1 METHOD AND APPARATUS FOR FLUI D SEPARATI ON The present invention
relates to a nethod and apparatus for the separation of multiphase fluid
streans. The nmethod and apparatus find particular application in the 5
separation of nultiphase |iquid streans, especially the separation of
hydr ocar boVQ #{(P%4&1%f r om wat er. The met hod and appar at FET4RMEAP¥PL Ul ar | y
suitable for the purification of water produced from subterranean oil and
gas wells. i Hydr ocar bons produced, from a subterranean well, such as
oil and gas, are acconpani ed by quanti{ies of other materials, including
water. In sone casegETHh ARDVAPRARAPDS MRS SHCAEA T @ wel | can be
significant. In nmany situations, the produced water iIs disposed of by being
rei njected underground, either into the sane well fromwhich it is
produced, or a neighbouring well. The requirements for the purity of the
wat er being reinjected in such a manner are strict. In particular, it is

i nportant that t I.d t f.th ter is. low.and that the water
contains a 15m nﬁ%ﬁ?egédﬁﬁuﬁﬁé?&r%%%ts (rBQa‘riL %gtglo%’?qfappﬁratélsﬁ%rr ef%ep?rfitl(fr%(’f]:equi red

t hat t he wahelktiphse finidistpaot iThe retiidaha sppaess findaartd6Br pyptication iathd | ess t han
2 ppmsand. Still | r.val.ues be regyired in certain |gcations. These
require ntssep?%ﬁéé‘fn @%hafﬂl%?do%%x?ﬁ eweégﬂ%ﬁwﬁ?%af%ﬂé?|°%s¥%ﬁ? oni ng pl ugged
and to neetlidubdseftont eapei. rBiemmdtisodomt apparitagart parihailety suethblp &wtifieon.

20Conventi onal. t echni ques f.or ¢l eaning and purifying the water produced
fromwel s ﬁ“gﬁ‘&@“"r“d’?"‘iﬂ ﬁf"gﬁ‘f@idgﬁ‘mr Ib§7‘ Gh éﬁéew “settling tanks, into
which the mxed fluid streamis fed and separation of the lighter oil

fraction from t hgyddensehs weheed froRG subRrrias Sre) su6leas e cfkié]%reacti on of
gravity. The very, small sjze of the ojl droplets entrained in the water

requires a I°BPRPINESiBHERES peothey mptegials nplyging digtes| In somsrcass: ther 25gravity
separ atj(on ¥dulSofldi@prddiBed Hdth 8 vell chibdsiE BT O hddG sMERRRY 0 De of a

| arge volume. Such a |'arge vessel would be costly to manufacture and
instal | cl o¥educsd prter idispped of Prbeingishdested adagiosrd, citherdeld thesempmy not be
feasi bl e t owdPRLh 3G LisProSRCr Meﬁ@bwirfsg'&alﬁmhebequﬁkmgﬁts fpllapse strength

to operate under the hydrostatic pressure
purity of the water being reinjected in such a manner are sirict. In particular, it is

important that the solids content of the water is low and that the water contains a

15 minimal amount of entrained oil. In general, it is required that the water for
reinjection contains less than 400 ppm oil and less than 2 ppm sand. Stjll lower
values may be required in certain locations. These requirements must be met in order
to prevent the well from becoming plugged and to meet legal requirements pertaining

to water reinjection.

20 Conventional techniques for cleaning and purifying the water produced from
wells ready for reinjection rely upon the use of setiling tanks, into which the mixed
fluid stream is fed and separation of the lighter oil fraction from the denser water
fraction takes place under the action of gravity. The very small size of the oil droplets
enirained in the water requires a long residence time in a settling vessel in order for

25  gravity separation to be effective. This in turn requires the vessel to be of a large
volume. Such a large vessel would be costly to manufacture and install close to the
wellhead in a subsea location. Indeed, it may not be feasible to manufacture a vessel

with sufficient burst or collapse strength to operate under the hydrostatic pressures



2 encountered at many deep water well head | ocations. Accordingly, settling
vessel s are generally located at the surface, on a fixed or floating
platform This necessitates providing suitable pipewrk to transfer the
water fromthe seabed to the surface and return the polished water to the
seabed f or WOs09@€ed12on. I n addition, due to their sizePCHGBHMETEYIRL| | ng
vessel s occupy a | arge volune of space on the surface structure, space
which is very often at a premum A fyrther problemis that the separation
efficiency of the settling tanks is g erally | ow and only approaches

acceptabl e | eve fter exces [eS water in
the Lank. - FRrSietedtpitey fRbp TR el oot RS oA el Hotps Ml &

Accor di ngl )genérlil@rlecatai amffadepm aﬁxemmm ﬁmﬂimnﬂhmmed@mmnm fying
produced water,.to repnder it suita for i |ternative

t echni que fEBPVIHiRAIRIERYG PEEFORY IS ?r eﬁv%telfﬁl lt'lbf WQBQ%aWS%yE? ne, often

referred tQetuth thd'golhéd @acrtdazecse&&asorreﬂjeeﬁ@ demcﬁma duetoalibhasiteageous i n
havi ng a hi gh separatl on effici encg{ o ared raV|t se aration, being

conpact Sandhess B%%Eﬁ?@%“ﬂbﬂ/ﬁ%"ﬁ SIG‘?BC’% P& Chy dr ocycl ones

i's a tieredysh i§ SedyRFeRH O Bhm. TA Qurfhef SrbblemGs &Eﬁhéﬁb mﬁoxs@ﬁmeﬁcy s a bulk
oi |l -water cyclone (BOJN, in which the oil concentratl on of the feed is

reduced fr ciihesetiinafanks isgmrly lovogndioply appinsehes persrighle &vels &hen passed to

a pre- de- oi dyflssity 'mg?es(d%Q@umésrfoN% a}ate& ﬂﬁh&&ﬂﬁeﬁﬁlﬁﬁimﬁﬂn&fm@é theis further
reduced to about f1nal stage cycl one separation is the

de-oi | er. A(obamféhq fél%i @ftbefr Pﬁ@%dtﬂg}cyhﬁle@(ls hp@ﬂdéewlmweé%_w@r Pective as
de-oi | efs ﬂ‘yu?gt ro@Wel | &k%éﬁ&gg Ea%ﬁefoﬁ%f é&ﬁgﬁ’pl a typical maxi mum

throughput he or r arre S per (bpd) However, it is
necessary for the de-oiler assenbly to operate over a nuch w der range of
flow ates, for éwuaiteinativgretipiond f@oemarpnt oikfronwwatay dytheyesl dre t echnol ogy does

ot al ! ow e EYALANGR S ALLEL OBk AL AU THUChAle Tange of

fl owates a i eve a consi sten se ar atl on eftficiency.
Accor di ngl yadvirteeeud is havimez bigh eepasation aﬁﬁlcmuadcmra:pmdafmhma\svst emthat is able

to achi eve a h@}%h %elri)ar at |a((:),cna_n fflé)l SNCY. OV é}gny@ﬁ e%toifl ui d

flow ates. ¥ e very adva ageo emwas able to be
| ocat edlsat Hydmcyedbreda mdméd @ ssmﬂumﬁch dthedinst cydieredn tﬂ‘hﬁelfld:ws dbtleavi ng t he
wel | has t he —\Q;!’lt hc%%: one 85%)‘%5 al%’i l{?lvrhg:h%lr{'e oi c%%centratmn of the feed is reduced from

as much as 50% to 15%, by volume. The water is then passed to a pre-de-oiler

eyclone (PDC), in which the concentration of oil is further reduced to about 0.2%.

The final stage of cyclone separation is the de-oiler. A problem exists in that the

20  hydrocyclones are effective as de-oilers only at low liquid flow rates. For example, a

typical maximum throughput is of the order of 1200 barrels per day (bpd). However,

it s necessary for the de-oiler assembly to operate over a mych wider range of

flowrates, for example up to 40,000 bpd. Known hydrocyclone technology does not

allow the cyclone de-oiler to operate over such a wide range of flowrates and achieve

25  aconsistently high separation efficiency.

Accordingly, there is a need for an improved separation system that is able to
achieve a high separation efficiency over a wide range of fluid flowrates. It would
also be very advantageous if the system was able fo be located at the wellhead ata
subsea location, where the fluid leaving the well has the highest temperature and the

30  lcast viscosity.



30l east viscosity. 3 EP 1 352 679 discloses a separator for
separating a nmulti phase flow, the separator conprising an inlet for a

mul ti phase fluid, a plurality of outlets, -with at | east one outl et being
provi ded for each separated phase, and a main annul ar tubul ar bore. The
separ at or SYRRATYWE6I20 separate |ighter and heavi er conP6R&REI7THYPBIausi ng
the fluid 5 to flowin a rotational path. Wile this separator is
particularly effective in separating r’gJI tiple fluid phases, such as gas,

oil and water, it cannot guarantee the high separation efficiency required
in order to puri ter ffecLentl. wAor.reinjection. In
particul ar, suf fﬁlﬁ%:lll 25;12? Oﬁfﬂ%}ﬁ%pﬁg%ﬂ%ﬁ%eﬁ;a%ah}{%%gm\%g %Sre ﬂb’g’o Gct of this
separ at or t spgaeyemtprising anditletrfof a mnitiphasa flurie s pluedityedf wiiletgotithyatilezsto an

under ground_10 rmation.. lL.n order to further .puri.fy the e it is
necosaary t SEgPUHoREE g e A i reden Blsrring et SubBf PR b emai ni ng
m nut e dr opTit sspardtodgerataseo Fphrareiphted bhdeitbaviet fonigoaemebetanfibgtieifiifd as such

emul sifigcat] woul d make fur r.separation very difficult, if.not

PThoss! b o (o 2aote B Cort WS 1 BRier R Bl st reattislos
separ at or f@ultiplelfluihshavi] ®ich B peb,Wikdhd RO b@oFpudniéo tedigls epar at or to
renmove t he bul k,ofegéhe oi | fg(fmtcgeg wat er. The resul‘tlﬁgl |I/e\é\{gter m Xture
i s passed tTPYAYT SALEgH keqyfred fo sy thPusts Brodgesdavaiyy suifisientheto &PV dr opl et s
from the wefoefeinjddfien.S S paituddr, Saliclensd 67 dibpibts hhainGn ERRMM:Qrfucsgpar ating oi |

fromwater, is not capable of providing sufficient separation for the water
to be rei nj BECERAGRRIS PENCH YT SN DY seiy et diseliviatraaiundergroupdiere s a

need forg anfohiiHonY Bflord&ne hiiteLSlirine Bani Ak St Isqleee!ag@% fFild @%}%ﬁeﬁl thui d

streans to be separated, in particul ar streans wat er and oil, such that

the water naYOVHE sbefrfsugh Wat thy remainipgaingte dspplets of oil wenetesrlsifedyidet i on into
an under gr oo d.fPE AL Rl GE R ok Yol FSBRL go L, there is
provided in a ﬁer_s{ﬁlag%gg?@ a ryﬁ‘%ogﬁ 2% Iggrrla@:{;eparg%érp%\é&g{ﬁfti phase fl uid
st r eam conpiiffisiiigt eotimpessidle within eressmpblaéime ftams. a | i ghter fluid conponent,

t he nethod conprising causing the fluid to flow along a helical flowpath in

which the criti - I EL M i " the fluid
stream fl ow ng ﬁ%%{@%ﬁ?ﬁ@lﬁ%@nﬁe&?&%ﬁ% %lLéeﬂég‘TJget%/ra }e{{ ecsr%lltgjly%gr%ddnunber, t he
fluid sty eawmrieck eweratpr &t remose fhie ibolkenithewdl foon the waterc Tus estlhat fil/wagr phases to

separ at e.

mixture is passed through a stack of tilted plates to remove further oil droplets from
the water. The system of GB 2 374 028, while capable of separating oil from water, is
not capable of providing sufficient separation for the water to be reinjected into an

underground formation.

20 Accordingly, there is a need for an improved separation technique to enable
multiphase fluid streams to be separated, in particular streams of water and oil, such
that the water may be sufficiently cleaned of oil to allow for reinjection into an

underground formation.

According to the present invention, there is provided in a first aspect, a method
25  for separating a multiphase fluid stream comprising a heavier fluid component and a
lighter fluid component, the method comprising causing the fluid to flow along a
helical flowpath in which the critical Reynolds number of the fluid flow is elevated,
the fluid stream flowing at a Reynolds number below the clevﬁted critical number, the

fluid stream flowing at a sufficient velocity to cause the fluid phases to separate.



4 The first aspect of the present invention enploys the phenomenum
that a fluid forced to flowin a confined conduit, such as between two

pl ates or the like, exhibits different flowreginmes to the sane fluid
flowing in an open conduit or a pipe. In particular, the forced fluid flow
exhi bits aVR¥ATA%eAnt |y i ncreased critical Reynol ds 5P&EIEFP07/00048% i s t he
Reynol ds nunber at which turbulent flow begins. This in turn allows the
fluid velocity to be significantly inc eased, while still maintaining a
non-turbulent flow regine. F@ferences to an 'elevated critical Reynolds

nb | h
ne to gi ve i se T T bl oRGRAR Bikon PIOH Bkl BRI DSl
vel ocity offotchétd flaw th axanfibel whdyit, Fichan bbtyetrioogdaeth ﬂmﬂh’u@nahn’cgtst he
separat | on Gt LEALEN pUARERa B hEAR Yoo ohiatdr il hevnol ds

nunber is greater nore pr greater R 0,000. In a
second aqu:lart;cutaln,dhq:)foeséﬂmd floweerhitats apionificdetly mcrmdhoﬂudabResmehﬂar ating a

i 19 comsiiee R SRR AR RS a B sF rErR Y Bl ity e T FAFE 81| ow along a
helical fl cm\mats thecfieti e edhocitg t@b@ﬁgﬂﬁ&nﬁ?ﬁhﬁﬁhed@ﬁmtﬂlmﬁlhﬁmﬁﬂgwﬂmf| owi ng at a
hner r ogi JHPBR A R AR Ak CLaFe Bl RG O R R et i d
conponent idanithed asdtdiadly.conduit. Preferably, the nethod of this aspect
utilises the aforenentioned principle of 20 el evating the Reynol ds nunber

of the fluid stream ,The crjtical Reynol ds, nunber of the fluid flowis
el evat ed, whi | e ByHEping ihg helisab awpath praasie givaeige o dvalsvated eriticaRey nol ds nunber

bel ow tfpe elie%@lhﬁfﬂmﬁlsér trh@ﬁaltanmﬂﬁ%romql 6% the ﬂﬁiﬂtclik%e s’i@ﬁﬁ@abﬂ% RGeS ent

i nvention provides a nethod for separating ase fluid stream

conpri si ng sahsing the seppratiqn ¢dkgyiHeieet nhiazes apiefe@ﬂlhéﬁhef fffmcd Resneldhponent, the

met hod CONBnfiond eritk A0 0DE nldrblbdrd RLPEAON ERA W MO0 3 T1rst hel i cal
fl owpath, the fel rsg'f hel'i cal’ flowrgat)h ha\/"b%(g a first pitch, the first

helical flowpath being sufficiently long to establish a stabilised rotating
fluid flow patt an A s§cond espectsthe prgsant invention provides a method for separating a

multiphase fluid stream comprising a heavier fluid component and a lighter fluid

15 component, the mefhod comprising causing the fluid to flow along a helical flowpath
extending around 4 central conduit, the fluid flowing at a sufficient velocity to cause
the lighter fluid component to move to the inner region of the helical flowpath; and

collecting the lighter fluid component in the central conduit.

Preferably, the method of this aspect utilises the aforementioned principle of
20 elevating the Reynolds number of the fluid stream. The critical Reynolds number of
the fluid flow is elevated, while the fluid stream is maintained flowing at a Reynolds

number below the elevated critical number.

In a further aspect, the present invention provides a method for separating a
multiphase fluid stream comprising a heavier fluid component and a lighter fluid
25  component, the method comprising:
causing the fluid to be forced along a first helical flowpath, the first helical flowpath
having a first pitch, the first helical flowpath being sufficiently long to establish a
stabilised rotating fluid flow pattern for the stream;;



5 causing the uniformrotating fluid to flow al ong a second helical

fl owpath, the second helical flowpath having a second pitch, wherein the
second pitch is greater than the first pitch; and renoving the lighter
fluid froma radially inner region of the second helical flowpath. 5The
met hod of MHB208F6EAt i nvention is suitable for the seF&T&B27/08H60any

rnul ti phase fluid stream including streans conprising one or nore liquid
phases and one or nore gas phases. The.nmethod is particularly suitable for
the separation of multiphase liquid-liquid streanms. The nethod is

particul arl ﬁ?“-% s .Gl | QU

hydr ocar bo n%é}ﬁg%%gt&ﬂg y ?Fﬁ%g@iﬁ?&’%@?%ﬁ%&%Zla%g{@%‘*r’%gh@.&%@d

appl i cat i onhegfaltfiewpatbthhvide & secohdpischpahatindire sstondritdeisgréatdr flomthvat er
produced fr [;)sm"l,uagherranean well, prior to the reinjection of the produced
wat er into ‘an -underground formation. The method is particularly
sui t abl e f aemeeipgiletlighgr Huidifiroat a fadatly immer wfioa offths pabaé Helfchl Sdwiathi d from
the bul k or continuous phase of a second fluid. Preferably, 15the |ighter

fluid fraction i.s th i spersed phase. . . the first step of the
separ at isgn net h&i{eqﬁ%@%ioﬁ%rﬁrﬁﬁmf‘?‘f?f‘ﬁoq@S‘Hfa\}?ieg%ttﬁi: FPETaHER bl e portions
al | ](c)vm ng | a L?mtiplf@b ﬂmﬁbﬁ@;nﬁ,dﬁcﬂudiﬁg eim;eanlalghdrﬁp&mg ohBer ﬁbreﬂﬁﬁlt Rl yipesck e Itﬁ o
preferably first caused to fangentially enter a separator region, er eby
i mparting sGPT EIBMRESP ?Sﬁ“i'iﬁﬁéﬂe%%ﬁ%?ﬁ@h’ %UH%’I‘F F‘lﬁl FREROL t he phases
to begin t ongleprHseBatigliqdid stréunisD IThe E¥tHod dedarGRRAK ARV Rgebilien RHASEs i n the
stream congregate and coal esce, thereby allow ng the dispersed phase to

form as | arGRPeRfy Shicppatingrigaud hdrepadpps gpaepially ¢rafe elhfvaraqeotsot ate in a
conpact hel dp¥arif) ABte RpBSBioh Bf the theltdls thb Sephiatlbtlof FudW B&h Qdict 0 @ hi gh
centrifugal force, allowing the fluid to fpp(m_a stable rotating flow
pattern. | rPrefused from aspbiraancae well.forier rthe reinjgcion pétbe srofpesthwaps e coni ng
further m Xgqndldronad tdroihi@l emulsified, the fluid streamis stabilised
into aflowregine that is belowthe critical Reynolds nunmber (that is the
Reynol ds nunber above which the flow regime is turbulent). The critical
Reynol ds nunber The methpd pepraftianteaty syitable fonstpartings minve factdmodat y and density

of the flui ﬂsp%fs%@ﬁfpr hiB Bt Shik ¥ Q(Inﬁ};ﬂ&s phase of a second fluid. Preferably,
15  the lighter fluid fraction is the dispersed phase.

In the first step of the separation method, the incoming fluid is divided into
manageable portions allowing a suitable flow rate to be achieved. The or each portion
1s preferably first caused to tangentially enter a separator region, thereby imparting
sufficient rotational velocity on the fluid to cause the phases to begin to congregate.

20  Inthis cylinder separation, the phases in the stream congregate and coalesce, thereby

allowing the dispersed phase to form as larger droplets.

The fluid stream is then caused to rotate in a compact helix under pressure, so
that the fluid is subjected to a high centrifugal force, allowing the fluid to form a
stable rotating flow pattern. In order to avoid the different fluid phases from
25 becoming further mixed, in particular emulsified, the fluid stream is stabilised into a
flow regime that is below the critical Reynolds number (that is the Reynolds number
above which the flow regime is turbulent). The critical Reynolds number will depend

upon such factors as the viscosity and density of the fluid stream, the velocity of the



6 fluid stream and the di nensions of the conduit through which the stream
is passing. Preferably, the fluid is stabilised in a transient flow regine,
t hus keeping the droplets of the dispersed fluid phase active. In the
present invention, the conpact helix is arranged such that the Reynol ds
nunber canY20876612i cant |y hi gher than the usual 5cri tICAEIBMIRMEPL whil e
still having the fluid in a lamnar or transitional flow regine. Such an
effect, generated for exanple when a f%uid is caused to fl ow between two
facing plates, is known in the art. This effect is enployed in the present

I nvention, V\glﬂflgﬁgaﬂ{ mrd%@élhfg}%lﬁnés@;fl cgﬂ&lﬁ‘gthl%ﬂ wflwh't)h@l s}e{rﬁe‘_n??sl ﬁa¥su’i

achi eved, e malntaining t I'na non-tur glrre I n
this way, tPrefesabba thmtfiuihisefabilised mamwumtﬂomgmtﬂhmﬂ@epmgm@mﬁm ri fugal

forces is eghan of .t heI i cal wpat h shoul d
be of sufficCi en ‘2‘% Sedtﬂﬁldt%lz% arcwyglﬁt&qur % OmtpPthhuié’é]r | y establish
and st abi | imngetlmmbthaemaReﬁrbldslmmbeﬂgnrhse&gﬂﬁsAnﬂpr}@}erﬁxb:h;heaxsrhaiansr ent flow
regi ne. The re of £l ui S.CO d the flow regine
of “the. 11 u; g et i€ sl et ARdin ol P GRERoR A" e engt b 101
the first h&idlealeffédt,cgmatai&d fcbrfexﬁr’ﬂple mqma Iﬂ&iil i bamdrte@bmmwmeo est abl i shed

qui ckly, t Ji r !ﬁ]cal o%gaﬂB e\é&? orrespondi n short.

Once a sta a?‘f‘%@ e'1S=Ilt°3 N o °te‘§Flé?B 16 prfsent in ?”Ei“’%’t'?eam is

caused to fdraey talamgamghlrrstaﬁoﬂaeﬂmaahioézbqwawnedea Wlﬂleinﬁﬁ’@ﬁmgttﬁ'@ fluidis
force to create a multip gravity force, as a

acted upon a centri

result of bﬁ‘%ﬂb‘l‘f%?"cté‘ﬁ’ eg‘t Hewrane- alnghis Wepdhtwpaim ?fzi’é‘%"ar{oﬁiep@ﬁ?sect of
whi ch i g t oheas 8R cbianipapéhes isfehidnded. 0 be forced to the outer cylindrical
wal | and the lighter fraction or fractions to mgrate to the inner region

of the helix. The helical flowpath has a first pitch. It is preferable that
the pitch of thelhsdemetnef thy Estivlical Nowpethsbowdbselsnticient sngh&uellovhe | ength

of the fir i i sed
Chr ough 1 e far oo toccMBEH Tl I8 Steblisdi to Rl EMPRAER | 008
second hel i m‘aﬁerablywmreht v engioghi i HEWEB qf‘ﬂgqﬁled Sifdam, ifs mmlmemts aydecover ed.

The second #g pb%%gl{gkemepn%ﬁm SRR 8L Lol A alidind ﬁ@@%% han the

pitch of the first hellica e second pitc const ant
t hr oughBut efiiee fishizplinal dlowphth. d&boreduihel fayategineonp bt hstaﬂlbhﬂhﬁelickly,n order to

reduce fri Ctﬁé B&th&&ﬁﬁ%vb&ﬂ}‘bﬁ el cﬂhgspﬁﬁdu?ﬁﬂk?e% a result of back-pressure, it

is preferre

Once a stablhsed flow regime has been established, the fluid stream is caused

to flow along a first helical flowpath. In this step, the fluid is acted upon by a
centrifugal force to create a multiple gravity force, as a result of being forced to flow

20  along the helical path, the effect of which is to cause the heavier fluid to be forced to
the outer cylindrical wall and the lighter fraction or fractions to migrate to the inner
region of the helix. The helical flowpath has a first pitch. It is preferable that the
pitch of the helical flowpath remains constant throughout the length of the first helical
flowpath, as the fluid flow is being pressurised through the helix plates.

25 Thereafter, the fluid stream is led into a second helical flowpath, from which
the lighter fluid phase is recovered. The second helical flowpath has a second pitch
that is greater than the pitch of the first helical flowpath. The second pitch may be
constant throughout the length of the second helical flowpath. However, in order to

reduce friction losses in the fluid stream as a result of back-pressure, it is preferred



7 that the cross-section area of the second helical flowpath increases
along its length. This is nost conveniently achi eved by having the pitch of
the second helical flowpath increase along its length. The pitch may

i ncrease step-wi se or gradually. In one preferred enbodi nent, the pitch of
t he second WeEIDTHH6IR| owpat h i ncreases continuously 5 aPEREGBEHE/MEHGt h of
the second helical flowpath. In a preferred arrangenent, the pitch

i ncreases by up to 5% for each turn ot7the fluid fl owpath around the

| ongi tudi nal axis of the flowpath, nore preferably up to 3% especially

bout 1% f N I N - : i j I pned that
abou Ot?llatgﬁetcé}osts%'é&:og a?lea oP iR SURMd hllichl ﬁ%ﬂaﬁﬂ'h&%%g& algﬁ%{ﬂé lr%%%ﬁ a

allows the lighter flui ractions to mgrate to the in ‘on of the
hel i cal f| olipaisimost capmenidndly @chienp bahevingthepich ofthdiveosirlical flowipatbal

flowpath s 0 ] | he lighter fl uid,phases to be
col | ected §§§£§%§§WE§QE?§ﬁa?ﬁ£P %dﬁéngﬁ%%g§$¥§%%f§g5¥%%bg§§°%? the lighter
fluid may reefieired ¢émbddisent thkpitvhaf thersedond heliqahfisepatt ihereases eondintdwsiydesi red or

required | eyel .of. fl ui urit as, hot pheen achi eved, further processing
tages may tadiebetar 8 Kooty ndfl Mlart i1 s SRl Grontstieb L B G
purificati cncrssed igoup etk for Bahmah g thertid Longat seuddubd leagitsli@psaxis | n whi ch
the rotational velocity of the fluid streamis ingreased so s to generate
 central VAR, ORISR b AL PSR SPUh bR SH Figh it B4 d nmy be
vvih_t h(cjir ﬁw:w VTzliw? iﬂﬂﬁr&%ﬁle id ihaifitained :t]ﬂﬂﬂlor\:%ﬁiéli‘gh' tey fORNE: daﬁonlmb hﬁgﬁn@fws Ih ng a

thir elical, fl owpat al qQn i ch e c¢ross-sectional area of the

fl owpath i stﬁ%lﬁ’jnﬁfsr\té\gﬂn g@hﬁgafg]ﬁm }&h@@mﬂ’#@ﬂ? @%ﬁ%ﬁ@qvﬁdf luid velocity
required to generate the vortex. In one preferred arrangenent, the pitch of
the thiggd heli quhefséc@ﬁwﬁéif&al'ﬂlﬁﬁp%_ﬁﬁﬂﬁulﬂ@eIdﬁ?eﬁdﬁgﬁ%M&E_ﬁﬁl‘n@r"ﬂuﬂhe I ncrease
in pitch my be stepw se_or continuous. Pe erablg, t he ﬁltch of the third
hel i cal fId{bﬁ%?@ﬁ"quné‘é%cb@dﬁlﬁﬁ@dm&aﬂﬂdaﬂu%m-i malpdtoplets Afdlisgt h. 1 n or der

to gener at €idnhe AhRGHly Bdain H IR 3Rk Helviki i@ pMEd. OFLS ¥ind iaQeliRkiiral 1 owpath
narrows in wdth in the 25 radial direction, as the pitch i1ncreases. The

i ncrease i rrequiigH pvekeidiwid guritghasmet eqealorhieved vt pecgessingtstaghsamax be criti cal
Reynol ds nlb?}ia% fastiifowisl Ui d flow is not exceeded. The cross-sectional area
of the thir heylelg-’cagl fol“f)svvpath is such that excessive friction | osses and
back-pressure are avoided. 8 After the increase in the rotational

vel oci t3p, the f IShiddifgthef sparedorf adiputifiestivhibe deghietd, dmimdthwispat h | at he form
of arotati l. . i AV I . I care of
Flud it KCrReRRC B i Bhich ol e ISR S T iR

est abl i shedso abtp gehémsiestcagiel votiex ofdighienflnid fiactiins dront whict light foadisey t o

mgrate t Ovy)%r\%ﬁld&%. The increase in rotational velocity may be achieved using a third
helical flowpath, along which the cross-sectional area of the flowpath is adjusted so as

A}

20 to cause the increase in fluid velocity required to generate the vortex. In one preferred
arrangement, the piteh of the third helical flowpath increases in the direction of flow.
The increase in pitch may be stepwise or continuous. Peferably, the pitch of the third
helical flowpath increases along substantially its entire length. In order to generate
the required increase in fluid velocity, the helical flowpath narrows in width in the

25  radial direction, as the pitch increases. The increase in fluid velocity is preferably
controlled such that the critical Reynolds number of the fluid flow is not exceeded.
The cross-sectional area of the third helical flowpath is such that excessive friction

losses and back-pressure are avoided.



5 into the vortex, wth the heavier fluid circulating in the annular region
extendi ng around the established vortex. At this point, a helical flowpath
need not be provided and the aforenentioned flow regi nes and the vortex can
be established in an open conduit, such as a tube or pipe. In this way, the
vortex is ®28pl9eHidd at the exit of the second hel i caPCEACHMIOWNO1101 n many
cases, the vortex induced in this way is relatively short, in conparison
with the length of the surrounding conduit. In such cases of a short

vortex, the stability of the vortex be reduced, |eaving the vortex
susceptible to NAO,.SHANIEH hlbof Bl NERAL heuid ASidAclindm ACEAGAI nal Y. it
is preferred to provide a neans T0r stabrllsing e vortex. Tn one
preferred drbcdiflowpath it theforordfexotating amnwiss whlk nEftit, iiSclacwtmia t f or

renoving the lighter.fluigd.th has. m grat.ed..to and.collected in the
Vortex. oA goanueReEon o Vb he SRR B B0, SRR R Vor tex s a

gui de cone agiatlighed. d thie sags, theaémaitiing dighter Ghidtyan@dso tigme sechrdd Ankli N t he
conduit in.the region of its ppening into.the vortex., In this way, the
vortex i% SHREM YRl WL e hPvHF Aukiouang b e aBHatietion eadithyi  and in ¢ he
bul k flui d.ar@@dlie dstablighed V6:83M Aerhiéipdiht, ahlids FAbNYatl a@dmat bogtoviagi on wil |
contain little or, no |]j Q‘it%;%corrpone ts and w || co&g’hg .mainly of the

heavi er f1 (P ReGHYERERNIOSSd e IRePSGhE e gReerands io38,087h, f urt her
separati on LR subh¥is R Aibe 8F pips dmakik vag, tholdraNSs establishadaehe exiedf @ebodi ment

of the present invention, the nethod turther 25 conprises introducing the
fluid stredftaddslics! flowpath-r | uid settling region, in which the lighter fluid
conponents are separated fromthe heavier fluid components under the action
of gravigy. The1yph@rkdds Bk vbAsk htted nbhlstRRid Ridilery shitt, G ddnmiladsaiet t1 1 ng
region is significantly [ ower than in the evi ous Separation regions or
zones. In fhe ignath of thesurrgundisigsenduit. ils suphehses pba shorerorexsiled ds nunber of
the fluid TN d GLabdnb G Lds; %H‘Bﬁ? nost

pr ef er abl yssgt'?[r}lJ ?ﬂg 'ﬁg\ﬁlﬁjﬁgr |6§W€J§§ﬁ”r§é‘. ﬁ_ﬂg ?Oﬁggg%e%glg#y, the fluid stream
is caused tchangss atthe fipwiateenfithe fivdd.f Acdondingdy.tit is prpferengito provifigiagngags nost

advant ageo ool I | i uid 5

a1 oam upor oL EERYE forlbt, APc R SioRhal Mk BEopfled Rl

separ atlison ssfohdwt for remaving theljghtan fiugl thitdagmigrated/ioswgaerldciednn thehe r ot at i onal
flow reginme wll th rghter . fl ui ‘ n concentrate in the
central or ‘ionﬁ%r%%getlfglgegr%e%{)l% fo?ﬁéé)%'}%n& %ﬁg‘aﬁé‘ﬁ%%ﬁﬁgt"?‘%’% 85@% édggf’}éer%rd enoval and
i nproved seguiteabndait of suitable dimensions disposed within the conduit in the region of its

opening into the vortex. In this way, the vortex is stabilised both within the entry
region of the conduit and in the bulk fluid.

20 The fluid stream leaving the vortex separation region will contain little or no
lighter components and will consist mainly of the heavier fluid components. Should
some lighter components remain, further separation steps may be carried out as

follows.

In a preferred embodiment of the present invention, the method further
25  comprises introducing the fluid stream into a fluid-fluid settling region, in which the
lighter fluid components are separated from the heavier fluid components under the
action of gravity. The velocity of the fluid stream in the fluid-fluid settling region is

significantly lower than in the previous separation regions or zones. In particular, the



To assist with the separation of any remaining lighter fluid conponents,
the 10 nmethod preferably conprises centralising the rotational flow of the
fluid streamwithin the fluid-fluid settling region. This is preferably
achieved in a manner in which the cross-sectional area of the fluid flow
path in thaVQ2007RP5¢12ui d settling region is reduced in B/ RPEEBN of
flow In one preferred arrangenent, fluid richer in the lighter fluid
conponent is 15 renoved fromthe | owerycentral region of the fluid-fluid
settling region and passed to the upper central region of the fluid-fluid

settling regél SRR ISMEE Re M SHRS i‘ﬁ"m %ahuﬁg K an axi al
cow i ng may be gr owcded to enable t eﬁ% % ul wéﬁ(l)a% g’ttéee%&%ove to the
lighter fl uRW@ghmb@nhDﬂ@mf@eblb}nmh@ﬁnmrélwm%ﬂml k phase. In this way the
separation of the lighter and heavi er conponents is enhanced. In 20

particul ar, the {] r r rtion of the
settling regi on,ﬂr%ﬁg%ﬁ tlhgﬁa %}g/%srce a i ve?%(ge P ﬁ%’%}ﬁﬁﬁ}@ﬁ%ﬁlﬁﬁ%ﬁe&m'
conponent s, Thié ishndsh&lvlantagaoesly ammmhylhmmgmhsrdtmampaxtaﬁdoﬂeﬁhnﬁmi ng to the

| ower postion under th ts of ravM%Wg/lg torln f|UIdﬁ$ g})llng and
fluid injecti"df POt T84 "*F? eé‘sge% Becgf %313{05 PAFRPRFHET

appropri at ethlseegiti Btis gtmhﬂ?lsﬁpdriﬁbnsfhsf&iﬁonﬂ(ﬂomgﬂﬁﬂ will datigeate lighyerbe provi ded
to inject {1 surise as or ﬁﬁﬁflu ised liquid tp cause upwardly

novi ng bubbt'88 “PPREY Otnﬁ?ngﬁﬁ D PR EHEL 07 OPCTPORH 2R p P8R °8 PR s woul d assi st
with the pradedigfenid sssigr @ioky 56 pagravddaspeitiact . I n particular |ight
phases, such as oil and 19 other hydrocarbons may adhere to the surface of
t he gas bubbl es .and then be carried at a faster rate to the lighter fluid

regions, as is COMFWitEhesapEton of a0y semaining Heldefhideqranrnpitp s ses. | f
desirediqt hﬁetﬁ@@?@ﬁiéb%oﬂfpn‘%&%eﬁﬁsﬂ@fn@ &héﬂotahs}na@ apRQRaRtIEd fhR@aieavi er

fluid 5 conponen be "enhanced by the addition of additives active in

i nduci ng dr %¥$§é@%@nomh@rﬁe§ﬁﬂwhﬁmﬁ ig agenpperia vehichdhs t abl e
addi tives acrl@ssvs@édonésmfm ARG barf AR IR CATIEL R koo Rldugll €. Scal e

inhibitors may be applied to prevent the formation of scale, in particular
in | ocati onig WghEreetigndiflewi s a significant pressure drop in the fluid
stream such as in the inlet to the systemof the present i nvention. 10

Denul sifiers nma ration, in
order to enhancg Pﬁeﬁ%%%%%%?z?%%ﬁ%@ﬁ%dh?}% Eddthéhgﬁ&a@ﬁ 0sfgtngl nhi b| tors
may be Fequiemeded fron the leyes tcontrab fegmad @mﬂmdrﬂeudtsmtﬂm,g regw:p azrct pasaseldaw

downst ream | S
i ntroduced tgé é&qﬁ%?l%fcfgg ﬁe ?}E/]?tfgl?ﬁi %ﬁﬁlgggéé(’% T"&?g}"‘%@%&’ﬁ aggr egat i on of
flui d phasessitingaertentegions 2 sxiareywiig mechs preddadhe anabid the Hghter fluid

droplets to move to the lighter fluid region unhindered by the rotating bulk phase. In

this way the separation of the lighter and heavier components is enhanced. In

20  particular, the lighter components are moved to the upper portion of the settling
region, which is already relatively rich in the lighter components, with the heavier
components thus fransported returning to the lower portion under the effects of
gravity.

Monitoring, fluid sampling and fluid injection ports and lines may be provided
25  that terminate at appropriate locations within the system. For example, lines may be
provided to inject pressurised gas or a gas-fluidised liquid to cause upwardly moving
bubbles to ascend through the heavier fluid phase. This would assist with the

predominantly gravity separation effect. In particular light phases, such as oil and



15present as one of the fluid phases, in order to prevent the
crystallisation of high nolecular wei ght wax conpounds in the regions of
high oil concentration. Qher additives that may be enployed include
friction reducers, hydrate inhibitors and biocides. The remaining fluid in
the pr oces VARPT6EAsi st al nost entir el y of the heavi ePCIERHHMNENt or
conponents. These are preferably passed to a fluid renoval region, in which
a fluid stream consisting essentially . gf the heavier fluid conponent is
removed. The quid streamis preferabl’y caused to rotate in the fluid

removal z0nGerl Brotfbths'rid)) dinéik iPAULORIR B e FAVRBLTGS O hdPps@Ridid T €0l on

of the fluidre zone hi s way, any heavy conponents, such as

sedi ment ora falyier tatekte thentightep Suidotdionst axds oerdempnly wespRsedtilcottion gravity and
removed fro for exanple on a batch wi se basis as sufficient
sedi nment coﬁpgelgﬁ(ﬁgrﬁéegg%w tabl e receptacle. A particul ar advant age of
the nmethod of the present invention is that it nmay be applied on a nodul ar
basis. In this \#yesirad,thethepsrativgpenfole lighet diddnigmdpbngntd fibtacale Bdaeier fleit be

accomodat ed and separati on.prqgcess..provi gded th may .be applied for 11
ot endoc petdgeds Bey AEETAA Dy SiRnlh ot wlaffa five Tt BPrG

t hr oughput . coblbscentsofahe Jaghitdrifnid @mp@ﬂe_mn Sﬁgibld' ddditines 2ppell kadvon tf t he
ot ons. ShkG BT SR eSS TS i et P Bt o o
separ ati ng frhatital df sl sfparfidbilal S lot ARAY GAEM ilepd 98 siniTRamipedssifrk diod conponent
and a lighter f%UId conponent, volunme flowate of the nultiphase fluid

t
stream bei ni} 8% 1@6@%”\‘%@&%&8%‘?}%#@13?%“ OfW%P%WHHE@H‘FpH si ng

provi di rg anahwrsﬁleistlﬂayqfe a8 8RRIpArd Ao fARS BIPIAR Df bdaratiah, il biligr @Ut the met hod
steps of: allowing a streamof control]ed fiowmate to enter a

dedi cat ed seEpargithospraamaiite fluid phases fqmosion snhibiorupay besegriredtinat i ng f1 ui d
f1ow patterﬂeggtrst r%ﬁﬁﬁaanus)éq&bﬂgc&lmo%ﬁ%&%ﬁeﬁaeﬁfseﬁwat&)hu' d to be

forced al ongu helical flowpath, the first helical flowath having a
first pitchessemidgastariescore masibe ortierdvestas rayired inithe snfaeml%wdaﬂ@ng a second

helical 1 owpabh.md e égﬁﬁi‘f‘& I{ééés o Bﬂor@ B ikch,
wherein the secon% pitch i1s rea er than t e15|ir(s % nog1
15 present as one of the fluid phases, in order to prevent the crystalhsatmn of hlgh
molecular weight wax compounds in the regions of high oil concentration. Other
additives that may be employed include friction reducers, hydrate inhibitors and

biocides.

The remaining fluid in the process will consist almost entirely of the heavier
20  component or components, These are preferably passed to a fluid removal region, in
which a fluid stream consisting essentially of the heavier fluid component is removed.
The fluid stream is preferably caused to rotate in the fluid removal zone, the said fluid
stream being removed from the central region of the fluid removal zone. In this way,
any heavy components, such as sediment or the like, may be collected under the
25 action of gravity and removed from the system, for example on a batch wise basis as

sufficient sediment collects in a suitable receptacle.

A particular advantage of the method of the present invention is that it may be
applied on a modular basis. In this way, a wide range of operating fluid flowrates

may be accommodated and a separation process provided that may be applied for



renoving the lighter fluid froma radially inner region of the second
helical flovvpath; wherein the assenblies are operable to accommbdat e
different fluid flowates; and sel ecting one or nore separation assenblies
for carrying out the nmethod steps according to the volune flowate of the
mul t i phase WQ 20H96612eam 20The net hod steps carri ed oufPCTABRHENR0MRILar at i on
assenbly may have any of the preferred or specific features herei nbefore
descri bed. I n one enbodi nent, th 1m)dular separation nmethod further
conprises providing a finishing assenbly for carrying out the fluid-fluid

settling st [ : ' | rald ty of
epar at on SO0eAE PP aEELEh BIRRRLE vlaBh i AR by REMIRM

assenbl y. | parGaithrtail vantapo int the agflioatemef theomebbdie sépacitias pestrsteof t he present

i nvention, 1th%{mel i S ea%ﬁgo lﬁoré)avie\gj@d FQLT s)gondi ng apparatus aspects. Thus, in
a first aspé’&?, f’ﬁ@pﬁ L A _ﬁ?l ot f@? Vi des an apparatus for separating
a nultiphase fluid streamconprising a 12 heavier fluid conponent and a

lighter fluid coipreranly, tidirespiavatitsalsoppiided Ngetod &k sgataifg #wpat h havi ng
a fluidinlet,, a first outlet for heavjer, fluid conponent _and a second
out et for Bieie Sty TR ARV ie L] cPRReRent g AShRE B8 ng 1 or rod
such that t&gngehédtl thabolnay ABlvES: dr4RDB Ll iPhast Meidfskbisl beibg eafectloowi ng al ong
the helical 5 flowpath is el ’[%éat ed. . . Prefera , .the second outlet for

) |y
the |i ght er Vaialionioves Hygfammethed gomapriringpraviding p plusalisy pEsepsralin ¢ he hel i cal

path, in pagsgélﬁmiengo&@@ﬂh%gutitgg@etﬁga aYsakel y central lighter fluid conduit.
The helical flowpath may be arranged to provide the el evated critical

Reynol ds 102le0a? stirewdif aorodipd Heamstetp sugr @ fodiqated seramtion 2sembly: nay be
achi evegh byeaiiiAd Maﬁit&%a@at?grmhd HoBRRRRR 1Rfstbltl, helical flowpath

)
according tote properties o he fluid streamto be processed. In a further

aspect, t hecqsping thetstabiligedrotating Bridvp befreed algap aflst helidabflowpatin tha fitely a
helical flowpath having a first pitch;

causing the uniform rotating fluid to flow along a second helical flowpath, the second
helical flowpath having a second pitch, wherein the second pitch is greater than the
15  first pitch; and
" removing the lighter fluid from a radially inner region of the second helical flowpath;
wherein the assemblies are operable to accommodate different fluid flowrates; and
selecting one or more separation assemblies for carrying out the method steps

" according to the volume flowrate of the multiphase fluid stream.

20 The method steps carried out in each separation assembly may have any of the

preferred or specific features hereinbefore described.

In one embodiment, the modular separation method further comprises
providing a finishing assembly for carrying out the fluid-fluid settling steps described
hereinbefore, wherein each of the plurality of separation assemblies is connected at its

25 outlet to the finishing assembly.

In addition to the aforementioned method aspects of the present invention, there is
“also provided corresponding apparatus aspects. Thus, in a first aspect, the present

invention provides an apparatus for separating a multiphase fluid stream comprising a



mul ti phase fluid stream conprising a heavier fluid conponent and a |ighter
fluid 15 conponent, the apparatus conprising: neans for selecting a stream
of fluid of predetermned flowate; a first conduit for establishing a
stabilised rotating fluid flow pattern for the fluid stream having a first
hel i cal f| WpWoM%¢1Re first helical flowpath havi ng a PEIEGB2H6E1 3 second
conduit having second helical flowath, the second helical flovvpath having
a 20 second pitch, wherein the second,pitch is greater than the first

pitch; and neans for renoving the Iigﬂ?er fluid froma radially inner

regi on of the .se d helical .fl h The a rat us _conprises a
Pt conddtEv SRR SodSorkithod p EHBOANA componspn BE sBRRALSSIARANR .07 | D o
may be caudeficdldlofdpadyhiavinga Relditlad, a fiksowpdt For alheavderdiid éonmveaitdnd he 25

different fl ui es frombecom ng fuyrther m xed, .in particular

emul si f i ed,sef“H’g “E‘B?t:f ”clbﬂ"gﬂiﬂ?‘“ ?“EP%%?‘@%‘F@C@ Soeih btog Tomed S¥¥e. 1 i d
streamis sha&hhd driR6l Reyholdamizhiinof Bg AT skbah Absindel@wthdieliesli ti cal Reynol ds
nunber féhafrl is_the Re%gol ds nunber above which the flowregine is

tur bul emt ) . HerARets ekevated: Reynol ds nunber will depend upon such 13 factors
as the viscosity and density of the fluid stream the velocity of the fluid
stream and the g BRGNS sQbnd &@le@fbﬂﬂié'lfgh{epﬂﬁﬁg&pﬁéﬂeﬁﬁs%ﬁoa‘é&r eamis

passi ng. Accordi nqi%]é’ t he specific shape, dinmensions and Tength of the
first conduidalixiceitraiy ofdedehaahpaih.iy parieulssoppring indsangxiallycentead liglier eam be
processed. HRrglgak! y. the conduit is of a size 5such that the fluid is
stabilised in a transient flow regine, thus keeping the droplets of the

di spersed fluid phase active. A particularly preferred arrangenent is for

the first conduilhbehelicebigmpatiemay begtinasd topbwidecthe egvaset driticd Reamoldel i x in
or der 31 %t%b‘%ﬁ?&%ﬁ%ﬁ?&&%ﬁgﬂkb@ u%@aﬁ%ﬂ% gla%%&iafedtbg%djﬁ;kﬁ@tth@e' i cal

f | owpat I'rst con
internal dimensions of the helical flowpath according to the properties of the fluid

stream to be processed.

In a further aspect, the present invention provides an apparatus for separating a

multiphase fluid streamn comprising a heavier fluid component and a lighter fluid
15 component, the apparatus comprising:

means for selecting a stream of fluid of predetermined flowrate;

a first conduit for establishing a stabilised rotating fluid flow pattern for the fluid

streatn having a first helical flowpath, the first helical flowpath having a first pitch;

a second conduit having second helical flowpath, the second helical flowpath having a
20 second pitch, wherein the second pitch is greater than the first pitch; and

means for removing the lighter fluid from a radially inner region of the second helical

flowpath.

The apparatus comprises a first conduit having a helical passage therethrough,
through which fluid may be caused to flow in a helical flowpath. In order to avoid the

25  different fluid phases from becoming further mixed, in particular emulsified, the first
conduit is preferably formed such that the fluid stream is stabilised into a flow regime

that is below the critical Reynolds number (that is the Reynolds number above which

the flow regime is turbulent). The critical Reynolds number will depend upon such



10 sufficient to allowthe fluid flowto stabilise in the required flow
regi me, nost preferably a transient flow regine. The nature of the fluid
stream its conponents and the flow reginme of the fluid being processed in
the method will determine the length of the first helical flovvpath. The
first heli C¥P2007/0080idt h is of sufficient length to all oRCIKSB2AI7AENY,r t he
centrifugal separation of the lighter fluid phase front the heavier fluid
15 bul k phase. If the required flow regi ne can be established quickly, the
first helical flowpath will be corresggndi ngly short. Preferably, the
pitch of th r ts | ength.
The appar at %gj %saﬁté'% rﬁ%&%?ay&&?%@?é?%\eﬁﬁﬂnﬁ%aﬁgg%%g&n uo?}[ﬁ% Lfﬂﬂ?é&\ﬁ{% ch the 20
mul ti phase #&idithaldistengamadf thepondaiphroagtedhick ﬂfecstrcmnl;s ey, Awosintgdy,i ng t he

e T N O e A

conpri ses athtamem‘bsaflthoimeahstmgmlidpmmg;bdmkm@dmbﬂﬁ&a‘mdﬁsﬁméamas forced,

t he arrangene nt.i.al cau3| the .fl ate as it
basses of ongheh et Pegios RAERiRa ol B Eeae st hegioe Bicraneetdl o5 °°
forces provihgdiRgersed dud f;ha@é adt@gl Arpamfculaﬂpgfeﬁnee m&igetﬂaﬁt ip Ragesubef or e the
fluid enters %trlheflrSt coréﬁllélt 14 hel i cal extending therein. In
a pref er r ed*BFPLIFOFRERHES 2 %@E%W%ﬁd’?ﬁa‘?% |“} & tg oy ving a helix
ext endi ng | pebgiltileskipa@l | y therein to provide a second helical flowpath.
Preferably, the pitch of the second helical flowath increases in the
direction of flow along the_ second floyﬁyg ath. The increase in the pitch may

be in a5 stepw 5% leetnolianfiishipbioal fiewmstamithinthe fipt eonduit siowld baangement , t he
pitch ofgt hﬁﬂ@&&ﬂaﬂm ﬁa@ﬁbldfﬂma,ﬁabﬂﬂsémﬂ&fe&a%%@& RBthe WRst antially the

entire length of the second helical flowpath hin tAe conduit. The pitch
may i ncr easEreigblion WE@?ﬂ@aEﬂgﬂﬁ%rﬂle@Fw{’M M@ﬁ&fﬁﬁé} itg gompangwiparch ar ound

the |ongltugk Bg B mﬁwgﬁfdﬁ&% Belbeq B eﬁa{elﬁfeg}ahxugaat%%ﬁﬁggfe@g@bpreferab'y

about 1% f or each To se m t he
heavi er f| upithpiratedicaldlovpais ’Hheﬁrat betiseli fhayvpa Sbf gﬂﬁﬁ@@ntﬁdngtld(lpﬁi@we is

provided Wi & klﬂletf&%hé&ﬁﬂﬂﬂ%aﬁﬁ%bg%&&n oftheli Qibddd ﬁé@@fx@ﬁ%@h&?f f{lﬁﬁov' ng the

lighter fluid conprises a tron con U|t extend ng coaxially within the
second tbndoilk phastielf el requived tewdegigiewert be estabhshed qmigkiystha fiod helicehe

col | ection ﬁ&%kﬂ‘gmj b’IESC'IO']t}gS Og(%g%lggﬁq,yl t, first and second conduits may

conpri se separate conpone RS o e apparatus. However, in a nost

conveni ent arrangenent, the feed conduit, first and second conduits are
adj acent porti ofselsfably, gicpgtieofthdBrst l&bllf:élrfh)twphthlréma1heézdmgtaptrthmhglﬁﬁiti n an
upstream portlr%rﬁﬁof the tube to provide the first helical flowpath and a
second hel i ¥ provided in a downstream portion of the tube to provide
t he

The apparatus is preferably provided with a feed conduit, into which the
20 multiphase fluid stream to be separated 1s forced, prior to entering the first conduit.
The apparatus preferably comprises a means for establishing a rotating fluid flow in
the feed condnit. Preferably, the feed conduit comprises a tangential opening, through
which the feed stream is forced, the arrangement of the tangential opening causing the
fluid to rotate as it passes along the feed conduit and be subjected to high centrifugal
25  {forces providing an initial region of separation of the phases before the fluid enters the

frst conduit,

The apparatus further comprises a second conduit, in which separation of the

different phases of the fluid stream takes place. The second conduit also comprises a



20 second helical flowpath. In such an arrangenent, the neans for renoving
the lighter fluid may conprise a collection conduit extending coaxially
within the single tube, the collection conduit having openings in the
portion extending within the downstream or second portion for the

col | ect i onWw§X2007/0956d2 In many circunstances, PREGHREINGYN of the
apparatus with first and second 25conduits, optionally with a feed conduit,
will result in an acceptable centrifuggl separation of the lighter and
heavier fluid phases. However, should™further separation be reqU|red t he

appar at us [i.S€.0 IS 5 Shoul d
further glaggﬁgﬁp%%a}teﬂfngr%ge ?nggre%err"rgdfaﬂlul %}M I&P gggt%g@ﬁm que i s t he use
of a vor t emOmpﬁ&s atiterasiog banlix mmmgéodglmﬁndlﬁmeemwmndegt stéoamd t 0 very

hi gh centri forc t I may
further cor t‘?@h e%ﬁfef %?%Fherpé%éxmhﬁéecﬁn‘g%htc té“s(grf:%gg%%ﬁ%fjlt bei ng
arranged t Qlife@{oaio¥ Govlalting thee@vinddlowpkihe T&edmzfﬁdsmnhqﬁtchﬁﬂ@\bpamh I n order
to provide the optinumvortex for fluid-fluidse pati Eﬁnero&atlonal
Vel Dot 1 v o ePHE P RS FRARTo n BT ATPEeR g e AR PR e

required, tﬂ@ﬁcﬂ-ﬂ@ﬂﬁaﬁﬁ WSindi®bed bk, SRR KiRGntire TRRHS of the sdetid Iesdigalng t he
rotational velocity of the fluyi di sposed bet weega/t e outl et%tﬁf t he second
0

hel i cal fl dippeth vafin thesonduite lhe Blt‘il"rféayc‘B?FH%ﬁet“PF‘b e afh Yortex.
Sui t abl e Meangdhical Bowpied SB6hd e loABiidRaAbLIO Bfthe HEWHMh, tmeiﬁfabltyh@ tluid is a
third helical flowpath. In orper to gm?V|de the necessary velocity
i ncrease, t3Ye megrppistesatdy thonhl Yodpreachim-ne third helical flowpath decreases
along the length of the flowpath. The decrease in the cross-sectional area
my OcCyy in a %@%}?}8?#9&1% ligﬁte?ﬂﬁhg:ﬂas\é‘ﬁ%ﬁl HEBO er ﬂ{?lrdeifhﬁsfe@m teank R decr ease
in the cross-sectional area occurs along substanti al t he entlre | engt h of
the 15 t hi nembrahg allighteofigd phase Fuwovifed withie thesggongd p@wé&t Rrafeyalbhy
conveni ent | dU|t

the LBLITRG) bt DR OONOALG gﬁbﬁgaabmc&& {dhuit BN

cont ai ni ng | rst eco vortex may be
al | oned t o doaxiatiynivithin thesseem sordviti the hylwnmhnemﬁm the a@wéw aa@mdrﬁhee npty
downstreamc@,ﬁrtqunoou the conduit containing the first, second and, if 20
present, the T5hioF gt cal fl owpat hs. In some process regi nmes, it may be
necessary to provide a neans for stabilising the vortex. In one preferred
arr angeyent , thaha;ﬂermamamdmﬁ fﬂsmmﬁebcandwpmdtﬁemaacmnpréh@iwpafmw collecting the

l'i gh fluid b h
vortex is HPOVPRRE DyePARRP cHOBEIT GA 1Y CRET R espefnbesa o "o (e

sai d condui dondmt first and second conduits are adjacent portmns of a smgle tube, a first helix

being provided in an upstream portion of the tube to provide the first helical flowpath
and a second helix being provided in a downstream portion of the tube to provide the
20  second belical flowpath. In such an arrangement, the means for removing the lighter
fluid may comprise a collection conduit extending coaxially within the single tube, the
collection conduit having openings in the portion extending within the downstream or

second portion for the collection of fluid.

In many circumstances, the provision of the apparatus with first and second
25  conduits, optionally with a feed conduit, will result in an acceptable centrifugal
separation of the lighter and heavier fluid phases. However, should further separation

be required, the apparatus may comprise one or more of the following components.



25The apparatus descri bed herei nbefore may conveniently be housed within a
single conduit or tube, as already nentioned. Further separation may be
provi ded by way of an essentially gravity separation process. Accordingly,
t he apparatus may further conprise a vessel for receiving the fluid stream
t he vessel YWa¥OHIP6el2vol ume sufficient to reduce the ReyR63IGBI0HTEAREY of t he
fluid streamflow such that fluid 30 entering the vessel may be subjected
to gravity separation. In such an arrqggenent, 16 the single tube or
conduit as hereinbefore described may ‘conveniently extend within the

vessel. In one far r n the lar in

desi gn, as desc%@%@wﬂs gfhﬁl}ﬁ'g Huﬁﬁiorﬁgﬁ‘% ’I‘hérgférrgg%cﬁméuﬁcg%condw ts may
ext end W t husa ofia souteyl separatbmwrctiorh Whichi sdbjediethe randitiypg ﬁewans adry bighpr ocess
within the ve '

el , .the ar,at reginent the flo r|S|ng means
For 1 nduct nEEHETe SEvon ARCRERHYT i THLA 50 T pPpass i Cwre S PRES deocel
This Wl abdndiit &)frf:étﬁhﬂgfa ve£ay itesaiepaduil ey anatlddte wesive duiddsavidgow

Cangent | o1  Beerd PSR aR I Doct ARl CROERE Yo QPG | ©

i nt roduced ephitid) e kOt @RS Qdlocity O f e fluiPstre@inGnishBe SGAB Aldhon, the vessel
may further cogrl se_neans for centralising the rotational, flow of fluid

within the pelyfiprequsedyihcsreapinpey ’@Jéf&ef&@ﬁ’@ﬂﬁ%’él?%ﬁ {HJBFRINGy Wi t hi n

the vessel . pdBRatioRmielRily 60M8 ﬂﬁﬁ)&ﬁ%sd&ﬁﬁﬁirééﬁ%e%ﬂ& o%tﬂel Ma&wm ext endi ng
hel i cal al ong its outer surface in'the direction of fluid flow To renove

the |ighter ?Wﬂﬂﬂuw@d%@kém'@eF@@HthéeW@Wlwﬁ%ag@@meWﬁfof he 15 vessel,
the appgy at ih8relRyy tht!Fdthfha CRIBRLY maﬂﬁmgyﬂﬁm%ﬁ&mﬁb%aﬁm@rw within the

vessel, the condU|t havi ng openings therein through hter fluid
conponent s prayide Bwveceassasy vélogity inreasarthe trossgegiontlareac thathiud jeliveht | t he

condui t Nasaal B Rl dlonk B @D Alishah, CATRABRBLS, 0. Lhe vessel.

the outl et | spose pstr Streaminlet. 20The fl uid
remai ni ng i wc’uchel Frezwey osgiut in centineus essdep-isk manodr. Hyelerably, fheui d
decrease in the cross-sectional area occurs along substantially the entire length of the

15 third helical flowpath. The third helical flowpath is most conveniently formed within

a downstream portion of the same conduit containing the first and second helical

flowpaths.

The vortex may be allowed to form within a substantially empty conduit, such
as an empty downstream portion of the conduit containing the first, second and, if
20 present, the third helical flowpaths. In some process regimes, it may be necessary to
provide a means for stabilising the vortex. In one preferred arrangement, the
apparatus forther comprises a conduit for collecting the lighter fluid component from
the vortex, the means for stabilising the vortex is provided by a tapered portion in the

region of the opening of the said conduit.

25 The apparatus described hereinbefore may conveniently be housed within a
single conduit or tube, as already mentioned. Further separation may be provided by
way of an essentially gravity separation process. Accordingly, the apparatus may
further comprise a vessel for receiving the fluid stream, the vessel having a volume
sufficient to reduce the Reynolds number of the fluid stream flow such that fluid

30  entering the vessel may be subjected to gravity separation. In such an arrangement,



conponents. The apparatus may thither conprise a heavier fluid collection
zone, a heavy fluid collection conduit being disposed centrally within the
col l ection zone, the conduit having a plurality of openings therein to
collect the heavier fluid. Should the fluid feed stream conprise any solid
conponent s, WQ MI0F0%¥PEI2] remain 25 in the apparatus, passilBég/GETHEbwnst r eam
direction. In such cases, the apparatus nmay further conprise a solids

col l ection zone and neans for renovi nqﬁsol ids fromthe collection zone, the
means renoving solids on an intermttént or a continuous basis. 17 As
ment i oned aouga. e oRBRRAR R BerkiloBEUEEIMAT by MLty Qa5 lpioNSt T uct ed
on a nodul ar aéls. I'n particular, the asse y conprising the first and
second condb¢ vesselaforiefpreferessleamtangdmeent, dirrcapperatue mal be siodylavinfdesignl avor t ex and
any nmeans pr.Qvi Q& 0C { Ot at | | oci . Ll Wi d stream
may be hous‘%gcréa%?ﬂ?r%'g%&% Iﬁg’ﬁ% grr?fd%i ot%,%hc(rﬁggédeﬁs{é rllr% ?ﬁ%@éﬁ&’%}té@?&eﬂ epar ati on
assenbly noawdek. Accordingly, in a further aspect, the present invention
provi des an apparatus for separating a nultiphase fluid stream conprising a

heavier fluid c onent and a li.ghter fluid conpo t, the volune flowate
of the Ml tiphasd T4 P E=UT SHRHER Hoess BILE S Bl e SPaRS FOAY 1 | e, t he
appar at us cegipiensthé fowa bp lcorhpliditig/medns $afiadwing @RoRB&RANIOW &Sthasluler ei nbef ore
10 descri bed and operable t.o ﬁ@;ﬁg‘gﬁdat different fluid fiowates; the
appar at us fUEERER® PivePHg T oY eHisiat gDl SPPHRAREYSHe or nore

separ ati on QSR doaGnifidion df 118 sépardidiny ek UTHs ileaid 8 bkdsfrefefaBiyl ti phase
fluid stream Thg appar at ugtﬁiray be operated wth one no a_sel ection of
Oggﬁs

ul e,
modul es or AMEeIHE oW AR BEF “&é‘?@ﬁ@‘i"‘é‘ﬁh%i JlFag dpinirp cﬁiF@%y
i ndi vi dual weRA" Bl iR 3EREBéJaRSioNBNe %s@hﬁﬁﬂh&e@ébmﬁﬂénﬁﬁﬁsfot ne as the
volumetric flowate of the streamvaries. This is particularly effective
when the i rfépalising thesepipnal floyw of SWidwithin the yessels for egample a Byt e

di fferent floni thobib@WarlB5 wiRGhe v @1y Th R RRRBAALEF LERIRLESGFha Means for
feeding a purge fluid to each separation assenbly, 1n order to allow each

20 separ at | bid geidesiindingdicheal plong ée ovtpicbueihesdn e distiinmeofibid@owr ought on-
and off-1ine.

To remove the lighter fluid components from the heavier phases within the
15 vessel, the apparatus may further comprise a conduit extending coaxially within the
vessel, the conduit having openings therein through which lighter fluid components
may leave the fluid stream. In a preferred arrangement, the conduit has an outlet for
the lighter fluid components within the vessel, the outlet being disposed upstream of
the fluid stream inlet.

20 The fluid remaining in the vessel will consist essentially of heavier fiuid
components. The apparatus may further comprise a heavier fluid collection zone, a
heavy fluid collection conduit being disposed centrally within the collection zone, the

conduit having a plurality of openings therein to collect the heavier fluid.

Should the fluid feed stream comprise any solid components, this will remain
25  inthe apparatus, passing in the downstream divection. In such cages, the apparatus
may further comprise a solids collection zone and means for removing solids from the

collection zone, the means removing solids on an intermittent or a continuous basis.



If a gravity separation stage is required, the nodul ar assenbly may further
conprise a separation vessel as herei nbefore described, each of the
separation assenblies extending within the separation vessel. In one use of
t he nodul ar apparatus of the present invention, a plurality of 25 nodul ar
separ at i onWh200%0%el? be provi ded, each conprising a pl RCIIGR2A0TGPpar at i on
assenblies of varying sizes. Such a group of units may be cl ustered around
a well head location or in an oilfield, for exanple at a surface or a subsea
location, in order to serve a group o#7mells 18 The hel i cal

ti t f th t t { | bl
ahen 1t comme 1 QUURPRTIRN CE PR Aan o LA SRR AP DR 1R [ gt or

fluid produsetmoduliritesipr bgasikuht, ﬁzmﬁerﬁwyb(ﬁnprﬁm,g&mﬂﬁfﬂﬁsudnﬁ heaver fluid
conponents. Thi,s EI em | sol veg%rg%) the rt d shut - do t hods
f orm ng f ur Gopdyits 8}5‘«% P"§S°§B e £onguy H%m% any HREEWBYI t he

present i nvgRid-«ABe @k edthtdRa] veldtRy 8Othe AT @teaﬁtm@g:mugedhﬁm&smgepar ation'
system f or opgratl on in separating.a nultiphase fluid, stream Cﬁﬁgrl sing a

heavi er ¥ | (f9Eh HASTHEHEATRPE SPYRE 2SF9PlHMESHE oAEeFdinglpan

conpri si ng {sgaditnOprbsnt 1H€er!ﬁ%h%aﬁﬁlde§ &P@p&iahﬁ@oﬁs)éﬁir&ﬁigaa &1!11{1§ﬁasé feigd stream
consi sting essentially of he heaver fluid nponent; when the fluid

vel ocity wi%I¢pH c@lﬁéﬂ%%@Wlesﬂwéﬁawwnwetaé}ﬁhmﬁu&déaeme@%w i ni num
operating Velasd fidmblor HiGniblboRaGnld bon SLbRAE hARIAGBiMy er 3 peri od
of time the first fluid streamw th the nultiphase fluid streamto be

separ at ed. the ARPErAdLs cpmpn@ngmplw@m@ﬁmpﬁamlw@mbllgw&emnbeﬁreyst em from

nor mal er SRS Entf am conpri sing a heavi er
fluid cgprrpo(?le%%r@@%n %ﬁéfMtggc PJ d%i‘{ corrpglﬁeﬂrllltmﬂw%ee?ng fed to the heli cal
separation tbysmmtus@mpemnauwwe@u selectivehropagutinponeoriioret fl ui d stream
consi sting e nul ti phase
fluid st rea%?%%geb:ﬁl atgéek%’\lllg{ac%}?%e q(gwregg %%eeﬂoﬁﬁgtg%%%?%ﬂua%e ‘%?d stream when
the fluid feeeanconsists of the first fluid stream reducing the fluid feed

20 flowate to zero. The hel i cal separation systemis preferably left
full of the fi rsgf fl ua!rg afte gg%tgd u: d feed e, g\évrlacue h%nog en,r duced to
zero. In this way, PR i‘oned Ho e enployed

wi t hout 15el sparativeh asfbniHhES Iﬁﬁimg in@pd. | Ianthis Imﬂ,nﬂdlvidﬁalaeﬂmrzEMﬁ ammhshés mger at i ng
condi tions Wt s ThaLATE O S RS o e OF il et IS TR 9
particularly effective when the individual separation assemblies are sized to
accommodate different fluid flowrates. Preferably, the apparatus comprises a means
for feeding a purge fluid to each separation assembly, in order to allow each

20  separation assembly to be purged and cleaned before being brought on- and off-line.

if a gravity separation stage is required, the modular assembly may further
comprise a separation vessel as hereinbefore described, each of the separation

assemblies extending within the separation vessel.

In one use of the modular apparatus of thepresent invention, a phurality of
25  modular separation units may be provided, each comprising a plurality of separation
assemblies of varying sizes. Such a group of uniis may be clustered around a
wellhead location or in an oilfield, for exarple at a surface or a subsea location, in

order to serve a group of wells.



25streans. The start-up and shut-down procedures of the present

i nvention are of particul ar advantage when the helical separation systemis
arranged in the nodular 19 format discussed herei nbefore and operated
using a varying selection of helical separation nodules to accommpdate

di fferent MQE79%EAr at es and conpositions. BT 2R RPS0LE t he
present invention will now be described, by way of '5 exanple only, having
reference to the acconpanyi ng draw ng i n which: Figure 1 is a
cross-sectional view of a conplete seégration apparatus according to an

enbodi nent of t ' l.on. ' ' -sectional

vi ew of the uppzﬁ]e%(%g%?o alloa?yr? eeggopfz;l%e rfsgﬁﬁgg%glrggﬁgéﬂ&%g@% 1; 10Fi gure
3 i s a pl anprobleny wkn itlvemse pastat-ipandappadeed, i tiof cobihgjtsrfer the lighter fividi gure 4 is
a stylised creosss; tional view qf a helical . ar at. assenbl y accordi ng
Lo the preseRt R Pat MOReS e nsttobo ofptpiingled it HiReet iyt bombapdts, { o g

Cr oss- sect i Tiaprovlemvis soivalbyahd sitirgred astshuedodn nbtheds foanins Gnthepfispbdre hel i cal
separation enbly .in the regions |abelled as A, B and C 15in Figure 4,
Figure 6 i s&‘;ﬁ??}ﬁﬁ%&‘ﬂm 8 cross-sectional view of a helical separation

assenbly of the present invention; Figure 7 is a |ongitudinal
cross-sectional Adceingly, tegraedtihmntied dprbbiaesa@@etma& ¥or fartrigGadelicatl ong the
|

ine V1 Vi o200 g 3 Lol SALLUE L LR8BSt O]l o The
heavier fluid component and a lighter fluid component, the method comprising
feeding to the helical separation system a first fluid stream consisting essentially of
10 the heaver fluid component; when the fluid velocity within the helical separation
system has reached the minimum operating velocity for the multiphase fluid stream,
replacing over a period of time the first fluid stream with the multiphase fluid stream

1o be separated.

A method for shutting down a helical separation system from normal operation
15  in which a multiphase fluid stream comprising a heavier fluid component and a lighter
fluid component is being fed to the helical separation system, comprises the steps of
introducing a first fluid stream consisting essentially of the heavier fluid component
into the multiphase fluid stream feed to over time to replace the multiphase fluid
stream; when the fluid feed consists of the first fluid siream, reducing the fluid feed

20 flowrate to zero.

The helical separation system is preferabljr left full of the first fluid after the
fluid feed flowrate has been reduced to zero. In this way, the aforementioned start—ﬁp
method may be employed without delay and in the most optimum manner to achieve
normal operating conditions with the minimum of contamination of the lighter fluid

25 - streams,

The start-up and shut-down procedures of the present invention are of

particular advantage when the helical separation system is arranged in the modular



of Figure 1 along the line VII1-V1I1; Figure 9 is a cross-sectional

vi ew of the upper portion of the separation apparatus of Figure 1 along a
different axis to that of Figure 2; 20 Figure 10 is a schematic
representation of a systemof the present invention, indicating how

moni t or i ngWQWEE%$12 enpl oyed to nonitor the perfor mand&TEBHEOPEYS regi ons

of the system Figure 11 is a perfornmance histogram showi ng the
operating flow ranges and 5operating j essure ranges for assenblies of
di ffering di nensions; and Figure”12 is a graph indicating the

selection of different o ' ' 1 ifferent feed
stream f | o%%aégl.sgﬁ%epgfa ’?e?nrs%’éﬁ’?%xwg’ﬁn%a#ﬁ‘? HZ’?‘%&%&& own glglgcggar ation
assenbly, gepestivhmodilesiccatetmadatedififieet fidd Bowlayesiasd stropmiti@ns.anged
substantially vertically at the seabed, 10 with the |ower portion of the
assenbly extendi ng beneath the seabed. This is one conveni ent arrangenent

for locating the assenbly, in particular adjacent a subsea wel | head
assenbly. In this way, existing well head assenblies can-be provided with

the separation agbedialetisef tHehresbit@sRRtion WG B iesitibedMytwaFicgni fi cant
nodi fication of the well head installation., 15The se&gr ation assenbly 2, is

formed ar ogkemele galydaineyelernes @iheascompanying SFaviBgs iU The housing 4 is

nost conveniently a section of conmercially available conductor casing,

The conduct or calROl is% oRdspRbctiBRhl vitvloffaddABletd sePhrd@sh apbiightidi Ng t he nonmi nal
sizes of 42 inches, 36 inches, 30 inches and 20 inches (108 cm 92 cm 76

cm and 50 eg§ordimpte seudiofignent pife presepbigentiget ed from a section of the
conductor 20 casing, with the dianmeter being selected to accombdate the

volunetric flowg Q{S_atcl;b%?_fsédﬁiogalQ,{eg@(ﬁg}égs@)lpﬁbﬁ%ogﬁﬁpﬁqﬁ@gpmgm enbodi nent s

shown in the acc anying tigures and ereinafter are concerned
with flui dapppamaclBgurafl; an undersea | ocati on. However, the nethod and
apparatus, with only mnor nodifications, may al so be applied to

sur f ace~,bound candu rs,Qr . I [$:: The separation
assenblely 2 conp?f%ueegélga;ﬂlag’rvé%‘?f)@éhg%gp |a%€%bg%g%%glent§. An

Figure 4 is a stylised cross-sectional view of a helical separation assembly

according to the present invention;

Figures 5a to Sc are a stylised cross-sectional view on an enlarged scale of
three portions of the helical separation assembly in the regions {abclled as A, Band C

15 in Figure 4;

Figure 6 is a longitudinal cross-sectional view of a helical separation assembly

of the present invention;

Figure 7 is a longitudinal cross-sectional view of the portion of the assembly
of Figure 1 along the line VII-VIL;

20 Figure 8 is a longitudinal cross-sectional view of the portion of the assembly
of Figure 1 along the line VIII-VIII;

Figure 9 is a cross-sectional view of the upper portion of the separation

apparatus of Figure 1 along a different axis to that of Figure 2;



inlet and outlet assenbly 6 is connected to the upper end of the housing 4,
for supplying fluid to the assenbly for separation and through which the
separated fluid streans are renoved. The assenbly 2 further conprises a
plurality of helical 21 separation assenblies 8 extending within the

housi ng 4, WO200H#9%6#12t he first stage of separation of | PEEIGCE2007I0PA6R)
conponents from heavier fluid conponents is carried out. The remai ni ng
portion of the housing 4 is arranged to provide further stages of
separation, conprising a fluid st abi | P8at i on region 10, a second
fluid-fluid separation 5stage 12, and a fi.nal flujd-solid.separation and
recovery stage ¥agurgh}isageh géﬁP&%%WéSWWO%@GW&%&V %lqnn nor e
detai | bel OpgicAtheHR} mdrifdeng Bk ark bﬁ{ﬂd&é@m@ﬁoﬁth@bafdn@wefoamiol@, a

maxi mum high | evel 17 and a mninumlow | evel 18 for the fluid within the
housi ng 4 aeSiopeftbawHeBs in Figure 1 and are shown as |ying along the

| ength of the helical separation assenblies 10 8, such that they all lie
above the | ower (=TTl . gﬁﬁy% ' HES- d Referring
to Figure 2, théq?ﬁ€g$ﬁgﬁ% oufﬁg?mgé enbPg?%gégﬂﬁgﬁﬁ?%ggﬁﬁmﬁﬁzmhpper end of
t he housi ngopératipg prsasuee ehgea foroassabliey ofiifsngdonousions:Ghdl design. The inlet
and outlet assenbly 6 conprises a generally cylindrical inlet body 22. A

cap assenbly 24 4. t he. Lt 2k L body 22 and
conprises a Iomé?éfgg%%aggqﬁﬁﬁﬁgﬁngggg?bcap(gg#hgﬁFgﬁggggether define a
gas- | i qui d sejd=ibhon aganen@die differatifeld syemn flswratgasoved from i qui d present
in the zone 30. A vent for the gas is provided by neans of a bore 32

ext endi ng obliquely .th h upper cap_28.. wWhi S _| rn connected to
a gas recovery ggﬁ%HF%&éﬁgﬁﬁﬁgg?F§%%8W8F5@@#@8%??%%3b5%#@%% ement. A
| at eral bor@didated hs2. fTHemRebnibly is bisoviroareingebymb@ iy verdrallyct thetseabad,f | ui d 20
conduit  37. An_axially central bo 36 extends.throu e . nlet body 22,
connecttthg Y"@étqeﬁ?]‘@‘?r p%’é’é’?(? thgas Wgﬁrﬁé‘%ﬁ]ﬂé %ﬁne\?(ﬁhttﬁe %?a%%u it'[(%lsr‘?ﬁ%er el 38
ext ﬁn di Ing t éHn?létﬁéht taﬂﬁlgg@ﬁnt fgﬂ Jqehitiels mﬁasfeﬁtb%]}t} ﬁhhmu’kﬁ:,ll arelibcdnt & Bubsesr N C 8 nnect ;
with a laterally extendipg bore 40 thro t he er cap 28 .Liquid may be
renoved t hr Beidisad PﬁS%m‘g?'r g’h‘ﬁ@ﬁ%t exiglige B‘@Hg"rag\ﬁﬁefnﬁﬁ% Qo e g{ﬁ‘%“"% Bvﬁtgui t 42,
which is compgsiafioh Rss@mBlyiok aRlIpeesbhtievehfict, wihowjgntfitant modification of

the wellhead installation,

15 The separation assembly 2, is formed around a generally cylindrical, tubular
housing 4. The housing 4 is most conveniently a section of commercially available -
.conductor casing. The conductor casing is supplied in a range of sizes, including the
nominal sizes of 42 inches, 36 inches, 30 inches and 20 inches (108 cm, 92 cm, 76 cm
and 50 cm). The housing 4 may be constructed from a section of the conductor

20  casing, with the diameter being selected to accommodate the volumetric flowrate of -
the fluid stream to be processed. The embodiments shown in the accompanying
figures and described hereinafter are concerned with fluid separation at an undersea
location, However, the method and apparatus, with only minor modifications, may

also be applied to surface-bound conductors or to platform conductors,

25 The separation assembly 2 comprises a plurality of discrete components. An
inlet and outlet assembly 6 is connected to the upper end of the housing 4, for
supplying fluid to the assembly for separation and through which the separated fluid

streams are removed. The assembly 2 further comprises a plurality of helical



25 neans of a conventional flange assenbly. A coaxial bore 44 extends

t hrough the upper cap 28 and provi des an opening for the renoval of solid
material, such as silt, fromthe assenbly, for chem cal injection, or for
nmoni toring purposes. A valve 46 is shown connected to the coaxial bore 44
in Figure W02002096612  Taming again to the inlet body 22T/GE2HMQA ty of

| iquid conduits are provided in the formof |ongitudinal bores 48 spaced
around the central bore 36. The liquid conduits provide a direct connection
bet ween the gas-liquid separation zonel 30 and the upper region of the

interior of the housi t hr.ough which fl uids a equi red. The
i nl et body S?@r?@nﬁ?%%ggﬁég %te[nﬂmg%fxmt#}ggmgg{g of“%ﬁ%ﬁ‘?%tﬁ%%%;res 50
spaced ar oygchraiag of asked fAuid Suipdassls fromh HeldGerdhid cabponenteisanict bat,

| ongi tudi nal bores 48. As w IL becone a%f)aient, ) hgl Bor S 50f provi de the
feed conduitberanralpag Roter PLhF MusHE AR FEHIES: EOEWBY@C MhESAHT t he

| 'ongi t udi nglpRAto8Scorfhrisifig @ PRRPEIREkaAdn fefidn 10VREcHHS RRRMMAGepattidn r €Spect i ve
hel i cal separation assen%_ 8, detajls of which are %agwgtgd herei nafter.
The ar r &ngetrsni2.end e fiaal Bdralidarprtiop gpe rearrrnstacs He icheldBeseat ed hel i cal

separation b &8 18 disSussOWBhdrDadthibbeidEW i n Figure 3. As shown in
Fi gure 3, c@%@@t?ﬂof t he Isot#]gi tudi rl{al bores 50 is provided with a

tangentially arranged inlet 52, fromwhich extends a radial bore 54. An

inl et conduit 5@éwiepertingbgtdidhsavipeflviintefacy 56, adpaxipymibigh lest 7 54 by neans
of a convent.] | - : 'm'ﬂ!ﬂﬁ-] EfonSahduld dnfedgonnected to a
fluid inl e?ﬂlﬁggﬁgﬁ%@@g@ﬁ%m§?}#%%ure gﬂs aougll _gcul Jf’ﬁg? pl)le ext endi ng
around t he Rigpei apbare slowiods Iihgalass theiidngth of the hefidalsenseptionpeaimbli®0 connect s

or ocessdo B oY Tl ahite AR ARGl U of RS i RS o8 1

each inlet conduit 56 is 20 controlled by way of a valve 62. As shown in
Figure 3, each fRefdrfing olRgurenbluintet &6 ousleprseanble d iamountadion thewppenl Ve 62 and

a one-way check valve 63 to prevent a flow occurring,.This provides
for indepe r‘f’&g ﬂFthE %ﬂ?% m %‘éﬁ%[? F?ﬂnacq%{rr#g‘%kc%vﬁa}é’ﬂafgﬁlgghg% £ hnlgf | ow of
fluid to ea@holigdtiashbyepaidtisan gaseiibiylindricd mldtibbdy ¥ayA cithe assenbly is
operable to ac date the greatest .variationsg Ln the flowate and 4
conposi t i orfS& %quuﬂfeg op %E’d‘pg‘?rreé‘gt {thnl%%"aY g% %?P‘é’&s%gtagaw?rhat

al t ernagsi veagbb aRb@RDEScapS, WSS idgbther defindVi paHlichidiepghonvmhy 80,is used to

control the ?I ow of fluid to nmor e hel @al se%r tion, assenblies 8,
At B

. s or
al bei t wi t Wk ggdvtemened ﬁﬁomﬂgxﬁp&%m 4o %3 arrangenent

may be enplgyaged dydheRX andbde 32 ékt@ﬂcﬁngaamiqw%;m@rggmmeﬂ dapizBeehiviar i at i ons
in the flowate and/or conposition of the fluid feed str.ear? are antici pat ed
30 during tiRE HWErJeRARFiaditp @ STroayery; SRETH! 14ty Bijange of conventiona

arrangeraent. A lateral bore 35 is formed in the lower cap 26 and connects to a fluid
20  conduit 37. An axially central bore 36 extends through the inlet body 22, connecting
the inner region of the housing 4 with a fluid mandrel 38 extending through the gas-
liquid separation zone, which in turn connects with a laterally extending bore 40
through the upper cap 28. Liquid may be removed through this arrangement, to be
drawn into a liquid conduit 42, which is connected to a suitable line (not shown) by
25  means of a conventional flange assembly. A coaxial bore 44 extends through the
ug‘)per cap 28 and provides an opening for the removal of solid material, such as sili,
from the assembly, for chemical injection, or for monitoring purposes. A valve 46 is

shown connected to the coaxial bore 44 in Figure 2.



23 Radial ports 55 extend through the inlet body 22 and connect with
respective lines 53, which extend to an appropriate position within the
housi ng 4. These are enployed for fluid injection, fluid sanpling or
process monitoring operations. A fluid purge systemis also shown in Figure
3 and conp™M&87/P6eR2ni | ar 5 arrangement to the fluid i ACACEYSPMIHescri bed
above, including a circular purge fluid header 64 having a purge inlet
conduit 66 extending to each fluid inl,gt conduit 56. The operation of the
fluid purge systemis to provide a flow of purge fluid, typicallywater, to

each helical sepgkaf [ ﬁ&g@ﬁ f val ve 68
is positioned in eac% %ur |nE%F° %H%F Qﬂﬁm g?ﬂ%g“%#ggé

i ndependent indlgiormo lof l@hglmﬁllahborpw&ﬁm@ﬁd@fomédie dqmtalbalte 3§eﬂ“&chq1uldn assenbly
8. Again hei r

pur gi ng con%dﬁ ég&é& %&%%cﬁ@(:{ngéc@ig %%Je%[%gggseh%du?%ﬁm? 6@’0@%%% 70

suppl i es puﬁhgap;ﬁelr mgdmtaf thermtepwqalw‘liommdg h,ethmbagh GHich Ylbids enay phssy asi ng t 0

Fi gure 35 |It convenient to note the arrangenent of the helical
separation a4 ﬁblles 8. As shown, the assenbly conprises a total of 10 15
hel i cal separatlon assenblies 8 of a range of sizes, able to accommpdate a
range of di ffere]rueuﬂbwodyrztwr@ﬁaaimﬂmmhﬁeraemnm&mm%ﬁmo the assenbly

conpri ses one ach separ,ation sse m nal

di aneter of® ?rcq e an‘galg’r?h atwéﬁgog eﬁ&‘?’?@é U Fm I tB‘y‘E%%ogﬁgé)lS 25 cn).
| n addi ti onas wilEbeRGEE aﬂjawen@mdr@% p¥ovhcﬁ ﬂ:l&ﬂled S6Haait #ricath RgsganDbl i es 8

havi ng a nom nal, di a i nches % cm . The 20 arran?ement shown can

t hus be opeﬁeai‘ré‘EPWW y Q@hroé#&ém%ﬂ‘m alpores 30 & omBeHieh B ES OMEBm t he | owest

f1 owr at g) WhgRninB e §te§&c§vé‘hdh6ﬂQeﬁbﬁdﬂoﬁ%seﬁ:ﬁ@@ Bbthi L rIGI@EN YrobRle@n- | 1 Ne, up
to a maxi mum f |l ow ate when all helical separation assenblies are operatl ng.

Conbi nat i onkrgrafiche ?ﬂwrré%gel@emfrt%ﬁ lppgitudinakhpses Wargthgi psseelated Belicaly

accomodat esehl oAl entie! E‘%E‘sﬂo&rﬁ'ﬁﬁﬁaﬁ Wow X FERABS As%ﬁ&b@u@#xéﬁ@ge”ent shown
in Figures 1'to 3 is one in whichthe feed and purge headers and their

respecti ve gk oEibe longitadinab hergs SWStprpwdf:é with agenggniploareegeddrlsetdl y 6. It
will be appﬁfﬁ%&cﬁ%ﬁkﬁ a AfiaPbd&54a ﬂa@ﬂ%@@&mg@ew Leyed, in

whi ch the val ves an rs are co |ne maseparatem) ule that is
connect B4 t&ch madial here 4 by means of a conventional flange assembly. Each inlet conduit

56 is connected to a fluid inlet header 58, shown in Figure 3 as a circular pipe
extending around the upper portion of the assembly. A fluid feed conduit 60 connects
to the fluid inlet header 58, through which a multiphase fluid stream to be processed
may be fed. The flow of fluid from the fluid inlet header 58 to each inlet conduit 56 is
20  controlled by way of a valve 62. As shown in Figure 3, each fluid inlet conduit 56 is
provided with its own valve 62 and a one-way check valve 63 to prevent any back
flow occurring. This provides for independent control of each fluid inlet conduit 56
and the flow of fluid to each helical separation assembly 8. In this way, the assembly
is operable fo accommodate the greatest variations in the flowrate and composition of
25  the fluid feed stream. It will be appreciated that alternative arrangements are possible,
in which a single valve is used to control the flow of fluid to two or more helical
separation assemblies 8, albeit with a reduction in the freedom of operation. Such an
arrangement may be employed, {for example, in situations where 6n1y limited
variations in the flowrate and/or composition of the fluid feed siream are anticipated

30 during the working life of the installation.



24 and outlet assenbly 6 by suitable lines. In this way, the valves and
their control pipewrk nay be nore readily accessible for retrieval and
repl acenent . It is a significant advantage of the assenbly that the
nunber and size of the helical separation assenblies arranged within the
housi ng mayV@®eMy8ped to 5 accommodate a particul ar dutBET/ERPEW0! t he

desi gn and construction of the overall assenbly to be on a |argely nodul ar
basis. This in turn allows the design2 construction, naintenance and repair
to be both straightforward and econontal . The construction and operati on
of the helical ' ' ' . Vi ng
reference to Fi 3%?%53&3 .iegﬁ&?ém!éﬂg?tsdf/ |se#dy2%%3§g?1%§§t§%ﬁng&eg 0 typical
assenbl y. |lineaiss,|whieh expenddc batppabpriatipositien witkiaiy housinpdn TheseBiegure 4 i s
significantly .shartened, .far se of .reference, the ratiq.of the overal

l ength to df e@ﬁ’%?m?%ecﬁg?ﬁ@u%@gw ?/r qrglcﬁfscﬂé?mfnﬁ%f’ ééglr?ﬁcs:'h greater than
that represented in Figure 4. Referring to Figure 4, a helical separation
assenbly 8 conpra geld parggengemlid alsolshoe in Figive Gahd camplises a iflar shown i n
Figure 4 to extend vertically downward rom the j.nlet. body 22 | i ght

1 Ui d conddaTangement fp thp B dpi syptem deienBed gh0y%. aydink ¢ ispley BsE® Byienas

coaxi alhl y Vﬂéa?érf&ﬂhgﬂngubﬁr@éﬁﬂl&@bn&ﬂml@k{enﬁﬁﬁtd &clofieid bt ﬁoh@iwmer nost Fnd
into the gas-liquid separation zone 30 in the cap assenbly 24. An annul ar
cavity is fORRAGIEEPD Tgeﬂwéﬂurﬂjﬁif“?meﬁfap_ EE et Ry i ght fluid
condui t  102,a@d td da6h RélicaldeharebidnGaderbB) gt bordéin- IeofaRREr ARslve 684 On 104 of

the annul ar cavity is enpty, allowi ng for the free gassage of fluid. One of
the radial BRSHOse&R each pUge mm'eqnd%ég ip ordesdp provifeds qpﬁn‘?&mt"'&ﬁﬁ%lrﬂfi al openi ng
52 in the URRSLARSlrbAG R Rcal Abadiot HBerty 8N ALk dwolR Rl kelifP0. The region
of the annulaf cavity adjacent and bel ow the uggernqst region 104 25is a
fluid fl ow Sspamtion assamblies 8 angly dave theiopweing gonixollsdby ¢ pingle yalve APWES this
region, a i i [ b iy lBeaail'y and extends

ar ound therﬁ“‘éﬁe&%“ﬂén@@? g‘ir 2{,@92" %hg?‘rh‘agg@fﬁeﬂegm flowpath for fl uid
moving within the cylindrical conduit. The function of this regionis to

al l ow t he fl ow dWhil¢ wfedringrodtiginé 3.iisle convenienttie nete gy arwdgeiegief the

helical separation assemblies 8. As shown, the assembly comprises a total of 10 -

15 helical separation assemblies 8 of a range of sizes, able to accommeodate a range of
different fluid flowrates. In the arrangement shown, the assembly comprises one each
of a helical separation assembly 8 having a nominal diameter of 4 inches, 5 inches and
6 inches (10 em, 12.5 c¢m, and 15.25 cm). In addition, the assembly comprises 7
helical separation assemblies 8 having a nominal diameter of 7 inches (18 cm). The

20  arrangement shown can thus be operated over a wide range of feed fluid flowrates,
from the lowest flowrate when the single 4 inch helical separation assembly is on-line,
up to a maximum flowrate when all helical separation assemblies are operating,
Combinations of the helical separation assemblies 8 may be made to accommodate

flowraies between these two exiremes.

25 The arrangement shown in Figures 1 to 3 is one in which the feed and purge
headers and their respective valves are integral with the inlet and outlet assembly 6. It
will be appreciated that an alternative arrangement may be employed, in which the

valves and headers are combined in a separate module that is connected to the inlet



25 regine, by forcing the fluid to flowin a conpact helical path. The
helix in the flow stabilisation region 106 is fornmed to provide a stable
fluid flow pattern and to allow the phases to centrifugally divide and
part, being subjected to nultiple gravity and rotational forces before the
outl et. | nWhFPIERgement shown in Figure 4, the cros$CTHRUIPEH, area
of the helical flow path is preferably constant along the entire | ength of
the helix 108. As the helix 108 is di?posed within a cylindrical conduit
100, this determnes that the pitch of the helix 108 is preferably constant

al ong 1 he | £ghil Qlichl o HALARI AR It WALl ASIRIMEL Sortidhe pi tch of (he

helix 108 may be varied along its [en?th,_ln order to provide the required
f1 ow pat t erpipeatori gy brmbrstreasply acceoritie forueiderahandaeplagesisiet s of the |i ght
fluid phase in the helical fluid flow stabilisation section 106 is

represented in fj.gures. t f ilisation
regi on 106 and {lfﬁggﬁi%%ﬁgﬁgagva?%g%%%:asg%xﬁ@y?\lﬁﬁ?ﬁ%gﬂﬁﬂ% hg}gf)gir‘gl?i on region,
gener al | y ithetlcat ad¢parhtias askdrfiblies arrériges withii thahouainpeddybe Vadedte di sposed within

t he annyl ar cavity. and extends ound.the.light fluid c i 02, to
15f or m h&cF%%IPO‘%IaIteoQ/?fﬁé‘i fqg?” %‘ﬁ‘%ﬁ %5?8}%1 %th%?sl%%?rﬂog Ogy .L{’r‘{g‘ra?fcm condui t .
The functi aRsenfbly fdite ok @Gargély nfodilar afsalaisén turealldvghihedesighyi d phase from the

heavier fluid phase. The light fluid, co it 102 i ovided with a
plurality oqonﬁg'ﬁl%n’ H’ramrtﬁﬂa@?%i‘éﬁepabf ﬁ%b%ﬁ%m@ﬁ%giaﬁ)?% 8t he i nner
upper region of the helical flowpath. The light Iiquid phase is recovered
through the por tTe ddiftridlichAgd bpedatibnGB idtelical paatiotlasanblized valhewei naft er.
In order to provide the separation of fluid phases in the fl 'Ili d separation
regi on 110, bedserribed havinpralirenssio Bieute 4 viichées ﬁ@%&‘i?ﬂpﬁsﬁmﬁ Ps increased
along tie |oRelinRintNe Rtie@Bpibdited it B d&embl sBERY i irblss | ncrease, the

helix 112 i§ shown in Figure as increasing in pitch_along the | ength of

the fluid sepuienitnhorerpdofer sase of rffaencadherlia of @ezsﬂélhmﬁthg% bei ng about a
1% 1 ncreas ediérﬂét%%_f Rl el QfsedibI§ thifdd¥ biike nheh gRAChEOTHA RpRsdnidnar ound the
light fluid conduit 102. The Increase in pitch is to allow natural flow of
the fluid (Bgwepgposed to the forced flow in the upstream helical sections)
and to prevent a fluid back pressure arising due to friction forces within

the hel 1 cal channeluy f bk oWed 0. 96eHgpn Lhembl s dpasks syesasny e woul d

give rise to a de Cross-
15 cylindrical conduit 100, shown in Figure 4 to extend vertically downwards from the

inlet body 22. A light fluid conduit 102 in the form of & generally cylindrical tubz_e

extends coaxially within the cylindrical conduit and is open at its uppermost end into
the gas-liquid separation zone 30 in the cap assembly 24. An annular cavity is formed
around the light fluid conduit 102 between the light fluid conduit 102 and the

20  cylindrical conduit 100. The uppermost region 104 of the anmlar cavity is empty,
allowing for the free passage of fluid, ‘One of the radial bores 54 in the inlet body 22
terminates in a tangential opening 52 in the uppermost region 104 of the cylindrical
conduit 100. |

The region of the annular cavity adjacent and below the uppermost region 104

25  isa fluid flow stabilisation region, indicated as 106 in Figure 4. In this region, a helix
108 is disposed within the annular cavity and extends around the light fluid conduit
102, to form a helical flowpath for fluid moving within the cylindrical conduit. The

function of this region is to allow the flow of fluid to stabilise into the required flow



force within the fluid. The increase in the pitch will depend upon the
properties of the fluid being processed and is selected to allow the
natural rnovement of the lighter, phases into the fluid conduit to occur,
while allow ng the remaining heavier fluid phases to continue along the
helical fl SVpEOHIEEhe end of the fluid separation regPSﬁmﬁﬁﬁnﬁﬁﬁmthe hel i x
112 is contiguous with a fluid velocity enhancing region, generally
indicated as 116. In this region, a fuyrther helix 118 is disposed within
the annul ar cavity and extends around“'he light fluid conduit 102, to form

a helical flo h.far i it. The
hel i x 118 t e £°§°’Ja${h?ﬁfé“dotgglﬁ dx ‘%“3’%°Ehéhpgld%ﬁ TRefie ‘3?99102 The 10
function of stafiligtiie@icion 106 isformeadas pm&&ieiahmbleeﬂwbﬂmy patfemdzmitblalh\m remai ni ng
in the cylindrjcal conduyit 0, .S0 t in the
downst r eam B PhasGRP @@&gﬁﬁl ‘? (gpfﬁ{ig?'g c%ﬁ%l@é’%r&b%%&% In
the fluid vekfphil¥oee RRE: 1@ obtgl ﬁﬂth&i@ang‘éiﬁenthﬂd)mxmﬂﬁnes thémmss in Figure 4
increases in pitch for ch turn aroun e I| qu d con 02. The
i ncreased | nsch@aig%i’ﬁéﬁﬁ%clﬂlﬁl By %F'% Plét‘ 8? ng%le%f | ui ds be
separ at ed aﬂ{éh&ﬁ&@mp@@tﬁé ﬁelﬁqmaisadlspashddmwna@yliaﬂnw:&ﬂimmdo thist ypi cal rate
of increase of the pitch of the helix.is ab ut 3%f0{?P %gm%?ta{{tound t he
li ght fl ui dietermanpsthet tip pitgef thehelixg98 &% prefee bﬁ QR RleRg
ext endi ng tFl{gR) el ﬂﬁ‘otﬁé?%%'fg[e E'rs'tﬁe bﬂo‘ﬁ'o@'ﬂie'ﬂéhﬁl’dm REY bErkrieaBldn®its a

constant di aneter.

subst anti al | ternative enbodiment is to provide
the |ight 2&nghuingrdedkrpyidathe T%'utrﬁd ﬁo‘t’ﬁﬁﬁﬁ%ﬁ igoufletshrdd portion, such that
its dianmeter increases through this region in the direction of fiuid flow
in the ganular o & ﬁﬁdt BseAh U4 Rficet Avidilowbet ween the

| i ght fﬁ@l d conggilyeltrké.(fﬁg;g 03 %éé‘%{'/ I{glosndwt 16%3 to reduce in
Cross-secti euahhsmneaectzmﬂw@smgﬁcémrﬁwxeﬁé@tQ% of fluid flowin the

annul ar cavity. 25A cross-sectional view of a typical entire helical

separ atii on asse Wy be

appr eci at ed tha?jl)kh‘%eﬁ’y oggleﬁﬁws%’#lsgﬁje[?%%’g%ﬁgﬁ I}'{éi% re tcmg'lﬁtcé’\r% Y'of the three
r egi ons 106mthlt(i‘1uahﬁpa’lr&’ﬁortmg1bﬁ, Wylbt mdmﬁccgase]d@eln thisarmgivhe hdlindbd er of the

l'ind | duit 102, Lt will 8, 112
T 1 o2 Rt O e b PP DRk lal Agashinan,10°
cylindriisal ford/a li‘dﬂaﬂlﬂobvpﬁiﬁffor hiid Siovilg avithinghecyliadrical ccamlgenﬁhe fungtomever, it

wll be appr ?ﬁusarggelgn is to sepaxate the lighter fluid phase from the heavier fluid phase. The

light fluid conduit 102 is provided with a plurality of ports or holes 114, The ports
114 are formed in the inner upper region of the helical flowpath. The light liquid
phase is recovered through the ports 114 in the fluid conduit 102 as described

20  hereinafter.

In order to provide the separation of fluid phases in the fluid separation region
110, the cross-sectional area of the helical flowpath is increased along the length of
the region 110. In order to provide this increase, the helix 112 is shown in Figure 4 as
increasing in pitch along the length of the fluid separation region 110. The increase is
25  shown as being about a 1% increase in.the pitch of the helix 112 for each complete '
turn around the light fluid conduit 102. The increase in pitch is to allow natural flow
of the fluid (as opposed to the forced flow in the upstream helical sections) and to
prevent a fluid back pressure arising due to friction forces within the helical channel.

If allowed to occur, the fluid back pressure would give rise to a detrimental cross-flow



each of the helices 108, 112 and 118 may be arranged separately within its
own portion of the cylindrical conduit 102, or even within separate
conduits. The arrangenent shown in Figures 4 and 6 i s advantageous when
applying the helical 5 separation assenbly 8 on a nodul ar basis, as
descri bed. Wh0E¥6€1di n fl ui d separations, doubl e hel i x PET/GRBAEMHE0G0Is nmay be
enpl oyed, conprising two helical paths between the conduits 100 and 102. As
not ed above, the helix 118 within the %Iuid vel ocity enhancing region 116
termnates at the end of the |ight f187d conduit 102. The cylindrical

conduit 10Q.is.10. provi.ded wWth an qri e nd_anagl out | et at its
over . donrBics AfhrRE e obitaln Mool F B PSF AP TR 'S
downst r eamihnid béingprofessddend jsl selacied wedlloeahe nrtirallovemehesfdhaidgtiterom t he end of
the light fluid,.copduit, 102 .10 the outlet 12Q of the cyli.ndri.cal conduit
100 i son st Bt O st iin i et ey i on oener ai 1y
i ndi cat ed gfhask2? coffinud dldnghike Kitisd Fokgethbel ow, a vortex is established in
this 15 region extending in the downstreamdirection fromthe end of the
light fluid conduit 102. Tq.capture the created voriex, a vortex _guide, in
the form of an iTkﬁjleéliidc%fdh%*lﬁéS%}Z’z‘?ﬁaﬁ&g&’ﬂxﬂépfi@i&?&ﬂg‘ti s gentiggruspaed within
the end pordigmv&bcityREhArcHB redid) bbhes AR IhtibatekQd 118SInSHR WLk Gurtlegar Iy in
Figure 6. The helical separation assenbly shown in Figures 4 and 6 may be
oper at ed adiehiy 118 isdisposed withinfhelasulsn Fanity gad exfends aiouag g@ﬁlﬁhftﬁ‘%l y, if

further sepgap@lii @7, toFsteba AicRHdwiainey fihid doRfigivrigsh b BRidaekiical separation
assenbly may be used in conjunction with the turther separation systens and

met hod descondiEs Bhebeli 1 idgiminaiesad Bleppemendpihediohhiyid sendiifd@A. The t he
acconpayi Hgndioduf @ %8 BaldnE LI of el eI e 2

Cross-secti or]ao_ v?ew%?g{lﬁé porta%eqn o? é@ot hg‘assem%?;/ of the enbodi nent of
t he presenteylindrisal dondnit Hivediaatoegirgvidonetatle sempxdn thetdowosirdagt or Igerof t he
hel i cal separat| in Figure 7, a plurality of helical
separ at i onggégltéh@ﬁ?g@ﬁgﬁﬁ%ﬁjﬁ%?gﬁx%e visible in Figure 7) extend
downwards within the housing 4 and are retained in position by a baffle

pl at e gui de assémtheiuitP@lochy phhancihg tegionfl1bahé hadixpll 8 ieshgwh adeFigeseinbl i es 123

may be pr Ovﬂlcg'ge%és in pitch for each turn around the light fluid conduit 102. The increase in the

15 pitch will be determined by the nature of the fluids be separated and the specific
separation duty to be performed. A typical rate of increase of the pitch of the helix is
about 3% for each turn around the light fluid conduit 102. The portion of the light
fluid conduit 102 extending through the region 116 is typically cylindrical and of a2
substantially constant diameter. An alternative embodiment is to provide the light

20 fluid conduit 102 with a tapered or flared portion, such that its diameter increases
through this region in the direction of fluid flow in the annular cavity. This in turn
causes the annular cavity between the light fluid conduit 102 and the cylindrical
conduit 100 to reduce in cross-sectional area in the downstream direction of fluid flow

in the annular cavity.

25 A cross-sectional view of a typical entire helical separation assembly 8 is
shown in Figure 6, from which it will be appreciated that many separation operations
require the length of the three regions 106, 110 and 116 to be many times greater than
the diameter of the cylindrical conduit 102. It will also be noted that the helices 108,
112 and 118 are shown as a single helical element extending within the cylindrical



WD 2007/ 096612PCT/ GB2007/ 000601 281 dependi ng upon the | ength of the

hel i cal separation assenblies 8 and their relative dinensions. The baffle
pl ate assenblies 123 provi de gui dance and spacing to the helical separation
assenblies. In addition, they serve to disperse any |arge gas bubbl es that
may be pred¥hi00T/6¢13e bul k fluid, as a result of gas fIPERCERPFAHUSRE ng 5
enpl oyed. The outlet 120 of each helical separation assembly 8 is
oriented so as to direct fluid |eavi ng., the conduit in a downwards
tangential direction, in order to create a wde vortex flow regime, as
descri bed b g’g%“ m of a
general ly cﬁ@ﬁ%}?&cz}qﬁfg%yé%%den Sge%iggglyg %II Et“ﬁﬁ%ea * %ﬁistlil% 4 and has
its 10 uppetacknbitho pelires 08, ét%&@dlémdyéﬁbaﬂr&&edbepawtdljrwbblnnbm that the

outlet 162 .k ower. h hel i cal
separ at i on ssengiﬁe@h&%%?%nt%&tt 3\%1v Léjfiasmeﬁ?rﬁ con et SSWill initially:
consi st of mamg&néﬂtehmnm tFllgulrethanﬂéSs atvaﬂhédoeeﬁhenﬁppiyhngghﬁ hdlicali d condui t

160 acts.as_a ce assi st flu dro s..,to move up through
this unet acTraat 4Py s 857 sy B ters, S lesctobd irg SRR i corlBioBss nae

coaxi al |y wildublehelinanagenatdamyy bé ghplofddibdnmiigitivh hdlgQl puthstieivarg coaxi al |y
t hrough the qu ng@d?ﬁ&%S which is connected at its upper end to the
liquid cond in Figure 2. A solid/injection conduit 166

ext ends coaxi aIIy within the heavy fluid conduit 164 and is connected at

its upper end th‘-lsIHﬂﬂedl‘dba%d aieﬁém €1 $4ithif tHe FuidHAS Uity GaRandRg réSor?A6Shown i n
Figure 2. The fl ow of gthea t hrough the solid/injection conduit 166 is

control | ed Wyminges Fdbs Aelidiudd srpsuit A0%: 'Et?r"éd@dmal condutiAl)Giifver t ed cone
170 is € Speroededi Rk RfloddhedSaE EEr dutlkd D0tat fth 1ohr, Ql@ﬂﬁé&ehmlaﬁ@ d%ﬁﬁs spaced -

fromthe | ower. ends of the helical separation assemblies 8. A helical vane
172 is proveidwdchase depsribsddiersinatisy, r%@eweﬁtrwortm@rfﬂ@d:yb@m@allcpedmtrhe regi on

wi thin the iy éi%éﬂn@&oﬁtﬁ@&ﬂ&e&%élﬂﬁthﬁ\&%ﬂcﬁﬂ&%z@éﬂlEB&tlé%%G G&he SEPAration
assenblies 8 and thé downstreamor | ower end of the inverted cone 170 is a

fluid flow ‘F)émﬁltlféibﬁ"»qfidgléﬂ Plois asubptayhallranisy s¢lpipe apdiprovidecr wstex Oegion: t he
fi t ' fl
lgures, h§'e| Efég ?@%\ﬁé& g&“’(fjm? M d v?a 2 d%&hﬁ&is beddl & v%!rt r s{a sﬁéd angk flow

pattern Of ownwar S Int regl on
region extending in the downstream direction from the end of the hght ﬂutd conduit

102. To capture the created vortex, a vortex guide, in the form of an inverted cone
124 and a vortex tube 126 are disposed within the end portion of the light fluid

conduit 102, as shown more clearly in Figure 6.

The helical separation assembly shown in Figures 4 and 6 may be operated as
20  aself contained separation system. Alternatively, if further separation, such as
polishing, is required, the helical separation assembly may be used in conjunction
with the further separation systems and method described below, most suitably in an

assembly as shown in the accompanying figures.

| Referring to Figure 7, there is shown a cross-sectional view of the portion of
25  the assembly of the embodiment of the present invention immediately downsiream of
the outlet 120 of the helical separation assembly 8. As shown in Figure 7, a plurality
of helical separation assemblies 8 (two of which are visible in Figure 7) extend
downwards within the housing 4 and are retained in position by a baffle plate guide
assembly [23. A plurality of baffle plate guide assemblies 123 may be provided,



29 outlets 120 of the helical separation assenblies 8. The inverted cone
170 is of such a length and angle to provide a sufficient reduction in the
annul ar fl owpat h between the housing 4 and the secondary light fluid
conduit 160 to create a higher rotational annular velocity of the fluid to
effect a fiHAPFBYE2ati on of the |ighter and heavier fIRSIEBIOPHANEL jn t he
next region of the assenbly. The region of the housing 4 i medi ately
downstream or bel ow the inverted cone2%70:is a second fluid-fluid
separation stage, generally indicated™as 12 in the figures. In this region,

the remai ni H@eh&iggﬁﬁd’n thd féﬁ%h BP-EE? Iﬁélhct%f %P%?%ﬂll Aﬁéﬁ;{ﬁ?@%%gd fLoplie assenbly.

To achieve this, tThe secondary con I'S provided with a
10 Pl ural i t imshsipus {The beflln platssassembliss Bigprovide uddagthaid pacingivitte t he

i nverted cofg: .k j | | er Iluid phases nmay enter the
condui t 160@3%1 S%%%%t“%%%%‘bﬁﬁ%qgﬁ ndﬁ%ll’ hggé%%mb %P&régﬁnﬁﬁﬁgﬂlgfyg ht fluid
condui t 160bubirtes thaémhp b yrefdntiindhelmnikl flivid, dsGvkesulttof\ghd flodogionbtiag t hat t he
secondary ljarﬂ@é}ggdl uid conduit 160 is closed at its |ower end 161, as shown
in Figure 8. eferring to Figure 8, there is shown a cross-sectional view
of the downstream or |ower portion of the separation assenbly. The fi nal
region in the asBenitlyt 126 of bueh hélival sehirilich Sednitlly 8 BRRicaled enagtbdirtk@Covery

st age, genegal indicated as 14 in the figures. A conical vane 176 is
di sposed at ﬁ?lﬂi%ﬁlﬁﬁn%ﬁ‘i%g‘m 'Qﬁcﬂ%wwﬁqég?%?@%‘{“feﬂﬁndy’f ?ra?rdo §’§ﬁtﬁra(¥f1&%n st age
12 and providies flewhagitiepds deribEbdlovihASEconliaty HEht flhid £@dGIeN6T, & thannul us 20

and ensures, only the heavjer, fluid conponents and solids in the outer
annul us contrRGEa EFret "H]Ib‘%dﬁ\%lrtﬁ%e’ PGS apadtlyiveihin the Bousig 4and bonike 176

marks tie UgRgks @appent Bim bheutlet 16d. 1 %l té-rvelditth: BRRAKE! 601 Made, iIgCOVery
stage 14. The ﬁOI’t,I on of the heavy fluid conduit 164 extendi n_g into this

final regi ofPtERI30dn terlowersnd of epch Belispl separptian assempby 8.s Thegotatinglowgh whi ch

the heavi espeldv tHeGudiaSBBinRHAy WisREs A RIENGE A hhdiuli 6! Tamgendui t 166
extends to the end_ regi on of ?he heavy fluid conduit 164, as shown in

Figure 8. Miufsonduit 168 a¢ls &a epading & apistraw dahisibid dropdgtsde melve WBuch as silt

and sedi Menhroubh BUERbIIS SRkl eiddi@ct | on conduit 166, for exanple by neans
of a reduced pressure or vacuumsuction. Alternatively, the 30

15 A heavy fluid conduit 164 extends coaxially within the secondary light fluid
conduit 160 up to and coaxially through the fluid mandrel 38, which is connected at
1ts upper end to the liquid conduit 42, as shown in Figure 2.

A solid/injection conduit 166 extends coaxially within the heavy fluid conduit
164 and is connected at its upper end to the coaxial bore 44 in the upper cap 28, as
20 shown in Figure 2. The flow of material through the solid/injection conduit 166 is
controlled by the valve 46, also shown in Figure 2.

An inverted cone 170 is disposed argund thé secondary light fluid conduit 160
and spaced from the lower ends of the helical separation assemblies 8. A helical vane
172 is provided on the conical surface of the inverted cone 170. The region within the
25 housing 4 between the lower ends of the helical separation assemblies 8 and the
downstream or lower end of the inverted cone 170 is a fluid flow re-stabilisation
region, generally indicated as 10 in the figures, the purpose of which is to establish a

slower rotational flow pattern of fluid flowing downwards in this region from the



solid/injection conduit 166 may be used to inject active conponents into
the fluid in the housing, for exanple to enhance the separation of the
fluid phases. The | ower end of the housing 4 is provided with a bore
182, in which are |ocated an isolation plug or plugs 184 and a check val ve
186, both oYO2¥WHI¥AIA onal 5 design. The bore 182 may bePCQTEEREOPPOMMObYi de
jetting or circulation for seawater, nuds or cenents when installing the
housing 4 into the seabed. The ?gerati on of the assenbly in the
acconpanying figures will be described”in relation to the separation of a
two phase [ typi cal of
the water pg%%e\%lr%gg’ffpﬁ heh@aﬂge \é;&%ﬁjacsts??}ébggf ?u;ﬂaé( ef-rPer&acﬁﬁ g.{l%? %‘f&rug ean wel | .
Typi cal |y i kngthehd aﬂéft ﬂoemmldﬂétmlfﬁnmntresluMpmﬁxwdmﬂ& ﬂthqaﬁﬂteﬁwaenthehe bul k

aqueous pha r |b| coal paration

usi ng the cg‘ﬁlve\g‘)'l ona Sgec Ai q c‘ﬁﬁd ﬁt[?%/toscé% CI%‘E% r‘iﬁ e of

i nsuffici enannnhssrclo@tys:é@reefg.mﬁe)dff&d&fﬁdabﬁpmﬁmmffthlgﬁghtér@heﬁsawefﬁuﬂe sui tabl e
for rei n;ecéﬁag&.i ﬁtt n unde %roun formation, the oil nust be renoved from
the water t concent ratPoR 0. ppm 15 This is achi eved using the
nmet hod and apparatus of the present invention in the enmbodi nent shown in

t he acconpanyi ngTHclr%idiIESf taéhétﬁinkg@\/iﬁlme&ﬁﬁﬁlfﬂd@ﬂﬁtrébﬁﬁ&eoeﬁiv& theatefieSt reamis
fed to the assgg& cngroqu\ﬁ the fluid feed@&yéﬁylt 60 and enters the
fluid feed FRESAEY SHgec Wil sepagatip stgges gene i¢atedsd2én theor e hel i cal
separation ﬁg&wﬁhmre&ohhh@mmﬁgehgm%mﬁﬁﬂm&swf?ﬂaﬂf%@lﬂie&ﬁé&thé he 20

fl ow t hrough Wrgch is.controlled b respective valve 62 and one-way

check val ve26%dlynie a‘ﬁ’l"?"@\fk‘s»t@?ese(j@}‘*%a\llgh?ﬁl‘BWQ@“’ééGQ@@f@g@ﬁdé’dthemd di vi ded
into rra[mgeﬁbﬂraﬁ rpbift@éﬁmiéérl 74 hl%ﬁ%it@l‘éﬁétﬂ ﬁoﬁﬂngx@éﬂ@ﬁ{%f{& debhg@! separation

assenbl i es. escrib above e nunber and conbination o the hel i cal

separation %‘é‘%’éw jeadh %llghéﬁr@é‘l‘l@éﬁfs mgy seleribe é@ildﬂlti Iagaedpashdongthanet ri ¢
flow ate of ainbigr ERAY b@ﬁﬂe@rﬁﬁﬁb tll?ht%l@&?ﬁlﬁ? $EFnd AR l?egvfﬂﬁnlﬁ@onct\ﬁt 168, &N

advant age of _the assenbly resent 1 nvention,” | Icular as shown
in the accoWﬂlabMOi‘RQ thqtét?rsé@ﬂdﬂlﬁéltggﬁlw @Bldwéh@(bw@fosmtum&war end 1w at es may
be accomodateghd %\H& gany reduction in the efficiency of separation.

| ndeed, the ability To select a conbination of different sized helical
separation assenblies allows the systemto be tailored to a very w de range
of fluith CorrpOSIRﬂf@‘nsg wriigdre yihere ésshown a cross-sectional view of the downstream

or lower portion of the separation assembly. The final region in the assembly is the

final flujd-solid separation and recovery stage, generally indicated as 14 in the figures.
A conical vane 176 is disposed at the do‘wnstream end of the second fluid-fluid
separation stage 12 and provides a barrier to the lighter fluids in the cenfral annulus

20 and ensures only the heavier fluid components and solids in the outer anaulus
continue in the downwards flow direction. The conical vane 176 marks the upstream
end of the final fluid-solid separation and recovery stage 14, The portion of the heavy
fluid conduit 164 extending into this final region 14 is perforated by a plurality of
ports 180, through which the heaviest fluid phases are withdrawn.

25 The solid/injection conduit 166 extends to the end region of the heavy fluid
conduit 164, as shown in Figure 8. Means may be provided to withdraw solid
material, such as silt and sediment, through the solid/injection conduit 166, for

example by means of a rednced pressure or vacuum suction. Alternatively, the



31 while allow ng the separation processes to operate under their optinum
conditions and at a high efficiency. Fromeach inlet conduit 56, the

oi | /water streamenters the respective radial bore 54 in the inlet body 22,
t hrough the tangential opening 52 in the uppernost 5 portion of the
cyllndrlcaﬂvqe@%WESHdU|t of the respective helical sepdAHEHAVHEED|y 8,
as shown in Figures 3 and 4. The selected fluid streamenters the
cylindrical feed conduit tangentially, where coarse cyclonic separation
occurs. This allows the general phase Qasses to be divided and begin to

separate anﬁ%@@d&%ﬁ&tﬁ%ﬁ Eﬁaﬁr gtadqt awplgla glgﬂtt%eﬂtf érﬂb #e'RlifipPhases

before the enters the operation of each
hel i cal septe&vising, fs sxanpilytoj sstharge fiei seperationiof thetfhual whrakes. di f f er ence bei ng
the size of the assenbly and its volunetric throughput, the operation of

just a single h a escri.bed for clarity.
The oil/water st qu er epfﬁéhg Sélghe‘lsl"’é’lldegévb\'%&raal’t"feel?% ﬁbﬁ‘ry 8 i s caused -
to flowin hcattai atmarigtqmaﬂxt@rrphaés 184 mdﬂsﬂeﬁdmtt&ﬁspmhbﬁmtremgﬂon 104, as
vi ewed |§ ure r _then

oi nters,t idflow
st abi | i satl 1gr“e B °rél§§ﬁ‘8ygﬁt‘s§ ?fﬂlélﬁﬁbﬁ " °FF Wﬁ&tfﬁr Sr"%‘l’?l%’dmtlglsthe hel i x
108. The f ustcdeinefits hed Metalling B idSding 4 Git®thetebednd the fluid flow
stabilisation region 106 is to generate a uniform rotating fluid flow
pattern in the qjl/water stream Therbtﬁassage of the streamthro ezigh t he

various condui t stPgershee thiassrabininghe pecempplye-fiauss vl be dpicsibed wi | |

provide them&aammetsepaz&oﬁdfut@&bwa&mtitewotswmt@watep SMEhﬁ'&ni‘céae Reynol ds
nunber is significantly above the critical Reynol ds number upon entry into

the hel i cal Pisspdreamiibipisaladifis Yot reogyemnd ﬁromtlawpéwtlowﬂwlssétt ern will not
provi dej@ hiy@hn8hdah GleflN 19511y~°1§@ﬁ’5haatdtt9£}n Orj'te Qi'l s s%p@l?&e%ta% dIJ R iLig wat er.

Accordi ngly, the uppernost reéegion 104 and e flurd stabil |sat|on regi on
106 are opebd 'e‘l‘lJeWﬁ@%Wﬂcb&qmémpmﬁkégpwsmhwﬂﬁmwm ds nunber

IS 25 bel OVléotnb&tti%ﬁélttécﬁﬂi uddWFBEN ity bdpabiBELn L GSinsdihiS e RAYROI LS Riber of the

fluid flowis
under low centrifugal forces. To be suitable for reinjection into an uaderground

formation, the oil must be removed from the water to a concentration below 400 ppm.
15 This is achieved using the method and apparatus of the present invention in the

embodiment shown in the accompanying figures as follows:

The mixed phase oil/water stream is fed to the assembly 2 through the fluid
- feed conduit 60 and enters the fluid feed header 58, from where it is distributed to one
or more helical separation assemblies 8 through the respective inlet conduit 56, the
20  flow through which is controlled by the respective valve 62 and one-way check valve
63. This allows the general flow to be segregated and divided into manageable
portions for distribution to respective helical separation assemblies. Ae described
above, the number and combination of the helical separation assemblies 8 to be used
is selected to match the volumetric flowrate of the feed stream to be processed. As
25  noted, it is an advantage of the assembly of the present invention, in particular as
shown in the accompanying figures, that a wide range of volumetric flowrates may be
accommodated without any reduction in the efficiency of separation. Indeed, the
ability to select a combination of different sized helical separation assemblies allows

the system to be tailored to a very wide range of fluid compositions and flowrates,



brought bel ow the value at which turbulent flow arises. Preferably, the
flow stabilisation region 106 is of sufficient length for the fluid flow
regine to becone lamnar. At least, the flow reginme should be in the
transitional state, preferably vvlth a Reynol ds nunber towards the | ower end
of the tran¥® 2qoFR%sIZ ange. 32 In the flow stabi INCTEIB2HH/OPEEE on 106,
the transitional state and the conpact helical flow pattern will generate
hi gh centrifugal forces within the fluid, forcing even the small est
droplets of fl ui d to mgrate according to their respective densities This
action enco “&%ad] -1 drops, which
in turn, ue to therr g@ggﬁrﬁ%%gegZggﬁeek%g%%\@éﬁgb%%gner Jrr‘lge and

accel erate mtﬂe&’tsé-méreaim@mof the phases. An advantage of a forced flowin
the flow stabilisation regl on 106 is that it significantly increases the
critical Reynol [ nol ds_nunber to.be nsi der ably
hi gher but stil Icﬁom%n& n’teh lgi\ré]\’lgéigh ? %&?l?ng" gﬁerpﬁecwe&&?%n an open
stream ThlborthuhmmidthZ, ﬂﬁoﬂghlﬂhaiaﬁganﬁdlwmﬁﬁgﬂmlﬂwuﬁpbmm@t |y higher

veIOC|ty 10 e helic aving the flu | ow
stabilisati® %ﬁttg%cyilﬁ%“‘iaﬁ% g “/g\‘)ﬁf’ghe ?SP%SWT #ﬁ'ﬁ@kﬁ: oI F’«Il,?’?ys 't he upper
eﬂd ﬁf | t he 4dstowin &ﬁﬁg[reé3 anl 4. egieﬁﬁieﬂt&d)ﬂﬁﬂdtréa!ﬂﬁeﬂi@b gﬁaklmdrﬁcflq%waatr formed by
the helix 112. ion, the ortion of_.t o] roplets are
| arge enoughP™fy @B q“b%{ eﬁ@%’@@g@%ﬁg]ﬁ%@%ﬁ&ﬂ#ﬁ hrjéhl%\gqoé?‘fs thegepg@l oj | / wat er
stream 15 apitdse 0aya0 bé dividel Aed Bégien rggpaﬂt@mmbha%rﬁﬁhé Bxeealt it acent ri f ugal

[ ' nd separation action at various stages

f t.he., | | et
agl [ﬁ:sf FgﬁlPél‘g&?gt@%G%m@EQP%éﬁﬁgmﬂ?mie§ thedishigal Sgvpethgpadicarmatical Iy in

Fi guresipa 6péra56n of éhch Hﬁwb‘ﬁéﬁdraﬁ&ﬂis&ﬂ:ﬂalﬂfs idefiicdl |Wiﬂﬂh§§ﬂ§ﬁﬁ’?z‘r&@e regian 110,
as shown |n ure 5a, the rotatjonal flow of the fluid stream causes the

|i ghter 0| |b ¢ eiraotithe sppgmbly and it W&n%@@roughmghe PREgAtion obiustthe 20

hel i cal %M@éﬁbhcﬁ%eyarm%ge&bﬁl@Mﬁpoefzﬁscn‘b'mﬁrmﬁgrmnt progresses al ong
the I ength of the helical flowpath, as shown in Fidgures 5b and 5c. The oil
collecting in the upper, inner region of the flowath flows through the
ports 114 in tthﬁloghYaquISm¢%tlmthelldlgalémrmss@smbb\mmwsedﬁm he conduit
to the gas- ﬁavawaﬂmﬁafaﬂggﬁ&h% i gt Hp]%i&%ﬁoﬁ?%uﬂfﬁml exéebin whown i'n

Figure 2. Any gas pre In t col't ed in the
upper rbyi oh ’ermlfi‘eatgabeﬂqn@pm@eﬂe;dd}oatst@ﬂlmmegenéa@ambenteewmed t hr ough

cap asserbl 9] AR enmieEF RSO s titriof BB upece e hERISRA 10" 1 ”
fluid condmnﬁtlgmwd\ﬂywmb@sat@nmgomhm iniot dendrhie aciniforan dotathachiidfiovhe cap
assenbly 2 aggrlhgéﬂa% %lgwattg}%trgﬁsfhegpaésagg ot Y si:?f:famt’cﬁr%ulg}?trl.!lgIvgtr'iloquI nal bores 48 in

the inlet
conduits and pipes upstream of the separation assembly 2 will provide the stream with

20  aturbulent flow regime, in which the Reynoids number is significantly above the
critical Reynolds number upon entry into the ﬁelical separation assembly 8. Such a
turbulent flow pattern will not provide a high efficiency of separation of oil droplets
from the water. Accordingly, the uppermost region 104 and the fluid stabilisation
region 106 are operated to stabilise the.flow regime such that the Reynolds number is

25  below the critical number. In other words, the Reynolds number of the fluid flow is
brought below the value at which turbulent flow arises. Preferably, the flow
stabilisation region 106 is of sufficient length for the fluid flow regime to become
laminar. At least, the flow regime should be in the transitional state, preferably with a

Reynolds number towards the lower end of the transitional range.



Upon leaving the fluid separation region 110 the remaining |iquid,
consisting essentially of water with m nor anounts of oil, enters the fluid
vel ocity enhancing region 116 and t he upper end of the helical flowpath
provi ded by the helix 118. In this region, the rotational velocity of the
streamis WRIEIZEWH2 As a result, the 5 Reynol ds nunbe®CEHGCRHEALPeam

i ncreases and may approach the critical value. The velocity of the stream
is increased sufficiently to produce stable vortex in the portion of the
cylindrical conduit 100 i nmedi ately downstream of ‘the end of the fluid

vel ocity enhanci Fﬁg@, : | Sipe ] open end of
the light fluid I@%ﬁer ul tﬁ%d%ggﬂ%égﬁpﬁgéﬁg@ﬁlﬁﬁﬁa?E{g{eaa?lg%gggﬁg&i nverted cone
124 and t heheligaltflox pateinuiill gé@Bate high kenttitagelrformexiwitfin thedlvid, dérting kwind condui t
102. Under %h | on .of e .ot ati.onal venent of the fluid.dn the
vortex. 1 nelP S 0P8t g bRt Ponde S BebireReaE ety P or tex and
enter the |mtien emodragés dohlescingyifthef smalldirepieislinid lafb@Pdropd, odiichiietuen,i t passes to
cap assenbl 4., as di scussed above. The_.remai,ning |iquid flows _.down the
oyl nair Lol Shedn eI TRBURES 4 etetR At oty M ARERE 190 1 o
enter the nikphased. UEad¥hnthdeofadbisédfiowt in the AowRabiikdton redifte] 0%es thabody of t he
housing 4 is filled with liquid, the | qwer region. bej fil]led with water
and the upp&f I%Cé‘?aﬁﬁtg?‘fqt@ﬂu%mﬂ ?ﬂ‘éml’qr%f"é’}“géiﬁfnﬁeﬁﬂ S8PPFe assenbly
: s oloer at e?toSJﬁ@anﬁc}é?dblﬁlﬁ]@e?bﬁiéﬁgtvﬁﬂﬁﬂmé ﬁﬁéiﬂ&ﬁloﬁﬁe?@@ﬂiﬁntf&qldﬁﬁiﬂ 4gum hi ggbl
5T the reieR Vo urBhoR (g sl Hsdeify few & ASERBEION SRR he
separ at i®n AbnMyhdlRABIa, Ng 0i | droplets fromthe water The first action is
a straightforward gravity separation, by which the lighter oil droplets are
caused to rise within the housing and enter the upper region. The oil

col l ected in thildpondeaving the flyid flewsiahilisetiea regiens | ogheioil/ wastgrpamhe

| ongi t udi Nay ROERIy Sfters thelpBer il BF thE o0 Relibagui d
separation zone 30yi netshee"%ico agget#b%gmzﬁgar%%n%%&gﬁd?g re_r%)lv{gd fromthe
cap assenbl foppitiorrediost tho belixald@y &n this regiorn Hee nsyexpvetionorféhendil dreplsisat i on i n
the main volupe

. . ; _ tian. The
action of the a ‘“’3"8%&3'38?%%{ %%&blﬁgge weﬁguce&gﬁfeg%@%?a@%%%% t he
subst antd al 4ng remod fpatbe stvdanhi Thetabtéon dfWerhigheggntifugsf fdarées ohdheshingte4. The
rotating waf. S WL E NN ' fluid
stabilisati %ﬁ&é) E% |Songﬁeg’%@%p%zm%%%kliﬁ%g%Ség%ﬂ%zggssgggclég ﬁg&} %\;}éer ted cone
170 and t hehdliglis cplesentadelidb@ymaticslly BF iguresaiaito hal Invied wpict segioss ofitbe eased,
before the r.st.reamenters the further fluid-flui.d separatjon region’
15 1ot o PSR ARG fehd uniahep Bt e i SRR orat o to the
centre of tiweancasesnipe lightahdl droplae yo pipgse tdtheugder, tilrer pgidnofié4 i n t he
second i ght. f1luid condui,t. 160. Wthin this conduit, th i| droplets
rove uptiar eIV ERE € it B st RsPr R S e et b o5 8
and enter tdéfaheipbied floaghiesGholhi Figued 5toand.5c. The oil ddlRcivRligthd eavi ng t he
further fluid-fluid sepagation region 12 will contajin,oply very mnor or
trace anmount®of™6i rleg‘élﬁﬂll;%é ﬂﬂﬁ’%tg%fj S#E?“égé*‘woé@ﬁﬁ%}? tﬁﬁ[‘]‘@}%élu bt er ranean
f or rramt) : ONn  Ofonf@ft 10H B YakEs ifvaddshetheWaN it td BR gaR1iQHd képafHERYER J0ri@mM t he
asse n
y the cap gssembly 24, as shown it Figure 2. Any gas present in the oil at this point is
25  collected in the upper region of the gas-liquid separation zone 30 and is removed

through the bore 32 and the gas recovery conduit 34. The oil is removed from the cap

assembly 24 through the lateral bore 35 in the lower cap 26 and the fluid conduit 37.

Any water entrained with the oil and reaching the cap assembly 24 returns to the

housing 4 by way of the longitudinal bores 48 in the inlet body 22.



10 the renoval region 14 by passing through the ports 180 in the heavy
fluid conduit 164. The water in this conduit flows upwards to the cap
assenbly 24 and | eaves the assenbly 2 through the |ateral bore 40 and the
liquid conduit 42. Any solid materials, such as sedinent or silt,
may be col [Vé@EWH6A12t he | ower nost regi on of the housi n@CH/GEAV70846BY ed,

ei ther periodically or continuously, 15through the solid/injection conduit
166. The solid/injection condui §3166 al so provides a neans for

i ntroduci ng conponents into the fluids”in the housing 4, such as separation
enhancers 8 e ff| ency of the
overal | assenbrgtypoﬁqpor lﬂéénﬁ‘gfits?%méa%?g%nrlgmergl%Fl%ﬁlﬁl%[qﬁl%"fqn THE emoval
section 14 emgntlhléymvatmylﬂimmormnmm dfoilpéntarothe divid @ity entancleg t o adj ust
t he vol urretrlc f e of fl h t ass | y. .Thi be needed,
for exanpl e:*8% Egﬁs’(‘fﬁb%“%?ﬁ?‘?‘@?fg% 18#2‘[" tﬁlpr%cﬁg?}y&%ﬂxﬁh%i | / wat er
streans in thhsaegiedl iteabtagend velbigrof deseodh ivigcr8ased. As archiilg tiont rol and

noni t ori e oV ralhJ stemis ach eved u5|ﬂgrt?an. arr%@geﬁsnt of
injectio BPPIH htpes ﬁziS?Blc’feia*?‘?één REY PREY UG cal %yl indrical

i nl et body Plodity ofﬂi’e@’@éhnﬂstlﬁbr@hséﬂ ShfRdidri] t@ﬁroﬂ@déla@kabwo@@x Bhheonnect ed at
their inner ends?ﬁt ective control |ines nmore clearly shown in
ﬂP‘b‘F P&H@i

Figure 9, tPREUeRY @é%i?%ﬁ&nqd&ﬁz}véaw%wyﬁhﬁ ead i Stideam
di rection Wdlevith ehit@cii® wekdidl 16: THhE SorfeRd ﬁbb&ééﬂ%ﬁ&l@%?éﬂkﬂdtohﬁle%gﬁﬂ rol Iines

53 may be used to |n10ect conmponents into | ui d ase within

t he housi ngfluid genslugd 02 ard qallgeed witky the aiglaf sk igveried wanrcled end @érom be
i nj ect egy t gLy 19@&1%&@&&%&“%1%1?@?;& szda’éﬁ 162) @ﬁdl?{hetaeudi‘f qvide a gas

floatation systemwth I'i qui phase. One particular use for the
control | i n@étigmimpveerdof thefuittindiroyosieni thorempiningdi] dieplets migratsée ween t he
light flui vhil avir i R gmd- As

descri bed g%ove ggl I gﬁst I u?é{j Sﬁéggeer gm&l?]ﬁhﬁd c%i%?glgpﬁbg and rise

upst ream wi Whﬂirﬁltwmeﬁmsrsm argernly 8d.na discushed ahoper nost  regi ons of the housi ng,
as shown in the Figures. For efficient operation of the separation process,
it is necessary hases. In
operation, this F%l%#rgﬁ%év\éwmlgwk H?}%ré(h%%?llu%?é:%ﬁ: I&%‘L'rl]]g)o a‘ﬁ? e’gr‘%at ively,
dependi hy uthomgh te anglbdmxﬁleoﬂmtlaenfefﬂnedmmmﬂw oidtls htngidntie pfaagnpay be
poorly defi {ﬁed Ford par ation di sper sed

h
"o s sonti nis et S8R e R Pl br Ry RERER B0 Ao 8, &l et ors
and conpri seatamnaoemkd @pan'egbn beihg ANetl widh i lighter oil. The entire assembly is

operated such that the oil/water interface is ahove the maximum high level 17 of the
cylindrical conduit 100 of the helical separation assembly 8, In the main volume of

20  the housing 4, two actions enhance the separation of any remaining oil droplets from
the water. The first action is a straightforward gravity separation, by which the lighter
oil drbplets are caused to rise within the housing and enter the upper region. The oil
collected in this region will leaving the housing 4 through the longitudinal bores 48 in
the inlet body 22 to enter the gas-liquid separation zone 30 in the cap assembly 24.

25  The oil is removed from the cap assembly 24 as described above.

The second mode of separation in the main volmﬁe of the housing is a further
rotational separation. The action of the angled outlet 120 is to induce a slow rotation
of the substantially water phase within the lower region of the housing 4. The rotating
water stream descends within the housing through the fluid stabilisation region 10.

30  As the water stream passes the inverted cone 170 and the helical vane 172, its



The technique of determning the position of the interface 15 is shown 15
schematically in Figure 10. A control line 53 is shown extending into the
housing 4, the | ower end of which defines a datum 19. The pressure P, of
injected fluid in the control line 53 is neasured by a sensor. Simlarly,
the pressuM@OPR7R6Ki n t he housing at its uppernost end®GTCHEHHNRY. To
determne the interface 15 in an oil/water fluid system clean oil, for
exanpl e that renmoved fromthe |ight fIHid conduit after 20 separation in
the assenbly, of a known density is ir‘qftroduced into one or nore of the

control 11 ek vIBApAL ESAULA, AL UR, £80'SEokn LIDS deSnlIERTHI LA g compar ed

with the pressure at exit con ei ght 14
bet ween t hesegattinmrégomh?l Inhiks kagioay tha camdifing sil datpltsvraemhsedsio mggiatee f or mul a:

25= (dw - e i s the height between.the datum.apd the.interface
To b s (R BERof e dhsina Rk by PR EB R BERe R TG seciBossl T e
pressur e i fighhBuidppeduirdg0. Bhithirothistcheduit3the lod dsdpdgs dhovelpwards galtighslensi ty of
wat er ; d d,,, i,S.t nsity of the injecte il. Asimlar_ forrmulais
oot e o SR pOfaRElE burtlon aemti T el onf UiooaSuPUPR BT [ i 4. such
as oil, is homkingal ned t hrough the control line 53, in order to allow the
systemto actively nonitor the changes in the interface. 5 In general, the

systemw || be erated wt redet et m ned gperating |level 16, as shown
in Figure 10, Wil W&wﬁfc@}lfﬂ%g%‘ﬁﬁ BT SFDp re@_@nﬂgmy fetRiRLERT ace,
defini ng t herpeaRPbiells aRp@itabf Jilhnt 38 9@tdle hiRiddetibllidtd Aitdh&kf ace.
Movenent of the system outside of this range can be used to trigger an

al ar m and/ dPrmatiop o fog digpesal ingEier wayso Jde ateted i remguad fgn the@ssemplidBi on t hr ough
one or jgor Qh&féﬁioﬁfﬂ!reéibrpgﬁb);ﬁasﬁﬁg fhrotfzh Wikhopk 1%@%&9@@ aiadoRduneavy fluid.

Alternativ:ajllﬁy, or in addition, one or nore o e outlet punps or inlet
chokes ar ou®d- fThewalgsindhis pendul dloyd upwirdsito thesppragsembphudomdtlesyeser ect i on
required. 'lé@g\en?o%?%&j Y €hed Gilka@BorIBY ah Gk HES Ak lgpng a portion of the
heavi er fl uid. not gd above, trhe ar%ngg%r?t o?t ?he present invention is

particularly suited '
Any solid materials, such as sediment or silt, may be collected in the

lowermost region of the housing 4 and removed, either periodically or continuously,
15 through the solid/injection conduit 166.

The solid/injection conduit 166 also provides a means for introducing
components into the fluids in the housing 4, such as separation enhancers, as may be

required to improve the separation efficiency of the qverall assembly.

A portion of the water removed from the fluid removal section 14 may be
20 recycled to the inlet conduit 60, in order to adjust the volumetric flowrate of fluid
through the assembly. This may be needed, for example, to provide sufficient

rotational velocity of the ¢il/water streams in the helical separation assemblies §.

The control and monitoring of the overall system is achieved using an
arrangement of injection, monitoring and sample lines. As noted above, the
25 cylindrical inlet body 22 is formed with a plurality of radial bores 55 connected at
their inner ends to respective control lines 53. As mote clearly shown in Figure 9, the
control lines 53 extend longitudinally in a downstream direction within the housing 4.

The radial bores 55 and the confrol lines 53 may be used to inject components into the



15 for application on a nodular basis. In one preferred arrangenent, a
separation nodul e conprises a helical separation assenbly, as described
both in general and in specific detail above and shown in the acconpanying
figures, indicated by the general reference nuneral 8. The helical

separ at i on VE&3WHHS¢12may be provided in a variety of di fRE/ERIOTANREL | n
particular a range of different nom nal dianeters. This possible 20
variation in the size of the separation nodule is an advantage of the
present invention by allowing a wi de range of fluid flowates and
conposition be .accor ated.. There are.. r.of i ich the
nodul ar app Igséglﬁlde(;qha%h‘gﬂ:ﬁ seehﬁflsull% lgcr]?tafsgﬁ&ﬁgeﬁg%a;?e Brp Y |eréntd,rAéhst he | ar ger
si ze hel i caag bpatjatddalroagserir mese efthesatiaerimotiiet ® praviges gidFlobiatior
fiowates. Referri o Figyre 11, there is shown a graph of the operating
f1 owr at es aﬁﬁ&ﬁYﬂgggFé@m@5ﬁﬂﬂﬁPﬁhge of helical separation assenblies 8 as
shown in the acconpanying figures. The operating ranges and paraneters are

given for heli cabnégpadultl usdfod it @bitdl BEed 5Bk ROJRPHTRENd dican®ttey s of 4, 5, 6
and 7 inches (nunpered 1 to 4 in Figure 11) and fﬁr gg@;ﬂa&‘l on jn the ‘
I

separ at i on SFTEFY BEVET™ theigl twidohpsernd he hepvyapd phase SHHg 4stream i s
typical of hB@eiibedBi@MNBhEAUNPhRE will bE BsTRcRN GO U RS ushuedRg drilling
and production operatjons in subterranean oil and gas wells. As a first

approach to éﬁﬁwamgﬁgoosu@ftbeﬁpnqrmpﬂreﬁwgmhﬁrhaus%ma%Oé’,nlﬁlﬂlei s merely

necessary tgi-agkepl, éfﬁ'ﬁmﬁ@ﬁ&@@&ﬂ ik sl'érbéﬁticﬁlf pritRld Gad nBRaNAk iRpugssendl y,
for .5 exanpl’e froma graph such as Figure '11. If the stréeamto be

processed hiws ierfacshetacen tréwe ghases: tih epsrationyibis mpebsa Welhdefingdr at e of the
hel i cal {g§ep I aggei it s lity of
such as égnbﬁlﬁag%b?rg“} %IZ opé%égf% %ncﬁﬁ%ﬁ@g}t@%@hﬂg\of%% ﬁnedgegfna%é’wti% apply the
modul ar appintaafbe ohy bthpogslyalsBned. iHov examinden in the tase 9éthesepazetiphof eil i t v

Appropri ate t.] I P i i

separation g%@er (&Idllggoﬁn}l%"\%gqé%g ghﬁ%ﬁ% 13&]&@?%?5? ?uet%]![edync{vggsslegggl r%%érgnbl ies to
be det er m newf dompmiat shermigiogpi@hasttwatarm and f 1 ow at e. :

The technique of determining the position of the interface 15 is shown

15  schematically in Figure 10. A control line 53 is shown extending into the housing 4,
the lower end of which defines a datum 19. The pressure P; of injected fluid in the
control line 53 is measured by a sensor. Similarlj, the pressure P, within the housing
at its uppermost end is measured. To determine the interface 15 in an oil/water fluid
system, clean oil, for example that removed from the light fluid conduit after

20  separation in the assembly, of a known density is introduced into one or more of the
control lines 53. The pressure in the control line is measured and compared with the
pressure at the exit 6f the light fluid conduit. The height hy, between the datum 19 and

the interface 15 is determined using the formula:

25 hy = (Ps—Py)
{(dw—do)

where hy, is the height between the datum and the interface 15; P is the pressure of

injected oil in the control line 53; Py, is the pressure in the uppermost end of the



A conplication arises when the flowate and/or conposition of the fluid
streamto be processed will vary as the well or wells are brought on stream
or shut down and over the working lifetinme of the separation assenbly. This
situation is 15likely to be encountered in the case of offshore oil and gas
vell's. It iYE0pP&P%F2ed to provide equi pment at such rerBSITEGBBENI8hs t hat
can operate for extended periods of tine, typically nmany years, with little
or no adjustnent or maintenance. A problemarises with separation equi pnent
at such renote |locations as a result or the fluid flowate and conposition

produced frpmsibe. de 'thevd%ﬁéﬁtyﬂﬂ%Y&rmhimnﬁ-m@&néﬂ)’%‘;ﬁfi%&%’géﬁ :oM: Athe present

invention provides a separation systemthat ca ed and operated
t o accomuodimdacforayés applidd|toethar Bed aystenmonposi ti ons changi ng overti ne.
An assenbly incorporating the concepts of the present invention and adapted

to accommodate s ' fluid.stream ov ti conpri ses a
plurality of ZSh%F%hg%Pﬁség%Zfrlgﬁ %ﬁg’asél %% qlﬁ Eassl% %n%]fne‘g{hﬁ%u i E'ycogg‘ﬂnon‘i nal
si zes.- As tlive 33| ini widdr toulicwt e ayrboc rptisily monisordirasigeges tde imeifack.dual

hel i cal separation,assenbl i are ought on-and ,of f-].inge in_the

appr opriszt 2& @%}ﬁ%glh%teis%sger?wig% %‘Ef%%a‘?ﬂ‘ﬂ?%pﬁeﬁ erfql‘iﬁdc?pgtﬁjf“é%%vﬂgfsrﬁ processed
and provi deshophiimBligue: .| alﬂaWﬂlif' hﬁigh@f)ﬁli:t{]ﬁ{ddywpﬁﬁxﬁ%fdrﬂf&'lihﬁrfﬁdegwffﬁﬁ@, there is
shown, as exanpl.e, a further graph in whi t ow ate of an

oi | - cont amﬁﬁg?cé’ﬁp%‘j%%@%fﬁ%@%O“Eﬂﬁ'ﬂégg}?fg@%gﬁw%e%? t@’F SE¥¥Ram  such as
obt ai ned f rouwidd e this ahige tante ueéd Witligdet MlANSAHI R ikiANEaRoM&kive | S Mat ched

w th conbinatians of the heljcal separation assengl ies 1 to 4 of Figure 11.

t
As will be PSEHODFhch 85 he njsgHon heough ong rgnese peatol Hpes 98 wAp xplums ofssenbl y of

t he approprligit fluidioz e Mulp AAMPAYEH. or Afaddifon] bdWr ¥lcBe bIGE 6@RES, it IS
necessary to enpl oy 5 conbinations of two or nore assenblies of the

appr opri at &TPS 8T 1tigh eheighprepnciie sistabmAnPe husid, depeadingppondpar at i on
assenbl i es RkRctiRl 8GRl TR HRlcEivelB8od SAPIntRLe feg%@ﬁlgglpgmoﬁto@they\hi le still

al l owi ng each individual assenbly to operate within it{s operating range and
at its optilanFeldici ency. -
As noted above, the arrangement of the present invention is particularly suited
15 for application on a ‘modular basis. In one preferred arrangement, a separation module
comprises a helical separation assembly, as described both in general and in specific
detail above and shown in the accompanying figures, indicated by the general
reference numeral 8. The helical separation assembly may be provided in a variety of
different sizes, in particular a range of different nominal diameters. This possible
20 variation in the size of the separation module is an advantage of the present invention
by allowing a wide range of fluid flowrates and compositions to be accomrmodated.
There are a number of ways in which the modular approach of the present invention

may be applied.

First, the Jarger size helical separation assemblies can accommodate larger
25  fluid flowrates. Referring to Figure 11, there is'shown a graph of the operating
flowrates and pressures for a range of helical separation assemblies 8 as shown in the
accompanying figures. The operating ranges and parameters are given for helical
separation assemblies having nomimal diameters of 4, 5, 6 and 7 inches (numbered 1

to 4 in Figure 11) and for operation in the separation of crude oil droplets from a



Referring to Figure 11, there is shown a dual vertical axis histogram The
10 vertical axis 290 on the right hand side indicates the fluid flowate
for each helix, while the vertical axis 202 on the left hand side shows the
pressure differential across a helix. The base of the histogramidentifies
a single siW@2MEPIeR separation assenbly. For each helBEIHFB2EHA6AL i on
assenbly, the vertical colum 204 on the left depicts the mninmumflowate
to achieve sufficient centrifugal foréﬁﬂi within the fluid and the 15

maxi mum fl ovvrate 206 acceptable to r in below the critical Reynol ds
nunber. The .2 L C 1 aggﬁ_r jon assenbly
shows t he mwgr%t%mm ifQ’ ?%h%%{elgglllg ggsogﬁhg%gf%gﬁﬂ*ag@dt% ac |e%ée accept abl e
cent ri f ugal erwepaerad thoimgwiridlivigant pepdittow operiticrsen sbtérraeanchif dndgent i al

ressure 210 to renmain bel the critj.cal .Reynal.ds nu . Fai.Jure to
oo at e i Mo T EtapedftoafEniaepliid® pFe A8 et Plloref&t 4l tri 1 - 20
t he oper at i mgrelyarRdeskay tesidet the hpeajriaseiiarcihiival epsatiti sssahbly, foesul t in
light fluid bei carried through the system and polluting the heavier
fl gi d phé;seexc?mp[%&?"éﬁ.gm? is‘é"hvﬁSFPg"‘Feeﬂderyt he heavi gr f1 ui dgunaccept abl e for
punpi ng downhol e, unless it is recycled to the inlet of the separation
system and the |Ifﬂiéts@éa1ﬁJcochCbrtwaé’a‘é@ﬁasraeﬂHM@ex@@@i&x@ﬁ(bﬁﬁaxiﬁﬁmto?i@mﬁﬁg al .
fl owate ingreases, or ggﬁreases, helﬁca separation 25asse j.es cannot be

si nply opentefigie of tisdigteal sepafatian pisemblysthe Sraam mshks spihaW ofsepar at i on
assenbl i es ﬁﬁﬂlaﬂeﬁbﬁéa%ﬁayad@%p&ﬁte@liﬁ ﬁérﬂ!%l.%%ﬁfe@fr@m&d %thh@ﬁﬁﬁﬁhé ng

w ndows. For the overall systemto performthe required separation duty
over a wi dealPxesgleobhe presenginveignds select ariwaky | Aperopente selpctior ghihst i on

assenbl yp COghisRptHeYFalltR ¥ ehdliRalRBpaRioR GisBfblies3Rowk b BbRBinsREGT i cal |y to the
exanples of Figure 11, at ver éﬁlﬁow flowates, that is below 1200.BPD, a

si ngl e hel | é&fresicyized gssemblicsss opBetgrminadrie aeatch thawgippyiieamn ped AgWidy a noni nal
di aneter of 4 inches is applied. The optimum operation of the single
assenbly is achi 00 I j ]Et?dg. . suppl ement the
low 5 flowate o‘fx?jﬂ%}%{#r ea%egf\gﬁ néﬁésél%g%s%ggor%s hg%}og\{/\l}reg@édsof the stream
to be processeu i¢ hepwessess! willelaiyoslthesugibaravdll aredwouglibbn giecam or Shuind 4 are
brought on-}ine i ' i i i o] 0f . up to 5500
8PD may be SoRE G AR B GORRRR Ml PR ASB 1, 0,

havi ng & nohkehaio bdicarmatiereddh the caseatiefishofooibandogap ablle bis meweedtog a ful |

[ o ange Woldoe LERUIGESERIPLAR (058 nhiEn GFerlfRTS: AlenhlifpctBadiscrdl | es

time, typically many years, with little or no adjustment or maintenance. A problem
arises with separation equipment at such remote locations as a result of the fluid
flowrate and composition produced from the well varying over time.

20 Advantageously, the present invention provideé a separation system that can be
installed and operated to accommodate a range of flowrates and compoéitions

changing over time. -

An assembly incorporating the concepts of the present invention and adapted
to accommodate such changes in the fluid stream over time comprises a plurality of
25  helical separation assemblies 8 of a variety of nominal sizes. - As the fluid flowrate
and composit'ions change, the individual helical separation assemblies are brought on-
and off-line in the appropriate combination to be matched to the fluid stream being
processed and provide optimum separation efficiency. Referring to Figure 12, there is

shown, as an example, a further graph in which the flowrate of an oil-contaminated



Figure 12 shows a histdgramw th the vertical axis 212 indicating the total
fluid flowate to be accommbdated by the assenbly 2. The base of the

hi stogramidentifies the maximumflowate step 220 and the mnimum fl ow ate
step 222 that can be processed using the conbination of helical separation
assenbl i esWIPWOEMWEGHMA i n the 15 steps identified as 225 PCELAERIGTHMPhat i on of
hel i cal separation assenblies has been nunbered and the individual

assenbl i es maki ng up the given conbination identified. The safe operating
range 226 for each assenbly conbi nat| éﬁ ‘has been indicated. Thus, a

flowate of 42,400 BPD i s _accomrodat usi ng onbi nati on of ven heli cal
separ ati on ‘é[%tgléﬁﬂﬁﬁme%m £s qhéangArony ﬁﬁ{dé‘ lofqur‘?l’,lt%@ ?5@%%?539%?}? Fi gure

11) 20 and 1?1 lé 1&Eoﬁkoéf‘tﬁtﬂllehgﬂmlbn§ss’eﬁﬁf&51 foasEeky18 in Figure
11), identitred as assenb

%)corrblnatlon 16 in Fig g@%& As will be
seen in Fi gﬁwﬂll‘zese?méﬂgaff varpfé%atsms&hea%éepz?@ﬂ%éﬁs Pt each assenbly
conbi nati on }(q%r a%%fﬁe M@&Eﬁ]@édn%srt&rmnm@tfe ugclg@asgsvxﬁ Iﬁqgcgggﬁgtw@@ ynations.

As the totaf’ owr at e i ncreases and the maX| mum oper at i ng owr at e of
a given 25 emsiendioys eidwbionmoraasseztiies ofithe appeonsietedive; Jhe ABHSEt 0 t he next

P: glhgr f ?zafcg%%ﬁ{%a&%%f%g E%)a@aﬁ gs@% 1ids G defdcitd® ﬁ&@@&e%@m&m t he total

ops an roaches the m ni num operatin | owrate 230 of
t he conbi naﬂom‘;e,wpﬂeaﬂi lowing eacksindividvebkssamtihie QPGIS'@EE W’éb%él‘ts sREEingl v

conmbination, In t &0 , continuous fluid separation operation
can be achi @%‘?ﬂ%%ﬁ?gﬁﬁnmf? “t 9ﬁE)Fowr ate to the maximum 30 total throughput
232 of the conplete assenbly 2. 40 As will be appreciated, during
t he operation ofRéfae;ng.s(sﬁgﬁ{ewmlerblhﬁhpwaadnalﬁerﬁne}wciaiﬁstm@n dpplied in a

nodul ar approach n uaI C br ought on-
and of f 19 n&em%a%Iﬁ%g¢ ?rhﬁ th%flg Eﬁﬁg%%%(g@] ﬁ%ﬁg%ﬁ{éfngg‘éﬁé@m s requires
each assenbwﬂéﬂlebaﬁammsedz aﬂmeaéwnandQWGshﬁvﬂhepmmﬂmmﬁbmdsalacrb@r startl ng
t he assenblies an huttl ng .t hem I‘OVI S_as

br esent 1 i &Rl nhe base of techiypgan eRney s gt e Sl A loeflshe

achi eved i NpLNGcN AlicAUSpSRRABichDIY, BleagaRalfolinie2( asthalefi demtstthann it is
necessary that the fluid flowate is above ia Crltlt&ﬂo h'gm nmu vaI ue, as

i ndi cat ed bynirimem dgvrate soachigye s E‘ﬁntif@wi[%?ﬂa forgss MaPIhe wd 10 shown in
Figure 14. étaxﬁﬁ&e{\ﬂs@%aﬁézo@%wﬁabﬁlta refkalit btk theakitiel Rtelsl@olﬂs gitter. f1 uid
phases wi |l be not be conp etefé rempved and, wil | bam nat e t he heavi er

fluid phasedhpedjaueads pinihe Hehtinf sachdelicaf seneratign pssenaly; sboY: R
undesi rabl e sy ﬂrst&rla YhiowWMko achieve acceptable centrifugal separation within the

flow and the maximum differential pressure 210 to remain below the critical Reynolds .
number, Failure to operate with the flowrate at the correct pressure differential within
20 the operating band for each helical separation assembly will result in light fluid being
carried through the system and polluting the heavier fluid phase collected. This will
render the heavier fluid unacceptable for pumﬁmg downhole, unless it is recycled to

the inlet of the separation system and the lighter fluid phases removed.

Therefore, as the total flowrate increases or decreases, helical separation
25  assemblies cannot be simply opened or closed, as the fluid flow to other open helical
separation assemblies could change and be outside the aforementioned operating
windows. For the overall system to perform the required separation duty over a wide
range of fluid flowrates, intermediate helical separation assembly combinations have

to be selected.



and start up the individual separation assenblies using just the fluid
streamto be separated. To overcone this problem it is preferred to bring
each helical separation 15 assenbly on line using a purge of clean heavy
fluid. As noted above and as shown in Figures 2 and 3, the inlet
assenbl y. ofW@ HE7/8&2em conpri ses a purge fluid header FATHERFPIKEOHUr ge
fluid conduit 70. The flow of purge fluid fromthe header 04 to each

hel i cal separation assenbly 8 is cont hgl |l ed by a purge fluid valve 68. \Wen
the purge fluid valve 68 for a given |ical assenbly 20 8 is opened, clear
purge fluid (su I ' h rating oil
droplets from pﬁgugﬁ&c%%e%?aé%&%e%xﬁ?r}lgga@ .%gémagg?'gz‘i‘?o t %’e@gtl ve 62 and
check val vds b8owd260.BPD] mgingllbelidalmapafiid assethtdin nbmbariondssesiil At start-up

of a given ,helical separatjon.assenbl .1 rel evant val.v and check

val ve963 ar}?"’éllgﬁélgﬁm?ﬁgiafﬂﬁ%r %{fﬁﬁlgg?l%%ah‘i’/‘ia]ﬁ/hg 9 gmg%‘eo ee%,nmf%fq%? ovide a
stream of fdinplclasadmblpistaokieedd dsingal recloulation ofitleah heiter ad sipblemestghaleat i on. Once
the flow h been_establ i shed, the.val ve 62 is ened. It is preferable to
have the p cagatleloﬁﬁ‘ﬂ sﬁ?aé%?[}?ﬁe"r%“ﬁwg' gﬁé:‘efq% e g’?@sﬁ?ﬁa&’rtgé’smf’&&ﬁ order to
ensur e t hatinérb8ef) HeldR] dehathtlobisk@dtined 23 dam pemotgin\vastinkhdthéd dldr o8t r eam

bgi ng processed,. In this V\ﬁ¥ Wneg M}ﬁ ﬁal vg) 62 is ocferaed., t he {I uid stream
will not flBgPmBEaqne Kvwiaes ohw 958y BP D mavde serommpdefedusng 2#1g!%c heck val ve
63 cl osed. RBedSepahtfioR Hése@bal, ¥eifita homidslAchudhdr\of ¢ lahed, Td tha sure of

the purge fluid entering the 41 radial hore 54 will fall, allow ng the
check val veof@avqr&gapf@hﬂowa%gﬁmﬂmwe £9RRDIIgNHOIP OB MOFHORE pr ocessed
repl acefy t hgsUmONRAIAG RULGHR. 1] Wil endfoybdie purge val ve 68 cl oses,
bringing the helical separatiotcassenbly 8 fully on line. To shut down a
gi ven helical separation assembly, the opposjte procedure is 5 followed.
Thus, the appropngu &2 ghomge histegram with ke wgicakaxyy Fajing therfaigl

suppl enent i [ Egﬁ&?a | k iy 3i Phe pLREEHCRKIYALYVE 63
prevents a ﬂ'lg%Eer %’Irfgéjgare ownwgib gg%s%?lbt}lh.e vael ve %Zent erol ng the feed
fluid syst eidendifigs fhie ovixinguro Sowratsasier 220eng dhregeinioium dowisss siep 222 thatisiyher
pressure, W I . i shutting
o 1 he. 11 oy TSy hotbABAet IRl chtalfh Maptiepi Dt C2lVe 63
i s thenlTl osegd idntifidd 25 2361 Bach combination of helical separation assemblies has been

numbered and the individual assemblies making up the given combination identified.

The safe operating range 226 for each assembly combination has been indicated.

Thus, a flowrate of 42,400 BPD is accommodated using a combination of seven

helical separation assemblies of nominal diameter 7 inches (assembly 4 in Figure 11)
| 20  and one assembly of nominal diameter 6 inches (assembly 3 in Figure 11), identified

as assembly combination 16 in Figure 12,

As will be seen in Figure 12, the safe operating range 226 selected for each
assembly combination overlaps the operating range of the two adjacent combinations.
As the total fluid flowrate increases and the maximum operating flowrate of a given
25  assembly combination 228, the operation is switched to the next higher assembly

combination, as identified in the steps 225. When the total fluid flowrate drops and
approaches the minimum operating flowrate 230 of the combination, operationis
switched to the niext lower assembly combination. In this way, a smooth, continuous
fluid separation operation can be achieved from zero fluid flowrate to the maximum

30 total throughput 232 of the complete assembly 2.



The purge valve 68 renmains open until sufficient fluid has passed to
conpletely purge the helical separation assenbly 8 of all residual fluid
bei ng processed. The purge valve 68 is then closed. The helical separation
assenbly 8 is left containing only clean purge fluid and may be left off
line in th"O20%PWInti| such 15tinme as a further chand®TGBAPHOWGSBt al fluid
flowate requires it to be brought on |ine. It is inportant that the
hel i cal separation assenblies 8 are br%ught off line in a cleaned and
purged state, as the start up f1 owr at &Yf fluid t hrough the assenbly 8 will
be below the crifical, mninumf]awate to.achigve c | et e _separation. |f
the helical sepdarats %E@@ﬁ‘iﬁf‘#“#&gﬂ’éwe%?ﬂ itﬁ??&el?%qﬁf’ﬁﬁlﬁg{eﬁ%%processed,
this \A\DU| d ﬁale%lﬁtﬂoﬁ&h@ﬁll aﬁﬁeﬂiﬂ@mﬁ&lﬂm@@yﬁ&s&? ﬁﬁmmmiamdlﬁcillsaﬂazd?ﬁlmng ;Jpon start
up. This wou result i n contam pation of ¢t separate ui ractions.
Thi s cont antsscpiss Pﬂeﬁﬁ“ﬂ‘%&“%%@'gn?’d‘sg‘é ﬂ‘%&ﬁ%‘f’r@ aflg CPRRCS et of the
assenbly 2 4anhe MhRGEHHEFa8E aisBnbifb b adddhng el ibwhNPieherewiditvaad

production flow having to _be reduced or even shut off, until the

cont ami riat efr piptging thepssemblips FKshwEng themdowg;arg prgwd Recwdhe this is not
accept abl e 23 dPhvid@nconti nuous wel | production process, in particular
given the frequency that the conbination of helical separation assenblies 8
bei ng brought on and off |ine would need to change. 42 .The purge
fluid feed val venesienfoy thesequirst srusration smbecashier el inghe XasousBParatign gat e val ve.
The heli cal ' : ' igaechd Al sunt i |l
needed to bsété%ggﬂ%:p %g%ﬁﬁlﬁﬁ%%%g@éc oaghelr%atl ondv?)}f?dret1 EZOOB% gtsnztﬁ#p

i nvention, inmipamtvabe mindidateddyiibelvanes0d foteapmhélisaisaparationcssby ng fi gures,
has beep, descri bhed. | et,gld | [ 'l?f" AN \ conpri sing
oi | and{bwatsznro%llflg%ﬂbéﬁgﬁ er?tse%g%gwtﬁﬁgfﬁ eag%éé%h%égéﬁ%%hh&&%od of the
present i nveill beawt hagonydetelypémyed ahd wilbpatamtisatothh deaviaruidaftases

liquid-liquid,streans. The siream nay..contai.n t [ hases,
whi ch rmay b%r°§‘é°68%%%88r0935f03§‘58ﬁadf‘%§¥5{f‘§g“%‘% DypfdlGeanle/eifly 8 slIPAGL qui ds
concerned. kil satthiyt themdividvel sepuetidr @renttiies Deingjup the/Buid soeasepdreat e

mul ti phase &%g.fail:ehg Lf’lo %vgrggrge 18 ﬂrcr;blgmsi!t 1%‘ plre%rrer;riatg Bﬁrrlg' eacﬁ%el%ﬁﬁ‘!e%@aﬁon

15 assembly on line using a purge of clean heavy fluid.

As noted above and as shown in Figures 2 and 3, the inlet assembly of the
system comprises a purge fluid header 64 fed by a purge fluid conduit 70. The flow
of purge fluid from the header 64 to each helical separation assembly 8 is controlled
by a purge fluid valve 68. When the purge fluid.valve 68 for a given helical assembly

20 8 is opened, clear purge fluid (such as clean water in the case of an assembly
separating oil droplets from produced water) is introduced downstream of the valve
62 and check valve 63 controlling the flow of fluid to be processed. At start-up of a
given helical separation assembly, the relevant valve 62 and check valve 63 are closed
and the purge fluid valve 68 opened, to provide a stream of fluid above the critical

25  minimum flowrate for separation. Once the flow has been established, the valve 62 is
opened, It is preferable to have the purge fluid pressure above the fluid stream
pressure, in order to ensure that the purge fluid stream has deminance over the fluid
stream being processed: In this way, when the valve 62 is opeﬁed, the fluid stream
will not flow, as the higher purge fluid pressure will keep the check valve 63 closed.

30 As the purge valve 68 is gradually closed, the pressure of the purge fluid entering the



1. A nethod for separating a nultiphase fluid stream conprising a heavier
fluid conponent and a lighter fluid conponent, the nethod conprising:
5causing the fluid to flow along a first helical flowpath, the first
helical flowpath having a first pitch, the first helical flowpath being

suf fi ci ent WO FHHPP613 est abl i sh a stabilised rotating fPGTEBRPGROWE t ern for
the stream causing the uniformrotating fluid to flow al ong a second
helical flowpath, the second heli cal fLompath havi ng a second pitch
wherein the second pitch is greater tAhn the 10first pitch; and renoving

the lighter_fl i radial Ly i ,nner .region_ of e dy hel i cal
fl owpat h. rf(.ha#??ge %Woﬁu,a@gg%&tﬁnegd{e%c ‘(’:e}l‘é?%t%()pgﬁ‘leﬁrlglfl %agﬁgﬂen% | phase fluid
st r eam conpiticsaso be grasRsdseplies the dirdinBhing guigd finliasethe prge Viiee 68t hod

according tqg either, o | ai 1 or .2, erein the nmultiphase fluid 15stream
conpri ses aaﬁe&ﬁ?&flﬁlfl%{b&%eﬁ‘fag?ﬁpam %@é?n%yﬁ%‘u%hoél%t hod according to claim
3, wherein the fluid stream conpri ses an aqueous phase and a hydrocarbon

phase. 5. Therospihieknacsamdicigh] bpattioh BsémblwbE hpdsitdoadu@asls phase
conpri ses \é\@he‘&m{)rﬂ]’%ced froma subterranean well and the hydrocarbon phase
is oil pt odioteHe _ é@%r@ﬁ‘ﬁfﬁwelﬂmd‘@.lwﬁzfésfﬁ@fl SBE¥6r di ng any of
claims |to Qppihekttisihd M8d bitdadl wNSurseSand ThedHeclalld eV Raldis .ar e for med

such as to elevate the critical Reynolds nunmber of the fluid stream 7.

The net hod kighksspispsvee daymasirpans of the yplyg 62eniesing thofeed fyid sysim andyi d flow is 25

St abi | Sed iy ik OhTr BENACho g Y AR HrMIER iRk kcchd 1 @
Y check valve 63, in turn slowly shutting off the flow of feed fluid, until static flow is

10 achieved. The valve 62 is then closed at this point.

The purge valve 68 remains open until sufficient fiuid has passed to
completely purge the helical separation assembly § of all residual fluid being
~ processed. The purge valve 68 is then closed. The helical separation assembly 8 is
left containing only clean purge fluid and may be left off line in this state until such

15  time as a further change in the total fluid flowrate requires it to be brought on line.

It is important that the helical separation assemblies 8 are brought off line in a
cleaned and purged state, as the start up flowrate of fluid through the assembly & will
be below the critical minimum flowrate to achieve complete separation. If the helical
separation assembly is left containing fluid being processed, this would be flushed

20 into the downstream clean fluid zone upon start up. This would result in
" contamination of the separated fluid fractions. This contaminated fluid would need to '
be recycled to the inlet of the assembly 2 to be processed again. This could result in
the wellhead production flow having to be reduced or even shut off, until the
contaminated fluid has been processed. As will be appreciated, this is not acceptable
25  for the continuous well production process, in particular given the frequency that the
cornbination of helical separation assemblies 8 being brought on and off line would

need to change,



4 4. 8. The nmethod according to claim?7, wherein the fluid flowis
stabilised in a transient flowregine. 9. The nethod according to any of
claims 1 to 8, wherein the pitch of the first helical flowath renains
constant throughout its length. 5 10. The nethod according to any of clains
1 to 9, wha¥@278%E2pitch of the second helical flowpatR¢TGRRPEHQEIKEL i n t he
direction of flow along the second flowpath. 11. The method according to
claim 10, wherein the pitch increases4%n a stepwi se or a continuous nanner.
12. The method according to either of Clains 10 or 11, wherein the pitch of

the 10second heljy ' he entire

| ength of the seco%grg%(@%g%&ap‘%v%a % E#%Q%c%#ﬁ&&@ﬂ%cb%#lé%ﬁ% to claim
12, wher e| nvaiee 'I}he helh:a] separedmessanbly maﬁ% eintaieedhn thig state fintil meeded toond

helical ﬁ%ﬂ?t ﬁgd the | ongi tudi nal axis of the flowpath, preferably
up to 3% é about 1% for each turn. 1514. The net hod according
to any of clains Ito 13, further conprising establishing a vortex
separation region, in which a vortex is established into which the
remaining lighter fluid fractions are caused to mgrate. 15. The net hod

accor di to claim 14, .wherein rotatignal, vel,ogi of the fluyid is caused
to increéase, |nT@PGB?WEQ?@é}ﬁ%f’ﬁiegﬁmt’%o’%ﬂd??@?ﬂﬁ? Serpnd fh%{’ﬂwgccordl ng to

claim15, WAGKSicBorhhtRyinp CiBRs,hat FechAbRtibQNAdetB i@ fldtdn to a multiphase
stream comprising oil and water. It will be understood that the assembly and method
of the present invention may be employed to separate other multiphase liquid-liquid
streams. The stream may contain two, three or more phases, which may be separated
-10 accofding the relative densities of the I‘iquids concerned. In addition, the invention

may be employed to separate multiphase gas-liquid streams in a similar manner.



is provided by causing the fluid to flow along a third helical flowpath.

17. The nmethod according to claim 16, wherein the cross-sectional area of
the third helical flowath is decreased along the | ength of the flowpath.
45 18. The nmethod according to claim 17, wherein the decrease in the
cross-sectional area occurs in a continuous or a step-w se nmanner. 19.
The met hod according to either of clains 17 or 18, wherein the decrease in
the cross-sectional area occurs along substantially the entire | ength of
the third helical 5 flowpath. 20. Thd?method according to any of clains 15
to 19, wherein the Reynolds nunber of the fluid flowis at or bel ow the
critical Reynolds nunber. 21. The nethod according to any of clainms 14 to
20, wherein a neans is provided to stabilise the vortex. 10 22. The net hod
according to any of claims 1 to 21, ciugfder conprising introducing the
fluid streaminto a fluid-fluid sett Ing region, in which the lighter fluid
conponents are separated fromthe heavier fluid components under the action
of gravity. L. 23 ATMM#PMM@M‘W@%@M siteam 2ompridineradieavienfliid | ui d stream

i's caused tq: gll é%xﬁk%n@ﬂt%gm&%&édrﬂiﬁsﬁ?t' on. 24. The nethod

according to c a|n1 ereln thHe rotation Is I ed to the fluid stream
upon exi t5 ngausing thofivieso fuepalerg 4 st helienl Sawpath, the ﬁfSt helical flowpath

having a first pitch, the first helical flowpath being sufficiently long to establish a

stabilised rotating fluid flow pattern for the stream;

causing the uniform rotating fluid to flow along a second helical flowpath, the second

helical flowpath having a second pitch, wherein the second pitch is greater than the
10 first pitch; and

removing the lighter fluid from a radially inner region of the second helical flowpath.

2. The method according to claim 1, wherein the multiphase fluid stream

comprises a gaseous phase and a liquid phase.

3, The method according to either of claims 1 or 2, wherein the multiphase fluid

15  stream comprises a plurality of liquid phases.

4, The method according to claim 3, wherein the fluid stream comprises an

aqueous phase and a hydrocarbon phase.

5. The method according to claim 4, wherein the aqueous phase comprises water
produced from a subterranean well and the hydrocarbon phase is oil produced from
20 the said well.

6. The method according any of claims 1 to 5, wherein the first and second
helical flowpaths are formed such as to elevate the critical Reynolds number of the

fluid stream.

7. The method according to any of claims 1 to 6, wherein the fluid flow is
25  stabilised in a flow regime having a Reynolds number below the critical Reynolds

number.



25. The nmethod according to either of clains 23 or 24, further conprising
centralising the rotational flow of the fluid streamwthin the fluid-fluid
settling 20region. 26. The nethod according to claim 25, wherein the
cross-sectional area of the fluid flow path in the fluid-fluid settling
region is reduced in the direction of flow 27. The nethod according to
any of clains 21 to 26, wherein fluid richer in the |ighter fluid conponent
is renoved fromthe | ower central region of the fluid-fluid 25settling
region and passed to the upper centrakliregion of the fluid-fluid settling
region. 46 28.The nethod according to any of clainms 21 to 27, wherein the
separati on & t h&hd mehadaccériing ¢ domdbmbereinfiredinid flew fsstabilised nl2ui d conponent s
i s enhanced Jy ?ﬁ"\gg%m’é on of additives active in inducing droplet

coal escence of the |i er fluid conponent. 5 29. The nethod according to
any of clainms 1 to 28, further conprising causing the fluid streamto enter
a fluid rendval Thygiethod denording txhany of Flaing 190 B.oulreratoths piseh ofghedfistent i al |y of

t he heavi er fJ. Ui i . . The nethod according to

cl aim 29, \M%}fgfrlée# ﬁoﬁg}gﬂﬁggﬁicéﬁtﬁéﬁ%@gggﬁ%%‘ orotate in the fluid renoval
zone, the said fluid stream being renoved fromthe central region 10 of the
fluid refovdl. zolks metBdd acFérdinget dnyef elsiveride Agvhersimtng pis¢h oflthe sqepnlt 0 30,
further co i S| sed] - [ ' ' sedinent is
peri odi cal F@léfcl)cr%l @%ﬁ?‘fhrfg%hs %}Brﬂge%l{?gtgﬁl O?gﬁﬁgﬁhg{;gséiogﬁxs%ag? separating a
mul ti phase fluid stream conprising a heavier fluid conponent and a |ighter
flui d conporént , Thdwectbplmcatling toodaipr i0swhesin U6 pécl medassoimdustepwisoor
establishin ilised rotating fluid flow pattern for the stream a
first condui%tcg%tgn&?‘%gmégﬁ% rst helical flowpath, the first helical flowpath
having a first pitch; a second conduit having second helical flowpath, the
second hel i dal f Nbavpethdw dvaarding tecithereicbhims 0odn 11 whkeradi the pheh ofdeond pitch i s

e Il b B Y o 111

helical flowpath.

13.  The method according to claim 12, wherein the pitch increases up to 5% for
each turn of the second helical flowpath around the longitudinal axis of the flowpath,
preferably up to 3%, more preferably about 1% for each tum,

15 14 The method according to any of claims 1 to 13, further comprising
establishing a vortex separation region, in which a vortex is established into which the

remaining lighter fluid fractions are caused to migrate,

15.  The method according to claim 14, wherein rotational velocity of the fluid is

caused to increase, in order to establish the vortex.

20 16.  The method according to claim 15, wherein the increase in rotational velocity

is provided by causing the fluid to flow along a third helical flowpath.

17.  The method according to claim 16, wherein the cross-sectional area of the

third helical flowpath is decreased along the length of the flowpath.



33. The apparatus according to claim 32, wherein the first conduit
conprises a tube having a helix extending longitudinally therein to provide
the first helical flowath. 25 34. The apparatus according to either of
claims 32 or 33, wherein the second conduit conprises a tube having a helix
extending longitudinally therein to provide a second helical flowpath.

35. The apparatus according to claim 34, wherein the neans for renoving the
lighter fluid conprises a collection conduit extending coaxially within the
second conduit, the helix extending wigghin the annulus around the
collection conduit. 36. The apparatus according to any of clains 32 to 35,
wher ei n t he 1 r sThameth&bReabEg aongi 175 wasrein det dacrease ipihe tiogmssctisnala si ngl e
tube. 37. The apparatus, according to claim36, wherein neans for renoving
the |ighter anatS’F%]mi:'Bﬁﬁ?’i‘tg’égusé)réﬁﬁeg'é‘@’fe’l‘Bﬂm?;rOndui t extending coaxially within
the single tube, the collection conduit having openings in the portion

ext endi ng wifghi n 1hBeicBRE andrdnd dither bOElaitda a7 0019, ebtdeinnthodecfehsgiinl. 10 38. The
apparatus according to _any of clains 32.t 7, wherejn.the. pitch of the
first helicdhepswpiioral MSARFHE Wﬂ%ﬁ%ﬂnﬂﬁr@%ﬂﬁ%{}f“ﬁ 8f+%ﬁ‘§ﬁi’1‘?“°ab9. The
appar at usy a ihng to any of clains 32 to 38, wherein the pitch of the
second helical "flowath increases in the direction of flow along the second
f | owpat h. 40. The apparatus according to.cl.aim 39 wherein the pitch

i ncreases i ?la siTBpuptbed aordingde %‘B’rﬂfic{?tfbh% tﬁg?rﬁ‘é“re.rem i’ige’ﬁ?g{sappar at us
accordi ng t q@irtNRheQhuidhd [T 3DeRfw A0 critAERGnelds eniRkt ch of the second
helical flowpath is increased along substantially the entire length of the
second helical fl owpath. 42. The apparatus according to claim 41,

wherei n t he Hi t cAh¢ methedasserding to anysuietasps o ddotpersin s isoddedh,ng hel i cal
fl owpat h ar qyngyiiband @@kt udi nal axis of the flowpath, preferably up to 3%
nore preferably about 1% for each turn. 43. The apparatus according to any

of clainms 32 to 42, further gonprisin%@% conduit for retaining a vortex,
the sai di@orui t Themagodrocandipgde ey ofstaiins, btofyly fugtherSomppRiing HEOVEPEnd hel i cal

f1 owpath. the fluid stream into a fluid-fluid settling region, in which the lighter fluid

components are separated from the heavier fluid components under the action of

gravity.

23.  The method according to claim 22, wherein the fluid stream is caused to rotate

15 inthe fluid-fluid settling region.

24.  The method according to claim 23, wherein the rotation is imparted to the

fluid stream upon exiting the vortex separation region.

25.  The method according to either of claims 23 or 24, further comprising
centralising the rotational flow of the fluid stream within the fluid-fluid seftling

20 region.

26.  The method according to claim 25, wherein the cross-sectional area of the

fluid flow path in the fluid-fluid settling region is reduced in the direction of flow.

27.  The method according to any of claims 21 to 26, wherein fluid richer in the
lighter fluid component is removed from the lower central region of the fluid-fluid

25  settling region and passed to the upper central region of the fluid-fluid settling region.



4S 44. The apparatus according to claim43, wherein the apparatus further
conprises a neans for increasing the rotational velocity of the fluid

di sposed between the outlet of the second helical flowpath and the inlet to
the conduit for retaining a vortex. 45. The apparatus according to claim
44, wherein the means for increasing the 5rotational velocity of the fluid
is athird helical flowath. 46. The apparatus according to claim45,
wherein the cross-sectional area of the third helical flowpath decreases
along the length of the flowath. 4744The apparatus according to claim46,
wherein the decrease in the cross-sectional area occurs in a continuous or
a st ep-w se 2&ann€he mathodsReording tomoy phelaims2d ot Wigreindhesepastionof the| ai ms 46 or

47, wherein ' ' : al ong

Subst ant | al 15E AREEGAB G Rolbilfe BpABENSF itRgly ERAnAREIIR, E 078 he
appar at us acddtieti efgdditiveanstivefin inteninesdraeticoalasgence af thiighterdiwish | si ng a neans
for stabiligj gmﬁgg vortex. 1550. The apparatus according to cl ai m49,
further conprising a conduit for collecting the lighter fluid conponent
fromthe vortex, the neans for stabilising the vortex is provided by a

t apered por 2Pon The méthod asepirding tf any kéclaipsiitngs, dirtheheompuisigg conmimaithe. - 51,

The appar at yg, AGCQY, U &&{hgugl ¢m alsit%kfah,rfﬁ h%?luﬁiosulelrwé&n@ﬁ{ingco”p” sing a

vessel 20for recelving | edm the vesse avi ng a vol une
suf ficient tesseutipfly pftheheavigr fluid component is removed.

30.  The method according to claim 29, wherein the fluid stream is caused to rotate
in the fluid removal zone, the said fluid stream being removed from the central region

10  of the fluid remowval zone.

31.  The method according to any of claims 1 to 30, further comprising a sediment

collection region, from which sediment is periodically or continuously removed.

32.  An apparatus for separating a multiphase fluid stream comprising a heavier
fluid component and a lighter fluid component, the apparatus comprising:

15  afeed conduit for establishing a stabilised rotating fluid flow pattern for the stream;
a first conduit having a first helical flowpath, the first helical flowpath having a first
pitch;
a second conduit having second helical flowpath, the second helical flowpath having a
second pitch, wherein the second pitch is greater than the first pitch; and

20 means for removing the lighter fluid from a radially inner region of the second helical

flowpath.

33.  The apparatus according to claim 32, wherein the first conduit comprises a
tube having a helix extending longitudinally therein to provide the first helical
flowpath.

25 34.  The apparatus according to either of claims 32 or 33, wherein the second
conduit comprises a tube having a helix extending longitudinally therein to provide a

second helical flowpath.



reduce the Reynol ds nunber of the fluid streamflow such that fluid
entering the vessel may be subjected to gravity separation. 52. —~“fhe
apparatus according to claimb51, wherein the first and second helical

paths, the third helical path if present, and the conduit for retaining the

vortex if 25present, extend within the vessel. 53. The apparat us
according to either of clainms 51 or 52, further conprising neans for
inducing a rotational flowin the fluid streamentering the vessel. 54.

The apparatus according to claim53, Wfjerein the neans for inducing
rotational flow conprises a tangential outlet in the conduit through which
the fluid 536r eaifhd apparatus axgording o plpim 34, evhereigdled meang Bor repingtisar at us
according tao; } | Sl RS . Lsi ng the

rot ati onal ? ﬁggé\?vﬂ(])#m ?‘#?Hricéwvé %ﬂlﬁcﬁﬁg e d\‘/‘@s"{s{gﬂ ! %%WW%%QQEE%P% us according
to cl ai m 55,conduity th¢ helixtestendingwithin thegomtlusdround thy collestippeandiibnal | ow wi t hin
the vessel conprises an inverted cone |ocated coaxially wthin 10t he
vessel . 57.,.The %gﬁ y g ﬁg : ' wheq.el e inverted cone
conpri ses a3151 ui Eﬂegag’? e e%cg%&%ﬁg efitcggﬁég%tg?lg‘%}ies ou?gﬁté@rface in the

di recti ol ofsedondcandhitsove adjace@Portibheofzspriedtbes according to any of clains 53
to 57, further conprising a conduit extending coaxially within the vessel,

t he conduit jRavi ' r.ein. M%H j [ f: id
conponent s r%laa‘y I ggev %ﬁfg@%%ﬁdﬂ%gﬁ%%&&%@ g@ﬁg&#&%ﬁgrthgélgyfgi ng to

cl ai m 58, wikidxomptibes acolimition cdndgt extending loesdxidlly mvithimghe $iggk¢ @be, tleui d

conponent s Wt hjs . I he . . .0g. di { of the
Frurd ot caneloahdh toifut iR ooaalf ol boor Blaing WBRRRE BRI GRA ©0 )1 1T oo
further congdoentbé evdlectioB®f fleddvi er fluid collection zone, a heavy fluid

col l ection conduit being disposed centrally within the collection zone, the

conduit jhavi,gg a ral . i Rt t heavi er
frurd, 1680 TR dhRet) YecBloRE B AANER b 37 et W R Bic) % P ey
conpri si ng dirgdtlicdsflavglathgemnaionconstam teroeghreatsdengr renovi ng solids fromthe
coll ection zone, the means 25renpving solids on an intermttent or a
continuous Bsi Sqy. 29, atus according to any of claims 32 to 38, wherein the pitch of the

second helical flowpath increases in the direction of flow along the second flowpath.

40.  The apparatus according to claim 39, wherein the pitch increases in a stepwise

15  ora continuous manner,

41.  The apparatus according to either of claims 39 or 40, wherein the pitch of the
second helical flowpath is increased along substantially the entire length of the second
helical flowpath.

42.  The apparatus according to claim 41, wherein the pitch increases up to 5% for
20  each turn of the second helical flowpath around the longitudinal axis of the flowpath,
preferably up to 3%, more preferably about 1% for each turn.

43.  The apparatus according to any of claims 32 to 42, further comprising a
conduit for retaining a vortex, the said conduit being arranged to receive fluid leaving

the second helical flowpath.



62. An apparatus for separating a nultiphase fluid streamconprising a
heavi er fluid conponent and a |ighter fluid conponent, the volune flow ate
of the multiphase fluid stream bei ng subject to variation over tine, the
apparatus conprising a plurality of separation assenblies as recited in any
of claims 32 to 50 and operable to 5accommopdate different fluid flow ates;

t he apparatus further conprising neans for selectively operating one or
nore separation assenblies according to the volune flowate of the

mul ti phase fluid stream 63. The4@pparatus according to claim 62,
further conprising neans for feeding a 10 purge fluid to each separation
assenbly. 64. Thke apppamssagerdingdoeldinm, whereinthecppatuciughersoBprisss 63,

further CO”EI%M ﬁcé&%'tﬂéﬂo%%a?%é@él BF e s idt s\%‘ ozl bERE P&e%tﬁ:’a”ﬁ 51 to

61, each of the separation asse I es xten Re separation
vessel . *eddfjthe second helical flowpath and the inlet to the condult for retalmng a vortex.

45.  The apparatus according to claim 44, wherein the means for increasing the

5  rotational velocity of the fluid is a third hehical flowpath.

46.  The apparatus according to claim 45, wherein the cross-sectional area of the
third helical flowpath decreases along the length of the flowpath.

47.  The apparatus according to claim 46, wherein the decrease in the cross-

sectional area occurs in a continuous or a step-wise manner,

10 48. The apparatus according to either of claims 46 or 47, wherein the decrease in
the cross-sectional area occurs along substantially the entire tength of the third helical
flowpath.

49,  The apparatus according to any of claims 43 to 48, further comprising a means

for stabilising the vortex.

15 50.  The apparatus according to claim 49, further comprising a conduit for
collecting the lighter fluid component from the vortex, the means for stabilising the
vortex is provided by a tapered portion in the region of the opening of the said

conduit.

51.  The apparatus according to any of claims 32 to 50, further comprising a vessel
20  for receiving the fluid stream, the vessel having a volume sufficient to sufficiently
reduce the Reynolds number of the fluid stream flow such that fluid entering the

vessel may be subjected to gravity separation.

52.  The apparatus according to claim 51, wherein the first and second helical
_ paths, the third helical path if present, and the conduit for retaining the vortex if

25  present, extend within the vessel.



S S 65. A nethod for separating a nultiphase fluid stream
conprising a heavier fluid conponent and a |ighter fluid conponent, the

nmet hod conprising: causing the fluid to flow along a helical flowpath in
which the critical Reynolds nunber of the fluid flowis elevated, the fluid
stream fl owi ng at a Reynol ds nunber below the elevated critical nunber, the
fluid streamflowng at a sufficient velocity to cause the fluid phases to
separate. 66. The nethod according to claim65, wherein the critical

Reynol ds nunber is greater than 10,0089 67. The method according to claim
66, wherein the critical Reynolds nunber is greater than 100, 000. 68. A
met hod for $8par Bhd apgaratusradcondinigas eithiet ofi cdpims § eerdeclorthericsmpisizg heavi er f1 ui d
conmponent an i fl Ul . ; i Si ng: causing the
fluid to fl (?\%‘agﬁtlg}ngﬁ% ealljf){ég&a?ﬁéowmpﬂglﬁﬁﬁgg{sg% I ngeplgggﬁn gl' central conduit,
the fluid flowng at a sufficient velocity to cause the lighter fluid
conponent t d4nov&ht epatatusiapeveding leglaim Shfwlterein the meansiforfindngfpgt h; and
collecting the.li e | U] j : : igig 69. The
met hod accor'df tﬁoé’ ﬂ?%ot‘%{oé]{p m A@%t&%%%g?%fe% ﬁgh %Jeaﬁf‘ggp}og’ @o‘\xg]g?ﬁluiﬂ?ds uch that the
critical 5Reystredndis imroreed idé thelvesséll uid flow is el evated, the fluid stream
flowi ng at a Reynol ds nunber below the elevated critical nunber. 70. A

met hod for par af | i (ﬂ@ G LSigdg a heavier fluid
conponent aﬁg' a ﬂ’ég%‘é‘r%‘“w&?’*é'ﬂ@gﬁg%%ﬁ Elre&%@b%g g%’r%rp‘lrﬁ?si ng: causing the
fluid to fl eentelisingtha rétatiopal floet af dlid Witlomihatvesselt he first helical flowpath

having a first pitch, the first helical flowath being sufficiently long to

establish a stabilise i j r . am causing
the unifor msibt a;dﬁ it p%ﬁﬁ’?%&%rgﬂglt%\%vwg?%%g% g@?&%ﬁ%ﬁﬁf%ﬁmﬁ%&gat h, the
second hel i catatirabiiyyawithin sheivegpelacosposasdn pivertsd conshlesassdreoptiallycwigimd pitch is
greater fwa%égegseji rst pitch; and renoving the lighter fluid froma

radi al |l y I nnet tedion of the second helical flowath. 71. The nethod
according to claim 70, wherein the nultiphase fluid stream conprises a

gaseous phas¥. an@haappkmtes decphilamde claim 56, wherein the inverted cone comprises a
fluid guide extending helical along its outer surface in the direction of fluid flow.

58.  The apparatus according to any of claims 53 to 57, further comprising a
conduit extending coaxially within the vessel, the conduit having openings therein

15  through which lighter fluid components may leave the fluid stream.

59.  The apparatus according to claim 58, wherein the conduit has an outlet for the
lighter fluid components within the vessel, the outlet being disposed upstream of the

fluid stream inlet.

60.  The apparatus according to any of claims 32 to 59, further comprising a
20  heavier fluid collection zone, a heavy fluid collection conduit being disposed centrally
within the collection zone, the conduit having a plurality of openings therein to collect

the heavier fluid.

61.  The apparatus according to any of claims 32 to 60, further comprising a solids
collection zone and means for removing solids from the collection zone, the means

25  removing solids on an intermittent or a continuous basis.

Fa
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72. The nmethod according to either of clains 70 or 71, wherein the

mul tiphase fluid stream conprises a plurality of liquid phases. 73. The
met hod according to claim 72, wherein the fluid stream conpri ses an aqueous
phase and a hydrocarbon phase 52 74. The nmethod according to claim73,
wherei n the aqueous phase conprises water produced from a subterranean wel |l
and t he hydrocarbon phase is oil produced fromthe said well. 75. The

met hod accor.ding any of clains 70 to 74, wherein the first and second
helical flowaths are formed such as &8 el evate the critical Reynolds
nunber of the fluid stream 76. The nethod according to any of clains 70
to 75, wherdi2n t As apparatut o1 separatingstrabipphasectid sireamicooprisingg heavibtavi ng a
Reynol ds nu I it heal I 7 : od

accor di ng torHel g‘{%%ogegfM\E\,ﬁé%{éﬁe&hﬁﬁgﬁ%@%’ @ﬁg@v’dﬁgﬂé\ﬁ% f:}lseﬁ'ﬁ}l .aéjtransi ent
f 1 ow regi me.fluidrgrearT heingrebieoio yetdatiod pyey time, thegppefatus cernprising( plwsalty,  wher ei n
the pitch of ] i . : } hr oughout its

| engt h. 79.0%%%%%4%%63% 2%%%?%1%%91}(’%?2%}&2{@%Fi?déaé’lﬁ%&?lge 8, wherein the
pi t ch of 5t hecesunddtediferenafluififlowpatesh i ncreases in the direction of flow

al ong the sego WRAL . ! im79, wherein
the pitch i‘reldéer gasr]étl's'lgl n 5%?8%%1%%&%?@%%%%?%%%@ %ﬁ%]gl}lﬁblgl . The met hod
accor di ng t cewratior psserblish atcnlinggo the vBlumellosrass of théyaulsiphastiflwitl t he second
helical flo is increased al ong substantially the entire I ength of the
second helical Tlowpath. 82. The method according to claim 81, wherein the
pitch increases up to 5% for each turn of the second helical flowpath
around the 163ngi Thekippatetuagdcordsiz to bleinf 62 Wgthetcomprising matsisyonfpeding 8% nor e
prefera 10 ag&!& 83. The nethod according to any of

cl ai s tgbq%fﬂu?dﬁtg‘ﬁﬂé‘rs conﬁ%%&%ﬁgyést ablishing a vortex separation
region, in which a vortex is established into which the remaining |lighter
fluid fracti®@ns Zheanparagiedcconting tgreititeeof claims 62 or 63, further comprising a

separation vessel as recited in any of claims 51 to 61, each of the separation

assemblies extending within the separation vessel.



84. The nethod according to claim83, wherein rotational velocity of the
fluid is caused to increase, in order to establish the vortex. 85. The
met hod according to claim84, wherein the increase in rotational velocity
is provided by causing the fluid to flow along a third helical flowpath.
86. The nethod according to claim85, wherein the cross-sectional area of
the third helical flowpath is decreased &llong the length of the flowpath.
S3 87. The net hod according to cIain186 wherein the decrease in the

Cross-sec |ona artgl curs in a con uous,. ar. st ep-w se, nanne 88. The
met hod ac%%.r di Oé. Ph&FPPRURE %*Ffé#d %F?rgﬁﬁg TR PERGET | ' t he
cross- sechtgn&P $ } ‘E)r ﬁm FURBEANST t he
third hel‘i’—"'%!@lnét 0 %3%3 pyrigicaRaynaldsa 1o
88, wher eRwmnp ﬁ laé ﬂwﬂérel@vateqheﬂﬁ flnig ﬁtr@wnu ﬂo‘d%ngoat BeRexnalde

critical u]zfgh@r dselwrf@@r elevgipd trticalenHobesc dlae dluid stweamyflowing gt s 83 to
89, wher esuifigienbuelecitstonanse thaflnid piages to sspardde. vortex. 91. The net hod
according to any of clainms 70 to 90, further conprising introducing the
fluid stréam i'Bhe)nwﬂﬁcdeiacb{ﬂ‘diﬂgotosrﬂaim ibpgwhexsinithe critiedli Réyniohds huugbeer f1 ui d
conponent & gacatesdpar@i@odof rom t he heavier fluid conponents under the action
of gravity. 92. The nethod according to claim91, wherein the fluid stream
i s causede$.0 roh@hrthéd hé@riling t9-dlhink d65ahbldinghé edties. Reyhdidsihembet hod
accor di ngistPefbAtHANGDO,866r €in the rotation is inparted to the fluid stream
upon exiting the vortex separation region. 94. The nethod according to

e

net hod acLl. U 8&15 §1% 51 e fluid
flow path al{hqgt i ﬂg&r owllg% 5 {’gtﬂaﬁéeﬁg Wy % ﬂ%faﬁt on of
r| chér |n2(f %fc)rllef c6 o]tlilélrerf Iér’rg; é VSQ,%—{’ C ral

regi on of “YEUPE }rta LDy fben F9RYE 1o the upper central
region of é.he ’I‘llléJ Ingeﬂfloéj Iaccor Hgl ’Iconglalmgééz wherein the helical flowpath is such

that the critical Reynolds number of the fluid flow is elevated, the fluid stream
flowing at a Reynolds number below the elevated critical number.

70. A method for separating a multiphase fluid stream comprising a heavier
fluid component and a lighter fluid component, the method comprising:
causing the fluid to flow along a first helical flowpath, the first helical flowpath
having a first pitch, the first helical flowpath being sufficiently long to establish a
stabilised rotating fluid flow pattern for the stream;

causing the uniform rotating fluid to flow along a second helical flowpath, the
second helical flowpath having a second pitch, wherein the second pitch is greater
than the first pitch; and

removing the lighter fluid from a radially inner region of the second helical
flowpath.

71.  The method according to claim 70, wherein the multiphase fluid stream
comprises a gaseous phase and a liquid phase.

72.  The method according to either of claims 70 or 71, wherein the multiphase
fluid stream comprises a plurality of liquid phases.

73.  The method according to claim 72, wherein the fluid stream comprises an
aqueous phase and a hydrocarbon phase.



97. The nmethod according to any of clains 91 to 96, wherein the separation
of the lighter fluid conponent fromthe heavier fluid conponents is
enhanced by the addition of additives active in inducing droplet

coal escence of the lighter fluid conponent. 98. The method according to
any of clainms 70 to 97, further conprising causing the fluid streamto
enter a fluid renmoval region, in which"agfl uid stream consisting
essentially of the heavi er fluid conmponent is renoved. ail 99. The nethod
accordi ng to C alm whergln thcgaflwd trea is caused to rotate in the
fluid renff %‘W@a & BAPEd %F?Iﬁgné%‘-‘nt ral

r egi on ofW"E‘ By traranepgowelf h@l ‘P}JB’ EREEPeR mpaee 1yl of

cl ai ms 70P¥astuged mﬁhﬁeﬁal‘%b’ 8Bri sing a sedinent collection region, from

whi ch sedi msnt i s periodically or continuously renmoved. im A method for
separ at i ngs-a e methadbadcording sny of slatoayoiteizagwhersa thefirst andgecantbonent
and a | i ghelisal ﬂbwpdthsoatpcfnemed suble agdbelevate tver artidead fReymeldsuhinpeiase f 1 ui d
st r eam bethedgledisiresm.t o vari ati on over tinme, the nethod conprising
providing a plurality of separation assenblies for carrying out the method
steps recyé.ed The aryhed acdoading 6 dny oftcland rped b whéreirpieoNuddd is

di f f er entsthbiliised {d 8 @oat :Rgimae hdving| LR EJIdOPREMBET BElo® the RftRAl ReysdsLnDbl i es
for carryhm@bert the nethod steps according to the volume flowate of the
mul ti phase fluid stream 102. The nethod according to cl al m 95, further
conpri si n,gypromah@auﬂi éecak&ﬁgrte BISE Whdren {0 @iaqug se’H%*}Pd steps
recited ifi 36, erein eac t he ura

separat i on asse | es | S connected at its outlet to the fini Shl ng assenbl y.

o 7 HECL ST RNITD o It QD ORI °
conpri si ng 5 & ﬁ%‘%“%ﬁ %lﬁsﬁg&i ﬁ t:llr?“ a first outlet for a
heavi er fI UI d enf and,a secon t.l et f ht er. fl LII d onent,
the helicdl HE\"@' f" rederef u‘Ef(I‘)FLf 7&1“{}‘ %%% rrber of
the flui ose§PP R dﬁﬁreﬁﬁ%g Hélthe r?‘i"’é’ﬂpﬁf d‘ec
appar at us flgjm ing to cI aim 103, wherein the second outlet for the |i ghter
fluid co onent is disposed axially centrally of the helical path. 105. An
appar at usS®or Bepanethed gacgording tohakéms 7o whereinathec pitph i iscregses Meayi er
fluid conjiepwise oarad:oatmugu»smannem d conponent, the apparatus conprising: a
feed conduit for establishing a stabilised rotating fluid flow pattern for
t he strea®. a The sktloahahebtding¥o agher ¢fi dasimshyl orcdo, Wwhareipahhb pitchef the st
hel i cal fdeoupdthelibaVilmgpathfis riatrepsddcilong ssbstantialiy nidelehtitealength s dond
hel i cal ficoupdtblicdlflewgaciand helical flowpath having a second pitch,
wherein the second pitch is greater than the first pitch; and

82. The method according to claim 81, wherein the pitch increases up to 5%

for each turn of the second helical flowpath around the longitudinal axis of the

flowpath, preferably up to 3%, more preferably about 1% for each turn.

83. The method according to any of claims 70 to 82, further comprising
establishing a vortex separation region, in which a vortex is established into
which the remaining lighter fluid fractions are caused to migrate.

84. The method according to claim 83, wherein rotational velocity of the fluid
is caused to increase, in order to establish the vortex.

85. The method according to claim 84, wherein the increase in rotational
velocity is provided by causing the fluid to flow along a third helical flowpath.

86. The method e{ccording to claim 85, wherein the cross-sectional area of the
third helical flowpath is decreased along the length of the flowpath.



55 nmeans for renoving the lighter fluid froma radially inner region of the
second helical flowpath. i06. The apparatus according to claim 105, wherein
the first conduit conprises a tube having a helix extending longitudinally
therein to provide the first helical flowath. 107. The apparatus
according to either of clains 105 or 106, wherein the second conduit
conprises a tube having a helix extengi?g longitudinally therein to provide
a second helical flowpath. 108. The apparatus according to claim 107,
wherein the ns f enovi the_ l.ighter fluid conprises, a .collection
condui eg?-em?g%r%%észﬁﬁ?wrdiﬁ% £ P Be CBIEOE, ARCreFitoim Bl BT endi ng
wi thi n t ¥eCHARM 3762 QPSR AP A 5RERROUS QT HffePdASRMANNeL09. The appar at us
according to any of clains 105 to 108, wherein the first and second

condui ts @Pe abjea@eHo rding to fitherofiipims 8fher 8novherpin thppierreassin

accor di ngtheccressabentipngl andacocshrs alengsubsiantiabiy ha gntiteelengtihofthef thirdd

conpr i seshelicabflpwpathon conduit extending coaxially within the single tube,
the collection conduit having openings in the portion extending within the
second coBglui tTHeomsdthed actdrdiig tmang of Icltiiths 84 to Bée vippainhathesRaamddsli ng to
any of clanmbed66hedluid flowtieatonbélb® the teibicgif Réymeldd mghbérel i cal fl owpat h
remai ns constant throughout its length. 112. The apparatus according to
any of clgb.ms RS ni@hbd,ackbrligE Rotdtsy Bf LRimefad he SLapRdehiehi S@hnd fowpat h

i ncr easespigvidddaodtaliRid i Witk ow al ong the second flowpath. 113. The
apparatus according to claim 112, wherein the pitch increases in a stepw se

O _a cont §NIuoUELIBARGR] ackbitind N6 ARPUEAMILGEOIILBY thOn8! LhBrins! &l M

12 or Lidu g e daB’crE:ﬁr%.ni%jo Q%ﬁig@g;ﬂ%%mw@g et @’ﬁeasgg

e sope i G e ro.er o LU Je S et S 1
wpat h around the | ongitudinal axis

of the fl owpat referably . .up to.3% nor referably about, 1% f oy each
Curn s 118 Thie Blety agﬂ?é@g%;& G glahpebin dhe i s885Indo £255 1t her
conpri si NYtaedd 1-Ppid sefthingTReI08. yortex, the said conduit being
arranged to receive fluid |l eaving the second helical flowath. 117. The
appar at us9%ccokis mgthes agcarding o clgares, whereindbp aptation is impaded toths i ses a
neans f orflpidsieas weon petingithe veer separation yegidn.t he fl ui d di sposed

94. The method according to either of claims 92 or 93, further comprising
centralising the rotational flow of the fluid stream within the fluid-fluid settling
region.

95. The method according to claim 94, wherein the cross-sectional area of the
fluid flow path in the fluid-fluid settling region is reduced in the direction of flow.

96. The method according to any of claims 91 to 95, wherein fluid richer in the
lighter fluid component is removed from the lower central region of the fluid-
fluid settling region and passed to the upper central region of the fluid-fluid
settling region.

97.  The method according to any of claims 91 to 96, wherein the separation of
the lighter fluid component from the heavier fluid components is enhanced by
the addition of additives active in inducing droplet coalescence of the lighter fluid
component,

98. The method according to any of claims 70 to 97, further comprising
causing the fluid stream to enter a fluid removal region, in which a fluid stream
consisting essentially of the heavier fluid component is removed.



56 between the outlet of the second helical flowath and the inlet to the
conduit for retaining a vortex. 118. The apparatus according to claim 117,
wherein the means for increasing the rotational velocity of the fluid is a
third helical flowpath. 119. The apparatus according to claimn8, wherein
the cross-sectional area of the third helical flowath decreases along the
| ength of the flowpath. 120. The appgHatus according to claim119, wherein
t he decrease in the cross- sectlonal area occurs |n a continuous or a
step-w se_nan The a tus c d| n ther of cl a 119 or
120, wher&m t e %%e‘écqrﬂuf ﬁ@xﬁ gg;; sgeer s

substantl%ﬂf’l inythe ri& ?ﬂn% Fr?él stieam baing repxedy ronl > The
appar at usceéﬁi‘?érrﬁlﬁﬁ ‘éif‘aﬂ.l}«l m,qva #¥€116 to 121, further conprising a neans
for stabili SI n the vortex. 123. The apparatus according to claim 122,
further c ethed ragaprding to cwlyl efcelairgs Retd Dghfunthen @ﬂmpﬂﬁiﬁtﬁcment
fromthe ltn@nt cellestionanegione frogn adiith sedignemihds periodically opcontineahshy a

t aper ed pmmmmd in the region of the opening of the said conduit. 124. The
apparatus according to any of clains 105 to 123, further conprising a
vessel foror echimethgdtfoe séparatingta aabtiphdse flifid Seteahnvomgrigingod hervier

suf fi ci enfluido compbhenieandya Nightere flulte cBaippakas thembslont floheatel of thetream
fl ow suchmiuliaphdseufidide Rt@ai Geille svibfge! tomyriftorns Ubjee Ctin, theJrRdd

separ at i ofompriding profidiRe ar %ﬂu@c&o& HaRStidiP aSdedhtiles Hbr cansigt But fige first
and seconﬁileﬁgdd SRipsPREREd ik tof Ediis'd sbePaid obferdlﬂ@%@@ccoxﬁﬁﬂada?@

iggdU'TLef &Fffe&&it?)ﬂﬂidnﬂoiv{lﬁey -0 @éel‘eﬁtﬁ SeMNdp nfotk &8 '&s@ﬂﬁh\é@?&e'
conpri si %&ﬁ I n 9 ucl nglgée)lacscgta glﬂé:#(flow Int a@é ?fﬁédns#{
entering tﬁe vessel 127. The appar at us according to cI ai m 126, V\,herei n
t he rreans ndUCI

r ot at i;onal flowc r| s atar}%ﬁntlal tlet in the
et

condu t H%l%dps“qud}% &? B Lol Ia%t%@ e "8
The appar %Sg?lgﬁ eB% QIIH
centrali sty ’thef 16 qfl s&par%ophqqs‘e e§/ gnec % e

appar at us®% ‘??5 n’cs Htg%ﬁsﬁ’in , wherein the neans for centralising the

rotational fl ow WI thin the vessel .conprises_an inverted cone | ocated
coaxi al | y1Q3-t hiAR pRArgRSsiqr. separating a multiphase fluid stream comprising a

heavier fluid component and a lighter fluid component, the apparatus comprising
a helical flowpath having a fluid inlet, a first outlet for a heavier fluid component
and a second outlet for a lighter fluid component, the helical flowpath being
formed such that the critical Reynolds number of the fluid stream flowing along
the helical flowpath is elevated.

104. An apparatus according to claim 103, wherein the second outlet for the
highter fluid component is disposed axially centrally of the helical path.

105. An apparatus for separating a multiphase fluid stream comprising a
heavier fluid component and a lighter fluid component, the apparatus comprising:

a feed conduit for establishing a stabilised rotating fluid flow pattern for the
stream;

a first conduit having a first helical flowpath, the first helical flowpath having a
first pitch;

a second conduit having second helical flowpath, the second helical flowpath
having a second pitch, wherein the second pitch is greater than the first pitch;
and



E7 130. The apparatus according to claim 129, wherein the inverted cone
conprises a fluid guide extending helical along its outer surface in the
direction of fluid flow 131. The apparatus according to any of clains 126
to 130, further conprising a conduit extending coaxially within the vessel,
t he conduit having openings therein through which |ighter fluid conponents
may | eave the fluid stream 132. The § paratus according to claim 131,
wherein the conduit has an outlet for the lighter fluid components within
the vessel, the outlet bein i SROS upstream of the f.lui treamqnlet.
135. " The iy Sor Smesing fhcaDstis” A0 Sro Rorailhgrt Fasial of g e
conpri si MiFlisakbldewPAR. £ | ui d col | ection zone, a heavy fluid coll ection
conduit bei ng disposed centrally within the collectjon zone, the conduit
havi ng a ¥516ur aThe JPREFANSGRETGES trerlaim 105, whetert the finst penduibromprises 134,
The apparatule hasdeg dihelixtestendingjongitgdinallyoherain 1g provide tthe firstdiicaki ng a
sol i ds cdlldwpathon zone and neans for renoving solids fromthe collection
zone, the neans renoving solids on an intermttent or a continuous basis.
135. An ampar dfhsapperatse pacatdimgtoeither of plairae 164 or toG wieanincbepeewidig a
heavi er fdondaitc eompriged aattbeahhvight £ rhedlixuextendimgolomgitndinadlyviienere fd owr at e
of the nuﬁ&hﬂhﬁsgmﬁh@mgﬁ@ﬂﬁnﬁqmuging subject to variation over tine, the
apparatus conprising a plurality of separation assenblies as recited in any
of clai ms; i tThSHRRdnRReEGAIR: {0l Age PHFRERreindhE edaRtiof Famhevih e at es;
the appargdsr Hld Bphp SRR écllebonRanuit @kten@iRCidax@llly WikatheRGcsHEe OF
More Sepaiaiduit E&f&%ﬁt&ﬁiﬁ%@ﬁﬂﬁh B8 5901108 aM R BielcoR¥ERIrEeddulit e

mul ti phase urd stream The apparatus according to clai m 135,

further c fiﬂggﬁ{?ﬁ%& SedigH g 8 & ngse}j H fbd QuiRach meRatalien

assenbl y. . r o (] er o or 136,
further c%?ﬁ%ﬁﬁzg?rﬁg a sepz(ii alé;ﬁ’([) I\igosns&@gassfglgm ed in any of clainms 87 to
i on

97, e?ch 13(31f thﬁjseﬁﬁ%ggsogc@? .enbt:qijceis. extoﬁn](vj\; ngffi}/l\'ir%h:'a . %qk}e se a]irlg
el o it R B R
i

M)

—

b

fluid conbiefitc eallgcton cgp € RAH

feedi ng t¥Ccone carfyg for the salegtion pfdldem a first fluid stream consisting
essentially of the heaver fluid conponent; when the fluid velocjty within
the hel i ctil. sePae appasatusyancerdingdo pas ohelinRdopitailkaNVBpeinthagitcrbei t y
for the niletfirshhelical flowpady resains eensitanti thgoughout dspengthd of tine the first
fluid streamwith the nmultiphase fluid streamto be separated. 68 139. A
met hod shutet i Mfhelapparatuseddcording epangtdf ehaimgstosnof omvhereimtheopideaof on in
whi ch a mhet sepbagd eelikali lospathaimecasys irs ithng darebigay o€ iflofd alodgdbepenemd and a
| i ghter fflowpgathonponent is being fed to the helical separation system the
met hod conprising the steps of introducing a first fluid stream consisting
essenti al {1 of Thdhappeavieacddriing eooR@AeND, WHePeihhghenpitéh Phasssek!inigd stream

feed to oyehwide® al@niieRbas aaner.mul ti phase fluid stream when the fluid
feed consists of the first fluid stream reducing the fluid feed flowate

to zero. ;40. b A%, B EhRtRilRS of MIERRI1H2 b §1 ) HHeF Sk tAEPRERGEON
system i S;ﬁe% tf; H%g?gl ﬂ&épifhri €nﬁe§‘§ﬁ Qlfohgrsu%ggnfi&l{‘ih%e%ﬁﬂr%i Wige has
been redugEd {0 FaL0I flowpath.

115. The apparatus according to claim 114, wherein the pitch increases up to
5% for each turn of the second helical flowpath around the longitudinal axis of
the flowpath, preferably up to 3%, more preferably about 1% for each turn.

116. The apparatus according to any of claims 105 to 115, further comprising a
conduit for retaining a vortex, the said conduit being arranged to receive fluid
leaving the second helical flowpath.

117. The apparatus according to claim 116, wherein the apparatus further
comprises a means for increasing the rotational velocity of the fluid disposed



141. A separation assenbly conprising a plurality of apparatus as defined
in claim 137.

56

between the outlet of the second helical flowpath and the inlet to the conduit for
retaining a vortex.

118. The apparatus according to claim 117, wherein the means for increasing
the rotational velocity of the fluid is a third helical flowpath.

119. The apparatus according to claim 118, wherein the cross-sectional area of
the third helical flowpath decreases along the length of the flowpath.

120. The apparatus according to claim 119, wherein the decrease in the cross-
sectional area occurs in a continuous or a step-wise manner.

121. The apparatus according to either of claims 119 or 120, wherein the
decrease in the cross-sectional area occurs along substantially the entire length of
the third helical flowpath.

122. The apparatus according to any of claims 116 to 121, further comprising a
means for stabilising the vortex.

123. The apparatus according to claim 122, further comprising a conduit for
collecting the lighter fluid component from the vortex, the means for stabilising
the vortex is provided by a tapered portion in the region of the opening of the said
conduit.

124. The apparatus according to any of claims 105 to 123, further comprising a
vessel for receiving the fluid stream, the vessel having a volume sufficient to
sufficiently reduce the Reynolds number of the fluid stream flow such that fluid
entering the vessel may be subjected to gravity separation.

125. The apparatus according to claim 124, wherein the first and second helical
paths, the third helical path if present, and the conduit for retaining the vortex if
present, extend within the vessel.

126. The apparatus according to either of claims 124 or 125, further comprising
means for inducing a rotational flow in the fluid stream entering the vessel.

127. The apparatus according to claim 126, wherein the means for inducing
rotational flow comprises a tangential outlet in the conduit through which the
fluid stream is introduced into the vessel.

128. The apparatus according to claim 127, further comprising means for
centralising the rotational flow of fluid within the vessel.

129. The apparatus according to claim 128, wherein the means for centralising
the rotational flow within the vessel comprises an inverted cone located coaxially
within the vessel.



57

130. The apparatus according to claim 129, wherein the inverted cone
comprises a fluid guide extending helical along its outer surface in the direction
of fluid flow.

131. The apparatus according to any of claims 126 to 130, further comprising a
conduit extending coaxially within the vessel, the conduit having openings
therein through which lighter fluid components may leave the fluid stream.

132. The apparatus according to claim 131, wherein the conduit has an outlet
for the lighter fluid components within the vessel, the outlet being disposed
upstream of the fluid stream inlet.

133. The apparatus according to any of claims 105 to 132, further comprising a
heavier fluid collection zone, a heavy fluid collection conduit being disposed
centrally within the collection zone, the conduit having a plurality of openings
therein to collect the heavier fluid.

134. The apparatus according to any of claims 105 to 133, further comprising a
solids collection zone and means for removing solids from the collection zone, the
means removing solids on an intermittent or a continuous basis.

135. An apparatus for separating a multiphase fluid stream comprising a
heavier fluid component and a lighter fluid component, the volume flowrate of
the multiphase fluid stream being subject to variation over time, the apparatus
comprising a plurality of separation assemblies as recited in any of claims 68 to
86 and operable to accommodate different fluid flowrates;

the apparatus further comprising means for selectively operating one or more
separation assemblies according to the volume flowrate of the multiphase fluid
stream.

136. The apparatus according to claim 135, further comprising means for
feeding a purge fluid to each separation assembly.

137. 'The apparatus according to either of claims 135 or 136, further comprising
a separation vessel as recited in any of claims 87 to 97, each of the separation
assemblies extending within the separation vessel.

138. A method for starting up a helical separation system for operation in
separating a multiphase fluid stream comprising a heavier fluid component and a
lighter fluid component, the method comprising feeding to the helical separation
system a first fluid stream consisting essentially of the heaver fluid component;
when the fluid velocity within the helical separation system has reached the
minimum operating velocity for the multiphase fluid stream, replacing over a
period of time the first fluid stream with the multiphase fluid stream to be
separated.
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139. A method shutting down a helical separation system from normal
operation in which a multiphase fluid stream comprising a heavier fluid
component and a lighter fluid component is being fed to the helical separation
system, the method comprising the steps of introducing a first fluid stream
consisting essentially of the heavier fluid component into the multiphase fluid
stream feed to over time to replace the multiphase fluid stream; when the fluid
feed consists of the first fluid stream, reducing the fluid feed flowrate to zero.

140. The method of claim 139, wherein the helical separation system is left full
of the first fluid after the fluid feed flowrate has been reduced to zero.

141, A separation assembly comprising a plurality of apparatus as defined in
claim 137.



