNIA
¢ Hacocamm Trna PC (nocneposarenbHbIMM BUHTOBbIMM). B BepxHel
YacTy AnanasoHa BUAATCA refIMkoakcuasibHble HacoChl.

KM: V kaxzoit pasHOBMAHOCTI TEXHOSOMMIA €CTb CBOW NMpenMyLLecTBa
1 pamMKu YCOBUIN SKCTIyaTaumm, AnA KOTOPbIX OHU MOAXOAAT NyuLue
BCero. HarHeTarenbHbIn BUHTOBOW HACOC MAEaNbHO NOAXoAUT ANA
YMEeHbLUEHHOro pacxoa v nepenaga aasneHua. Kak npasuno, oH
MCMONb3yeTCA B CUCTEMAX C BbICOKUM COLEP>KaHNEM NEecKa, Pacxoiom
0o 150 000 6appenei B CyTKN HEPTAHOO 3KBMBANEHTA U Nepenaaom
AasneHnin Huxke 600 dyHT/KB. Atovm. [1ByLUIHEKOBbIV Bonblue roauTcA
AnAa cpeaHux pacxoaos Ao 500 000 6appeneli B CyTKM U Avana3oHoM
nepenaaos AasneHna ao 1000 dyHT/KB. AtoiM. [enmkoakeranbHbIn Hacoc
ABMAETCA €0UHCTBEHHbIM BapyaHTOM AfA BbICOKOMO YPOBHA pexuvMa
aKkcnnyataumm. PasymeeTcaA, 9TO yNpOLUEHHbIN B3MAL HA KpUTepum
BbIOOPA, TaK KaK HaANEXMWT yYnTbIBATb MHOXECTBO MHbIX (DaKTOPOB.

AMJ: [laHHbIe HAacoChl OTAMYAOTCA MO MHOTVM MapameTpam, TakuMm,
Hanpvvep, Kak MPUHLMM AENCTBWA, BO3MOXHOCTbL paboTaTb C OAHVM
rasom, MpoU3BOANTENBHOCTb, M Tak Aanee. Vix Bblbop B 60sbLUON CTENEHN
3aBUCUT OT HY>XXHOrO paboyero avianasoHa, T.e. pasHble TEXHOMorm
haKTN4ECKN HEe KOHKYPVPYIOT MeXy COBOW, a AOMOMNHAIOT Apyr Apyra.
Ha aTane Bblbopa Heo6xoaMMO 3anpalumBaTh TEXHUHECKME NPEaIoKeHUsA
OT YYaCTHUKOB KOHKypca. ocne BHMMaTenbHOM UX OLIEHKW, ONATb

Takw € NCMOMNb30BaHNEM MPABUITbHbLIX NHXXEHEPHO-TEXHUHECKUX
npuemos, cnegyeT NpurMacnTb 3aBOAbl-U3roToBUTeNN AnA AeTasibHOro
Pa3bACHEHWA N BCECTOPOHHErO TEXHNHECKOro 0bcy>xaeHunA. MpumeHeHne
HOBbIX TEXHOOMMI B A06bI4E HEPTY 1 ra3a TpebyeT BbICOKOrO YPOBHA
YBEPEHHOCTW B MpeanonaraemMoM nocTaBLLMKe.

XAC: Ha ceropHAWHMIN AeHb B MHOrOha3HbIX CUCTEMAx Ha CyLue, Ha

MOpe ¥ oA, BOAOW YCMELHO NMPUMEHAIOTCA Kak 06 beMHbIE MOpPLLUHEBbIE
HaCcoChbl, TaK 1 refimkoakcuasbHble Hacockl. Cpeay 06bEMHbIX HACOCOB
npeobnanatoT ABYLUHEKOBbIE, B TO BPEMA reNKoakCuasibHbIe Hacochbl
NPEeAcTaBNAloT CoHOM MO CyTV OCOBYHO PA3HOBUAHOCTb LIEHTPOOEXKHbIX
HacocoB. OHM MOTyT CNPaBAATLCA C AOBOSBHO BLICOKMMM pacxofamm

1 faeneHuAaMK npu BoeicokoM OCI™ (06beMHOM cofepXKaHnn rasa)

1 Bblaepxmsatb konebanua OCI. O6bivHO OCIT MoXeT gocTurarb

B pexxume Ha Bxoge 80 95 — 98%. Kpome Toro, B NPUMEHEHMAX Ha
MUHUMaITbHO 3OPEKTUBHBLIX MECTOPOXAESHWAX MOXKHO OXMAATb A/TMHHBIX
rasoBbIX 0TOPOYEK (MPOHOK). YTo6bI NoAAEPKMBaTL BO3MOXHOCTb
KOMMPUMMPOBAaHWA ra3oBom hasbl, B TEHEHVE BCEI aKeryaTaumm
HeobxoaMMo 06eCneymnTb Hanm4me HebomnbLLOTo 06bemMa XMAKOCTU. ITO
MOXHO A0BUTLCA NGO C BHYTPEHHEN CUCTEMbI, BblASPXXMBAIOLLEN TOMbKO
KOPOTKWE ra3oBble NPobKu, MO0 C BHELLHEN CUCTEMbI 06PabOTKM XXUOKON
hasbl, KOTOpaA MOXET ObITb paccunTaHa Ha ra3oBble NPodku 30 nn
6onee MUHYT. BHelwHme cucteMbl 06paboTKM XXMAOKOCTY yCTaHaBNMBAIOTCA
Ha BbIxoAe, C BbIKMAOM Hacoca B npeaernax 6noyHbIx rpaHnu. Kpove
BO3MOXXHOCTM CMPaBATLCA C AONTUMM ra30BbIMU NPOOKaMK, BHELIHNe
CUCTEMbI 06paboTKM XKNAKOW hasbl 06bI4HO paboTatoT 6e3 NoTpebHOCTH
B AOMOMHATENBHOM OXJT2XKAEHWM U MOTYT O4MLLATLCA OT OCaKAESHWIA
TBEpAbIX YaCTWL, He pa3bupan Hacoc. 34eCb CTOUT OTMETUTb, YTO B
NPYCYTCTBUN NecKa 1nu Apyrmx abpasmsHbIX YacTUL, LIEHTPOOEXKHbIN
reNMKO-aKCcUarbHbIN HACOC NOAOVAET yuLUe, HeM OO BEMHBIN MOPLLUHEBO
[OBYLLIHEKOBBIN HAacoc. B AeicTBATENBHOCTU AOMYCKM BHYTPY Hacoca
MEHbLLE Y ABYLLHEKOBOrO HAcOCa, HYeM Y refIMKO-akCUaribHOro (3a30pbl Mo

API 610 unm Bbiwe). Kpome Toro, MeHbLLEE OTpULIATENBHOE BO3AENCTBIE
OKas3blBaETCA Ha XapakTEPUCTVIKV (AaBIIEHVE 1 PacXop) refMKo-akeuaribHoro
Hacoca, KOTOpbIi N0 CBOEMY NMPUHLIMMY He noraraeTcA Ha MIioTHbIe

3a30pbl ANA CO34aHVA AaBNeHUA. [103TOMy OH MMeeT BoMnbLLNA CPOK
CINy>X6bl 1 NyHLLVE XapaKTEPVCTVKK, HEM ABYLLIHEKOBbIN HACOC C y4ETOM
npucyTcTrA necka. OnATb Takne GnarogapA CBOEMY MPUHLMMY AeCTBUA
[OBYLLHEKOBbIE (06bEeMHbIE) HacoChl AhheKTUBHEE AniA 06paboTKM
LLIMPOKOTO CMEKTPa BA3KNX CKBDKUHHBIX OIIONA0B (TaKUX Kak aMyribeum,
napacuyH1CTbIe HedhTH, BUTYM 1 NECKOCOAEPKaLLIAA BbICOKOBA3KAA
TAXENaA HepTb), YEM renMKoakcuanbHbIe (LeHTPOBEXHbIE) HAacoChl. ATO
0CO6EHHO BabKHaA (OyHKLIVIA, KOITa YXyALLIAeTCA Ka4ecTBO AOOBITOMN ChIPOi
HedpT. Ha TeppuTopmrAX C HA3KUMK TeMnepaTypamu B TEHEHME 3UMHIX
MecALEB MHorohasHble HacoChl MOXHO UCTIONL30BaTb AnA 60psbbl C P P

KM: Engineers should include multiphase pumping as a viable option
from the initial design stages and not as a last resort solution.

DML: Make yourself knowledgeable by reading the available literature (of
which there is quite a lot), visit installations similar to the one planned, as
well as potential suppliers. Attending specialized conferences may also
help, provided they have the desired topics on the agenda. This all is an
investment that really pays off quickly. Profound knowledge is power!
From a management point of view one can say that the installation of an
Incentive-System for the Specialists increasing production and reducing
costs is very helpful.

JUS: Sulzer Pumps in Moscow are the exclusive representative of
Leistritz Pumpen GmbH in the CIS countries. As such Sulzer in Moscow
is the ideal technology partner for all multiphase pumping applications
as it would select the optimal equipment, both from a technical and
economical stand point from its own range of helico-axial multiphase
pump range or from the Leistritz twin-screw pump range.

7 b. What are the key steps that need to be taken in order to
properly install and test this new technology?

GG: Rosscor’s latest technological offering is the screw multiphase system
technology, which already has a 15 year track record in Russia and Caspian.
Information on Well conditions / flow information, including information on
expected flow development, flow line design and available infrastructure
should be communicated to the multiphase system provider, preferably at an
early stage. Then can the most efficient solution be found.

KM: There needs to be a partnership between the pump manufacturers
and the end-users. Only by working closely together can both parties
succeed.

DML: | really doubt that we should still always stress “new” in regard
to MPP technology. Multiphase pumps have been installed in oil and
gas fields for nearly 20 years continuously now, and the overwhelming
majority of them are highly beneficial to the operations in general. For
installation and testing, again only good and appropriate engineering
practise has to be applied.

JdS: A carefully planned and designed installation brings success.

The main points to look at during the equipment design stage are:

e Getting a proper production scenario over lifetime of field

e Getting proper fluid parameters

e Advising on potential process fluctuation at suction (suction pressure,
suction temperature, GVF, flow regime)

¢ Obtain from the manufacturer proper pump material selection
compatible with pumped media (e.g. formation water, solid particles,
chlorides, sulphides coupled with high temperatures)

¢ Get manufacturer recommendation on shaft sealing (prevent leakage
of solid particles or gas into seal or bearing chamber)

7 c. How are these pumps sized?

GG: Pumps are sized by implementing the provided application data will
be implemented in dedicated selection programs in combination with
system approach philosophy

KM: Very carefully! Good, reliable data regarding the well conditions

is absolutely essential for correctly sizing the pumps. The exact steps
would be different for each type of technology, but it is very important that
the pump characteristics should match the well dynamics.

DML: They are simply sized by applying the appropriate up- and down-
stream conditions envisaged. A “best guess” is sufficient for a first stage
evaluation. Consideration should be given to uncertainties with the
parameters used (following computer simulations etc.) Avoid blindfolded
“safety adders’, as the reputable manufacturer will take care for them.

JdS: Like any other conventional pumping application, pumps are

selected based on the requirements of the Customer, his field data (such P
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rmapaToobpasoBaHrem 1 NPeA0TBPALLEHNA OCTaHOBOK MPOMbICTA B 3TOT
nepuog. Takoke 6onee nNoaxoaALLen CTaHOBUTCA Ta UM UHAA TEXHOMNOTUA

B 3aBMCYMOCTI OT TpebyeMoro pacxoaa unu aaeneHna. Kak npasuro,
refIMKo-akcuasibHbIe HACOChl HaLeNeHbI Ha BbICOKMIA pacxos, (cBbiwe 1°000
m3/yac Ha Bxoae Hacoca) 1 6oree 3HeproemKrie NpUMeHeHNA (MMeloTcA B
HanMymm 06pasLibl MOLIHOCTLIO A0 6 MBT 1 cBbiwe 4’000 M3/4ac Ha Bxoge
Hacoca), Yem [ABYLLUHEKOBbIE Hacockl.[TpoLly Ao6aBuTb cloaa Nepesos,
6appeneli B CyTkn B M3/vac

-1. 150’000 6appeneit B cyTkn = 1°000 m3/4ac
-1. 300’000 6appeneit B cyTku = 2’'000 M3/vac

7. Kakue npeanoXxeHusa MOXXHO caenaTtb MHXeHepam,
3auHTepecoBaHHbIM B OLIEHKE CUCTEeM MHOrogasHbIX HaCocoB?

IT: BHeapATb MHOroghaaHyto TEXHOMOMMIO Ha PaHHe cTaanm
NMPOEKTUPOBaHNA 0OYCTPOMCTBA MECTOPOXAEHWA. HaumHaTb avanor
C OMbITHLIMW U3FOTOBUTENAMU MHOrO(ha3HbIX CUCTEM AJ1A TOrO,
YTOObI TOYHO HACTPOUTb BCE BaXKHbIE KOMMOHEHTbI MH(PPACTPYKTYpPbl
MHOroha3Horo NoToka W MPUCNocobmnTb MHOTOha3HYHo CUCTEMY MOf,
TpeboBaHNA KOHKPETHON NPUKIAAHOM 3a4a4u.

KM: NH>keHepam crieayeT BKtoYaTh BapyaHT ¢ MHOrO(hasHbIMM
HacoCaMM Kak TEXHUHYECKU peann3yemMoe peLleHIe C NepBrYHbIX 3Taros
MPOEKTUPOBaHWA, a He B Ka4eCTBe MocneaHero pecypcal.

AMIE: Mpuro6peTaTb 3HAHVA NYTEM YTEHUA OCTYMNHON UTepaTypbl
(TakoBOV [OBOMBLHO MHOMO), MOCELLATh MECTA YCTAHOBOK aHaor4HbIX
nnaHMpyeMbIM, a TakxXe NOTEHUMaITbHBIX MOCTaBLLMKOB. Takke MOXET
MOMOUb MOCELLEHME CNeLManm3npoBaHHbIX KOH(PEPEHLIWIA, Npu YCroBux
HanMymMA HYXXHbIX TEM B UX Mporpamme. 3To BCe peasibHble BOXEHUA,
KOTOpble BbICTPO OKynaroTcA. => [Mybokue 3HaHWA — 3To cunal

C TOYKM 3peHVA yNpaBneHna CTOUT cKalaTb, YTO BECbMA NONe3HO
BHEOPEHWNE CCTEMbI MaTepUaribHbIX MOOLLPEHMIA crieumanmcTam 3a
yBenmyeHve [o6bl4n 1 CHUDKEHMe 3aTpar.

XAC: dupma Sulzer Pumps B MockBe ABMAETCA SKCKIO3NBHBIM
npeacTasuTenem komnanum Leistritz Pumpen GmbH B ctpanax CHIC
Mo cywecTsy, Sulzer B MockBe — 3TO naeasibHbiii TEXHOSIOrMYECKI
napTHepP AJ1A BCEX MHOTO(ha3HbIX HACOCHbIX NMPUKaAHbIX CUCTEM,
TaK Kak OHV NnoabupatoT onTyMasibHOe 060pyaoBaHNe, C TEXHUHECKOM
1 9KOHOMUYECKOW TOYEK 3PEHMA N3 COBCTBEHHOTO CreKTpa
HaSIMYECTBYIOLLMX refIMKO-akeuasibHbIX MHOrodasHbIX HACOCOB U U3
CrnekTpa ABYLUHEKOBbIX HAcocoB Leistritz.

7 b. Kakue HoBble Wwarm Heo6xoANUMO BbINOMHUTb, YHTOObI MPaBUITbHO
YCTaHOBUTb U UCTIbITaTb JaHHYIO HOBYIO TEXHONOIMI0?

IT: MocneaHnm TeXHOMOrMYECKUM NpearnoXeHeM oT Rosscor ABnAoTCA
TEXHUYECKME CPEACTBA BUHTOBBLIX MHOrO(hasHbIX CUCTEM, MMEIOLLEE YKe
15-neTHW onbIT AeATensHOCTY B Poccun n Ha Kacnuu. [lo nocTtasLwmka
MHOrohasHbIX CUCTEM, MPEANOYTUTENBHO Ha PaHHEM 3Tarie, Hy>XKHO
[0BOAVTbL MHAOPMALMIO O COCTOAHWN 1 Ae6WTE CKBaXKUH, BKITOYasA
[aHHble 06 oXnaaeMon AuHaMyke fe6UTOB, KOHCTPYKLMW BbIKUAHbIX
JIMHWR (LWNenchoB) U AOCTYMHON MHPaCTPYKType. Toraa MOXXHO HalTu
Hanbonee achheKTNBHOE peLLeHre

KM: Heobxoavma cvicTema napTHepCTBa MeXay NPOoVN3BOaUTENAMI
HaCcoCOB M KOHEYHbIMM NoTpeduTenamy. CTOPOHbI MOTYT NpeycrneTh,
TONbKO TECHO paboTan BMeCTe.

AMIL: A B pelicTBMTENEHOCTM COMHEBAIOCh, YTO CrieayeT Beerda Aenarb
ynop Ha cnoe «HoBaA» B OTHOLLEHUM TexHonorn M®H. MHorodasHble
HacoCbl YCTaHABNMBAIOTCA HA HEPTAHbIX U ra30BbIX MECTOPOXKAEHUAX
MOCTOAHHO Y>Ke B TeueHve nodTh 20 NeT, 1 noaaBnaAioLee nx
60MbLUMHCTBE NOKa3biBaOT BbICOKYHO peHTaéeﬂbHOCTb B 3KCNiyataumun
B LeNIoM. [1nA MX YCTAaHOBKU 1 UCTIbITAHWIA OMATH TaKW HY>XXHO WL
UCroNb30BaTh NPaBUIbHbIE U HAZJIEXALLME UH)KEHEPHO-TEXHUYECKVIe
npriembl.

XAC: Ycrex npuHOCUT XopoLuee NiaHMpoBaHe 1 NPOEKTUPOBaHNe
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as the one mentioned in Question 7b) using all selection programmes
developed by the multiphase pump manufacturers.

8. What experience does the multiphase pumping industry have
with remote arctic installations?

GG: The MP industry in general has limited experience; Rosscor already
has approximately 15 years experience with over 35 systems comprising
more than 80 Multiphase pumps in Russia and 15 MPP in Kazakhstan.

KM: Not enough. There is a great need to further advance the technology
in general for arctic conditions.

DML: For Bornemann | would not use the word “extensive” as far as
our experience is concerned. But we have installed some 20 MPP
in Northern Siberia, and many more are installed in remote areas
elsewhere. With this experience we feel very confident to supply our
systems into even the harshest environment.

JuS: | think there is overall sufficient experience, as oil and gas engineers
have been installing equipment in rather difficult environments for quite
some time already.

9. The deployment of multiphase pumps on the sea floor has
resulted in significant innovations. How are these advances
working their way back into onshore applications?

G6: Technology transfer from “significant Inovations” in subsea projects
has not been observed yet. Rosscor is specialized in onshore types of
multiphase applications, where the development is a dynamic process,
where we implement field experiences from Multiphase operations into
new project designs to the benefit of the end- user

KM: It is too early to tell. In most cases the onshore applications are less
complex, therefore modifications made for deep sea installations may
not be required in land applications.

DML: The technology definitely has matured during ongoing development,
and significant innovations are quite often based on “lessons learnt”.
Bornemann have just started with subsea MPP in cooperation with
AkerKvaerner out of Norway. For us our significant innovations are our
way forward, and subsequently the basis for subsea MPP.

JUS: Key aspect to subsea operations is to increase reliability, hence any
development there is flowing into the land based applications

10. How do you see the technology changing over the next 10 years?

G6: We expect a further increase of multiphase system implementation
in the market. The R&D efforts will be focused on improved pump
performance and design and, as result of a better understanding of the
phase behavior, a more economic and more reliable application.

KM: | am optimistic that multiphase pumping will become much more
common in the next decade and there will be greater worldwide
acceptance of it as the industry standard. Reliability and cost
effectiveness of Multiphase Pumping Systems will increase across the
entire spectrum of onshore, offshore platform and sub-sea applications.

DML: We certainly need to strive for increased pump capacity. Together
with this the process efficiency needs to be improved and power
consumption needs to be reduced. We have initiated significant steps
and given top priority in our R&D efforts towards this. But higher
differential pressure combined with increased process efficiency is also
on the Bornemann list. | may be allowed to quote a well known saying:
The best way to predict the future is to create it!

JdS: | guess the future is moving towards boosting higher flow rates
and more gassy applications (higher GVF). Certainly Sulzer and | have
no doubt Leistritz are also looking at what each of us can bring to the
industry in the future!



npouecca MoHTaxa. OCHOBHblE MOMEHTbI, Ha KOTOpble obpallaTth

BHUMaHM1e Ha CTaAun NpoekTa obopynoBaHA:

¢ [MonyyeHvie NpaBWIbHOTO NPOU3BOACTBEHHOTO CLIEHApKA Ha BECb CPOK
3KCryaTaumMm MECTOPOXAEHNA

e [lony4eHune NpaBuIbHbIX FTMAPOAVHAMUYECKUX NapamMeTpoB

L4 MHd)OpMMpOBaHMe 0O noTeHunasribHbIX U3SMEHEHUAX TEXHOMOrM4eCcKoro
rpoLecca Ha Bcace (AaBneHvs Ha Bcace, TeMnepatypbl Ha Bcace, OCT
pexknma noToka)

e [lonyyeHne OT 3aBOAA-M3rOTOBUTENA HaANeXallen MoabopKm
MaTepu1arios Mo Hacocam, COBMECTVMO C Ka4aemoi cpeaoi
(Hanpyvep, NnacToBadA BOAbI, TBEPAbIE YaCTULIbI, XIOPUAbI, Cynbcunabl
B COHETaHWM C BbICOKUMM TeMneparypamm)

e [lonyuuTb OT 3aBOAA-U3rOTOBUTENA PEKOMEHAALMM O YMIOTHEHMM
Basia (He gonyckaTb MPOHMKHOBEHNA TBEPAbIX YacTuL, ra3a B
YNNOTHEHVE UNn Kamepy MOALMMHIKA)

7 c. Kak nogo6parb Tunopasmep HacocoB?

IT: Hacocbl noa6vipatoTca no pasmepy nytem peanusaumm
npenycMOTPEHHON NpUKIaaHon 3aaaqn. [aHHble GyayT BKnaabiBaTbCA
B CneLvannanpoBaHHble NporpamMmbl 0T60pa B COMETaHUM C KOHLEMLWEN
CUCTEMHOTO Nnoaxoaa

KM: OueHb akkypatHo! [ins npasuibHOM BbiGopa pasMepa HacocoB
a6CoNOTHO HEOBXOAUMbI XOPOLUME HAAEXKHBIE JaHHbIE OTHOCUTENBHO
COCTOAHUA CKBAXMH. TouHble Lwarv 6yayT OTn4aTLeA AN Kakaoro Buaa
TeXHOI'IOFI/IIZ, 0OAHaKO O4eHb Ba>kKHO, 4TOObI XapakTepucTukn HacocoB
COOTBETCTBOBASM CKBAXKMHHOMN AVHAMVIKE.

AMIT: x pasmep onpeaensaeTcA NPOCTO NPUIIOKEHNEM COOTBETCTBYHOLLIX
npezaronaraembix YCroBuii Ha BXofe 1 Bbixofe. Metoaa «Havnyuiero
MPEAMONOXKEHUs» [OCTATOYHO AJ1A OLEHKM Ha MepBoM aTarie.

CnegyeT yunTbiBaTh 0aKTOpPbl HEONPEAENEHHOCTY C UCTIONb3YEMbIMU
napameTpamu (Crieays KOMMbOTEPHOMY MOLAENMPOBaHUIO 1 TN.). Maberatb
6€30yMHbIX «CyMMaTopoB Mep 6e30MacHOCTM», Tak Kak BOMpocamm
TEXHUKM 630MacHOCTI 3aHUMAETCA Cam MPOM3BOANTESTb C HAAEXKHON
penyTauuen.

¥AC: Kak 1 ntobble apyrue HACOCHbIE CUCTEMbI, HACOCHI BbIBMPaOTCA
ucxoaA u3 TpeboBaHwii 3aKasumka, ero NPOMbICIIOBbIX AaHHbIX (U3 TeX,
YTO YMOMAHYTbI B BONpoce 7b) € MCcronb3oBaHeM BCEX NMporpaMm oToopa,
pa3paboTaHHbIX 3aBOAAMU-U3rOTOBUTENAMU MHOrO(ha3HbIX HACOCOB.

8. Kakum onbiTom obnagaet otpacsib MHOroasHbIX HaCOCOB B
yaaneHHbIX yCTaHOBKaX B MOJSIAPHbIX YCIIOBUAX?

IT: OTpacns M®PH B Lenom MeeT orpaHMyeHHbIN onbIT; y Rosscor yxke
nopAaka 15 net onbita ¢ 35 cuctemamu, BKtoHaoLmmm 80 MHorodasHbIX
Hacocos B Poccun 1 15 M®H B KasaxcTtaHe.

KM: He noctarouHbiM. B Lieniom cyliectsyeT Gonbluas noTpeGHOCTb B
MPOABUXKEHN 1 PA3BUTUN ITON TEXHOMOTMM 1A MOMAPHBIX YCIOBUNA.

AMIE: Mo komnaHum Bornemann A 6bl He Ha3Bas Hall OrbIT CIIOBOM
«06LWUpHBIA». OaHako y Hac yctaHoBeHo nopaaka 20 MOH B CeBepHoii
Cubupu, 1 MHOTO €LLie YCTaHOBMEHO Ha AanbHen nepudepun. C Takum
OMbITOM Mbl YBEPEHbI B NMOCTaBKax HaLUMX CUCTEM [axe B camble CypoBble
KnMMaTu4ecKme ycroBus.

XAC: Jdymato B 06LLEM OnbITa OCTATOHHO, TaK Kak HedhTerasosble
UHXKEHEPb! y>Ke [OBOMbHO AfUTENbHOE BPEMA MOHTUPYHOT Takoe
060pynoBaHye B YCNIOXKHEHHBIX YCIOBUAX SKCTITyaTaLmm.

9. Pa33eprlBaHue MHOFOd)a3HbIX HacoCoOB Ha AHe MOpA npueeno
K 3Ha4YuUTeNIbHbIX pauuOHaNIN3aTOPCKUM NpeaoXXeHnAM U
M306peT9HI/IF|M. Kak aT1 goctumxeHusa nogencTteosanu B 06paTHyI0
CTOPOHY Ha Ha3eMHble HPMMeHeHMH?

IT: TexHonorn4eckoro nepexoaa oOT «3Ha4YUTESbHbIX N306PETEHNIN»
B MOABOAHbIX NPOeKTax noka He HabntopaeTcA. Komnanua Rosscor
CreLmanmnavpyeTca Ha Ha3eMHbIX MHOrO(hasHbIX MPUMEHEHUAX, e b p

Stuart L. Scott /s an Associate Professor in the Harold Vance
Department of Petroleum Engineering at Texas A&M University. He
leads research efforts in the area of multiphase production systems
as well as the annual Multiphase Pump User Roundtable (MPUR)
which he founded in 1999. Before joining Texas A&M he was an
Assistant Professor at Louisiana State University and he worked
nine years for Phillips Petroleum Company. An active member of the
Society of Petroleum Engineers (SPE), Scott has served as Chair
of the Panhandle Section and the 1992 SPE Forum on Multiphase
Flow, Pumping and Separation Technology. He has twice served as
Chair of the SPE Production Operations Technical Committee. In
2000, he was selected as the Production Committee Chairman for
the ASME Petroleum Division and Chaired the 2001 & 2002 ASME
Production Technology Symposiums. Scott and was awarded the
ASME Henry R. Worthington Medal in 2003 for his work in the area
of multiphase pumping and in 2004 was awarded the Dorothy &
Ray Galvin ‘53 Faculty Fellowship for his contributions to the Texas
A&M Engineering Program. Scott holds B.S. and Ph.D. degrees in
Petroleum Engineering and a M.S. degree in Computer Science all
from The University of Tulsa.

Dietrich Muller-Link is Key Account Manager Multiphase Boosting
with Joh. Heinr. Bornemann GmbH, holding a Dipl.-Ing. in Mechanical
Engineering from the Technical University of Clausthal in Germany.
He has gathered more than 20 years of oilfield experience in different
disciplines and assignments. Since joining Bornemann in 1995 he

is responsible for Business Development as well as seminars and
customer training for multiphase boosting systems, having authored
several technical papers on this topic. Dietrich is a member of SPE
(Society of Petroleum Engineers) and VDI, the German Association of
Engineers.

Kamran Mirza /s Director of Business Development, at seepex, Inc.
in Enon, Ohio. He has 30 years of experience in Progressive Cavity
Pumps, starting his career as a Project Engineer developing Power
Sections for Drilling Motors, and Downhole Pumps for the Oil and
Gas industry. Mirza developed the Progressive Cavity Multiphase
Pump for Robbins & Myers, and previously served as Director of
Engineering and Manufacturing for the Dyna-Drill Division of Smith
International, and as Director of Manufacturing for Baker Hughes
Drilling Systems. He holds an M.S. in Mechanical Engineering from
the University of New Mexico.

Jacques de Salis graduated from the Federal Institute of Technology
in Zurich, Switzerland, with a degree of Mechanical Engineering
and he also holds an MBA. After working as a research assistant in
Switzerland, he joined Sulzer in South Africa where he held various
managerial positions in engineering, design, contracting and sales.
In France he led the team developing the Sulzer multiphase pump
product range and introduced it successfully it to the oil production
market worldwide. Since 1996 he has been traveling frequently to
Russia and is now based permanently in Moscow with Sulzer.

Gep Geesink is Director responsible for sales at Rosscor Int BY,
Oldenzaal, The Netherlands. He started working with Rosscor

in 1994. Rosscor is one of the pioneer companies introducing
Multiphase Pump Systems to the Oil and Gas Industry since 1992.
The company custom designs and manufactures among other
complete turn key multiphase twin screw pump packages . Rosscor
has sold and installed over 65 pump stations consisting of 2 up to 6
pumps working in parallel Rosscor further supplies from the same
system philosophy compressor systems; oil & water pump systems
as well as gas treatment systems to the oil & gas industry. He holds
a master degree in Business Economy and Management from the
Erasmus University of Rotterdam in conjunction with the Technical
University of Delft, The Netherlands.m
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pasBuTMe npeacTaBffaeT cobon AMHAMUYECKUIA MPOLECC, U Mbl
BHEApPAEM CBOW MPOMbICMOBbIN OMbIT OT MHOrOha3HbIX KCryaTauni B
HOBbIE MPOEKTHbIE pa3paboTKM ANA BbIroAbl KOHEYHOTO NMoMb30oBaTens.

KM: Moka paHo roBopuTb. B 60MbLUMHCTBE Cly4aeB Ha3eMHble
NMPUMEHeHVA ABNAIOTCA MEHEE CMOXHBLIMU, NMO3ITOMY BUAOW3MEHEHNA,
BHOCWMbIe AJ1A [My6OKOBOAHbIX YCTAHOBOK, MOTYT GbITb HE
BOCTPe60BaHHbIMM B HA3EMHbIX CUCTEMAX.

AMII: B xoze nocTOAHHOTO pa3BUTUA TEXHOMOMMA ONpPeAeneHHO
«Bbl3pena», a 3HaunTesbHble N306peTeHNA 3a4acTyo OCHOBaHbI
MPOCTO Ha «MOfy4eHHbIX ypokax». Komnanua Bornemann Tonbko 4To
Havana noasoAHbIn NpoekT M®H B coTpyaHuyecTse ¢ AkerKvaerner
13 Hopserunu. [inA Haw HalW 3Ha4YUTENbHBIE 306PETEHNA — 3TO NYyTb
peLLeHnA BONPOCOB, 1 creaoBatenbHo 6a3a anA noaBoaHbix MAOH.

XnAC: KnoyesbiM acnekTom B MOABOAHbLIX CUCTEMAX ABMAETCA
NMOBbILLEHVE HAAEXHOCTH, OTCtofa Nntoboe pasBuTUE 34eCh NepeTekaeT
B Ha3eMHble NMPUMeHeHUA.

10. Kakue Bbl NpeABuauUTE TEXHONOrMYecKue U3MeHeHUA B
6nwmwxanwmue 10 net?

IT: Mbl oxungaem ganbHeiillero pocTta BHeApeHnsa MHOrogasHbIX
cucTeM Ha pbiHke. Yeunua HAOKP 6yayT HanpasneHbl Ha ynydlleHve
SKCMMyaTaLMOHHbIX XapaKTePUCTUK N KOHCTPYKLIMIO HACOCOB Kak
pesynbTar fy4wero NoHMMaHnA HasHoro pexxvma, NpreoaA K 6onee
OKOHOMWYHbIM U HaAe>XXHbIM MPUMEHEHNAM.

KM: A onTumuncT 1 aymato, 4To MHoroghasHble Hacockl CTaHyT 6onee
pacnpocTpaHeHHbIMU B BGnvxkariee aecATuneTve n GyayT ropas3no
LUIMpe NPUHUMATLCA MO BCEMY MUPY B KQ4ECTBE NPOMbILLIIEHHOMO
cTaHgapTa. HagexHoCTb 1 aKoHoMUYeckanA 3hheKTUBHOCTb
MHOrodasHbIX HACOCHbIX CUCTEM ByaeT pacTu Mo BCEMY CMEKTPY
NMPVYMEHEHWI Ha cyLle, Ha MOPCKYMX NnaTchopMax 1 rof, BOLOW.

AMIT: Ham 06A3aTenbHO HYXXHO NPOAOKATb YBENNYMBATbL
Npov3BOAMTENBHOCTb HACOCOB. BMecTe ¢ 3ToM 3aaadveit Hy>XKHO
yny4warb 3PEKTUBHOCTb TEXHONOrMYECKOTO NMPOLIECCa, HY>KHO
cokpallaTtb noTpebneHne anekTpoaHeprn. Mol nHuummposanm
3HaYUTENbHbIE Warv 1 3a4asiv BbICLUMIA NPUOPUTET HaLIMM YCUNAM
HWOKP B aTom HanpasneHun. OgHako B CncKe komnaHum Bornemann
TaK>xe CTouT 6onee BbICOKUIN Nepenaj AaBfieHNin B COHETaHNN

C NOBbILEHHON 3hheKTMBHOCTbLIO NpoLiecca ... [No3sonto cebe
NpoOLMTMPOBAaTb N3BECTHYIO MOroBOpPKY: «Jlyywmnii cnocob npeackasarb
byayluee — 3TO TBOPUTL €ro camomy!

XAC: A npeanonarato, 4To GyayLiee ABUXETCA B CTOPOHY pocTa
pacxofoB u 6ornee raanrumpoBaHHbIX NpUMeHeHnn (6osiee BbICOKOe
OCT). KomnaHnua Sulzer n A He comHeBaemcA, 4To Leistritz Toxe
OPMEHTUPYETCA Ha TOM, YTO KaXXAblIi U3 HAC CMOXET MPUBHECTM B 3Ty
oTpacnb B 6yayiem!
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CrioapT J1. CKOTT sB/19€TCH 84 BIOHKT-MPOGHECCOPOM Ha QhaKyibTeTe
TexHororvn HeghteaobbI4m uM. lapornbaa BaHca B Texacckom YHuBepcuteTe
A&M. OH pykoBOAUT Hay4YHO-MCCIIEN0BATEIbCKOM AEATENILHOCTLIO B 061aCTH
MHOroghasHbIX rpon3BOACTBEHHbIX CUCTEM, & TaKXKe eXKerofHsIM ¢hopyMom
MPUR (Kpymibivi CTOS 110 MHOrogha3HbIM Hacocam), yHpesXx AeHHbI MM B

1999 rogy./jo pabotsi B Texacckom A&M oH 6bi1 AOLEHTOM B YHuBepcuteTe
wrara JlyvsuaHa v AeBATb NIET MpopaboTas B HEQOTAHON KOMIaHmn
«@unmnc». [evicteyroLumi YneH ObLLeCcTBa MHXXEHEePOB-HEDTAHNKOB

CLLA (OVIH) — cny>wnn npeaceparenem B cekTope 3anaaHas BupriHma n
popyme OVIH-1992 rio MHoroghazHoMy MOTOKY, HACOCHOMY 060PYA0BaHMNIO U
TEXHOOMVIAM cenapaLpm. [lBaxxasl npescenare/isCTBoBas B TEXHUHECKOM
KOMUTETE 110 MPOoM3BOACTBEHHOM AeATensHocTv OVIH. B 2000 rogy 6bis
n3bpaH npeacenarenem rpon3BoACTBEHHOTO KOMUTETa A/ HeGOTAHOrO
roapasaeneHvs AMEpUKaHCKOro OBLLECTBa NHXKEHEPOB-MEXaHKOB
(AOVIM) v npencenateisCcTBOBasI Ha CUMIIO3MYMaXx o TEXHOIOMMAM [00bI4M
AOVIM-2001 n 2002. B 2003 rogy CKoTT bbir1 HarpaxxaeH megassio AOVIM
leHpu P YaupTuHIToHa 3a paboTty B 0651aCT1 MHOrogha3HOro HaCOCHOo
obopyaosaHud, a B 2004 — 3BaH1eM CTurneHanara-uceeaoBaress
@akyneteta [Jopotv v Pas [351BuH 53 3a CBOV BKI1a B MHXXEHEPHYHO
riporpammy Texacckoro A&M. CKOTT nmeeT cTerneHn bakanaspa v KaHavaara
HayK B TEXHOMOMM [00bI4M HehTU 1 CTENEHb MarvcTpa KOMIbIOTEPHBIX HayK
ot YHuBepcuteTa rlasnca.

[vmpux Mionnep-JnHK ss15e7ca MeHemykepom o paboTe C KIloYeBbIMU
KImeHTamu ro roaropHOMY MHoroghasHoMy 060pya0BaHMIO B (hrpme

Joh. Heinr. Bornemann GmbH, imeeT anrniom nHxeHepa-MexaHvka ot
TexHudeckoro yHBepcuteta Knactxand B lepmaHmm. Hakormn 6ornee 20 net
HeTAHOro OrbiTa B pasHbiX MPOUIAX N AOMKHOCTAX. Havas paborars

B Bornemann B 1995, oH 0TBeyYas 3a npuBriedeHne KIIMeHTypbl, @ TakKe
CeMUHapbl 1 0by4YeHne CrieumnanCcToB 3aKkasuvka rno MHoOroghasHbIM
roArnopHbIM CUCTEMaM, aBTOP HECKOIBKMNX TEXHNHECKNX TPYAOB Ha

aty temy. [ntpux asnsaetca yneHom OVIH (ObLuecTBa nH>KeHepoB-
HeghbTaHnkoB) 1 VDI, [epmaHcKov accoumaLm NHKEHEPOB.

Kampan Mup3a ssiseTca avpextopom no passntnio 6usHeca, B Seepex, Inc.
B 3Hone, utat Oravio. Y Hero 30 f1eT orbiTa B HarHeTare ibHbIX BUHTOBbIX
Hacocax, Ha4vHall Kapbepy B KAYECTBE MHXKeHepa MPoeKTa o pa3paboTke
CUII0BbIX OTCEKOB 11 6y pOBbIX ABMratesies n 3aboviHbIX HAaCOCOB A1
HegbTera3oBov NPoMbILLIEHHOCTU. Mup3a pa3paboTas HarHeTare ibHbIi
BUHTOBOW MHOroghasHb i Hacoc Ass Robbins & Myers, a paHee pabotan
Ha4asibHVIKOM OTAena MPOeKTUPOBaHVA 1 MPOM3BOACTBA Ha roapasaeeHnm
Dyna-Drill komnaHm «CMmuT IHTEPHALLIH/T», M B KAYECTBE PYKOBOAUTESS
rpon3BoACTBEHHOro oTAena Ha Baker Hughes Drilling Systems. Viveet
CTerneHb MarvicTpa Hayk o MH>XeHepHOV MEXaHvKe OT YHnBepcuTeTa wrara
Hbto-Mekewko.

¥ax fe Canu 3akoHun GegeparibHbIi TEXHOMOMHECK MHCTUTYT B Lilopuxe,
LLiBeviapus, ¢ AUMIOMOM MHXKEHEPa-MEXaHVKE, TaKXKe UMEET CTEMNEHb
marvcTpa bmsHeca. [opaboTaB HayyHbIM COTPYAHMKOB B LLIBeiLiapym,
rioctyrmn B KomnaHuio Sulzer B KOAR e 3aH1Masn pas/myHble pyKoBoasLMe
r1ocTa B MHXXEHEPHO-TEXHNHECKUX pa3paboTKax, IPOeKTUPOBaHMH,
[I0roBOpHO¥ paboTte v peann3saLym npogyKuym. Bo @paHLym pykosoam
rpyrirow, paspabarbiBaroLLes TIMHEVKY 1 HOMEHKaTypy MHOrogha3HbIX
HacocoB Sulzer v yCrieLLHO ux BHEAPWIT Ha PbIHOK HehTEn06bI4M 110 BCEMY
mumpy. C 1996 roaa perynsapHo e3aut B Poccuto, n ceryac MnocToaHHO
6asupyetcsa B Mockse B ripeactasutennbcTee Sulzer.

Ten [e3VHK 58,19 TCS KOMMEPYECKUM ANPEKTOPOM B KOMaHuM Rosscor Int
BV, OnbgeH3sarns, Huaepnarasl. Havan paborats B Rosscor B 1994 roay.
Rosscor — ogHa 13 KoMnaHui — NepBONPOXOALEB, BHEAPABLUMX
MHOroghasHble HaCOCHbIE CUCTEMbI B HEGhTEra30BOM MPOMBILLIIIEHHOCTH

¢ 1992 roga. Komnanus pa3pabarsisaeT v u3rotaB/imsaerT roj 3aka3
cpeau BCEro npoyero v KOM/IEKTHbIE YCTaHOBKN MHOroghasHbIX
[IBYLLIHEKOBbIX HAcOCOB. Rosscor npoaarn v ycTaHoBus cBbiLle 65
HaCOCHbIX CTaHLuH, COCTOALUMX U3 2 — 6 napasiesibHo paboTaroLmx
HacocoB. Rosscor v fiarnibLUe MocTaBsaeT UCXOAA M3 TOM JKe CUCTEMHOM
KOHLIEMNLMN KOMIPECCOPHbIE yCTaHOBKU; HEGDTAHbIE 1 BOAAHbIE HACOCHbIE
CUCTeMbI, a TakXKe CUCTeMbI NMOAroTOBKM rasa Asif HeghTera3oBo
rpombiLLIeHHOCTU. OH UMEET CTeNeHb MarnucTpa rnpeanpyUHUMAaTeTbCKoM
SKOHOMUKMN 1 MEHeAXMeHTa OT YHuBepcuTeTa Spasma PoTrepaamckoro,
nmoc ot TexHndeckoro YuuBepcuteta [enbht, Hugepnarisl. m



