; " #$%e3e, C<<=| ?| ?B6BT, Cq29 March 2004 MJULTI PHASE FLOW MEASUREMENT SYSTEM
BACKGROUND OF THE I NVENTION 1. Field of the Invention This inwenh®eR 2004
relates to the field of flow netering technol ogy including systens 5 for
use in measuring production volunes including a nultiphase m xture of
di screte phases, e.g., a mxture including oil, gas) and water phases. Mre
specifically, this systemutilizes a Coriolis flowneter % conbi pation with
a two phase separ at orMULTHRHASE FROWIMEASUREMERE SHfSTRY 1 espect i ve
conponents or phases of t i e r Ell@l' St at enent of the
Problem It is often the Cg@ﬁ?h&{@@gﬁg# Iﬁ""owi n'(j%r#hr ough a pipeline
contai ns i PheesonAs used herein, the term"phase" refers to a type
of naterlj'g}lj)e%g{ﬁ’ﬁay ex?g? in contact with other nm erilal S. IFgr e%%g[g)r}]g, a
i xture of oi Fhandvewtian ralateb tothe fieldpElewimetsring tﬁfé@é’ CHINGUGIEETBLE Vat er
phase. Similarly, a mixture, of. oil . b Pt addslindes ofddbate et e
gas phasBraisg 18 ra?%‘ef"é?%P[‘?%“&”p‘i?é%fgg%”i‘ﬂn?‘ﬁé qsl qug{ phase includi ng _an
ol Phasgnalel, % YabahiRRSAclE bRI §as reicwiater pliasess ddoreespewlicaly. fHe
context that raterial includes gas and |iquids. SEeCi%pr?;gée%ﬁ)a%ljo?? when
one usessystéimouliizesr a tGomisslowmeseLireepmpInAtopwEn & BYP PRREE S5PAYCoMDi ned
mul ti phase fl ow stream_ Specificakl : BhortéhtsSofgtagesdof the
provi de @%Sp&tprﬂgﬂgﬁé%rﬁﬁﬁgﬁ ?kuemgolr;%ﬁ)rgggg | ow 'gt ream bf}?‘l this
measur engfiti iXdgredi rectly resolved into individual neasurenments of the
respective phases. This problemis particularly acute in the petrol eum
i ndaet r y 2mfatemetdafdhad reblemnd gas wel |'s provide a nultiphase flow stream
i ncl udi ng unpro i | §WGhEihrotah 4 pipelifie contaims prudtipté ce
in the petrol Ltd%%ﬁéﬁﬂggrdfsfagﬁ?tn%ﬁﬁ?ﬁ%q%%nént t hat 5|:)i|sr?%usegl to se%ar ats$
‘respect i ¥Ragéd.) Agasedduteinaties terhatprmsel réfeonid a drneopl MatRyia)daalBpRy £X15the
producing wells in a field or_a portion of a fi f 1 RAlt8r fahidedust i on
facilityIrfeentagt ‘é"tBlﬂtB%@at?ﬂ%lﬁug:?q{gexfnﬁlaﬁnaﬂpgglurgtﬁo(%ﬁgrel%ar at Br, a wel
Lest SEPRIRIAL oPhRESe Hhd'd AnPeet Rhiep hasee Similsay t aanisturdicd sils geswend s
and safety contro eatures. Proper 30 managenent,  of gr odH_]c' n i%%pﬂé gas
fieh8s demerdsckdeskeatigerets gespheee padia dischede iawd PHRSEU™ G‘fg"an Water
that are produced fromth i€l LN Ofyd “gklisi"ii§ ubbe Hereinda thdhi s
knowl edgé'Pq’ ‘g &g Q'QPF]%‘? %Oﬁ%’g%ﬁr O%&lgf ggﬁlée&?ﬁ'lci ency of the field, as well
as in al Lgafxt fatomaRrEhinefes gyeang tigbidem commerci al sal es of bul k
production. t 29 March 2004 Early installations  of,s | OBy ESBtHP BNt
have i ncl uded Spesial psellems aEse WhepanFeUshn® b@?’vﬂﬁt@re s'g‘%%%' Q{Jéegglelggér{ati on

devi ces.  LNGSRIPHAeR DBNmrdFARHRl Moy seebi abpotitically. the Sssimocteesscl
| \Y

t oget her nt ér na ve and weir assenblies. | ndusg]ré{ term n%I ngs
ref @os t ¢s designed phasevideapdiraciomeasursmeentrefithe somiuned JoveHEFaMe O5" §yas
phase froma |iquid phase | ncl.uding_ oi n : Su@dimeéntsvef pihase
separ at oﬁ“%’%&’eﬂ’é’f‘t p%’r']ﬂog R E"‘E‘;ﬂ%rleﬁﬁ!a‘ieﬁ %t%hgmdeu%ﬁ?ggt% be  obt ai ned
from segr gﬁé&ﬂe%bségsﬂ%&bbré?ﬁmmm:maugéemeamnmqbetpmleuuundgswmﬂieﬁ? ons

because the conbined oil and water fractions are, in practic en
out fromproduciogbil aed gaswels provide? mu“lp'h:?%eet?%é&’%ﬂW@EB@Pé{@?”‘?@"Sggggt 0

separate the gas phase fromthe 10 |iquid phases and al so separates the
l'iquid pﬁé{saag'rﬁ'?ﬁpﬁz%?véﬂerphase and water phase. As conpared to teﬁ}wase
sepaisat or s, t hy pex phARROS Bpactitesinsthequpticieuadodustortal ingtaleauipmepe Hat 1S

bl i es, d typically h; J I t ] [ C
£ mes. of UsedaRsenAIRIEaPFRpaivPGH. GRavANg WelR R AP PO W IREF P e s ARl

mat er i al Sr\ﬂé}gr%db%grwélf‘éiﬂ%cﬁéla% QinorticAst a A8l ofehehamapaoiutdton faGilitl iger
pressure vessel separators are [)ul Ky and occupy a rel ati Velp% | arge. eline
this purpose, including a main production separator, a well test separator,”pip

transportation access, saltwater disposal wells, and safety control features. Proper
30 management of producing oil or gas fields demands knowledge of the respective
volumes of oil, gas and water that are produced from the fields and individual wells in
the fields. This knowledge is used to improve the producing efficiency of the field, as

well as in allocating ownership of revenues from comrmercial sales of buik production.
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surface area. This surface area is very limted and quite expensive to
provide in certain installations including offshore productiongRlialf966®
and subsea conpletion tenplates. Sonme devel opnent efforts have attenpted to
provi de nul ti phase neasurenment capabilities in conpact packages for use in
| ocati ons where surface 20 area is |imted. These packages typically

require the use of nuclear technology to obtain nultiphase flow,

measur enent s. Y Bi5taliaticsarmitsanraralion raYPmMeHuRRYRINClifad teaindpLgiope!
oper at ed Vi £ € i - [ RVA l‘r:'ai%ha be
used to é%ﬁ/ee%r{?d tB wgpgrr’g%gg? r@%@?%%%@bﬁfeéncpe}?ﬁ @%?%P%ﬁ%%e I nt oagﬁéﬁtﬁt ric
measur enevgrticiodong presfure mglssebogetlat wib internsl nglve &odiweir ssEeobhies.er

to identify the respectiv ss ,percentages of. oil, _..and ter in.a
total colBRHSE Eralaibseiaerifa bie-share Separaay anpmiiiss Ueet beroRieS: ne
use of erphhl GRBSY TRIIY 68 PHaledhbRBind bR brd Rabhl STRELIOf 4 Bbiiase
conbi ned gas and liquid flow streans havi ng known nass percentages of the
r espect i \&epgaaiontivesi noli peruihpsineeh velumetsiagmea sabementote oemiiained eom
enpirically-derived carrelations are then used to, calculate th ercent age
of " gas arearreAtpa Pl aRR e fiomperstiS thagr athel nicl i e font Prbaiaife

st ream ofcopftiRedVail Gme waer Flaetibss BRS, GePFAGRE, has BfokeIPBUEfrEhT et cdabiihgd | S
measurenent of the total mass flow rate. The conposition of the fluid

m xture fiagid streamo AVHireR-pIves’ seraraIris Baed éhasgaratpithe gasnhasedomn ton
e e e o

density V& uempbrad esl Wwoathase Radpeinatol). thiee-pBask /séwaattas rehaire aaduitions!
fraction of a total 5 oil and water flow stream nmay he cal cul ated by

adj ust i nyat\ee2Re NeiF Rpsertlies@8d Mpisally have dRrams: Wuees EhPeraiadlongas t he
correspopgi; : f e o | A4y be
conver f et Ince BF ABYEced mplhelTRABLANY, Sepafit BY Hho IpEGEGT

r espect i vatphalsastoitheirresphntive tojf, gés.tdrel wabgamirmmpenghiases. The density of

t he,pespectiv hases must be det ern}' ned from 10 actual |abor E.or%
meadtr ement s. O PHSPUEE, VERTe!r SHRASEI GHe Y A7 FCCHRY ferplr gy large
acconpl i glrfae@aked.i Thi®kudase bFeang Dent rhakd |aiNrgiJhdﬁe eXpérishieStoSpRAddat inon i s

assuned to be .conBIEe.te. _United States Patent . 5,654,502 describes a
sel f - cal FBFtain ingfataliens insludinavaisheretpraduciian platipe and subsea peaipietion
respecti I nd er L 1 t gt ory
Gonsi Ty 1EaBlatedt T oUfHClueUaRRehs SHORE T e Bt @ RPRRDGHe; MR
cont ent , medsoremenheasabilititshy compdatipacibgen ot nse dn Ignadioes Witere' fiBfacpat ent

{nefot cRea iR 18ese SaEkeGe Beralp SRRHGE (DR GRe ot Ihacew B
nmeasur enBpfain WikibHEae fiow meddlferRénfshe flow streamthat 20 is applied to

the Coriolis flowreter. U S. Patent 5,535,632 discloses nultiphase fluid
fl owst reans ofogaks flawmeters aravamass flowmetersdhateanalsa bgorarstagasairaling ch

i ncl ude e i UusH i k i L.t h
toral - achUFaRy T ekt dhgdeBshipredanadiig beTiSgta oot fiEThats i

gas- | i quie seRagAtiCUappiace iR 4 edlumdtliomeaiererhent. Murleonsd diffitoitiesfexist
relatively high gas-to-liquid ratio with accuracies of +/- 5% when the gas
car43- ovigrusing georiqligdiowmelsnia ideatify the|resgeetivemass Pereoptages et sihPas,

al ternatéggﬁ@qgié@% oRtitslefior WaLR; fraction neter, a turbine flowreter
and a densitoneter for neasuring fSI ows with relatively tow gas-to-1liquid
rati o but acclUnited Stetes Pateof Noh,020.682 teachés the Asamfeempiicaliy-getved
handling relativ hi as-t0.30.1iquid ratio but. w. resi dual s.in
the I | quraTaiRiRashBsaiedbtBed by paming sihbe st Aot fiob St s it

met er f atndRdpiHdsNBercBAtaged Widhd 9BSpétivangadTand iduidy comiporigmtd foligiie d
fl owstream and a densitoneter and turbine flowreter for neasuring the fluid
i n ¥the daerisiisometareahhe eapiningilyiderived sometations awuihen usadkinealeulaibbh@ ment

71 ovet r dAriEenagY ot $a5 e i Pefcirmacifiof UChS cRhifed BBB AT o, (T 5

f1 owst r earaaesfelinknbwh WS antdt iqlidgpe@adtdded ibdsed upbn Oa afitbot eSonbisl gas
inthe liquid flowstream of up to about_20% may be neasured. 5 U. S Patent
4, 852, 39BEAWEMERE ©f tharintalipass tow rated Fhaspmeasiions] t8e dushmpgrrentioBur i ng
the volunetric fractions of gas, oil, and water including a centrifugal
separator for conducting primry sepaggtion of gas fromthe liquid phase, a
conduit section formng a closed chanber and a piston displaceable into the
chanber to nmeasure the increase in pressure of a liquid sanple trapped in

t he chanber in 10 relation to novenent of the piston for determ ning the
resi dual has content of the liquid phase, a |liquid phase flow neter and
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29 March 2004 value that is mathematically equivalent to a val ue
representing water or oil as a percentage of a total |iquid mytNaRh 2004

i ncluding water and oil. There renains a need to provide a conpact package
for performng nultiphase fl ow neasurenments when gas is part of the flow
stream and where the 5 package does not require the use of nuclear

technol ogy to performdirect nmeasurenents on the fluid. Accordingly, it is

an aspect qﬁeweﬁfcma%.er@evmvm b&dbd @l sreéslre, matdml aaaderapqaarmbus that is
capabl e of perform ng nultiphase flow neasurements @? §"F{ﬁ havi ng

m xt ures offhgAEMaRRISS PERSFYE DY rﬁSPN&Uﬂ@P@%%CWFH B of

| i qui ds, W‘L%Bhﬁﬁngtﬁ@e%eto%%rlﬁﬁu%o%h@ltmaﬂ@é bI e or inmmscible. 10 SCLUTION The
present invention overconmes the problens e ou% ned an

P ool ng a Tl Dpiet s ik eatetve. b T Sakisaches Po a b tee yagio oA Bt oes not
"equi T @ gTajalhg SARIo10s Rl ABPBEIAIIaARAbY 4jSsihlg thiimept adaasisbmaamt er i o

in order to determ ne ensity of the phase co ents. fi%l tionally)

the test sylowgaiersr \éﬁﬁeﬁtwﬁ’éﬁ%ﬁ@ﬁﬁﬁrq%f&ﬁ@%@%ﬁﬁ % flow rgjps o derive
fromthe |iDelBhiad) Al SOLHbARRS Ay B cSrRAHEE D UBERLIR A L T est

systemin accordance wt I's 1nvention has two nodes of operation. The
test syst emiidfieg heasazslow ﬂ@éﬁrfﬁﬁlhe\/\@ﬁpefﬂ@‘@@héﬁﬁW?@eﬁﬂ%‘ﬂr €the vol une of

respective rECRIBAR =Sl Nthe BLGsi n@%?ﬂékgseémerﬁhasmgmet@wm fom20

nanmely, a we pr oduc tron materital 1ncluding oil. gas, and water
phases.10Thactel Ilabcuresiry meeseemento Tes'287 spieet WlicHupR) %%Pad%tt%‘r m nati on node

Lhat avol dg | B6REGG I AnBRlPidbaRARf o7 2ER ke Bk tibRiqRIdRdad fran 1 ui ds f or

density neasuremne en5|ty measur enents obtai ned fromthe well
t est syst eseparetiocros @sacved &t ke edrapleteabor at ory neasurenents because the

material s WEZQH eﬁid?f% fes!Pdtént 4R, GHEAL 5d2qge%§rlg$hea ¥8l-balbffingsioss al so

I ncl udes devic Séparate a conb | owst ream i nc] udi ng nul tiphase-
wel | head ptfloﬁuetarmtusass d separetor & phisin reseetive Ak AN walenden§iy manifold is

used t eI ect | v as oggoé’e%rtE?é%c?gtB?é%r%ﬁyWetagurte%npa* ogweth froma

smgle arator 1s u to'retain a mxture of oil, 30
gas, and vva-ﬁ@surphmmsarbroonentaﬁﬁmmﬁewmﬂt@tmblpbl%fﬁéai’r%?‘?:é‘éad"fa%"r%Hh ty

Seqr eaat & L heng: GUTIEN el sbs RELhDRRE AOLCL saPa Blor WemnAchimorsl ve 1S

opened to AR PATL1E fain t nponents of the production
conponent maﬂuusetrefweﬁm thlrmjgynrtheme}ersep@da@%i"o’fé%@ra BephaUsNI® of the

respective co ul% Bhased E}FW mea%fg anth%nS| %s(r‘gglpghlcgtﬁé aet-esm thay be

oper at ed |Hr°a\’ Yoneter node. These nmeters are
used t Qonmeasappied toethsesiolid towmetees of the

U.S. Patent 5,535,632 discloses multiphase fluid flowstreams of gas, oil,

and water that are measured by flowmeters which include an embodiment using a
turbine flowmeter and a densitometer with total accuracy in the range of +/- 15%,
and an embodiment using a gas-liquid separator and a Coriolis flowmeter for

25  flowstreams of a relatively high gas-to-liquid ratio with accuracies of +/- 5% when
the gas carry-over in the liquid flowstream is less than about 5%. A second
alternative embodiment includes a water fraction meter, a turbine flowmeter and a
densitometer for measuring flows with relatively low gas-to-liquid ratio but accurate
measure of the water fraction. A meter capable of handling relatively high gas-to-

30  liquid ratio but with residual gas in the liquid flowstream of less than 5% includes a
separator, a Coriolis meter for measuring the liquid density and mass flow rate in
the liquid flowstream and a densitometer and turbine flowmeter for measuring the

fluid in the gas flowstream leaving the separator. A fourth aiternate embodiment

3




respective oil and water conponents as the [
y | eave the respe
(s:gparators Density measurenents are obtained fromthe segrg;isgvggqa& I
m{rre)(r)ngmsrg;d?nnul t:cp[lﬁse flow A water cut nmonitor is used to obt glzr?M
gs o e segregated oil phase. Altogeth f
tenperature, mass flow rate, and water c - i e
: : : _ t measurenents are d
calculate a volunetric flow rate for thu' *on th
e oil and water ph '
al ¢ : . phases in the
Por ;Jﬁte i 82lmzj%itggglmrgmesﬂfowg@%decpgl g%ﬁlﬁ@tﬁeﬁr:‘tﬂﬂ bathnfinvestragme fetvingcthecul at i on
n pr
E ﬁ: t t 2 ; [ or separetoahsha miatdrfiagben Bieterdh H?é’c'tqluﬁgf %%@ﬁ‘sn@ﬁgrg &%’ée s@lurlrrlcr:rgt { IoC
Subst ant | 2 SeBE e When The o sy
_ ure even en the sepa
val ve i s pefayidtetmeapufédow of |iquids fromw thin the test sgp;?;?:)rduge

aspect of the | DUepLi i, 4eTRGh ShRIIRIMAGIRelaId tawimegsuingdiptemse 15 | ow

measur enent s i ow environnments | ud

sai d getngo@ormmmgmmmﬁa@wcﬁn@&gé o by wiler elRGs A0fiBeRes Pl ow
o oy S bR EAESh, ARl gos e iaamteents ik
conmponent ; sg&iohdoehimed hmdedbehargberhmfh%pﬁhnz(&?f#ag%g t"ﬁ@ h?ﬁnbgdet erm ni ng

o or Ly | RSP O PR T RS At P T om 9ot e -3

st ant
then: 3 d$é|§tl’d’ﬁtalnﬁtgrea:\ewabﬁhe(plﬁtDlDfOl’Sjﬁtedeﬁ]grdggtrésr &'?ﬁﬁf“ﬂcg ) tﬁgd %

det erm ni n ns t | j
Foorm o  SaaP5rok g pERLREE M:;ié%ﬂ#rﬂggmmmﬁz?m:.ﬂy
Seleirbinerod ™

l'i qui d CO%@E@@&rahﬁnﬁe”uw ’mrcn@haa sempletof therliayisg Rhase|to

Preferably, t t hod f
density of Velamtrwaffaé?"% ?88andﬂhE?§LUIH @ﬁa%e@r??ﬁnbggggﬁé:fgﬂgl ﬁg sai d
8

density of sSabgh ue8s avo am:rm@hueas for sedagunieg e reigioway) S
gdragsmnEgsly. t f ;
ma t y of said
Jorl \é ! Id u t%(r)ergs)grré%%tf theohqunc} Eﬁé@qu BfbSredRBHah¥mekiviptdhdirigs esaponent .

eren
way of determining the residual gas content in the liquid phase. A method for

measuring the residual gas content takes into consideration an increase in

pressure in the sample of liquid being measured including elastic stretch of the

measuring vessel as a result of the pressure increase, and compressibility of the

20 liquid phase.
Even three phase separation equipment does not necessarily provide
complete separation of the oil phase from the water phase. Water cut probes are

used to measure water content in the segregated oil phase because a residual

p to about ten percent typically remains in the visibly segregated
is used to describe the water content of a

water content of u
25  oil component. The term 'water cut’

multiphase mixture, and is most often applied to a ratio that represents a

relationship between a volume of oil and a volume of water in an oil and water

mixture. According to the most conventional usage of the term 'water cut', well
ould have a 95% water cut when water comprises 95 out of a
is sometimes also

production fluids w
30 {otal 100 barrels of oil and water liquids. The term 'water cut'

used to indicate a ratio of the total volume of oil produced to the total volume of

water produced. A term 'oil cut’ could imply the oil volume divided by the combined

oil and water volume. As defined herein, the term ‘water cul’ encompasses any
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Preferably, the nethod further conprises the step of capturing a sanple of
5 said water conponent using a water trap. Preferably, the stew ohrch 2004
determ ning a density of said water conponent conprises the step of
measuring said density of said water conponent from said sanple using a
hydronmeter. Preferably, the step of separating an incom ng nultiphase flow
conprises 10 the step of separating said incomng nultiphase flowinto said
maj ority liquid conmponent and said majorit as_co; O orbHid3c @ vort ex
separ at or yalge e iabbihentaticaliytagyiveterd & %P’ﬁ%“éir%ﬂe??&@gi% rra?rori ty liquid
conmponent incl udes_entrain CihSRaterantoll ating a drive gain of
HarepIQfmiRT IRIRS

sai d Cori GeIENAGH etermning if said dri inis less than
a threshol d vaiwge ré@nehsratsey to pryidsa %ﬁ?@Pgﬂ@Fég?ﬁenﬁoﬁééee{l&V\ng@er cut of said

majority |iquid component ' ASpHTt Hihs Abw sireérrarsiivhersithyy a
micr omve-@gwsﬁgg}‘)’ﬂ?a.suﬁﬁg e% g@lgﬁ;??gt h%g tﬁg OE?r d%o‘?ﬁnr@i%icf‘g a water cut
of sai ¢ MBixekddeyddels Mt tbaobertunene OlARET LREENTEEY PHG Sai vvatt_er tht usi ng
a infrared-based nmonitqgr. 2 rabl ¥is drhespeer tbé poesest invenlted 18ai d wat er
cut of saifﬂeﬁﬁéﬂf%??ﬁtﬁ/of‘ﬁtﬁﬁ”dg'cg%%%%égg' ’Zorrpri sp%s measur HESQ%‘Q wat er cut
using a caparéd nkemaasecpranittoinat iragpablg st periefung e o getérm' ni ng said
wat er cut of said nmajori | auld ¢ eR4s Sefuices ImBagidsyFigMSai d wat er
cut using laeﬁ%iﬁr@ﬁfﬁﬁﬁbﬁyﬁ%%%ﬁ%rﬁdpgr?@rggfgrab[q%/, tgjﬁ ”ﬁmgcigwt her

conpri ses fhe ShieRra of i3bidef wiestharethesermitygs S5 &' 5Pty of “sai d oil
conponent, nedasuring a flow rate o%oﬁ_qjﬁogil conponent based on said

densi t¥0 of said oil conponent, wherein said majori tr | i ﬂijédda&q' nent
includes sai d efpAidapding@stionAvatduenesetbp SEIYRS et afeR S on cgﬁgri ses a
mul ti phase flow nmeasur ement system.f Jdiem Mbidh goesset Feauive
measur enenprevidingfal fally %ﬁ%“?f?ﬁn% oﬁs—é;sgéc}]@l@%eﬁ?.a li quj ?pr}gélet?and a gas
phase, sai d mul tLRRRAKEo hisratepstatesient the psadtivtied M5 & " BI27 y 29 March
2004 a separator configured to, separ [ oy He téghpsemf | ow into a
maj ority | defeinine tegsnesiy o P2 f%'?‘b?@qusésgg%rrponént sal d_aj ekht

i quid, gor’r@%ﬁ&%s COURIL & sasuramearercseh detivesiitm atF H9=hPonent; a
Coriolis frowreter configured to receive said majority |iquid conponent 5
and det er njaeataedenedinr§s58fSsai d majority |iquid _corrgo ent. .and:. a water cut
moni tor conf i guf &dy {2t 5RES Weasirdhrajvoii thip inveqtipyh %R%W@H? andﬂhdet ernm ne
a water cut of sard mgjority ligquid co nent,. it dydidintto pleeserd hew

nmeasur emenbpagtare m ecteppYEIFN %Efq'éhszaesoé’rﬁ(grﬁ%éhggﬁyr ol | er contfrin?(wrgd to
cormuni cat g i 3al d RN domtdonehisaatere sen@ateddrasa A FWRCEF Ut noni t or

det ermi ne FPYRI% TE oty Ii,gui d comonent. grir@gy,qm \ater phased. gas) and i f
sai d ngpor nbmelyi guiethassrRIBAHEHCN M2 SUSTant 1al I'y free B&ogn sai d.gnt rai ned
gas, then Sak‘{' S?Qr%térﬂlaks%rhaissa §wctéﬂﬁEn$iWrﬁeit3JW'@i'°9(5”‘19re Bl M vat er cut
and said d&f i%y 5t°'sai d maj or i tf¥ | i q i&iogql@mr}gp@eﬁsﬂyd&iaeummta density
of said oi heedpananthand samples of the prodl

On site density measurements obtained from the well test system are more

ial i d at line
accurate than laboratory measurements because the material is measure

25 conditions.
The well test system also include
phase wellhead production fluids into separate

Il a vortex separator with the

s devices that separate a combined

flowstream including multi
ents. A valve manifold is used to selectively fi !
avity separator is used to retain a mixture of oil,

e wells while the forces of gravity segregate
at least

compon
production from a single well. Agr

30 gas, and water phases from multipl ’
s from the production mixture. A dump valve 1s opened to

omponent
o onent mixture from the

partially drain the liquid components of the production comp

gravity separator after separation of the respective components.
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15 Preferably, said controller is further configured to; receive a density
of said water conponent; and process said density of said watejy QrRY08at .
said water cut, and said density of said majority liquid conponent to
determ ne said density of said oil conponent. 20 Preferably, the nultiphase
fl ow measurenment system further conprises a water trap configured to
receive said mgjority liquid conponent and capture a sanple of said wat er
component . Pr ef 3By norReiefathLy BOBBErcE M dTRRSY HEWRBIer Sigeiidf ur t her
conprises a hydronmeter contigured t eterm ne said density of sa\;g wat er
conponent f demit@Betanddsalpbss metess erausad todneapUsR BBy IMoiRiRY Fdiea
vortex separator. Pref I I i Q) b8l HRti8EfEcN@Ssddarsatsd majority
liquid conp'@ﬁ%%ctnv? H'&Fﬂ%&g%sr}aé%nﬁgh ?tggﬁedéygasveby beiﬁr_.lgg furtﬂ;ler onfi gured
to: cal cul aDensily thdageregaints ak abégitedCionghe segERISEIHCOMRRAEED et er i ne i f
said driye gajn is |ess,th | dRain RF=8d ri Bk aMingS @F thanat er  cut
noni t or %on‘gfj‘t'gféasseaﬂol"ﬁ‘cﬁ’8’\?&\?5%@?@ %lrj]?etaglr% Paflgferably, sad water out
moni t or  congygrapedadil pfsearddgithse duiduiensity, terPpemiiranngss i @6 cut
moni tor conprises a capacitiye- ' Rhtric flonlraMiof he28iP4nd

Pref er abl y, W3SF R et eé"Lﬁntt?T%%’l %?qgggn%?eagééésv%_resicsta_nrge- based rmoni tor.
Pref er abl y, watai shazesir tklpesdiction airedrer TosrHormgaHietrasytnipaTPE IFXJW rate of
said oil conponent based on said ity of said oil conponent, wherein

sai d naj ori%gjfcq'q?'aﬂif?fé}gﬁl"rﬁiiiﬁ‘gﬁ{c cf"nﬁéwu%%% said entrained gas. 5 Qther salient
feat uregy obj ectspretditbdosivoatiiragets, vollihetie tegsaroenaretaisa MBWBIZRPY ed in t he

art upon a reading of the discussion,bgl i i [ ki he
acconpanyi n@”ﬂ?@iﬂgr‘?g%@swg‘%gﬁﬁ%ﬁ’ﬁ %Qq%‘—l éﬁﬁé%{;{%h%@%ﬁ‘&&%{ gepi cts a
schemati ¢ | aymidtis 0bediv Maintima edbstehtally esnstapisaparatoroestiuig even wheR he
present invention;

FI.GS. 2A and 2B depi ct f. e T=Ye 'ning
t he operati®f Sﬁ?ar?i?édF‘I“&"a@eéi/B?rg?ﬁtm&fﬁa" °§ﬁ9%'hg¥¥8ﬁg't@i m(‘)rll 91?33%%%?%(2{ dat a
denonst r at :c n]gl t\;\m;ﬁe?séégﬂidi&iec;!gﬁéfﬁfbh$0ﬂpfi§asamb@@9f Iaﬁﬁoth‘ﬂéTfoZ'é'_é-jBféﬁﬁ?yl t ' f
response o owtubes in a Corialis flo re ot o
hypot het? caffowaeasUHBar g fip EPQTW%%%%E&%@% é%sgeaqgaal‘ %éiﬁlgas?i’ me for
SO PT1 O B BB NENT LG, .1 demict o a scbosmite. di ag

. { . ep i agram

of a conpact nuFERHAEEEAT NGYNINELE }'%ﬁtfﬁwgpe?nmlc J&@rﬁduée i n thgn

pet r ol eum i PASEiEYGasRHipRALADSaill Medjtite siq@id cBB ponemtmomprising e ywHase flow | ine
102 that discharges into a verti cgl two phase vortex separator 104. in turn
t he vortex @éﬁ’é’r“ﬁ'ﬂtcﬁ”dlmo"cﬁ%%tea S gas into an upper gas neasurenent flow

line 10& and di gghaf&RSd béifly chsratrtigediby theesteps ofti d nmeasur enent
determining if said majority liquid component includes entrained gas;

and
if said majority liquid component is substantially free from said

entrained gas, then: ,
25 determining a water cut of said majority liquid component;
determining a density of said majority liquid component using a
Coriolis flowmeter; and
processing said water cut and said density of said majority
liquid cormnponent to determine a density of said oil component.
30 Preferably, the method further comprises the steps of:

determining a density of said water component; and
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flow line 108. The gas neasurenent flow |line 106 and the |iquid neasurenent
flow line 108 reconbine into discharge line 110 after flow mw%&
have been 514 29 March 2004 perforned. A controller 112 includes a
central processor together with associated circuitry for operating the
respective conponents of system 100. The system 100 is nmounted on skid
structure 114 for portability) and a production manifold 116 supplies

mul ti phase fluids to system 100 froma plurality,of. oi g | s.

Di scharge flaw PIasessing §gjd 0gagy §f ald ‘?’ﬂgre%or%@s%‘t‘ﬁra (')Og\{vfj?:tfe ?éuﬁ' %gdp%\ggt or 118
for separatifginphf GRSmajahaQuURNEbriidnephiasizserpinesaid deasifyaifseidsfil commer ci al
sale. The incomng nultiphase flow |line 102 receives nultiphase fluids

i ncl udi ng cioMPogast. and wat er from production manifold 116 al ong the
direction of ar P%r]a%gr-, A MERbY FirtHee cbinpAseARe stdd dfzmpturing awapl&abwn
Bernouli effect to reduce pressure in the 10 i ncom ng nmultiphase fl uids

wi t hi n 3 owaid wetengzmpenanhBsipg A Y& IR he venturi. It is preferred that the
degree of pressutg. oAUt 98h SCsiEmififga depigiR) ofdid Watppompomaties t he

internal working pressure wthin the |rquid Coriolis neter Thi s
reduct i on igenprieesinesten @‘eﬁm%naﬁaﬂld&é‘%@éﬁg%%‘; WF‘E&CPWQC’ ﬂtﬂfﬁ%ﬁh%%'ﬁ f1 ui ds
within flo I I i ne/decline section 124 facilitates gravity
segregati o%awﬁﬁéig)%gsh@grﬁ Iquui d phases .15 of the_ nultiphase ];T.nl%éj. ds
precedi ng t he véEraferablyephgrserod! Sfﬂyératﬂgl?@r’i‘%’?if’ﬁlm“gti'é%ﬁﬁﬂ ¥ CBINER n%_ 126
feeds t Vtﬁé tsféé o??@ﬁér@firgf Fl@ﬁ'mo%ﬁdrﬁ?ﬁltiﬁ%fﬁi@fntd%d ndajatepiigtied in

m dsectional “Vview {0 reveal 1nterior working conponents. Horizontal

di schar ge edopenentia@ said opisribtgas ¥ONEBHEING 8 VORSHFAFAT'ST di scharge into
the oyl i ndrical o LG Ol SEOAEAIdOhiARGHIAR MEIOMM IRk coppmahtincllods Thi s
20 manner of di sceharg 'causes a tornadd or cyclone effect to occur in a

| i qui d por téntmaink@@asfcomplisésphase fluids within vortex separator 104. The
liquid portion 128 i J, 0L 1 LW o @sintReldndi ng discrete water,
oil, and entrai ﬁ%ﬁu%i[lga%ﬁg‘léeeéé"ﬁ éfe%létlg:@f ugal forces arising fromthe cyclone
ef fect 1muse addeterminig isemihdes gain ofleshibaa @ theasheld € phase from t he
liquid portion 12 toalt i ini I AL Ec i @F SHBEPhBERY Yiqed i m nate the
entrai ned gas p%&% rag&cg]f)jts*é Oreté;ﬁ”\}@ %S‘){%W flow rat eﬁé iér(?n' ttin

addi ti onal @r@ishént coagrieamirieesurivig saikwaler eui yRinD g AUCTRNAYEPASATMPIE d
portion 128 di S@F%r S LMLV I 8EmiaRaLatRsr dA%t EA by liqwai d
measurenent flo Ef?'%gyl .SE%P vvac[eer r@rag 130 is installed In the | ower
portion of seidoruntseparatomeasingRaiswaleaguiEnh® INfleeRf-Paeditai P per i odi ¢
wat er density asur ts, Of ; dARNSH duf ofBhiE mdidRy liglepi cted in
FIG 139y b?f%@@gﬁfg‘ﬁ P %foaﬁ%l na@ﬁ%%gl\%i tht he trap. lag)o tg rovi de wat er
density i nf@mpahémtuohmprisesitneabirtry sal®walar gakusier @ caprcitye-tasef MOHET t i phase
toget her wi th mPEIEaBb: B g iy DA Se et BT 888 MRSy RNTE 9956 March
2004 134 i SousRbehiionaits mleasuingerahwaten cofusinga rrsittanceldsed MePbndensed
formdrip back Lnto H1e lifﬁ%hd gghteggmééés%és rdsi on 132 di scharges into
t he gas measur efErierap|Yolle| o9 gt S asurenent flow line 106 jncludes a
pressurgs t r ansnifidietddnind adid deasigniftssiceeil ®mpmrentiressseeag alewrdRdi ng of
pressure within gas neasyrenent fl fi S vferdiddad th path
136. Pr ess&féa'fjrogﬁé’mppf‘%& bpsed ﬁﬁﬁa%\é&eﬁlﬁ&gﬁi%gdd&@gﬁﬁgrci al | ye, for exanple,

as a Model rﬁé}gﬁgmﬁlﬂa%um@ohéramdese;eid‘enjmirmimunt of Eden Prairie,

M nnesota. A tube 138 conpects. gas..ne tlikiBSaskIwink Bsr8gehot t om of
vortex separat oﬁna@araSﬂa"ﬁQOf(i‘é%'“g“Sﬂ?"éi ls?\c’ghlfléa{%%gglrrgs_tfgti c gauge 140 coupl ed 10
with a presgyed fof p@rﬁﬁrﬁrtgeﬂhullliéli?as‘edtovumeawretnﬁaﬁgmﬂpm%@'fﬁ?@%@ﬁre

i nformation concernin he hydrostatic ShoRGhBisutéfierd t hi n gas
measur etfentNEYYe gfgﬁsea‘ﬂ'éﬂf)g?%f’ {iséf%gg?q?ﬁgfs%%ttgm of vortex separator
104. Path ]ﬁ&eﬁﬂﬂjﬁﬂﬂ{s&gt he pressure transmtter 142 with controller 112,

whi ch uses the hydrostatic head data from pressure transmtter 142 to open
and close electrically operable throttling val ves 150
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15 and 174 for pressure adjustnment assuring proper operation of vortex
separator 104, i.e., to prevent vortex separator from becom ngoayaichaoba
with gas to the point where gas portion 132 discharges into liquid
measurenent flow line 108 or to the point where liquid portion 128

di scharges into gas neasurenent flow |line 106. Paths 152 and 176 operably
connect controller 112 with the throttling valves 150 and 174, which may,

for 20 exanple, besgutshasFdurst MRdphrat? 80 HBMASEOpatssetovd M Fi sher  of
Marshall Town, lowa. A Coriolis mass fl owreter 153 i n.gas rre@surerrent fl ow
r%ar’r%ﬁlaéor\‘tﬁ‘

line 106 pr RAIARSIGHESOTPIREY D€ 24RRICUKFEF CHMRRAEN M'bas portion

132 of a chEﬁn?@ﬁeﬁﬁ‘ chhhighdatWiter @aspdrenssHeaenl cbhpment,ne 106. The
Coriolis nmass

| oweter 154 is coupled 25 with a flow transnmitter 156 for
orovi di ng i gnal 3CPaBidista A EUES e ke eI DB NGHY GITRSTer 2.
Coriol i s5f| QuiBLRimikas dehsh) BESI@RIAGHY g i@bdmpsied drar oper ations
i ncl udi ng neasurenents of nass flow rates, densi tl_es&éan t enper at ur es of

material s passi ryweler 6WgRORES cREl@iRE IisEeive said Maierity fauid EREWISNEPY A r s of
Coriolis flquagt i nel t i bsef#MF300356NU and Mbdel 30
CMF300H551 %U, mﬁ%gﬁ%&%yﬁ%ﬁ%ﬁmﬁ%%ﬁﬁﬂ%@?@ N?)ti n of PBoul der, Col orado.
Path 158 oper ablsgicoujipbase flawmepawement systame{icidhatasiaZef 0¥ 112 for

transm ssion of thes% cgh%'l%r%onf&;LFr@@%gdfﬁrhuﬁcét@%ihnsaﬂﬁ@omasmet f1ow
line 106 7 29 March 2004 assures positive flowin the directjon of arrow

162, thd§ peeyesid wateriont esiteTndeterming i @ hBRITbH WELITRABEFAECHEES ur ement
flowline 1?%36@02%52 aﬁﬁg%ﬂﬁ:ﬁ?@ﬁ? i@ donfntRBis GRBStantRRy Fretirinm ait xer

164) which tur _ ortion 128 within liquid neasurenment flow
line 108 t oeptrainashgasytheni seid eontiseiig Aerthen cenfiqured fogypeaseispid wrter chat er, and
entrained g i i Rbibrity ik G nd o RERVInHRS BBy dr auidrat e and
density meagﬁdr Ee)grlgﬁgis“g]éf%’guﬁ%bggrllb?%@yw t?}i nliquid meagur enent flow
i ne 108, apampeegbnnected to flow transmtter 168 for transm ssion of -

signal s gepreseny | h 1 &R 170 to controller 112. 10
A wat er1éut rmnﬁ%@%’é%?@ ﬁ@%rﬁ%\%r ﬁ@glgd mgasur enment flow line 108 to
neasure the wat eeceivea ﬁanﬂiﬁ)fqlﬁsdidpfeﬁtejwmnwaﬂﬁi n |iquid measurenent flow
| arge the vt or POESF SRS RREH ol BabP boBor e ap AN RO el T, Tow
capa(t:)i tance@mgﬁaisaéd e;a{lceirt)aﬁq'tuktbgm![Jmnpéhldgﬁteléwnﬁg@'dgieﬁtéws%fy%w é Ok')fI neters
may be require re the water cut nmay exceed abou o by vol une.
Capacttance 8778l otance pobes operate on the pringiple thel oll an

wat er e dr astArefa . eltighas . s |l ose
sensitivity wth |ncreasing water Al ﬁylicﬁ‘]&f’ BhpYideaRg espluablky accurate
wat er cut n’@%gw%‘?@%ﬂg oenlyr eres%qﬁeagdva}ter vo?urrg I's I ess than about 20%
to 30% of tdwenglovbdaid vater someanentThe upper 30% accuracy limt is far bel ow

the level that i 0,obser v  ngekl E9mpexsdpl e, the
total liquid pr gsé‘?]%'ﬁbg'nﬁ\?o?ﬁﬁgméﬁ%%aéygi&%\{gﬁéﬁtg%%ﬁ 5@“%\/\/& gr. Capaci t ance
or resisti viydyorheteechbniigtred to detemmiriet smidsdensite ot said avateiicompeneghbired t o

det er mi pni ng tcpe ter cut in an oil conmponent that has a relatively | ow
wat er coht efit® ® rcially avail abl e devices that are used to neasure

wat er cut i ncl ugeef@fabheasidisapamtertonprises 3 vorteysararaice/ i nduct ance sensors,
m crowave sensors, and radio fr ency. : fdeyvice is
associated with B%QWBQB/? ol ICOW ’%?g?%ﬁ%,g%3%&‘/:1?85%@3?5%?%@%% neasure the
vol umet ri ¢ ipeudeiathentafinatadeas byi meiag Gt errdigoidd tand wat er f1l ow stream
Water cut nonitor,i deyices.in [ ' vices are capable of 30
det ecti ng mterc?'ﬁlﬂgﬁ‘?ﬁj%ﬂveﬁlq SF%%%E{&ggane unggggqgercent of the flow

m Xt ur e30 but i ndelewhinenfeid ériviengdindi legs thhn edhiglhsld vellew are subject to
interpreting gag content .as oil_. . This i I LBR29SBUES hemasse

ni crowave det ec?feg rab@v?ad‘ggvaoeﬁé:rué gng%h‘t%h%n%%%?%@eat%at water in the
spectrum of i nt Predstblbsaid batesicut snonitoremmpises an dfoveeskased monitor.

Preferably, said water cut monitor comprises a capacitive-based monitor.
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29 March 2004 energy than does crude oil. The absorption cal cul ati ons
assune is that no natural gas is present, but natural gas absgpbgartN2O® as
much m crowave radi ati on than does crude oil. It follows that a m crowave
wat er cut detection systemcould correct the water cut readi ng by
conpensating for the fact that gas in the mxture has affected the 5
measurenent. Path 173 operably connects water cut nonitor 172 with

control l er 112. pfgantkig) daaf waik? cusiesnitsr coheeises 8 addistammethaxeddnenitovay val ve

174 to control pressure in |iqyid surenent | ine i 1 hat
assures proper @&FQP’VO??'%?OW%’H?%?q&@ﬁfﬁfqﬁ?wiﬁk Wﬁ&%g%sglrogvt %Bﬁng?'ﬁ val ve
150, i.e., ofabMmBodeit bhSelBeaad densincofasathit corforene wheteigasidpoajorih 132
fromdi scharging into |liqujd neasurenent flow line 108 and to prevent

li quid por figgd CT@BOWFBPH%@EEQWQ‘?"E@”?%{] Sgas measurement flow |ine 106.
Path 17§ oper abhiref QARACIBtEE, \0Bjckld antdtdvetagehil de abparenitetioske val ve 178

in liquid nmeasurement flowline 1 assures positive flow in.the.direction
of arrow 18Wlled ke Bﬁép@h?if%d"i‘%f’%‘?i %FUB?“’@ES%BHPPP@ ‘”fg%'l’ g’ﬁtbgﬁ?he l'i quid
measur ement,. £ .QwrhinR&irddfgs. The 15 gas neasurement flow line 106 neets in a
Twth liqud nmeasurenent flow line 108 to f%r[%gwmg’gon di scharge fl ow
line 110 leading to proBREF HFESERETIPNORTH! er 112 is an

aut omat i on Sys"ﬁ@.fﬁ\?ﬁictgésb'ﬁéﬁlaﬁcﬂaﬁﬂ}(%féh hitemareraites spfterapstaingd®. On a
basic level, controll'er 112 includes a conputer that is programed with
dat a ad@ui $iet preserdinyepliangr anmi ng software together with driver circuitry
and 20 interfa f oF | AiddipNhRYemhgthefoperaidnf afrthe of
controller 1120'5(3%8'{ 2@ %Bz%?éé\?/gtdéeﬁlogg&gﬁ&.di"ﬁ'he(\g%?odugti or?pnani fold 116
contai ns aFfb.ursisteny, of el ectronically operable three way valves, e.g.,
val ves 182 and d84, i ﬁg@ iting thy Seusdal effedswrges such
as an oil well ’91@636%'\@3&’835 B}M%QS&QiB%?rB???UI gr_ly@gref rred th?ee way 25
val ve for dsmping ontihe fragysincy sespense of flewtuResina Forets TREMEITARNAce/ 316 wel |
swi t chi BY val ve- i 4y I%Tﬁga&%/@i?c%?d&sfs%&%-theﬂ'é%ti&r@dh\'/gﬂﬁetﬁé@q pried gaibl y
confng ed to each recerve production fluidsS froma correspondi ng

i ndi vi dual ametitne firen evept where a serdient DypblgRNSB R GRS BOYTGHRS of wel | s.
Controller 112 i } BOmMWENTtI ng signal s
over path 190. ?@%‘F@grkpgégaggi%%&yeﬁgcﬁﬁg 5‘&%5@95?% to flow nultiphase
fluids froma vl ‘188epints canbpihemationsliagramepf s2 (@.WECWPQPH%%B% 188)
info rail 192 for deliver i I Watetal) WoTo] nPimasec deyan i ne 102
whi | e ot hefSF8YTEE" sryé&g?e?(%ég{olrg%%bqﬁghgfrgﬁlﬁ@g@gﬂgyg%gmsyst em 100 by

f 1 owi ngot hmesamgbyipitisisask! fow liriend02 St dischames \rie ehvertinh M pHEE VEHE™
separator 11 B s npect ed,_ t r ) ine8n Reblr §96 for
transni ssi B?Paé?tors?@tﬁaﬁgtufnoq%eog?r?%{?@%@ié'.i@gglggﬁ%r %Sr é%?g&?s oaﬁe)r a%l

connect ed wiebburamgasfiaalies 106 ard dischaiges dalies inte Adowaidiguld BERTUTRALE

di scharge Lin n epicted i I . e I réeReflowknown t o
t hose ski }'%ﬁﬁ‘*ﬁeﬂ?ﬁ as 'ge?i)dg?Efﬁofh&%yﬁ%}@%ﬁ%g\ge%GS. 2A and 28 depi ct
a schemat i ghedtaEressmbinagrtaxisohamepinedd§s PR oy massaeantshbPERRS™| | ogi ¢
for use in progranm ng controller 112. These instructions typically reside
in an electronic nenory or an electronic storage device for access and use
by controller 112, Instructions that enbody the process P200 can be stored
on 10 any nmachi ne readable nmediumfor retrieval) interpretati on and
execution by controller 112 or simlar devices that are connected to system
100 in any operable manner. Process P200 begins with step P202 in which
controller 112 determnes that it is proper to enter a production test
node. Wth regard to FIG 1, this neans that controller 112 selectively
configures the valves 182 and 184 of production manifold 15 116 to flow a
wel | or an operator-sel ected conbinations of wells corresponding to
production sources 186 and 188 through rail 192 and into incom ng

mul ti phase flow line 102. This determ nation is usually perfornmed on the
basis of atinme delay, e.g., to test each well at |east once per week. The
test made nay al so be perforned on a continuous basis with the respective
val ves of production manifold 116 al ways being 20 selectively configured to
flow into system 100 white other val vé& are configured to bypass system 100
t hrough bypass |line 194. These types of well test neasurenents




are conventionally used in allocating, on a deliverability basis, the
percentages of the total flow streamthat pass through productio0agRReOAL OF
118 to specific production sources, e.g., sources 186 and 188. 25 Manually
actuated val ves 196 and 197 can be opened and dosed for selective isolation
of system 100, i.e., valves 196 and 197 can both be cl osed for the renoval

of all conponents that are nounted on skid 114. An el ectrical I,é-act uat ed
val ve 199peromogdralA gonlrelssd, 12Anshidead eentraldumegntobignaiber wiB asggciated

interior §, I . | t | ve
1991 s opeiefurpaibheraioBEiiE dmpaithisds pURRSR, FOKE! FHE SREIaIF00 10
P204 w t hmeantgdbh ekidkt@ictarastini fot hogasilityppadiangodakties radifcad 16 84pples
reduce or increase the total flow rate th_oug?h_vortex separator 104 for the
purpose ofulmhaseivigs igaysiaiPPilm a pﬂm&ﬁfé@ PﬂW%SM‘E-S‘@&&%B@?J!%"%e

total 510 14q l%%dF!gt'rS %Egge%gpg?lééggévoa%ﬁoﬁ %;géglﬁ{br%%t f%?‘sé@?rémﬁﬂowés. Rexdragiced

because control n val ve to permt ow t hrough interior
bypass 198 piasesraattofd point af eomemeroidt salgon t he physical vol une of the

t t d liquid. t Line 108 Ll .as the .
hount of 11 ui the frennd Faduie o ba e eeR oSS s ik as ol
system 1085 HHY RRtSrorfRi prog %mﬁqmy H%’aﬂéﬁ%ﬁ@r&@iﬁy&gﬁbmﬂ.smo

el i m nat € entrai ned buobbl es fromliquid neasurenent flow |ine 108 through
t he use ofenporsextice)a?2 atiizes 0w well knawsiBrranuk ebfechiaredycs ppssyer inohe

whilg~the fl te.i.s still. high h t t  al it
vy S0t RO M e WY ARl R0 GG RGPS Bl Y
possi bl e prefafaPii i dssvRelalpte ury réRiBloAIR carP T 81éaH wiiich Appeadmatesse
fromthe liquid phase by increasing the flowrate with separation bei n_gl I
er

e
acconpl i shedntgynaleverkinourrgsseier wibkinthe diayid Gorobk meta §6or This Jedugdion,i
112 nonit dr i j ' Y fr L0k S f €kn 166
for this HEspyeqtalts elndt ol iith) Ine Miuhifel MRS w202 Mo ©;
i s a pl otindindiyesineetectioh 124 faciltetasgwavay segreghiopiratia gas asf figeidphakegas

danpjng o he freguengcy. response of flow ubes in riolis fl.o ter
Toa 1A Ttk b asS ik grecsig Tie vore sovaety 148, Robodipla SSHRRET o,
of the fré&hﬁ%ﬂ?m@f{eé’déﬁfé\ﬁidé&%éﬁﬁrﬁt@g%ﬁpm-‘i ed to the drive coil of
Coriolis flowreter 166, e at frequencies fo, f" and f2. The

transm ssi vi t Wordex &epa,raf@iqg'a# is depictedtimmidsgctipaabyiepl towereativtesier workng | ded

by the drj ' s kg T ] ' tn. (1
e | el Hpugont fiski bR HAE 158 lonerbiloniindd fdfingett L0
syst em ofdigshsagé oo thelcylindricgl intehior g@sarationsestion of vottére séparatbridkddn g his
nmeasyred. A secaond curve 302 corresponds to a anPed system ere.‘g_.afzés
pre t erﬁ%amwsg@grﬂ%@rﬁc@ﬁpi ¢t to occur in a liguid porti

of multiphase fluids within vortex separator 104.

The liquid portion 128 is a majority liquid phase including discrete water, olil,
and entrained gas phases. Centrifugal forces arising from the cycione effect cause
additional separation of the entrained gas phase from the liquid portion 128, but itis

25 not possible to completely eliminate the entrained gas phase except at relatively low
flow rates permitting additional gravity segregation of the entrained gas phase. The
liquid portion 128 discharges from vortex separator 104 into the liquid measurement
flowline 108. Awatertrap 130 is installed in the lower portion of vortex separator 104.
This trap may be bled to obtain periodic water density measurements, or a water

30  density meter (not depicted in FiG. 1) may be installed in combination with the trap
130 to provide water density information to controlier 112.

A gas portion 132 of the multiphase fluids within vortex separator is a majority

gas phase including gas together with mists of oil and water. A mist collecting screen

F




25 val.ue 304 and 304', respectively, at the natural frequency f~. FIG 4 is
a plot of hypothetical data showi ng the relationship between %iwf%c%béh and
time for an event 40D where a transient bubble enters the Cori'olls
flowmmeter 166 as a bubble entrained in a nultiphase fluid. The bubble
enters at tine 402 and exits at tine 404. Drive gain is expressed as a
percentage in FIG 4, and plotted as a 30 function of tinme at intervals, °
e.g., t,, tz, and t3. Controller 112 (see also FIG 1 i rogr dto
moni t or dr i8¢ igased for petialreptersalipp pf fﬁﬁ%afgfcgd” PW%‘&%@"%@'&‘ s%gg%l 29
March 2004 a,. .t val 406. \Where the drive gain or transm ssivity of
curve 408 é@géﬁ%gﬁ?ﬁbgg%gﬂgéy%, controller 112 reco niﬂzes.thﬁé6 density
neasur enent s ar GaaffasigretBdiseharopy dde dbe 98F MG3HE BioBEe e ThES,
Goriolis fl INGIRRES blesk@eUpsnsoRtar TEiHabeansnity@ngai n s
iy Tt

| ess than t pur poses of step P206. 5 Th fxaﬁt I@ﬁeth of

t hr esholsd 4@8okieperedsunepeading of Sseesure Wikhin 8ps d@:%ﬁsg'FP”ﬂ%‘gef e " he

i ntended enyi ity i prhodREdeshdnatteen 86 t mbpsise thuachased to two
per cent gasc%’g}’&vg?ﬁrze%w ?ﬁteh ?rg?ti gjf{ase fluid. In operati n% Cori ol {'esf
nmeters, it dosnrodrtially,forexemple, ahaMadeb2(RENessue SRPHBECHIYPS PR PR se

proportion the ever a8 AN Ukdn dritBne 4 36 Thith thet er s
are 10 sone'%é)ei’?e@raw ogmgﬁégtg‘ %turggﬁlsscesﬁo\k?ﬁgé%r%op in gnpl_i tude,1ﬁ§nd tigsy
desi gn

respond by patbmadfivadeasepasatod 10t i Tabed@8lcoptpinga AYfsPelif@use e ePHY
specificatiaop until the | L Lasskornyiition ceptdrnieyl er 112
openi ngmand'f'g?a %'Ff')%‘lrﬁgaﬁ}%ﬁ\ﬁ/%rg&%’%ﬂgsﬁﬁﬁ%%ﬁérﬂllrt]ttﬁlglpe%éﬁe drive ain é |-I I 5 bel ow
t hreshol d 406 hiydrottatic naammtv»des@pirbéé4fvdthirsg%qom§w?m§ﬂbﬁ°vgﬂﬁ)%1 é Pﬁu udes
Coriolis flowreter 166, measuti ' t H A8 lcHnidtas gavhreboue

ent r ai ned d%?é“.t 111ﬁia§jﬂa%ﬁg-qng,0¥my§rg%>?g iﬁi@%h%@hﬁg;&;ge res?W:r}[}a rt?ergsi ty of
the |iquid tpresstdramiongitnzogtasiiev of 1@s whigh siseleie fydy RNt P Y Bf erred
to as p~ in the djscussio el ow, ' [ inhealesssby of a
liquid ni xtai?%uf%?'lﬁdﬁ“ﬁﬂ 13330 aRe’ %ﬁ‘f’]g'\?ug'? ﬁ%ﬁgegﬁt?faﬁg%;g%%;%%ég& As an
al t er nadg veyrddor 7Re6f resdung adjustecint 28surBngIuUoRSTEAPESALEN of M luid in
1 aui d measdr gq,”gr%},@?]iggﬁgé’s Bépér#gﬁgsééanmg%%%mlmﬁh%ae?é Repopaipbegaef the
mul ti phase &t Sis or to approxi mate densi
neasuPerrentgurmh {dhredivsrrgds iﬁﬁaipiqmid:mbgg/urdmeht/ﬂwﬂiﬁgi‘lég 61 @led%q“ﬂri%ﬁ/&f'ﬁ obt ai n
| ess preferred approximtjons of p~. | : t FRkseis2 bhd 176

sel ect i vel YiddigjPQEtes 1\?3@\'1"‘8@”?%m;%gaﬁ'?ﬁg?l%ggerr}gﬁ!}neg@@t Iﬁgt Sopt imzes

separ ?_t i 0{1_ dp%%ﬂgx @orﬂgact\b@ﬂﬁ@lbﬁr se?wrtatrmrthnmmngcaﬂfmaﬂﬁfbartdo1 TenbcASN &
et s @i do FETRSARAdE VAR BB AP SOl T B bl rshal
pressure trapgmndéLr 135 and differential pressure gauge 140. In this step,

production manifold 116 is configured.to fl WYQirR ogevel |
t est measur enen?\sQOWFtr’é@?SSfE}ﬁ”é?%{g'bflg%&g?%rﬁgsg%m%%gwswgrgﬁfﬁ; ir? this
step, as COppareW b sierRnBR0dcahinements fapngaspbiion 132 ot awitigbeSalyidst
val ves 150 and 174 in a manner that reduces.dri ' it hgubkgeshol d
406 shown iwithin] @@s meagyePRPSIoY 'l“@u{ﬂ?t :ﬁbee,sgrt' qlg rér{r%jsg?’ih{%y& i%% pﬁ%se
f1 owi ng,g hruandy Gak shit@asarerpovidingsignb@epepenting theke BATTUPMERIS]AS
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bubbl es. 29 March 2004 Step P incl f bPtion

fl owret er 1®6treler fdds u@@"‘qhﬁé"c’%’f%ﬁ ﬁégés Pfeg\f\r/%ﬁ% @h%{*@? re&h@%}e% i?t?/ liquid
phase i ncl ygingneRbERirBRdnEasmaks hbw rdtes|uedsiieasndéereperaurerolTUEE #E wel |
as the density of the majority |iquj hase, 4 hi it WH&ERet 1S
referred tcpaéé'%"ﬂﬂré’&ﬁhi%stfﬁéa%irg'@ggg% iad © ‘oI?’Sa .g‘g ‘?Sﬁﬂf{%ip P212,
control I er gliz.fgt efsd ngriddbe ey RIATEdeMsdely PoldE 30356he gard | MedRb

mul ti phase fluid. Gas densjty may cal cul ated. fr d

t enper aur EVRIANTRR{ N WaiED ﬁée M'IEBEHBW%@%FP rhg&g{nl cgn@sog &%@'mgrggaby t he
Arerican Gas Aspagi 358 Wpchamedoupies fms tgmaittey, 155 withbeerdtodety 1dRalYsi s may
provi de other enpirical corre|]atjaons, fo . i } & nosn act ual
neasur errent@”émlsﬁkoﬁdﬁ(@"&?e@é@a% A gﬁﬁktvﬁ@e%ﬁtlﬁgﬁgye%F%ﬁﬂlﬁﬁ? Anot her
alternative technique for the determ nation of gas density is to obtain an
actual density neasurenent from Coriolis flowreter 154 sinultaneously with
step P204 or in a separate step P210 whiere controller 112 selectively

adj usts valves 150 and 174 to minimze the drive gain intensity shown in
FIG 4. In sone situations, it is;also possible to assune that the gas
density remains 15 constant because the density of gas is relatively lowin
conparison to the liquid density, and the assunption of a constant gas
density may result in an acceptable |evel of error. In step P214)
controller 112 calculates a gas void fraction X~ in the liquid phase



where p tal c-PY7leas 20 (2) 7C~ paa~~ where X~, is the void fraction
representing gas void in the nmultiphase fluid flow ng through26o0ieh 26804
flowmmeter 166) i denotes successive iterations, p",~5 is the density
measur enent obtained in step P210 as descri bed above, and p~,~ is a

cal cul ated or estimated density val ue approxi mating the density of a )
mul tiphase liquid having a void 25 fraction of about X~. Equation (2) wll

be used in it 1 r - | i gth;g i I tiabhipe to
begin cal cu at?lyeg’ sog_\F/t\ﬁk/%(ﬁogﬂ?%gsﬁggﬁ%sga?gwg?@ghust or?éeddtlbgllrﬁreﬁ%gf&g_,a?{d~ from
tlgg pr ecedi pngftmt:ryﬂﬁamu:fgase'seamsemte’mlt@ & a parti cul alr production source
or an arbitrary,yv . Q. : ’ manner
of providing a Hqu)sldtm%%%ﬁigﬁ%@t?loﬁggdgﬁgéﬁ%w S)éﬁ%{%%&?rlsﬁ%mggﬁ grﬁmgg_émg/at er
cut h"eZ‘S”r etve riiquir portiovat! 28 within hauid ozasuranerthiew iive (188 gogxuetand gravily 29
Mar ¢ 4 to assune _that no gas i s S i [ £ seaf i xture
and sol Ei‘ﬁ%ffqaiﬂ” (Oé)tpff2 .6?5&?9&3 P&) wgée‘?m g@/\é?%\?\/-ﬁ]ggo@ib llﬂ)gé\%meﬁet%“i@s wat er
cut expr essfivrasten] 68 povides neasafivivsiteganceermity ungasgfervente of liguid perten| | qui d

m xture divjded by.the total vol . of. the |iqui ' r il e

density of tggt"éﬁh'r?/'fﬂuf‘ﬁ@e?ﬁudﬂf]ﬁmrﬁé@ﬁ't?gg,otaa%bd %%thlgecg%&é&glgﬁﬂstlrdt%ﬁmé ércﬂsiﬁ in the
|i quid mi xtfgr ganshissidresiglgnaisredresestiing threse nfeasurements via patb 17 Bioosiiotsdl  val ue
of aliquid rxzitxture havi ng no gas void fraction. The neasured density p", ~,
will be |est'4han p~,~ when X; is greater than zero, provided the val ues pw

?ng PO @y e corr @ckatel et Mﬁhitmmm"is imstallgaan tigyidomedureteat fie line 398 to
aboratory neasurenents that, ar rf on. s | [ OF 4

| Taui d phasBersiet i o ed el ebarn T2RH i R b oul 08 Y |

wat er densilgng t\/p_?#h utewéfayclnhmcmlnbas lﬁ;le{écfeltiompandiyigmnnhew |lzrga ez wetercot is
watertrap . ese val ue al sp _be appr oxi t t evel s
of accur acy®B§Cli e bR ibING f@aﬁfﬁa&% 985?’?@5@?1 %ﬁ?g%{‘%%fe rﬁ?%%gﬁ'%l r?'%'ntg?jlg,by t he
Aneri can Peh&:@leRsive, | HisbiHdittipeslds hatesd ey R2lqurenheld the Waer pet feyns a
calculation to determ ne

whet her the l.ast quess for pP=,= ided a
cal cul atd orex6redkabolt 05t AY YEIUFE- ERARRTGR] % "Wrﬁ%;?@cfeng Eoﬁgsvglgﬁagégj Ilﬁg has
colnvelr gfddv}iﬁnﬁiipF(éAft;FlEt g{r%Btﬁ&éﬁhéﬁﬁﬁsﬂéai@rmmr&nﬂ b?!m&k&;mﬁs.f orhege, ~ i s
cal cul at ed as: cal ci. = ~Pgact YLi t - 2 ~ ~. 1,5 th
next guess AT@espRESeEaRWH Yt gcr8§1°"ﬂ%'?"?{‘?ég%?ﬁieaggﬁr;ov’g?gﬁlg%?ﬁﬁ% THH r%%), S~
Idsf t heddegsﬂrété{r d%i mieB8urkin@His®niji Wi dté the vadter ¥dieme esTassthag abauti2AB ts3Gk e

ef i ned above. e

e i Bousnan: et e OSBRSS ISR DRI
absol utgy valpdenef framieArdyPré@iciHamsBS BBt éxagn e Negtotg litplie penduotion wligne
of an oil well can be 99% water. Capacitance or resistivity based water cut monitors,
therefore, are relegated to determining the water cut in an oil component that has a
relatively low water content.
Commercially available devices that are used to measure water cut include
25  nearinfrared sensors, capacitance/inductance sensors, microwave Sensors, and radio
frequency sensors. Each type of device is associated with operational limits. Thus, a
water cut probe can measure the volumetric percentage of water in a combined oil and
water flow stream.
Water cut monitoring devices including microwave devices are capable of
30 detecting water in amount up to about one hundred percent of the flow mixture, butin
environments including three phase flow are subjectto interpreting gas content as oil.
This interpretation occurs because microwave detection devices operate on the

principle that water in the spectrum of interest absorbs sixty times more microwave
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0.01 glcc, or approximating the limts of precision that is available from
Coriolis floweter 166, p~~ is the present value cal cul ated acy §ﬁ‘4 g% {)4)
Equation (4), and p~,~, is the old value of p~ti fromthe pri a I on
of Equation (2) that produced the X~; value corresponding to p~, ~,.

VWhere controller 112 in step P218 determ nes that there is no convergence,
t he new guess value p~,~; is substituted for the old guess value p~,~ in-
step P220, and steps P214 through P218 are repeated until convergence

exi sts. 14 enepgy thiam doesxmade dlatTdre abserpifl) ChleulabignsiAsay e is48at nenatigel g@5) we=

Pw_ Po Vmer@'ﬁpes%\ﬁp Hus nmpeﬁ Sqag %o&% fwicefadBiieh hicRvafe kadidtidn@aReddeki ty

| i qui d conpone nsity of water in said majority liquid
conponent . Crhdasylll vxhtf@}omeutlatmamrowwe wetes cybaRiGRian %Yé@lﬁ'hﬁﬁll‘iﬁ’ CPfreFH@Pe is no

gas phase ip,dne o g%g%%&%bg%{vwg%? gf%lfh@?(é’ashﬁtf%%ixﬁﬂ@héyaﬁédtéﬂ mat ed

because it & not &-r IS iTerative convergence
t echni que. maa&arraperRZMA a nore ri gorous or noniterative solution is

avai | abl e) pr OVF%ﬁ-ﬁ 12 ac%:ﬁt%ﬁ;ig%mﬁg&gqu F &t $iin #)5?"1*?? \ﬁi‘H’PQIoh?rQHé}‘Yﬂ@t er cut

meter 172 is w ere t meter tunctions wth acceptable
accuracy antbrioberi sli2arses iheiem:e'toeily aeadilegWo way valyad7 # dhcoftral REesPHER 18

cquat | ons. 1BEBSTRE BRSPS Qe e, it 3pEt Hibrt ReREhi Rriek L Te.
(7) p". 9, ~4separqm- mgqrgceeqemigonmtr{%a)lvé (5atp= vwgg}mdﬁ,@pqy@d agd cdosediifer e pw
1 ow ot bary et pe Ry o5 RY e o B ThuB s e poE R g larp 11 the
density of gréenciiun petorf 1288rah ﬂ&ahargq\gmts gah endasarenicohbow ine W6 dt@th of
e O o chA gt EoingBol bl B B 1952 Leagegelzd e agate o
i s a functipgasoferidro®tinea0s castiuest pdditae flowr IUM&]dleer:tlm af @racpwﬂéal st ype of
e o b b bl G et TR R ol R IR M el
25 (10)1 sMvhs FRGQIRBIOGTNMw I 10D n‘rﬁbetslu$at1‘rmtrrimuermeMmgntlﬂm\plm|8é ORdeer , rm
the. remmi niffg ¢ EPmEna B PsLlrabl B d0R s Boop el R Bt A g 07, 2
60, m- = 1, andcaBirslie?11HEwAtdutitBatidh) systenothghisbéd jo gx:amrrbmewlerm@nfoér qw
s system 100. On a basic level, controller 112includes a computer thatis programmed
with data acquisition and programming software together with driver circuitry and
20 interfaces for operation of remote devices. A preferred form of controller 112 is the
Fisher Model ROC364.
The production manifold 116 contains a plurality of electronically operable three
way valves, e.d., va!v.es 182 and 184, which each have correspon_ding production
sources such as an oil well 186 or a gas well 188. A particularly preferred three way
25 valve for use in this application is the Xomox TUFFLINE 037AX WCB/316 well
switching valve with a MATRYX MX200 actuater. The valves are preferably
configured to each receive production fluids from a corresponding individual well, but
may also receive production from a group of wells. Controller 112 selectively
configures these valves by transmitting signals over path 190. The valves are
30 selectively configured to flow multiphase fluids from a well 186 or combinations of
wells {e.g. welis 186 and 188) into rail 192 for delivery of fluids into incoming
multiphase flow line 102 while other valves are selectively configured to bypass

system 100 by flowing through bypass flow line 194.
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30 f 15 29 March 200
1 4 (11) = A
A) wh ) 9 = (PM~-F~)-(MI) (I~ ~
5821_' -?reMFt ge gerc)[lrs are defined above. Al)sg), ()1(2) qfsgv; (1A59 P~) - 5 9(Pt -
entails usi ng Cor | glei (S:OP?/grge{lgre i1;4atchi eved in step P218 g\tlve%%%%o'&]:
density pmPas of the mgj WTE o measure the nmass fl
maj orit as ph - owrate Orc and
154 under th jority gas phase flowing thro :
the gas voi det];!ag}tNi gon;j(l tions of step P208. St gp PZZZanSIOL::ng 'S 11 ownet er
n X~ in the majority gas phase flown thfoﬁOLVIngfor
%5 Igh gas

measur enent | i 10 ; _
esirereni |1 0¢ 105 SEfS A St mananeaoys ey e slie o poo.
ggtsgfﬁte dt ﬁrglé ibfgéﬁgggsiwmbﬂsmwftotch@tr@;ﬁrg}l?&}%&Vé)tlo%ﬁg Si%&p%ﬁﬁ%yéé&h’@&té&i th
val ue obt atithegap gl ﬁ D2as Lssfinkaldi ohtvataedistiarg | (Potdeniciad val ue
from wat er, §§‘be|§§(5)_ n step P224, the valu gf ’ ‘ﬁ‘éi”p 'S a
presence S#éggs‘m?ﬂv %ﬂeﬂiﬁ'ai 'js‘amﬁeff“ﬂ*ﬂ‘i‘?ﬂ’@tt@éﬁOsésﬁwgg&"e@e%nbwggrer{)eﬁgt t obtai ned
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wa gr Oﬂjt a; ga\cli\gl?%? ié\?gnmgr@mktea atiwnatic @ﬁc%%zgiatg%b-gﬁ%’ %" eSgéssgulﬁ‘@atjq ect
gggﬁi r ]?d trepresgniing tontra! r?qsfggf,\,ée; E{pgrggﬂéﬁ%gg@ ?ﬁt@'ﬁﬁﬁ@iﬁ@ﬂemﬂmﬁg”% ?\Bst nat
ot o1 e b s SRS
Q=0 r' X~Qse'bfepnifdie 1@,:@,&3 eraveiy Xn&Proe@ECPLAC 34r) BEBOTFALONC) |
29 March 2004 I_ '.(“F%)’ s (18) &= Q' '>YC (1 G{— c); (16)
s thell ot3V é&{?@ﬁb@?g&u?n(ffire)rieVabintmpqetgm a@g{,’e(%ti{)v\?\)}i cé@?ol\%efl B (1;3
: ! , \ 0 e Liaui , : = ein
Ilggl ugi %’ L1e1ﬁﬁrs:nmiar deaq:?srfﬁgge.arﬁcg\r,\wp?g%@'tﬁog/st qug_lﬁ; ifrzmr?)/w;ﬂalg?b!bm]gﬂer.syst em
phase det er ni ngaoncf%gs Pag0 bebing with Bt‘épm2\'ﬁowtﬁchpge€ﬂ'q|@hg{%d?tﬁﬁﬁiqeghfaﬂ?ﬁ -
QITC i 5 1 he praeato gas: SLep et 300 S8 UnlihnieabA BaTEen gei s, pova.
step P222; X- s o guist ensedelgn FREBY (HE 58 oty gas ks NiBp P2ls:
in step p’z@ﬂtm&r 1}12%8%%%9‘5}?%%1‘!‘9@%3thQNralvasﬂﬁ@ a”ﬁj1§f*i°if§“§'é’§p%ﬁ§‘§gﬁ@§?reregﬁ i nd
Imisg h??% \(/)Vt f{;ﬁ {ea;i ﬂor\]mas'eellfm@n @Qﬁrgt%?ﬁﬁrﬁggéﬁfclso;ﬂ/iﬁtiiaﬁfo% tBh Qvgllltlg Bosysptoaning(0100; gﬁ
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through syBPEHP"(0 IS the water cut '

test each we!l at least once per week. The
ve valves of production manifold 116 always being

nfigured to

test mode may also be performed on a

continuous basis with the respecti
d to flow into system 100 while other valves are €0

o0  selectively configure
These types of well test measurements

bypass system 100 through bypass line 194.
on a deliverability basis, the percentages of the

are conventionally used in allocating,
duction separator 118 to specific production

total flow stream that pass through pro

sources, .g., sources 186 and 188.

y actuated valves 196 and 197 can be opened and closed for seiective

25 Manuall
oth be closed for the rernoval of

isolation of system 100, i.e., valves 196 and 197 can b

all components that are mounted on skid 114. An electrically actuated valve 199 is

normally closed. A second or redundant bypass
w to bypass system 100 when valve 199 is open a

line 198 interior to valves 196 and
197 permits flo nd valves 150 and

30 174 are closed.
Testing begins in step P204 with co
ase the total flow rate throug

ntrolter 112 constricting or opening valves
h vortex separator 104 for

{150 and 174 10 reduce arincre
e fluid. The total

the purpose of separating gas from liquid phases in the multiphas
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step P224; V~ is the total volunetric flowrate of the liquid phases

flowi ng through system 1d0; p~ is the |iquid phase density de%gmgﬁgomn
step P206; Vo is the total oil .15 volunetric flow rate through system 100;
po is oil density at flow conditions; Vo is the total gas volunetric flow
rate through system 100; p9as is gas density at flow conditions; VWwis the
total water volunetric flow rate through system 100; and pw is water
density aflowrste taenutitt $ysem Gihheed net bé rediced bepawrsgonfaier dd$ GHPRGH

tputs including di 20 . . densi
Teabur enetRILE ASGSorRATI TOW BRI B ot Loy T 00 RoSt ok Pt Bhfende, |
rates forythieLsR ﬁf:él%[@ﬁ@&ﬁ%hem@& dparatortand Mauid rreasuregreat ddwdiner

p cu

time to rovutﬁe ative production volunes for the test interv h{ .
Cont r ol | et08, 13 well 85 81 @re0nt ot firidthas saureess138 and d8856REAPDIE R F’% S10%s
production manifao 116 to optimze field efficiency. For exanple, in an
oilfield tﬁ’aﬁﬁsﬁﬂﬂd e energy that is predom nated by a gas cap, production

efficiency i s pRéidhjgedorheduding BasHeRPIAts themigh eyfsin etdX fwe tei ¢limigate
recovered. It is desirable to produce oil referent hgl l%} bﬁf Ere t he \%ZF%( and
the gas- cintraioad dubbhes frapykquidwersuremeant fomeline A8 thequan 1B &sgsoh YRLey; |

I s depl eted. Thi . h =0 i BtillRighs

t hat fOrr&qqa}aﬁ?ﬁ\é‘gﬁ%&%ﬁ%ﬁ%%g?ﬁlé%a%%@%géﬁgﬁm JQEQ‘%H I;faggi-ll ylga_sb. The
17 | 29 ddpdiedh @Qﬂglv@hplglgbgtaﬁﬁﬂcgrsleilt)t Qeglfdgr?tidnacﬁtdildadlaTwatacmsﬁ@e@f@i_amg
production in an oil we is normally tqQ shut t i.n. o

prodit i dinuidpbase lis alep PP%"E’S&P@F@WE’BSH?Pb%taaﬁ@rfg@f”g?!ef% e#%%ﬁ@@%ﬁ’? and
controlle naﬁg t; ' ' teShith | ratigrobeiag can
be progr aéﬁ‘%éa?(g)é??rﬁ%\?ntﬁ%(ﬁgpﬁ eér B%En agtggig(s)trh%gﬂ/%\gqtao o] tisr?ipfe 5 rq %nt
econom ¢ geicrplishedeby centringalciooced thrgughaitex separatqsr cﬁﬂj’t@*[g"l i

cost well before higher cost wells jf | other,. f I X
56" Mar ch PODHOEING Ve SamRotRILKIENogsElrem Giys ToRTeRs 366 iR purpdde,
Measur emesy gy hiifddopis rMfier SRRt MA@ sy a |iquid phase and a gas phase,

said method conprising the step of: 5 separating an |ncom.n |t
flowldnto a rralj%.i& B a? phphioﬂhmgtbgﬁ@aitdaéagiemonst?atmg the pl‘actlcgl g#ects%l?%ig

damping on the frequency response of flowtubes in the Coriolis flowmeter 166 (see

also FIG. 1). The log of transmissivity is plotted as a function of the frequency of

alternating voltage applied to the drive coil of Coriolis flowmeter 166, e.g., at

frequencies f,, f,, and f,. The transmissivity ratio T, equals the output of meter pickoff
20  coils divided by the drive input, i.e., T, is the drive gain:

OUTPUT Ve PICKOFF COIL
) Ir = —pyr = Ve DRIVECOIL

A first curve 300 comesponds to the undamped system of Equation (1}, i.e., no
gas is present in the fluid being measured. A second curve 302 corresponds to a
damped system where gas is present. Both curves 300 and 302 have an optimal
25  value 304 and 304", respectively, at the natural frequency f,.
FI1G. 4 is a plot of hypothetical data showing the relationship between drive gain
and time for an event 400 where a transient bubble enters the Coriolis flowmneter 166
as a bubble entrained in a multiphase fluid. The bubble enters at time 402 and exits
at time 404. Drive gain is expressed as a percentage in FIG. 4, and plotted as a
30 function of time at intervals, e.g., t,, t,, and t,. Controller 112 (see also FIG. 1) is

programmed to monitor drive gain or transmissivity by comparing the same against

-
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a majority
conponent
steps of:
gas; 10 an
said entrained gas, then: determning a water cut of said majority |

conponent ;
15 Corioli

gas conponent, said majority liquid conponent c | Si
! : onpr
Snd an oil conponent; said nmethod being char acterim; Is;ggrgh
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an oscillation coil to an amplitude of maximum design specification until the gas
damping effect is reversed.

With controller 112 opening and/or closing valves 150 and 174 until the drive
gain falls below threshold 406 in the manner described for step P204, step P206

includes Coriolis flowmeter 166 measuring density of the liquid phase without

entrained gas. This density measurement is intended to represent density of the liquid

phase having no gas voids. This density measurement is referred to as p_ in the

elow, and is used to describe the density of a liquid mixture including gas
As an alternative to performing direct

discussion b
and oil with no entrained gas fraction.
measurements on the multiphase fluid in liquid measurement line 108,
possible to obtain samples of the multiphase fluid for laboratory analysis or {o
of empirically derived fluid correlations

it is also

approximate density measurements by the use

to obtain less preferred approximations of pL.
In step P208, controller 112 selectively adjusts valves 150 and 174 in a manner

that optimizes separation results in vortex separator 104 according to manufacturer's

specifications based upon the gross rates of flow through Coriolis flowmeters 1 54 and

166 together with pressure signals received from pressure transmitter 135 and

differential pressure gauge 140. In this step, production manifold 116 is configured to

flow for active producing well test measurements. Vortex separator 104 functions

differently in this step, as compared to step P204, because controller 112 does not

adjust valves 150 and 174 in a manner that reduces drive gain below the threshold
406 shown in FIG. 4. In this circumstance, the majority liquid phase flowing through

liquid measurement line 108 may include entrained gas bubbles.
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i ncl udes entrai ned gas conprises: calculating a drive gain of said Coriolis
flowreter (166); and determining if said drive gain is |less thaffch 2004
threshold value. 10 7. The nmethod of claim 1l wherein said step o
determining a water cut of said majority liquid conponent conprises:
measuring said water cut using a m crowave-based nonitor. 15 8. The net hod
of claim1 wherein said step of determning a water cut of said pgjority

| i qui d conponedtepiilinsisies tiemese ofgosaistlovaneteci A6 toshegsureithe Iizl aRIased

monitor. 9. Th t hod, of cl.ai. erein sai tep : er.d ni. i

nater Ccut Ty "8 Epeifortogny Jard- PBRRSnoRL T Tiailsl iR Mifth, Rt
wat er cutmgakm@nferiamechbsygs hasieas BB désitylOf tHdenaietioligwitl shadem This
wherein said step of determining said water cut of said majority liquid

conponentdensitymesirerentisierag @ asdnatiothe disqussiay hat &llowsance- based

et e ning sdl e aey SRttt 14 SRR et AP aNbaRabAan bRy oflne 'y

said oi | themuitishasdngigd Gas densityieayitie/catuiatad from pressprnand tempembire

said 30 rr_a} ority liquid conponent includes said entrained g%_'fs 0 ﬁg

Mar ch 200atormatian HeingivsHawwn w&i@m@w@i@pwamﬁg&mﬁ aﬁéspsﬁa Ag

mul ti pha |0 a e LS Vi t Sl | | Uphidyase

and a gazﬁap engeyPgEa?’ggngﬁ%tgha@eHﬁ@v aéﬁ?’ggn%n?“%g‘%@ﬂdgﬁﬁﬁ?‘%ﬂs%gﬂ"%‘

separ at orclzo_(rﬂeﬂa%ontscfaf gaurdedsityg deteparided fram iaomltrhm;asmeMethglfeprfo!dum gas a 5

maj or it i qui d copponent and a orijt as_conponent a orit

|| qu{ lﬁj. gd‘ﬁﬂgH%m@%pﬁ%stée%@%%%mt%%%'%ﬁ f%gﬁwp@%sﬁmﬂaﬁ""

Goriol i s il auarhsty is198biiR BhiRNAdehSity ARAIsURormBNEGM ObfidIS fidviHeer 154

conmponent an etermne a density of sa majority Il%tcj)l d conponent; and a
)

wat er cutsimmohaneousiyl With stepf Pg0dear oarsemsrate stepl R2dj0owheye (cogtrotier1 12
conponent__and. det er.m ne cut,_qf, said maj ori | | Qui. . said
mul 11 phasetay i v L abthd iR Pl o gy iR RER BHEPh in
(112) corficoul eflsbmeCsHiMBhS 3t B abd Posdible toAssahettat tvarghe density iemains\at er
cut nonitor, determne if said majority |iquid conponent includes entrained

gas, 1and Gonstant deapseithy dengilyoolcaap i aalativelysioms inspmparon Apcthediquid m
o g ent ARG, St thd BELMBlich OP B CoNst &t das HER&ifPFnay HELAH S dcRePiaBfesS
level of error.
in step P214, controlier 112 calculates a gas void fraction X, in the liquid phase

where

p cale— p Meas

20 (2) Xy=—"——""———,

p calc

where X, is the void fraction representing gas void in the multiphase fluid flowing
through Coriolis flowmeter 166, | denotes successive iterations, P, is the density
measurement obtained in step P210 as described above, and p_, is a calculated or
estimated density value approximating the density of a multiphase liquid having a void
25 fraction of about X, Equation (2) will be used in an iterative convergence algorithm.
Thus, it is acceptable to begin calculations with a first guess, e.g., a stored vaiue for
P from the preceding cycle of test measurements for a particular production source

186 or an arbitrary value such as 0.8 g/cc.
A particularly preferred manner of providing a first guess for the value of pg,,

30 is o obtain a water cut measurement from water cut monitor 172. Then it is possible
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water cut and said density of said majority liquid conmponent to determne a
density of said oil conponent. 13. The multiphase flow neasur ey m
(100) of claim 12 wherein said 20 controller is further confi gure%mﬁ&%‘ia
receive a density of said water conponent; and process said density of said
wat er conponent, said water cut, and said density of said majority liquid
conponent to determ ne said density of said oil conponent. 25 14. The

mul ti phasg ddspmentastuicgesis sysealid 4O dp!ﬁs@iﬂb\ﬂtZ‘nfRWrémﬁ soWeEqsatign  a

water tra 3130) configured to receive said majority liquid conponent and
capture a3s) @cof said water conponent. 30 15. The nultiphase flow

measur ement system (100) | ai m 33 further conprising: a hydroneter
configured to @éterl‘ﬂ"ﬁe J/gqcﬁﬂéns?‘ty * 6 sai d water conponent from said

| ch 2004 16. Th h fl 100
of ol a mYBEHICEIS EA P SiarareRS Gt R PESEUIne Srdup S RAATIE 17
The ngl ti ﬁ&iﬁémtcmévdmﬁaéarmt to‘féaSJcﬁmn(el&%eoﬁqlﬁb%mdr% phes e aeadity 6f

controller (112) determnes if said ngjority liquid c nponent i ncl udes said
ent r ai neawgtes Ilbyhbéllqugi Mmixtuner and i igubheddensitycaf odlnattéediqdmd wixigse-n T

said Coriagli I ter {166 nd,.det er.m,ne.if id d

Shan ot HeskBaitRoCEIESs i s TS viarElitnGule of 3 i iy éH&m’E’g\ngPé?“%mm
of cl ai mvid vaefieh nm shewslRd @éﬁsntvorpj L Orwﬂllﬂé)es%oﬂﬁibhlécgcswhén X, is greater

m crowave- based nonitor. 19. The nulti ﬁﬁaase | ow neasur enent system (100)

of cl ai mibanwes. dravidgddhereliesis, and py@ne CoFrect 73 Ney@ias Reand ap, may be

| nfraged- %ﬁ?ﬂgdm a oralt%Q)FmE% Fgﬂwébt%&ﬂ%t%fékg)gg%%?;bregé%egéﬁﬁhg%6(131%9) of

claim12 er el n sal noni
capaci t i Viguitapkaenioludimg respective cil and water phases. For example, a water density

value may be obtained from a hydrometer connected to water trap 130. These values
may aiso be approximated to acceptable levels of accuracy by well known empirical
correlations that are published by the American Petroleum Institute.

15 In step P216, controller 112 performs a caiculation to determine whether the
last guess for p.,. has provided a calculation of X; according to Equation (2) wherein
the vaiue of X, has converged within an acceptable range of error. The next guess for

P IS Calculated as:
(4) peate: = (PsnsX-’-i) + (1= Xe)pr

20  where p_ is the next guess for p_,,. calculated using the value X, from Equation (2),
p, is the density of the liquid mixture, and the remaining variables are defined above.
Step P218 is a test for convergence wherein convergence exists if the
expression: |
(3) D < | Praici = Peac |
25 is true where D is the absolute value of a delimiter representing a negligible error, e.g.,
0.01 g/ce, or approximating the limits of precision that is available from Coriolis
flowmeter 168, p., is the present value calcuiated according to Equation (4}, and
Peas; 16 the old value of p_,,; from the prior iteration of Equation (2} that produced the
X, value corresponding to P,
30 Where controller 112 in step P218 determines that there is no convergence,
the new guess value p,, is substituted for the old guess value p., in step P220, and
steps 214 through P218 are repeated until convergence exists.

&

14



21. The, mul ti phase fl ow nmeasurenent system (100) of claim 12 wherein said
water cut nonitor (172) conprises: a resistance-based nonitor 2933R 2004he
mul ti phase fl ow neasurenent system (100) of claim 12 wherein said
controller (112) is further configured to: neasure a flow rate of said oi
conponent based on said density of said oil conponent, wherein said
majority |liquid conponent includes said entrained gas. 30 23. A rethod of
per form ng nul tWigkerseutfmawbgesienlatasng@® in a nul ti phase flow stream
including liquid and gas conponents, said nethod conprising: y 22 29
March 2004 det%égigh?g:aﬁhﬁggifIOM/rate and density of said multiphase flow
streamusing a riolis ddowaeeter; and calculating to quantify flow rates
of discrete |liquid and gas conponents, said cal culation conprising solving
. N equations with N unknowns. 5 24. The nethod of claim1l wherein said N
equat i ons whierhind&Gliswatek olums iz adensiseof Fibindhe maiggly iquiteompopgitand O,

f(sat)=M 10 + =1 .wher ei. W . : ' f | :
~stream pbs gg!aeln%g;g)iﬁvsqt?v o%a'@inﬁajphﬁ’tl@?q fd‘§5§d Sc;[t&régngwg%,e\{&asfe? ﬁ%ﬂg’e‘*ﬁégﬁ?f l(S)f
gas i % t heohlewhatlre8anta®hfthéré ks ndgasipnasé h ke rhbikipheseflowdardd maysterehen
q", is the fractional flow rate of water by vol une gl €., a .water-cuté go
i's the fraetipeal eiminetedbecasseitiis Bpt aseaviped yalupdor s teralive 6RAVEPPBGP
rate 15 ofe volune, and f(sat) is a function of flow stream content
that is uni queq 0 a particular type of water-cut nmeter providing a total
neter readi ng M s&p PPheAmatrhot Afousionnbnitesativensolbiion & avslable, prvighed

and p9 are obtained from |l aboratory neasurenents or, based _upon 'thi"f erature
and presstia® thareasirregivater el Yﬁ]”ééPPEl'%@E’MH&atﬁFﬁﬁ'gﬁ Eirr?(#s'ﬁwt_ n&ﬁ%‘?ﬂ%s
grougg 26 hE'i’é’mPé} fgﬁcﬁdr%'vg?g{]‘?%fvtﬁblﬁ dccaird dy ARFEraERPbrA qHTHE R rddindg e

rel ationshi p: nogo + ne erein mv'is the neter reading in pure
wat er, noisi 8 fuhetiomtofrtheefluid rapntentpand thiis pepmitarttie mimulaneeuseolution &4d ng

[ o 27.c4dh thod of claim4 wh ' ol ' : t
of Sai d avsippraLBRTe BaeRsn GRS AeieTr b B P HetRbBlions ! |
m cr owaveggased nonitor.
(7)  pwgwt pogo+ Pede = Prmis,
15 (8) f(sat)=M

(9) gw+go+ge=1
where p,, is the densily of water in the flow stream, b, is the density of oil in the fiow
stream, p, is the density of gas in the flow stream, p,, is the density of the combined
flow stream, q, is the fractional flow rate of water by volume (i.e., a water cut), q, is the
20  fractional flow rate of oil by volume, q, is the fractional flow rate of gas by volume, and
fisat) is a function of flow stream content that is unique to a particular type of water cut
meter providing a total meter reading M.
Where the water cut meter is a microwave meter, the function f{sat) = M may
be approximated as:
25 (10)  mwgw+mogo+mggeg= M,
where m,, is the meter reading in pure water, m, is the meter reading in pure oil, my
is the meter reading in pure gas, and the remaining terms are described above.
Where, in a typical meter, m,, = 60, m, = 1, and mg = 2, Equations (8) through (11)
can be solved for q, as:
30
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30 28. The nethod of claim11 further conprising the steps of: determning a
tenperature of said nmultiphase flow, deternmining a pressure ofyg9dh®h 2004
mul ti phase flow, and 23 29 March 2004 correcting said flowrate of said
di screte liquid conponent to a standard volume flow rate using said
tenperature nmeasurenent, said pressure, and correlations obtained froman
i ndustry standards group. 5 29. The nethod of claim 1l further conprising
the steps of: determining a tenperature of said nultiphase flow,

determ ning a pressure, of sai Mwyll | p gse flow, and correcting said flow
rate of said disgrefe gas standard vol unme flow rate using
sai d tenperature neasur eienin)-saig-pressure, and 10 correl ati ons obtai ned
froman industry standards group. 30. A multiphase flow stream neasurenent
syst em f orwhesethierfefodredteliag®abovfe A8 ng nultiple 1iquid conponents and a

gas conponent ﬁQgpr%ggiﬂggzlug%%df or neasuring a mass flow rate and density
of said nultiphase tlow 15 stream and neans for neasuring a flow rate of

said |iquid an¢t3jasg.e6kpongntls, wherein said nmeans for neasuring a flow

rate of said liquid and gas. conponents, u a I i ntify flow
rates & di scr et FYHGTH aREF %‘gge" ﬁa\%3?’3?%5'53?%3%#?%%%53&@?g}ve%gﬁ eam
sai d czﬁl qulc,]@lt-ﬂe@é} 16284 t@h!&ﬂﬂavﬁhﬁé‘m?& araensity fghy Oimeumﬂiﬂﬁm@s]; 31. The
mul ti phase ow measurenment systemo ai erein.sai or
measur i ng FhapaBewving Bipyaht ortpfis E‘é‘i‘”&i@ﬁﬁﬂg‘l‘ Hﬂg]%rég? }?@qucﬁt oé‘%OSS{r%%it@gs a nass
floweter. 25 32, Fhme mebLbePEESRgihoMengASIsie TRBliors X tietheoMmaidlrity gasl 1
wherein said mass flowreter is a Coriolis O%Fss fI,ovvg%a{?er. 3§.n,The
mul ti phas@hBsolpwina ipeahresas B9asERTERt IPraidh FEFABY & NeSHUE N 30 equati ons
with N unknowns conprige; Reqo + PWW+ Psqs = PM x f(sat)=M qo+qWqg=1 24

10 (14) XG:P__:H};_ ‘

g3 L
where X, is a fraction corresponding to a volume of gas taken with respect to the

total volume of the majority gas phase, pmgas iS @ value obtained in step P222, pgasis a
value obtained in step P212, and pe is a value obtained in step P206.

In siep P224, the value of water cut obtained from water cut monitor 172 is

15 adjusted, as needed, to compensate for the presence of gas in the majority liuid

phase. Forexample, where the gas void fraction X,; is known, itis possible to use this

value to correct water cut readings for microwave absorption based upon the

assumption that only oil and water are present.
Step P226 includes using the data thus acquired to solve for the flow rates of

20 the three respective phases in each of the majority liquid phase and the majority gas
phase. These equations are useful for this purpose:
(15)  e=0n (1~ X+ O (1- Xa);
(16) Qo= O X7 Q1" Xz,
(17)  Qo=0r(1-WC;
25 (18) Qw= O'WC,

_ 2
(19) V=%
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29 March 2004 wherein pwis the density of water in the flow stream po is
the density of oil in the flow stream pg is the density of gag im0kl ow
stream pMx is the density of the conbined flow stream qg", is the
fractional flowrate of water by volune (i.e., a water-cut), qo is the
fractional flowrate of oil by volune, q9 is the fractional flowrate 5 of
gas by volune, and f(sat) is a function of flow streamcontent that is
unique to a particular type of water-cut nmeter providing a total neter
reading M 34. The mul pi phase flow neasurenent system of claim 14 wherein
f(sat) operates2@ccwsdEAg to the relationship: 10 mmgw + nbqo + nsqg = M
wherein nwis the netef?readi ng in pure water, no is the neter reading in
pure oil, and ng is the.eter reading in pure gas. 35. The mul ti phase flow
measur ement sy$d'em 6é=¢rai3ndlo further conprising: 15 neans for determ ning
a tenperature of said nfiltiphase flow, nmeans for determining a pressure of
said nultiphase flow @gwd neans for correcting said flowrate of said

di screte conpoh%?ﬁt sV‘fﬁ_ﬁ?’standar d volume flow rate using said tenperature
measurenent, said pressure neasurenent and correl at] ogi_aga%a%geed@{;om an

i ndustry swhaneiaQids e deipl mas foar rate theiquidpiasss fiIPERE ht ' SYst em of
Claim b5 WaLtehD iR nibdIRRRSalqs 1ieh8loflyNiglE phabdinRamgieatiuied gas: X Sori ol 1 s
a or

f1 owret’er sai d nmeans etermning said pressure is. a sure
transnitt ehe g25 vaip. fraction|in ithh axdority Horifehess (Qﬁgﬁﬁ‘“@s"{%#%"r BB@?FHF m ng

mul {1 phase. (| FEASNEREREL §r Liap! b2 U503 Te tdlal gedl Massmbiirplecofl heui d
phases and©3 g phase,” sai erDu phase fl ow nmeasur enent ?/%tem.cc%rrprl Si ng:
a | ownet enajostyiyag phask measwedinsier F2a2:ntd i& thseaseofd 'HFIRAY 1EMHRT e a 1 ow

rate and a depsjt Sai i | Yo/ raUhrogn b fstem
configureop%sﬁﬂéﬁ%%?t%n@%égw% r%lé%ﬂg%gsghe%\falé’&rﬁa dEbgin )tr! cut of

| ow and determ ne waf e
sai d md t i 190a8e is the totalaidnas sdiom ats hequghstegLt & s bt MBleF ek i sai d
[ oure andife b oRbeft iqel sois g sy iagn e 008 0
cal cul at i onCtisthguatricuyprblided fratexater cnam?t@rt gawlmﬁomg%s G"ﬁ@?f)‘ﬁ%as’%s -~
quat i ons S BoR- o i B g B e e e ot Syt em of
clai m 18 wysteei 1003l i thié uitplasectansity delemainedin g2p S2Resso FIf J)
15  volumetric flow rate through system 100; p, is oil density at flow conditions; V¢ is the
total gas volumetric flow rate through system 100; pgas is gas density at flow
conditions: V., is the total water volumetric flow rate through system 100; and pw IS
water density at flow conditions.
Controller 112 in step P228 provides system outputs including direct
20 temperature, density, and mass flow rate measurements together with calculation
results for volumetric and mass flow rates for the respective phases. These flow rates
may be integrated over time to provide cumulative production volumes for the test
interval. _
Controller 112 in step P230 interacts with system components including
25 production manifold 116 to optimize field efficiency. Forexample, in an oilfield having
drive energy that is predominated by a gas cap, production efficiency is optimized
when the gas cap is depleted after the oil is recovered. It is desirable to produce oll
referentially before the gas, and the gas-oil contact may move downward into the
former oil zone as the oil is depleted. This movement of the gas-oil contact can result

30  in wells that formerly produced primarily oil changing to produce primarily gas. The

17



39. The multi phase fl ow neasurenent system of claim 18 wherein said N

equations with N unknowns conprise: 10 Pogo '~ Pwgw + Psge =28Wtxch¢oad ) =M
go+gw+qgs=1 wherein pWis the density of water in the flow stream po is the
density of oil in the flow stream p9 is the density of gas in the flow

stream pMx is the density of the 15 conbined flow stream qWis the
fractional flowrate of water by volune (i.e., a water-cut), gqo is the .
fractional flowrate of oil by volume, q9 is the fractional flow rate of
gas by volume, and f(sat) is a functi mﬁn@h@mallyttat IS
uni que t@l'@selDBBSDDE%ﬁ @ﬁh"é9]?@“%5"]“5’Wﬁsegg?gé@@a}%?@%f%l ng a total feter
readi ng ég i i DErelltd ﬁgo&ea@ctfohomemmmém@d@plggﬁféhf’egr{"b% engr §¥ m 21
wherein :‘\/%’E ?We rates according to th rn% 3lt9|{|§,@ fis MW Similgo + nBgs =
M wher ei nhmaewohrhendﬁtpeﬁfol]eééd?r?@“lbr? BFL?PF ? is the neter._reading in
pure oil, and nP %Qﬁ hffed RAGMNG ml-waiee cgaf@c’fszﬂ?f even WHPURIFY i phase
fl ow rreasrﬁf‘%’?é?ﬁ Cg m @]f% claim 18 wher ?aqloﬁ» ntgy\gﬁ,@gbmganemﬁl gured to
measursge %réﬁéﬁﬂédﬁc&tomK%p@ﬁorg@i"‘@effﬁmtanﬂF&glén osw a 3lza| d system further
conpri ses Ssur fArerdettersraraieqgaa pressure of said
mul ti phas‘é’s?‘i"gll;\P kﬁ%'%)er?r:ggt[luéé“fggia”c%r recting said flowrate of said
di screte corrponents to a standard volune flow rate using said tenperature,
said pressure, and correlations obtained froman industry standards group.
26
INN /N, -t/N, /N /N Nt/NJ/NJy/ NN/ NF$S/NFJz/ NI I/ NAC/ Ng/ N: / Ny/ NP NJV/N-/N: /N
/' N)gp/ N)y/ N\\/ NgT/ NFgyT/ N) y/ Ngy/ NJyp1lMy#* 2- 1aR f
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determining a density of said majority liquid component using a
15  Coriolis flowmeter (166); and
processing said water cut and said density of said majority

liquid component to determine a density of said oil component.

2. The method of claim 1 further comprising the steps of:
20 determining a density of said water component; and
processing said density of said water component, said water cut, and said
density of said majority liquid component to determine said density of said oil

component.

25 3. The method of claim 2 further comprising the step of.
capturing a sample of said water component using a water trap (130).

4. The method of claim 3 wherein said step of determining a density of said water

component comprises the step of:
30 measuring said density of said water component from said sample using a

hydrometer.
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determining if said drive gain is less than a threshold value.
10
7. The method of claim 1 wherein said step of determining a water cut of said
maijority liquid component comprises:
measuring said water cut using a microwave-based monitor.

15 8. The method of claim 1 wherein said step of determining a water cut of said
majority liquid component comprises.
measuring said water cut using a infrared-based monitor.

9. The method of claim 1 wherein said step of determining said water cut of said

20  majority liquid component comprises:
measuring said water cut using a capacitive-based monitor.

10. The method of claim 1 wherein said step of determining said water cut of said
majority liquid component comprises:
25 measuring said water cut using a resistance-based monitor.

11. The method of claim 1 further comprising the step of:
after determining said density of said il component, measuring a flow rate of
said oil component based on said density of said oil component, wherein said

30 majority liquid component includes said entrained gas.
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component and determine a density of said majority liquid component; and
a water cut monitor (172) configured to receive said majority liquid
10  component and determine a water cut of said majority liquid component;
said multiphase flow measurement system being characterized by:
a controller {(112) configured to communicate with said Coriolis
flowmeter and said water cut monitor, determine if said majority liquid component
includes entrained gas, and if said majority liquid component is substantially free
15  from said entrained gas, then said controller is further configured to process said
water cut and said density of said majority liquid component to determine a density

of said oil component.

13. The multiphase flow measurement system (100) of claim 12 wherein said
20  controiler is further configured to:
receive a density of said water component; and
process said density of said water component, said water cut, and said
density of said majority liquid component to determine said density of said oil
component.
25
14. The multiphase flow measurement system (100) of claim 12 further comprising:
a water trap (130) configured to receive said majority liquid component and

capture a sample of said water component.

30 15. The multiphase flow measurement system (100) of claim 13 further comprising:
a hydrometer configured to determine said density of said water component

from said sample.
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15 cut monitor (172) comprises:
an infrared-based monitor.

20. The multiphase flow measurement system (100) of claim 12 wherein said water
cut monitor (172) comprises:

20 a capacitive-based monitor.

21. The multiphase flow measurement system (100) of claim 12 wherein said water

cut monitor (172) comprises:
a resistance-based monitor.

25
22. The multiphase flow measurement system (100) of claim 12 wherein said
controller (112) is further configured to:
measure a flow rate of said oil component based on said density of said oil
component, wherein said majority liquid component includes said entrained gas.
30

23. A method of performing multiphase flow measurements in a multiphase flow

stream including liquid and gas components, said method comprising:

A
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combined flow stream, g, is the fractional flow rate of water by volume (i.e., a

water-cut), Qo is the fractional flow rate of oil by volume, q, is the fractional flow rate
15 of gas by volume, and f(sat) is a function of flow stream content that is unique to a

particular type of water-cut meter providing a total meter reading M.

25.  The method of claim 4 wherein the values of pw, po, and pg are obtained from
laboratory measurements or based upon temperature and pressure information

20  using correlations from an industry standards group.

26. The method of claim 4 wherein f(sat) operates according to the relationship:
Mw0w + Mogo + Mgl = M
wherein my is the meter reading in pure water, mg is the meter reading in pure oil,

25 and my is the meter reading in pure gas.

27. The method of claim 4 wherein determining said water cut of said multiphase
flow stream comprises:
measuring said water cut using a microwave-based monitor.
30
28.  The method of claim 1 further comprising the steps of:
determining a temperature of said multiphase flow;

determining a pressure of said multiphase flow; and
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including multiple liquid components and a gas component comprising:
means for measuring a mass flow rate and density of said multiphase flow
15  stream; and
means for measuring a flow rate of said liquid and gas components, wherein
said means for measuring a flow rate of said liquid and gas components uses a
calculation to quantify flow rates of discrete liquid and gas phases in said
multiphase flow stream, said calculation comprising solving N equations with N

20  unknowns.

31.  The multiphase flow measurement system of claim 10 wherein said means
for measuring a mass flow rate of said multiphase flow stream comprises a mass
flowmeter. |

25
32. The multiphase flow measurement system of claim 11 wherein said mass

flowmneter is a Coriolis mass flowmeter.

33. The multiphase flow measurement system of claim 10 wherein said N
30 equations with N unknowns comprise:
Polo * Pwlw * Pglg = Pmix
f(sat)=M
Qo+ Gw * Gg = 1

_~
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34. The multiphase flow measurement system of claim 14 wherein f(sat)
operates according to the relationship:

10 Mww + Moo + MgQg = M
wherein my is the meter reading in pure water, mo is the meter reading in pure oil,

and my is the meter reading in pure gas.

35. The multiphase flow measurement system of claim 10 further comprising:
15 means for determining a temperature of said multiphase flow,
means for determining a pressure of said multiphase flow; and
means for correcting said flow rate of said discrete components to a
standard volume flow rate using said temperature measurement, said ‘pressure
measurement and correlations obtained from an industry standards group.
20
36. The multiphase flow measurement system of claim 16 wherein said means
for determining said temperature is a Coriolis flowmeter and said means for

determining said pressure is a pressure transmitter.

25 37. A multiphase flow measurement system for performing multiphase flow
measurements in flow streams including multiple liquid phases and a gas phase,
said multiphase flow measurement system comprising:

a flowmeter configured to receive said multiphase flow and determine a flow
rate and a density of said multiphase flow;,

30 a water cut monitor configured to receive said multiphase flow and determine
a water cut of said multiphase flow; and

a controller configured to communicate with said flowmeter and said water

cut monitor, for measuring a flow rate of said liquid and gas components, wherein

-
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39. The multiphase flow measurement system of claim 18 wherein said N

equations with N unknowns comprise:

10 PoQo * Pwdw * Pgly = Pmix
f(sat)=M
Qo+ Quw + Qg = 1

wherein p,, is the density of water in the flow stream, po is the density of oil in the
flow stream, p, is the density of gas in the flow stream, puix is the density of the

15  combined flow stream, q. is the fractional flow rate of water by volume (i.e., a
water-cut), o is the fractional flow rate of oil by volume, qq is the fractional flow rate
of gas by volume, and f(sat) is a function of flow stream content that is unique to a

particular type of water-cut meter providing a total meter reading M.

20 40. The multiphase flow measurement system of claim 21 wherein f(sat)
operates according to the relationship:
MwQw + Mogo + Mgl = M
wherein my is the meter reading in pure water, mg is the meter reading in pure oil,
and mq is the meter reading in pure gas.

25
41. The multiphase flow measurement system of claim 18 wherein said

flowmeter is configured to measure a temperature of said multiphase flow and said
system further comprises:
a pressure transmitter for determining a pressure of said multiphase flow,
30 and
means for correcting said flow rate of said discrete components to a
standard volume flow rate using said temperature, said pressure, and correlations

obtained from an industry standards group.
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