MONITORING THE PHASE COMPOSITION OF PRODUCTION FLUID FROM A HYDROCARBON
EXTRACTION WELL Field of the Invention The present invention relates to monitoring the phase
composition of production fluid from a hydrocarbon extraction well. Background of the Invention
Knowledge of the phase composition of individual fluid production wells within a well complex

comprising avROAHUCYRMIRthe ERHRSRFATION PESET DI DI RO Tz @i FSUAtEgROP Accelerate
the production rate of fields. In mansg instances, these strate%s& &gnnot be adopted because of the

high cost of having a multiphasé"f &éﬂ%p@hgﬁ(wcﬁ Faltt'empts to overcome this problem
are by virtual multiphase flow metering, involving complex optimisation algorithms that are difficult to
implement and are sensitive to instrumentation errors. This invention allows the benefits of production
optimisat t,' thout the cost and complexity of having a flow meter for each well, and the
method provides a better estimate, as its based on direct measurements. Summary of the Invention
According to the present inventjon from one aspect, there is provided a method of monitoring the
ohase coNB AU, CL R A IR AL U1 R R BRI b B b BT FE B of a
plurality ¢fy/aystaearbenrataauctian wells, the method comprising: modulating the flow of said fluid from
said at least one of the wells;

Background of the Invention

Knowledge of the phase composition of individual fluid production wells within a well
complex comprising a production gathering network, enables production optimization
strategies to accelerate the production rate of fields. In many instances, these strategies
cannot be adopted because of the high cost of having a multiphase flow meter for each well.
Previous attempts to overcome this problem are by virtua multiphase flow metering,
involving complex optimisation algorithms that are difficult to implement and are sensitive to
instrumentation errors. This invention allows the benefits of production optimisation to be
gained, without the cost and complexity of having aflow meter for each well, and the method

provides a better estimate, as its based on direct measurements.

Summary of the Invention

According to the present invention from one aspect, there is provided a method of monitoring
the phase composition resulting from different phases in production fluid from at least one of

the wells of a plurality of hydrocarbon production wells, the method comprising:
modulating the flow of said fluid from said at least one of the wells;

passing the flow of production fluid from al of said wells through a multiphase flow

meter common to the wells; and

processing data from said multiphase flow meter by means responsive to the modulation
of the flow from said at least one of the wells to produce information relating to the phase

composition of production fluid from said at least one of the wells.



passing the flow of production fluid from all of said wells through a multiphase flow meter common to
the wells; and processing data from said multiphase flow meter by means responsive to the

modulation of the flow from said at least one of the wells to produce information relating to the phase
composition of production fluid from said at least one of the wells. According to the present invention

from anofeiorGiPRCto s SoiederfVilRshRONElF SYISERIG @ N2BHISHN Ot iReRdUI o Bidaxdsof@rb epspspduction
wells, the system including means for monitoring the phase composition res_ulti@% from different

phases it PROHHb R R AHOMCh: YIQGEHB! R E Ihorir SRR ARS IR FRES f¥ans for
modulatingoHifof oy the phigss dishipeatisn deatiieagt e aftbexweltisasiibbactofiawietemcgmmon to

the wells and means for passgj}g the flow of production fluid from all of said wells through said flow
meter; antPhOR O PO ST LOH BEHUEARS FAMPHSISE: flow meter comprising means responsive

to the modulation of the flow from said at least one of the wells to produce information relating to the

phase compositingat rspeieelinifigithé Aewssical v Rom eithar Wweks ofypicakides flows of

production fluid from all of said wells are modulated (for example in turn), said processing being
carried out on data from the multiphase flow meter to produce information relating to the phase

composition of SRkl EREASRUIPYYoMEEE FPBIEAM tReis. WRLSIRIW SPEId{RtBASIE HSHIBYE St least

one of the wellsypagigthshmadiasetadomefiladnsgtaroeghesity 8 ghokadhrasgh which the production
fluid flows from the well.

means for processing data from said multiphase flow meter comprising means
responsive to the modulation of the flow from said at least one of the wells to produce
information relating to the phase composition of production fluid from said at least

one of the wells.

Typicaly, the flows of production fluid from all of said wells are modulated (for example
in turn), said processing being carried out on data from the multiphase flow meter to
produce information relating to the phase composition of production fluid from each of

said wells.

The flow of production fluid from the at least one of the wells could be modulated by
modulating a respective choke through which the production fluid flows from the well.

The flow of production fluid from the at least one of the wells could be modulated by

frequency modulation.

Production fluid from all of said wells could be passed to said flow meter via a manifold

common to the wells.
Typicaly, said different phases comprise oil, gas and water.

Typicaly, said processing comprises filtering signals from said data from the multiphase

flow meter.

The wells could be subseawells, said processing being carried out topside.



The flow of production fluid from the at least one of the wells could be modulated by frequency
modulation. Production fluid from all of said wells could be passed to said flow meter via a manifold
common to the wells. Typically, said different phases comprise oil, gas and water. Typically, said
processing comprises filtering signals from said data from the multiphase flow meter. The wells could

be subsephyetthGhiAdTOESe MshRIBY iFRIISEsaHE RNl be sMPediaantdmpesirst(thed, involves
the determination of the phase composition (%oil, %gas, %water) of individual production wells

feeding &/ P9RRMAERR AIIAYiSHE RQURIN IV, [ESHgrR GRMaR MTRPHALE: HIRSHERFTATEEM), by
modulatinthghé adipesaeasy Plftipaatad predhato N PEMEByoRRAVEYi A\ dietialidjiteringithe data

from the MPFM, at the frequency f, thus extractiﬁ the phase_composition of that well from the total

flow. The' [ EadUGEqR HoW dForg- e el eanth v i agalby dUier e et rasB i M il # &€ feeding
the manifeiduBitgf DepasriRAi§ererpnasgsomposition of that well from the total flow. The

process is repeated for each well in turn to reveal the phase composition for all wells feeding

the manifold.

Brief Description of the Drawings

Fig. 1 isaschematic block diagram of part of awell complex in which an embodiment of the
invention may be carried out;

Fig. 2 shows typica waveforms resulting from different phases when performing the
invention; and

Fig. 3isablock diagram in respect of the processing of datafrom an MPFM of Fig. 1.

Description of an Embodiment of the Invention.

Fig. 1 shows the production flow from a well complex comprising a plurality of subsea
hydrocarbon wells 1, 2, ---n, each connected to a common manifold 3. The output of each
well passes through a respective one of chokes 41, 42 ---4n to manifold 3 via respective ones
of output lines 51, 52 ---5n. Each choke is controlled by a respective one of well subsea
control modules (SCMs) 61, 62 ---6n. The combined production flow on aline 7 out of the
manifold 3 passes through a single multiphase flow meter (MPFM) 8 common to the wells,
before exiting the well complex on an output line 9. The data output on a communication
line 10 from the multiphase flowmeter 8 is fed to a topside master control station (MCS) at
the surface via the norma communication system of the subsea well complex, where it is
processed to provide the phase composition of each of wells 1, 2 ---n.

The mode of operation of the embodiment of the invention is as follows. Starting at the first
well 1, its production choke 41 is modulated around its nominal set position by a, typicaly,
sinusoidal modulating signal from the subsea e ectronics module (SEM) of the SCM 61 to
provide a relatively small amplitude flow component at frequency f superimposed on the

nomina flow for a time period t. During time t, the downstream MPFM 8 measures the
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Fig. 1 is a schematic block diagram of part of a well complex in which an embodiment of the invention
may be carried out; Fig. 2 shows typical waveforms resulting from different phases when performing
the invention; and Fig. 3 is a block diagram in respect of the processing of data from an MPFM of Fig.
1. Description of an Embodiment of the Invention. Fig. 1 shows the production flow from a well

complex gRasptsitpasiplohabty 1Ak scoiBm&y dresarkan \wellerling wellsereiegniectaanifohacgmmon
manifold 3. The output of each well passes through a respective one of chokes 41, 42 ---4n to manifold

3 via respRHEENGARS Bew ram mels 5 2nd sts. comnenent Fiau qted S fesnuensy & r&ﬂé‘%g\;%% of well

subsea cqiseh M les(SeMsPel 63s teRsmitreunbine ddTadustiomiawdo line Toow dithe
manifold B%agses throu%h a single mulr:[ié)hase flow meter (MPFM)' 8 common to the wells, before

exiting thOREAA I e & S GEir 286 FRE BILR BLRFUERN SRR AL AT MRS R & R FS R the
multiphasgdlawensjacidpited (0 th iRk pRsteHenDtrErstatine dedhab!haishsiBiceorechgeormal

communication system of the subsea well complex, where it is processed to provide the phase
composiﬁ@ﬂqg\"ﬁ&{%ﬂe Huisl phases h%o%)@' '¥kration of the embodiment of the invention is as

follows. Starting at the first well 1, its production choke 41 is modulated around its nominal set position

by a, typirgjlyz srugeidiatnapd Hiatiaessioe )i esn kel sl sasdelef BaRICE éiashde (SEMEILIGSCM 61
to provide a relatively small amplitude flow component at frequency f superimposed on the nominal
flow for ﬁﬁé?&ﬁﬁ@‘.@ﬂ%‘{?r ) g QQ&%QF&%&?%H@%@%@S the phase composition of
the combined flow from all of the wells feeding the manifold 3, including the flow from well 1 and its

Cﬁmponaﬂbmduh@me@ttﬁfww ﬁgr?ur'tn%tgaa tst@t@ﬁﬁﬁedﬁ@é@mdgméﬂﬂﬂm.F By tiRhsaked via
the normal communication line 10 to the topside MCS, where it s stored. Data relating to production
hoko 4 19BPB A4 e I AL o 1 A AL AES AL b BU SRS CEIHT B B
data, a tighe pisige/rmbdbriednabiren@iog fichnmnd ikd aleasesntanc bt aEtlowig. 2his provegs that

illustrates the typical resultant modulation at f f of each of the phases (% oil, % gas, % water)
at the ol 1FP STEMRHSKEPRR 00 st by OB SR G BB BB U Wl store 11

the MCS(Ryi USlogas aparapriatetaebigdeerdigial iijes ¢a angdapplying thisdetidedinpeseoes, the
components of the phases maqdulated at frequency f can be isglated from the combined flow. This
orovies T SHALE QLI LY <h Gl At Doy AR SRS CETRGOLRD PR ARIAY (oeoil,
%gas, Yometsn)€ah titanf awvdetennoiek d byles veddutatosyhdraodi sdesciivle clpa(pskiton; pncisarebe
obtained by a caF]IOcuIator 14 Ry correlating the relative composition against a measure of total flow from
well 1, d&fivRG BShised choke data (position, pressure drop and temperature).

After this process has been completed for well 1, the modulation of well 1 flow will stop and

the process repeated for well 2 through to well n such that the phase composition for each

well can be determined. The process will then repeat on acyclic basis.

In practice, the modulation of the chokes 41---4n and thereby the production flows from them
is scheduled by the topside MCS.

As an alternative to modulation of the flows from the wells 1---n in a cyclic manner, they
could be modulated simultaneously if the modulation frequencies are suitably separated, with

demodulation of datafrom the MPFM8 occurring in the topside MCS.

Advantages of using the Invention

Multiphase measurements for each well with dramatically reduced number of multi-phase

flowmeters.



After this process has been completed for well 1, the modulation of well 1 flow will stop and the
process repeated for well 2 through to well n such that the phase composition for each well can be
determined. The process will then repeat on a cyclic basis. In practice, the modulation of the chokes
41---4n and thereby the production flows from them is scheduled by the topside MCS. As an
alternative teErRppisiieBISrdR Eeursolba i g onelhdces) in a cyclic manner, they could be modulated
simultaneously if the modulation frequencies are suitably separated, with demodulation of data from
the MPFMS8 occurring in the topside MCS. Advantages of using the Invention Multiphase
measuremeh8 ASIRIR0R FENISRiEPH ARt RN Hal MG RERSTH Aemriimsiais oe&heters.
Enablement of production optimisation services. No additional sensors or complex virtual flow
metering algorithms are needed.



WHAT IS CLAIMED IS: 1. A method of monitoring the phase composition resulting from different
phases in production fluid from at least one of the wells of a plurality of hydrocarbon production wells,
the method comprising: modulating the flow of said fluid from said at least one of the wells; passing the
flow of production fluid from all of said wells through a multiphase flow meter common to the wells; and
processingdata feamp Aad poujgphase flow meter by means responsive to the modulation of the flow
from said at least one of the wells to produce information relating to the phase composition of
production fluid from said at least one of the wells. 2. A method according to claim 1, wherein the flow

of production fiuftl FREHOSH & D001 RENY i BBERE SO LRIt (e HtLERY difseenba8Redta from
the multiphaggfiem ORI SFde Bf 0ete Shaferthation Iediting desthy ohayd smppshienuef eradession fluid

for each of said wells. 3. A method according to claim 2, wherein the flows of production fluid from
said well S 5OHIAGLFRBeNiH %m, so that information relating to the phase composition of production
fluid is produced for each of said wells in turn. 4. A method according to any preceding claim, wherein

the flow of pragyéaAdiHe ficunohsiatierstone 2f de e Dit Bratiekigsby modulating a respective

choke through which the production fluid flows from the well.

passing the flow of production fluid from al of said wells through a multiphase flow

meter common to the wells; and

processing data from said multiphase flow meter by means responsive to the modulation
of the flow from said at least one of the wells to produce information relating to the phase
composition of production fluid from said at least one of the wells.

2. A method according to claim 1, wherein the flow of production fluid from all of said
wells is modulated, said processing being carried out on data from the multiphase flow meter
to produce information relating to the phase composition of production fluid for each of said

wells.

3. A method according to claim 2, wherein the flows of production fluid from said wells
are modulated in turn, so that information relating to the phase composition of production

fluid is produced for each of said wellsin turn.

4, A method according to any preceding claim, wherein the flow of production fluid
from the at least one of the wells is modulated by modulating a respective choke through

which the production fluid flows from the well.

5. A method according to any preceding claim, wherein the flow of production fluid

from the at |east one of the wellsis modulated by frequency modulation.

6. A method according to any preceding claim, wherein the flow of production fluid
from al of said wellsis passed to said via meter viaa manifold common to the wells.

7. A method according to any preceding claim, wherein said different phases comprise

oil, gas and water.



5. A method according to any preceding claim, wherein the flow of production fluid from the at least
one of the wells is modulated by frequency modulation. 6. A method according to any preceding
claim, wherein the flow of production fluid from all of said wells is passed to said via meter via a
manifold common to the wells. 7. A method according to any preceding claim, wherein said different

phases cgmprisg Qe SSoMEIe]- tod afyirtied A5 CQENO W& ah PEieE gy dsheietasaid
processin%é(ompr_ises filtering signals from said data from the multiphase flow meter. 9. A method

accordind/ {4 oRasd iy Gt OFmERThae kI RgRe LaWdBE Fells, said processing being carried

out topside. 10. A well system comprising a plurality of hydrocarbon production wells, the system

includinggneansfendtemit@icoetRg ©RNase freceantitd hesviing irene Wiy ard alirsesalpregdction
fluid from at least one of the wells, the monitoring means comprising: means for modulating the flow of
said fluidRFerRSSY R N B RE LIPS a multiphase flow meter common to the wells and means
for passing the flow of production fluid from all of said wells through said flow meter; and

10. A well system comprising a plurality of hydrocarbon production wells, the system
including means for monitoring the phase composition resulting from different phases in

production fluid from at |east one of the wells, the monitoring means comprising:
means for modulating the flow of said fluid from said at least one of the wells;

a multiphase flow meter common to the wells and means for passing the flow of
production fluid from all of said wells through said flow meter; and

means for processing data from said multiphase flow meter comprising means responsive
to the modulation of the flow from said at least one of the wells to produce information

relating to the phase composition of production fluid from said at least one of the wells.

11. A system according to claim 10, adapted for modulating the flow of production fluid
from all of said wells, said processing means processing data from the multiphase flow meter
to produce information relating to the phase composition of production fluid from each of

said wellsin use of the monitoring means.

12. A system according to claim 11, wherein the modulating means is adapted for
modulating the flows of production fluid from said wells in turn, the processing means being
adapted for producing information relating to the phase composition of production fluid from

each of said wellsin turn.

13. A system according any of claims 10 to 12, wherein the modulating means is adapted
for modulating the flow of production fluid from the at least one of the wells by modulating a

respective choke through which the production fluid flows from the well.

14. A system according to any of claims 10 to 13, wherein the modulating means is
adapted for modulating the flow of production fluid from the at least one of the wells by

frequency modulation.



means for processing data from said multiphase flow meter comprising means responsive to the
modulation of the flow from said at least one of the wells to produce information relating to the phase
composition of production fluid from said at least one of the wells. 11. A system according to claim 10,
adapted for modulating the flow of production fluid from all of said wells, said processing means
processing dataxreyaheaudithig e AWoMatem10r asluge\Ineemasipn pasaitRntedieoBRfffses
composition of production fluid from each of said wells in use of the monitoring means. 12. A system
accordingi‘[B@E\'zfljﬂlﬁj oMM RYASdulating means is adapted for modulating the flows of production
fluid from said wells in turn, the processing means being adapted for producing information relating to
the phasegompaestiareef Breokrtignduidyrem @achsoigaid WsllsviRetain. sdid. Hrodsieny agrarding any
of claims 10 to 12, wherein the modulating means is adapted for modulating the flow of production fluid
from the SPTHALTESHELIBH BMERNS by modulating a respective choke through which the production fluid
flows from the well. 14. A system according to any of claims 10 to 13, wherein the modulating means
is adapteg7for medytatingEbs: fiewy ©f aipat elipméuchdap) Hikrd inastea ks ef dravaeilia/aysireagency
modulation. 15, A system according to any of claims 10 to 14, wherein said passing means comprises
a manifolkl XSRS PR EGERLENE | aCRG LRI ording to any of claims 10 to 15, wherein said
processing means comprises filtering means. 17. A system according to any of claims 10 to 16,
wherein the wells are subsea wells, said processing being means being located topside.



