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WD 2007/ 144631 PCT/ GB2007/ 002220 1 PROCESSI NG

ASSEMBLY FOR SEPARATI NG SOLI D DEBRI S FROM FLUI DS FROM
WOA0EBUBTEBRRANEAN VEELL The present invention i s PCAIGR2067/002220

to a separator and a nethod of separation. The

separator and nethod find particular use in the

separation of multi-phase rixtures, 5 especially those

cont ai ni ng gases, liquids and solids. The present

i nveRRO@ASIN: ARSHMBLE HORr SEPARYT INGh B@LFDOPEBRIGt FROM: FLUIDS

li mi FRH AcSUBIPRRANEAN iWBRLi n t he separation of the

products of oil and gas wells on land, on a platform

or alby i I . .

appr BEEfeats ifchBo SRR R SRS, an e O O b esRpn, The
sepheatqramd modthvgl findpatticilsr vse i tHeabparsticreofphultightiase/ moftures,
su.bﬁegt wel | s .connect efj t.Erou h a s;l.ligsea . ..
espeqipll % dhosg Eenipiging gases Higwds ansolids o e prasent yeptuis
paPicGAS ShiRB1d B, Buk hitt lifiedto! W'cﬁtio:ﬁﬁ'théj&tpaiaﬂoﬁ bethee! |

floware currently carried in the fluid to the surface
prasiucts of eil and gasoiv¢listan lamthensuplathrm, pr expecisily ip subsed loeagions.

may be a floating production vessel or a platform The

surface processing facility has typically included

sepFhatoi@nestal Bpfdich th Forsp déwlepnidnt sAfthseiRriredutbon
water fromthe oil produced fromthe wells. Gas and

pragaeiag fields ésiorcstablish a phiraditnaf/subper wellsoaneqtyd thequghacubesa
SRR b Rty LBk pR SuRERERRE M Y ot ot
in thie pedliflossara wdrrentyeesriedint the flaiiab ek subfane proepgsingaatilito

t hi bl has.. b ' ith f 20
Thi, Ry DG BE EEEY BeY B o loabat PRABIa YFte) of B ElaiEren e
surgag;b YGRREsidd bRl Rid t9PiRalB inth@ed SpaRMon dfuipnicAC i% éé?)ﬁr_la}ﬁee

jacent to or ‘conveniert to the production wells. )
sangppascand veaterdrom gheoaikbprofecedfromm Bieweellsn Gag gnd inatasrecovered in
.needed ri.ng..all [ . .
i Y B Al DYt MIIRPHERE BEARATE ThE Bty el
puhpimpake FRmand erandrdatk down Wberied of pipeliaes andrrisersge nindeabed.
i ndeed reduces the capital expenditure and operating
costs of the 25 installations, it is acconpani ed by

si gnif . j | [ t ch
e
presessirpdecilivesat itls: surfapt and wrlosate thieeelseant installgtiamsion the seabed

i nt enance of the co ts i,s .relatively,. .
ot P LGP 8 OO ER L eabs pregorinr il hebisskisty -
rerh®RAhd ¥xtensiel iRhRruciie FHRABY &Y brifdWlBthe protiiced fifeams to the
situation with subsea installations, in particular
surfaee gud ergbimy 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 readily available.

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

safe diver depth. Rather, access to the equipment located on the seabed can be by
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safe diver depth. Rather, access to the equi pnent
| ocated on the seabed can be by WO 2007/ 144631

WORGN/@BB3007/ 002220 2 either robotic and renotP€B2007/662220

control |l ed equi pnent or by retrieving equipnment to th
surface for repair and/or servicing. Therefore, :
intervention is very limted, with the ability to
access the equi pnent decreasing as the depth of the
eith®iSbBdtl cadnd eembielyosntrblled squipaet or by retdedng equipmentito the
t hus be appreciated that the failure of egﬂ.l%rregt ,
surfesepetrpaik andior $EVigiagn d herefqis-dulenteation jegjeny limited, with the
i i .
sbRP LA e AIET UL Yl IR OE 08 dnsBlaion below the
sufffadel inicreasesiSht Wik thuistieripprediatedi thatphe failord afreqiripmentlocated on
optjon of a subsea installation is to, be economcally
the,JeabIePTRs i 1 ELSF QPCIROIA Bifbiet eide R EEEHRE o
expditd®. Rfdh@étﬁ@ﬁﬂ}, TSR AGPo Mk fonetifail k@ nuft be minimised,
requently the case that subsea wells produce a
in pantjaitlar if shvet opgion of & sybses instsllation isgp haesemiealyrvighle.
together with the various fluid phases. The solid
formation materials include coarse, nmediumand fine

sol i gdpRaetlhcheblemsbs &5 @it obsulids produced fhgaishissea wicllh It
very ?i ne particles, such as scale or silt.,

In s
is feaently thecasaihpiobsqgrwallsawedues p significrabauantivee! soﬁgﬁ_va
N . In
oS e iy S Ao B P B
mdteriaiinciude cbante, aiediuin asbfinesolidemviioles, sinb aserit hahsings e
respon

NETT DL TN TR e
prg%l‘%iﬁgslﬂa%ﬂ@ﬂlﬁ s‘lﬂ'%ﬂ;’g‘, Q?M RAESthall ﬂfcké,?ﬁ?%ﬂfé% upRinQHe 6gdation

.~ Typi ca he equi pnent e i's_one or
beingrperfouned dovwnhpésans the nativecofiib subierpmeabformatieret tEntggped

L

deS@Bion Ot is Rigwradol provide auhiee dnsallatidss with equipment forrainoving
phase coul d be found that did not r'elr};;r on such | arge |
predygee palids. Typiepily. 419 SRR SMPIRYeE Aotls qf mofe seflnggressels.
i oSy i
THEHR bERGP e R P el BREpRh R ooy AR I,
sizat [t Wweulddk lathemthgeo®Gif 3in e Hecie ancans af soparating pyddugedindids

i U AR OV P Tt B d neEt PSR R ¢ ne

operating pressure of the settling equipnent.
However, choke conponents are particularly E)rone t

damdigpaktioninsieHaticus aecinstelledidowmsiieamenf the Welllead pod gp‘ﬁﬁte
at }Jpegsuvrveesl sllgxﬁﬁgan?l? %léleo“; iR rp?essgl.prte of the ki@ broduced at the wellhead.
This necessitates employing one or more chokes immediately downstream of the
wellhead, in order to reduce the fluid pressure to the operating pressure of the settling
equipment. However, choke components are particularly prone to damage from
entrained solids. Further, the failure of the wellhead choke represents a major
operational problem, in particular if the choke must be replaced, an operation that
requires the separation system to be shut down until the repair or replacement can be

carried out, resulting in lost production.
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operational problem in particular if the choke nust
be replaced, an operation that 30 requires the
WOgBpasadsion systemto be shut down until the PEPFLGB20GH002220
repl acenent can be carried out, resulting in |ost
production. WO 2007/ 144631 PCT/ GB2007/ 002220 3
Accordingly, there is a neéd for an effective system
and nmethod for separating entrained solids from
fluids produced fromthe well upstream of the wellhead
choke, that is at well head pressures. I's_known

to preevdinglys tharaise nesd fon ansficstive wiem %r@slaﬁalgﬁ? for sqppgating

e HE BRI O U Y O o

thaﬁ&)ﬂtb&llhe‘ﬁdl;ﬁyssdreenher upstream or downstream of the
wel | head choke and can thus operate at well head
pressures. Wile this arrangenment represents an 10

| MDEQY RARR 1PN BVidE RErfak i AR REBAS Wit deHMa&8d TRORNGwn @
nunber of significant problens remain. First, the

dedanderm coleprgecesingle eyslongpinsercipmsedinsislaal veaset| Bhredesanders of

th1§:glepn0| q%yeeﬁgggfeéfei&?égﬁé; 8’%@5{ Iié\%hﬁ?va.ﬁtoogjéhe el\ﬁ%r:lé lcﬁ&@ and

carih®s Upied at Wellhdad pi@bides. Wailethis hifar@blehtrebfsents an
conventional cyclone separators generally have a

imprav PHORtON PGB Trangrareats digussediabo e, apEbesof signifigant 5
pro%‘fe?x?sorteﬁﬁi e [fntlst qﬁ@ﬂn&ﬁﬂ% dsGitleh OfR, a‘%ﬁc{ﬂl c%n{/ iroﬁﬁlu eﬁwlng

or restriction in thelr suit
technkiﬂeg;a Thitssephﬂaabn effieienty of &rﬂeﬂumbd:;e:ldmrscmrsmtﬁe at best

|| at to h t
onlyIReeEat 78 g O BAGLPoUSEr 1 PTG O B aferAl gylone
sep'%}a?&'s %@ner&l?)pﬁ@eea RroVEghs en&' fp@ﬁtﬂ’@ |ﬂu1c§ﬂ9ﬁ1¥h@é{‘sc WRile

profil’e over an operatln time of from5 to 10
acqpeabb in Duany agplidstions, ithie rem¢$ents e amgporsestrighomindheir enitaltliy

he . f | d
forjiap bR G ot e R A0 SUERER B g e
opérBtioriall fdhg@ thdndbd the daidy &)&ﬁgﬁ‘ihfobafatli’i@(iozﬁhﬁm’fsr awl alsastow
of operation. Accordingly, there is a nee

capablorQimackag ﬂa%welbﬁefoalvehmmﬁ}? QVRE FheRE dlffrsamspf froped
to Ryﬁ‘po& b tgr?%m{sqgﬂé 4 ccféllx sﬂloﬁ'tlaﬂ}i’rf@W&e %'Pfﬁc ﬂu1d roduced

econ e known wel | head arators

froar egivers supsealweld will verys spastondsqmeatly. Is Macmtaiﬂ@@eattd& in

Cgl q,ﬁté{]u%llgsﬁ qrt] ?)ps?em It_lllo Wﬁas a nanlfotw \I;vic’nd]:){;veo o%g;at%nt cco &ngly, etre

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

range of fluid flowrates and compositions.

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

solids, allowing the larger solid particles to pass the separator and enter the
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produce a wi de range of solid material, nuch of which

is significantly larger in size than sand. A
WOReeHdel, by design, is optinised to separat @CTERLO07/002220

fromthe produced fluids. However, due to the

limtations of conventional cyclone separation 30

techni ques, this systemw 14 be inefficient in the

separation of larger sized or coarser solids,
doavnbtesamguieent awitle thesredultd dizaussed hlmwet dcpardmnglhehere is a
ne%%%?r ator and enter the WO 2007/144631

esoRfsETIonFySisn that cap handle a xdernesaksolid Rafticle fipgs and

S5l A8 eHEAR S Sear @baMaonAccordingly, there is a need
m Igr a s%lgar atigﬁ s%?temmtlhat can handle a w de range

of solid particle sizes and maintain a high

effici ency of separ,ation. inally, ,as s0 f L ui o
s Eitaieds Opn AR pRAup A Al tR BB pRRe] i line
liquidopHasksRAA £85 b@%ﬁﬂ 16 8pardd€ JT s h@tuf Pefadtion of esvamidus pldses
_ separation of the various phases  in the produced |
in thewrerused Buidh Sreamds advanigaents and gssisisthgdgwnsfgeam separation

tr [Nelr ' L .
o PP TR e STFS S5 e ity
seirAteca @idel ingesdBalidpasicis wvelea wilsgmgefof optratingpressurdsemd

over a W de range of operating.press s and .10
floprelin bbwithons subipetgube Guks R atidlrefas shearicausiae theirgsdy
: ' ifihe already separated phases to

Seéna%tg%gﬁdasgﬂﬁﬁéﬁxﬁa%@%% 04/02 1 705 O discloses a

sol ids separation systemfor well flowback for use in

e SRR TP Rs RS B SR OEuB o
us@hasaibsaNkainehd thstllbiisls THOWsRAOGHSH hpdrobydlonk toThe

. lighter phases are transported to the surface for .
intgapitienily Rargte the heayypbase RtAining &lrﬂ&iffmgr.odww@my The
. ' from

igh{a? st ok Aok ket o Lep R K Ul nAL
techhigfues. dRsdrealy phdse colbatcia the botfune sBthe dydrotyaonsy Stoenwbére

. .US 2004/.0217050, does, not f.ul| ddr ess, and r.esal ve the

it S peR G ANERRP UG datandiid P FroD: RepaseeleFieisti-

ThERYstéf olf TR 0823 PO difek Qb fully 3l@EYs MidirkstiNetheOr use
In"a subsea environnment, that addresses the

aferéoensinend isowesd Aggserdinglyrsherpisconesidfgr animpreyadssepargpiert t

syJamns QB R ih g STh+ BirohRhe ol s E e o PRt
prdbléthsl conprising a relatively high

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

introducing the fluid into a separation region;

imparting a rotational movement into the multiphase fluid;

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

forming and maintaining a core of fluid in an inner region; wherein
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density conponent and a relatively | ow density

conponent, the nmethod conprising: introducing the
wWORDbofiid4d3ht 0 a separation region; inparting a POTABIHHAN2220

novenent into the nultiphase fluid; form ng an outer

annul ar region of rotating fluid of predeterm ned

thi ckness 30 within the séparation region; and

form ng and maintaining a core of fluid in an inner

r egHiei; entigg ehdsePpQafl 0D véstd 46 itedREITNEBRAO OWeO BRREPY region;

fluid entering the separation vessel is directed into
and he outer annular region; and the thickness of the

Out B FBREEe HE ShRR ahrul4eloh Ruck b Hefigteigeisity ¥

conponent and solids are concentrated and =~ = = |
compdehead selitly are enherintraed wid Mibstantially eangdingd withingthis regign,

densj ty conponent bei ng concentrated.in e rotating
thed%\”éf.en%{‘@(f“é’ B%%ttbﬁ&gé'ioﬁcetngra%g‘l?r{netrf)%ﬂg 8& luid are to

include liquid/liquid mxtures, [|iquid/gas m xtures.
In addition, the termincludes m xtures of conponents
that 10 conprise solid nmaterials, provided that the

bul f the nmxture is. < 0 £ L adiad i
excasfeeenr e e S g B B i€ BRSS! m¥rs,
liqidAs Rk ares Oin sdlifich, theatetn rchgies mixtaesiof comperents| thatn a

| i quid and/or gas s,tre‘gqm ﬁ?fer?afaes. herein to fuid
compusareolif saterials, eravided tatiuchylh AT BIRMBHHTR E e v

lqale ti i 14 WRpdisRin dfiksidigh
phﬁ%-chng}égﬁﬁgg?ﬁhc E!tu?iggsr%nqllug& tég(rjr%%rg%a?ndwrecoveréd.
pattticled and soliinvhateriall in ayigushmmdérgas sttaam. a nul ti phase

fluid is directed into a vessel, where a general

circulating or rotating flow pattern is induced.

HeaRiefireRBR&SIN 18 OdsMimsGAOAE RS & dirkdiith dxtendingseonniiictinlet
relatively higher densities, are concentrated,in the

of thetrewltipkast Snisd tefantovdet throzgh Mdicheassolidgich streara iy rgpoyed and
densi;ty conponents tend to concentrate in. the inner

recO¥ttetly ating regi ons. The fluid entering the vessel
fromthe inlet forns a rotating high pressure band

UEOEE AR TR TR
LS €00 SRS AT i, o s
or boxv:po:rkatsaﬂ{at isrileose 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 cycloqe
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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rotational region. Alternatively, fluid nmay | eave the

main flowpath and rise upwards, becomng partially
woRerppedl Finally, fluid may | eave the mai n f PERGR2H7/002220

and nove downwards, relative to the magjor fluid flow

VWil e the general trend within a cyclone is for

heavier fluid and material 6to concentrate in the outer

regions of the vessel and 30 for the lighter fluid and
mafePD OTIEN leadd 10 aGelikctioh ih thetdficiemytof dhe eyelpinen The diferent flow

d f he fluid ol jt i [
patbadbeorapeda r eBRt EmHE B tsrdetominst by o MERERARY v
p g%és]t;dfgﬁegﬁ?iﬁ %é@%ﬁ’g]‘%%? ﬁl%.gglre, %ml&ﬁ}e@ensilﬁ@é of thgads

0 a reductioh 1nt ciency of the cyclone. The
diffbedrft phases oof fravtionp adbordingly, theddpsige of acygbetieds very, depgndent

e TS o e i
outf'%ﬁl'-: sy Qesqjgﬁﬁﬁr%@érs%lltr%ce alhd $@fﬁf§e}pﬁ’ﬁﬁ§l€§fﬂé{ency and the

ractions.” Accordingly, the design of a cyclone is
perf@mancieqfghel mra&orup??irfyaﬂ mignificentl; uhanoted ahpveasush grfgparator
. flui ranet er.s... eration_of :
s w0 R SRR IR RpEoulafift FRGERORFANAN witra
widViahad bf P atedddiy defuflicgatmisters aubd dveomprxdbted mnh es thie
the Separator w fall signifi %antl ted above,

. M | | y, As

sepatption of salishmaterial from fyids rednsed fropra rbees ‘ﬁél i tuations

where a long operational lifetine is required with a

wi de range of flow rate and hydraulic paraneters to be

ac ¢ frhas Yednefdundsthataraimprbrecd skParstigraofzt moltipbasedblid dan be

material from fluids produced from.a.subsea [,
achigsanu i tRRRer BRSO O/ SETBRER IO g cauted to
rot3dlik L B@ASLarinlilsk tegidilofiBe s&?fléhiti%lﬂ e&biv) Ot e ifted Feplion or core

u

ensity conponent” of the idis confined to_ and
being nsntained andoecgupied by se loweedensiy gomponeali b is fopnd fat the

.separation region, wth the.j '
nighet g FPETRED Tyt sPud PRIer 3% ey RIS o
rotG@RPARE Y Egioh,witlsa Eesthskphiadbn bhthe highghdensite nitdrial occurring
conmponents, in particular solig, particles, .are . B
frogvihe ariativelelower densety compaRsTty “gleh%e‘io lpgige ?ﬂ? inferrpgign. by
i ' région, they are
o8 FRREPL By Bomm b i B roMERS bt B rBbion, they
sulsjecpbtoansdmumtotiona forses, whick $eevasio anprosgthgrsep@ption. The

ok i t he hi it ent s i t i
o e A SR 08
coﬁlg&?énitmﬁ‘l, | m g?_e[ﬁ@. Sy patfiduldr, BGitYEomdnitd WGl &akvé the outer

S e

paration. 2 inner regi-on is separated fromthe |
anmlarsegian pod pass irtg itemneasy region. o epntsass theleayics compepents, in

onmon s. W || _mor | .1 |
palglgﬁ%{)ﬁogﬁssarwcﬂse%og\?%‘ftﬁg c%‘rﬁﬁ'gélbh G Sitect in9hY Giiter annular
region. In the case of a multiphase fluid comprising components with markedly
different densities, in particular liquids and gases, the interface between the inner core

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

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

separation of immiscible liquids of different densities. The method may be applied to
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annul ar region and pass into the core region. In
contrast, the heavier conponents, in particular
WO gall7itds3t are caused to | eave the core regi on BAHGB2007/002220
collect in the outer annular 25 region. In the case of
a multiphase fluid conprising conponents with markedly
different densities, in pafticular |iquids and gases,
the interface between the inner core region and the
sepRidtesd coMBIBliqui@ BhdgasWiibdm fib Ms3eparata phisean Plenacthddhef
met hod of the present invention is applied.in the .
the pegsentanyaption s pastiqulartyyitable dp theiseparatinn ohumyliiphase Guid

fluid SLr. . i .

sl T RS B TRORRO I by st o

T AT ST T
y S arate coO | ne I qu

welh48 patticaldrp W‘F!ld)f?‘i@“%gg"f“é’tﬁ@sp Tne E@n&ogﬁﬁalﬁ%gﬂti’g‘%g' the

sepafdioR bEsRAt s;n@é(rﬁ'?ﬁe:lt QBnthihs Rekdrl Gvhidhlaycase) ikkebBod Bpdries to
separation of multiphase fluid streans conprising

rensokitle gpdidtpacticlss, frank theifthidipkksgshiand MHisteerthesin the separation of

. sespeci.ally suited to the renoval of solid particles
mdf"r’@‘f‘ﬁﬂ‘ﬂ‘é‘dfapgigﬁs@fa?%sam produced from a subterranean 5
well, in particular a well producing oil and gas. The
method is also suitable for the  separation of such a

st r Ehennethad of erraesent inkention is partiglarly, switable for Hig spparpiing
of %ﬁgé’@a&g Sar% g‘r%lmn{t ?F@’sﬁem %8§lglhhﬂg %gﬂgié i@ 8nd %ér%n"g%ﬁqs Hpidatly

ate or arat |
theicofipwsitlonabf 4 stegantipradated &y apfubseaneah®illdrazasmielo Windn thte
present, i nv,elg‘%_i on is pagjgi cul.ar,ly ~sui.t abl e.
1

SUraQEHEATIALGh S Bifica ANt P b IS NCARRETeE PR &?‘Elsgaﬁ@tggh%mimly
of %z%nmfe IS Mo B |5it8 F&}é%ﬁ‘trlﬂltﬁﬁﬁld stlid%oinpohoté fadl 1¥aviﬁ§1t|€he

frposition of a stream produced by a subterranean ol
outer aryakar wegdion, ragabingtin e verst gl polistlsnerpyal efficigngsii Tnisdpads to

antit as he |nner .k eqi [ . .
o SRF et R Rtent FRehAE b8 iaReR efion 1 o sold
partitRY GmANSluRPhhdt MOABeRe) e flidntrean comgriting a liguidut er
annul ar region, resulting.in a very high solids
compenspiandes gascpmpeyent;the method $ompaising: f yr t her aspect of

t heiero?ﬁ&Hé tﬂem{gﬁlgﬂr&ﬂl in éé gébfaFHtﬁﬁiv@%%l'a met hod for

separati ng”so partic oma nul'ti phase fluid
st r aapartihde rdtaticne! mbveraent érdothed fuidg a | i qui d

o e SRR e Bl SRR
and0 i nparting a rotational novenment into the fluid;
forming and maintaining a core of low density fluid in an inner region;
wherein -
liquid and solid particles entering the separation vessel are directed to the
outer annular region; and
the thickness of the outer annular region is such that the solid particles are

concentrated and substantially contained within this region.
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form ng an outer annular region of rotating fluid of
predeterm ned thickness; and form ng and mai ntai ni ng

wo asooangs3nf | ow density fluid in an inner regi BAF/GB2007/602220

wherein 25 liquid and solid particles entering the
separation vessel are directed to the outer annul ar
region; and the thickness & the outer annular region
i's such that the solid particles are concentrated and
subghasdlidahhtyrisiantemaved fuvint thie motatinganmabir oegion\y techniques
2007/ 144631 PCI/ GB2007/ 002220 , 8 The,sgl Igyanﬁlté%rﬁll al is
descebesl regeinafisn (The ouist ARURY regipl ISTPatnagIcd ViHL2 tRERftSques
SCr | id LARicRdt er annular region is
Sufﬁgﬁﬁ{ﬂggﬁg%ﬂ%{ﬁﬁgﬁeﬁogﬁkeslg sufficient to entrap and
hold the solid particles. 5 The thickness of the outer
anny| ar..region. jis determ ned.by. the overall
di md he triskeeiar thsouter il eigincRE e By e erlugn
dindsiolls hitestabs!bfihk Spemis 66linle threfidtewhich ehesfhiiaisédusd to
region. In parti char, t he thickness of the outer

entariha lseparatisgiregion.sIn prstiesiarathe thiskress pEths spten anmiy rGgign fs
of .t he inlet,.. . i ]

derfipgfed o Ui iigh AP PRUE Pl S8 ) et AT Tle Betehtifie

theld@@ieGR whidh the Alidkeieanentrtie 3pdritonpeioh, infrumidetermining

hel'i cal flow path followed by the fluid,streamin this
therrigh oA hehelesl o pals Gllooveorsas HRIGSEews ia isrglas. 4p B
¢ . ; . iy h 0 ¢
reshbe BRr RN & Mkl ST he RhbRudthal B of e
sepfatatiodl régiore nThse areckelestexhto hause theefluid smentbrandrfogn the oute

the di. [ .of the i t [ t | '
AP B T digeptiompne i PR e eyt ARk 6t
thellifid Ferligire AR bRIEARH B ol dhethY &llQGeterm@res tHevdlidaityhf Hee fluid

streamand in turn determnes the initial rotational
stream andl inyunsfdetemires theginitial rotationgl eglocityrpfthafluiddy theyputer
PrIefer.abI y, the inlet is arranged to introduce the
Y888y eam sone distance fromthe upstream end of

the separation region. In this way, a space is |eft

between 20 the upstream boundary of the outer annul ar
P Eiorably, W dlgHS sEREeNdo FHSCRre 8 MLl SreRy Some Siancd

frotﬁﬁ@? ﬁg%tfeg&q%ng%f%b sepiiafioRtdgPolS [aMis Waga §iR08 is éft bbtwedn
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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fromthe outer annular region can return, typically by
gravity, to the rotating fluid stream and be

woemtagsped. I n this way, erosion of the end WBCT/GBR0G7HE2220
vessel containing the separation region by high
density fluids and entrained solids is mnimsed. 25
As noted above, it is freql?ently the case that subsea
wel | s produce a significant quantity of solid

The et of therpréseni iaventiondeefietivain fendveng/smlid aagerial ,usiuch as

phases. ~ The solid format mat er,i al d
it bl iR @IS eiTeP S o M prodsdign S e R dhe ©
sepéﬁﬂgn effﬁ%w SF theirhdihoEH ¥ulH MSt RN bsb BPerarRUs k’ezﬁ@veaa@lae

. I'n"sone cases, 30 the solids produced ma
soludr]:taktwdkﬁs thatonashe producet! bade@ha‘SuchrfmﬂoifS la@p@wlh gehﬂ@ofpr

exagpbis HELRL T BE RO Bt BTe ol Iy P iogh 1S U " ©
debRS TeSRRN0T4R gipenfdahiie e tdiluee. Ofn thdreasp o€ ffilnte of downhole

invention is effective in renovin SO|Id materi a .
equipraentasubstgntial sokidhpatigles typieallyi etal partigles, say bepspgyiced with

fr e [.Qn: i r
the gt el su ARl EALBe SRR i o
dowiReai@qlipnicatiByeh dsaohglkes andahd Hkeaff dt e¢resvetlhat may be
produced by a well. Such particles include well
debris, for 5 exanple netal particles, resulting from
dri S+1h@ﬁarﬁ§1e§ feRicvRi %npﬂﬁ%&bﬁﬁ%y 8% tM@théd Sthe RIS
resu rom equi pnent damage or failure. In the
invertsm may faagde from afewdmilhimetres me;tqmn?:tnletmsevegéib@namﬁr%ﬂ Sand

ol | i cl es, icall
andiRa eBaeE TR A ' e 1 1O CasE s R ingjuce
objbdidin e Qihg@%b fiofh £ &5 GRS Garérg Tt isiabadtamtaragehd method of
downst ream equi pnent, such as_chokes, and tghﬁ I'ike,

therpoesenidnpension thay sesh 3 larasaangeofsolid pagislss mayds sepaipigd fHom

theShiiE& y the nethod of the present invention nay
range roma fewmllinmetres in dianeter to several
centinetres. Sand and gravel particles range from1

to f to 10 deb [ d
ob] BceEteuipradutagn i tha MR oF biegens Tnfinton Fibgdfean e
opdrSted@ BvaASV Rk Mt ffokﬁatgﬁttmﬁi’s 10ds alibrgt h@nRiodsaatio. The

I nvention that such a arge range of solid particles
metheyl dm' beeapelied o singlmsepanetion) apparatis apd Aperatefh flowgaiessin the

ran%%:j \é@ ?c%.gs 6’60 lga@reelsri)eetr '&%9' (ﬁ’I;D)? iy ﬁﬁ'ﬁaulwglﬂtie&rf nlote baﬁﬁ&ularly
from 5,000 up to 25,000 BPD. That is, the method may be operated with flowrate

fluctuations as great as 500%, without significant reductions in the separation

performance of the system. The method preferably operates at flowrates of up to
25,000 BPD. Higher flowrates are possible, for example of from 1,000 to 100,000
BPD, with the separation apparatus being sized accordingly. However, the
ﬁerformance of the method in removing the smaller solid particles may be reduced.
Preferred operating flowrates are in the range of from 2,000 to 25,000 BPD, with
flowrates down to zero being operable. At lower flowrates, the separation of the

components may occur as a result of gravity separation effects as the dominate
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operated over a wide range of flowates, that is has a
| arge tumdown ratio. The 20 nethod nay be applied in
WO In4i3€ separati on apparatus and operate at PCTE#28§7€092220
in the range of up to 25,000 barrels per day (BPD), :
in particular fromzero, nore particularly from5, 000
up to 25,000 BPD. That is, 1€he nmethod may be operated
with flowate fluctuations as great as 500% wi thout
sepakradioh mhe@BaMisrh & Ay Qiglﬁﬂﬂowmtdshﬁlesbﬂﬁmat beparatioa micechandsio evill
of the system The nethod, preferably operates at

be i larratatignalmaysmest olthe HURPMBOPENtE| gher fl owr ates are
possi bl e, for exanple of from 1,000 to 100,000 BPD,
with the separation apparatus being sized accordingly.
HowaVie singleRepartior apparatcseanbe sized fartviobung diroughput, imgorder

th | b d d P d
to G331 PRTCFYIB R e DR ATRTREVS arfyB ST e P0G
acc?o?diggg) s 1re&"hﬁ5hty o uMaplies. FAYRTdrS, t8 QtlleREbdI a desired

oper 'ower flowrates, the separation of the 30
sepmtmmerfosnmy and 8 mnga@f Juidsenlymetsie f@mw% p gy afi on

C e doni 2 O
ap‘ﬁ?&t}’ﬁ%gslfagﬁﬁdna par a tﬁ R néﬁ ﬁélﬁs of diffy lienksmﬁ Td
be bp@wlea i gifferdne calabinaaas, syammtommamh aelestimeviidv- swh)&hmg
due to rotational novenent of the flui %élcorrponent S.

meRR te pergmenaslalsaa rngef Bppalesand sePamtior dfissd f or
vol unme throughput, in order 5 to cater for a
particular fluid flowate. Alternatively, the -
appau aidestorimpah ehestatatbnalfboo patiemy tc the strehes andcreatgahs t y

oG b PRy i1 PRS- Eh e P Py of e IGR Bt o

thd ée@ﬁl’aﬁ&@ﬁegloﬁ [Rukh &dchhiquéd are RROM & i%@ aﬁfof diyd1bey @phration.
es may applied. 1n this way, units of different

Hcmrezres lmmier toeneyre that die amulgr regiands of suffipicnkdardnand py

u
por o BrRiBuaioe @efy IS BR parte A By e
anfleté g lodgitudindeaxis 6f thﬁ'pqratatioln&e gioh.afn sh[salva)f thoenflydd tstresmm
to the streamand create the _rotati nﬂf’?g‘ nul ar re i on,

enteging thegpgipn is @ysedfogeiatearpud he fqnsy wa SSPEIPRAST POk 4
cofifde th@h%omﬁr%esh%ﬁﬂla el RBrall &8feOs t&%&eh%&i&ﬂ FléRBpattem

are own in tite art of cyclone separation
wnﬁm\ﬁweot,atmg]ammbmrrrcgzon,emduﬂle cotnaonqnbﬁemethlﬁ @égien rasefingaround

of sufficign h_and S3es
hgoialonrs phiomtepRbY sinnelRaats Aacte ArbERH A gl 1
mt?édueéu #RfcHhe vesBlis 9réf@:ablyeseleea&a s tehik &@I fiiAd itaf in dkelical

Earatlon region. In this way, the fluid stream

path that allows the ﬂuld after one revolution fo 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
woMIaHda3yy stream The overall effect is to crBaT&B007/002220

helical flow pattern 20 within the rotating annul ar

region, wth the conponents in this region rotating

around the central core ofl | ow density conponents.

The angle at which the fluid is introduced into the
indvES&8 indofniy fHhidsebdny irk6 b epiraithr helidah Abwigacerfol dihis wall

rotates in_a heljcal ath that aIIovvstthde after

assemblyreabadispased betepanthe iplet 3ndithe upstieany;sac Q6 thei srparaion

regmnI " cgﬁg}:to 8?@% il ﬂ&hﬂéhg%gtys%%r a 1%1'6:%{02?%@2 gb%u{ o\zvﬁrdcs)
thetups@cam éml tThe walhgsdmisly pedfemkiyshast foﬂnetl'ﬁaetmduatsmdwhcal

regi on.. The dine ns of e,l
floyeBeiin gletlacqueggl@ ﬂEE“P?tgL\’t“{‘ oAt B SRisEed B,
sephtddbfl rédich fs'@@usfeh W ﬁilo(/@ e RMally dBRysREHH BRELtoR shiffRient so
outer annular region 1n ofder to allow the solids to

thatrihg fhuidecanpletire itafinst rotetion vathin the sppasaiéqn region ignefsentacted

referr.ed_a n t i O I

by Pleqh i B e nd nepialh 5o o Mefiatdy ProR RANI Gt or
moté ARG AR Affcess tHelSuffacdsRxfendinl|gensrakyrh tic sahaheld:al

to WO 2007/ 144631 PCT/ GB2007/ 002220 11 |nduce t
patene anihe gesiredihglienl flowrpattamgobedpiucsd inthe ponung flt

I Hagen

S Ry S oiops e

region, in order to prevent fluid entering the

seprat 0 e no, towards the.upstream
cndl beh BeaRe PR S PoF e Ui e o O e

extbﬁi‘flﬂ%%ﬁd@ sitflobEA he'éelﬁlbeqwenﬁgérﬂfea allfws HR anpleTithginidt ui d
stre such that fluid t has entered the

conwpa:eamenwd clogérdan thfspecmmdmiétréo the\lengitudinahaxie phthey
ownstream direction sufficient so that the fluid

sepg.mp its first rotation within the separation
regi on |s not contacted by the incom ng fluid stream
The wal | assenbly referab r ovi W.t.h one
mor dheElstdan the fuidmpib GRYSTHIR Jé%égapet f%‘lﬂfﬁ‘&&‘éé‘e well

kn§‘\6ﬁ %ﬂﬁ@?g bOERAS ﬁ"tﬂevméf-tpoa BEths ?Ee%eﬁt%v&ﬁbn 1910%%@5&1-'&&@

[T cal ow pattern to be I nduced in the
is ginerowiinlgtsthaving agectamgular crosswedtapland waemn@ﬁtréhbmyommg

own in.the art. an di,scl os |,
ol Bme T G e RE e g 48 ETeTle g uP e BURALAGH G in
therHil"t& ARk, e XddRisH, (i @blafiRuSURleBERVIARS a better interface

her ei nbef ore descri bed allows the angle of the inlet
betyger thedwsaming flaid aeudtthmm@crow@li of tbetsﬁ@r@i@ngegiencreﬂdtm& ma

motrcleq setallalg rﬁ%‘wt r‘é&h%alh & diter anmt.lﬂ? 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
sui tabl e shape. Crcular inlets are well known and
wonrey/tes3used in the nethod of the present i nvBATAGEA067/002220
However, preference 20 is given to inlets having a
rect angul ar cross-section and opening for the incom ng
fluid stream The rectangulédar inlet helps to generate
a uniformhelical flow pattern in the outer annul ar
thelifigt, @int id the dihiirsionrpergeRdiculactoathe tungitudinaletxigofdhe ghparation
better interface  between the inc fluid and the
regigm il determige thﬂi&lﬁkwapgthﬁ&ﬁt%m %Ffeglegm ting in a
nore stable flow reginme in the outer annular region.
25 The rectangular inlet preferably has its |ongest
si des e fikitl efredno ntdves haicglly withinathe owter snnular région (typically

t Th f th
dowpBaa g & Bty orTcal pahesd sre et Ao e
particle€ Wil O1RP4EhE Rall 0P tHelt8pdrRtidi debidh A thedtiteimokt goon of

separation region, in conbination with the angle, of
thetanpulantegiond dherfviidhphasesh beipg fesh dotse tran the selids) wibmiargg to

tt t hi f
RS SR ) & RSP B g il kv
sepafalé 828R 70 A2RR phadst, WhRthiwill@émaintia the sntiheregions and the

per pendi cul ar to the | ongitudinal axi

less dgree ahasgnwhich g'le SRS Intafee 85THTah E0TED ihtsmf@ﬁwé partigplarly
m 1&1% s qﬁe AL REm B RR 2 lg/‘\s%n u thafsle Uh dytEH @ﬁ@lﬂ@é@ ﬁulckly

wthin the oute region (typically
leaﬁescthwrmmngsﬂmdumﬂﬁ oatey emadalregioner ti cal |y arranged

separation vessel), the solid particles will collect

at the wall of the separation region in the outernost

POT tas@Rk Bhid strBan kel odter bRl egidh Brdgréssek, Rl dose
being | ess dense than the solids, wll mgrate to the

manengmnshe efiﬁent pf whichfis torrauseha oller Wgﬁl?é'ﬁegl% to prceme thicker.
t.

AR S BB S T T RSO it ot

thickiss, hﬁtﬂ]:ﬂreladﬁﬁ thecemac phtracpasitioivessd | Thisgffattecansesshe

th tral ffect rt larl mark
intoghrs o Fhe 1F3suiehse EHELDg e fogs st and eclonier Dhislistalied {5 the
ouf@@ hl?ﬂléﬁgfﬁqgﬂri {b:anc%ﬁfa gotvek! Yoﬁlé ﬁﬁYl@ aoﬁﬁﬁreraﬁf ditdeRn.f THE d

reg luid streamin
pretch;e fomt ef thisymofilzrand mrqblrfogn 9§ ﬂ@smetfacwqﬂvewb%@d&al the

ol s fe gl iea Pl doerd ol i6h babforOh BE
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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As the flowpath of the fluid streamis followed, the
annul ar region increases in thickness, unti]

i
WORMEEAES1 t he centre of the separation vessel .P(%'F/fG?mm‘monm

effect causes the interface of the |east dense fluid
of the inner core and the nser fluid retained in the
outer annular region to adopt a convex profile in the
downstream direction. The 20 precise formof this
pr ooheentingal ichiel oy sepatakors arermrovidediwith an eptlet der fhad jleave
fluids in the, core and f|ui ' . :
the ssBpraRPr T ostel g R R Bopicefl: ParePa baSul, FinARl Y el o
an efit bh@ippipd, thrsighedittiandid hsy leavefromahoantryl mbstirégion of the
streamas It enters the separation vessel. If1 wi ||
vesseludlayeevap sredancareasenent caneot be gpplicd g fhe grse phihe present
inv3lford valaalil i | ' i re region
iR 5 g5 s OP BRsCh MBS NENI) SEmatRt Sojo ree
in Sy WA as tinggionImsh basllowed torfappend by meintdingd. fRathey, it is
fluid stream proquced by a subterranean.wel]|.
neqsstactitab A FIRpVAL o BE SR EERALS CTTAECgh s sporpdifed manner
SO gﬁfohﬁgnﬁgn %‘;Q CoreREASE Hiadt NAGRIMIRR of MiedmARRIBEBNd oF flilie
shape an I mensions of the core region, and hence
rerhdnal prag be etipbyedfastfhidownl et stream can be readily
accommodat ed without any change in the separation
apparatus being required. 30 WO 2007/ 144631 -
PCTICBERR ¢nBodiardt, alfiCosltibh ipidn is pedvided doeynatrednn pfthe
are provided with an outlet for {Iui to |l eave, the

coreapgipashaying\acdhnd putletn Somgttluid will lepye,the gere regiop by sueqns of

. i | i i . i . IS i g1
SESHBH YA, Pyl it 0 B bt cposimetc
estabigihcrsieklytstute conditionl undeowhichithe e tegiom ismainigiaedard fluid
- cannot be applied jn the.case of the present 5
from eePTeTRBION f5 GaRFed o g via Sullet pppipk G irtteah of the core

re%i it A Wi hoh df SAnkARROMME fluddétiing ihfodghithe Y@tlet wilt be a
I's region nmust be allowed to form and be ln;r\gl_ nt al‘-ﬁ‘gd.
miRarhef the highidensitycdituid and thetlpwidensity; fipid e his gompnseh it
core region i.s carpi - t I
suggn g T ot o € Rl SepRiiohibrdbeb P by p AR vafius
fluid pidsBRt Ay exdigsié ansuchfa sbparition precess & a gealliquiel seppiatored,
as follows. 10 In a first enbodinent, a fluid
collection region is provided downstreamof the core
" 01 Aty brkdied (8 dtfectiGiPiEBioh] Mivihg/d flbid cedteg s
the core reé’f on by nmeans o ) .
provided at or in the region of the downstream end of the core region, through which

fluid, that is predominantly low density fluid, is removed from the process. With such
an arrangement, the fluid leaving the core region consists mostly of the low density
fluid, perhaps with some entrained high density fluid and even a minor amount of
entrained small solid particles. As this fluid stream has the low density fluid ina 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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di spl acenent. However, by appropriate design of the
fluid ogutlet, it is possible to establish a

wo&?@é‘ﬂ?{'@%t ate condition under which the core Fg&(;&%ﬁg?éoozzzo
mai ntai ned and fluid 15 fromthe core region is caused
to exit via the outl et opeﬂ ng downstream of the core
region itself. Wth such ah arrangenent, the fluid
exiting through the outlet will be a_  mxture of the

hi gin imgnis hying akew density Sdraliertion fegionga highdensity
AuGUALAGH r%éigﬁ,qlavﬁlgaes%% i Bul@SH g»goﬁ&’e JvisEBRA of the
epara%lo proces In order to sep rate the vari ous .
cort keflish ﬁiﬂ)ﬂlﬁﬁﬁmogﬂ aPhigipdensiof li%ﬂ%lh Witlserph ma}aiwmgemlreot; dss
is a gas/liquid separatoy, . ternatively, .a low ..
Auidtrerayeing Wravgh ectero B Pufler PP % ahajpporton bigh
dergo el with soﬁ{g‘%ﬁﬂ?@d Rhw Qnsit) fihlCardRAISORdOTAS BB fluid

streamen he core region, through which
strdabrubag the high dessityrfbddim asigh condeotantse, ifiis prefarah!y keptseparate

renpved.fromthe process., Wth sugh. an ar
Frofyraen T PR T e btk This 0P I B pa o
a flriRr bPArHRASH Whickenihinbd highPhapsigidsundetaiaed saidsack
high density fluid and even a m nor anount of
rengavedai ned smal |l solid particles. As this fluid stream
has the low density fluid in a high concentration, it
is preferably kept separate fromother fluid streans
r enbyv@d dnitwdirhére, thp seladssmd/of liguids sepaeatedBgmitke fluid streams
subjected to a further separation.in i ch entraine
leapingthe frshaid/9r seeend 50 R EASHE resd e o N it 208 for
furftePBbeLsimg0 WO 2007/ 144631 PCT/ GB2007/ 002220 14 In
e Iments having a |l ow density fluid collection
region, a high density fluid collection region,

havi fluid outl et . i ' t

o Theof i aftiale iy B e ainB 0B S RoRP B3 of e
opérikiiilodatedEdrtrally G thaR the U@ RiaB ion! BRweker suthsipesiags when

| eavi ng through_ the second fluid outlet go Ises as a

presesjt i 2 peaaro Fotpingfluid gesm tepd fo gengratqp Fegiplgow pressure,
entral BRVIR AT i |
RS CHo 4 SEe ho BBch o o

estalslishehin thé mrmlariregibs. Phedreraah Kpidaplet sapavenientlyffommd as
other . flpyid strea rengve r.om the process. This .

an QI RiREn g S EloBr LG vath L Gl pBR RS ke flobg i

lengtg.i Glerfitle WAt IGA cORQSing Yegibrtl LS wve i inauth ataedt is

Ids are renoved. .
preferred that the combined area of the fluid outlet apertures is greater than the cross-

sectional area of the outlet pipe. In order to achieve a gradually distributed fluid take-
off, the apertures are arranged over a length of the exit pipe. In addition, to reduce
turbulence in the fluid collecting region, the apertures are preferably arranged
tangentially to the rotational flow of fluid in the collecting region. This aids in
reducing the shear applied to the fluid, which assists in maintaining the separation of
fluid phases already achieved in the preceding regions. This addresses a problem with
known separators, the collectors of which can cause the phases to redisperse or, in

particular inefficient systems, result in the phases emulsifying.
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10 In one enbodi nent, the solids and/or |iquids
arated fromthe f|UId streans |eaving the f

Wogt @/16?6 3lecond fluid outlets are recycled to Pﬁ@ ({32507’““2220

separation region for further processing. 15 The or
each fluid outlet may be i 5the formof a conventiona
pi pe or tubular opening | ocated centrally within the
separatlon reg However, such enlngs when

or o BoAEbqdmants bavag Botiay g dsgSi sel B EieT A a higg density
col%%ﬂﬁ%?e?go#a%ﬁ@ﬁ&% Qfﬁrét%‘lﬂ Eéc%ﬁ& it outlte&eoﬁf ﬁr%kexﬁfent is to

stur e separation of solids and
prd‘vidﬂ:l this oualatmd:gpenmgs abthe s#md corduithdhe nmduatrma)egﬁ mngw e

each.fluid outlet is g@gven i.ent ? fas ?do
coRiA YR B SCREAoTL oDt B APENBESAT PR AE Y (O | e
he@%éfo&% &S sidtOAthrtdnSembRNGk Romiilittskeindg fioht Within both
e fluid collecting region. However, in such a case

the. lowwignsqtyrfbmé coltagtion aqglqm@ddbﬁblghéléﬂ%WéBﬂ@Fmi%@OF FREIQn.

Thg F%r&i%fjtfrgzﬁz twg E}? ng?e %ﬁfe? %ﬁ%ﬁ n}gig odg{:r%ﬁﬁs ccﬁﬁ‘a&%ﬂ PR the
tw@ EcITHdAb degibing beinp whiked. fPﬁefdﬂaHlﬁkﬁc candbit ig lbrevﬂpé withredow
are arranlged over a length of the exit pip

dersi TmIoE 81 6B AenSioT AN QPRI CBus MaHniRE thefuid
sep%?zitloﬁ% Jcﬁi%\z@d]mtﬂ?leché 1'9({0?1 res are preferably

rang e tangent | e rotational flow of fluid
in the coIIectlng reglon This aids in reducing the

h d to the f t
e PR B ERRSTof eBe Conpe PTG " gplsesigy and
aﬁs%h%v%d fRorh RECH6BHE v BerisRY coMéeting Rglorpalidl the 8% density
problemw th known separators, the coll, ectors of

coNgeling ragion. dagh condit gutends énte ifs resapative regiomand is prayided with

ongfmbfrpiige Gobou TR AR ThES bl 36 BHEFR
hereifbefbra@ntsbddavi ng both a | ow density coll ecting

region and a high density collecting region, and
therefore first and second fluid outlets, one

arr gng ﬁng?efhted éé Pmldéﬁehe%&cﬁuttl%lﬁglﬁbﬁttﬁe R GRRRY MR i N
the sa con

he conduit nmay be arranged
colbanting edgion with hidip pipe osthedikes inonder sy maintaimrhe approntistpstiuid

bl y, f d.as, .5 h f1el
o SRS S oS B R e G e
froh‘PﬁlB hi dgm%nh@/ﬂﬁia REiléctin Flreglsn wehlaescatnuqﬁpag agiin fo mathtdihe

hi gh density fluid collection region. The conduit may
fluideleeel avithim@leassstitl®t . resulting in the fluid streams
coll ected fromthe

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

vortex breaker.



10

15

20

25

30

two collection regions being mxed. Preferably, the
conduit is provided with a low density fluid outl et
WO007/ 4483 gh density fluid outlet, thus naintaifGTfgp20fE002220
fluid 10 separation already achr eved within the
process. In a preferred arrgngerrent, a separate
conduit is provided for collPection and" transport of
fluid fromeach of the | ow density collecting region
and Ddverstreagh ofithesiortyx breakdrdbe stregny e gichiin sctids Iand: tmnallv is

nds.into its t d
in e B B ARG S YRGS F Bl RSB R PRE R Gned i
thed JemaﬂnngT heidonsBicang, (i YiukPw{lPbdBeh Mlhe batser cﬁhﬁé fiid phases
described. It is preferred to provide the conduit

enreaag thecseparation ¥rsselols islamadaptage of the ragthodsef the gresei on
mven ion ﬁnaghj?ﬂl% %83[%[10% gP?AHI\I}!ﬁ%BndS 091{ %rstrgé}n r%‘ilﬁlblg a[:ﬁ@ved

appropriat e he “asse
Theirémaiaingluid tan ecpine ntre edlcbﬁtraed)m ttie sd}lid%pamd:idmb)t providing

| eading fromthe hjg ensity fluid colle 0
a sqlid FORCEEHITE BP9 indvpis e Sroberbansl 4ea ¢ e B fipath
de(‘ﬂ"eHé's th thB QirBSRETY Aow. DOFH%%&&%% o cr‘c:5’.&‘3sefc{ﬂs‘r‘r.zﬁi area of the fluid

ecting region or regions, the flowate of
ﬂoMenaﬂr maybe ddhigved by meamlmg b Igetrraldy gdxnﬁncdmesw mvm Wlth a

t t thi { {
copifa e G AEBEe P o e Y1 G 465 F B sef
fofat.gh density fluid, vvrth a mnor portion of Iow

density fluid entrained therein. In order to prevent
fluid vortices extending into the regions downstream

of th é&ﬁaqﬂ GQk #h%cﬂdrﬁl gttrgaﬁﬂﬂorﬂc sdi} d dodice a‘ﬁBE rr%%%g} {S?ray

prov neans for con vortice
rotafifighin thifehtoqfreeenS thewolid gartibles iik&ne ﬂuW)st%ﬁﬂfrd:ﬁéSﬂhg out and
PCT/ GB2007/ 002220, 16 Downstream of t(@e vortex breaker
formypg a splidymassdin f'cripwrtrgfaw%ﬂgmaﬂﬁﬁl? pidcgnogntraling region, o

SubRbdR g ogt ahid o (':Ull@é’ted k(?hdﬁ@l'lﬁii&uﬁ @H tethdvar HoWeeér ffifalso

suspende entrained 1n the renaini ng
lmiliyrpmn: hat the ﬂcrw stréanuisdotvidtitingdoe Fash ap this ean réétméhe efficiency

o SRS s 5 FAB B ARG Pl

orddR Ve et Buﬁ'hﬁht §cidk Refiovab fomathe appagdtus: oliedetd seducothe
the streammay still be achieved. The remajning fluid

helieah opei@inmabiio s patiere of thefluidin the solid @,ercrrerraaegtrre%sth%y
o ed B QA oS SRR A et ok B

generate the optimum fluid flow pattern.

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

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

_direction of the fluid, the apertures are preferably arranged tangentially to the rotating
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decreases in the direction of flow. The reduction in
cross-sectional area of the fluid flowath may be
WO a@ni1e468t by provi ding a general |y cylindri caPClH/EB37/002220
section with a 10 central, longitudinally arranged
cone. Alternatively, the vassel may be conical in
form It is inportant that*the fluid streamin the
solid concentrating region is rotating, in order to
fluidrfiowe Ntarpéresolio paudicfea remain s therputdn ecgiondidthe sensgation s

reniabeeban g e gl che BEmolk SRR Thebd sty may

_ cor@h‘!?i@m?ﬂ)é bid Wt RbHe poRE HEihs walllef iR depratitn sestld A gain, to be in

ifficult to renove. However, it is also inportant
ling trith thehiduid flow ditactiempandminmisedheriskRf blogkagesgeoursing; e
n reduce the. eff.icj : f, sald centrating
omfe 1) ﬁreg?fa’bllyé’&ﬁfl{reg %%ﬁﬁ%% tgrtr}éés'lz%ftﬁg Iﬂl?lsjd dﬁfg‘g' be renoved
in order to effect sufficient solids renoval fromthe

" apparatus. In order,  to reduce the 20 helical or . .
" ot In AoAmative Ambagicnenh s solie ssRAEAtign aRd Fepeo el fogipn s

proyRld i Al é{oﬁ%igﬂ%vfiﬁgg Blufﬁﬂj/ Qf‘slﬁg% obfetRpOViree fbritirigh

one or nore ropri ate ape and S| ze to
solgisnivat The Aeidoptamiscdused t fidvothroeghtthe mnepeastgitaihg

t he hod .of the present...nvention V] Fpal:
rotkhn QlEho g SRS ot pales Rleiehld R w bk 8 fnner
corffuit™Miith bhd SndIRr SARPEaGEed fiisihgbgevardsahiotigh fer dolids sisve.

such as wel | debris, fromthe snmaller solid, parti cl

S,
Larper solidspagtiohes, sueh agrvell debrip, remainayithin thessenduyt %rﬁ&Pﬁ"eW’d
olid parnticl . jo c
ot 5 gifo S lsp il Tl TR AR b GcoidRaordh bl
with@0he tnnef BoriluitSing divse aing through theeswad ibhgetenprned by then
_outlet pipe extending. into the separation and renoval
digmsgaroh thegipgrirep HbE GBYASNISYS- a plurality of slurry
outlet apertures. To mnimse the change in direction
of the fluid, the apertures are preferably arranged
t anféaréradvay of the fdrge dianetdr solidarticeymay b 91 a continuous

PCT/ GB2007/ 002220 17 fluid.f] ow . '
basis,oF OBHBES BRI 4 fiecnet ey AgisoRiIGRbeiRE i fert upon the
rel vt ark SRRV soli@ BhP fluidBnipdkele piesin iedhe ftadotginipaewelt as
nore outlets. These outlets na conveniently be one

thapariidle sizp distribufian phtheialid mgferithe separation vessel .

Again, to bein line with the fluid flow direction

and mnimse the risk of blockages occurring, the 5

out ITaik Strédnes efisingbbljd partielns, bdth larpgend seallymaybe passed to
a ﬁr.lrcgltlg‘tsle;a%atgolnuplrgcefsls,%\{: 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;

. aninlet for the multiphase fluid to enter the separation region,
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In an alternative enbodi nent, the solids separation

and renoval region is provided with an inner _conduit
WO RMGI#$3E plurality of slurry outlet apertur e8CTEBA07E02220
a solids sieve. The fluid streamis caused to flow

t hrough the inner conduit. 8The 10 rotation of the
fluid stream causes the sdifid particles to collect at
the wall of the inner conduit, with the smaller solid
parméans dor ipwesingg rotatinnal arovemestigrine multybpsefinid uponentry

. Larger solid.particle ri s

ntagfe FERrRG reasfitop o€ i s e o BERF R RAR of

predeféinfiidctticknesd BRd 8 c@e regish;r i buti on bet ween solid
particles retained wthin the inner, conduit agd@hhgsgg
| eduiongratipn theghickness of g eutes aplantrgiqn feigg speiithgihe hi

denSP Aol is RARAPAEA MELAnbAR, RMIAR Bl e IS
ann0lar eeghntahdiuous  basi s, or operated batch-w se, as the
neeg riaes. This w || degendt i.n .part upon t he _
r el the [Qredensisy fpmparent b5 sopcented i the IS8 ht s present
in the feed stream as well as 20 the particle size
distribution of the solid material. The_streans
c orifhe separgtigmsyistbnpeemprises 8 sepssation regige- This ISHAFY | nay

be . sed to, a further ' .
cony G BB, FEABRELRL  ERIetY S RD VeSO, Vi B s efisposed
subSBhtedllyalertidally] tHe GeToN®S haultistby Adidds piraget e the upper

separat i onélprocesses may be 25 recycled to the
portigrpeibe ivessel. posi tion in the separation region. In a

further aspect, the present invention provides a

separation systemfor a nultiphase fluid containing a

hi ghhedwsteit yay compriserd singlel irdetl fonthd emtiphase Smddnenter the

conpri si ng separator .having:. 30 a _sepal.at] L QR;
Sepsrﬁtl%re@_fowﬁ %@ﬁmﬁfﬂmﬂégﬁ%‘% Fifny gPRRgLos oweset,
req?ig&@% bPRofLBihi Tle a3 Hrd A 68 Yo ehiriphe2di SptisetD2dufd the

means for |n'part|_n? a rotational novenent to the

sepanalion pigieretoffom 8 flypsbinlet iE9N. i nto t he separation
region, so as to forman outer annul ar region of
rotating fluid of predeterm ned thickness and a core
r egUksysici @pmrises @ meahefor bparting 8 rothtiermbmotive to the
annul ar regi Qn hei ng such that the hgril%'h. 5 9en3i1t&ii\ét

multiphpisrlHd enteribs RESRIT ARG JHB RN SISt CaRPRCRLY

and¥hb§ pPetfAB1yOBY Gpropriate design of the fluid inlet. In particular, the
rotational movement can be achieved by arranging the fluid inlet at a tangent to the
separation region. The inlet is preferably arranged at an acute angle to the
longitudinal axis of the separation region. In this way, the inlet imparts a helical flow
pattern to the fluid entering the system, thereby establishing the annular region of
fluid along a portion of the length of the separation region. The inlet may be at an
angle of from 45° to 85°, more preferably from 50° to 80°, to the longitudinal axis of
the separation region. The inlet may have any suitable cross—sectional shape.
However, preference is given to an inlet having a rectangular cross-section. In this

way, a smoother transition of the fluid flow from the inlet to the wall of the separation
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annul ar region; and the | ow density conponent is
concentrated in the core region. The separatjan £

WO 2W#463ks a separation region. This is nost ng’G%\é%%Eﬂno
conveniently arranged as a generally cylindrical
vessel . Wth the vessel digposed substantially
vertically, the inlet for e nultiphase fluid is

arranged in the upper portjon of the vessel. The
reabpovil e e iee AP RATERS s oo R at s S
| U] ' j i3pd a single
paterf b8 S bpief St 1 SEBRU A Bt BB, ver 1
required, two or nore fluid inlets nmay be provided,

for_exanpl e di d dth ti '
f or RiGeaPRIaY SPAPBLRLg G Prstameyerearan i Qi
reniBYA frl)lalg o e duls PBirds Tlh&bdpafibn FRIcE@N Ore dffaudiber of

ase fluid entering the separation region. The
alterostiieiaoangementssfor herfitid outhetinyay beameplayssk Iptis sk y,

e R, 80580 S R g o e
sark¥ owlet. 2THiks Brafdencht Hasthé advaitage ofibtiag siemle.t Howreer, this

separation region. The inlet is preferabl, rranged at
arrangeRent endgriginggate theredfects ol g?et RTEFS§8 0 Scfi??@t%g ﬁm@ﬂ pgases.

S ' witHin the
AR rlgEBRtls o ol T BpartiE Ryl il Plaaed Bickn t
sepRysioangidhar &y selettinely sniavg highedeasityfluid and dow dewsity fluid
fluid along a portiqQn ,of the |length.of.the separ.gtion
fromeiheip ﬁf?spemﬂfe TPHQqs ‘?fﬁvg*l?ét copeepira lﬁﬂ-g I“e‘fhb*fw?%’ gl?ﬁoﬁ‘%a to
separatioRERieRidyethd Bloteés af) Bretindd Détéllsi dfahd alegndtiidi nal
axis of the’separation region. The inlet may have any
arrgngetrmbtsdorthe Slicewlet awalesathgg belowHonever, pref erence
is given to an inlet having a rectangul ar
cross-section. In this 30 way, a snoother transition
of Thefifst pieerfddosmnbadimesithihe ispdtan comptikes ahil ouflettdigposed
.separation, WO 2007/ 144631 PCT/ GB2007/ 002220 19 .éelgi on
withyin) the jsepasationdoRign ayhROSHORHES BHESeofOTTeRROICS ' £ PAFIEC
doRAUERHES thOerRf SH¥hé Eork deibe.Olhe Gitlel RIfefeRBIY fobfled I d e
outer annul ar region of  the separation redion. The
cosdyitaaxsendingdgtettbersdparation regiompFlesmslchmay simaply dadhe opsh end

fluid tlets fof. ,5 ' fluid,f i . .
eSS e R A P e
ﬂo?iﬁgﬁﬁd%%@é?erﬁ{l%&ﬁ@%ﬂéﬁc? of Yhidh1e td ikt fluidyshasds thahabte

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

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

pattern.

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

_ provided within the separation region at a position corresponding to the regionatthe
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arrangenent, both low density fluid and high density
fluid is renoved through the sanme outlet. T
éﬁﬁ%ﬁent has the advant age of being sinplEJ.:'E'GB2007"0022“20

However, this arrangenent tends to negate the effects

of the process in separati the fluid phases. 10 An

alternative arrangenent is“to provide two separate

fluid outlets, ptaced within the separatigon region 38
dovigstreamsapl of thewwerg regiopo i s WaAY.dew densityrfiuid &Flaéheﬁ Godgpte

. i fluid. hei j i 1
wilfifk ke il PRBTRGAS sdrob IR Chh, RRAGHFASYy fuidina
rel&8pBI g csncantitione dhb firdt Himidowize isprefeyablyeformed ime donduit

Details of the altennat'vap qrrﬁnge nts for..the fluid
extgpfin intosfhe SeREsRIaMIERIOBhe et ol WHIGh fre S depsribed Abaye:

enbodi nent, the system conprises a fluid outlet

di sposed within the separation region at a position

t haPreférablysie thease efpiirst Suidowlepdispased withifothe soreaagirasa

the_end of the core regi,on. The outlet | .ef er abl
secpist At quews PRy OES B sspRe oty o eBiPh T on ¥
cort@PbiRiing thepdaitfdniowiBreant 5Pthe cBR refion Opksh thedystén &f in use.
t he conduit’. However, this has been found to %zﬂﬁr ate

In thisrway, Svisbman bie temaved diseqtiyuirem the waiondapngiihe ensity

peni,n t e ' ' ' | es
R i ool T sbnd B ok ikl MePhASER
coruitlegtentibgiito filey stphatiomregivm, fherdetails off whichrede s dédsesibatg
a closed end and provided with a plurality of openings

abgv§. jts end portion. Wth the conduit arranged

longitudinally and centrally within the separation 25
region, the openings extend radially outwards. In a |
pr eDae agdngeneahcenmpises a single copduit exjending withinghe separation

t an tially to the fl of f.luld [ r
regi g e g rriget SRposr i My e Bf AL g BUTE Chobhe
flufd RMleR ' Did doadiis may @avedsihle blttet fotiihd fiulidvollepridtfrmnthe30
In an alternative arrangenent, a first fluid outle

seprEation gegiere NP wever) mpH prejeraplypthefenduit hasigq quist for eac of the

low? §BRP R rdd, R Bty A4, B0, BERRA bepl e

phatesachieved withirdthe sepanstionaegion égmeintained. t hi s way, | ow
density fluid that has collected wthin the core
region is renmoved in a streamthat contains the | ow
dengj 4 grefférfed%aﬁganer{t,eéaeﬁ pF@k Yirktifoid 6@0s and filseoshd fRlié
first Tluid outlet is preferably formed in a conduit

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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extending into the separation region, the details of

' re as described above. 5 Preferably, |
Woggtg@q?@la first fluid outlet disposed wthi nb?ﬁ}é{h?g(péoozzzo

region, a second fluid outlet is provided within the
separation region at a pos'ﬁfi on corresponding to a
positi on downstream of the“core regi on, when the

systemis in use. In this way; fluid H’g‘ r enoved
di r Ehereafteryinithe M%@Bﬁllﬁ%%&%ﬁ%ﬂ%&?ﬁ ﬁg?wf!f S8
re édn%a%r*g&l;%&ﬁc{:ﬂ% §ﬁ§gl€8{tfaﬁhg M md Qe GRAEbs fih HeGtr@ath being

S pre I'n"a “condult extending into the
progegsad. aThie featurg isopartitute]ydetvantageons wikn die fluid seam being

descyribed a e.. One _arrangenent., conpri a_sing|
SeRE AR A DA PRICIR ok P DR Tee TR B ionedol 5
prd?/ﬁiéhgg HAPRP OG0 s RAGR ale® oPfHR \skftRatidiereioh Seduckdll This

out | and"the second fluid outlet. The conduit_ pay
malyde @ckiewidriyl movidinigahe separatgreresselivith e spnisak ardanareshintaeal
ﬁepar ation region. However, nost preferably, the
Watonduit has an outlet for each of the |ow density
fluid and the high density fluid. In this way, the
separation of the fluid hases achi e_vegl within th

) pt :
sepAltamrayely.dir BeressaryEadHelnn B grosyeeqtiongl 5Famay be gohieved

withid 9@%?#1%%%115%? Elﬁog{-s En i:o‘k' :ﬁ)ﬁ}vwfﬂ)ﬂjbﬁ QHidatbr Bpekell BRment
secon ["ul outl et open to a separate conduit, for
dispodet edithimthe sepaattpoegionn df eneployed), thefconicel orrtapaerdtelement

R .
ordEP R ARMASWer A&sity MRid doSeht frditkk fepRabeRiw tHeeld@icidky/thd5

conprises a dip pipe or the like, 'in order to maintain

region zhope theralement £ Etw doriea} or tapersd wlement yill extend atiberegle
for.the heavier f.lui ] [ :

reqyited o FuC il ebflopiigtt Hatdedf o opHARRLIR6e Bl i fhe

dirtdinfdf diuill Doy Aftypicaluipleaifeoné tetaperyis inethe park of filohyS to
co rises a means for breaking and/or controlling

305/ orthe kmgitedipgliaxis of dloe $PRRI%%- t he separation region. WO
2007/ 144631 PCT/ GB2007/002220 21 Thereafter, in the
~downstream direction, the systempreferably conprises,
a Fengthe prdvassingpandrsepdration ¢fcolid particles érom theimgtiphase fluid

sm%tmedgygt%em g%?gfgl%biynprg\rr}gef ik %rpegqgril i separating solid particles
from the fluid in the downstream portion of the separation region. In a first
embodiment, the solid separator comprises a conduit extending coaxially within the
separation region having a plurality of openings in the wall of the conduit. The
openings preferably extend radially through the wall of the conduit, most preferably at
a tangent to the surrounding fluid flow. In this way, fluid and smaller solid particles
entrained in the fluid are caused to pass through the openings into the conduit, from
where the fluid and solids may be recovered. The size of the openings may be
selected to provide the particle size distribution desired in the separated solids. In this
way, the conduit acts as a form of filter, retaining the larger particles within the

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

_ disposed in the wall of the separator region.
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~ flow of the fluids and entrained solids at substantially wellbore pressure. This results

processed. This feature is particularly advantageous
fluid stream being separated cont ai '
Wo\ggﬁhﬁé‘{}gs of varying sizes. The concentrati o?ﬂi@}%ﬁbﬂzzzo
is 5 provided by having the cross-sectional area of
the separation region reduged. This nmay be achieved
by providing the separator vessel with a conical or
tapered internal wall. Alternatively, the necessary
reduction in cross-sectional area may be achieved 10
Wit ] At hrrdlgenRAB R Walt bPES sERFAticAteflyn By R¥IigbON
of a conical or tapered el ement di'sposed within the
witheypnatityof opesjngnof dppropmigtecsjzed thetdpenisgyeapapcting thper ed

s R 0 IR 265 052 PR SO 0.

Ind Ft@@énda%ﬁhgefnédt,uhél st1Rl etefapmbhitddnt ean w@hianrdgidnontdrding
el enent to the region above the elenent. The coni cal
aroypd theseparatian zame and senaratedderthg parforatrd vallypfahq separation

zofed %Je?%etagti% %ﬁeth& p&at?r%ol:hﬁﬁ,r iRy g&lﬁ@@@ _wjiI[‘F?]sg through the

Cf oss-'secti onal area o € separator, in
opéhinganiramed in fldid) whild lavger folid/mrtices wilbberetinedorithin the
taper is in the range of from5 to L 30t he .
SCRRGHGRTAIPha 2R BE SPE oF e QBAPEY By bE SO raids ieng
| B5riBhticiPbrHedittht s&pabited SoNdS hitPadts b FRBASFh
de%gipaﬁﬁ%%c?g}g%ﬁum&g?st em ‘igds i)? e%dgr abl yal provi lded ©
1

smuallertpagiclesgind flufdoare semevedifiany theaiolid eptzapment sene thyoygh ghe

R

thrgﬁgm“‘ﬁﬁslea,uqandui t extending coaxially within the
separation region having a plurality of openings in
the wall of the conduit. The openings preferably

ext ' : ' st
or et 0E 1nfilaPbt e T4 fehblae )t SipatciRnzchion by 17
opérhedon larcohtimsounbysis. f Howelvea it maynik ipeafersbleiinl sgrae situakiens to

5 AT AR BT R
whglg biddessifya Ed sRERN Bflced oS stiBscalwdll) th WRRANRGbeTRY

2" selected to provide the particle size distributiogn
enteiinéd rad oty smedlessqlidrnarticess siches sandandrarié, buplapgeridebris from

it f £ tal 0l : |
a5 ARI e B R anttind ke, FiEielt b ey 1R 01
allé ey tonmyurhslateds checdomthstréann uathofithe wepgasdtion regivh and removed at

di sposed in the wall of the separator region
regulyn PiealSeRr FREMRIS D MEEBDOERSmOsely operated Vehicle KOv).

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
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In an alternative arrangenent, the wall of the
Lon region is provided wth a plurality of

w@g@ﬁ{lﬁgépof appropriate size, the openings C&%ggpgqqaoozzzo

the separation region with a solid entrapnment zone

di sposed around the separatj' on region. 51n a

preferred arrangenent, the gol id entrapnent zone is an
.annul ar _ regi on extending around the separation zgne
méln\@rw,sgha?ee%f WRRr phibe pErcesy equinspt prd Beauenbladpiss, Giyeg the
pos Rt of MR quiden &l the ﬁr&fesstlgﬁﬁ(/é’{oat% QRiihdd fis ST Blkfdive

particles pass through the openings éentrain In
aridl timaiconsimning thskrtgeepasradrireplamrirolodney faildd itdoes. deis&noed to

w thin the .separation region. Agai.p, the sjze of the
PR AR DR BT BF 5 R HeR 1 G § 1o v sand
freAhd Fro8ucet FRidh Subh Belah@is BRIYEIBHe sdpRr@BATREEE in

solids and act as a filter. Thé smaller particles and
refioping sardpartieievelr pardele grade s blowgvem sychpquipmenbisaiot effective

i Y et 2P et B il Bl b SR PR 18 i
théid wag e telddvaistredrd pldtessirhauiimed chudirgeths duhsle mentioned
particles fromthe separation region may be _ _operated

before o Suindsbivig aray asise psa raspihel failure orfygalisge pf davehely e

oSBT 802 s of SRS BLRE OREbL B, i
adwarethgd of thérmethod ané systeny ofithie|présentsin verion phad chis debrisrcambe

upsea wel'l .. i.n LC be rai ned,not .only .
of BT Feeyeft G e e waiem Tabe Bistirn i egiet s pageulary
sulted fFbeittedifubted PRkl asRaRal of WY el Bdif; able to

equi pnent and the like. The larger debris may be
opgrateetditidoas ah wieliheadpressungs anbremona o eeriminexen te largest of

' ' and renoved at regular intervals,

*ﬁggséﬁgﬁgﬂﬁﬂﬁg“%gans of a renotely operated vehicle

(ROV). A particular problemarises with existing

arrapgengnts of supsea processing, 25 assenplies.

At
t he 4Fceunglyyipsdurther aspect, the prescat jrvention pravidss 2 sSuhieR ea
i ;€S to operate at reduced
pré&@ﬁﬁ@ﬁés%bl&bgmmg?

pressures. s of such assenblies are settling

t anksweltigad hsseinblkycthrotigh svhachr frideare prodused freint sasubterranean

ilnstalling the separation units downstream of process
'W%Guipnent such as chokes. A particular problemarises

whery sepdtgtok hese@bhekavihgl REldGeiet donaedtéd'® Me iellEadiaaichtbly
solid material, such as sand and well 30 debris. The

fopyegeizing theyfipignproduresddser dhe el tkeseparatos apembly beipg ppesable
' f . . ' ' .

o SRR o i s bl A SO U ot

richqudet d\WGhRD PHAst 46 Sdpalidy 4RIV cOMPASIAg a fluid outlet for the

fluid phase; and

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

assembly.

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

by means of a pipeline.
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23 in a very rapid rate of wear of the process
nt and frequent failures. Gven the L
WO&?"U’Q&@ equi pnent in the process relative toBfQ‘ﬁ)&&n&ﬂmonm
wel | head, it irs an expensive and tinme consum ng task
to repair or replace brok or failed itenms. It is
known to provide desanders inmedi ately downstream of
the well head, in order to renove sand 5 from

pr oditilzalys the Seperatignasseanbly Afibe preseal 1RYRI1GH gnaytbe employed
on ér?@ﬂlﬁf‘@ﬁlﬁtfmﬁ{ &%ﬁg&/\é rbdlictibff Em}ﬂs '&eﬁ?‘ﬂoﬁ%ﬁtﬁéﬁ;l&%rﬁf a

particle gra such equi p I's not
weltfcads b vmbséaweltead Gmm@l a wder Ioat}gdiiww‘straa:rp@ﬁthe chaks. or

can be carried ov and.find hei r wa
AcqortipeBiin et Besh (F DSt TG PR S SatierAgrodering
mmgﬁgggﬁnﬁﬁghgoned before. Such debris may arise as a
result of afailure or breakage of downhole 10
equa Prdrreceiving asseinhly fonrdegiving fluidnprodaceddinm 8 splipmgnean
ll[Ehreoduced fromthe well. It is an advantage of the
thod and system of the present invention that this

deby bépafhitdt BRmity hadhg ¥ duid inRiosedctedecthicdluidiegeivinge
system of the present invention is gartl cularly

asseblyder lteéelb‘égr‘i]ge SvidnBtodtoscfiam the wel Toeo6RaTaRE ZHEBTOLY he
bei H) £538 2t P& ggsﬁlré & reROE el dabrié EntHHRA lm;he ﬂu1ds to

ead pressur and renove or contal n even
proH&IegieﬁlﬂldS)flcliﬁhaie land 8 flpidyshase dhdrsepatatoraedembly compnsmg a

Acc rdi ngly a further aspect, the present
ﬂ‘“ﬁrﬁ\’r‘ 'il"b% ﬂ”&fi/&&f’é% ads hsea processing assenbly
CONPEfcke Akentbly BAVIREAMinGs TERcieditd iHRUTIA Whilé f tHelbepirator

are produced from a subterranean 20 well; a separator
assersBlynbl y having a fluid inlet connected to the

wel | head assenbly for receiving the fluids produced

fromthe well, the separator assenbly being operable

at  Iethisheqdctpthesedithead preﬁsafmateha/\ﬂhiki rekzivihg asambhyi ofalk
in the fluids to rodace a solids- rich hase an

playip i i actopw Sl areseves 1255 RN resr OB L (atip e
in 9MatiGh of Xa lteFLgt ofthe hhééh GRS Anidahidugh ﬂ{éqjl%% 2RSABR. Y

aving an i1 nlet connected to the flurd outlet of the
separ at or assenbly The separ ator assenbly may be

ﬁggﬁgc%tg ﬁ]t Inngnod of the prese ?l?v%n? on 1esnpsoa11¥cu?arly s%ﬂal% for

the separation of SOlld 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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WD 2007/ 144631 PCTI GB2007/ 002220 24 Simlarly, the
i on assenbly of the present invention
Wozﬁgﬁé%é on an offshore platformreceiving pﬁ%; Fl'fg)gzzzo
fluids directly fromeither platform wellheads or

subsea wel | head through a siser or the like upstream
of the choke. Accordi ngly |n a further aspect, the

P S Bbipkexs B 16 oHpT SBMUIRR TP gioh Euiel Fing OB Br et fre
coﬁc%ﬁﬁétgdmgdbﬁaﬁggﬁly {éﬁﬁqwﬁlﬁﬁm}ﬁs fgRIner ranean vveII a

separator asse aving a flurd irnlet connected to
the fluid rece|V|ng assenbly for receiving the fluids.

P A e LR S et s R T RFBL jpfhucea

inté ﬁ@é}ia?atﬁﬂtlﬁ %dlﬁﬂwh a§ ﬂ&q Ebﬂ! |ad1‘éhéa’! tatidhgle] v partertiand to

rich phase and ase, the separator assenbly
causo Ap LISt wgllléar rcglgn df bwwepommnemﬁeto P1ER-d B%%Bmaélafd a

eqtggx?ollétgtttﬁ‘ stfsrelll% e‘%%@\};r ar%ﬁoﬂ 8 & #m%?xgﬂg ggl g ﬂ'ﬁﬁi Jobfioh laHii the

asse I'S respect,

reshiftgnt Werbbd1es dntpsdseditte cambtrfed sfrbam ihto asaltahlﬂgesadm rd:giqn
of the platformvmll be, t he actuafj head press
thrpeghsong iy mare §RERIBES 1B fhelfyelopmeRid 6h%nf§éeﬂ‘ ﬂ'}YEEﬁ% & aBn

beé?‘nr foftd that ?ﬂn&nﬁ@g %gaﬂ? %ﬁx?@@ﬁ‘g%hgtftlﬁv pattdrsh dstibRsiEa vhﬂﬁ‘n

FI'ser asse not ed abo t he nmet hod of the
thqmpmmnn fegioan tIt Inas biesn framnd it ks digruption s be fednced; ansd the

aration of, soli t|cI sfroma It| h f
SRR OA L TR0 TR FE SRFCREPE ARG ARNERGne § icar
or fléﬂctaf‘}%'th pRGELlentdring (B &%ﬁﬁhoﬂl fegedi, i1a1hip Iwayj tﬂe gomponents
hod for separating solid particles froma

wﬁhm the ;ﬂfuat@reammay be atdaast pattially prieniedsinacaricspAdinesmagier to
the DJWS&%SP req ﬂ}e sgé}]ga&nq@ gonponent, the nethod

Ci ng e streaminto a
separat i on region; inparting a rotational novenent
into the, fluid; formn out er annul ar regi on of

el

r ot ACFRIgingh;iiea Syt 8 Hiegnt iAY eRpRguovides fymethod 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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form ng and maintaining a core of gas in an inner _
region; wherein 30 liquid and solid particle '
WO ”%‘b(’shr ation vessel are directed to the oggﬁgfﬁﬁd%gzzzo
annular region; and WO 2007/ 144631 PCT/ GB2007/ 002220
25 the thickness of the ouger annul ar region i s such
that the solid particles are concentrated and
_ substantially contajned within this rgegi.on. As ha
inlgjagmarrneed Hserhatdhy WB%‘&PO%F“_FHJW%&%Q@GF%FE? iBpduged
radiail 'dﬁ'&»ﬁr&ﬁﬁ& eli?hﬂef‘t:&n mARAration in such a way as to
|nﬁ5rt a helicall, rotational flow pattern and to
cause an outer annul ar regi on of heavier conponents to

for Convent i onal | equi pnent,.that _rek| on. .t he

sephe ietHe dpveantietn STLTE picalas e By e
sepfafitish Faitioh & B&Schild@d ahd (RPMGSialldipectdithdedemblyding

into a suitable vessel or region through one or nore
usedpeni ngs. I n the devel opnent of the present invention,

it has 10 been found that this incom ng stream can

di srupt the flow patterns established within the

sepanafloefTag @rthe ticchasldvgath ftouhbbd inatregimesthat allows for

di sruption can be reduced, ang the, .separati.on .
separatiogiof theycompepes ixbeelly AeRoEdingly &P ﬁ%&f_ﬁ? gt e fwde o
stréJn? W @b %g%t@ fﬁwlgﬁﬂ‘ﬂ i8fn a HmiR&! dr&@hsiRahd? W REIne) that is less

entering the separation region. In this m§¥, t he
thanaurboleant Bhe lengthiand tadeustdighovasire ebike arguatsdlastpatheshould be

BB b Ao L CHRRPEL Y Ul it b

the R EhidinY thd Rparalih Fpfin. aspect, the present
i nvention provides a nethod of separating a

mul ti phase fluid stream the nmethod conpri sing

I ntroduci r p . [ [ b a@n

ranief P pira S, e R i Db P GRS Bt i sebftadn o
muliplespanidisiredn ) the pparatubesmprisingri or to its

introductjon into the separation region, the fluid

st r 8AFRFTHIRIEEEH t o fl ow al ong an arcuate flowpath,

t he of bichof in@WiRGndh OOM dR8m iRfotH@bdpatdionRetibn;i N an |

orientation corresponding to the rotational flow
pat tearcugietchiduit foh eonvepinga fuid siream emthe Mgets t has been

t he et s T AR R T B b0 R g el
str&dnh RAGTHeABpAEticIALERA ih an sHpRARdrecor@epurdingpto tha of e fluid

relative densities. This initial separation may be
withiw thetsepasatipanfegion daring operation.

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

separation device.

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

“example only, having reference to the accompanying drawings, in which:



separation required in the separation region, provided
t flyid inlet is oriented to introduce th j
WO&F@Q&‘H{%?MO the separation region such that ?ﬁfg}dﬁz%mozzzo
conponents of the 30 incomng fluid are appropriately
oriented. Thus, the arcuatg,flowath and the fluid WO
2007/ 144631 PCT/ GB2007/ 002220 26 inlet are arranged
such that the heavier conponents in the fluid stream
are introduced radially outwards of the Iighter
co np%ﬂfenlt& is al: Qﬁeﬁﬁﬁéjﬁgﬁs&#&m%gﬁ?ﬁ?ﬁﬂ&% 6£4h8 cobonents
hel T ¢al”, "as required Dy the particula 5 separation
of 4 thaltiphase fluid bieeams hi the edbttadcbftthepeons invahtias pect s of
the assenbly being wused. The flow of fluid in the
circular flowpath should be in a regine that allows

for Fllggfeﬁgif )i}'td élég‘lerﬁﬁtié féﬁ?eﬁaﬁﬁw?ﬁdﬂaﬁeﬁﬁtib@ﬂbﬂ- atterns of the

Acco I's preferred that the fluid 10 stream
comporehts of eouatiphast Swpslkstieaingn the methedrphdie psgsent invention;
transitional flow regine, that is less than
turbulent. The length and radius of curvature of the
ar cpghife 1 |sovpadifuduie vlods-bestiosal Vidwe tiedugh Dsepbratezagttem
initialise separation of the heavier and |ighter
according tooahgrspgmquqn@nt qfitee prepedh IAVEREYEI ng t he separati on
region. 15 In a further aspect, the present invention
provi des an apparatus for separating a nultiphase
f | uFibusd 3.4 & lohptudipg arasssctonalpviewithmgugina seppeatertsystam
regi on; an i£| e{)%{jor [ r}ttgoduci ng a fluid streaminto
acQOFENg [0 FesPRG FMPAYMGRE of thGPIEs G VAN Yhdui t f or
conveying a fluid streamto the inlet; 20 wherein the

arcuate conduit and the inlet are arranged to
i nt Fianoe3B itrelohgitidinal stoseaeationaloview dhreugni APABOISYSERN

i n.an orjentatign correspondi . that of the fluid
ac qlﬂgl‘??ﬁgﬁse&?gﬁg??‘gﬁ%@g |r%(rg1htg’g‘rf%rﬁ]§hbper ation. The
© separation region nmay be that of any known or
conventional rotafional 25 separation device, suc

h
a cYimenb!s 3 lengidingl cgsessctions] Ay SrPhg 3 pATALYT, Séfﬂemas
acdoptﬁhgléd AduPi cﬂ[?o@ﬁﬁ&ﬁgf %eﬁ%eﬁﬁn@ﬁoﬁ! ed to operate
' t he

according to this aspect I nvention by a
suitabl e nodification of the conduit conveying fluid

to H]g%rcl 9 %seg logéitﬁﬁgal cioshaediion nvigxg Yﬁr%&gh 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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30 Enbodi ments of the present invention will now be

descri bed, by way of exanple only, having reference

WORHTHIHE3hcconpanyi ng drawi ngs, in which: WO 2B8¥/CEANEA§2220
PCT/ GB2007/ 002220 27 Figure A is a schematic
representation of the fl oe%?natterns of the conponents
of a nultiphase fluid str in the nethod of the
present invention; 5 Figure 1 Bis a schematic
r epReﬁmntatto Omp\mefrdﬂlané rdmemrdi’lae\mqutetr@n mefento thee

one ts of se fluid streamin. the.nethod
assepbbiov i Lagmdngurn R veriod) araRsheRByhdf oG o
acc%ﬁ‘%ﬁﬁ’ydﬁgﬁéur% agy will Wb Y Sind ers ol Mt hes-vertishlestientations
ordihg to a first enbodi nrent of the present

majy aisere iappljed 20d Hiepforsneatipreddicmanyyr fubk ¢rpstrued accordingly.
cross-sectional view through a separator system
according to a second enbodi mrent of the present

| NVRBfek@y; to l"ﬁhgﬂé €A 3thetcsis shdvwom @ iséHediatiareresentmtionof & qmdal
vi ew through a separator system 15 ac

fluidrfiow pettembwithiarthe saparaiion segierat the methad Qﬁﬁg %5‘?5\1 invgngiqn.
A r?iuftlgﬂzgs' i PRin6fRE ﬁﬁ&tpl'vgﬂféldljy b é’ﬁtécf‘é’e%&g.hoﬂ region 4

or system accordi ng ourt nmbodi ment of
thrbnligex Pdingle fﬁctmguiantangcntlaﬂﬁﬂd%g l]ﬂ'E islef @i 1sa1t Iam mlﬁ titheal

t I h
longtpginal e i Bt n redted b uh R R B i AR Rt e
agdifist %he%lt btthe s‘épaﬁaﬁnﬁ@sglb&ﬁl Yhawallpaeeaiding ﬂewaaemrs The

accor ing to a'sixth nbodi nent of the present
genenal elirectoom; onEnd:ﬂgwn%lnvllqa@dd)ydh@gﬁo‘gé%Flg@rﬁ‘al {hebelical flow

ol T 0 AR RS 8 o rion

reghorep Siithinl ViieH is! d)éposﬁﬁﬂccﬁ'b gegien 82.i fheadfbrrq.'fdnamgexﬂ the
cross-sectional view of the fluid in].et ion O

muliphgapBvid haying p highgtdensity algsopgertray g he outer Shnlas regfon
10R \ﬁglél\%(@érog’ge{r gg‘é%é g&:ﬁn&% ffi Ei§ aﬁcPareléBl’l@dtéif'm th&ore region

erein Tefer to the
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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assenblies with |ongitudi nal axes in the vertical
orientation as shown in the acconpanying figures. It

WO 2714468 hever be understood that non-verti cal FCT/GB2007/002220
orientations nay also be applied and the
aforenmentioned terns are tQ be construed accordingly.
5 Referring to Figure | A,23here is shown a schematic
representation of a typical fluid flow pattern within
the separation region of the nmethod of the present

ver &5 elsp et et 1B et 1 st S FpatE S e

| 1oh3EgibRD I BhisAkay, Mgl deBsity aidiant ehtréinéds
UP%¥Q§5n&fa%glg%ﬁ% thegllo | ongi t u?i‘: nal axi sy of the

solisle pplasttingfromabé owtertannylae regionatO am eansed snslieg bpek ingo thej s

di rected,,agai nst the.wall : 8§ £ [ i
] g6 801 PEEmlrt it P QR o F M RRIRUE ARG EGER oI
lO.dI:nrtﬁEt\ird%@ tRferddion 6F the @y df she vediet adatictohairtig therseparatian

Figure 1, The helical flow pattern establishes an
regismt deis maifinised: region 10 adjacent the wall of the

separation region 4 within which is disposed a core .

region 12. The components of the 15 nultiphase fluid

hav Fizgreal Bslgivesra dmilai teyresengatipornddhvid Howdpaiterns kethatafer

| i op._. 10,. Whi | e the.l densiit
Figatgi e BedtgonbFighs et Figtinia B Baichc STRERE/ e
refé@rééﬁlﬁﬁécrﬁﬁ.ehﬂﬁghr% 185 {RAhhlsPRse TRiARAVITEEItOM® stegine

an e outer annular region. For exanple, when the
andlibnd jsleassedfto enter e senaration regipn ddhropghyhyqieppesed Keeagular

. .th | ' [ ' i na-
a5 B e R D o i
regfiif 4. aTRERIGOS altlip bleemgletl Buctnthar the incotrting fluiddrane diednlel 2

i s conposed of as, Wth sone e tral[l ed l?i 8uip| "
flows bploatand imdﬁl‘dfbﬁ %gtﬁ&een&nqg' ug Q'H:dn 19, %qrc'ler. 0
avog% gbjlﬁl e eg?ﬁe fidlh §{réz{ri‘lgs§2 %Ifhhe?e?‘@ﬁﬁ helaPfreciated tha Jhred or

e annu region, lui d descends within
mokdhinletemay bt aoangednapplylsg asintilap epproach ortbahof Figwe 1B, such

the _interface 14 i.s convex i _sh L ) .
s P B RS e SRt e SRR b £ ghicare
no BNk oR et @W At Ghitg ffRid avRsby the incomng fluid
has a pitch such that the fluid conpleting its first
revol uti on passes below the inconming fluid entering

t hr gugh .t L0l . i S . i[ 19 sEditsr
avorgeigf 1. ferd  shied i Qrschl i B o
systérh Btddrding te epagmbiddiment ef iterprésentinventioer Vide separ@or system,
qui ckly and efficient|ly establ.i sh.tc[}le uter annul ar
genesgiloindigated 3g 194 cOMPHESS a gene ly 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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predeterm ned by the dinensions of the inlet 6. WO

2007/ 144631 PCT/ GB2007/ 002220 29 As al so shown in
WORI(1A431 A the inlet 6 is disposed sone di sPEHEB2947§AF220

the wupper end of the separation region 4. In this

way, high density fluid and entrained solids

spl ashing fromthe outer a#thul ar regi on 10 are caused

to drop back into the 5 fluid stream and becone

ent Tl‘fié Sepdrator 108 das b géﬁérﬂ}qy olindti¢ab Yoienutring thetethrough,

annul ar, region 10, In this way, .the erosion of the.
exERNBR HHPOGLRSEP P Thecana9s Aich K ioviee Bortap: paptially nto

r eqi . e p ) L Lo 1n s
the 58 O o 13, TR g iiRid O B MR Gnphietdt 13
forfried with d tperédbdrey devreakinEiimomoss-SeBtionwh ared imiheldommyards | A

dirgitign B yheing b AOREY GHEGEe 1 HoruelRopSLaR: Tpdof S
solitf dofediBrator 1308y Sncdfflof farfkds $laddbotiitier, Thecaapiaedboesof

region 4 through two opposed rectangular inlets 6 and
the®ap EaG Iseparhtor 1@, golid goricentrateiakigead shymgeaeniainer 18 formz

wall of .t he,sepa [ ' ' .
sergon fegidh “DRERTIRNE R il B sfpmrs e rhftpl o Bty
wedr tSisthhtongtedia 1o woid dxeuasiee eiobionfof tHedvailsroe araybedined or ng

through the inlet 6, in order to avoid collision
slepvadip s¥chipgtenialyi d streans 2 and 3. It will be

appreci ated that three or nore inlets may be

arranged, applying a simlar approach to that of

Fi gUhecdp H6 is prdvidedheith arfdet ipfred 2 [caingnusiqatingsvithree

i ntroduceq.into the ration.regi,an 4 wth nini
reciAEv Rt 26 81 O cBo JEBrres iie 1ot o A s hhaplarThiRd 128 are
arraitheltef £ dufCaref ol tH [oRpRudihdl@kR of theSseparator and wagttiadly to

cross-section,” a separator system accor di ng to one

theewdibefi the.eap 16)6. tFhe apelexd the fead ipeiléh andrhe inlehkrtawil be
syst e neral: 1y d.ndpc : j
detﬁéﬂ’@?‘gh 9"%@‘?1{% rﬁyocféﬁfdh@gﬁsﬁlg%@ﬁég%r%%%@ ‘%’Z%ﬁ?"at or
pert&idnedh a\yiy[)g:alaarfga@foi (372 ﬂ&fadjﬁpfeld?_@ and inéet (PO ésrt;r)mlnd t0f20%,he
separator by neans, 25 of a ange 108 ol t . A
mepgied BamgditiePeERaRdicHtar It the l%ﬂﬂ?@ﬁé&d—iﬁaﬂge eparaiy 104
| ower end of the separator 104 by neans of flanges 114
and bolts 116. As shown in Figure 2, the solid
condaetimsnsiond dPthkeaslctopsoingovill alserhsrdefsamined by timHuid

Ry BB Bor s ot B LG5 o

water and sand particles, the inlet 126 will be sized to provide a fluid inlet velocity 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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Cone angles in the range of from5 to 20 fromthe

| ongi tudi nal axis of the separator 30 are typical for
wobg/1gepar ati on of a fluid stream conprisi ng BE€TEB2¢7/002220

wat er and solids. WO 2007/144631 PCT/ GB2007/002220 30

The separator 104 has a generally cylindrical bore

runni ng therethrough, ext¥nhding in its upper portion

into the cap 106 and, in its |lower portion, partially

a produexior! fMiéid shdlied] 30@Tcemientioml design, fohexarmpisa phuggnd-cage
portion of the solid cqgncentrat

chake: Tbeputetos e, pratsrieniiPoke Lo b isconnicedna g e | 1
lea&xﬁ 1 QYNGR f%g fRid] fo@%;%in%rbqﬁgﬂreﬁp ePhdQGwePER 6F tBé Hiidbutlet

tar ner ower end of the solid
plpe 098 emhcﬂtsagentfaﬂy twitinthe fimction bétaege the separatar 1 Hoandghe solid

congiradio 1P LT Ao £ R NG OWRATHaH 13

corhfists & tphﬁaﬁ? bR HLRPorR 36 Rxtehilifg GO A RRRAR! dutadsinetohat a
separation fegion are of sufficCiently wear resistant

tangerttdo theloutey sunfasiedf dheclbd ovdetaipssiZ¥a of the walls or
may be lined or 10 sleeved in such nmaterial. The cap
106 is provided with a feed pi pe 124 conmuni cati ng

Wi t A vbrtek @6itedl Gdedibly M3 8&is piaﬁdedartdhﬁommai onlthe ldmatnd of
pe 124 and the rectangul 26 ar

theafim@nut&& piRe 128gInd Omprises 4@\#&. WYQiin e 1 oF Y etted
P AT T et by,

upwands ﬂmegJIw&immehmdndgces heuryed ﬂemnaésaibfwmg Buid|tg icigculate
and il ageel PO eyt onaile | TRIB s 440

ais& T&Eééh& Bedfbr cofpasdHLsltivada) fus preCertiviRgiethanteividening
[ ongi tudi nal axis of the separator 104. 20 The

of dlcmsws aundargegion end pushingdhe miterioni 2P radially quewards. This
furfft EREG e Bipl o fehd Lo R AFURLIG BEeaEP A 21| O

F €A Nprising a viscous crude
oil, water and sand partlcles the inlet 126 wll be

d t d fluid,inlet t 1t
5. e sivrg cpelpser D18 camgiiet B eSS SR bots B Ag
intEAA ikt ﬂﬁaﬁgﬁ%ﬁ % Am&tBt dfQhe 1RVeR eACbEMBILAIREEANOKS R&hE Sdlid]

properties an separation and the required flow
comnlrﬂonl 1.5 M/peﬂfmmteﬂ Icages HfPchaying amip®mal diapetericerpsponding to

th A R A oo OF B et Soak L O ey iy B ity
thrh@Vihe Sluf9 aRaRiel $18\ild forone ittul@tregion 144 in the slurry
container. The perforations 146 in the cage 142 are arranged tangentially and connect
the bore of the cage 142 with the annular region 144. A tangentially arranged fluid
outlet is provided in the lower portion of the annular region 144 of the 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 shury 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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A fluid outlet pipe 128 extends co-axially fromthe
cl osed end of the cap 106 30 down into the solid
wocooTemistat or 112. At its upper end, the fl ui ®#CBGH20G7/002220
pi pe 128 conmmunicates with an outlet 130 in the cap
106, to which isconnected to the inlet of WO
2007/ 144631 PCT/ GB2007/ 002320 31 a production fluid
choke 132 of conventional design, for exanple a
15P1o40debrid 1ina 366, thfdalkk whidhlebis tollecd i fR systesiuasy bn
fluid choke 132 is connected to a fluid line 134
collestediang reraovedwnst ream f I ui d processi ng equi pnent. The
| oner end of the fluid outlet pipe 128 coincides
generally wth the junction between the separator 104
andld fergioni dnmlifghnsefitidatream tdifpdsing gas, ohoesemoreTymid

| d ti f the flyid tlet pi 128
phasgingd st Barifles Hneing fom ranie Wl de s S AR LraiEh e e
pipd 12845 fe'r cetléggm(;@riﬁ& HidiR%Hd QP 186, 8ucH Qﬁ%ﬁgﬁhﬁ@ﬂﬁiﬁ@s typical

outer sur the fluid outlet pipe 128. A vortex
of thoistrearh peslsestbirgm l3@btesrapgapvialle dThefthidstgreentets thche

| oner end of ., 10 fiaid .outl et pipe ‘s
seraifg raaen & t Bt G mgontig el Befin SR AR i s
caf RiRaridQepiraiot, dBhlinda bk sdlidpMadedipresediiia thd fluid sgear are

140 acts to dissem nate the upwards flow ng vortex,
subptantialiywennfiasd tp S an anmigr segion alipcont e wa}ll?ﬁ’taﬁ% gap 106

and it 2 p 3R Fegfit Snstelify LABRBAY o gndi@i iy Mibbiptic
sefagitiof seditig theemuirtace between gretcprm:giiga la;’id tIhet dnnsltar region being
t X : eni ng .15 of. the outer iy
sty G APl BB LERImIGHF Ag ASBUHRE Lvd cloaBderispsvidn
the?gh%@{"g%‘l’-w?ﬁ?ﬁi gﬁ 18 84used RARRS Mtd BRYPad bR L9duid Bfoplets

onents o uid stream The slurry contai ner
and 41§ sdidppeitivlss thatgerychednitpingg Withit the gas ese aresravpeg) tgapove
._jnternal dianeter, than the.d] . t he | ower end
‘H@FOPH%S?‘Fé‘Hsaé"& 2B"(Slr'zéll{lr etlﬁcgl"g%‘ﬁ@oa& S{f’mg%ncentrat or 112.
A perforated cage 142 having an internal dianeter

corresponding to  that of the | ower end of the tapered
bor ésithe liqid steeany inlba aamiarpgpn gsxents it dgses angHlsry

R oy oS eu i B bochhing iy B BbsiecROf i B
sephédion 104tk descanried bad thy eraregimgehleningaossisgitign, andl the

. connect the bore of the cage,142 wth the apgaul ar.
liqidh g apaular seeioxnds afioss e A L dhs ardtoss 1B en o
fmilagfgué ?‘ﬁﬁ'ﬁ* ehallpE kU RlerfA $HoWA iR Figuhe2 and il Mord edibin

0 e slu

rry container 118 and connected to the
FigunésekA atid BBsThe eontinwod eotatira of thecligrid aaysentie nars idgnse

phgsgg, 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 throughthe =
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exanple a stemand-orifice choke. The outlet of the
slurry choke 148 is connected to a slurry line 150
WOReHAH4gIt o t he downstream sl urry processi ng BEUGH2€47{002220
30 The perforated cage 142 is connected at its | ower
end to an outlet 152 in the slurry container 118,
which is in turn connected3by a hydraulic or manual
ROV val ve WD 2007/ 144631 PCT/ GB2007/ 002220 32 154 to
outtet 8D the kap B06LaRl, pasdts ditpihe produbtisiefuid shelad 132ab ek flwid
t he system may be collected and renoved. In
ling b4 r fgher progesstigohase fluid stream conprising gas,
one or nore liquid 5 phases, and solid particles
ranging fromsand to well debris is fed through the
f ee@he mitgriwnalattibo of the linestsaergainarg in thesepdr@®r can ¢rhae aap

A B TR o Bl
rotfiHeSidry ﬁﬁd aA & Rfulini W §e%91‘aﬁen b thepBaedin pAkicalE tHel OWs

ina helical pattern dowwards within the cap 106 and
sepaeapian and gradJtinm dfthwcdlda:muslcﬂ i heplestex songrad gesambiinl 3 &

ST o P BT ARk 29

preRéils fRPAFE% om dlatRgluregfrom tﬁ@ slairg tsepa@tmeegibn ahd paseing

gas is maintained within the.  sep egl on the
upwtiermfa@@ f%?%\é@ﬁ“@ﬂ??ﬂ%‘isé%é@ﬂ’@rﬂ%ﬂ feﬁeo di28r Th
vor SN0 eI 3 o, HRSGURRA Thig ol St wallsib GAGE the
I'qui'd stream escen t he

waBeﬁﬂrea;bmtraﬂcﬁﬁregmnt fustherechhgacing soluhlsqmbtton pass into
the gas core. Liquid droplets 15 and any solid
particles that may be entrained within the gas core

ar eFﬁﬁVﬁl%@eﬁa‘?atHP}/(ﬂ ﬂ*uﬁi pedGesGRIBARE stidbohemtrafdR 1300 The
enter the Ogh annul ar region. As the liquid stream
ghey

cropsysackienal areal fayvpath abde éhmt,ls rt:ctucptt)gl@gg ﬁwdm%tl of the
sol{crigcrOEgt%nlﬂrntor l‘ﬁ % ttt'w: %lﬁlﬁnécpe% et%%%flt%taé ep% rgélrteg)?‘flﬁi%éf'ﬁlg%ntrator

PR Cr 688 ion as
117 asrhe dextlca thid glﬁd@ 0403 casxingthe $hukd fociecomne concentrated in the

Cross- sectlon til the liquid in the annul ar region
solidpagtid 6§%aﬁﬂ@wbore of the separator. This action

forms the convex shape of the interface shown in

Figure 2 and in nore detail in Figures | Aand 1 B.

TheTho siturm pessesr wtthe cantrab pert‘¢reteti icage Wl 20d dkesluiry container

1 SRR 5AG et ip kol ivatfaf dbt fuf Whiysfdfed g, i
and $4lled eaﬁiepdrtlaea fhsélﬁﬁtv&?&s tRRAEE the/fetforatione 14@iehels t he

central axis of the separator
perforated cage 142 as the slurry descends within the slurry container and are
removed from the annular region 144 through the outlet to pass to the slurry choke
148. Solid debris remains within the perforated cage 142 and leaves the slurry
container 118 through the lower outlet 152, Depending upon the amount of debris in
the stream being processed, the hydraulic or manual ROV valve 154 may be left 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.
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104. Cean fluid is renoved fromw thin the separator
104 through the fluid ports 136 in the |ower portion
wo ofo7his3f | ui d outl et conduit 128. This flui d RETAGB2007/002220
conprise both 30 the less dense liquids fromthe
annul ar region, as well as gas displaced downwar ds
fromthe core region. This3%onbined fluid streamexits
the conduit 128 through the WO 2007/ 144631
PCT/ GB2007/ 002220 33 outlet 130 in the cap 106 and
passes via the production fluid choke 132 to the_fl uid
| i nBefeging torFigure 8hetheps issbayn Ay alterpativesmbodisngnt obte; on

of .t he | d
ol b T R b ) o
3AfchRdsgoading t6ltwee ofihe kysem bl Bigureol ateiindicatdinsiyg fheisamie

and reducl ng the separati o of the g{f_ﬂgses

referange naypcsdls + hbe eensil manpenp &aaraaP%\a SHstiam of Figveg, P4 ds
C

e FRECY R E. SRRLE g ggloreiditon e,

dlf&feﬁcmnfdonstmcuun land detaifdnperatia8 bepve@néhﬂ systeins of diguess 2

urry fromthe slurry separation region
Vﬁﬂ%}g‘ﬁif%fﬁé'upwards into the region around the

ports 136 in the fluid outlet conduit 128. The vortex
flow foil 140 also acts to push the downward f
f | oWhe sy d%FllgUWa?ﬂ‘tl sompses Mluﬂy@nﬁwrééﬁm%@ﬁhrecﬂy on

en th
theég%éo(%floolflﬁleos patg rqg ia'{g ge 2 I1oﬁ§e$§tpgélﬂé fcg‘ﬂled%?‘?ﬁ@ e
co:fﬁlﬁliﬁé@ g%eadl (iyhﬁarflclza'l'bsres Zbﬁthegclﬁp ses,em sepa?lrt]orali(}é and thetsﬂwry
(0] a (0] e ul IS readu
cagerd 8 SoF domeRd e e ouls Syt e e sy B ArbRed cap
146 & sﬁﬁﬁﬁtﬁ tg&{@aggfl 75 BRieR@NOSREAIRL Lﬁfwaras%tﬁadhs Orry

coni ca e 140, causing fluid to becone
corgainerchit8e a% phhralny phingetial pbrﬁaauomlléé aperfgrmed in the slurry

co e .oty R Sl o, B

sluh9dus Brglisi thelowek eid ¢hihé SiMmagbhtainer 118; whichi id tmd:onnects
entrained solids. Fluid and smaller, sol.id ?artlc%S

wxrmsduroxu@hvém d48 and slugn lingd SPefrtargantiaglfebria gutiet pord
erfor t
ol B SUE S pl: Hlebfenc ot branibeao
a hyéRuldorlhdnial ROM kalvé ¢Soand zetlehns linad$§6t 0 the slurry
choke 25 148. Solid debris remains within the ‘
perforated cage 142 and | eaves the slurry

In operation, the separator system of Figure 3B provides an alternative means

of solid concentration and solid collection. The cross-sectional area of the
downstream end of the bore within the separator 104 available for the flow of fluid is
reduced by means of the conical cap 174 on the slurry collection cage 172, causing an
annular concentration of solids within the fluid. This causes the concentration of the
solid particles within the fluid phase as the stream descends from the separator 104 to
the slurry container 118 forming a region of relatively still fluid, allowing solid
particles to settle and form a concentrated slurry. Fluid is removed from the slurry
container 118 by passing through the tangential perforations 176 in the slurry
collection pipe 172.
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contai ner 118 through the | ower outlet 152. Dependi ng
upon the anobunt of debris in the stream being

WO peduegsed, the hydraulic or manual ROV val vePCBARAR7/002220
be | eft open, to provide a continuous flow of debris,
or may be opened intermttently, for exanple by a
renote operated vehicle (RW), to enpty the bore of
the slurry contai ner when 30 sufficient debris has
been coll ected. The ROV may be provided with a
receptacle for receiving the solid debris for

r enBotsrmingto Bgiyy 3 Bathersiis Shawia aliermatys asgngement to that of
; rd | - i telnfivaBbf solid
Figle ATt bRy ee Somiélorif il for he SRMIoR i ckiRNaRS
particles ning a slufiyeotiestiparage $7f Thdassgybly of Figure3 g enwloys A

corresponding to t e.of ,the system of Fi [ are
gener oA Reppotprol s e shirpEoyane Bapihea difhéer, o
sulﬂ?aﬂﬁfii?g} thEBRARE bs Bt SRS 8pabilor0f04l B Sy eide mcohstifétiria A
'S

argely the sane as that of Fi?ure,Z. Accor di_ ngl 3()
downwarddluid fleppathi the slureyriojlestinm cage 1 12 hasiitsappprend closed by a

constr i pn_and ' [ t :
cor it ARk P SREIAY BRohf e Ehicd B 174, The
ver pOHEATS Gh tHel codical &b 17dmpovideanausletfor fluitadisplacedfrobd e
mounted directly on the [ower end of the separator
slumg gontainsr §bpar at i on regi on being formed by the
conmbi ned generally cylindrical bores of the cap 106,
the separator 104 and the slurry cage 118. The | ower
end Ipthetsheryf dontainesd 8,cfuid end solid papclesare baused tanry Andg

i cal 140. A sl | ect |
congnyiie ap b spRatE A i e R ahioreh P tarieffal St £6 S
entl‘érn {Hteﬁfe | él?\rnref}iontc ‘%?f" e, fAdm Rdefeahay ireisschdGedttrodghrtied

ection pipe 172. The |ower end of
slurfyeudlpUl 18y viedhe durry shokealfd tnfpthe htrreding 1991 Rebrs 4 yery)
outl et, 178.i h j is
cof TR S0 MY TR AL BBt e
ouflétd §9/aud R4 the Aedradi orAntranhROM edlvel Bt into the delrs fingr 156.
180 is disposed in the wall of the slurry container
118 adj acent its end, which is connected to 20 a

hy dr@ulab6n éﬁ%‘%@ﬁ@@&%& 6 Bldifer@ativantag@dsves tat 6EFigure

156. I'n operation, the separator systemof Figure 3B
2 iptiavdase thabthe Aluicstreat containssedid pertickes|that areersy ptRINech

d solid collectiop. “sqct | h
THa raReraatin e P ShanddPathRR At Bratiine byl e
subNYaitiafP b@tibriry AR fnltRy&10Fry Conthidet 518, surrounding the slurry

collection cage. This arrangement provides an increased slurry residence time in the

slurry container 118 of Figures 3A and 3B, compared with that of Figure 2. Easily
entrained particles are thus allowed a greater time for settling in the slurry container

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

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

3-and operates in the same general manner as the system shown in Figure 3.
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25 reduced by neans of the conical cap 174 on the
slurry collection cage 172, causing an annul ar
WO eeaessBrati on of solids within the fluid ThPET&R28E$02220
the concentration of the solid particles within the

fluid phase as the stream descends fromthe separator
104 to the slurry contain®r 118 form ng a regi on of
relatively still fluid, allowing solid particles to
Ac&RiihbS, @d}ﬂpérehmcanﬁmﬁa fhd sRehsI WO Fighes3And & are
removéd fromthe slurry 30 container 118 by passing
indichied wging thrsamerrgfonerica nuperals rdewenes, thy grrangemgat shown iy

a8 MR PR A SRR e
of\ﬁiut:l@Wﬂ&hbw%eﬂeganﬁ&ﬁmmbrdébtﬁihat of Figure 3A but

enpl oyi ng the sane principle for the collection and
renmoval of solid particles using a slurry collection

¢ ag’?helge%araagﬁ r i3 all: ¥uf 4 gxh?lé?? ghteﬂmh Q¥fet@onduit 200 and

generalty cy Separ at 0 the slurry
a hmi&ra]wtbﬁutttamn@ntézwl a“rheﬂxeawenfhsd anth:tasbn@ult 23 isarranged

I e arat or .104. v nstri
co-pHiaby Shthia i sERPn araiot Fissperie Rs B R e a8,
Th@ﬁ&%le} fltid\Giftlet ESndURDOS eRRHdSENBALPH iRk loﬁref&rﬁlqion@@‘pwnhm

A vent port 175 extends vertically through, the

the(sbmymllle@m cbga 172 ferming an apsilar chambpnfor e cobggtion of shyry
thr gﬁtﬁ qv des an outlet for fluid displaced fromthe 10
e PG> 88nt ai ner 118. In the slurry container 118,
fluid and solid particles are caused to try and

concentrate on the separator axis and to fl
C he Thaig i pulst soantpong e verpe ey asrarity 201 &0 gas

llqlgﬁ llév%l:%ﬁfl% ‘T%? tl?e formt {d?l MR Rx bAg Yre lﬁhﬁ@f‘ﬁﬁlﬁ%mg

urry out et 178, via the slurry choke
draia,dlanuorth@llglitetlmdl autlef cbndmt A%0 Thedight ﬁwdmﬂlﬂ@teﬂwldu% 880 se

i,ds_ in a slur.ry.are re 4
prog il it PR G aBarbliAt A Bor S IPY el W e, el the
co:@l‘%“ iGAldve Bhe Vo AreRiOM208| Xeshbwh inrRigure Hetidahueiface | ne
. The arrangenents of Figures 3A and 3B offers

betwgemthe ageesregigaand panulgrregiog yithin the sopargto fd isdRaCatphby

t t
I
suchBh4l iaWpdeation thk vier @k ﬂoWastgpanwﬂdm‘f&h@tﬁore mgm rammeatsltbe

hgﬁt&ﬁx% 8&?‘?&@%‘%@% agp;' & os%tl(gﬁ{sgg}vg s ncE ? _ab(ﬂzﬁ the vortex

5raggmgtzopr ovi des an increased slurry residence
I'me 1nt

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
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slurry container 118 of Figures 3A and 3B, conpared

wth that of Figure 2. Easily 25 entrained particles
wOae0s/1446as al | owed a greater tinme for settlingPCH/GHI807/002220

slurry container 118, in turn increasing the

separation efficiency of the assenbly. Referring to

Figure 4, there is shown a3%further enbodi nent of the

separator system of the present invention. The system

cha%beﬁwn%éh@gwapa@a t@cmfm@lﬁgep@wmrfmﬁéa @nHe énd of
slurry container substantially as described

thehvep e0mbpsuingsintertlie sepactiionnegion K enabls ligyidtedeopeiraraied s
manner as the system shown in Figure
Sh%”“‘ﬁ%a%ﬁ‘g‘/efgﬂ‘g " PCT/ GB2007/ 002220 36 Accordingly,
conmponents common to the systens of both Figures 3 and
4 are indicated usi the sane reference n rals.
Howbeheavien @ua#c_rtﬁh@@v%mt St usgire Pl See ap
20@111{ is g?o% Gl 1I1 tyhﬁpe\%ﬁbhﬁﬁlt\’v‘@ah of Eaﬂgerﬁﬁ['ﬁﬁfdeﬂﬂrt% 213.

era e desCribed in nore
Thel Eéaidr flufd Gihlet eawlait205 eonreetst veith mﬂuﬁ cgmhc’epm e2dinghe slarry

conibeick BBt bis OMEIHLIOA BaPPL2a oLty Dol fhaped

to PR alweiPITANNET a 1801 36irbgohditth tHat bie BORMS@SanDENd of the
regi on and extends through the slurry container 118.

cor€hmegiong av iralicatddin Figwwe fet conduit 205 ext ends
co-axially at its lower end portion within 10 the
slurry collection cage 172, form ng an annul ar chanber

f or AlddBe 096 basids@iowid thé Héavier fluid owttsn cominitsd06tis a rdgien
ght fluid outlet condwt 200 Eas a vort.ex arre t or

belawgbwngermhﬂwd Pors 244s The ceqgi 226/ e provids v passage
ZZ%chyaéeﬂﬂ@@ghfép sitfacd o‘f l?eﬁw@ﬂﬂui@rcﬁl‘(l@monﬁﬁﬁﬁbﬁ "to fphi’\hdje a

rawn i nto eI| d outlet conduit
pasifge. foil' fieidlto glads uplwards andtolueof thosliytcog@iner 418 fureplleion.
with a plurality of tangential fluid ports 211
di sposed so as to open into the core region above the

VOr L dpeRdtioRSHRE i2finoved HRROMR skphratofin terodvayish First, the least
interface between the core regi on and annu#@ re i on

dense fflvicheallected inpthe sotsrregion, mestityrisal bt &8, mepsesiirought GRSP“S
5} [ lgd
21 L tgna %lpl%ﬁlte’lt éo%o Birt %E)ﬁ 8.1{1}(8 ﬁﬂ&gg{ ﬁkﬁtﬂeﬁg tﬁﬁre{;ﬂrl]dﬂoﬁre@%ﬁl oncap
106 Bed infhe flaid ﬁe&\/pﬁk 208 i thediqoid trape20lorBherfogd dnaves the fluid
intersects the ght. fl ui % gutl et . condtjﬁ1 %oija Nl i
foed 2 (R hiongh Tsvianavpue! Roka 21 iopgl tlow patten to
the fluid in the chamber 206. Dense phases, such as liquid and any entrained solid
particles, move to the wall of the chamber 106 and flow downwards, returning to the
separation region within the cap 106 through the drain ports 218 and 220 and due to
the angled tangential inlet flow, is entrapped and removed in the main flow stream, as
shown in Figures 1A and 1B. The remaining fluid, typically gas, leaves the chamber
206 through the outlet 214 and passes into the fluid line 216. The fluid line 216 is

shaped so as to form a gas weir 217.

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

through the ports 213 in the heavier fluid outlet conduit 205, and flows in a
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arrestor assenbly 201. The fluid outlet 130 in the cap

106 connects with a liquid trap 204 nounted to 25 the
wouapparndsednd of the cap 106 by a flange and bol PEF/GHI807/002220

liquid trap 204 conprises a central chanmber 206 and a

fluid feed pi pe 208 extending co-axially upwards

within the chanber 206 fré¥nthe fluid outlet 130 in

the cap 106. The fluid feed pipe 208 has its upper ]
doensreagaditdtivn Within te sediut05 ZHrouginthe aluptyuragt and/intd the fluid
. tangentjal fluid rts 212 opening.into the chanber
lino@ .Vs&theaﬂeéwriaﬁﬁ% laﬂ}ea‘iﬁ@a“g%%r Btlet 214 is

di sposed in 30 the upper portion of the wall of the

liquid trap 204, which connects the chanber 206 with

a f lAufudther evebadlirBent Af theupredent ipverftiogrisshowsbint§gwed. The

tend. f t he. | d of th 2007/.14 .
sk b hbE S S et Y AT b
destPifbed RerCRbERFPATICHs REOWR frl Eiﬁﬁx%@ &ridr R fhtés In WikesahitCrenéral

the cap 106 opening into the separation regi on to
magnettsisdhe $ygtemushosmiia Figsse 3 diceardialis compengats GonEme fodbe-

A an . e Lerls: i j
sy Aol Fiepeeh ok oo o ifithe Sim GGG rebckS
HoveR¥i, dRchriangérhent shee iniptieGremyploys afupthar allarpativeflluid
tangential fluid ports 213. _The, heavi e fluid, outl et
colieshitin Fesimeshe eRBRests A AsrationPEvBGh Mall ngyrhe dssesihe in
mJ'rg'ﬁe urry cont ai ner 118, which in turn is connected
to afluid line 224. The fluid line is shaped to form
a weir 225 having a |level corresponding to that of the

downst.r ea d of. the.. 10 core regi.0 L. Rdl cal. in
i oRee Je e 55 dfiid e Bl Sna huchlf P BliRtl
withith IhRlse SRt rbgidR Frolnithe eh@ 6f 918 caPp 0OW thb eegiGingthe jualction
fluid ports 21%. The cone 226 is E)row de _\Mtﬂ an
betareen ther separaton § &4 ambibe shrrycontainer d 18 The fluidioolsetioprassamebly
' .1 Ui ' j
0S8t iyt p e lonREN ard X0 drAnRURYInE el so a0
fordd & snhubxp chaineE306LHdwéar the bivd.eThé lower eddhofithe oater oonduit
fluid is_removed frqmthe separator in. .
3045 lpsed; FoOPHIA™ HHQRYE O AL GIEOPaHt PO YLD 8 the
> . ) i
B o A oo B e oy
304 pad caregspoiid indoimyrartahganeyth and Sinstipn tothe perts Akl sheve inhe
F.fI ui, d cfl edﬂgi eb208 inthe liquid trap 204. The fluid
igure g0 ??Fé’ ?(ﬁ?c?vc‘f eed pi pe 208 through the tangenti al
ports 212, inparting a rotational flow pattern to

The inner conduit 302 extends within the outer conduit 304 and projects from
the lower énd 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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the fluid in the chanber 206. Dense phases, such as

liquid and any entrained solid particles, nove to the
wowad14ed31t he chanber 106 and fl ow downwar ds, PEFTMEB2IGTHI2220

to the separation region within the cap 106 through

the drain ports 218 and 220 and due to 25 the angl ed

tangential inlet flow, is 8htrapped and renoved in the

main flow stream as shown in Figures | A and 1B. The

300 eR®hdY Hdubh tehnnhiMpiigdh kitod@%t cHagibee3] 2 foer Rrsediidoutlet
206 throu the outl et 214 and passes_i.nt.o thg fluid

314 iimthe 206 .otg thaeap {06, avhichia torngropaectsigaflind dge 450t The ¢Pm

o L bl STESPRL AN hemEs kbR pCaE L1

whiel s Soikatetino & fiaidiad2c fluid outlet conduit 205, and
flows in a WD 2007/ 144631 PCT/ GB2007/ 002220 38
downstream direction within the conduit 205 through

the @L: #hldife s Aadhdt Bb thbead 106 @ a IV 8elddAnY bffedtie end
et 22 8. A

fluid out 2 1n the slurry container 11

of therduiter cordriicidrd the Biidtondetassssely 30Gvierthisovay, thestrmaf
in.Fi .. Th f Fi 5 i
nd o Biid igF 318 84S Fstkpon P TRLERRPALASS

seph@s6f. i bed hereinbefore and as shown in Figure 3 and
operates in the sane general manner as the system
shown in Figure 3. Accordingly, conponents conmon to

hown | _ s G N
usi AR TRelouBPhlbnic ¢ Booln il K Rpbaof Rgfh witin

theéapal0g dyendans bbapluralitf-bffleid r&uenmirsyd@6a f urt her
alternative fluid 10 collection regine, the conmponents
and operation of which will now be described in nore

det g bPerEi?Jne Rbdhedr tHe! B Buthot assefnblyi $0°BEdURE thdports 310 in
assenbly 300 extends co- axi al | Wi t'hi n t he separation
the @germonduibdi4 flemdoth G cotegegiap andtheoster penylagesienof the

sl et I AP b P R brn e B e
anélQs S0t the fiquidrk@bcind clusiter 3¢D itk tap BIR lartbe fdario
arr anged concentrically_ so as to form aaal?nnul ar

deggitench Berembefope thig Bl eersist wostlypbeasowlighes AEnsy cofponents,
su%%selgqfuﬁf,’ i Ur'g{gltovg’cpﬁofn%\? %o%gg%s{}ér Flluﬁllﬁﬁ kY iRl kh&&kohOMBmber

er con e at the
31pasnd tdtamitel tHeasgpdrati@iGregianph theadap by vaify of ithe rétumn pods 3260 The

Lded i h dui t .20 3 d
towarrBlhidiERvesrs s Siueh gEmerondfiie piid B and soierabe
fluRPliAS32b] WhAQ¥EhapBd 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

Figure 4 and descri bed above. The inner conduit 302
extends within the outer conduit 304 and projects from
wotbhe/lseser end of the inner conduit 302, suchrChaB20478002220
| ower end is disposed below the 25 core region, when
the separator systemis in operation. The inner
conduit 302 is provided in40ts [ower end portion with’
fluid ports 213 of the type described and shown in

solkd @abrie aflflokira¥éd ugﬁéi 28J006 BPY atdeBehigh yffdikhcy s Iidadijtee the
on the | ower of the inner conduit_ 302. 30 The ch

assembly @n@p@wwah aivery bagh B dewn ratiog thabiisig&esagassembly ©

coSHTRR s B4 R 0 RS @SByt

the%eamﬁﬂﬂﬁ@ﬁ@fay 6582:@9&%21&@&3 5300BID) axdcpadts atdmmhirgﬁd
t he_annul ar ui d knoﬁ%éout ch er 312 to.a f.irst
cryde gil dWB‘GfP%’cSOh g atrgam.  Below thess dlopates, sppargiion ofifhicch i n

cofnfbiikn af:‘ataﬁofl |dHhi§’u§hle§‘ﬁ1cﬁ31@ assa%l)@@ﬂ’l ope PPl EReS

a secon out | et In the wal the liquid
gravity csbquammmrmanﬂesB m:cordmgly:, Iseparatiorm ébmﬁes Bom zeraqumyvards
li.ne 5 The fluid line 316 extends fromthe cap
may s & eﬁeq evel below the effective end of the outer
conduit 304 of the fluid outlet assenbly 300. In this
way, the flow of fluid through the fluid |line 316
provi des a siphon to aid fluid renoval fromthe

Sep@ie?i%ﬁgg olﬂggﬂe% bleflst @W&gggﬂ& %E%ﬁ{bls?’éﬁcoi-cﬁn tohe

connec € Separation
prdwntrfﬁwnﬁo@incarg@kalmglanmylebzisséxhhlwdlccmfﬂmgmo therftral 8p6ct olf mhc

oper.ati gn, {:de e ersﬁstheflwd utI t asse rrbéé 300
praspRidRYipe eSO commOlD QheTOGHERIS OLshs, resent
m\%pﬁ%%@ﬁﬁu&di@d G Lthk S4he Pefaeﬂcet xhﬁné%b!& eTh@ et lagdendtBgi ON

separator 104. The low density fluid fromthe
gensally indigated ap 58& eompposradfeed ponsiuif$0R Wroughwhich @ fBadto be

5 B AR S0P o s o
cORRIEI (Rt thfgagh khichf i@ ay it gbaveyd@ ety pipertpdnadtie, inlet 126,

such as liquid, are renmoved fromthe |ow density fluid
in the I'iquid knockout chanber

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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20 312 and return to the separation region in the cap
by way of the return ports 326. The |ow density fluid

WO 2807} #4638 he cap through the second fluid out| ECTHRI0GH{92220

enters the fluid Iine 320, which is shaped so as to
forma gas weir 217. Fluid fromthe annul ar regi on of
the separator is drawn intélthe inner conduit 25 302
and passes upwards through the cap 106 and | eaves via
exhiipleloill sid gdses, il tdrddad thpatdiallBinher portibh ef heenaduib The
outlined above, this fluid wi|l caqnsjst essentiall fd
copqu A, andtheinles 44 aeearienssikaich et Dpikstieatis rorg Y PUPHE
i ks bkl i S e heavier
it B e o A it B Sl B S TRhe hoevter
cohipahentaernasrsberidparatarcl@d dn a gadidlyt dugerposisiontand thedightesn as

shown in the acco ying fi.gures can. separat
COPpRBTIREIIT! %W‘Epg@gd’éag?‘{‘?lg’m}&[l%‘rp°§\’i18“v% Wilisvsteean
apgg{a@@%%?ﬁé)&agr%gon fRiaRkd ditRhé areite CbaMias Rissuppleinents

5,000 BPD at “very high efficiency. In addition, the
thexwperatiby taking acsrwithin fhet sgparatpg A §4-hi gh turn down rati o,

that is a given assenbly can operate over a w de

range of fluid flowates. For exanple, the assenblies

showieférfing tdEigafes Trand 8y ihegr it ishowes separatomecaddengae al fomther

as 5,000 BPD to separate_a conbi nggé 5 crude oil,
empadiserd Afithe prosqat iayentign, The peRAratords tha e Acaera

R Bl AR AT g b st

Figrra?/‘lv tyd 8 eqnchFi;gt:'rmhaqaridimijﬁpdi aﬁing Amcﬁ@mgirn%rﬁﬁl,ce semeralst i on
at .ds. ' .
Rl L B ST LRI i RSB 6 B

feRHRS R YorRgdiRh@! Mhe F8lldWiRg dOIAPRSEY reldlsaBtthédftatures particular
i ncorporating an inlet assenbl i; according to the final

to thepseparaior of Riguras7cand$: Honglanty, Siguresehang $ehayy oy daf igtegnal
conmon_t her ' [ [
cofFRRE SIS ERAS 04 o8 o dFRoosils PRt ot
astenhiy, sad Switband, solid ogdetesssdmblies beling atrittedas 500,
conprises a feed conduit 502 through which a fluid to
be separated is fed to the assenbly. The inl et

R o A i v Tt A i
heasinbeftre destribed, iR®ugliwhithafuid strgdng isriatreduced éntg the upstseam
regigrrl] %F %hte sglg)ad'rat?o)gr%rgji%%. lIﬂe ?nlgealsée?natlly B8 h&¥ 4 inlet opening 604 that
opens into the separation region some distance from the upstream end of the
separation region. A wall assembly 606 is provided having a helically extending
guide surface 608 disposed such that incoming fluid contacts the guide surface 608
and is caused 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 moxe 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 o of the inlet conduit as shown in Figure 8 is
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20 with the fluid conpleting two conplete turns
bet ween the feed conduit 502 and the inlet 126. It

WORMIV14#B1lappreci at ed that the arcuate condui t PSOAERG7/002220

be arranged in a different configuration, for exanple
a helical pattern with greater or fewer turns, as nay
be required. As shown in Ffdure 6, the arcuate conduit
504 is a helical pipe. It wll be appreciated that an
apmbLinaiaty 5. 0Wphatther effect bitthe walldissemblp encbihe asaethb guids

roviding an arcuate conduit J‘ a different
sw@asﬁﬁpémfgtqnaﬁe tih hoasaaning Quicis ot faysed Peapieptpgdmpet the

f kb MéSshear to
T R A Y e
whmhrtbe fleidtis swfiedtérs improvihedhe separation gffiviensy o€ fhersastem.
according to their relative densities. Thus, the
heavi er conmponents, 30 for exanple |iquids, such as

wat e sétﬁf’at&QJﬂl‘g?ue Pitltthdr@Bhptiovad sherry bntaingt 6181ayd slurry

out er mgl ons the conduit. In contrast, the
colllchhn asscrblyp senemlly, asdgrtinkedoneidgsaribed.gn pagictlepas sown in

00441 4 |
T T
theCdoRdiviad ﬂiﬂd&lovﬁ{ﬁﬂd the sl cﬂt&étlbﬂﬂ eagerﬂ?,ﬁthai RS upyee end closed

arranged such that fl amls erly ori.e
by ficeicalfep P dnApient %?rhgﬁ‘g? STYerisaly byt the conica 622

The 8@ g’a |69 ih B ORicalltips241 H@@aﬂcﬁﬁlet foP RRNA S Sce oA
the separator 104 in radially outer position and the

thel shgint emténadtBonent s enter the separator 104 in a
radially inner position. It will thus be appreciated
that the separation initialised within the arcuate

congiiite shRA coaRihed B8 fuid bh@ s8R adleDdre talsed & @y m
within the separator 104. Referring to Fltgéjres

coigentrife oa thasseppigtos axisead 10 Hew thrgugly igitangential 3l %ﬂonaé}d
en(%g m%'lﬁﬁlﬂ) Rkl PQ EZ(? rﬁ? Dhele & 4rk ﬁpsch%gt i f qhor

sane gene gurati‘on as t i gure
sivfryatlet 452. d]n’ms aadverycoare solids it b flughfioay demot after the

L o e e U RS LR e
634€TRL glﬁﬂ}l @%&Exbﬂ%ﬁ&ﬁﬁﬁ%ﬂﬁ@&pﬂaﬁ& aﬁﬁﬁw bf FiguitelEis@xtended

conmmon eatures and conponents. The fol |l ow ng
in &agthr eqpupaved wish thas shaven inhEigare 3B r Exsreduga the mtatllonl@f the fluid

srSaP o8 Soponenany B R AR RE sl of Bl o e

slt&?ﬂﬁ%@ﬁzmi@ pRorGdRI it plurdlitg of bafflcn 640 exaemiingeridiallyvuckards
as the inlet assenbly, and fluid and solid, outl et
acrgssbaslisop@ingg She bafflgs 640 are of such a size, number and pitch as to

ensure that the fluid stream is sufficiently slowed but still moving enough to provide

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

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

downstream direction.
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The separaigmen assenbly of Figure 7 haz‘ibtangentia
i nl et asse y 602, as 20 hereinbefor scri bed,

through which a fluid streamis introduced into the
upstream region of the separation region. The inlet
assenbly 602 has an inl et 4gpening 604 that opens into
the separation region sone distance fromthe upstream
end of the separation region. A wall assenbly 606 is
provi ded having a heligikhgﬁfxtending gui de surface
608 di sposed such that ™~ ng fluid contacts the
gui de surface 608 25 and is caused to flowin a

: |fghcal ggttern downwar.ds within the separation
: STYHFSs194 85SEMPLY ComERfiYPe’i s shown in nore detail in

Fi @eltigead, aswinitly &lhﬁu%iﬁ{)vhwhsfﬁﬁﬂpﬁﬁé RO&uRH ?rorﬁ Q@u&@hgﬁean
11: surface 608 bel ng shown in greatér detail
WL presence of the wall assenbly 606 allows the i nl et

assepattor 8082 HIP hRGing ﬁg'ltﬁ&j idT8y c%nﬁla&éc? }o/tnk Qvetllﬁgad assembly

P % rpendi cul ar to the |ongitudinal axis of
or reccd¥ingriat flyiis papusad finm the veall, the seprraidrragsentialy 30ing operable

at wellhdad Prdatre th lﬂélﬁoﬁé heh @efn‘?s aMEh QP HE ﬂ'f.lfcﬂ % 5?0%111%@ ?ﬁhs

flow pattern within the separation reg
rich phaggsnd aflejel phate, thel sspargton @ssemtdy cmpmng ra chug an@etSor the
fluid phA&2,2R@7/ 144631 PCT/ GB2007/ 002220 42 approxi mately 5.

A further effect of the wall assenbly and the use of

& kBokppsgembly havingparspt iconteptahivithe fititadutlehef iheceparatr

assembly, Ui d is not caused to contact and inpact the fluid
already rotating within the separation region. This in
turn reduces the shear to which the fluid is

2. | eparation effjcie of th
sys fsgﬂgréhe sg aérgg egot?’ |gui W r?lﬁrt}t‘%ﬁqpaﬁ%%?%s?agly
is locateg %lbﬁﬁary container 618 and slurry collection

assenbly, generally as herei nbefore described, in

articular as shown in Figure 3B. The separator
'Emwpp@emgaassamblmacmgmgaa@lalﬂiol RYHRYdifl €hePsep@RIBdr dsdrh Oy

rd fluid flo the slurry collection
is Iocateb %n d Igggg%ggﬂi@ P pE asfg%%@ai%}g@ar GBS L coni cal cap
m@d réceieng amntblﬁﬂﬁr reeeﬁﬁﬁd SV pro8adedrdri b QUBRrahSan

ort 624 in the conical cap

well, the%%ﬁér%?c!g Valg? q%ﬁag&g @ u1 bq.let? onnpcted gopqhgé]éléf:l FSCEINING he

assemblyg farregeivioptiad fieids pldluceédrbheths Mylr y cont ai ner 618,
fluid and solid particles are caused to try and 15
concentrate on the separator axis and to flow through

4, A twethodrfge sipadting| aohsltiHREseaMNEd, the fluid comprising a relatively
high density component and a relatively low density component, the method
comprising:

introducing the fluid into a separation region;

imparting a rotational movement into the multiphase fluid;

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

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



10

15

20

25

30

enter the rry collection cage 620, wher e they
are ‘di scharged through the slurry outI 632. Debris
and very coarse solids in a fluid slurry do not enter
the slurry cage 620 and are renoved fromthe slurry
contai ner through the deb#4s outlet 634. The slurry
coll ection cage 620 of the separator assenbly of
Fiflgid ent@ring Rt endech 2sélns HBBGEY int6 Qlﬁ@@lﬁt@ldaﬂﬂtﬁﬂ rkgieh;
d shown in Figure 3B. To reduce the rotation of the

¢ fluid streamin the slurry container 618 and enhance

t e thiRpacRidfohe QlteSanuls r@gign id éacﬁ%hatttia@h@' dé'hEﬁ'y cage
20 |s §FOVIded with a plurality of

°°mp‘§3€‘%’ﬁcﬁ° ﬁe%daqﬂd;ﬁubﬂﬁmb’sconﬁﬁ%gﬂﬂlﬁeﬂ%ﬂ I@gm}l the low
densitg @BindbRéHt beli@oRaddiatR iA4Re Aftsi A ?‘UC h a size, nunber
and pitch as to ensure that the ? uid streamis
sufficiently slowed but still noving enough to provide
5. 2%hé pledRASH Iy h
debri s outIgfﬂﬁégfag#%ﬁgﬁﬁgﬁggktﬂeﬁggﬁg¥géggﬁyggnénﬁwgs
liquid phastand@ gasenus PBRssses, the inner wall of the slurry
contai ner 618 is provided with a conical portion 650
ad acent the debris outlet 634, in order to reduce

6. Rethed ageqrdingriaiclaamekony, whreeisithe multpintselfiuét comprises
ahmnébgmégmgqmgﬁgrg direction. 43 CLAIMS 1. A
processi ng as [y conmprising: 5 a well head assenbly

t hrough whi ch f|UIdS are produced from a subterranean

7 e ool SRR B LM 1o By Rereis P ndlGheng i
comprif¢sfindsinpnisdibbeliifid phaselie wel |, the separator assenbly

bei ng operable at well head pressure to renove well
debris entrained in the fluids to produce a solids 10

8. flihgmqshed eccanding id tlaind 7pvasein fHeawsdpahatidle BGSE HRhkLs

l&ﬁp@. sing a fluid outlet for the fluid phase; and a
are ol e assenbly having an inlet connected to the fluid

outlet of the separator assenbly. 15 2. The

9. nF rdln t i, m wherei n _the
separ a dgp&é’?gdzr% yé{'l E’ﬁt4e gd@'éeé "%e mpliphase fluid is

producqst fpere sisiubtpransandil welccording to claim 1, wherejn the
separator assenbly

10. The method according to claim 9, wherein the multiphase fluid comprises

solid formation materials and/or solid debris.

11, The method according to any of claims 4 to 10, wherein the multiphase fluid is
introduced tangentially into the separation region, thereby causing the fluid in the

annular region to rotate with the separation region.

12. The method according to claim 11, wherein the multiphase fluid is introduced

at an acute angle to the longitudinal axis of the separation region, such that fluid
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is |located a platform the processin ssenbly
further conm sing: 20 a fluid receivi nﬁssen‘ol y for

receiving fluids produced froma subterranean well,
the separator assenbly having a fluid inlet connected
to the fluid receiving agsenbly for receiving the
fluids produced fromthe well. 4. A nethod for
enteriRERAY Sdpaliod radibh iPRAIRphHd By @ rdthifHinGREBhes hitd &
_relatively 25 high density conponent and a rel atively
IegloR.gw density conponent, the nethod conprising:
introducing the fluid into a separation region;
novenent into the nultiphase

inparting a rotational
13§ Hglﬁdr,leth@@ Ataegding o amee! daims hto tgvhenciofthe multiphase fluid is
trodbbbf Bt NoRmai NERAH Aol & P ayindd 08
seciopherein 44 fluid entering the separation vessel is
directed into the outer annular region; and the
t hi ckness of the outer annular region is such that the
14, hillh mighed ageordingriroaryref dlansehioel s, méatesen aigh density fluid and
At | [ . within this region e low 5
low dGHRY AR | 3eie vEO OB i ohidbbd fefod SbePned st or
the corggegions. The net hod according to claim4, wherein the
mul ti phase fluid conprises a |iquid phase and a
gaseous phase. 10 6. The nethod according to claim4
15.  ofh&methvdragicordirtpetorml tof olatme 4ftb UBCwhernt & K88 derityi fatil d

. an l,i d.phase., 7. .-The net hod accordjng to
collectHEIONTS Rabifopef P UR o o 1 AR REI S the Gorg rgion
low depsinpflukidsitgemavet Sonblie daidietikcah@sson. 15 8. The

nmet hod according to claim?7, wherein the two
imm scible liquid phases are oil and water. 9. The

16.  riitehnethad @ocatiing tb @laiyl SO whetekh Bhigh ddhsfly REEQIRrbbe
roduced from a subterraneah

. multiphase fluidis 0
region Is qs%asﬁ;cf downstream of tge cc?re region, high density fluid being removed

from the said collecting region.

17. The method according to claim 16, wherein high density fluid and low density

fluid are removed from their respective fluid collecting regions by means of separate

conduits.

18. The method according to claim 17, wherein the conduit has a low density fluid

outlet and a high density fluid outlet.

19. The method according to any of claims 14 to 18, wherein fluid is removed

through a plurality of fluid outlet apertures in the respective conduit,

20. The method according to claim 19, wherein the fluid outlet apertures are

arranged tangentially to the flow of fluid in the high density fluid collecting region.
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10. The ne d according to claim9, whggein the
mul ti phase uid conprises solid fornﬂi‘bn material s
and/or solid debris. 25 11. The nethod according to
any of clains 4 to 10, wherein the nmultiphase fluid is
i ntroduced tangentially i@ the separation region
thereby causing the fluid in the annular region to
rotate with the separation region. 12. The nethod

21 ac?ﬁrdi toclaim1l, wherein the multiphase fluid is

i nt FOBTERY acserding wirlaimut 7% whetrie high devsity Sivgd tsugmoatd by

mear8Xifa spphonne separation region, such that fluid 45
entering the separation region is not inmpacted by
fluid rotating in the outer annular region. 13. The

22. meThOgetod Akl t Wy 19f A rein the
T pheg e farihe. 8 o, 19 WA et rdmph HUBIH Forstitios

fegm?éb? by drrgydivid flowslivan Mastreag: dire@iomamgthahigh dssity fluid

flowsS8 GtdoWhstrédm defé@ti&Et hod according to any of clains 4

[ gh density fluid and |ow density

to 13, wherein hi
fluid is renoved froma fluid collecting region

23. egthabhd .10, cqore .region. 15. T
Tt hoi Bas Rl 1 EAD g for . SR S apppvied o
Conﬁ'qlavvoaféﬁ_éfpwmg imithe g thetsepgratiayivesel doversualald Sthad
collectil@rdg@h on of the downstream end of the core region,
| ow density fluid being renoved fromthe said
collecting region. 15 16. The nethod according to
24, CTgd | hi gh dengity fluid collecting
IR ek HBGHRdon AIGE Pl oPr e CoBPESRegReYiding o
solid crpepmtugting regior Howvastizainngf the Mg arfd @ Hgosai d
collecting region. 20 17. The nmethod according to
claim 16, wherein high density fluid and | ow density

i Ll L P o b et ERAEH b g roion s
a fluid A : S e -
P OSSR PR AT oo cacnalpaen b dhrodierationind Tk Boie
has a low density fluid 25 outlet and a high density
26. M et...19. The thod according to any of
¢l gin?_rci;tﬂi@lg‘fcg rdige t%@f@’r%‘{rcﬁalmslﬁ ® 3% frghs\eetnprising providing a
solids separation and removal region downstream of the core and annular regions,

27. The method according to claim 26, wherein smaller solid particles are caused

to leave the solids separation and removal region through an outlet arranged centrally

within the region.

28.  The method according to claim 27, wherein the outlet comprises a plurality of

solid outlet apertures,

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

tangentially to the rotational flow of the fluid in the solids separation and removal

region.
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t hrough a Hrality of fluid outlet apg‘gres in the
respective'cdnduit. 30 20. The nethod rding to
claim19, wherein the fluid outlet apertures are

arranged tangentially to the flow of fluid in the high

density fluid collecting gggion. 46 21. The nethod
according to claim17, wherein high density fluid is

renoved by nmeans of a siphon. 5 22. The net hod

according to claim17, wherein, upon renoval fromthe
30 sdpsmathoaccrpting e amhes qlamsdhtei 2% whetsin largowliarhetenselid
articlP std Ra{Hvel ' i ' | | I
P . in a downst @g{mﬂ%ﬁﬁég??%ﬁﬁog%ﬁlgggﬁ%a&gn;ﬁggﬁ |0%Y5to
T80y of clainms 4 to 22, wherein means are provided to

10 control a vortex formng in the fluid in the

aration vessel downstreamof the fluid «collecting

31, o F Bithogpecaiding ot dieith 3 odradéinghe nrgeyliaeted sulitpadtidles
eS0T

concentrating region
core regions. 15 25. The nethod according to cl ai m 24,
a fluid

32. WSS [ ; ting.regiaon has

{TRBLol dpening o SRR Wi e CRAR sereiPerndrmone
region ¢ pre¥ided Wit arf inpenicdnidoiy, thrdlfeh Whieh e NGId sae5aridcides
flow. any of clainms 4 to 25, further conprising providing a
20 solids separation and renoval regi on downstream of

the core and annul ar regions. 27. The nethod
) ' }.m,26 erein smaller solid particles
3 el T ER 1L ShFrli e St serorn andoviesbvath
2 plurality gif onutletraperigtes dornting beblidkleasged centrally within
the region. 25 28. The nethod according to claim 27,
: wherein the outlet conprises a plurality of solid
34. B insthodperondimsto 2m I vHBRéiNsk 6ELHLAG L g,ec%%yg% g
tangentigﬁyto"‘ﬁll@%{aﬁnt [ﬁe'cfﬂtl et apertures are arrange
tangential ryet 3t H&%r ot ational flow of the fluid in
the solids separation and renoval region.

35. The method according to any of claims 4 to 34, wherein low density fluid
removed from the core region is passed to a fluid Separation zone, in which high
density fluid is separated from the low density fluid and returned to the annular region

in the separating region.

36. The method according to any of claims 4 to 35, wherein low density fluid is
removed from the core region downstream of the inlet of the multiphase fluid and a
portion of the fluid so removed is reintroduced into the core region adjacent the inlet

of the multiphase phase.

37. A separation system for a multiphase fluid containing a high density
component and a low density component comprising a separator having:

a separation region;
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47  30. Thg:?ethod according to any of ainms 27 to
29, wherei arger dianmeter solid part es are
renoved fromthe outer region of the solids separation
and renoval region. 5 31. The nmethod according to
claim 30, wherein the IargPr di ameter solid particles
are renoved through an outlet arranged tangentially to
t he inlt &rithg nhulliildsd e, fo 3Ater TEsRRINOH rég607 di Ng to
claim 28, wherein the solids separation and renpval
10°7%8gi Brrfn?@“ﬂ"r&)%mﬂ@wn\%l mRvemeRtindhe guiiérhase Mokt vragrentr

into thdrbephrdtion rédibh, dsoSis & 8Fhd gn Slﬂlélsﬁxﬁmtlé} reéﬂoﬂv&f rSdting Bid;

net hod accqQrding to claim32, wherein the inner

c d*ﬁ BFPuPE Hsribie offhierputer ganylearegion bpingisublethat the high
densifRRiiponest it QBIEGeHQa‘L%d SR 'sﬁbs%drﬁ?éﬁ%f chtafitbd within EEE% gl?%g

according to claim33, wherein the outlet aper
ennulggregion; ghed  tangential ly to the rotating fluid flow.

3%he [HREINBHY OSBGERE & Ag R to 34,
wherein [ ow density ?LJ ul 8‘1' rlél%egé%f :Tglr%nt he core
region is passed to a fluid separatl on zone, in which

38. hmgseﬂ%&lg teknl b he | ow denS|
fluid and re}%élfr ned grdlﬁ%ﬁo:ag{?ﬁg %gn}%ﬁm?aﬁ’ S i Hiparting
a rotationah ey Pgntte @h@mult%ﬂsemmdn’atﬂecfﬁndmlet Bing tdrgeatiy! ©khe
longitedifdl R isbritle a%ﬁrreégnl ow density fluid is 25
renoved from the coré€ régi on downstream of the inlet
of the nmultiphase fluid and a portion of the fluid so

0. TN L ReR SR i I aeereis b Rulliof a rom

acute aggle:te ihe longHudinaltaxihafthe bdparaticn0@gRinNi Ng a hi gh
density 30 conponent and a | ow density conponent

conprl Si ng a separ at or havi ng: a separ ation regl on; 48
40.  Fheisapasatof systethecenrtingpb arfmfIsUrB o QHRALiR thd ABId inlet has a

rectangB R AL |SQ&10|;1eg| on; neans for i rrpartl ng a rotational
movenment 1o the multi phase fluid upon entry

41, The separator system according to any of claims 37 to 40, further comprising a

fluid outlet disposed in the portion of the separation region corresponding to

downstream of the core region, when in operation.

42.  The separator system according to claim 41, wherein the fluid outlet is formed

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

43. The separator system according to claim 42, wherein the conduit extends

coaxially within the separation region,

44, The separator system according to either of claims 42 or 43, wherein the first

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



into the s ration region, so as to f an outer
annul ar regibn of rotating fluid; in opeffati on the

t hi ckness of the outer annular regi on being such that
the high 5 density conponent is concentrated and
substantially contained wgthin the outer annular
region; and the |ow density conponent is concentrated

45. I Thd PafeRdSysRa %or&%w_@]ﬁﬁﬂ) ayRdrem 1By Sheihacaer di ng
to claim37 wherein the neans for inparting 10 a

... tangentightgtthe faw W%WOWI%@emn@%hase fltuid is the
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flurd Tnl'ét being’ tangential to t‘he Jlongitudinal-axis
of the separation region. 39. The separator system
46.  aBroveppraterisystemadorrBing Wrayaifielaims 37 tgidd. further cpmpgging a

first ﬂlﬁﬁ ouﬂgftJ 1%1:;1&@@ grl?tg}ﬁ%o%tg@h%%%ﬁ&eﬁé%ﬁﬁ{ € Mnscd?'fesg&ﬁimg to the

separ ator syst
region adlaom:tlthgdﬂmnsﬁeahmr%ofdhe 8%xe rogionewhen heodratien. i nl et
has a rectangul ar cross-section. 41. The separator
system according to any of clainms 37 to 40, further

47.  cBmpepstaty sasteRCactouding widdiet 44 ivelposiadhe firstHbigowntdtan

fonnedgl}t t{ag End GPEL %du?&ﬁ&%r%m?ooﬁl $e?r?9!n§‘ fedih dOW”St ream

€ corere N Oper a
separ at or systen1accord|ng to claim4l, mhereln t he

4. A SRRRAI” SRR ERRi A T GUiea B depds
coaxialdepithii e seyshtten Rgiow; di ng to claim42, wherein the

conduit extends coaxially within the separation
region. 44. The separator system according to either

49.  QheGkpdra®r 4?stiéth aélaordiddg&b eitﬁzllt cBIlG:lé.zhﬂsSM or3435]: fWhﬁrgn )Y fuﬁf
. npri Ses. .a ural i radgl al  ope orme in the
fluid O‘Eg’ﬁ GeFPTISThR H*Sa “ﬁ’rﬂ’gyz’g@éa‘r"%‘!‘%s %g}e Pg to

cl aim 44, wherein the openings are tangentlal to the

ow of fluid surroyndin the condui.t. 46. The
ts‘i‘ﬁé?%&r%‘ror §XP§?’EﬁF%‘Ea’6’£&P IR oa ppegtin SIPRRMAEF % 40,

tangentiam herfeeepilug diﬁro@ndi%gfthéﬁéncfdltt“ d outlet disposed in
the portion of the separation region corresponding to

the region adjacent the downstreamend of the core
51. MRk&hratdh§Rtdrh aORRERE IO Bny of claims 46 to 50, further comprising a

second fluid outlet disposed in the portion of the separation region downstream of that

portion occupied by the core region, when in operation.

52, The separator system according to claim 51, wherein the second fluid outlet is

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

53. The separator system according to claim 52, wherein the conduit extends

coax1a11y within the separator region.

54, The separator system according to either of claims 52 or 53, wherein the

second fluid outlet comprises a plurality of radial openings formed in the conduit.
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47. The sepl?ator system according to cleij m 46,
wherein the first fluid outlet is forned in the end

of a conduit extending into the separatjon region. 10
48. The separator system according to claim47,
wherein the conduit exteng® coaxially within the
separation region. 49. The separator system accordi ng
to either of clains 47 or 48, wherein the first 15
55 flyid outlet conprises a plurality of radial openings
©f §PITAOF A¥SIEB RAtATHineS claime4s Bipgteir Hie eppsingmare
tangetl b cieow of el srdAndiBekedhdulte openi ngs are
tangential to the flow off fluid surrounding the
conduit. 20 51. The separator system according to any
56.  OMThiglsaialiiofiyshin Abordig 18 8y GPEREAS Db J5. REARTINS itk tna
out| et di sposed in the portion of the separation
second Hyidpptlesswranriatothe samp gendyior t i on occupi ed by t he
core region, when in operation. 52. The separator
system according to claimb51l, wherein the second fluid
57. oﬁw gqparajor Systenbacpotding tq tleine A6, wherainctha duhduiekiseadburhyt
for ead @Q@%, P [ : separator system
ég%gP%PﬁBato ﬁg%gggéﬁguﬂg$g?ﬁﬂ?ﬁgﬁ%onduit ext ends
coaxially within the separator region. 30 54. The

58. SERAS, | ng t It h of.clai,ns 52 ar,
B YRR RGPl & TlibP o BompRLR ot o
vortex sppirellqrisituetpd matimthespparatigs rdgtominch poritidiecaenguhding &
d 2 S 3 t.em according to claim 54,
Ownsv\héaenrl-eg?ﬁlet‘%g@%%gﬁl{’ r%%%éggse‘t angential to the flow of

fluid surrounding the conduit. 5 56. The separator
55, wherein

t ing t f claj t
9. HEERAER S ARGl SaRibto Sy S BleBe 37 o 38, S sarepnee
solids eoonehtration5@giofl dthie firrsepanticy Bdofth BHGRYE 8ichsisectidrl Pea
over i ORS00 G b BB ey bt i T T

The separator system according to any of clains 37 to
rising.a vortgex controll er situated
i

60. \?\/I%F ﬁ%}%r:%tﬁg Eyés egxggg%qrcglﬁg e Q{aim 5 nwgelig&ﬂ'{ei rgghuced cross-
sectionalgrezeis porddetiby o tapdea Rl tieR 6T Ok WAIEoCRE BepLHiopn, When
in use.

61. The separator system according to claim 59, wherein the reduced cross-section

area is provided by a cone extending coaxially within the separation region.

62. The separator system according to any of claims 37 to 61, further comprising a

means for separating solids from fluid within the separation region.

63. The separator system according to claim 62, wherein the solid separation
means comprises a conduit extending coaxially within the separation region, the

conduit having a plurality of radially extending openings.
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15 59. The par at or system accordi ng tgeany of clains

37 to 58, fufther conprising a solids cohcentration

region within the separation region having a

cross-sectional area |ower than the cross-sectional

area of the separation rggion adjacent the fluid

inlet. 60. The separator system according to claimb59,

1 . S

o O o o P B Bl e e
tangentigbjsathg flow offluid Preursidbe condiit. syst em according to claim

59, wherein the reduced cross-section area is

rovided by a cone extending coaxially within the

65. ng?)%ﬁpatait@rﬁ)'s@gi ;eordisg ranyTofclsiopaiatoos4, sytsreimthe solid
separati@ﬁ ?r%ﬂé %gﬁz@se@%ysoﬂfd € ‘:rgf)lggnt%n% %is%%sac{ éi{ghﬁ? the sepfrati%n
conprising a neans for  separating solids fromtlul
region apd isepparatetl &roge fwrsalidentrepyeazont By aivall heviagatmuraliysdfem

. [ | aim 62, wherein the solid separation
rad1a11y%§%§éﬂgo%%s{rﬁ?1§%s a conduit extending coaxially within

the separation region, the 30 conduit having a
ural i of, radi alJ. xt,endi enings. 51 64. The
68 BBl sk i Bty B ER oS Serdnes e o
tangentialpe thaflswatdluid angenbpahtiéOrdeien. f | ow of fluid around
the conduit. 65. The separator system according to any
of clains 62 to 64, wherein the solid 5 separation
69.  ThRasfareRIEyitSRScdoidd @ LHdfMIRR B 720168, dirSRe$6@prising
Iy ound. t he,. %gaﬁr at.ion re%l on_and separ aLed fromthe
means £ PmAViSg PR AP HER (RF SEPRENONHARE AECROA TR A i ty of
intermittearbadisl y ext endi ng openi ngs. 68. The separator system
according to claim®65, wherein the openings are 10
tangential to the flow of fluid in the separation
70. A R@iHA. foPShpaditgSORa paitesSYSh A hakipBhSH NGidlPrea Hef
. claims 37 to 66, further conprising means for
fluid streamGomRTISIg? JiguideRoBRoRent a6k A gascosEeaent itehmethed
comprisi@@er abl e on an intermttent basis. 15 70. A nethod
for separating solid particles froma nultiphase fluid

nqdugRe thEream e asepwateBIEMsing a liquid
iBPATEAH 8 RbtaBBAk] In SR &R RO MM fluidt he method  conpri sing:
i ntroducing the streaminto a separation region;

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

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

concentrated and substantially contained within this region.

71. 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



10

15

20

25

30

20 inparti a rotational novenent int he fl uid,
form ng an ter annul ar region of rotatimmg fluid of
predet erm ned thickness; and form ng and nai ntai ni ng
a core of gas in an inner region; wherein liquid and
solid particles enteringsghe separation vessel are
directed to the 25 outer annular region; and the

separati?%ir?%ggﬁﬁe ?lﬁ,lrcf S0 sQaudany Rk ﬁgg%%g a%%g%t@%ﬁ:ﬁ% t}l’/lE he

. ) articles are copcent(ate :
fluid flewing alongdhekrchiate fidwrnth spimeriemtdtion/carsishontling to the

. ' 2’.]%“ ' . flui.d stream the nethod
rmauon%gﬁpg‘%ﬁ;sa:ﬁ%% | nt{l% g%%gaﬁlr?fg r?%lgn'st reaminto a separation
region in a manner to induce a rotational flow

e § r 1.0r
2. PRI AE O RO SRR P e R AR R
the fluid streamis caused to flow al ong an arcuate
th, the. flujid flow | on h rcuat e.
73 TpoRBRackOind o ek THL 2 P08 S n FsRiip e
arcuate flowptihds dlowih®in phiniisarorvidnkitionslnf®ows egimet | on regi on.

5 72. The nethod according to claim71, wherein the
arcuate flowpath is helical. 73. The method according

74.  The mleﬂioﬂlfalzdmﬁfngﬁa_,anyx?[fbﬁ!irﬁs 7heo ﬁﬁ,luivﬁbr’émrtﬁa mRultiphdse
arcuate flowpath i owi i T ani nar or
stream GOMULISES PiJfeyt Ope Elwcfﬁl&s?rﬁl}ggéo%ghaﬁﬁe met hod accor di ng

to any of clainms 71 to 73, wherein the nultiphase

trea onprises at |east one fluid phase and a soljd
75. gt O%g&rﬂ@%@ﬁw?a@%ﬁ &l tRy74.avieAsinghe ?ﬁuzﬂ FEeam 15t o
produced 4somyA giilRtkRakdag Wdii d streamis produced froma

subterranean well. 15 76. An apparatus for separating
a multiphase fluid stream the apparatus conpri sing:

76.  An BERAERAL fd?r%e%ﬁﬁii@@é nifMtipRHsE FlufDdtrdatt, hRdaGianaua f1uid
_streaminto the separation region; 20 an arcuate

comprisi®gndui t for conveying a fluid streamto the inlet;
aapsratibn tdpgorgr cuat e conduit and the inlet are arranged

to introduce the fluid ) ) )
an inlet for introducing a fluid stream into the separation region;

an arcuate conduit for conveying a fluid stream to the inlet;
wherein the arcuate conduit and the inlet are arranged to introduce the fluid
stream into the separation region in an orientation corresponding to that of the fluid

within the separation region during operation.

77. The apparatus according to claim 76, wherein the arcuate conduit is helical,



streaminto the separation region in an orientation
corresponding to that of the fluid wthin the
separation region during operation. 25 77. The
apparatus according to claim76, wherein the arcuate
conduit is helical. 30 53 78. The nethod according
to any of clains 4 to 12, wherein the nultiphase fluid
is introduced into the separation region so as to
contact a guide surface, theszguide surface inducing a
helical flow pattern in the fluid streamw thin the
78S GRATALhQAD alBEHiRE to 48y of RE:iSE RRFAT BT Wi Sh o RGPS Fuid is
to any of clains 37 to 39, wherein the separation
inyrexdyicerh inte thersgparaideh teion s9 aguh dentad)j sagwide surfrgef theigdide surface
- Nk et h [ avi -one Lically.
indlBr g8 g ReliPhen G s8R by B e Nl iBh ey
fluid entering the separation region through the
fluid inlet.

79. The separator system according to any of claims 37 to 39, wherein the separation
region is provided with a guide adjacent the fluid inlet, the guide having at least one

helically extending guide surface disposed to be impacted by fluid entering the separation
region through the fluid inlet.



