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often arise in the petroleumindustry where oil wells produce oil, gas) and
water. Gas wells simlarly produce gas, condensate and wat g 'Ja']{&rﬁ% t no.
5,654,502 describes a well test systemwhere a nmanifold is configured to
flow a selected well through a test separator) which separates the
production fromthe well into respective 25 portions including gas, oil or
condens atvgssafiaiv watteein. this Stwateini s propaienalr ta heusde eforhestsdifferante ands
flowrate %L t he, respective oil and water conponents. The accuracy of the
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for residual water content. This correction process is difficult or
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obt ai nabherd May® fidve ratetiepropltibeal 1Stthe escfalredtimdodelay0Zhid 2 dsepsrhent t he
use of enpirically-derwed correlations that are obtai ned by fl ow ng
conbi nedMgipdisdareigaftar rafewed e aasstimadelry WeRAGRMess per cent ages of the

respective ga LI qui n t ' i Ol he .

o cal 1y B 0Re S BRTE ARE e U Feaslr e} EBbaeiEis 20t age
of gas apfitddheurabligntadgaiapplicatiohsl rCasc0 e Neds ahensanthdn Gduls’ ey
stream of unknown gas and |iquid percentages based upon a direct Coriolis

nmeasur enensegienths ebtthe saRe flpywvelcitiesTrHenaleg2Cpsiobnt aersierations afedr ess

10 diati f..the.effect f : ' ts,
though (44TS aRApHE SltPets rag iena AREY pER b ov e b A MRS <
cor r el atfiiHetePstBrBnvahyonailensitivity @odld be ureedif i New CelochY issinéleaseBt er
that is |l ess sensitive to the effects of gas danpi ng upon density

measur erterachiave thalsamheogolis socelsatioTs. LGNomengied . jhiswiternativedeadsto a
oveJLo t he probl ens out.l.i.ne ove and advances the art by providing a
Corf%li %@WE%@Y'”@%FGW%{'Y’&s‘ga@g&q‘%?(}%apg the effects of gas danping
upon densi ty 1RASIHHEREWtH Gadibivi tRRARM CbAvls ABRMmRERT 2Rl S&IcERAIHIES iRr ©

programred forspecial proceSsing that "conpares drive gain against a
t hr esholsystemsigithsndtiphash few drcludingliquidp laadegds. olhe 26s TampSdhe slystem

fl ter . is b dl .abl f. . i brati it t i
mul 1 phat e SREH e aRRRAEn PR Poe sk BTek: [ BREBRO DS aHFon GRF%s, gas
and sol isdgerdhabld Mt thnnofgbAsmm bR rhéSyMrehRintd ncl udes at | east one

fl owt ube and a driver for vibrating the t7owtube at a fundanental frequency
cordlespondi n@ituatiansiewsiving thie usetafiGariolis lowmeietsio sogdsurbmilliphatssifiow The
nmeter electroni ¢s nonitor drive gain in.the 25 vibrating fl owube for a
Change. PRS0AEE 1T BRGNS eR oK IS 5 DR Bheads. FROWaISt: o oai d
fl owt ub hi;S. [,Pa V, ' InC Y, onpay i [
thresholgv(f”ga%@gg\azg?@d%?t?ép#:%dﬁlgf’%gvfei %h{ju ?tneg gas é’ﬁg}ltﬁgﬁl gﬁsé'a?onzdi cated
by the desssbegoa wetidesesysigmterehy esnifblll lsadardigured exfiow acsoipetedsesll may be

made agai nst a second threshold value to indicat giot he exi stence of
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10 to elimnate or reduce spurious neasurenents from being included in the
average density value. As an alternative to using histori caJrQ asur nt
data, density values for representative fluids nay be obtaife daatl

| abor atory neasurenents or fromenpirl~alfy derived correlations for fluid
properties including density. The Coriolis floweter is intended for use in
any envir gamesy a ohees [initingrtddtompihare aktonacexif siesuvdraestsmilat ephabmiddmw i s
defined as flow including at |east two states of matter: solid, liquid or
gas. The floontie @eters especial |y useful in nultiphase systens including gas

and liquid or i Thes Vi o0, shecl in
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m st) bubkbasiatiohs fidiere ObtatrigdRsfoviihg cdmeytddaiss anthR 2@ bweivEehes hdving
especially useful in performng flow tests.upon wells to determn ne the

vol unét ri ﬁnbwowma% @eregntageedl thes respeskve gas gasl, and comparente ttfengatae. |1 n
khese situyatiopns, .the ter electronics can take action to pverco he
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to force Eéﬁzeinﬂigfé §Ph44E bAB 1RE pRYcdEhE Bt lidtd 3m aadcHiiheandhb i fiduis qpuest
operator Intervention. 25 The invention also pertains to control software

i ncl udi ngsfreamr at tinknswhogaacauhpiguihipecartegesjbased vegonf a tdieedt n@erodlison.
Specifically, the instructions are _operatiogal when executed by a processor
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gai n i npudampigi eftdct andyhinashah dffead weon thei erapiricel arfrratatidnisphase flaw, and to

provi de outputs including a historical density value not representative of
4 20 Januar yAoEUSinght igredeadiugnershion edneitls flowimetgs thatriatassmamsitivee

mul ti pha 4 Se J t.1,.0ns r N abl e
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a Coriolis flowreter having nmeter eB&tUTIONS that nonitor drive gain in at
| east _one flow tube being vibrated by a driver at a 5 fundanental frequency

cor r&3pondi ng the Bregensinkgnitan ararepimas the siabieme RHBIRGH atpyeransdpdvaseeso
o ovan”EPFEBy eYPte Rl oRee! e SRRk B AR oL R (1

t hrough s sponse to a determnati o

exi st encejeihpi |utpioﬂfbfl';&l%it§/ i saterfiBh®lih alultifizzediovt. "Ehé neatet blgetropiceairé ect ed
density value for the material is provided. 10 A further aspect of this

i nvent i orprogracompd fonsgeciabpreceseing thiatcomparesisirvs Bsinraainsie thieshelevatuee | f
the dri veﬁﬁgai n ecégeedfs t?e thrﬁshol d value as an indicator of nultiphase
flow A fAFrThE Y MYEPPasE "™ Woention is that the threshol d value is
indigat i ve of TR ChbIRIRWheer lsrb?bgdry@gﬁgmé A 0€e bk @Uiilsiating 2efstermbRein
aspect of this invention is conparing the drive gain to a second threshold
val ue t o rdtiphasenBowfenvirendrani® inphiding cosdirations &egamandHiovidsolgksvandie as

o b o B ARl LN IR A oA B YA BSASE cv o
than a degsiibtig!tHe MoMiS BOE HiRdarhenBRfr8qd Rt aeBrsplontirRAteeA B nsity of
material flowing through the flowtube. The meter electronics monitor drive gain in the
25  vibrating flowtube for a change in value to determine the existence of multiphase flow
through said flowtube. This change in value is typically a comparison against a
threshold value where muitiphase flow including gas and liquid is indicated by the
drive gain exceeding the threshold value. A second comparison may be made against
a second threshold value to indicate the existence of multiphase flow including gas
30 and solids, liquid and solids, or liquid, gas and solids, which may exhibit similar

damping effects to those of gas and liquid systems. The meter electronics respond



20 A further aspect of this invention is retrieving data representative of
historical density neasurenents for use as the other densi t%() ygkgrez)p@s
further aspect of this invention is averaging the historica FonE
measurenents over an interval of tine to provide an average density val ue.
A furt heto thepedstente ohmuitiphasst faom in he hewtubedoniRg duiadwn deivsi ty

MeasUr el rEle AR, SYRLGELEG {0 BLAY AL ANALY B hidiBriEd ) dBAL, Qi

reduce spurious nmeasurenen rom being Included in the average density

val ue. Adkusthedetspiningoblurhesid floverdtesirars realtimenags flavastepatesfentat i ve

of density neasurepents obtained from.| aboratory, neasure ts for, use as
sai d ot hit® HEWS; QingareriU! daneit Alvfe Ofafﬁ?e@f”@ e e EL BhY Rieds

retrievi &gnﬂ,@taae %Wﬁ%@nﬁagbg? ity B slYeMRARH 6 SEERE B1raRi skRekd rom a
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correlation for use as”sai her density value. 5 20 January 2003 A
further asppeterds of e mullimrasediuids coupling an inlet of the flow tube to
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FIG 2 is a block diagram of the nater electronics’in the Coriotis
f 1 owret efensitp VEB. As dopiliersativesioheing histerica) nagevirematisigda, depsityr i ng and

wei ght ' a e di ' ' ring and
pe e A e Ly T R
that is frimlepgsitisallydgrbed dorfelativrs fondiae properbysinefodifg GenSitgepi cts a pl ot
of transm ssiyvi ré versus vi brational, frequency includi nr% 1g %Gcorrpari son
bet ween a hy gdteh PF%’#R ﬂ@?ﬁ\ﬁtﬁf igjateaded for %S%V%%?%@FYE%'P FNy®N8 ™ yst em t hat
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depicts a plot of drive gain versus tine during a transient bubble event
t hat redwprséetesohwmmtian aglid, liquid or gas. The flowmeter is especially useful in

multiphase systems including gas and liquid or gas and solids. These

environments are especially common in the petroleum industry where a producing

oil well or gas well can flow mist, bubbles, or other multiphase fluid systems. The

20  flowmeter is especially useful in performing flow tests upon wells to determine the
volumetric flow rates of a well as to water, gas, and oil or condensate. in these
situations, the meter electronics can take action to overcome the problem of gas
damping directly by increasing the backpressure on the well o force gas into
solution or by indicating an alarm condition to request operator intervention.

25 The invention also pertains to control software including instructions for
accomplishing the objectives of the invention. Specifically, the instructions are
operational when execuled by a processor to direct the processor to receive drive
gain inputs from a Coriolis meter and to process the drive gain inputs to determine
the existence of multiphase flow through the Coriolis flowmeter by comparing the

30  drive gain inputs against a threshold value indicative of multiphase flow, and to

provide outputs including a historica! density value not representative of
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FIG 7 depicts a schematic process control diagramdenonstrating a 20

nmet hod far renedi ation of the transient bubble event shownsﬁ'top Iﬁl G 2t‘btmand
FIG 8 depicts a schematic bl ock diagramof a well test sy e‘m uary
incorporating contra! circuitry capable of inplenenting the nethod shown in
FIG 1. DETAILED DESCRI PTI (?N OF THE PREFERRED EMBODI MENT Cori ofi s

FI ownret er dctuatetensily mEiaCuramestsFas the duratity &f dseamabipheisesfliovowfdtese 5
conprisin fl vwret er, assenbl 0 and ter electronics 20. ter

el ett roni CRTBSPES Bl HRRERN § DALl SR SIS 256 U TR PSR IRA de
density, mass fA O badént of HisliRehtiowid £ridliofalriadr ABvAg haWeRBRCABARS
information over path 2fi. It should be apparent to those skilled in the
art that tha poegendrive\gain yioretdaastenaidlow bybeatwgingy pibrated oy i2obiiier at a
flovrneter 30 regardl ess of the number of drjvers or. the nupber of pjck-off
Sensore. < BARRE L Gedimsy oTaSP AT nats defsihi st BlialioReaicuahinehian)
mani f ol d REed, : and
1035 are B tg@%ﬂ%ﬁ%ﬁéhggg@"%??@%@%ﬁrﬁmﬁgeﬁc13-ofﬁgﬁgéﬁ%@lﬂ%%{%‘g&@os' .
Brace bar saitiOft madt ene6flowedube. tim tahonse ttbea aedsrmiviatich Bf tlab @xisteie lbf each
fl owmt ube 103A and 103B oscillates. | Nhen flowneter 2ssenbly 10 is inserted
Into a pi Pwitirtassyfiaverf Wr'%ﬁwmph\ﬁh?%ﬁwcfé‘rbﬁi- éscotr’i?ét%g%'ﬁ'éﬂ v3lge iy the
measur ed, i s ilowreter assenbly 10 5 through flange 101,
passes thp{(%rﬁglﬁ%hf%eg{lw where the material is directed to enter

f| owtigbes 103AAgafthaP3&bedtIgiukistihventitn fsl cwhpbesg T8 dAvadinl 38 tardhbark
into manifold 102 where it exits meter assenbly 10 t hrough flange 101'.

FI owt vbesvValogAo federmins ifdpe drdecgdiB exgpadappe dyesae'dl plve astatindicaienet ol d
102 so asmhﬁip*ﬂ%%@ ﬂ%udpstanti ally the same nass distribution, nonents of 10
inertia, and’elastic nodul es about bendi ng axes WWand W-W respectively.
The tl owt ubes RXuURNEr ¥specy af diig ifventionhhis thaniHeoltresnoRINVAISS eninditdtive of
paral |l el fashion. Flow ubes 103A and 103B are driven by driver 104 in
opposi t e Auitisberefewipeueingrgas andbgiddsi ve bendi ng axes Wand W and at

oy L8 0 LB ESto i o BEANAEP Pl Be NTEREY 1o BdnkBe' >
mount ed  ttArddhont vdige 108éterimthaain tHDMOs GuineXcked®tHY Stdnd thicdoltbeald8363. An

alternating curnent is passed thr ou%h t he opposi ncg coil to cause both tubes
to oscil |an edicateneftraptiehase fewdngudingiliguighand sdlibinatiet.er el ectroni cs 20,

via Lead 110 tp_.driver 104...The description. EJ LS, prqvided rely as
an exanpl e of @'ﬁ%{}beﬁ@rsafa?to%f tEt? IBYg%'O@o'Ei Bﬁ)lvéé)'% SVG%EVY é?héﬁvﬁgég@ferﬁﬁ?anded
to limt #BendigardlédtodlesbBBdiPGas @ald funderidmal fredieneyesent invention is
equal ly applicable to other types of Corlolis tlowreter including single

t ube2Gret ers, dsfurthiar aapectind dlais irmantign it retrisivin i iR depresentative tof pistorital ver s.

Meter electronics 20 receives the,.right and lLeft, velocity signals appearing
on 25 le S&!T%ﬁf’d’r%ﬁ“t f%%%@?it%g&erldét"éftyg?'é’@troni cs 2D produces the

drive signal on f,eRdr Lide&RUSH Qgisdriri\)é?n'ﬁgﬂag‘?s taePaghh! Bl HistertabenifpA and

103B. The present 1 nvention as describe erein, ctan produce nultiple drive

si gnal s fmeasunémieptseovdrianentervalfdimestceptovaie g5 agérggeaismsiy vafue. and ri ght

velocity signals to conpute nass fI,ow_rg_t‘e ﬁnd igr ovi de the validation
system of t he Aplusthenespert&ithisinvesdion ioEalidhe, biviadisa! densityfueasiHaMeRtut put

means t hate | LRMed R Shti&E&F BhalsESiodiniRatd'bEFddRS spurious measurements
from being included in the average density value.

A further aspect of this invention is retrieving data representative of density
measurements obtained from laboratory measurements for use as said other density
value.

30 A further aspect of this invention is retrieving data representative of density

measurements obtained from a correlation for use as said other density value.



with an operator. 7 20 January 2003 Meter Electronics 20 in General -
FIG 2 FIG2 illustrates a block diagram of the conponents 2&

el ectronics 20 which performthe processes related to the p ggrmary2003
invention. Paths 111 and 111' transnit the left and right velocity signals

from f1 ownet en ragReNBsYect®ittBisNBY&ftidn 18l @uiplingizesinkl of The Avel @skliy =31 gnal s
are received by analog to digital (Al D% convertor 203 in neter electronics

20. Al t ?legghVes PRIURNRI W@H\)@rmgaW@ efarsafawgiemdeorrl pndisieraiad o
di gi tal ﬁbgi\?tt ! f‘?@a $5§0&8$§§96d’ A0k r%nﬁoﬁ.,r.tﬁg%l; s the digital signals

over pat gltal ignals are carried by |10 bus
210 to procesBd*nﬂlZéﬂaspm’cwérthlsugmt@naseacﬁlva’kmmﬂtaé@mmmicmh@:bfuas 210 to

th_10 21 th D A t
Do%. SThe WRG3E doahiporeim BOear s SgbtapbfePale it ea o ariver
104 via path AXOrhdteadpedh of bigsGovERNas ptr@wbir@ drive gdia a@ﬂ réatef bapuai gnal s

to input and output means which_all ow neter electronics 20 to

recei ve data from and &B{E&%’yg&&%ﬁ'\fl'm‘@ﬁ‘ GEeT'éEd?RAWNﬁﬁcessor 201 reads
i nstructions Ff_-lg; 1%@%@{5"%%5}0@5 ﬂ‘é@Jﬁ&lé?“ functions of the tl owreter
[ [ ot T1 e

I ncl udi ng but nputing rr~ass flaw rate of a material,
conmput i ng vol e X isawbloak eliadrasn ohthe melter elactroniopin theg Gmwnstf;ovaﬁemr

terial f th 221 | t
e Fistr uct | oG- ARSRIEtH S PR gl iR SRRP DG Vel T AR ad andogeicht sy BmRandom
Access Menor yF|G%'\6e&ets2§9chah@ﬁ§@§q]ra APAT P Qitiratin spaagl anBoveibht System

operations in RAM nenory 230 via 231. In a larger sense, neter

el ect r orlikeghatof G- uaéuaa@drttqnmmm%cﬁwg@ gehdamnes that:is @nalpaeust lnaas

process y be connected to meter el ectronics 20 on path
26. Fl uﬁh%ﬂfg Iphlgg%al cu%%?@lhs 26 FIG 3 depicts an undanped dynam c spring

assenbly 300 mb?aﬁ cmmmtaaslcmrmftﬂaessusmvnpjm'suawlmahmlﬁreawmﬁyﬁmadmdmges

103A and 103B qof O|ISfIO ee FIG 1) in singl hase fl ow.
Spr g F08OTB2CABEDERET 8 aROTTRS! Tkt SKates pfia hiedthHrel IREL 306

reci prOfs?&.?e’?n Matis %ﬁ&% sw?e aa&iﬁoﬁaﬁa é@é cémpdauhtm rh@ﬂ%@sé'ﬂw 308. The
nat ural frequency assenbly 3 S 0 (1) ~n=rn 20 January

2003 where K FGi. § C{EH%!C'@@ pleg of drve Qﬁi” WGEBF'W‘R‘J‘:’QD‘ZQ aﬁaawentsquée mass of
tm;:sf ?S%VSQPEH#S%@% Rafmgé’rah%‘ s fiowreter 5) mis the conbi ned wei ght of
FIG. 7 depicts a schematic process control diagram demonstrating a
20 method for remediation of the transient bubble event shown in FIG. 6; and
FIG. 8 depicts @ schematic block diagram of a well test system incorporating
control circultry capable of implementing the method shown in FIG. 7.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Coriolis Flowmeter in General -FIG. 1
25 FIG. 1 illustrates a Coriolis flowmeter 5 comprising a lowmeter assembly 10
and meter electronics 20. Meter electronics 20 is connected to meter assembly 10

via leads 100 to provide density, mass flow rate, volume flow rate, totalized mass

Aow and other information over path 26. It should be apparent to those skilled in
the art that the present Invention can be used by any type of Coriolis flowmeter
30  regardless of the number of drivers or the number of pick-off sensors.
Flowmeter assembly 10 includes a pair of flanges 101 and 101", manifold
102 and flowtubes 103A and 103B. Connected to flowtubes 103A and 103B are



and 103B together with the nmass of material inside the tubes. Were
equation (1 ) is appf~ed to a fiowube 103.4 or 103B) it becomes: 5 (2) P =
~ 2 - .Bwhere A and B are calibration constants deterni ned 40naguary 2003
conventional manner for Coriolis flowreters, p is the density of the nedia
f1owi ng tdHverabdtdne gibatdesored 06 aridS1 0% eB Raicus stk fcraeah'_@p@w ?éfrb.y%) by

|

know ng the natural frequency) one can determ ne the dens of the fluid.
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(see FIG 1). The sensor tube vibrations have the effect "o angi ng the
angul ar nonehcamesitheimategabbeinguneassyiegwmegeiialssriera frewmeler. asteetGpn Dol i s
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anpl i t uderter ipkebédeOCArd A i S3BWMISGHE ﬂﬁoﬁ?h mwiebestebleangmioes éﬂcﬁ@éé%g?

20 provide a drive voltage to drive coil 104 that vibrates tiov~i ubes

and 103BiHP M2RifGig A wheredhadtrnetamapsemply dOdomuatolianged0fi G 2)

> t f S “STe o
B Pve gai n 1 n iok{8s 163 S 1058 JFBSCIRALS shdadd BBRMERE AL Ied 0 01 o)
t he driveha@ioldll D2ge dsstothyaiecsilbstantialydhs sames mass distabstios sineidants et i o or
dri i . h i t i , t b
hor Ragalibs e AR Rlodles BBPR: 9 MEng &hEe VN Bl FHE ek e
event ual ﬂywhmasl nexté e ogtvesrdiydrdi ﬂlgb&PaﬁwHtinhhiﬁsds‘ehﬁa hbﬁ%li%ﬁfa?ﬁ@ggg by
excessli ve voO or cessli ve V. ratl on u S., e crrec 0 S
Danpi ng on thgﬁ’%igb&? %@%aﬁ’ F—'@%é aﬁeé‘é’ﬁﬁﬁz’gpé(!"&é 8dn eprasite dEpetians and

Mass ass I ( i 0 i 1 D¥d AR ubes
103A and-T04AnEH Tedpra ERATRARE apts WaNBUTEARME Wi (PlorhEdNET Avh At

f | ow i ncheading foldofdned fioqueter. DrvarchOd weysiopprise Ohe of merarwelbknowd | G 4
has ,heen ' f ' tical elenen i |G, 4 differs from

i 155 ot Ehde MGl Bsh 5 L riBngEred 1o Pakiie, o3k sErah obegsen ol auei ng
t he anpl froudtedfo flovaubei 1WBEI ARG Heat dtird0Gumdrtuabaessd tHroughRle bRpoghg! | 9
20 Januar .%003 ag?ol% to the systemshown . .in FIG, 4, but {he overall

magni tud%g'l) RAUSEHGIIAUPES (oaECilple. A SUtaRIe drixpSigng i agpiiad by meser of

hypot het ¢legtrofiat 20de0BEE A0 B hee 1bgact i cal effects of gas danping on the
frequency response of flow ubes 103A and 103B in Coriolis 5 flowmeter 5

(see al so FI G'ha descrigtion &f FéE. # inpevided Terslyias #n sxemgleef thefaperstion of

t hegfre af: LD ; [ ' i 4, .e.g.,
PP equara conlis RonRidie: oftd i At RDARNIRR b a8nBl dn Brosahl ;o™
pi ckof - fingeminn. The poeserdynvendiodris equeliypapplidable to Gther sypdseofdEonamisgai n:
QUTPUT Ya= ' F L. o I ' IN~ UL - I c~c, . DR YE L. .10 where
Ver. i ok et madisiigle hyRd retgrs, 55 ias eRaT e ha MUHR pRiGHs F o

pi ckoi f smlilpleaddvé®®5' and V, ~ drive coil is the alternating voltage on | ead

110 to drive coil 104) These voltages nmay be adJusted proportionally by a
cal i bration Mﬁ@ﬂﬁ%'%%&lﬁﬂ?ewﬁ&ﬂ rght ek led W#P%Waﬁ'@”%éﬁﬂé@ﬂ”ﬂ%@n drive

coi$s 10 b f lregﬁ ' ik 1S r ety to the
a n%%rrpggg‘gg? lé%ﬁ@ff'@q'uat 8%1&%1% &_ééenrdé:z&gé @f:%?ﬁé?’rﬁld_ég&, ﬁ\(né:)ej gas grgail pr esent
in the fonuieadokithgausiaguirodr 184de csnitiatafiowtubes O aspd88. thhe gresdatnped

system uati o 3). Both.curves 500 and.502 have a ti mal . yal ue 504
and soatveleRias Pestbediiegit thlipdrts PUINAIR &7V Sordle PRy Malokd6 of
curves Hiyeps)dMelst dlectidisics Qﬁ'lffr@éeésﬂeﬁ@fdaﬁgmt@(@ci@l éigﬁélb%‘c&ﬂ?ﬁ% the
fi omtubes 103A and 103B (see G . 1) are vibrating in phase. The region
508 of mMass flow rate and provide the validation system of the present invention. Path 2

30  provides aninput and an output means that aliows meter electronics 20 tc interface

with an operator.



20 curves 500 and 502 to the right of f" represents a situation where the
fl owmt ubes 103A and 103B (see FIG 1 ) are vibrating out of phase. The
optimal point 504' is nore difficult to detect than optimal 4HoeALan@03ue
to-the reduced anplitude of optinma! point 504'. As the anplitude decreases
due to gadetlfjettpnithB0GoGaidars! fFiG@ufter 5 (see FIG 1 ) can no | onger

perform effecty f. r.neasur enent 2 din op the sensitijyvi of
the flownreter h#g |h@¥¥éqtea|ae@ppgﬁiacg§a@00%éﬁ§%@&O&%@ﬁpﬂmﬁm F%r"%ﬁ’r“lc\?é%ai n
or transnifigh\pigHrante tPoSetdedireRtbéd o tHe pRisehtiheenfion.r PA%HE 351 gyt Pased
upon a ratio of the voltage at the pickoff coil divided bg{ t he vol t age at

the driverawmit thee§ sk ightreledly signgle fompf Ry atesassampbly 0 & Byseranal ysi s
of cugve 00 far 26%aHRl R0 eé(%%ﬁélsfa%}“@é%\é@@b. 'a‘?wfa?otgeﬂacﬁggér@g%r om hew

data generated by a faster ency o ratfon at® the oil will 10
20 Januarcpn2008r 0ddncretar elempenitav2h gALD zonvena 208 ¢comients dhedledtaardd ti on)
a negative
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FIG 6 is a plot of hypothetical data show ng the 5 rel ati onshi et ween
drive gaiPySai@ {CiRreceLROr &Y TedHvercipNaip &Fe transimdies] ever IKdBBIS2 thiepatha

Coriq] i s ohbqumte : . i L ti Drive
gai n‘mi S e2>-<]gr essé%bggeélﬁ%g?'gé%s t?’na'lgﬁé ttOGé,H?a éﬁ%?%ﬁgﬁoggkéér gb?ur;[gfel %234’8? time
at i nt ersi@ngjs o D/A convertor@02 ar@. traveooittdd g drivet hed enpeihi 10d. Phth peesent

i nventio (o] r 1 ( al,so FIG. 2),10,s.prqgra d with a threshold
val ue 60% %ﬁ@ﬁﬁ&"é&%ﬁﬁﬁﬁd&ﬁ"ﬁ ?'93%'§r}?§€?‘8%'¢. O%‘?é‘\r{‘mg’?% Pive gain
or transghs®hywhichodlicomedetO8crEniesds tbireesihelddtHRem Braessey dlliseases
to use a density value calculated in the conventional "'manner according to
Equat i ona(‘f)ﬁer?ipécessor 201 then proceeds to calculate density according to
t he 4fsl ow char %gggg E [ dSungs imlar
to t1hSIe effecfgr% rrur t2 ?E)ﬁg%és qu(t)'\q/;veﬁ%ﬁ ﬁ"?ﬁﬁf"ﬁ@ @5: erdand sngptlg‘c'i%?ﬁeh.%g.,

wi t h par 8pwmetesianliding bsioadtdinmited toecadrhpiting masaifiow ratalof ahmeatanialact ual |y

built u [ f b s f e 3A.and 103B. Thus, a
system 28@’3‘8?-'@%%? B@Sﬁ%ﬁh’r{a%\%ga ﬁ?%gb%"qaﬁé Cﬁh&%@ﬁa@@g{y%q E'a;?%?fr@é'babl e
of det echiRend Oslydetitey SROM P220eiapats 221ul Thepdataead Wew dsiiabuwdititthsFas and
solids, liquid and sol.ids _or scale internal ré'%"{ he flowt ubes. 20 Transient
Bubbl e RB 87’%‘(‘93‘&%88%”?fuﬂ%'oaﬁxﬁé%t%%f%ﬁ ogn Aseess MernepeRAMdbt ai ned
accopdi nﬂa@.OPEQéégsb%Oﬁ@erfo%ws%&Sranal&hmét%éré%d#jinmﬂ@ﬁ%rﬁé’ry OARS:
however, it is not always possible to use uation (2) due to'the

del et er | B8 23 el & lasgezensrameiagelestranicsidhaswdel asiditignat.coptrabpi ct s a

Cnters oot amegra T B brbyes R il i) R HNT R AR EE o

Process €lgotohias 20eampattv28.oped according to the premi se That, white gas

danpi ng Epél Qr eattegr Eak -|ti riie measurenent difficulties, the next best
val ue f 5 fromthe Coriolis flowreter is a recently
meaggred densfid.3 dbsiciseaPaat el dgRanidt spring 8ssemBYBED thaloverategdn N the
context of ref erencéé;gnurrbers al so tgggea%i n r??g% FI G 8.(830 In%?t ep P702,

pr ocessoiheRRMe physiainsinGines as flowiy sk AnAaO38eteadalia iewsteterd 606 as
f X i . ; i 6. Due t
Che 1 act CEREICE L FLENEIHRAARO SRR 02 1 dhhinoted 1 ¥ Setd g n® 17

20 Januamps2008. Minesmads @06geaipmdatteot Watates oalropatht marelitlaot dvautiet er
during step, P704 pr.agcessor 201 oks_ bac ver a,pr term ned Une interval
610 to a[??%{?@r%‘?‘&&%%nt Zﬁ?é\a?‘gfggeﬁ%'?%’gi q%??@?@)éggéﬁ may correspond to
a single data point, but it pref bly conprises an interval including
mul ti ple data points r the pu e of snmoothing 5 spurious nmeasurenents
6143¢hat may @pi ke u r &s ggur’exceeding t hreshold 606. In step P706,
processor 201 determ nes whet'her ny of the nmeasurenents in averaging
interval 612 exceed threshold 606. If so, in step P708, a nultiple or
fraction of | ook back interval 610 may be used in the calculation to arrive
at a new averaging 10 interval 612 through a repetition of step P704. If
repeated attenpts through step P706 fail to arrive at an interval 612
havi ng no points greater than threshol® 606, then spurious neasurements
e.g., nmeasurenent 614, including those greater than threshold 606 can be
elimnated by statistical analysis. This statistical analysis can include
cal cul ating a standard deviation and ignoring all nunbers outside the
standard 15 deviation or ignoring all nunbers greater than threshold 606,
so |l ong as sone neasurenents in averaging interval 612 are |ess than
threshold 606. Alternatively) the processor 201 can be progranmmed to out put

o . I I o o o,



Step P710 includes averaging the density val ues over averaging interval 612
20 to provide an average representative density value corre B%Fﬁé'&% bg
averaging interval 612. The values that are used to cal cul at 8 rage
may be adjusted by statistical analysis as discussed above in relation to
step P708hererdbt eﬁeﬂag@@@smuoésr?ev@r%&%@Iﬁyﬁtbé rgasHof maﬁSSt?v{éDfIrbmet er
i s not r I C aﬁr{m e gue to
gas dangﬁggc%g%%q éoq-[de“rgqt&f{m&% %W%&@se oaﬁfé ra éaégtn al so be averaged
accor di rand wame@@ettaanwrtprﬁwamnqiﬂse«sfméwmtdhm@eﬁm bitegs. P712, the processor

201 provides a nmeter oufput t vera t tained fromstep
ori0 unt i1 sobels RELEton s sphlSs I B %Fgan‘%lﬁr‘%%gﬁgagg’ 5P % 604.
Accordi ngly) process P700,concludes at step P714 with processor 201 |eaving
the transient bubble re iatiﬂn node and returning to 30 neter out put
condd sting ofl2hreasufements, ped¥ or med according to Equation (2). The precise
| evel s or durations for frﬁreshol d 606, | ook back interval 610, and
averaging internal 61 C are associated with the type and size of neter, as
wel | as the -12 20 January 2003 i ntended environnent of use. For exanpl e,
t housand s £or 0 § St PRt oSRiEhS SERIANAnd coniE o ighheee ||
practi C(Eormnsdee.rraéters d:etsemmdwssrtymtmdatnmmmdwing)&raugmtheﬁowmebmnd)l is

flowrret oper at wi t hout ubIe. Thi ation is nmade by a 5
conbi nat 5 %Pa@agﬁﬁa%%cytﬂ? %’Y‘Pgihe ﬁ"l’.fn]aﬂ'?ﬂr‘gpcé Y& endat i ons,
or recordégé}gq,ﬁyeﬁeabﬁgtyafmwﬂd,@tended envi ronment of use. The operator
enters this value into the neter electronics 20 as a set value for use in

pr déess P700Coriglis fipvenetere s19asyre 1assHavn IRIgs 1By REAFY NG t%cd’l"F’I)% gal n
I I b Q}rlbo
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same danpin ra nci ples sho in FlG co (is urves 500
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|'i qui ds gridnoHes trﬁ@ ﬂav.Itwé@éred:emﬂety Jtie ubidep e freakd Wia mu@bsorosml ude a
m xt ure of , and solids. |In petroleu |n ustr vi ronnment s of

uséS t hase &%dﬂ%ﬁéwﬁﬂﬁ@c'fﬂt ameligdenis Pk e 'Fﬁ‘é’I 8@ Of&t ural gas,
oi I or ‘B@g&‘?ﬂg@t ﬁreté!\‘a%l@&rom Qbfﬁerrdgaé’gn@é‘%l% éf@dﬁve EBIiS 04lthgt princi pl es

of FIGS e use to renedi ate erroneous density or nmass flow
rate mamemmuuaewapmnctnwﬁ@éntsrwrah&eguem@/ s"éhﬂ%tspraﬁﬁssqfqm‘lds or

gas and Ss
el enent & are co@;bsr ﬁ&gﬁﬁ?%ﬁ??%w@r@%ﬂﬁwéﬁz%W’?hgﬂgm' ‘%@I?g?ge
rredr a. dhee bast inue tooventicmz! bmnnetﬁom@enblmrﬂbmet&rsed:drpmnmlepﬁMW Sone
lnstrucrons are, soft am.code fi,rmare.

x| ovolaos B aga B assabaniig FonmRenay 19U ob P S UpFieases, &
ci rcui e SRRy QRS- dn%%lt%gterdé%bpsé Iﬁdreagét%apo@@@bnr&tmxmreﬁut ed by
the processor to direct the processor to operate in accord with the
i nvent i brrmrtmmealtre.rcm ¢lpe (ﬂn@yelmge vl evstrdualiyt become e areatotisientpsdlvi ce or

or acoscbRt 17 bRl B baged by BiRBESe SRR pE ERea SNy B Apfikgesrnose

skil | edThe Bftet of S’ B3 dbalthyvsn,rbtgnmstructl ons processors, and storage
nedia. Coriolis t ovvrreters and assoc| ated ne ?ar eI ectronics that are

eqéPpped to FHpl&ABRICS Rdgmped Apnamicetrh BRRSSIAASENPY 8REdDat i on

di scuss WaBER i ase
flow, aﬁg %ht?%é/rsr%tq@? ssg\%oelrjéﬁ%s'%%g rt’?rcﬁm’s §$Yb to rerrmtec()tl:lyszgta gat@grtgs;?g%tb htr%‘?%t and
fine bufm.lvesatenfm(sea Eraohxlamultrphamghem flowdatliudingf gamand fidiidi oY hehat

Sanuar yPSU0Re ke PR RQR I 56 sk e 0T eRTR S @ G ot ug

f1ow copdiFfiG;onYiferstfRIHENG. B ml Sgditdreef ¥ abpRIr Ko, fnHiwh h§§ﬂ$e affect ess
reliable under these flow conditions than for m st f|low conditions.

Spaei f i ef regpringdhedmplitide eiaibsakon alengmast 898e Euiativnsdd) gadd2i st n a
reactor or process flowline, retort processing of foods, mcrobiological 5
processes with gas genesis, and any other systemwth multiphase fluids,
such as producing wells in the petrol &mindustry where a separator has not
been installed prior to the neter. A stem For Use in Petrol eum Wel| Test
Measurenents As shown in FIG 8, a schematic bl ock diagram system 800
includes a 10 mani fold 802 having a plurality of electronically actuated
wel | head val ves 803, 803', and 803" that each provide multiphase flow
including gas, liquid and solids to tubing 804. Valves 803, 803" and 803"
are preferably three - Vay el ectronically- |n|t|ated pneunatlcally actuated
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System 800 includes a conputer 816 (e.g., an |IBM conpati bl e nmachine) that
is programmed with data acquisition and progranm ng softvvarf AL@re red
formof this software is the Intellution software DVMACS, wh %}l]ar, 3 abl e
from I NTELLUTI ON, a subsidiary of Enmerson Electric. This software is

parti cul aghyy 30t efREefreshdes alE RG] 4, Ranhgaverat magritude afhdbratiodiis &ss
abnor mal vveIF test conditions representative of mechanical failures which

are pot enf¥af? JadRRHEPSus. Conputer 816 controls the programm ng of renote
operations congfold grg Bﬂcﬁ’of ehifgl st emontratirdPthEaprerititaPOPsctployr al i ty

of drivers and |nterfaces permt conputer 816 to interact with renote
corrponentga@ﬁawmm Sﬁmfrﬂqpemyeras@@nsgrQﬁﬂ@M\ﬂbﬁ‘é)ﬁQE’&p@?@ﬂp@ﬁsl”&ﬁﬂqhél | er

818 th Fi d 6 th
Sof tvilr ¢ TVPRTS (BERERE Pt cnhiay PEreRt SRS HoREs RO EREA o
conput er t&%@recﬁe‘vﬂ@y\b@ atteridtioh Votizde é}ﬂﬂredaa(lheamdeaﬂﬁr 10:zt),rmgctatcont roll er
818 vmththeeectronlcally actuat ed_val ves 8(3,3 %) ﬁé for

sel ect i velreancigs b fit ard {aam&franérwswz r8lRnle &94'3 merB'I‘* e asutyi t h
pressure él{,l%%é;gg;%égrdr%% Fi peex[elr%){ﬁé{nq‘,é)gg)nof transmtter 824 is the

ELI TE Model Whi c s avai e fromMcro Mtion of Boul der,

Col or ado. Lead 826 conne—%rol I;,erP§ O’Ff’ er-cut neter 814, 9 0
The functi ons 5 g]" ol | nd conputer 816 may be
combi ned in a ¥ ngl & procedFH{ suchlmég 201 of neter el ectronics

20 (See FIG 2}, System 800 operates as follows. Manifold 802 causes a
single well 803, 803 or 803" to flow through Coriolis flowreter 806 to

test1ghe weéde W1 bl@M’fdﬁll retse dlicrnatireg eolltage)onmeadmmmmﬂmﬁgrdm@mm%
oo B0 J0ETaed Vi Gt he P IEdie A ehd 195 508 %y
provi des WSTﬁdﬁwhémsmEy% ddjliSteld r@bﬂ&idr@ﬂy%? é'@élﬁfraﬂbh@éhﬁtatr@to

transmtter 824 inturn, provides signals_ to controller 818 on |ead

822. (ne asfcoyohfoutdffersnees irosrale lbesresn fhe @F‘&‘hﬁ?ﬁi't Qérangpickpledlband
fl t 6 I
et ErI0P ARG Yo SBULECn 7B)REIA DA T8 e A Bt 84,

vol unetri Tow rate uati on
wheres n DHG. 8, heCowi gdd is-prasent imdss filiidbeingtrocasired: ehsaconticarvestd2 r om t he

Lo o gnt Gk Pt B BB ahoabt By BB cote o

t enper at WRelan gptiraVRAILEE0G end 5o, I‘e?ép%oﬂffem ht ire satbeall fasreneodor Theg to
Equation (5) a volunetric flow rate of

USRI .rggmeéq o RiRR 0P A 507 15 Y BBl b TRRIESARLS BHAIPRRALP Ha8) o
are defi Aoy fo3AEhd ]E%u fEeL Pl %Oé}% »/ibr\é%gnﬁtpwa@ef Ove FeRdigh Shewater s

cal cul ate accordlng I on 82 wherein QNis a
vol W2kt r icuriéo500 and ﬁerz tatherighbntl mpreeemﬁsm ﬁl@-'a/tm \e(be@thﬂ fowfeeped

above 5 T iQ a
ot andar d TEYLRRR BB UERR AP LY EorertBLalFR o eSSt s PBYRl PPRLS0S Brme i
flow rat gnyg&d Mﬁf&uh}totdwedeh% bytinial pombzs@érdamam theerreder;etiwmplﬂndb of vi di ng
by the den5|ty at the r ence rature . n _Equ
7 o) oo optindl peint 5851 B he AammiieegR pecis fogb st A ampii g Eriafd
standard ﬂro‘%\frﬁét‘%?@etsé@ rm@r 4 cﬁnE‘lSm erPerorns effetl B héairenidrayy rate
nmeasur ed tenperature T and cal cu ated according to
25 dependlng upon the sensitivity of the flowmeter.
The meter electronics 20 are designed to monitor drive gain or transmissivity

and to optimize the amplitude of transmissivity based upon a ratio of the voltage at

the pickoff coil divided by the voltage at the drive coil. This optimization is

performed based upon a slope analysis of curve 500. For example, a first forward

30 difference taken from new data generated by a faster frequency of vibration at the

drive coil will
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Equation (5); Do is a nmeasured density of oil fromlaboratory measurenents
at reference tenperature T,e,; and Do, T is a density of oil asureg%o%t
tenperature T. The fractional flow rate of water is cal cul afReprL@ry (8)
~~"1N = D~ - 0o, ~ pwT- po,r wherein De is a density of the total

; - P
Cemper at B uh sEH R Bzl Jal Grum BN SRR BoAERE R o

excl udi ngoanYrizesoSiinal valas elegiE @R THe faeersRgcirgatethed driveaRBRBlion PW T
is a density of the pure water phase; and the remaining variables are 20

defined #sdeeor Floweyapsdegd-isiindigatagabeibe siopenebte agntuntihvan ciptimizesh
inportant _result .of .well .test surenments. The term.' water-cut'. is,6 hereby
def i ned &énﬁwst“ﬁ& & tof‘?h‘-t'”? p_rgg:g'n s & Bfoé_t?'g_ﬁ%ﬂ?‘ﬁgh%%'ﬁgaﬁ? §H9‘6|”19rrg‘eof oi |
and & vold)gEodhipBealedMdave ghin AHLNRLBF ah ie§ehH60D Wher a WHREm Gibpet er
814 uses capacitance, resistance, mcrowave 25 radiation or other

measur ementess adCopiist idwmetes S-{seat fiG.ciitat tinme 66A@nd exitsnalttiing 664. -Drve 20
January 2003 the vol une_of water | o ar hat .it exceeds the |limits of
Lhe | nt EenERTESeS FoP ABISRRHITL | G eties gt o uas St deshiniearas.

provi de agcaptia C ; i er
vol une iggl ggstzfg hr?n@a%\gﬁta@r(\)/otg{%%%ﬁco t% Eg{flgt%g}sﬁ% Flg\%vﬁts]%gg%é%gﬁ?gper
30% accufsaeyalda RiG. 2)ss peograminad whie altbresholbhaué §00bseed ados dfive grimeory

produci ng wells. . For, exanple, the total |iquid production volunme of an oil
el 10 an BESTBgsi ke LYnNETSitRdiva @RI Oh t aRBRISSHIY O PHBIEHCS @cear threpbeidr ed t o
determ ng C i L | t i . nt ent .
Vet o - oLt g B e e LRt 3 O A 2R, R Rl e
in the rmaaeneradccohdingtd Bosafioro(®)a Frocegsoal6 1 skgrapatoeedd exealseatd derisity al

| i quid conponent has_a water 10 content that exceeds the 30% upper accuracy
limt. Cé’%gﬁ%lt%gﬁﬁ W ehart S\Wé‘r'”dﬂ%-ﬁani tor 66 is the Drexel brook Mdel

OMt2 capaci t afiee Dok MowrRGACH Nellevarebdbt AELHEKE Hr st

t f or
wat er and oil or

cal cul ating water cu n e vol'unetric ow ra
contiens dheludifbeiquitlsues! sutids, @gd with parefim, ben®hiraicakdn thofiuid oomeith scnal
| aborat ory nmeasurenents of produced fluids froma particular well. 15 Were

the val f@vViog actuglly Rpi Ymen pes frie e dewlihe WEHﬁPéQQWFLEQﬁSt 03 aaﬁﬂ@ﬁ?w
nme 8 Lﬁ j i .ed. . WS
, oief PW. %ﬁ%%‘%%?%@’é }f‘fgg’%?p’ﬁ%@\%\rﬁg?té’usg’dp’ﬁ{f’“p@égm’%‘g’?%%?‘? 8%?%%8 8.“0

densi t y datedtdgpesiag the sdimeprincihléfemuliphhsafowiitoludihgigae anangyiinedigedt er - cut
liquid as neasured by the Coriolis tlowreter 806 20 at tenperature T, pwis
t he den@intjysodjﬂsPﬁécﬂétl@ﬁef%@ﬁ@éh\%ﬂpwé@%bl i shed by | aboratory neasurenent or
a GRNVer i D Lical td.ére-salinity correlation at ternperature
T, "and W et=cttneasured by the water-cut nonitor 814. In
summary, it itgs AREE8PAENEed t6 05Y BidasiRémEnid dﬂhiﬂeﬂ%@@@ﬂdﬁ%@tf:sqda&i@m(mﬁss
flowrates into volunmetric flow rates for sales purposes because petrol eum
pr oduct orapeter euswite ingjudiog dessitDeakies yhamievass itdg solgways popeibledorsehe

conversion fro ss, flow, rate into _a, valunetric. fl.ow rate. The f ti onal
fl ow raF@é’a_g?n g%)tn% © Egn@eoqqlgtgflgua@?fgpﬁ ﬁeﬁﬂseéwp'&pr'g@?mﬁ%%?&_ n%ﬁgf wat er
cut) buy depidts BBirbeds PP Aot ref ety tforV\Of derfbite viaudsnFhérn BRAN3IEn? Bubble
constraints inherent to water cut neters. Thé direct neasurenent of water

cuScanealessCodolis Bowmetardl with treceffént ohgasdampingdhe sustgmgPoidess 700

has been developed according to the premise that, while gas damping may create

real-time measurement difficulties, the next best value for density obtainable from the
Coriolis flowmeter is a recently measured density. The respective steps of process
P700 are described in the context of reference numbers also appearing in FIG, 6.
30 In step P702, processor 201 determines that the drive gain has exceeded
threshold 806 as a conseguence of curve 608 having crossed threshold 606 at time

602, Due to the fact that the portion of curve 608 preceding time 602 may have some
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20 January 2003 density value over the Irfe of a producing well. 1'Yater
cut ~s determ nable fromthe density neasurenent if the re tive
densities of water and oil are known from ot her sources. ‘gag\%fyr?googn t he
systeminter eres with these cal cul ati ons according to Equations (8) and
(9) becansiee daspo apubBie thet is@bset&rentehtat néter, Sutihg steptR7 04 pamessor2(r ovi de
accurate densi tg readi ngs of materjal flow lrquTthrough t he fl owm ubes or

because 'PRES RagEVEI YIORRI]IGTPEISHWBRLIBleVAF 1] &9 @Rt 2YRI80iEentndsRvat B1dest r oy
t he assu j 0 S I i §, 1N at|,pns (9).
The rat e’%'lagg@ ht%{‘v@@é@ﬁﬁb@a e?éé)‘{ém%g‘ Eoy aegﬁgpfa:‘ggfaoggw,eFgﬂ}ogr%@%rg@&i di ng
to Unit esbrisbadeas aPahemial NocluBind2&uible Hatd pofntsd favihet fhuabosergiunesotBig or
controller 898 of FIG 8 have the optiaon of processing using a density or
massO f | cMPUTIRUS MEpseaes Rdd 1Rt Bray sRjke Pmacgds w't\fﬂpmg ?éc%ecgrr‘%ﬁ%ﬁeéh@'dbubbl e
is dete within flometer 80c. Alternatively) if use of the average

val ue from'interval 612 is not desired, alternative options include

st oppi ng t he wekdp PEeE, ©bcéslirgatl detepninak ahBtherargnstaé eieduremeattihon.
Yet another 15 option is for conmputer 816 to S|?nal controller 818 to

parti al 13veca@ne inteeyale] 2exaeeddheesiold/e0edéseos stegd3’ 0% a rpottinla & frastipaase

t he back-pressure on t well. In the se.0 Qi_l . |, this .

backpr e_sog E‘?@ ﬁ%@y 'Pgerr_(y,@%iob@ragtb@dui;ead;lmt}ﬁ%l?%iclq%%géf)L?tr ﬁ'ﬁ%t EE HEYVeaa’f'%QJH& etely
or far tiidkhal 8Y2 oG RE rép@itRin Gt PToLasrefREp NaHepISARtdIghSstéph PAOET er
$Oi by the total or partial elimnation of gas fromthe prdduction fl uid.
20 Equaffaibte afle ahdn (igtenspdctid hawnpyna gbists geeasel thandthreskold 608, thée

oo SRPUBBNT JPASRIEIART dho  MEEeHESTEG e APUREclicsy GoRptas TaR bt
phase. ThesHBIURER LaNBeihffbdQy SalstPEnERERe THSLRABLIUAlRy BBt e than

nmer e danpi ng because ?~", values ‘cal culated Using the density from equation
~8)) as imnudeciledatiyg Eqizadiaohdéditiomasd Bhoengal ndmbetsouthidertbestamdactbnsi ty

I De when t he, ti d | d th ti f dual ph
| miPsci BRUAIPG PGS NATIRB Gl NPETBGRY SisaterHnen CBrRSNal, BOPoRo 19RG PhueMer
her eb o it . | . . o
or dor 1 SEsETermeisi i FRl4dil behB) 12208 dcknaR thies R Bar IIUAER0LT: "
CLAI M5: the Siackssor0Ml canrted progtanmadd toloutmA ayreseldeted idensity véluspsh ad s,

said flowreter conprising: 5 at |east one flowtube (103A, 1038); a driver
(104) t MaY ke phzinad tamndaherateydpessidemedit-ube at a fundanent al

Step P710 includes averaging the density values over averaging interval 612
20 to provide an average representative density value corresponding to averaging
interval 612. The values that are used 1o calculate this average may be adjusted by
statistical analysis as discussed above in relation to step P706. In circumstances
where meter diagnostics show that the flowmeter is not operating correctly to produce
a mass flow rate measurement due to gas damping, the meter output for mass flow

25 rate can also be averaged according to these same principles.

According to step P712, the processor 201 provides as a meter ocutput the
average density value obtained from step P710 until such time as curve 608 falls
below threshold 606 at time 604. Accordingly, process P700 concludes at step P714
with processor 201 leaving the transient bubble remediation mode and returning to

30 meter output consisting of measurements performed according to Equation (2).

The precise levels or durations for threshold 606, look back interval 610, and

averaging interval 610 are associated with the type and size of meter, as well as the
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frequency based on a drive signal, said fundanental frequency correspondi ng
to a density of material flow ng through said at | east one f(#owt ube;

pi ckoffs (105, 105') affixed to said at |east one flow ube £ é?m{i’éthQa?te

pi ckoff 10 signals responsive to said material flow ng through said at

| east onejntd QMBS IrcHIfent STElSY. %ﬁ@txé%ié;ahﬁgémam@fé@ua%rérq f%@ltrﬁét@r%e

said density of said material flow ng through said at |east one flowt ube
based on iastdledstn amellohakiagdnsi tbhosénd bgnalsnf cgiad dayovereter walhmakirey i zed

by said neter electronics being further 15 confiqured to: itor,, rive
ool n Tebatel Sl Torerasnan it ror Ca T e R Rarls BB tuidh e 1t
sai d mat erj ' C ' kLRb; f Nnek ' ri ri.ses a
ol 1 phacgofpisfERfetets boBlales AR QUi npls dBRHAMRICH | nddBy 0!

| east5 onecagtibinetiod erisexperieacag tiaisarehcdror, 2ardédcurarsi reposamdndeatiend, yorof

said material based on said pickoff signals. . 2. ThF fl ommeter (5) as set
forth in fEFAI%RA OXRRFEENNSARINIABCEH WIVEePMEHE € UeS0) The opgFatRE ENERfthi§ur ed

to: moni t&ﬁu%@k@ir]@rﬁ%ﬂerg?éc?mtn%sdﬁ Q‘fc, Evdife RRlILde R F‘cfde%% R0, G heter
conprises a mul tiphase Tlow, and It saild material no longer conprises a
mul t i phassedttonics tdremudesigmomersiae drivkegsintgvedf Applichtivat @f trahsizas edbiple sai d
pi ckof f signals instead of determning said density of said material based
on sai d demegiaiondaghnalegieeredin §mitedapeleoledm iIRdustheannl Gatigt drandnclygeset
forth in ¢l al .H\/Qm | | : Ca?'d( | S, | gured
to d@t errﬁ%ﬁfgélt\r/\@ﬁéi)her egéa?nalﬁ @&vﬁc’g’l& H%('al;&céég)glsa il%@dét ﬁ'r%é%%?ﬁé?/%ﬁg;eecgo

determne if saiethaimné@ampingaaimelplesshonai id FIG| $ Bpbasmparievh bétvee@Budaguary
2003 4. The flowneter (5) as set forth in claim3 wherein said first

t hr eshol $0Padnk 5P @rpheint Situatians yeiate mwitiphpees Bow ingludag isalids agddioaids,
Lot Rl AT Bl ) T8 o kP A R BB R,
teﬁ;teegz i gqﬁi%@pmd EBIRS he lpdtrerlureindsgirg eh eeeiifehtdicteiRe! thesalsittatins aagat s
15 where the flow stream includes natural gas, oil or condensate, water, paraffin, sand
and/or shale. Thus, the principles of FIGS. 6 and 7 may be used to remediate
erroneous density or mass flow rate measurements due to multiphase flow including
solids anq liquids or gas and solids, as well as gas and liquids.
. The above-described process elements are comprised of instructions that are
20  stored on storage media. The instructions can be retrieved and executed by a
processor. Some examples of instructions are software, program code, and firmware.
Some examples of storage media are memory devices, tape, disks, integrated circuits,
and servers. The instructions are operational when executed by the processor to
direct the processor to operate in accord with the invention. The term “processor”
25  referstoa single processing device or a group of inter-operational processing devices.
Some examples of processors are integrated circuits, computers, and logic circuitry.
Those skilled in the art are familiar with instructions, processors, and storage media.
Coriolis flowmeters and associated meter electronics that are equipped to
implement the principles of transient bubble remediation discussed above can be used
30 in any environment containing multiphase flow, and the meters work especially well
to remediate transient mist and fine bubbles. In this context, "transient” means a flow

condition that exists temporarily or periodically over time. The meters also work

-13-



mul ti phase flow includes liquid and solid matter. 6. The flowreter (5) as
set forth in claiml1l wherein said neter 10 el ectronics (ZO)ZOiJ%nL

configured to average historical density neasurenents _ over an Interval of
time to determne said density if said material conprises said nultiphase
flow 7. Jé&(dté@wwﬁb rémbdRte 885 efBElshn bl@lgcﬂbﬂv’éﬁrﬁu?‘ﬂ@!’ﬁidﬁdﬁ%n@. HRASgHLS
el ectronics (20)"is further configured to apply a statistical analysis to

sai d hi st hei cduldedsidlymatrsioveraies sra leserélisbiavedertheee floe cymaiticosshan
1 wherein said

neasurements.. 8. The fl owret r?éﬁg as.set forth,in_clai rp
meter ol ol PR QY ESBANANST Shere aBRiGRdaRed1Y R ChERI pEagessys Wit gas
measur em@ﬁes@m@é Ne8ctdP of hRIBes IR ¥e(5‘%@1§r‘ebrcé%lﬂpfogmé‘og&trﬁ_ﬁ?%slg%ﬁ%ﬂ

density if said material conprises said nultiphase ter
(5) a5 seprotesids withaas geriesihearel anyg atitermsyistam edidt ot rese( ROYs | sudhuas her
configured to process, c%rrel ations to determne said 25 density if said

mat eri al RIGAPFNESE! SN RRRIGHPIHBAN YN Where F156PRIFRhaReNCt Bpeadndalied or t h
in claimg. rising: circuitry (818) configured to close a valve
(803, 80&1&%% FT%e(c)tel'i‘q)op a well test in progress on a fluid flowwng froma

product i ok Sweldm Fes hisesin\Retideglat\WeniTeshieasuterdéntzul ti phase flew. 11. The
flowreter (5) as set forth in claim1 further conprisin neans for

i ndi cating an A3 8PRWMHAT EXBi Be oSCREMaticnpleGR Higsam, 03/)/5?920 800 inJegemray
2003,42. ; [ 1.0l I I '
dens1| [ esrﬁ%'?'%r'rg{% gfz ?{aq@rpfé}ﬁdgg%@gé@ggrﬁﬁ%@l %@r%%lg%g%&ﬁ%?géit?%g at
| east onendl 808" uipat €268 providd Biultidhasel lbwCeciuding gh s qiyuR! £hid 8blids @ tubing

f undanent al frequenCé/ corresponding to a density of material flow ng
t hr ough $84d YeMesaB?3.08@3'rarshvBOBe are onefesalivighisiccwar relestepnicallytindiated,

represent. notion._ef i t_|least one.flowt | IC% 0
through Saramaepl eF stk vafr s T e BT PRL e BBk E e 46 R
mat eri al shiemingovaibe QUgha SAATRYX MoerdD aeatd. fVanekyBa3baesdanl g3l Hast
one of said pickoff signals; _ said nethod characterized by the steps of:
15 selectively configured to provide multiphase flow from one well at a time through
manifold 802 and test line 804 to Coriolis flowmeter 806, which may be the same as

Coriolis flowmeter 5. The well flowing through Coriolis flowmeter 806 is under test for

its volumetric flow rate to determine its contribution to total sales. The remainder of

wells 803, 803' and 803" flow to gathering line 808 for passage through second meter
20 810, which may be a sales meter. Fiow through Coriolis flowmeter 806 discharges

inlo meter discharge line 812 and enters water cut meter 812. The flow is thereafter

combined with the flow in gathering line 808 for measurement through second meter

810. Exemplary forms of flowmeters 806 and 810 include the ELITE Models

CMF300356NU and Model CMF300H551NU, which are available from Micro Motion
25  of Boulder, Colorado.

System 800 includes a computer 816 (e.g., an IBM compatible machine) that
is programmed with data acquisition and programming software. A preferred form of
this software is the Intellution software DMACS, which is available from
INTELLUTION, a subsidiary of Emerson Electric. This software is particularly

30  preferred because it can generate alarms that indicate abnormal well test conditions
representative of mechanical failures which are potentially dangerous. Computer 816

controls the programming of remote operations controller 818, which includes a
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nonitoring a drive gain in said at | east one flowube for a change in val ue

to determne if said material conprises a nultiphase flow .and if i
mat erial conprises said nultiphase flow, then determ ning éi%nf?ﬁ’?@ﬂgi ty
of said material based on at | east one stored density val ue instead of

det erm ni ' ' f ' rd o) i ' fi8i )
15 “The ey ERRH ¥nfinBRaCe SR AN QAT RELRD T80, PiSTpCt B eRthe
conpri ses cofpomentd offsystera&i0d o prederged forhoolerestel orerafiorsacohtnetee 81 8lis no

| onger conprises a nulti r9~hase flow, and if said material no | onger

conpr i ses e Msher MiedgeR® Geatrodet & IMmavaisa Be Are@asimed withshfwarater i al
ot e ! ! _ | ar ! S el
materi o iR YR bPESARY iR fALAL o BArpRer 481701 D0 et hod
as sets forth i vapleacomttad Wwaese$20,s820 steB2Y' comdardorgraier B 1@ wie g n

conprises conparing said drive gain to a first threshold val ue to determ ne
i f said delegtogisiely esivatarsvalue 183893 anadhbfar salegtve soaselafihasaivessai d

mat eri al LhSe | ' A 3 X forth in
Craim 1~ GREoPp anaeS EEvBIRERRu Rlesaile e ie AL 60 BBt R

t hr eshol dofMadinitier 82PIsaBe ELI T ModerRETIZED] WhRkbgs Bl oM b|8 tlordRscre Motind
liquids. 21 20 January 2003 16. The nethod as set fiorth in claim15

wher ei n seifl Bowidep @qﬂotﬁt&lfpé-ﬁiadgﬁaﬁmmnﬁéés sentrolie] & & wdtbrwatemcet hulter §d.ue to

represent_that said | ti phase. f.l ow i.ncl s liquids apd.solid matier and
conpali ngﬂ_%%ﬁwcapf‘%B%t@'%gg%i“@”?gaﬁﬁraé@’taﬁ'rd Léteggﬁlg@qyobed%cergfnw‘eqe
whet her Siﬁ'éjsiﬂgleVﬁ'oﬁéé%r?i‘@&%%? pReds SERONES dtasdiatorias 99-(%3@@92.@ hod
as set forth 1A claim12 wherein said step of determ ning sai ensity of
said material Bgstech & cperdtestad follews oMarsfolt 802 densés § singlaeefl 808 H&d3'
or 803" to flow through Coriolis flowmeter 806 to test the well or provide mass flow
rate information concerning the well while the remainder of the wells flow into
15 gathering line 808 for combined sales output through second meter 810. Coriolis
flowmeter 806 provides density and mass flow rate information as meter outputs to
transmitter 824 which, in turn, provides signals to controller 818 on lead 822. One of
computer 816, controller 818, transmitter 824 or Coriolis flowmeter 806 (typically
computer 816) performs a calculation for total volumetric flow rate Q, according to
20 Equation (4):

Me

@ Qe=3

wherein D, is a Coriolis-based mass flow rate measurement obtained from the total

combined oil and water flow stream; and D, is a density of the total combined oil, gas,
water and solids flow stream at a measurement temperature T.

25 A volumetric flow rate of oil is calculated according to Equation (5):
& Ge- Q(1- X)

wherein Q, is a volumetric flow rate of oil; X, is the fractional flow rate of water, and

the remaining variables are defined above.
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10 conprises a step of averaging historical density measurenents over an
interval of _ tine to determne said density. 18. The rretho%)e% set J%rth
in claim17 wherein said step of averaging said historical 912 0
measurenents further conprises a step of applying a 15 , statistical

pur ous measuftOARERCTEH e Shublet et ER ghe R I RRRR TS loter i - s o

step of determ ning said density, of said material based on said at | east
one stored dengjhty é%ku@ Efﬁ w20 conprises processing density
measurenents obtained from| aboratory neasurenents to determ ne said
density. 20. The method as set forth in claim12 wherein said step of
det er mi ni w@er@m d. theh ¥PipNedic Baw datesalevatar apgddbe renagdigvaiiahlesate @@fé’eﬁt or ed
density %%¥ye further 25 includes processing correlations to determne said
density. ®The nethod as set forth in claim 12 further conpri si ng:
closimg a val vend 391%me39é3ﬂ0w&%3e Valiesstorm &l dart B8 tcor B 8SSt200a3
fluid flowing froma production well respon3|ve to determirnng said

mul t i phagefdrenee te8lpeatiurghe, trrm;w@idrraét:m@at@motﬂmenwlttmairmfmvfaje vhkes by
conposi n ndi cating an alarmindic t|ve a

“aane: ny o BRafias e SSBriRnT leRoaeTuce sk ShgSRoky MareRE R & thaerenican « o/
zn: f4]Y a] ca) ca] ca] ca] ca] ca] ca] ca] ca] cPa]ca]ca]c
g]ca]cg]ggf@% t@?a O?Lgfkg g§l§§¥§g{HCL]CL]CLa'} Joal cal cal cal Joal cal
il ##NSS6RB&O' g(Y) M) n)*b**+, p,,, % P }xsnid_Z]c]ca]ca]calca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caﬁ?alc§?cah£ Qa ca] ca] ca] ca]ca]ca]ca]ca]ca]c
ajcal ./ Q//2000 1[ 1b112
22|222E3333$4b55566e777*8P88}xsnlc]X]]ca]c“éz?ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calcalcalcalcal89:::.;{;

| <<=: >>>$7D@a\A1 CCCCCD+DwWDDh EEF] GGHYH| wwnhc“Yh% ca] ca] ca] ca] ca] ca] ca] ca] ca]
c a]'Pa] cajhespinddciajac e uapti ehfew]ratg 2l stapdajdgfesnearteapesytoey tal Ga} ca! YH
HIJJKVKKBLELJ| ZL

MVVIVNNNOPPB dﬁhﬁﬂéﬁ‘?%é@#&tﬁﬁ RRASHIG CATRTPREI YR LAPE SR 3ega5PEdne & ca) ca
] ;:a][ CSL%?E’%EW] gﬁ%ltahlgﬁ e k6@ \eralty adfcall eohe dmtalpplrhedsab éwidnea” 9w
A C nernr}rtx

=p~yt oi drfetergedaparaii]ata) eafl dadapgnsy eApd apersuced ehleaperalwe]lcal ca] ¢
a] ca] ca] ca] ca ca ca >#328xN] i t zupkf _YTid _Z]caV]c
2 Ve ~a] ca] cABAFRPRAT oM e P e FRIGRMABE 225 1 Laup tea
Aa]ca]ca]ca]ca]ca]caV]c&a a] ca] ca] caV] caV] c$aV] ca] caV] ca] ca] ca] ca]ca] ca
dck lFP4MK>zupkfa\V%£Jca] 1c4] ed] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca}’é aV]c"a (8)
V] c" Aa]ca]ca]ca]ca]ca]caf@%] af&hfca]ca!]cs{E"I~I&Qﬂ5}xsnid_Z]c]c]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca!50p0->~

[ *| 1 oG whstaln Z) clscd azheity ohjthaltor] cahtrpedh bd abc @bna¢rnsdteppnd]watec fbea] ca] ¢
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca ] cal A; beM

2. WD} xsHirepy| &Y a] GpsHIesetalaranalya] tafPea]itad Cansiy & the eaTe Aicirca] ca]

Sg] \(/:v?)% )i s‘%@%; e%%%fe@] é@% }:‘%gk}@g’]gc g%ga]}e%gq C a]@?;%& ﬁnct a?fc g]ec asf g aﬁgcaéﬁdc eﬂ”c a] ca]

ca] ca] Ca&d‘fﬂb@ﬁérﬂ @k%adéﬁfk}t @bﬁﬁét@ﬁ 04@: @HEQAG Fetnbinintdy akRiles drk- f
10%& ()-SF 10%& (§-![SF 10 -SF 10%8& ()-/}znaB!l "10% & () -

%@W&O@&f@dgat(gvesw 10% & () #10% & ()-@10% & ()
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F y" 109%&s{ Ineasurements. The term '‘water-cut' is hereby defined as any ratio that

represents a relationship between a volume of oil and a volume of water in an oil and
water liquid mixture. Water-cut meter 814 uses capacitance, resistance, microwave

25 radiation or other measurements to quantify the water-cut. In some circumstances,

-16-



10" . 10"
10" &<10%& ()-SOMLO% & () - <zX9_=! | %09 () -1 1 9L0%&: () - | 9OV ()= 14 HLO0% +&
()-1t019%0%WE: ()~ 119409 ()- 4| z[PE:! 10M 10M 10M

LO9VE ()-!M YOOI ()-!/YILOUR ()- ' CPAOUVE ()-! ' GUAOYR () - #YzZX6PE: ! ~

Soa0reee s BT EV O Iser gt LI 2ssRgs (9o Yy o NS M RS ) - M

WO% () ekafifid BiNsctande/80fdistandd h’ﬁ?ﬂ@f’@ﬂb‘ﬂ&'\/@?é@b@%&)l)ﬁ hcfurate water-cut
~_@~! #10%& ()-&10% & ()-"S10% & ()- 10 10 10< 0% ()-!VSO3YA0YEES ()- M

Li 111 q"#amas@emesls @Yy Bvaare 'ty wateyglome & less Yeoveloyt)20% to 30% of the

;2;/&56%/ allB[P &“é%my %g%%gﬁ\e&)d@)@aq%xrq_qy}&n&t (5)/26R4/gwidRe (g el that is observed

10% el - ez
L08R -3 SRS DU PUTE NS,

%\ & ()-We])egmpeh88%, mits! 1®BEN¢ ) wSEo%a! (rr)emtors therefore, are relegated to
%_8?;% Egdéé%@é g@d%% -;:L‘_@ Lo go%qm\t aQMag’a’léwwater c%rmlent Water—cut
394 0%&/ (?n mt@rs mb&s SHEN RN OIS s d PR te 7 rr(ﬁoq%? ®alor Coﬁgé?‘n?( %%%E&A?E@ ()-

109%& () - %& ()-Q /72000 1dEmN S"10%r110% L/ T109&

&S, 10%& fows Troml avlio( phﬁel@éf@éré)er beldalibé 18828122 YNGR HOs6riht Hais1d water
109%; ()- 98 109%& ﬁ SL639A0%& () 9471004 (g 132" 10%&5 -
22 $92E3eRIESMABe1 Bygertsipr 30 LPAoEREQYaRY iMdsidr(§xemplary form of water cut

42 100 OIEBIHL (ne IO RIS RS, WO ) Abob I O
Equation (8) provides a method for calculating water cut and the volumetric flow rate
of water and oil or condensate. The values p,; and p,,r can be obtained from
conventional laboratory measurements of produced fluids from a particular well.
18 Where the value X,, is within the performance and accuracy limits of water cut

meter 814, the oil density may be corrected for water content as follows:
Pr— Pw. WC
1- wC

(%) pa, r=

Wherein p,r is water-corrected oil density at temperature T, p, is the total

density of the combined water-cut liquid as measured by the Coriolis flowmeter 806

20  attemperature T, p, is the density of the water component established by laboratory

measurement or a conventional empirical temperature-salinity correlation at
temperature T; and WC is the water-cut measured by the water-cut monitor 814.

In summary, it is necessary to convert meter liquid measurements from mass

flow rates into volumetric flow rates for sales purposes because petroleum products

25  are sold by volume. Density values are used to perform the conversion from mass

flow rate into a volumetric flow rate. The fractional flow rates of water and oil are

determinable by direct measurement of water cut, but this method does not always

work due to instrumentation constraints inherent to water cut meters. The direct

measurement of water cut can also be used to calibrate the meter for a changing oil
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the average value from interval 812 is not desired, alternative options include
stopping the well test or indicating an alarm for operator intervention. Yet another
15  option is for computer 816 to signal controller 818 to partially close the selected
one of valves 803, 803' or BO3" to increase the back-pressure on the well. Inthe
case of an oil well, this backpressure may force liberated gas back into solution,
thereby completely or partially overcoming the effects of gas damping on Coriolis
flowmeter 806 by the total or partial elimination of gas from the production fluid.
20 Equations (8) and (9) specifically refer to oil and water, but the equations
more broadly refer to any dual phase immiscible liquid system, e.g., any colloidal
solution, that may also be affected by gas as a third phase. The deleterious effects
of gas upon these systems includes more than mere damping because X, values
calculated using the denskty from equation (8), as corrected by Equation (9), has
25  eror due to the reduced density value D, when the equations were developed on
the assumption of dual phase immiscible liquids without taking gas into
consideration.
The inventor hereby states his intention to rely upon the Doctrine of

Equivalents, in order to protect his full rights in the invention.
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10%&' ()-1[9 vd@dsver (104) hradaboagdes paidatigast ong flowidtmat q jundamental
frequency based on a drive signal, said fundamental frequency corresponding to a
density of material flowing through said at least one flowtube;

pickoffs (105, 105') affixed to said at least one flowtube that generate pickoff
10 signals responsive to said material flowing through said at least one flowtube; and .
meter electronics (20) configured to determine said density of said material
flowing through said at least one flowtube based on at least one of said pickoff
signals;
said flowmeter characterized by said meter electronics being further
15 configured to:
monitor a drive gain in said at least one flow tube fora change in
value to determine if said material comprises a multiphase flow, and
if said material comprises a multiphase flow, then determine said
density of said material based on at least one stored density value instead of

20 determining said density of said material based on said pickoff signals.

2. The flowmeter (5) as set forth in claim 1 wherein said meter
electronics (20) is further cenfigured to:
monitor said drive gain to determine if said material no longer comprises a

25 multiphase flow; and
if said material no longer comprises a multiphase flow, then determine said

density of said material based on said pickoff signals instead of determining said
density of said material based on said at least one stored density value.

30 3. The flowmeter (5) as set forth in claim 1 wherein said meter
electronics (20) is further configured to determine whether said drive gain exceeds

a first threshold value to determine if said material comprises said multiphase flow.
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6. The flowmeter (5) as set forth in claim 1 wherein said meter
10  electronics (20) is further configured to average historical density measurements
over an interval of time to determine said density if said material comprises said

multiphase flow.

7. The flowmeter (5) as set forth in claim 6 wherein said meter
15  electronics (20) is further configured to apply a statistical analysis to said historical
density measurements to eliminate or reduce spurious measurements.

8. The flowmeter (5) as set forth in claim 1 wherein said meter
electronics (20) is further configured to process density measurements obtained
20 from laboratory measurements to determine said density if said material comprises

said multiphase flow.

9. The flowmeter (5) as set forth in claim 1 wherein said meter
electronics (20) is further configured to process correlations to determine said

25 density if said material comprises said multiphase flow.

10.  The flowmeter (5) as set forth in claim 1 further comprising:
circuitry (818) configured to close a valve (803, 803, 803") to stop a well test
in progress on a fluid flowing from a production well responsive to determining said

30 muitiphase flow.

11.  The flowmeter (5) as set forth in claim 1 further comprising:
means for indicating an alarm indicative of said multiphase flow.
20
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said method characterized by the steps of:

monitoring a drive gain in said at least one flowtube for a change in
value to determine if said material comprises a multiphase flow; and
if said material comprises said multiphase flow, then determining said
15 density of said material based on at least one stored density value instead of
determining said density of said material based on said pickoff signals.

13.  The method as set forth in claim 12 wherein the method further
comprises:
20 monitoring said drive gain to determine if said material no longer comprises
a multiphase flow; and
if said material no longer comprises a multiphase flow, then determining said
density of said material based on said pickoff signals instead of determining said
density of said material based on said at least one stored density value.

25
14.  The method as set forth in claim 12 wherein said step of monitoring
said drive gain comprises comparing said drive gain to a first threshold value to
determine if said drive gain exceeds said first threshold value to determine if said
material comprises said multiphase flow.
30

15. The method as set forth in claim 14 wherein said step of comparing
includes setting said first threshold value to represent that said muitiphase flow

includes gas and liquids.
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5 threshold value to determine whether said drive gain exceeds said second

threshold value.

17.  The method as set forth in claim 12 wherein said step of determining
said density of said material based on said at least one stored density value further
10  comprises a step of averaging historical density measurements over an interval of

time to determine said density.

18.  The method as set forth in claim 17 wherein said step of averaging
said historical density measurements further comprises a step of applying a
15 | statistical analysis to said historical density measurements to eliminate or reduce

spurious measurements.

19.  The method as set forth in claim 12 wherein said step of determining
said density of said material based on said at least one stored density value further
20 comprises processing density measurements obtained from laboratory

measurements to determine said density.

20. The method as set forth in claim 12 wherein said step of determining
said density of said material based on said at least one stored density value further

25 includes processing correlations to determine said density.

21.  The method as set forth in claim 12 further comprising:
closing a valve (803, 803', 803") to stop a well test in progress on a fluid
flowing from a production well responsive to determining said multiphase flow.
30
22. The method as set forth in claim 12 further compnsing:

indicating an alarm indicative of said multiphase flow.
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