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telates to suppression of slug flowin a multi- phase fluid stream More
particularly, the.invention relates to a nethod and systemfor preventing
growmh of liquid slugs in a stream of muhtiphase fluid flow ng through a
flowine systemincluding a 5 riser section and a gas/liquid
separator |ocated downstreamthe riser section. In the oil and gas industry
it 1S COMDNSYRERESSIQN OB ILUEOWr IN & MULTI-PRASECFIUIDI SIrREAML ai ni ng crude oi l
or condensate, water and gas froma well through a single pipeline system

to a processing 10 . facility. For exanple in case of offshore oil
producti on crudeT™®f EPVEREAB IS R EP cTUPRAES OB R s1wtl fhen iar & mdktTal |y

si mul t aneousplyaser ANEEOEt Shml NcTegbaricuTNGh ¢, TRESHAVeRtRR kérates wAS/ | i qui d
separating egui nt. located onshore.or on an qQffshore _platform_Several
fl ow regi ms%@gﬁﬁ%dvﬁy%%emog%ﬁ ThSuch 4o 52#’@?"‘35‘1893 in 2 {f*ffPhase
fluid, includfmyplsiphaseffladdf flowing dheovydhow, flgwiinef bysteanthcddipnd how. O

theses fl ow r epidyPgesdivfl {dOW da/080RGALdPA rh B0 D 8o AU AGHMBS daln GNST St Of

alternating batches of liquid (terned sl'ugs) and gas surges. Under certain
f1 ow condi t i 5GP of |iquid slugs may easily occur, which |eads to

severe sl uggi Nng In the oil and gas industry it is common practice to transport
a multiphase fluid containing crude oil or condénsate,'water and gas
from a well through a single pipeline system to a processing
10 facility. For example in case of offshore oil production crude oil)
production water and associated gas are generally simultaneously
transported through a single subsea pipeline to gas/ligquid
separating equipment located onshore or on an offshore platform.
Several flow regimes are known to occur in such a stream of
15 multiphase fluid, including stratified flow, core flow, mist flow
and slug flow. Of these flow regimes slug flow is generally to be
avoided as it consists of alternating batches of liquid (termed
slugs) and gas surges. Under certain flow conditions gréwth.of
liquid slugs may easily occur, which leads to severe slugging
20 whereby a flow pattern of alternating production starvation {no
-flow); large liquid slugs and strong gas surges at the exit of the
flowline system occur. Supplyihg such an alternating pattern bf
liquid slugs and gas surges to a gas/liquid separator strongly
reduces the efficiency of the separator, as the gas/liquid separétor
25 must be operated with acceptable pressure fluctuations and should
. deliver an acceptably low liquid content in the gas outlet conduit
and an acceptably low gas content in the liquid outlet conduit.
- A method for preventing slug growth in a pipeline system during
simultaneous transportation of a gas and a liquid through.the
30 pipeline system is disclosed in 0Oil &'Gas'Jdurnél, Nov. 12, 1979. In

this known method a valve is arranged at the top of a riser, which



20 whereby a flow pattern of alternating production starvation (no
flow), Wea9604i qui d sl ugs and strong gas surges at the rei/EPIsio281ae fl owl i ne
system occur. Supplying such an alternating pattern of liquid slugs and gas
surges to a gas/liquid separator strongly reduc the—atiiciency of the

separator, as the gas/liquid separator 25 Wstsﬂmqm@g QE?
acceptabl e pressure fluctuations and shboul d del |lver y
“liquid content in the gas outlet conduit and an content
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t hrough th I n & Gas Journal,

lin stemis, di sed
Nov. 12, 1 ggeﬁentﬁll g%nsg‘v'\:ﬁ ﬁlec)téua BVa éﬁ qé?f aﬁé%’lf"ﬁf’tﬂ?eaf?)p of a
riser, whi atged to Eranﬁalll\'f@mssmaaﬂa}soioramemuwlthy vadge] ahech SO as to
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differenti al gressure fluctuations in the riser. Trans tters are used to

transmt prods fMoweRfthed is based pp theassugptingst thatysevese siwaging.

transm tt eremlaraecurs in pipelines having a section of downward inclination

when seen in the direction of flow and that slug growth can be
prevented by regulating the volumetric fluid flux as a function of

10 fluid pressure variations. |
' European patent specification 410522 discloses a method of _
preventing slug growth in a stream of multiphase fluid flowing from - ‘ :
a flowline into a gas/liquid separator, whereby fluid flow rate
control means are provided to manipulate the fluid flow rate.

15 This known method comprises measuring the liquid flow rate in
the liquid outlet of the separator and the gas flow rate in the gas
outlet thereof, determining the fluid flux defined as the sum of the
liquid flowlrate and the gas flow rate, and operating the fluid flow
rate control means so_as.to reduce a variation of the fluid flux. A

20 drawback of this known method is that ﬁeasurement of the sum of the
liquid and gas flow rates in -a multiphase fluid stream is difficult
and requires complex measqr#ng equipment.

An object of the invention is to provide an improved method and
system for preventing growth of liquid slugs in a flowline system.

25 More pérticularly, the invention aims to provide a method of -
preventing growth of liquid slugs in a stream of multiphase fluid
flowing frém a flowline inteo a gas/liquid separator that has a

. liquid outlet provided with liquid flow rate control means and a gas
outlet provided with gas flow rate control means.

30 The.method according to the invention comprises the steps of:

-  measuring a liquid level in the separator;

- measuring at least one control variable selected from the group

of the'liquid flow rate in the liquid outlet, the gas flow rate in

the gas outlet, the sum of the liquid flow rate in the liquid outlet
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installed at a subsea part of the pipeline system This known nethod is
based oW@p@0sd&EuNpti ons that severe slugging only occur PCTEPESN2619 nes
fraving a section of downward inclination when seen in the direction of flow
10 and that slug growth can be prevented by re Lf@@é @ ric
fluid flux as a function of fluid pressure variati or} a] hpgg en
application 63-274408 di sctoses a separaBor control ch_adjlust s
a valve in a 15 gas outlet of a gas liquid separator by addi ng the

out puts of a2%5Be H5fi ELAMIFRtpHAstref pasventiet,| and ltbe| flludd mfessee separ at or
and of a manewle@t thel Bégaraber;Sgprator to exert a clo_nstant g(r)essure |nht ge
separ at or European t ent cification 410522 di scl oses a nmet ho
~of Iopreventl ng sl RF" ?g% ﬁaf'%ngg‘tdr ég?ﬁ' FRtmACRFEolpReans Andiisdif| Afi APW rom a
flow ine intoate gas#dOI‘ltuazissspaBata)lrgdeeehe:h)fféiréﬂcd bétiderd AHa@d CGui®l neans
are py ovi deds 40 TRl QUL aleR L ek tinfle Lallle! & Bne TS 00 MELROD cOMPI ses
nmeasuring the liquid flow 2 P gt 8P 13%e2°

separ at or antP t9% “?fa§ 1”&%‘-’?%&%bFWeFHesﬁj-dscmetvalrh&bo?nd deselewtad ng t he

reference value of the control variable.

By controlling the liquid level in the separator to be as

constant as possible; and by controlling the control variable to be

10 as constant as possible, imprdved control over the flow regime in
the flowline system is achieved so that growth of liquid slugs can
be prevented in an improved manner. Furthermore, it was found that
instead of selecting the fluid flux (being the sum of the liquid
flow rate and the gas flow rate) as the controlled variable, the

15 . liquid flow rate, the gas flow rate, or tﬁe fluid pressure can be
selected as the controlled variable.

Furthermore, the present invention aims to provide a system for
preventing growth of liquid. slugs in a stream of multiphase fluid
flowing from a flowline into a gas/liquid separator, said gas/liquid

20 separator having a liquid outlet provided with liquid flow rate
control means and a gas outlet provided with gas flow rate control
means. The system according to the invention comprises:

- means for measuring a liquid level in the separator;
- means for measuring at least one control variable from the

25 group of the liquid flow rate in the liquid outlet, the gas flow
rate in the gas outlet, the sum of the liquid flow rate in the
liquid outlet and the gas flow rate in the gas outlet, and the fluid

. pressure at or near the separator; and
- means for operating said liquid flow rate contrecl means and

30 said gas flow rate control means so as to reduce a difference
b;tween said liquid level and a selected reference value of the
liquid level, and so as to reduce a difference between said control
variable and a selected reference value of the control variable.

Although severe slugging may have a variety of causes, two

35 physical mechanisms are generally considered to lead to severe
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" fluid flux defined as the sumof the liquid flow rate and the gas flow

rate, wefbempgsaating the fluid flow rate control neans SWQ gduce ‘a
variation of the fluid 30 flux. A drawback of this known 2rrilelt hdd and of

the method disclosed in Japanese patent application 63-27440[err] is that
nmeasurenent of the sumof the liquid and gas flowrates in a nultiphase
fluid streamis difficult and requi resgconpl ex nmeasuring equi pment. [err]
-3- An object of the invention is to provide an inproved method and system
for pr everum@gn@g,omfsufy liquidl dachuiigatiifg aatl b OVdwi sei:&ysieme pdYetine

particul ar le,te& S.d gly%kcglogp%attgefgragv#fe aﬁm5¢l ’ff‘tﬂdge gd of g;eventl ng

growt h of quw sl ugs m O hase
fl ow i ne iradgcing &be|vedarity ofathet Stuidhie ﬂh&spa’elliwlad thet sbeg [irlgws ded with

liquid fl oMirdoahl anORSwaRk1 PBRRE i fldlparddg el L?;Seline system thereby
5 causing an increased gas pressure and an increased liquid hold-up
upstream of the upwardly inclined part. Such an upwardiy'inclined )
part can for example be an offshore production.riser.'hs the liquid
slug leaves the upwakdly'inclined part, the flow accelerates
slightly due to the increased gas pressure. A next slug upstream the
10 - slug leaving the upwardly inclined part is also accelerated and
thereby sweeps the increased liquid hold-up. Therefore this next
slug grows somewhét, leading to intensified subsequent fluctuations '
in velocity. In this way ligquid slugs of increasing lengths are
discharged from the pipeline system. The second mechanism may
15 support the first mechanism, but it was found to occur also when a
low point in the pipeline system is absent.

Preferably the flowline forms the downstream end part'of a
subsea pipeline system leading to an offshore platform, said end
part suitably being a riser debouching into the gas/liquid

20 separator. .

Control of the liquid level in the separator is effectively
achieved if said liquid control means is operated so as to reduce
the difference between said liquid levél and the selected reference
value of the liquid level, and said gas flow rate control meaﬂs is

25 operated so as to reduce the difference betweeh'said control
variable and the . reference vaiue of-the control variable.

During a start-up periodlof the method, for example when
_control is switched from manual to automatic, which can be just
after blockage of the riser section due to accumulating liquid in a

30 l}quid.slug which has entered said riser section and before said
liquid slug enters the separator, said control variable is
preferably selected to be the fluid pressure at or near the
separator. When during said start-up period the liquid slug has

started to flow into the separator, said control variable is -



f)'r ovided with gas flow rate control neans. 10 The net hod accordi ng

to the i gxfdsidogya conprises the steps of: - measuring ai’éﬂbﬁ*ﬁmﬁﬁye' in
{ he separator; - nmeasuring at | east one control variable selected from
the group of the liquid flowrate in the liquid outlet, 15 ‘the gas

flowrate in the gas outlet, the sumof the liquid flowrate in the liquid
outlet and the gas flowrate in the gas soutlet, and the fluid pressure at
or near the separator; and - . operating said liquid flow rate control
means and 2@uitablyssekbcyed thl bevthat Biquodtflol raransn ahecliquad |datbet lie basi s
of said nmeagiiLefgitsesy? as to reduce a difference between said liquid |level
and a selected reference value of the liquid level, and so as to reduce a
di f f er ence 'bet w@MeXnsdug FAPY fran ke ieEeetiyptly superesseddir adid eprtrodal ue of

25 °  the vaeDiBiel i¥ Welabled tBbeCOlE N0hidg14k1@atd AW thd GYGlid Butiee
sepaéator to%bg%asé' C'Onstt ante gﬁf,%OSSi'bl e and \%&gont r ol Iai ng the coorlt r ol
vari 3bl e to WFe*H% SEBHA At 4 SEPHIMCUSIN PE Bty BF255vER PERECd-| ow
regine in the flAdekinagivedyt eaid sontrol variable can suitably be selected to
be the sum of the liquid flow rate in the liquid outlet and the gas
flow rate in the gas outlet, either continuously or after the start-
up peried.
i0 The reference value of the control variable, when said variable
is the liquid flow rate or the sum of the liquid flow rate and the
gas flow rate, can be obtained from up-stream measurements, or
alte:nétively, can suitébly be generated by reducing a difference
between the fluid pressure at or near the separator and a selected
15 reference value of the fluid pressure.

The gas/liquid separator indicated hereinbefore can have
sufficient capacity for processing the fluid stream, in which case
said separator can be the only separator in the system.
Altegnatively, the separator can form a mini-separator which is

20 located upstream a slug cafching separator. The mini-~-separator then
forms a primary separator of which the gas outlet and the liquid
outlet debouche into the slug'catching separator which forms a
secondary separator.

The invention will now be described in more detail and by way

25 ‘of example with reference to the accompanying drawingé in which:

Fig. 1 shows schematically a flowline system for carrying out
the method accoxrding to the invention;

) Fig. 2 shows schematically a control system for use in the
flowline system of Fig. 1; and

30 Fig. 3 shows a diagram indicating the variation of liquid flow
i; a flowline system as a function of time, whereby the method of
the invention has been applied. In Fig. 3 the horizontal axis
represents'time in seconds and the vertical axis represents the

volume of liquid (in litres) in the large separator.



30 achieved so that growh of liquid slugs can be prevented in an

| npr ovWe 96406edr . Furt hernore, it was found that instead@VERSSD2542i ng t he
fluid flux (being the sumof the liquid flowrate and the gas flowrate) as
the controlled variable, the liquid flowrate, the gas flowrate, or the

REPLACEMENT SHEET [err] - 3a - fluid pressure can be selected as the
controlled variable. Furthernore, the @resent invention ains to provide a
system for preventin rowth of liquid slugs in a stream5 of

nul ti phase fl ufge quBa’r‘%’g PR IFaGt iheorRRisesn aghipalineild estandingor, sai d

gas/ i qui dos eqher séfiloba\d ifgom al wellindad Ufnbet shHak) itdesh \Utiebndrdequi d flow rate
The syst onPusiiant o P ouheesy, sRLBbst Bptilal SideppPtp bR TRlod 3 PO

riser 7 connected to the platform 5 and a gas/liquid separator 9

5 having a liquid outlet conduit 13 and a gas outlet conduit 14. The
liquid dutlet.conduit1l3 is provided with a liquid flow control
valve 15, and the gas outlet conduit is provided with a gas flow
control valve 16. Thé valves 15, 16 can be of any suitable type such
as a vortex amplifier disclosed in The Oilman, August 1987, pp. 82-

10 85. A gas flow meter 17 is provided in the gas outlet conduit 14
and a liquid flow meter 19 is provided in the liquid outlet conduit
13. The separator 9 is further provided with a liquid level gauge 25 ‘
and a pressure gauge 27. A control system 30 is provided which
receives signals from the gas flow meter 17, the liquid flow meter

15 19, the liquid level gauge 25, and the pressuré gauge 27, which
control system 30 ccntro;s the valves 15,.16 in a manner depending
on the signals recéivgd.by the control system 30. The liquid outlet
conduit 13 and the gas'ou;let conduit 14 are in fluid communication
with the interiqr of a slqg-catching separator (not shown) located

20 downétream thé separator 9. The slug-catching separator iS of a size
considerably larger than the separator 9. _ _

Fig. 2 shqw; s;hematically the control system 30 of Fig. 1 in
more detail, whereby corresponding reference numerals refer to
corresponding components. The arrows shown in Fig. 2 indicate the

25 ' direction of transfer of electric control signals from one component
to anoﬁher. The control system 30 includes a iiéuid_ievel controller
32 which manipulates valve 15 in response to input signals received

) from liquid level gauge 25 via control line 34 and from a liquid

level set-point 36 via contrél line 38. A pregsute controller 40 is

30 connectable to valve 16 via switch 42 and control line 44 so as to
manipulate valve 16 in reséonse to input signals received from
pressure gauge 27 via control line 46 and from a pressure set-point
48 via control line 49. A liquid flpw rate controller 50 is
connectable to valve 16 via switch 42 and cop;rol line 44 so as to

35 manipulate valve 16 in respbnse to input signals received from



z means for measuring a liquid level in the separator; - means for

measur i ngonobédpast one control variable fromthe group ofpdyiepokiskisd fl ow
fate in the liquid outlet, the gas flowrate in the gas outlet, the sum of

15 the liquid flowrate in the liquid outlet and the gas flowrate in
the gas outlet, and the fluid pressure at or near the separator; and -
nmeans for operating said liquid flow rate control neans and said gas flow
rate control neans essentially on 20 t he basis of the outputs of said
measur enent ligabd fowawteo Yediz coatchlf flineSecanhV\binis afldwl tatei sed-evel

and a sel ected ¢ e&%@@}%gv@éluefei5396%}.%9%4]% L&Vt%'r,n gssios A8nde2e Ligduce a

di fference between said control varia .a selected reference VAl ue of
the control SPaVpkys 46 vig switch 42 apdiepnggel déperdd 20 @wggrndanigulatee a

vari ety of Gal9esie inOredBysde- @b 1HPGEMUGHADs FeBeHRACE U Yad @S dREEH tO | ead
to S%Vere N[isllxzr.ll;rsc]éxgxgaoquine 58, from liquid flow meter 19 via control line
60, and from a pressute controller 62 via control line 64. The
signals in control lines 58, 60 are summed so as to provide a fluid
flux signal which is transferred to mixture controller via control
line 59. The pressure controller 62 receives input signals from
10 pressure gauge 27 via controel line 65 and from pressure set-point 66
‘ via control line 67.
During ndrmal operation of the flowline system shown in
Figﬁre 1, a mixture of gas and liquid flows from the wellhead
through the underwater pipeline 1 and riser 7 into the gas/liquid
15 - separator 9. Gas is discharged from the separator 9 through the gas
outlet conduit 14 and liquid through the liquid outlet conduit 13.
The volumetric gas flux in the gas outlet conduit 14 is continuously
measured using the gas volumetric flow meter 17 and the volumetric
liquid flux in the liquid cutlet conduit 13 is continuously measured
20 using the liquid volumetric flow meter 19. The liquid level in the
separatér’S is continuously measured using the liquid level gauge 25
and the pressure in the separator 9 is continuously measured using
the pressure gauge 27. '
When control of fluid-flow using controller 30 is started, for
25 example when control is switched from manual to automatic just'aftér
blockage of the riser 7 due to the occurrence of a slug has
‘occurred, the switch 42 is switched to the position in which
. pressure controller 40 is connected to valve 16. The pressure
controller 40 manipulates valve 16 in a manner so as to decrease a
30 q;fference between a pressure signal from pressure gauge 27 and a
signal from.set-pcint 48. Contrel valve 15 is manipulated by level
controller 32 so as to decrease a difference between a signal from
liquid level gauge 25 and a signal from set-point 36. When the
liquid slug starts.to flow into fhe separator, the switch 42 is

35 switched to the position in which liquid flow rate controller 50 is



WO 96/ 00604 :
PCT/ EPO®© 9%®bd0d - 4- sl ugging, firstly liquid accunul ati necetpss/ekaay poi nt in
t he pipeline systemand thereby bl ocking the gas flow, and secondly a
liquid slug reducing the velocity of the fluid in the pipeline as the slug
fl ows through an upwardly inclined part of the pipeline systemthereby 5.
causi ng an increased gas -pressure and- @&n-i ncreased |liquid hol d-up upstream
of the upwardly inclined part. Such an upwardly inclined part can for
exanpl e be cernested Her ¥aliendfictThenliduidrfloksratieecdritgultkrsbog | eaves t he

upvar di y i Rghigi@deariivd e {d QunanRe! & abes Shiallblya Weslaqktbe i ncreased
gas pressure. A ne>‘8tgi sg%&u streamthe 10 sl U(lg | eaving the upwardly
i nclined paFEYSeE &% PE SR8 P 19RAt  fFeP P mrhess 1T fedi hiendled | i qui d
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platform SAFFENDE Fartoeis L FRtRiekghal Fram Higuisofion mecends anses

gas/ | iqui dgas flow rate signal from gas flow meter 17, and a signal received
10 from pressure controller 62. Pfessure controller 62 provides an
' input signal to mixture controller 56 via control line 64, which
input signal is aimed at reducing a difference between a pressure ‘
signal from pressure gauge 27 and a signal from set-point 66.
Experiments haQe been carried out in a pipeline system
15 comprising a horizontal.section of 50 m length, a declining section
of 50 m length (angle of declination 2° to the horizontal plane),
and a vertical riser section of 16.2 m length. The length of the
flowline system waé such that severe slugging occurred. The internal
diameter of the sections was 0.05 m. At the top of the riser, the
20 downstream end of the pipeline system, there is provided a
separator. An air/water fluid mixture wherein the water contained
20 %w mono-ethylene glycol was pumped through the pipeline system,
whereby the superf;cial gas velocity and the superficial liquid |
velocity at the upstream end of the . pipeline were 0.215 m/s and
25 0.184_m/s fespectively. The set-point pressure of pressure
controllers 40 and 62 was 3 bar, the set-point of level controller
32 was 50% of the internal volume of gas/liquid separator 9.
The results of these experiments are shown in Figs. 3
indicating the liquid contents of the slﬁg catching separator as a
30 function of time, using a constant drawn down rate of the slug
éﬁtching.separator. The control variable was selected to be the
liquid flow rate (line a) and the fluid flow rate (line b), the
latter being the sum of the liquid flow rate and the gas flow rate.
For the case in which the control variable was the liquid flow rate

35 (line a), mixture controller 56 was used whereby the control line 58



20 separator. Control of the liquid level in the separator is
effectiv ﬂb\@ ggeved if said liquid control means is operﬁ?ﬁﬂ,ﬁ _

¥ educe t 3| ?ference between said liquid | evel and the selecte reference
value of the liquid level, and said gas flow rate control neans is 25
operated so as to reduce the di fference between said control variable and
the reference. value of the control variaple. During a start-up period of
the nethod, for exanple’ when .control is switched fromnmanual to automatic,

whi ch can bevajsusiscahhe:rtelal sb:k:age the fRedr 150 rRACEIGRAL0UE bReAICYRY ati ng
liquidin ag0... eddaqUid sl said riser section and

ch_has entere
before said Tiqui dde?ug enters tﬁtfgllg“s% gz‘i’?‘ét’cﬁ;e LAt FBnfeTed AiPsLPE i s
preferably sieett¥d strase ‘l’#ﬁelftlmedsweessmgalg epde@prtd remsepar at or. Wien

during sai d sstasso 4p Nekhosh tthﬁe |ﬂhQUé&:§LPQ Q@én %b%tsegmt%hLJ: Q.1 Qg the
separator, said con trol garla eis g

PCT/ EPoS) 025FuLE oF E‘i‘? ABPY Sy fedey "t“& b@“ﬁﬁecqqtq'aﬁﬂlmm $HI% in the

Iiquid outl etatohing separator showed strong oscillations prior to t = 450 s,

- which oscillations soon damped out after the control system 30 was
switched on. As is clear from Fig. 3 it was found. that for the
control variable being the liquid flow rate (line a), a slxght

10 oscillation of the liquid content of the separator remained compared
to the s;tuat;on in which the fluid flow rate was the control
variable (line b). However, such remaining oscillation was

negligible in comparison to the strong oscillation during slug flow.



t he separator. Severe slug flow can be effectively suppressed if said
cont r oluo\diobedly! € 1S selected to be the liquid flow rate Hﬁ%ﬁs LA} qui.d -
out | et g of the separator, either continuously or ter %e start-up
period. Alternatively said control variable can suitably be selected to be
the sum of the Iiquid flow rate in the liquid outlet and the gas flowrate
in the gas nt i nuousl §°or after ki@ustdbtmr b

The referen val ue of the control variable, whe SR %\_,/
quuidflowﬁwﬂuu ofthec i low rdfe ang.
can be obta I I EWE”JMI &' HLH L or . ui tabl y
be generated by redudi nd a dlfference betvveen the fluid pressure at_or near

the separat,or rangkrdaset Qﬁﬁedmtlﬁg growth Jeel ShRBCR WGB! UE a0feidif {# ui d
pressure. have

as/ | j.qui tor I.cat ed _hereinbefore can
suf fici ent’““g'é EFE ]‘?’6? g %"ﬁ'& & Eg°‘1ﬂl"ﬂfdi”§f’r%aﬂﬁ’?+’rﬁ“&ﬂl ch case said
separ at or separdiori mzdndla,s/umdasepamnot MVMhem@Ahtmﬂatlp&byded t he
separat or Gaf f;QLiA %1@1,%1569@1&%9 medhk Glhal §t<% (oytlet | p.Jo%é‘éqe jgpstreama

sl ug catching_separator. The m ni-separat or pri rrary separ at or
of Swhi ch (918 §9¥ Fafe Epntsed wsru"c{m BeBed] eampgdsingche |nto the sl ug
catchi ng sepamehsiringi £Nif@idMeRel in the separator; -

- measuring at least one control variable selected from the group
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of the liquid flow rate in the liquid outlet, the gas flow rate in
the gas outlet, the sum of. the liquid flow rate in the liquid outlet
10 and the gas flow rate in the gas outlet, and the ‘fluid pressure at ‘
or near the separator; and ' : '
- operating said liquid flow rate control means and said gas .flow
rate control means so as to reduce a difference between said liquid
level and a selected reference value of the liquid level, and so as
15 to reduce a difference between said control variable and a selected
reference value of the control variable. |
2. The method of claim 1, wherein said liquid control means is
operated so as to reduce the difference between said liquid level
and the selected reference value of the liquid level, and said gas
20 flow rate control means is operated so as to reduce the difference
between said control variable and the reference value of the
control variable. |
3. The method of claim 1 or-2, wherein during a start-up period of
the method, when a liquid slug has entered.said'riser section and
25 before said liquid slug enters the separator, said control variable
.is selected to be the fluid pressure at or neaﬁ the separator.
4. The method of claim 3, wherein during said start-up period,
after the liquid slug has started to flow into the separator, said
control variable is selected to be the liquid flow rate in the
30 liquid ocutlet of the separator. '
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éecondary separ at or .—Fhethvention will now be described in nore detail and

by way of ex ' “ ence to the acconpPafyipék W ngs in
hi ch: é?%?mlwsuhows sﬁ@%@‘!m“l“‘\ﬁ m\owl i ne system for ggir(ryl ﬁoggfgut t he

met hod according to t ntion;s Fi'g. 2 shows schepatically a control

systemfor use in the flowine systemof Fig. 1; ang 3
shows a di agram- ndicattng. the variatiom af |iquidfff §/3HEE3'HAS)
systemas a function of tinme, whereby the nmethod of | R been
appl i ed. | n5Fi gThS netBod@fi Zimal oxX2 S whepditsS Bad chht PRl variah he

vertical axig, (ERReSeRESeld®: §A PR Ladd B eI fih I GRTL e 1} HES Targe

separ at or . . . .
PCT/ EP95/ 02®¢paragorThe f| owl i ne systemof Fig. 1 conprises a pipeline 1

ext endi ng 0w, t hens aakche@lor3cidiam e WReat o DRla Eibér?’l‘t&%ewg%igglé) yfshore

plathorms, sSiieLdhy daclined ppeline peclion th e ool g riser 7

and the gas flow rate in the gas outlet.
7. The method of claim 5 or 6, wherein the referencelvalue of said
control variable is generated by reducing a difference between the
fluid pressure at or near the separator and a selected reference

10 value of the fluid pressure.
8. A system for preventing growth of liquid slugs in a stream of
multiphase fluid flowing from a flowline into a gas/liquid
separator, said gas/liquid separator having a liquid outlet provided
with liquid flow rate control means and a gas outlet provided with

15 gas flow rate control means, the system comprising:
- means for measuring a liquid level in the separator;
- means for measuring at least one control variable selected from
the group of the liquid flow rate in the liquid outlet, the §as flow
rate in the gas outlet, the sum of the liquid flow rate in the

20 liquid outlet and the gas flow rate in the gas outlet, and the fluid
pressure at or near the separator; and
- means for operating said liquid flow rate control means and
said gas flow rate control means so as to reduce a difference
between said liquid level and a selected reference value of the

25 liquid level, and so as to reduce a difference between said control
variable and a selected reference value of the contrcl variable.
9. The system of claim 8, wherein said separator forms a_primary
_separator, the gas outlet and the liquid outlet of the primary
separator debouching into a secondary separator forming a slug

30 catching separator. '
10. The system of claim 8 or 9, wherein said flowline includes an

upwardly inclined section debouching into the gas/liquid separator.

-
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5 having a liquid outlet conduit 13 and a gas outlet conduit 14. The
i qui d owdbgbosopnduit 13 is provided with a liquid flow petvepssos®l ve 15,
and the gas outlet conduit is provided with a gas flow control val ve 16.
The val ves 15, 16 can be of any suitable type such as a vortex anplifier
-disclosed in The Ol man, August 1987, pp. 82- 10. 85. A gas flow
nmeter 17 is provided in the gas qutlet conduit 14 and a liquid flow neter
19 is provided in the liquid outgbkagonduit 13. The separator 9 is further
provided with a liquid | evel gau and a pressure gauge 27. A control
system 30 is provided which receives signals fromthe gas flow neter 17,
the liquid flow neter 15 19, the liquid | evel gauge 25, and the
pressure gauge 27, which control system 30 controls the valves 15, 16 in a
manner dependi ng on the signals received by the control system 30. The
liquid outlet conduit 13 and the gas outlet conduit 14 are in fluid
comuni cation with the interior of a slug-catching separator (not _shown)
| ocat ed 20 downstream t he separator 9. The slug-cat chi ng sdpar at or

is of a size consider rger than the separator |9. FiQ. shov
schematically the co (lésjm 30 of Fig. 1 in noje detdil wherfby
correspondi ng refereéfice ¢t s refer to correspontinssmtehtpaaisd The
arrows shown in Fig. 2 indicate the 25 , directipn of tr@nsfer of
el ectric control signals from one conponent 744 . 165
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fo another. The control system 30 includes a liquid |level controller 32
whi ch megbRkbegess Vval ve 15 in response to input signals peggpygssio om

liquid I evel gauge 25 via control line 34 and froma liquid | evel set-point
36 via control line 38. A pressure controller 40 is 30 connect abl e
to valve 16 via switch 42 and control line 44 so as to mani pul ate val ve 16
I n response to input signals received from pressure gauge 27 via control
line 46 and froma pressure set-p 48 via control line 49. Aliquid flow
rate controller 50 is connectable alve 16 via switch 42 and control
line 44 so as to 35 mani pul ate valse &§ in _response to input signals
recei ved from WD 96/ 00604 '
PCT/ EP95/ 02519 liquid flow neter 19'V‘i a cont ol I1pe ) and iquid flow
rate set- point 54 via control 1ineS¥8) A nidture FonfFoller<d6 is
connectable to vaglye 16 vig switch 42 ifd coftrol ¥ine 44 sofas to
mani pul at e val ve ' a1 s gceived TTOTp gas fl ow
neter 5 op v vieim ) ) ymameay er §19 vi a
control line 60,fard freaa-a-ds¥ssurg control fer 62 va§ contfgolf line 64. The
signals in contrpl Jings 58, 60 are sunmed sq as tp oo dd a ki uid
) Te)
. N
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™
vk <
S
™

42

| 62
/52

30

66 67



flux signal which is transferred to m xture controller via control |ine 59.
The pressobéoent rol ler 62 receives input signals from lBcrmpesm2s®r €ssure
auge 27 via control line 65 and from pressure set-point 66 via control

| ine 67. During normal operation of the flowine systemshown in Figure 1,
a mxture of gas and liquid flows fromthe well head through the underwater
pipeline 1 and riser 7 into the gas/liquid 15 separator 9. Gas is
di scharged fromthe separator 9 th the gas outlet conduit 14 and
liquid through the |iquid outlet cssg t 13. The volunetric gas flux in the
gas outlet conduit 14 is continuousl’y neasured using the gas volunetric
flow neter 17 and the volunetric liquid flux in the liquid outlet conduit
13 is continuously measured 20 using the liquid volunetric flow
nmeter 19. The liquid level in-the separator 9 is continuously neasured
using the liquid |l evel gauge 25 and the pressure in the separator 9 is
conti nuously neasured using the pressure gauge 27. When control of
fluid-flow using controller 30 is started, for 25 exanp®e when
control is switched fromnanual B Lutomatic just after bloc of the
riser 7 due to the occurrence of @l ug has occurred, the swg®h 42 is
swtched to the position in whicigpgessure controller 40 is nnected to
val ve 16, The pressure
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control | er 40 mani pul ates valve 16 in a manner so as to decrease a 30

i fference between a pressure signal from pressure gauge 27 and a signal
§romset-point 48. Control valve 15 is manipul ated by | evel controller 32
so as to decrease a difference between a signal fromliquid | evel gauge 25
and a signal from set-point 36. \Wen the Ilarld slug starts to flowinto
the separator, the switch 42 is 35 tchqﬂ 'to the position in which

liquid flow rat ot § gl 61006
PCT/ EP95/ 02519 @%fgco%%eégﬁagg vafv%gg)ma%ﬁ%agﬁﬁurag?}ﬁﬁF?aFB 28nfPol 1 er
50 nani pul at es WaRriBige theaphnﬁhemesprassunedepSEaeemaoﬂutherﬁmserbahdeen

I d fl f [ t s poLnt
S Sheroar v SyITEAMSILEOE LRt ol iR AL

m xture control¥&fe56 TE2RERAEELED %Eev%§?€ ® tﬁﬁﬂ§m1ﬁ1RraﬁéutenSLghaés
mani pul & es vaIﬁ@r1ﬁegﬁlatﬂﬁ§n6hesﬁabﬁetOwﬂﬁéheeﬁﬁnémﬂtﬁéﬁéeﬂfé between a-

s o ot Sttt eqlel) Dol e R LS Lo (oL shanel
17, and a si gndknoeneheeblod is based on the assumptions that severe
- slugging only occurs in pipelines having a section of
downward inclination when seen in the direction of flow
10 and that slug growth can be prevented by regulating the
volumetric fluid flux as a function of fluid pressure
variations.
Japanese patent application 63-274408 discloses a
separator control apparatus which adjusts a valve in a
15 gas outlet of a gas liquid separator by adding the
outputs of a supersonic multiphase flowmeter in the inlet
of the separator and of a manometer within the separator
to exert a constant pressure in the separator.
European patent specification 410522 discloses a
20 method of preventing slug growth in a stream of multi-
phase fluid flowing from a flowline into a gas/liquid
separator, whereby fluid flow rate control means are
provided to manipulate the fluid flow rate.
This known method comprises measuring the liquid flow
25 rate in the liquid outlet of the separator and the gas
flow rate in the gas outlet thereof, determining the
fluid flux defined as the sum of the liquid flow rate and
the gas flow rate, and operating the fluid flow rate
control means so as to reduce a variation of the fluid
30 . flux. A drawback of this known method and of the method
disclosed in Japanese patent application 63-274408 is
that measurement of the sum of the liquid and gas flow
rates in a multiphase fluid stream is difficult and
requires complex measuring equipment.
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iO frompressure controller 62. Pressure controller 62 provides an
,nput signal to m xture controller 56 via control |ine 64, which input
signal is aimed at reducing a difference between a pressure signal from
pressure gauge 27 and a signal fromset-point 66. Experiments have been
carried out in a pipeline system 15 conprising a horizontal section
of 50 mlength, a declining section of 50 nqqength (angl e of declination 2

to the horizontal ane ti.cal riser section of, 16.2 n1|ength
The I ength of the f 78 Weectsk/scfaferﬁq}ﬁasuévmlt%tl%&%r@%‘ﬂj& 4Ty GRAFYed

The internal d| atmaﬂmd and hEy'sstBam i s preesvéhtingngriwitheoff dpifid @ldgéer
the 20 ffg% g{gﬁ|m peline system there is provided a
separator. An alr ter UIdIX' ure wherein the water contained 20 %wv
mono- et hyl ene gl ycoIM% paripat kanloug i heha pigrdidiare asiyst dim patweriedsy & he
superficisal gas medryd tor gk \;é}&l?) dv&!l@loﬁ 'l%%\ﬂd’%ﬂféé y:.rgt tél'.eream
upstream end Ofr?eg]gléﬁ-t&ﬁ re gﬂ S an

respectively. T XA & FhBting sloke ahd 62 was
3 bar, the set- ;gasytlmunlcbvgépmﬁdmldmt Fhgas Hieid e diigrRpided! une

of Jesl1au d seRvipt@afa Wl Sld gl HEse s s o 0
30 f unct iprewifdad na,tkusgarag fl avo sttt teatrtanel dma:ns.ate of the slug
: 10 The method according to the invention comprises the
steps of:
- measuring a liquid level in the separator;
- measuring at least one control variable selected from
the group of the liquid flow rate in the liquid outlet,

15 the gas flow rate in the gas outlet, the sum of the
liquid flow rate in the liquid outlet and the gas flow
rate in the gas outlet, and the fluid pressure at or near
the separator; and
- operating said liquid flow rate control means and

20 said gas flow rate control means essentially on the basis
of said measurements so as to reduce a difference between
said liquid level and a selected reference value of the
liquid level, and so as to reduce a difference between
said control variable and a selected reference value of

25 the control variable.

By controlling the liquid level in the separator to
be as constant as possible, and by controlling the
control variable to be as constant as possible, improved
control over the flow regime in the flowline system is

30 . achieved so that growth of liquid slugé can be prevented

in an improved manner. Furthermore, it was found that

instead of selecting the fluid flux (being the sum of the
liquid flow rate and the gas flow rate) as the controlled
variable, the liquid flow rate, the gas flow rate, or the
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catching separator. The control variable was selected to be the liquid flow
Fate (line a) and the fluid flowrate (line b), the latter being the sum of
the liquid flowrate and the gas flow rate. For the case in-which the
control variable was the liquid flow rate 35 (line a), mxture
controller 56 was used whereby the control _|ine 58 - 10 - [err]
[err] 1. A nmethod of preventing growh of PFqGid slugs in a stream of

mul ti phase fluid flowing froma flowine (1).into.a gas/liquid, separator
(9), said gas/| RS ‘é’f%rca(rb)b%aﬁﬁrﬁﬁgé%g#iacﬁ;iﬂl%uﬁqf&rﬁq’i d provi ded
with 5 | i puexdigbloay rate control nmeans (15) and a gas outlet (14)

provided with gas f ont = t.he nmet.hod .conprising:_ -
nmeasuring a liquid E:I%Y/Eelfeal%nﬁo]%fe téltie)ép raaét;érﬁ}t( ]i ryeeanstulrolrhga v\ Iteoarsg)roar Cﬂ"goﬂ‘lt r ol
vari abl e sel ectstptfeorfa0 preventingyrangwtdt athd iquid dlugsy imtae strade

liquid aptlet (F8)multoriase (AN ¥ Rowihg it WidWlidd Aned hp sum

gas/liquid separator, said gas/liquid separator having a
liquid outlet provided with liquid flow rate control
means and a gas outlet provided with gas flow rate
control means. The system according to the invention

10 comprises: ' '
- means for measuring a liquid level in the separator;
- means for measuring at least one control variable
from the group of the liquid flow rate in the liquid
outlet, the gas flow raté in the gas outlet, the sum of

15 the liquid flow rate in the liquid outlet and the gas
flow rate in the gas outlet, and the fluid pressure at or
near the separator; and
- means for operatihg said liquid flow rate control
means and said gas flow rate control means essentially on

20 the basis of the outputs of said measurement means so as
to reduce a difference between said liquid level and a
selected reference value of the liquid level, and so as
to reduce a difference between said control variable and
a selected reference value of the control variable.

25 Although severe slugging may have a variety of
causes, two physical mechanisms are generally considered
to lead to severe
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6f the liquid flowrate in the liquid outlet (13) and the gas flowrate in

~the gas outlet (14), and the fluid pressure at or near the separator (9)}

- gharacterized in 15 that the method further conpr sai d
liquid flow rate control nmeans (15) and said gas flom1 inﬂﬂmgﬂﬂﬂ"lgﬂﬂs _
(16) essentially on the basis of said neasurenents so as to reduce sa =
di fference between said liquid level and a ggl ected 20 ref erence val ue
of the liquid |evel, and so as to reduce a difference between said control
vari abl e and a sel ected reference value of the control variab
met hod of claim11, wherein said liquid flow rate control neans (15)
operated so as to reduce the 25 di fference between said liquid IeveI
and the selected reference value of th&lliduildMedel, and said gas flow
rate control means (16) is operated so as to reduce the difference between
said control vari abl e an% t he reference value of the control variable. 30

3. The method df cPaMRERSS of PReVesitinguoreyth ofadiquidbelugs dn tehe
net hod, when a lsitqeiath Ffugnilasptiiser e€dwdd EFldwing from a flowline (1)

into a gas/liquid separator (9), said gas/liquid
separator (9) having a liquid outlet (13) provided with
5 liquid flow rate control means (15) and a gas outlet (14)
provided with.gas flow rate control means (16), the
- method comprising:

- measuring a liquid level in the separator;
- measuring at least one control variable selected from
10 the group of the liquid flow rate in the liquid outlet
(13), the gas flow rate in the gas outlet (14), the sum
of the liquid flow rate in the liquid outlet (13) and the
gas flow rate in the gas outlet (14), and the fluid
pressure at or near the separator (9); characterized in
15 that the method further comprises
- operating said liquid flow rate control means (15)
and said gas flow rate control means (16) essentially on
the basis of said measurements so as to reduce a
difference between said liquid level and a selected
20 reference value of the liquid level, and so as to reduce
a difference between said control variable and a selected
reference value of the control variable.
2. The method of claim 1, wherein said liquid flow rate
control means (15) is operated so as to reduce the
25 difference between said liquid level and the selected
- reference value of the liquid level, and said gas flow
rate control means (16) is operated so as to reduce the
difference between said control variable and the
reference value of the control variable.
30 3. The method of claim 1 or 2, wherein during a start-up
period of the method, when a liquid slug has entered a
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Fiser section (7) of the flowine (1) and before said liquid slug enters
‘the separator (9), said control variable is selected to be the fluid
pressure at or near the separator (9). 5 4.  The nethod of claim 3,
wherein during said start-up period, after the liquid slug has started to
flowinto the separator (9), said control variable is selected to be the
liquid flowrate in the liquid outlet of thg separator. 10 5. The
method of claim1 or 2, wherein said control variable is selected to be the

l'i quid fIOM/ratEiSerthectiqniQ?Dubfethélﬁloﬁiihée(Efpa?atggfgg%égggngg e
sum of the |1 quaTedur i EREERERAe "SRhaRee e 8P Poata SeRtal (e gas
flow rate in theaghabbet ist s¢layted. tahkenehaofiluidchaessarerat, onhgegin
the reference vgﬁgesgﬁa§g£gchg}(ol vari able is generated by reducing a
| 5 4. The method of claim 3, wherein during said start-up
period, after the liquid slug has started to flow into
the separator (9), said control variable is selected to
be the liquid flow rate in the liquid outlet of the
separator. :
10 5. The method of claim 1 or 2, wherein said control
variable is selected to be the liquid flow rate in the
liquid outlet (13) of the separator (9).
6. The method of claim 1 or 2, wherein said control
variable is selected to be the sum of the liquid flow
15 rate in the liquid outlet (13) and the gas flow rate in
the gas outlet (14).
7. The method of claim 5 or 6, wherein the reference
value of said control variable is generated by reducing a
difference between the fluid pressure at or near the
20 separator (9) and a selected reference value of the fluid
pressure. _
8. A system for preventing growth of liquid slugs in a
stream of multiphase fluid flowing from a flowline (1)
into a gas/liquid separator (9), said gas/liquid
25 separator (9) having a liquid outlet (13) provided with
' liquid flow rate control means (15) and a gas outlet (14)
provided with gas flow rate control means (16), the
system comprising: .
- means (25) for measuring a liquid level in the
30 ° separator; .
- means (19, 17, 27) for measuring at least one control
variable selected from the group of the liquid flow rate
in the liquid outlet, the gas flow rate in the gas
outlet, the sum of the liquid flow rate in the liquid
35 outlet and the gas flow rate in the gas outlet, and the
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¢, :

di fference between the fluid pressure at or near the 20 separator (9)
nd a selected reference value of the fluid pressure.-8.—A systemfor

preventing growh of liquid slugs in a streamof nulti.phase fluid fl ow ng

Separator (9) havi g & 1iduid out et (13) provi ded Wlfﬂllll llﬂﬁlllll ||1NLT||Et e

control means (15) and a gas outlet (14) preyided with gés t rate
control means (16), the system conprising: - neans (25) for neasurlng a

liquid level in ftl.l‘ilﬁdﬂ:ressur%ﬂlﬁf ﬁrornear tHe &eparbtor];/ chibadt@r iRap Ul NY
at | east one con ariable s ron1the£¥roup of the liquid flow

rate in the Ilq&’ YRR zﬁ? %ﬁngﬂﬁfﬁqf he gas outlet, the sum of
the liquid flow-rat melarmst hed)i dfoird operatingdaied ldeghildhe 1gas rfdtew rate in

the gas outlet, and i€ J&hd and said gas flow rate control means (16)
5 essentially on the basis of the outputs of said

measurement means'(19, 17, 25, 27) so as to reduce a
difference between said liquid level and a selected
reference value of the liquid level, and so as to reduce
a difference between said control variable and a selected
10 reference value of the control variable.
9. The system of claim 8, wherein said separator (9)
forms a primary separator, the gas outlet and the liquid
outlet of the primary separator debouching into a
secondary separator forming a slug catching separator.
15 10. The system of claim 8 or 9, wherein said flowline (1)
includes an upwardly inclined section (7) debouching into
the gas/liquid separator.
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(57) Abstract

A method and system are provided for
preventing growth of liquid slugs in a stream of
multiphase fluid flowing from a flowline into
a gas/liquid separator (9) which has a liquid
outlet (13) provided with liquid flow rate control
means (15) and a gas outlet (14) provided
with gas flow rate control means (16). The
method comprises measuring a liquid level in
the separator (9), as well as at least one control
variable which is selected from the group of the
liquid flow rate in the liquid outlet, the gas flow
rate in the gas outlet, the sum of the liquid flow
rate in the liquid outlet and the gas flow rate
in the gas outlet, and the fluid pressure at or
near the separator. The liquid flow rate control
means (15) and the gas flow rate control means
(16) are operated-so as to reduce a difference
between the measured liquid level and a selected
reference value of the liquid level, and so as
to reduce a difference between the measured
control variable and a selected reference value

.| of the control variable.
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