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Status Multiphase Metering

M3mepeHne MHorogasHbIX MOTOKOB NpeacTaBnAeT
cob0oKn TEXHONOMMI0, KOTOPanA Y>Ke cenyac okasbiBaeT
3HauUTeNIbHOE BNNAHME Ha HepTerasoBbl CEKTOP
3KOHOMMKMW 1 cynuT 6onblune NepcnexkTyBbI AnA ero
AanbHenwero pa3sutuA. MHorodasHble namepuTenu
NCNONb3ylTCA B HACTOALLEE BPEMA HAa pas3nnNYHbIX
HeOTAHbIX MECTOPOXAEHNAX — OT 6eperoBbix
KOMMJIEKCOB MO A06bl4e TAXENOoN HeddTM 40 MOPCKUX
NPOMbICIOB, BKMtOYaA NoABOAHbIE IKCMyaTaUMOHHbIE
cuctemMbl. OcoO6EHHOCTbIO NpUCyLLEN BCeEM CcTpaTernam
pa3BMTMA, OCHOBaHHbLIM HAa MHOTOg)a3HbIX TEXHOMOIMAX,
NCnonb3yoLwWwmx MHorocasHble U3MepuTenu, ABNAeTCA
CHUXXEHME aBaHCUPYEMbIX KanuTasibHbIX BIOXEHWN
(CkoTt, 2001 & 2002).

WcknioveHune ns akcnnyataumm cenaparopa n apyroro
o60pynoBaHNA obecneunBaeT CHUKEHME 3aTparT, U
KpOMe TOro no3BonfaeT MUHUMN3MPOBATb HEraTuBHOE
BO3JENCTBUE Ha OKPY>KAIOLLYIO cpeay U PUCKX pasfivBoB
HedhTW. JTa TEXHOMNOMMA NCNONb3YEeTCA Ha BYPOBbIX
MOPCKMX nnaTtdhopmMax 1 nnaBy4nx OCHOBaHWUAX, TaKUX
KakK Mopckune HedpTexpaHunumwa c 6ecnpuyasnbHbIM
HanneBomMm (Spars), NnaTopMbl C HATAXHLIMA

onopamu (TLPs), nnaBy4me HehTEKOMMNEKCHI
(FPSQ’s) ¢ uenbto CHU3MTL TpeboBaHUA No 06bEMY

1 BeCy, CBA3aHHbIE C 3aMepoM AebuTta NnpoayKumm
onepexatoLle pasbypeHHbIX UK yaaneHHbIX CKBa>KUH.
[nA noaBoAHbLIX MECTOPOXAEHUA U3MEPEHNE
MHOropasHbIX MOTOKOB MMeEeT BorblUoe 3Ha4YeHne, Tak
KakK OHO MO3BOMAeT NPOU3BOANTbL TPAHCMOPTUPOBKY
CMeLUaHHbIX HeddTenpPoayKToB No obLemMy NoABOAHOMY
HedTenposoay. B aTom cnydae MmHorodhasHbIN
pacxogoMep gaeT BO3MOXHOCTb pacnpenenaTb
NPOAYKUMIO MOABOAHON CKBa>KMHBI U OCYLLUECTBMATL €€
MoHUTOPUWHT (Devegowda & Scott, 2003 & 2004).

M3mepeHne MHorogasHbIx MOTOKOB OTKpbIBaET

Tak>Xe HOBble 3axBaTblBaloLWmMe BOSMOXKHOCTU AndA
3amepa 0ebutos HedbTH, BOAbI U ra3a B peasbHOM
mMacwTabe BpeMeHu; aTa MeToanka bonee coBepLUeHHa
Mo CpaBHEHUIO C NPOBHBLIMK cenapaTopamu, Kak B
naaHe 3amepoB CKOPOCTM TedeHuA promaos, Tak 1
KayecTBa caMmmx U3mepeHuin. MiamepeHua, npoBoaMmble
B peanibHOM MacliTabe BpeMeHu, NO3BOMAIOT No-
HOBOMY NOAOWTM K peLleHunto Npobrembl pa3paboTku
MECTOPOXAEHUA U ONTUMMU3ALIMKU NpoLecca AoObIYN.
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Multiphase metering is a technology recognized to hold
great potential for the oil & gas industry. The impact is
already significant. Today, multiphase meters are utilized
in developments ranging from onshore heavy-oil to
offshore (including subsea). Reduction in up-front capital
costs is a feature common to the multiphase based
development strategies that make use of multiphase
meters (Scott, 2001 & 2002). The elimination of the
separator and other equipment provides cost saving and
also acts to reduce the environmental impact and the
risks of spills. Offshore platforms and floating structures
(Spars, TLPs, FPSQO’s) make use of this technology

to reduce the weight/space requirements associated
with metering subsea tieback wells. For subsea
developments, multiphase metering plays a central

role, enabling production to be comingled in a common
subsea pipeline. In this case, the meter provides the
capability to perform subsea production allocation and
monitoring (Devegowda & Scott, 2003 & 2004).

Multiphase metering also presents exciting new
opportunities for real-time measurement of oil, water
and gas flow rates; a significant improvement over test
separators, both in terms of the speed and the quality of
the measurements. These real-time measurements are
providing new capabilities in reservoir management and
production optimization. In particular, it has been shown
that the quality of measurements can have a significant
impact on the back allocation of production to individual
wells or fields; information that is critical in reservoir
simulation history matching, field management and
reserves estimation (Mehdizadeh, Ghaempanah and
Scott, 2006). Data also provides the basis for important
operational decisions, such as when to shut-in a high
water-cut well and planning workovers/recompletions.
While multiphase metering can provide a number

of advantages, these advantages must be carefully
weighted in terms of their economic impact. This paper
summarizes technologies that are commercially available
and discusses how they are being utilized. The potential
for this technology is discuss as well as the hurdles
preventing wide spread application.

Il The Test Separator
For decades, the standard oil industry test separator

i has served as our multiphase meter. It provides the oil,



B yacTHOCTWY, 6bIN0 YCTAHOBMEHO, YTO KA4YE€CTBO
n3mMepeHun npnobpeTtaeT 60sblIOE 3HAYEHNE NPU
obpaTHOM pacnpeneneHun obbi4m nNo oTAeNbHbIM
CKBa>XMHaM U1 MeCTOPOXAEHNAM; NogobHas
MHGOpMaUMA Ype3BblHaNHO BaxkKHA NMpu agantaumm
NCTOPUM MOAENMPOBAHMA KOMSIEKTOPA, YNpaBneHun
HedPTENPOMBICIIOM 1 OLEHKE 3anacoB MECTOPOXAEHUA
(Mehdizadeh, Ghaempanah n Scott, 2006). [Nony4eHHble
[OaHHbIE ABNAIOTCA OCHOBOM AN1A NPUHATUA BaXKHbIX
OnepaTMBHbIX PELLEHNI, KaK Hanpumep Bblbopa MOMEHTa
3aKpbITA CKBaXXUHbI C BbICOKUM COAEPXXaHNEM BOAbI

B npoaykummn u nnanmpoanna KPC nnm noBTopHOro
3aKayvBaHUA CKBa>KMHbI.

YunTbiBaa Uenbi pAAa NPenMyLLECTB, KOTOpble faeT
MCnonb3oBaHWe TEXHONOMM 3amepa MHOrochasHoro
MoToKa, CreayeT, OAHAKo, TLaTesIbHO NpoaHann3MpoBaTh
3TU NPENMYLLECTBA C TOYKN 3PEHUA NX IKOHOMUYECKMX
nocnepncTeui. B gaHHoOM ctatbe B CyMMapHOM Buae
npeacTaBneHbl UMEIOLMECA Ha PbIHKE TEXHOMOMN U
obcy>xaatoTcA cnocobbl NX MPUMEHEHUA, a TAKXKE UX
noTeHUManbHble BO3MOXHOCTU M NPENATCTBUA Ha NYTW UX
LUMPOKOMACLUTaBbHOro UCMONb30BaHWUA.

Il Tpo6Hblit cenapaTop

B TeuyeHne gecATnNeTUin TMNOBOW NPOBHbLIN cenapaTop
ncnonb30BaricA B Hawen HedhTenobbiBatoLLEen
NPOMbILLIIEHHOCTM Ka4eCcTBE MHOrohasHoro
pacxogomepa. OH obecrneunBaeT 3amepbl ebuta
HedTW, BOAbI 1 rasa, 4To U ABAAETCA OCHOBHON
byHKUMEN MHOrOha3HOro N3MepUTENBHOIO Npmnbopa.
OpHako ncrnonb3oBaHme 3Toro Npubopa ConpAXKEHO ¢
LenbiM pAnoM TPYAHOCTEN N 3TO NPUBENO K pa3paboTke
COBPEMEHHOIO MHOro(hasHOro U3MepuTena NoToka.
MomMnmo KpynHbIX rabapnToB 1 60NbLIOrO BeECa
npo6HOro cenaparopa ¢ UnMHOAPU4ecKon TpybHon
pesbbon 1 atonm (G 1) Heob6xoaMMbIM YCIIOBUEM €0
paboTbl B CBA3M C UBMEHEHUEM YPOBHA XNOKOCTU B
HeM ABNAETCA NPOBEAEHUE NCMbITAHMA CKBa>KMHbI Ha
NPUTOK B TEYEHNE MHOITOYACOBOrO NEPUOAAa BPEMEHHU
npv yCpeoHeHHOM AebnTe CKBaXKUHbI.

B npeanbHoM BapuaHTe cenapartop paboTaeTt Kak
pa3aenuTenbHbI NPpMbop, B KOTOPOM MPOUCXOAUT
NonHoe pasaenenne HedpTn, rasa n Bogpl 1
obpasyowmeca Npn 3Tom ogHopasHbIe MOTOKK
dnromaa n3mMeparTcA C MOMOLLBIO TUMOBbIX
NPOMbILLIEHHbIX OAHO(A3HbIX PACXOAOMEPOB.

[lo HegaBHEro BpeMeHM CHMTanoch, YTO NPO6HbIN
cenapaTtop Npou3Boa1T abCcoMOTHO TOYHbIE 3aMepbl.
MnaHkn norpelHocTen hakTU4ECKN HUKOrga He
accoUMMPYOTCA C MOKa3aHNAMM, NONyYEHHbIMU

B X0Z€e NPO6HON 3KcnnyaTaumm CKBaXKmHbI C
NCMNonb30BaHNEM cenapaTopa, Unm ¢ GaHHbIMK O
[obblye, oTobpaXkaeMbiMU Ha CTaH4APTHOM rpadmke B
BUAE KPUBOW, MOKa3bIBalOLWEN TeMMbl NageHna nebuta
CKBa>XWHbl BO BPEMEHM.

B HacToALee BpemsA eCTb NOHUMaHWe TOro, YTO
CYLLECTBYIOT HeornpeneneHHOCTH, 0ByCOBEHHbIe

water and gas flowrates that are the essential function
of a multiphase metering device. There are, however, a
number of difficulties with this device that have led to the
development of the modern multiphase meter. In addition
to the bulky size/weight of 1-g test separator, liquid

level changes in the separator require that production
tests be conducted over a multi-hour time period and
flowrate averaging. ldeally, the separator functions as a
complete separation device, where oil, gas and water
are completely separated and the resulting single-
phase streams are measured with industry standard
single-phase meters. Until recently, the test separator
has been considered as absolutely accurate. Error

bars are virtually never associated with the readings of
a separator based production test or production data
displayed on industry standard rate-time decline curve
plots. Today, we understand that there are uncertainties
associated with even this industry standard test method.
For example, high rates wells tested with a small test
separator will experience gas entrainment in the liquid
phases (gas carry-under) and liquid entrainment

in the gas phase (liquid carry-over). The result is a
trace multiphase stream entering the single-phase
meters placed at the outlets of the separator. The
measurements reported are then biased high or low
as a result of the contamination in the flow steam. In
addition, complete separation of oil & water may not
be achieved in the short residence time of the test
separator and without the application of heat and
chemical to break any emulsion phase created within

: the production system. As will be discussed below,
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AaXke 3TMM NPOMBILLSIEHHBIM CTaHAAPTHLIM METOLOM
onpobbiBaHUA.

Hanpumep, B BbICOKONPOU3BOAUTENbHBIX CKBaXKMHAX
onpo6oBaHHbIX HEOOSbLLIMM TECTOBBIM CENApaTopoM
MOXET NPOUCXOAUTb YBNEYEHNE rasa Kannamm
>XXMAKOCTU B XXnakon dhase (Hepobpoc rasa) u
yBReYeHne XNaKoCcTu Ny3bipbKamu rasa B ra3oBow
cpene (nepebpoc XnoKocTh).

B pesynbTtare mMbl MMeeM MHOropa3oBbli MOTOK

CO cnegamm NpuMecemn, KOTOpbIN NOCTyNaeT Ha
oOHOha3HbIE pacxO4oOMeEpbl Ha BbIXOAE U3 cenaparopa.
Mony4yaemble Npu 3TOM 3amMepbl MOTYT OTKOHATLCA
OT UCTMHHOIO 3HAYEHNA, KaK B CTOPOHY YBEINYEHNA,
Tak N YMEHbLUEHUA, BCIEACTBME 3arpA3HEHNA NOTOKA
thbntomngos. Kpome TOro, 3a To KOPOTKOE BPEMA, YTO
TECTOBbIN cenapaTop HaxoauTcA B paboTe, BO3MOXHO,
He ygacTcA obecneydnTb NOMHOE pasaenexHme

HedTV 1 BOAbI, HE Npuberaa K NCNonb30BaHMIo

Tenna n XMMMYeCcKNX peareHToB AnA paspyLeHua
nob0om 3mMyNbCUOHHOM hasbl, 0bpa3oBaBLUENCA B
HedpTenobbl4HON cUCTEME.

Kak 6ygoeT BUAHO M3 ganbHenwero obcyxaeHna,
MHOrohasHble U3MepUTENbHbIE NPUOOPbI UMEIOT LieSbIN
pAL NPeMMyLLECTB nepen TPaauUMOHHBIM NPOBHbLIM
cenapaTopom.

Il MuorothasHbie pacxoomepbl

Mmetowmeca B HacToALLEE BPEMA HA PbIHKE
MHOrogpasHble pacxo4oMepPbl MOXXHO Pas3fennTb Ha Tpuy
OCHOBHble Kateropuu: 1) YcTponcTea, OCHOBaHHbIE

Ha NpVHUMIME YacTUYHOro pasaeneHna ¢as; 2)
CraumoHapHble pacxogomepsl; 1 3) BupTyanbHbie
pacxopnomepbl. Huxxe nprBOgATCA ONMCaHNA KaXkaoro
13 3TMX TMMOB Pacxo4OMEpOB:

Pacxogomepbl € YaCcTUYHbIM pa3aeneHuem cas.
OCO6EHHOCTBIO 3TON METOAMKU ABMAETCA TO, 4YTO
NCNONb3yeTCA HEKMIA TUM KOMMAaKTHOIo cenaparopa anA
napuuvanbHOro pasgeneHua NoToKa B NEPBYO odepenb
Ha ras 1 B NepBYI0 o4yepenb Ha Xuakyto gagsy. Takue
cenapaTopbl CO06LWAT XNAKOCTU TaHrEeHUManbHoe
YCKOpEHUe (CnnH) 06bI4YHO HE NpEBbILatoLLee

15-100 g. [InA namepeHna NOTOKOB COCTOALLMNX
NPeMMyLLECTBEHHO M3 ra3a 1 NpenMyLecTBEHHO

N3 XXUOKOCTU MCMOMb3YHOTCA TPAANLMNOHHBIV
0ofHOMa3HbIN PacXo4oMEP U YCTPOMUCTBA, N3MepAoLLmMe
06BOAHEHHOCTb MPOAYKUNM CKBaXKUHbI. [103TOMyY Takom
pacxogomep CTOMT AeLeBrie, YeM CTauMOHapPHbIN.
YCTpOWCTBA C YaCTUYHBIM pa3aeneHnemM n3BnexkaroT
60nbLUYI0 YacTb 0bpasytoLenca razosom asbl,

YTO NO3BOJIAET Nony4vaTb 6onee ToYHbIE 3amepbl
nebuTta HedpTn. B yHMBepcuTeTe A&M npoBoannoch
uccrnegoBaHue Ha NpegMeT UCMONb30BaHNA
cenaparopa C perynupyemMbiMy napameTpamMm Bxoga

C TeM, 4TObbI pacwmpuTb cepy NpakTUYECKOro
NPYMEHEHNA UNIMHAPUYECKMX LUMKIIOHOB,
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multiphase meters provide a number of advantages
over the conventional test separator.

Bl Multiphase Meters

Today’s currently available multiphase meters can
be divided into three primary categories: 1) Partial
Separation Based Devices; 2) In-Line Meters; and,
3) Virtual Meters. Each of these categories is
discuss below:

Partial Separation Based. This approach utilizes some
type of compact separator to partially separate the
flow stream into a primarily gas and a primarily liquid
stream. These compact separators impart a tangential
acceleration (spin) to the fluid which is typically in the
range of 15-100 g. This approach uses conventional
single-phase meter and water-cut devises to measure
the primarily gas and primarily liquid flow streams. As
a result the costs of this type of meter is less than for
the In-Line Meter. Partial separation devices extract
much of the produced gas phase, allowing a more
accurate measurement of oil flow rates. Texas A&M
has studied the use of a variable separator inlet to
extend cylindrical cyclone technology into practical
oilfield use (Igho & Scott, 2005). Texas A&M has also
performed scoping work to quantify the effect of a
trace multiphase stream on a single-phase meter
(Hekimian, Jumonville & Scott, 2000; Adejuyigbe, et
al., 2004).

In-Line Meters. This approach attempts to measure

the three flow rates (oil, water and natural gas) without
separation of the phases, although some conditioning of
the flow is utilized by some manufacturers. To obtain the
individual phase rates, several measurements must be
made. Proprietary models and empirical correlations are
utilized to close the system of equations that results from
the various measurements. This approach is the most
compact and the most expensive. Note that compact
separation can be used to extend the operational
envelope of in-line multiphase meters by removing most
of the gas phase.

Virtual Meters. This category has just emerged in the
past few years. Virtual metering is a new concept that
can be used in conjunction with a physical meter, or
when one is unavailable. Virtual Meters utilize available
pressure and temperature measurements to attempt to
estimate the flow rates based on multiphase pipe flow
models. This approach is being utilized, but has not been
subjected the rigorous third party testing to determine
the uncertainties associated with this approach and the
uniqueness of the solution. Several different methods are
commercially available.

Il Comparison of Multiphase Meter Technologies

A number of multiphase meters are commercially available.
Given below is a table that compares some of the meters
on the market and the technologies they employ.



[locTvraa
HaMnyywWmx
pesynbTaTos

Obnapan BbICOKOKBaNIMpULMPOBaHHBLIM NEPCOHANOM B 06/1aCTW CTUMYNALMK
CKBa>XMH 1 nosbiweHua HedbTeoTAaum, Oilfield Technology Group komnaHum
Hexion ABnAeTCcA NpM3HaHHbLIM NnaepomM B 0bnactu pa3paboTkum u
NpoV3BOACTBA PacK/IMHMBAIOLLEro MaTepyana AnAa ruapopaspbisos. HosaA
CepuA HawwmMx NPoAYyKTOB U YCNyr NOAHUMAET TEXHOMOMMIO rmapopaspbiBa
Ha HOBbIN YPOBEHb, MoMoras Bam goctuyb Hamnyywmx pesynbtaros. Hexion
ABnAeTcA Bawmm HageXXHbIM napTHepom, obecneyrBatowMm NocTaBKy
Heo6X0aMMbIX 06 BEMOB BbICOKOKAYE€CTBEHHOIO PACK/IMHUBAIOLLETO

areHTa, ABMAKOLErocA KOMMNOHEHTOM ANA CaMblX NePefoBbIX TEXHOMOTMIA.
Hawa cny>x6a TexHN4eCKOoN NoOAAEPXKKN BCeraa rotoBa nomMoyb Bam.
HononHutensHaa nHdopmauma Ha cante OilTG.com

PacknuHusatowme areHTbl ona NP KoHTponb coaep)xaHuA necka

HEZJION'

Specialty Chemicals



pacnpocTpaHuB ee Ha HedbTenpomeichbl (Igho n Scott,
2005). B yHuBepcuteTe Takxe 6b1n NpoBeaeHbl
npenBapuTenbHbIE NCCEAOBAHMA MO KOTIMYECTBEHHOW
OLiEHKEe BO3AENCTBUA, OKa3bIBAEMOrO MOTOKOM

C HE3HAYMTENbHBIM KONMYECTBOM NPUMECEN Ha
opHodhasHbIi pacxogomep(Hekimian, Jumonville n Scott,

2000; Adejuyigbe n ap., 2004).

Of all the companies listed, essentially all the In-Line
market is shared by Roxar, Schlumberger and Agar.
Schlumberger currently (as of May 2007) has produced
800 multiphase flow meters. Out of that 800, 209 of
these meters are subsea meters. Roxar’s market share
is also substantial, with over 263 subsea meters sold.

It should be noted that the Partial Separation Based

CpaBHeHMe KOMMep4ecKM AOCTYMHbIX TEXHONOrMiM MHOroasHbIX U3MEpPEeHUN

MeTtoauvka MsroTtoBuTenb MNoprotoBka | Tpy6ka NY6VHHbIV
M3mepeHuin noTtoka BeHTypu papuo-
N30 101IRDbIu

CrauunoHapHble Agar Corporation

AkerKvaerner

Haimo Technologies Inc.
Jiskoot

Multi Phase Meters AS
Neftemer Ltd.
Petroleum Software Ltd
Pietro Fiorentini

Roxar

Schlumberger/
FramoEngineering

Mo 3akasy
(pacxopomep
06bEMHOro
BbITECHEHUA)
HeT

na
3aKpbITbINA
cvecuTenb
HeT

HeT

na

HeT

HeT

Tpyba
(TynukoBbIN
TPOWHWK)

CcBY EmkocTHanA
NpoBOAUMOCTb

[a HeTt Oa Het

[a vHBepcHbIn  [la (nsoitvon) Het Het
(22&59.5KeV)
[a [BoiHoI Het Het
Het [BoiHomn Het Het
Ja Mo zakasy  3-D Het
Het Oa Het Het
[a Het Het la
Oa HeTt HeTt Oa
Oa Oa Het Oa
Oa Oa HeTt Het

MeToauka UsrotoButenb Usmeputens | N3meputennb -
aneHUIA T — o 06BoAHEHHOCTHN

C paspeneHuem Agar
a3

Emerson Process& SMS

eP-Solutions (Weatherford)

Foxboro

PhaseDynamics

LinnuHgpwnu.
LIMKIIOH

LinnuHgpwny.
LIMKIOH

LnnuHgpwny.
LIMKIIOH

LinnuHgpwnu.
LIMKIIOH

LinnuHgpwny.
LIMKIOH

BeHTypun CcB4
Kopuonuca Coriolis HedTb HeTTO
(nnoTHOCTB)
Kopuonuca Coriolis/ VK (Red Eye)
Vortex
Kopvonuca Coriolis/ HedpTb HeTTO
Vortex (NNOTHOCTD)
Kopuonuca Corilis/ CBY
Vortex

BuptyanbHble  EnSys Yocum
FMC Technologies

Multiphase Solutions
(Woodgroup)
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OLGA

Heobxoanm ona Heobxoaumbl

KannbpoBKu

Heobxoaunm ona
KannbpoBkmn

Heobxoanm ansa
KannbpoBkmu

KaK BXxogHaA
BeNYNHa

Heobxoanmbi
Kak BxoaHasA
Benn4MHa

Heobxoanmbl

KaK BXoOHaA
BeN4YNHa



Comparison of Commercial Multiphase Metering Technologies

R T = (i o) [y vy
ADDro h NnNaAd oninaA Den OInete olpfe ance

InLine Agar Corporation Optional (PD M) Yes No Yes No
AkerKvaemer None Yes (inverse) Yes No No
Haimo Technologies Inc. Yes Yes Dual No No

(22 & 52.5 Kev)

Jiskoot Internal mixer  No Dual No No
Multi Phase Meters AS None Yes Optional 3-D No
Neftemer Ltd. None No Yes No No
Petroleum Software Ltd Yes Yes No No Yes
Pietro Fiorentini None Yes No No Yes
Roxar None Yes Yes No Yes
Schlumberger/ Piping Yes Dual No No
FramoEngineering (Dead End Tee) (32 & 80 Kev)

Separation Agar Cylindrical
Based Cyclone
Emerson Process& SMS Cylindrical
Cyclone
eP-Solutions (Weatherford) Cylindrical
Cyclone
Foxboro Cylindrical
Cyclone
PhaseDynamics Cylindrical
Cyclone

Venturi Microwave
Coriolis Coriolis Net-Oil
(Density)
Coriolis Coriolis/ Infrared
Vortex (Red Eye)
Coriolis Coriolis/ Net-Oil
Vortex (Density)
Coriolis Coriolis/ Microwave
Vortex

Vitual EnSys Yocum

FMC Technologies

Multiphase OLGA

Solutions(Woodgroup)

CraumoHapHblie pacxogomepbl. [Mpy 3TOM nogxoae
OenaeTcA NnonbiTKa N3MepUTb TPU OTAENbHbIX
npuToka: ebut HedTH, BoAbl 1 NMPMPOOHOro rasa 6e3
paspeneHva as, XxoTA HEKOTOPbIE MPOU3BOANTENM
[0BOAAT NOTOK A0 Tpebyembix napameTpoB. [pu 3Tom
HeobXo0AMMO NMPOU3BECTN HECKONbKO 3amMepoB, YTOObI
NOMy4YnTb CKOPOCTU NEpPEMELLEHNA OTAENbHbIX has.
McnonbayoTcAa oMpMEHHbIE MOAENY U SMANPUYEcKne
KOppenAaunn 4nA 3aBepLIEHNA CUCTEMbl YyPaBHEHNN,
BO3HMKaIOLWMX B pe3yfnbTaTe NPoBeAeHNA PasfnyHbIX
3amepoB. JTa MeToauka AenAeTcA Hanbonee
KOMMaKTHOM 1 AOPOrocTOALLEN.

Cne,u,yeT OTMEeTUTb, YTO KOMMaKTHOe pasaesieHne
MO>XXHO MCMNonb3oBaTb AJ1A pacllnpeHnA obnactu

Need for Needed as
Calibration Input
Need for Needed as
Calibration Input
Need for Needed as
Calibration Input

concept is making substantial gains with hundreds of
these meters going into South America and the Mid-
East. This metering approach also lends itself to the
mobile production testing market and with the separator,
has the ability to cover a wide range of flowrates with
improved oil rate measurement. The biggest problem of
the Partial Separator Based approach is the fixed inlet
geometry of the separators currently being employed.
While permanent installations dominate the market, the
mobile testing service market is also growing.

B Types of Multiphase Flow Measured

To date, multiphase meters have primarily been used in
the area of production testing. However, drilling hydraulic
fracturing and other applications are beginning to make
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paboymx PEXXMMOB CTaLMOHAPHbIX PACXOAOMEPOB,
yoanue 60mbLUyIO YacTb razoBomn ¢asbl.

BupTyanbHbie pacxogomepbl. 9Ta KaTteropums
pacxoooMepoB NoABUNACh B NOCNeAHNE HECKOMNbKO
net. 3TO HOBaA KOHUeNUuA, ncrnosb3yemas COBMECTHO
C PUINYECKUM U3MEPUTENBHBLIM YCTPOUCTBOM UMK

npw ero oTCcyTCTBUKN. B BUPTYanbHbIX pacxogomepax
ncnonb3yeTcA BO3MOXHOE AaBfeHne U 3aMepsbl
TemnepaTypbl Af1A OLUEHKN pacxoda XMUAKOCTH, B
OCHOBE KOTOPOW nexxar mogaenu TpybonpoBoaoB ¢
MHOrogpasHbIM1 NOTOKaAMW NPOAYKLMW.

Takan meToaMka UCMoNb3yeTcA, HO OHa He
noasepranach TWwaTenbHON NpoBepPKe He3aBUCUMbIMU
aKcnepTamu AnA BbIABNEHWUA HEHAAEXHOCTEN,
06YCMOBMEHHbIX AaHHON METOAVKOW, U1 €GUHCTBEHHOCTH
pelleHnin. Kommep4eckun AOCTYMHbl HECKOMbKO
PasnnYHbIX TEXHOMOMMA.

CpaBHMTENbHLINA aHANN3

MHorothasHbIX pacxoqomepos
B npogaxke nmeeTcA HECKONLKO TUMOB MHOrohasHbIX
pacxogomepoB. Huxxe npuBoguTcA Tabnuua, B KOTOPOR
yKasaHbl CEPUMINHO BbINMyCKaemble pacxogomepbl,
CpPaBHMBAKOTCA UX XapaKTEPUCTUKM U NCMONb3yEMbIE B
HUX TEXHOMIOTUN.

M3 BCex nepeuncneHHbIX 34eCb KOMMaHU, TONbKO
Pokcap, LLintombepxxe 1 Arap nogenunu mexay
cob01 NpakTU4ECKN BECb PbIHOK CTaLUMOHAPHbIX
n3mMepuTenbHbIX yecTponcTe. Komnanua LLntombepxxe
K HacTOALEeMY BpeMeHM (MO COCTOAHMIO Ha Marn 2007
roga) narotosuna 800 MHOroasHbIX pacxo4oMepoB,
13 KoTopblx 209 npegHas3HavYeHbl 4nAa UCNoNb30BaHUA
Ha NOABOAHbLIX MECTOPOXAEHNAX. PbIHOYHaA gonA
komnaHum Pokcap Tak>xe BeCbMa BHYLUMTENbHAA:
peanunsoBaHo bonee 263 pacxogoMepoB and
NoABOAHbIX U3MEPEHWI.

CnegyeTt OTMETUTb TaKXe, 4YTO BCe HonbLiee
NpY3HaHne 3aBOEBbIBAET KOHLENUWA, OCHOBaHHanA

Ha YaCTMYHOM pasgeneHumn as, COTHM Takmx
pacxogomepoB npopatoTcA B FOXHy0 AMepuky n Ha
BnvkHui BocTok. NogobHbI METOA M3MEPEHMI TaKXKe
BMOJSIHE MPUrOAEH AN1A NCMONb30BAHMA HA PbIHKE
nepeaBu>XHbIX U3MEPUTENbHBIX YCTPOUCTB ANA NPO6HON
3KCnyaTaumm CKBaXXnH 1 BMECTE C cenapaTtopom
cnocobeH NoKpbIBaTh LUMPOKNUIA uanas3oH pacxoaa,
obecrneunBan bonee TOHHOE U3MepeHue gebuta
HedTn. Hanbonbluyto TPYAHOCTb MPU UCMONIb30BaHUN
METOAMKUN YaCTUYHOrO pasgesieHnA npeactaBnaeT
cobon TOT hakT, YTO NPUMEHAEMbIE B HACTOALLEE
BpEMA cenapaTopbl UMEKOT HEPETYNIUPYEMbI

BxoAd. B To BpemA kKak cTaunoHapHble yCTponcTBa
npeobnagarT Ha pbIHKe, 0TMEYaeTCA TakXXe N pocT
pblHKa NepenBu>KHbIX Pacxo4oMepoB AnA NpobHon
aKcnyaraumn.

Tunbl n3mepAeMbIX MHOrO(asHbIX MOTOKOB
Ha cerogHAWHWIA oeHb OCHOBHAA ccpepa NpuMeHeHnsA

38 | ROGTEC

use of this technology. For example, managed pressure
drilling and underbalanced drilling are newer methods
that lend themselves to multiphase metering. Managed
pressure drilling requires closer monitoring of the drilling
mud returns at the surface to regulate the other small
margins of pressure within which the well pressure

must be maintained. Multiphase metering allows a rapid
determination of flowrates when compared with a tank
or open drilling pit. In addition the 3-phase capability

of these meters allows rapid detection of any “kick”

of formation fluid or early prediction of a well control
situation. Hydraulic fracture stimulation requires accurate
measurement of sand-gel slurries. The convention
method of making this measurement is using a nuclear
densitometer and turbine meter.

In general , the field of multiphase metering can be
divided based on the flowing media:

1. Multiphase (oil-water-gas with trace concentrations
of sand)

2. Wet-Gas (gas with trace concentrations of water-
condensate and sand)

3. Water-Cut (water-oil emulsions with trace
concentrations of gas)

4. Slurry (solid-liquid slurry with trace concentrations
of gas)

Il Potential for Multiphase Metering

While several thousand multiphase meters have now
been installed, it is estimated that multiphase meters
accounted for less than 0.2% of production metering
(Kratirov et. al., 2007). The test separator is still the
industry standard for production testing. Economic
analysis is needed to select candidates for this
technology. In most cases the meter must reduce capital
investment costs when compared with a conventional
test separator; or for an offshore platform reduce weight
and space. However, in many cases the real value is

in the data obtained. By more frequent measurements

it is often able to better manage a well/field and add
reserves and production. This type of justification has
always been difficult, but recently has been addressed by
Mehdizadeh, Ghaempanah and Scott (2006). This paper
provides a framework for justifying the installation of a
multiphase meter based on the value of measurement it
provides.

In the subsea arena, the multiphase meter has now

been accepted as part of the standard subsea “kit.” For
the subsea environment, the alternatives to multiphase
metering are not very attractive. The include options like
separate subsea pipelines (very expensive), subsea
processing (just now emerging from the pilot phase of
development) and not measuring individual well flow rates.

Regarding the permanent and periodic testing markets
the permanent market will be much larger, with the

ultimate goal in some fields of having a multiphase



www.rcb2.se

Outokumpu — mexayHapoaHas KOMIaH1s 1o Mpou3BoacTey
TPYOHBIX U3aeni U3 HepXkaBeroLyen ctanu. Halwa uenb

— cTaTb 6€3yCI0BHbIM IMAEPOM B TEXHOMOINN HEPXKaBEIOLLMX
cranei. Mbl CTpeMUMCA K 3TOV Liesin, MOCTOAHHO MOBbILLasA
Ka4yecTBO HalLes MPOAyKLMN. 3aKa3umnkn B CaMbiX pasHbIX
0TPacnAaxX 1 B Pas/INYHbIX PErMOHaX MUPa UCTONb3YIOT HalLly
MPOAYKLMIO, TEXHONOMMM 1 yciyry. Mbl momoraem HaLumm
3aKas4mkam rnoBbICUTb IhPeKTUBHOCTL UX PaboTbl. KomnaHusa
Outokumpu n3rotaBnmsaeT 1 NPoAaeT CBapHble TPY6HbIE
U3[ENNA N COEANHUTESIbHYIO apMaTypy U3 HEepXKaBeroLLes CTam.

CNPC pana cneuudukauun.
Outokumpu noctaBuna
COOTBETCTBYIOLWME UM TPYObI.

CBapHble BbICOKOMPO4HbIE TPYObl U3 HEPXKABEHOLLIEH CTaM 6binn
MCronb30BaHb! MPY CTPOUTENBCTBE ra3onpoBoaa AfMHON CBbILLe
4000 kM ¢ MecTopokaeHUA Tapum Ha ceBepo-3anaae Kurtaa go 6onee
MYCTOHACENEHHbIX BOCTO4HbIX PaiOHOB CTPaHbI.

PykoBoavBLIaA NPOEKTOM CTpOUTENLCTBA rasonposoaa Kutarickan
HauvoHansHaA HedptaHanA kopriopauua (CNPC) secsMa cKpynyrnesHo
oT6Vpana NoCTaBLUVKOB M NPeabABNIANA BbICOKVE TPeBoBaHNA K KauecTsy
W HaaeXHOCTU MaTepuasios. Nocne TLLaTenbHOMo U3yyeHua NpoayKLvn
MocTaBLUMKa W NPOBEAEHHbIX UCTbITaHW uapenuii, CNPC 3aknounna
koHTpakT ¢ Outokumpu Stainless Tubular Products Ha noctaeky cabiie 2500
TOHH ABYXCIIOMHbIX TPY6 13 Hep>kasetoLLei cTanm (2205) AnA KOHEHYHOro
yJacTka Tpy6onpoBoaa C ra30BOro MECTOPOKAEHUA Kena-2.

BaxxHbiMu chakTopamm aris CNPC 6biniv ka4ecTBO TPy 1 CPOKU MOCTaBKW.

Outokumpu aokaszana, 4To CMOXET YAOBNETBOPUTL 0bounm TpeboBaHuAM.
HaLl 3aKa34uK OCTasICA AOBOMEH!

www.outokumpu.com

TpybHble n3genua ns HepxkasetoLen ctany komnaxduy Outokumpu

Tel: +46 226 810 00




MHOrogpasHbIX pacxogoMepoB —aKCMyaTaUMoHHbIe
UCMbITaHUA cKBaXknH. OQHaKO aTa TexHornorua
HayMHaeT HaxoAUTb NpPUMEHeHNe B BypeHum, Npu
rmapopaspbiBe nnacTa n AnA APYrX NpakTUHECKUX Lienen.

K npumepy, MHOrohasHoe namepeHne okasanoch
noaxo4AwmM Asa UCrnofb30BaHUA B HOBEMLLEN
TeXHONormn 6ypeHna ¢ KOHTPONeM AaBneHua n bypeHua
C oTpuuartenbHbiM gasnennem Ha nnact (O4f). MNpn
6ypeHun ¢ KOHTpOnem gaBneHua TpebyeTca bonee
TWAaTeNbHbI KOHTPOSb 32 BbIXOAALMM U3 CTBOMA
CKBa>XWHbl HA MOBEPXHOCTb BypOBbLIM LUSIAMOM AJ1A
perynmpoBaHnA Apyrmx He6onNbLUINX OTKNOHEHWI
[OaBIeHNdA, BHYTPW KOTOPbIX AO/KHO NOAAEp>KMBaTbCA
hasneHue B ckBaxmHe. MHorogasHoe nsmepeHue
Nno3BonAeT BbICTPO ONpeaennTb pacxodbl XMAKOCTU
MO CpaBHEHMIO C pe3epByapoM UM OTKPLITbIM 6aKoM
ana 6yposoro pacteopa. Kpome Toro, cnocobHocTb
3TUX NpMbOpPOB NPOM3BOANTL 3amepbl Tpex a3 gaeT
BO3MOXHOCTb BbICTPO 06HapY>KNTb t0601 BbIBPOC
nnacToBoro cnonaa n3 bypALenca CKBaXKUHbl Un
NPOrHO3MpoBaTb Ha paHHEM 3Tane BO3HUKHOBEHNE
cuTyaumm, Tpebytowen perynuposanna gebuta
CKBaXXUHbl. IHTEHCUgnKauma npuToKa HedoTn

B ckBabkuHe meTtonom Pl TpebyeT TOYHOro

3amepa NecyYaHo-IMUHUCTLIX BYPOBbLIX PACTBOPOB.
O6wenprHATBEIM METOAOM AJ1A NPOBEAEHNA TAKOrO
3amepa ABnAeTCA NCMNONb30BaHWE AQEPHOIO
OeHcuTomMeTpa n TYpbuHHOro npeobpasosBarena.

B uenom, ucxoaa n3 HanuMumA OBVMKYLUMXCA Cpes,
obnacTb NpMMEHEeHNA MHOTrOOasHbIX U3MEPEHMI MOXHO
pa3fenuTb Ha cneayolme KaTeropum:

1. MHoroasHble (He(hTb-BOAA-ra3 ¢ HUYTOXKHO Manomn
KOHLEHTpaunen necka)

2. BnaxxHbi ras (ra3 co cnegoBbiMM KOHLEHTpauMAMM
BOOHOrO KOHOeHcaTa 1 necka)

3. ObBOOHEHHOCTL (BOAOHETAHBIE 3MYNBCUM C
MUKPOKOHLIEHTpaumen necka)

4. [NMMHUCTBIN pacTBop (CycrneH3nA TBepAbIX YacTuL B
>XXNOKOCTU CO CNeAoBOM KOHLUEHTpauuen rasa)

Bo3mo)xHOCTV MHOrotha3HbIX M3MepuTenen
MoacunTaHo, 4TO XOTA B HACTOALLEe BpeMA

B 3KCMyataumm HacYNTbIBAETCA HECKOMbKO

ThICAY MHOroasHbIX U3MepUTENENn, X 4OMnA B
NPOMbILLSIEHHBIX N3MEPEHUAX COCTABMAET MEHEE
0.2% (Kratirov n gpyrue, 2007). NpobHbIn cenapaTtop
NpoaO/MKaeT ocTaBaTbCA paboynm 3TanoOHOM Mpu
SKCMyaTaumMOHHbIX UCMbITAHMAX CKBaXXMH. AnA
nogbopa NoaxofALMX BAPMAHTOB AJ1A 3TOW TEXHOMOrUN
Heo6XxoAMMO NPOBECTM aHaNM3 NX IKOHOMUYECKOW
adhheKTNBHOCTU. Bo MHOrMX cryyaAx ncnonb3oBaHue
pacxogomepa LOMKHO NPUBECTU K CHUDKEHNIO
KanuTasibHbIX 3aTpaTt Mo CPaBHEHUIO C TUMOBbLIM
NPO6HbIM CenapaTopomM, a Npy UCMNoNb30BaHUN Ha
6ypoBbIX MOPCKMX Mnatopmax gaTb IKOHOMUIO

Beca u obbema. OgHako B 6OMbLUNMHCTBE Cry4aeB
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metering on each individual well. The testing market

will continue to be important for multiphase metering,

as testing of exploration wells in remote locations is an
excellent fit for the reduce size offered by the multiphase
meter.

B Hurdles for Multiphase Metering

The primary hurdles for widespread adoption of
multiphase flow meters are: 1) Education/Technology
Transfer; 2) Price/Price Perception; and, 3) Large
Number of Existing Test Separation Installations. Each of
these hurdles is discussed below:

Education/Technology Transfer. While multiphase
metering technology is no longer new, it should still be
considered an emerging technology. With just 10 years
industry experience with this technology, the bulk of the
petroleum industry workforce began their careers before
the existence of the multiphase meter. It was not taught
in school or experienced in their careers. Therefore,
multiphase metering is often not “on the table” with other
measurement systems. With the large number of new
engineering entering the workforce, this is a unique time
to educate the next generation of petroleum engineers
on the benefits of this technology. At Texas A&M we have
taken this approach with our Multiphase Measurement
Short Course which has been offered around the world.
Highlighting successful multiphase metering applications
at events like the Multiphase Measurement Roundtable
(MMR) is another way of transferring this technology
within oil and gas producing companies.

Price/Price Perception. The industry perception of

this technology is that it is very expensive. For facility
engineers accustom to purchasing a turbine or orifice
meter the costs are much larger. However, the savings
possible when utilizing a multiphase meter is often not
considered. The savings are substantial when the costs
of other equipment, training, installation, maintenance

is considered. Over the past several years the cost of
multiphase meters has decreased as orders for hundreds
of meters allows for cost savings due to economies of
scale. Previously, these were essentially custom devises
and the manufacturing costs were very high. The current
robust sales market and increasing number of suppliers
is expected to reduce prices over the next several years
which will in turn increase in the number of meters sold.

Large Number of Existing Test Separator
Installations. Multiphase meters have most often
been sold into new field developments. Replacing an
existing test separator installation it a tough sale and
penetration into existing and marginal fields has just
begun. The drivers for replacing existing equipment
are environmental/safety and data driven. In several
cases dealing with toxic gas has driven the installation
of a multiphase meter and in other cases the ability

to eliminate separators and tanks at an installation
has reduced the risks for spills and release of gas into
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CYLLECTBEHHOE 3HAaYeHMe UMEIOT MONYYEHHbIE
AaHHble. MocpeacTBoOM Kak MOXHO Yalle NpoBOANMBIX
3aMepoB yaaeTcA Nyylle KOHTPONMPOBaTb CKBaXKMHY/
MeCTOpOXAeHne 1 yBennyunsate 6anaHcoBble 3anachl
n 0obbivy HedpTu. MprBoaUTL NOLO6HBLIE O6OCHOBAHMA
BCerga cyMTanochb TPYOHbIM AENOM, HO HEJaBHO 3TOW
npobnemon o3abotnnmce uccnegosarenu (Mehdizadeh,
Ghaempanah n Scott, 2006). B naHHon cTaTbe
NPMBOAATCA OCHOBHbIE MOSIOXEHNA, 060CHOBbIBaOLIME
Lienecoobpa3HOCTb BHEAPEHMNA MHOTO(asHbIX
pacxo4oMepoB, UCXOAA U3 3HAYUMOCTM NPON3BOANMbIX
MK 3aMepOB.

Ha nogBoaHbIX MECTOPOXAEHNAX MHOrO(a3HbIN
pacxogoMep y>ke CTasn YacTbio CTaHAapTHOro
“komnnekTa” nogBogHOro obopynoBanua. [na
aKcnnyaTtaumm NogBOAHbIX MECTOPOXAEHNN,
ncnonb3oBaHne Jpyrux BapuaHToB B KaYecTBe
anbTepHaTMBbl MHOrogasHbIM pacxogoMepam He
npeacTaBnAeTcA 0cob60 nNpmBneKaTenbHbIM. K HUM
OTHOCATCA OTAENbHbIE NOABOAHBIE TPYy6ONPOBOAbI
(moporocTonAwee obopygoBaHme), NoaBogHanA
nepepaboTka (TOMbKO YTO HAYMHAET BbIXOOUTb U3
NUNOTHON (hasbl pas3BMTUA) U OTKA3 OT 3aMepPOB
pacxonoB OTAENbHbIX CKBaXKMH.

Y70 KacaeTcA PbIHKOB NMOCTOAHHBLIX U MEPUOANYECKINX
onpoboBaHWi, MOCTOAHHLIN PbIHOK byaeT
3HaunTesIbHO 60MbLUEe, KOHEYHOW Lenbio Ha
HEKOTOpPbIX MECTOPOXAEHMAX ByaeT ycTaHOBKaA
MHOrodasHbIX PacCX04OMEPOB Ha KaXXAO0W OTAENbHON
CKBaXknHe. PbIHOK nNpobHon akcnnyataumu byoeT
No-nNpe>KHEMY 3aHUMAaTb BaXKHOE MECTO B cpepe
MHOropasHbIX U3MEPEHUIA, MOCKONbKY ANA
ONpo6bIBaHUA pa3BefOYHbIX CKBAaXKMH HA yAANEHHbIX
MECTOPOXAEHUAX Kak Hesb3A Ny4we noaxoaAaT
KOMMNaKTHbIE pa3Mepbl MHOrOha3HOro pacxogomepa.

MpenaTcTBUA HA NYTH

McnonbL30BaHNA MHOrotha3HbIX N3MepeHnin
OCHOBHbIE TPYAHOCTU HA NYTKW LUMPOKOMACLLUTAOHOrO
BHEAPEHNA MHOrohasHbIX pacxo4oMEPOB CleayHoLME:

1) Obyuyenne/llepexoq K HOBOW TEXHOMOrK; 2)
LlenHa/BocnpuATtne ueHbl; n, 3) bonblioe yncno
CYLLECTBYIOLUMX YCTAHOBOK Af1A cenapauum HedpTm
1 rasa Ha npobHon cTagmm aKkcnnyaTaumm. Huxke
NPUBOANTCA aHaNn3 Kaxkaon N3 aTux npobnem:

O6y4eHune/llepexoq K HOBOM TEXHONOIMMU. XOTA
TEXHOMOrMA MHOrohasHbIX U3MEPEHUN YXKE He

HOBa, ee elLle CTOMT OTHOCUTb K paspAay HOBbIX
TexHonormin. OnbIT UCNOMb30BaHNA 3TOW TEXHONOTUN
B He(bTenobbiBatoLLE OTPaC/IN HACHMTbBIBAET MOYTH
10 net, a 60NbLWMHCTBO CNeunanncToB — HEPTAHMKOB
Ha4yMHanM CBOIO Kapbepy A0 NOABMEHNA MHOTO(Aa3HbIX
nameputenen. B wkone aTy TEXHONOIMIO HE n3y4vanu,
1 NO3HAKOMUTBLCA C HEN Ha NPaKTMKE OHWU HE MOITIN.
MoaTomy, npobnema MHorohasHbIX USMEPEHUIN HacTo
He ABNAeTCcA “NPeaAMeToM OMCKYCCUIN” HapaBHe

42| ROGTEC

the environment. It is expected that future regulations
requiring vapor recovery systems on tanks and vessels
will motivate producers to eliminate many production
facilities and meter the produced fluids at the wellhead
before pumping them to a single, centralized
production site.

Il Key Innovations Emerging

A number of innovations are emerging to improve the
accuracy and application of multiphase meters. Multi
Phase Meters AS has introduced the concept of 3-

D microwave tomography (Scheers and Wee, 2007)
which is expected to be the approach that will replace
the current 1-D measurements. Combination of simple
measurements through a virtual meter type of pressure
drop prediction approach is also expected to provide a
means toward reducing meter costs (Marelli, 2007). To
expand areas of application, meters are moving from
pressure ratings of 5000 psi to 10000 and 15000 psi.

To address the high pressure/high temperature (HPHT)
market a number of companies have programs underway
to increase the pressure/temperature rating. For the
Partial Separator Based approach, the advances in in-
line separators should allow these devices to decrease
their size and weight into the same range as the In-Line
meters. Also, clamp-on sonar/ultrasonic/acoustic meters
are (Ting, et. al., 2007) being tested and may provide
some new capabilities.

l Conclusions

Evolving and improving over the past decade,
multiphase metering is now an industry “best practice”
in several producing areas. The advantages provided
by this technology in terms of lower cost, complexity
and footprint are being enhanced by several unique
aspects of today’s operating environment. Higher oil
& gas prices combined with expanding economies
have resulted in long wait times for equipment and
shortages in equipment and skilled personnel.
Multiphase metering, as part of a multiphase
production system approach, reduces the amount

of equipment needed for a project as well as the
associated costs of installation, operation and
maintenance. In addition, the continuous data stream
provided by a multiphase meter is opening up new
possibilities in reservoir monitoring and management.
The quality and frequency of the data generated is
expected bring this technology into established and
marginal fields over the next decade as the devices
become essential to the reservoir engineer as well as
the production/facility engineer.

B Multiphase Measurement Roundtable

The Multiphase Research Group at Texas A&M
University has been heavily involved in the area of
multiphase metering. The University utilizes a unique
field-scale research facility dedicated to the study and
improvement of multiphase pumps and meters. In
2000, the Multiphase Measurement Roundtable (MMR)
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C ApyrMMm cuctemamm namepenni. C npuxogom
60MbLIOro YMcna HOBbIX CMeUNanmMcToB B OTPacsib
€034aeTCA YHMKanbHaA BO3MOXHOCTb MO3HAKOMUTb
crnepytoLlee NoKoNMEHNe NHXXEHEPOB-HEPTAHNKOB C
npevmyLLecTBamMmn 3Ton TexHonormm. B Texacckom
yHuBepcuteTe A&M anA aTon uenm 6bin paspaboTaH
KpaTKOCPO4HbIN Kypc “MHorogasHblie n3MepeHua’,
KOTOPbIV YATAETCA BO BCEX CTpaHax mupa. Ewe
OOHUM crocoboM nepenayn 3Tol TEXHONOrMK Cpeamn
HedpTerazonobbiBaOLMX KOMMaHUA ABNAOTCA
meponpuaTna Bpoae Betpeu 3a Kpyrnbim CTonom
no BONpocamM MHOrohasHbIX M3MEPEHMIN, Ha KOTOPbIX
OCBEeLLalTCA yCneLwHble cryyan NPUMEHEHNA 3TON
TEXHOMOrnM.

LieHa/BocnpuAaTtue LeHbl. B oTpacnu cnoxmnoch
npeacTaBfieHne, YTO 3Ta TEXHOMNOIMA O4EHb
poporoctoAwan. OgHaKo NHXXeHepaMm MO TEXHUYECKOMN
akcnnyaraumm obopyaoBaHua, AnA KOTOPbIX
NPVBbLIYHBIM AE/I0M ABMAETCA 3aKynka TypouHbl

nnn gnadgparmMeHHoOro pacxogomepa, npuxoamTca
nNaTtuTb 3a HUX bonbwe. YacTo He yunTbiBaeTCA
BO3MOXHaA 3KOHOMMA OT NPUMEHEHMA N3MepuTenA
pacxoga MHOroasHoro noToka. dt1a 9KOHOMUA
BeCcbMa CyLECTBEHHA, ECNN y4EeCTb 3aTpaTthbl Ha
Opyroe obopynoBaHue, NOArOTOBKY U 0bydeHne
nepcoHana, ycTaHOBKY K Texobcny>mBaHue. 3a
nocnegHne HECKONbKO NIET CTOMMOCTb MHOTOGa3HbIX
pacxoooMepoB CHU3WUNACh, MOCKOMbKY MOCTYMEHNE
3aKa30B Ha COTHM 3TUX n3MepuTenen gaet
BO3MOXHOCTb CHMXXaTb UX ce6eCTOMMOCTb 3a CHeT
pocTa npou3BoacTBa. PaHblue 3Tu ycTponcTea
N3roTaBnMBanu B OCHOBHOM MO MHANBUAYASIbHbIM
3aKasam, 1 NPoON3BOACTBEHHbBIE U3AEPKKMN ObIIM O4EHD
BbICOKME. HbIHELHNIA YCTONYMBLIN PbIHOK CObiTa 3TOM
NPOAYKLMN 1 BCE BO3pacTatolee YMCO NOCTaBLUNKOB
NPEeAnoONOXNTENBHO NPUBEAET K CHMXKEHNIO LIEH B
TeyeHne 6MKanLLINX HECKOMbKKX NET, YTO, B CBOIO
o4vepenb, YBENMYUT KONMYECTBO peann3yembix
pacxooomMepoB.

Bonbluoe YUCo CyWwecTBYOWMX CenapaTopos
Ana npobHon akcnnyatauuu. MHorodgasHble
pacxooomepbl Halle Bcero npuobpeTtaroT Afia HOBbIX
ocBavMBaeMbIX MECTOPOXAeHWI. [pogaxka HOBOro
YCTPOMCTBA AJ1A 3aMEHbI CyLLECTBYHOLLErO NPOOHOro
cenapaTopa - 370 TpyAHanA 3ajaya U NPOHUKHOBEHNE
B CYLLECTBYIOLME N SKOHOMUYECKMN rPaHNYHbIE
MECTOPOXAEHUA TOMbKO YTO Hayanock. OsvKywmmn
hakTOpamMu 3amMeHbl CyLLECTBYIOLWEro 06opyaoBaHnsa
ABMAIOTCA COOBPaKeHMA 3anTbl OKPY>KatoLLen
cpenbl, 6€30MacHOCTU M NOMYYEHNA TOYHBIX AAHHbIX.
B HeckonbkMx cny4anAx, Korga npuLwwiaocb MMETb
[AeN0 C TOKCUYHbBIM ra3oM, 3TO MOCAY>KWUIO CTUMYJIOM
ANA YCTaHOBKM MHOropasHoro pacxogomepa, B
APYrvXx cny4aAx BO3MOXHOCTb M36aBnUTbCA OT
cenapaTopa u pe3epByapoB Ha YCTAaHOBKE CHM3uNa
PUCK BO3HUKHOBEHWA PasnnBoB U Bbibpoca rasa B
OKpY>KaloLyto cpeay.
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was founded to assist in the rapid dissemination of
information regarding multiphase metering. At this event,
hard learned lessons are shared and areas of common
interest are identified. The MMR has grown to become
a significant worldwide event for multiphase metering
and the premier event of it’s kind in North America. This
event is supported by oil and gas operating companies
who have provided speakers and sponsored by virtually
all of the companies involved in multiphase metering.
The most recent MMR was hosted by major petroleum
operators BP, Chevron, ConocoPhillips and Total in
Galveston, Texas on April 26-27, 2007.
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Oxunpgaetca, 4To byaylume TEXHUYECKUE HOPMb,
pernaMmeHTupyowme HeobXoANMOCTb YCTAHOBKU CUCTEM
cbopa pesepByapHbIX Napos, NobyaAaT nponssoanTenen
NMKBMAMPOBATb MHOMME 3KCMyaTaunoHHble O6BEKThI U
3amepATb AobbiBaeMble nionabl Ha YCTbe CKBaXXUHbI,
nepea TEM Kak nepekaymBaTb UX Ha €AUHbIN
LEeHTPanM3oBaHHO ynpaBifAeMbI
HedTenobbiBaOWNA YHaCTOK

Il KnioyeBble HHOBALUVOHHbIE TEXHONOIUK
MoABNAeTCA Uenbii pAL TEXHNYECKUX HOBLLECTB,
CMOCOBCTBYIOLUMX MOBBILLEHNIO TOYHOCTU U
pacmpeHuto cdepbl NPUMEHEHNA MHOrOasHbIX
n3mepuTtenen notoka. HedprecepsucHaa komnaHuA
Multi Phase Meters AS BHegpwuna KoHUeNumto
TpexmepHon CBY-Tomorpadum (Scheers n Wee,
2007). JT1a TexHoONorma, Kak OXXnaaroT, 3aMeHnT
CYLLECTBYIOLLYHO CUCTEMY OOHOMEPHbIX N3MEPEHUN.
CoueTaHue NpoCcTbIX UBMEPEHUN NOCPEACTBOM
NPYMEHEHNA METOANKM NPOrHO3MPOBaHUA nepenaga
OaBIEHNA Ha BUPTYyanbHOM pacxogomepe obecneydmT
BO3MOXHOCTb CHU3UTb CTOMMOCTb pacxogomMepa
(Marelli, 2007).

PacueTHOe gaBneHne B pacxogomepax cendac
yBenuumaetca ¢ 5000 cyHTOB/KB. A0NM 4O

10000 1 15000 cbyHTOB/KB. AKOWM, YTO pacumpaeT
obnacTtb ux NpUmMeHeHnA. YTobbl yooBNETBOPUTL
NOTPEBHOCTb PbIHKA BbICOKUX AaBNEHWIA/BbICOKNX
TeMmnepaTyp, MHOrMe KoMnaHum paspabartbiBatoT
NpOrpamMmbl NOBbILLEHNA HOMUHAIbHBIX 3HAYEHWU
OaBneHvna n Temnepartypbl. B yactHocTh, 4To
KacaeTcA cenaparopoB C YaCTUYHbIM pa3geneHnem
das, To ycnexm B KOHCTPYMPOBaHNM CTALUMOHAPHbIX
cenapaTopoB MO3BOMAT CHU3UTb rabapuTsl U BEC 3TUX
YCTPOWCTB A0 pa3mMepoB CTaUMOHaPHbIX U3MEpUTENEN.
Tak>xe NPOXOAAT MCMbITaHUA rMAPOAKYCTUYECKMX,
YyNbTPa3BYKOBbIX U aKyCTU4eCKux pacxogomepos (Ting,
et. al., 2000) ¢ hmkcrpyrOWMMN XOMyTamMn N HOBbIMU
PYHKLNOHATBHBIMU BO3MOXXHOCTAMM.

Bl 3aknioyexne

MHoroasHble U3MEpPEHNA, KOTOPbIE pasBnBanuch

W COBEPLUEHCTBOBANMCH B TEYEHME NOCIEAHNX
OECATKW NEeT, CTanu NepenoBon NPaKTUKON OTpacnm

B HECKONbKUX HE(pTErazonobbiBatoLLnX pamoHax.
MpeumywecTBa, KOTOpbIE [AET NCMONBb30BAHNE 3TON
TEXHOMOMUN C TOYKM 3PEHUA CHMXKEHNA PacXOOoB,
YPOBHA CNOXHOCTM U Manoro pasmepa, ewe bonee
BO3pacTatoT 3a CHET HECKObKUX YHUKATbHbIX
acneKToB COBPEMEHHbIX YCIOBWI 3KCMyaTaumu.
MoBblWeHWe ueH Ha HedTb U ra3 B coMeTaHuu C
pacTyLen SKOHOMUKOW NPUBENN K YAIMHEHWIO CPOKOB
OXMaaHuA NocTaBok obopynoBaHuAa 1 gedpuunTty
obopynoBaHna 1 KBanmumMpoBaHHOro nepcoHana.
MHoroasHoe namepeHne, Kak 4acTb MEeTOANKN
MHOroha3HoM TEXHONOINN U3BJIEYEHUA, YMEHbLUAET
KOnn4ecTBO 060pyaoBaHMA HEOBXoANMOro anAa
NPOEKTa, a Tak>Xe CBA3aHHbIE C 3TUM pacxodbl Ha

Measurement,” presentation given at the 8th Annual
Multiphase Measurement Roundtable (MMR),
Galveston (April 26-27 2007).

Uvwo, I. and S.L. Scott: “Variable Inlet Configuration
Improves Flexibility of Compact Cylindrical Cyclone
Separators,” paper presented at the NEL Advances
in Multiphase Separation & Multiphase Pumping
Technologies Conference, Aberdeen

(Sept. 1-2,2005).

Hanagaky, aKcrnayaTaumio n TexobcnyxxnsaHme. Kpome
TOro, NOCTOAHHLIN NOTOK MHbOPMaLMK, NOCTYNaoLLMIA
OT MHOroYa3Horo U3MepUTeNaA, OTKPbIBAET HOBbIE
BO3MOXHOCTW 4517 MOHUTOPUWHIa N1acToBOro
pesepByapa v ynpasneHusa nnactoM. bnarogaps
KayecTBY M YaCTOTHOCTU MONyYaeMbIX AaHHbIX,
MOXHO OXXuaaTb BHeAPEHUA 3TON TEXHOMOMMM Ha
OENCTBYIOWMX U ManopeHTabenbHbIX MECTOPOXKAEHUAX
B bnuxaviemMm JecATUNETMU, MO Mepe TOro Kak

3TW YCTPOMCTBA CTaHYT HEOBXOOUMbI Kak anA
MPOMbICIOBOrO UHXXEHEPa, TaK U ANA NHXeHepa-
3KCMyaTaumMoHHUKa.

Bl [IMcKyccum 32 KpyribiM CTONOM

Npynna uccneposarenen Multiphase Research Group B
yHuBepcuteTe A&M 3aHnmaeTcA rmyboKnM n3yyeHnem
NpOoLEeCcCOB NMPOUCXOAALUMX B MHOrO(hasHbIX cpeaax.

B yHuBepcuTeTe paboTaeT aKcnepMMeHTanbHanA
yCTaHOBKa, MOAENMPYIOLLAA YCNoBMA IKCMayaTaumm
MECTOPOXAEHWNA, HA KOTOPOW NPOBOAATCA
NCcCneaoBaHnA Mo COBEPLUEHCTBOBAHNIO MHOTOGa3HbIX
HacocoB u pacxogomepos. B 2000 roay 6bin
obpasoBaH Kpyrnblii cTOM, NOCBALLEHHbIN NpobneMmamM
MHOropasHbIX N3MEPEHUIA, LIENbI0 KOTOPOro ABNAETCA
coAencTBue onepaTMBHOMY pacnpoCTpPaHeHmto
MHdopmMaumm o MHorogasHbIX U3MepeHnAx. Ha Hem
Yy4aCTHUKN OOMEHNBAIOTCA OMNbITOM U3 KOTOPOTrO

OHW N3BMEKNN YPOKM U onpedenatoT cepy obmx
WHTepecoB . Kpyrmblii CTON cTan 3Ha4nTeIbHbIM
MeXAYyHapoAHbIM COBbITUEM B 061aCTN MHOTOGa3HbIX
M3MEPEHUIN N BaXXHbIM MEPONPUATMEM NOAOOHOro
pona B CesepHoi AMepuke. EMy okasbiBatoT
noanepXKy HedbTerasoBble KOMMaHUN-pPas3paboTIMKN,
npenocTaBnAlOWME AOKNAAYNKOB, U €r0 AEATENBHOCTb
duHaHCMpyeTCA NPaKTUYECKU BCEMU KOMMaHNAMM,
CBA3aHHbIMK C TEXHONOrNern MHorohasHbIX
namepeHun. Camoe HepgaBHee 3acenaHune Kpyrnoro
CTOMa, OpraHN30BaHHOE KPYMHENWNMN HEPTAHLIMA
komnanuAamu BP, Chevron, ConocoPhillips n Total,
npoxoamno B [anbBecToHe, WwTaT Texac, 26-27 anpena
2007 ropa.



