WO 2007/ 00- 5024 PCT/ US2005/ 023667 METHOD AND APPARATUS FOR MEASURI NG THE
DENSI TY OF ONE COVPONENT I N A MULTI - COVPONENT FLOW BACKGROUND OF THE
INVENTION 5 1. FIELD OF THE I NVENTION The invention is related to the
field of WEPROFOGMR4easurenents, and in particul ar, toPCHIUS2G05028667
conputers. 2. DESCRI PTION OF THE PRIOR ART Gas and oil wells may have
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flow, thSBAABGROWYD W BHEIINVERNIIPNqui d f1 ow nust be determined. To 15
det er‘rgi ne the anpuw%[ﬁég\gﬁ@ém]sgggoﬁl ow, the density of the water needs

to be determ ned.” Sity of water is determ ned by
periodical |y tTakimgnorsisrglhed ef the fieldwdhell flok @dsu@nien@nuddia pagichlahead and
determ ning_ the density using a hydroneter. This nethod has a nunber of

pr obl ens.oUGH pBMIER i s that the density of the water can change over

time. If the densi angesnd the ol d density measurement
is used, the ZOn%apglﬁaﬁl?gﬁ)wPe{%%pamunt of oil in the flow becones

i naccurate. Ti&skndeil smeHe hay Savenneltigfhasedlqw editignfrom the @bl WeddeThectotal f | ows
than in | ow water cut fl ows, to mnimze the _inaccuracies is to
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stream has essenti a low for a first one t he conponents.
The densideferminettheears@mo nfiwster mahe flewntbadansiylof the water needs to be determined.

Currently the density of water is determined by periodically taking a sample of the water
flowing from the well head and determining the density using a hydrometer. This method
has a number of problems. One problem is that the density of the water can change over
time. If the density of the water changes and the old density measurement is used, the

20  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 deterrhining the amount

25  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
30  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.



1 ASPECTS One aspect of the invention includes a nmethod for determ ning
the density of one of the conponents in a nulti-conponent flow
conprising, directing a flowof a liquid into a conduit where the |liquid
is conprised of at least a first material and a second material, the 5
st eps of P@@%od characterized by: separating the flow of the |liquid
into a fi am and a second streamwith a rate of flowin the first
stream bei ng grgat
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the nmethod further conprises where the first material being
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further c har aCts@ﬁertﬁ% Ry ﬂo%%ﬂmaﬁq.ﬁlu Rito tal T stt SBIERBIAH W s8cd stld@mlviiet fhte of
flowng in the second stream Preferably, the nmethod further
char act er iffoadinghe firsd atseani hefng Igecatentlzn o fateve fdfownan the sedond lstreang And Where the

condui t; 3_etermn|n t he am 51[11 ﬁ %flrst terial flowng in the
conduit ba¥¥dt rF?‘fnﬁ feing gssepfiallyel gf% lé?tn?%"en 45 quid in the second stream
20 Preferably, rﬁ&gﬁlﬁ%ﬂgﬁf&eﬁ?{f@?ﬁ i acterband By fAravity being used to

separate essentl st material 1Tnto the first stream

Anot hep aspect Feéfetdbdy, itivmaathod furterpsmpeses avives the dirdtanateled] deimigiing t he
density of one of the conponents in a multi-conponent flow conprising,
directing a f| duelsrably, thequpthiod fithst soprgnsiveherhie seqond mqt@faﬁlbeing water.

d of h f th
are” char act er  Zatteoy s B ERES ARG colBFiS et SO culilfu vepelRo gt
fromthe ljgund fkdt@Mtégs1i N the conduit and nmeasuring the density of the

water. Preferably, the nmethod characterized by having the density of the
wat er neasur ed Prefsiably, sheGoethodl ifigrtHer oharaserezed by:

15 measuring the temperature of the liquid flowing in the second stream.

Preferably, the method 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.

20 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 comprises a method for determining the density of
one of the components in a multi-component flow 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

25  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.

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

measured.



30 Preferably, the nethod characterized by having the density of the
wat er continuously neasured, 2 Preferably, the nethod further
characterized by: determining the anmount of oil flowing in the conduit
based in part on the measured density of the water. Preferably, the

met hod further p¢ a@ a{é‘f‘%ﬂ‘w‘fﬂﬁ ngd:&% ét%ﬁ pdensity of the water to
ul e

determ ne the wa aspect of the invention
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second mmat eri alArother hgpeseohihd iv@ntion comlﬁuse‘s edatbikcy fortdeeermening thewlehdityt dfe
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hal f and #1668t thsFPRRPRENtHHES @uitheompqrsept @%‘Hé’l}&ﬁ feviqedipying st ¢HeuB epar at or
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separ at or era evi ce fur ar ac erize

second Corth@ad@efdhgygcf@tzgdbﬁttached to the first conduit and confl gur ed
to nmeasure 20 the density of the Iltt]wd flowing in the first conduit; a
proced8or connecstewnd anﬂh@ coupled tocthel fisse comthitGodiconfigurtd tondnawtasaspdmel the
configured t deterrp ne tfle itio of the first material with respect to
t he seconde‘fPé‘fié?‘?tgllal FPTY fhs H“ﬁfﬁi din the conduit based, in part, on the
density neasur

devi ce charact gf? gtte%&%am %Jwﬁelrtegt% B%%fﬁ%{tjﬂh ¢ E%Cf?#‘ﬁgo ﬁnsd éogﬁgrrg?le%r %ga%lp‘?%
t he secondhedsdity bf ﬂha\samgleaofslee:modndimtm'abm tagisecbh@condustt di ameter is

| arger than the second dianeter. Preferabl t he device characterized by

the second di afsef&rabs thedayiqergith tilﬁfecqnﬁéongfmgfurther characterized by:

15 a separator tank having a top half and a bottom half, where the first conduit flows
into the separator tank and the second conduit is coupled to the bottom half of the separator
tank.

Preferably, the device further characterized by:

a second Coriolis flow meter attached to the first conduit and configured to measure

20  the density of the liquid flowing in the first conduit;

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

25  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

30 the second conduit having a second flow rate and the first flow rate is larger than the second

flow rate.



di aneter. Preferably, the device characterized by the first conduit
having a first flowrate and 30 the second conduit having a second flow
rate and the first flowrate is larger than the second flowrate. 3
Anot her aspect of the invention conprises a device for determning the

density of oneygfindhe &?HP&%‘?H‘\%@%&MH ﬁ&nﬁﬁéets' 91’39%}‘3&% d—Irl @Wéitl{%edqui\/}!’&fe

having a conduit conta nin nprise east
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means for separating the flowing liquid into a first streamand a second
st ream wi tipwing Hguid comprisedhof af leagha grslt sratesial encha srePng Ml .dhe dovase a rate
of flomllq:&hee%egpgd stream and where the first stream contains
essentlally §F 65" trie first material: a means for measuring the density

of thesmaterialy iBarsiter &%ﬁﬁﬂﬁg ﬂ{ermtg 111 d Bito i eEseieBh A d N b dldtfeam with

DRAWNGS FIG 1 is a diagramof an oil and gas neasurenent system 100 in
an exanpl e randfdltivmenthe ifst tstreann heieg i aater tiEn@ ra@ offlew dr theisegpndfsirkamekd out

| eg i n anot her ex | e enbodi nent of t invention., 15 FIG 3 is a
drawi ng of Ve te fan;tptlieé’@ Cl9§'faHE egsenbigRy %ﬁBfthF:gﬁ?@ mafetidot her exanpl e

enbodi ment of t gltk%de%ﬁ%foﬁthg hﬁ%rﬁ?ﬂﬁe%co@ld@?‘:md for

determ ning the enS| ty o onents 1n a mnul onent
flow in one exanpl e enbodi rrent of the invention. 20 DETAILED DESCRI PTI ON
OF THE PREFERRED EMBODI MENT FIGS. 1-3 and the follow ng description

depi ctlospe]%RfEFcDE‘ﬁ@Rﬂ’HQN @FtHéEﬂDRAquMGSskl lled in the art how to nake

and use the be f the nti.on. For the pur t eachi ng
Mventive princi bge € SFPg medetr e R BRI00Tn an ERRFod or
om tted. m%n&{gldflﬂ%jmg,ghtme art w || appreciate variations fromthese
exanples that fall within the 25 scope of the invention. Those skilled in
the art will apfGetiing dravhag of hevckeat legers antebardxbagle dmbalimestrofitiee

conbined in various ways to formmultiple variations of the invention. As
a result,M¥¢li%nyention is not limited to the specific exanples

descri 1%6 d bel OV%IGl.) 4lis H{anRg’ of IQ?ock out leg using a separator tank in another example

embodiment of the invention.
FIG. 4 is a flow chart of a method for determining the density of one of the

components in a multi-component flow in one example embodiment of the invention.

20 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
25  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 variations 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
30 embodiment of the invention. Qil 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.



clainms and their equivalents. Figure 1 is a diagramof an oil and gas
measur enment system 100 in an exanple 30 enbodi nent of the invention. Q|
and gas neasurenment system 100 is connected to a well head 102 and
conpri ses:Weayamst0dt 104, liquid outlet pipe 108, gas aarliestogEiopss7106,
water | nock out leg 110, flow neters 116, 114, and 112, system outl et
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hater . vdreBEgRROE F Gt Bt o e i Fad SepRtuidra shato 4 eam
of water yynRmd Julted Spd o uthb AluiRifBSinka8 liqdWIBESRS 1081 ay BRSHH 63 atdre flow
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i nvent i orwatdr] Watembneok oit legild 03 @ofigard v fehantemstiratl strvm of frenfromdiqerd 114
is a Coriolis.fl ter, flow neter 114 can. be, used. to asu he
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determ ned using the neasured density of the liquid and 15 equation 1.
RI C - p( ristyr L14pg oCpiioligilew mgter.flovphiogigr £F4)can bp usdd tp measyre the(densily dfshet he.

density qf t l.i qui d o] is.th sity of the qiJ ;in.the |igquid,
and. 20 g Bpynf ephe i dudsPupd b TRE vater P S of i ieid Bfune
density qapidwutientips 6ok & HelieteutiREd uithg B AfHEREH SRRy ol @k ViquiFgh@tion 1 is
dependent on the density of the water flowing in the |liquid. The water

densildy cgmatfiparly as a function of salinity. Flow nmeter 116 neasures the
flow of water in water knock out |leg 110. Fl ow neter

0=

e - _Pmi) = ploih)

= Equation 1
p(water) — p(oil)

where p(mix) is the density of the liquid, p(oil) is the density of the oil in the liquid, and
20 p(water) is the density of the water in the liquid. The oil density can be entered by the user
or measured separately. Equation 1 is dependent on the density of the water flowing in the
liquid. The water density can vary as a function of salinity.
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
25  water knock out leg 110. The flow from water knock out leg 110 may be re-inserted back
into liguid 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 4
flow, it’s uses can be dedicated for measuri:ng the density of the material flowing in water
30  knock out pii)e 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 outi)uts



116 is a Coriolis flow neter. Flow neter 116 al so neasures the density of
water flowing in 25 water knock out leg 110. The flow from water knock
out leg 110 nay be re-inserted back into liquid outlet pipe 108 after

fl ow met eWOlW047/§0d824shown) or nmay be re-inserted beforepftoseoosmetar 114
(not shown). When the flow fromwater knock out |leg 110 re-enters liquid
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main streamof "fluids flowing in liquid outlet pipe 108. The stream of
fluid fl owlgtgiper Oatlersticaook fluidiflavene mayattrdnednputilegiapbe cameprised of

sedi nent nd ot her water sql ub mat.er. i for .ex l e sal.t.. A ghange in
the sari Ml edimighatfhf: SRR Shdon edime M et e B o
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wat er knock out |leg 110. The neasured density is then fed back into the

cal cdbat ithsrdensity afffec Buio dlawingf inovater fkheski avylegr 1 Bukheaneasingd dewdty dethet féilned
by the ter t tian, . Water kno ut .l 10 configured in
> number PR hisTHE e Rlds 8 ¥ il SPOF foPile h S Bin IR BRRRRRAPHETT |
lighter atdicgteqt@idde separated fromthe main fluid flowin 20 outlet

pi pe 108. I n one exanpl e enbodi nent of the invention, outlet pipe 108
woul d be a  Water knock out leg 110 can be configured in a number of ways to enable a stream

of fluid essentially free of oil or lighter liquids to be separated from the main fluid flow in

20  outlet pipe 108. In one example embodiment of the invention, outlet pipe 108 would be a
horizontal pipe having a sufficient length with respect to the flow rate to allow the
hydrocarbons to rise to the top of the outlet pipe. The water knock out leg 110 would be
connected to the bottom of outlet pipe 108, drawing only some of the heavier fluid from the
outlet pipe. The water knock out leg 110 may be smaller in diameter than outlet pipe 108

25 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 small
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. |

30 Figure 2 is another configuration for knock out leg in another exaniple embodiment
of the invention. Knock out leg comprises separator tank 222 and knock out pipe 210.
Qutlet pipe 208 flows into separator tank 222. Outlet pipe exits from separator tank 222 near



hori zontal pipe having a sufficient length with respect to the flowrate
to allow the hydrocarbons to rise to the top of the outlet pipe. The
wat er knock out leg 110 would be connected to the bottom of outlet pipe
108, drawing only sone of the heavier fluid fromthe outlet pipe. The
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sane si ze sasplsdpar dteonulpigdes@Bdyid dlowimy iretha ouietplipecto tshezaiviehtape sthar at or
pi pe 334. O her configurations nay be used to separate a snmall sanple
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of this Because the density of the water flowing in a multi-phase flow can be measured

20  continuously, salinity changes in the water can be compensated for on a real time bases.
This should help reduce the uncertainty in water cut measurements. This invention is not
limited to measuring the density of water in an oil and water flow. The invention can be
used in any mixed flow where the components can be separated during flow. The knock out
leg can be designed to separate any heaver liquid from a lighter liquid.

25 Figure 4 is a flow chart of a method for determining the density of one of the
components in a multi-component flow. At step 402 a flow comprising at least a first
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

30  is measured.
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conmponents in a nulti 5 conponent flow conprising, directing a flow of a
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conmponent . and econd ¢ onent haracterized in that, the netho

conpri sesto¥ g}@@i Estsfeamee g’nﬁ‘lgcﬁ}i?aé?r ﬂ(%ﬂba Vit‘bi’ﬁrfgow Ht e geqqndsirean, %?P‘%ﬁf?t
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arate of flowin the second stream and the first 10 stream contains
essenti al | y altheasfiringehefdensity ciohptgedtin ttendcomiesaisami ng t he density of the

liquid in the second stream 2. The nmethod of claim 1l characterized in
that the first conponent is oil. 15 3. The nethod of claim1l

charact erj.zed i hbiiba b@aRes At COIRANAMar iR MR BmpchenTi@ et hod of

claim| characterized in that the second component |s denser than the
first conponent. 20 5. The nethod of claim1 further characterized in

that jt conprises: asurijn he t ture of the liquid flowmng in
t he skec On%jms)t r'gl'é%rmethgg 0? é‘la{m characterelzed 1nahat the second compo ent 1s water. g

4. The method of claim 1 characterized in that the second component is denser than the

first component.

20 5. The method of claim 1 further characterized in that it comprises:

measuring the temperature of the liquid flowing in the second stream.

6. The method of claim 1 further characterized in that is comprises:
measuring the total flow of material through the conduit and determining the amount
25  of the first component flowing in the conduit based in part on the density of the liquid in the

second stream:.

7. The method of claim 1 characterized in that gravity is used to separate essentially all

of the first component into the first stream.



6. The nethod of claim11 further characterized in that is conprises:
nmeasuring the total flow of material through the conduit and determ ning
the amount 25 of the first conponent flowing in the conduit based in
part on the density of the liquid in the second stream 7. The nethod of
claiml arac l.zed. | r tially al
of ‘the fiver consonanet TebhRhid fY bt BrUREEr &8 R AEIEN
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flow conprising, directing a flowof a liquid into a conduit where the

liquid i scompwhpt plsadeast oihand watst. ths method lwaéactertmé iihah gomerises:

h t d f
veer 1rom cne THoG o FRRATEL k AEFRSEShit Y RERIGLR A BRI Bl
of the wahessuriflg thERlenstt dfatle ohiteel ai m 8 characterized in that the density

of the water is neasured using a Coriolis flow neter. 10 10. The met hod
of claim8 characterized in that the density of the water is continuously

measur ed. 11 "ﬂme %5@8f%181m§|cﬁ5 Eéﬂryﬂﬁt tlfehc?erngﬁ}; g%térgw Q%Jrédt

conprlses determnin ow ng 1n con ased in
part on t@ﬁlg@@w@leﬁ]m&&e@nm ty of the water. 12 The met hod of claim8
further characterized in that the density of the water is used to
determ ne the water cut of the liquid. 20 13. A device for determning

the densi fy OfT}%rﬁetﬂ;)d ?f;@aﬁr?ggﬁ&ﬁ&%%ég)ﬁng}é tdenﬁgy”?f)ﬂ%%terl Q%th&?sl

devi ce conprising condur t ure contain a lrquid
conpri sedmefsuredt | east a first conponent and a second conponent,
characterized in that the device has a second conduit (110) coupled to
the first conduit and configured to draw a sanple of the second

conmponent 1f r OnTﬁenﬁeéh%)&le am?%#ﬁ&‘tﬁér cgﬁrta&&r&e%l 1h§haft|1t?ﬁ\§g{%}sgg (116) coupled

to the second con con ensity of the

sanpl e of the d&eaamdngdrEnenamt of oil fIbeirkee eidcmandbhied idpart Dhehdiawisedof

claiml 3 characterized in that it conprises a separator tank (222)
15  density of the water.

12. The method of claim 8 further characterized in that the density of the water is used

to determine the water cut of the liquid.

20 13. A device for determining the density of one of the components in a multi-component
flow, the device comprising a first conduit (108) configured to contain a liquid comprised of
at least a first component and a second component, characterized in that the device has a
second conduit (110) coupled to the first conduit and configured to draw a sample of the
second component from the liquid;

25 a first Coriolis flow meter (116) coupled to the second conduit and configured to

measure the density of the sample of the second component in the second conduit.

14.  The device of claim 13 characterized in that it comprises a separator tank (222)
having a top half and a bottom half, where the first conduit (208) flows into the separator
30 tank (222) and the second conduit (210) is coupled to the bottom half of the separator tank.



having a top half and a bottom half, where the first conduit (208) flows

into the separator 30 tank (222) and the second conduit (210) is coupled
to the bottomhalf of the separator tank. 9 15. The device of claim 13,

characterized in that it conprises: a second Coriolis flow neter (114)

attached {9 theyd Jiefv%e &Qm&' 3, Qﬂargc&érlz%ﬂqn aR{tlGpEdes: t © Measure the
density of the |1 qui | om ng first condwt a processor (120)

connected to taschbnd §Dr1ah$jﬂ3‘ecmid ((Db4)| alakedfth ohe st evrsluil 0)5nd onffigeced
to determ' e t he [‘ i 0. of c{)ﬂt congﬁgiefnttwth respect to the second
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measur ement fromdebQor (1'20?&0119@5‘[%@'@ ﬁefﬂrﬁ‘é{n%é&hd C%@loha_ﬂ%“qgé’tbﬁehnaf claim
13 characterized in that the first conduit having a first diameter 10

and the semﬁ'ugdreddndaﬂetmimaxthmgﬂa of gediTst ahingroetErvithiespecit & desedoad t han t he

first dianeter The .deyi ce claim 16 characterized in t

second di %Q%R(Elremilnge]é%mflﬁb C£PR IEIP?ée‘!‘l fip P (Hﬁtialﬁé?légrlyniﬁls‘i@neﬁ*ﬁ%mag% ce
of claim &3 epAsRCH&kn&Rd i n that the first conduit having a first flow
rate and the second conduit having a second flow rate which is smaller

t han t he flrst flowrate. 19. A device for determning the den5|ty of

f ot h nt | t vi.ce r ising a
Condui t C5ht ai ARG AT ) ST EomE hedhe S sorueR S G5 eigler?
conpofngnt aﬁﬂﬂe DRl QG@W&CO&&"@E&%E? WhE@ds kRaliiahard 8 (H&\GiGfeias: a

means for separating the flowng liquid into a first streamand a second
stream with a rate of flowin the first streambeing greater than a rate

of flowin the_second stream_ .and the first stream.contai.ns essentially
o1 o b7t i TR ot T reas it B e ORI BeSTES 1o b
conponent ﬁ}spdlfaﬁlgtegecond stream 10

15 18,  The device of claim 13 characterized in that the first conduit having a first flow rate

and the second conduit having a second flow rate which is smaller than the first flow rate.

19. A device for determining the density of one of the components in a multi-component
flow, the device comprising a conduit containing a flowing liquid comprised of at least a
20  first component and a second component, characterized in that the device has:
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 the first stream contains essentially all of the first component; and

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