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WD 2007/ 144631 PCT/ GL12007/ 002220 1 MJULTI PHASE FLUI D
SEPARATI NG METHOD AND APPARATUS The present invention
WO2007 4@l ed to a separator and a nmethod of seB&T&IB2897/002220
The separator and nethod find particular use in the
separation of nulti-phase mxtures, 5 especially those
cont ai ni ng gases, |iquids dnd soli ds The present
invention is particularly suitable for, but not
imted toudRPhAGRAELOR sEedNeTRERRIA) A AbpLilips
products o and gas wells on land, on a platform
or especially in subsea | ocations. The conventi onal
app I n
P R G G A
sepmraboreadwadthal ﬁmhpmubldalr usk rimﬂgtseparaﬁ:hsca“anulu-phase mixtures,

i nf ructur.e, and r.i.se a,surface
consPpllE Db EonthEineraeaes, s HuCistinS T pifeche FYenfine:
paric @4 R @B o Muk MoClahité @, a}fblibgtﬁ)nf ihWhélsephratibg oSthef ace

processi ng facil i ty. The surface processing facility

pradugtsigéodd and astwells qiv lead oniadratfasss ef especiallyinetubsaarpcatioss.
surface processing facility has typically included
separation equi pnent, to separate 15 sand, gas and

wat Fhe tomntidtal @,b;iroamﬂd Joretle tewulopnint vesibsea Gaisodrishn
wat er recovered in g are frequently reinjected
$

progcipg fickls intopstahtish %a@r%r pksubsen wellsonpaectsd thioughaspbsea
mfgl:é (ftﬂt% IBalr%Q%@ngrW £5yrBR g c&@%s“ihgafa&ﬁw €&s QFesulh t, solids

I ng Fl'sers to th A new appr oac
in thhiveellftoybare wutrastl;bmned m tﬂc flperte eha/\surlfacemmhcasfngtfh@h@o

f
THf PR hroEutier ity By 85 2 ToRurE il iciotNeste pr R BRI B e
surféde %?&:@Esn{g)fa@ﬂlt)ﬁﬁa{b\/t?ﬁ'cﬁ[}t inbRdbd SopRFaEidh efhipmenE td Separhfe

object is to renpve the extensive infrastructure

sandegasend tvuntas frong thel oil preduged denme the veallse ieis 2pd Wates recovered in
thig R{ﬁ% %%%Fe%ﬂgr}t refniéc#éd’]at%%fxéf@& tﬁg Weilk Oﬁ'ﬁistngcés%{ly entails

seane arran

pumpihgeake gacud mtdrrbaclca@wﬁ alseréespd pﬁjeimseanalrrmapenl&tsw@d
costs of the 25 installations, it is acconpani ed by
significant problenms. Wth processing equi pnent, such

s WeSl app@Gieh 30 this PlobRrSRRA8 B dispenbd With %ﬁxch%‘fthe

surface vessel s or platforms, the servicing and
pravedsingdacilities as the fuefacompbiodocate the relpmmswéllayons on the seabed

o iR paegntin br sSsgioRE GA0E P0G i, FFE Bpisteis

renfdvieUikd &@éhsiVetibfradiRstie hetdbdtd BridgdIBthe pfodudéd stfddhfto the
t hose beyond @safe diver depth. Rather, access to the

surfaga apdriaeturp signidigantportiensde ma'aeélrf%@nuwwn While such an

arrangement indeed reduces the capital expenditure and operating costs of the

installations, it is accompanied by significant problems.

With processing equipment, such as water, gas and solid separators, situated

on surface vessels or platforms, the servicing and maintenance of the components is

~ relatively straightforward, with access to the equipment being readily available.

However, this is not the situation with subsea installations, in particular those beyond

safe diver depth. Rather, access to the equipment located on the seabed can be by
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WO 2007/ 144631 PCT/ GB2007/ 002220 2 either robotic and
renotely controll ed equi pnent or by retrieving

WO paipedht to the surface for repair and/ or BETAEBE0F{02220

Therefore, intervention is very limted, with the
ability to access the equi pnent decrea3| ng as the
depth of the installation Hel ow the surface
increases. It will thus be appreciated that the

citHerdbHotie aad rmelgrmntrolladoalmmm or by tdmme\smd:mupment to the
represents a_mgj or oeratl probl.em and a

surfase G0 /ERRIT W‘@)@ﬁ%ﬁp u é@ﬁﬂ&ﬁﬁlws VERd "’F"r“‘ég Nathdhe
ablﬁFy HAUPRO e ﬁﬁ%’{ﬂeﬂf fe fn bg 1 Jpil satle mstdllaﬁ@r{ bdlow i

the optio ealnstallatlonlsto be
surfee mmnased | Ty will thios be ap‘prpaatecl ¢lnat e ﬁarlmblé kyeipinsaisioeatechon

|t of solids. Eroduced fr éj‘%qse@ ¢ tlt 10 is
theysp AR SFRIPSF A EIgG BT AIARaL B FRepTueientdp
expehditik] @%ﬂ&eq@lé&ﬁl’}l tHeMrQies! dﬂonfﬁéhﬂﬁtﬁhlﬁﬁe RbEsd rinimised,
together with the various fluid phases. The solid

in pastierdatibthe optiow of as@scmmﬁtaa@umrt@ be eqpaaminall vipbls. ne
solid particles, such as grit and sand, together with
very fine particles, such as scale or silt. In some

cas @sparfidifargobblela aripésad aaeskinahsolideprodecedtfrome sybsea aokdd, It
and smal | rocks, depen(ill ng upon t he_ operati,on 15]_&£e| ng

is frraueihnide caw;hﬁ@p%seaw@ Is peodyse asignbicantpaatitd splithean
forin%gﬁma %E@r@ﬁﬁthé%ﬁcﬂé u%g 6. the ek ihaadoar e

resp onS| rate o ul pment erosi on and
maehefatsrmdud@mardet medxukmmdrﬁnemopd@artw@ssmch ae grit and sand,

atlosvvlt prment, for. novi n
togelhet Bith S e icles R r i oh i TR P fese & RS
prodRt&s S8y | Hclu'dg st(ﬁéss @havel antndIBlodks d@?eu&ﬁigl Pon $I8d dperdtion
necessarcge% requi res that such vessels are very | arge

being perforsy womﬂdhwt%@é #teasg@m@nw faﬂn@mcﬁn%med

L T
destaioiiPMTEN is knoS@a padvidasurfase aist@lhtlmmwidl equipment!foesmoving
- downst r eam_of t&e wel | head and, operate at pr%st%lnr es

proguegs] Solidant YRiCH Ui CORPMSRLCBRIOFES G OT FIOEE SETNE SRTE:
Th@ha&&eof\@%ha fin eéssszreqsﬁ@sstﬁmt@es%s@em |a€b)’\l’d99 1REEIn

nmore ch es | di at €l downst r eam of
mzweItIWmﬂdllbe advamagmusnﬁarr @ﬁmee mgeny ¢ﬁaenarpmgsmd@ced60h%

roRf e S PheRE T B Sl SR hSustd o P PO Bt

damage from entrained solids. Further, the fai I ure of
the wel | head choke represents a mmj or operatl onal

pr oBeparstiqnringallations pegrinstalleddovanbram pfithe wrllheadhandqpgrate
at ;%'ess%pe% %kf?cgn{l? Bllow the pressure of the fluid produced at the wellhead.

This necessitates employing one or more chokes immediately downstream pf the
wellhead, in order to reduce the fluid pressure to the operating pressure of the settling
equipment. However, choke components are particularly prone to damage from
entrained solids. Further, the failure of the wellhead choke represents a major
operational problem, in particular if the choke must be replaced, an operation that
requires the separation system to be shut down until the repair or replacement can be

carried out, resulting in fost production.
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30 requires the separation systemto be shut down
until the repair or replacenent can be carried out,

WOReN(H463hg i n | ost production. WO 2007/ 144631 PCT/GB2007/002220

PCT/ GB2007/ 002220 3 Accordingly, there is a need for
an effective system and nethod for separating
entrained solids fromfluids produced fromthe well
upstream of the well head choke, that is at well head
pressures. 5 1t is known to provide surface
installations with desanders, The known

desander s .
conperardinglys theses b aiest &oran; qﬁ%&?‘fe welgTNg 'ﬁ%‘?lﬁ@ 905 separating
T &ggﬁ f u@ﬁ}io?%eemllﬂéx&% k
entYaﬁ%ﬂthsbg} ream gg‘\:ﬁﬁ%sf{ornté?%s% ﬂﬁe wel | head choke o
thagischt welheddhwessoqeer at e at wel | head pressures. Wile
this arrangenent represents an 10 inprovenent over the
arrangenents di scussed above, a nunber of significant
Pr oRli @ RRo Ve fRrBvidE shi$dce 1ﬁ§i‘zﬁla|ﬁﬂﬁé’\ﬁhtﬂ QeANEEK S ThE kiowon
conventional cyclone technol og% The separation
desahfiérs bemprysect singln eeelonconsdrt kapsebinsids apigpsel. of Be desagders of

L e XL P

carld@0SbFdrhte ah@d¥Bhead ?ﬁés@ﬁl‘é& I winge tisif anagieatenn@pfdsedts an
flowates. Wile acceptabl e in many ap@llcalons

imprevemeRiVesibn eTaRsaRgNEy difsied abpY% A TUAIbER ] fignicant

S
o O K B RS A O8RL ofor
techisiogy. | “ﬁhmiepmangm effiwidnay df eonvhstiahal ¢yclaieaapastorsis at best

oniabdgett s SRehact 7 Sir Pl B piRBER FolenlfBst bfone
t

e e e e o e 20

accfepmbiﬂan granyapplitations, Wik repagsents uanajor weipstiphristheir suitability

for L?§g kriﬂ.* ??éﬁ%ﬁ%%logshg 15 g%?réﬁlﬁ é‘%I{N Q%L*b%hclpls@lléﬁ&n%tﬂw@a &ide

op&aiéiadl l'd’ih?é Yo hdddéd te dhidy daaﬁgﬁinfo@braang yehditionshatd asmbe
oper at

camIRgE TORetInE eIV b RADE SR SSE & PPRSALE B igie o figm S
to wg cdfd] %Hgﬁmﬂg {RERGHAIRich ANG el PRt Mad prdticed

arat’ion sani uggested by their nane.
frohbmglwen subisea mllf\mﬂq’aramsd»mettm@ greatly. thhd a!t ungcegtitableyd ipstall in

su&gaogﬁéﬁw? ] \ém}ésgeieqa ;t,l%'rt1 g?esgzg{lar?qgv ngrg:g)%v &0 opera?tlon (}\chlfdl% Hhere

is a need for a system that can operate for an extended period of time over a wide

O-

range of fluid flowrates and compositions.

Second, the known wellhead separators are designed for the separation of
sand, as suggested by their name. However, it is frequently the case that a well will
produce a wide range of solid material, much of which is significantly larger in size
than sand. A desander, by design, is optimised to separate sand from the produced
fluids. However, due to the limitations of conventional cyclone separation
techniques, this system will be inefficient in the separation of larger sized or coarser

solids, allowing the larger solid particles to pass the separator and enter the
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than sand. A desander, by design, is optimsed to
separate sand fromthe produced fluids. However, due

WORBOHME3Ii mi t at i ons of conventional cycl one s&6AERASI02220

30 techniques, this systemw ||l be inefficient in the
separation of larger sized or coarser solids,
allowing the larger solid particles to pass the
separator and enter the WO 2007/ 144631
doﬁﬁﬂff@&ﬁ?ﬁn%?,%ﬁl thé rebuim discesaed atopviep dentrdingdy, bherdiis a

I ts discussed d h
neg ?asgyﬁ%wat‘swsﬁngﬁg"“ £ 2 eide Wtk roR pp hipand

Hish &Rcich&) 6F Shé@80o@Nd maintain a high
maet?% e%}:y of g’épar tlo(r)1 5 Finally, as soon as fluid

I's produced froma well, the various phases, including

i qu.d. phases an to_sepapate.. Thi,s .

L 5 RO O VG g e
lqulﬂdLﬂ}ﬂse%tah@ 248, bgin &y Siph Ak OTisis ﬂﬂdra@waﬁdtﬁnbhi&le various phases

downst ream separati on operati ons 't would be nost

in thegiroduspdilyifl sireary &t adventoasansigad prsinis e downsifeam separation
opShlibi&l TWhlia b5 SRAT Al:GRnR 114 A R08R4 BE pRRAde) BRIHHGLRS

e range Oper I'Ng pressur
separ QY v, ra:kgd:tof\sblidh particles byeci widg ridpe of bpérdtitgpp@sduirgshand

rate of shear causjn e already separated.phases t
Flomratcss Rat BHHGAS SYScS ot a £ PeRFats QlEhtE Cabg DR plready
fl owback for wuse in a
SC%S% @Hsg{tlo X ?]ﬁélt%gllfﬁgtlon The system uses a
hydr ocycl one to 15 intermttently separate the heavy
pha i, SOl | roduct i e
P RO 20555 R s SRR RO sl b el ek for

usSRRAdBEdaG el Ihehd Bs@AMR  THY Fbteml 186HA hﬂ&t@ﬁyelﬁt&o heavy
phase collects in the bottom of the hydrocycl one, from

intoymeiftentlyl separsteSes hesqy dhnse,conisiring eplid rfmglawéu%tt%f&'a#d The

P 6585 85 Tt L BBt s REgRALh Soing ORBDMAT 1

tecBfigaéo rErdrhvyopiede caltactsin tiecbattorh ofthy hydieeydores ﬁarmwhcte

e s BBk BERah Aot sty Bfodc Sl pur
Th@fsygté‘rﬂ%ﬁ Uso089/02 P71 050l 88 notYalP a8 dnd résolvdthe aspect

the present invention, there is provided a nmethod
afc@@nemtmnsds psamt iAsgordinglyihere i reedhfor amimpseved sgparatiome

sysith SRR A g PR @M Riréab ol ey o FPREARHea

proéudmRg.i Si ng:

According to a first aspect of the present invention, there is provided a method
for separating solids from a multiphase fluid, the fluid comprising a relatively high
density component and a relatively low density component, the method comp_rising:

introducing the fluid into a separation region;

imparting a rotational movement into the multiphase fluid;

forming an outer annular region of rotating fluid of predetermined thickness
within the separation region; and

forming and maintaining a core of fluid in an inner region; wherein
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introducing the fluid into a separation region;
inparting a rotational novenent into the nultiphase

wofbada63fior mi ng an outer annul ar regi on of roP&LIGR}607/002220

fluid of predeterm ned thickness 30 within the

separation region; and formng and maintaining a core

of fluid in an inner regi o wherein WO 2007/ 144631

PCT/ GB2007/ 002220 5 fluid entering the separation

vesHald dnferifisiRCicparation Oedsélds divtoted iatonthe anter expiubar;regiamd

the thickness of the outer annular region is such that
and he hi gh density conponent and solids are

con s iadihy; i Wi ity hi s

s e s
corfpfieanindaiotids are coheentrated tind substantallyRefnéginedcwithinghis region,

to a nultiphase fluid are to '{nclége [ iquid/liquid
thejpwidgpatly compogent epgLorespfateddn the JoRUAE £9Sh, the term

i ncl udes m xtures of conponents that 10 conprise solid

materials, provided that the bulk of the mxture is

one or nore fluid phases. An exanple of such a

mul tj phase fluid is ey : OF S; ] : j

par ReBraEes e pgmfuBpE i erE T RERRL AR frours,
liqSikdrgas MixfReks & e Additior) éiectetin irRluddowisthires afiborapenents that

direction extending fromthe inlet 15 of the .
comptisa sohd suaterials, @raveriedriha she Rk OF the spUER fscqne or more fluid

| 48l hsig &M Bp&Rion!oF s8lid

phisgﬁ'vgﬁtef‘%ﬁgf%%'g‘ﬁlggn‘lé'ﬁlé‘?gé%ag?gdr ’gragsl M ti phgfg"°fn| s s
partiicteg @@ sblidvhatedal iu edigald andfoziges stregamer al circul ating

or rotating flow pattern is induced. Heavier phases

20 or conponents, that is those with relatively higher

dengickdr&es BEBinGS "R RstrdhR Uark o h BReltnxtdndiigtisn e inlet
the rotating mass, while the | ower densi té conponentds d
@ an

of themaultiphase fniskiotanuglet through shidhrresolidprieh sEeam ¢ remove
regigns. The fluid entering the vessel fromthe inlet

rc@&%ﬁ@' a rotating high pressure band fromwhere it may
split and follow one of three possible paths, as the

incomng fluid neets the fluid eady .cireul ati.n

wi t AR A comventiena) gxclene separas,d MBIHPEASe i F%‘f*m&%@ iz
bl BT, PR LB 38 e, M
or samporfehtyhat is thosd withsrelatipelpihither densities, are concentrated in the
outer regions of the rotating mass, while the lower density components tend to -
concentrate in.the inner circulating regions. The fluid entering the vessel from the
inlet forms a rotating high pressure band from where it may split and follow one of
three pﬁssible paths, as the incoming fluid meets the fluid already circulating within
the vessel. In particular, fluid may leave the main flowpath and pass towards an inner
rotational region. Alternatively, fluid may leave the main flowpath and rise upwards,
becoming partially trapped. Finally, fluid may leave the main flowpath and move
downwards, relative to the major fluid flow. While the general trend within a cyclone
is for heavier fluid and material to concentrate in the outer regions of the vessel and

for the lighter fluid and components to collect in the central region, the tendency of

the fluid to split into various paths causes cross-contamination of the already separate
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becom ng partially trapped. Finally, fluid may | eave
the main flowpath and nove downwards, relative to the
wO2e07ar4681 ui d fl ow. While the general trend w PET/6B3007/002220
cyclone is for heavier fluid and material to
concentrate in the outer regions of the vessel and 30
for the lighter fluid and &ormponents to collect in the
central region, the tendency of the fluid to split
matefibD s leadssto raabdimnoam;ﬂm effidasyod tteanycloati The ditferdng flow

| d t V\D 31 PCT/ 00,7/,0022 6
Dot Rl FOPPOTRF BriPEH NI W e AL EX (e BRI T8 oy
pardinefeRS fNEN A5 tTQ ?loq" tfafeegl%gsturé lag¥relRBe iR niititd ofaREPEL €

or priority, e determ ned by the
dlffeymht phdses:otfﬂranmonqa ammmgly e design of aibytlonetinvery glependgnt
and heJ ative den

updgitht e e serd B PRl &S A obiafiSn 8F o Efone separater

ou@iﬁe thesy aéscgaﬁ)alréna@frsmn QERIZE B overalineparkiién ERficienophimt the
low rate and fluid paraneters. eration of a cyclone

rﬁmanm ofrthe srpariarevilitfeld sisnifispufty- poy Bated dhayeyiuch aﬁéﬁﬂﬁ@“@f
is &é‘l%ﬁ%)éeeirgghée iR SR %F%f a{ loﬁé 8ﬁ&¥tn idt an feﬁﬁle Ag ?é'qﬁxﬁ'[a

eparator WI not ed

widdang, offlotNrate ﬁﬁlﬂ@ﬂﬁduﬁb patametsys to Iieednbenfrmdaﬁad,esuc]m as the
si tuations where ng, ope atégnal feti IS

seppeadian pEepligi majerial fW“élg 'r%é PG 13158 hydraul i c
paranmeters to be accommbdat ed, such as the 10
separation of solid material fromfluids produced from
a sﬁbmeheemtbund that dvdispoered stparatibn dfatmultiphasg fiaNdepn be

schiBanTgnare BENE PP shaREnt: S AR °&P§ﬁ$4§* ARt

rotht® irfifoRaUusfdlal Regidrdfah@sdparafion eapid, withithé Binef Rgionror@bre
the separation region, with the inner region o ﬁ@mtp
e

being nmmtmgedmdmcaume@ bx\mf lpweigansidy egmpanent. dfusfo
hlgggrg?e%?gpéomﬂ&nﬁﬁé 1;1 atll taP 801 #;hgnclgé QH? ong&iﬁs‘t’tctdﬁn the

| cu ar SO are
rotaﬁ@;&mrrregmd with 4 gmad srepmatmmgf thet h@he:r @ysmgn masegrizhogourring
00 epa i on, of the higher densi nmater.i al .
frofBeFa gLy IPPERATHLY POPROTRIS: oI O yer region. By
kee%ﬂ?lﬂ@ ﬁ@{hép detioF Sorksireftstin tHe rbRfing BIGF aliRUir98gioB\they are

he hi gher ‘density conponéents in the rotatin
sulmqt@}toammtmm rptagonni foncmeyvh@nhesems SQJWIE@Y%@G@@WQME khe

rotatianal h serve
Im§’é’§§}°§tlf 5efgara%ﬁig§oq1 ﬁlﬁe glﬁr e§§o gﬁé‘? ap@ Gécms?1 which
copérRhtsaAll dhigfatd. eﬁllﬂﬁldﬂl/ar,alﬁghtéﬁo@hfpaﬁ@ts arm Ieaee thbloﬁ;ter
conponents Wi ll mgrate. |n partlcul ar,

anmgdarpegion aad pass [nte Hipcere Frgiosyle fontiath meé?eam@ P‘aﬁp%l}?&ts in
pax%gﬁlﬁr §ol 'ﬂ? a&@@aug&f & 1R tH0cork PegiG i Pcdilect il T R fikular

region, In the case of a mu]tlphase fluid comprising components with markedly
different densities, in particular liquids and gases, the interface between the inner core

region and the outer annular region will form a-transition zone.

The method of the present invention is applied in the separation of solid
materials from multiphase fluid streams. The method may be applied in the

separation of immiscible liquids of different densities. The method may be applied to
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particul ar solids, are caused to | eave the core region
and collect in the outer annular 25 region. In the
Wwoeswa4eBia nul ti phase fluid conprising conponBAT&BAPGTI02220
markedly different densities, in particular |iquids
and gases, the interface between the inner core
region and the outer annuldr region will form
atransition zone. The nmethod of the present invention
sephfatPRIrifed Rquill @nd £RAkRE QN0 afs sdritd phakds meTles methsd of
fromnmultiphase flurd streans. The nethod may be _ .
the prysentdavention iepardaparhayuitahledn therheparation & mulgnhase fiyid

di fferent. [ Ll . j
sy SO0 e HBEUIAT TR olap Pl o o
thelrémﬁireg ofl ?tﬂicgﬁmitﬂésfmﬂe_nﬂlﬁd istrears ppﬂiuadscbfrpxhalssabterrﬁmn
met hod, of the present jnventi i s particul ar
well Jppasicaisr A WHPreBE M| 8 6 M e RAds bp BRRole for the

sep agiﬁﬁe @? ﬂ%ﬁ%k%%ﬁt%@ﬁlﬁaﬁs Rédkdr! Gh Sifch d dasl itk ABHod Bferates to

I's especially suited to the renoval of |
rensokitik gpdidtpariclss (famo thetflrad phasesianst indtat prhsgindtbe sepation of

. Subterranean 5 |1, in particular a well producing

mdb‘f‘ﬁ?“aiha“‘aéi‘ag 4% hod is also suitable for the
separation of such a streamthat contains water. In
such a case, the nethod operates to_ renove the solid

par Themethofl of thetmesent inventionds partigwlarly syitable for e spragatipn

t he se [ indi vi d.hi QU d - S :
of Sl RO bR 0 s il cblrghfng bbft Helid Bt B35 THAS Bically
the?ﬂléh;pghtien bbb stidaen g.eﬁadedtbiym#bfe_iraaeﬂéﬂ adl cfjrmae wicl! r\:ﬁ’hamrﬂla
uid stream conprisin ot i.quid an as IS i
SUqagLFQIUAINS A Slewii_c@ng Y by et ey &%Mﬁmwnﬁrﬁly
of SHOHE REARES WIALY %s_% g%?%nt"lfcldid anly @]Edtcﬁﬁlpotﬁ&ft@_ﬁﬂi‘n leaving the

ontains a signific quantity of gas, the inner
outerginukr cegist, s¢wlthigiv s tverrhigh solids rehoyed sfficiensy adhisdepdsfto

Gl T il e P

par¥igle¥ o maRiphee MAABYeRm, ehd flgidefesm cdmpasihgadiguido a
further aspect of the present invention, which

coppenentians BgaFee RPNt the BSEIOSPAYISH.I d  particles from
2 MihloiBORR el il rcib] BRI sépfifabhisheht ream conpr i sing
a liqui onponent and a gas conponent, the nethod
conmpnhpatiinga rotationabimovengent o thaflwdst ream into a

ot IR e TR

andotating fluid of predeterm ned thickness;

forming and maintaining a core of low density fluid in an inner region;
wherein |

liquid and solid particles entering the separation vessel are directed to the
outer annular region; and

the thickness of the outer annular region is such that the solid particles are

concentrated and substantially contained within this region.
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WO parrtig4sBes entering the separation vessel

and formng and naintaining a core of |ow density
fluid in an inner region; wherein 25 liquid and solid
ar ePdI/G8240202220
to the outer annular region; and the thickness of the
outer annular region is such that the solid particles
are concentrated and subsﬁantially contained within
this region. WO 2007/144631 PCT/ GB2007/002220 8 The
sol The salidandterdial iisretreived Gdnf the rotative annkt regioralpnteclniques
region by techpiques descri.bed herejnafter. . The outer
desgTpRl BEFOTRRSIST oD SUIERAIA AERIOT SRR AR s bickriess
4Gl the solid particles. 5
Sufﬁ %ﬁﬂttﬁie[gﬁ%?e%glgwpﬁgogg Eé'rlr%iae%nul ar regi oﬁ IS
determ ned by the overall dinensions and shape of the

openj ng.or inl.et throu whi ch .t fluid 15 ca dto

ent P SHEners e s APRRE e Jerrpithy by hegne
dintdAbiokasiSshape dihBie Opdridig GdiAle: tHrougdOvkith it flulé Resadsdtto

upon the height and width of the inlet. The angle of

enterribe pefjawttion semieny Incpartiquins, e dhriekneps ofhe puiehayyagrggion is

< N ; o ; _ _
GO TP b o P AT el i
thefagle@vedichythd Naidfsiruard eatersthersépardtion segiewiin turn idatetthingng

theiieh pEfgiHe e Ha B Elgped B hec B Seatn  tkyeEien. Thitds
resgéc?, refet&eiSd ahUn E%ottggalééﬁg G tee BAEBIdiA) Axis@f M he

ut’er annul ar reégi on. i mensi ons of the inlet
separagioh irogiah. Tlese el saleeted itwcduse thedluid tsf enterraad fomn thefoutey

stream entering throu t he. inl eterm .
anvi SR F egmppions ot A FielBiethnel g Pt A of
thelfhifid feRl br@tlm ERbAkd BRAIgh\Rd Dldt dtethineithelveldcity of tHelfhuid
outer annul ar region. Preferabl the inlet is

streany andgie dum leterminssitheanitikroftional velocis f Sisrid i the quier

f . upst.-ream end of the separation region. In
anﬂ"&#?%}g@', a space is left between 20 the upstream

boundary of the outer annular region and the end of

t he_vessel contai.ning the sepagration reqgion. Thi

A1 | sy, BF e spamerfe tEhadbe Byl Ceeas sorfefinense
frofithe [ipHRam & of B LPara@dh felon! Mn tHiy Raf,a dpicdi 16k Bativedn

tothe rotating flurd .
the upstream boundary of the outer annular region and the end of the vessel
containing the separation region. This allows any high density fluid that splashes
from the outer annular region can return, typically by gravity, to the rotating fluid

stream and be entrapped. In this way, erosion of the end wall of the vessel containing

the separation region by high density fluids and entrained solids is minimised.

As noted above, it is frequently the case that subsea wells produce a
significant quantity of solid formation material, together with the various fluid phases.
The solid formation materials include coarse, medium and fine solid particles, such as
grit and sand, together with very fine particles, such as scale or silt. In some cases,
the solids produced may include stones, gravel and small rocks, depending upon the

operation being performed downhole and the nature of the subterranean formation.
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stream and be entrapped. In this way, erosion of the
end wall of the vessel containing the separation
WO ReNjia463by hi gh density fluids and entrai ned BETIGHB007402220
m ni msed. 25 As noted above, it is frequently the
case that subsea wells produce a significant quantity
of solid formation materiaP, together with the various
fluid phases. The solid formation materials include
Thematind of thediresentinserftionds sfédticte praremaviressolid wedteriad, sugh hg

eriE g e i acgpeve et e opRaion P s

sepdRYioh R cidRy OF BRGRethed R\%EEh BACi SR hiso bR to daRGRdhiRer
upon-the operation being performed downhol e and the

solidgtamticlesathattthay e prodwaed iy zrwélb r Srchi particlasanclnderwall defgis, for

PCT/ GB2007/.002220,..9 Jhe t ho 2 b t
exarRY FEr Rt g ogy a7 O ARG Rt ol syl s
debridGBsulting B6th lequipiiedt dinthge loe fAiluke Innhatdse st Eatlurasfgieemhole

fromthe production fluid. However

. . , ) : t.i‘le separatjon, |,
equiprnent; wybetantal sphd partickes dypicallymstal pasticles, may|ge Pé?@&ed with
GRS PR o S0 bl Lo St
dowestres, eqliipment, aueings chokest ad thalike, if red remessd| ti ng from

drilling or finishing operations, as well as debris

resulting from equi pnent damage or failure. In the

cas Scéﬁ’clio pdrBbled Fendved $RWNNGHBreRAVbPIR Hheth6dbEtha piesétt

sol | articles, typically netal particles, may be
invpnttahupeylrange from hiewwillimeirey i, diametey to|seysalgeptimeires Spnd

hat .such debris. ca | gnifd t . :
end gt TneRd SRS RoBL OB L B L ARHRES L ay inghude
obje&t if @eRXRd. of HIndOkd §l clasrlargere It fsanmadeshtigeathié method of
streans by the nethod of the fpre,aent_ i nvention na
therpagrgat investion thatueh 3 largrsipngssof selidiparticles may Pesenapigfl from
the“fﬁf?{lg es. Sand and gravel particles range froml
mmto from5 to 10 nun. Larger debris may include
objects in the range of froml1l to 5 cmor larger. It

g O N RN e
opdTRtéd BSeSERRIc i JfTRMratkd) ehdt dthad aShrig Alfh-ddwoaratio CThar

advant age of the nethod of present invention is that,
methodgnay breapplipd ina single wenaratio; agparais gad gperpte s flgwaates in the
ranth gk uIiJ T 5?,‘50()abzirxae‘rlsg;?erth{r EBIG’IS)’,\% f)aﬁ{ii:lﬂar 0% zero, more particularly
from 5,000 up to 25,000 BPD. That is, the method may be operated with flowrate
fluctuations as great as 500%, without significant reductions in the separation
performance of the system. The method preferably operates at flowrates of up to
25,000 BPD. Higher flowrates are possible, for example of fr_or_n 1,000 to 100,000
BPD, with the separation apparatus being sized accordingly. However, the
ﬁerformance of the method in removing the smaller solid particles may be reduced.
Preferred operating flowrates are in the range of from 2,000 to 25,000 BPD, with
flowrates down to zero being operable. At lower flowrates, the separation of the

components may occur as a result of gravity separation effects as the dominate
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20 nmethod may be applied in a single separation
apparatus and operate at flowates in the range of up
wWOoRMTAR4G3D0 barrel s per day (BPD), in particul BETIGE3A§7/002220
zero, nore particularly fromb5,000 up to 25,000 BPD.

That is, the nmethod may be gperated with flowate
fluctuations as great as 588% without si gni fi cant
reductions in the separation performnce of the
sepgysioa Mechidsme th higher Bberasds| the doeizane sepatativh ovechardsm vl
up to 25 263, 000 BPD. t'ﬁ" gg%[ fl owates are possible,
be flyg togeiatignal mavemeghotithe HYid OMR9EcHH0 BPD, with the
separation apparatus being sized accordingly. However,

the performance of the method in rem)vieg&the smal | er
sol iTHe piagleisepazationeapppratusedn be dized farapbimectfiranghpidt inpyder

flowates .are in.the ran of ..fr,om 2
to egui o0t SRS ST ey e mptrshay pE sy
acdoBBE td 4 @radl gGalith BEspandical Therefifre, td actddvetipa deghicd
may occur as a result of gravity separation effects as

separriion paTipEacHEnd o o7ee 41 531 Yodynetro HloVrBes 2 pralily o
ap%agﬂﬁg gitr%iﬁgreHFﬁ%%iq{é%mnee éjﬁg@ﬁ.gﬂletﬁisf\kﬁv‘%ﬁkﬁéﬁ diffttent sizes may

m nant separ nismw !l "’be due to
be bpératel Gindiffersny esmbinaiidnst hpmichns af acoitpde srlecive Tioav-switching
Si ng(lbe separati on gé)gtafigt us cap be sized.for volune
meaRs, &R, isATMOdats afap Wigtes 3pe penagation dBUes i cul ar
fluid flowmwate. Alternatively, the apparatus nmay be
sized according to a desired quality of separation.
Thelebrdeeto impar ¢ wiatiopal flova pajtes focthe siseagnpad ¢regfe the

o554 ER 1 5088 51dLrBLAERL 5 b

thePePAra@6h refidnt [Such WRMiniqUey dré kdwitlld the et b cgdlagssepayitiohe
operated In different conbi nations, by meands g_lf %
Hoxyevera 1 erderdp ensur ehat theanavler rgiongs ebsuiisipat deptp an

po%g%:slggg}.) [of ﬂg\a; e;?a@ttggn, I?[E% g}e?éﬁﬁﬁttﬁ?c t%%(ﬁglar &thyB at an acute

n or rt the rotati flow pattern

angle td the atgitedimbayds of thesepardtion regivmt Inrthisavay. therfluid gream
it ig preferred to use a tangenti al t of .the fluyid

entetipg dhereion s rsedde ol aromdng ar wall of the Zegion grrbact

colRUE wERANnbOmin3StRhfh. The GY6laNREesGPRS @EdtOR helidal flow pattern
However, in order to ensure that the annul ar rea(gsiln(én is

within thefrotatingannubie pegiom vith the sempensnts4n g rgeien fofalipg around
attern. & 1 S: DI a [ yis
v it Adob JeBHES ititehp ot S AREE M AN Y
intfolpaddaihtothe VE€QEIAB praférablyisslevtay so thaethk finidiratatesmm helical
entering the region is caused t r&t ate .arOLde t he .
pathiihasallouys fhedfuid alterangireyplutinn tﬁ(gfear e 1nlet jet and not impact with
the incoming fluid. Typically, the angle is in the range of from 45° to 85°, more
preferably from 60° to 85°, to the longitudinal axis of the separation region. The
dimensions of the inlet are selected according to the general specification of the well
fluid and the fluid retention time required in the outer annular region in order to allow

the solids to migrate to the outer wall of the vessel.

In one preferred arrangement, the portion of the separation region adjacent the

fluid inlet is provided with a guide surface, such as in a wall assembly, shaped to
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collide with the incom ng stream The overall effect
is to create a helical flow pattern 20 within the
WORR7AR#63y annul ar region, with the conponent s PCH/GRIPE/002220
region rotating around the central core of |ow
density conponents. The angle at which the fluid is
i ntroduced into the vessellls preferably selected so
that the fluid rotates in a helical path that allows
indubeetht invoching fleid saosn v alspiralor Hebicat flosr pattm. i THiswall et
and not inpact wth the. inconj fluid. Typically, .
asseipBly ARy ke lépquvb%’e%%én%? and 159 ppssrepm e@é[,f’@ thi, Sgpasiion
regtﬁﬁi?fne&rﬁptl ) lpfré\f%m #ld theefln éﬁe%gbﬁﬁticlnpfbgioh%rﬂ ﬁbwi'mr% wakds

€ separation region. I mensi ons of the et
theampstraag et ctheavalbassémigly poefetablydens erfatm Spbinidbcesathelipalof

th [I.I . fluid .t he flui t ' ti (Ui r ed
o pegta i thedreamag Rid gty foct e GR bpbndg iicrf £, ©
sepaftibf Sedith Ricaisdt €o Ové fifa Betletdllydvims@éarh ReitRaSal icieddso
In one preferred arrangenment, the portion of the

that the fluid eampleting in{irserottiontwiiiie therseparationyegion;ignot contacted

oy Blediiclle Mol Bafh 198 SRy S B LB ot s o

moﬁellréli&dllluﬁ?lctéﬁt&ng' fiefaoes) ﬁl_lql;]ﬁurfacbslsirctaadmgi gehfraﬁy fpthe admohelical
elica .ow_pattern. is |, assenbl.y may he,

Patifia poibe &ewgmﬁﬁl 2{9@{ e odedndyee efbg? ﬂ%&mlﬁ% gm&fstffﬂa-
A st%ﬁmé %ll%@seﬂb?ﬁis%owhq? AR arfdOis BIsLISY infGY '2?» ﬁgﬂg gri ng

e separation region fromflow ng towards
upstream end. The wall assenbly preferably has a form

1 ol @eS PR RL BRI o ot it BRARE W S PeliORE "

extBRRAE 2hilO BurfREE A hardinbedtieaisdribed@iews theamgRndiad injet
downstream direction sufficient so that the fluid

conslgiteorientgd clogeritp itha perpandiquins totherlppgitidmak @ds P on
rﬁgii .S, not contacted by the incomng fluid stream

5¢ eo&g C"JI":?I};issen‘oly is preferably provided with one or
nore helically extending surfaces, the surfaces

extendin eperall]y inh the s elical 10.pattern .as

he The el s RE Moy Prsaptatie st fareefis i8S e veth
kndWAE 20 A8y bé ted iR iHeGAGhod 6f B iptRBhSnV@ikibn AFRGRVE:Y pieference

known in the art and is disclosed in (B 2,353,236. It

is gieen téuintstheving atrépiangulns crase-sedtion agd iopening farie aeming

re heldcal l Xt [ ' r :
oot Eemo 0 estaheufif el g kB P R hal fow patem i
the bt @fgklat reflion Ok &dditesh, theaettanglatifiet pevies dibetdrantetface
the | ongitudinal axis of the separation region. . .
between the incoming fluid and the inner wall of the separation region, resulting in a

more stable flow regime in the outer annular region.

The rectangular inlet preferably has its longest side parallel to the longitudinal

axis of the separation region. The height of the rectangular opening of the inlet, that

. is the dimension in the direction parallel to the longitudinal axis of the separation

region, in combination with the angle of the inlet determines the pitch of the helical

flow pattern within the outer annular region. The width of the rectangular opening of



10

15

20

25

30

The inlet for the fluid may be any suitabl e shape.
Crcular inlets are well known and may be used in the
wo perhed3pf the present invention. However, preBCBGBAYSE002220

20 is given to inlets having a rectangul ar
cross-section and opening for the incomng fluid
stream The rectangul ar inl%t helps to generate a
uni formhelical flow pattern in the outer annul ar
the i, tat islthe disisinkion perpehdiculectoahglongitudindlexisprf dhd stparation
better interface_betvventhelncm fluid and the
regjonnwill Jeierming thethickpess p ﬁhPBHteF@‘b‘} °#18%ulting in a
nore stable flowreginme in the outer annul ar regi on.
25 The rectangular inlet preferably has its |ongest
si das frerfhiid sﬂreannnmes hedmg.ilyt withinahe oufgi annglar r¢géon (typically

{ f th {
BRI BR 4 greraly aprieeligptesd ponarinSRARDA 3o,
arﬁblése@m &meenae&@ﬂlé ®hll bPthe @a:dnﬁnﬂl regih ithe d6tesmo$t goktéon of
in conbination with the angl e, of

separation %m g
thethrularregiond éﬂ.ﬂe dhasesh beipg lesndermse thea theselidsy witlomigrasgito

R I 4 A B gl Ay o s

sephiatd w00 AldRO2ARE phdse, whieh iwill eémaih hatheianntlaeregionp ared tha
perpendi cul ar tg_ the | ont%d udi nal1 axi

lessdqnse pasevhi pwﬂé Aigtgle ipfodhe eqntka @r‘ehi‘h{srﬁf{?ﬁwégémavfaﬂy
maﬂ&ﬁ il ?ﬁe ﬂ&laglrgéql E&RhiRL a @s%oﬁ?ﬁ-lafsé Uh dvlﬁéH@ﬁ@iHé%@&u;ckly

ica he oute annu region (typically
Ieaﬁesdbe/\mmurgélum trhihe oategamedaxirégioner ti cal | y arranged

separation vessel), the solid particles will collect

at the wall of the separation region in the outernost

por ik et fMiid skéien ATRY bater SRGIRRe dgl&hpﬁgkass& Rl ésse
bei ng | ess dense than the soli mgrate to the

momentimls effest of which s torausertheputer snnylas segiomto feceme thicker.
or n i i | i t: re

A 0B I RASE T s, o SR et 01

thickn€sst inml i0rcheirs tobarare phths acpardtionhvessel.| This gffattecaises the

SR T I T T, T e
out\éf%r&]q ge}t?ort llaeddgglsﬂ Cotivek hosild ﬁ%@ﬁo&ﬁ'ﬁreﬁﬂxt(ﬁfdcﬁ&l f{ng d

er ann regil on. luid streamin
pretise farmt afithia prefila and @gmnrah rfoam eé@n@sntetfacwhelhweqndbédsm the

col SR T 50 5Pl gbrrt G PEARE
derishig of {h@ifmlcﬁktfééﬁ{‘%dd?thé fllétaoRRity bhtheatBath ak itrengirothe
seplapa(tzlgr? ?resasigl I}Ztn will thus be appreciated that the profile of the interface and the
overall shape and dimensions of the core region will vary as the parameters of the
fluid stream change, such as will happen over time for a fluid stream produced by a
subterranean well. As noted above, it is a significant advantage of the method of the
present invention that changes in the shape and dimensions of the core region, and
hence the properties of the inlet stream, can be readily accommodated without any

change in the separation apparatus being required.
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thi ckness, until it reaches the centre of the
separation vessel. This effect causes the interface
WO 2007{1631 east dense fluid of the inner core aRdTAGH007/002220
denser fluid retained in the outer annular region to
adopt a convex profile in the downstream direction.
The 20 precise formof thi¥ profile and the overal |
formof the interface between fluids in the core and
f | uCdaventionid) eydorieedepaatous are preddahwith bt oukbys dordluig bnleave

such factors as the _den,silg%/ of the fI.aLf'd t.r eam an
thespargtignatesseb| beg eutlesis ypigalst fzangrd coa ié(n‘;t’iztf“é %%%‘éesse as
an ?}ﬁp&r cﬁ%#:ﬂ:{é, t‘ﬁﬁ?@ﬁ Lwhidt f1¥id!hay! 1BAN 26 RVBRRBHSEH rédidn of the
e profirle o

the Interface and the overall shape
vesaeld Hitiwarears surhsainafiranpenans cenmnct e appliadiin theaage efsthe peesent

. patanmeters, of the 25 fluid stream,chan il

i B G, S8 6ol o B P B2 forthbdin

in RHRLS, LAMBARER hust BSallkRk@to FORY Bnd bé mbitainedll. Quittidria iy
advantage of 'the nethod of the present inventign that

neceksarythst flyid réreovah fom the goxgiragias israerieskout fpa gepteolled manner

reqion.. a henc r ' Iyl m
so S Bl rofe R e ARiguer 3t ot dRphe SEAGET
renS®RBMAY bOBmplped,ak #slldws. ng required. 30 WO 2007/ 144631

PCT/ GB2007/ 002220 13 Conventi onal cycl one separators

are provided with an outlet for fluid to |l eave the

SCPA 25t LlmbGSifiEh, n R Oblickibn feBioh R bAldell dBHSRGATof the
y W I as

coaxl a thin the vesse an exit or dip pipe,
core hegioghaving afluid ottt nBgme daidewil} loave the corgegian bywans of

. region of the vessel..However ugh. an 1
displafoents Howg g BapoRTAL Haud oY RuiohulL {ACHEHRE o
esthB1i4R Rlste@By-staft d¥ABHH0A Wndér whith tHe Jed replonds amtdined aridd
- fluid directly fromthe core rqul on_in this way,. as
fromthe coregegion inpsuseddo gxit sigche owlet opening dowasteamlthe eare
Rat .he Lo ] t i
rea e, Vi St B EFARER S, B uld il ETRER I SRAL WFbo o
miRard ¢f thahigh dessityfid andethe dow densitytfhudd.. Tis combimed dfuid
alternative designs of fluid renmval be | oyed
strggn Fgy |b_6ﬂésse<gt9_ G ﬁ,@mf JeparRURR BIRFFTRIR Brdeg i yegigte the various
flufPHaS&! |ARTeXaRESE sidh REQDA-ARA [HOMESisTaqRRMighidISaBaraer €
region, having a fluird outlet.” Sone fluid wll |eave
the core region by neans of displacenent. However, by

? g P %?@Haﬁ%&y,dael%{’vg&ngi@y h&ﬁ c%h%tﬂm%éiloﬁ,thavintg d fruifl %ﬁﬁétpise
provided at or in the region of the downstream end of the core region, through which
fluid, that is predominantly low density fluid, is removed from the process. With such
an arrangement, the fluid leaving the core region consists mostly of the low density
fluid, perhaps with some entrained high density fluid and even a minor amount of
entrained small solid particles. As this fluid stream has the low density fluid in a high
concentration, it is preferably kept separate from other fluid streams removed from the
process. This stream may be subjected to a further separation in which entrained high

density liquids and entrained solids are removed.
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establish a steady-state condition under which the
core region is maintained and fluid 15 fromthe core

WO pe0Ji1##631 s caused to exit via the outlet openPEEGB2007/002220
downstream of the core region itself. Wth such an
arrangenment, the fluid exiting through the outlet wll
be a mxture of the high lden3|ty fluid and the | ow
density fluid. This conbined fluid stream my be

pasisethbodinderits hidvived a Bﬁp@ernaitj' ﬂmdmbtle&m regionydegh tiensity
separate the varjous flujd ses ;gg\‘gl e of
fluid cellgesipn r9gion, 5‘?&5‘@§§§°‘P%’d§%%‘7“ qfupw‘@&g afreamz

corﬁl fgﬁfnnfgf Jch%%ﬁ(l vl olt‘ﬁgh% fytl}q’ id. :"a’i{ﬂ'&(‘s%ﬁ ﬁ?ﬁt'raﬁfgeﬁl%ﬂﬂ R,

at or inthe
fluit geamn leraflmghhmdgh\metsemdﬁhmﬁomet torepuises @s p eapjerportion high

t h h f] d |
neiln By i o cntatpehigyaiorbo M R 53k, A o,
streﬁfﬁ HA5 ﬂfé‘]ﬁ@lﬁé’ﬁsﬁymﬁi fol aigh Ecﬁ@&ﬁt?ﬁlohhi@ icseRrdbPkenN separate

consi sts nostly of the | ow denS|t¥ 25 fluid, per haps
fromiottrer Soiestesams a¢mexedHiogh theamedessy Fhis placasm mag pe subjected to

o SPE PR i Phich SRR 150 AR BRI o B g e

remfoRigentration, it is preferably kept separate from
other fluid streans renoved fromthe process. This
stream may be subjected to a further separation in

whi ﬁlgyng UdiBliathe hgg gbéléig \%;%ﬂg %q]l.&l&sgﬁzg%te@'}?mﬁ FHle/ fif §ifeams

sol i are renove

leaViig tHEBROIAAGO 2820d fluid sutletrdioticieled to thasepagationl region for
ensity fluid collection region, a high density fluid
Bl PTEEESF 8% regi on, having a second fluid outlet, is
provi ded downstream of the core region for the

removal of high densHé l'iquid. Wth such an
ar r Eeaermach flutdiutiet may be i the ferm @mﬁwenmh@ﬁe phwbular

sec nd . f lo

opegfigdittod Apftafticiin O SBiaket 8 piiof, B E{erfilich 0Bt

reaﬁihﬂhﬂe[ ccﬁxf@ft\l’dig)tatﬁg fluid Srekinitent tosgenerta ehmgldnmzf Tdmiv gpk'essure,

ensi t uid . in concentr
the sFestel ¥h Sede 1o 8 A Sepffraﬁwrb*?f#@?g? s il Pleeaty
este[b‘ﬁ tlfle,r ﬂﬂi\ltﬂp fe 619 CARSor ot AuidldugarTs BBveRRnAY BhraRted
er separation in which entrai nedgglgg

an oiﬁle‘.? pipy havqlg aldosedand and withdlid outlet aperfuges fo algng ity
length extending within the fluid collecting region. However, in such a case, it is
preferred that the combined area of the fluid outlet apertures is greater than the cross-
sectional area of the outlet pipe. In order to achieve a graduaily distributed fluid take-
off, the apertures are arranged over a length of the exit pipe. In addition, to reduce
turbulence in the fiuid collecting region, the apertures are preferably arranged
tangentially to the rotational flow of fluid in the collecting region. This aids in
reducing the shear applied to the fluid, which assists in maintaining the separation of
fluid phases already achieved in the preceding regions. This addresses a problem with
known separators, the collectors of which can cause the phases to redisperse or, in

particular inefficient systems, result in the phases emulsifying.
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In one enbodi nent, the solids and/or |iquids separated

fromthe fluid streans |eaving the first and/or
WOSTUA#s31 | ui d outl ets are recycled to the sepBEHGB3pN7/002220

region for further processing. 15 The or each fluid

outlet may be in the formof a conventional pipe or

tubul ar opening | ocated cbhtral | y within the

separation region. However, such openings when )

pr ekeaitibddiments baviay bothatlawidegsifyl aolldetingregion aed @ high density

enerate a regi on of. | ow,pressur the effect of ..
collfiigregion. s eretire figst B¢ Rerond E‘&%a(t‘ﬁﬂsﬁs o Arfgnizgrent fgo
profvtdéi tﬁéo&i&@«ﬁ%eniﬁ?i #hhé saRé codduithehe Bonduarmdyelgd efangddie
or each fluid outlet is conveniently formed as 20 an

coaxigllyevitipn fe, separotionyregion) Jhe@periogwael YRRy fRRmPdAst | et
BB T o e B0 Dot g g o

Wever, in suc case,
thel lbwidensifrRfi@ ts1edtibh adgidiendaherhigh eensityefhuid Eolldotiof ragiah.
outlet apertures is %reater_than t he .cross- ﬁecth naIh
The penduigmaythave asingle ptls reuiing g dhe Hyjd streames ollgcted from the
' N ody fhi N . . S w
o gEAA XellySbRDUIREL huheho s bl b e s
demttglifluidbeutlet and #hligh elefbtyt fluid ohideicthus mainteaning thedfluid

collecting regiop, .the apertures are preferably
SePRFILgR § aad%taﬁﬁgké?f[]?v&h“;}h? "CFE rotational flow of fluid
in the collecting region. This aids in reducing the

shear applied to the fluid, which assists in .
mai it apreferpdiavanganent.a separatscondnig isprofidedtior gollectigy and

achi eved.jin t ' [ - Thi r :
naeAg R A Form SRotEE KR eshy cOnd ReforP i 8 Righ densic
coNdetia répish. GRadh @ondift qXnarie sntb its regesive ragiorand ispréGded with

particul ar, i nefficient _systf? ,Jesult in tgqe?fghas S
onepf nererapeRiges iantheeereqtiorgaf "@TT gy T?qu #
hel%%gﬂ}ré'@&gﬁbéaﬁ"i ng both a | ow density collecting

reg a

ron an igh density collecting region, and
therefore first and second fluid outlets, one

arrangenent is to,. ovide.the.out| et ' in

the o8 R trda proviobe Sl PR s Py BREM BB
colf@aing #gion with Bdip pipe obMeaika] in@iddr e inaintail lde: appeopriagsfluid

are preferably forned as 5 herei nbefor, %(Fescr hed. ..In
levelrwithiahesssemblymSimilariat isprriemed to.rravidrthe condu ewing

ol e BT S s, st

fluhbléeelaviiimleaseuiblet , resulting in the fluid streams
collected fromthe two collection regions being
m xed. Preferably, the conduit is provided with a | ow

Downstream of the fluid collecting region or regions, the flowrate of the
remaining fluid stream will be significantly lower. The stream at this point contains a
high proportion of solid particles entrained in fluid, predominantly high density fluid,
with a minor portion of low density ﬂuid entrained therein. In order to prevent fluid
vortices extending into the regions downstream of the fluid collecting region, it is
preferred to provide a means for controlling any vortices that may form, such as a

vortex breaker.
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density fluid outlet and a high density fluid outlet,

thus nmaintaining the fluid 10 separation already
WOaeh1e4688 within the process. In a preferred PCT/GB2007/002220

arrangenent, a separate conduit is provided for

collection and transport of fluid fromeach of the

| ow density collecting reglon and the hi gh density

col l ecting region. Each conduit extends into its

r es pedinkiv@ni 60he RoAsdbreskep ta\stdean inithinldlidnandiypicelieis

f th | ect f. fluid. Th
in 196 S hcpobid Seh £ Wiieh 6P e pteles B dusnepos A aaRed Y
thefr?r&?.@ﬁ-r\gc%{ﬁl.te c 1@8Wj i ﬂ{lﬁ%'l lrlﬁ rfd'gqmtﬁé]ﬁngér"(‘ff ﬁ‘:’é’lﬁh& {:leu’ises

region Wt p pipe or the |
entering®the GEparmdmrees@hr hig dleachrpmagqaof the merthqglr af the2p}e$eav el

invSRGRN et BB SERIANYn RRPAGETS B e SRR a6 AG) Py Sehieved.

Thé tdthfnifp AuREdanWBc bR RR MWrkbnttated MR Rilidartddedi by préviding
maintain a fluid level within the assenbly

a SMmmﬁemnafreglm in which thoetoessactignal argach ﬂm fhyid fowmath

B T e

ﬂoﬁFathlrﬁHj/ HH&QBQK/ECI By pRividitd 4 fereedlly sliagrica tve@elrnedmrrmth a
ui d, predom nantly high denwﬁyflurd Wi.t h a m nor

cenishdorgitvdmally arrangedicpse.  Alraatiyet s dhowgsd! maydierconical in
der to prevent fluid vortices extending into the

regi ons downstream of the fluid collecting region, it
IS preferred to provide a neans for controlling any

vorti.ces tha or such .as 30 vortex breaker

Vo b raoriabdabe 8355 Eansdlintts BRlfar  ne
rot¥tfgl ﬁi‘orﬁéﬁ@ﬁévehﬂﬂc §6li@ﬁdﬁl¢l§s ini 166 fluid swehindFord Beliling out and

typlcall i S. formof a solid slurry, in i ch

formang @Isqd mascsrueﬁleadoevngmm cfithe emdr@rlﬁ]eﬂrarlng ragis.
T
Sugtﬁgﬁh renc?’er?hhe c%gﬁéc%%i :lo%ﬂds Elﬁ’hg'ul JtoLi"eﬁjlo% iﬁo&@verr it ib dl%

ser o ases

1m§(ﬁmh t ehiat e oesstehm ik hof r&ta&ﬁg aﬂ;vﬁm; ﬁgmlsafantréthxcaﬂ’rerﬁfﬂmeﬁcy
t he esent 5, inyention t er ation of
of %ﬁﬁﬁ%wgntﬁieﬁwrr&reﬂ g %W%Lé’f’ yrpesigd Hic Ot dgmoveia
orcreﬁfaaeﬁcﬂalfﬁ&umoﬁa@rehﬁ%mm&w Th 3FRE td Fedhétethe
articles by providing a solid concentratin
helrcagomtatﬂonal\ﬂuvchatteheoifﬂle flyidsiodhé sl COaﬁﬁmrabﬂg ragion; alﬂ d
r.ea

e QIR PRV FOLCOTE 8PS gs BLForgios st i fze o

generate the optimum fluid flow pattern.

Preferably, the method of the present invention provides a final solids
separation and removal region, the function of which is to separate the larger solid
particles, such as well debris, from the smaller solid particles, such as sand and grit.
In one embodiment, the smaller solid particles are removed in the form of a slurry
from the central region of the separation and removal region. This is conveniently
achieved by means of an outlet pipe extending into the separation and removal region

and provided with a plurality of slurry outlet apertures. To minimise the change in

direction of the fluid, the apertures are preferably arranged tangentially to. the rotating . . . . . .
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flowpath may be achi eved by providing a generally
cylindrical vessel section with a 10 central,
wolkarrguaasdi nal | y arranged cone. Alternativel y, PCH&EB2007/002220
vessel may be conical in form It is inportant that
the fluid streamin the solid concentrating region is
rotating, in order to prevkht the solid particles in
the fluid streamfromsettling out and 15 form ng a
fluRicfldwl DR§er dolid paricttewantinda therongir oegiod of the sgmkatign and
concentrating region. ch settling out, renders t
rerayel teioncind hychs TamorsErquePone SREDE 0%&3}@?3 ‘P‘E‘n".%smay
I's "can reduce the i ciency of th
lins ofithdhecfiuid dlotwr ditdetign aedyingmimasedhe Bejuefitdodkiages acshuingsthef

fluid tao be renoy in_.qrder, to.effect ficient
ouldey Prﬁé’r%E'i‘?'g]\Vaﬂ"ef‘Feg?fﬂgﬁﬂnaj AlnY li?ga?mg g ﬁé‘fr"' to reduce
the 20 helical or rotational flow pattern of the fluid

in the solid concentrating region, the region may be
pr oV atealtemative embodimanbthe splids pepgration apd FEReYak IS pe

and si.ze to eney. . ' i |
preRe R g HENFEE hEPEF pERIITUENrY bltuc okoBel Edthg o
solRis@¥vae s hﬁ ﬂﬁifdrb‘ﬁiea@dk baifoecﬂﬁq &ﬁp_&ﬁeﬂg’kﬂhe amdr cenpitalThe
region, the function ich is to separate the. .
rotpiggyel the BRI FreRR cEvEr B a0l eppctes mffﬁﬁafe%?'i‘%‘f’aﬁ Phhe s
. P P54 o Sy s s s o
Largemsollcbairticlésy sudhars wedlf debris, remaip witiin thet doadeié ard ape collected

regi Qqn of the sepayat.ion. and.remval [ This: i
o B Ryieodtha prodEh ThS ued By PunESaHSan e icRurd
wifhlt BRGNS chritfudt dnBfhdse Mevitlg tRIdUER thel svRislictéerdgihahnbyBthe
and provided with a plurality of slurry outlet
diampatertof thesapentureprimibgiselids i®echange in  direction of the
fluid, the apertures are preferably arranged
tangentially to the rotati ng WO 2007/ 144631
PCTHRB 28000 02%2 Qargd diatretdr dolid particlesmge be ©olaicgntinuous

ballnr opeaisg BRI gsb R DR s | BSUUeptid i RRE R0 e
rel%?&eean%{ﬁultﬁﬁolia_ Hﬁ&guﬁ%}r@bﬁeﬂ@ﬁms&@ V@B ifaa snaleaPRel as

nore ports 1n the wa of the separation vessel.
theyspatticle size disgritiution lof the selid material.f | ui d f1 ow direction
and m nimse the risk of blockages occurring, the 5
outlets are preferably oriented tangentially to the

r ot atn Ritedrhd ddtdihiagsolidpaticias, bethnaige\wad smabdnaghe passérbio

sol ids separation and renoval region is .
a further separation process, for further concentration and removal of the solids

' f i : .
‘ co@g%ﬁp%{étg?f?%é @r{l‘hoxtel'b%l'ts the v!ra@l‘%ﬁhﬁé' %?]émahﬁn P&sell Hgaln, Z@be in

material. Fluid components removed during these separation processes may be

recycled to the appropriate position in the separation region.

In a further aspect, the present invention provides a separation system for a
multiphase fluid containing a high density component and a low density component
comprising a separator having:

a separation region;

an inlet for the multiphase fluid to enter the separation region;
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provided with an inner conduit having a plurality of
slurry outlet apertures formng a solids sieve. The

WO ReaT/1d468t ream i s caused to flow through the i REBGB2007/002220

conduit. The 10 rotation of the fluid stream causes

the solid particles to collect at the wall of the

inner conduit, with the d¥al | er solid particles

passing outwards through the solids sieve. Larger

S gl théhnp 3@& jnpaging aociions melemedetorths multgrhaseflvid uhomentry
. the conduit and are cgllected at .the outl.et of th
intocthe SRARFALIOTIAELIN. 56 2 F%f_i?w&aﬂuzﬁﬁ 2pRIglERIo8 O F%ﬂ‘t%fﬁ‘i“g PEs
pre&%érﬁliﬁlﬁ*hﬁ%ésg'aﬁdﬁg&e'rg gk, conduit and those |eaving

through the sieve is determned by the 15 dianeter of

t heinaperatiom te thickndse oSt iodter snmilar reging beingsueh thafthe high

deng e fEnbasngs spnsate 54 et eleg i i g AR
ammm%gl\ml{.lmdiepend_, in part, upon the relative anmounts
of solid and fluid conponents present in the feed
st ribainw densii cpmpenenp & qoReenyatedii the e ©8WNst ri but i on
of the solid material. The streams containing solid
particles, both large and small, nay be passed to a
fu (rol’ftesrep@efi&i %egtstsri:m chpies 8 seffapatichuregiorr Thisnemostr at i on
and renova t id [ [
conyeHeNBLATHREFD S 1 HESE A3 IR FHE o8 e YoSiH BaPose
bEEEYAN AR Ve ARRTOPHE AhifRSE HuldNs bitarigh@ i MRAPBE ON
st regi on. I ahf u?tﬂﬁer aspect ,llﬂ?%e pregent éién\l/ent ?{ggé
porflooof the yesseksepar ati on system for a nultiphase fluid
contai ning a high density conponent and a | ow density
conmponent conprising a separator having: 30 a
SepafeAdysRh maYtOprith difdleinléTor thb enuNipliaseilariao thist the
to enter the separation region; WO 2007/ 144631 )
sepREtipGREioTangcosinge inle will shlfice r mapy aprlications. Mpwgveniby
oV n t ] [ |14 - j
rea R PEE b fBre g Tk s ARyl RARRABI dispost P4Bubd
sephrago®regidn todbwi b figid inteit eepddn. pr edet er mi ned t hi ckness
and a core region; in operation the thickness of the
outer annular region being such that the high 5
dengjd HRARARRIes b bR thpdifgla askiGHaDR0BBH tathk Y

cont al w thin the outer annular region;, and
multiphase fluid entering the separation region. The rotation is most conveniently,

and most preferably, by appropriate design of the fluid inlet. In particular, the
rotational movement can be achieved by arranging the fluid inlet at a tangent to the
separation region. The inlet is preferably arranged at an acute angle to the
longitudinal axis of the separation region. In this way, the inlet imparts a helical flow
pattern to the fluid entering the system, thereby establishing the annular region of
fluid along a portion of the length of the separation region. The inlet may be at an
angle of from 45° to 85°, more preferably from 50° to 80°, to the longitudinal axis of
the separation region. The inlet may have any suitable cross-sectional shape.
However, preference is given to an inlet having a rectangular cross-section. In this

way, a smoother transition of the fluid flow from the inlet to the wall of the separation
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the | ow density conponent is concentrated in the core
regi on. The separation system conprises a separation

WO r#FileA631t This is nost 10 conveni ently arrangeBCH&B3007/602220

generally cylindrical vessel. Wth the vessel disposed
substantially vertically, the inlet for the nmultiphase
fluid is arranged in the upper portion of the vessel.
The system may conprise a single inlet for the.

reghanl willifeashiefé¢dii Thet dimensieus aftthe inld asegslactedito provedy tha flow

and a sipgle inlet will suffice in ny applications.
Pa%&’l’?&i%ftge ?'étﬁﬁ?lln\&?f TeER %ﬁtﬁ%?pé'lra?ﬁ}%%giﬁ% ets may be
provi ded, for exanple disposed around the separation

region to forma fluid inlet region. The s§51em
conhé separatorsesiers faghericoparisesiag arrapgaregnt oh Hridawtletdor o

the 20 .nul tiphase fluid ' e [
remjoy e uid Yl PRSRRS point) 8 i icPbialiy bREsty et alimber of
altdPhRfveaaBhgemddys fap fHedhlid atttet desi tgrengfloydde Ih khei fiksi nl et .

In particular, the _rotatjonal r_m\r/#fn;nt can <£
arrangrmenie bothJow deasiy fid enbhigh deasityfluid sgemave epueh th

. r .

sarld el ORRS BfiRoleBPh&ne dVanisl: Bl blif REIE Mokiver, s
arrfgetriont emisao atgaie theagfeots of te prbéess iesgparating thelfld phases.

ipparts a helical. flow 25 patter 0.th luid .
AnlfbiviApanecrngdis if OGS £bp sbrap M igts HeSedwigpin oo
sepa bR Pegddn sd dsb deldbtpRY RuPRIE hightietityt Misidlagd WA dedsity ieid

separation region. The inlet may be at an angle o
frofrr tbeir t5peative Bcgionsraf highssteonganjrafien ningbistwaygthe Hud t he

| ongi t udi nal ' S t i : [ LNl et
Sepﬁ{ﬂtfgﬂ éése‘éeﬁ;ﬁ’ ygﬁ% § %%Fsesré osesr-%%gget%i ona llrss 5‘8%‘?“‘3 %\nger ,
arrifgefrehs Fe@hé Slulll oLkt hre dasuribad éloavi ng a rect angul ar

cross-section. In this 30 way, a snoother transition

of the fluid flowfromthe inlet to the wall of the

sep :

o T e S o oo
withirl the baparation pegion aea pdsition that, inpiseteormespangs ta @Hosition he

outer annul ar, regi on of .t he.separati on reqi The
dO%%?F’gt‘gEhes%c’éﬁﬁ? e R % o r‘f“glsgls é’ﬁerfgrrasgnt‘égmrr%dn{ﬁ %f
corfdultictlteRlinb @it6 theddepafitibR fep¥dr) OTHel duitlét map Bimpdy beti open end

points in the sg&gratl on f1r;rocess. One of a nu r of

of@mclendm iNasveyier, dhig baebres fownd torgenerisiterbyleneeandalianp fluid
Aoy 55 opghid- s tehdinoy BE WARASEROix A gtk Rpld ¥

already begun to separate. Accordingly, the outlet is preferably in the form of a

conduit having a closed end and provided with a plurality of openings in its end
portion. With the conduit arranged longitudinally and centrally within the separation
region, the openings extend radially outwards. In a preferred arrangement, the
openings are arranged tangentially to the flow of fluid occurring around the conduit
during use. In this way, an enhanced fluid flow profile is created in the fluid flow

pattern.

In an alternative arrangement, a first fluid outlet for low density fluid is

provided within the separation region at a position corresponding to the region at the
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same outlet. This arrangenment has the advantage of
bei ng sinple. However, this arrangenent tends to

WO WFa#463t he effects of the process in separat PAYGBRW7/002220

fluid phases. 10 An alternative arrangenent is to
provi de two separate fluid outlets, placed within the
separation region so as t 2%el ecti vel y renove high
density fluid and low density fluid fromtheir
dovenpaatehd of thegbmnsegioh. M tiieway, dowdemitydhiidthat has dolieeted
.way, the fluid separation achieved by the pracesgs .ma
witlya thegofF Fegion ISEETAPYE ipp SN 4h4t SPRfains the 10%, Bﬂﬁ’eﬁ‘é‘ﬂt‘%X
i ' | ' nduit
relgioty High Coplbiudith, The AES RPRIIPEGHEIBIY foled I Feond
extérdinglinauthk s¢paditopoegidn, thé détaits efhwhicle preraa diesonibed gbwis- at
a position that, in use, corresponds to a position
downstream of the end of the core region. The outl et
IS PlefisHRhh Yhed @ESBEa fifdt Auidcididibpdsd eidlin e coleQedibe, a
separation region. The outlet may sinply be the open
secemcgrﬂ@d optletrip prayiged yvithin fheseparntion 1SEIONIEA3 PBEBAN f ound t o

n e t ! j 1] [ oW
o R OGRS e
In tgisaﬁe@/g _ﬂtlidlaﬁa)hl&?/]ﬁmoabc:l diacttlytfagn ;thet m%nlmﬁ haviag ¢he lfligh densfity
Accordingly, the outlet i refera in the formof a
fluid dm @ high q%a%f/mﬁr@uan-cm%eaméiﬂg@mﬂs?lavi)f/ecf%fabb({%?ﬂn ina

condlilf gﬂeh&i}{ Afto BR Pé}gﬁod RegldnS tHeMtailR 8F (whh ardid destiteed
condult arrange ongitudinally and centrally wthin

abovhe separation 25 region, the openings extend radially
outwards. In a preferred arrangenent, the openings
are arranged tangentially to the flow of fluid

OCCOh¢ hrtghgdfRi GbnipiRe O BiEpletcondlif bxenditsewithin thd bepardipn
an enhanced fluid fl owtprofi le is created in the fluid

regionand having epeningolispesechioareeidn e first i andeapd the sgeond

ﬂuiﬁ!ohﬁ&. ffqg'cgn&m{ Iln%g ni®¥a Aiggve gﬁﬁft'fbé’thfa el fedifoteB R Bid
wtnrn the separation re on at a pOSItIOﬂ

sepamfior sgpioid | igvéver, trhest prediérably athe chaduiih-2 @6 dhie46B8dach of the

PCT/ GB2007/ Q02220, ,20.downstre end_ of the.cor .
0w Qe 55 DR AR PS5 bR s B ol SRR the fuid
phaS&Y dBfEH within'thE Sepalffiofi Q¥ ok BdhARtaied! emoved in a

streamthat contains the Tow density fluid in a

relatively high concentration. The first fluid outlet

= SRR b R R P s i
outRE5H¢r iBRrh @Paee conduit, for collection, transport and removal of the
respective fluid fraction from the assembly. In this way, each fluid fraction may be
lead away from the assembly. The conduit for the light fluid fraction preferably
comprises a dip pipe or the like, in order to maintain an appropriate fluid level.

Similarly, the conduit for the heavier fluid fraction may comprise a stand pipe.

In the region downstream of the core region and the fluid outlet or outlets, the
system preferably comprises a means for breaking and/or controlling vortices forming

within the separation region.
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5 Preferably, in the case of a first fluid outl et

di sposed within the core region, a second fluid
WO@M7Yd¢63ls provided within the separation regP&R/(di208//002220

position corresponding to a position downstream of

the core region, when the systemis in use. In this

way, fluid nay be renoved 4 rectly fromthe region

having the high density 10 fluid in a high

conThertafek) ianhe ddvenstreamn mireétion, themystemtpreferablye@mprisey a

formed in conduit extending into the separation .
regiaagiaging the Bingtiempd consentighing Hhednest denssabesasin he sygey beine

wr SRR BLRIvAnta SRk SHeR Bt idid QAR Bein
prov%bt%ﬁ?nT?Eg%ggggsr at ilonair 15 re |gon and havi ng openi r)lgg
sepdrasgsomathinssopd paitigles ohwaryingsizes| Ghelceneentzationrdgiones

secqnd, fluid outlet. The conduit h L.ngl e, .
PrSTERBY heupE TP ous FeB oo B ot DaJaflp, fuis
maly 86 la8ilevddbYPLEVidingand sepatit@alie) with A ofiealot thpdiedingsinal

outlet for each of the Ilowdensity fluid and the high
walensity fluid. In this way, the separation of the

fluid phases achieved within the separation region is

mai ntained. 20 In a preferred arrangenent, each of the
fir altefiatively,ahi¢ hedtessandretibetiondn oruds-Séatiodal avert inay bepaneved

.into a separate conduit., gor col.l ection, trans ortland
withgavessel f cqnstant erostrerctipy by prayision ota$qmiga! Pt RPrE glement
dis?";%g RRihYn the RepdihtfontaYion & BCdinplbyHdd thkcBRTchIdt taf¥edd8ement

away fromthe assenbly. e conduit for the |ight
prefidrably comprdsdasone pr mloes labgijudisal bores oF passagesdhgsetbrqughon

ordeE tlo®ignit 1ol Mulfla VEnfHh EniB e PR RRLUE oot e

reghdrBiov® theBRdin&iR"Whé Séhical 5t tipered iefetnent Will Btenid @i therangle
downstream of the core region and the fl uit outlet or

reqyired o give e @pPropEate ehiIEerR CESFyectiond ar € $RPaFRoT Pythe
i e g 0 bl dt ' ' PProm 5t
B AL SRRl E0) 553 M e fom 5
30PCThe AR 04 2RO tIX]sepimetoeaf ter, in the downstream
direction, the systempreferably conprises a region
havi ng the function of concentrating the nost dense

phaggsthk BchE@irg; AridaEp Rttt L8 ?Qﬁi‘élﬁg frohbthe rhldphbse flufd

particul arly advant ageous when the fluid stream bein
stream, the system is preferably provided with a region for separating solid particles
from the fluid in the downstream portion of the separation region. In a first
embodiment, the solid separator comprises a conduit extending coaxially within the
separation region having a plurality of openings in the wall of the conduit. The
openings preferably extend radially through the wall of the conduit, most preferably at
a tangent to the surrounding fluid flow. In this way, fluid and smaller solid particles
entrained in the fluid are caused to pass through the openings into the conduit, from
where the fluid and solids may be recovered. The size of the openings may be
selected to provide the particle size distribution desired in the separated solids. In this
way, the conduit acts as a form of filter, retaining the larger particles within the

separation region, from where they may be recovered through a suitable outlet

- disposed in the wall of the separator region.
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separated contains solid particles of varying sizes.

The concentration region is 5 provided by having the
WOepléddEect i onal area of the separation regi oRCTE&d20@(02220

This may be achi eved by providing the separator

vessel with a conical or tapered internal wall.

Alternatively, the necessafd reduction in

cross-sectional area may be achieved 10 within a

vessel of constant cross-section by provision of a

i cal t, d el t i d within the .
S opk 3 #1Gmatag Apmecrent i Wy Lot BE Rebecaiondrion P rayided o
mtgxlgﬁggﬁfét &*oﬁéﬁﬁg@éﬁﬁﬁﬁfaﬁﬁaie%% 2RQpefingPécankangithedi nal

passages t erethrough,_ in order to allow
sepecation refpors ivith afsblid antrapmeshzorerdisposerearpinsd tha separasignipgion.

el epent, to th ' t : I
in STk PR Bl 50 el R itng
arohiB8l Hie' separhtfordione ahid Sepaiddipr thaperfolaasdgeall of the separation
cross-sectional area of the separatar,

) ( ] [ r‘i t he
zong. linder B¢ agtions ofihe ratateng flund s spallenpartiplgs wilbpass Shraugt the
r . . r . : : e
oo A SR SRR il iR i e
sepanflion eggomt Againahe siat bfithp@ptiningemay bosl¢die tmprovightee

fluid , 20 stream .the systemis preferabl rovi.ded
desiged ookt i Bl v g serprtet g0 g o =¥ IRF The
smbldtiprticlestan@ AHRMRS bRARIITRIN tRSoRE chthnieP Bt thiigh a
region. In a first enbodinment, the solid separator |
suitabhpoitiet sLaggpadisiaes may kemgmeyed Han the FSPAGGHORIPEIpHALAIN
separ at. | region having a plurality of openings in
thrp %ﬂ?@ggfmﬁ & conduit. The openings preferably
extend radially through the wall of the conduit, nobst
preferably at 25 a tangent to the surroundi.ng fl (th d
f 1 owhe remqual of lageg Sokd pardicleh roanile seRar i TEeIR MAY CPes
opérafel 3h R&dnfifudull Eas]:lé Uiy Sl @Yef, i? ﬂlﬁ&%@ \R}]é?erﬁﬁl%% tdthe siahtibheto
openings 1nto the conduirt, fro ere the fluid and
rens®lel ths langey stlidsrineouitentdly orftatclovize Biis tiax be particnlgsly magiul

be selected to provide t article size distrjihution
whig gt an L Sebishpbee Lo dubies Syt 6Fwflch wiani
entPAACHAdt BB stnaler sbIdPaficds, fich!es sand Aidairhj kg larher debrig flom

particles™within the 30 separation region, fromwhere

darixgsd areyorn dowalele equipmenirand gie Likes (Fhedaneer drbris gqay be

e A P05 T3 et
reg@ldr mglggsnfor ekdigpledy meahs dfereampely apérated vehicter(RQV).
provi

A particular problem arises with existing arrangements of subsea processing
assemblies. At the present time, it is the practice to install subsea separation
assemblies to operate at reduced pressures. Examples of such assemblies are settling
tanks and the like. This arrangement necessitates installing the separation units
downstream of process equipment such as chokes. A particular problem arises when
the fluid being produced from the well contains solid material, such as sand and well
debris. The process equipment located upstream of separator units is exposed to the

flow of the fluids and entrained solids at substantially wellbore pressure. This results
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with a plurality of openings of appropriate size, the
openi ngs connecting the separation region with a
WO807 44t r apnent zone di sposed around the seB&r4iB28(y/002220
region. 5 1n a preferred arrangenent, the solid
entrapnent zone is an annular regi on extendi ng around
the separation zone and se%?arat ed by the perforated
wal | of the separation zone. Under the action of the
in 4 otrgtrapid rdté of wearsyflhd mocgsaequiphen and fiequent Saitungso (gjmMen the

t.he eni ngs _ent.rained in flui whi l.e | arger sol|d.
posjtion sk eqlpTeRidn Ms BEPSRSHTFG 4 theyetthead, if1S pp Rpensive
and 8l @BnsuhiRd sk tWRpsit éﬁre?facé bRkepefalleditemy. Res known to
sel ected to provide the 10 desired particle size

prayidst desandersdmmsstiaielp dowhssreampefithe welllest inerdgrdo mmovgsand

filter., They. . | er, particle .0 .a ed
troe 5 oduc LT e PR B S o st e ed SRR
rerfdtiheéand lpanidis of aphitileegadmyHbeeves osteeydipraenttihieot effective
. Separation region aggai n through a syitabl e outl e&
in ths reraeval ebstesr solid parfigles axglebis.yaveh qartife qveand find

thegrg\gi@; ﬁﬁd;_@@ d&%ét%§&§gg gg@pﬁmfhlaeangﬂfmmagy RitBtioned

Wever , erable 1 h sone
beford. Batchaebris may asemsea result dfarfaidure oo bicdkagernfdownhelent | y

qr batchwi.se, This ma e rticul grl sef.ul n
CaPE RS S 7 e STl Ay b Bl el o
ad¥taph iof theRdthfBandeibledl sTaRe freten® MvéntdrPihhEthissdebiislcan be

particles; such as 'sand and grit, but |arger debris

effeqtiyeiyaemauerh gherondinglyr the dysigm of theqursenhinyentignds particularly
like. The..| IS l.at e
suled 6 e 1k BimP IRty o b ok MR GG WERLS
opérarey &toas at wellhichd pressuiréyand lrémoveosr conairpévenhie laegestsofof
a . renptely operated vehicle (ROV). A particular
de@?%ﬁp%é%%]&w%%t h existing arrangements of subsea
processing 25 assenblies. At the present tine, it is
the practice to install subsea separation assenblies
t o dpeordinglygin 2 utheeaspocteths present iFyentioh provadessusuhsea

assenbl i e 1ore set.tling tanks and the like. This
progpﬁsg}ggagﬁeéﬁq Y @LBYY¥at es installing the separation

uni h%ve_llﬁmﬁérﬁﬁgdﬁf)ugf WAiRE FluklirdpRdhcedl\fEdin aSubBexean
A particular problemarises when the fluid being

wellt oduced fromthe well contains solid material, such
° TR AR B 853 SIS el
forfrbeuiving tHelftuids ptodsced fichnethie vailnthe sepdratdsassembly being operable
at ;glg%;& gltzﬁleglgé Wp‘ggg g{gg /cg eseilg{a?r?g-gg the fluids” tlotp%ome a solids-
rich phase and a fluid phase, the separator assembly comprising a fluid outlet for the
fluid phase; and
a choke assembly having an inlet connected to the fluid outlet of the separator

assembly.

The separator assembly may be connected directly to the wellhead assembly or

by means of a pipeline.
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in a very rapid rate of wear of the process equi pnent

and frequent failures. Gven the position of such
WO aHditgdedht in the process relative to the wel PEESS20071002220

is an expensive and tinme consunming task to repair or

repl ace broken or failed itens. It is known to

provi de desanders i mredi at% y downstream of the

wel | head, in order to renove sand 5 fromthe produced

f | ubiddlarifuhé sepasiod assnhbleotthe prsentseyzation orag be employed

effective i.n renoyin and particles of a.partigle
on gy efdhore RlpsSaray reciyiog PRefliEi Aids diregy ¢rm Sihét plador
well8dd §PNBbealletiRAdMroRA! d 1ikeP8f the Gike Sp@feafidPthécholdl ch

can be carried over and find their way into the .
Acabodinglyr manfupheraspest.tbe prgasns mntlman@wwés & platigampaeeessing

"EQ]“ oned . before. Such debris may arise as a result
ass & PRPTEPE or br eakage of downhole 10 equi pnent,

r esafibidReekving ads@ablytferFeceivingehlidsprodioed fipnoa sbtetrdneam

the well. It 1s an advantage of the nethod and system
wellf the present invention that this debris can be

ef f ' . ' :

ot LRl BB il ing € ARIhREL e bEFIHE AT B
ass&hbly foredcdiving theafliddy praduerdtfreama theofell, e sephratoe agbemblbi ng

NELOR TES T T
pro@iQAUGEEs ﬁyeh hibge WRd & Alugsasd iRteparaion aé;eﬁm%[)tbéb%prising a

aspect, t resent invention provides a subsea

fluig rotetSor thg flagkphase;\andonpri si ng: a wel | head assenbly

20 SHRe Sy RhistarCoB RRIURETh i Yy BHEb Pl SpREo

asséifiblgected to the wel | head assembly for receiving the
flurds produced fromthe well, the separator assenbly
bei ng operable at well head pressure to renove well

deby i.g&: [ [ ' . : i
SR I AP R o dubodiag dstaby it
pladfonmpwilkbahe actibluvellhead pressuroless ary pre$ufel dropl dphtesthe c%/mtge

in oo Bh/ev ATt O e b, N ERRER e et Ry o

assenbly may be connected directly to the well head

assenbly or 30 by neans of a pipeline, WO 2007/144631
PCTASEMOd Fhye2the miethod of the present invention is particularly suitable for

the separation of solid particles from a multiphase fluid stream containing gas and
liquids. Accordingly, in a further aspect, the present invention provides a method for
separating solid particles from a multiphase fluid stream, the fluid stream comprising
a liquid component and a gas component, the method comprising:

introducing the stream into a separation region;

imparting a rotational movement into the fluid;

forming an outer annular region of rotating fluid of predetermined thickness;
and

forming and maintaining a core of gas in an inner region; wherein

liquid and solid particles entering the separation vessel are directed to the

outer annular region; and
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24 Simlarly, the separation assenbly of the present
i nvention may be enployed on an offshore platform
WO p@@a#4sBhg production fluids directly from ei PEREFB2007/002220
platform well heads or a subsea well head through a
riser or the Iike upstream of the choke. Accordingly,
in a further aspect, the p?iesent i nvention provides a
pl atform processing 5 assenbly conprising: a fluid
I eCie\thiokheds S£thb bovitef annularcegion isguth thatithesobdiparticles agm

a subterranean well; a geparator assenbly having a
corpafraied datubstantindlyiconiaingd PHENR I3 1¥81%8¢cei vi ng  assenbl y
for receiving the fluids produced fromthe well, the

separator assenbly 10 being operable at well head
pr ess haebden hemimheforadescritied e raultiphasg iffwichstream: i antrodyeeds

. d lid ich ph .and a..f] Ui
i g pbpagiton i uBrry eRGPRF AGeUpfibhdl o PR g6

cask Yh SulP ARlar 38 oR o £k Rr B5BHGHRINS tb &vtinh gCaventidredly,
connected to the fluid outlet of the se

_ rator .
equipmentishat.rolics upan ¢ spAraRYLRcompREcHiE HFIRG QI ToIton ARt the

t f.l Ui i Vi | . i
respfgnt Jerbties {8 BOBIN ofConh iff o BRI OFB ol roghh
thrBieh dri@ dr liore bpdtgdegs. iTn tiel deveibpmentoof theprasane swventiat, itthae
belrcban ot i hennastinbn o6t St o S RS SR
thegsgf)%rlla é?ﬂe%ﬁ#o)‘l. §thhds %Q{aﬂ?foﬁ:ﬁ& that ]E}Fs 31RPIBH bATbOedB@] ghd the

roma mnultiphase uid Stream contai ni ng

sepgsicardiicitroyinateasedcydortimgthg indoming fluidtth Sowaiprgq circular

e present invention provij. r

or blfal Bt Aot SPeeiof S RS wefithe ppmpopents
withifl 82Muid ARah] Mbybs hleatpatany bsémel infa dormupahding manner to

conponent and a gas conponent, the method conpri sing:
theGiantatiop despiingd in W6 separaidn IFHEB- a separati on regi on;

inmparting a rotational novenent into the fluid;

form ng an outer annular region of rotating fluid of

pr egaierdifighg dn & firthen esert, therpteseot mverdioarmdovidesa methpd gf

se]_:?argt?r{gea 1§)1IJ.lti£1%l(;l§sepruid3l Qtréapnr,] re nrlgt%&) Qdm&'fl]selrrlge inrf]roducing the stream
into a separation region in a manner to induce a rotational flow pattern within the
separation region, wherein, prior to its introduction into the separation region, the
fluid stream is caused to flow along an arcuate flowpath, the fluid flowing along the
arcuate flowpath in an orientation corresponding to the rotational flow pattern within

the separation region.

It has been found that under the appropriate flow regimes within the arcuate
flowpath, the components within the fluid stream can be caused to separate according
to their relative densities. This initial separation may be used to enhance the
separation required in the separation region, provided the fluid inlet is oriented to
introduce the fluid stream into the separation region such that the components of the

incoming fluid are appropriately oriented. Thus, the arcuate flowpath and the fluid
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30 liquid and solid particles entering the separation
vessel are directed to the outer annular region; and
WO Y0720031 144631 PCT/ GB2007/ 002220 25 t he t hi BKHEB003/002220

the outer annular region is such that the solid
particles are concentrated and substantially
contained within this regi%fh. As has been herei nbefore
described, a multiphase fluid stream is introduced 5
inldt Afetarfangepauchithanthd leasiec borapamentsds thedluidpiaeam are introduced
helical, rotati.onal flow pattern and to cause an
radgﬁljly@ut%ﬂwé}?e HERIFBEPIRO™2Svi er conponents to form
Conventionally, equipnment that relies upon the
separation of conponents using fluid rotation and the
r esTih¢ anetaté Apweathimay hertircobin eebielicak a8 mapired by themagiqular

i nt.0 sui t e vessel reqi. e
scrgRP AGELOR P Tt onr b e ET Al nbedlr U osimfly WiRlED
usedt has 10 been found that this incom ng stream can

di srupt the flow patterns established within the

separation region. It has been found that this

di Sy i SRaT&iMhat allows f

ef f ?%{?gh‘%& f?@@r@%ﬁ%%@ﬁ% C|ﬂ1n§g:1h|a’tﬁ 1r%jleb%i ncg%élng fall S [ gw? oor
sephtafion af tiegompohemsitodtiegirorAdverdingly, ipistireforredthat the fluid

entering the separation region. In.this way,. th .
streaghipdhe Arcuate JopRath 1t 1At %H%%Hﬁ’%@%’e‘g%'{n% fhag s less
thal Rirblifthl. YTH" b5 S84 f20118 of SlvaRIROBOHhS Srciiie TRiwpath should

orirentation required in the separation region, i
sufficicot wian belast, initinlise separatien ofitbp beaviertangd lightes rpgtions prior to

i nvention Er ovi des._.a rretohod of separating a
the,5ffeam SRELRE e FeRTRIMLEROY he et hod conpri si ng

introducing the stream into a separation region in a

manner to induce a rotational flow pattern w %hi n the
20 epbirter swestcle preseniHayaition ppevidss apgpparatus for separating a

mugt?ﬁk{agedﬂ&h'sﬁgaﬂl qhg?@%ﬁ%ﬁ&g{lﬁ{ﬁ@ region, the fluid

reami s cause ong an arcuate fl owpath,
t he afséparationlreyipbmg al ong the arcuate flowpath in an
orientation correspopdi,ng to.the rotati.onal .fl ow
pat 8 F‘ﬁetvﬁf"i infrpducipg.a @B’ﬁas?rgﬁ‘dﬂtor%é%f’%’ Araudy rtlIgt“% as been
f oug afdia cHRSIRI ok BomapMEQIIi@bEedn /e fdktes Wi thi n
the arcuate flowpath, the conponents within the flujd

st r edwreimthelsecugtaconduit andstp ntlettase arenged toyirodyce the flud
L . o opa P SO aH . .
s 1 2 ARG on L ol ocRRARERHA0 12 i

withBiPfhe 3bpaRdtionaegion dubispelstibrt he fluid inlet is
oriented to

The separation region may be that of any known or conventional rofational
separation device, such as a cyclone. In this respect, an existing separation
installation or assembly may be modified to operate according to this aspect of the-
invention by a suitable modification of the conduit conveying fluid to the inlet of the

separation device.

Embodiments of the present invention will now be described, by way of

example only, having reference to the accompanying drawings, in which:
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introduce the fluid streaminto the separation region
such that the conponents of the 30 incoming fluid are
WO aHfldeBl at el y oriented. Thus, the arcuate fl B&BABIOHAG2220
the fluid WD 2007/ 144631 PCT/ GB2007/ 002220 26 inl et
are arranged such that the_ heavier conmponents in the
fluid stream are introduced’ radi al |y outwards of the -
| i ghter conponents. The arcuate flowpath may be
circular or helical, as required by the particular 5
sepaJation;fun%tion to be achi%ﬁgd and the ga%ﬁical i
as pbigpE 1t ixarehsmatisaspieseupting of jRefow-patems Bhing FOPPORg!s
of 4 @uh@ga%' A58 5ant [PHE HethodFhSpiBgent hvantigi e t hat
allo or separation of the conponents to begin.
Accordingly, it is preferred that the fluid 10 stream
in the uate. fl owpath is in ami_nar
1 a0 Ehomaycapac ol ol BRBE g gaerns of e
corhptireHis @k mullighds€ Haidsrand ik 8@ iéthed ofthe padsertdnwdntibize
arcuate flowpath should be sufficient to at |east
initialise separation of the heavier and lighter

fragt]i - oL : j ,on
ol MRS s Rbinife piaf SHERTRG) B 4 aparih U
accBfdivg rtesfisnerabalimehust thopresspamvattiony a nul ti phase
fluid stream the apparatus conprising: a separation
region; an inlet for introducing a fluid streaminto
t he | 141 iSw GOSN 4 sdpafator system
con5§%@§ ?Pﬂgg%@ggor?wg{a%&{oﬁga‘ihﬁ?et; 0 vvhpgf ei nyt he
accardingitosn seoomtLiérhbadivhentnd thaypresent inyventigranged t o
introduce the fluid streaminto the separation region
in an orientation corresponding to that of the fluid
Wi t Righrd I isSCIRApAldifd cFRGsaftiodalring tapegid separatoFisgstem -
separation region may be that of any known or
accy %iﬁ’tﬁ@ﬂéleﬂrgt@dﬁw%ﬁﬁﬂwPZ‘!’ﬁe%téB‘é?“é‘Pan devi ce, such as
a cyclone. In this respect, an existing separation
installation or assenbly may be nodified to operate
ac c Bigtre W istaolohgitvalined prss-saftiondleview threwgh osephrator system

suj,table_nodification of the canduit conveying fluid
accopting 3 ﬁﬂugg epbo et Qgﬁlﬁrl’é"tSP’btﬁ“&“é\‘}ﬁ"E’e. 30 Enbodi nent s
of the present invention will now be described, by way

of ]
Figure 5 is a longitudinal cross-sectional view through a separator according to

a fifth embodiment of the present invention;

Figure 6 is a partial cross-section view through a separator according to a sixth

embodiment of the present invention;

Figure 7 is a cross-sectional view through the inlet and separation regions of a

separator according to a seventh embodiment of the present invention; and

Figure 8 is an enlarged cross-sectional view of the fluid inlet region of the

separator of Figure 7.
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exanpl e only, having reference to the acconpanying
drawi ngs, in which: WO 2007/ 144631 PCT/ GB2007/ 002220
WO 20078#498F e | A is a schematic representation oPCT&B2907¢(2220
patterns of the conponents of a nultiphase fluid
streamin the nmethod of the present invention; 5
Figure 1 Bis a schematic #&presentation of
alternative flow patterns of the conponents of a

nul RéfeRAsE tb I mpv@braé’ ra@d Midwnwitds rs tubabtheodin réfer pribs ent
i nventi on; gure 2 is, a |qngitudinal ﬁrk}oss sgjctl onal

assvnbh@swﬁﬂbhqggmgh@é pugsin e vsrdeal pricnfallen 3f GV % | 1 st
accﬁﬁqﬁgrﬂ %H %ur?; 1 O Rb &6 tbe éﬂﬂﬂ@t@fo'oﬁ Rhat ASn-FE@dhlCoridAtatisnd

cross-sectional view through a separator
mag kb é8upplizdand itrgaforenentienaitdmendro th beemnstshed aesordingly.
present invention; Figure 3B is a |ongitudinal
cross-sectional vi ew t hrough a separator system 15

acCRLMy th Fighrd IT'N el @Hd)\m@ Bbchinatib eerRésRBRHbN of a typical

i nventio Figure 4 is a longitudinal cross-sectional
fluidi feow pdtteuug’hhm the pepatation regien efthe aretndniithe present fygRYEH.

f .th
A TORgRE B s s hOSuRRE TP b e fteEy bitlite S Rpmalh fockor £
thrf\ir%xg{] S?I:l%ﬁ rdc%ngﬁlaf tahg&ntianmauetcramlte intet 6 kveat pn esglato the
re is a
longifvding)faxis ogérﬁgaea@rawmaae@w@? %gélza@ab%Eirfw%?ﬁéha@&vlﬁﬁﬁﬁcted
aga IflSt rtl{y‘awﬁf c?ﬁﬁ@g p'afb.‘ﬁ%ﬂrré nz%héﬂhe | n szeﬂtﬁnéﬂow attern 8. The

0SS-sectl onalr vi ew t et and se ar ation
gerfef) Id&ﬁétldmfofélul(*sﬂmnahﬂ[camddmthe agow dn Higyesy bnThe helical flow

enbodi of the present t
patigan e¥ip FE@@H“B?@E@&E iegiea T7dRgegi e RM ot Fepardifr®
rog D 1 T o s 1

multiphase Gsid havidg adighendensity apsscanseniraing igithe ouisrannplar fegion
10,0\?(1;'1:‘ Eenn:F% \glg%shtg 8\%%0}1&{%% ﬁm@érat%xtg nd BreldBfect&d fnl thékore region

12. An interface 14 is established between the core region and the outer annular
region. For example, when the multiphase fluid comprises solids, liquids and gases,
the outer annular region 10 is essentially a rotating wall of liquid, with entrained
solids and some entrained gas bubbles. In contrast, the core region 12 is composed of
gas, with some entrained liquid droplets. A rapid exchange of liquid and gas will
occur across the interface 14 between the core region and the annular region, as the
fluid descends within the separation zone. As will be seen from Figure 1, the

interface 14 is convex in shape in the downstream direction of flow.

As shown in Figure 1A, the helical flow pattern followed by the incoming
fluid has a pitch such that the fluid completing its first revolution passes below the
incoming fluid entering through the inlet 6. In this way, the incoming fluid avoids
colliding with the rotating fluid already within the separation region 4. This serves to
quickly and efficiently establish the outer annular region at the thickness

predetermined by the dimensions of the inlet 6.
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acconpanying figures. It will however be understood

that non-vertical orientations nay also be applied
woaent/1846a1 af or enenti oned ternms are to be const PUB&B2007/002220

accordingly. 5 Referring to Figure 1 A there is

shown a schematic representation of a typical fluid

flow pattern within the sefarati on region of the

nmet hod of the present invention. A multiphase fluid 2

is introduced into a vertically oriented separation

region 4 through a single rectangular ta ntial

| i 48 algo shoyn jrinigred A, dieinled ) s figpesed some drigges from the

\ ' X hé, PR v AGid%ind eHEHined

B e R
solitialsplasiiing fremsbpantat aronlar eggiom!Q arcgahsedite fopyback into the

descending flow pattern.8.. The. gener.al, di recti £
flud| eem aRg HPoEms 51 5&‘*&9&%@8‘%’#?&%‘Pﬁhﬁ‘éﬁfﬁ’é’h@a‘ fgion

10.N] thfz8lay, EHRWroddét 8hE topSifald vesbe swallrcontiiting ersapaation
region 10 adjacent the wall of the separation region

region isinimisédh i s di sposed a core region 12. The
conmponents of the 15 nultiphase fluid having a higher.
density are concentrated in the outer annul ar region
10, Fighid BB klgvd Dyipiilacieprastntativngicthrd flowratsers ¢o thet efhd

are collected_ in the core, region . An.nterface 14
Fig b« EAtsh B BATS O Hariov H F e LA g Aot g B T dme
refSAAH imerk SO 1 PigufeCtB ﬂi@xﬁpiafgll%égigﬁ% téd‘u;giggw {rit® a6 Greams 2

npri ses-solids, _ the outer
andB aid Brcansedito entéNthc sempsatiomtregibh ¢ through &ve appaged rectsngular

i qui i th. entrai,ned 20 sql.ids ' :

g 3 o € B e RO G AT B efhraion

reg‘?m.o‘f*ﬁéjin@é‘ts 6 ARG 7 at¥l drid1caQIEh BRt thalimehihg Guidfrein did iates 7
A rapid exchange of liquid and gas will L occur acraoss

Robisbciont andunder the fivit sesem 2 %ew@f%@iﬂ%‘“geﬁ §- inpgder o
annul ar r.egi on : ' e hiaiafkqt

G Sors Bl an Pl Fpprhy L84 SRGALR afieleyd it o

mdr@1Réth AR bk driasgedpapiying a skhitpepproatihe tavefdtiguedB, such

el TP B TP E b ey PR eI el o
no?@ﬁisﬁmﬁiew&n%ﬁc&ﬁﬁ{g i@ sthdanisd conpleting its first

evol uti on passes bel'ow the incomng fluid entering
through the inlet 6. In this way, the incomng fluid

i.ds .col | Ldi ith,t ' '
o elerng g, M sl b YA RAL ol ot 336 erator
syStth GktordiRB to Bhd érfibstiinkdt dfShapreseninveatiau e ssparaoasystem,

region at the thickness predetermn ned k{}/ tgﬁ .
genéralbnindinatedgs 10Rccompyrises pgenerally cy indrical, vertically oriented

separator 104, having a cap 106 mounted on the upper end of the separator by means

of a flange 108 and bolts 110. A tapered solid concentrator 112 is secured to the
lower end of the separator 104 by means of flanges 114 and bolts 116. As shown in
Figure 2, the solid concentrator 112 has a conical inner portion. The angle of the
conical section will be determined by the properties of the fluid being processed.
Cone angles in the range of from 5 to 20° from the longitudinal axis of the separator

are typical for the separation of a fluid stream comprising crude oil, water and solids.
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WO 2007/ 144631 PCT/ GB2007/002220 29 As al so shown in

Figure IA the inlet 6 is disposed sone distance from
WO 20&/'1446pber end of the separation region 4. |IRCEEB007/002220

way, high density fluid and entrained solids

spl ashing fromthe outer annular region 10 are caused

to drop back into the 5 fl3i d stream and becone

entrained in the fluid circulating in the outer

annpeepira@ 04 hﬂsod génrdliyicylindiical bére rexmhsg teredirotgte
top of ?he vessel wall containing the separation

extergdgngoin its umermorﬁlcm intajthe eapy 19 (banfl B ibHewer RO, pargally into

esent al 0 I t
e RS ot i g okt 1195
fonﬁe@tvﬁhlanﬁbeic’tl lﬂﬁe \decregsihg macnmfabmem oethedormaagds | n
Figure 1 B, the myltiphase fL{#dlSﬁ{j 11 é
direptin apbopEning o sy PananerUd s toths faves BEpb iR,

(RRYUDAT Thd edrebifieBbardglof
SOI{?%%E%EIHQEOHTQH% 07fq|pagl gfgzg@gdb%t angenti al | }éllt% t he °

the\mlb 1 06 kepianors Hjda Bdtd amcentetgidd 24nd ymgyqu@trgr

angl ed .quch that t k NC
sepplatigh 148 THEICOMPARGRD I e ShigH afibh AR c‘ﬂnﬁg
well e QUatt hdi&idl i S¥oil exdeBsi®d E0kioh of thawailld oe ﬁialylhEIlde or
petween the fluid streans 2 and 3. It will be
sleewsdriesichtmeateridhat three or nore inlets may be
arranged, applying a simlar approach to that of
Figure 1 B, such that multiple fluid streams are
i nt Tﬂat@emampwvid&d vﬁ&paafeaﬂ pipe 12¢ gbmmusioating withrd mal

N bet fluid,st
cecioeriar leh 14 O RR i o et Pipg 1% A B strEb e R TR gee
arréi{r%gﬁ gt é?&hte%gle% SRPRLSHRinal aXB0E mea@graa@k aed ta@g@niRilly to

the present i nventl on he segar at or

thesyail efithe cayelr@ér dlﬂepnglndzf tieet feer] pipe 129 and thghalps B2 will be

cetfmined oy s gropetiy of s TRt pRSERARR AFRA O

perfGRRAA MG pRY AR Yor ffe foéd pipé tmngm QB 12611 fowh 50 200). A
tapered Solid concentrator 112 is secur g to the 4
mepsies fremc liske perrendieplar i Be W@yﬁ ¢ SePRLAiRfeld4q 14

and bolts 116. As shown in Figure 2, the solid
concentrator 112 has a conical inner portion. The
angTae dimdnbiens obthi dalbt qmninlgomllwﬂsblbekﬁ@tmtr@ﬂ reiyrthel flnid

t he propertles of t beln es
strepryrrekthe seRapabion Sie i R Fifgous A o
watd? 38 LI ARICIAX R iftet Ii@wﬁmﬁd% provide a fluid iniet velocity of

from 1 to § m/s. The relative dimensions of the inlet opening, that is its aspect ratio,

are determined by the fluid properties and the separation and the required flow pattern
within the separator 106. In particular, the aspect ratio of the inlet 126 will affect the
thickness of the outer annular region, in which the heavier components will

concenfrafe.

A fluid outlet pipe 128 extends co-axially from the closed end of the cap 106
down into the solid concentrator 112. At its upper end, the fluid outlet pipe 128

communicates with an outlet 130 in the cap 106, to which is connected to the inlet of
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30 are typical for the separation of a fluid stream
conprising crude oil, water and solids. WO 2007/ 144631
WO POT/1@82007/ 002220 30 The separator 104 has BCT/GB2007/002220
generally cylindrical bore running therethrough,
extending in its upper portion into the tap 106 and,
inits lower portion, partilally into the solid
concentrator 112. The remai ning portion of the solid
a pRdn&it flidd ehokkl32ics codventiehl dedipn, dott exampéoh plogend-cage

chaley 35 PUIFL oh BreqORmTigh MHAFPRKS T4 RyPoBRtsteh Ra g Hoe 134
:eagigg W &Ms%fe&pwi@g@eis%ﬁg aegaiphteﬁt.smd IBwepaREsTitha ok obllar

neans o I'ang d bolts 122. The conbi ned .
pipbd2@sointides gemermily withghe pmptiombaweaothe sepsratgr 104 and the solid

concentrator,.112 and.,slurry gontain 1 f
cona G IO anasea. The ISuFhsf BRnr s M o eoe 128
conﬁgﬂ%ﬁ bRty BYHIAN RES 196 ertehding e tddyallywitwardediradtiontat a
terial to avoid excessive erosjon of the walls or
tangeny tdytheloutes durface pf thel flvid edtletpippul2$. materi al . The cap
106 is provided with a feed pipe 124 communi cati ng
with a rectangular inlet 126 in the cap. The feed
pi pa vb2dx a6irdl Asseirddyt B30 peovided =il Md@ttar e thalovearged of

the vl Piner B dkgereriiea 3 id syste, 40 in B OpF of progged
coxﬁeﬁﬁ lprci)(@@e AP Rfw g:'?@ ’lflféﬁﬂlicﬁ’ Fﬁ’iﬁe 124 2@86b diSRniiMdtethel 26

determ ne y the properties of the fluid
upwirde fowanpdvorier. Thisanduceomcutved flow rath allseving fluiddo cisculate

ical angle for e feed.pipe 4 apd i 126 4
3“4 %ﬁ?ﬁ" © {aag%&al p‘?‘%sat’gr g‘#gﬁﬁdasuﬁ}%‘bar%%eﬁﬂcﬁ cudﬁ}éfgld% 240
alsd RGcdsAR héavstr Rampandngs Gtitwhids, theppretdting htem@tUireiglening
di mensions of the inlet oge,m ng wll ;#ﬁg{ be .
of e vutenprmdarisogionand pushing the interfacs 1d> radiallyepywands.o A his
uty.. F [.d ﬁﬂﬁﬁ I e - LScous crude
furﬁﬁ f¥nha\lﬂge{ses%’{arlrlltgg AN par @gﬁgs‘?lf &%él}gdllaﬁytﬁ'l% will be
sized to provide a fluid inlet velocity of froml to

5 nls. The rel atiye di nensi ons of. the. inl 0 in
t hat P §lw§°5t§1&e¥:i/18r%ﬂnmﬂsc§ APepe rter Bt o
im%lgglﬁﬁ&hét ha theldiEnS ERFTRE IoWer 8Adlof A8 tipRFid HoRslinf the¥elid

ern 25 wthin the separator 106. In particular,
coricentratepbi A perforatsfl cageel 42havinglanaintgral dignretercoprpgponding to

o AT DRy D o S i
ﬂugﬂéggﬁ%% gﬁn%bmaﬂf&r ¢I8 @id fotthy ad aigmildriregion 0441h thadluafy t he
container. The perforations 146 in the cage 142 are arranged tangentially and connect
the bore of the cage 142 with the annular region 144, A tangentially arranged fluid
outlet is provided in the lower portion of the annular region 144 of the shurry container
118 and connected to the inlet of a slurry choke 148 of conventional design, for
example a stem-and-orifice choke. The outlet of the slurry choke 148 is connected to

a slurry line 150 leading to the downstream slurry processing equipment.

The perforated cage 142 is connected at its lower end to an cutlet 152 in the

slurry container 118, which is in turn connected by a hydraulic or imanual ROV valve
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30 down into the solid concentrator 112. At its upper
end, the fluid outlet pipe 128 conmmunicates wth an
WO othet631130 in the cap 106, to which is conneR€BEBR7/002220
the inlet of WO 2007/144631 PCT/ GB2007/002220 31 a
production fluid choke 132 of conventional design, for
exanpl e a plug-and-cage cPoke. The outlet of the
production fluid choke 132 is connected to a fluid
154 toR&Icbadind £56) kiBustowHRIAShE L Mettbd irtthp spaan siaydhe
equi pnent. The lower end of the fluid outlet pipe 128
collectied endirmnayeer al |y with the junction between the
separator 104 and the solid 5 concentrator 112 and is
cl osed. The | ower end portion of the fluid outlet pipe
128jn dpeAwioh sEmuRiphhse fhlid styeanf cdrhpristhgogass enel@6nore liquid

extending in_a radially outwards_ directi.on,at
phasesn gmoli%cpaﬁwéesaawpg Sy gpd el ﬁ%bffﬁﬂ I3, f‘iﬁ‘%i&“ﬁ@%hepﬁeﬁ%
. e | 38ud haledlad & typical
T L o e o L e
of the Breaanprodocdrirerm a sabtbirancdn guild §he 40id sireameentess heof  an

inverted cope to ovifde a vortex fl ' :
seppiparegimdd aeprol b dfogr du ERFhGR hdoh obtuapel ditin te
capl 108VHnB Qepsstbe XThellidusid hatPiitia phascs present if timwlyia stteam are
allowmng fluid to circulate and enter the tz% gent i %I
substantialyl®afined teollaw in an annylee rosion aiizcentiye wallothie cap 106
ui de 14 also.fo . e | sth
Pt A st SRR Ser ALY B RIS RANAMNS within the
sephia€iof vghtn, @i inleifact Bgiveen thedoeusgiongnd the anntler fegtm by
radi al 'y outwards. This fWﬁt her. eghﬁaces sggara [ on .
shayn bythe dofigsblirnt% igiiguie2s AgiTeraling By SHHED SppPpss Withn
| - ¥ the GHd EorE! Liqlid BRbRt
the%?&frgt?ggéfh %gnﬁatugr n lglséaﬁg% gfﬁtgt{]gﬂrt]d t ﬁg%i anet gcrﬁhofl‘a’t@heS
and aesolid partiotes i mayerenttainod within thh gasesire grexgused to move
. concentrator,.112.. A perf.orafed e.142 having an
in§ EPEP‘??&F%HF%FH’&E'@P.GH ﬁpékqﬁb({wad}nﬁga??e & that of the |ower
end of the tapered bore in the solid concentrator
extends co-axially through the slurry, container 118
and Ak dhanliquich stzeanuinethe peayilas fegign deseendselt Spsgs pyeular
cont ai ner ... Th | e ; - h€th
mogePR e e (B AR o pckblhind i 205 dbdobthe
sepaffdier 1043s Wescbndeand tivt doze regiegi somllézia, cravstseetipn untl thy

lic“(;;iré:i{{;l nﬂgprfp%g;lla? ip%iéx?ﬁﬁ%%nfg:s g{:rg%qstgﬁ E)%}Z)qgl?e si(eﬁ%rta o'%.u hﬁiﬁez{ction
forgﬁg{}&g&d%%%x gl#a:bg o inRAAECHRUNLIR Figike 2 Bh@in Mbreadetdillinr y

conventional design, for exanple a
Figiresntaamtt BB The contiukérotatten of the kquideauspethe mere dersfoke

ph&s@ss, ihglucfigg %Cstoﬁg ptaﬁicles, to collect at the wall of the separator, while the

less dense liquid and gas phases will move towards the central axis of the separator
104.

Clean fluid is removed from within the separator 104 through the fluid ports
136 in the lower portion of the fluid outlet conduit 128. This fluid will comprise both
the less dense liquids from the annular region, as well as gas displaced downwards

from the core region. This combined fluid stream exits the conduit 128 through the
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a slurry Iine 150 leading to the downstreamslurry
processi ng equi pnent. 30 The perforated cage 142 is

WOgRHHd#i3kéd at its |ower end to an outl et 152 PRT{GHE2007/002220

slurry container 118, which is in turn connected by a

hydraul i ¢ or manual ROV val ve WO 2007/ 144631

PCT/ GB2007/ 002220 32 154 8% a debris line 156,

t hrough which debris collected in the system nay be
outt@|1Be &t 8 cam 06 enbpRsks viaithe pescaictiomfluid ohokd 1 3agke fluid
 fluid stream conprising gas, one or nore liquid 5
ling b3k fog furthes PEASPISENErar t i cl es ranging from sand to wel |

debris is fed through the feed pipe 124 to the

rectangular inlet 126 in the cap 106. Such a

mul The katseonhl adtign iof theyljzjuidsl remaininghie tha separatqy carlcrselg a

vou i R W T P g Tt o6 hd AR Sy o0 e
roth§ld Gaty NaldlB0 RediRWMEIRE gegaai‘ﬂtibﬁ lof tHelhasesgif phfteubin the

separator. The liquid and solid phases present in the
sepfatation and gesdation of the selidhpartieles. alheyvasign copiee] apswirblp 3§, in

n anpul ar._reqi Q. a4 f
podRRE S 1 Plet ROV AU M WH I9vE SHELL R puld B BorkiR 128,
prefasits klfe ViRieR fidhhédwing shinfy fiom the eluatyatparatioraggion and pessing

interface between the core_region_and Ehe a nui__%agr
upwargds #H0 Khei tagion SFERA Ty Parisc 3§08 thedlyid putlet sanduit 128, Fhe

voftex fAigw F&i ?idoéllgn Ldid {Ugﬁlrs]‘.g ERAERE BRRPAM bldwards (B&ards the

separ at or entr gas Is caused to pass into
walllf tigassparatien regiony fuither eqdlancisg salidsrsdparatjons ol i d

particles that may be entrained within the gas core

are caused to nove in the opposite direction and

ent eforh AR de{aﬁu-.ioel 104 THii @pass@lin®the Aslid dtckrittiird 191 Tham
in the annul ar region descends, it |ogses a

ngul ar
croseraentionshargacs the floypath of the fhyidis reduced gloga tkﬁ%&%ﬁhﬁ’é the
soliddekn 'agorclrlg%sftﬁg Edh BB RSt of tﬁ? F@@l‘%ﬂ b3t f thd€orlcentrator
escended an he” core regi on sna rn
112 aedb the Sonichldiuid gaide [140,ausing thedluid td teeome couheentrated iothe
extends across the bore of the separator. This action
Sd!‘b?%“‘?h@"&@ﬁ@é)?‘%’ﬁfape of the interface shown in
Figure 2 and in nore detail in Figures IA and 1B. The
continued rotation of the liquid causes the nore dense

phadas sluimyqlassgs tothe leentead pedoratedicags &42 of the slyry contaiper
o ek A5 BG40 SRS
and@¥h8ll@ fsolid Sarfi€letpark Qutwak@dthrough the perforations 146 in the
perforated cage 142 as the slurry descends within the slurry container and are
removed from the annular region 144 through the outlet to pass to the slurry choke
148. Solid debris remains within the perforated cage 142 and leaves the slurry
container 118 through the lower outlet 152. Depending upon the amount of debris in
the stream being processed, the hydraulic or manual ROV valve 154 may be left 6pen,
to provide a continuous flow of debris, or may be opened intermittently, for example
by a remote operated vehicle (ROV), to empty the bore of the slurry container when
sufficient debris has been collected. The ROV may be provided with a receptacle for

receiving the solid debris for removal.
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Cean fluid is renoved fromw thin the separator 104
through the fluid ports 136 in the | ower portion of
wOoRby/4a3i d outlet conduit 128. This fluid w | PCE&B3PI7482220
both 30 the I ess dense liquids fromthe annul ar _
region, as well as gas displaced dowwards fromthe
core region. This conbined34luid streamexits-the
conduit 128 through the WO 2007/ 144631
PCT/ GB2007/ 002220 33 outlet 130 in the cap 106 and
passes via the production fluid choke 13 to the fluid
| i n@efieging torFigure dhe thept lééb%‘gil ﬁ@altem@“fe dgneht o B on

sep%fﬂzvt%rh S %tefnoolf' tﬁég?e?éﬁ’? frﬂ)ﬁ AS e t %Héﬁt??f’ﬂhe Silerh o€ Pfg%re’i

ect of causing fluid
3AfdoBresionding tol tise ofithe fsysiemtoli Elgure)i atei indjcatedinsipg fHe sadhe

reffraned BERGHS, RA CSEEA PG PLATEYPRAEIC SN BT SRR

lar%é??'iﬁecé 2 tlﬂigoi’? 2. CREthﬁhg@SﬁJedmid’reﬁ&ﬁlonl &nly the

trc vortex flow fofl 140, on the | ower end
diffdrertobeinfdonitruation and defeilef dieratizg bepyasndhe systoms of Sigusss 2

sLurry fromthe slurry separation region
an‘gnrﬁg ﬁ \ﬁdﬁﬁy"%f’@dupwards into the region around the
ports 136 in the fluid outlet conduit 128. The vortex

flow foil 140 also acts to push the downward [
f | oWheoaysirim Qﬁthe‘mélﬁoﬁlﬁ’éseSMfo)b@%’éefsl\A% irectly on

eGP o Jethd U8R 1B Ot 3egih BE R Kihea by | Ne
co?‘alegfé& gtétae’xl%l?f ct:y%iéﬁ?lcéllj[ ﬂberels i}!ﬁ ’;h:rol'jlg 406abe sepa@toralrﬂéaind fihet sien'y
cagid ¥ Qo amerardattiedys ouls ehyo o8 MssAL EAkRR! cap
14bhg Ji@?f?:ﬁlicg&{ @agﬁfl'iﬁ 'aﬁteﬁ@sﬂfoeé}&mw quwaréslw?mamdhé ferry

coni de 140, causing 't fluid to becone
comtaimere hi§. a4 pl:hraltty tolﬁ tangessial perferations| 156 agmiprngd i the slurry

B

shi¥RF hufiét Bl ie thdlohRt aid Mk Eiyrrs: @bhmirer 1 lﬁa vﬂ'hch h tamoconnects
entrained solids. Fluid and small er HDIHSS%S
witeas gusy theked43tand sl lingd SBe f‘f‘é}l%&nf‘lé

dlsgﬁégdolh ?ﬁee\g it 36fed nfafifer $18/5d ¥ceﬂ?ﬁ§ @Iﬂfj %vH!MH i 'cGnﬁe'a&d to

Contar ner Jand are rermv fromthe annul ar

aHyﬁ@hmloﬂ.#ﬁnndimwmlvbé%andedellrus lp'asl§6to the slurry
- choke 25 148. Solid debris remains within the
perforated cage 142 and | eaves the slurry container

; rlrg l}% tla g e&@l%gbﬁ%ﬁfr sPutdrh OF Fibare 3IPPRRAAES Y alip@ativdwaeans
of solid concentration and solid collection. The cross-sectional area of the
downstream end of the bore within the separator 104 available for the flow of fluid is
reduced by means of the conical cap 174 on the slurry collection cage 172, causing an
annular concentration of solids within the fluid. This causes the concentration of the
solid particles within the fluid phase as the stream descends from the separator 104 to
the slurry container 118 forming a region of relatively still fluid, allowing solid
particles to settle and form a concentrated slurry. Fluid is removed from the slurry
container 118 by passing through the tangential perforations 176 in the slurry

collection pipe 172.
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the stream bei ng processed, the hydraulic or manual
ROV val ve 154 may be | eft open, to provide a

WO eeitLii4sabus fl ow of debris, or may be opened PCT/GB2007/062220
intermttently, for exanple by a renote operated
vehicle (ROV), to enpty the bore of the slurry
cont ai ner when 30 sufficieht debris has been
coll ected. The ROV may be provided with a receptacle
for receiving the solid debris for renoval. WO

2007/ 144631 PCT/ G3B2007/,002220 4 Referring to,Fi r

SA Refeging DI EHBR. BRreds Surren Sieranne Ao o fa ot
- : L BoIReHd he lid
FighfeP$4 ah Emﬁ@‘ﬁgé’g@@?m}fﬂé @8t thé BOIRGEiOPARd rERRval of soli

conponent's Figure 3A corresponding
particles hsisga slurtylvellegtshenpoi 72 Therassantly ef FigdreHs empleys ag

t he, sa 5 referenc |s. Th [ 4 f
senspRl A B G Sorie, Pt st sopfaltes RVife SididhEtot T o
subsBRRalRptht Rathe 8 thal SURE separaAGCIO4d ITagiryvidé @ cansniiction in the

repetition, only the differences in cqonstructi g aglg
dowewandl fbdd Spwpathi ba sivapgelpctioneags Li2:has 1supperfidadossd by a

and 3A.w || be de i . : i
corigiisip L' & ERURF Poibes B[y BITRRTA pricif1 4, The
verithRrt 17864 (1RNGniE] dapel 74 ppaviddsain obflét fot fleidsbspaced ifm the
regi on being fornmed by the conbined generally
shugylcon@inee 418-bores of the cap 106, the separator 104
and the slurry cage 118. The lower end of the fluid
outlet conduit 128 is closed with a conical cap 140.
A slvtheyshanl doatiinen 18 Aydd 2ad salic ranidlescase saused fotry and

d i t hi h I '
el BB S R S B v 00

entteF ﬁme%hdf{cg dblleeRid @Gt 197 i Whik2heyTdre disolrpedthtiowgh theie
slurry col

| ection cage 172 connects \{VIth (? S{’ur%
stuntytduglet 1788 viarthe slarry shelre Ki¥dniorthe slurrg e 1 90. . Brbrs gy very
118 i Ch rn i : H@ﬁghhﬂﬁdebﬁs
CoariY éqbligg o ?ﬂPﬁnsg&q%g%Q%ﬂﬁg%d;%%ﬂt%%l%@%}f?i{g%ﬁlﬁl et port
oult&01 §0sind disthe agdtailic smamal ROM valhe! 3 inta the debrislingel56.
118 adjacent its end, which is connected to 20 a
hydraul i c or manual ROV valve 154 and a debris line

156 41} kLSbFi SARAN 3BYTTeEy sdvantagés dricg tineofSHgure
proﬁggsnggggng{n{tﬁfnée‘ins% nmeans of soljd conc ntrat_i%g

&

2 iankk et itot thelflud stream comitaingsobid parficlasithat are sy epralp

R e o e e b
su?%t%ﬂtﬁgg E?ng&g rf]ﬁlﬂpin]tﬁé’rslaﬁybbﬁtaﬁlleﬂl 18y sureduindintg the slueye
collection cage. This arrangement provides an increased slurry residence time in the
slurry container 118 of Figures 3A and 3B, compared with that of Figure 2. Easily
entrained particles are thus allowed a greater time for settling in the slurry container

118, in turn increasing the separation efficiency of the assembly.

Referring to Figure 4, there is shown a further embodiment of the separator
system of the present invention. The system of Figure 4 comprises a cap, a separator
and a slurry container substantially as described hereinbefore and as shown in Figure

3 and operates in the same general manner as the system shown in Figure 3.
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annul ar concentration of solids within the fluid. This
causes the concentration of the solid particles
WO wot/d4e3et he fluid phase as the stream descen®RCHEBHT/PR2220
separator 104 to the slurry container 118 formng a
region of relatively still fluid, allowng solid
particles to settle and fdém a concentrated slurry.
Fluid is renoved fromthe slurry 30 container 118 by
5t8ins REbbRRfireNs add/ $aten t he
Ad%?ﬁﬁ#‘?%‘hﬂfﬁgfg‘?'%‘?ﬁ'ﬁ?‘ 32 a5,
indiesEd GBAY 0w/ oRI2Brengs nRueraks iHvaver, thearasgementshewa i o
shomn an al t a
Figd+ Buiow Byt (e RAERkirks tietBmsBhents aidbRration
of WL /4l h&R bgagsd'r@g@uﬁho@fde&@]l,i d part| cles using a
slurry collection cage 172. The assenbly of Figure 3B
enploys a b generally cylindrical separator 104, the
hohi€ 709 and
canthieRRh BtenlBY £t HhAOT, Sliefy IRad gie S0k
a hé‘asm Fluidchiten cmnutms Thehoavict fuidiputiet condyit 305 is pmanged

co-arislbmitbaIthe speEen AL o el S BrERE Y
Thé RO Puf(ﬂﬁltféf’&hﬁiﬁit 208 Rxtbrhds coli8allyvaits |PRértend Portion Witlﬁn

coni cal cap provides an outlet for fluid dlspl?ced
the fshuiy doblectioh capel 73, fowring amepnularghamper fop the|cgHggpion of shurry

ttg Qer 118, fluid and solid particles are caused to
thf‘%‘lgg N °Sconcentrate on the separator axis and to flow
t hrough the tangential slots 176 and enter the slurry

collection cage 172, from where they are lglﬂg
© ot Sglightiiona atiat apaduitADDINGD a¥pBEN Ghestnrsscurtly 20 Brfhg ges

llqlélg ?ﬁfvggi(?ﬁntto;hq?f cf'r f%rljﬁét% ofa%orfR 3hd gre%@ﬁ h\éﬁ‘ﬁ}ér flGid detng

are removed fromthe slurry
dra@@ih®i tAe HightHTudd ghtldit hencﬂaitﬁGOS Thelightfluidgutlgirendih 20,15

hyd | 154 h b
e R L g 526 L gtk o
co‘?ﬁ%@?’f‘ 951%3 1R €drtcdxtitestdf 201, ANE shovdDinFigure mhﬁleamﬂ'atteh at

stream contains solid E\er“c' es cg
betewsn the cord regionewd anMHar rggion e escparater | ’één gatedby

theszﬁ)g%l gﬁg? Es]e}g%fcﬁreﬁ ﬁat glfe ﬁﬁimlef’éondﬁi% B8b WV Abhgth

cont al ner
su&l%étoiimiic%mhhﬁhe Sdwirioy doﬁzﬁbtteant e:nﬂnfcth@mre iﬁglqn intersects the
arrangenent provides an |ncreased sl ur resnhgigégx
d

light fid ortletisendut 200 4 o6 S196e oriey VP ohd: g YR
mes%brasgémgﬁglw th that of Figure 2. Easily

The fluid outlet 130 in the cap 106 connects with a liquid trap 204 mounted to
the upper end of the cap 106 by a flange and bolis. The liquid trap 204 comprises a
central chamber 206 and a fluid feed pipe 208 extending co-axially upwards within
the chamber 206 from the fluid outlet 130 in the cap 106. The fluid feed pipe 208 has
its upper end sealed with a domed cap 210 and a plurality of tangential fluid ports 212
opening into the chamber 206. A tangentially arranged fluid outlet 214 is disposed in
the upper portion of the wall of the liquid trap 204, which connects the chamber 206
with a fluid line 216. A plurality of drain ports 218 extend from the lower end of the
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25 entrained particles are thus allowed a greater tine
for settling in the slurry container 118, in turn

WO 200tne@si ng the separation efficiency of the BESHER3HF/002220
Referring to Figure 4, there is shown a further
enbodi nent of the separator system of the present
i nvention. The system of HB7%ure 4 conprises a cap, a
separator 30 and a slurry container substantially as

chafl®er 30 Rdnd lﬁa e o4 & éiﬁﬂ:s?@l@l@yhﬂ'tsl 220Fomnkdein tRe amichf

operates I n he sane general nmanner as f he syste
the ssqnms mmnﬁxggumhesepa@tlzg@wlqmm bledmuide s 77 %?51 as

Accord orrponents common to the systens of
Sh(’%'tl % lglgaﬁ? ﬁ are indicated using the sane

reference nurrerals Hovvever t he arrangenent shown in
Fi gure-4 enpl oys an alternat|ve f(;udcollet

r eglhaeheayige flyi brrnduit 18> §HRAPREY YAt WPELH Jﬁléfoquﬂe cap
20dqanVcY 2 ﬁ,{oqifcf%‘érlﬁ Re qpéle'? gn’pf&l el @Piuralﬁy &"én%&ﬁﬁl fibidqiorts 213.

yste ure oys a out | et
The:mdwr ﬂummmbndameawmecm \ulthja Buid atlebpartigd2 inthgslurry

The he vier fluid,outlet cond S
conggoept ) Hhienin FrhissreneisEBR i 1PEgpkn T ABRIRE fsshaped
to folth 9% 3 5havine d vERBEres émamgl& that 3P o awitesant énd (tfthe
outl et conduit 205 exten co-axially at its | ower end

corpoegiomms ndidated indigwe4sl urry col l ection cage 172,
form ng an annul ar chanber for the collection of
slurry through the slots. The light fluid outlet

C 0 nmohe 290 exarsdsaronaidithe hw‘vlie&sﬂuni mam emduyt 205%n atregibe
liquid | evel 203 to hi nde h_aon of saoe
belowﬂhesanma hiteidaerts Bédy The °9f}° ‘BB‘I"’H % %WP“II%PSS g

228 Ecﬁ?éebg&% g\{ey %%%gtolfﬂ{e KRk thd?chQlet ddi@uit 20K tto fpl‘dﬂldb a

con provided wth apluralltyo
passagecfen{linilto bhasiupwactstand 2ut ofithe swmrostings 118 faseHedtiono

the core region above the vortex arrestor 201. As

shown in Figure 4, the interface between the core

I eg(PEpherattbnaflingl igfeni®ed benv\ﬂiehbphrhlbﬁlmman@tso Firk0) 4he lgast
indicated by the dotted line 125, It is prefe 1
densadluid ¢ndlected fin thejcarereaion) wostdypigdlt g%o@asﬁ‘g‘ tﬁ'i”“ﬁ ?‘E
21 ﬁwdtisglhlqci] e cdrlinR2002h ABws idsn h&ﬁ%ﬁm%re@@dﬁ‘ﬁﬁé@rﬂw cap

core regilon Intersects the
106 6iid Bikto themmiid fee@ PhHeR08 dn thel lopid trap 284 T iddeavesthg fluid

fce?l%?]\)/eez(}Shtﬁro\{lg{l tttﬁaxtangernglglslgo%s ﬁislmpart)(ng a ro’tatlonal flow pattern to
the fluid in the chamber 206. Dense phases, such as liquid and any entrained solid
particles, move to the wall of the chamber 106 and flow downwards, returning to the
separation region within the cap 106 through the drain ports 218 and 220 and due to
the angled tangential inlet flow, is entrapped and removed in the main flow stream, as
shown in Figures 1A and 1B. The remaining fluid, typically gas, leaves the chamber
206 through the outlet 214 and passes into the fluid line 216, The fluid line 216 is

shaped so as to form a gas weir 217.

Denser fluid leaves the separator downstream of the core region by passing

through the ports 213 in the heavier fluid outlet conduit 205, and flowsin a
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The fluid outlet 130 in the cap 106 connects with a

liquid trap 204 nounted to 25 the upper end of the
WO 2ap1468 by a flange and bolts. The |iquid trRgI/e52007/002220

conprises a central chanber 206 and a fluid feed pipe

208 extending co-axially upwards within the chanber

206 fromthe fluid outl et O in the cap 106. The

fluid feed pipe 208 has its upper end sealed with a
dowiaresin cipctisiOwitnd tie @indniaR0F throdght the glurnyicage #ndiintp the fluid

. ports 212  openi Lnto fhe chamber . 206. A
hnft%?r?g‘éﬁfl'{eaﬂ‘}l‘go'é‘il‘?tg%%é‘ﬂﬁ‘?ls Koo 1%%‘4 i s disposed in
30 the upper portion of the wall of the liquid trap
204, which connects the chanber 206 wth a fluid_|ine

216A fartirendodinyend bf the presepidnyentipnds shevara igusert fee

| ower...end of the WO 20071144631 P 7 7
Syt B8 e omPT R P PR G B G iy o
desPRbdShetdRbdrercid ak Bhdwitindigure 3 antifvperaag il Gf sapegendgal

into the separation region to enable liquid to be

manwgrias thel systenr shewndmBigara b Arepidiagly: gompener{s cogmgyto the.
eavier . fluj t ' : .
sl ol bl s R 25 s i
HoWe&! the @frahgeinaent ioven inl Rigwrk iSteyndéystaafmgtbent ditemative iflyid
orts 213. . The heavier fluid outlet, conduit 205 . .
colls PR SEEm S TR A PPERSgLT w5 Wi e STy in
mof@MEner 118, which in turn is connected to a fluid
[

24. The fluid Iine is shaped to forma weir 225
having a | evel corresponding to that of the downstream

end_of the 0 cqQre regian,.as | ndi ' ' A1 4.

A cBRErnigo P st SpEel e i E30f PrleRad iy
withRNgy iscgaa?ﬁﬁnirégian fragi the endef tiwchp €06 artye rigial offthejwiction

ports 213. The cone 226 is provide th_an apnul ar bl
beqrasrs thgseparater 104 endkihe Shap coteiner § 18 1 Ree g <oliertivazsseably

30(§ | éJningxi QUL LF aCORL égn&&?sa?'dﬁmﬂ 13O iafHandedlcanBats el sbas to
FUTE 0 pass upwards and out of the Slurry container
forkildh droulac ohdnael 30rbetwden thpbrat Thlower endiof the patepcanguit
fromthe_separator in two s. First, . |

S04 aRset [ ShRabon e P L e Bl 364 PG at the

P a YoaR 31 Bareovided ilthe butet benduit
ga%/]‘fi |l§j?égh¥%(%f§%gﬁ§a3iﬁfaggigaand fl ov_vsaqiﬁn l-aﬁ -ups?reacm ; .
304l ancbexirrasporidrin domyh artangamgnt 20d fumetiom te the perts A shayngn

.fee ipe 208 i.n the liquid trap 204. The fluid | eaves

F‘&“ﬁeegf"ﬁ‘tﬁ%fcngeedeﬂm&e'pe 208 through the tangential ports
212, inparting a rotational flow pattern to the fluid
in the chanber 206. Dense,tﬁ)iha es, suc ag I iqéji d.anﬁ_
any Thainngr prengiuid 02 gxtends within the outer conduit 04 and projects from

the lower end of the inner conduit 302, such that its lower end is disposed below the

core region, when the separator system is in operation. The inner conduit 302 is
provided in its lower end portion with fluid ports 213 of the type described and shown
in Figure 4. A vortex arrestor assembly 308 is disposed on the lower end of the inner

conduit 302.

The cap 106 is provided with an annular liquid knockout chamber 312

connected to the annulus 306 in the fluid collection assembly 300. The inner conduit



10

15

20

25

30

particles, nove to the wall of the chanber 106 and
fl ow downwards, returning to the separation region

WO 207hi4e3t he cap 106 through the drain ports 2RGU/&BHNZBHR220

and due to 25 the angled tangential inlet flow is
entrapped and renoved in the main flow stream as
shown in Figures IA and 113 The remaining fl uid,
typically gas, |eaves the chanmber 206 through t he
30Deslthiels tRbdetathe apadaciiquidkomockbet chimber 31i2rte aXiret flufd eutlet

31 piphe e Qe b 106 MLPOR S SRS TR The 1L

: corﬁéris{egg sEih8 ﬂ'h?%ﬁfét BYs RARS Wall of I IRME kideRoRAMEMbEIR 2,

eavi e outl et conduit 205, and flows in
whithWOc@medted hi6BULdREEA282007/ 002220 38 downst r eam
direction within the conduit 205 through the slurry
cage and into the fluid line 224 via the fluid outlet

222Th9ﬂalhqmélsl16 eXteA@ e RS capli®6 thafievel bﬁbw&h&)eﬁema &nd

of the present invention is shown in Figu The é
of Sy stnEak g 00 Bk aNE ssembbanl. dnsds s b Lo
ﬂug#ltg.r éh @-ﬁ%ﬁﬂé HR@ é%‘h o@l ¥a hoﬁlﬁsﬁfi nRefhRVal AORfR €

perates 1 n the sane
sefdfii@! a manner as the system shovvn in Figure 3.
Accordl ngly, conmponents comon to the systens of both
Figures 3 and 5 are indicated using the sane reference

nu 'T%é‘h&uid #EG ﬁ?&hﬁﬂeﬁ_z & rs%ﬁﬁééeéatto OB aatlofr répidrewithin

enpl oys a ernative fluid 10 collection

thﬂ@gllﬁébyﬁmn&ﬁmﬂnmomdmmqmﬁzéf which will now
be described in nore detail. Referring to Figure 5, a
fluid collection assenbly 300 extends co-axially

Wi t I SperAtfonS ABRARtdrOthe TR Hitleh haBinblye3 (Ondrouh tikepares$10 in
106 to the region of the junction 15 betv\ﬁen t he

thesmyterrcandyit X4Tom dotiribe sprgregior apl G puter gamlarggiop of fhe
sepgag%l oA tsqgﬁi ggé%’ Zfﬁ.l@(? ﬁ%ﬂlrmé bee e 5‘1‘? £ss@§1|5jg)v%ﬁ§ﬂuough the

arrange conc I cal so as to
ani Q6413 G inwthel hqnud &inackoat clidében aimf: t:a:psle n tiihscenagiver

dosRged eq@?m%%fﬁiﬂé Bis PHlbeQStSERoat oL e SRaeApsifREoh e,
sudf/ rL:ﬁM@éd 1391% thNoR dtndity Aiidah did ilﬂdpﬂd RAGdkeuBdAmber

are p OVI In the outer conduit 20 304 and
312 and E$ypD mlthe rse;ﬁamatmn rggion g thesap by myrof tee tegin perts f26. The

low 3en51ty%l:|lnd RO ap tﬁro%ﬁfl theseR0la MRS SR 82RA Khters the

fluid line 320, which is shaped so as to form a gas weir 217.

Fluid from the annular region of the separator is drawn into the inner conduit
302 and passes upwards through the cap 106 and leaves via the first fluid outlet port
314. In the scenario outlined above, this fluid will consist essentially of liquid, with
some entrained gas. The remaining fluid in the fluid line 316 is passed to downstream

equipment for further processing.

It has been found that an assembly according to the present invention as shown

in the accompanying figures can separate a combined stream of crude oil, water and
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The inner conduit 302 extends within the outer conduit
304 and projects from the | ower end of the inner
wo gamidadess 302, such that its lower end is di spBeHEBRM7H(2220
the 25 core region, when the separator systemis in
operation. The inner conduit 302 is provided in its
| oner end portion with fl #l ports 213 of the type
described and shown in Figure 4. A vortex arrestor
sol RISEBHAB by fl3AStek Sip @b 3H06EBPDut ivibwy Highnefificiendy.ofn addiionnther
conduit 302. 30 The cap 106.is Pr.ovi ded w.th an bly can
assemhly| can opergte; witlk & vy digh WRRsgyER ratipothabis 4 GVENASSIIYY R
ann bl ' | Irge b A3EnbBEQhowhén
opsd é&%%ﬁ%i%@@%@%ﬁﬂ%% R T Boaa00 B9 1302
theest @nptyiryr figneds dah epenateudsdow las §i908 BREbolesparateiigopthined
312 to a first. . fluid tlet, 314 in.th e cap
crudogil, WHEEANd St P AR thesd Hgwiteh JpRionPE Al T, o
i finfshéy £hdaté hetmBIkBillopeture umier
S e e i

S

gravitp semrabntpoingipldsuiAdcordingli separsfions flopgites lLr?‘Fi‘@e‘?l‘é’wardS
efyhteen s fromthe cap 106 to a |l evel belowthe

mMaEEEEFVE end of the outer conduit 304 of the fluid
outlet assenbly 300. In this way, the flow of fluid
through the fluid line 316 provides a siphon to aid
fluid renoval fromthe separator. 10 The liquid

kno : Shird i & Rtation AkGnbii e Reoadin@t the
reg%ﬁeﬁn{ﬂﬁ@ﬁ{e&ﬁ%ﬁf{%@”ﬂg ggans of a pfural i1t§ of
prdskntiifivengibn intopporating2@6alet assapely sctwdingfip thedfinah aspest gfthe

fluid outl Yy 300 th h i
preski IBYARBPR BFAEE OGNSR 1 ac o Rl e 48 prebont
inx{eﬁﬁofi’ Hlfe%ﬁdiéaigwhﬁ%g {18 kA8 réfbrehfenuiB@piar The inldiQdsenibig,

ow density fluid fromthe core region passes,u rgsbe

gehdraliyigidicated as AR donpriserc fead gondyit ﬁ%ﬂdbﬁoaék wgw‘ifiiﬁd 0

ch er 2.in th . - ;
sefqEiEn Ffed B e oot T e by P ARG BmphtSieds e
coB@NB50thesiFh WiedH Buid niydie caavéyied o ted pine 12drand sl mjasA26.

the low density fluid in the liquid knockout chanber
20 312 and return to the separation region in the cap

by RAYh8lmbiR Ridufd &thHe ARLAS cordrit SUA%xtends in a helical pattern,
with the fluid completing two complete turns between the feed conduit 502 and the
inlet 126. It will be appreciated that the arcuate conduit 504 may be arranged in a
different configuration, for example a helical pattern with greater or fewer turns, as
may be required. As shown in Figure 6, the arcuate conduit 504 is a helical pipe. It
will be appreciated that an arcuate flowpath for the finid may be obtained by

providing an arcuate conduit of a different configuration.

In operation, a fluid stream to be separated in the separation assembly first
flows along the arcuate conduit 504, within which the components of the fluid stream
begin to separate according to their relative densities. Thus, the heavier components,
for example liquids, such as water, and solids, will tend towards the radially outer

regions of the conduit. In contrast, the lighter components, such as light liquids, for
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| ow density fluid | eaves the cap through the second
fluid outlet 318 and enters the fluid line 320, which

woRe7sheed so as to forma gas weir 217. Fl ui BCHGHR007/982220

annul ar region of the separator is drawn into the
i nner conduit 25 302 and passes upwards through the
cap 106 and | eaves via the4first fluid outlet port
314. In the scenario outlined above, this fluid wll
exRPE ofl! arSasey! Wil lend @ theiraialty inner gortisookthe ponduitn ddie
gas. The remaining fluid in the fluid |ine 316 kS oriented
cophRS and teronist 17 arearTEngRd e hof GPICISiFp{Rdy broperly oriente
Processi il i f i iogl > @i Hedvier
i B e Bre D S B o B
co&gé%ﬁiﬁh&ﬁhlyérm@ depgtatord 04 ma selilyaiuer positioh apéthedighteam of
crude oil, water an 2007/,144631 PCT/ GB2 20
compoRHs b epamior 1P SFRLAIL e PasTigRoRRR ot KL, )
ap Gt it .‘fﬁe?%g%(mﬁéﬁ‘irﬁijﬂiséd Qithintth€arcas esiluit S0aupplements
perate wt very high turn down ratio, that is a
thegsepartios eking placcavithio hersepasatov éP4.a wi de range of fluid
flowates. For exanple, the assenblies shown in the
acconpanyi ng figures can operate as |ow as 5,000 BPD
t0 SepatiaL o PigRelianed, thereis shtewva bepanadreccandihgdo aifugher
stream Beélow these f|low ates

) , Se araﬁ?:on of thle
embordinoené of the presentgnyentipa. TBe sEPPRICTAAR NG @RESAHR t he

. nbl il i i im
coﬁﬁ é’tﬁgtil%y %‘%Alt o %@oég?% g.rl§ F‘r@%m héts EYmSB8R 7 fhelefibodiment of

S. separation at flowates from
FiZ@eo7 RIS aad Figiby4 e idatified esing 1@ sRefkaeferange nemeiaiur e

Refbrancatp SO EOMASIRG A CPIraatim tnrarg Vi has R dofmon
feRGRQLAS ﬁ@gﬁﬁ? Thi Flovaap ﬁ%ﬁgﬁoﬁ Rfateg1b eliefehtures particular

I'nventi on. atures of Figure common t o ot her

to elidsagamion b Fighreseands8e Jion clarity, Figiresshang & shayrprly thginternal
ing .th ane reference '

COPOREH PEP GHRACE S e A O Xt imal EREpL RO, cAAPRTRE Sl

asm%‘,i dndFR2d hrdy solidlouviel askensblfes biilgomitbed. separated is

fed to the assenbly. The inlet assenbly 500 further
conprises an arcuate conduit 504 through which fluid

T SRR e gtz &
heeiibdforealesqritiet sthrough hicki 4 fluidistredn iy iatroduasd datp A ERsgeam
regi(t))mf ?ﬁeesef)al}zratri]g’n 1%%0\95 ellfletirli\gt Jsgeemdblg %Bﬁi ﬂh& anslgn?et %Béluﬁg 604 that
opens into the separation region some distance from the upstream end of the
separation region. A wall assembly 606 is provided having a helically extending
guide surface 608 disposed such that incoming fluid contacts the guide surface 608
and is caused fo flow in a helical pattern downwards within the separation region.
The inlet region is shown in more detail in Figure 8, with the wall assembly 606 and
the guide surface 608 being shown in greater detail. The presence of the wall
assembly 606 allows the inlet assembly 602 to be angled more closely to the
perpendicular to the longitudinal axis of the separation region, while still allowing the

incoming fluid stream to develop the required helical flow pattern within the

separation region. Thus, the angle-a of the inlet conduit as shown in Figure 8 is
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inlet 126. It will be appreciated that the arcuate
conduit 504 may be arranged in a different
WO zonfisggsr at i on, for exanple a helical patternP&I/ER2007/002226
greater or fewer turns, as may be required. As shown
in Figure 6, the arcuate conduit 504 is a helical
pipe. It wll be appreci #%d that an arcuate fl owpath
for the fluid may be obtained by 25 providing an
appRditiatedy $0NAUthéfeffactdiffificwalh assemblyi apdrtae userof thenguide
operation, a fluid $treamﬁo_ he separagted in thg. act the
surfaop A0%isito Ansua tiabihe incoming Hpiddgaotaayseg to AANAG RS fpa
condui t ik ' ! 0 uctdBe Ehdak b
ﬂu@t &AM mgaglég Whylghgg a“t&g) nargggrﬁ'd F‘ﬁgqﬁgh? #g:ifr rel ative
whizRRkd fididss subjuesed, inysroviag Vheesepamtipwefficiency ghthe gystem.
exanple liquids, such as water, and solids, will tend
towards the radially outer regions of the conduit. In
con ' RABONBALS a s oAtaihdr M8 and slurry
quaﬁ‘gg‘{pa{‘ayr}%\g\g%%?ﬁ4463§fﬁ CT/ GB2007/ 002220 41
colRxtomphserably, ganethllyas bereiniefare deseibed i partipylas a5 shown

e

theRIo\RSFaky/ 1Gi R pach, the shiiry btletliomcapattee hasitpugpeathd elgsed
wWwthin the separation region, Thus

[ he heavi er.
by e sopicelenp §22nAerent pst Experiadsverttsally Horeuehaf soisp s7R 692
Th g%'gfp'gﬁo%rzﬁ ?xgﬂ{e?é%nichﬂ&g%m SrERERAAIE: BPhsK dié}fraqeld from

ina radiallfy inner position. It w
theldMutBy Emtaing®18Ci at ed that the separation initialised
within the arcuate conduit 504 supplenents the
separation taking place within the separator 104.

Ref @ e RBhrkyofilafiér 838, A1 8ndsolid Riktecléssars baused o try and
separator according to a further 10 enbodi Iré;@nt of the

copreatER b ithveeparaton axisland seflow duopginths tangential soty,fifand,
confi gurati.on.as th ' . hs
entephaonie el R A P o AUk iy 28 diskhite CEmRAA
sluﬁwﬂmetl‘ 6822 fI%blfn@ and ivéﬂy&:daisﬁ isdsi?istih e fuihgurpte metgemer the
naner al s. ef erence to the foregoi.ng detail,e .
sl rat 20 B 478 SN HOP I G5B FORAn 0L i s owtlt
© i kdrQedethl ¥65EIgh#el 7 @Rxtended
63%@%?%@3? %Qﬁﬁ@%@%%%%%%}? E%I arr 15 t% t hlgh?epar at ar .
in Rﬁllgﬁ'li, tgn!;]mmecf with dlllﬁ shdvar incF ig\talietﬁ?;,c. 'f@ rdpessthy rga@orgogth@@md
only the interna nent s r at .
s e Bl R RETRATs sl RSSO0 s
' li¥ed Rt afpluthlty ST Gafilek 640 extehdihg esiimdiydureards
Sldé@i% eg?héfstel{efg‘.n gl'he sgp;)’gr at |yon assenbly of Fi gur % 7 Eas
acrs$ Bneghumty containgre The baffled £40 agnf sygh a size, number and pitch as to
ensure that the fluid stream is sufficiently slowed but still moving enough to provide

for easy purging of the solid slurry through the debris outlet 634.

To enhance the separation of solids from the fluid phases, the inner wall of the
slurry container 618 is provided with a conical portion 650 adjacent the debris outlet
634, in order to reduce the cross-sectional area of the slurry container in the

downstream direction.
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20 herei nbﬁ)re descri bed, through whi a fluid
streami s’ roduced into the upstream ™™ egion of the
separation region. The inlet assenbly 602 has an inlet
openi ng 604 that opens into the separation region
sone distance fromthe upgsiream end of the separation
region. A wall assenbly 606 is provided having a
helically extending guide surface 608 di sposed such
that incomng fluid COEﬁﬁﬁ t he guide surface 608 25
and is caused to flow rm"&a nelical pattern downwards
wWithin the separation region. The inlet region is

sho in.nmore detail in.Figure it.h the wall .
L Aol el Pie hiGe b Srinivel,
high dasigatempdeémiand aThlatipélgdewaiensity ¢drapovadnk, thagsgndd y 606
al lows the inlet assenbly 602 to be angl ed nore
COmPTIfNgsely to the perpendicular to the |ongitudinal axis
dfitrédieiriemharthiid ofto kegh@Btioneigion;sti | | al | owing the 30
Lncom ng flujd streamtq deyel op.the required helical
BB SiRe ROFOHY O dBe IR B, Thus, e
Ioeifg an Vutdrii@niat fﬁéé&%ﬁ%tdtir%&hﬁb Withih fhdbearabioB région;
WO 2007/ 144631 PCT/ GB2007/ 002220 42 approximately 5.
?nd A further effect of the wall assenbly and the use of
E8YehiAY A8 maniAeEa BOR JIfFIii@ nPRAS iRy tdp@dn; vARréiAcOM Ng
fluid'is not caused to contact and inpact the fluid
Auidentsring the separatipe nesict s diseted into ha optegiappulanigeion; n
turn reduces the shear to which the fluid is
subj ected, inproving the separation efficiency of the
We@ ofithe gulghprrmder 1egioniggueh that thedngh desiyr i ses
' igi cShibied witth kBis kB, the |
coml_) or%gi&s?b X?%%@%&F%‘i/&g\a?lﬁgfg% :)_efeorv‘ci:1 descri bégd, i%ow
density gamppoentdeingscaiconiratid in egoatingBoreThe separ at or

R R e R e e e
throughcagialed 2paded ram she ypptreamrmdoifdbe seprdatinn rggwentheatbycap

. . 0 . . i l.
allowing 8 pdlri6 s oRELsbaritign FUHEH Rkl bf Mo et 16 BLBEERR by
low denSl24 flmicbvi des an outlet for fluid displaced from the
slurry container 618. In the slurry container 618,
fluid and solid particles are caused to try and 15
2. Thaoetiadadceonting treclsiop 4y whereirathiesnalfighass fiwidworprisesh
liauid %h% t?%gen%i aSI hsl ots 630 and enter the slurry
qUIC PR 2BEH B %'ég% %20, from where t hey are discharged
t hrough the

3. The method according to claim 1 or 2, wherein the multiphase fluid comprises

and

a liquid phase and a solid phase.

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

comprises two immiscible liquid phases.
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slurry out IH 632. Debris and very coarg solids in a
fluid slurry"do not enter the slurry cage 620 and are
renoved fron1the slurry container through the debris
outlet 634. The slurry collection cage 620 of the
separator assenbly of Figdre 7 is extended 20 in
| ength, conpared with that shown in Figure 3B. To
5. Tad mosthodacooediag it tlatth 41 Waefeinihg twatifesistible lidiad hases y
are oil %Gt%§per 618 and enhance the separation of solids and
FUVES™ the slurry cage 620 is provided with a
plurality of baffles 640 extendi ng radially outwards
ross, the sl contai ner. The baff] es 64Q are of
6. Eﬂleéh%J] gggor o8 anyaprgcesting playe, whereinbg multinhgsediyid is
producdd fb@ Ssublsfanesn sifidici ently sl owed but still noving
enough to provide 25 for easy purging of the solid
slurry through the debris outlet 634. To enhance the
7§ are@ﬁdcp&cefdlﬁg bd Aifinh EOWhERS the whiehiPRAS Rid bhBipHBaRer
of the slurry container 618 is provi ded mnth a
solid foﬁﬁﬁl%maﬁé‘alﬁ B/gsoliddebdent the debris outlet 634,
in order to reduce the cross-sectional area of the
slurry container in the 30 downstream direction. 43
8. Ehamethor acsordingitsuartyarreensing elninngyizerpin the prdgpbase fuid is
: \
Jntroduéelaqazfl%e‘ﬂ'ugllfy; ﬁgH %@é%aﬁofg F‘éﬁf}ﬁ tﬁ%féﬁ% 5?&3119%&%%3 by the

are 'V onent,

annular ﬁ@hmb roggapyitlsthegepiratiorothgiimg t he f I uid into a
separation region; inparting a rotational novement
into the nmultiphase fluid; form ng an outer annul ar

9. Taginsthodfaccondatg togelaiug ,dwhw'reimi the trhétiwepa ﬂaid rintreduoed 2t

n n n n COL &

an acute el b8 AR SR P B! oo R ot bt b g fine

the sepam‘.!&ﬁﬁbgioﬁ islhoeintredtadityofltiieomtihg in thermultarannelr oggion.and
the thickness of the outer annular region is such that

the high density 15 conponent is concentrated and
10. 'Elwambm@ﬂiaabd:ryhrrgmtamiyrpeebemﬂgmlﬁm kitereiaghomultiptese Guid is

imtroduc o AL EE T BRA G P LT 1 BTl Rbdst

section.i ntroduced into the separation region

11. The method according to any preceding claim, wherein high density fluid and
low density fluid is removed from a fluid collecting region established downstream of

the core region.

12, The method according to any of claims 1 to 10, wherein a low density fluid
collecting region is established in the region of the downstream end of the core region,

low density fluid being removed from the said collecting region.
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t hrough an | et spaced fromthe upstrw end of the
separationvegion, thereby allowingt portion of
the separation region upstreamof the inlet to be
occupied by 20 low density fluid. 2. The met hod
according to claim1, whdgein the nultiphase fluid
conprises a |iquid phase and a gaseous phase. 25 3.

13, ﬂﬂmm@hmwﬂmagm axalrhng:{avaemdam hgden‘ﬁh?mhd‘géﬂ&tm ;
e uid co ises phase and a soli
region Eh“'géaéﬁglf RS ﬂé&%rv' a?%n,tlaslaﬁynwef&@&.h@gﬂea}owpd
from thefseidajolletthre y&gidn. phase fluid conprises two inmiscible
liquid phases. 30 44 5. The nethod according to claim
4, wherein the two inmscible Iiquid phases are oil
14.  hd nvaher according e &k ad, wESrerthiBH d%ﬁs:%ﬁﬂuﬂreﬁl‘ﬁelg%nsny
fluid erglzlnthe mul t| phase fluid 5 produced
wa arg F%ﬂ?‘é?dgg% ‘?llaFFéa?the|ﬂ%FPHecrmgTﬁ@on%bh@@Paaé@éﬁfﬁqaﬁge
conduit0 claim6, wherein the multiphase fluid conprises

solid formation materials and/or solid debris. 10 8.
The nmet hod according to any preceding claim wherein

15, m@nf&ﬁddl 4206%8nd tu18n $4, dvlﬁgréﬁdcﬂg GQn&lﬁf‘gég‘é h%nétﬂtfﬂud

he separation tegion, thereby causing

outlet a’P‘ﬁéhl&h#ﬂgllsw fluiypwieti o rotate with the separ atl on
region. 9. The nethod according to claim@8, wherein

the nultiphase fluid is introduced at 15 an acute
16.  ‘hhgymethod acperdingnigi anvdifieldimail go 36, whereim faichisiromoved

through'a StERat ration
oue rgﬁh:%ﬁty i's nofil OF&%%% %ﬁﬂ;}_ﬁé }egg?%{‘)%tcoﬁgglqn t he outer
annul ar region. 10. The nethod accordl ng to any

I e uid is

17, PRGNl o IRl AT BRSO it altrioesforen e

arrangechaugergiallyrie theafigelodiflutd dsthe Mptsdatsitofluid tolldhmgretioad
according to any preceding claim wherein high density

fluid and |ow density fluid is renoved froma fluid
18. Telthehdd ageardiyigan cksiald, whieedn diginddrsegfluid is tehoved be

means of g gllpggf:.

19. The method according to claim 14, wherein, upon removal from the separating
region, the low density fluid flows in an upstream direction and the high density fluid

flows in a downstream direction.

20. The method according to any preceding claim, wherein means are provided to
control a vortex forming in the fluid in the separation vessel downstream of the fluid

collecting region.

21. The method according to any preceding claim, further comprising providing a

solid concentrating region downstream of the annular and core regions.



10

I5

20

25

30

25 12. The thod according to any of cjgans 1 to 10,

wherein a | density fluid collecting gion is
established in the region of the downstream end of the
core region, |owdensity fluid being renoved fromthe

said collecting region. st 45 13. The method accordi ng
to claim 12, wherein a high density fluid collecting

22,  Ireginéhbs absvhrdinkitg B%@Wﬁfeﬁﬂﬂﬂe%ﬁhﬂ féen@@ﬁ%uﬁgeégaan has
fluid being rempved, fromthe sai

ensity
a fluid QBNPE‘%{ f?ceeg*'ﬁ%wn QgossAections FEEHD thesdizestignad Thuid 8pwi m
13, wherein high density fluid and | ow density fluid

are renoved fromtheir respective fluid collecting
23.  dggiregtBodgoqending to any preseding clagmntugthes comprising eropdngd

solids s@ﬁ&gﬁ% g f&nwa@&égl%dowﬁ@&e%&r{bﬁths c6RNGH dnnlifF r@glbﬁ&/v
density flurd 10 outlet and a high density fluid

outlet. 16. The nethod according to any of clains 11

24, t[ﬂel‘r?eth(yﬁ‘%c%?'&ln&lté'bﬁlﬂlsﬁr%ﬁ@é milf¥- QY88 Qrti?!léér bé&éed

uid outl et apertures int respect ve con
to leavelthe splidsrieparasioncadaewoveliragion (bhroualn an vetletdmanged c@rﬁeally

utlet apertures are arranged tangentially to
Mﬂun‘{hh%@fugw of fluid in the high density fluid collecting

region. 18. The nethod according to claim13, wherein

25, TP ink e eln 28 WHGE r oPRELGnis B8Rt
solid outlerapaturés.om t he separating region, the | ow density

fluid flows in an upstreamdirection and the high
density fluid flows in a downstreamdirection. 25 20.

26. The mmtd&ntcaﬂﬁmg t ﬂgmﬁ Qs,awhenemethe dutiet aﬁe?MS anhez!rahgeﬁl
r t rt I n
wngenfFTG R S BRELAGT s AR T SRl ot

region. Col | ecting region. 21. The nmet hod according to any

preceding claim further conprising providing a 30
solid concentrating regi on downstream of the annul ar

27. BREImREMHR 4ce@IdMMSto any of claims 24 to 26, wherein larger diameter solid

particles are removed from the outer region of the solids separation and removal

region,

28. The method according to claim 27, wherein the larger diameter solid particles
are removed through an outlet arranged tangentially to the rotating fluid flow.

29. The method according to claim 25, wherein the solids separation and removal

region is provided with an inner conduit, through which the fluid stream is causes to

flow,

30. The method according to claim 29, wherein the inner conduit is provided with

a plurality of outlet apertures forming a solid sieve.
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46 22. Thq"Fthod according to claim2lgawherein the
solid conc rating region has a flui | owpat h t hat
decreases in cross-sectional area in the direction of
fluid flow 23. The nethod according to any precedi ng
claim further conprising7providing a 5 solids
separation and renoval regi on downstream of the core

31, and iR Adcof 88 %‘élalm %6 wﬁ&%uf@é RadeParhtls e banged

claim 23, wherefn snaller solid particles are caused
tangen@ﬁilﬂtéé%mttﬁélgsﬁmdéb%epar ation and renoval region
through an outlet arranged centrally wthin the
region. 10 25. The method according to cl ai m 24,
32, Vihemmithod dnsording &y anyoprscéding claiml wherein l,omdenss‘fdl fuid

removeggﬁdn‘?‘thea&‘?é Eﬁ@?g dcfa?sed 0% ﬂ(?g :&g@:&?&%&ie” &@1 t@@ﬁ”

ereln are arran
densitytfhnd) sreepatiated fram tt}ln@lorvotlratsntga fhiid fhdbrwtohed he ﬂid aringtllarmegion
ol i ds _separation and renoval region. 27. The
Hlﬂws%%%ﬁf ag%%rdlng to any of clainms 24 to 26, wherein
| arger di ameter solid particles are renoved fromthe

3. BHE Rl orte eimanrotecing BRRG VAOSRERS: S5 dR,

removel Ifmm ﬂ'f]egﬁ’lre fﬂgwfﬁcﬁl mmwbdﬁx?é frlef cff’sshle 'ﬂnﬂupm\thdd and a
. _thro an outlet, arr ed .t.angentia

portion of e la 37 reoveRl is FFinB < IHbARR o bianoasbhemy e dntet

of the neliipins@ phassherei n the solids separation and renoval

region Is provided with an inner conduit, through
which the fluid streamis causes to flow 30. The

34. RBlepadtios Spyich f6r 4 Anutiiptage Afid wWhediging o fighidensity
condujt is provided with 30, a Iuralltly of, outl et

compon&a% oy msm/ FETROBE CPIHI S @ SPParalar haiRenet hod
MonFefidnC! ai m 30, wherein the outl et apert ur es
are arranged tangentially to the rotating f

gpinletfar the mp)Phase dhud ngemsr BRPeRAT AT ¢ r—ﬁ o bt
displacett ¥86:R iR hWedRNRIAoF the Spfdration region;

means for imparting a rotational movement to the multiphase fluid upon entry
into the separation region, so as to form an outer annular region of rotating fluid;

in operation the thickness of the outer annular region being such that the high
density component is concentrated and substantially contained within the outer

annular region; and
the low density component is concentrated in the core region, a region of low

density component being formed within the separation region upstream of the fluid

inlet.

35. The separator system according to claim 34, wherein the means for imparting
a rotational movement to the multiphase fluid is the fluid inlet being tangential to the

longitudinal axis of the separation region,
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5 renoved m the core region is pass to a fluid
separ ati on ne, in which high densit luid is
separated fromthe | ow density fluid and returned to
the annular region in the separating region. 33. The
met hod according to any prgeceding claim wherein | ow
density fluid is 10 renoved fromthe core region
dguns - i i i@achna
36. porti %%r@%?‘sgﬁg ﬁ% ﬁ?%%tog%wvg%%&%@rtﬁ??ggduié%% into
acute anfle te theelongifudinaleakinetihe seprsation weionof the nul ti phase
phase. 34. A separation systemfor a nultiphase fluid
containing a high density 15 conponent and a | ow
37. dBeseparatospoerariccomning fosilag 35 separwaseinthe fluif injet has a
ration.region; an inlet for the nultiphase fluid
rec{m@gﬁgﬁ?sg?sg&ﬁ%n'separ ation region, the inlet being
di spl aced fromthe upstream end of the separation

regi on; ans for inpartin Q L,Qnal .
38, (IRE HRrElE AR e g S g s, FRURr Ebthplifing o
fluid owtixy dispbiednnrthgpomionsd ths sdpardtionmegion eotrespanding @r
reqi op.of rotating.fluid: in operation the thickness
downstigar GEWE FOES TeRIT P4 AR GPERUBR ng such that the hi gh
density conponent is concentrated and substantially
ntained within the, outer . ul.ar .regian;, a t
39. (1 sGemErE YO IEHETITS © CHRCENYrEn (Th PO I Brmed
in the eh@@if @Ronduit &4EAdingfintoaHe sebardddmsegipnconponent bei ng
formed within the separation region upstream of the
fluid inlet. 35. The separator system according to

40.  9hisBpaddor WARER akdc bt B aMind 9, viigpéihithé Gonduiit extends
rotational novenment to the nultiphase fluid is the

coaxially within the eePas@iqiyregififgent i al to the 30 | ongit udi nal
axi's of the separation region. i 48 36. The separator
%st em according to claim35, wherein th{f fluid itgl ﬁt

41.  Thesepaapfor AR 25pR0iNg 1 Sither plvigstll ALfO aiheeeiping HEt

, i - i FéHhi¥d i )YBé esadecor di ng
fluid 0@%%??%%5%%% O%ag?%:'b%e?%ggfl uid li nlet has a 5

rectangul ar cross-section.
42. The separator system according to claim 41, wherein the openings are

tangential to the flow of fluid surrounding the conduit.

43. The separator system according to any of claims 34 to 37, further comprising a
first fluid outlet disposed in the portion of the separation region corresponding to the

region adjacent the downstream end of the core region, when in operation.

44, The separator system according to claim 43, wherein the first fluid outlet is

formed in the end of a conduit extending info the separation region.

45, The separator system according to claim 44, wherein the conduit extends

coaxially within the separation region.
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38. The semator system according to ’ of clains 34
to 36, fur r conprising a fluid outl di sposed in
the portion of the separation region corresponding to
downstream of the core region, when in operation. 10
39. The separator systemgccording to claim 38,
wherein the fluid outlet is forned in the end of a
conduit extending into the separation region. 40. The
separator system according to claim 39, wherein the

46.  dbgaeparatex i acosdingdq ieghffrwfﬁlmsﬁf%%éﬁs Shsrep fthsfirst

fluid ovitRY t&Rpriskl-a Tﬁ%li?eé?ﬁaaia@ 6p§rﬁ§%§f‘@n§1@@ of HenNGnligizel t her
of cl ains Sdaor 0, wherein the first fluid outlet
conprises a plurality of radial openings fornmed in the

1S :

47, IREStyor el s BERT SR I NALAR BEIIER 45 11

tangentiql tovthefflaw of Quidisurmoundingghe ¢anduiindui t. 43. The
separator system according to any of clains 34 to 37,
further conprising a first fluid outlet disposed in

48.  {The sgrewatposysteim atmordiog 4o avy oficlrigs 4htacdr. fegheneimpritiog a

scond il o SRR RN R by PO IRUARLL R S GR Bk U 01
portionaccupiell bigthea@ors migiong vhentieppemtiome first flui d outl et
is fornmed in the end of a conduit extending into the

separation region. 30 45. The separator system
49.  Theeo¢paraigr dystel acoordidg tolaire 48, wherctothdsietorekfleridsatlet is

coaxially wthi.n the.separation region.. 4q 46, The
formed SE,Bp of « Syt pXIEEEPE g b SRR T0EOR i e 44 o
45, " wherein the first fluid outlet conprises a
in the

urality of radial , openings forpned, condui t..

50, Bhe' Sohmeidhgieht trowy 8 Bt AR 40 M REei e chR AR fitents

coaxiau?dw&ﬁh@lgg@gaﬁaﬁ%gﬁgﬁ, are tangential to the flow of
| uid surrounding the conduit. 48. The separator

system according to any of clainms 43 to 47, further

51, TRORpafithiGystenSfeording bdlkithe? UF LRImMS 49 PO SOwherdi the
ortigon of the separation rggl on ,dowpst r eam of tré%lit

second ﬁwdwﬂﬂ eARTERes BiRbarebY ladich pReiRg: FRmeRAR MG fPn
operation. 49. The separator system according to claim
48, wherein the second flujd out]et,i forped in the

52.  EhfscppraiorsyHem accardingt Haim Al oVhersinsiBs QPSRINGS F2gi on.

tangential to the flow of fluid surrounding the conduit,

5

53. The separator system according to any of claims 48 to 52, wherein the first and

second fluid outlets open into the same conduit.

54. The separator system according to claim 53, wherein the conduit has an outlet

for each of the low density fluid and the high density fluid.
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15 50. Thegpar ator system according t,cl ai m 49,
wherein th onduit extends coaxially thin the
separator region. 51. The separator system according
to either of clains 49 or 50, wherein the second
fluid outlet conprises awgurality of radial openings
formed in the conduit. 20 52. The separator system

55. e hzrdﬂ)rts?st&lnadc%ﬁ!ng tyedffblélﬁm% 3AR6 F4N BF Rk Somprising a
tangential to the flow of id surroundln t he

vortex @@m@iqr siteed ki isenreHOR jei ehint RO P EOIF%*PSH‘}JBEFO
downsﬂ:eﬁ? ?th%%oﬁ-@re@?on Wikh&hRsthe first and 25 second

utlets-opéninto the same conduit. 54. The
separator system according to claimb53, wherein the

56. fcﬁﬂed%b §?§%&Qﬁl%%blgiq1}%| 4%t f(ff%ti'adﬂ{s 3t4h:g 5|555 fer e %b{n}ﬁnsmg a

solids eomsentation rsgwnewﬂanctbw stipatatioo regipn devisk A qrgssgspctugn@@rea
lower tilg? H’l@e r?s}%os@g{l&‘?al 2%of the Eépecﬁ‘at&%%éﬁlnl a%iac%h{ e RE inlet.

aration reéeg I'n a“posi
corresponding to domnstrean1of the core region, when

57, i e 300 o GRRLR GhiRpH PR BE L il Bl ©F

sectionaDaes i pratided byegapereiipbition dfithe sseaﬁiarfahe separagi.on
havi ng a cross-sectional area |ower than the

cross-sectional area of the separation region adjacent
58. e sfebé\itﬁ)r sidtern. acbdrdidd® dﬁ'nﬁﬁatw]uersgﬂhemchmeabr:rj:issrgedtl@n

cl ai, erein . he reduced.cro 10 sec ar ea
area is PR O MR FRGORE T BF seried feeB, o
separator. 58. The separator systen1accord|ng to claim
56, wherein the reduced cros ecti.an r
59.  phhsepwaton §Y e AEOTSRER A &i%{ 51%1 9 A f‘Hﬂ}?rFﬂ%‘P“S‘“g 4
means &RBHALILIsSIRR fAdin flidd K8thin fh% sspRpation asgisy.st em
accordlng to any of clainms 34 to 58, further

conprising a neans for separating solids fromfluid

60.  YHelbeParkid® s§§&irs@t:bx‘21'ihg’ ROi18IM 580vhFbR the polidkeparaticst em
according to claimb59,” wherein the, solid separ.at [ %n

means ARAESES GrASNAYE sxtendmeEaarialY BIinhe SPZIAtAR FyE
conduit 1]'{%1'-5%?9?{&51 9O SAL exieR8in g%%eﬁi@x gglui t having a

radi al 'y extendi ng openings. 61. The
separator system according to claim®60, wherein the

61.  ARRIPISREFstem according to claim 60, wherein the openings are
tangential to the flow of fluid around the conduit.

62. The separator system according to any of claims 39 to 61, wherein the solid
separation means comprises a solid entrapment zone disposed around the separation
region and separated from the solid entrapment zone by a wall having a plurality of

radially extending openings.

63. The separator system according to claim 62, wherein the openings are

tangential to the flow of fluid in the separation region.
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tangenti al the flow of fluid around conduit. 25
62. The seﬂ!’ator system according to dny of clains 59
to 61, wherein the solid separation neans conprises a
solid entrapnent zone di sposed around the separation
region and separated fromthe solid entrapnment zone by
a wall having a plurality of radially extending
openi ngs. 30 63. The separator system according to
claim 62, wherein the openings are tangential to the
64.  fThseprratersystempceprlingisanatdiciains giddn 63efyrthes gomprising

means ggxfre?rﬁpf?rﬁgaﬁﬁﬂ M%SHARAG ¢RE s fg?l Z8H¥ o éraﬁieaéﬂ"aﬁh34 to

urther conprising neans renmovi ng sol
intermittenebésdd. from t he separation zone operable on an
intermttent basis. 5 65. A subsea processing assenbly
conprising: a well head assenbly through which fluids
65. aAesubicaguaessifig assemblubameprisingan wel | ; a separat or

[.w havi fLui.d. t
TPy SREIg ol WicH 0 s ENABERAR dhoiafbterrencan
well; produced fromthe well, the separator assenbly being
bl t | head nr. t '
P o R e PR RNE 0 Gorrdele TR LS WEhheaEbentoly
for recpivirfpetha ikids p‘rlf)c:iu&g [fioms ¢he \tv?i@, thte ﬁ@fa&:t?r gssemﬁ[*gbbq&ng operable
onprising a ui utlet for, the I ase: a
an wel gt aresreE o ey reet sl RobRuesF o s
rich phase &t a afiidifiRss eRasspatiiior akberab QBB isinEba fiAidbut dtdonthe
rocessi ng assenbly conprising: a fluid receiving

fluid phasee®l y for receiving fluids produced from a

SHHORE 8RBy hiahh an 2hlebedimbaeat® theahisia iyt dibthe Bgparator
fluid inlet connected to the fluid receiving assenbly

assemblygy receiving the fluids produced fromthe well, the
separator assenbly being operable at well head

pressure to renove well debris entrained in the fluids
66. 4 platform processing assembly comprising:

a fluid receiving assembly for receiving fluids produced from a subterranean
well;

a separator assembly having a fluid inlet connected to the fluid receiving
assembly for receiving the fluids produced from the well, the separator assembly
being operable at wellhead pressure to remove well debris entrained in the fluids to
produce a solids rich phase and a fluid phase, the separator assembly comprising a
fluid outlet for the fluid phase; and

a choke assembly having an inlet connected to the fluid outlet of the separator

assembly.

67. A method for separating solid particles from a multiphase fluid stream, the
fluid stream comprising a liquid component and a gas component, the method

comprising:
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produce a ﬂi ds rich phase and a fl ui hase, the
separator assenbly conprising a fluid odtlet for the
fluid phase; and 25 a choke assenbly having an inl et
connected to the fluid outlet of the separator
assenbly. 67. A method fOZ separating solid particles
froma nultiphase fluid stream the 30 fluid stream

momydaciag nige Strdantintel 2 copgpranentegioly] a gas conponent, the
methaod  conpri ging: 52 _introducing the streaminto a
w& FBﬂtglP‘_%@ﬁﬁgﬁC?"e“_?%Hft? iﬂi*FgH‘éldf otational novenent
forindng feohitet/luthiuldrae BloRthaBtagHE EfuidoNpiedéteRfled Thiekness;
rotating fluid of predeterm ned thickness; and 5

and  f oy ng and mai ntaining a core of gas in an inner

o9 anAVRHRAIRink OdHrél o BES 10U Mnddkkionl Mhefdih €ri Ng
t he separation vessel are directed to t he _outer
baiHdead spgpemicles fataring the penamiion weseliee dineded nihal ar

outer ann@ Bk P4bibsS, sHach that the solid particles are
concentrated and substantially contained within this

the ghigkmess of g®. outerraniilsy region épmchithaighe solid parpries are
concentidttéﬂ ghPdbs@Mially SonfRinle bitTRIL $dgich, | Ntroducing the

streaminto a separation region I'nh a manner to induce
a rotational flow pattern within the separation

oo, ATABN MRy LTRGBS,
introducingthg steamrioisst eephiatispatgiontine mM&met ti ddbtoaietgtionad fpw

, flo h_j Lentat] | i ng
patiom i the SeFl SRR pirell Bler B0 R P ERER ERRE 1O
separatiorerrigion, tiofluitintreat ik cdused o fidivnglong ac landuatecBowphiby tien
. the arcuate fl| th i,s. helical... 20 70 T od
fud folyite farp i o Hiwhet i Sorichationl voriareor e B B eam
rotational fldvi patterh Guitie thd seppattionirsgibhowi ng in a | am nar or
transitional flow regine. 71. The method according to

any of clains 68 to 70, wherein the nultiphase stream
69. TRehsdacedrdingastclsiness, wheleiphhs ercanig ftovemth ds mdlaab.

70. The method according to claim 68 or 69, wherein the fluid stream in the

arcuate flowpath is flowing in a laminar or transitional flow regime.

71. The method according to any of claims 68 to 70, wherein the multiphase

stream comprises at least one fluid phase and a solid phase.

72. The method according to any of claims 68 to 71, wherein the fluid stream is

produced from a subterranean well.

73. An apparatus for separating a multiphase fluid stream, the apparatus
comprising:

a separation region;



25 72. Thegnﬁthod according to any of ims 68 to 71,
wherein th luid streamis produced fr8m a
subt erranean well. 73. An apparatus for separating a
mul ti phase fluid stream the apparatus 30 conpri sing:
a separation region; n §3 an inlet for introducing a
fluid streaminto the separation region; an arcuate
GR M8 for RFoduMEVAIRE stelthUhtd B gaﬁraaﬁdh febRni nl et ;
wherein the arcuate conduit and the inlet are arranged
£p atHetesendelt foreopvayine adiyid skeam totheraledepar at i on

b 0ot e
'tia%gi‘egﬁ‘ tﬂssna:éﬁ‘aﬁg be’tﬁﬁﬁ%a‘%ﬂe SQES &8RRGS oliRrbiRe tBE flu

€ separ ation regi on duri ng

stream iye HetSeparation regivm ingpemeniaoneutsHPRAENE & &ahpﬁﬁh?ﬁmd
5 Mthm%gﬁgugﬁ%ﬁg{nn%{ﬁ%% d;’%pgofn | S helical. 54 75. _ The

74.

acco claims 1 to 9, wherein the

mul ti phase fluid is |ntroduced into the separation

ion [
367 st A n 0 R, 2, e T rBte cbRRiphitcRcal,
streamw thin the separation region. 76. The separator
system according to any of clainms 34 to 36, wherein
the separation region is provided wth a guide
adj acent the fluid inlet, the guide having at | east
one helically extending guide surface disposed to be
i npacted by fluid entering the separation region
through the fluid inlet.
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75. The method according to any of claims 1 to 9, wherein the multiphase fluid is
introduced into the separation region so as to contact a guide surface, the guide surface

inducing a helical flow pattern in the fluid stream within the separation region.

76. The separator system according to any of claims 34 to 36, wherein the separation
region is provided with a guide adjacent the fluid inlet, the guide having at least one
helically extending guide surface disposed to be impacted by fluid entering the separation

region through the fluid inlet.



