10

15

20

25

30

METHOD AND APPARATUS FOR MEASURI NG THE DENSI TY OF ONE
COVPONENT I N A MULTI - COVPONENT FLOW BACKGROUND OF THE

wo DMENTIOON 1. FI ELD OF THE | NVENTI ON The i nvenP¢DDNS1085/023667
related to the field of well flow neasurenents, and in
particular, to oil flow conputers. 2. DESCRI PTI ON COF
TMETERD DR RBTA £RA RNTTUS FORME A SURING TH EDENSIThaOF ONE

flowexiting fromthe well head. The total flow from

the wel | IGQOMBQRNENT BN AcVHHELEQMPONENTHT-QW he

total flow, the gas flowis typically separated from
the liquid flow and the gas and liquid flows are

BACRGROEGKDSGPATE BIVENTIONgas and |iquid flows may be
measur ed bm\/\o different Coriolis flow neters. The

l'i qui 8 fHIBWDIQHTEE INVBYRI@Nns both oil and water. To

accyratel y. neasur.e fea QL i dui- .

oM g K SFRIRIOR) bR, B it o
011%&@5&?%@: To determ ne the anount of water in the

flow, the density of the water needs to be determn ned.

Cur r et IDESGRIRIR OF BIE RBI@R ART det er ni ned by

per i odi cal.| aki ng a samphle. o . ' far

e SR R S S S SO
flow OB RN heddhSed¥Bd BO thehafed ToURBRGreahe pitalAlBMBLe QRElow is

problemis that the density of the water can change

typioaléyr separated frdm theeliqiih Sowyandfthe gas apd diapidiiemyas masdurede

ol d. depsi t asurenent is used, the el at.ion. f
oS S e e R LB et
Thé lfrikgﬁ("} Hb &%Ypit A1y ®Ineaifd beth BIl QR Watdr T O a@irately @ieadute the amount of
flows than in’low water cut flows. One way to mnim ze

oil inhthe ligaidflovg dheeamownttof wates indmtiqpidsBersmaust hedsterneined. To
BT et ST, MRS L bR L s
Cuﬁ&ﬁ?%ﬁé H&gitﬁék‘ ng& & &Jt&ﬁﬁnédrtﬁfferﬂoaicﬁllﬁ efthd Dsandp1® _Gile' thefwater

system an t for determ'™ning the anount of oil in
flowing ffdnotite vGINMAR YNl efEREininguEd TGy AsingtaHgidremeter. This method

o Bl S B S L Ly R sl v
timE O A densify St tAY Water CRIRRISNY thE bRYidSits RRAGBERENLE, the
calculation for the amount of oil in the flow becomes inaccurate. The inaccuracy is more of
a problem in high water cut flows than in low water cut flows. One way to minimize the
inaccuracies is to frequently sample the water density. However, removing the sample from
the system and testing the density may be a labor and time consuming task.

Therefore there is a need for a better system and method for detenhining the amount

of oil in the flow.

SUMMARY OF THE INVENTION

A method and apparatus is disclosed that determines the density of one component
in a multi-component flow through a conduit. The multi-component flow is separated into
two streams where a first stream has essentially all the flow for a first one of the

components. The density of the second stream is measured.
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two streans where a first stream has essentially all

the flow for a first one of the conponents. The
walengiovdn2of the second streami s neasur ed. ASPEETBUS005/023667

aspect of the invention includes a nethod for

determ ning the density of one of the conponents in a
ASPHATS conponent flow conprising, directing a flow of a

liquid into conduiit where the liquid is conprised,of
at a5 geegt of {he dnyeitio iiefudaha _Haef%c@c%ﬁ aetﬁ%m@mgah? densidy of one of
i . "y r . .
el O B oy A8 2610l ob 8014001 L i o
corgtuitesimarevitteHicmid Btoenyfriséd offatileast difirst nragdriad ik asachad Raterial, the
arate flowin the second stream and

reater tha
Steah@? efrlf?éhqqn"rhoafac??’lzé ‘contains essentially all of the

fir riakh: : . i Lyiqui.d i
S o OIS RSB i o
floodnphie a6 stvdaat eeitg grehicr tHan nerhte roif dlowhiaitheysedbhd stream and where the

Preferably, the nethaqd rt.her conprises where the
first strennm contrios F%ﬁen%fyrél Qéﬁ%ﬁrst BeET B ab] y, the nethod

fur ' 5%?,?, . 1 he: i al being
dené%?gl%rﬁlgrmé He \re‘{g?{ eﬁg{u@f llnaﬁfg 9%?3@%'% t he net hod
f ur Pheferablyatheahethod Adthby comprassiwhag thé Erst empeiadbeihg ollf

the liquid flow ng in the second stream Preferably,
t he Prsfenably. thgmpgthod Enthenearaprisse whexe: theraecend megeriah being water.

Gl SUAFIErchES
et SEsfral, BiafPARE el ot MG SRR Rbb pperg e densr

thannhd figt Gangial.t based in part on the density of the
liquid in the second stream Preferably, the nethod

f ur Preferablathganethed Buthsychyraptarizpd BEi ng” used to
S R e

the T1TS rea aspec

CONPEdfedably, thdim&thdd Agther EHaeatedfzedbyd quid into a _
conduit where the liquid is conprised of at |east oil
and measwing thi ot flayeoEmaissalghraugh theeseomdditar e

A e PSR e PO B o on
theAlbdlsiFESHE liGEidlihencdRBSAd Mrettfn. t he wat er .

Preferably, the method further characterized by gravity being used to separate
essentially all of the first material into the first stream.

Another aspect of the invention comprising, directing a flow of a liquid into a
conduit where the liquid is comprised of at least oil and water; where the steps of the
method are characterized by: |

continuously separating a small sample of water from the liquid flowing in the
conduit and measuring the density of the water.

Preferably, the method characterized by having the density of the water measured
using a Coriolis ﬂoW meter.

Preferably, the method characterized by having the density of the water continuously

measured.



10

15

20

25

30

Preferably, the nmethod characterized by having the

density of the water neasured using a Coriolis flow
woreaoe0050¥ ef er abl y, the nethod characterized bRChES100§023667

the density of the water continuously

nmeasur ed. Preferably, the nethod further characterized

by: Peedeh] b Rethdiefuah®ildtaraeferiobd by:l owi ng in the
conduit based in part on the neasured density of the
wat ésternpningdhepnguntof @ilfovrag iy the corduichpgediin rari onetye measured

: ing.the density of the water to determ ne the
den\%ygfﬁmgd%t%rf the liquid. Another aspect of the

| NVERIaRly COBRidtIsREfutheehaftchiavd b@g a first conduit
configured to contain a liquid conprised of at |east a

f i r ssingrthealensity efithe wates todetemine thegyaten qyg ofitheiliguid.

characteri ze . a second condui t_coupl ed t he . .

Fi v epotghubet: Dl DyRTTARui? RS et Bl Py contigured
to CoREAN liqBideonriskd 6MtOLt & Ftkt hthterfal bhd 8 becdoll intkdrial fthoOWevice

neter coupled to the second conduit and configured to

chanacderined byhe density of the sanple of the second

material .in the se d.conduit. Preferabl t he device

it othed BRI AR i) oMl L aBie of e
secdBP Aafdr R frbANtke fgMidng a top half and a bottom hal f,

where the first conduit flows into the separator tank

anda ffing Goeiobin dlovomdigr cotpeddo il sedondeariuitipod configa¢d to measure

o PRy W i G B LA
att ?Féf&gblzrgthg Rigvikct fxith tROBRBAd coHiRhitTRAhdrAURREetiSed by:

neasure t ensity of the liquid flowing in the first
condueparatar fankbbedsg e tepmtatdedbattom haf,fwhese thardustswodeitflows

. riolis flo ters and canfigured to determ t
intg eisEpaspict HELAPLE et Pt Spupied I8 cfe beitoph i e geperator
terial inthe liquid in the conduit based, in part,

on the density neasurenment fromthe first Coriolis
f | oRrafertibly, thedetiee filnther chanactelereidbg: char act eri zed by

S CBEEOR RS RV AEIeh ALY 1o B PR nBLiFopd fo measure
‘chedd.ef’}gff‘}I & thé ﬁqﬁiﬂrfﬂ)%né Bame g cofrdfaf) d
a processor connected to the first and second Coriolis flow meters and configured to
determine the ratio of the first material with respect to the second material in the liquid in
the conduit based, in part, on the density measurement from the first Coriolis flow meter.
~ Preferably, the device characterized by the first conduit having a first diameter and
the second conduit having a second diameter and the first diameter is larger than the second
diameter.
Preferably, the device characterized by the second diameter is less than 1/10 the first
diameter.
Preferably, the device characterized by the first conduit having a first flow rate and
the second conduit having a second flow rate and the first flow rate is larger than the second

flow rate.
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di aneter. Preferably, the device characterized by the
second dianeter is less than 1/10 the first dianeter.
wee@eoakd y, the device characterized by the fPCEUS2005/023667
conduit having a first flow rate and the second
conduit having a second flow rate and the first flow
r athmoiler hepegeo! thhinventinn eoapisds & Hovice bavingm oot containing a
aspect, . of the Jinvention.conpri.ses .a devigce havj .
ow g e CRmRTRS RS e TSt R e R ot el PR fhvice
charh@&3eddyt i rst material and a second material, the
devi ce Characterized by: a means for separating the .
f | ewhenys Forgapataiing the omingliqud ire misdiganend adeemdsigpm with

Wi arate.of flowi.n the first stream bei reater
araif gk Aok i AREFGH srseBpine et elna e lof B B0 sl g ana
whefd the FirS sHEANC6RAIR I BenBABLAL bftht firdtlnlatéall he first

material; a means for nmeasuring the density of the

maienéamk fommedsarisgthenignsityrafdhe mBRIEFANDESSROAT FONNOF

THE DRAWNGS FIG | is a diagramof an oil and gas

nmeasur enent system 100 in an exanpl e enbodi nent of the
BRIERPMSE ERIPTIONOF THIBDRAWRWGRY of knock out leg in

anot her exanpl e enbodi nent of the invention. FIG 3 is

a diGvii ing didgrimed kn oilltand ggs msasugensens eyseratl09 in améexanyple

aH_ot her ﬁéan”pl e, enbodi nent of the invention. FIG 4 is
embedieIif of HSrEV¥HOG net hod for determining the density

of gae & 3 &ﬁ%ﬁ ERbE. 1bf irParBihdrlex SAPRAAIVithérRWF tHR
one exanpl e enbodi nent of The invention. DETAILED
inveBEG&RI PTI ON OF THE PREFERRED EMBCODI MENT FI GS. 1-3 and

the following.description depict specifjc,exa es to
t oI ¢ o HERY $ ok e SRS SR TIOH Rk T A LS & el
emt}?)ﬂﬁﬁ%r{{%?ﬁle%vérﬁ%ni nventi on. For the purpose of

teac

I'ng I nventive principles, sonme conventional
as[lEGt 8 ihaflewhvhen of b mpthdd fed deternninmingtthel denkitp f oskof thed
inthe art will appreciate variations fromthese, .
cOmPRBPRSF i3 M-COTAPONCHE AT A0 PReCX e CbogiEnt i BR ErERton.
Those skilled in the art will appreciate that the

f eat ures descri bed
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIGS. 1-3 and the following description depict specific examples to teach those
skilled in the art how to make and use the best mode of the invention. For the purpose of
teaching inventive principles, some conventional aspects have been simplified or omitted.
Those skilled in the art will appreciate variations from these examples that fall within the
scope of the invention. Those skilled in the art will appreciate that the features described
below can be combined in various ways to form multiple vafiations of the invention. Asa
result, the invention is not limited to the specific examples described below, but only by the
claims and their equivalents.

Figure 1 is a diagram of an oil and gas measurement system 100 in an example
embodiment of the invention. Oil and gas measurement system 100 is connected to a well
head 102 and comprises: Separator 104, liquid outlet pipe 108, gas outlet pipe 106, water
knock out leg 110, flow meters 116, 114, and 112, system outlet pipe 118, and oil computer
120.
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bel ow can be conbined in various ways to formnultiple
variations of the invention. As a result, the

WO pooebioen is not limted to the specific exanptEES2005/023667
descri bed bel ow, but only by the clainms and their
equi valents Figure 1 is a diagramof an oil and gas
e Bis ofpeeationt wslyhd:aelrﬁmmﬁodmem nmharmba@ flovbthai mepcowhinggss, oil,

watc Helebun fooEReby IR e 40 SL-CbAp | SRl SeaLgRpapaer 104
0
wheI]eQﬁe ?ili C%I%H{l h%fengﬂﬁb ngﬂel §%%va9%1§3rt gﬁhﬁg@%ﬁ@ 6f separator

mchlﬂlﬂg a Sas-{aqnid myhndlnqzaﬂ peclons(Ghnd) Sﬂplaraémrﬁas euﬂel E@el 196 removes
oper at [ 1 I

o S e oy BTl et v

throﬁ%‘?%@ St }51 e ‘?%Wmeﬂ}q 194hdy b3 Sepd J)fOMSvlJ ﬁle‘ée@ Ninchuding a

rator ere the gas Is separated fromthe
turbiﬂe(ﬂuvdmeﬁe pﬁ@aﬂmﬂrs 4 metey, drehalike. thigud of regeyad fpor separator 104

[ ud
by gAiiebRPe GG DR HBHC BVeodion B pLPRd0f P Ppigin ofl and
watéroﬁfa%{ 1&?8951%1 11PR- coﬁ; ed R &barkica SRABSER &ﬂ"@ater from liquid

gas ovm ng ugh gas outl et pipe
outlét pijlﬁe gm @lovt hidterdyl 4 necasunys theptovodf iquadvimiquad | outlet p1pe 108. In one
i ncluding a turbine f|ow neter, | ow
exaigplerggebadipent of the jnyentiony %??B\%eaeffﬁé 5% ﬁf gPWfB%Efbﬁ’“en flow
metetj ﬂ]lﬁ' ? a%& oﬁ% Slg'wprﬁet%p Frow'Btet i F‘Pbﬁ fd 1%\%1 RYmieBsud ﬂié'd‘énsny of the
dontain oil and water. Water knock
hunLlﬂoxkzmg tﬂxbﬂgh hqmdmﬁlﬂgﬂ,mped 108 The pertateat valseraf the dignigkflowing in
water fromliquid outlet pipe 108. Flo W
thtﬁe@ﬁlsnt pipetlNE8 cpp bv\ﬂ%tﬁnmlﬂa%}l%}ng Fhel m%ﬁﬁ}l’@déi&{ﬁl@t 6ﬁ"p’éq%g gnd
equ I o?e exanpl e enbodi nent of the invention, flow neter
?LH‘ s a Coriolis flowneter. Wien flow neter 114 is a
Coriolis flow nmeter, flow nmeter 114 can be used to
measure the density of the liquid flow ng through
| galridutd(ed) pi pe 108. The water cut val uepgfaolq
?qwg,«ef oWy in liquid outlet pipe 108 can be
erm ned using the neasured density of the Iiqui d
and equation 1. , p(mx) - WC =- --p{o-il)- Equati.

BT AN ETH G TS, 3 A
p(vJat1 g)uirs the @e%gltf_éfg@% %fa)[eé éﬁ tHeRuite Nk tov déﬁsﬂr‘c%n\’&te%feréd‘by the user

Sity can be entered by the user

or rﬁéasﬂmase;mﬁelsfeﬁqmmoal lyis dEjspmdentam the densdg péthgerateroitowing in the

density of the water flo in.t
liquid. The v%f/ater density can vary as a 1V1\fnct90n (r)]f S ﬂmty

Flow meter 116 measures the flow of water in water knock out leg 110. Flow meter
116 is a Coriolis flow meter. Flow meter 116 also measures the density of water flowing in
water knock out leg 110. The flow from water knock out leg 110 may be re-inserted back
into liquid outlet pipe 108 after flow meter 114 (as shown) or may be re-inserted before flow

meter 114 (not shown). When the flow from water knock out leg 110 re-enters liquid outlet

pipe 108 before flow meter 114, then flow meter 116 does not need to be used to measure '

flow, it’s uses can be dedicated for measuring the density of the material flowing in water
knock out pipe 110. Oil computer 120 monitors flow meters 112, 114, and 116 to determine
the total flow through the system. In one example embodiment the gas and liquid outputs
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. t
densiyet he W ten BTIS LR SR ESh SAT RS

liquid. The water density can vary as a function of

salinity. Flow neter 116 neasures the flow of water in
woadoenodorock out |eg 110. Flow nmeter 116 is a BOT/USI05023667

flow meter. Flow neter 116 al so neasures the density

of water flowng in water knock out |leg 110. The fl ow
mayfteosconaitined ntoaote systen @glel pipe ta§. Inethas exapleteatbodigsats of the

. _dinto_liquid, qutlet pipe 8 after .fl.ow.net 4 . .
invegenity o aafos el PR e reathis fer PR (Bupn e piping
systérﬂ@{no%'é’l%‘\@ﬁ; When the flow fromwater knock out |eg

110 re-entérs liquid outlet pipe 108 before flow neter

114)il cdreputét 120 meniters thedlayoteoughtflove awtard 1 by 1d4eand 1d 8. The

B B SR LA P o e e
amohP&F %%go h gl thfb%gﬂ Wt 8 okl PO 6D ike %@uﬁt B8Rkt nhik?be

114, to determ ne the total ow t hrough the

detesmitednTo Hetenmiae ¢hesamdumt efryaei flewing theough diquisdoutietjpipg 108, the
be reconbi ne int.o.Oﬁess%temotlet I pe b
68l GRS a Rraies B e the

denﬁﬁ/soﬁﬂﬂﬂa{egﬂl ﬁéwff%}’thl_%ﬁgﬁ BRImLEr SARAL A Ge dBDULNGhRBSal flowing

t hrough separate piping systens (not shown). Q|
throogiithetraeted Watankridckiost kpd 10 isownfignedgh sédaote mstreans of fluid

112 _ g ) . i
ess Fig]}y %é«gb%%ﬂg;% grshyqu%ahalo lél Ifrgrr{ t ovﬁ\{l&ri] %egxlrrlx é)%\lligs ?1%%1% in liquid
e L
watle belimbmeand dthedetter silutde tratermbpdfonexaofplereede A dHangd inghe salinity

through liquid outlet pipe 108

.~ the densit it he
of theaier smghopes oriRY ARRe WP, SIaroTi gt MERe] &S el measure
3 . i t i i .
e 5 R AR by IS sty e e
back iawithgcal dul logifot the ammusar of ofibfl@wink o oktlarpipd B deld@miised by the
configured to separate a streamof fluid essentially
watey @ eggationl or ot her hydrocarbons fromthe main stream

¢ S e 11 oui . yar \
o B R B g v
of TRedBdsksedlydtecvetioftrar lightt Igids teldseptuacsd frah elie mainufblié flow in

material, for exanple saJt. A change in the salinity
outlet piphd O%idnene exampls phedmeat gehsigyengpnqyletpipe L 08 would be a

Corjolis, fl. . 6 | i
horgphiaFeinF e B it e Rt BRI St AR
hydFRASBHNE &b N thy tdpSofiiesutleefipdaTle Wikpkidtk ovalepUllatwand be

for the amount of ‘oil flowng in outlet pipe 108

congedted v the Hothymiofi euthettpie 10§t diseying vy somaéihedearier Huid from the
outfgﬁ&i@%.e C@%}(F]gglm%g%ﬁllt ‘érﬁﬂ rrixagf ® s?ﬁJa'i'f%F fn cﬁ&n@@y fhah Qutlet pipe 108
such that the flow into water knock out leg is restricted. In one example embodiment of the
invention, water knock out leg 110 is 1/10 the diameter of outlet pipe 108. Only a smail
stream or sample of the heavier fluid flowing in outlet pipe 108 needs to be drawn into
water knock out leg 110. In some cases most of the heavier fluid remains flowing in outlet
pipe 108. |

Figure 2 is another configuration for knock out leg in another exaﬁple embodiment
of the invention. Knock out leg comprises separator tank 222 and knock out pipe 210.
Outlet pipe 208 flows into separator tank 222. Outlet pipe exits from separator tank 222 near
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of fluid essentially free of oil or lighter liquids to
be separated fromthe main fluid flow in outlet pipe
waeds/obswone exanpl e enbodi ment of the inventi POT/US2005/023667
outl et pipe 108 would be a horizontal pipe having a
sufficient length with respect to the flowrate to
theadp ofsephatdryaikat2?. Bamoek dwt pipes?l (t exitshe ot ngar e Bdtem of separator

et pipe. The water knock out |eg 110 would be . )
i P BT BSOS L St g i ol sufiient
. . . | .
o R0 Tl L, T LOTLRED) Ole g
diatoleten tlomtduget pipp 208 Schsthatithé flaty ihtoeknbtlowvut 18§ 01 Watrestricted. Only a

ock out leg is.restricted.. In one exanpl e enbodi nent
Sm?ﬁp stygaE ?W@Wg"r %ﬁf,he g&ﬁ%"é?r f{&wg ERWig Infosgparptpritank22Pmeegpto be

: ) . _ .
SRRy 550, Ry L L B B S S oy gprcr
tank €22 shrouglbeuttdt pipe 208t 0 wat er knock out leg 110. In

sone, cases nost qQf the heavier fluid remains flow ng )
i n BiEre? shvsenptier cenfygyration fora kpepkiait legdnmn gypmplesmbodiment
( I ' [ f.t
or 8 mIRGE 8 LI RALSCOIATHIS DIORFAIBIL o bl i

OutethipBAKhaz st parhtoe pipt 324 Cxitechéing Biope thdWdttbinoyoutlst ipe 308.
separator tank_ 222. Qutlet pipe exits from separator
Senagrr pipe 3k may the smaPeion disspetertha outlgh pipe 8. fenseaonpipe 324 runs

sy 10 108G L P A, A ST e v

310 BYeintd schaaor ipfe 32deat ihebotdnboif epiattpiged24t OAly a small stream
liquid to stratify inside the tank. The knock out pipe
or sapplrelthe heayigreluadlonéng inseparaier pive 324 agedsite be drgyimpiato knock

t hat , t.h w. knt,0o knock out |leqg 210 i
out 303 ! Khoti By fiGE 210 flly o0 e SR hsendifhof Bide 24, or may be
smdlRR2 ¥iz€ fthdnl sépakafor PerBR4l OtHRr sQTR RIS htbedrdd RRRPSrate® small
be drawn into knock out leg 210. In many cases nost of

samyHe fivaethe arultiiphise liwid owingrin shepeutist pipetiatake 2dvantage of this
rough outlet pipe 208. Figure 3 shows anot her
Hﬁ‘gurati on for a knock out leg in an exanple

embBel B the AendifCofithy & el ABwintNAGKnPHULpHSINERTRE bé BRasured
separator pipe 324 and knock out pipe 310. Qutlet pipe

corgipBoYrds ssliptyr ciangespn phe Badr extherrdmpgnsatahfor he alexl tiom bases.

of t pi 08. par.at [ 324 . [ .
Thig it heloaP o 45F BiseraR o e Seagheants. HipBngaton is no
limfted & REAAnS td Rinsty HCwRALSinl @ oiPardiNP4thr Aol "%%qlﬁgaﬁifoﬂrcﬁn be

rejoining outlet pipe 308. Knock out pipe 3
usefl an agcimixeddhpyawhtethpemep@ratsatn bh sefaodteddurdfg flow. The knock out

separ at or pi pe 324. ly a small stream or sanpl e of
leg SHE0n Qe f Perpens Pt PR LGS Bt BR824 needs
L0 PRufl £ fidW BhdDOCKmethod for determining the density of one of the

components in a multi-component flow. At step 402 a flow comprising at least a first

invf%rg[

material and a second material are directed into a conduit. At step 404 the flow of the liquid
is separated into a first stream and a second stream where the first stream contains
essentially all of the first material. At step 406 the density of the liquid in the second stream

1s measured.
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out |leg 310. Knock out pipe 310 may be the sane size
as separator pipe 324, or may be a smaller size than
wa@epanetoas pi pe 324. O her configurations my PET/USHAS/023667
to separate a snmall sanple fromthe nmulti-phase |iquid
flowng in the outlet pipe to take advantage of this
CLAMvVENt i on. Because the density of the water flowng in
a_ multi-phase flow can be measured continuously,
#hi ty changes in the water can be conpensated for
on a real tinme bases. This should hel p reduce the
uncertainty in water cut neasurenents. This invention
1. i s Aohethbdiféreittdrminivgthsrdengityt dtornd @f shet aonGfond@t &f a iulten
oil and water flow., The invention can be used in any = .
corgpoasyt ey gommesiag: ¢iectngp deaneis liapd pro 3 epaduit where the liquid is
- f : igned to
cor i at R 4 15 RS B o EERCE, (58] FISERY B¢ the method
chdracqgeriedbyt s a flow chart of a nmethod for determ ning
the density of one of the conponents in_a

nul sepagssipg dhefewof g lignid intep fing stream padha senepd iseeany with a rate of

no 3 Bt Sl P A P R P fly i e

first b6ietngl cotainie paEMAILY dllndfehefifst iateril (4098 and a second
stream where the first stream contains essentially all

of tieasyringdpe denstly phthe liguidinghe swend pecage o).y of t he
liquid in the second streamis neasured. CLAI M5 W
claim 1. A nethod for determning the density of one

2. of  The nfedigiciTRMiS 1 thafactBiizbd 69 ROMENhafelioMbet@HILI Si N,
directing a flowof aliquid Iinto a conduit ere the

liquid is conprised of at least a first material and a

3. had BEPBHI S Sa el PRd b Frond BetEHl e e
into a first streamand a second streamwith a rate of

flowin the first streambeing greater than a rate of
4. 1 owh¢ methrd ofebomd charastemzad Hy Wesseeondmmateiialdicing demsenthan the

ontai ns essentially all of the first material (404);
ﬁrﬁi&fi‘?ﬂﬂing the density of the liquid in the second

stream (406). 2. The nethod of claim1 characterized
by the first material being oil. 3. The nethod of
5. cl ailhe nethvalr efctaimi Zfadheychateetesizedbyt mat eri al  bei ng

ter. | . o
measuring the temperature of the liquid flowing in the second stream.

6. The method of claim 1 further characterized by:
measuring the total flow of material through the conduit;
determining the amount of the first material flowing in the conduit based in part on

the density of the liquid in the second stream.

7. The method of claim 1 characterized by gravity being used to separate essentially all

of the first material into the first stream.

8. A method comprising, directing a flow of a liquid into a conduit where the liquid is

comprised of at least oil and water, where the steps of the method are characterized by:
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4. The method of claim 1l characterized by the second
mat eri al being denser than the first material. 5. The
woreaohoasoef claim 1l further characterized by: neeEUSI00§023667
the tenperature of the liquid flowing in the second
stream 6. The nethod of claim11 further characterized
by: consimsonsingepateting atsedallfshomleodt waatrefiroralthd hquid glowidpein the
dui,t; determning t amount of the first materi al
CmﬁwgﬂpﬂgﬁaﬁnFﬁ%ﬂ%gﬂ&ﬂyp¥ S84 n part on the density of
the liquid in the second stream 7. The nethod of
claim1l characterized by gravity being used to
9. s e p'ﬁhamﬂ‘@sl&énlaiilaliil ohamicteriaéd bnbaving te densier dfahe ivated measured
fIrPt strean1 8. A nethod conprising, directing a
uﬁ?gﬁ&PﬁPl SIPVARTEE i nto a conduit where the liquid is
conprised of at |least oil and water, where the steps
of the nethod are characterized by: conti nuousl y
10. S e pﬁhameﬁ@dwf shih|8 charapteeized byvhsvéng theakensityeoflthélwattr continuously
ng in the conduit and neasuring the density of
me*[‘s‘r?é ter. 9. The method of claim8 characterized by
having the density of the water measured using a
Coriolis flow nmeter. 10. The nethod of claim8
11.chafkemethoded claym Bafuithe clhbﬁtc’(éﬁlzsd by of the water
i nuqusly neasured. 11. The nmethod of claim8

F ur QSR A TaPH 04 01 J10ViEE Y he RIS bR Oghe measured

der@it) of 11 in the conduit based in part on the
enrret%gurheyag%nsmy of the water. 12. The nmethod of claim

8 further characteri zed by: using the density of the
water to determne the water cut of the liquid. 13. A

12. devT]éf‘emﬁQl\‘PFir"?é clpim;8 rfgtth%hampﬁen@qd)lss) onf i gur ed to
€O nﬁs@ﬁ% he delaﬁ{y & tfr® ef lsbec%t%n?e ge f' the 1ilquid.

mat er i second nateri
characterized by: a second condU|t (110) coupled to
the first condwt (108) and configured to draw a
13. sangpIdevige haviag sdisgwandrit 08 heorfiggradith sontaipd quid compsised of at

leasggt:] &9{' r#uﬁfxff%[l (#(d et ceo%lo #a?t%%a},etgau %lex%ge E:I?argctgguzsecei %O nd
a second conduit (110) coupled to the first conduit (108) and configured to draw a
sample of the second material from the liquid;
a first Coriolis flow meter (116) coupled to the second conduit (110) and configured

to measure the density of the sample of the second material in the second conduit.

14.  The device of claim 13 with the second conduit further characterized by:

a separator tank (222) having a top half and a bottom half, where the first conduit
(208) flows into the separator tank (222) and the second conduit (210) is coupled to the
bottom half of the separator tank.

15.  The device of claim 13, further characterized by:
a second Coriolis flow meter (114) attached to the first conduit (110) and configured

to measure the density of the liquid flowing in the first conduit;



10

15

20

to nmeasure the density of the sanple of the second
material in the second conduit. 14. The device of
w@bk@i7mob34 wi t h the second conduit further charecCt/@simp®oR3667
by: a separator tank (222) having a top half and a
bottom hal f, where the first conduit (208) flows into
t hea prgsassar Ok20) aonet2d 2) tharfitsttand ssemdriChbriodis dloivi metOind
IS C I to the hott.am hal f of. t he separatqr tank, L
confuf B e BF P AT ot PRrALI CE RSP e sgbiymaterialin
thediqaRCANHe EMdud HaSed, LPYATBh She &e}éﬂ'} b RGHER ddn %ﬂ}:eﬁrst Coriolis
first conduit (110) and configured to neasure the
flowamgiéty of the liquid flowing in the first conduit;a
processor (120) connected to the first and second
Coriolis flow neters and configured to determ ne the
16.r at TRe 8dvi hi ' ' ithQvi
ot o ol e Y eyt P bving 8 B Hter and
the secandecoddwis hawingre asoné dizntetdrrandthenirst dinsieteCiy lagdet than the second
di fl{)w meter. 16. The device of claim 13 characterized
180" he first conduit having a first dianmeter and the
second conduit having a second dianeter and the first
di aneter is larger than the second dianeter. 17. The
17.devibedoficedfzilamil B dlasacarized by dik deyoriddiamerpizdess than 1/10 the
p giameter is less than 1/10 the first dianeter. 18. The
IshAYMEETof ¢l ai m 13 characterized by the first conduit
having a first flow rate and the second conduit having
a second flowrate and the first flowrate is |arger
18.t hahh¢ teviseaftniainf 130saratetized By th filevéopdut duving adirst flow rate and
conduyit caontaining a flowing liquid conprised of at
the seeond cqnityit hyvings gecpng flgWgals and dbmirshilewraiglis larges than the second
ﬂo‘?%t['b__ce characterized by: a means for separating the
[owng liquid into a first stream and a second stream
with a rate of flowin the first stream being greater
than a rate of flow.in the second stream and where the
19.1 i r &de¥ice daving gireaduscondaiping adlawing lipuidiconpeised ekt least a first
mafgﬁ%lea[dd secOnd BTl Qle dﬂ@%@ léﬁérggte%igeed kgy?nSI ty of the ‘
material 1n e secéond stream
a means for separating the flowing liquid into a first stream and a second stream with

a rate of flow in the first stream being greater than a rate of flow in the second stream and
where the first stream contains essentially all of the first material;

a means for measuring the density of the material in the second stream.
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