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. Wbeooremdbad and apparatus find particul ar appl i eatriasroevoovdee
5separation of nultiphase liquid streans, especially the separation of
hydr ocarbon liquids fromwater. The nethod and apparatus are particularly
suitable for the purification of waterl produced from subterranean oil and
gas wells. F%drocarbons produced from a subterranean well, such as
oil and gas, are JESHSANAND BYPAHRAITS FOR BEULD REPARAEIOMI s, i ncl udi ng
water. In some cases, the 10volunme of water produced froma well can be
significant. In many situations, the produced water is di sposed of by being
rei njected underground, either into the sane well fromwhich it is

produced, or a neighbouring well. The requirenents for the purity of the
wat er bei ng reim] oy I I Gl it is
i nportant that IT'? hg&g%ﬁiﬂaﬁén@%% é%te p@% q’?%]tg&\ﬁ/\grtmg%ﬂqag&?sot\}?/pg%cai{ebjﬁg#&?%fe wat er

cont ai ns awultiphase fleid sar@unt Tlof methbd andegbaedtbs findparaadamsdpplicitiandn tiequi r ed
that the water. for. reinjectiaqn contains |ess than 400 oil. and | ess than
2 ‘ppm SandPASiORO PRRIeGS 0 e esheeh Y Recrepateh PEPIPWEAR ons. - These
requi r enenbsidsedin WaefTethd Metbd 8hd sfpaPi@V£0 bartiblals shitdHiOmrBReom ng pl ugged
and to nmeet |egal requirenents pertaining to water reinjection.

20Convent periagativn of wetpn @sodioed Tdomanbugassad ofunidfaps mglls.he wat er produced

fromwells ready for reinjection rely upon the use of settling tanks, into
which the mxed fluid streamis. fed and separa of the |ighter oil

ion
fraction from tHEOGRHOBS PiRdPesd ffqmasy ﬁ”i‘%ﬁ@%é"’ebb%@aéﬁ&éﬁndtgﬁ% aetion of

gravity. J8gnBhid $yalbntfics 8f 6fhet AGtehls, HERBINEWatbNTh 3bMAEUadel, thfe water
requires a long residence tine in a settling vessel in order for 25gravity

separ Hl i orolumelnd watdr geeduged frvmm swelhcanubasigeficant.e & mhvy viesgiehs, tle be of a
| arge vol uy uc uf acture and

. a large v sI.wou.IdE1 cqstly t.o.man

motal | cPiguodFeds P Ra Y itk e IR BH T ey ot be
feasi bl e tvell FRAUHVAhYUT B pRodiRss @k aWelghbsut g WélR MThdiehsierRénts RIrkidpse strength
to operate under the hydrostatic_ pressures ] )

purity of the water being reinjected in such a manner are strict. 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. Still 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 settling 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
entrained 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

pl at f or mwodhner/mesiessi t at es provi di ng sui tabl e pi pewor k pCco/dB2asraiednit he
water fromthe seabed to the surface and return the polished water to the
Seabed for reinjection. In addition, due to their size, 5the settling
vessel s occupy a | arge volunme of space& on the surface structure, space
which is very often at a premum A further problemis that the separation
ef f i ci encynantehel & etdnlyidegp tvatek svellbeagdoeatiamhs. yAtandiaply, satlling apsebaches

acceptable levels after excessively |ong residence tinmes for,the water in
the tank. SR Rofiey ff GHEHEects § Tked/ AREnBPACAER: AR ARGTEHEFS

Accor di ng wovi&ih§ §&tabfe c}ﬁpa@&iﬁ t6 Randdt theRARY 8dnShe k&Il & thtQRMEdf N ,
produced water To render it suitable for reinjection. An alternative

t echni querdtam thenolished water td theseabzt dor reinjedtion.ubeadslitien, Byeltodbgic Bigte, of t en
referrgd ﬁﬁ) ig.the arlt as 'dq-oi lers'. Theseqclj[ﬁvi ces a{re gr%va%ggeous in
havi ng®a FSGTT R, Ses5ls areuey fildieg felmesthsRIe ?Fﬁ“garﬁ\? PSSt i on, bei ng
conpact amgghichs ST a0k paRYiuRY D AkriRy plIdEndls BRI RPhrabibn Eftydicocycl ones
is atiered or series assenbly. The first cyclone in the series is a bulk

oi | - wat er oEthe|settléng tBvayis serereliy ko adeondy apseasbantacaptpbls lorlsatier f eed i s

reduced fr 9 9 Tha.: wat j assed to
a pre-de- 8%9‘{95@%1 c(ﬁ%r{gﬁfl%%étgﬁskgmf %teﬁlléﬁgg%nckégﬁ%\% tgﬁn%l re%%%@llmg further
reduced t eolbruf the @8k furtier.f Abadrdsighgthendf isayrkbd fie aaémpraied oystérs fithe

de-oi | er. A,g{r_obl emexists in that th ZP hg,d,rocyclones are effective as
de- oi 1er s PEAINERTOfeRgd Wader ta rendgiut switable fopgeiniectitihl e, a typi cal maxi mum

t hroughput is of the order of 1200 barrels per day (bpd). However, it is

necessary for mealgﬁfaﬁ% %%@aggf%g%ngggggﬁ%ﬁwa%ﬂs Re H%,éc& i der range of

flowates, for éexanple up ydrocycl one technol ogy does
not al | owhydrecryene)oferdefaiddan it theapeasdtieotwet, Bistdevivdsdee r ange of

fl owates and achi eve 25a consistently_high separatiqn eff.iciency.

Accor di ngRJvan{agepes l@a&maééaéh HPaLgHon ﬁ‘g{r]cbfi?&ﬂ CQ‘E‘B%FFét"‘il@rg@Vgi emthat is able

1 owr at 08 T L e B et 2Bl & to be
| ocat &8l ahydioeyoleids iemtierad oanseish sssamiblyc atlicofist epebone in He skfied id albadivi ng t he
well has t01 Sva cier%?/%ﬁ)tne %I?B%r, ?r} \%ﬁr%h%?edoi} Qo%centration of the feed is reduced from

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

cyclone (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 is 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 to be located at the wellhead ata
subsea location, where the fluid leaving the well has the highest temperature and the

30  least 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 t i phaswofbaim¢sia plurality of outlets, with at |east poms&sBOddm@dcobei ng
provi ded for each separated phase, and a main annul ar tubul ar bore. The
separator operates to separate |lighter and heavi er conponents by causing
the fluid 5to flowin a rotational path. Wile this separator is
particularly effective in separating multiple fluid phases, such as gas,

oi | and wat er, EPtl n6w displeses asenaratbiefohsearatimgarmtliiphese foms itlency requi red
in order t rif roduced, wat er fficiently.to.all.ow.for reinjection. In
parti cul ar ?p agaﬁ?rf ?o\cﬁ?@ﬁ?ngoe}q m%fr/goﬁlaé?@%llpléar‘?ﬁﬂli‘l#’ﬁ Hhﬂ% “\X/a({fé’Pﬂ?)tF’ \ﬁ‘f]}?:?ﬂ%?'sgt hi s
separ at or ohe ot being prdiedatbfoe tachiseparkell pHadeinti £@bRhndilaLibular bbied an
underground 10formation. In order to further purify the water, it is

necessar y 16 Senasipiepezates totseparatp lightes andoligavier spapenents orcappiag thendvidemai ni ng
1 nut ecd I NQL.; L. i-th. . I on, as such

ol si 71 o o 1G5 8 rot@honef bt LRI 80r W fati iRy HAGheRlng

i npossi bl enuldiplhiflaidaphasess suvhlas @ad, ioifeant vanter, it Cihiidt guatafi2Stha hililscl oses a

separator for oil _.and water m xtures e oyi pg 15vortex separator to
remove t h&emstationst 1?‘Fféoy6Fﬂ“‘¥$d’f‘rP’E‘{%t%ﬁ%qBJV PreFﬁ'ée‘f‘é@i‘?F F“g?%‘@le%‘ii&’ FQ/\%?%Y m xt ur e
i s passed f&f}éfﬂj&ﬂﬁé $h E&Jﬁcﬂfa%tsi&ffcgeﬂé %1, %% et Penﬁeﬁxmvtﬁe%:&ér?s%d&t be dropl ets

fromthe water. The system o (%% whi | e capabl e”of separating oil
f r om wat ethis peparatar te pprabhiche fvater frondbeigg sirdjééted dintctlydptaraatindergf@mdt he wat er

to be.reinject.ed int n erqgr.ound formati on. 20Accor di ngl there is a
need Fé)r %"qahﬁ ‘ob’e?fggreﬁﬁlgg?r & “fye@’ﬁ Av ag‘ﬁg}%tlsbneéﬁﬁmyem %(P\flé%%@éé@n?ﬁﬁ# d

streans t g ¥ if €& Aubkl that theRambinfilgl @inufd dr8pIRE Flhoilwed 85t cafifsifbd withuch t hat
the water may be sufficiently cleaned of oil to allow for reinjection into

an under gthsutitier bratiani assucinemplstficagon worldangiedyeher separatiqn vasy t here i s
provi ded i Is . t rating a nultiphase fluid
stream co%ﬁ?@l{’ﬁ%&% 11%@2%?361? Wﬁpﬁaﬁg%%oﬁgﬁe %%gga lighter fluid conponent,
the nethod conprising causing the fluid to flow along a helical flowath in

which the critige 3RePIOAAEsIMsEDLEedtatéBr bil dhdl whilc@Wik®rletiAd@tl at he fl uid
stream flowi ng at a Reynol ds. nunber bel ow the elevated critical nunber, the
15 vortex separator to remove the bulk of the oil from the water. The resultant oil/water
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 elevated critical number, the

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



fluid streamflowng at a sufficient velocity to cause the fluid phases to
separate. 4 The first aspect of the present invention enploys the
phenomenuwot2hetodesik| ui d forced to flow in a confined comrdwidB206MDHcORS
between two plates or the like, exhibits different flow regines to the sane
fluid flowng in an open conduit or a pipe. In particular, the forced fluid
flow exhibits a significantly increaséd critical Reynolds 5nunber, that is
t he Reynol ds nunber at which turbulent flow begins. This in turn allows the
fluid vel oci tyThe fiss agieghoithe pres¢n inveotiememploysicl pheserh¢nunniiahe duidi ng a

non-turbul.ent. fl.ow regi ne. Ref nces to an 'el evated gritical, .Reynol ds
nunber' a?oéc‘%dotoggov%gln“g Oﬁé’ﬁ& FESHUTHS la§8et§g?e? g‘?%%gestoﬁg‘ehlé}ier %’gflb‘?ﬁyowpat h so
as to gi veifférae flotv @Rpinks &y deadmeivid fawinkQfRay Beéisonduftide s pigehdnr ot at i onal

velocity of the fluid can _be significantly increased, enhancing the
separ at | oRageulan dhejiorged fand flows3hibits psignificaptly incragsederiticrbReyREpnol ds

numbers | Sngh5a fa KNAORI A DnIRE 61 REEh SRR #168E8Es | 190,00, 000 In 2

second aspec res I nventlon provides a ne ‘for separating a

mul t i phaselldwuithd fRid edonityanibe ispnifiaatlyh eevdaced, fthiie dtill omgiatamindg umch-a | i ght er

fluid 15co nent, the nethod conprising causing the fluid to flow along a

hel i cal fPBAYER %’Y(’Ee@HH?'ngetg?eﬁﬁ‘??cfoénc%lﬁ?qi%f?crg&? ?X'I}OICEWHF i Pt ng at a

suffici engoﬂlsg{@@ggcgr&ig%]?ause the lighter fluid conponent to nove to the
i nner region of the helical flowpath; and collecting the lighter fluid
conponent in the central conduit. Preferably, the nethod of this aspect
utilises the aByrfemang itterieticgdrilovgiafl & @afto 20/caisevatn nigvithe cikégahol ds number

of the flyid stream The critical Reynol ds nunber of .the fluid flowis
ol evaltba, KERIOIS FeDer G 5 SAqnei oG HelipR DHNGHD PF SURIARLY OFESHHb ds nunber
bel ow t hee @] BViakekk sehhilatiGRbf A AH&rent phases. Preferably, the critical Reynolds

number is greater than 10,000, more preferably greater than 100,000.

In a second aspect, the present invention provides a method for separating a
multiphase fluid stream comprising a heavier fluid component and a lighter fluid
15 component, the method comprising causing the fluid to flow along a helical flowpath
extending around a 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;;



In a further aspect, the present invention provides a nethod for separating
a mul ti phase fluid stream conprising a heavier fluid conponent and a

| i ghter fwoi2do72B6c1enponent, the method conpri sing. causiPog/adBreofdoodod t o be
forced along a first helical flowath, the first helical flowath having a
first pitch, the first helical fiowath being sufficiently long to
establish a stabilised rotating fluid¥low pattern for the stream; 5
causing the uniformrotating fluid to flow along a second helical flowpath,

t he secondauséld thannifpawnpaatingiind myflew slomgndeginddtelicaltflovaiath, tiesesersbnd pi t ch
i t L fii i.tch: .and DV t he | i ght fluid, froma
5 L5 e e Bl OSSR R AR e T T om s

present i fivepitcwrands suitable for the separation of any mnultiphase fluid
stream incl udi ng st reans. conpri si,n? one or nore |iquid phases and one or
nmore gas peRaEag hedighissfiviskirors agadielly sy regiog it thmicsondbhelicallewprbat i on of

mul tiphase liquid-liquid streans. The nethod is particularly advant ageous

initscefficie e at i i gui d hydrocarbons, especially crude oil,
from a%]ueous 18"}1 éF%é%?sﬁ%ﬁeg%ﬁmvgéﬁrblﬁ)é%‘?a%?%eorﬁ%ct%B?faﬁgn ?ﬁaélysepar ation of
crude oi | nfultdphavefleid sp’eazd,wﬁelddfnlg@ffbaan§waﬁ1ﬁtsﬁr?'&wbrw& ligRid ghasds@ntihe
reinjection of the produced water into _ an un erground formation,

The met ho81§ S Hare:gas phasesy Themetivd ds pasticabasuiiebledontheispparationrdt i on of a

di sper sed.f} IR BT b i cond fl uid.
pr of or abl 5 2R i el petie Bl R ab BTy ARG gBbush B in
the first eSicemepht seiperating Haeitlihgdrovabbog esgebially koakioilg fibhagens di vi ded into
manageabl e portions al.lowi ng a suitable flowrate to be achi eved. The or
each g@rt Ft(‘}%n?ss _ él‘pBLﬁ%P? O%ith@?ti?ﬁﬁkgége fPateERg e f’Y‘JélF!Ogl fg‘ﬂlﬂ@iateé separ at or
region, tbeab froalsubRetasethvidi, BAbr t()%@;airgé@ion_vo% odu®A W& ifdoli d to
cause the phases to begin to congregate. 90I'n this cylinder separation, the

phases i nat hiedesgrovadimmagemgat e and coal esce, thereby allowing the
di spersed phase to formas |arger droplets.

The method is particularly suitable for separating a minor fraction of a
dispersed first fluid from the bulk or continuous 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
is 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  In this 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



The fluid streamis then caused to rotate in a conpact helix under
pressure, so that the fluid is subjected to a high centrifugal force,

al | ow ng wbeodtoes@2to forrn a stable rotating flow pattecmGH0x0M®1 t 0
avoid the different fluid phases from 25 becoming further mxed, in
particular emulsified, the fluid streamis stabilised into a flow regi ne
that is below the critical Reynolds number (that is the Reynolds nunber
above which the flowregine is turbulent). The critical Reynolds nunber
wi | | depedidigtsamsansiithé dimepsionaef thh eondustcbmiugly wnich the séany isqfassing f | ui d

stream the velpcity,0f.the..6 . fluid stream and the dinensi,on f the
condult t RESTaRDareaas et Dyigd i f oSt ERE St Biliefing HE Froed | <
stabi | i sedf il dsgefsRAFRNBhakE BMivEE B TR préseRSink@Rdh e thRpsit dBliglss of the
di spersed fluid phase active. In the present invention, the conpact helix

i s ar r ang@gargedisuehthat theReraglde nersbersap be sigaificsetlshigher themibelvpusli gher t han
t he uswal ] . i I - t d-uid A 1 nar or
transi ioﬁgﬁ%lﬁ%{/}vl%%régﬁﬁnﬁg%ﬁ%&\gﬁhgﬁiﬂlgg jm%ﬁelﬁ%roe{{% Iggglhgfrlﬁg)?gvn%lg{é%\i\%en a
fluid is Sadsedleffectfdenerabdtfopemnipdwhaca Agidok afuesd td Bokmewreehiwbhe art.

Thi s effe%t .is e I_og}gd in the prgseeg{? invention, in order, to allow a high
r ot at i onaltetERIAey-df BRowy i the ge- Jakidipets cmiaved mnibsiasssniigveioni yid in a

non-t ur bul,gnt +§ i & ﬁ@h%ta%ibﬂaltﬂﬁ?@vé’l@é{ty_ th'B€ SRPHEWHAR n%fint%j%?%\’tgxé i ous

phases 10due to the centrifugal forces is enhanced. ngth of the
first hel iflued infd rongatbuleh doivdrepimnen fIn hif friag) thatepaeatighlofthe wiriooswphbdses f | ui d

flow centrifuqgall.y establi.sh.and stabilise in the required flow regine,
nost Wef gp%b{l;egeqtpé}ggf%)mesfnf FheResst me. The nature of the fluid stream
its conponents and the flow regine of the fluid being processed in the

et hod 1 || deyst moa, §16, hRAGHGT AGhad MEndiut St oPRlciER: LhapRFhiby | 1 the

required flow regi can be esta qui c the first Ical flowpath
will be ctherfbsgblosi logeytriSigatly establish anOstabilise s theirbquied ffavorwgineginmest has been

established,. the fluid ream.i s used t | gw .al on first helical

T owpat h. DISHerey 8 ot HHE Mt The St i BifedyeaoBr ot ondl ce 1o

create a mdfdwleige a¥ideui®b&is Fﬁb‘ée@ed BSik ineodbRillngbtdrRfisee 1hgfd OW _

20al ong the helical path, the effect of which is to cause the heavier fluid
o]

to be!lfor etthetfstitiolical flosvpay | If therrpauiredvita regitae eamebd dstpblishediquégidy.on or
fractions yf0;m l%rlf%leﬂ(;\gpatﬂp\%ﬂi B ggrrespondingly short.

Once a stabilised 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



region of the helix. The helical flowpath has a first pitch. It is
preferable that the pitch of the helical flowath renains constant

t hr oughowoth@/dsesigt h of the first helical flowpath, aspChaE2ben@odoliow is
bei ng pressurised through the helix plates. 25Thereafter, the fluid stream
is led into a second helical flowath, fromwhich the lighter fluid phase
is recovered. The second helical flowpath has a second pitch that is
greater than the pitch of the first helical flowath. The second pitch may
be const aiitat thercsesgtiseiton aiea oidhg second helival ewpath inve¢dsenalong tsdsagth, However |

back. pr esdiids HEEed LA BARBERy hihe fre ith S HeSEFRIR PR Pdne second
helical f htmm’aé Hohp itk Baghs Feighinay ih@bgk RtepTiss of %rlaH@din. gnlyeni ent |y

achi eved by _having the pitch of the second helical flowpath increase along
i ts | engt RreferrRd ssnbadimentythe mitelp akibe secopd iekieal Bpwgrthdueirasys comingawsiyr ef er r ed

enbodi gren 1 : j1C f I ti nuously
5ol oyt AS"F er I pEaP e SoOBARTON Bl s ERE! PrblREEAC TR 08

ar r angene itcreasésebypit b % fmreaels ewn bfythe lui bl &¥pdtb arovad thet longitaling beisf | ui d

fl owpat h arQu the |longitudinal axjis of the flo th, re preferably up
to 3% esﬁéﬁﬁegﬁg’wa mgﬁ@fefr%lﬁyélﬁg%g%%iaﬁ??mﬁ yf‘l?ﬂ”\é\q%}“ egc%ftvﬁw Indis e is

mai nt ai nedal hatiow i i M8inkdigdd oW i [ e : t he inner
regi on of tage hoel ircéa?}%1cl I omigl)latlh t%ﬁ?toafr]rllo\'j\uﬁgl}éeh%ﬁéerymg?g&gté&r?g\%ggg?{o#ﬁe second

1

hel i cal f fevipee regipoof te belisad Algwenabufibmtwheat theyateemovght er 1 ui d phases to
be collected and renoved fromthe fluid stream Snall droplets of the

| i ght fluid remaj n.in.the bul k heayvier flyid phase. . |f s, and the
desi rg(gi or r eqﬁ?%/@?fongb@f"agﬂ‘)w{‘fﬁdﬂ?}ﬂ‘il E? l}%&&ovﬁlﬁw@@ew tg%Hg]ét% uidf yr ¢ her
processi nghftagak dbRYcBeaRRIRYEE froAsthé AldWRaml RENEULHLEHIJFIRS Separation
and purification be required, the nmethod nay conprise fErther steps, in

whi ch t heliglserfivid medy rewpiscnithe bilk hpaviérifhiidi phase.e Hrsoi snd the desimddrso as to
generate tex af .lighter fluid,.f tions, fromwhich. |ight

fl ui d rray?e@gggé {oR e STt ek AR il BARL R08ssoiyhd GCHWIY B& achi eved
usi ng a tbmpldyéd;lak ¢allowsl owpat h, al ong which the cross-sectional area of the
flowpath is adjusted so as 20to cause the increase in fluid velocity

required to generate the vortex. In one preferred arrangenent, the pitch of
the third heliehuld fwihsnseparationaad purificativh be diquired.i tbensthodlmay.  The i ncr ease

in pitch i .Qr Lnyous. . Pefera the pitch, of t third
hel i cal f%lgst% ﬁﬁllttﬁe?:\rg%ig’ensl VA %ngegﬂu%técfnﬁmtfqg‘flfyyoqjitg%ﬂ'éﬁtsitlgﬁml%wﬁfeﬁ?e n order
to gener ajceasttb gen@aiiarcetiralnoieaselighter Ml dravedrRCirbin, wiibie liped flidinal/| owpat h
narr ows |{)1 Nﬁﬁ%}? in the 25 radial direction, as the pitch increases. The

i ncrease PHWithdipwny dihgénarsase & sotatroaplawslapity arayr ks ackisvedivsing Ashird he criti cal
Reynol ds gy | M I S £ GLOS:S - jonal area
of "the. t e g e Ml it e e P ERE ol AT 8080
back-3) eswureseghe imvasezdluid velocity required to generate the vortex. In one preferred

arrangement, the pitch 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
heligal flowpath increases along substantially its entire length. In order to generate
the required increase in flnid 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.



8 After the increase in the rotational velocity, the fluid is ejected from
the third helical towath in the formof a rotating annulus wall of fluid,
whi ch conweiner/méediot ati ng core of fluid. Wthin the rotacrragpeovmoei fl uid,
a separation vortex is established. In this stage, the remaining |ighter
fluid is caused to mgrate towards and 5into the vortex, with the heavier
fluid circulating in the annul ar regi dh extending around the established
vortex. At this point, a helical flowath need not be provided and the

af orenent i oned A‘flem‘/herlegﬁmsn thedotatienal octoeity,abntliid ie sjeatotl ifioheteitiirdn open

The oxit DR BouubifiedbrR P o e ity art SRR eoBiE ot ex

i nduced i fothfgScor@yf flgidr §Vidliih ViRd dtaHRg chre df flued ARBArakth irida i he | ength of
t he surroundl ng conduit. In such casés of a short vortex, the stability of

t he vor t e5’<St ished Indhigstage, the rmaiging lighieo fluighis sansed pn migrate towariimand changes

in the | re rovi de a
nmeans %%e‘io?gg?h‘bﬁﬁlg%\?%l?fﬁ&a @gt!ll)l%)lllt%erre r%%%B ‘?rte?fﬁngt he vort ex
is for rreda:lmaneaiefesﬂaﬁﬁsmdwdubi fﬁarthls@ﬂmwmhbdﬂeﬂdwmtﬁ @dedfﬂoub@lpﬁohaiedhas
mgrated t d collecteg in the vortex. A preferred neans for capturing

and st abi P‘ildsT Glarpmeniinned flomregimesiand theormates san bassieblisherkitian PP s Ui t abl e
di nensi 0n§orﬁlu§tpﬁl%ﬁ%s ‘é‘t&ﬂ%‘d?#&e 16 9RE Wiz ﬂh@v{gﬁﬁ irs%g@agpsh%& al %.eQR%E{H%g into

the vortex. hi's way, vortex 18 sta in the entry
regi on of SQChedhdmhﬂDWpathl in the bulk fluid. 20The fluid stream /| eavi ng t he

vortex separation region wll contain | ittI e or no lighter conponents and
wil | nsi st i nI of tg?e heavi.er fl ui nponent s. Shoul d sone lighter
conpohénts re Eﬂsf’f‘n e YQuisE AngyCsh s @p‘gaynléﬁie Igavedwire dn BRIEPALOR 0| | ows.

I'n a pref gihegk I?:HE[‘HQJf 'ﬂf?e"ﬁlrr%imcﬁlﬂg i RHETh Slthch%Q% s dshH? g&g hpd further 25

conprises introducing the flurd streaminto a ettling region,
in which stheility gffithevordxunaly b@rﬂdocmhiwvmgehcse:pmasummblem tdigorheavi er fluid

ComPonen Syt AR SEA! B0uR R KL%, KL SELLY Ol g St eam [
separ at i OforlsRBilRNE HE vE@Xe Sn ohd pREEHCAMBYdimbiiethe vortex is formed beneath
15 aconduit for removing the lighter fluid that has migrated to and collected in the
vortex. A preferred means for capturing and stabilising the vortex is a guide cone and
guide conduit 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



9 velocity is such that the Reynol ds nunber of the fluid streamis well
below the critical Reynolds nunber, nost preferably in the |am nar flow
regi me. Wwo200Rvedier ably, the fluid streamis caused toPCotGH2807/a00d0me
fluid-fluid settling region. This is nost advantageously achi eved by having
the rotation inparted to the fluid 5stream upon exiting the vortex
separation region. Wile the major separation effect in this region is the
gravity separation, the rotational flowregime will cause the lighter fluid
conponent §elogite Srivehthehthe Raynelde nemherrofltheotluidisireamdswelk belewahe etitecal egi on,

i | | j ion. T [ ith th
Cepar at§ ofter s S o B AR GRERALR " o160 mehod

preferably conprises centralising the rotational flow of the fluid stream

wi thin the fl uipgefblablydiieahiid stfdin{ RGh@¥ad td Ritse iStheIREEHAR %upshiysd in a
manner in which the cross-sectional area of the fluid flow pathin the
f 1 ui d- f | uiTdissemosi adyantegeayslyi ashicwetlipyebaving thegotdliominpasied o6 thielfod | n one

d . fluid richer. in the {igh £l uid t. i
Dot emoved T RTES g b oot wPiligh Brddf WHECHR ooy 1reGRRERER G T egi on
and passechi$ fegidnes Urpp@avieestph@tion, @B @batihal ey tdgitnd will Chehe 3RS lidHtetg regi on.

To prevent. rem xing at the exiting vortex region, an axial cowing may be
provi ded £¥esPam0BCHE &0 cqngRRtEate 1) e genirad pT Bnermast Aeneeo e YeBON) | ghter {1 ui d

regi on unhjndes: e die rdiRd 2t 5mM$%d Biod N this way the separation of
§ 3 enhanced.

the lighter an eavi er comnponents i In 20particular, the
l'ighter conmponents are nmpved to the upper portion of the settling region,
whi ch is al ready asgéta&itw&byeﬁdratbnidga.hiaeeﬂléi@ihgeirghféegumlrwmlﬁmemtthet he g
heavi er conponents thus transported returning to the | ower portion under
t he ef 9 ecf@nﬁlﬂd REFISACEY conNRsHREE Bntiagsing s ratatiangl oy otthe finidstamrydini on
ports andld i} bdef;2ht } . I ocati ons
N thi n e ooy o seRfinf M i A Qe AL P AR AR Wh i
cross-sectional area of the fluid flow path in the fluid-fluid settling region is reduced

in the direction of flow.

In one preferred arrangement, fluid richer in the lighter fluid component is

15 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. To prevent remixing at the
exiting vortex region, an axial cowling may be provided to enable the lighter 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 transported 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



provided to inject pressurised gas or a gas-fluidised liquid to cause

upwar dly novi ng bubbles to ascend through the heavier fluid phase. This
woul d asswetoambsithe predom nantly gravity separation etCram2007000601
particular |ight phases, such as oil and 10 other hydrocarbons nmay adhere
to the surface of the gas bubbles and then be carried at a faster rate to
the lighter fluid regions, as is commdfly enployed in floatation separation
processes. If desired, the separation of the lighter fluid conmponent from

t he heavi @ther hiidrgcgbersrpanadiete trdbe putasnhbtheeds ggbhlmnddhﬁrt heorariadd atddi ti ves
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avai | abl e sefeaion groduskyst ors may be applied to prevent the formation of
scale, in particular in |locations where there is a significant pressure
drop in the fluid stream such as in the inlet to the systemof the present
i nvention, 10 Dédasirsd.ttheseparstign bbthedighter fluit comaponoft frdre thie avies flaige of

separati o i der to h e the aration of the f.|l uid ases.
Cor r oo on PP AREy heoMRREREE b BARRR PR R art i n b el B36E s on, i n
parti cul acoglewesde &rahe DihtéRuill ebinpadens eP@tabld Qlditaes ardhvélEBroviePRI tRECEr s may

be introduced as required in the systemin order to P_rom)te t he aggregation
of fluid pH&gdgre W?rﬁﬁllﬁiavei}aéleﬂa%akénhlétﬁensmwhﬂr?m igd fo prevepbficesent  as
one of th i ' I cl; ' ' f high
ol ooul ar HErERE Char s prpba e flocot GHARMAER LYEHE BRARLERL o
O her addiin thedhid siatanyaychbss iethpl inleeth thasystete of thegirésent ineehitioar s, hydrat e

i nhi bw)oriq an(f .Pipcid S. gh r emai ni | ui d ir}the rocess will consi st
al most ¥ enUePBHSIIGE Mayderd _?/f\é‘?suﬁﬁfné’g &hitags Ol BRI {501 HEs e are
pref er abl ynpass g s"e{é)?&iéﬂ it fle FETMALes ng,on'iﬂﬁmle e He'r%reatiﬁ eam

consisting essentially of the heavier conponent I's renoved. The fluid
stream i s thereydemadd] pressaiiswention, ingragicldr ownstréamuofthe belioshbepaomion t he sai d

fluid streambeing-renoved fromthe central. region of the fluid renoval

Jone. I CHEENEy CTHE R BohsoReRT B Bl RS elis ek e 11 ke ey
be col | echamastpdRragehea@fast 0 phlsedlr WeaxtiithiBReks heRbeadqdiredriidnipyst em for
exanple on a batch wi se basis as sufficient sedinment collects in a suitable

receptacl erespigaeps elithafluidinhasesageoder tormsevent hegristallisstoppelight i nvention
I's that it,//@y,h Gveight 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



applied on a nodul ar basis. In this way, a wi de range of operating fluid

fl owates may be accommopdat ed and a separation process provided that may be
appl i ed fwo 20@7l09esxatended periods of tinme wi th significarCcTiaBetdoons i n the
fluid throughput. This is of particular advantage in the application of the
met hod to separation in renote | ocations, especially subsea wel |l head
operations. Accordingly, the present ilhvention also provides a nethod for
separating a 5nultiphase fluid stream conprising a heavier fluid conponent
and a | i glexenddd parigde ofipoa avith sighicanbyartations svthe fleidothraugbpetuThisghate 1 uid
stream being. subject to.variation ovep ti t he nmethod conpri sing

provi di ngpgglﬁPféF %?Wf?gan @gﬁgpfé?aiu% Ogglféﬂ%ﬁ?%@ FBFatn Wleﬂ‘@n%out t he nmet hod
steps of ! locationsakbpRuialg sébses veBRaafopeRibig! | ed flowate to enter a

dedi cat ed separation assenbly; 10establishing a stabilised rotating fluid

flow pattern for the stream causing the stabilised rotating fluid to be
forced al ong aAfcesinghgltheptesdnt oweatidn alschproivides a nieghdadclat sdpastipgeh havi ng a

first pitchy. . cadsing the uniformrotating fluid to fl al gng a second
nel 1 car. { FOMRERE IRt te Rk S Sh R chrafieh o BERGR ARG, Tonoe”
wher ei n t bempeeandhdVdlthe fBHvgiedf ee rhildphdsb Cluibitidati bddhd idjectitd renmovi ng
the lighter fluid froma radially inner regil on of the second heli cal

f 1 owpat h; VaKaios; aver e dbs apthadeomuprising papepiug amburabiorhiveprieondi f f er ent
06,11 OUBIERc REC,SHhEDLL 00 MG e sepe i on ssserdl o for
mul ti phasellfwinga ssicamafcofolled flwiriedo siteps dekleatddstpatation assembly; separ ati on
gzzgﬁ) @g d gsatgblgﬁi\{leg aasrt%/bil?sfedtr(r)]t%tiggr ﬁLiEélrfjio%jpgt{err? o%% ef étgeaInE;:at ures hereinbefore

causing the stabilised rotating fluid to be forced along a first helical flowpath, the first

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



I n one enbodi nent, the nodul ar separation nethod further conprises
providing a finishing assenbly for carrying out the fluid-fluid settling
st eps deswoizbenhob@reei nbef ore, wherein each of the pl uralpcirycRebom@pa@nat i on
assenblies is connected at its 25outlet to the finishing assenbly. In
addition to the aforenmentioned nethod aspects of the present invention,
there is also provided correspondi ng dpparatus aspects. Thus, in a first
aspect, the present invention provides an apparatus for separating a

mul t i phasaedvierifthid componepbarpt @ Hghigr fuid t@mpewment,dhe dpparatucanygoisanta and a

lighter flui.d,gonponent, the. rag.us c rising.ashelical flowqath havin
aI 19 luid i h&éﬁa} ﬁg%gtﬂ&av@gtaiﬁﬁﬁggt, %EWZQU&E&%%%@%%@ ?P@Pﬁonﬁﬂtcﬁgg %econd °
outl et fogecantlbahétdor 4 h%&tér TEaREMBBhont tHEhAIRKI Bdkpdth SV thmpai fen f or med
such that the critical Reynolds nunber of the fluid streamflow ng al ong

t he hel i c#iat Hfelwifisal Reynglds nurdeeef the fluid stieprffloveing glong ke lbicalnd out | et for

the |ight ﬂ%wﬁagt‘ﬁii RoIRgNent is disposed axially centrally of the helical
path, Tn particular opening into an axially central lighter fluid conduit.

The helical flowpath nmay be arranged to provide the elevated critical

Reynol ds 10 nupkgtrabl! SleRB&In@ dRitlBEBE iehRtter HRiP@poREhEE dishied MY be

achi eved by adjusting the internal dinensions of the helical flowpath

accor di ngakiglly pentystlyé ithe heticelfpathy én particuarapesinginto abaxppllycestsadighten a
further aﬁﬂﬁﬁ%mdﬁ@e present invention provides an apparatus for separating
a mul't1 phase fluid stream conprising a heavier fluid conponent and a
lighter fluid 15 conponent, the apparatus conprising: neans for selecting a

stream of fI ui thehelafdekBiAIGheldram¥éPloSroRdé iHeHevaRAMtall@ynolds
establishing a stabilised rotating fluid flow pattern for the fyl urd stream

havi n§0 a pupker heesinbafprefdesmipat hin parficutar this mayl becashisvedwpadivstiegthag a first

itch; a . ] Vi el ical. flowat t second helical
1I‘O | owpat h E‘Z%%gdlglggg%%%ﬁgﬁ%h%%? gﬁ%?‘é@ﬁ Phle tilg\é\goﬁaaﬁsto? ﬁ’e’l fg‘”@r eater than
t he fir st stpdarcty; beagrdcessed.

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

multiphase fluid stream 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

stream 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



means for renoving the lighter fluid froma radially inner region of the
second helical flowpath. The apparatus conprises a first conduit

havi ng a wel2ealvequassage t heret hrough, through which fl eca/ceyoiwocmaused to
flowin a helical flowpath. In order to avoid the 25 different fluid
phases from becom ng further mxed, in particular enulsified, the first
conduit is preferably formed such thatl3the fluid streamis stabilised into
a flowreginme that is below the critical Reynolds nunber (that is the
Reynol ds nagidyeps tisovssosit ald deneity dfohe fleii sisamsthe velmgity of he fthd stegant i cal

Reynol ds numher..will. depend upon .suc 3, f.actors .as the vjscosi and
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di mensi ongheddpetikie sﬁa}i&g@ﬁkﬁengibh@a&ﬁhle}ﬂ?h%htHef‘[ﬁsﬁohﬁﬁiWiﬁ bPas@Rimiged Hpcor di ngly,
t he specific shape, dinmensions and Tength of the first conduit wll be

det er ni nedhegfopdidesnidhe fact eeam be peocpised Brofesably pibe spubiésisefia sie ef er abl y,
the cogduld tﬁﬁt%e ufd! i§ §ta§§§éé&‘glﬁ%%§nes{eﬁﬁﬂ{»&;ﬂ%§m'gisthﬁé Egegg{gﬁ%g drdbidls bF A5 S0

fl ow regi e, us kKeepi ng S0 spers phase active
A parti cultlaydigpepsedfifimid phhsanctireg ypaticulsrly prefdrha driangtmeang thrtthd frsconpri se a
regul ar tube, havi ng an inte{nal elix in order to provide the helical

f | owpat h. CopuTYy tgsgMmRTIa: 2 rogaler fybsthakmeiap Apterabigin in opdler i Rravirls the r st condui t
shoul d beplsuhbipignt to allow the 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 t e beighoof the fikst teli @t fiowpath bdthietgtilistafontiiiesiidulébe hel i cal
fl ovvp?é)h. The, fi rstl helical tlowpath s of sufficient length to allow the
time 16r tHEckBhtoalownghe Hur e s gabilise infhe raagied oV regimepmese from t he

heavi er f I,y 1 kN | i bl i shed
qui ckly, ip i#efg? I ?ls)d ;t thltsalfe?%ﬁafwfr%%{/nv%a?ﬁé \?\A&ﬁgﬁgb{gﬁaggg%hgﬁsngi fy}légﬁ%@?‘h 4
Pr ef er abl yhe fdverqgime hf thie fhidéd béing ptochekd tathe iethwslawitl degeraiinsthe devgtiant

t hroughout ..t s | engt h.. The .apparat us .. ref erabl pvided with a feed
condutt PR TR TERCAevaat, Tepaerief et areepet E5surhele .
forced, pEieaimd Rorehd @htriflgdiRepdrhticif ofaRNBghttr fluid phase from the heavier fluid
15 bulk phase. If the required flow regime can be established quickly, the first helical
flowpath will be correspondingly short.

Preferably, the pitch of the first helical flowpath remains constant throughout
its length.

The apparatus is preferably provided with a feed conduit, into which the
20 multiphase fluid stream to be separated is forced, prior to entering the first conduit.
The apparatus preferably comprises a means for establishing a rotating fluid flow in
the feed conduit. Preferably, the feed conduit comprises a tangential apening, 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 initiaf region of separation of the phases before the fluid enters the

first 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



The apparatus preferably conprises a neans for establishing a rotating
fluid flowin the feed conduit. Preferably, the feed conduit conprises a

t angent i avoapemiongy2 t hrough which the feed streamis forced;B206T@00601
arrangenment of the tangential opening causing the fluid to rotate as it
passes along the feed conduit and be subjected to high centrifugal 25forces
providing an initial region of separal#on of the phases before the fluid
enters the first conduit. 14 helical flowpath extending therein. In a

pr ef er r edhelicabfigepahextending dwrgnd icopedirtedeorpgéney, the sedoad kanduig a hel i x

extending longitudi.nal ly therein, tq.provi.de. a.second helical flowpath
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di r ect i onh@fcaf howpathopgeférhslysee giteh bf BwRadond hikiel HBGHeRSBerkaket hethpi t ch may
be in a 5stepwi se or a continuous manner. In a preferred arrangenent, the

pi tch of diectiosobflawrdoneche seqoad Fhoapathi sThiedrsreass drithel el maydetianti al Iy t he

entire:le . of th i it b I he pitch
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t he | ongi heltbahAbwpath $s brehded dldmpvipdithntigqdly eieeabé ength ¢fahS88condheical ef er abl y

about 1% for each turn. 10To separate the lighter fluid phase_fromthe
heavi er ffowga watéé%yheam@&ﬁsﬂwt@émwwaﬁw toiSgnfacach tryohiisse is

provi ded %zlbga Helié&?ﬂé‘ggﬁggr laqh%j 15ngiPﬁc§ﬁag5§iQ'oythetfnﬁwﬁa%a,@%eféﬁmyr@wi ng the

i ghter f conpris coll'ection conduit extending coaxial'ly within the
second coBWiintore preterdidy abowxefutieach twit.hi n t he annul us around t he
coll ection conduit. 15The feed conduit, first and second conduits may

conprijse separate conponents of .t he apparatus. 'Ho er, in a nost
convell ent ar r AR§ERREHE Fheﬁ}%’t?réﬁ'é‘sﬁ@‘?ﬁﬁiom £i P%‘ﬂerafnﬁé@é%sﬁﬁcf‘@% Pts are

adj acent I Iy : B d LS | 1Agi P i in an
upst ream %%ﬁ\)lng%ﬁg? fg?%{aﬁitn&ggﬁ ¢ %i‘é r?%v\}‘?e e‘kl{'[ﬂ%g ﬂ%:agreg?mﬁ?ln:aggl Pﬁf%l?vp th and a
second hetliexndaes fyg rpmoving dek lighter fiodwempewmapolitdtion cofiduihextendieg t o provi de

the 20 second.hel.ical, flo th. .ln,such an arrangenment., the neans,for
removi ng CHEADGHIER e Pacheapduit s Pt SRR e S S ng
coaxi al | ycyuechbmcddamitsi ngl e tube, the collection conduit having openings in
the portion extending within the downstream or second portion for the
collection of fluid. In many circunstances, the provision of the apparatus
with 3rst andThebeddordipfidsiiand sccopd combiits yagicompaisé sepdratondui t, wil |

1 ui o phac e SR RATER it HUPCRe - SEpal i oh B Fogtir e T8 appar at us

ey Cconprt&RuANErsPindRcendEorddRs frelatipwém $oRRINE 8N e Bihgle 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 helical 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.



15 Shoul d further separation be required or desired, a preferred
technique is the use of a vortex separation action, which subjects the
remai ni ngwobl20ev/mes1zery hi gh centrifugal forces. Accordi RGITYGB200T/H0EN a
case, the apparatus may further conprise a conduit for retaining a vortex,
the said conduit being arranged to receive fluid | eaving 5the second
helical flowpath. In order to providelfhe opti numvortex for fluid-fluid
separation, the rotational velocity of the fluid streamnust be suitably
hi gh. Accor di nGhyyldifirthegeaparatthn eheqepdar aesisedpaprdfenrediechriquegs itee a means

for increasing the rotatjonal. velpcity.of the fluid di sposed. between the
outl et of IehEt LUEGHIoRErT ShictionoNLt bifs Prgeprine o7 RRESE R T for
retai ni ng canthAigdaPorcelU IAIC@QJd_fmglrf,a@§ud‘h<ycaa9,ltﬁ@aﬁﬁﬁdtﬁsgna§nﬁmhef adthpiala vel ocity
of the fluid is a third helical flowath. In order to provide the necessary

vel ocity iceduildoeretaihisgarwsisxstbe sdid senduitrhsingranged tohepdvihBriddedvitd owpat h
decr eases ,al on he. | th. of. .t fl ecr -1 .
oroser Lot Rahd IGich AR 1o it AR e RS ER Tl Maliifia

Pr ef er abl gepdritndeereagendl velodiey 6f he Shiibgicamnalistdkeaitaitghigh. al ong
substantially the entire length of the 15third helical flowpath, The third
hel i cal f IAsspaingly.df reguired; dhs ampiaies [y rthelCOmarivse 4 Maeaas iRdRseaMi%Hor ti on of

t he sane j kDI i Feal ' hs.
The vor t ex bR ARD oFhd 1 lspBied O AR AN ELL R secorbeRE MCui ¢
such as arflosippthyand dknsilat eatheponduivfor odtainhg acomttui Suitabie aieannfprt he first,

d, if. 20 t, the thi lical .flowpaths. |
" eai il ersasipaghe Fdnebyslorily §5ths e 58 st SRR Sinat B R ne vor t ex.

In one pr %@&naeeﬂ_e%ée%wgm%ﬁy fldRoa80 RS @bdsSseb tidilal Blea 6P THRIthR@Bel@caf ONdui t for
collecting the lighter Tluid component fromthe vortex, the means for

st abi | i si dgwphté decrepsss alangghelangiithe Bowpgiler dbe genredso i the crdse- r egi on of

t he openi n? of 1t he sai d conduit " 25The asg%)ar at us descgirt%edbpeihei nbef ore may
conveni enttSHOBR BEULEY OHEAT A CHHUURET ¥ LBRINTE BIFLETIHEOH P ady

nment i oned defi¥ise i@ theSRPRr LA GHAl BRY ob@urPilong sadtdayallathe @htiRre@ab entheal |y
grawtgI separation process. Accordingly, the apparatus may further conprise

a vessel flard hadical Nowppth.nEhe thinddheliesl dlampathHa massemvepigyibnipraed st
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 further 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,



sufficient to reduce the Reynol ds nunber of the fluid streamflow such that
fluid 30entering the vessel may be subjected to gravity separation. In such
an arrangeoeni7/096¢i® t he single tube or conduit as herei moefaB2e0reseni bed
may conveniently extend within the vessel. In one preferred arrangenent,
t he apparatus may be nodul ar in design, as described hereinafter, in which
a plurality of such conduits may exteh® within a single vessel. 5To aid the
gravity separation process within the vessel, the apparatus nmay reginent
the flow the songhplube phepndisidns hersinbefodeidésatjbed may aenvenigntly ewiand withive f1 ui d

stream enpering,the vessel .. This wll .allow effici.ent gravity .separation
and preve © V@F%% sf?]fqng\ﬁr%glﬁ?%?ﬁréfpﬁemgﬂt’ 81‘6 alp%ratgug&afyaQeex‘aoﬁﬁgrs%g%ﬁxéﬁsa%mans IS
nmost pr ef gésefibad eerdian@e Nini vihiclo B phedlity Bf slvh condats rhay EtenipwithviaCindldie f 1 ui d
streamis introduced into the 10vessel. To further aid the separation, the
vessel mayesselrt her conprise means for centralising the rotational flow of
flurd within the vessel, for exanple an inverted cone |ocated coaxially

ithin th |.. The | t ed. : ' i flyjd guid
ext endi ng. hel | aarLg By TY SRt BrARRuRR RS RS Telbblftsrdl i 81 Vow
To renoverdghfiedt il @% bl lcom@risiappeasics idduemgtahetdioaMi fiyw s €sidM thin the

15 vessel, the apparatus may further conprise a conduit extending coaxially
wi t hi n t hdirspaseuering the vesald uihis wall aliyy effisimheravith ssnarationsagd pegyedhi ch
lighter fluid E%\f i ed

arr angerrejrzlltd,gsd%]ﬁ‘grégon ullsat%o as ﬂgeﬁs%g%ta fegtep h%gc??' ?Ré%‘iﬂagﬂse#ﬂ?%&éﬁ f(gté)'rﬁ[)onent S

wi t hi n t hemyasmbbytiet brethoebhditit thedugl wiidpihs dididigshmeiamntafdutdbintd thed st r eam

inlet, 20The fl ui emaining in.the vessel w.ll. consist essentially of
neavi b 1 1Sel SO R e PR i e eeoehty P A EPTBONDIRSS L heai er
fluid col b&elifRg ARMGtatiBndl SR of Sk vt Jch‘%%és@f}_f&%%@ﬂfp’le REDG & sposed

centrally within"the collection zone, the conduit having a plurality of
openi ngs tdierletated warially edthin the viseseli ‘Bire iniveriad. co8h oslybettiievifi¢diwithfaeed st ream

conprise any, solid. c nents, this will remain 25in the_.apparatus, passing
" The dol e RIS oneliotrsore® it Spsloa HfgRRAR
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 fluid
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 direction. In such cases, 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.



may further conprise a solids collection zone and neans for renoving solids
fromthe collection zone, the neans renoving solids on an intermttent or a
cont i nuouwsohesi®661217 As nenti oned above, the apparat usPcs/granteivooodoar | y
suited to being constructed on a nodul ar basis. In particular, the assenbly
conprising the first and second conduits, and if present the conduit for
housing a fluid vortex and any neans pfovided to increase the rotational
velocity of the fluid stream nay be housed within a single 5conduit,
representing aAsimgitienskgarvalthe apmsatesisipartivnbnlyesuitéd tooredagnggingtrudted a f ur t her

aspect, the present i.nvention provides. an apparatys for separating a
ol t1 phas 80 PGS ORS R RHRIGT (15 SRy FaRDRTLSH the CETIOR R and o |1 ght er
fluid compenemt, andhepMind bR doh@YK &lr@0fing RBUMNdricR 288 Gny hidhek SbiRRM bei ng

subject to variation over time, the apparatus conprising a plurality of
separ at i oto msresenthe egfataanaheele¢inbefitbe SuitiGimseny e be hnebed pathabh single

acco date different.flui.d flowates: t appar atus further risin
o or ogadtln tPlS g A lifit PR iR sl ARBR" ARG Sh SRR 2 09 L
to the vohyywet, eprRtCin0éntidaproritiéd ahaparatlsfbiisephiaeiagn miltgplapana us may be

operated with one nodul e, a selection of nodules or all 15separation
assenbl i estres puprising e hegviertiivid copgponephanda lighier thid spraponsat. S enbl i es may
be brough - f fooil 1 . ! . : eam

vari o o R SRR B el R ST I AR Bop b8 S PEE
assenbl i ethesapparatuzednipeisiag aqrinmakiiytof sepafrdteomensteniblies ds héroimbadoes. Pr ef er abl vy,

t he apparatus, c ises.a neans fqr feeding a,purge fluid to each

separ &1 oﬂe%é%ﬁ%f’c{eper%l%%fmwogw eéa%tﬁl%ﬁg‘a%é?%_u on assenbly to be
purged angCl,8aRRA RTARBrPELRAE naQy ke lRBive®Neheitlng dR®r more 1T @
gravity separation stage 1S required, the nodular assenbly may further

conpri se semeptianasicorhlicesawordiagtothe ephibef boveattaddhd eltipheseciuidf t he
separat i ogr%%enbl ies extending within the separation vessel.

i
The apparatus may be operated with one module, a selection of modules or all
15  separation assemblies being in use. In this way, individual separation assemblies may
be brought on- and off-line as the volumetric flowrate of the stream varies. This is
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 the present invention, a plurality of
25  modular separation units may be provided, each comprising a plurality of separation
assemblies of varying sizes. Such a group of units may be clustered around a
wellhead location or in an oilfield, for example at a surface or a subsea location, in

order to serve a group of wells.



In one use of the nodul ar apparatus of the present invention, a plurality
of 25 nodul ar separation units nmay be provided, each conprising a plurality
of separ avoanozms@nbl i es of varying sizes. Such a groupprafi/aBwé=oon@my be
clustered around a well head location or in an oilfield, for exanple at a
surface or a subsea |location, in order to serve a group of wells. 18

The helical separation systemof the pBesent invention presents a

particul ar problemwhen it cones to start-up and shut-down, if the conduits
for the |ighterlhthelick] papatition dystemiofi thepressetmventonpesents dymritadrani nat ed

w th heaver .fluid ¢ onents. This blemis, solv hge start-up and
shut - down? FPebE[% éf’g‘e‘? g?ﬁﬁ?& .tcf %S}?I?WQ ranglgié)‘gc 15 bfﬁh‘? ﬁ%“dg‘ﬂ% g‘éﬁ%‘e ﬁ%@%ﬁ‘iﬂ n.
Accor di nglpyodut&EinAhesRBéssiafy@ittd BE cait@Mindd itBiahadifiacosbaidnitd)d up a
hel i cal separation systemfor operation in separating a nultiphase fluid

st r eam coApisimphlemas frdued bt the sigrtducandpbneAe wamethods fermieg fifrther espeetsponent ,
the net ho LS. ding to the helical separation systema first
fluid %t rggﬁri]%%énslg?ﬂslﬁ‘iger%ﬁg'ssenti ally of 10the heaver fluid conponent; when
the fluid velocity within the helical separation system has reached the

i ni num oper at iARGordBleDE itheypre@ht toRentdBH proPildasembtisddosits@iapup heRligai ng over
a period of tine the first-fluid streamwith the nultiphase fluid streamto
be separ af@rdratiansigiers dox eneraliontin sengratingre muliphase lvid grsamaednanrisinga em f r om

normal o . 1.Of,; 151 ' : ' i 1:8L.Ng a heavi er
f1uid co%%%ég%é%%@%éﬁ%gfa @*&%"J@%ﬁ%ﬂ&ﬁéﬁﬂe iﬂ?‘ %‘gﬁlﬁmg%ge%h%loét he heli cal
separ at i ofeedirgttethe ltefimrs:cepz&ﬁtidﬂr‘]@s&he@ﬁﬁbﬂu{jdﬁtﬂemlmhﬁgi@ ésisérﬁiﬁllif loﬂ: d SL ream
consistin ssentj a of the heavi er. uid component_into the nultiphase
flui d?(;t r g&ﬁ%eﬁ}éﬁ‘é “E‘_LC%'@@?”GP’E P?éle’?gherfi‘ﬁfié(@_é’c’ct}ﬁ@’“gfﬂ e Bﬁlé“saé_sﬁﬂatﬂt’&nst ream when
Loe Tl ul dsys@d heORAMRH i dfebdtink Wity W ARIuIBAYS Adahepd | U d Teed

20flowate to zero. |'I cal’ separation systemis preféerably |eft
full of tbepldcimgsavef b pemodéfitene thedirst fliid sfrepma withche mubiphas fddstreaviuced to
zero. In ihllés wa tedt he af orenmentioned start-up nethod may be enpl oyed

wi t hout dél eysg I'h the nost opti num manner to achi eve nornmal operating
conditions with the m ninumof contam nation of the lighter fluid

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 preferably 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



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

i nvention are of particul ar advantage when the helical separation systemis
arranged wo 2oémo9smdul ar 19 format di scussed herei nbef oreTaR@BI@@E €d
using a varying selection of helical separation nodules to accommpdate

different fluid flowates and conpositions. Enbodi ments of the
present invention will now be describEd, by way of 5 exanple only, having
reference to the acconpanyi ng draw ngs, in which: Figure 1 is a

cr oss- secformatdisonse hefeizbefomphé bpersiep asiagiaoarydpp saledtios ofibeliralii ng t o an
enmbodi nrent of .the present inventjon.: ..BElqure 2 js a cr.oss-sectional
vi ew of t??@a{?ﬁﬁ%mogﬁlﬁ%ﬁ ?%?FCB?‘WO??@{%‘@%?F%@‘BQ ﬂ&%ﬁ%@?%%‘tﬁscoﬁp"ﬁ‘i“&?-e 1; 10Fi gure

3 is a plan view of the separation apparatus of Figure 1; Figure 4 is
a stylised cross-sectional view of a helical separation assenbly 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
separ ati on assEmibbdimentstdfi¢he @gsennimvemivel witchas béddesBribed) bCwhyiof Fi gure 4;
Figure 6 is a |longitudinal cross-sectional. view of g helical separation
assenbl y SRMACOHY JREHE PRIRIE [dfhe accompanging drawings.dn Whidhgi t udi nal

cross-sectional view of the portion of the assenbly of Figure 1 along the

line VII1-V11, RAFi gus I Sk ' [ - [ i ew of the
portion of theﬁggésegl#g%y&%éfs %ﬁ?tbdﬁlgg‘%[&éqg %gh%pﬁegé)%%%e%@haﬁg@%ﬁ; Fi gure
9 is a crassrdgcioiapreaibodiresmtof tHehpeeseppiaverpont i on of the separation
apparatus of Figure 1 along a different axis to that of Figure 2;

Figure 2 is a cross-sectional view of the upper portion of the sepatation

apparatus of Figure 1;
10 Figure 3 is a plan view of the separation apparatus of Figure 1;

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 labelled as A, B and 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-VII;

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;



20 Figure 10 is a schematic representation of a systemof the present
i nvention, indicating how nonitoring tubes are enployed to nonitor the

per f or marwe 2067/0966120uUs regi ons of the system PET@B200710D0603 a
per f oi mance hi st ogram showi ng the operating flow ranges and 5operating
pressure ranges for assenblies of differing dinensions; and Figure 12

is a graph indicating the selection op0odifferent assenbly conbinations to
accomodate different feed streamflowates. Referring to Figure 1, there

i's shown a sep&igurd DhisassBebhtic regesaitaidnyofiangtstemt cfdh@predent iven@genbl y i s
shown arranged, sgbstantially vertically at the seabed, 10with the | ower
portion ofockiepsing ewmmenitosing &¥hes Atp wanlekrdiomprniiop Hisqeriomppnceiof vareus

conveni en}. I{Sg;fg}%r%ﬁ%rr{.or | ocating the assenbly, in particular adjacent a
subsea we ﬁ ead ass y. In this way, existing wellhead assenblies can be

provided with the separation assenbly of the present invention, wthout
signi ficant nodidureal isaipepforthceViidtbdramchbwiigahé apérating flowhengsepad at i on
assenbly 2, is formed around a generally cylindrical, tubular housing 4.
The housi ABCTAURGDISEEIC @HERAdAT esemhlics of Sefferiig mepdpRsered al |y avail abl e
conductor casing. The conductor casing is supplied in a range of sizes,

i ncl udi ng the 1 . Si f.. I . 36 d i.nches and 20

i nches (108 Cn?ﬁg%?g%geg%%@hﬁgﬁﬁgg%ﬂgE§§m¥%gﬁk@§§§%§m§9%@$ be constructed
from a seectmbimatibnstthacanndodiodifi2tene fedBgeanilolvritte di amet er bei ng sel ect ed
to accommodate the volunetric flowate of the fluid streamto be processed.
The enbodi ments shown in the acconpanying figures and described hereinafter

are concer ned Wefaring ¢ ligwedathare isshewn asenaiongsseni.genemlly However, the
sur f ace: DUURE AR Zh s T P ARG R A B VenlERy B 88 DRGAER! o 10
assent) y ithahplovwee pomioplofiklrl dstamisly edichding bencadnthoRedbied. TAM is one

convenient arrangement for locating the assembly, in particular adjacent a subsea

wellhead assembly. In this way, existing wellhead assemblies can be provided with

the separation assembly of the present invention, without significant 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



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
separ at edwObl2oemhosdiceans are renoved. The assenbly 2 fur PoerGRommi®es a
plurality of helical 21 separation assenblies 8 extending within the
housing 4, in which the first stage of separation of lighter fluid
conponents from heavier fluid conponedts is carried out. The remaining
portion of the housing 4 is arranged to provide further stages of

separ at i osgpactioprsssinbiien’ Extending tathin the Abusdmg 4,agiwdrichlie fiastsagenf]

fluid-fluid separation pstage 12, apnd a final fluid-solid sepgration and
recovery ge@a@&oa@?hég%gwﬁ égﬁe%en{:bﬁ‘p@%@mer '1plc?{5’8°@ﬁ1’§§:1§§§€§gioﬂt-nore
det ai | be*l‘H%’]\i'emaining @gmgggvfmenﬁasihgzh§ ﬁ&g&é&{ﬁ%&rﬁl&w@@aﬁep&@rface 16, a

maxi mum hi gh | evel a mninumlow |'evel "18 for the urd within the
housi ng 4seprmtipepoeneisingd: fluid Fabilisetich ragidndOea sdvons flail-flyidsgpasitomg t he

| engt h. of the helic ration assenblies 108, sych_that.they all lie
above heStP%ﬁ/@%éaM@ﬁggﬁﬁ%W&r%?ntaﬂ 958V FY S%ﬁgr%bﬁia&?ﬁ%ese Ref erri ng
t o Fi gur ecanpdtsivill®e ddtdssed td BlordetANMBdlywS6 1 s mounted on the upper end of
t he housing 4 by neans of a-connector 20 of conventional design. The inlet

and outlet assenbly 6 conprises a generally cylindrical inlet body 22. A
cap assenbly 2Anjoperatinglight fond/beavierghed inderéacefl 61 mmakimhunn highdyve2 27 and

i | 15cap, 2 . 8 . whj ch toget her. defi
Gaor 1§ qur b SiRuReRolsRd 1305 f ARPEnG I8 flslih SR RIS RUT Y pr ecent
in the zZopgual: arfil M8Bhow ks R A& the 1REMVGTREhIRPASHOH aschOlis 32

ext endi ng obl i q%el y thr_ou%h t he upper cap 28, which is in turn connected to
a gasl® echvaslythabitgniiall Lisabpye the 19w gs downgiseneend ofithe helix apmyebliest . A

| ateral bore 35 is forned in the | ower cap 26 and connects to a fluid
20conduit 37. An.axially central .bore 36 extends t.hrou the inlet body 22,
connecting the F%Héqgatpgéglgﬁ a_oﬁile .tnp.}gt ar?glfé'lgﬁt_gasﬁer(}\n?qyﬁtlﬁqﬂuai%&oﬁgh%?%qer 38

ext endi ngeddyfak@Rodsiey HBE mehhsthiflatobBRAGAA0 StoPitioniietiini The Uley connect s
with a laterally extendi ng bore 40 througi'tl1 t he upper cap 28. Liquid may be

renoved t #doulet esspmblyrG empifent genesalbecydindriealinteobady| Z2qut eercondui t 42,

Convent | oRarTh ange- el A bl LFoA BRI BN b2 M SORRRS ko fre

15 cap 26 and an upper cap 28, which together define a gas-liquid separation zone 30, in

which gas is removed from liquid present in the zone 30. A vent for the gas is
provided by means of a bore 32 éxtending obliquely through the upper cap 28, which
is in turn connected to a gas recovery conduit 34 by a flange of conventional
arrangement. 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
ul'aper cap 28 and provides an opening for the removal of solid material, such as silt,

from the assembly, for chemical injection, or for monitoring purposes. A valve 46 is

shown connected to the coaxial bore 44 in Figure 2.



upper cap 28 and provides an opening for the renoval of solid material,
such as silt, fromthe assenbly, for chem cal injection, or for nonitoring
pur poses.wl 20@lo9e6146 i s shown connected to the coaxial orTsBoTMOdEIgur e 2.
22 Turning again to the inlet body 22, a plurality of liquid conduits"
are provided in the formof |ongitudinal bores 48 spaced around the central
bore 36. The |iquid conduits provide §2d|rect connectlon bet ween the
gas-liquid separation zone 30 and the upper ion of the interior of the
housi ng 4, t hr dughngwagaihtd theindet body 2@a@§uraé1§'5 letmid centluitFlaee pravided body 22

is provided,w Ion i.t udi.nal res 5 s RAC d .around and
SR A e S Bk R S G T e

wi || becogendupdt@ide a difet beMRsti&Dbddivest e ghdiHqlias e@@mﬂmdne Bongach

hel i cal separatl on, assenbly 8. Each of the_ |ongitudinal bores 50 is
connect ed e unpesregioneat th )E/f‘@@r Athe doasipg & fhraugh evivih fleids mexpassaes on
assembky §qa,ﬂ%aal | s of which are provided hereinafter. The arrangenent of
the longitudinal bores 50 are their associated helical separation
assenblies 8 is shown in plan viewin Figure 3. As shown in Figure 3, each

of the Iongitudhealledtde22539piosided anihdetirthed ot of loapgi@entdl dote 581 r anged i nl et
52, from whi ch extends a radial bore 54. An inlet conduit 56 is connected

to the endPased arund And mdiakly wybvadsat thy centeahborsrang thelonaiieding doresi48nge
assenbly Bachiiyal&h ttthgﬁoﬂé 56 chettﬁg fde8 c@nédﬂjfé)g h&ﬂ Rhicheader S8,

shown in 5%gure é CI rcu extendl ng aroun e upper portion of
t he asse n‘sémratﬁnfalsamdaly 8e Eadomﬁ:the lon@ﬁudmﬂrl:emsssme colectdduit iis iaoweet header

ough which a nul.ti phase fl ui.d stre o b sed ma e fed. The
7L ow D 7 Phening o eeimetvs Brifsal sopeiling AHeROK: coiAda prabrhere eRNlst: 56 s b
controll eﬁelléiha%y qfheBirMa %éfﬁ‘er@%f t}éslo@?ﬁ%al Ebrgé 9(9’51% tBeir %Saatfeh Hegkal Nl et

conduit 56 is provided with its own val Ve 62 and a one-way check val ve 63
to preve nsemr@tlobaswmblmm acthemmi mglanwww upF iguiadbsA$ showmibdpigmd&nt cont r ol

of each flui t co i andt offludtoec i cal

separ ati of 2 éisosé ﬁi}g@‘?&?# bf)ﬁesg O\hﬁi}mv{ @15 %g?mia Y gi3gr hle{]gi ‘acconmodat e
the great @sin Which@kie88sa tadidl Beref J40Vraintet 30EHUGOTHQ SbhncRfedab t}?e'iinldQ)ff luid feed
stream It will be appreciated that alternative arrangemants are possible,

in whith gachitgikbojaddyineapseati eanveniinnabflangecssangy obash inle corduitao or nore
hel i cal %@g{l @q}%@&eé‘?osaeﬁﬁhhﬁé lgead@%ekﬁo ﬁq*hgmfeg%%tdn%ﬂla:r gl he freedom of

oper ati on an arrangerren 2 errp oye of “exanp in situations
wher e onl gxtenhdihg aﬂ)uﬂdltheatppeﬂlsortlﬁn bh‘ﬁefahsemb@t eAdhild feed condrised commears t he

T :.lglt g| r Ste dcb erﬂ%(;?1 1n?et %e er 5 g t %tug W. ?c uar rlmqﬂiphgsee H\xgcrl ls(tlrena%i ’lcoI l];eeprggestserzie

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 to 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 énly limited
variations in the flowrate and/or composition of the fluid feed stream are anticipated

30  during the working life of the installation.



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 woTBhewearee enpl oyed for fluid injection, flui@csamabommoson
process nonitoring operations. A fluid purge systemis also shown in Figure
3 and conprises a simlar 5Sarrangenent to the fluid inlet system described
above, including a circular purge flu2¥d header 64 having a purge inlet
conduit 66 extending to each fluid inlet conduit 56. The operation of the
fluid purge syRudinl patstss extadittough fieanletbodyXogmdfdonnatt withpespsttive wat er, to

h heligal tion. nbl y, t f o A val ve 68
e oo 1| GRS HEERTAG &% Arieri BEHE BRRn e Bt B atce -
i ndepende&tn po98d foR i m;&ubﬂeﬂtﬁw EheheQr pReels MBhitead le §RPAoaki on assenbly

8. Again, tvvo or nore |'i cal separation assenblies may have their

pur gi ng control | ed by a single valve. A purge fluid feed conduit 7Q

suppl i es pur geAffluid gutge systempualgestidwi il Higard Srang 4omphisése snmﬂer ri ng to

Fi gure it is convenipent. to note,th rr e

separ atl ORI HEEEITRY tloég gulraAglt%WSt%ﬂ‘ defsﬁ‘gb%s%b&t% 15%8‘5)‘%%%8% a’épltrg? glfu of 10 15
helical sppReAéd %lﬁ?§§ﬁ@% g6t Gn@fit 86 bABAENETo Sdch IRid ANtRohduiBsEoMDdat e a
range of different fTuid flowates. In the arrangenent shown, the assenbly

conpri sesTbpepeation efitheflxig nregd sysieprisae brovidession oy peren diids gynicalam nal
ot Bt th BGCRicR, LD, A0dBly| AGRESR{h S obicR, SMVaBPB 10, 2P €T

nprises separation assenblies 8 having

a nom nal pediasmiien e&ﬁh rgmMSoﬁ&I& 6670n orﬂté‘leto%ﬁ)oxadé mdgesmdatt cohtteiofcan t hus
be operated over a w range of feed fluid flowates, fro the | owest
flow e W@éﬁ“&lﬁéog‘?%blhéhwlﬁ?R?ﬁatW@aﬁ%ea}bl%@pé\rgétnrBVP9%%‘@??&165?0?5 on-line, up

t | | t .
0 a maxi aftl]pﬂ‘ﬁ'%s%[‘rﬁ)h § a‘}ﬂav@&eir%kglgggg{ nﬁ%e%?y%%ﬁﬁ%@%ﬁ@%ﬁ xg éﬁ_{%oera ing

Conbi nat i o separatio

accommdaﬂmdffeai/\mmtiaﬁ 7bet1p@ms pitpedhid wothe ptuge fegd h@BFhed.ar r angenent 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 ass ly 6. It
will be appr ec Miilsgetfering t&a:l&q‘r?érﬁﬁ?%eféﬁ?téﬂﬁé?‘?ém aﬁ%e@énfeﬁﬁégﬁ%yed in

whi ch they 2 a%’%at%ﬁﬁe?m%hgs 81 &5 SRR, Righskdn By SERPERES: Rk ot hat is

connected
15  helical separation assemblies 8 of a range of sizes, able to accommodate 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 cm, 12.5 cm, 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, C
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

flowrates between these two extremes.

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



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 acenaw0.2007/0966121t i s a significant advantage of theprassaEBIbd7yOOOdVRL t he
nunber and size of the helical separation assenblies arranged within the
housi ng may be varied to Saccommobdate a particular duty, allow ng the

desi gn and construction of the overal24 assenbly to be on a largely nodul ar
basis. This in turn allows the design, construction, maintenance and repair
to be botdsautlat gserhblyabydsudtabledines dnildaivay,the valuesandibeir eentepdd oper at i on

of the hel.ical ,separation assenbl i Wi l.L now b r.i bed, having
ref er enceplpgwﬁkdﬂgygé%flomeicﬁ?yi ascc%lssgnﬁgﬁr §eetﬂe¥aéﬁrrl%§e§}13g§1?‘§%€h of a 10 typical
assenbly. It will be appreciated that the assenbly shown in Figure 4 is

signi ficantly ghof tigpedantfa@lafoQhe 48ERPOIRA thd AGnbtlah@ s of i overal |
| ength to dianmeter of the helix assenbly typically being nuch greater than

t hat reprkdizat egaiatiorrasgemelies. arRoged withig thoheusingrsayibe warkpditpcal separati on

asse y 8 conprises a.general ly 15cylindrical, co I.: in Figure
4 tonglkt ef§O ‘%dna{ﬁé\ &y l‘g@%%@'r’ 8§°W§&4‘? &5 tC%B%g‘lf“%E ?59%%03%%% ui d
condui t 18gZerhBlylth®e bk Mar@klyangRMeakiky Thilih Ak bleds theliesignt ends coaxi al |y
within the cylindrical conduit and is open at its uppernost end into the

gas- | i qui ePnspetions Meitengnes A ERALE focbechath sigforyanland geongiRichlar cavity is
formed around the light fluid conduit 102 between the light fluid conduit

annutar cavi ty Rt g fBRHstiof &F e haffy BEHIRR SRR s I B0y "0 e

radi al bop&sesordbéd) hiifg idtbehcd0 Bygide 4] whithied glised répresongaidhiofl openi ng 52
in the upg,e_r nmost region 104 of the cylindrical conduit 100. The region of
t he athul Bpicebassepbydjltavdhbe appeecirashinat the assspobniwinia Jighe 03

significantly shortened, for ease of reference, the ratio of the overall length to

! diameter of the helix assembly typically being much greater than that represented in

Figure 4.

Referring to Figure 4, a helical separation assembly 8 comprises a generally

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 a generally cylindrical tube
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 annular 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  is a 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



25is a 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 t heol2oghediui d conduit 102, to forma helical flPomEE20FO600I Ui d
moving within the cylindrical conduit. The function of this regionis to
allow the flowof fluid to stabilise into the required flow 25 regine, by
forcing the fluid to flowin a conpact5helical path. The helix in the flow
stabilisation region 106 is formed to provide a stable fluid flow pattern
and to al kemint/iey Phdagthetfuid enflow ingadhyact helicdépathd Thahtlix iethefosubj ect ed

to multiple gravity and rotational forces fore the outlet, In the
arr angerreﬁfabgﬁét\’/w Jeglop; 1@@#%%41}'164 %pr@y@gg_staggf‘efiwﬁ&?g\f pafiemanstio@tgWhe| i cal

fl ow path 4 f.er : I : i I : hel i x 108.
ns the. el EPEE e A R sl P S

det er mi nesothti@tal fdreestiefah tiof outlet Incghe arrd@8miest howhen Higuye éoths tross- al ong t he
| ength_of the region.106. .1n_othey .arrangement the .pitch.of the helix 108
may bedvarsFEPna) %%Oﬁfﬁgg?lé%‘gﬂﬂ‘fv piaﬁ‘ lﬁlpﬁeg?r @é’ cBP%@?tdizontgﬁ eF@&ﬁifkfn@ﬂ] ?{Iow
pattern atpd fe3ix0Wi! &ls tROHelixd fORE dIPYRABthiRA cHlimPlcal Sonahit1be, thisght fluid
phase in the helical fluid flow stabilisation section 106 is represented in

fi gures Saleteomies that the pitthef thedebk 10 meforeblt eomstansaenphedengtbal thee and

the helix 108 i ntJ guous Wt fl.1i gtii Wols> ral |y
i cat ea 7a20n 165 PG Pacherh B ihid BERBIR oA AReO IRRESE, |
annul ar  casighty, i bfllee¥d ROvigle B rdd oW pghrn b its ehtleoadtyi t 102, to 15forma

helical flowath for fluid noving within the cylindrical conduit. The

function of this region is to separate the lighter fluid phase fromthe
heavi 0 fluid Plhaseovemest of dypplets|ofithe light fuidpheepin; the pelisp] Haid gt h a
plurality .ports or. h s 114 The 4.are formed in the inner
upper regiS 11§?t1?rh%ecﬁ%ﬁl ?(26:15 r?qrgsemﬁ%raﬁ??i%%gééé%§él iquid phase is recovered
through the ports 114 in the fluid conduit 102 as descri bed 20herei nafter.

In order to pr Q‘hie@ﬁdbhﬁmﬁﬁﬁ@é‘c%ﬂi%ioﬁfreéiblﬂi10’6 RREEE helih 10§18 dohtigwbugepar at i on
region 110, the cross-sectional area of the helical Ilowath Is increased

al ong t he widraflhidseparhiéon wgioongenenillylipdieaterbes 119. gRokis Rgithiadielindlease, the
the. f1ui a S OpRray Pait™ b5 A RalP Ry aBf ERER B B G MiSBRGI 220 1
1% i ngseasernh B htlieil Potvghthdbr fifid nhwlingwithia thecylareibalconphiet Ehe function
 ofthis region is to separate 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



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
hel i cal swotznem®wysiand to prevent a fluid back pressure &CTSB2g070es0 O
friction forces within the helical channel. If allowed to occur, the fluid
back pressure would give rise to a detrinental cross-flow 26 force within
the fluid. The increase in the pitch @11 depend upon the properties of the
fluid being processed and is selected to all ow the natural novenent of the
| i ght er pFasewithinttbe flhil. flhgiigkcreasaduihe pitoh vkt dependhipbe thel fropdrties eflthe
remai ni ng heavi.er fluid ases to, continue along the heldcal. .fl owath. 5The
end of t h&UH TFRE RIagssred 4095 7 ﬁt%to%wgﬁﬁn%H@T vle%e%cgjtﬁesﬁ%kgﬁr“ guous with
a fluid vehae invo 8RMARE AUl 88 b&r, viaRaIRWiNg thederBaihRE ReviddAuidl N this
region, a further helix 118 is disposed within the annular cavity and

ext ends apbasagitordeatinyegtiong thaihglicsd Hawpeth1i02, to forma helical flowpath for
fluid moving within the cylindrical conduit. The helix 118 term nates at

t he open end of, the light, fluid conduit 2. . The 10fuynctiaon. of this region
2 Lo nor ease TPhE e nt Soelie im0 e i a0 g hv R
condui t 1Q@uiPvedscily@nBAingi@gRnsSiatlelly\AditA¥d A1 16)€n BRWRS61€ Arfulker| Ower
region of the conduit 100 as descri bed bel ow. In the fluid velocity

enhanci nghelegl Bhis dsposedrydthie theannulgr cayityodsxiendrgurdthe lightHddses in pitch
for each - al I: j it . i e in the

15pitch: Eﬁdﬁgﬁl Og;{ag?éng%g h%?hto %Hﬁg?ﬁfr?@g# é‘jtlrlgé%%t}lﬁqges bﬂg{dglg%lar ated and the
speci fic sepmitallihehelitut ¥8 teomivatepat theopetlendoftthplighd fluidtenduit 108cMhase of the

pitch of the heljx.is about 3% for each turn around the l|ight fluid conduit
102. the ﬁml%ﬂf Gfs regien [ GHRCTFAS TR VPR 4 o f@r@wai%nt%ﬁﬁ ough the
regi on 116 Rn¥Rlohait YOF¥d dshd bt Gate ARFI0NoASHNEE 80haleah &IBwEAN _
di aneter. An a]l ternative enbodinent 1s to provide the light 20fluid conduit
102 wit h sediapefitbelcanduit| 10 esldgroribedbeglowuch that its di ameter increases
through this region in the direction of fluid flow in the annular cavity.
Thiis in turn )
s N In the fluid velocity enhancing region 116, the helix 118 is shown in Figure 4
increases 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 a
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



causes the annular cavity between the light fluid conduit 102 and the
cylindrical conduit 100 to reduce in cross-sectional area in the downstream
di r ecti orwof20é6t0es@2f | ow i n the annul ar cavity. 25A crosecsamnavmabeoyi ew of

a typical entire helical separation assenbly Sis shown in Figure 6, from
which it will be appreciated that many separation operations require the
length of the three regions 106, 110 afd 116 to be many tines greater than
the dianeter of the cylindrical conduit 102. It will also be noted that the
hel i ces 1681 11.1t112)2ar5611511§8 mq:ferrsclhmmgameat Jilowygvsr Hewilthe appirestased thekt endi ng

wWithin th This r.red arrangenent.
However , %?%fltﬂéj%elg f)ﬂ)?ém 58 %Lﬂ %%yg’g@ﬁa%&edsﬁ%arﬁtph‘gg@ é’wnllz and 118
may be ar parpacfsigpaliatatal cohduii 1021 bSevewnviftdn tdpamt®Eorddags. Cyhd ndri cal
conduit 102, or even within separ ate conduits. The arrangement shown in

Fi gures 43HABGEENS Showmintigaeyd aphe ks ahyphtpeseys then paplymalthebeisal at i on
assenbky ? }%{?atﬁ)nrliggéﬁ shas) ﬁo%ﬁa?r b‘!@% G c%?&beﬁ 0 'FoP@Jrfa?r{ Huﬂ:i'hg#)a(}at?ci‘?@ arations,

doubl e he arrangene ts may oye conprisin I cal Ppat hs
bet ween tldeub:lerhellm trsaribBfhents dnalyd2. enfidoyed! eshnpdixdvetwd lliﬁhcbbﬂ)eiths Bet8eand t hi n t he
fluid vel enh%ra ?egi on 116 termnates at the end of the |ight
fluid con ‘E g}? tndrical conduit 100 is 10 provided with an
oriented and angled outlet 120 at its | ower, dovvnst ream end, details of

whi ch are descrASth? d%r 7 rfﬁé &ix 115'1%@9}‘]}%51?&8%?0 019 rég’?@tig é i ndri cal

conduit 100 extending Progmt he- en con to the
out | et 12€rofindtdsent chye endaf itleeallight dlnifiicnddi®002. sTbe &dﬁﬂtlaaitdoadldwl(mmt y voI ume

and provi des vortex regiopn, geperall |nd|c t ed 122.

descr ﬁ ed PH@VP%WW%P %?rt‘%g qo@dég‘lg[:?g ULl pelP0;ah it ffweer; @0 ¥h GBQX%F?G Bng in the
downst r eagy QifBGkd @&cﬁﬁ&f‘hér@lﬁaﬁ‘é}d TRE dBQﬁstféaHfBor’fﬂ)ﬁlbﬁthG E?Hlx’tﬂrfcall%duff 0
capture the created vortex, a vortex guide, in the an i nverted cone

124 and al()@lelife&dmgllﬁ@mlibﬁ end of ‘dilﬁélgb@@dd\ﬁpmdumlﬁﬂte tbén@utboﬂl(i ofthef the |ight
fluid cond

separ at i oﬁ dgg%lbcf%p%glﬁjmﬁml %S%EFJ[ ﬂ%@aﬂ‘ﬁé}ﬁa uag’égvd%%?ag‘foggxgggmn
generally indicated as 122. As will be described below, a vortex is established in this
15  region extending in the downstream direction from the end of the light fluid 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 downstream 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 123. A plurality of baffle plate guide assemblies 123 may be provided,



20 a self contained separation system Alternatively, if further
separation, such as polishing, is required, the helical separation assenbly
may be uswo 2007/mesipunction with the further separati on ®¢stGBERO7ANGGOMEL hod
descri bed bel ow, npbst suitably in an assenbly as shown in the acconpanyi ng
figures. Referring to Figure 7, there is showm a cross-sectional view of
the portion of 25 the assenbly of the28nbodi nent of the present invention

i medi atel y downstream of the outlet 120 of the helical separation assenbly
8. As showeapanding upepéhe7lengthpif thedielical soparatidn assdmigling Hraanditheir mbgionbl ies 8

(two of i I isible in Figu T)~~ext end dqwnwards wi.t hi n, t he housi ng
4" and ar o O EtsinS  The bE ridle b B p i iF B RE Sl 155 A

pl ural i tyheficabadpationlasdemiligs.0R adgaRADINE P Serke ® difperfarRiiagedasd, 28
dependi ng upon the length of the helical separation assenblies 8 and their
relative Bpﬁﬂ%ﬁhéﬁ@.ay rpareprift i e full Buidsaservssulieaf gpe Slopetion bieingui dance and
spaci ng tgn%ﬂﬁe&elical separation assenblies. In addition, they serve to
di sperse an arge gas bubbles that may be present in the bulk fluid, as a
result of gas floatation being 5 enpl oyed. The outlet 120 of each

hel i cal separ atTheguaasauil ¥adh HeficAllseRnbtash Heendsly 8Qs Biéed sd Atbdikeavi ng the
conduit in a dowwards tangential direction, in order to create a W de

vortex fl &Wiclegying theonduting dvmvmadoiangontisbdisistiar.yin ordgrto elegied veidadui t

160, int : i ndr. t fally within
the’ housi nerigPioh SeileDBTRLAHI peley. 18 o 1k n XA ERREAAL'Y I "
be not ed fdrat oftechgenetdlyeyliddiral mbalwtads téuxialytwighin Ohdulingeanddaeitsend of
each P(ﬁl i cal separatjon assenbl rotat] | ow bel gw the outlets

. Th
w11 i ¢ FGPYrSo0 GRS trloBE 38 PBLE LPPoRe T HRed PoEs S0 6F Fsdave the |1 ght
fluid condyiid 126% aetiswaend oltffemﬂ i chQeRitati i aséé}xbl&'lgggﬁﬁfrb&'tiﬂg F%RP' ets to

nove up through this unstabilised fluid region 10. eavy uid conduit

164 ext enbslowohg putldty will inffiallytconsistext ermadflpws gitil ifHagisthbdsadluThe ig0 up to

and coaxi gally_ thr. the fluid mandrel 38, i, i S .connected at its upper
and t ot niuidehbe IBRAIT s 4 5% G BRGTS api Dientfiid depoe WHRGTE B
through this unstabilised fluid region 10.

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

its 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

confrolled by the valve 46, also shown in Figure 2.

An inverted cone 170 is disposed around the 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



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 capvd@po7amedd® shown in Figure 2. The flow of natercalGR2hoogit he
solid/injection conduit 166 is controlled by the valve 46, also shown in
Figure 2. An inverted cone 170 is disposed around the secondary |ight
fluid conduit 160 and spaced fromthe2Power ends of the helical separation
assenblies 8. A helical vane 172 is provided on the conical surface of the
i nvert ed ovoilgs 12Q0f thhdeliesemrationhssembhies 25hbe sivagedicdret Wéenof suehlhower ends

of the helical separation.assemnlies and.t he downstream or | ower end of
the. i nver {STCBRANERG0 PEISY § TS YeiB G AR BRVPEY PEHYCeaier al |y
i ndi cat ed13sidd4 bl R Beddndbfyalfaht FIRR RHAWO $60 Qf créid & Ridher fatRBhabl i sh a

slower rotational flow pattern of fluid flowi ng downwards in this region

fromthe apglguclasity of e @bid thelfére h ilival sepapheomeof tba lighte mind heayies flulthe
i nverted 1790 1s of .such.a lenqgth and angle to provide a sufficient
£ %ﬁe?]s%% # t?le hdxt reglg%l ng\qﬁ gts:ﬁ:ng)tl

reduction e annul a et'ween the housi ng 4 and the secondary
light fluid conduit 160 to create a higher rotational annular velocity of

the fluid to effheedgich bftheho ahinedaely dRgstrbahbebeldRdnbaavited fluid
5phases in the next reglon of the assenbl’'y. The regi on of the housing 4

i mredi at ek§nedoifns e dhiidbduis\gepratiomsiegs, senecallyeindizateil gs 42 sebond

fluid-flui p i ap. st nera indi,.cated as .12 in t figures. In
thi's regl SRueehd Plosdfioh, A9ForndRRR bt ubEuERLSs BRuehRy S Boaldl 1 om
t he assembisgmblio Beivhtae thib) the sédotda¢ EOMOBIIY chbhdii 160l ibbbviduddutiia 160 is

provi ged W{ tan, a %Opl urality of ports or holes 174 along its length from
i nsi d&0 t heluralire pf eytscyriwles7ig4 algnedisdenahin frem ipside thegpvatediaons 47bhases may

enter the &ﬂﬂy%g- ' : i he |i ght
fluid congﬁl t7 1 f(l)w%r%% lﬁlgerﬁgg%ﬂ%s?%’%& E@ﬁl%ﬁ??h%%c?él‘q&%;{ﬁg e g%ed t hat

t he secondararidagity béthveenthediphitifltid t60duit 1@ axldhe heaviytfiid covuitdiéd. 161, as
i? 8;‘2_ ;2 Cg%ilgﬁéreloéfi élé%? gTeef steefr;l(&{dgg(,\#é}{t E]:ggﬂqro%dgi’t 1%6] 1esrc?oslea a’? Rg Y(\)nwe? end 161,

as shown in Figure 8.

15 Referring to Figure 8, there is shown a cross-sectional view of tﬁe downstream
or lower portion of the separation assembly. The final region in the assembly is the
final fluid-solid separation and recovery stage, generally indicated as 14 in the figures.
A conical vane 176 is disposed at the do‘wnstre‘am end of the second fluid-fluid
separation stage 12 and provides a barrier to the lighter fluids in the central annulus

20 and ensures only the heavier fluid components and solids in the outer annulus
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 reduced pressure or vacuum suction. Alternatively, the



or |ower portion of the separation assenbly. The final region in the
assenbly is the final fluid-solid separation and recovery stage, generally

i ndi cat edwa0d#9s612t he figures. A conical vane 176 is dipspasado7atwodone
downstream end of the second fluid-fluid separation stage 12 and provides a
barrier to the lighter fluids in the central annulus 20 and ensures only

t he heavier fluid conponents and solid8 in the outer annulus continue in

t he downwards flow direction. The conical vane 176 marks the upstream end
of the fi salid/injastida sodudt 166 paayahd wad dnihject edivecpmpbages o thEkiigor t i on of

t he heavy .fl.uid conduit 164 extending into this final region 14 is

per f or at edRPUSING 9F SXqRRIC f © ?estlhig@),ar Hop éma@hasteﬁ'e heavi est fluid

phases are wi thdrawn. 25The solid/injection conduit 166 extends to the end
region of the heayyydleh O fRMMhg 464 prodRicd BN, bdte TREYR Syifeh Jpans nay be
provi ded to w thdr awrs?oFi d mat gl’ll}l%| , grt?cﬁleas {Sﬁﬁlif gnd ’seg\; ment, through the
sol i d/ i nj éxhiedandamaivntpldSe, pliigs 1 Sxeadpl dhetly vatea b’6, bbtheofroedvradidngr essure or
vacuum sucgti.on.. Alternatively, the 30.solid/injectjon.conduit 166 may be
ieed 15 | APUE TROGE TR IS M reel RS ep B e iR R, BREP "exanp o
t o enhancgr tdierteRBERINk@NInSfthd Reuside FtPMRSEsbed. The | ower end of the
housing 4 is provided with a bore 182, in which are |located an isol ation
plug or plugs 184 and a check val ve 186, both of conventional 5 design. The
bore 182 nmay bd&haspetation pirtby hsbembht inithgawompamying figires wilbbe desavibedr, nuds

or cenents n installing the housing 4 inta the seabed. : The

oper at i on“b‘fvéﬁ]aglﬁg t%%éﬁﬁﬁrﬁqnnofan 0&%@6%5‘%%6!?3 ofliagg Pvé‘gerwgfl?h o cribed in
rel ation bRaseRfesR RARBICAIT tRE watel YWRoP&ES ot the BrRiuborPithidabla Wat er Such a
m xed 5)hase streamis typical of the water recovered fromthe production

f1 ui déV of subtamangsr veHadepisaliein suclrg sireain, the pi istvepended a5 dwpjetaihéhei | i s
ded i i . . tibl
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separ at i ogoawreticat teehniqusdffdravigniepirasen aal Geof galficicnnaass taegegatri f ugal
forces. To be suitable for reinjectjon into an underground formation, the
oi | nust Bedstdonsveritifueshiorers. gthesutteble for gpiamrtipmintoan wedesgiound ppm 15

This is aghleuss HSbdhds ,%ﬁ{dafe@ﬁ%ﬂldthewfgr% H%oﬁen&%ginﬁ%w%o mw%ieon in

t he enbodi nent shown i n the acconpanying figures as )
m xed1phaShisas b¢hieted ussigrtiamethod ad apmratheoths prastnt iventiomugthet he f1 ui d

f eed condui%(go a q]&ent.er the flui.d feed header 58, fromwhere it is
di st ri but &FPPYMEHES Wﬁ%%@ﬂn@%y“%% BEt POV 9%Senbl i es 8 through the

respective inlet conduit 56, the
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. Aé 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,



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 divi ded

i nt o nmanayeampareti ons for distribution to respectivepPhgldBad7/meqar ati on
assenblies. As described above, the nunber and conbi nati on of the helical
separation assenblies 8 to be used is selected to match the volunetric
tlowate of the feed streamto be proééssed As 25noted, it is an advant age
of the assenbly of the present invention, in particular as shown in the
accorrpanywbgleﬁﬁg ingghe sqpatatlan\pr@@sseatogmewe ey ittt opginfunp wprdidensmay  be
accommoda ny.reduction in the efficiency of separation. I|Indeed,
the abili %&9? ﬁlgﬁg%f{C?en%Xonbi nation of different sized helical separation
assenblies allows the systemto be tailored to a very wi de range of fluid

conposi tions apghrh bwlﬁreeéenduﬁlsswmeloﬂ/@étéwem etnte@s ﬁ@ﬁ@@&ﬁ@%&ﬁpcesses to
operate under their optinmm cond itions and at a high i ciency. From each

i nl et condoiet5438 tha inket bpdy Fatthrough tedangentiaopening 52 és feappermashdi al  bore 54
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separ at i oas siesenilFigues RandHoThe bdledrd Dl Stréan@ Beters. thd bAielegagter f I ui d
streamenters. the c%/I i ndrical feed condw t tangentially, where coarse
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di screte ases before the f ente Ii'ca
oper at i onphnfcalﬂzﬁoﬁdllserbteqﬁxlasesé:pﬁnathed‘rummefm}m/helﬁza] flempdteaAsth th the only

di fference bein i.ze of the asse nd its, vol unetrjc throughput,
the. obr aCPRHEHof itk HeIE] frarianis PP Buls AP Hed oN A Quchity elerate ! be
descri bedpinp tifel s@d 6f>fhe assembly-gﬁﬁ 1@'vbfu\(’&ttﬁ<§ thedd Bt to%%fa'?ignro?‘ﬁlshg lical

separation assenbly 8 is caused to flowin a rotating pattern as it
descends tihgledhesl separaticagissamtip 8, Wllalsbe\ﬂleméadd ifor dfargyr e

The oil/water stream entering the helical separation assembly 8 is caused to
flow in a rotating 15attern as it descends the uppermost region 104, as viewed in Figure
15 4. The oil/water then enters the fluid flow stabilisation region 106 and enters the
helical flowpath formed by the helix 108. The function of the uppermost region 104
and the fluid flow stabilisation region 106 is to generate a uniform, rotating fluid flow
pattern in the oil/water stream. The passage of the stream through the various
conduits and pipes upstream of the separation assembly 2 will provide the stream with
20  aturbulent flow regime, in which the Reynolds 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.



154. The oil/water then enters the fluid flow stabilisation region 106 and
enters the helical flowath fornmed by the helix 108. The function of the
upper nostwoegimnedi®4 and the fluid flow stabilisation regreB2@@o@it o
generate a uniform rotating fluid flow pattern in the oil/water stream
The passage of the stream through the various conduits and pipes upstream
of the separation assenbly 2 will provede the streamwi th 20 a turbul ent
flow regime, in which the Reynolds nunber is significantly above the
critical Reynolwthedlavosiabiligphionaegiony 10qmithe trinsitivahi Gait agéimrcampest assenbl y 8.
Such a turbul ent flaow pattern w.l.l. not .provi de a.hi ffjciency of
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regi on 10heamehllefirplets @f St nhigaitd m&&%)@&h@i@ﬁzs BiveBeisaiad Thiy st abi lise
the flow regi me such that the Reynolds nunber is 25 below the critical
nunber . | ACtEIHEEOBgecoalesmngel the sasll duomiets inse lagrs dronsi whichdmiurs, br ought
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t o becone thegphasar AnMdvhetagd of 4 foecdd! fiow irefe fewsdihilisdtibe réghort 1086 ik tlgnsi ti onal

state, preferably with a Reynaql.ds _nunher towar t.he | ower end of the
transiti oHafeHiGgHy incgenses the crfigel Bﬁ@nqlﬁ%wneb%ﬁfq\%g thsReyagids Rumder t he

transiti opabe &IrtderaBRhiLAS b%@&ﬂ?ﬁrﬁthﬁ%é Elindd R RBIhE AN b floWBNS{ at e hi gh

! !
centrifugal forces withrn the fluid, forci ngr even tr{%e sna\f?l est dropl ets of
fluid to mpgrsiteemacidos iitmy allovisiied fluidds flowtat wsigheimeintly bighefMleciyct i on

encour ages, coal esci f the small droplets into |arger drops, which in
turn, Ii615 alﬁgg?lbeeqeﬁggﬂ) rger masses, experience a larger force and

accel erate the separation of the phases. An advantage of a forced flowin
the flow stabi Ug%ﬁ‘%a@ﬁlgrtﬁegﬂﬁﬂ AP sthbilibdtn rbdio 108 el FARALY sthdff €ases the
critical Reynolds nunber, allow ng the Reynolds nunber to %e consi derably
hi gher buimsediatelynérttérs thet dppet ent ofghe flidwepagiioreregivar 10@nd thedwlical an open

stream TRis in turn.allows.t fluid to flow at a signific I i gher
Vel ooty ToRPEROERE RebP B8t b6 vn this réctoygfimBlor Bod B eber i gl o

st abi | i sahieQfrgt @E6WN t6@6lIddR an@id BoRbShted FoR@ el viatBdh MLbiYwaRt Stidant he upper
end of the fluid separation region 110 and the helical flowpath forned by

t he hé&j i xandemaved fieisthe sgeasm, Thhectionjodthedieh ceniritgal feeceson thiywpiues s ar e

| arge eno b r Nt oi | /wat er
stream 1582%‘5 p?eérgrg%/%%%%ﬁagﬁ%gfi %tgonsafc‘ r é@ﬁfs %9%{:@?0@ r?wég f%ﬁ%éﬂ%r%‘%hégﬁt rifugal
fOI‘CﬁS ](c)Phélbﬁisﬁ?maieﬁéedidﬁagdﬁrﬁﬁlla&ieﬁlyﬁﬂfﬁi@ﬁwaabi%nIr&mbi@pala*eg%ﬁﬁ bOils slt iages
as the w ijs forced through the helix is represente iagrammtically in
Fi gures 5_§U1do?es%r?ﬂq>rhres}ﬁ>él Hépé%shpggi16ﬁsgua¢ S fiee qoraﬁaoaalst_fcwgfgﬁ%@ egi on 110,
as shown bifeald G tﬁ@ligﬁt@?oi'i A plerORy iegh{t% @k upﬁﬁ, fnhd fégﬁhro??{@ causes the

ner t

| i ghter ol roplets to mgrate tot upper, regrfon o he 20
hel i c20 f heligahflbowpath, asiveevesd infFigirg Ga.e Thia. moMenennprogmeeses apmgdheleagth al ong

the length.of .the helical flowpath, as sho i n,Figures 5b.and 5c. The oil
col | ectignaf&lﬁ hFﬂ‘@I Elﬁﬁ’:??t,%’ ?ﬁﬁ%’@%ﬂ’é i‘%’ﬁeso{b "}’1\%0:‘ &&ﬁbg?‘:ﬂﬁ?qtﬁ%nf ough the |
ports. 114uf:;513_r,tihﬁedr|r5§% of heiftbvRRAC s t_ia%gﬁrtﬂe PASSES HRNA S flufy t he condui t

to the gas-1iquid separation zone 30 in the cap assenbly 24, as shown in
Fi gure 2. condyitdf2 apd pesses uwardhia the conghuitithithe gasiliquidi sspastion kast3dni n t he

upper r egj[h%rlag ];ssteﬂl%l}gﬁs,‘-als 'slﬂ)%ﬁjmsfe@ﬁirre%t i&r{]y gfa% rf)(raesggt iff 'ﬁ% ci)ifatrtﬁﬂ%\éﬁl 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.



t hrough the bore 32 and the gas recovery conduit 34. The oil is renoved
fromthe cap assenbly 24 through the lateral bore 35 in the |ower cap 26
and the fwoidooosddait 37. Any water entrained with the ech/Gsrdovmeshi ng the
cap assenbly 24 returns to the housing 4 by way of the |ongitudinal bores

48 in the inlet body 22, 33 Upon |l eaving the fluid separation region
110 the remaining liquid, consisting 8%sentially of water with m nor
anounts of oil, enters the fluid velocity enhancing region 116 and the

upper end of t kpohéddavinglthé Floidpepiraporonegbad 10ythe teendnehg kiquidSconkiatingi s

region, the rotational velocity of th tream.i s.i.ncreased.. As a result,
the 5 Reyﬁ%ﬁeﬂréatlgfﬁfﬁ’@rtero 1%? W@%%P’é’&ﬂﬁsioﬁe‘ie @3 ﬂ%?ﬁ%‘“ﬂﬁ?"&‘%b?@é‘&?fng he critical

val ue. The. &l P 4l (RE upRe eBd bEARhbRCHl RekeadsRondéd bringmkliy 118 Br oduce a
stable vortex in the portion of the cylindrical conduit 100 i mredi ately

downst r eathisfegidne therrdtatipnal ivelotity pfithe stream ts/inenehsedcidsgp neswt. e 116. The

vortex.i spstahi,li.s at. .t he open end of.the |light fI ui. ondui 102 and
Vol | o3 o Ry Rt iR 3t e FreaB PP AL bR he Bt SRR et Lhe 106
in the | owelocigelf 1k stréten Isl igtreadet irflictand o proliles a dablevoftbeinatt i on of the
rotational npvenent of the fluid in the vortex, the remaining oil droplets

migrate t &o¥tioa of ghagylindrical gandpty k09immediately dpwisecappiiche epdiolghe fiNid | i ght

fluid conduit. : [ .0 : :fi scussed
above. - Thadebitgrnthp RaET & THoREERs: (B:iBAR A Tah tndbe Bl 00

| eaves 15fhideogtuit h62 ambtdbtcted twitt thd 21d dfohemvented doae ia# and dlewoetenf t he
housing 4. I n _gperation, th I, ody of t housing 4 is filled with
liqui él(? t ﬂf—beﬁgﬁé? t}}ee,l@’fv%rr?“@éiefﬁ]g;]lﬁéhtw%n@ ltuﬁ%eﬁn_a?f&g? AR ERe r egi on bei ng
filled wth.id8) iHo9Bh&kt oPiile Mfil%h BRWVOIEx 3RS RMREMng il ARIGS Bflpratégh that the
oil/water 1nterface 1s above the maxi mum high level 17 of the cylindrical
condui t 10 whtre hEthhabiteahndeperthe lover asd efrtheyight flwid cohdnihliZn frenl une of 20

the housing 4,. two actions e e the separation of any remaining oil
i opl ot 5. PRSiH it RGP 55 PSRER F6 Es HERHSRTREY o o oht For vard oravi ty
separation, by which the lighter aoil droplets are caused to rise within the

housing and eniige rdhisinihPghid KA Ofowrl 1 cPlihdikal beiiahd ob And Raesr €91 on Wi ||
| eavi ng the housing 4 through the longitudinal bores 48 in the inlet body

22 t olent ¢rougiethgasgled quiled 120 paerten the maoneoldde jofi thethousiapg 4ads epdshijorR4. 25The

oil is renpved frgmithe,cap assephl .as. ,desqgri bed .above. .The second
ohde of SBRap by PhERe Rag R3S But 1A AR G EeiBE B sieq gy

rot at i onaly.&2RAd &id Wper rEBRnAlHgMIAf witihicaipttee dil0Tht ehtirk A6sehibly B | nduce a
slow rotation of the substantially water phase within the | ower region of

the housi ngerated Freh that the PHGvaleiiaerfaes s ahe veibe enaimyndighleydld 7iéths ng
hrouah Doy R b 9 B0 BB B0 4 5 RS PeSses he
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 volume 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



rotational velocity is increased, before the water streamenters the
further fluid-fluid separation region 12. In this region, the remaining oil
dropl et s woeoeaesad to mgrate to the centre of the houscwgBRpovdoesoe t hey
pass through the ports 174 in the secondary light fluid conduit 160. Wthin
this conduit, the oil droplets nove upwards past the 5outlets 120 of the
hel i cal separation assenblies 8 and eBder the upper region of the housing
4, The water |eaving the further fluid-fluid separation region 12

wi | | cont mitatiamal yelea@tyyis imicnaased beforaihe veatarstresm ehtec the mtheb 8uskifltidbl e f or
reinjection into a.su ranean formation or.for .disposal ,n ather ways.
The e er StatiaR ettt £ o BRcedeadhdryetfiod o s SRR ayp SRERE by

passi ng t {ty 10 @bntid & tRORIUEInEE) whird ey B&@Moﬁ%ﬂ%b@ 694 tn h€4econBgyvat er in
this conduit flows upwards to the cap assenbly 2£ and | eaves the assenbly 2

t hrough t Hehtlthi@eendudpe. Mitkinéhis penduitqibie @ilclserlefs moyz upwards past thgy sol i d
materigl s i SI Lt ol ed in the ywer nost
regi onﬁaof O?tlflegg%ﬁ% tﬁ%ﬂ%ﬁﬁﬂ%ﬁpﬁ%ﬁ%@gﬁ}%m@? ?%%gn&:peenrt%%g% 8%Wﬁr§/e%?n %it)tﬁf’i nuousl y,
15t hr oughhéuséngshl i d/ i nj ection conduit 166. The solid/injection
conduit 166 al so provides a means for introducing conponents into the
fluids.in the housing 4, such as separation enhancers, as may be required

to i nprove theTBepaicataapngdhs fusthen@yiddhuid prpatnjiep a¢gion s3 erlbrentain opbr t i on of
th t | Wi i b led t
e T AT L T 5 0 TR PRAATARENC 5,

t hrough t fiematieeoifoy dispbsabim@ierbeays e @te thatdr o rearoaed i@m the agesblydia
suffici en%]il rotational velocity of the oil/water streans_in the helical

separ 4t i othedemeyalrseen B by passingdhroggh thepogts d 3hemibe Seavigiled condibver al |

systemis FeM i ol Rl I I I and sanpl e
Y rea A bt b Sihel ' cBRYR A ISR £l B ey e et
pl ural it yassemblyd thkougbleslatefal borevrdreldthaliquideondiitdizr ends to respective

control lines 53. As nore clearly shown in Figure 9, the control |ines 53

extend longitudinally in a dowstreamdirection within the housing 4. The
radi al bores 5 n}éﬁ?ihcillﬁéteEB]ﬁt?%h ap pedwgenpr gy may bhseeqted ifhect conponent s

into the jowermost region of the housing 4 and removed, either petiodically 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 oil/water streams in the helical separation assemblies 8.

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 more 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 control lines 53 may be used to inject components into the



35 bulk fluid phase within the housing, such as additives and separation
enhancers. Gas may be injected through one or nore of these lines in order
to provi dwoaogawedikoat ati on systemwi thin a |iquid bul kpphas2o07oeso1
particular use for the control lines 53 is to determine and nonitor the 5
interface between the light fluid phase and the heavy fluid phase within

t he housing 4. As described above, thé&5light fluid phase will be collected
fromand rise upstreamw thin the housing to occupy the uppernost regions
of the housiinfuidahasheitkin ithe lidueing] gich @s additiveseihilisepazationogrhpmdersorGasf t he

separation apr 0cess i

it is necessary to identify the interface between the
two phaseddy|be ipjsetedthighgh ohy & ers of dhege e in@lia doarotbion e fiedatios.

Al ter nat i \oly, HaRR A0 Biephdsbe nature of the fluids concerned, the
interface fmay be poorl'y defihed. For exanple, in the case of the separation

of oil dispersed in a continuous aqueous phase, the interface nmay extend
over several nmermrtiouthrasaforitsecatrotindssilan todetantinamd] wahitor tHhe t echni que

of determ. ning the posjtjon of the interface 15 is shown 15schematjcally in
Pl gur e 510 e Gsrherson hhcBatid fie nt e aty M5 iess WHBHB GTRGEd s he
l'ower end Of jalyisdd M6t @l?egli@t@lgﬁ%‘;gﬂawwﬂirﬁ@c&[e%&%%&n Bed Afe wpteghed fluid in

the control line 53 is neasure a sensor. Simlarly, the pressure Ph
Wi t hi n t hevithhwierpusing ite scaupp dremppermeastirdgsonsed therleisingoasgdiown i e t he

interf 5 | L./ £ 1 uj lean .oi | f Le th
omoved 1 FoRttnd eghteitheaen bl SUar ik So°8E Bkt B BB s onbi

of a knowahglpsfdcy betSvebntHeAdGREsds NTPoRASI &, (HiIDMAy BF atvitgl &ePiakd ol |ines 53.
The pressure in the control line is neasured and conmpared with the pressure

at t hdOexiigtedficet He Alteypativelydependinguipen theneatwreiod the fiidpeangeapd.the dat um 19

and the i C ' I N ' 3 f , = n811 (clw -
do) wher eq%tg{fé&tlﬁ%}ﬁ%# %%B’e%ez{n\}\g%eﬁgﬁ%g{@%t’ E%ﬁgﬁg‘{et é[ﬁlel %%2%3% 8£ qlg Ps is the
pressure aispeispd il £corinongadubeuscshate, die intenfacddiay Bktehd otdreseprelasetess i n t he

uppernost end of the 36 . )
and comprise an emulsion of oil and water.

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. Similarly, the pressure Py 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 of the light fluid conduit. The height h,, between the datum 19 and

the interface 15 is determined using the formula:

25 hy = (Ps—Py)
(dw - do)

where hs, 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



housing 4; do, iS the density of water; and do is the density of the

injected oil. Asimlar formula is applied to other fluid systens. A
const ant weedomdedizght fluid, such as oil, is maintai neg¢croRogioddee
control line 53, in order to allow the systemto actively nonitor the

changes in the interface. 5In general, the systemw /|| be operated with a
predet erm ned operating |evel 16, as $hown in Figure 10, with a high point
17 mid low point 18 for the interface, defining the acceptable operating

range of hevesing 4 di/if the denpityt eff Water andvtaie tlendensity ofitie syjsttedroibuisi de of this

range can_be e 0. tri r an alarmand/or initiate a corrective
oper at i on?lggha(}:liorg%utl%ﬁeappﬁ%&‘)%beﬁ%tuf#%’ﬁgﬂwone or nore control lines 53 of a
vol une of 10light fluid or heavy fluid. Alternatively, or in addition, one

or nore of theaodnk@ht REIBSIH: flufl, ShctcRAUES rﬁéiﬁf&ﬂf&%tt%%ggﬂ BBy be

adj ust ed, dependi ng upon the correction required. Th rrective action may
i ncl ude r beye}iingrder porlidvothe slstemdo hetivelyemohitor the clmgeningtie avotese. t he
arrangeneqt _of resent.,invention.is particularly suited f or
app! i cit i io}lngé(%lfclra nﬁ%%ﬁ%ﬁ “B%é? gpetigd &y ap&@?ieé?rrngﬂecg?ﬁééﬁwﬁw ,jlgaassepar ation
nodul e costywisaFigubal] wah 2 hefaFct T ndI6® Pl 18 3sr #le saeithedddilidy i N
general and in specific detail above and shown in the acconpanying figures,
i ndi cat edthsyrcesndatieprarating rangs ofibe fIpidrid intgrfaceh Monemenhpf the pestem i on
assenbl y : - OV i i f i i articular a
range of g‘?% g%ﬁ?&%ﬁ?%‘g{ Iﬂed‘l?s grrgt{ g%& %ﬁ@%&@é%ﬁg&%fg%ﬁcg}’?m in the
si ze of t bpeersteparadh asrtharindhstion ilsodgh @dvanb@geontol fines 3 eSendluing\vEnt i on by
al I owi ng i de r e of .fluid flowates and conpositions to pe
acconhbda @ng%@?Eﬁ%XVzluéf{ 8‘?‘“"6&\%9’3&‘ 198 PRHO% eI R %‘%tPe&ppr oach of
the presepimp¥eiict BRoKEBYroREd AR sEA miy bShdjudidle dbFldfils & elical
separati ogﬁlggs_enbl i es can acconmmbdat eml};argeguécgtgl,h?‘{él ﬁgola;rogﬁfég Referring
t o Fi gur ecartectiphegquired. $howmreztiye agitonahayt ineludp escatlingp potivn af e and
pressures, for %&chnge of helical separation assenblies 8 as shown in the

i

accorrpany*“‘?’?‘é”efr ‘es. The operating ranges and paraneters are given for
hel i cal separation assenblies having nom nmal dianeters of 4, 5 6 and 7

i nches (nunber &d ndted 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 accommodated.
There are a number of ways in which the modular approach of the present invention

may be applied.

First, the larger 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



to 4 in Figure Il) and for operation in the separation of crude oi

droplets froma 37 water stream Such a streamis typical of the

oi | - cont anDradt7demat er streanms encountered during drill iPog/Gardopooeduct i on
operations in subterranean oil and gas wells. As a first approach to
accommodating a given fluid streamand flowate, it is merely necessary to
sel ect the appropriate size of helicaB7separation assenbly, for exanple
froma graph such as Figure 11. If the streamto be processed has a
flow at e esteseideary Sueh anirdamimtympenl af tha@ilk¢avaminated fvatdnstreahs cal separati on

assenbly, the stream may..pe split.and a pluyral.ity of such.assenblies may be
oper at ed Fﬂcoﬁg_%é?qe%r{ngﬁ'flﬁ% ﬂ@rp TRgyChap OPgraﬁf)’FI 5 vaﬂﬁtgrrﬁ%eﬁﬂ (0320 5Bt oach of "t he
present i petRt AOR firgt abproach &fdccemblodilg 4 ¥ivapHtRtleahend Flovgite apisof t he

10si zes of the plurality of helical separation assenblies allows a

conbi nat i IV negepsagy tngelest thedparopeEntsisize o heligsd separationiapsembly fomt ch t he

given str . onplication arises when the flowate
and/or'§corg}%£m(;s@??r8%{%ga?hguﬁﬁi%g%@rlgamto be processed will vary as the
well or wells are brought on stream or shut down and over the worKking

lifetinme of thefihep@dsant ioht RE6RE Has a Hoiwraiekbddingthe sakhik @bdratifg be
encountered in the case of offshore oil and gas wells. It is preferred to
provi de e#flampent thehekepd senassivnasseatiy.itbnsreapumay. ha splpand eelyrality ottt ended
periods o iagge,m L.cald.y ; A i r | t or

mai nt enanrs:%%h pr%ﬁegg%% aﬂrei Ogglsaa % l%l‘ﬁ’g‘éazlﬁla\%?‘?%ﬂr? T é%ablﬁ%rgtgﬁp 81 th Hés%@hﬁ'r&g not e

| ocat i onsapoachrafthed presdnt ithenfidnuisdo fdlenaalwalkivyd Aqpegaitd sedsetiph ofitheed from

t he | varyi over. tipe..20 Advantageously, the present invention
provi Hbs S7etqiaRe plietins Lhicet saeratiga @ngﬁg%éélqowvéacg iiepted to
acconmodaliffdert 338 aQbmbliOWodetR 1@l %f?%dhtthé’ Bl DROE B8 AY®fatd,| e

An assenbly-incorporating the concepts of the present i1nvention and adapted
to accommobdat e such changes in the fluid streamover tinme conprises a
plurality of A complication arises when the flowrate and/or composition of the fluid

stream to be processed will vary as the well or wells are brought on stream or shut
down and over the working lifetime of the separation assembly. This situation is

15  likely to be encountered in the case of offshore oil and gas wells. It is preferred to
provide equipment at such remote locations that can operate for extended periods of
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 provides 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 compositions 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



25hel i cal separation assenblies 8 of a variety of nomnal sizes. As the
fluid flowate and conpositions change, the individual helical separation
assenbl i esoan@/s@rght on-and off-1ine in the appropriareTaBmevavioon to be
mat ched to the fluid stream bei ng processed and provi de opti nmum separation
efficiency. Referring to Figure 12, there is shown, as an exanple, a
further graph in which the flovvrate g8 an oil-contam nated WO
20071096612PCT/ GB2007/ 000601 38 water stream such as obtained fromthe
product i ORy@dr siedm] JueRhosiEREe foa B protekiion dfSoilbmegibiiaheanondi, iat i ons of
the helical separation assenblies Ito 4 of Figure 11. As wil| be seen, at

| ow 1 owr masehedawith engrhinations efithedelienl senamtionnsisnplips dfto f*wgl Figywe gbr iate size
can be enpla . As t e, L O GRS to enploy 5
conbi nat %s‘%ﬁ&et%n’gp%ﬁoﬁg&%agésé%@gfg}%ggﬁtsﬁﬁéa&%(%%rdgpr I a? g& ghleze. The nunber
and conbi ragpﬂoPﬂatefsizeica@se ehpRepar At lerleasenhikess,dt & rsedseay ¢demployat ch t he
required tota

| flowate, while sti l[gsréj L\ovm' ngp each i ﬁ{%vi dugl assenbly to
oper at & WiCPRIPHA{IPRS QffBior mpye PeREeliaTRf ¢ ® ARRIQPIE FiRum 83 FYTE eér‘?{:@. Referring
to Figure cgnjrrb}]r{alﬂgﬁ gﬁ%iﬁ%ﬁrﬁ%%ﬁ%kerﬂﬁf@s lafeAde]RtedSo M a341PGE dhuirtd gotdiOver ti cal

axis 200 on"the ri e Indicates the fluid flowate for each
hel i x, whiflosvrifeewlride stilcalovanrg sach0fdividuaiassdnetly thapriatsivihin iipaRErae pr essur e
differential across a helix,.The base of the histogramidentifies a single

si ze hel i da1ecg@fat 43 PRIHOWR EEHHERSY- For each helical separation assembly, the
vertical colum 204 on the left depicts the mninumflovvrate to achieve

suf i ci ent_centgibigal, FRORPPL WAbISInbRR aldul (hriilati8Bid privax TRYM 1 | ow at &

206 acceptable to re bel ow the critical Reynolds nunber. The col um 208
on theori ghktticaf axda20) tretheamht baplside indicates therfbiig flewoate farteachhelixaum

differentiagl. pressure all bl achi eve, accgptable centrif

separat i o etth? Ferfif aﬁfsﬂ%ﬁ’c}ﬁ? h% l}?ﬁa isﬁﬁﬁjil(alw ﬁ%rpé?'?ts?rgld?%%rgétéagr%glloﬁo to
remai n belgyithehe bhdd Fahe IR RIeREMGE sindfakiz¢ helidab sepaettioh @ssshibly.t he
flovvrate at the correct pressure differential within 20 the _ogerati ng band

for each Hiricacd hediepleparniom asseably) thewerticak eodwmnr 20hon thedettdepicd i ng
ied th h t t em. and. pol:Lut | ' | T ect ed.
This w il EHIeR etk STUA ARG ARl AP cRaR it il BAFRE PO, | ot @

unl esgsit hskimeaytdwatd T06tdaeeptiti€to @mathigelsw piger @iticalnR syeldsmuantdr.t he | i ght er
fluid phases renoved. Therefore, as the total flowi)t,g[?i nctg}eeases or

decr eases, Theestofuan 28%bpmthatriedh obeagh F@@raﬁlgﬁﬁéﬁen@ HH e BPRHEE or
closed, asyfignfili Lf)'réjssalje%Wo&vgblgtt(bQéhi&)@%@céb@&lﬂl@@émrifugal 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 pumﬁing 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.



separation assenblies could change and be outside the aforenentioned
operating wi ndows. For the overall systemto performthe required

separ at i onocdodyovemer a wi de range of fluid flow ates, i mcergrdé7zatasohel i cal
separation assenbly conbi nati ons have to be selected. 39 Turning
specifically to the exanples of Figure 11, at very low flowates, that is
bel ow 1200-BPD, a single helical sepad@tion assenbly, nunber 1 in Figure 11
having a nom nal dianeter of 4 inches is applied. The optinmum operation of
t he singl e ass@ning specidfichlletodiic asinqgesofriigire di) attviegnlov flewrates, that er t o

suppl enent_.t he | owr at f .the streamt.qo be processed. t he

f1 ow at e Efber%‘é@%g%# ¢ Blnglﬁ%ﬁﬁ%&@é%lqnﬁé?eé‘ﬁ%&mﬁ’gﬁ &3 lgéléepgf ation
assenbl i efavdng 3 néMthaft dRIRIR LOU GhtheORabhR&Y. ﬂietdgfﬁﬁm_ﬁxh 8p&afitn dfithe onbi nat i on.
Fl owr ates of up to 5500 BPD may be accommobdat ed using a single helical

separ at i osinglssssenibyy is achigvedhusiag atasitaalption ehaleasrwajer tp supplewent thelgye capabl e
of coveri a.f fl a ill,r i irnat i nor e of

the 1 assgﬁ%’ﬁt%g%%hfgﬁﬁg Fg Qeg rf)%ésl%%dgu‘%g%ﬁf Fg& ekg%p%t%%gégfbﬁ%%s%%Z shows a
hi st ogr aminstdabest helicubdebhdbn assembRds?, i3rudidcladre Bepugheor-tihg leithérnlehefdrowr at e to

be.accommpdated by the assenhly 2. The base of the histogramidentifies the
maxi mum f IoRermReatiope 5 lowigtes 9 up mﬁiﬂorﬁ%lamaﬁqwg@r@m@é@sg DEDE pRMElcan be

processed ' j i i6ala; i ; S§ | o 24 shown
B R A R i
assenbl i esf dvvsribge dulbflowenest wibldequiiee donthindtusabf tesenbbicasd theaki ng up t he
gi ven_conbi natj.on.identjfied. afe erating range 226 for each
asser’r{)(ﬁy ﬁ%ﬁ’ﬁﬁ)h?ﬁla%ﬁr% ntfﬁ%‘ffeimg‘? g%?@ﬁﬁ%%us, a flowate of 42,400 BPD is

acconmodat ed using a conbi nati on of seven helical separation assenblies of

i | di t i ! : j i : nmbl f
nom nal di anme Fil:guge @ngﬁg% a(lﬁﬁég%ﬁ a}gn@tue%ﬁ.i&vaﬁs %ilti ln%gzggggm&&aﬁsse y o

nom nal di anete s (ass I'n Flgure ), ified as assenbly
conbi nat i fnidiffovmateRd darecob2nodated byhe widemble? s Ebnbase ofitlipuiristogram t he saf e

operating.yange 226 selected for, e assenbl y conbi nati on |.aps the
ober at| ngeRige B menEn e S cieR 2l aRB RO PIRES TR A
flow ate bopIRERES udnRE HeNBniPieioH B¥ RERRREpRAILIbh A RbEePI2PstBlvan 11D
assenbly conbi nati on 228, the operation iS switched to the next higher

assenbf y stepiideatifiadras 228. Edemedrhbisatidnrpithelical sepssatiopmissanplelips haebeest al 1 ui d
fl t he, .. ni ' : f th
conbi nat i S PsERL MRIRAQIE AR TS AT, BARE Ao fi Sonb R Rl 1€

conbi nat i @Re sdfB o%)érhﬁng/\ﬁ)ﬁge 226 for@hbdh assaniblysumbinatibihek Isepandititah operati on
can be achieved fromzero fluid flowate to the maxjmm 30, total throughput
232 of théhep ﬁ;lﬂo,gfr@te% 43460 @P@_ 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 next 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.



40 As will be appreciated, during the operation of the assenbly of
the present invention when applied in a nodul ar approach, i ndividual

hel i cal swpanetivesizassenbl i es are brought on- and of f - | iPo®,GEesodoesofi | ui d

fl owmate and conposition changes. This requires each assenbly to be started
and shut down. Preferred nethods 5for starting the assenblies and shutting
them down are provi ded as aspects of #be present invention. I n order
for the required separation to be achieved in the various separation stages
of the present Asiwillitieiappreciated, durivgoibe sperytioinafl the hasefbiyi of the pwesatte i s above
a critical mninmmvaluye, as indjcated by the value 204 for each heli cal
separ at i ofvgEHRIhen ARdied itha nwdplagamoaf%» IWVIW?@\]RFIF"éié@aE?@IOBW this critical

val ue, th%ssle%n%g%férefbkdﬂ;gﬂ’% %ﬁ‘%@%ﬁfﬂn&é, aPfeMRid Wé@{@éﬂop’osftﬁﬁoved and wi ||

cont am nat e eavi e ases produced 1 n the process. This
char act er ichariges.nflkie sequiresicedtbsisseatille tashengshryedt amd shutt doskowrPrefedred nzethodsp t he

i ndi vi dual. separation assenbl |es usi just the flui.d stream.t.,0 be

separ ag ed for ﬁﬂ%ﬁ@@ﬁ?nﬁi‘nﬁ% %’b‘lﬁg}%tﬂ%1 Oyn&r%f’ré’ﬂdéﬂa%wﬁﬁ%ﬁéhéeach hel i cal
separ at i op;ckaassemaby. on line using a purge of clean heavy fluid. As
not ed above and as shown in Figures 2 and 3, the inlet assenbly of the

system conprises a purge fluid header 64 fed by a purge fluid conduit 70.
The flow of pulmerdet fardhd reguirédeephretideto Bachevediohthbahiigwsl segaptomt i on

varve 66 FBESsgRy BterEi ek B e iy bt P it owt e Rl %e RFGRSH L'

(such as gligRuMRhIGE, dsindifReEBP e ValRM0ATEEEHRh YiclS@P ALt 0E aflcmtlly Opl et s
forom produced water) is introduced downstream of the valve 62 and check

val vel®3 elown ol Figwyg 1tlhétifloywwatss belayy this eritivel ylew dpsléghterfjuid phases up of a
gi ven helic separ at i ssenbl the r Ve v : eck valve 63
are cl osed’ 1@%8“? & %)lﬂpg‘gteﬁ I %ﬁng{? ?/%Wew Oglbenngag,g ﬂ%egleéflgglﬁafg%glas{gr eam of

fluid aboypeodub&l @rthé paess2 Thid chiariditritliOmmRésat hindesizatpasiatplp shindewit he fl ow
has been established, the valve 62 is opened. |t is preferabl % to have the
purge fl upd paedpdheindidiel senaratiop jagsegiblisn nsing Biskie fluid Hregpderet o ensure

br ocessed e B e PRt LEE st P T e wi 1
not fll®w, asssmibheomlighesingaipgee bf cliesh avgSlni® wi |1 keep the check val ve 63
cl osed. 30As the purge valve 68 is gradually closed, the pressure of the
purge fluld enEA%rnio?e% a;[bgse 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 dominance over the fluid
stream being processed. In this way, when the valve 62 is opehed, 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



41 radial bore 54 wll fall, allowi ng the check valve 64 to open. In this
way, the fluid streamto be processed replaces the dimnishing purge fluid,
as the puwgeowalos@268 cl oses, bringing the helical separariGBrEz®eadbl y 8
fully on line. To shut down a given helical separation assenbly, the
opposite procedure is 5followed. Thus, the appropriate purge fluid valve 68
is gradually opened, supplenmenting thélfluid streamw th purge fluid. The
check valve 63 prevents a higher pressure down stream of the val ve

62enteri ngidﬁdi(bofee”eldwﬂl lldalkydngthea:&ndclﬂaiww' ovbtougpehr &athis Wag thadlgd f1 ui d,

bei ng at hi ressure,. w| radual |y cl agse.the check vaI in
Cur s owb§ERGR Gt 14 TG "ehlai b Ak Boe PR B ane PEETHES P ow | s
10achi evegiosekhBriNghy the®élibal sbpipitidnl ReREbIRE th §n BREN! . The purge
val ve 68 remains open until sufficient fluid has passed to conpletely purge

the helical separation assenbly 8 of all residual fluid being processed.
The purge val v@o@Buti@WNeegivm baldl se]ihtatihmhssemblysdmaap@bi;itmrpra@esierd:ilsy 8 is

| eft cont ean e fl left off line in this
stat et ot Tt G SRRk HE AT rpiufh bt uf 01 1 ow at o
requir es bk p‘léﬁié?ﬁ’lng"tmlﬂﬂ sﬁ@arh'\ﬁ@ipurge fluid! trhé shddRANe3preRtats 4 he hel i cal
separati on assenb Ies are brought off line in a cleaned and purged state,

as the st h@ewessumdmrestmaqufah@valm &ﬁglléertnlgéh%lﬁgéﬁlm@/syatem #1d be bel ow t he

critical wrat e e ra lica
separat i ngowm§ {r‘f/é%li’s eP‘t‘r%ggl?ﬁlf ai nlﬁﬁﬁpﬂ%{ﬁ%%r %S%ﬁ% reasdél%ly él?il sgwoul d be
flushed 26hdtk@atve®3dRwast sl@ay shhigiap off the ﬁowe“eeaomndSﬁmﬂ&tau@ﬂo{Ehss woul d
result in contam nation of the separated fluid fractions. This contani nated
fluid %UP@IWééthhéVﬁlé(eﬁ%é%/@?’éaloﬁ@ﬁ‘%tﬁ]élspﬁlnét of the assenmbly 2 to be
processed again. This could result in the wellhead production flow having

o be reduced gt a0 g sa0LbupkOhd] IS RARPHLALE byl oo been

processed. As preciated POt accep 95 for the

conti nUOUSomplhﬂelspptﬁéélﬂielmﬁcﬂrsm&ﬁm asﬁbnﬂﬁyﬁ;ldﬂallaém@la‘l/ﬂmdtﬁvﬂlg‘ requency t hat
t he conbi nation_of helical separation assenblies 8 being brought on and of f
li ne woul Hmﬁésé%ﬁt“éhecma@éalveé is then clogade Thghghical sepagatiweasssmbly 8 is8 may be a

choke, 1 quy g&ﬁﬁlﬁé oM Y& H&féé %19& aﬂ@fn%%%@'léﬁ?fflgg dﬂ]gﬁé ﬁ@t%u i OEﬁ‘t' on

assenbly may i ne I's state unti ught on-1ine
agai nl5  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 8 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
combination of helical separation assemblies 8 being brought on and off line would

need to change.



5The operation of the present invention, in particular the enbodi nents
shown in the acconpanying figures, has been described in detail in relation
to a nul twphasmsdizeam conpri sing oil and water. It w | IPCh&B2neeosdoood t hat
the assenbly and net hod of the present invention nmay be enployed to
separate other nultiphase liquid-liquid streans. The stream nmay contain
two, three or nore phases, which may B2 separated 10according the relative
densities of the liquids concerned. In addition, the invention may be

enpl oyed to seghe atuge fiwid fopth aglye 98 mdyi tgua choke,flamsoritrol salye,hallar gagnner .

valve. The helical separation assembly may be maintained in this state until needed to

be brought on-line again.

5 The operation of the present invention, in particular the embodiments shown
in the accompanying figures, has been described in detail in relation 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  according the relative densities of the iiquids concerned. In addition, the invention

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

1. A method of 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.

2. The method of claim 1, wherein the helical separation system is left full of the

first fluid after the fluid feed flowrate has been reduced to zero.

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

stream comprises a gaseous phase and a liquid phase.

4, The method according to any preceding claim, wherein the multiphase fluid

stream comprises a plurality of liquid phases.

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

aqueous phase and a hydrocarbon phase.

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

the said well.





