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1 SEPARATOR AND METHOD OF SEPARATI ON The present

invention is related to a separator and a nethod of
WOsptt4déilon. The separator and nmet hod find paPOTEeB2407/002220

use in the separation of nulti-phase m xtures, 5

especially those containing gases, liquids and solids.

The present invention is pakticularly suitable for,

but not limted to, application in the separation of

the produc§spARAJIOR AND BEETH@DIGF SBPARATIODN a

platform or especially in subsea |ocations. The

conventi onal approach to for the devel opnent of subsea

hydr. . r [ [ i | ion.

o urE Prgoli o BhA Rl AR o e fBalo? oy RSN of cpaution. The
sepatitbR@id nethod €ind papiehlanese iankk scparetien omaltisphasamextures,

processing facility. As result, lids in the well
espaceallyAhese CaRieiDing gA5es Lapida 2pdsalids FPePiESer RN ace

' | budttbt 1 i & Sdpathtioa OF tHet ¥

pa%c@&ﬁ%%’gﬁ%%gﬁ ﬂﬁ‘g "}SF géﬁ%%%ﬁl\?gﬁg&e}f&gfﬁ a p||?)%at form The
predircfsarf@ilpnd ges welgod kil ont aypladerm, pp esngrially imsubsepelgcations.

separation equi pnent, to separate 15 sand, gas and

water fromthe oil produced fromthe wells. Gas and

vat efhelc8RRME6R4 apProalh fo foPthe@eeelbphentofithbses Rydipenbarn
at the seabed into the wells. This necessarily entails

produspigfigldsis teyestablish aphirality o4 subse wellecappested tigpugh a subsea
infGelsPE Bl Rt B 5 S ARG ing ity RRR AR, dohas
vt ot | At oot he caabed at & Iooat Lo
ThecPHeRIORESIBE Tacaliy eRivvee AeRting SrosicHoR Yoscs] chaiplatiomy, e
suftrecsSing aclR T BUE LAl TRt Skl ohARLIPHCR separate

sandyrghseml watdr fromrtbe oil prasiuged frorodler wolls: tGasrandwaterirecovered in
seabed for reinj.ection, \Wile,such an,art . .

this WAy e &gwgﬁg r .1wgct8§ 6‘ tlhg |seaé)§% gﬂ(a :ﬂleuv}reelﬁa r@?s%%e@?%%{lll){ gentaJls

punfbiStheload Bl wabNBdcRldownl 208 fies oftpipelinas aiiisns ®hbyeabed.
signi ficant probl ens. Wth processing equi pnent,
such as water, gas and solid separators, situated on

58 ARG LA BN b

préédséing Micliniewar the suifide aad cehrate thd felevenplingialiationbon thy seabed
readi |y avail abl e. 30Hovvev§1r, this is ﬁOt theg. .
at gileqation adiacani 1P & AGEEERFNQ MeiPRRdusHEn Wells. sLG QWA i 0

rehd98 fheRRWBRJe infrastructure needed to bring all the produced streams to the
surface and to return significant portions to the seabed for reinjection. 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 reat.:lily 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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safe diver depth. Rather, access to the equi pnent
| ocated on the seabed can be by 2 either robotic and

WOreeidéd3y control |l ed equi pment or by retrievi R§T/GB2007/002220

equi pnent to the surface for repair and/ or servicing.
Therefore, intervention is very limted, with the
ability to access the equi phent decreasing as the
depth of the installation below the surface increases.
eithér rebdtlc dnduyembrelyeqontroliédbéqibrhdmbr beetfiaiibgieqiprhent to the

equi pnent_ | ocated .on 5_t he _seabed represents a
Su‘ifﬁf@rfgt regma PGiPiOISTERnEn d erefrg HnterHeRy Bpimited, Wil ne
. 126 OABEIOR TR
BRI « GHIRSAUROLL Y 41 euope ealluspgoact
suﬁﬁccamsrlamga altivilt tlaislbntappneclautdtthatm ﬁdmmﬁeqapmpntvhogajccbon

i cul ar probl eml_\%é ai %? qesH }' ,?Ew%"'
Brep WRI0L QRETRRPTAS Prdeery AnG & MER ARG y the
exiséﬁiﬁufeh AonSthefdy, ¥R r&quRh&Ho@nibofibrd Tifure aist ﬁﬁmﬁﬁﬂrﬁsyd

of solid formation material, together with the v |ous

in phrticelant skseaptionied a subseal irstallation 1rio haeeancryieally via
coarse, nediumand fine solid particles, such as grl t
and sand, together with very fine parti cI es, such as

sc a'ﬁ?pﬁﬁcﬁlhﬂ problef f3eRascaeest of d@hdspﬂodd&d;frmni sutesda walls. It

i ncl ude stones, gravel and mal | _ rocks upon
is frequeate thedasmthatsupasavellsare Préé@éﬁ%ﬂ%‘il ﬁ tﬂ@Ci

i ds
fo B ntridl \a it B 48 Sao i phaass. Y %"“ﬁ?ﬁ‘%‘aﬁﬁk‘e
mzﬂém&ﬂiﬂchﬂe pbarsy, axidom amtifinkesdlidyertiaes, such as grikanslwand.o
provi de surf.ace i, taIIat 0 nment

togeshRa Vo5t GBREEHC ORb et oot Jng?fﬂg CEtr é%%"r%%ds
pr&p}a ?ﬂ%g ihFud\orRS, dFVet asEirhall RZLY, ASF@Iding upda thobperdtion

s settling necessaril requi res that such

beinggwefosmed éowxdw}e amlrtQerﬁlfnreZIf ezwbtmanmﬁoan@t@n Entrained

nt. a n eff
o ARG bt B R K PR oSSR g e
debthdiofl! Gt i§ Eﬁow{r@fo}’prﬁﬂdé srfack aﬂimlaaqnu wite séuipment for removing
Separation installations are i nstal | ed dovvnst%tgam of

produsedeqlidio Tapial. SheoeaRirmment CHPLAYSH: iRNSr GHTF STLINg|¥yssels.

Thl%elaﬁ.ﬁ' Bpgolgggéﬂfﬁrg%eeéssﬁh c{ dduite SRt ﬁﬂﬂ%ﬂ;e@taré P&y large in
necess es enpl oyi ng one or’ nore

sizzh Gkwsuld mdvm@eyusiﬁm sffecﬂa/mmaefans bfseperating prpdugad solids

or der t educe essure to e _operating
frgp dhesnia pbgee RUADECppd et ARt hton Sigh e BRifbr
conponents are particularly prone to danmage from

entrai ned solids. Further, the failure of the well| head
chokSgpampior HEtallatumsmaq instabgbdewnstieam of thspwellhead and operate

t [, f ot t
ST A R
THOhddesditRs ERPRIyingUnelc? Phor€ ERGket uﬁﬂlﬁdlb&lycdtfwnsadamwﬁhe

resulting in lost production.
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 lost production.
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3 Accordingly, there is a need for an effective
system and nethod for separating entrai ned solids from

woOf2barvidge3pr oduced from the wel |l upstream of t hBCREB2HT4H2220
choke, that is at well head pressures. 5 It is
known to provide surface installations with desanders.
The known desanders conpri Se a single cyclone insert
housed i nside a vessel. The desanders of this kind nay
be enpl oyed either upstream or downstream of the

wel | head choke and can thus operate at I Ige(g% .
pr edsoerdnglymareisanesd foraardErn SYPfewééfmt od,{or ggparating
v ¢
oo RARIF Bl s WG,/ ARSIy i e, ABLR it
thak ivoimwellheadlpdessares.el y upon conventi onal cycl one

technol ogy. The separation efficiency of conventional
cyclone separators is at best only noderate, as

di sgys gshvih 1 PBYIRe Y6k inddstafbhs With B&dahdsts!! The known

conventional ‘cyclone separators generally have a
desaaders womprispen sifiglo pyelond inserf havised msidaraesssl. Th desanders of

1 t.abl e i licati [
iR e R R SRES St AB el HERAR Lol and
carpthiS Bperhte &t MellRdad Prdssurks. Whild @t itdrgenient represéhisan
installation to have a wi de gperational range.to
g sgnifigant o

improvementtoyer hiajarrgngementediscupsed sbove: p HYME

) BB T ' s g
e
onlyapg»c!er%ﬁétdﬂ%%seg inLmpre detgif pelawy, Ay PR lonRL FYgime
seﬂg?at(é)rlé néd ﬁé&%f:dcr%?r&@n%@é @f{“@%@hg PR AowaldsO Wil dow

perati on rers aneed for a .
accepsbiznn vty applicatioes, dhie rdpoesents aaxajenrdgrictien indheipsuitabilisy
over a,wde range of .fluid fl.owates .a 0 it
fornsaut s e RN IR FHEL FO Sb SR RS EE Bhtd £fffee
opbiafiortdd fang€ RARAdIOMe Bhilys dlgesis operadeg tadlitiohs] 4Rl lso be
name. However, it is frequent|ly the case that a W(fal I
capabld ofpmesting sheawoll’a produatien prefilsqveramepeasting ifetime gt §pm 5
ich i i ani f i '
to Yt Duthle (8 The Yorm st anfl eoivE e P RS RADFroatied

frot @ giveh sutReodelt edll vty stmetirocsepreatly. dniés umactepeable to install in
| imtations of conyentional cycl oqr*e s%@ar at,i ond30 th
sughee HiiaH O3 SYSHIR éh@%% RATTON VIIKIQW, Qf dpFTaliPRn fActGidingly, there

i 15 4 | SRtiod OF lifhe ovét 4 Adeng
'’ %E%%Ifg{ %%Ete%ﬂaﬁ&%gﬁ&clﬁiéfgg a?gx%ggég t hgaseplar z;)t or and
rargggtof flutd@owrates 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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4 downstream equi pnment, with the results discussed
above. Accordingly, there is a need for a separation
WO0Etdé3t hat can handl e a wi de range of sol i dPEEGHE2617802220
sizes and nmaintain a high efficiency of separation.
S5Finally, as soon as fluid is produced froma well,
the various phases, includidng |iquid phases and gas,
begin to separate. This natural separation of the
dowasticanseqipnrsens, with theeesphiodisceded dhovel Atcordimglysthereisa

advant ageous and assi st the downstre on
negshier A STRAFSION sy St dhal Bk b 2 e s of Sphd B ate[S&ﬁs and
mamgﬁhq &lﬁgi\é, gggfgepﬁ% tigd ficientl y separates a w de

range o sol | part es over a w de range of
oper at i ng pressures and 10fl owr at es, but wi t hout

o o0 Bl By . B AR s aing
hqﬁlé p%g%/a&@ %550 Eéglﬂ SEpAMES FhiS AAtlABsepaREbA b Bl vashephases

for well owback for use in a subsea wel | head
in thnstfaduped ﬂwd streare isdyaptagesys andiassisty e Jevaiieamseparation

e

sepatAGSPRIde@dhde®fisbl pattitles evefrtarwﬁe reﬁfgabf operatirigygessures and

conventional technjques, The vy p se col | ec
flopmates, Sut Bt sbiectmg dhcollyidite ﬁ&ug 1ai5A %ealfsena@ aifcady
disidor ough a standard choke
sep%&eé%%aé?ét%m%%ﬁﬁ’%@ %St pressure. The systemof US
2004/ 0217050 does not fuIIy addr ess and resol ve the 20

For USARHARD T Eiies e SRR SRR sbRFLEr w3 HoNTaEk foy

us@inSHRB&a v?é]l\hbﬁcpﬁl%ﬂﬁtlont e spstemaneLShydibeyclone to
fuorementloned probl ens. Accordi n{g to a first. aspect

interimitténglypepareteithe hﬁmphm containirg salidp fig preductiopdtuid (The
h
iohe e SERE AL A S ST SE oS el

tecﬂﬂiquas rEHedich\iephase oollederis Itlie}/b(ﬁmm)ahha hydrobyelonet frooh where
nprising: introducing the fluid intg a separation

it ip egrlqﬂﬁcallw rerapYadiihrough asiandad shokpAsssrablY. tofpdnce s pressure.
Thg]ﬂgététﬂ %f‘?)@ jO'O‘WOQUOS does not ﬁlﬁf LAArES 240 r&dhkth@nnul ar

I'on of rotating id of edeterm ned t hi ckness 30
afdttrhbntmnbm BSsissp arcadmdmgly, ¢ligirois, 2 maed for an improved separation

system, suitable for use in a subsea environment, that addresses the aforementioned

problems,

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

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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form ng and maintaining a core of fluid in an inner
region; wherein 5 fluid entering the separation

wOoveskisdils directed into the outer annul ar redCEGB28#H 02220

the thickness of the outer annular region is such that

t he high density conponent and solids are concentrated

and substantially contained within this region, 5 the

| ow density conponent being concentrated in the

r ot Atidn@tesidpehe Rphatiomeaselliedieéated intoathe wuler aphdareegion;

fluid are to include liquid/liquid m xtures,
andiquid/gas m xtures. In addition, the termincludes

m X{ur, ;d0; j ' i

. Sl SEARRNER b g 10K Haf he it demty
corﬁm;fneﬁt amdosolidd hreicdngeintrsted and\substaatiallyecaptainedcwithin this region,

tjphase fluid.,is a slurry.or suspension of solid

thegawdegﬁlaf§°mn§f8|'%eﬁlgﬁ8{“é‘?‘- ﬁﬁ%d i thy rf@ﬁ% §&nd/ or gas
stream Ref erences herein to 'downstreani are
to a direction extending fromthe inlet 15 of the
mul ti phase fluid to an outlet through which a

sol i,ds-ri ch, st. i . . . A

A R AR
liq@/eas etuten! th &ddikss e, temhitictudas gxtarealof comporeatsithay or

rotati r]g flow pattern is i ndlfcg?@el—le,avi er (ﬁgases 28ui<ar

corspisowlif materialy pravidediiba dha ik ARIXGHES 15 9T QR Bore
S | I . ke y
AR Mg SRR hegagetorly

partieled atidsolid material in a liquid and/or gas stream.

References herein to ‘downstream’ are to a direction extending from the inlet
of the multiphase fluid to an outlet through which a solids-rich stream is removed and

recovered.

In a conventional cyclone separator, a multiphase fluid is directed into a
vessel, where a general circulating or rotating flow pattern is induced. Heavier phases
or components, that is those with relatively higher 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 possible 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 splitinto various paths causes cross-contamination of the already separate
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concentrate in the inner circulating regions. The

fluid entering the vessel fromthe inlet forns a
WOr20074t4it68 hi gh pressure band from where it mapPCE{iB2007/002220

and follow one of three possible paths, as the

incoming fluid nmeets the fluid already circul ating

within 25 the vessel. In pd&ticular, fluid may |eave

the main fl owath and pass towards an inner rotational
mate@ il OThis Natle toateiueion, in thesfiicienyy dfehveycldne. Menifferent flow

patip Nl PoIPAL G oD PSKOVILHRE GragrFRvTockngs oS BR°
Afie ALK ’E’Hat ﬁ%&v@ratté" ?réﬁh@ ranblréthlvd deditieYf the t he

genera? tren in a cyclone is for heavier fluid
diffarehtphhses Dafracttmns oAcemﬂmat}e therdesign 06amﬁ¢lomeelg iverysdepgndent

vesse nd 30 f e | ighter
upp the taler e aod fuidparpadisn Orertiof gha g§1§g§geggﬁeg
oufstdéithest AesiPh pdrambless wal ﬂe&l!lb% tﬂ@b&'&alcﬁp‘aﬁ&om efﬁmency and the
cross-contam nation of the alread%ﬁseparate

perfermzanice, pf th¢'H¢Pﬁr ateswill fal significandy.i HAnpled @heveerlfqha $eRwgor
is lfrg}m%:ﬁ? g(%f %ﬂ&ﬁlﬂﬁm%ﬂ%&% %geﬁvé%ﬁoxﬁ%g@%uﬂ\é s'refifAR&Hith a

wity fingelbf fow kaWaﬂﬁhﬁn‘mlRfma)ﬁetéfseo bé ancdmmddated; suchlagthe
rate; pressure, and relativ sities of t

sepfiratiomras ﬁ?hcbﬁl&@%l fspm BT Joidimnlei] ‘Q'e t he design
of a cyclone is very dependent 5 upon the particul ar
flowrate and fluid parameters. Operation of a cyclone
separleds beerofousd thet hiasprovedseparation aﬁaemelta:ham fluid s be

t.h I t ffi
ackifvadouee bbby ep iy carpanegs Ay PR bkl i G{RN6 o
ro@3ReaH &n ofitef Quﬁtleﬁ%ﬁibﬁbpﬁle IsSpardtion rk@bh,xitiothe dter irépion or core
sl tuati ons where g‘ho perational lifetinme is

bengqnmntememmoecumed@yrt @eve@flerfsmmomaw%nh ipdngnd that the

araneters to be acc
hl@@ 3?‘5{‘?’ BRmB?neggsl PR ue%?%ﬁgp aFuglrl(l'n 1 d‘g ‘I&g“&%ﬁ%‘ec} be om
rot@nﬁg'@ﬁ%@lare@ﬁhl with a good kdpallion o€ e Highen deltslitghn&lenal oceurring
nproved separation of a nultlw%cse fluid can

frae e olaivalh kv HEnSiy GREIDOREIS BB e Bhetiggion. By
e AT oot SO R RS ShA cBnpt i
subjecred to regkiamnorotatinel ﬂ:ﬁ:eb,ewhlgh mmta imprpve thi ssparatieedThe

by the | ower densi one s fo
i 8o WRRATY154 BSMADR GHPC A segion b tdicky trosk Which
cof bhdrfd %ﬁl m?é’rﬁte CANEANETIAY, ﬁghtbf‘cdrﬁ‘lﬁméﬂﬁs 1] Mehve tieSsuter
gl on, a good separation of the higher density
annuiaeregmln and passnnwghqe carmregien. r kol conirgss| the heayiar caewgnws in

paggggqr ﬁglnt{sh%re ﬁf’%g Itcg: %lg:\%ee ﬁe;;ore %ggﬁ Ie n‘? g&llerc??lhtﬁg out@y annular

re@bh 1n AP BaedT amRdiiplinse FlaRYcoMpRisRIG c%ﬂij)ﬂoﬁﬂttsdnth@nalmdlyru m
rotati onal forces, which serves to |n§rove
2

differpmirdensities, imprsticWaliquidsngrgases, the ing %Céd?#‘?’?ﬁ%thwﬂef core

aut er nnu ross which
Ie@Sﬂﬁ%g 50 nf?#ﬁghggaﬁxnﬁ?nhggﬁéécu ar, g]lghter

conponents will |eave the outer annul ar regi on and

pass into the core region., Ipn coptras t he .heavyi er

C o aRRIA0 S BreSHE ANERigh (3 B iahe sHPBtIof 3 Pl
m&tQﬁalQ b &&ﬁhﬁé&éﬂﬁﬁ’d GflahfRCThE Ehettm R B 2 dﬂiﬂe@ ipthe25
. e case of a multiphase risin

sepa‘ram'rm‘htrsmsmblh liquids ofl diffedérft ﬂemsetms &éﬂ g‘pqtln@lsmay be applied to

particular liquids and gases, the interface between

the inner core region and the outer annular region

will forma transition zone.
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The method of the present invention is applied in the

separation of solid 30 materials fromnultiphase fluid
WwWO2007¢es1 The nmet hod may be applied in the seB&T&B26H/002220

of imm scible liquids of different densities. The

met hod may be applied to 7 separate a conbined liquid

and gas streaminto its sefarate phases. The net hod of

the present invention is particularly suitable in the

sepaftfes abrhBine®@fliquidlahd piiasRamlibodtsstpaasphasespr Tisd method of
solid particles, liquid and gas. The mttﬂn&gﬁ

thequsgsgn invenyion ds pasticulerly Wétablén%m sepgratiQy) o phasg flyid
fromt f

streams ﬁon{ﬁ%ﬁ{ng% d 191@5”1%91%30 d‘g@%ﬂ%ﬁ ¢ &?gﬁgﬁhﬂed to

therfeinbedl of solid mtusleu fradaltiee fluid striem peplaced from agbtetrenean
streamt hat nt ai ns wa

wel BT R 8 Yl PRIR IR LG 8 APE PRSI RO PN O

ahs c@ﬁt ﬁﬁ%a@e t I sEBRAdass, iR method operates to
p:a%lﬁw 53‘“?“1%“55*.‘% and ga ha{sess 10The et hod ofpt he

remxwestbmolldrpamui@scﬁpmi;h aﬂeaamq/mmtq enhegirs the senggation of

. Sepa |d rraterlal froma fluid stream

ln"gﬂﬁ‘ﬁl ﬁgmg §hid and gas. This is typically the
conposi tion of a stream produced by a subterranean oil
or gas well. Wen the stream contains 1§§) i f.i cant

quarth methed of ske preseat inNpRsioryie grgaulaBl &% F Hsseparation
I
o i koS AR Y it Bt

thead%mﬂo@lhoﬁ @0k etficant prodhdedriy & subsermaeean dil grhgas otelld sWhen the

renmoval effjiciency. This_leads .to a further g}P 9 I
str@q@ec?m@g%ﬁﬁignﬁ%wtquawﬁmﬁ B U507 JeEion SRSt ol gy entrely

of g%? ﬁ'feaa'i:h ﬂncﬂ cfolﬁ lp'ré\}?:h did & %lmoﬁpgﬁé}ﬁ§&ﬁin%ﬂ/mg the

ream nprising a |'iquid conponent
ouan dnrmlzgaegiomrrmultmg in atvery high kolifiscompral sffigjency. This leads to

Aok seet oigh Presert SRF T VLhRg s § SRR by BpaaAE olid

partlcles from a multiphase fluid stream, the fluid stream comprising a liquid

component and a gas component, the method comprising:

introducing the fluid stream into a separation vessel;

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 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.



10

15

20

25

30

form ng an outer annular region of rotating fluid of
predet erm ned t hi ckness; and form ng and
WOreéidda3mi ng a core of |low density fluid in aRCT/Rap07/002220
region; wherein 25liquid and solid particles entering
the separation vessel are directed to the outer
annul ar region; and the thi ckness of the outer
annul ar region is such that the solid particles are
condéakolat mdterialds senoied itanathe yotating aimibad regiom by tachmigues

gion. . 8 Th e Lal i
deiched Birsinnfiy. T OPT 2POUIRERY L BRRIRHSEULR GO
suf\%ﬂi‘%{eﬁlt adnt8h and RGd MH RlidPAAIMA! region i s maintai ned

h a thickness sufficient to entrap and hold the
solid particles. 5The thickness of the outer annul ar

region..i.s det 1 ned b verall di i

a2 et G PR huleb Fafoifh RetsmloE BT LR,
dithénstohl a8disHape 6Nthefoptiifg SLiddt dlirbagh whigh dite fllid is caused to

particul ar, the thickness of the OUtietﬁal annul ar .regi.on,

entes thgepraseiionreigbn [t prstieidirg e thicknasp Bt the opiter prylay iagion is
deﬁ@a@ﬁ%!og S b 18 ahd width SR ik eﬁaetahiglc%f%@ein?& d¥Rirsies
th

i d streamenters the separation region, in turn
eck@igher atiwhiieipthd Auidnerepintenterothe tsepardtisin regibn fih dyynsigtenmining

the et e hebioa o et folfetra e st B s et i B
res?@&, }ePeT'?&icEé‘ﬂi dﬁaingﬁ:xdré tPthe bhigle $APAR@ IdneudifsliaRis of these

re selected to cause the fTuid to enter and formthe
sepandtion reginn| Rhese @t sstecteddo case thenBuid toerserpmd: faem fthe quger

are fixed, the.volunmetric fl t '
N T e R T S S
the/@hid Géddsureim ehRrihf tirbugdibhé ilévdetisliries thelwelodiiytoftid fhed

the initial rotational velocity of the flujid. in the
streayp apd Wiam @termé@qséhp_ initial rotational velocity of the fluid in the outer

annular region.

Preferably, the inlet is arranged to introduce the fluid stream some distance
from the upstream end of the separation region. In this way, a space is left between
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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Preferably, the inlet is arranged to introduce the
fluid stream sone di stance fromthe upstream end of
woRbher/Bepar ati on region. In this way, a space PETIGH2007/002220
bet ween 20 t he upstream boundary of the outer annul ar
region and the end of the vessel containing the
separation region. This al Pows any high density fluid
t hat splashes fromthe outer annular regi on can
Thé aiethod, of theppresent inviaytiogriseffeofive froretroyingoolit imwegerfal such as

R RS SIS, L5 o S .
sepafidiofl _réff{él%erﬁzg@ tlﬁ%&h(kisf isfshet fhae @A 8Rb bpéraRdo fthdvddargsr

mnims noted above, it is frequently
soltdymriclesthatmaay beproduceddlylaswlt. oSusbaagticlesgneladecwel debris, for

ugnt i of. sol id.formation.mat et 3l M\
ex g it st iR B PR G ling SRR s el
deBFRLB &l M STrom Glyuiteabddntdde ofBdiukn Janbe Edse ef fdlurebf downhole
particles, such as grit and sand, together with very .
equipmentpsubstaptialsolid paficlss, typigally laﬁtakmrg?leqa ﬁl@dﬁ@@é@@@ with

theéﬁealf ﬁ&d? ?Jk@fﬁ%oegigggegfagég tﬂmuapgéwgecaﬁ baRe §iggﬁ’{c§ﬂtedan?a%9 to

roc upon e operation belng
dowastieameegliptioan sotteasehdkesandrihe like ifrot rémowdbt er r anean
formation. 9 The nethod of the present invention is
effective in renoving solid material, such as grit,

san goﬁ&‘ ?aﬂtlbﬁf kdnkKrell Frodl fluidiskBarh #PPBR méthedf the present

productfon fluid. However, the separation efficiency
invefitiothmayrenige droirsa fewcmiltimatres in didrh¢teriosovasplaentimetres. Sand

enove larger solid,particles.th \ :
and G pariienditrort  G8mth Befe ) R hsPerYepiY Y ibtude
obje6is 3 He@anRIGFIroRfl §d §k@or largay It isn@ aivanagirofithd method of
finishing operations, as well as debris resulting from
theeresephiamentionrthajsudl a fasgd Tange ofiselid particlgs sayrbersgparaied figm

wnhol e equi pnent, substantial solid particles,
thetdi‘xl)}ﬂ?&té?ﬁ netal particles, may be produced with the

wel | fluid. I't will be appreciated that such debris
ot T RERGS of e T e PR

opciRte SyBAY M rs,ggrer&mm&eé, 4T hadialarpe h@R B WaMatié e The
nethod of the

esent I nvention may range froma few
methdd magbe gplied irda singlesepargionappatatusgod pperatera §owserdn the

and .gr a ticl . f
rarih of i 2 O ERAAT S iR o i B L i o bt Bartitarty
frobd 9,008 up & 25,600 BPD! ahaEs, thé inctifodanaystib/cpriagtwith floheate
met’hod of 15 t hwr esent invention that, such a |large

fluctangenscs geest psi> (0% .twithous sigaificant redystipng iadhg sepaiatine
el O 8 D54 P AR s 5 ) 6
25,000 BPD. Higher flowrates are possible, for example of from 1,000 to 100,000
BPD, with the separation apparatus being sized accordingly. However, the
ﬁcrformance 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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operated over a wide range of flowates, that is has a

| arge turn-down ratio. The 20 nethod may be applied in
WO04i1a4i3¢ separ ati on apparatus and oper at e at PET/GRRER7E42220

in the range of up to 25,000 barrels per day (BPD), in

particular from zero, rmrebgarti cularly from5, 000 up

to 25,000 BPD. That is met hod may be operated

with flowate fluctuations as great as 500% w t hout
sepakeidh mhe@RaMiisth e A MgheﬂﬂowmdshEe slomémaat separation frechanisne will

of the system The %h g preferably oper at es at
befip@wrafaggn%fmqy,gn{egt & JUFFETBORFAY gher fl owr ates are

possi bl e, for exanple of from 1,000 to 100, 000 BPD,

with the separation apparatus being sized accordi nglgﬁé
Hovvé"he singlelsepgpatidroapparatis cof be higedifar olmerthraghitnig or

lid I P
to gBrat s RCPHE R Ve AR g S et EES bEliged |
accordil® ﬁﬁ’&)ire&\’qﬁihtf/ lbp¥épatation.d Pherefote, 1€ achid@iboth a desired
operable. At lower flowates, the separation, of gtygl?
io

seppeationperformansg and  tange of Huidgiplimetse Hgwaapes o Pl
ef fect r SR a8k
ap?ﬁ%%%?%ﬁ%‘/\kpiq %,L‘@é agag %écgaﬁltetm fgéllt on Nec hlzﬁlzseﬁwhay
beWbératedén differdn® cdhﬁbﬁhumaby 1RSI mIsunéble badedtivaifldw-switching
conponent s The singl g_separ at on appar.atus can be
megng; djagegMmAdatF AT AN g Gies ang,s Pngf‘t&e cater for a
particular fluid flowate Alternatively, the apparatus
may be sized according to a desired quality of
sepd atcﬁeow impae tif mtationaldleve bitteve toghe ktreanalangd ¢regfe the

t f,
oS el BT P b P artier sprupl e il Wb ffo
thé'@yaﬂaﬁo@fb%idne Guch RechhigBesVY knoti inSthe bt OF Ef @6 esepabiias
be operated in different conbi natlons by .nmeans of

Heweyer, iradrider toensure ithas thel apaulengegion; in gf suffipigntdepth an

poasgﬁ%gg?gga & ﬂ%w tl%rgld gtris Ple?éf%ﬁ%%%?ﬁﬂﬂg%}%&ﬁxﬁ# ?Q} acute

anpletid ﬂ{eﬂoﬁg?tuﬂhﬁl slis et aépixzafoﬂat@om hin thistvedyi, thg fhrid sﬂr@m

region, it is preferredto se a tan Lal entr of
enenBg theregion is @used ‘ﬁtfﬁtafcﬁ’éo ¢ MOl 8@51’8 fegien,

coﬁ@% E@thﬂg TheBinth %‘ﬁﬂx ITheloRErafl re?fe@tfls Ri’@rlaﬁ@ 8 heRRA Fdtv faftern

wever, In-order to ensure that the annular region
witlsn tife retaflﬁg anreitdr refgpn, hwitinide pompensntssin ghig e@;@mlotﬁtlnﬁwomd

atte is,preferred that.the,t n is
thEgenal dhice bl dePEY ErimEenGndht Aogih &Y WEeh LR ALY
inSGRREPInkPhe VBEEPR prdferablyi stlebR so e thelflilidirciite £ helical

path that allows the fluid after one revolution to clear the inlet 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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entering the region is caused to rotate around the
inner wall of the region and not collide with the
WO 20¢7141#63¢ stream The overall effect is to cr@§T&RBR007/002220
helical flow pattern 20 within the rotating annul ar
region, with the conponents in this region rotating
around the central core ofl1}ow density conponents. The
angl e at which the fluid is introduced into the vessel
induBe thedh@ndhg flukistresh ésto aapirhladr Hetieal flow phtuent dfireswalh a

hel i cal ath that allows the f |d after
assermbb mey g“hdlﬁboséﬂ bﬁffw‘?%@eulﬂll%%mi £ Uit Oﬁb‘kféﬁpw‘i‘?f‘
g LSRRIy UBRERI e AR MR epars

theQipstréam tink Tienwalt asdemblly prefemblyf hashdone fut mdum ateycan.

foprFen o AR e T oy i P P bt ©

sepatdtiof] rEBbE daRdRdltd Hﬁvé ﬁﬂy Fé&@'allﬁdvhﬁtr@éiﬁ afreamﬁtshﬁmem $0
region in order to al he solids to mgrate to the

thaomeélmdmmplenna ﬁseﬁvtemeélon within th?cﬁqp@a@%mgmdwwomacted

uid str nt
o Yo SR, R st bRl AR e o
moRé1BelicaRy BRshdif@Breites, te subfacaapeindingpenérally imthe same helical
order to prevent fluid entering . th IllrtljlSlréaratl on_r egi on

patierp s theslpired heleal Mlesv patier focheriadyre myiag fluid stream.
I cal
ARG wall BRI AR e SOl o 2 R

fluid that has entered the separ ati on region is caused

Lo Tihas oehufEa! B ivls 607 AR5 RO pASS SRRl o1,
ext%ﬁ(ﬂn% 8RRE AhriFRRes amraﬁbéfsrmcmtanaw thelingle T thewaturi ng

stream The wall assenbly is preferably Prow ded

conduitrbeamiented chasertotbs Pmﬂdycué@ﬂt@ thei langiswdimahaxis o
surfaces extend| ng generally in the sane heli cal

PR e A% as the desired heiical flow pattern to be
|nduced |n the incomng fluid stream A suitable wall
assenbly is known_ in the art and is di.,scl osed in %é
2, 3@"@3 z@@ for the fluid wav he pryfatapleshane, Lifrular dplets agg v

h&@ ) B led RIS B@&lB& QH# p?egkﬁﬂﬂvé}moﬂ u rﬁ%ew Bﬁ?&énce
S hereinbéfore describe Ifows t he angl e of
is g'md:ren‘o idetsdndinigta roetangulecres-sedtomendtopeting for the i mcomlng

ﬂuPdesrtrpegr?ld I'lsile:lr'gr:jlcrtangulatrtl‘| etI h%?p%lt(t) légﬁerlla e a%&t%ng Eleltlcg?ﬂow pattern in

the outer annular region. In addition, the rectangular inlet provides a better interface
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
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separation region. The inlet for the fluid may
be any suitable shape. G rcular inlets are well known
woaner/rmaesibe used in the nethod of the present PCT/GB2007/002220
i nvention. However, preference 20 is given to inlets
having a rectangular cross-section and opening for the
incom ng fluid stream Thel?ectangular inlet helps to
generate a uniformhelical flow pattern in the outer
theeifilet| tRdt i§ thgidimension petistintlicalyy td the lorgitudingldxas off the sgparation
provides a better interface betvve n the incomng fluid
regipiy Will deternie thgthickgessof 31 G'H"eg’é’&r on, resulting
in a nore stable flowregine in the outer annul ar
region. 25 The rectangul ar inlet preferably has
i t s AsahgBsid steate noveshélally withivethe ontgr anmilaraegian (ypisally

the separation r hei ght of ther n ar
doyRAR SR ¢ Beherflretioal Arge e it estels W R
pafficle8 Gill Bl1R2 aEthk Hlaillo? tH ngiu@ﬁ&i fedibnnA khedotitermmkt [bdiﬂon of

separation region, in conbination wth the angle of

thet 4nerulan regiond ekher fitich phases, @ewetless dgmsetthan the splids Wﬂbnrgretﬁ‘/ to

RhCeFlod il 8 BalihGeaPR Al SRUG e TR BT AIL

se;Shi'zﬁE (o (e ek defis phabd which Willremaingh thecirmalar segicn, ahd the
t he separation regl on, wll determ neai}%%‘?féﬁl Ckness of
less Hensgphase, whicdvafl Mgt 1t the cepfeal £pi;

m%l?éd \Qﬁén cﬁtx@aﬁr%nﬁﬂ{s r%aéé'ﬂﬁk' Rhse! i‘ﬁ%lﬁ@h Hsléfﬁ'lec |q)dre'l_tly

n a generalTy veftically arrange
leaemadrtamng ﬂmﬁsetbe outdrensulhi mgioarti cles will coll ect
at the wall of the separation region in the outernost
portion of the annular region. The fluid phases, being

| esasqrOARIdsERAM iR theSRkdr @fnuldd depiofipdgdésted, & willdose
i nnernost portion of the annular region, in which

mquemtyrosthe bfedtiofi ml%aye@um the oytep analar regien tq hreomsthicker.
AsIREAGHRAR ST me g Nt s GBS ichablify AR iRbrchRhipn

fagde’ |ch e In
thitkiRss; @AtiY idreaClidsahe a'diiu& oﬂﬁeat_eparaﬁomﬁsteln (Ihﬂrelfgec’rmukesdhe

- when the fluid stream contains a eous g{l}#ﬁ tai %r
intgpiacerof thedleast Hensg fid ef &g frpey et and hedlepssy g ig the
outel ahfifar QUEGH (FUNUH B0 RA'pASNIle 1Ptk WBwhitiéath HrdcBB The
outer®annular region progresses it wll lose
precise form of this profile and the overall form of the interface between fluids in the
core and fluids in the outer annular region will depend upon such factors as the
density of the fluid stream and the inlet velocity of the stream as it enters the
separation vessel. It 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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15 monentum the effect of which is to cause the outer
annul ar region to becone thicker. As the flowpath of
wOt2087/fd4edld streamis fol l owed, the annul ar redC3{=B2007/002220
increases in thickness, until it reaches the centre of

t he separation vessel. This effect causes the

interface of the | east dendd fluid of the inner core

and the denser fluid retained in the outer annul ar

r egiconvémionsiaiytlone sapavtrs profrovided withhe odterfot fleidio leave

direction. The 20 precise formof this profile and tlhe
thexseparation vesseh dhe opdetiinbypially arrprgegcanxipl BUWHL““ithe Yerse! as

; ; I ion of the

o 80558 il P S ot skttt gon
vessel cdowever| sittean araigemehtominngt befapphied inttheease af thetpresent
. enters_ the_ separation vessel. It wl].thuys_.be :
i oInoRAEHE AR ot Sl PRI Feptove Hind ditesHy 85 s gorepregion
in IEHA, las HIFRSiHNHud bERNSWeN fo RmtaAE be Batntsined. ORathér, It is

vary as the paraneters of the 25 fluid stream change,
nesassary dwmt fuld remapgdrom thercore Tegiongs capried opign gicoppHed manner

produced.by a subt.erranea ftiql S
solfs i BT e Covmnr iAo dfubersfERbRE RRACo Al
rethBVA Riay®R ehipddyedhafgRows.n the shape and di mensi ons of

the core region, and hence the properties of the inlet

stream can be readily accommbdated w t hout any change
in t ' Dei L& f the

Con AT SRERL A MARRA USSR gl SINAG: dpwbream o
cofeiiepioh, favingd fluid outet Sawe fluid vk pravatheaoremegivs|by maas of

displaserrnty otV By HproRre SERES of T SRt oMeh S Bile i
es{ggﬁwéejaea 5&&21&%43&&1‘%1%6&@@9%@% Ste Rigidrie nvemamkd and fluid

ver, an arrangement cannot be applied in the
frama the cofe tepionps caeert tosixhwin thentlet apepingdopmsizgam of the gore

not . ible to renmove fl.ujd i . f
repigni e Wby grenggment 18 Ad SRt b bR Bl Sud ARy bea
mikRr8 LRIk hipg denbint Muidedd tdbhvatensity fliid. Thiseoadbinedtfhad
fluid renoval fromthe core region is carried oyt in a
strearn ey bequssed 4o a furthsT separasiondiroess iR arfRs te syRaraie Hiegprious

ShBG ApMIBALoEhels B Bt utindd Kyt
first embodi nent, a fluid collection region is _
R e e R SR R

pr?{ridgd AR & 8 8ion bR U8 vnstRAnPERS GTRAd &r6 rél@si, Bitoagh Whih

urd ou t I's possible to establisha .
fluid ahatyis ptedomainaothyllaw densitn duid, isemiovedhBomdheproggfso Vit such
mai nt ai ned, and. flui.d 15fromthe core req j
anyagreggeiRons e i et spiTeR R 40RIT: oSy g e 1w e
1§ PePihph Wit sbme \Bhirkin8d/Bigh Aendty fhild andeen alidof bmbant of

exiting through the outlet wll be a ) . .
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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m xture of the high density fluid and the | ow density

fluid. This conbined fluid stream may be passed to a
WOR00YHdd3tsepar ati on process in order to separ 2C&/QGB2807/002220

various fluid phases. An exanple of such a separation

process is a gas/liquid separator. 20

Alternatively, a low densit4 fluid collection region,

having a fluid outlet, is provided at or in the region

of Ihemblaimsits Gaving Bt tedsitg fluid elicegirorgionha highkensity

which fluid, that 1s predomnantly |ow density fl u"‘dlil,F
fluidgollestivnaagippdipvinge sseenddlud oylstnis provided fdoyms ?fﬁ’éﬁt ,

e 5 N 95 SOV s o
flufdi sirleard dewsvirigythfdugh dhessedorelfiuid autietrompaisesiasta modjor portion high
tralped [ I ticles. this,fluigd. .
derity Tt wdvgoes eabped 1y genshy Big aasanfid (A% BisTi T
strdath s ERRR | éndiSHui® 8PARIgh GoldeRiFatidn) Afis pletirabl§ kemaBParate

renoved fromthé process.” This stream may be subjected
frotootherffluid begamsapmpued foomithe ptesh. Thisistpaa endyibgisubjected to

density |iquids.and entrai ned sl :

» Seg penbel e TR PSS sl hiTostR s s het
refi®@HON, a high density fluid collection region, having
a second fluid outlet, is provided downstream of the

core region for the renoval of high density |iquid.

W t C . t flauli I i

¢ S BRI andl igpul bibola RS (REMITscams
leapiog tthofirshaghiorsedarisfivig offlass ate redycledsothe separatiomeegiondor

density fluid and/or solids. As this fluid stream has

EPWFEfil@ensity fluid in a high concentration, it is

preferably kept separate fromother fluid streans

renoved fromthe process. This stream may be subjected

t o @hé or ¢doh fluidpetlet tiap e imthatform obameonviendenah pipe or tubular

densjty Liquids apd entrained saolid rer \Y .
opgrinlaged el 1 e skdie eghoFloflefer SR BHnds when
pres€ I b Bendabéltdlatiig MadBrd@thd ® pdiRrdtd 4 Bdgicnel low pressared

fluid outlets are recgcl ed to the _separation region

thefeffect efrwhiel can bsctoslistwry the sspaation obsMs anq flwds already may

o . Cc i i . I
et s AR TR bl G Sl o
an beQit @ipe, oey & tlosaleid ang evithnfhdd whidet apertwen forinad along its

concave rotating fl.yid streamte to generate a .. .
lengBarpaiie Y QP el RIS RE R Lo Wb STt o
pr&ér?édgtpg tﬁ@ @01ﬁ§iﬂ@(¥1é’ﬂeh BNhR ufPbt RS afdifhrds ib bFtateR taB 3 cross-

established i n the annul ar region. The or each fluid
seatiohalettea of thoowtten pipet [yorder wehizye 2 gradnaldiseibutsid fuid take-

ving a closed end and, wi th £ ui d aoutl gt ertur
ofty G AR RPC S areasean gt hleBilihe b RBE: & B, tf Bduce

i i8¢l 'Ebé:]%)frﬁ,rthdrtﬁté%r 6faadly hrrarigsd
mrg‘?g%%??é%gfthﬂgtg b!t}%bémco [ nede é:r@ ea of etapﬁe fl u¥ d o,ugta | et

tangpwiallyte thei rotational tflomw efiflid imibe epldersing segiom nEis aida in of

he qutl.et pipe,. | rder ' :
red G b PR 1 Babi bl BT FauBhAR R iebamionof
fluRVHasés dIRAdY fechfvell ethe prdcedinp eegions. Aty dddesssestapproblémoeith
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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25 turbulence in the fluid collecting region, the
apertures are preferably arranged tangentially to the

woRe7add@hal flow of fluid in the collecting r8gT&B2067/002220

This aids in reducing the shear applied to the fluid,
whi ch assists in maintaining the separation of fluid
phases al ready achi eved i n1¥he precedi ng regions. This
addresses a probl emw th known separators, the _
col Ireehbodimerits hinving bothre lowudesasityhellpttagasgivo and d highalepsity
r,. in 30parficular Jjnefficient syste result in.the
colffrling eiaph g thgreieye first gnd second hHI%%lsgf %ﬂrﬁ%ﬂf’ﬁa@fﬂﬂds b
provRicth@ohifé Apehings Gtht 84thé BEhdLRI TRS caikitandy BHharranged
density collecting region, and therefore first and
coaxdaibyrwithin thecseparatien rgioon d haopeningsase preferably fonmsad age

th tlet [ [ i r
ne G 005 18550 AArle O, POT Rty ARt b
thedeReadityduid elletion dgforopRtha Bighdessifyhiid colldclion cogite
as 5 hereinbefore described, I.n such an arrange t,
The pendusrieayi have sieiglsoutie fespting i tisolhd ﬁﬁmw'ﬁe@ﬁng fiojp the
twd blefiGPleb Rk ble LA PrBRMH LM Rtblitied hithh low
CoT 16t of regloﬁ. e condul't may have a single
dersity fiatd outlesand a high idendityeflvid cutibt sthuemamtagmihg detfddd f r om

the t coll ection_reqgjons being m xed. Preferably,
SeWWé‘%QﬂE@Wt“b’@?f?WF@%" Ri°C%Sa [ ow density fluid
outl et and a high density fluid outlet, thus

mai ntaining the fluid 10 separation al r.ee:g% achi eved
wi t bi mptefesreg morangmnent, a separate canguibis@roadedslor apltpstiemand

dyi te | ' . col L ecti .
wafspR SRt T Anl af pf IR e St Rfing RslgFbiaae B densivy
colfeRtih@fdpidhd HaH comtuititkednde iib &b redpetsive yegan areidh prgyided with

regi on. Each conduit extends into its respectiyve
ong eignens aparingssfop theqodleetian affluid, Hhecorspings pray bsdpmeggsas
herff?lrbefo;]ede“sgill)e%‘:“ on of fluid. The openings may be
Formed as nerei nbefore described. It is preferred to
provide the conduit |leading fromthe |ow density fluid

or abiis pistapie mraida e sl RREn o shefontsanaive fild
colY@cEiHé gbegmewﬂﬁ aﬁipe orth8tikarih¥rdek o ﬁlﬁiﬁ_ﬁi@ﬁ@@bﬁﬂ)pﬁﬁw fluid

prov the con [ eading fromthe high density

level withindlod 4seenblyg Sireibarbn itk preferresita pepvidetbe conghiitieading

[ i Jluig | | within.th nbl y. :
fofiythg hipncieity St cofoeFng Mg Bih 5o g ey OQHARGFE™
flufd 1evé] 3i@iOthe bbRndby.emaining fluid streamwi |l be

significantly | ower. The streamat this point contains

a high proportion of solid particles entrained in

por P meEEAR S BT EBRh oY ety Mol of B!

ren@difiag fluid soreamenill Bel 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

voriex breaker.
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vortices extending into the regi ons downstream of the
fluid collecting region, it is preferred to provide a
WOrRasid4d3dr control ling any vortices that nay PET/EB2817¢0R2220
as a 30 vortex breaker. 16 Downstream of the
vortex breaker the streamis rich in solids and
typically is in the formotta solid slurry, in which
solid particles are suspended and entrained in the
I eMBioRinBGednt of e voMEl brehiey the dnleamfis ticldinvdolids el typichlly is
_ the denser of the fluid phases entering the separation
in the $arg of 3 solidslugry, iyvhich splid B#ﬂlﬁiﬁ%aﬁ?étlmad%f andiggtrained n
LN o] . . o t i .
e b YSPcuRN oAb WA ASlcnif R i e Bl fuid phases
entein@iheisapartion sehnlt iemoadvanege of the cethadatfak prasenhe

BT, NGB LO GBS FPGHF SR TBY Sh b fitisved.
Thé E&Mﬁhg TRRLEATRESME hotdribhtafdd RthOdolid Mﬁc_l%hﬁj providing

reduction in cross-sectional area of the fluid
a sblibomwettrating regiomdh wWhichdhe grops-saetianal grea of dhectluid flpwpath

cylindrical vessel, sectio i 1 .
defibisgt b Aaral R et e Bkl Bt RSRR areq of the id
flowpahehay ByachRve®BY pRvidify 4 SérPrallytcyliadiich oedselrsectidiawith a

the fluid streamin the solid concentrating region.s
centrl, dengitpdinally grrarged cong r Aljerpativele tRgoysssel mayibeconical i
forH"'e fluid streamfromsettling out and 15 formng a

Solid mass in the downstreamregion of the solid

concentrating region. Such settling out renders the

collected solids diffjcult to remmqve. wever,.it iIs

al s§ 15 ipepriaghthat the fluidsirepmdy, the o rﬂ°P%e;%8?n%’c?€51“i‘ﬁg

f?éﬂd ' i Ahid stlefRAYor Eettlid@ out and
mt;s’%%’ﬁ coﬁrctg tr‘lrs‘}aéth thgggé%%agsn%ﬂrﬁ%qgi re high vol uiri?gs of
forbrling alsalil toassrie thewdeovnistreann thgion of the saiskconegrtiaing pagion.

| | oval frdmth |
sofhadSBe RETTRE B L PUb RRRORRLT) BBV e P tiRe
impéttand thab e ifTbve ARERITS haf foBGin &6 R, ad (hés danFeduce Aryefliciency

provided with one or nore baffles _of appropriate shape
of thegolid gencenfrajingaegion andieequise highvolumgs el flugjobsrempyed m
ref ] . i i
o 1 A0 AL LB FRERL 1RYRR 0Py e
heli@lborotationsl flawn patieom ofthe finidin ths sdlinl cwapantatieg tdgeon, the

| arger solid, particles, h |1 debri fromt
reiGHRIbe B M G more Baiics of SemepTASbE £ TR B
' ; : SRR lid ticl d i
e R8Ttk B I bRert” e Eentral region of the
separation and renoval region. This is conveniently
achieved, by nea f tlet pi t [ ' th
epEriEbR Wi pEn veBiTeBHIEDR 508 Hf

sepirdtioRanll YerRbvas kdpidny tRUth@lonTFHisH %0 separdté thiclarger solig
change in direction of the fluid, the apertures are

parictes srugh by wall delprise fromdthe smallerisplid perticles sugh at sapg 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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17 fluid flow Larger solid particles remain in the
outer region of the separation and renoval region and

woay7/iesmenoved t hrough one or nore outlets. POFAB2007/002220
outlets may conveniently be one or nore ports in the
wal | of the separation vessel. Again, to be in line
with the fluid flow directildn and minimse the risk of
bl ockages occurring, the 5outlets are preferably

fluid flew! edrgepsdrdiartidlésyteinaint inehd @itatregign bf thedepdration and
In an alternatlve enbodi ment, the solid arat i

reroivpl regianand map %Wmoye%%wmeﬁfmf%ﬂ“ feﬁ% e’ﬂ“’ésﬁﬂﬁﬁ‘i may

. coH@e\'ﬁ %e BhéJB?tlnbﬁf%fPo‘?gs el Qttht SpaRiSh Yidses A%H iftH Be in

s Sl eve streamis caused to
hnt hmﬁugdn fitidefldw dieection laddl nnmm'ﬂ:aethd ﬁslooﬁlvlpdtages oqehering, thed

ream c sthe olid.part ect at the
ouile RGBS AR (B ERIRgs FBF oo i d
particl es passing outwards through the solids sieve.

Larger solid particles, such as wel| debris, remain,
wi t B An eltemasbrecothodiment dhe slists [seraratipnAnd rerBO YAl Fe&ien isf

d Th
o RO bl Rl ALY ok e USRS i
soli@ANéva0 Thb fRittrehitds singeé td Sowleirengh the dnriey coruuit. The
15di aneter of the apertures in

id [ . .
cotaien pihe G asqeamweusea.ﬂgeesoapmc&qs?géﬁe'at bt el of tdgoer

cof i J48,FE ULty B pRaR0 kA S s s
Lar@r abludqmraﬂm; stich asfweib&abdlsanmaﬁi \mthin cthmqmndem aad pne@glalmted
e feed strea |cI

in
at i ulpifineongricy fibe Sp ftihufian Pefvecn Radrert
wagﬂm&' Iﬁ‘ﬁé? Qorfilit eﬁldﬁﬁés%'l&lvﬁ?g thRRigh theior igastesmimbd by Ry

passed to a further separation process, for further

diameierafttheaapeonrea inl thesobidssievsf t he solids materi al .

Fl uid conponents renoved during these separation

processes may be 25recycled to the appropriate

POSiTHe @émbvhl b e @A HRimetet soR p&ticles may be on a continuous

basis, or operated batch-wise, as the need arises. This will depend, in part, upon the

ﬁ%re med

relative amounts of solid and fluid components present in the feed stream, as well as

the particle size distribution of the solid material.

The streams containing solid particles, both large and small, may be passed to
a further separation process, for further concentration and removal of the solids
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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In a further aspect, the present invention provides a
separation systemfor a nultiphase fluid containing a

WOHIogH14deXisi ty conponent and a | ow density conP6d&R2007/002220

conprising a separator having: 30a separation region;
an inlet for the nmultiphase fluid to enter the
separation region; 18 18 peans for inparting a
rotational novenment to the nultiphase fluid upon entry
i Nt mehiwefos apparting o rotategiabmovaend o the niudtiphaaa fluidtupen entry

. annul ar region of rotating fluid of predeterm.neq .
ineg FRecoR SR ORI, Sociod Faug hputet annttar gt FBHAE g of

preHE&&Kﬁ@&&i&fne&sh._ﬁnd%%?ére@fbﬁP' ar region being such that
the high 5 density conponent is concentrated and

s ub it eperdtion the tinknessio thasutériannalperegisndeingriyoh that the high

region; and.the | ow density.c nent. | ed
dersy BPaBL s o eteie R susb AR ASabE RAAEbUGL )
an3e@bh:aipdr €gi on. This is nost 10 conveniently
arranged as a generally cylindrical vessel. Wth the
ves el loyidspuyompgnet Aheqnaentiatersinthe ¢0re {£819he | n| et
for the nmultiphase fluid is arranged in the upper
portion of the vessel. The system may conprise a
si nThe sépatation fspsterh ltompribdsiaseparetién regmnt dhenis erost he
15separati on  regi on d i.ngle inlet wll suffice.in
conyERighip prried o8 Agenate e dindrical vEssgli Wit the vesSel dispised
suﬁs{aﬂ'tiglcllj %rﬁ'ézﬁlg','ﬁié iRgt RF M HRHphdse FluRKR ARz ediif BRSGer
around the separation regionto forma fluid inlet
portiegiofthe veksel.syst em conpri ses a neans for inparting a
rotational notion to the 20 multiphase fluid entering
the separation region. The rotation is nost
CONYRAkRRirh Ynay 30pHBSA sipgRfisleefdk yhe hiyliphize flaid tatenter the
design of the fluid inlet. In particular, the .
sepatatianiregion andby snsls inletywillsfieein aany applicatipnh floyeerd!
fluid inl . ' j
requibcto D Biosf Bl hRIFE, ot okidfa JEPELAII AebRIA Bun e
sepati@ntreglon & foaiasfluid ifidteegiopar ation region. In this
way, the inlet inparts a helical flow

The system comprises a means for imparting a rotational motion to the
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 thg inlet to the wall of the separation
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25pattern to the fluid entering the system thereby
establishing the annular region of fluid along a
wooot/isaesiof the | ength of the separation regi MET/GBRO0T/002220
inlet may be at an angle of from45 to 85, nore
preferably from50 to 80, to the longitudinal axis of
the separation region. ThelPnlet may have any suitable
cross-sectional shape. However, preference is given to
re@bn will B¢ adieriedg The diandmivgs bithe dnletsme sdedtediv. provide thedlow
30 way, a . snoother tran3|t|o? of the.fluid flow from
patera rF‘H’rl@f‘ ip theyquger ganylargegion of e ssPURIIHEES- ¢ ogi on
wi Il be achi eved. The dinensions of the inlet are
selected to provide the flow pattern required in the

out &Fheaeparater systegi Huthef canheissepmarsngementeafifbuid ogtiess for

stem fur.ther conpri,ses _an _ar
reipp Pl T O SERay RO HOE AR Pr et Oar TR of
altefhatiREarsRigamedts 6t thé AGRISutle(agy B¢ eriployied eln tbE first
alternative arrangenents for the fluid outlet may be

argangdnagnschoth love daasity flad and highdensity fluigds rpmayrd deruh the

fluid a [ fl r
L Ao T . SRS P
arlaBdifer toidh & ndgﬁw&heéﬁfedta’mﬁthapmam emreeparatmgaﬂse ﬂmd phases.

negate the effects of th process | rat'ngthtg. h
AR alifreptiys g5raagemant jo Rrvade o sppargte i tts, plageq yitbin the
s i%mo %?R)a{e?écﬁvélg %rﬁow‘%%%lﬁé&émt lﬂ@.&ﬁﬂld%ﬁv*ﬂeﬁsﬁyl Fuid

ep arat on reglion so a5 to sel tlve y renove %
frate ﬂmmysp‘ebmwaiegmds bDhighbleshsortegntfdtiond I thdswandhe ﬂul
respect i,ons of h| est .C a is
SeRgEgion Rener P P HEdRateSt Pl DR TP BBy Mt PirBald o,
ankﬁﬁ%érﬁ&ﬁ‘é fog the A didI& afédés&%ealﬂeﬁfvmat I ve arrangements
the fluid outlet are described bel ow. 15 In
a first preferred enbodi nent, the system conprises a
fluid tl v af r
L pdBedtidtd BRRSHmEh Eﬂgﬁw&%%oc%ﬁ@%fﬁﬂ i oEftblsgdhed
wﬂﬂﬂ/ﬂ&l depantied re?hﬁ a® agositior that, touse, l‘:@mspmds'lfha positibet

r ef er abl orned in ac exte |nt t he
&eaam phihe Fé‘éj P%the CofsIeOn %‘iﬁtéﬁ l?FﬁF b&% b‘b%n
coﬁ&lﬂt efl tﬂi‘m%fﬁb gﬁﬂrQUO 'i'@%lgﬂ ©fhe bitlet rrﬁ?%uﬁ‘ﬁ? IbeftRdiGenteRd

genera e ar 1n flurd fl owm ng past
ofttheecomdeini ngewrethﬁ&ehvdéﬁmyfwhd whianiratesturtlericg and ghedr in fluid

ph that h d
a8 i i QPenPietis oBeey & vneh e TS B Meseshp s o
alicQdd Hé n 'i‘@yéfpﬁﬁat@ ALQPEAZIONMe didetRs prefedtatsly W the férm of a

pldrality of openi ngs inits end portion. Wth the

copdwitihivinga ¢lg djap, @mmﬂdnmth g phwlity ehepeanes ints pad

t he ratio
b PR W B b aROA Aoy VAR, B2t
regichARE Gﬁerﬁﬁg%&ﬂfbhd ahdidlyt @mtvbﬁsf [roﬂvpﬁfcrfddwm\ngm&m;ﬁmg
around the conduit during use. In. this way

omnmaﬁ@r@@rmngﬂddamgeamibf iortne Howeof Elichecsarring Areianc the popduit
durmg\ﬂséJ N Rvay, 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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20 downstream end of the core region. In this way, |ow
density fluid that has collected within the core
WOr2g¢ji/gedits renoved in a streamthat contai ns PRE/GBRMNNT/002220
density fluid in a relatively high concentration. The
first fluid outlet is preferably forned in a conduit
extending into the separat28n region, the details of
whi ch are as descri bed above. 5 Preferably, in
dotviSir@atendadf the dré sdgidn. Undhie wialy clowddenpiosfiaiduwhdt hascdliveted
core region, a second fluid outlet risd.ﬁrow ded W|th| n

withinsthecarer ragion is Feawgivem ing steeapidhatogtainsshe lavpdangitn Juidg
f
rel B4 hER SRURBLAGE TR bRl S0 L RabIY Rl %eg%“d““
ex@hdiag ity the separhtien regipinpthe latailn gf whizhhrgds déscribetiyabd¢e.
fluid in a high concentration. The second fluid outlet
is preferably formed in a conduit extending into the
SePPLbiaBly, B8k Bike of BFiré Fhid bistled Hispbel WitHi R ore reglon a
described"above. One arrangenent conprises a single
seaood dlwid owlet snuowged/wnthmrthet $eparatipn regioroat ap®sitiegi on and

R S R MR RN A T
In 1Y &ap fRiid a9 be wth@tedid¥ecily ol tHe fbgtudl Haoiiigate hrgmnemh@

separation regi on. However, nost preferably, the,

fluichinca tigh pensentation: (Tae seeond duidouffet et fored it 2
cobyf SR s SR o 0 g RN ot e

abswparation region is maintained. 20 In a preferred
arrangenent, each of the first fluid outlet and the
second fluid outlet open into a separate conduit, for
col '()é-&tahgﬂ%cntxén??&ﬁ ides @Rfh 1@&&&@& efe&nalhg Mﬁﬁpﬁékéﬁé?anon
fluid fraction the a senb hi's way, each

regidruard] Having apsningsifispesed @(amoamyﬁet ﬁxstrﬂuld@ualsts@dtthq secPhd
SR, FaELrd o e L BFE B8 o e

sephRdtithatfioRNHeRRU&GPmbaipRetblablyd tHeedoaluit Fasnl (ﬁitlbts/for el of the
conduit for the heavier fluid fraction may conprise a

lows density gluiband the high depyityt flid Bg‘héﬁww%ﬁ?s&epéf&ﬁ?%ﬁf thg duid
ph§3%£§ 1{1&% g'|e sggar&kdﬂ x‘ég%ﬂﬁé &%m?e[m tlets, the
em pre S a nea or breakl ng
and/or control ling vortices form ng 30 within the

separatign region
P In a preferred a%rangcment each of the first fluid outlet and the second fluid

outlet open into a separate 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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21 Thereafter, in the dowstreamdirection, the
system preferably conprises a region having the
WORGIEHIGH of concentrating the nost dense pha®€T/GR0§7/02220
stream bei ng processed. This feature is particularly
advant ageous when the fluid stream being separated -
contains solid particles ofl varying sizes. The
concentration region is 5 provided by haying the

C rhOS‘ﬁerSﬁt“eItr),i mnﬁéhdmeﬁxh difeetice firrsastemrprefegibhncangmtiseeal.
This ma e achieved b i di h
reaian heVERR b e 0B ot CORSEN R FEaPS Henig haces in (he stréit Déng

prodbisEL "Bl Yok id APAR DRk RIS W ) i st being
sepaesabdontdinscsolid tparticles 6 saryigcsiiesn Thy cqncentratiopregipn i
coni.cal. or tapered el.enent di.sposed within th .
prayieisd 3 e ine theor-scFonal pies oL e SEREetan feBion refbopd, This
ma§ be ABKIE VA (b ABING thOSapat SeSREWRE atBhRal dNgierétinfemhal
ores or passages therethrough, in order to allow

wallower density fluid to vent fromthe region bel ow t he
el enent to the region above the el enment. The coni cal
or tapered element will extend at the angle 15required

t 0 @iltematitedy AR hedessasd fedabiionde ciols-ssavralared may bt achioad
of the separator, in the direction of fluid flow é
withiza veseel gh gpnstant crostreecypn by pEIVISIN ph2 Ganical AhigRersH clemshi
_ o o 0f 14
i 1% 8 BTGB o G RERY Qe
preffgrabty ichprisdstanp loa seré lonitudite borea oy passages pharethraugh, in

ondgi i lemeloer SRR EHL o van{ o e IR CEFELTE SUPIL p BF
regéié(}ﬁtb&@@ fHedldrdht " THE Cohicdl Br Bipbiel SlenRiP R4l BRBAd atith€angle

( separator conprises a conduit extending ]
requived icegiive theiaphiopriateshargsdn sraseaectionsl erearfithyiggparator, in the

. pl.ural.it f openin [ | _of. [ T:

d“gcﬁ’é’ﬂiorﬁ gé'}/dpﬁ%‘?"e Bawvg%?lg%n%?ﬁ%% PP 63 1} {?P[gﬁ g%&? %g how‘aﬂ #E’

30%fo thb&mg@mﬂ&ltaxismrsme ®pafamrabl y at 25a tangent to the
surrounding fluid flow. In this way, fluid and small er

solid particles
For the processing and separation of solid particles from the multiphase fluid

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.



10

15

20

25

30

entrained in the fluid are caused to pass through the
openi ngs into the conduit, fromwhere the fluid and

WO dss3tay be recovered. The size of the opeRCHEGB2pR{P02220
be selected to provide the particle size distribution
desired in the separated solids. In this way, the
conduit acts as a formof #3Iter, retaining the |arger
particles within the 30 separatlon regi on, from where
they may be recovered through a suitable outlet

di s osed in the wall of the separator re
In liemnatixe ATengsheah &&mﬂf of ik gengption dpEiph s pibvided

ml%lgaﬁ'lﬁﬂ Q)QJT fobapp%f‘ra?gﬁ%ﬁﬁe%% e loperfingd dbndkdting t8d

Sl ze, "the %g;m ngs connecti ng
sepalmios eqz@mraMth a splidy cmapmmhzcznesbmogp oundihe sepapasion region.

S d around t par at i on ion
In & arens g o SaraR: o iasnulef rion.sxending
aroRh tede &%%n@éﬁ&ﬁ@j&%ﬂ}i)ﬁhe Geffbatcdandl ¢ftthesepaniion
and separat ed @tytgt he perforated wall of {he separgtion

zoneo rléndCUﬂ@@ﬁtlQm @rqt@imgcﬁmdﬁ@all@t parfielgs ’FVIﬂbP%FS thepugh e
op ?rEﬁtsl(f% \%ﬂe 11’lu18 ASRild | Q{%%i" 6hid éyf‘t @956»011 eﬁablqﬁﬁﬁ‘ el

arger so par es W e retai ned
sephtdtidh Redibie Agmﬁ,fthé kigéof thgiopeninggadybe sdbextsl tppravide the

e PRl SOESTEPRHn BTG SERREAAH TOHES SbaR &7 B ler. The
sm?]l%r pgﬁlc‘?ég%a‘ﬁ'iu ?erfld\}eti?fom M&%oﬁ&@ﬁﬁﬁﬁndﬁ@ﬁéde%&%gﬁﬁ d

are rermv omthe solid entrapnent zone
smtdblfml.glet alapértpatiiodesonay bt remoxed) &pn’qdhﬁ s¢patation fegjoth @gain
ved rom.t he separation region, again through a
thrg‘t‘ﬁ I&S’f“p%tt 15The removal of |arge solid
particles fromthe separation region may be operated
on a continuous basis. However, it may, be preferabl e
| n §bmmmhaﬁhmwh@m@nb&&%@e sepegrtiondegippy may be

rnltte
T S
rerBoRIBE A& |sohdsrint6hhmhnﬂhﬁyr ectawite, dligthapbe palrhicy]arly useful
smal ler solid partlcles ch as_ sand. and

whet prpsessingh BTN PORSrLEOR AbsaTEIBRiGh giay b
ent‘?{l{-ﬂédoﬁﬁ'&@%?sgrgauw 1id ﬂ&ﬁmi Euc'h% 98id Qﬁ%t%ﬂ%g&?ﬁgns from

cumJ ate downst ream end o
damegalratworn dowghae eqmﬂmcntmdehb bie. rBylbrger debrie may| be,

a5 St o P G T o B et

regfidr SMGRARMo? eRimSie lB? ffahé OCLA My operated vehicle (ROV).

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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25assenblies. At the present tinme, it is the practice

to install subsea separation assenblies to operate at

Exanpl es of such assenbl i 8€TEE2007/002220
settling tanks and the like. This arrangenent
necessitates installing the separation units.
downstream of process equi §hent such as chokes. A
particul ar problem arises when the fluid being _

in ®vasugsd rdte ofwehoNia frocss tqiipmenstaind dreqaeng faihirgs. Ltiven the

d d well 30 debris. Th i, t .
posBen o kchEaHiPRERM i fhepsrss b b 116 walheRaLian Fepesiye
an(g E@chﬂsu}r{iﬁ% fask 'tcﬁ%gﬁp fr ﬁPfaE@bfbﬁQn oPfai1e@itéths. It is known to

stantialfy we ore pressure. This results 23 in a
provédeydesangliers inemesliatély dewnstofant ofghpwelikead, imudesrie remeisgand

frequent fall.yres. .Gven the position of s o
s presd foheSispoles@etare SRt P it |
rethviRd seMMARRIA DT @ Marticld Eradd oW veg, sudls Eqiipmemsiahet offective

replace broken or failed itens. s knowp to p;ga/hrclig

K ]
in thesemoteal of langes aplid particlanoirebrisanhish cambe caETI¢dReH

order. to.r : . f 4
theffobe gkt 5 SPRH iy AR rocesting BbiBficH! QUL datidgS meriGita
befoeTOSlich@lebagthap afise d3laaesulf ofa faureior breakagede dombheleer
such equi pnent _is not effectjvye in the remgval of_ .
equigmgRt resulting i lergs itqrassofslebasbring proghsedfrom pwell oft i %y
adP¥Edpe Fpthel thtflod B Sy st of gre'éé}ﬁ RIS e P SHBES 881 RO
eqwgprrent .causi ng the damage nentioned before. Such
effdetbrelysrenmyedir Aseordingly, the sydtem of the fresehtinsergionis parkiewfarly

su o PG e O B QoS LR et FEipe BT "
opBaiaRiediRs &f williRalBidifdeAid rxi8{E€6R cintdik everths Ritgest of

Invention that this debris can be effectively renoved.
debicproduasd by the wellsyst em of the present invention is
particularly suited to being situated i medi ately
downstream of the well head, being able to operate as
it deesrdaiglyleh h ettt pspess theqresentinventiongrovidescndubisez
even the largest of 15 debris produced by the well.
ProRessiiEiasSniLy CPMPESINGY t her aspect, the present

i nven | i RELR £ ' | b
congrBaPiShOsihRuE VAR ML plol aPE G ibrerrancan

wedlt e produced from a subterranean 20 wel | ; a
separ at or. asse havi .a.fluid inlet conpnec
* ho uerFHeataB N e st forastdih B HPREE dsdeoly
foxpfféeéiwgg thd 08 f)ﬂ%@u&ﬁl ftom HHREVEIE BRY Rpaato assenidlybdie) Ggtrable
operabl'e at well head pressure to renove well debris
at erilheaail peessicn to randvenalisdebrs prierinedein shesBuidsito progyrertigdids-
ricf e dyt 4 R BERE; b DhaP SR iy BSAGHERY 2 FRIPSURL R e
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.



10

15

20

25

30

25f| ui d phase; and a choke assenbly having an
inlet connected to the fluid outlet of the separator
woxeeEedt. 24 Simlarly, the separation asse®SITGEA07/002220
the present invention may be enployed on an offshore
platformreceiving production fluids directly from
ei ther platformwell heads & a subsea wel | head t hrough
a riser or the like upstream of the choke.
Acc S[ntdllldftg»l the sbﬁhé'ﬁtufdﬁstelhﬁlﬂ%/ a$ ﬂﬁ@resehhﬁv@ﬂmmﬂy be employed
i nvention provides, a attrorm proges
on gp fffshase nb?foan fecgIving Iareémﬂor}élugdﬁéb%ﬁlp E’%B’req?'@{:é? 3?%‘@
r r
e B g B o e o PR Al
Acé@‘d&lgw ga Astherrmpgctf ﬂme preserti invengion ipeoviidasiaddatfiroopreesssing
fr the well, the separator assenbly 10 bei ng
assg a‘[ﬂ“@’rﬁfngwel | head, pressure to renove well debris
ent E‘ﬂuﬂﬁ‘écél{?z Etﬂ@sefﬂbw £ ré&nﬁﬁ%jﬂh'iﬂﬁ prodaedd filem faistbtefhaea

and a fluid phase, the separator assenbly conprising a
wellf ui d outlet for the fluid phase; and a choke

o EneratupCsfdpd Belll B in SPQRR Chiboled b Bt s biLei ©
asseRMBlIRY ké&@ﬁﬁlg&h@ Saids fprcﬁiucéch&oxfnl thé dreli sthe sepaﬁgomsmiiﬂy y

of the platformw || be the act V\,ellhead ressur.e
being operably appelkagd Presrwp tIFNQYS weﬁledf%’ﬁa Rjgained in the fuids 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.

In this respect, the wellhead pressure at the fluid receiving assembly of the
platform will be the actual wellhead pressure less any pressure drop due to the change

in elevation or as a result of the passage of the fluid through the riser assembly.

As noted above, the method 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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in elevation or as a result of the passage of the
fluid through the riser assenbly. 20As noted above,
wothey/deddhod of the present invention is parti ®GF&R2)07/002220
suitable for the separation of solid particles froma
mul ti phase fluid stream containing gas and |iquids.
Accordingly, in a further d8pect, the present
i nvention provides a method for separating solid
p ?r theCthREndss ot diitdrltamnhaaegibhlis shich tthae s sol it parfticles dre
stream conprising . a liquid qQnent and a gas
COE‘@ﬁ’f?@tﬁ‘éH@ S‘%hﬁ@nﬂ%i ‘lﬁéﬂl “egﬁ’htrodugl ng the
streaminto a separatl on region; inmparting a
rotational novenent into the f|UId form ng an outer
annsdms beg }mnembefomtcmcmbgd fd muhlpbaseﬁllédi sirearmisielgpduced

intpr SGRAPRARRR SRyt B LRGP 3l PRI R G Foftm Bt

cal@lzhiotle? anfii9ebiod of H&v&@ @@m@bmms M&Sﬁﬂl camnciomem; ed
to the outer annular region; and 25

equipiertibatsreli¢s urion tbmewaaﬁlh of epmpasgnts ysing fB’EFEW“ttW&tanfl the
resewgtmltg})ﬁ LS| ﬁ?%t%{:ﬁ th%%%ﬁl%fﬁed%{rggn ad aSuhstl ﬁ%ésﬂl dr¥egion

I'S Teqgi on been her el nbefore
thrdagie 6me&dnore ofbrihi Haske ddvuloqimht ﬁ‘ahe pesemt imedtiog dt Has

bepro s hat ot eRePBITE STERD B QIS0 HIeR POCE csblished ptin
th%éﬁ?gﬁ{m [:e%‘fq Ot fls BeR YR c@ﬁ@iﬁ@ ﬂi%ﬁfp‘%loh Qar BE FEduced and the

equil pment rel 'es upon the
seﬁeﬁawlfdfﬁaancyr mmemdnlanfoscmg tht:gncfdrmna fiuist tatfloynalangia elienlar

orhER BB RFiPEI9 e eths SHRRPE sl i dfagn e ShifEes
WI?A?S‘ E{aegﬁﬁd sthdhnt R@y 86 ¥EleRR PRI briblted I &R Fdsporitwey vhheter to

the orientation required in the separation region.

Accordingly, in a further aspect, the present invention provides a method of
separating a multiphase fluid stream, the method comprising introducing 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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10 been found that this incom ng stream can di srupt

the flow patterns established within the separation
worzegfiame3ll t has been found that this di srupti 80T&EBI0G@02220

reduced, and the separation efficiency increased, by

forcing the incomng fluid to flow along a circul ar or

helical path prior to ent e?ﬁng the separation region.

In this way, the conponents within the fluid stream
inlsBare Bearfed sedsthatthe héaidr yomporsnt=id thefleidstreans sprointtpduged

manner to 15the orientation required in the separation
raciglly gpwards o theitggt?ra?rﬁamﬁmﬁ- n a further aspect, the

present invention provides a nethod of separating a

mul ti phase fluid stream the nmethod conprisin )

i nt Thel ariuaty fowpatht masabe cincudarar delical, s reied QV%W pagtigular

manner,. t Q. i ndyce ,a rqtati.onal fl|.ow pat MRl
selygPH B ApSion g oF B EIRE AR AR o The astbABly betdl
usédat roduction into the separation region, the fluid

streamis caused to flow al ong an arcuate fl ovvpath,

the fluid flow ng along the arcuate flowpath in an

ori 0 ] :

pat (0 Gob 8 [REERUAARAN ol B iy tBeiple Ol alows fo
sepa@atiumh dfifias connpb@ents bebepimr Apsardinglyf it dsprefegiedeist et fhiid

the arcuate f| owpath, the conponent.s within the fluid
streamp imthe aEepatsdlavpativg 1 6T%’é‘ﬁ%¥£tt@“ﬂl§8 dhonFestms, that fs less

thdrShulhe f‘ﬁé 'eh h%ﬁd raftisSoflcivah@t oB @ afckhieTbwikvh §Ruld be
used to enhance the separation required in the )
sufffefoat &t 4t denst iaigiatise separatipnl efithe heavienang lightes fragtéons prior to
oriented o 'ntroo;liﬁce the fluid streaminto the
the ream AN Re RGSBARUOR P89t t he conponents of the 30
incomng fluid are appropriately oriented. Thus, the
arcuate flowath and the fluid 26 _inlet are grranged
suc fin aifiarther pepebie the neeseabinyentionrsoVides: anapprghug 1ot sepansiing a
. i ntyr C ' . of the lighter
m@hﬁkbﬁﬁgﬁﬁg&e%’ ﬁlg%%éeﬁﬂ%?%h 2" owpath may be
Ci I QWepdratidn segloncal , as required by the particular 5
separation function to, be achi g\s/tgd and t he%éxp%si cal
as péatrleior intdycding Afluid HepmgntedBe SCPRAYOP IR 1 ui d
int ' i m@g gt%mhgtpfnkma'm i me t hat
al | (@@r@%ﬁe@é@%}ﬁr?on #h he coéponentsltgtgbegi n. .
Ac c owlebrain the, ar¢utate congnie fied thednlethare atrbrgetl|to infrodocesthe Slad
in the arcuate flowpath is in.a |amnar,.or .
SRR P (KA PIIEIED 4B CTEHANC) TR diE R thafef hedyid
wiﬁlﬁtﬂees@ﬁérﬁti&ﬁ@ foA@uHAg Bperatidri/at ure of the arcuate
owpat shoul% be sufficient to at least initialise
separation of the heavier and lighter fractions prior
to the streamenterjng.t ' j :
fur tHBA RSB R0 SE R 8 bs oY ERT Kl B b bmal ool
sepitRadridedseef Qich 98B @y¢elbnd) dnahis 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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mul ti phase fluid stream the apparatus conprising: a
separation region; an inlet for introducing a fluid
WO00 3Nt 0 t he separation region; an arcuat ECET&ERIN7002220
for conveying a fluid streamto the inlet; 20wherein
the arcuate conduit and the inlet are arranged to
introduce the fluid streamTnto the separation region -
in an orientation corresponding to that of the fluid
within the separation region during operation. The

separation region may be that of any known ot[
con¥igira bhis 2 schematioiraresonationeldhe Hawpatierpeof bg cpmpanegts

. o .
of f H{d s A4 Stain LERR B nod Yl (b el hl I SRR ot o
according to this aspect of the invention by a
sui tabl e dificatjon of the c ui t..copveyi fluid
o Fiears H e shepus Sapspiimionpiabsmeive Boepadtnethe
con’gpoﬂ'eﬂf‘s dt raerﬁlgﬁ hdsB YIS dt2BmVh the AONOH B B pedsbitGfiventignay

exanpl e onty, having reference to the acconpanying
drawi ngs, in which: 27 Figure lAis a schematic

represent ation .of,.t he fl ow, .pat,t t S

PR R B0t frost SRRl EOD olen d o SR
acdHERL WY a firty embbdifenDdTi the!prRsdnt Fvieitigh; schemat i ¢

representation of alternative flow patterns of the

Figure 3A is a longitudinal cross-sectional view through a separator system

according to a second embodiment of the present invention;

Figure 3B is a longitudinal cross-sectional view through a separator system

according to a third embodiment of the present invention;

Figure 4 is a longitudinal cross-sectional view through a separator system

according to a fourth embodiment of the present invention;

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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conmponents of a nultiphase fluid streamin the nethod
of the present invention; Figure 2 is a
WO2047¢44638i nal cross-sectional view through a BEp&B3NNG1002220
systemaccording to a first enbodi nent of the present
i nvention; 10 Figure 3A is a | ongitudinal
cross-sectional view throudh a separator system
according to a second enbodi ment of the present
I nv Rﬁfei'eﬁﬂés_ to ‘ullawar_ds’ anEi;G(hmwhﬁ'Bs’i & used langin trefdr twathe
cross-sectional, view through separ.at or ,syst.em 15
assgmbbesawvitlylongityding) jaxes BiboH prlsgtaklwspﬁheéls i the
acdgpﬁﬁx%ihg @Fures. {t wiﬁ'hg%ger‘be'ualdérsiogﬂ Aok HEh-Retical orientations

SS-s ronal view through a separator system
magaisorbdiappliddand theoafotementibos teems aroto béeongiraesbavcordingly.
i nvention; 20Figure 5 is a |ongitudinal
cross-sectional view through a separator according to

a f RbfelifedhTB 1], ferd 18heW R 8 SéHerlatiy edprésefitation of a typical
Figure 6 1s a partial cross-section view through a |
fluisiefbow pattern witbirthie separasion regiqn pf Gamethadafithepresgas invention.

resent 4 nyent. ons : ' ' . .
A BF B8R SR 2R s87  s nER L efed Samionsaion o,
thrb6 @ D§ifele tectangeRAtanpettiabinta 60 iThg ihlet Risweur atdle to the
enmbodi nent of the present invention;, and. i
longjtadipgl a¥is of thesepARHER ERFIQN h SUC the inspmiagfpig R ip fisected
i Al Gt SRR RN Bl 0t . T
genssl dlireetion of fluid Bowtinindiveted tyehbhires imFigard bnGhe hedicaldflow

A R R Pl ons DAL b
oy S g s0heb g T g e 20
multighaseiflvidhgying a higher density are concentrated in the outer annular region
10, while the lower density components migrate to and are collected in the core 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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5 Referring to Figure 1A there is shown a
schematic representation of a typical fluid flow
wOopMVB46iwi t hi n t he separation regi on of the RETHIRIE002220
the present invention. A nmultiphase fluid 2 is
i ntroduced into a vertically oriented separation
region 4 through a single ?-%ct angul ar tangential inlet
6. The inlet 6 is at an angle to the 10l ongit udi nal
axi s of the separation region 4, such that the

' ing fluid 2 is djrected agai he wal |
HEFRIERICERNE S ACECRR TN TN R
upﬁlghé Bf‘zhg -s%éa!?atﬁﬁg;%gbﬁh. B HREHERP rhi@i déxrﬂﬁw tlufdl 9 ehfrained

Icate arrow in Figure e helical flow
solpiatsplashing §oatthe shies anmulay negien 4 argl cansedde denp begk into the

dj acent ,the wall of .th rati;on r.eqlo LERL Do
A fe@aed apapie eraipedop e SR UG e bk fegjon
10! hethikSnay, HinBasien bf ti i\ thé1gessel Wrgh@ntaleing teseparation
concentrated in the outer annular region 10, while the
regianeis roimimised conponents migrate to and are coll ected
in the core region 12. An interface 14 is established,
between the core region and the outer annul ar region.
For FexueeT P ehowde simtilaerepreséntptiese fiid fldwamttpmi sethat of

Fingy L ey T e g AR S A
refgﬂgh %m&aﬁolép%Pgl sk ﬁﬁﬂ%h&‘é&tﬂxﬁdl Refvidasints i feamk

nirast, the c region 12 i's conposed of gas, with
and ®amnd isrdansedrie dnfer theisepadiatioml region 4Ahrouph tvespnvssdecigngular

..liquig_a a i 11, .occur agross t. i nte .

inless Sapd - et B andg S At senlif the byt §f b devarption

regidr 4 ITRERAEEH andV7 bR aﬁlﬁtaﬁlguaeﬂ@f i iidnARy AuidAForitie infee 7
Seen fromFigure 1, the interface 14 is convex in

flowis dplow andiunderibafiid samd enteringirqygh thegiplet Sgin order to pg

shown. in.Figure, 1At ' I
oG b o i e 50Y. R o
mdz® LS hiah Geiakrangddl spplyiay alsimilaanppesces thatl o Figune 1B, such
i ncom ng fluid enteri ncglthrou h the inlet, 6. Inlhthl.s 1
thagapItinle Buid-wrsams grernigodicsd Bite the SsPaTpIigTHE B (W ith unimal or
r [ [ § Lhin.t he separation region 4.
nofRfiloninlect ?Sé‘ﬁ‘u kd)i/wgatﬁédaﬁlesf'fi ciently establish the
outer annular region at the thickness predetermn ned by

the Rdclfenrggg Itooﬁéulpefl tthtgz?e is gl‘lgvtvnﬁh vertical cross-section, a separator

system according to one embodiment of the present invention. The separator system,
generally indicated as 102, comprises a generally cylindrical, 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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29 As also shown in Figure 1A the inlet 6 is
di sposed sone di stance fromthe upper end of the
WO28pHt44e3lon region 4. In this way, high densi (PETIGRR0EF/002220
and entrai ned solids splashing fromthe outer annul ar

region 10 are caused to drop back into the 5 fluid

stream and becone entrained®in the fluid circulating

in the outer annular region 10. In this way, the

er 09he BepatatbNR4L 128 aGenérily vliieicalwatd runningahertthepughe

separation region 4 is mninsed. Fl?ure 1B, shows, ﬁ%
extending an ity wpnes BeUIORR1E thegapr 10Giand.fin ity lopernortian, partiaily nto
thioybaboetiB 3, TEACHERInp bofibfil e SR LplcERut! N2 s
formedBvit &taptred bogy decrdBing inerovsHstdtiphalsaeed inuheldowgnwards

R L

soli® EortBaGY 1 1'2'1#%51& of fdnges 15@‘5&1 béltset226 TR Gombired bores of

arranged tangent ly to he wal | of the separatlon
the expi 106, gkpar‘ﬁtma 104 selid cancenttatpt h]ribamlrﬁglfllr@dc‘im!@helt Hatforma

| ncom n d fromt
g eans The eoraPons fonEng e sshtpo iR S fenuty
wéaP réafsﬂﬁf mh@nalvtela%moeixbe@iv@ Rrdy@in/sfake wales é1 mayibs linetoors
and 3. It wll be appreciated that three or nore
Slqemcbmsmdavlawelahrranged applying a simlar approach to
that of Figure 1B, such that nultiple fluid streans
are introduced into the separation region 4 with
m nimTRlca@1 0613 pr@whtiécBWilh alfeetdqﬁmlgmmmmduﬂmg withua d

20 Ref , h |
vl s 5 i B B 2
R4 I S e g

the oaipof esap | e nEhadrgle of/the fitdipne 124\ﬁ®dtthﬁ'clalqt)126 PikkRe ed

104, h 106
ceiisA by e Baprar of e Juiiparenaei e Phafin g 4 RS
pehehhéd %%piéél hARE fGAhS flell glp%qrzq%nﬂ ﬁrﬂmrzela&onss SE209] ed
to | ower end of the separator 104 b‘v: nmeans of

médsamg @@mun@mp@mwm ¢he lnngigiigveh axip ofthg serarstor | f
solid concentrator 112 has a coni cal inner portion.
The angle of the conical section will be determ ned by
t he THeQ@EAsi@B offthd inket bpering Wil aigp mwmn@u byCiba dluid
angles in the range of fhoiESto 20 f.r.om d

stiegm e thei ssparation dutys Fora il sHpap pmppsiag a Vt‘%ﬁ‘sc%ﬂ‘ $ gl

wz\ikgrteaélﬁ%gﬁ%ﬁ&dlﬁg%jgﬁe Ridt 196 Ai bE 6200 EYFNiLE h MRl PelBLity of
from 1 to 5 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

concentrate.

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 The separator 104 has a generally cylindrica
bore running therethrough, extending in its upper
WOR00vidaés1i nto the cap 106 and, in its | ower p®CTIGHBR7/002220
partially into the solid concentrator 112. The
remai ning portion of the solid concentrator 112 is
formed with a tapered bore3ldecreasing in
cross-sectional area in the dowwards 5 direction and
a peRiikiiagfliidichoke EI2wficpneatioaalrdesigh,1fbr exumyled plug-dndecage

| d of th lid 112 of
chplearigie GUleic ! e pTORNaton F0 CHRRe 185 S aRBEP B aLhgR hd34
leaﬁﬁ'% t¢ USwnStFRAAY Mlia Trdl‘:géjsmgsé?iuiﬁnéiﬂ NERE [dvik @hd 3i1t21e #sl outlet

rry contail ner forma separation region. The
plpedﬁﬂ@nmotcbs gmenallygwntkh&lesmpapatbﬁwen ¢hyi sgparaiog 164 and the solid

f f t ant I
consgaisedt P e FRed, b MR rpory RS Sy Bt pipe 128
cox%gﬁ&e%%\iﬁﬁ}ah@ of lﬂ@l‘iﬂ PaHseIsicRiktending in a TAkalbagutd@fsdirection at a
provi ded wi eed pe 124 communicating with a

tmlgemttaﬂypwrrsmfmofmﬁmdonlﬂetma(bmrhe feed pipe 124
and the rectangular inlet 126 are arranged at an acute
angle to the |ongitudinal axis of the separator and

t angewdrtex| doyitrélcasdedmbil{ €3 8vial provifled el maymtddén thetiewermghef
of the feed fzpe 124 and tge i nl

26 wi |l b ;
thegflitid onletaape |28 prd emipsises ¢ gldoemf% &#Wfd%ogfprozamfa’ﬁ&ed

co D e B B o e e e e

upwaais lﬂmdng vartexa ’Ilhusnadmms pendied floaw patlvalidveing S towircwate

th 0Jhe..d
T b BTRREEV I o AT G Tl
als%tﬂ')t‘;‘e@{@h@ RaviSoifpRasiRd b@wartisl thus pRvertirg dgbrém&ﬁﬂ@ﬁiﬂenmg
onprising a viscous crude of |, water an

of ﬂu:rqutemaesulart negionand pushimge the interfecedi2 sadiplly putwardge This
ﬁugll?eﬁ:g #g%set %/rg{?? ot‘t)éf: e%m&&?ems]ot{tﬂe{ ﬁulﬁisﬁeaﬂ he rel ative

enin I'S 1ts aspect
rati o, are determ ned by the f|UId properties and the

separation andthereqwredflow attern n the
sepéﬁhatsbmmetameﬁ T Fqmprises  gengral %%)BE@{‘C%Z’P ‘@di’f%e

mtEHl Bliarhétr Wah ltheatmnﬁ%r $ﬂﬁ L&%& k& 98 tiRtafelq KU Y the solid

annul ar region heavi er conponents wi ||
conezntratot i 52.eA perforated cage 142havingian mterndl diani2® coxeepnading to

ially fr t he sed f the

th o e e S e g i pafd soep GARE SR SRy
thrbligh fhe %Hfrb%n&h&? 118 8n - Ry B kBE rékioh 124 itk lsRiryl1 30

|nthe cap 6, to which is connected to the inlet of
container, The perforatlons 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 slurry 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 outlet 152 in the

slurry container 118, which is in turn connected by a hydraulic or manual ROV valve
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31 a production fluid choke 132 of conventi onal
desi gn, for exanple a plug-and-cage choke. The outl et
WO0aB071aes3pr oducti on fluid choke 132 i s connect BETAGB2607/002220
fluid I'ine 134 | eading to downstream fluid processing
equi prent. The lower end of the fluid outlet pipe 128
coi ncides generally with th& junction between the
separator 104 and the solid 5concentrator 112 and is
15&i0asdbris Tifie 1 5§ whiougtn dhjvhrdebrisicalfected én filesystemutdyetie pi pe
128 conprises a plurality of fluid ports 136 extending
collegted apd mm@ved. out war ds direction at a tangent to the
outer surface of the fluid outlet pipe 128. A vortex
control assenbly 138 is provided and nounted on the,
| owhr operedionf a idltighesef fluid dtream tanpyrigggas2ene enmore liquid

' fluid quide 140.in the for. i d
phaSgh and SPIEBclEs oo fen prg i woll et Y i e Ete
pipgl:_ ;1 04 86 he réQarf$ufs MIbB6an tHeap R0BN PocH 4 @Nﬂtlf}fﬂaﬂﬁi&i@ typical

I's 1 nduces a curved flow path all ow ng uid to
of thie stredna prodaerdl feem @rsubterranean geodls T flyid stecamsenter theout

fluid sucti I sing.q arhe. . 1 i j f:ar
serpiptof s s Rl RS R o i Din R i e
capPT (R ed Wegarivot] eThe lgquid ahd $0kid phiades preazenitiih dve fld isbeana a

pushing the interface 125 radially outwards. Ttgcirs
sutystantipllyr confingsh telow dman annulas region a%hﬁﬁ% iaaf th capri96

t e . s - 1.1 [ Ii S

o R i kg i BB St
sepatatioR tegion, tisnintdrfacel betweerethe cbretragioh ang theemiulef regins being

RO ST AREE R TR e e T
thegsg?a{r%f’?@ﬂ ieﬂﬂailh_é’d ERas caifsed fppasOwes th@ggs 8dre! Deplidd@pRts

e In the solid concentrator exten co-axially

and fmyoseditl pettislesithat myaydherentrained within the gas enrerarepausadiin mave
. i on. 144 in th . ' : forat i
in o RoRE A hoid Stel e iRLABUIF reaidll®, PT) PF 2L 01

connect the bore of the cage 142 with the annul ar

region 144. A tangentially arranged fluid 25 outlet is
pr ovisdlaliquid streant ByiBe apmHlariregion descrrdsait lofes ARgUld; on

144 . of . S| .Ur. i . .
ol 0 o O o i
sepfagdtored(aip Hescendet aund atrecbone fegionsnaliokio. crasssedtiarn, yntilghe

he sl h i d | | j
liaiggn Risgnpiar HEWTAHAS Bemrane by o eRedet ShinoRiedc
fo@?gltﬁééorhgx i AHEREHR ihieNBce Mawntifl FRed2 whd i megkdetdl in

ected In"the systemmay be col | ected and renoved.
Figures 1A and 1B. The continued rotation of the liquid causes the more dense

phases, including the solid particles, 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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In operation, a nultiphase fluid stream conprising
gas, one or nore liquid 5 phases, and solid particles
wOonReegidsed1f rom sand to well debris is fed thro®§h/GHI807/002220
feed pipe 124 to the rectangular inlet 126 in the cap
106. Such a multiphase fluid is typical of the stream
produced froma subterranedh well. The fluid stream
enters the separation region in the cap 106 and fl ows

outld? 130 etheGap | PRérddefd3sed e pesdustibhilnidichekec 2 thAke Auid

. separator. The liquid and solid phases present in the

ling 134 fpr ferthea PTOSEBINED substantially confined to flow in
an annul ar regi on adjacent the wall of the cap 106 and
separator. A core region consisting essentially of gas
i s Mhe pdtatiorabactioh lof thetthymidsapmniaingdn thesppamator clyecreate a

VR Gy WD VE A G160 CEsIEs AR LSBT PRI he 2
rotéf? Fg Q52 RO ol Bt RindlthE &Parios 9P R phadel] iR paftRular the

arator 104, entrdined gas is caused to pass into
sepatmiogand gmdetion oftihe solkpasides TS vorigx apnirad @sgembly 138, in

2 h . i
pefiflet o320 Bowdot 1, Filbé BoBEénd bl b Pul{ RuRPEoiiios,
prelvBits tHetorex Eontdravingediey froAstht BRiryisepurstichi regiomand padsing
annul ar regi on descends, it |oses_angul ar ment u
upyerga intp thy region Reouad tit Rartsr13iie fefBEd AR CPM& ?he
vofibPR%HSEF 140G Rt R (RERRERIDE 1ERNAP oBSARRIB AL RN

ore reglon sha I'n cross-section, until
walliof thebeparatibreregiony fimther ediancing xélédsdspaatiamss t he bor e
of the separator. This action forns the convex shape
of the interface shown in Figure 2 and in nore detail

ih E’Ihgﬂ E&%egﬁaﬁﬂ o4 Bruid P&s&0ifid the §6lid @neéritfbradfi2! e

l'iq causes the nore dense phases, including the
crasekéatiopalraréacifalse flowpatobf thetfluad istraducad plong the lgagth of the

L EMIERE N R -

113 8RR cBhicAThid £hi@an40,|cdusing therfRiidwetcbme Bbidehtrated imnthe
separator 104 through the fluid ports 136 in the

solidpasticlppand formemshurie f1uid outlet conduit 128. This
fluid will conprise both 30 the | ess dense |iquids
fromthe annular region, as well as gas displ aced
dowTia shisryfpasses tdwhe centeal perforated ciie H4Xafithe slexty fcbutather

1 lg,tv(rﬁe?g] m%xvio}tgx Lgtse tocr%?a?i%ingllylézg%ta%eht%g %%pd gng%ntrgi%ed solids. Fluid
and smaller solid particles pass outwards through the pérforations 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 streamn being processed, the hydraulic or manual ROV valve 134 may be left dpen,
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.



10

15

20

25

30

outlet 130 in the cap 106 and passes via the
production fluid choke 132 to the fluid line 134 for
WOf200%KHé431 pr ocessi ng. The rotational action of PCH&B2007/002220
liquids remaining in the separator can create a 5
vortex, which will have the effect of causing fluid
flowto be drawn up fromtbe rotating slurry fluid and
reduci ng the separation of the phases, in particular
the separation and gradation of the solid particles.
The vortex control assenbly 138, in particular tg
vor Referting)ty Figune 3q thergis shpn po alimatig cgrbadaent o the

seifpystehih] prkesh BN, e tGriiohbty of 6O R Pure
3Alddriepwmidile to ticse bitherspgemnf Eignon?2l atehindipated ssif@éreisamehe

fluid outlet _conduit 128. The vortex.flow foi.l..140,, .
refgrenee laa?%raléoTﬁﬁgFquﬂéna&B gration of the S iFHE 34 is

Aande €A SRRAEN! ROdep&titiony 1Y etic
lmgﬂmm ngqgéWIgEF%géa?a?i on. @tryo%htvﬁe sgéptar at or9_104,
diffdrenicds presmstsudtionand Hetaldes] opgrationbetwaenttas systems offfiégures 2
&ggrag}-s ctiional area of the flowpath of the fluid is
ang aaPEPeEEAYt he | ength of the solid concentrator 112
by the conbined effects of the tapered bore of the
concentrator 112 and the conical fluid guide 140

caudihagystere of Figuee 34 corapnss ashrBesanfained 1B maupteddigeptly on

ticl f .
o b B o e st
combitca IgBﬁrarl]lllylﬁlin\_thﬂ @otch etf thercapt 06,ahs fjdparait:m't 19¢iaod giel sjurry

agitate the | and entral ned.s .as ul ana.
cagbl dnedom et (g OGSO LIS Slosrbhlh sEeieal cap
140 Ry écﬂf}%ticgrf'@a 1 76 BRreR®Y doOLRAIRCuRAREs WitkinaBe $IbRy

slurry "descends thin the slurry container and are
conteimey EL8. f A phurslite of kmgérdial parfirattons 476 are fooged intthe slyimy et

0 pass tao,t | urry.choke, 25148 Sol | g .
ol Ripek n e dnersh Ph ik s shlisc i iated 7 hirdeess pith =
slublyWuti P ThahdRived 4 RO SIORY cbetaineyVeT8, avkiidtein tilmonnects

Déependi ng upon the anount of debris in the stream

withed slyrrp cladkedd8 and slvaryipg a0 Adargentiakdebris pasletpart 180 1554
.y, e | ef ' : '
R oS, R 08 SRR PRl RYEHE L Bt
a Hydraalit onphgu:) POV velde | Shiamd £2ddRSNne 156. enpty the bore
of the slurry container when 30 sufficient debris has
been col l ected. The ROV may be provided with a
recgp Bﬁ&li%%r; e s.rcﬁ&%fo\‘ bj'é.gen’i BPF%%& 1B #RRIdes ah Altern@iRMAtans

34 errihg to Figure there is shown an
of adlicecomatritiation mhd shlidesullectiont [the crgsarseationakarea efthef t he

dopingiasag end of the bore withis th SERSHS! 1 64 Raithle rSPiRE AW e uia 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, altowing 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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3A corresponding to those of the systemof Figure 2
are indicated using the sane 5 reference nunerals. The
WOgestaded3si manner of operation of the system of PEF&R207802220
is largely the same as that of Figure 2. Accordingly,
to avoid repetition, only the differences in
construction and detail ed 3perati on between the
systens of Figures 2 and 3A will be described. 10The
system of Figure 3A conprises a slurry container 118
nmount ed ,directly _on the | ower of ., the se ar at ok . of
104R°f%n%@rfdg‘§t3 B8 thegsgis show fm‘w&aﬂﬁi}g‘“@w ato
alléf%olid
R e e
pamnhl:s m‘,mg hsluktyuiotlectionl cage tThdlhe assersbly of EigveeiB wmploys a

al 140. A slupry coIIe t10 t ends
st Sl S (i TRt Do iRER e 115
sub%taahbﬂ'lﬁ{ﬂetsxme%s transrRE sefardder 104! dlol RowEdd 4 Gomstictionrimeet
In the slurry collection pipe 172. The |ower end of

dowhward fluid flowpathetbe |sbmcca§§ctmzag@ hitekasdtswpper endslesed by 2

aut.l et I
cof STt B rBpde S el S, e
ve:ﬂ rtSl781ih Yhel doRizall&. 1 74 pravidsrunioatlerfobfluil displdced fpar the
O is_disposed in the wall of the slurry contai ner

SIUH%POB@}I&E - its end, which is connected to 20 a
hydraul i c or manual ROY valve 154 and a debris line
156. In operation, the separator system of

Fi gl the3Rurpyr amtaiies 148, fhhd enmatlld\mrtmi@rme odusedio try and
concentration and soli

copgegate 9B ths rRgRatox AXIS agd t ?H\Wf@? Ehsngﬂggﬂtbal glots 176 a9, o
emgf i3 5&:@%11%&%{&@9&721 %n@%hﬂeamﬁar& dischdiged thesvightthe

reduced by neans of the con|cal cap 174 on

slmyemslbumy viadh¢ fmry lghol@algi@ intphe sumy fing L o Rk 20 very
co RSB EEhE PR Pl B e e g e ors

ouflétUisd aRB dRahaBydadlisirmarniaiROVevute: f¥dmotthe detapdiret 166.
104 to the slurry container 118 form ng a regi on of

relatively still f|UId allowing solid particles to

set the gﬁ.?ﬁi%%ﬁg gseg% %a% 6f oty E[dy,amgééyd%f that of Figure

renove ontal ner 118 by passing
2 ik Mﬁdﬂi@@tﬁahﬂetfhmbﬁrdanﬁonmlsfsohdpatmhs 1w arereasiheenitainady
Th(e:: (zilrrlar?gcetnlle%?s (PtJ FQgeur%s %A anc?’ §B provide a relatively large volume of
substantially stationary fluid in the slurry container 118, surrounding the slurry
collection cage. This arrangement provides an increased slurry residence time in the
shurry 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 contamer

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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Referring to Figure 3B, there is shown an alternative
arrangenent to that of Figure 3A, but enploying the
WOsatEt4geIinci pl e for the coll ecti on and renovalPCafGRI792220

particles using a slurry collection cage 172. The
assenbly of Figure 3B enploys a 5generally cylindrical
separator 104, the slurry 8@ntai ner having a dianeter
substantially the same as that of the separator 104.
AcEQrdn{gw lcHRipandied\nfirn6 1ol bystdncofbpanPigitks Bl andd are
ath, tphe slurry collection cage 172 has its upper
mcbme singethe Bymereferpicediumesals.  Haweyer, thp arrapgement;shown 1n
I
Fnéﬁé § gg%lciﬁg f[} gﬁajnhtg'“ eﬁl&g g?likg 19[‘? re%ﬂ?éfffﬁ%r Jﬂaéé gﬁa_ Qﬁeratlon
ofwhtdhemufmw bd descrittbidsipbmeedethil.om t he 10sl urry contai ner
118. In the slurry container 118, fluid and
solid particles are caused to try and concentrate on
t he 8t 260 and
ol ot 1E Rl D TFECH Ehpless S RO dR g
a hfeawom ﬂma loatld:th:eydlat 205 Bretheageuilui ootlefreontit 2¢xis @rrenged

via the slurr ok 48 to
comial vl e e teih g SRS dieh BeltPedhudibdns.
The he4vidh i€ ot RuAET J03Nextdnds Sd)—dfuﬁh!y 60If [oweénd portolgWithin
the debris outlet 180 and via the draulic or manua
therebuery etlegtiars aagerie, ﬁon@mg@mamumﬁ@ﬂ@afor ollection of slurry
ﬂnarragge nts of Figures 3A and 38 offers advant ages
SUEOFRSS of Figure 202 in the case that the fluid
strean1contains solid particles that are easily

or ouadichl fud gvﬁ%%ggwgf@eﬁaﬁveﬁég oS Seanty 3D} gt the eas
llqﬁ}d‘e\Heq Qgﬁ Yo lfulnH + R)rﬁlgﬁoéﬁua'e %d{'te‘i%ﬁ 2&'&%& ]i'ellglcr fluid being

SUrroun urr tion c
drawi mttg'fhfrﬂmght ﬂmdwutleis:oadmt 2. cBedighs ﬂuldrqmlﬂamnd@ﬁ 280 is

t th | i 1
provifipay Qe Rl gt fiEeoss 2R disph st e FEpRldnS he
cofé% lloﬁ |a€§ve&h@vbﬁés§m?ésio@mﬂ As licvat BIFipies, fiefingefadd i ng
he sl ur@i/cfcontal ner 118, in turn Increasjng.the

be'smarﬂzct dopmregic apidempylantegionavitia thereparaiosd 4 s lﬂ‘&ci‘tﬁd by

o128 R R A O o RO  of

suéH thd, Qﬂblﬁrﬁlﬁpﬂ‘kﬂb\ieﬁforalommeam arbafithe core 3giemintasects the

slurry contai ner subst ially as desc
lighb e BB PRoB 0wl 00 SERISRR LG 5 IBGTRESt Snd, above the vortex

arrestor assembly 201,

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 bolts. 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
openiné 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



10

15

20

25

30

3 and operates in the sanme general manner as the

system shown in Figure 3. 36 Accordingly, conponents
wOoconTimexlo t he systens of both Figures 3 and #CIAEB2007/002220

i ndi cated using the sanme reference nunerals. However,

t he arrangenent shown in Figure 4 enploys an

alternative fluid collectidh regine, the conponents

and operation of which will now be described in nore

chﬁﬁB&'Z‘% 115the liquid leiﬁz(ﬁet@ RbAbipoRdiay pbra2ZY fokediirethé end of
loys a light fluid outlet conduit 200 and a heaV|er

thef tapi g6 @pemeg nrxt@ﬁmpparm region to geablecliquid tn be rsireulgted as
hcond #anged co-axially within the

SR bt rgﬁ and extends through the slurry
cont ai ner 118 The heavier fluid outlet conduit 205
ext ends co-axiall its | ower e

t
e 9% bergerabid st srrdCaSTy SIPRe A tpos o f e cap

208 il I PO o b ieprs 2.

Thedehdur fuid estiacondEe2fis qonﬁél:ls with aHlwideuslet pojt 242 insthe slurry

he .f
R S e £ AR, T
to Rothl Slveir 904! thtm%Q (éveﬂ_&ﬁrésp(ﬁﬁ'ing‘ tohA oftHel ddiwrsoen biid 2108e

I's provided with a plurality of tangential fluid ports
coiregivnsgsdsdicatedirdsigus 4open into the core regi on above

the vortex arrestor 201. As shown in Figure 4, the

i nterface between the core region and annul ar region

W t 4 BorfelP262RRABASEOINd (hé uememmd anmt cbydummmtatregion
line 125. It is preferred that_the 41 uid tIe
belaynthaitangewfil flyidsports 318n Jthe core e with ap Bl pgsase

228 e @B a{tﬁ%ﬁﬂgﬁéﬁ?ﬁ@%ﬁo% %%‘ﬁ‘égﬁ%ﬁ“{‘%%@a%m‘gﬁ‘* :

pasdaé éortfluid toq:»alsmumardsancbwm of techeryt domtaimartld§ forqollgetinn.
assenbly 201. The fluid outlet 130 in the cap 106
connects with a liquid trap 204 nounted to 25 the

u pqul 8591‘3&&{ lultPis GaRovddordi tife debaa@e ifvib Waysl First,hiee least

trap 204 conprises a central chanber 206 and a
dehkeuﬁhmld t:eiéej:tqdl ip thexaee meiamiosuiypisalikeas Passerieaugh the ports

21&'”% %&B}l& ggt‘feq (FLH %)%6 y rfR) S F}F%%L g@gﬂladyélc én ﬂ'l'l)’p 4 rJthe cap

10%9@U eto e fluia fekdrpese Mn&’ﬂ@h@ﬂditrap pO4ir Bihe flyiddéaves the ﬂuid
tangential fluid ports 212 opeping.into the

fe@cbmpe 208 ﬁﬁ@@htthfatapgef&#a} BOTGAT; IoRadting f fogrionsbiioy petem to

q i gﬁ?er (glgmég mﬂeﬁﬁ@ gléaﬁs%% %ng%sﬁfequﬁﬂﬁld’@y enﬁ‘ﬁm‘:&' §ohd

pafrﬂldld:s;i moive e thi Gallof] pheuctaiibey 104 arg fiow dwnwards,ﬁsmng ﬁdﬂ'ie

f he, |
seperlrgtrlrc])r} reglonoweh in i(.?he cag 10% tt‘hmugh 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 flows ina
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37 chanber 206 in the liquid trap 204 to correspondi ng
ports 220 forned in the end of the cap 106 opening
WOI2007014863¢ separation region to enable |iquid POTHEB2007/002220

recircul ated as shown in Figures | A and 1B. 5The

heavier fluid outlet conduit 205 is capped at its

upper end by a done cap 2088and is provided inits

upper portion with a plurality of tangential fluid
dopasttean?didectibh evithirathe eonduin#0§ thronple thesbriuiage addinto the fluid

. connect ith a fluid outlet por.t in the slurr
hnegﬁ% éﬂarfE? w!‘i‘s?“%ﬁ}#?éﬁni% -“tt‘mc @‘Bﬁfﬁﬁéct ed to a fl uiyd

line 224. The fluid line is shaped to forma weir 225
having a level corresponding to that of the downstream
end Aofurthheernbastimentrof ghaopresent invemfianeds skpwWmindigure 8. Ahe

A cone. 226_ext ends around the heavier fl uj .
SRR G FIES0S PRPES agod BRIDRF ALY piifry cabd ShpShtdlly as
def91bes herbihbefUiCariPRShewh in FighfeO arilopatdtds i thewane geheral

passage 228 adj acent_the_outer surface of the heavi et[]e_

maningt &5 hesystam shorauindigns 3. Ascpdingl somPanpiscomaon by
Sy"ftél § ‘gf b S es YR Fste MOl ushiy thd Sarid l‘é?‘fr)fm%qnﬁi@rﬂ?.r
T18 For co TH GCpetation, fruid s

ect’l on.
Hovesver eltk drrampemhbie shewn ireFigurel nerhploysafistheFaltesnative Hlid
| east dense fluid collected i.n the, core, regi,on St, .
collipioB 48PS S COBAUEES FFLSBEIHIOR A BTG 20Y 14 fepfiped in
mdrk Ubgjjout | et conduit 200 and flows in an upstream
Jlrection through the cap 20106 and into the fluid
feed pipe 208 inthe liquid trap 204. The fluid | eaves

212 Refifpte 4 Fige 4 800 ke iy cEPRREBb BRI o
wittin {He&efdtaititiegidf fronDRRead Phieeap 166 &tha sediomiof te fmdtion
any entrained solid particles, nove to the wall,6 of the

bettrenttls separatas B4 rnd the abwryaentsiner 1 48.u The Auidicgllegtion assembly

i Codi W _
309 SBREAL: - 24 Bl bl I a0kt Bty o s
forni hie inrful @ whanre] Bﬁ)ﬁ_ 'Iﬁfﬂwpﬁﬂha nso.r Tholoedr emd ofthe [mlieg']c:.fﬂdui/t/
308 158 Jhpouan HidowPeiad e anescanaut SSouil i BUGE

. 1 ; . b \
IR0 1 AOSEOIG OIDUA s  bct
303 afie nereespbhdiindfoim sares gerhent ang Amstion tabanstts dblnshewntipe

.core regqgion.b assing through the ports 213 in the
F‘%ﬁgﬁ@&%ﬁcﬁﬁbﬁgﬁlﬁ)ﬁﬂeet conduit 205, and flows in a

The inner conduit 302 extends within the outer conduit 304 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
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wofzbeivd46sut | et 222 in the slurry container

38 downstream direction wthin the conduit 205 through
the slurry cage and into the fluid line 224 via the
118 PCA/GB2007/002220
further enbodi ment of the present invention is shown
in Figure 5. The 5 systemof Figure 5 conprises a cap,
a separator and a slurry cdBe substantially as
descri bed herei nbefore and as shown in Figure 3 and
302 Eﬁfeﬂdﬁﬁrdu@h ticanpalie ligeid a&ha‘tklonadshwbeﬁs 12 toea fingsfleichoutlet
shown in Figure_ 3., Accordingly, conponents to
314 fethepad ehthe sap H8G. rvichyin tum congeeds 9 ﬂa'{ﬂég ﬁlﬁa 3@ t &UF cap

- cof{ﬁﬂ‘im ats%rﬁaﬂstﬁ% \Eﬁléfﬁ?@%’?m@% (ﬁ'ltﬁ% LidiRaRNSkout dMamber 312,

r
rangenent / Igure 5 enploys a further
whidh is comeicted 16 b diued e 3L | ecti on regi me, the conponents
and operation of which will now be described in nore
detail . Referring to Figure 5, a fluid

col g R iRSPIe Etends HOmAke ARG Bad¥vel belowih Bffectiveend
separation region fromthe end of the cap 106 to_the

of ﬂsgnm:n cofiduithi)4] afithe fleid ovtletassandrly 80 bdhurwayetheftnw ahd
. ! : .
ol s e a8 76 bkl  Hbhoh 8 il i 1eflyaCRom e

sepringtog04 arranged concentrically so as to form an
annul ar channel 306 between the two. The | ower end of
the outer conduit 304 is closed. In operation, the

gasii e SR mobiifie ShigRer 897 inctieh ithy scplfRugh régheh witin
theagap 106dyintkeds bfia pluealioybEfluid oetdmi or@32604 and

correspond in form arrangenent and function to the
ports 211 shown in Figure 4 and described above.

The g BRGAtdO AUl dnte?® the SNl @ BkEet WhseRibly J0RhRMER theSREBB10 in
304 and projects fromthe | ower end of the inner
thaoaneuiond@n3)4 omtbotihthe coregegionend de@utes aanuwgrossian oéthew

the 25 caone . .reagion by S
s Bp RS 1% e MO8 R SR 0b Py Eb o e e
anh@WeB06EiRth thelifhidrknotkdut Ehamlsr P02 trsthe ¢dp 006. tInehd soeRario
descri bed and shown in Figure 4, A vorteg arrestor

degesibedrherginBelgr, hig walh srnstst Biostly,af gag\dlighss depity CRRPPAGHES:
suc,clpe&q}&ufd, 3 removed from the low density fluid in the liquid knockout chamber
312 and return to the separation region in the cap by way of the return ports 326. The
low density fluid leaves the cap through the second fluid outlet 318 and enters 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



10 -

15

20

25

30

39 302 extends through the annular |iquid knockout
chanber 312 to a first fluid outlet 314 in the end of

WO/ 144431106, which in turn connects to a fl uPETiGB3@07/002220
316. The cap conprises a second fluid outlet 318 in
the wall of the liquid knockout chanmber 312, which is,
connected to a fluid line 420. 5 The fluid |ine 316
extends fromthe cap 106 to a | evel belowthe

solef debeis iavfowerattsaip to BE,000BED atoeguhigh 8ffienty.t eadditiringthe

t nbl y, 300. .I.n t hi : fl f flu,d
asspbLY R OPEEH Vb & vpiy st v Farios Bt ia Bt asierfff can

opdrhidioef £MRIEAHhndd AN BoWRRA! FoPExanifle, the asserhBRed shavhdn
knockout chanber 312 is connected to the separatiaon

theraggdropanying-figuresraan opgrateass low 2ad 099 BRD to ssparatg|a qopnbiped

flui,d retur rt.s 32 I n ' ' s the
orep St et S soRBE o Bl 6P TRl stiatelon bR D 13
cothPéhetil Rie 16 A0ilbbtatidh dinhiniedmidthé heemblyewillaperite anidr

the outer annpul ar region of the separator 104. The | ow

grayithi Senapation rigeples mACRerdingl e SeRAIA 3 Slovaates fom Zgw upwards
e annulus 306 into the |iquid knockout
HR%Qk%g%?v 12 in the cap 106. In the scenario described
herei nbefore, this will consist nostly of gas. Hi gher
density conponents, such as liquid, are renoved from
the low density fluid in the liquid knockout chanber

20 RLErARS o BEMED, HRrd iD ShAPAEHat2in 2S8Ry Adtotdiey ©aRe
by way of the%dr‘}r((;:\turnr plorts 326§Jarl'henl ow densi toylf ui d

préserimentibie incarpotating ay inletasseelly aacarding do thetfingl asped o the

enters t.he fluid line 3 which |
ot Eiatibontr g SeamtROrtiS il SRR Find Propent
invieRBors &0 M AE A listngtha ¥hiné Fiférehdeanuinivials. Thahlst bss2mBh2

and passes upwards through the cap 106 and | e Vg'lsuia/{o%e

genarallyf indisated pg 500, sompases;sdeed epnguit 52 thyeughwhish

w4 A B L N G Sappliat i

conduitt39d thiougld whicheflu3d faay de paseeyed tofedd pipstl2¢ and the inlet 126.
equi pnrent for further processing.

As shown in Figure 6, the arcuate conduit 504 extends 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 fluid 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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40 solid debris at flowates up to 25,000 BPD at very

hi gh efficiency. In addition, the assenbly can operate
wOowpHi4¢63¥ery high turn down ratio, that is a §CF&B2007/002220

assenbly can operate over a wi de range of fluid

fl owates. For exanple, the assenblies shown in the

acconpanying figures can offérate as | ow as 5,000 BPD

to separate a conmbined 5crude oil, water and solids
exShp1odM arfdedaow, Wilk eadftd therradially 1rmemtrrﬁm ofithetonddt. The

conp onents due to fluid rotatjon 8|.mn|shes and .t he

conbueyAIapd fad ik 26 arecarmngel sugh gt fiyidsiisamas proferty otiented
[ f {iePm

Wb paRenCREA il Mt SERSEYIATFon TRE, Bl

coﬁpglwnﬁs éin.tertt]ﬁfﬁffe@a:amrsllﬂé\ma radsatlyaruteriposition sadrilie\lighter
accor di to the I nv tlonln p

coRPIISEIN b7 S AL 1 A FR e ROt Bop LR R

apgrr ﬁ {%Htth ngélﬁﬁon Eﬁﬁli‘éé@ﬁntﬁﬁx thé Sienife Boduifsna shﬁplements

er e nts of the present invention are

thd Mmﬁﬁm@kmlph@etm&lsmcpmfer e nunerals. The inlet
assenbly, 15 generally indicated as 500, conprises a
feed conduit 502 through which a fluid to be separated
I's fRegedifg tdEigaes grHal B, thifds sivat a spardy agcadgftomifintirer
conprises an arcuate conduit 504 thrqugh which fluid

empaginsat ofthe @Wésnttl@vqnélea Ehmepmré%ﬂleﬁénﬁerﬂee?r 26. As

‘ cogP %uw%;\:ll ga}slﬁpl)%t @.}t %gﬁ %gnﬁﬁﬁ%ﬁ thél?iéh’%@?%énﬂof |

£0897 £id8 tnd Figutest medbntlﬁed fising thesania ir¢fefdle nurdenalse

e(f‘g':%’g'-%?ﬂ% %&Hﬁﬁ&gﬁj@t Fgg%rggﬁ?xha%sgn#efwl ; heec?{ ‘8% ommon
fei@al L EdthdRnts! The %Wh@d&cﬁﬁtﬁdxﬁélm&% Hﬁi@aﬁhds t}Jalrtxcular

greater or ewer turns, as may be reqU|red As shown
to the sEpayanoeoﬁFlgum 7znd 8atFer cleritiu Figuss4 anst §shesy endy the internal

cog'@pnefqll%offtﬁ% Pcaaaw&gng srt%ﬁ; \glftﬁ ggteg%% EP%b&gé’Htse suéhom Hllet

asnfbivilafd SanTatidisofll oatlétiabeaiitios beipgbinirvadat i on. I n
operation, a fluid streamto be separated in the

separation assenbly first flows along the arcuate

CONGlty Eéagalﬁ;]orltvﬂsgéylﬁg%?g“ré Pias &IOIE}? 'ﬁgf léi’fa.ssteﬁ% 6}{ 602, &

stre 0 sep accor elr lve
he€titefdre describbdishrotiplie whizh\al fhuid smqnorsentmduced)frm ﬂmm@d:m

reéilﬁg gi;‘ &é,sg?q%%t?qg&?:g\ﬁgi Z’é; Hﬁ N9sst Ol li\{mﬂ:flt#ntml%f] P}pemr\{\glaédglsthat
opﬁf?&'ﬁl‘fogtzﬂe s?_ﬂapa%oln'rgéﬁ)ﬁ Sorh® HR&H@J‘&&n tB&IGptrddml cnd loF 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 to 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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41 exanple oil, and gases, will tend to the radially
i nner portion of the conduit. The conduit 504 and the

WO 200%1448326 are arranged such that fluid strea®CI&B2007/002220

properly oriented with the flow patterns prevailing
within the separation region. Thus, the heavier
conponents enter the separ&or 104 in a radially outer
position and the |ighter 5conponents enter the
apSORMAA195°. 1 Odfuirtheeffaatbftht wallrssmbp and the mse of thighide

t hus be appreciated that the. separation initialised
SurffaeIfi08 i% 1QcEnBHTE (Al EnciBeRIBIng Tisishisdioh FAUssHLIocon{anEand mpact the

Welo¥ ' bt i g shear to
TEERRLR LB AN B St Rl R
whidpthe dlual is ackjestet], gptoving the sepamtion @ffenidnes iofEhetsystent he
present invention. The separator has the sane general
configuration as that of Figure 4 and the conponents

CONTRR stifirdthiCofaiRRe 7 TRAkerQonipriges £durfy adiflaiferad1d and glurgy

4 are identified using the sane reference nunerals. .
colRestion essemblo getrsalioasdipeinkeforstdgriribgd.de pasticplar apshoyvn in

. mad Lt h respect . t Fetiom
FigiBiraBndHE STIE BTSN i I arY ok o pefide 3opstricion n
thd @RMWRS RRY fldvepatarthd Suirp coletior pageai20rhas fts Eppwead closed

and 8. For clarity, Figures and ﬁ show,.onl y t.hel
byiarogicakeap3p drieast BobF 4%&@@@% BAveyah R EoNFtiisap 22
AR TR o Bl L e Ao
thegdpay abntsinera@l8enbl y of Figure 7 has a tangential inlet

assenbly 602, as 20 herei nbefore described, through
which a fluid streamis introduced into the upstream

I Qi theurhContRRA AR ild/aRY 561 paticled dtk 0huses SefPhird
602 has an inlet opening 604 that opens into_ the

coBexparattandhe sepgiatr axisrand do Sowthwough Sin tengentipslateaif axk

of the se tion regiqn.  A.wal 3 j ,
enfsy o et ST Shoh S o VR e el b e
shifpBRofliet §3725 Vet Gd vBB coarse aulididnfe! fluidislonn e absertérethe

gui de surface 608 25 and s caused .t oé&%ogéi ndﬁ : 1
slurey gage 620 and are rernoVadviEa the Sy spntajperdhronph the debris outlet

" ogi . ; . . . i9 isichtended
6347 P g o icab CHPET H2 AT bl 67 AR 1 i Shtende
in $enfi cempAed bathnhatshown in Riggree¥B. eTo thducs the ratakon of the fluid

presence of the wall assenbl 06 al | ows .t i nl .
sy ae TSP B GLR GRLPIRB S T R PHeS s ama Huids, he
sld}gJ &29 @h6 1Y (R6vili&d Wit al phitlidy Ui bafes 840 Exthdihg adially outwards

S€parati on reglon, i'Te still allowi ng the 30 .
actass thei shyryf donkainest Tbebafiles 644 atecyf suthen viey anmber and pitchjas fo
en]csl.llrg%ﬁ %etf?urig s.t\f\élzatnll1 isnsuh{}:?ently 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.



separation region. Thus, the angle a of the inlet
conduit as shown in Figure 8 is 42 approximately 5. A
further effect of the wall assenbly and the use of the
gui de surface 608 is to ensure that the incomng fluid
is not caused to contact agd inpact the fluid already
rotating wwthin the separation region. This in turn
reduces the shear to which the fluid is subjected,
i mproving the separati o@Lai¥iSci ency of the system 5
The separator of Figure 7 further conprises a slurry
container 618 and slurry coll ection assenbly,

1. 9engin@ihod falssela@xraﬁ Bglbﬁfump%a&emﬁa bRRced fRorP 8k titerdrdhn &%
shown in qure he 'separator conprises a slurry

Weléa@@ﬂmﬂ @omlmsilpg wqwé camporest pidea gasrrompondsé thomathad d

CO%# flowath, the slurry collection cage 620 has its

pper-"end closed 10 by a conical cap 622. A vent port

6 24m&1&dt&:mgsthw foidiintalal sypztrhlllcﬂugglohheharﬂn itleahuldpimse ARid is

n the conjca es.an
intriaet Emes Ay ifth (1 S ARRToRIo B eREY g Sheie i ey
anr@ B regidh tb h6tate! WitH the S&patation 8dgidhl 8nd Whéteh tAOBuRRDhAR fluid

particles are caused to try and 15 concentrate on the

is iafeqsieed a8 an asyte angleitothe Mnswctfml aigIef thescpanpipaiegian, such
|
ot S0, AR s Rt bR PSR EARES, gt

annolar k@iorﬁﬁacbﬁemmmtmngl noanset mtol thel switiphasef fluid;d

slu do not enter the s 0.,and are

” enlstrbiresn Siter R G telsh Smidibe SRREHAG0 g e raeyin
andoutl et 634. The slurry collection cage 620 of the

separator assenbly of Figure 7 is extended 20 in

| enf§fRins @pdprindainife et aluidhingg inner peipn svhesin 1o

re f, f

cont o chBFnd Bl Rl gﬁ%%ﬁf A R S
an&l UIdS t he slurry cage 620 is provided with a

af fl es 640 extendin | |y, outwar
b8 fheRiarofft i Sl SR I R alf fh ol g
conSétfthuted 4Bl 26bstantiamecontaisbdoiitiah tds re(gﬁ)nﬁ’(ms ghecdnysneditiRing
fluid streami.s suff ciently sl owed 1@% stil] ,nmoving

congeiiie 1 hegpiting eorogne Fors 489, ths UET AT regien 8ging o
sep@lattbity ah RicOaR vhﬁﬁgag QR | h&ulg %Eh?&ncﬁ%‘bem exchang@d Baaqce

the séparation of Solids from phases t he
the |on1i¢eannmdﬂr regign anddhe ¢are pgrossghe miteréace.618 i s provi ded
with a conical portion 650 adjacent the debris outl et
634, in order to reduce the cross-sectional area of
2. t heTisd méthyd aebidingrercldim 1t Waedh townitiphesniuld canprigena

solid phase.

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

comprises two immiscible liquid phases.

4. The method according to claim 3, wherein the two immiscible liquid phases

are oil and water.



43 CLAIMS 1. A method for separating a multiphase
fluid produced froma subterranean oil well, the fluid
conprising a liquid conmponent and a gas conponent, the
met hod conpri si ng: introducing the fluid into a
separation region, whereipgsthe nultiphase fluidis
introduced tangentially into the separation region,
thereby causing the fluid in the annular region to
rotate with the separation region, and wherein the

mul ti phase fluid is introduced at an, acute angle to

5. t heTheongthediarcarlingivickaing . phereiha raltirbase Byd e?mpré%%h
solfdrfﬁxtmeftﬂog ngaté??a sbiifgepERar ation region is not
I mpact e otatlng in the outer annul ar region
t her eby |npart|ng a rotational novenent into the
mul ti phase fluid; formng an outer annul ar regi on of
rotating fluid within the separation region; and
forning and mai ntaining a core of fluid in an inner

re ion; wherein fluid enterln f he separatlon ves
6. i s~ HieTgihedageRtding 1oany Ricsrdin Faimawhesgh dis;mujiehase ffia i

mtﬂbh@cea w6 k}[&%%ﬁargtflontﬂagoﬁ% &4 toRDRALE oi ®OduPcd, SheStbde t hat
ui onent is concentrated and substantlally

surfmﬁ tfdllgieﬂ a\lwhcml flowipatiern ég therfluid siecagewitlio theomgparativeteaign.
concentrated in the rotating core, the core and the
outer annul ar regi on being separated by an interface

7. Wi t Thegasthadaccoiding @ a9 medaﬂg slame,iwtgreerx drrangdphdse fluidan

. . the quter annular region a e across the
1““?5‘[‘%81“&8 the separatiqqr eﬁ‘gfl HHB“%’&&UP@F ﬁ@"%a repgPgHlar cross-
sechiyerein the mul ti phase fluid conprises a solid phase.

3. The nethod according to any preceding claim
wherein the multiphase fluid conprises two inmscible

8. i qi"l'ledm&?ﬁ(g g%ordlr%ﬁ%ggg ngq%aﬁ? R Aifei9 h%gﬂ d%J'lSEHyrnqﬁld

wher el n qui d phases “are o
andidatvadensity liquid is removed from a fluid collecting region established

downstream of the core region.

9. The method according to any of claims 1 to 7, wherein a low density fluid
collecting region is established in the region of the downstream end of the core region,

low density liquid and gas being removed from the said collecting region.

10.  The method according to claim 9, wherein a high density fluid collecting
region is established downstream of the core region, high density fluid being removed

from the said collecting region.

11.  The method according to claim 10, wherein high density fluid and low density
fluid are removed from their respective fluid collecting regions by means of separate

conduits.



44 5. The nmethod according to claim1, wherein the
mul ti phase fluid conprises solid formation nmaterials
and/or solid debris. 6. The nethod according to any
preceding claim wherein the nultiphase fluid is

i ntroduced into the separgglon region so as to contact
a gui de surface, the guide surface inducing a helica
flow pattern in the fluid streamw thin the separation

12.1 egTIﬁ:"inethc?d actBRMED RREn a¢ COREHEIAShd @naily hid L6RdeAdty fluid
claim wherein the nultiphase fluid is introduced |nto

outleh@ndsichigl derstin flpidgiuwdat- t hr ough an inlet having a

rectangul ar cross-section. 8. The nethod according to
any preceding claim wherein high density liquid and
13.1 oWl @en@hcb(yadcbmﬂrigdo iagy oEctaivesd thrldmvheréihdiudd soé¢thecti ng

regi o sta downstre e core. region. 9.
thrdygf o ey LB HPEB P 0% NP RSl 77 Cwher ef n
a low density fluid collecting region is established

n the region of the downstream end of the core

14. :r egT}@ﬁnethwceewg}aty cjairg 4P owhgrein aesllHd CHGEL ARFFBYRLATF r om

arratng éilltlﬁl@)l' \l.oecﬁé & of ﬁgidQﬁ‘ the }ﬁéh de-ﬁlg Hﬁl‘iﬂ@gﬂeéﬂﬁg e treple!
wherein a high It coll'ecting

reglon 'S establlshed domnstrean1of the core reglon

f1,ui ng.renoved. from.th
5. oot ettt esietecto i Il SREER R SRR B Ppowrdiy,
nmﬁ@ofmh@hain hi gh density fluid and | ow density fluid

are renoved fromtheir respective fluid collecting
regi ons by neans of separate conduits.

16.  The method according to claim 11, 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.

17.  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 core

and annular regions.

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

solid concentrating region downstream of the annular and core regions.

19.  The method according to claim 17, wherein the solid concentrating region has

a fluid flowpath that decreases in cross-sectional area in the direction of fluid flow.

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

solids separation and removal region downstream of the core and annular regions.



45 12. The nmethod according to claim1l, wherein the
conduit has a low density fluid outlet and a high
density fluid outlet. 13. The nethod according to any
of clainms 8 to 12, wherein fluid is renoved through a
plurality of fluid outletsapertures in the respective
conduit. 14. The nmethod according to claim 13,
wherein the fluid outlet apertures are arranged

21. t anpRHhdtiadd acérdinhe clalr® B0.0lhdrdib salldr sbi®pdtii@lbs e osisty
fluid collecting region. = 15. The nmet hod according to

to leava the sehids sgpapieonandiTgno v fegien thrqugh @n putlet arrarasd cg‘arally

W“@ﬁaﬁﬁﬁégma si phon. 16. The nethod according to claim

, rein, upon renoval fromthe separating region,

the low density fluid flows in an upstreamdirection

and.t he high density flyid fla i n.a downstream. ..
22. G inedrasiod Sodpdiah Ve b i St o R SRS Betiprey
soli@ oailénapsfigésLi N means are provided to control a vortex
formng in the fluid in the separation vesse
downstream of the core and annul ar regions. 18. The
23. TeU1RGnAfGcbatheltd cRIN 2B/ i@Eh Ak Gil1dd dPerthirdt hid@Eranged
conpri sing prOV|§|ng a solid concentrating region
tangeotislt to ¢lamotationd dloanefithe fluidrig thesplidsrseparatinn and removehe
re ﬁethod according to claim17, wherein the solid
g%hcentrating region has a fluid fl owpath that
decreases in cross-sectional area in the direction of
flu,d flow 20, The nefhad cor di t.o, an recedin;
24. ¢ aTl’mmqt}EHc{ Eﬁ)é?rdgl(gﬁ;ﬁ ARSI ity %ﬂdﬂ%rglb lair%% dPameter SOIT(?
parS@E3f &R e ARIm RIBMEY re%i%g 'o@&e@@ﬁ\dkss%{)ﬁéﬂiﬁnoindtraﬁp@dl’r e
and annul ar regions. 46 21. The nethod according to
regehai m 20, wherein smaller solid particles are caused
to | eave the solids separation and renoval region
through an outlet arranged centrally within the
25.1 egitemmeth@Paccdidingrte claod 2dceloerein g ugerdiamate? dolidvfagticdisn

are geg]gqvgg tfl{gglgghca%rg?ﬁlletsa%n ged0 tlarlige%%:ialii)y to(%lfle %?thng ﬂ?ﬁjdl }k():"vtv.

26.  The method according to claim 22, wherein the solids separation and removal
region is provided with an inner conduit, through which the fluid stream is causes to

flow.

27.  The method according to claim 26, wherein the inner conduit is provided with

a plurality of outlet apertures forming a solid sieve.

28.  The method according to claim 27, wherein the outlet apertures are arranged

tangentially to the rotating fluid flow.

29.  The method according to any preceding claim, wherein low density fluid

removed from the core region is passed to a fluid separation zone, in which high



23. The nethod according to claim22, wherein the
outl et apertures are arranged tangentially to the
rotational flow of the fluid in the solids separation
and renoval region. 24. The nethod according to any
of clainms 21 to 23, mhere'p | arger dianmeter solid
particles are renoved fromthe outer region of the
solids separation and renoval region. 25. The nethod
denSiGE AN i\ @piraied fidhMhefow WOREHINid MG rétaing@to Wt anMilffregion
~solid parPlpIes are renoved through an outlet arranged
in thesegemtingieRipnt o the rotating fluid flow 26. The
nmet hod according to claim 22, wherein the solids
separation and renoval region is provided with an
30.i nrilire mahatlactordingrto ughprebedidg ¢lhien, fwhareth loprdeasity Buid is
causgs to flow. . 27. The nethod. accordi to gl.ai m 26,
remGREE PR eH"S Faion AR Tnp i OGRS THHhaSe FVlp ey
por@én Sfthé AhidAP SErhdVeSs feMiidiGdantdBhd br&iepitR adjadént tHdi@let
met hod according to claim27, wherein the outl et
of thpyapltiphess PARSS- ar r anged tangentially to the rotating
fluid flow 29. The method according to any precedi ng
claim wherein |low density fluid renmoved fromthe core
31.r egh eeparasiop apsaul fara raulfiphase flesifom tisabterzangan welh whi ch

.gh 47 densit luid is separated fromthe low .
contiflte ¢ ey EPbiiieal pid sk SaTPBRER LTS ePigicS Hevine:
t hes &p@afi@ideg@nf €gi on. 30. The net hod according to
any preceding claim wherein |ow density fluid ‘s i
r erfivBlgt for HiarelEpkase Buiddg eeipr e Wereation AR, threnichbeine
tangnti.tall'{g tf{&bﬁ%ifﬁhﬁéﬁa{ig b fle 83draBoR RpidrodQt ad ARied dngleco R
enmoved is Teintroduced into the core region adjacent
longihwliiahxgs obthe s¢paratioh régpdtase phase. 31. A separation
syst em.f or ul.tiphase fluid firo t
cor Aol B YO R3 i el e BB RGN ety
int(ﬁlﬂapépiaﬁdtiﬂf@ r@i(ﬁﬁ p@ﬁalbcﬁ_smhhavbm?i an@gl&ﬁt&gfoﬁtdf oastaﬂ%rgﬁlm’d;;
an inlet for the mult ase uidto enter t
sepBPRERYLN the diigesy afehs ?Ht%rtanavél@wggtoa%@ﬁém thetghe e

liqdi@B&thpdtdhiaboR¥hpat&f addrbﬁbﬁﬁﬁﬁ[l?%rﬁ_ﬁn&?ﬂitﬁm tRShtéHtanAMar
acute angle to the longitudinal axis of the separation

mg@@gﬂdn; whereby a rotational novenent is
| ML g%dco Qohd idBlhbdRRARES, E:pb'ﬂe%éi&ﬁ O Ynd HH{: Quike
separdtion‘region, so as to torm=an ’outer annul ar

anni g tegivndfeingotpdrated bf huirderface with gasaimbléquéd canpdnkats being

hi ckness of the outer annul regi on being . such that
exchafiges PRGN 06 (U6 S SO bt ShE G aRIe STt | o1 1y

contai ned within the outer annul ar region; and

32.  The separator system according to claim 31, wherein the fluid inlet has a

rectangular cross-section.

33.  The separator system according to any of claims 31, wherein the separation

region is provided with a guide adjacent the fluid inlet, the guide having at least one



the gas conponent is concentrated in a core region,
the core and the outer annul ar regi on bei ng separated
by an interface with gas and |iquid conponents being
exchanged between the outer annular region and the
core across the interface 32. The separator system
according to claim31, wherein the fluid inlet has a
rectangul ar cross-section. 33. The separator system
hel REISOHMMthel RiRWirffe didpRkd®io bt imphesdhynhtid entsenamat i on
region is provided with a guide adjacent the fluid
separalien regiondhrgughythe Wiaid inlgt-at | east one 48 helically
ext endi ng gui de surface disposed to be inpacted by
fluid entering the separation region through the fluid
34.i nl Bie sep@dtor fisensapardatgao asy of damesdd do @8 nigrthey camyrisifig
cl.ai 1to .33, furth conpri.sing.a fluid autl et
a 1580 SR atore i B o “PRetb fgichcopirradiip o
dovefafre s PO ichg rE%oﬁj,Q;\fH%ﬁlilﬁ egdtut@dn. t he core region, when
i n operation. 5. The separator system according to
claim34, wherein the fluid outlet is forned in the
en ' j j: 0t [ LE
55. S0, T scPuBRROHldn RACRI DALY haS R AR PR
in thdendedfra dohduitounehding intotthesiparatiax regidny wi t hi n t he
separation region. 37. The separator system according
to either of clains 35 or 36, wherein the first fluid
36.0Ut TIRS scp@toF by3&Sn AccPiditigpioiclaimah, whetkial thoamidiingsefidsr med
in the conduit.  38. The separator system according to
coagjafly within thGsenagatign £80% peni ngs are tangential to the
flow of fluid surrounding the conduit. 39. The
separator system according to any of clainms 31 to 33,
37.f ur Theeseparetop systinnaccarding toteithenyif¢lagms Brer . spersanthe first
the portiaon of .the. s . gt | ' ding to
g RGU R Emp s pAay o ARl spRlpddiiieal i the PRt Cor
regi on, when in operation. 40. The separator system
according to claim39, wherei thﬁ fjrﬁt fluid outlet
38.i's Thsr yemeratonsysan assardipe i9 ¢ PRESIRUPRATNEAEES t he
tanSERAT BthOflow 8811 surrdindinkfle 86HAAIKAt or syst em accor di ng
o claim40, wherein the conduit extends coaxially
within the separation region. 42. The separator

sys i i r..of -clai o L el,N
39 TRBESRF sl betp Rl andor G €33 fudher ot B
a fiesp @nidroyslef disposet] innhd freticrooftthe separation region corresponding to

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

40.  The separator system according to claim 39, wherein the first fluid outlet is

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

41.  The separator system according to claim 40, wherein the conduit extends

coaxially within the separation region.

42,  The separator system according to either of claims 40 or 41, wherein the first

fluid outlet comprises a plurality of radial openings formed in the conduit.



49 43. The separator system according to claim42,
wherein the openings are tangential to the flow of
fluid surrounding the conduit. 44. The separator
system according to any of clainms 39 to 43, further
conprising a second fluidsgutlet disposed in the
portion of the separation regi on downstream of that
portion occupied by the core region, when in
operation. 45. The separator systemaccording to
clai m44, wherein the second fluid outlet is fornmed in
43.1 heTharrgpasaton sysimzrcording lesimg2i whereinkike erepieasicon
according to claim
e o B e i al Ly i thin Che
separ at or reglon 47. The separator system according
to gither of clai cond f..u
4. oo T e rsud Bepielo iy cEP ARG Do “druRTfige etk
a sdcBnd Heidoatieitidposeddi8 thelhetiGefrahateparatiys fegfonaloadstiiangot o
claim47, wherein the openjngs are tangential to the
that postipropecppigd BY isrcoriREIoRGVEHEN OBFIAGET . 49. The
separator system according to any of clains 44 to 48,
wherein the first and second fluid outlets open into
45. t heTIwavear@tmn slestem acchBlingoeladmpldys whereinghe sesomcatieid odileigs

forlyfa it B Sl SRR B PR MpaP iR RbSE Lorel O

fluid. 51. The separator systen1accord|ng to any of
claipms 31 to 50 further c npr a vortex
46.0.on TR IOPEALOS YRR BEFOTREIOMAE s B%Fglt%ﬁm&@ FEYN a
coaR Rk i hekEReRONdLBE._t O domnstrean1of the core
region, when in use. 50 52. The separator system
accordlng to any of claims 31 to 51, further
7.c0mpgd fe‘ Mdeof's e%s?&lnll 9?51 o‘r‘a‘?llir%f%%%al JUhith§ 95 QP4 At {h
separa on -sectional’ area Iower
secbibfiuit latlercosprisact planbty cdlt&:hal@ﬁ)eﬂihg feapat iatthocondeigi on
adj acent the fluid inlet. 53. The separator system
according to claim52, wherein the reduced

48.CT OBfe SBrhiod Bpter@ h&@BrdiSy B QMindEdwhred theBfm@thsRAY i on
of the wall of the separator.
tangential to the flow of fluid surrounding the conduit.

49.  The separator system according to any of claims 44 to 48, wherein the first

and second fluid outlets open into the same conduit.

50.  The separator system according to claim 49, wherein the conduit has an outlet

for each of the low density fluid and the high density fluid.

51.  The separator system according to any of claims 31 to 50, further comprising
a vortex controller situated within the separation region in a position corresponding to

downstream of the core region, when in use.



54. The separator system according to claim52,
wherein the reduced cross-section area is provided by
a cone extending coaxially within the separation
region. 55. The separator system according to any of
claims 31 to 54, further ggnprising a means for
separating solids fromflurd within the separation
region. 56. The separator system according to claim
52.55, THh@p£htdr $RRNBRIcbAliHAPARALT SRIn¥EANS 5¢ONRAdrTOMpésing
conduit extending coaxially within the separation
a sqlidg pensentration segiemuyvithindls segaration (asion;hayingm crosgisggtiopal
are& oWl flaf theORER! 08 fonal arda fﬁﬂ@s&%@ﬁﬂlﬁﬂl@%hﬂ%ﬁc@ﬁﬁhe fluid
according to claln1g6, Whereih the o eni ngs are
inldt.angential to the flow of fluid around the conduit.
58. The separator system according to any of clains 55
to 57, wherein the solid separation nmeans conprises a
53.s0l ik RpirhRdPERMM ZR0RIITH BRASAG2awheroH thhrdsedarasi on
region and separated fromthe solid entrapnent zone by
secHongh prea kaRFPYigechby? tapered portign of dgivall of tasca#aiohg
openi ngs. 59. The separator system according to claim
58, wherein the openings are tangential to the flow of
54.f | uTlk separtafoe systapaacebiding tostiini$2, whdreinghe reiheedseqsar at or

stem accordi,ng to_an f ak . rt
secfdRFT LG ehee (e BPndbe SRl it feSthar it 88bne
separation zone operable on an intermttent basis.
61. _A nmethod for separating sqQlid particles. froma .
55-nmul Thepiadator pystem gﬁt%@.ffﬁ tpﬂawgélgm Drip aftcRhGRAoMPr R
a michitd Br SHAGARY SAHAR Hofd Meld JithirPiKk defaiBARGINn. aNd a gas

conponent, the nmethod conpri sing: I ntroduci ng
the streaminto a separation region wherein the

mul ti pha Luid s |$ t ti i -t he
56 gopMLFEfcr aifidh e AR AR o]
meaf3ohpris¢sagioaduit externlingf @axiatip withi the pepastivo regiegiten,
nd whereip the l.tiphase fluid.is introduced at an
co Eﬁf‘é"‘%@l’g‘r"’liﬁy Pﬁqéd]ag GRERENHAPEURESs of the separati on
region, such that fluid entering the separation region
Is not inpacted by fluid rotating in the outer annul ar
57.r egTlesrseptrator Bystampecerdingytoaim 34 WHAEIn the ORI 2t o

" L Aiod QF AL &R gpnul ar region of rotating
an%{hﬁlagﬂog?éj p? e gefﬂélr %r ne 8 %ﬁ%& ness; and

58.  The separator system according to any of claims 55 to 57, 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.

59.  The separator system according to claim 58, wherein the openings are

tangential to the flow of fluid in the separation region.



formng and nmaintaining a core of gas in an inner
region, the core and the outer annul ar region being
separated by an interface with gas and liquid
conmponent s bei ng exchanged between the outer annul ar
region and the core acrosg the interface; wherein
liquid and solid particles entering the separation
vessel are directed to the outer annul ar region; and

60. t herHeRbgdtAi65sy sefn dcberdglts anPBNiIAiass 31 @85 Tuitifer SHPrisinat
the solid particles are concentrated and substantially

megng feraemnevingsaelid matergldronyic spparatipn Zomheperaiuehabr

intebhftfBaggcording to any of claim35 to 38, further
conprising a liquid trap wherein the liquid trap
conprises a central chanber and a fluid feed pipe

ext endi.ng .co-axially fro he ot her. end .t he candui t
61. e MeHeS inpapne d gl R L Eese Hyd RpF R
subREaadad v, the i Bdtrsa®oMpeisiak A lighRl dohipbfertt afdla pagpe

conpri ses a doned cap at one end of the feed pi pe and
compopenty the method Comprigiesit i al f1ui d ports opening al ong

t hepd&Ridin !ﬂpeestreaﬁ%mo%@m@gi% whEREE: AR Guill &
any of claim40 to 43, turther conprising a liquid

introdugpd tehgengially irte thieisgparationregion, shgrebyswysing dwerftuidiin the
o B P BT AR HA G B
is ififodudddent aie patedle BB RALIARIIYI dkis of the seaddtivn Geépiv)euch n
tha g FRISTIGCE pPBE B EFEOTE BPUTPRSeg Py HugLP &M (e G
annBRF te3iARERRLinfaR G o B8ibES thdeREnt 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, the core and the
outer annular region being separated by an interface with gas and liquid components
being exchanged between the outer annular region and the core across the interface;
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.

62.  The separator system according to any of claim 35 to 38, further comprising a
liquid trap wherein the liquid trap comprises a central chamber and a fluid feed pipe

extending co-axially from the other end of the conduit into the chamber.
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63.  The separator system according to claim 62 wherein the fluid feed pipe
comprises a domed cap at one end of the feed pipe and a plurality of tangential fluid
ports opening along the feed pipe.

64.  The separator system according to any of claim 40 to 43, further comprising a
liquid trap wherein the liquid trap comprises a central chamber and a fluid feed pipe

extending co-axially from the other end of the conduit into the chamber.

65.  The separator system according to claim 64 wherein the fluid feed pipe
comprises a domed cap at one end of the feed pipe and a plurality of tangential fluid

ports opening along the feed pipe.



