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i uomu~~m~o~ 9. F~el~ of the Invention 5 The present invention pertains to
Coriolis effect nass flowneters. Mre particularly, the Coriolis effect
mass flownmeters contain self diagnostics that inprove the accuracy

obt ai nabl e ffmg@Nﬁ@BE&@RmBﬁAﬁ@mm CURIOLIS PHONARETERD, M xt ur es
of gas and |iqui or Thidentifying neasurenents that nay be aftfected b
the deposition of scale or wax inside the neter. 10 2_ Sf atenemm‘mwu“mmﬂwmu

,roblem Coriolis flowret ' e of nmass

a conduit. As disclosed @%&{(ﬂ%ﬁ@@ﬂéfﬁﬁﬁgﬁﬁ\%@@ @hPat NQS. 4, 496p0as

(i ssuedy tmeik FEthSMmkdhielh al . on Jan 1, 1985 'and hereinafter referred to as
the U S. Pat, No. 4,.491,0251 and Re. 31,450 (issued_to J.E. Smth on Feb.
11,51982 and' hrepeaseat inventien perteing 1o Gerialls %fiﬁ@t@ess Paymalsrs. RMqu 450)
these f r i

config aﬁ%%ﬁyégg?ﬁ&\%ﬁ% edgg{] If&}ﬁﬁﬁ%ﬁ%})ﬁ aéﬁ %?lcg g&rfrtg%?% ownet er has
a set ampredeittad astuvacy obﬁlﬁamdemm e otetensyin beeaﬁurmgshmpbéaaberﬁhtmng
torsional, or coupl ed type Qws,int.a the ftowre adj acent
ot pel | BcAnOEARiEa T TP end L erd ciP TV BagRe e e dBe! BP Y Bbes. - and
exits thfackdPhy el Bépgﬁ‘xér‘i‘b%@é\etd}%éwﬁw'sﬁie Hledpetir. t he fiowneter. The
natural vibration des of the vibrating) fluid filled systemare defined

i niart2. bﬁfalﬁ@eobﬂbﬂhee‘arm‘e of the flow ube~ and the fI UI d within the

fl ow ub | Wt f

thce)seun:tsur?g@ e@ #ﬁ%ﬁé ?Hgégyﬁ‘s%atﬁgr 'lazf%trogu 55 t he ;%FBMTF

E0| nts md Q}Slllo%bﬂél‘(ﬁ)lfw\iéﬂb@&ﬁajﬁﬂ'ﬁUtQD aeat. Nd‘shﬂ@nﬁiﬁ@bS?wSBJ %ﬁﬁnltbla‘ﬂm o
egins to flow riolis acceleratjons caus owt ube

toghave? lomaR dr dHBS ANerenglien el f?@’egﬁotaﬁeﬁﬁﬁ'ﬁlg Poﬁc% &oog 4%0?5 be | ags

the driperas 40 (i8sdSP1PNE Sl bAF&HII1eh 98D Gl RGIdMAa rdfdridd to Sensor's

can be placed o owt ube to produce sinusoidal signals representative

of1% he thetl.BnPef. NtheR¢ | T Gbk thadeelipMastergifavereiter maradiavtuaes 80 sensor
signal s, s

f1 owt upd® S%Hégg%f@h? %ééhdr E%%tié@wﬁé?gﬁp {’rgjr%ﬂtow ) 4 @’O'?' E’tﬁ % "u(}gnm ty of
t ypi calfigwmetes batlausetof naturasvib@itamgmedes, whichi mgym;sfee sieplertending.i es of

" cconartBonaler 6aup R AP F I Ry e TR i i SCjacehl bRGUFE' 12"

flow r gdrethennfebsiies istdl?édtéaltﬂr%ugh(?ﬁ@lﬂbwmé ot wetseahataxqsqﬁembasﬁeter
difference and oscillation frequency ., Re. 37 ,450 discloses a

Ca?Q ol iterouighthercaitiet side afdos ﬂ@wmeehe*éae @atufehs'aram BodesHaER dif ference

and os measuring
the ti Sr)éyg %qﬂbé \ﬁ/\%ﬁpﬁeveg‘%’?oé%%‘é?ﬁsfﬂléf%ﬁﬁ?ﬁd?ﬁg?gnaI s. \Wen
this mﬁtolmubesauetmb flividevittan the Nowtubes. t Fecholewtube: issitiviendguaatdizte ahcel |
and mass flow rate is tﬁr ogoréi*ogal to the nmeasured tinme delay. This

measur éRePtEMEIRATS & thep BLMOf8Ferred to as a time del ay neasurement.

A probl em i WaBH tIedYeliy nevidw Bbegdie ﬂbwmétélQW"mﬁUrﬁﬂ@Rh@ﬂWLﬁ@S is a
10 Iimted suitability to gas applicat,ions. e |l ess dense than

h
| i2fui doseiatewia idantical phasa ARduihheding Kow ?@F‘P? Scceleaplions easeol i s
accel e e%tchq:%?n asn&nq?ﬁw?ﬁ&bﬁ%e tgma?/esé bR ApHARYI TiRs pﬁa?e PhahessRSi tivity
fl ownreter ternative owneter with conventional sensitivity could
be usedida &f mleeﬂdvholne\l&ga)mmcyma white HesphiBssoon g cudet sidedeads theriol i s

accel eration Unf or t ynat el this alternative, | ead ownret er
navi ng veEngrrrge Gttt a hedfutthe B RS el fRnglse T ow
thr 0udRefiishbAtdiine df MERIGTN e FORR@SHATRY phass leencsiddweshiwphase 11 ow
including liquids and gas. %s the systemwith the effect of

r éduci rsgnsemgnalws prqno"hmli@éfmemass v rae e i id @F@\é@fﬂ thafiowtibss Revere
that the ATSAE 4 ol ving
the us&OGtP ' {'néf@‘%'f’ 'ﬁéggs&{e@%neasureﬂﬁpgﬁg ase ?awﬂﬁ(%%r%sﬂgr%e in
the petvafibeUuDHaAGys i Yeméigs €aunid thwéfé@qmcmmmfdhelda)urgamocmuiowairer Gas
wells siml arlﬁ/ pr oduce condensate. and wat e 15! @t} no. 5,654, 502
descr i [saRCethRe Crwmeéﬁtf‘ssgpgw}‘ﬁ%ﬁéﬁbmé'W’rﬂ'ﬁ‘?f%?%l”%ce 6’?1?? grédPio flow a

sel ect eg Wehty VAA&UH e’ pbRsd. Separator, which separates the production from
t he wel c%nto respectlve 25 portions i ncl udi ng gas, oil or condensate, and
wat er . A Coriolis flowreter is used-+td seasure the nmass flow rate of the
respective oil and water conponents. The accuracy of the flowrete
nmeasurenents i s enhanced by using an electronically deri ved mmwmﬂmmmw
measurenent to correct the neasured density of the segregate f or
residual water content. This correction process is difficult or q&pessi bl e
to use, |n 30 sone S|tuat|ons because not all wells are coupled with a



2 can be acritical Iimting factor in the accuracy of neasurenents
that are obtainable fromthe neter. United States Patent No. 5, 029, 482
teaches the use of enpirically-derived correlations that are obtained by

f'l owi ng conbi ned gas and liquid flow streans having 5 known nmass

per cent ages of the respective gas and |iquid conponents through a Coriolis
met er. Messefigw rateainl thisdstuatiod 16 propdradbhain® thieeratibeof prsesd tiffecadcewrat e t he
per cent age of gas and the percentage of liquid in a conbined gas and |iquid
f1 ow st PEEHRWIN LIBRYRNFY- gas and |iqui d percentages based upon a direct
Coriolis neaguke f ] . - 48 t does not
address 10 r?rtrée‘d;?%?itr\)oog R:)%hﬁh%%ﬁsglg? §§8f5é g@élrsaﬁaoﬁ}vp?éggitp\ét%ﬁ@%@[%en dece
nmeasur egeMeSsutif® Both bhase darmemng ehd estillaron hayeensy. ePhass difteBnid
enpirical correlations. Accordingly, there is a true need for a Coriolis

f | oret eetermated by megsurirgibietimaedelay beweasirlevelsregsingsofdagehingnupudaldensi ty

over consentie MpShHunEai6s 5 oo i a o Mo BRER b U0y f e ng

Cor i 0i i §nd haEBIRY r4R8E Jr8pdissala8Nse e ured tiiR @énfa?ctm@fne%%ﬁreq'ﬁémi ng

upon density measurenents i n nultiphase flow The neter electronics are

pr ogr anmethddis hepeivaler pfered $0 ag atthnag delmypaeesuréniard. gai n agai nst a

t hreshol d vg}\ue Es an i ndi c@or ,?f %wh e flow 20 The Coriolijs

fl owneter i sPHBRIEMN it SHHBNEY Graiakle £onolig; faw MeRPUIBMENT GRRR/EIUS 1§ a

mukd i I W t.S ki i i i Jd0 gui,ds, gas
Tnad (bifed spaB) 16 MRS ol OaH, Roa e g AbL € Werite 40 Refids BTS¢

f 1 owt ubmraeduanttls,i aerthéosamebflawi nglotitiesf |sonallebeCatiobs favvetereidrad are equency

correspondi ng tgr a density of materi.al rovvi_n%tthrough the fl om ube. The

met er JRNETPERI dDiFrSALRURN dequiEeSoai I BRBSIHEN fIwWaTaiely AlicsuRiedy.far a
change dd), Bl ihtARLRIIGHA Rehbfy RXEANEHESSRY, Fld hADISACLY RihLlLYgh sai d
owt ubg. i's change 1 n value is“typlically a'conpari son aﬁal nst

t hr eshabachrlveehalsahte Cotibliphestertions. iUvibrdhaghgabisamerhativeilgadsto 21di cat ed
by the drive gain exceeding the threshold value. A second conparison may be
nmatle ad@wisetes haeipgraisensibgiydhat isaioteongianhdi cat e t he exi stence of

nmul ti phase f i i OhLdsy. hi OMi sQl.i or .l iquid,
gas and sol i-’lc!l%\,,\b'b@%{ﬁgw%agg%;(]ﬁ&glﬁ&q@]mbFgér'sdgér\gwnege%% gc&s? Cg gda[t%(g)éi of gas

and | i gysersywitemullipeaseier irdiRhag Nqiias andsgexndrheégas tanipaanesisteance of
mul tiphase flowin the fl omube for the duration of the multiphase flow.

Thi s r edfhahseffest efygryeingpenaibivit tovneassmententi Shisdagaping effectoandwetse f or use
in determnin olunetric flow.rates fromreal tinme nass flow rate data
fromtﬁgvﬁ‘@ttg_%?ﬁﬁwg‘ferﬁgpﬂk Pa@%"gﬂ ﬁ@wﬂ?%%gg%f‘%se during the interval cf
damed 5 nulgii,aH8SirvbRIMdTE UsBUf EdRioNs NEWhetBRA6 Yh €A% nudiiisBadw rom

sel ected conmponents of the nultiphase fluid. The historical density val ues

f or useftdomring in the pettadevmlindfstyamipare QﬂMelisimfaéece bibgass and waleralGas
averaged over .an I ntervat of tine to proyi de, an er age .densj | ue.
Txeseg\‘ﬁ’ﬁllﬁ\égwayaﬁrggug% %j@b@@ﬂs?t@péf !t‘l"gﬁr'ca \éar‘?eil i%o.lé,ts)éf;}/@aum nat e
or r edH%gcr?tFnBé; % il t%Ef’j@y‘«HtSWEérefiﬂ{En‘?fSld‘& éd}ﬁigHFE‘djtd flow E\:stegéf&g&%udens' ty

val ue. temative to using historical neasurenent ensity

val uesthrough apesseptstoy evifithusetmaratey the prddustioe o the welbintoatepyctive
n&gsureme_nts or fromenpirically derived correlations for fluid properties
i #0l udPAGICAERGHYina RS, ot Pr ePRdensalrvARdarates. Arvereisdloveprelgss ysedday

Gor i noleaRurd B ad T e B Eechfl Bl b e e s BRERE LY & o
gas. Tofthklflowmrdter mehserdraentalid ¥nhsried byl wsing bhicprsmiciigdensed wetdidi ng gas

and liquid or gas and solids. These environnments are especially common in
t he pe€wlomeasurientrnsttpyconest theamsasuird dgnsity of the segregated oil phase for

residual water content. This correction process is difficult or impossible to use, in
30  some situations, because not all wells are coupled with a test separator. It is
sometimes desirable to measure the flow from a well directly and without the use or

expense of a test separator. In these situations, the presence of gas in the system
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oil well or gas well can flow m st, bubbles, or other nultiphase fluid
systens. The 20 flowneter is especially useful in performng flow tests
upon wells to determne the volunetric flowrates of a well as to water,
gas, and oil or condensate. In khese situations, the nmeter electronics can
take action tv overcone the problem of gas danping directly by increasing
the backRLASHHL &k UAGMPcdAnRE SEclaEy bR a30lhEMR hEt Bie bBRIERIL NO an
alarmcondition to request operator intervention. e rnventjon also
pert ai ns flioen tenteedr. sof t ware i ncluding i nstructions for acconplishing the
objectives of the invention. Specifically, the instructions ace operational

when execut ed Upjted PratreEatntihe.dp PEBE8EHEaphec HisHpe @b qrerisiraly-deived gai n

i nputs fr 1,.Ql r ss .t rinve. gain i

determ n88ﬁh%t'§§§ gq%éhgeeg@%ﬁﬁ&ﬂ]ﬁ%ﬁ&%@@% r#égd"g‘ﬁ l'ﬁﬁ’e&@)ﬂg‘rgg%ﬁ@/ er by
conpari ngnbha MBsdipeyeeragids bNMY Fesp@aiivis jad antiriRpiwcdmpneatd aetbagh iave of
mul ti phase flow, and_to provide outputs including a historical density

val ue noforiefis exder afl ho enririaally-dgrived| calhatiang redbandifsst o ¢ajeulpisethe

Cnaabt oo Bl UL LART Spd bRltantlaR SLLATL LB Mo Bl BB RS
i nvent i ogirgSmacfRInkAbivE §EOMRY ShulPYERSNIERIEY bakeEt isth ¢S diRat @&rs{snfsgr

drive gain in at |east onhe flow tube being Vvibrated by a driver at a
f undanentreasiirezoernof/ too totak poasl fgwt ate. déhsi '8§2 gpatent eidesal ndl address
| ue to deternm ne the

t hr h the flow tube t et ect change in v ]
exi S0anceTaroiRtn Phietiectoal $4 SRS GeVS BHCTCaNY AT oS oS s
reSPONS ey ok MM bTLBRSH BLRRSHON Bleldiphase [l ow of material

t hrough t ow t ube,” a correct nsity value tor the material is

provi ded. 10 Acdarding@r, tespecth tafe hdddsfor B\Garidlieflowenatentatiin@gsshenditivee gain
to a threshold value to determne if the drive gain exceeds the threshold
val ue astodheief@rtsadidiasoiamping yneasdensity measurePERSin Zapephass fewi s
invention is that the threshold vagpq:_dﬁoiwdi cative of nultiphase flow
including gas and liquids. 15 A further aspect of this invention is

conp®ri ng t heTHH pregedbintehiibriowsreomes tie peittrds vallined tabovetaeidnadiancés t he
drive gain exceeds the second threshold value as an indicator of multiphase
f1 ow i ndhedarhgyIArgvidndam & osielis dowmater thahis (ese ensitiypdettherefiagts of @aent i on

to Sai o GATRRRRRY Rk et retBaRR 1F Ip RSB SR T il B R ORRER B "
retri evigiggshmhmed fRHsPeeRl otk ssifg tHat s6Aparealdride faintagadimasuhi¥pBicvdigs use

as the other ‘density value. A further aspect of this invention is averaging
t he hi stasrarmdicdosoimuiiphase 8ownt s over an interval of time to provide an

aveage density, BhUS 1 hEl N850 R5haSIE of 163 ob BNAENRY deishdibet IF
multiphase flow environments including combinations of gas and liquids, gas and
solids, or solids and liquids. The flowmeter includes atleast one flowtube and a driver
for vibrating the flowtube at a fundamental frequency corresponding to a density 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 sclids, or liquid, gas and solids, which may exhibit similar

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



25 are subjected to statistical analysis to elimnate or reduce spurious
measurenments frombeing included in the average density value. A further
aspect of this invention is retrieving data representative of density

measurenents obtained from | aboratory nmeasurenents for use as said other

densi t youpk é&ist@ite of multpiasadrecin 1Bk fldwtsbe yemd i atdnrdtthkevi ng dat a
representative of density nmeasurenents obtained froma correl ation for use

as sai dNetiRBRSYERY t 1§ 5ETRONSS 15 tYRICRIY NRRTOXSHEL PT BISIQTIHA JeASERFPH i s
P ur a8y B8 IuBlenfinit@ Golr Rt R tefedhol PR PO nRIAMEN RSB iy

nmeasure materi a oW romthe wet' stopping a welt te
~~pon phedneter.o@thérovéaigl demgitytvatuesefdr usa duringhidwe iatbgrest ofodarnhed i nventi on
alarm i ndic of a5 nmulti se flowr sive to a

is activat.i a tiv a I Spo

dotbr m MBS foPiraeiina dsasibt Sre et pisab B BE T STREES nvent 1 on i s
provi didbgnp,yoﬁerrfpg 6f 97 MuRtbHAsERIAd. out put. BRI EF DESCRI PTION OF THE DRAW NGS
FIG 9 depicts a Coriolis floweter; 1=1G 2 is a block diagramof the neter

el ect roni cs Tihe hintoricat dersity valoemtararse dwimg e iBterupl et dempechemat i c

ai . ot : ! - . herat |
i agr amgnelest BpR e dapriig-dRiedBVaRan BT o R (el BR T S Eu ©
addi ti qwat'é%el :ijmsjittywtamgs.a":riggse gaguee_rmtahatsd !?e ?uajfecm?mlm smtigasalita"naysis

muj t I as .1 QW SySt e epl CtsS ol Ol [ ans S1 vVer sus

U of o RimaE st reyEs seviRHS g oanuEReRs IITD SR RGP M s viE9E o

|1 qui d fensheuaped & &Y BRERRtVedd dlsir@J:hsto%&l ﬁreatsgu%mlem datpefdnityt he

addition of” a gas conponent in nulti"phase flow, FIG 6 depicts a plot of
drive galuesfer mpsesentstivefluidg may baraitainediidp|laberateny mEeasuresmenits ©f

reme~diatiaqn: . El 7 i : ti.C s L.agram

dermnstf '%E' ?‘H'E '%C% %qﬁgé’%?%#ﬁ?oi’ﬁek@?gﬁdﬁ@ég Rf%é nﬁr& gﬁ\@éﬁﬁé'%bbl e event
shown iri FiThe Corislizdidwibetdt idenfeﬁd@ forasee ineetri;cet;)ilwimﬁmf Qhaigham of a V\ﬁll
test systemincorporating control circuitry ca e_of i enenting the
metthod TR BRFASE1FY EXiste, %ﬁﬁ@@@b@%&?ﬁﬁéﬁ%@aﬁﬁeﬂw PS FlRRId VENT
Cor i ol injo GtABEBE Aatidh: SHRENALId-dr'das. TR bvnetdr id édpadiaibassetulGari ol i s
flowneter 5 conprising a flowret'er assenbly 10 and neter el ectronics 20.
Met er &ndidphane Bystawsinclddinganseand lnuie s gagasherligsooThese | eads 100 to

D er BT RS il P L AT Bk PSS o RERY 0 71
t he ar oilwetortdes welksamflolmistt bubblesrormthesrultiphaseyiuiy pysteEmoThel i s
Ll \évgf _g\svmg’e ef is %r;glc%?lff u%]:s‘ﬁ}l rx]ne pQHang{ngof{ovg testS [J%o%rwélgetonéjqurenrﬂn%fthgI ck-of f
volumetric flow rates of a well as to water, gas, and oil or condensate. In these
situations, the meter electronics can take action to dvercome the problem of gas
damping directly by increasing the backpressure on the well to force gas into
solution or by indicating an alarm condition to request operator intervention.
25 The invention also pertalns 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 exislence of multiphase flow through the Conolis flowmeter by comparing the
30  drive gain inputs against a threshold value indicative of mulliphase flow, and to

provide outputs including a historical density value not representative of

N Y e e L ket



Fl owmet er assenbly 10 includes a pair of flanges 101 and 101', manifold 142
and tl ovvtubes 103A and 103B. Connected to fl owtubes 103A and 103B are 6
drive. ~ 0-1 and pink-of F sensors 1 D5 and 105'. i3raCe bars 106 and 106’
sérve to define the axes Wand W about which each il owtube 103A and 103B
oscillates. Wizn flowreter assenbly 10 is inserted Into a pipeline system

(not shownluamdersitgamebssrenentgafoerthal direting ofdsurmdiiphasarfica). eahess
fl omreter assenbly 10 5 through flange 101, passes through manifold 102
wher e t hénsicenare siorgrioec machigespadadle piirgp R dIIB fOrapdieYalss neRdgds

hot or Onssennl BIT8 heshafPRy EREMGDS Lepfole IRl MR e e st o
and appr gt irabgikor aRuNbath 0 arteudt A 462 sBeabeihg ikeees Bysh afverldt )y t he
sane mass distribution, nonents of 10 inertia, and el asti c npdul es about

bendbng Beemanialdreguencyvonresgiesiingieladernsity of ek rim 8ewingtbralghihe Viand| y

f th ifold.i tial Ll el fashi . Fl owt 03A d
1038 ar SRt ER Gy G alar Pas f dnleBEne ey sBDES A musEsEE et | ve
bendi ng gxigsateasdoMé R ilgéle."‘hﬁtrebﬁoﬁs?g g Bb@rrfn'ir{aﬂon%’flt E”%L e!?r%mflcggorf ol d

of the frowreter. Driver may conprise one of many we nown

ar r angenmottiphaseadbwas raateaighttronglu titeetiow dubé cavk abyected e rasity vaiueofop oftieng

tail nounted, Ho fl owt ybe 103B. An alternating current is passed through the
opposi ngMakinal {oPrey §é- both tubes to oscillate. A suitable drive signet is

apphped by WA?W@@%@QPE‘F%Q%V Wti@n'i?%giﬂ%iﬁgoth@r&rr?%%iﬂflﬁ 4 Beshol

description of I's provided nerely n “exanp e opera?ldon 20
of a Coniablié $o Hetemminteeif tamdrive gaint ekrdextsdd thoesHald valieeas @achikgiovfoft he
present invention. The present invention is equally applicable to other
types ofMeEPN8$e §0W| owneter including single tube neters, ‘as well as those

{ypes ofMegPNese & udi ng si ers, as vel| as th
the oot and TaFSvaPss) B rIYEERSA SR Re MRSt F WBRld BibRafl o ™ ves

r espect indgltiyhadéefiew iredledihg gaiseahdquidsoduces the drive signal on lead 110
causing driver 104 to oscillate flowtubes 103A and 103B. The present
i nvEhti on as Al&gthasaspret ef His daveniPadE c omParingl thedirvpedaingrad secern

o gnal s R R BB BB RGN PEOFGER hE B Y pBNBER Uy (e

present annu@ithtarof nﬁﬂﬁ;ﬁha%@fﬁﬁnlmcmdim?ﬁq@ﬁ dnitpsdlidangtt@n out put neans t hat
allows neter electronics 20 tc interfac a with an operator. 7 tvleter

El ect roni cs Zofurihecaseedtiof thigliyentipn @ Prpviding  aessdensiy vekualpdgr &mmof t he
COmPon ey VB 6RrEBLS AP T DA RR L FEBbA 2 poseocs el ated to
velgei ty si gpafusthbf 85Rddt oM RiveRteeEDttriéling@at® t&iresentative of historical
density measurements for use as the other density value.
A further aspect of this invention is averaging the historical density
measurements over an interval of time to provide an average density value.
A further aspect of this invention is that the historical density measurements
25  are subjected to statistical analysis to eliminate or reduce 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



5 electronics 20. The velocity signals are received by analog to digital

(AID) convertor 203 in neter electronics 20. AID convertor 203 converts the
left and right velocity signals to digital signals usable by processor 201
and transmts the digital signals over path 213 to 110 bus 210. The digital

signals are Bilof Bk fpdts are
transmtted %ﬂ%@#%&tﬁg&sbgtrﬁy%%@?ﬁ% %g@m (r:rﬁ Ez;%p |e|efg@¥ ﬁ?égl gntal s to

di gi t allesgt mmmr@gu(:mgpyeld;mmasure mzerlaimpvaﬁaﬁw $heymalisarid siepping 2
convertor 685 ”/W gt{ésaszn__st%artétﬁggdcucgogrd }1%% Yﬁév@ﬂt h 110. Path 2fi is

connect &' eSSl naI S 10 i nput and ou~tpui neans
(not shown) avRirteralspest okthes irvkeatibn nactivalidgtan akecei indicdtiva of mom and
convey data to an operator. 15 Processor 22\%@%eads i nstructions for

per$ or kPP JawirgsROMSIKe 9 SrietefmiPRECR Ph MR MMHIRRRIGEPYg but not 1inited

to computing, ﬂﬁ'ﬁ‘r%rfé ?\é’cf@\tﬁuao nv@np@ﬁ %rng@wmﬁ??@ﬁ‘e’é'dé% uelirRedr Q. |\@Utat e of a

material, and conp ng densi terial froma Read Only nory (ROM
220 via path 221. TheBBﬁE&ESQﬂIH’Tml%fTHE:DiWNGS performing the

vari ous fun%‘t{;o S ar red IH ndom Access Menory (RAM 20 230.
Processor 20" g 858“% il ‘f"e operations in RAM nenory 230 via

path 231. Img b%@%lo&@a raﬁ%ﬁhe%é@@th@mmel adeions dbiviraned,
control instrumentation and ot her processors that may optionally be

cothect ed t &|@eBstepists ekechfnatiodiagrarpaalie vbratingusriinseard weidtyIsysieati ons 2b

Fl ~. 3 depi SR on the
sane physi cgltép?:an%?es asﬁwﬁg 168%6\@2%3@0%/‘%}?}8%0“ ow%&ﬁ%ownet er 5
(see Fliike ti3t of F1Gi Y bat phamenélll)ow\.lns;nng a@aB0aMpecthatéz apdogouato gaghor 304

and a nass 3@8 Th nmass, 306 reciprocates or vibrates on a path parallel to
doubl e "h@4Be PB??% WS e natural frequency, f~ of assenbly 300 is' 30

(1) .~ ~ 2~FiEh5Ye gndw%rﬁo&sftrénérh%smylv@ﬁsmstmamfre pehgindQdisnd rn is
t he mass of nmss 3 he case of nolis flo mis the conbi ned

welfht aformprisanobeivges a bzpotheticaldmyid sysemeanda ynateetinsd 4998 materi al

i nsi de t a%q.j., 03A or

103B, s&gk%gig%e% d%ﬁ%ﬁ%%é&mtﬁ%& g'r%s a%@‘i’egﬁt‘épin%lg M\%)érjéz;tﬁl%’rl constants
det er m ned |FnGa6@@tpmu mlotbf drivengainfyarsiGotime! durirfd a\tnmltseam,bubbies t he
density of ‘%ﬁg \(I)% tgqthrough the flowube, and f" is the natural

f r equelf¥§nt ?Q%S?SMRB’ 8"%"he natural frequency, one can determnine the
density of g, 7idégidls alétHeniati) procksovontrelrdiagems deenorstatingawv rates by
measuring the Coriolis twisting of a V|bt1rati ng SensoQr one of

b |
{ afos Lisesnod Garemariabrol et neentbybble GyeBnsigr™ (LB SiAt Lons have. t he
effect of cRraggsR gﬁ 418 aANHES 1 BBER LidHran éﬁélh/@HQéstfdyétéiﬁ .ﬁé&pﬂbmwns'de

the tube. The Coriolis twsting force is relatively snall,
f | owt ulsestrar drouéhacapate of irnplementing thermethegkehawreir Ftﬁwbbes 103A 15 and

dotect bl o, R LAIER HESERIR TR ol R PRERERRER EREAbIgENS 1L 03, | ©1604
t hat vidyrm,g;]gvj,@g{émﬁsé;%}@ .amg 103B of its natural frequency. Thus,
processSor es out %ut t hat, conti nuousl yﬁe%y. es the

t 28nsni ssi vill§- ?dquﬁ'aitﬁs a@qr@hgé'iowmﬁt% CHRIIRING AdIowmpsies A8 riolis
F I ownelL, s a0 kit dmtls®20 t Rietél &tranics 20 is connected to meter assembly 10

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



20 voltage is typically increased as the transmssivity ratio or drive gain
decreases. At the sane tinme, the drive voltage cannot be increased beyond
some maxi mum |limting value, or else the voltage will eventually becone too
great with the result that the meter is damaged by excessive voltage or

cxcessi vy} BOAheRiaNBlidohiBrs 108806 oRe 1o 2ko Bt FRBRIRIOR ke & . stem

25 FIG 4 depicts a wamc Spring nmass assenb

oper at eéje(ﬁ'ﬁetﬂh%aééw @WSWCQ HYWH@Mﬂ%’é’ mpﬁvﬁtQ%‘eQHQO@,& '”_’ﬁb% of
Co | fl |
rialis O}Wﬁéﬁﬂo@rﬁé@ﬁ?%&pb Jo idngiidd PRASBORSE I L@ IFLAGLAp gas

and liquid. I'Nnere possi enu ering In N re dfor
| dent| cathigh camies she maRbea! Bemglrﬁbawrddfmetema? mﬁnrﬁlf@wrﬁet&y atsbemdddi® i on of

402, whi th fect 30 th tugd f
Vi b GHoUBB B Nga - sBass R PR o0 3ia Wb Frohal iShRstaddot he
system @h%dmuﬂs@q oérA et 16318, Mmrbu%wamm £03 4 P4 088 7Y da%gs due
to danper 402. is a plot of hypothetical data denonstrating t

pract i cmioémam@ﬂ‘i;wi ngedtamisrrgetm asserrhiye 40 émopghdtargest0Bf f 1 awt ubes
103A d 103B,.j i i t | f
tr ans?ﬁnssi Vi F{/&vﬂg%% Ic")pb’lé nag 1}@\5’%‘”&”99?%[?? C{gﬁﬁg PF%%(%%&”J"S%”@FB& ngtgl (rjlg
voI t?gen'aqmufolcbmzz 90'rai?.stoCl'ralweem.(rzmlténtit:ltlwL th@saLn,e s rd%lﬂbtﬁﬁ(brﬁgn%mgnfstuhf agd f2.
ransm.ssi v rati o equ iC i vide e drive
Thdgr " *iethia 5nd eidsiiogufis SHah PendingBres My BNk W Haspeciy. e
LN PUT ﬂoMuEbTesléx%n\éEoms%l %Mﬁé@néﬁfol@iﬁkﬁfeﬁsséﬁhénf‘ Oéartan& J@éﬁ.eﬁnat' ng

vol tage on leads 111 and 119' from pickoffs 1 <~ drive coil
is the alter ﬁ@thh@eS/M@%g?é’do?ﬂ?r%éde driven by daves €04 & ppposite dnestivnsol t ages

Ty be 8H3USher LAnRLe Lanelly sl 690 VD! Aid BIWEANR @Rk aSROUE of O

differences 1n sc e drive coi

A fi rstbemmng @0 @f toe Rewpustds Driver MO4undpapmptiseysaiccol miany wiliadiown (1 ) and
gl G 3é i %‘ is present in {gg flu d bei n rreasured A second
cur1 e 507 '89)‘?'7"8@%0% 8 at’ﬁ‘@gﬂﬁhﬁ\é’él'”&%é Eq"tpé;ﬁ Ad @ornasing «@ir ves 500

and 502mavtsd fiwtpe!1088), Uﬁ:n%@ér@mg%ent@gﬂgéd ¥ebYgh e 6&?‘0% ur al
frequency f~ The regi on 506 of curves 500 and 502 to the left o

r epr es eFRiktorasise oth ebegier esailates Posuitable dios signedisigapliedsmemBtes. 1 ) are

vi bratigng Eyig 1854 199 20 curves 500 and 502 to the right of
f" repr esg!r{l?g'egégi ‘t/'a F?d ﬁ\%r}érbﬁg (138%1 owt ubes 103A and 103B (see FIG 1)

are vi br at i ntheutesefipttraoé FIGht isoprovitsid rpereiy as@H exampieref tHe fopepatich t o
detgct | pal i nt ue, t e Iltdeofotlnal poi nt
son0 - AL e Bl TR fnd & gl 8ol 8 T HETER AP Sfaesm s 11 owret er
5 (see iRkvéntich.) Tis@presenk divgetionas éq&aﬂ)&éﬁ;ﬂiﬁbbm&dtﬁw%@%lﬁ?mm@ 25
dependi on.the sensitivity of the flomt,tlpp The neter el ectronics 2a
are desd%ﬁ@g %’H’WPQ&H“@%@Q‘%’%’WSOPSW@Q@ $6ihAving awlinlepishefiabre t he
anpl i t udQiyefe dhvalpgr ni ssivity based upon a ratio of the voltage at the

pi ckof f coi |l di vi ded by the voltage at the drive coil. This optimzation is
per t or med bddewreirmronics 2 escaidsythesight andrel Vetm:ltylédgnmmmngaorf irst

f ogiar e 30; dh1 BRHGDAE baKEOndP AR SaLRAGNSH 880 Re'dinh Ygrtd Sauency
on lead 110 causing driver 104 to oscillate flowtubes 103A and 103B. The present
invention as described herein, can produce multiple drive signals from multiple
drivers. Meter electronics 20 process left and right velocity signals to compute
mass flow rate and provide the validation system of the present invention. Path 26

30 provides an input and an output means that allows meter electronics 20 tc interface
with an operator.



produce a sl ope having a zero value (optim zed condition), a negative val ue
(region 508), or a positive value (region 506). The neter electronics then
drive the vibration faster or slower) as need is indicated by the slope of
the data) until an optim zed transmssivity is obtained. FIG 6 is a plot

of hypot\ister c&dctibnics m\w\.{;@getghe F3Gr el ati onshi p between drive gain and tine
for an event 0 ere atr nt buble enters a Coriolis flowre 5
(see FIG 1 )F?%[ tl'\({b?éraéﬁﬁza i?@@“ap gha@orgﬁgneﬁslqlféréﬁrrpl?gtwﬁa gésed as
a perce@tmw gtr@m%e gr&e%etfrﬁgte%%ahétmeéérqnnmnwmepathg MeeMahsar e 9.,

t,, Accor e conce f the present invention,
processcbrranzom t(tgéeﬁalngcngm@elcfz)tyﬁsgq@ia) @@rﬂwm&rwsaemﬁlﬁéﬁdpmemrue 606

Cr arsm SUTGC TPe Seistahy it tatelba t €808 MIBAT] Thaces 1o

use a deaﬁvémor\@own e@étéﬂél@wdnica 20h eACneoreverion 2813 carvests thedeftdingg t o
Equati on Processor 201 then proceeds to cal cul ate r(@:lénm ty ac ording to

the fl oWg ha@'PC'%ﬁﬁﬂalﬁﬁqulgﬁ-?"#'g ueAe by PrRsRRRPr iV TRtk transsnds e ni [ ar

to the I khC [ g
W th pa(raf’é %'ﬁnggn&(}lg g:'am;gg téi'%.}}tﬁgz Puﬁ?ﬂwdg?lt%% éﬁ%ﬁz’\%dng algfual |y
bU| | t upuei2iDie pmmesstOﬂl dviver sigrel areotramsmisiedbeser 103 Auari M@EgmthThus, a

Wer cerp o apnirs e SR it delhd b n BB ot AV 0B 8BE "ana
sol i ds, signaly ﬁbmrw/AS@&mféﬁoelzog@éwn@mmto gavémE04 Viawbathest0. 20athr z1si ent
Bubbl e Renedi ation Mdde It is always preferred to use nmeasurenents obtai ned

accor di FcheEtRibior br R‘@)Q?Q)F”%@E'te%%g'ﬁ]?éofm G RPtREhBaapsarties;
however t A RWAR

del eteri o%‘é’n}e g@tas!l%of gzerpggérrﬂﬁ%r{gs ?g ‘ﬁﬁ%ﬁgﬁgéﬂk%”@%ﬁ%’ggﬁt&s a
processaRperdtor. renedi ati on of density val ues when a transient bubble 25

Pr dBess. P700" R BRLAD hives b stoall B REFPoRneca s BakisnSSPRBT, o

danpi ngﬂ@wme@éreiatl@drr@abuttnmmnﬁ@&urwmum@ méssﬂbw rate of laemawxhl best val ue
for density qQbtainable fromthe Coriqli s fi owrrgter is,.a recentlri/arl'rreasured

densi t ycomREting ¥pae Jewdetgel amateirlednd poppuling derstyidd edmateral #0/hnt ext
of refepeRcsy Oq@ogg hG ssor
201 detér m ne? m& tcﬁg gl’l ?’%qpﬁa’glzgxcgé%e%ﬁtg hdréggﬁg%g nﬁ’?t%hd?xrs%ﬁ
consequpederraingdine venmfumong ace stosed in aRandony P@GSS&MQmﬁG’ (@%W Due to

t hg.f ac h N ve_some -11
not0e” atdt et Pl Riichne By BB RRFdI R AEY 2R DTT,
processpath2Zul]. ImodxBarbetckemaeelrnaepeledtrbancmzmedcm:iarmddmmala:bnfrﬂ:D to an
averaging.inlerval 61 Ayera rval 612 corre ond to.a single
data polEtrymemtatiqn ap Pm%trﬂ'? ﬁﬁﬁ?ggna%o& 9?%%?3?%80 MR'. pl e dat a
poi nt s gRktbARs Parawestode.snoot hing 5 spurious rreasur ements 614 that may

spi ke upwar ds W|thout exceeding threshold 606. In step P706, processor 201
determ lighist he neasurenments in averaging interval 612 exceed

th hol d 60 Kk
03 val ‘610 16y %%19'%}2% PhaFmEed Syndrty sbi) SsSimbh sty HaBpekalBEREE 1
i nt er vathetdainé Iphpsigal Erirnciples atiflowtoies1@PA BRAA.03E of 6paalisflowttedent s

through st 6 fai| to aryive_at a nterval 6 havi oi nts
gr eat er Sﬁ? Ho 85815018 Blorse 1evn Sep0s 835‘5585%?‘8%}3’3@ %”%' 8nent

614, i nﬁta'é@“:s@@ tmﬁta%%%%cip%téé%ﬁﬁbﬁﬁt@s 6A% path Prafbi @ MAkesl by

statistical analysis. This statistical analysis can include calculating a
st andar deatéad arper8dsnd ThgmatunayfranuemaihedFssemiiiié0Pe st andard 15

devi ation or ignoring all nunbe s greater than threshold 606, so |ong as
sonme neasurenents in verag ng |ifiterval 612 are | ess than threshol d 606.

Al gernativel¢y the pfeces an be programmed to output a presel ected
density val ue, such“as nmay“fe Yhtai ned from | aboratory neasurenments) Step
P710 includes averagi ng the density val ues over averaging interval 612 20
to provide an average representative density val ue corresponding to
averaging interval 612. The values that are used to calculate this average
may be adjusted by statistical analysis as discussed above ~n relation to
step P706. In circunstances where netgr diagnostics show that the fl owreter
is not operating correctly to produce a nass flow rate neasurenent due to
gas danping, the neter output for nmass flow 25 rate can al so be averaged
according to these sane principles. According to step P712, the processor
201 provides as a neter output the average density val ue obtained from step
P710 until such tinme as curve 608 falls below threshold 606 at tinme 604.
Accordingly, ~process P700 concludes at step P714 mnth processor 201 IeaV|ng

o o o v ~~N



recording over tinme in the intended environnent of use. The operator enters
this value into the neter electronics 20 as a set value for use in process
P700. The meter el ectronics continuously nonitor the drive gain |evel.
Appl i cations of transient bubble renediation technology are not |limted to
pelt rol ﬁumriepld‘ugtujg slpﬁgé icoatiamn of g,ailaﬁb Bpglamﬂem]ig tmynsgd ufamiags 3%:(‘13!‘]6

mul ti phase flow jncludi ng gas _and, ui ds_may be encountere Jsanme
danpi ndhp Ao G IR AT el & ”5'56@369086%%5 e b hedPWbeed %800 and
502 appjny ‘l6?97'tég’éﬂkhépﬂﬁh‘m@h?aé"é%ftMB{E‘%‘Pﬁs'id%NlHéWMHéQ.eS solids and |iquids,
though to a lesser degree. The nultiphase flow can also include a m xture
of gas, |iquivbsre andatian (Uds appligéte alfiewivbadddtrsr HRB ribhaeaMEesof use,
these situations arise 15 where the flow streamincl udes natural gas, oi

or condensate, water, pafaffin, sand and/or shale. Thus, the principles of
FIGS. 6 and(i)nay’pe:usequoj?enediate erroneous density or mass flow rate
nmeasur enents due t'o mul £4°phase fl ow i ncluding solids and |iquids or gas and
solids, as well as gas™and |iquids. The above-described process el enents
are conprised of instructions that are 20 stored on storage nedia. The

instructions can be retrieved and executed by a processor. Sone e>fgarrpl es of
I

i nst r uhesA apd Bsaa Grliteation eenstan SR MNEdHD ASRIONtIGHFEMBIARH XS of

storag W j i | r i i and

ser ver? hge%f)g'gnﬁ?tuc%'i‘opr%stﬂgﬁee%gggrogﬁ%ﬁjal 'ﬁgwdggﬁ%%%ﬁ?ﬁgﬁp‘%%ggssor to
di r ect ftindhpnatwrsbirequenpefhits bykravdog thenaturahfcequrmneit, oo, carhe term
"processor" .25  refers.to i ngl e processi ng device ora group of

i nter-g%gerrm'?%ﬁ?ﬁ dBP%‘EVe‘gfsﬁ%ﬁg‘“d‘gw ces. Sone exanpl es of processors are

i mtoegr at fed «:{drwuhm&wr?@@t@wtrmsw@ﬁmslsdwwmés oyirheysuriipthe sbﬁgh@d in thle
art are famliar with instructions, processors, a t orage ia_ Coriolis
fl ovme_tt‘é'lsg“%r‘?& adé%’@é'ﬂﬁtséﬂs%ﬁ@er Qr%c??%ﬁ_?ggwf‘ﬁ?ﬂs. 'Qq?ﬁ &qdi M’ft% P! ement
Lhe. PrimeiRbSelbr R AbRIond HRAletnt IRt 8 ciishdlhg thé hduRPINSmRAfIRC used
30 in any environnent containing nultiphase flow)™and the neters work
especi af flyidval fluide flowingdinaide thedube.eiher@enolisiwistingsfonem sl redativiely t hi s

oo capinalh §RAhS AowBRa lA R UL et I RETAURRE JoRbY 1
reased ahe 1038 \bfae twith sufiitieit Bhrpiitudie Pl mgké trosvCooiotis twisting fadcehough, the

calculated volumetric flow rates are |l ess reliabl e, under se flow
condi t FeteCtIbianmetRr sleclronics (ORIRMICE  GHHdve é@g’tﬁ% ﬁocdré‘ﬁ)F‘PQ:iggmt i ncl ude

cher calorReaIRAREBeY DIALAR USSR fs nBtutal PEGISHCYO TRIS (9880 ddopohi ne,

retort processing o m cr obi ol ogi cal processes W th gas genesis,

and anysast Fk&. Z)providgesiauipuithel gerdineopsly maximizehthastraremissiviy MEPI0S i n t he

petr ol Lgdust I -r}fl&,, i | rstQr. t he
nmet er. 8%9%?%@1%%? et%ln%‘ et rgﬂeﬁrn?%ﬂs esdtqs dsﬁg%é(hﬁg)'%sthgﬁéb\lmg in

FRG. Svoltagrisaypically hicosisedi agthanirassraissivitg 08tio ar tiide gain décreases.olA 802
havi ngg% gl uralit f el eciironi cal ly, actuated wel | head val ves 803, 803",

[ |
and B0Y% THAE WEHGHNBAEYPHERAPRIRALES MR TSR PO, S9%E MEKENT and sol i ds
to tublingirdifaiuyrise 895 volbils wlsh By omieisy gl viilh he-resul

electronicdlly-initiated, pnéumatically actuated va such as the Xonopx

TUFFLI &t 037 roeteOB/ darsaged by excessiveyolagea or exaassivemirtienmampliitudesuat or .

Val ves{.{l;EOEEF 8&33' ﬁngg 803" are”15 sel ectively configured to provide
mul tip 4 LrsRal S‘é’s—%Ethrough mani fold 802 and test |ine
804 to Cori plGs4 depitteh landsiéy dha bt springtend mass aisentblya00ehals f 1 ownet er

5. The well flow ng through Coriolis flowreter 6 is under test for its
vol une€pe@tes anthasamepsie Wﬁérpiq%a%gcamtb@aﬁ% 2801918 ofapadis The

remain : ' " ; j ii 8
passag el R lee PR 0 rugagtshags W i amhO g ot e

t hr oughoZibleplike ntintersgen F8B64 dias tedngetained torideriicaliederhantgdniflGe 812 and
enters r c ter 2, . T flow is thereafter, conbined wth.the flow
in gat %g?}]&lg‘i Ic‘ﬁ%rggf%”f:gé ﬁebisgpear?éj\#font ?ﬁ%ﬁaﬂ“’&é?Qﬁdwﬁ?&’wa%yﬂﬁ e@%npl ary

f gpns QIR BT v #8081 IEREHerel ) SMEFROARONU and
I\/ggel %{\;Fef??gg}lﬁggﬁf%@nﬁag?ghwa%gtg/ﬁ;gl:oggﬁ)e from M-E(I:E'ro Ngt(i %)n 25 ‘of Boul der,
Col orado. System 800 includes a conputer 816 (e.g., an |IBM conpatible

machi ne) that is programmed with datg acquisition and progranm ng software.
A preferred formof this software is the | ntellution software DVACS, which
is available fromINTELLUTION, a subsidiary of Emerson Electric. This
software is particularly 30 preferred because it can generate al arns that

i ndi cate abnormal well test conditions representative of mechani cal
failures which are potentially dangerous. Conputer 816 controls the
progranm ng of renote operations controller 818, which includes a -14
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De wherein De is a Coriolis-based mass fl ow rate neasurenent obtained from
the total conbined oil and water flow stream and De is a density of the
total conbined oil, gas) water and solids flow stream at a neasurenent
tenperature T. 25 A volumetric flowrate of oil is calculated according to

Equati on !SD'E‘% %é Stgm(sqoﬁrl el W?f'lé‘O%rélﬁm%gﬁﬁb&g‘gfrvm}a{vl"qyg g e of

oil; t|on owrateo wat er e remal ning vari abl es
are deflclmjttadameemﬂla A volumetric flo~rr rate of water is cal cul ated

according to ion = ic flow
rate of waterE%%'st%g&?ém%tﬁﬁ%rq%fjgy A tFaé' thoP rg% aé %C’%ﬁ d

vol urret r s aémwrfgaéretheairu@@e@ i3go Y offNotheutsay 1@BAethd 0038 st Qadans
referencete erature, through nultiplication of the volunetric flow

r at 5 val lRvengierinisegaiss F!ﬁeﬂ) al e PR S A PIRIE R As adHEPE™ME! by t he
den5| ty tﬂ%: f%@f@@%ﬁ?%ﬂ&%a ﬁg%'&%& al‘:ﬁ:pl Sd%thé‘%nbé‘ cﬁ‘ﬂ”l@td' (& Do, T (~~

erern umetric oil flow rate at a standard
referencfeeqLﬂ.mm‘ersaf]:J Ui eanid-B~ Tl@iﬁnsmlsawwraheﬂr,equaislthblmmkmfabetgmaeasured at

t enper at al cul at ed a .1Lo uation (5); Do is a neasured
density %Y'gﬁglbyg‘gﬁrﬁ’lr’lvﬁm% b?y ‘2‘ E§’Hat reference tenperature T~e, ;
and Do, T is a density of 0|I rreasured acg{b%[lu{%r ure T. The fractional flow
rate of vvaterlsc cul & .Dr“ ) XwW=p w, r - po) r

wherein De i <34 s"t-thot ah&pWE@ [~ (or condensate) and water
flow stream at a rreasurerrent tenperature T, po, T is a density of the pure
oil (or condensate) phase excluding any residual water content of the

se ga XV |5 A t . and
el o R e 23l B g (g, dn Ripds P1PHRS 11" ForpeRsis
‘wat er - X5 ammk 485 ramte V] drimei ool i$ maaa!tfemrp(ﬁngawﬂtagesm tleadf 1 1@id drivestoil

measur e t The term ' wat S_her | ned ,as rat.i o that
represe%sr2¥ S”? \fqlf(ﬂﬁﬂ?ﬁmﬂjgﬁﬁé@‘ﬁtg"\%‘? é?ﬁ&)ﬁ %566%{%% SR Rater in
an ail adowat Br diffeigheedlinddalebetdd sy mwdnmwr 164énus;ﬁ@k@fam@5 bAdCe,
resistance, nicrowave 25 radiation or other urerrent?Eto guantify the

wat er - c05" | i Bishaune LQMheeERRRANdS tpghe undamp system of Equation (1) and
15  FIG. 3, i.e., no gas is present in the fluid being measured. A second curve 502

corresponds to the damped system of Equation (3). Both curves 500 and 502
have an optimal value 504 and 504’, respectively, at the natural frequency f, The
region 506 of curves 500 and 502 to the left of f, represents a situation where the
flowtubes 103A and 103B (see FIG. 1) are vibrating in phase. The region 508 of

20  curves 500 and 502 to the right of f, represents a situation where the flowtubes
103A and 103B (see FIG. 1) are vibrating out of phase. The optimal point 504" is
more difficult to detect than optimal point 504 due to the reduced amplitude of
optimal paint 504'. As the amplitude decreases due to gas damping, the Coriolis
flowmeter 5 (see FIG. 1) can no longer perform effective flow measurements,

25  depending 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 coll divided by the voltage at the drive coil. This optimization is
performed based upon a siope 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

10



the volunme of water is so great that it exceeds the limts of the

i nstrunment ati on. For exanple, capacitance or resistance nonitors provide
acceptably accurate water-cut neasurenents only where the water volune is

| ess than about 20%to 30% of the total flow stream The upper 30% accuracy
limt is far below the level that is observed 5 from many produci ng wells.
For exapmducetehglopethalving ajae yalod(eptinized sooadoo), aanegadtivewsllie ¢rapiobe 99%

wat er . wat er-cut nonjtors,_therefore, are relegated to,determ ning the
wat or - 0Bk AT csitecamisenoniana) e Tt lenubBIc IBhe rtS ey Bralin:

nmoni t or ; ; t ] t @k oL the
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Equi valents, in order to protect his full rights in the invention. 18
CLAIMS: A Coriolis flowreter (5) which neasures densities of materials,
said flowreter conprising: 5 at |east one flowtube (103A, 103B); a driver
(104) that vibrates said at |east one flowtube at a fundanental frequency
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said at | east one flow tube for a Ch e Invalue to determme if sai
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[ tiph fl A det dd f t | b d t
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to: nowif icok sEdkdntdrval 6 10anay be ubeidanheealiclilagiahdo am\erat&i new dvengsi
conprises a 25 nultiphase flow, and_if said material no Ionger co rlses a
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kof f t based
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to determ ne whether said drive gain exceeds a first threshold value to

det er nihifesheld fii6dcambe eliminaigebryi Satistical analysisi Jiissetatisiteal analysis can

include calculating a standard deviation and ignoring all numbers outside the standard

15 deviation or ignoring all numbers greater than threshold 606, so long as some
measurements in averaging interval 612 are less than threshold 606. Alternatively,
the processor 201 can be programmed to output a preselected density value, such as
may be obtained from laboratory measurements.

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 to 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 output 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

-12-



19 4. The flowneter (5) as set forth in claim3 wherein said first
threshol d val ue represents that said nmulti phase fl ow includes gas and
liquids. 5. The flowneter (5) as set forth in claim4 wherein said neter 5
el ectronics (20) is further configured to determ' ne whet her said drive gain

d d th hI | d d
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(20) er configured to average historical density neasurements _
over an gneteirealof ofl. ﬂm practiee der epmatmr deiednidea¢he V‘lrefsh@ldlﬁﬂﬁr@twhmblthe
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ur emngn owneter (5) as set forth in claim
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£l t t forth 20
T t PR GO Sy Prise iR b SFIeCLE ARGl eéi%ﬁé@ﬁ%we%ﬁ%ﬁsi !
if said gﬁberamahtéawaggﬁe&ewmnmtdmmﬁ@rﬁInr&iustrmppretldﬁsownﬂnmﬂudéS) as

set forth in claim1 further conprising: circuitry (818) configured to
cl age aamgds«nea(m)@hea@mwnpame)ﬂowmmtt@p'\mgaéandt“égtdsu AR DGR REINGREE. | ui d

flowing froma production wel | e onsi v i phase
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fl b 103A, 103B) f I
1 ooonBgugacanspait 4o peloiaoRar sy ervirvesa ! BbaaRat SAVATRHE dise,

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 and 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, integ rated 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  referstoasingle 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 canbe 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

condttion that exists temporarily or penodically over time. The meters alsc werk

-13-



at | east one flowube; generating pickoff signals that represent notion of
said at | east one flow tube as said material flows through said at | east
one flowtube; and determining said density of said nmaterial flow ng through
said at | east one 10 fl owt ube based on at |east one of said pickoff

si gnal s; i h har act eri N t X Lt.QrLl ive
gain i n ety PRI sl REMT B b RaRsE R oy EBPEbBhb B El |
sai d matigeicalcutRBBNVORREetAC bW fapdRse s PliaBrrdiridershésk NBW ebhaitiopO Y ses
said nultiphase flow, then determi ning said 15 density of said nmaterial

based orfoamistdlow congitionsr &peagéivsanplicetidvnreinchsicesippicaliprasesses mithgdsd
density of said material based ﬁn ﬁr‘g‘iled %i ﬁkoff ssii’gnalff.sdl&m.Th%mqet.ho as
set for t4NEF SN HTABOWNRECRST ARWHEER FHOR R PRETSAD Ph 1% s MDA ERY i ng
sai ds dr g8 el With 4abafeTidass, ldndaHyofiat gGb@m Bl GABhaSe TIdsS 8BcA as

mul ti phase flow and if” said materi‘al no longer conprises a nultiphase

fl ow, tpeaddenewellsiinghe aietrotrems industiy veladrd araepaisddr haseadt eers misthlleidck of
signals instead of determning said density of said material based on said
at | eastPTOh& EtoM&eldensity val ue. 25 14. The nethod as set forth in claim

12 mer%i@yfé_gWFéF EReh Pé‘?ﬂ?sﬁé;&éiw&’ %a'émeém@@ conprises conparing said
drive g e if said drive gain
exceeds sai d Ad shdwhhineBI®| g, wastermaticd giookntiagrarh, sastemre0dr irlludesnar i ses
said nultiphase flow 30 15. The method as set forth in claim 14 wherein

sai P st apargiold R Aavig 2 piuralily$f slaationicallyiagtyated welhead yslves\833.8086
il . N . SSI e Th

et hod Abo " (B3| RebigIE B! Rt B HABGYER vt Sigs o g o

settingga4segandstduRaoy GrtaBos" b peiTEREMNthrekalay dlstubniddiphaisgtdd, ow

i ncludes liquids and solid matter and conparing_said drive gain to said
second pneumatically actuated valve, such as the Xomox TUFFLINE 037AX WCB/316 well
switching valve with a MATRYX MX200 actuator. Valves 803, 803' and 803" are
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
Coriclis 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. Flow through Coriolis flowmeter 806 discharges
into 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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5.threshold value to determ ne whether said drive gain exceeds said second
threshold value. 17. The nethod as set forth in claim 12 wherein said step
of determning said density of said naterial based on said at |east one
stored density value further 10 conpri ses a step of averaging historical

densi t asurenents o an.i nterval rmn id densit
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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 wherein Q, is a volumetric oil flow rate at a standard reference temperature T,;; Q 1
is a volumetric oil flow rate measured at temperature T and calculated according to
Equation (5); Do is a measured density of oil from laboratory measurements at
reference temperature T, and D,y is a density of oil measured at temperature T.

The fractional flow rate of water is calculated as:
De - p o, T
pPw,T— IDo, T

15 ® Aws=

wherein D, is a density of the total combined oit (or condensate) and water flow

stream at a measurement temperature T, p,r is a density of the pure oil (or

condensate) phase excluding any residual water content of the segregated oil

component; p,, 7 is a density of the pure water phase; and the remaining variables are
20 defined above.

The value X,, is a 'water-cut' measurement, which is an important result of well
test measurements. 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,
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10  content that exceeds the 30% upper accuracy limit. An exemplary form of water cut
monitor 66 is the Drexelbrook Model CM-2 capacitance monitor. Accordingly,
Equation (8) provides a method for calculating water cut and the volumetric flow rate
of water and oil or condensate. The values p,r and p,; can be obtained from
conventional laboratory measurements of produced fluids from a particular well.

15 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:

_ p!_pW.TWC
(9) - po.T— I_WC

Wherein p,; 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 oi!l 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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10 it follows that computer 816 or controller 818 of FIG. 8 have the option of
processing using a density or mass flow rate value cbtained according to FIG. 7
while a transient bubble is detected within flowmeter 806. Alternatively, if use of
the average value from interval 612 is not desired, altemative options include
stopping the weli 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 803" to increase the hack-pressure on the well. Inthe
case of an ail 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 fiuid.

20 Equations (8) and (9) specifically refer to ol 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 density from equation (8), as corrected by Equation (9), has

25 error 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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5 at least one flowtube (103A, 103B);
a driver (104) that vibrates said at least one flowtube at a fundamental

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 for a 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 configured 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 matenal comprises said multiphase flow.

19



111> 10%i & ()-f10% & ()- 10\ 10\ 10\;10% & ()-54"10% & ()-!x+

040%&' ()-JQQdE~ = 1! "10% & ()-f"10% & ()-"10% & ()-$10% & ()-s10% & () -
"10% & ()- q8}"?~ = 111110% & ()- "10% & ()-F'10% & ()-3%0% & ()- !l10% F
F& ()-& 10% & ()-& 6x}7?~ =111 @

110% & ()-y/10% & ()-y("10% & ()-! @T10%& ()-! @T10% & ()-y9!' 10% & ()-'1}$)

Y05 & () - 96k 100618 TOWTaer anaserat fortuinciaizs 2 perein said rghirashol
Y4.0%00& Gélué rmg@rﬁ&tﬂa)tsa@"ﬁgff@héée flowd IRENPARR & als)an@hitids. () - !5

@10%&' () - Kf n
!!&3G‘10%& ()-!y9BOLO%&: () -! [ YUBYLOVRRE () -1 YIBILO% | & ()-!,

10977& ()-10, / 3 ()-16
S$10%& () - @PL0% g‘%l@vn%t'gr]ﬁ as-s& a3 i Fwhdrein §§a%f8t§‘r
5 electronics (20) is further configured to determine whether said drive gain exceeds

a second threshold value, said second threshold value represents that said

muitiphase flow includes liquid and solid matter.

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 multiphase 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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generating pickoff signals that represent motion of said at least one flow tube
as said material flows through said at least one flowtube; and
determining said density of said material flowing through said at least one
10 flowtube based on at least one of said pickoff signals;
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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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 fiuid
flowing from a production well responsive to determining said multiphase flow.
30
22. The method as set forth in claim 12 further comprising:

indicating an alarm indicative of said multiphase flow
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