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WO 2007/ 144631 PCT/ GB2007/ 002220 1 SEPARATOR AND
METHOD OF SEPARATI ON The present invention is rel ated

WO e00d/18par at or and a net hod of separation. ThBCT/GB2007/002220
separator and nethod find particular use in the
separation of multi-phase m xtures, 5 especially those
containing gases, liquids ahd solids. The present
invention is particularly suitable for, but not
limted tosSERPARATERI AMDIMETHOISEOPIEPARATIONt he
products of oil and gas wells on land, on a platform
or especially in subsea | ocations. The conventi ona
approach to for the devekopne f
10" ol BatsieRy Pl PO By RECR bRy s RER Y ot SERHAAT The

sepfR andBettd daHaRed Rlhr usé PUBE sepafitios @8 multi-phase mixtures,
infrastructure, pipelines and risers to a surface,

espp@elbsdpsreoniaining ggses Alquidsiaad golids. ddeipgesent igvengien |
. CAR T g [ . 1 ace
P B RUEHE ST blnd fileBde Prlidfich LWLE bR e S
prioayctbef @l dddogks iwedls pn dehdc bn e plavfess gdr especiallyl intshitmealocitiens.
surface processing facility has typically included
separation equi pnrent, to separate 15 sand, gas and
wat efpd LR dRalipprodch 8 £ the J&@Po?ﬁ%ntvﬁi shiBsea B9&ro@i8on
wat er recovered in this way are frequently reéinjected
pratiudinefieldaisad establishtadumabityl of suliieh svetle cerywatei [through apybsea

. punpi ng the.gas and wat er ck down a.series, of :

BBl e P B T o B T A e R IR syt s

in'thé SveR okl RetiiantiReARddan tHeSEA SLtheistuTadiLpbeedéing RRIIZ.
rocessing facilities at the surface and to |ocate the

Thesusfagnprocessingl freilityonay bma {lpatinggapdugtion vessel aqlatépym. The
SR RO S TGRS LS B AR, bSemiFIE

sand e dnd ovater ifogn ik loiltpredyeed fumate skellea@ss dra witer recovered in
surface and to return signifiﬁant ort| .to the

0 . .
thasespyerre fisAUGE Apiatecteg: ! thiseahed dufe Sifells hggseRtily entails
I .
p%g@tﬁg %gfg%g ﬁg&g«g{ep sacggcfym se?%?@ﬁ@\b&lﬂfe@ aADHsGP RS BL iséibed.

I NS | at1 ons IS acconpani ed by
significant problenms. Wth processing equi pnent, such

as ter, gas and,solid separataor si tuat.ed on

o 1 Aceredard Rt refle BRe bt SumPhrecT G s Ot e
prBdseing TaieResQf tHeR@rfBQEHANE Mchtel tBe reléiant invi@llations on the seabed

straightforward, with access to the equi pnent being

atradgetition adinednt abprecongeniprie therprodustign wellp ol hg plject is to
situation wth S | i hd [

BT D O B ARG e

sigfidé pitedtrefuaceptitican polions enihe deabad fdraeinyection. 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 part.icular those beyond

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

weeowrpmeat to the surface for repair and/ or SPCWGBR0VF/002220
Therefore, intervention is very limted, with the
ability to access the equi pnent decreasing as the
depth of the installation bélowthe surface
increases. It will thus be appreciated that the

eiftidt kobofic @hd RAbtEINRBAtrdIRA Y BHnRAL orbyt leies kqulpment to the
represents a mmj or operational problemand a hi

surface fqrénmalrowdéxp@wwlmgj r Eherafpres Bigentiop is yery hmllt@gywﬁb yhe
alflptytctﬁ gg%:rslf fit & %#)hl%ﬁ@df%}é%m Gs {Haﬁ gfths qqhe 1&51?%&’(@; nidefdth e

sIefH08 lﬁf&@?ésl Vit Wilhthhebe fppevidted thaathe [ﬂuhhé efeqiipraas lasmted on
result of solids produced fro subse Jls. 1t 10 is
the seapged Fenrgseptse regg%OReﬁ%uongwg 631 é‘? peTEntion
c [
ofFEATLT COb N, b IRuge 03."%“‘B&*EE?%%‘S‘%E%?‘*‘mmed
infpeartivadldr ofithe watier ofzd sibseadhstaldationas ehe evenidricaldndiabiene
solid particles, such as grit and sand, together with
very fine particles, such as scale or silt. In sone

caseg, pattit@ila? Pkdbikin aR§RAY 6 PbuTRY sbIRs!pr6ticed BBRSsubSaavdls. It
and snall rocks, dependi ng upon the operation 15 being

is ]Efmqﬁcrrt}yethe desaritas Isebsam wetlremdmem sigwificari @uaniily ef sdidean
or Fnt
o BT G g R 0 RIS T Pt

maRsiblsUsdlid coatsk, tsdikmaind ftn@ splidpardeles suélagsgrit and sand,
instal | ati ons Wi th eq U|Bnent f or renDV|ng pr eg
togeihpinith Yoy g Ragticleshich B FEfRRR Sibnf WREFasS éolcb

proBh& il Elﬂge ¥t‘8§e°seg1%tv%1 a};ﬁ%nﬁﬁtrb'{k% &E‘peﬁcﬂh%gé r?'t?lt‘:to tffon

necessari at such vessel's ar ery large
bmngﬁﬂﬂsnmddohmhMﬁahdﬂbem&dwaﬁ&agdﬂmsmuﬁnﬁnnembﬁctEwwwnﬂi

ans of atin rodu from.the fl
sl b B R B e A CTIRSE 0 G AL aie T GV BIEH T aand
%%bt@&? Mt is kno®RI6 ﬁﬁdvﬁﬁ suffadeainb@atlatRIns vathequipieat f@demoving
ownstream of the well head and operate at pressures

pmdgwdfspbantmm@éiwhe mlepmpetsemnley@hs pheeorf mpiecefikirgivaseals.

1) w38 AR50 SR AR T R 810 AN

sive! It Rt bd Alvaritdgdout of dh&iﬂfé@t@vd hearfslofsebapitiag Pusductdsdlide
operatlng pressure of the settling equipnent.

frenibe Epid Rhiasskeoukdbrorad that didaop 5“11?( PR é:‘l‘%!?rlﬁfyge SAvRRERG
damage from entrained solids. Further, the failure of
the wel | head choke represents a nmjor operationa
pr obSeparation ipaaltationd @ installet dowhstkeanmefshe bellhedlaad egerate
an operation that
at pressures 51gn1ﬁcantly below the pressure of the fluid produced 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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30 requires the separation systemto be shut down
until the repair or replacenent can be carried out,

WO e@alisd46y i n | ost production. WO 2007/ 144631 PCT/GB2007/002220
PCT/ GB2007/ 002220 3 Accordingly, there is a need for
an effective system and nethod for separating
entrai ned solids fromfluid8 produced fromthe well
upstream of the well head choke, that is at well head
pressures. 5 1t is known to provide surface

installations with desanders. The known desanders

co rrpAP@édiagls(i thgtedis eyieedios an gEeqtive sptiem@nd methpd far separating
AR L TRRREL b e BpE Rl ptnoe

&@n@atwamuhh@&sgneiate at wel | head pressures. Wile
this arrangenent represents an 10 i nprovenent over the
arrangenents di scussed above, a nunber of significant

pr obj mor\ﬁ% ov1Eé §itface | QIIFMW@P%MESS Tifel RhoWRON

conventi on yclone technology. The separation
desfifideed cmmqylsefa sophveytidne riraaslertdpumdneméfepmsaclo rIheidgsaatlers of
best . onl as di scuss

d
PO A Y S PRPIOER VR CPUH Sy raere o F i rgad Shoke'and

AN Helate AEVAIIR D BFEQNES ANEIFe Gfs &ﬁﬂg@hérﬁ%ﬂrlsééh@ an
flowates. Wiile 15 acceptable in many applications,

imprpeenenp pesrdhe @rr%ngmpms drsewssed ehoverp nymbdief significant

praglf%n%g%rlfl%mf g}rsto lﬁg}ign ndeg' éﬁ%?’el ng&? %rﬁ{ggﬁ@%aéc%élo

teCRIGyl Ohalsepantgsh éfﬁc@ﬁ@%f&oh%tldﬂal|cyclohamjﬁfat¢r@ is at best
operating conditions, | so be capable of neeting
onlygnogerate, as piserssed MEAOTH .d@qall Ibelog, di paﬁlcabércgwwonal cyclone

seltohxfaﬁ)tré g&egﬂ Haggna% L ri%{e%?@fw?r tu%iﬁfn hiss.L WHkle

0sPtion and f I owrat e o produced 20
adcepgtabla ilgindey aplicatensyhis remelsdnts/aam}lj,or mtmttloms tlg:lreatthlyllty
acceptable to. i L1 .in uch a_ si.tuation

Inis u
fog y1sg @Wgﬁﬁﬂn%guﬁn%allt 1 ’\Ii\? edg\ﬁlaéfl Bé‘P&ﬂlﬁBﬂn o have a ide
oL AR LYo Hal&lk8he dad1 é/ébhﬁ‘x?g%g if %erﬁu%yc%hgmoh@ ahd GRB be

operate for an extende eriod of time over a w de
capablg ef ofeetingihd welllés/\pradvecatloa wofde mposintaperasing Aetigeccefrfoom 5

epar a s_ar e des
to, 12)6755:11& dﬁmgftinszlghe t°h pcgmé)aaagg ?%‘F ﬂ%wra%‘%ge]fftﬁe hglmsprgc?uced
frbIREN €dn, subbeal elf Wﬁﬂ%&?ts’oﬁiehﬁﬁs gRagy .t hﬂﬁ; udadbepthbleitd Install in
produce a wide ra gf of solid material, ruch of which

such asitgation; acgatemythp ag@rnarrﬁwgylg@ow of operation. Accordingly, there

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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than sand. A desander, by design, is optimsed to
separate sand fromthe produced fluids. However, due

W eoovheteBi m t ati ons of conventional cycl one seper/aBR@n/002220
30 techniques, this systemw ||l be inefficient in the
separation of larger sized or coarser solids,
allowing the larger solid pérticles to pass the
separator and enter the WO 2007/ 144631

dRalstrelr QQuipRRRRL A6th tHe fouMSdis@BsEdBLVE BEordigly therteds a
results di scussed above. Accordingly, there is a  need
ngedfora seppratian FYStEnR (hat ean handle acwide malegIos selidpartcle sizgpand
[ Ny ' -and nmaintain a high
n%???@%g h3§%%&§%gg§é%?%ﬁg'5‘FinaIIy, as soon as fluid
I's produced froma well, the various phases, including

i qui.d phases an s, begin_.to separate..This nat.ural.
sepat ARHAs amaﬁghgﬁﬁp&@gcsﬁ'ﬂ OB W R aliees incliding
li%dg%gas% LRPIAs| BeoftfioarhARER0 qﬁisﬁﬁﬁnﬂ%@{)aﬁﬁ%ﬁ &¥ahe various phases

streamsSeparation operations. It would be nost
indbs prodhted fluid siraysisedvantagedubandmseivts deeddavimstream separation

oS T BB 355080 0L L LR,
sehhi@is atviide rddgt oMbdIfaAPAk FAHUVRE S Widk dahige b1l dpefhting presBirg§land

rate of shear causing the'alreadg separ ated phases to
flonvsatesnleit evithioys supjectise thedWid@1Flneh rale eEshsaeauaing sy decady

S%%‘é%@}“&eﬁg SX&%@&?&IF%” fl owback for wuse in a

9 :
'nead I nsta tion. The system-uses a
hydrocyclone to 15 intermttently separate the heavy
phase containinaﬁsolids from production fl ui

Th
|'i ght 8 ROBHEZEDSE disclosessinbils acparasiop feste el gy back for
5@ ' WieR! They i eav
SRR SOMER, RS SRS R e ooy
invdmeiteently sepasatptheiheavycphasy corgamping dolidy foerg predustiomtlaidd The

.choke assenbly, to reduce.its pressure.. The system of
gD 5 G RIS THror e [ S eSS ineoPuStRe ¢ he
tectthi@felr THE H&dvggﬁgsei HU&S in e BT RFINE hydARKElohS, frorh Sddre

for an inproved separation system suitable for use

it ispesiodighldeeenenyed Hupwabn standaxd chode eessmbly, theeduce its pressure.
T s%{s%gﬁgftllj§ 96040217880 GOB nPRERHNGs L AsTiLe 3 aspect

resént inventi on, provi met hod

aféenfeftioseddasuias.i Agcosdihglgstheredsn aced ok apiap@véd sepdratibhe
fluid conprising a relatively high density conponent
SY&iSHR. Suitabicalor Ve W) 3 YRFedERKireRMm #radrtesses i afptentsgtioned

proBITRls! St Ng:

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

introducing the fluid into a separation region;

imparting a rotational movement into the multiphase fluid;

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

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

wo baorda46Bor m ng an outer annul ar regi on of r ot BCT/6$2007/002220

fluid of predeterm ned thickness 30 within the
separation region; and formng and maintaining a core
of fluid in an inner regiony wherein WO 2007/ 144631
PCT/ GB2007/ 002220 5 fluid entering the separation
vesslid esteflhg gHetsephratiinOvekiit istliteeted Ao UhASutéregin0hr regioid
t he thickness of the outer annular region is such that
andhe hi gh density conponent and solids are
con | i's
" ogr Hn HiekseEs B SHEREANE Reloh SQRHANATH: Heh defiby™
co@rﬁi@ﬁéxﬁtahakelﬁisi die tdeentedtad airtdg;ubslarﬁlaIIR&bEuam&d edthivethés region,
mul ti phase L|UId are to inpclude liquid/liquid
th?ri%f densdy COII“P%fEﬁ“H ¢Jag C?ﬁcirt‘tﬁﬂi%‘gm tFﬁr(ﬁﬁtH}gtq g the term
i ncl udes m xtures of conponents that 10 conprise solid
materials, provided that the bulk of the mxture is
one or nore fluid phases An exanple of such a

mul t ase fluid is, urr [ ens n o

T RSt & T T o P PR g s
hcﬁl‘id/ eAThixRate rﬁ%@@ﬁloh Eth€ tdtmtifclu GRS tUT€P¢H codfpdnéids that

di recti on extendi ng fromthe inlet 15 of the

comypirisg miagr@atren@hsmrpwdadwth@um ulkeofithe gk tugsi is Angror more fluid
sol i i.ch S m |
B0, SR A IR A S0t 0 i,
paﬁﬂldlwrﬁ(iolldlhﬁteﬁtlal ieshqlid andier gas atrganer aI circul ating
or rotating flow pattern is induced. Heavier phases
20 or conponents, that is those with relatively higher
densgd 8fcesHefeil 146 ftf’etaﬁxh ateto G MirePHELEERGALRSM e inlet
the rotating nass, | oner density conponents
oﬂt]mennhuttqahasecﬂmém auadnelet threuph whiclea sdidsenidbastrieary is removed and
%IOHS .The fluid entering the vessel fromthe inlet
WWB’H?'a rotating high pressure band fromwhere it may
split and follow one of three possible paths, as the
incomng fluid nmeets the fluid alreadﬁ circul ating
u

wi t Hinr @B vertiongleaysione separgters @ msdfiphase flyidiigdineped iam e

T T e
orSBinpohérdsMai: s thost Witls elativeBr lﬁgher densities, are concentrated in the

outer regions of the rotating mass, while the lower density components tend to
concentrate in the inner circulating regions. The fluid entering the vessel from the
inlet forms a rotating high pressure band from where it may split and follow one of
three possible paths, as the incoming fluid meets the fluid already circulating within
the vessel. In particular, fluid may leave the main flowpath and pass towards an inner
rotational region. Alternatively, fluid may leave the main flowpath and rise upwards,
becoming partially trapped. Finally, fluid may leave the main flowpath and move
downwards, relative to the major fluid flow. While the general trend within a cyclone
is for heavier fluid and material to concentrate in the outer regions of the vessel and
for the lighter fluid and components to collect in the central region, the tendency of

the fluid to split into various paths causes cross-contamination of the already separate
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becom ng partially trapped. Finally, fluid may | eave

the main fl owpath and nove downwards, relative to the
woregoan4feBui d fl ow. While the general trend w tPCTIGB2007/002220

cyclone is for heavier fluid and material to

concentrate in the outer regions of the vessel and 30

for the lighter fluid and cbnponents to collect in the

central region, the tendency of the fluid to split
mhfRFiSl. VIdid I0aE thatrbSuctian §Ethe effsscy 0 thrrdytlahé. OThodiffeket flow

al ready separate WO 2007/ 144631 PCT/ 3B2007/ 002220, 6
patles il competenfos prienity s whish aviH ba deterrained Ry thedwdraulisifloncy
Q h I : . ffer s : ete
pepgpbiaf i Bl df G Rlsule, B rchivB Belidls 1A
diffeebhaphadses drl fenotiomarasetdingly ahe tiésdgr ofia dycldanhag varg depemdent

rate, pressure, and |.ati ve densjties of_ the
urgmhepaHEu Bk sband TudrEmeteTa OBrAR P2 CXoHRRe SeRATHAT

' i #Hd the

O e S e e D o e Pl
pestoypanatearf theaxgparatbe Wil éalbsigmificamlyp dvsanrptedeaboverisubh g eepgeasor

. the . overall separation,efficiency and it per f or man
IS RBedBbUE 28 SRR Sheers [P er B g ims B g R WA o
wiR¥ifre oTYIOW Bty atAlic primeéRedtotRRkorhMbdaed sith as the
situations where a long operational lifetine is
sepagtipn efisohidinpaterial fogreflvidn geodyeed fremmasubssaarell- hydr aul i c
paraneters to be accommobdat ed, such as the 10 ‘
separation of solid material fromfluids produced from
a sulpseabestfbund thathadmpesrd kepandionlvd naritiphgse Guiidcan be
separation of a mnultiphase fluid can_ be Fchieve when
achigs e ieduehst dgnsity ispinenant ot theliid 1sgppiined e gRf asad o
rottage g SR4SSHubLreelA R ik éeﬁm@ﬁorp o, A YhEné&8hiBR oPtore
the separation reélon, wth the i fner region or core
belfg eintgnetdedndtoatupeet ynthe dowerpicesityogompoaehtoweis foledsthatythe
conmponent. It is found that the .higher density.
B GGRRH OmAORe st PEGeUA ST, Feicateengpiet in the
ro@ﬂﬁ%%ﬂ%& adoash, '\Jithta’?oodrs@%a?}ﬁﬂidiﬂomh’é RighérRth 8 midetill Gtcurring
good separation of the higher density nateri al )
fromalw relatiyelyflowen demsity edrapangatsywhigheellagé insthe ynner region. By

S R e R

sublcBid 18 Ridtinim Fe@iiGral firbay waich séfestipgpesecthé sepationy The
rotational forces, which serves to inprove the

inseryagianioseparfied frqnh Higrovies gneas 8108 B RAIRIET R ATTPHeWhich
" oai . h
; tAGHO8 Vet 61k

el P S B GaR e
ard P oepeer ndvpass intethe @otehregiont &r condrastuthaheaeg cmpmments, in

pass intqQ the core region. In contrgst, the heayier
p%ﬁﬂfgﬁ@hg§ arg gaused to leave the core region an collect inthe outer 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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particul ar solids, are caused to | eave the core region
and collect in the outer annular 25 region. In the
w@eame/1ofe3e nmul ti phase fluid conprising componePtBFGHBRG0M/002220
markedly different densities, in particular |iquids
and gases, the interface between the inner core
region and the outer annula? region will forma
transition zone. The nethod of the present invention
seP%aé%o‘rrﬁgnédrhcfulf@arﬁj%@ k@édr® tht®fts %afﬁe ﬂl&’é@eﬁatﬁklrﬁétﬁod of
romnul ti phase fluid streanms. The nethod may be
the peisérg dnvientio s pagaplarktshisablofn ﬁhmmt@m@f muﬁwl@ge geid

different .densities.
S SUARGIE P eS0T Btaaas Lo ey RPE RSB slfea o
the kéihbval aNsdlid partieldsdm ihetilid Stfeageprodaded fﬂimas esbterfdiRan
net hod of the present |nvent|on |s@ﬁart|cula

well;iin paytieulpia wek Predysingoilend gps. nihe mpthad & 4 muefagle for the
s cf QL Ghe N

selya AL R lrBi fhaf Corelnf Bk EShcn p e, e My perates 0
red0b¢ thepalid paitieks fnonmhe aid phabat asntl nmaauepmr begio b s‘epam’uen of

SUQ} Lranian 5 in particular a well producing
indjvidughliqyd and gasPhasebnod i s al so suitable for the
separation of such a streamthat contains water. In
such a case, the nethod operates to renove the solid
par tThel reethéd ofithe nveeseﬂtunvtnphramrtm@mlyrﬂmtaldﬁ ¢orghe m»graﬁon

O

th8 Bbrha®¥itord 'a duREmSRRRIcEd bPA sulbrr&tehi dil TRy well. Mﬁﬂﬂ&
fluid stream conprising both liquid and gas. This is

stregmi containg a signafiecnnpunsitity ofrgasftheinner wainnFoBsiste almaesy epfirely
0 ngi?],:tge %‘%ﬁ’g%gu“g‘h‘} 1|8 angr%%n\@%ﬂ{nd A %ph(i Q&npcﬁﬁﬁﬁqum leaving the

out@ginailac RgRinstesulahgisi vanthi g‘ndoj/lds n:ﬁncg'aBefﬁt:ieecﬁCThls) teadd to
which is tq prevent, liquid g sol.id conB $?nts from
e ?

2 (gl #ECG RO NEPTETV RN Hhich BETVHES TBILN [ eRHAIE Solid
%@Jlé’ #1541 rﬁlﬂltlt)ﬁjagf tﬂt%[?)s‘ﬁ%hme{htt I £ EAm ég?ﬁpﬁlstxﬁaéjﬁqdl@ a

Ur t her aspec present invention, which
commvedesd a gae tédroporfeot, tl:eepahad ccngplsmlg d particles from
a multiphase fluid strea am conpri si ng

t
AR R A R T s Rl

CONMBikpaftig a dobtioRsl Wedthehhigitd theifidicgt ream i nto a
separation vessel; 20 inparting a rotational npvenent

i nt dotrhingfaneuger apwiariragional miating i of Bredetaniaerd tickness;
andptatlng fluid of predeterm ned thickness;
forming and maintaining a core of low density fluid in an inner region;
wherein |
liquid and solid particles entering the separation vessel are directed to the
outer annular region; and
the thickness of the outer annular region is such that the solid particles are

concentrated and substantially contained within this region.



10

15

20

25

30

and formng and naintaining a core of |ow density

fluid in an inner region; wherein 25 liquid and solid
w@anviltelees entering the separation vessel are BPCT/€BR@d002220

to the outer annular region; and the thickness of the

outer annular region is such that the solid particles

are concentrated and subst8ntially contained within

this region. WO 2007/144631 PCT/ GB2007/002220 8 The

sol i Thalidmaéridl $s fe@ioyd o therdtitengramhalat fegicarbyuteetiniques

regi on by techniques described hereinafter. Th out er
deéﬁweﬂ ddter¢iuaftesn The owar annalan &egion is mainteined prigagthickness

&Eht%%ﬂ&ep; q@“ﬂ’e R B¢ Qﬂkl@sthe solid particles. 5

e thic out Br annul ar region is
detern1ned by the overall dinensions and shape of the
open inlet throu ich the fluid is,caused to
ont o e Eka of il et ABEY BhTeEioR S ermingeLty e paerat

diblthSikResR S‘Bflpet 4_ho e%'in lel'eﬁﬁlrdl%ﬁ'vﬂHch the REPRRAERY to
upon the height an of the inlet. The angle of

ertt¢rghé sepetatide region. d@@antqu@rahgtl@c@pswﬁthmoutweamuw gegion is

b EPTHAT G Bt SR RUR RO PG NET padf of s dsgermines
thk @hglewedhiely thd@uill |stiézdn shesahe $elfoa1fa|fibﬁ ré g, (ixnturlh ﬂettlhmmmg
respect, references to an angle are to the angle with

the pech ohiye hekinah Bpwepethsfolpwed By thedBud &tfﬁfaahmrtéaur%on Th’e@@
ey $ERAEED0 bR aﬁ%}:‘%uee tsgge &{%&e Hith theBhi dﬁpﬂ %19 b
ér 0

annul ar di nmensi o §1 e |n
seph@tibn kegthn. tTheswak ueiemed © cfalusn/\thalﬂmdatb entenand fcmmlthé eetdr
ean1enter|n%'throu t.he rm,ne

argilaB A o (RIS D8 e PIELAHE SR PolRReE Sapyisa
thk Mid fRkd bt?éan{ St oMAlug H%&ﬁle& Met@xfmlh&ethg: Ivé'l'oglt)P Bt thB€luid

outer annul ar region. Pre erably, the inlet s
stesamaang éul turo deuatrnmdmhe initiel rbfagional yeloedyro S hedludd it the owter
rrn}the upstream end of the separation region. In
, a space is left between 20 the upstream
boundary of the outer annular region and the end of

t he vessel containing the separation region. This
al | otsfearhfy.ihyinled dnarranged foin oduegitheslpid Stream seine distanee

fr&étt?{] e&r o%igt%lkcri] BFE’ICS'E&()}&QQ%H rgélUfl.n In ﬁl}’so\klg};’,‘ lals}faé%yis AN Yen
the upstream boundary of the outer annular region and the end of the vessel
containing the separation region. This allows any high density fluid that splashes
from the outer annular region can return, typically by gravity, to the rotating fluid
stream and be entrapped. In this way, erosion of the end wall of the vessel containing

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

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

operation being performed downhole and the nature of the subterranean formation.
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stream and be entrapped. In this way, erosion of the
end wall of the vessel containing the separation
wo egromeby hi gh density fluids and entrai ned seXCT/G82003/002220
m ni msed. 25 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
The0aéthed ofbd ipugseriflvdntiog isseffectvpmremol g solidimatesial, sgeh ds
and sand, together with very fine particles, such S
ericsand apg thi ke in ik sige ﬁgélgé%@@én theprodpictian flids Hovsage

seB%%tﬁ('n?ﬁflf WGP LOME ?net aay %Cham% 113\5@1 zhsd' 9§elf§te tFRR/VE 'leﬂger

operat i on elng pertormed downhol e and the
solid tpartelesfthdt Imeyelpreducedibpn wetlr rbaich particMirRDolE/ WellidB s, for

aB2 7/0 2220 .9 The od af.th
ST RG A . OB MR TR LG g fgisCEe o pavell o

deBHE FesBRing IFdnt equiptieht@AhabdIsr fallkR. 1A 1Rl dasSbZRilirR P 8Swnhole
fromthe productlon fl ui However, the separation

eqefprmemt,@nbgtartsfal salisl prasticlesd tyipicall anetal tparticlas, may pe aroggced with

RN LA A

dodaRfredm et;@pmén@ xRk ehskek ahd prrlikecif@st repsed.t i ng from
drilling or finishing operations, as well as debris

resulting from equi pnent damage or failure. In the

cas eSCf)cffcd a{Ja?t!lJcl: r@mﬂ@d#?%%ﬁ?stre% bgr{ﬁ‘@fnre oHRS El‘?é&fr%&ht

sol es, typical net a artlc
mpmnﬂummy rahgehfrorh Iaéew&ﬂnllluﬁétmsdn diatnetsir Itd setyera:hpq:ntmmtlas efand
t hat such debri s _.can, cause S|%n|f|cant

t .
and it PUHRCE BB R | My EnTer SOREER 16T Bebrisguey inplude
oﬁg&tts ﬁﬁﬂ@?‘aﬂge otlﬁlmgql tod fAbi la%e?sltr@ﬁpycﬁﬂn{ag@ﬂf thi Whehod of

treans by the nethod of the present invention nay
the anageatﬁmmnan fhatwsuehlal lange rangs of solil parecles map be saparaggd from
n%!qetres Sand and gravel particles range from1l
M FP8m 5 to 10 nm Larger debris may include
objects in the range of froml1l to 5 cmor larger. It
is an advantage of the method of 15 the present,
i nvehbrBisulan vag@@ﬁ ohthe aneykod efrpgesent inyentiog ipthat it sprple

BP0 DA ol 1, i Bt
méthod afy be applmll’lﬁta&dlgdla/@palatlm aigparangandodfpefdtoanfitvastes in the
ralt'lghea(gf ulpsto hZ%ISOO?)l blafarerzlg per ag/r}h%%mnrp%}'t;c%lar }-r%?n zero, more particularly
from 5,000 up to 25,000 BPD. That is, the method may be operated with flowrate
fluctuations as great as 500%, without significant reductions in the separation
performance of the system. The method preferably operates at flowrates of up to
25,000 BPD. Higher flowrates are possible, for example of from 1,000 to 100,000
BPD, with the separation apparatus being sized accordingly. However, the
pérforrnance of the method in removing the smaller solid particles may be reduced.
Preferred operating flowrates are in the range of from 2,000 to 25,000 BPD, with
flowrates down to zero being operable. At lower flowrates, the separation of the

components may occur as a result of gravity separation effects as the dominate
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20 nmethod may be applied in a single separation
apparatus and operate at flowates in the range of up

W0 2002544000 barrel s per day (BPD), in particul apCt/GBp007/002220
zero, nore particularly fromb5,000 up to 25,000 BPD.
That is, the nmethod may be operated with flowate
fluctuations as great as 500% without significant
reductions in the separation performnce of the

septi6MnediMisiet ROk Sﬁéﬁtcﬁm&éb,Mh@@@ﬁalmep&raﬁémmatamnomu
up to 25 25,000 BPD. Higher flow ates are possible,

be dire texetainal alovemenhof tiyolbnid somponepo BPD, with the
separation apparatus being sized accordingly. However,
the performance of the nethod in renoving the smaller
sol i Thedigle sdpasatichyippeatie darcledsizedHoe{ enme dhropghpat,iimgrder
flowates are in_tae range of from 2,000 to 25,000

topgpisy fogi A Rrtiquias fjuid BeWersAAlGENattey - His argaahisami e sizgd
aéch’éﬁl{og t%la%i@é@ﬁlaliWﬁ BRI BRrQbret EacRRvE BOMANRRES

may oOccur as a resu f gravity separation effects as
seiphiaticio perfiartranWRrRIcOAn dAdiBiid POTMEBROD G2 22plurality of
separation nmechani sm At higher, .fl owates, .the .
BB L5 01 ST BRY el S ﬁ%‘PF P DL el Fentsizes may
bd HerdtbPmaiffEeNETRRBinAfonk, S théaunk df & SiTRBRARIStivd NEw-switching
singl e separation apparatus can be sized for vol une
megnsoiegiepernmoilate grafe of Hlopgatesandrsepasatien ¢uiesi cul ar
fluid flowmwate. Alternatively, the apparatus nmay be
sized according to a desired quality of separation.
Ther f d& to ifpatihe ev@tibdl Aoa pdasinrte the shieparaatliceoate the
performance and a range of fluid vaolunetric th at es,
rojating @naylat peien. it sgpaiced o we adrpgeatial fntryiof e @”S%@m into
. hi e ] A Variohe
ERB flhn o R L B Ko R BT RS peFRYari:
Hswetapherde teetsumethfl thevasmildrabgion iskd snffwirest demh and
acconmnodat e range of .fl owrates and separat]jon
PRRSEEG FPHat R PRGN S IoT e R LA GRay AP Sy, R aFYe
arje®e follfe ﬁﬁlgi%m Rdi TRt Rphrd€on feBloRt 1A thi#RAY! tAE LRGN
it is preferred to use a tangential entry of the fluid
ergeringathe ragian is chused epentate ponnd thyiinrer valicH therehivngud sot

.e kn .in the art of, cycl S ration.
ot e ihEbshiRE s OTaE B AT RID Bkl heliBal flow pattern
withinghé fdtﬁin@%?mﬂﬁpie?ioﬁnd'ith BeSagHacntaid digtkgion rbtarag around
pre

pattern, it is eferred that_the tangential entry is
thgcenfrpl gengtod lova defrsity compprentso ngieranalerih Whish; the Fpidiine

P OLA ol S0 L o o
path e alledd the fluidnefter ea¢ mavokunidn notlear 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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collide with the incom ng stream The overall effect
is to create a helical flow pattern 20 within the
WO oaoatid4sgl annul ar region, with the conmponents PCI/GB2®?7/002220
region rotating around the central core of |ow
density conponents. The angle at which the fluid is
introduced into the vessel lils preferably selected so
that the fluid rotates in a helical path that allows
in8i® the HcEmafgl fAfid S@nt BYOA siit00r hélical 86w phifani thStwaIEt
and not inpact with the incomng fluid. Typical
asgdnebly mglydei dispoped: besweearihe indgt apd &m upstrean 9153/ ohthe éepzsatlon
refloR %@M p{e%ﬂ&f?u& Gubling 12 St AFadl R bl HoRtho dith Sowhras
lﬁ on're drirens! o 0 e I nfet
thaﬁﬁstﬁ:&hﬁﬁhﬂe dhaoad radsengﬂ)t prefdiablg dnes Bdrmsthatdnducest helicabf
the well fluid, an the fluid retgntlgn tine r U|red

flow pattsan guibe incapring Bvid sEgaprsuch thaf Huid they has Feiged

se?ﬁlaﬂl(%c‘re R)nr& Qeﬁg&ﬁtotrﬁo%hﬁ a%h%llﬁ@h%nﬁfeaﬁﬂﬁre\éﬁ% ﬁtfﬁcégt SO
n one preferred arrangenent e portion of

thateha flaiti compiaigig ots fmsijrataam within thé kepachtion region i not contacted

oag firorne L e o TSP Ehuba Eresitposbsd o aoe o

mdrd HeNEHGxtdAQigReARdcIGhé bittsbes bxXteRiThd BéRraalySRitHedan helical
helical "flow pattern. This wall assenbly nmay be

patiewyrsshaiddsiredweelivat flew pattern tahelindiecdipshe inapmmgdlud strapen.
SRS B bR SBrol R E chl G bW £y nssr
upstrean1end. The wal | assenbly preferably has a form

that. induces a helical 5 flow pattern in the ihcom ng
fl ui Iélh%st‘?eé‘aﬁ?u@dw therige of P@Pkﬂieﬁﬁ&‘tng 98§ OB HOE hsdice
R R L R e L I R SR
conduipbediierged ¢lesek i tht pepradicdar tithdlongitiina epsradthon
i.on is not contacted by the incomng fluid stream
“Rﬂglﬂbwgmﬁssenbly is preferably provided with one or
nmore helically extending surfaces, the surfaces

extendi ng generally in the sane hel i cal 10 pattern as
t he Theshlettor e ﬁhuélrna[ylb@wnpamttaéwlmsllape beirtwetioksts arp weHe

f.luid,st
koS ot g B R B nocr T GERAP n{Bidond THBIRGY pletprpnce
is Baen herietf BAUMEL 4 h:@tangllﬂ@r 86-ktion gid dRnivg\binge d@dnmifig
nor e hellcalléé ext.endi ng gui de surfaces as

flnd siasanb e Flot ecigagudar laléah%lpff “uesnerate awyfosmdreliea] dloppattern in
th%ﬁgt%f%%a{r %? o &R RN %?E%Eangﬁla} Hﬁet%%xﬂ&&‘& etk Aintdrfice

ongi nal axis of eparation region.
between the incoming fluid and the inner wall of the separation region, resulting in a

more stable flow regime in the outer annular region.

The rectangular inlet preferably has its longest side parallel to the longitudinal
axis of the separation region. The height of the rectangular opening of the inlet, that
is the dimension in the direction parallel to the longitudinal axis of the separation
region, in combination with the angle of the inlet determines the pitch of the helical

flow pattern within the outer annular region. The width of the rectangular opening of
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The inlet for the fluid may be any suitabl e shape.

Crcular inlets are well known and may be used in the
waoredonodicef t he present invention. However, prePEr/eBe®7/002220

20 is given to inlets having a rectangul ar

cross-section and opening for the incomng fluid

stream The rectangular inllé helps to generate a

uni formhelical flow pattern in the outer annul ar
the @gét0that isthadigienbion petfpbrdiciadt tamiglloagitidina bxiglod tieteparation

better interface between the incomng fluid and the
regigneyilhdatermine thedhigkiesy of the AuteR T 168 ting in a

nore stable flow reginme in the outer annular region.

25 The rectangul ar inlet preferably has its | ongest

si deApaedluidbtrdam mbeed heligaltyudithialthe @méersanoblat fegion (typically

separation regi The. ht of the rectan

QBRI SR Pl o e ATngSd FROSRIRB GG thh i
pdhiLIECHIIPE 1REY ARkt Evall 6f thB @eﬂapdi‘ightrégbrpﬁi th8¥urRbst pbRion of
separatlon region, in conbination with the angle of

the henuilari regiodeThe ﬂmdazhasdsebqsmg lebs dsfnse then hlm obids, vl mllgmw to

e s
sePhrh{c FRRARS (P2 dete Rﬂz%e TWkich Wilgtemdifat the aniligr €iioRGidabe

per pendi cul ar to the longitudinal axis of the

lessedsapaptioon Whielywghmigipte|intg dhectenirplecorseThin Pﬁfkﬁé%garafularly
m%%?cll z a%li? g/he\?t\}l{? Igtgéatng g&ﬂtfﬁ{?s a éfSeBJ%eplfaLéJ i whlch©ase tﬂP gﬁ%’ulckly

€ outer~ann region (typi
lehved tvevoraticlg fluid ini the autgeamulk kogiorer ti cal |y arranged
separation vessel), the solid particles will collect
at the wall of the separation region in the outernpst

por EAOMeFuid SRGnPRNHE Bitel eﬁﬁhl&p regﬂheprt) Kids AhaaeRse

being [ ess dense than the solid mgrate to t he
mbmeetunm tte qffect ofomhiolf isttheawsn mlm Werraegulanregmm totbieedme thicker.

on hases arate i.nto the nore
Abs o rlrod the B RERRES llnes, RRERRE Zrbith et P
thtffess hlﬁml@( re&hSs ﬂﬁ%@@tr@éﬁﬁ@sep‘ﬂﬁh@ﬁ védskl. THigEME churtdthe
the central core. This effect is particularly narked

mwm@ne efihe {dagli dgnse Reidiof therinagr wgreaangah@dmerpﬂfa@ getaingd in the
outer @Hulgra Fé?lonqg agﬁft aac%hsg)! ;yroﬁiezf;i“ﬁfehdot\%%trézgﬁ %Er%&g) Il d

ann region reamin

pﬁ:&i& Ruh T tiin profid ardbe overphl ﬁgfrﬁSfStﬁs intérfacaibetween $l@ids5n the
nonentun1 the effect of which is 8 cause the outﬁ{
cogpnd Hyds bths quich i egiohakespend gEon Hihy fadomat oot

ddnl®y bf b ﬁu&f GRAM dnd thdinl @ VB city HENE YR HRSs it B8teRhe

I NCTr eases
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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thi ckness, until it reaches the centre of the
separation vessel. This effect causes the interface
wotoowheisBerast dense fluid of the inner core aneCT/682007/002220
denser fluid retained in the outer annular region to
adopt a convex profile in the downstream direction.
The 20 precise formof thisl3profile and the overal
formof the interface between fluids in the core and
f 1 Ui dgnveRtibhi® cRUSIRS sepataidrPdre DO With An l@Re st (RO leave
such factors as the density of the fluid stream and
the Iseparatiostvesss]. oElie qutlgt iStth@caii/yr@mg@s%cqaﬁlaélﬁtV@F@n thgevessel as

oFSECUE) "GR8 g R 5 o o

vaahdl. HioRRN&] aith a@fartahgentat earfmogboapphiet lin tharcyseas thdpresent
~paraneters of the 25 fluid stream change,. such as will .
inNerp 8N Te paicylpmit 1s 8pt Ressiplsity r@??\&ﬂfﬁlg Aty I phecore region
AR RS RS dSr Bl RSl
nechssanehat fluid kenslabfremahel catie megien sresrried duhim omgrolled manner
regi on, and hence.the properties of the inlet strea
sugdo BEIRERANT SPra BT o8 NATPRoRiA ST Ve fesvigs of it

reRiRal Rk %eﬁ@@?é@'éb‘?olfé@dsﬂg required. 30 WD 2007/144631
PCT/ GB2Z007/ 002220 13 Conventional cycl one separators

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

o AR, Dbt B 5Pk B SAREH o v

cdré i) hLN‘]h%B flul vbletreSorhe v Willdeavichke egatdgidn byomieans of
region of the vessel. However, such an arrangenen

digplatranenp eHaypyardy anpranidiedesignay thaduig oudentt l%possibfe to
esHBEIIE@S 'afi%?d@g%t?&g Q?I?(]ii'tigﬁl kﬁ‘&er wicH the Q8% r%lﬁﬁ’ %sﬁb%nfvﬁleﬁ%gg Yfaid

. omthe core region Y,
frohithe €@ girapiomis shused taétipwedhd autfeoopanampidyersiream béiheedre

Rather, it is _necessary that_fluid renoval .fromth
regingisplégiGH Jush an AR TS rﬁ?%ﬂla_d Extine groush gt e 2
mgfturte%f PR g R bdhsh] ﬁuﬁp%n%ftfl@ BvPdersity ﬁﬁfd-. Phisesrshedfluid

ternative designs o uid renoval may be enpl oyed,
steegrf rohy baygassedito larfugthdriseparatéorbprdiese int order t|sgpagate the various

cql Lectiqn region. s, provided downst.ream,of .Lhe e
Mg rans RhsagPs of Pl SheBon PREES FEIRAq ppeide

the core region by neans of displacenent. However, by

approPriate design of the fluid outlet, it is possjble

to Alternatively, a low density fluid collection region, having a fluid outlet, is
provided at or in the region of the downstream end of the core region, through which
fluid, that is predominantly low density fluid, is removed from the process. With such
an arrangement, the fluid leaving the core region consists mostly of the low density
fluid, perhaps with some entrained high density fluid and even a minor amount of
entrained small solid particles. As this fluid stream has the low density fluid in a high
concentration, it is preferably kept separate from other fluid streams removed from the

process. This stream may be subjected to a further separation in which entrained high

density liquids and entrained solids are removed.
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establish a steady-state condition under which the
core region is maintained and fluid 15 fromthe core
WO e@7omeds caused to exit via the outl et openiPQI/GB2007/002220
downstream of the core region itself. Wth such an
arrangenment, the fluid exiting through the outlet wll
be a mxture of the high ddnsity fluid and the | ow
density fluid. This conbined fluid stream may be
pas g8 ¢mtRdandndd hdvig SRRAIALHPMuIAICORESHNirdpi6n, deigh density
separate the various fluid phases. An exanple of such
fluid selfestian ragio haviag & sceong flyikoutie s proyidsd dawastreappof the
Alternatiyel I ns: & y: i ect i 1O
cofiedrEiny Tat PEao B pf el R il 8y FRUE b ek Othe
flui@ gir&in Ravinpehrdayingit second €t @ftlet beanprives as & griafur portion high
through which fluid, that i.s predomnantly |ow _ .
degaipsiliig, withseme prirgipsddowensity i and{ppalids Agithip flide
. . of- i i . i
s ok FRAGEE i, PE(G h ] QAR KB IR separee
fronh othes niel stretunareneal el ifigim the psiceys. fThis streandmey beisubjected to
i nor anmount. of, . entrai ned snall solid rticles...As
a fper separARo iy whisk FaseaReddnhydrnsin Svigs apdipnirained solidsare
refgp&entration, it is preferably kept separate from
other fluid streans renoved fromthe process. This
stream may be subjected to a further separation in

whi ch entrained high ..densjty.liqui '

Sol israraR BRI sy T BBl o AP Sheams
leRGTd HBHG 6h@2 ednd Bidid dutlebeskieoiiédtonhy bdpgradioh @vgion for

density fluid collection region, a high density fluid

fugth¢rinseqesyALr egi on, having a second fluid outlet, is
provi ded downstream of the core region for the
renmoval of high density liquid. Wth such an
ar r dfgeoreach flaiideutléd maydbesinntkaforined\ai cogvértiooalgiipd dréubular

second fluid outlef. [ : ' t hi gh
onsragihesated cengRlly, WHFIPAISHRE G K3 Hed [PEWERSHE! SRFTHIER en
pr%g{ Ala c%‘ﬂll:év_@sr tafifig ﬂﬂ%cﬁsﬁlfelirﬂit&d t§tg"eﬁé}ﬁﬂerh3bi§%ibiﬂ gf RivePressure,

nsity f_U|d0|n a high concentration, _
thp efféat p& bhichicap be sediatugh the sépapationtcisplidy anddluids alegady

o B B A0 55 FR B4R TRt el
andRISt piYe, | HaCitigGsclaued efd hidwiilk QuRiadutidSapi@res fomidedonglits
length extending within the fluid collecting region. However, in such a case, it is
preferred that the combined area of the fluid outlet apertures is greater than the cross-
sectional area of the outlet pipe. In order to achieve a 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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In one enbodi nent, the solids and/or |iquids separated
fromthe fluid streans |eaving the first and/or
w@emondiedl uid outlets are recycled to the separ@t/Geri07/002220
region for further processing. 15 The or each fluid
outlet may be in the formof a conventional pipe or
tubul ar opening located cetrally within the
separation regi on. However, such openings when
pr esiardmbodinfer€DiEanechatio b déw densktly wollecsing egivn amih high density
(3§nerate,a re%ion of Iomhﬂressure, the effect of .
calspiang regienyandithergfoss firshand gecardhpidoptels-gine SgRNgRMeR; ¢ to
. i . _ . .
P e O oA T R B e e g e
coantallgtwiphirpthe séymvitiog regioh.o¥belopmmihgand: prefemably aroedas | et

RO P AT o 2 S0 3 SRR R S Attt llin both
the fow 8ensRy RS dotlcddifdegfol @ng eEti plederiit AuRf collBetidr répidn.

outlet apertures is greater than the cross- sectiona
Tler @aduit malidavua bioglepuget, rasulting dethetflyidgitams soBected from the

Iy di i.b d f i ke- off..
o SR, A T by DR G o

deasigy fliidputlndediigiedeBity diulld et ehisindin@iringthd fluid
collecting region, the apertures are preferably

seppretpryelerady aptyered withiy theprpegss.r ot ati onal flow of fluid
in the collecting region. This aids in reducing the
shear applied to the fluid, which assists in
mai ninai prefegred beargepenghiseparatt codduiti isl ppivatkd Soadalleetiyn and

S e R e

coMfab i 1£813n C BYSECJraGit RRRAGSInkPitd REHI PRI RBioAland idlprdVided with
particufar 1nefficient systens, result rn the phases

oreruringiré ppergngs\ior the 03l 34 fIRAT/IbB2paingoR2y be formed gs

enbodi ment s..having both a | ow density collecting
h?@ﬁg%hméﬁﬂxﬁwﬁigh density collecting region, and

therefore first and second fluid outlets, one

arrangenment is to provide the out|lets as openings. in
t he K #nwefeopdita provivhdhecnnduit feading fnan theldawgleppity fluid

ciftietiitn il g i o1 AREHRG POk dllnia e BREBRAAE fuid
1eg¢1®f]it}ﬁnm gﬁralemed Sﬁ&nilatrl][ylgeit Gwopre 0 &FIEd exprenids thia amduit idading

ot the | ow density. id collection region and the
fromghe bigh density dlug goll?'\éilqlge%lfeﬂ%ﬁ’ﬂﬂb@ F%f:*f!o PIDHRARA RATEARER,

ﬂ@gﬁ eﬁwﬁbﬁghgagﬁﬁégg, resulting in the fluid streans

ected from two collection regions being
m xed. Preferably, the conduit is provided with a | ow

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

vortex breaker.
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density fluid outlet and a high density fluid outlet,
thus maintaining the fluid 10 separation already
w@edwrawesell Wit hin the process. In a preferred PCT/GB2007/002220
arrangenent, a separate conduit is provided for
collection and transport of fluid fromeach of the
| ow density collecting regildn and the high density
col l ecting region. Each conduit extends into its

I espPE&ivhitRaiest ROV YréakRF MeisHesn W fidh lhaopmrtym@ is
g:nlngs for the collection of fluid. The openings
1ntj

foommd@ sakid sheyeinnwiel sadiddastedl¢sse suspended apd @mézrln@hm

thFI ?Iﬁ%nlnggfull hﬁpﬁ%arh‘}e hlS flluelg E%e 1%?“3{hlg%gh%\rfvoflﬁlgﬂu?{%l’lases

eritétinl tHe kepaatizaiveésal. Mt tshm aapmt@gmrofahcemfeihud @f theGrésenel
within the assenbly. Simlarl is preferr

t .
inyensipndhatifwahes seramation) of 5aﬁnﬁ@nqn¥50ﬁwm e Fiiegm ra@h%tﬂk ?ﬁoachleved
Thd Hhifi9d h&GlaRBed ‘?&' Iﬁprev&ohgbn@ra§HQH theloRE paRRRk By pfoviding
mai ntal n” a f|UId eve n the asse P
a fdidreoheamating rdgim, i whidh del dresstsectiprabgicant dme ﬂuergﬂowpqth

the flow ate aof t g ning.fluid stre be .
AT e P Rlove T SRR B LSS A e flud
ﬂ@\vpﬁlﬁ %y%%@ﬁ%@écﬂfy fbvidlg agga%‘lrally ¢ H*l%drﬁzﬁl Veabd18éttioR with a
d, predom nant’ly high nsit wth a mnor

cqntrah iamngltocﬂlnal@vmrdmsd tgnef |Altednaé1wce;ath¢e@saeh@ﬂﬁ pa conigal in
fOorder to prevent fluid vortices extending into the

I"Byi ons downstream of the fluid collecting region, it
is preferred to provide a neans for controlling any

vortices that may form such as a_30 vortex breaker.

WO 2I@wnm4te@ﬂh@dw tedotvam dptesolid porssiraiingdssiPnis t he
roYaQirn )ﬁ ql?ﬁe(?'%( erev &?hec‘ E({lﬁ?ﬁh c?es ih ‘flﬂ] lad §?%z{rn? ﬁoﬁ&%tt V\?]% l];]t and
fosmingda sm\tltnnasls esthaﬂewsstmaﬁndgxdnanﬁ theesotid aomdtratmg I'cguen

SR et o BBt ol e

@hiQRe HERSEEam i ndtSot@iin 8@’5’5& a39hifcat RRAUEEHE @Pﬁ(ﬁ’é‘ncy

t e present 5, invention tha urther separation of

ofahmmleQWserftnaong rdgeorsandeaqmrcdygls t/ollutneb ef Beiditepettmovedén

oG AL 0 RGP POE BRRRRL DA g e

hdlR8l @NotatiGnaMiloGipaited TtRsHnides tHeaoal catlidéﬁtréﬁngt ﬂegloﬁj the d
fl owpath decreases in the direction of flow The

regaeay prpyided vith-ose et merrbaiBeseef appropriatershepesand size to

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



10

15

20

25

30

flowpath may be achi eved by providing a generally
cylindrical vessel section with a 10 central,

wo oovgits4esi nal |y arranged cone. Alternatively, PEEGB2007/002220
vessel may be conical in form It is inportant that
the fluid streamin the solid concentrating region is
rotating, in order to prevelt the solid particles in
the fluid streamfromsettling out and 15 formng a

flgialfioth. Masgerislid particlevraiidie anhe egiedregidn dfhke §dp|afadon and
concentrating region. Such settling out renders th

repVRliegien 250 My $o apm YA INougl ORIV QYIS d) es¢ qutlets may

‘ coqllvgrﬂfnt gniﬁ: e imdrd @Brt§ ﬁ\et £ haw oﬁ {H'ees?ég,rb@ol{‘\%ssé'l oh%gﬂnng) be in

as thrs can re uce I clency of
ligeowvithl thedhui flb waliieoprr &gl roimiraisel theertpli of (bld@k@esvoottunag, thé
fluid to_be renove der to effe fficient
°‘§19F91 e PrefsraRly orientg alnﬁ%ntﬁﬁ)lﬁf &% fed gtatlfl% otgor to reduce
the 20 helical or rotational flom1pattern of the fluid
in the solid concentrating region, the region may be
pr ovindedilteinativoerabegdiment; thetsalidy ssparetiompnst isprovak iegioRape

o8 e on SRR A B L R e

sobid® Viete STl il Slrem@ls AGsedIo SORAhATuER ﬂleaﬁderfcﬁﬁwm The
region, the function of which iis to separate t

rotaiogei thediuidistresat equsesaibe salisdkprrdesyolcoller gt the, Wqﬂrqfﬁh% Hger
I I I
R e R S
Lairgﬂﬁ%ﬁdl phlmlcteb esutlbasrwell debrsd, teniiain withonthe hmdmmmdalre collected
region o eparat i on_ and renoval
ot St G SO g ey HaHIeg FStvesn SO0R paticls paainsd
whll gqmﬂfnﬂ& doRti@it Ml?th%?@l%ﬁ@hg F}Ho@%mhé 6iERY Rldefet@iRA b3 he
provided wwth a plurality of slurry outl et
dlaqneuet of the apeFtures inithd soélds kevghange in direction of the
fluid, the apertures are preferably arranged
tangentially to the rotati ng WO 2007/ 144631
PCT/ MQMQ%ZQ@IargkﬁliﬂqétbldsoﬂlH@%lcl@ @B beSé 4 €bntinuous
particles remain in the outer ,gﬁgn of the separation
bagiselor opsraiechbateleyissnasdhel neasharises. r Erpvahdenspéug wagneposthe
[ tl
remvg a%%untgtof SOIHL%‘quu%"E+rﬁ150§1feﬂ'$ry?resgrgtg}é?lggt flég(:i] Ltgees éegwaell as
thA@axrtirdle dize digribmion ke ydlidmmatenéalf | ui d fl ow di recti on
and m nimse the risk of bl ockages occurring, the 5
outlets are preferably oriented tangentially to the

rot a’f‘d}lxéwrefclhlg lBnthin £ 8!13 Qﬁlc?éstl?cﬁl'i‘ Bl b e dEHRD 113 Bk padsE to

sol i separation noval regl on Is
a further separation process, for further concentration and removal of the solids
material. Fluid components removed during these separation processes may be

recycled to the appropriate position in the separation region.

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

a separation region;

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

w0 baid448r eam i s caused to flow through the i nP@r/GB2007/002220

conduit. The 10 rotation of the fluid stream causes

the solid particles to collect at the wall of the

inner conduit, with the sd8ller solid particles

passi ng out war ds through the solids sieve. Larger

sol irfeapafdriiflpesing 3u6fatiasal welvemeatbitlse mukiphase fWiid bpon entry

the conduit and are collected at the qutlet of %re
intodheisAParation gegiqns €0 a5 Wt o ap PRIST MUl &peieR PF wiaimedlud ek

conduit and those | eavin

pr%%?%ﬁlgﬁqttﬁg%#ég%& ?gorge%’génm ned by the 15 di aneter gf

t he inappéerttiorethe ithnickrees sftthe dstesarsméar rdgien bangwah thdt theagh

| arge di aneter solid parti . be. o CO yous
depgity @mWPe‘Gﬁ%F%{CS’&“%%f{) %ggtémw@ Congingd it it
mﬁ&%ﬁrﬁkh.mﬂ?pend in part, upon the relative amount s
d and fluid conponents present in the feed
st r ghalovadengigy fomponenischeceptiated &l diespregegiost ri but i on
of the solid material. The streans containing solid
particles, both large and small, nay be passed to a

f ur thRses@pRRdyseM WngERESa sefp@fatlf)b) iddi@l. Tidndansstati on
and renoval of the solids material._ Fluid conpgnents

copeqaRIRALly agangespstaresaraly |salfratrxcelnve;§$eéc d4deise yegeliisppsed
su{;&&%&@ %Fﬁ%aﬁf ThR P8t h@hﬁumgget .99 id A?Tatnggd SERALASd-ON

er aspect present Fnventi o
poﬁﬂicﬁﬂ@fdﬁ@v@saepar ation syst em for a mul ti phase fluid
contai ning a high density conponent and a | ow density
conponent conprising a separator having: 30 a

Sepafifly ?’&QII};I QtnprRB alsHof! infe forlthemit _}ﬁ‘lh&h%?i@td‘ ériérdhe
to ente ep aratlon regi on; WO 2007/ 144631

semaumg@ﬂ/aﬁ@azmgle ingt mlimsfﬁt@m mapaanplingicasr boweveani]
ment to t

g5 B o Bg IS AL oF pro it R 2Bk Clmplitgfo ndne

seﬁaﬁ‘%&ﬁre@fonﬁ@'ﬁﬁ*ﬂ zﬂﬂuiﬁhh‘l’eﬂregfon predeterm ned thickness
nd a core region; in operation the thickness of the

outer annul ar region being such that the high 5

densjt, g%tgﬁpc%ﬁl%%tsﬁqasm‘é&[l Hﬁfﬁtﬁfﬁ a%?au%%%@t% lthyy

cont a| n e ou regil on,
multiphase fluid entering the separation region. The rotation is most conveniently,

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

way, a smoother transition of the fluid flow from the inlet to the wall of the separation
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the | ow density conponent is concentrated in the core
regi on. The separation system conprises a separation
WO e@rome3iThis is nost 10 conveni ently arrangedP@BEGE2007/002220
generally cylindrical vessel. Wth the vessel disposed
substantially vertically, the inlet for the nultlphase
fluid is arranged in the upl¥er portion of the vesse
The system may conprise a single inlet for the
relontwiiesehitldd. dTHealigBhsonstdiehe ihkt a@paleated om proggieahe flow
and a sin Ie i nl et mnll sufflce in many applications.
patisierearired in the @uyer anaylar pegapnypf theseparatigh Bf’g“ﬁ"f ets may be
provi ded, for exanple disposed around the separation
region to forma fluid inlet region. The system
co n’pTlhes:&pamtonrremuem fianther op@aptises gn arrangeateno obfluidwoutlets faro

RSB PR PR DS AR BB SEPBR S g

al%ﬁftﬁé akhy, %enﬁﬁtsquﬁl@muh@&ﬁle@ﬁﬁy%e eRipldyea. i ﬂ'l'ed'lrétm et.
In partl cu rotati onal " nmovenent can

armlgmv@dbcngx law demsify rfgnd md lflghu fensity flatd latreraowalﬁg@ﬁgh ths
t
sag}e Oéﬁlég gﬁ}i? arlgali,o{lngg%lﬁ ag I% % e&f ﬂe? (gzg’u%%ﬁa %PA ever .thls

arfdngbentsenRi@hé@ife the @ff@dfts of the tpl’rbc%sslimé;epdrhﬁlgl thé ﬁtud phases
i arts a helical flow 25 By,gtern to the f

Asg t@math\@ rRaseyitémio Rrpefe by wpat flugd |0H66t§ HééaC&H Ajthip the
se@%@u&p {e%oorlll s];oeag :t6j sée#ﬁgly?ﬁ@ggé f}rgg dglféSltg%é(!h %ﬁgltr(])g' &egnsﬁyﬂuld
frémom_nﬂf&spemtl%re gioms ef hights caideytrhti@m I5 Ghis wagDthe floid he

| ongi t ugi. nal is of the separa n r.egj The..i nl et

Seﬁﬁ‘;? 1 FSg b§ % BISFESS Ay ds retaine of?mal‘éﬁﬁﬁ\s altemaiv er |
g&%ﬁ.@?& théﬂalu\e%nettaqe a&schibbEtelb@vi Ng a rectangul ar
ss-section. In this 30 way, a snoother transition

of the fluid flowfromthe inlet to the wall of the

P OB AT R S REE B A sk

wﬁHﬂnQHé &‘ﬁaﬂaﬂoﬁf@drﬂeﬁ atgogitibh @lvit, ifakd, @bfespefidl toechdsitiohhe
out er annul ar ion of the separation relgl on. The

doyerps@rpan of theyesd @ifht hegiodo e |0§t1,§t I prefaratip é@ﬁ@ﬁtm af
I f
F%ilﬂfrt] ?)ét%lllil(?]lh? L 0 H{%rsepzﬁ?ﬂ&ﬁ% 1009 Thi Ylfet rﬁag/'gl%ﬂfﬁ) B4fie o%?n end

e separati on I OCessS. nmber
ofahé esmdaiti Hovan e dgehaytiesn famdtb gerferate dirbultheetandajednén fluid

ke he Aoyl PO SRGETEAL BRL Lot el
already begun to separate. Accordingly, the outlet is preferably in the form of a
conduit having a closed end and provided with a plurality of openings in its end
portion. With the conduit arranged longitudinally and centrally within the separation
region, the openings extend radially outwards. In a preferred arrangement, the
openings are arranged tangentially to the flow of fluid occurring around the conduit
during use. In this way, an enhanced fluid flow profile is created in the fluid flow

pattern.

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

provided within the separation region at a position corresponding to the region at the
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same outlet. This arrangenment has the advantage of

bei ng sinple. However, this arrangenent tends to
woegateisshe ef fects of the process in separatiPQI/GB2007/002220

fluid phases. 10 An alternative arrangenment is to

provide two separate fluid outlets, placed within the

separation region so as to Xelectively renove high

density fluid and I ow density fluid fromtheir
ddv@t%ﬁ‘é%'eﬁ@ of 8@iceRSregion NIHRESKa ) 0616 BBrsittiuddthal Rastdallscted

way, the fluid separation achieved by the process my
whhinrthe mrn eegiorDstrempeedgn atstrearn thas eepfeing the laydgngjbnibd én a

f|UId o tIe

reh%vgltyl]%g ?Oéer?Iét 18 n,oo E‘l?st ?l%?cf (Ldtf%? g g?&ler%‘yl n%rgné({]maa conduit
extrdink @t dhetsepirz&msegion Whé ddtailst d’fewlﬁefpﬁéaﬁ deseribedjatveat

a position that, in use, corresponds to a position

downstream of the end of the core region. The outl et

IS [

s opoy S AR RSy L sy BRI L PR} B8 . o
seett] 2Oidoutltthe pmrdédlwlthlmvmratlartnegxohasa pesenorf ound to

generate turbul ence and she in fluid Wi n ast.
CQHRSPUUTE G PN CENGRHE SR HIERQT et BGRGS in use.
InRHRSES, HORImAPYErenfol EE AR TEI tHeQe?@H ﬂﬁﬂhﬁ the high den51ty

Accordingly, the outlet is preferab in the form of

fleid riumlaihtghhm?wgraaorgl ‘Dlasesgc widgupetoy pti:é@alethra?d ina
cdhgtiienaig g B BT ko S QsnCRLhBRnetdAbettbee

aHolwe. separation 25 region, the openings extend radially

outwards. In a preferred arrangenent, the openings
are arranged tangentially to the flow of fluid

occuphl Aafle gﬁ%ﬂ&gﬁqﬁ%s&omﬂ IE coftfif erkd witiin il StpifaHon

an en |Ie 'S crea i'nt
regloavind patihg bpemﬁ@; disposed talpresnﬂathe\festa‘hmangtmrmdi thessecond

e L T AR B et
sef chfall;igﬁ N0 & ek, Most BREGRLI A thE BEnd(f &QQK&M& §Srleach of the

7/002220 20 downstfeam end of the core
lomedgineity ﬂuud antiitlse igly derisowfléh slintthyis fwayi die separativasf the fluid
col core.region is renoved in a

p@;seagﬁ‘etvyj%yv%%%%iserpgrapﬂg ITERD é%aé'f‘weﬁ uidin a

relatively high concentration. The first fluid outlet

is preferably formed in a conduit extending into the
se palnaa prefq:rr.eé grrargement gt ofi the figst s leeb%réi the second fluid

mﬂFe? open o a&%Xr%te conduit, for collection, transport and removal of the
respective fluid fraction from the assembly. In this way, each fluid fraction may be
lead away from the assembly. The conduit for the light fluid fraction preferably
comprises a dip pipe or the like, in order to maintain an appropriate fluid level.

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

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

within the separation region.
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5 Preferably, in the case of a first fluid outl et
di sposed within the core region, a second fluid
w4685 provi ded within the separation regiPOI/&GB2@7/002220
position corresponding to a position downstream of
the core region, when the systemis in use. In this

way, fluid may be renoved dilrectly fromthe region
having the high density 10 fluid in a high

CONCERkdattet, @i the HOHnS@ERN dirddtidh khe bskéh pteFerablgfcompbikes a
formed in a conduit extendlng into the separation

regieg having thecfuteion df sonenitaiing tha moshdenge shasehithe speppbeing
procets%el%rn rﬁ%sgf%gt%pe is Wﬁiaﬁ?éd@angééégﬁsewgaﬂﬂg 'ﬂtulcfsﬁeﬁ&%

e separ i ng opem
sefiraeaseftaing splidparteles bvaryingsizéd. Ul coutdretatiam tbghdiﬂs
second fluid outlet. The condglt may. have a smg;(;loﬁl,hls

Pravidedby hasing the crossisectionpl asea Jdhs repriating regiunpredye
m%)ﬁtg% gét'llue%vg? Bgﬁgiw%l fl‘f\lees@ﬁeﬁgtgf ko withg 5004 YE tapbRE n?t@rnal

ow density fluid and the high
waensity fluid. In this way, the separation of the
fluid phases achieved within the separation region is
mai ntained. 20 In a preferred arrangenent, each of the

firsAjdrhativdlyo e ReARY rbdiR i8R aPAdsstdeiishal ateh Indly RRRRieved

into a separate conduit, for collection, transport and
witlhinewassebéf qometantrcégqses@cmmvebw pravigioniof ecppigalior daneraskelement

GFRRET Rikip b srtafiot Reiorf A Dbtk (hd B6Hica? Br BBYrcBSjement

préfettiblly édrﬁ&ﬁtsb@ﬂn@éﬁﬁ@ﬁea&hgituaﬁlabm org@ssagedihpregirpeglnin
the like, in order to maintain an appraopriate fluid

orflenta allow dpwir dgpsify, fluid do ve digm the SoEemBelAw it Element p ghe
reglgaﬁbé\%rlhgg%gl%?ﬂpf Hesc%nﬁ:afséﬁg% anﬂg?lﬁlléﬂ?, Flh&ternﬁgﬂt FHeétanglrg:

stream o e core regi ui d out
requitddetd g;vettheappwlsdizemlmngé ar abisysectional arse of therseparatof,am the
.br eaki d/ or controlling vortices. f.ormn 3
et A BHG 58 eh ST SRRl PErOne B0 /1 e o from 5 10
30‘9<€J B2 RAKIMAR 20 of thd sdfeste@f ter, in the downstream

direction, the systempreferably conprises a region
haV|ng the function of concentrating the nost dense

PR b 55Tl R o B RERBAR LR B i
stream, the system is preferably provided with a region for separatmg solid particles
from the fluid in the downstream portion of the separation region. In a first
embodiment, the solid separator comprises a conduit extending coaxially within the
separation region having a plurality of openings in the wall of the conduit. The
openings preferably extend radially through the wall of the conduit, most preferably at
a tangent to the surrounding fluid flow. In this way, fluid and smaller solid particles
entrained in the fluid are caused to pass through the openings into the conduit, from
where the fluid and solids may be recovered. The size of the openings may be
selected to provide the particle size distribution desired in the separated solids. In this
way, the conduit acts as a form of filter, retaining the larger particles within the
separation region, from where they may be recovered through a suitable outlet

disposed in the wall of the separator region.
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separated contains solid particles of varying sizes.
The concentration region is 5 provided by having the

w@e@3s4serti onal area of the separation regi onPCEGBR®A002220

This may be achi eved by providing the separator
vessel with a conical or tapered internal wall.
Al ternatively, the necessard? reduction in
cross-sectional area may be achieved 10 within a
vessel of constant cross-section by provision of a
coni cal or tapered elenment disposed within the :
sepdnanjalipmatiy Frangemerinthe wadlp! thasepaghpe EZiasy 1s Prpyddedy
- : ahl 1S e - . I tHddi nal
wEh FBERAo 8E G0 RE of pBREPRLE S e R IR CEn S 1
separagon gbgivei wish 4 baliddentrapmenttzohe dispoded arcemil dire dephration tegion.
el enent to the regiop,above the elenent. The .conical.
IngyPre i SRECEIFEi H%, 3011 SBFRRIVRR 4976 1 an ARIIE Tggion exiending
ol [ i
B Sl o h PR BRRADS (R Rr kPO Rallbffhe scparation
zonler ®mtlercthe adtionl afiithee otading fliid, pmwalier pagtivdgsevidlfpasoiheough the

taper is.in the.range,of fr 51 30.to the, ...
oneBigs euinel ihdeid, Ste e o panisfes vl PR witingpg
se Mt_i&mgr@t | VA theS@ld of tRO6pdntilg8 sndy HRBelebRd M Iblovake
luid 20 stream the systemis preferably provided
degirechparti¢le gize distrihrution baeen ty ssprpigd sakids and ast asta falggre fae
fluid i he t [ [
syl it A AR FBRILERGR 0 sl RSP RERTRL Bt o
su@biploui@s Larged patticles el do démngveddfeon alid sgparatidn regidneagain

separatjgon region having a plurality of openings in
thﬂh@hﬂdpﬁﬂ%?OW%% conduit. The openings preferably
extend radially through the wall of the conduit, nobst
preferably at 25 a tangent to the surrounding fluid
f | ovlhe rembhalof\Wage sdlidipadtiderdframild sparstivn eefrarmaxbes

o B SRR Bl

reftolt B 198Yr BidS ARQUEHEMy of BetchivEke. Thisthgy OGS TyTRgful
be selected to provide'the particle size distribution

whiasproesssing atfhid sfeepnr produred dtonta subispa wall.sin whagh may be

dui ' of f1 PS
PR35 S o PR e A opt LR, D e b ffom
ddni@¥d BRWoREddvatolasqaibnidit audithe diksuThabirger dubiemay be

di sposed in the wall of the separator region.
allpowd/ta aesgmlgveiy hpdoynytsappd of she qeﬁaraﬂormeag&nr?\é\ﬁirwoved at

regélgfai:ﬂgagﬁgtfor ERBPYAYY mPdnsdt r&RBRI A JePlled FHAOREV).

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

flow of the fluids and entrained solids at substantially wellbore pressure. This results
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with a plurality of openings of appropriate size, the
openi ngs connecting the separation region with a
w@eio7d44spt r apment zone di sposed around the sepBCHGBRIV7/002220
region. 5 1n a preferred arrangenent, the solid
entrapnent zone is an annul ar regi on extending around
the separation zone and sepdrated by the perforated
wal | of the separation zone. Under the action of the

infaOledy ap@ fatelt foveas BRIhe PFodesy dquipnemt whd freqeasfaillifeouGiven the
the openings entrained in fluid, while larger solid

pqsam of Iseeh ¢gUIRMYss iny @@@r%éﬁs rgfatifg fp theavellbeadatt ag anpgrpensive

i
arg P Rlel( BT adelio AT AR (B, 11 known to
prdiige ﬁéskauﬂer@ nnimeﬁmme}ndd\imstrsmp af dtearklBwhd, ds oatedtcaremoas sand

filter. icles nd fluid are.renoved
fror g Erﬁéu%e fluifse %Qsﬁ%ﬂéerwﬁm ﬁ%ﬁ@ﬂraaor@f%m B
refidbin tsand—ﬁe[ 8les B4 bérﬁ!:l@%rﬂ@y HSel &AL gl Rt R&ot effective

separationh region, again hrough a SU|tabIe outl et.
in1he fEh®valerfdargtr smﬂldlmrtg@sm kiebils;mfbtthﬁaebe famied oer and find

hsléggg ?rtxtlplg]%eépé%lsgg (g;:eijSén%J rpglflee F%u%frfg t§% ﬁ%mage Mentioned

bebrk UBLEPISris fnay RIEBYEa tiElt bad GRKirsed Hrédkap beddiitHotnt |y
or batchwi se. This may be particularly useful when

C%rmgﬁﬁ@tl@ i larigel ltsms ehesbsis bameadoducediramstip svsH. \Higp pn
C I
acfb/artflg ﬂhgg%bhc an8 gisrtgg% gr})%se?ﬂh% rflfl at\llrlag E}}l’? gé{) %i can be
effechV@l? Gehlﬁiéllléﬁg @d:c@%hr\k/;gﬂ)y mhdky\snaigodf&hclegmwmmﬁenamdist;iaﬁlcularly
i ke. The |arger debris nmay be owe accunyl ate

suitgd f%@l%mte%é@meé%elbfioweé@ﬁ b Welﬂhqag afﬂ

o IIOYEY d?és at WellHL R rés@ﬁ F(@d 2mdv@lor @&ﬁﬁﬁle%erpbheqﬁ%% oPf
a renotely op erated e (ROV). A particular

&ﬁnsmﬂmmmﬂbﬁmm\mﬂkh exi sting arrangenents of subsea
processing 25 assenblies. At the present tine, it is
the practice to install subsea separation assenblies

10 OREIAdifgIR! 1nraetqi@tﬁ&chsﬁéc@9t§élﬂ Sent EX@ATOESro0ides bl Slibsea
S

assenblles are settling tan and the like. This
pra¢assing essemblyenmemrsingat es i nstalling the separation

et T et
wél,oduced fron1the well contains solid naterial such

as sand and well 30 debris. The rocgi ment

| ocat waaaps ersmpohavirg et drleLsanpects t%ﬁ%%ﬁaﬂdﬁwly
fof ke%g‘{tvﬂf&thg ﬁfl{dl %ﬁ.lbgdpfgong?fé({s ?El?,gge %%%afsaqfr ea§§u [mbly being operable
at&i&ﬂﬁémeﬁﬂlreﬁﬂémw 0&212 20traifd&d in the fluids to produce a solids-
rich phase and a fluid phase, the separator assembly comprising a fluid outlet for the
fluid phase; and
a choke assembly having an inlet connected to the fluid outlet of the separator

assembly.

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

by means of a pipeline.
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in a very rapid rate of wear of the process equi pnent
and frequent failures. Gven the position of such
weourpmeat i n the process relative to the wel | PEBGB2000/002220
is an expensive and tinme consunmng task to repair or
repl ace broken or failed itens. It is known to
provi de desanders immedi at 84y downstream of the
wel | head, in order to renove sand 5 fromthe produced

flui S?iﬁulafb}d Ghe SSAMOR hSsebl GHthE PReers @RRAAGIOMAY be employed
effective in renoving sand particles of a particle

onganaaféshotsquetfasm reegiving pdusherntluids disentlydfam é’tﬂilesf platfogm
wélﬁm%a{) 2 bsed" éﬁé&%@% 4 dsefaet;hhs ligg u@s&regﬁm'f'ﬂae chiREch

an pbe carri e over an Into

Actovdingly siam fprtharassdcnghepresquinventaLsonget & pladamagecessing
nment i oned . .before. Such debris may arise as a result
asgmbly cAMPFBE'or br eakage of downhol e 10 equi pnent,

r es Lg ﬂlil Pgedef{llﬁﬁsgﬁnblgqmeeéwﬂg Bluids R6dURed BORUIGRRerFmesm

dvant age of the nmethod and system
wdf the present invention that this debris can be

ef fectivel d. . Acc tem.of the

ot coeHPRIRy REPRIY TR Qrenar i) BB Altderige
as%rﬁ&??&qeéeﬁmﬁg tRtRlYs stodiet FRanihe fwdi thewepdri®asksedsiyng
able"to operate as it does at wel | head pressures_ and

beirgnpeeable atvetlihaachpressare toempyg yeld detais enraigedin the fluids to
prg ugcggifsce)p%i 1¥ch p? %sg\%d | ﬂé‘c‘lﬁ)t%ﬁgtl ﬁgl s¥ear%t§ QSSEIHB@/QS)glpnsmg a

esent 1 nve S a Su

ﬂﬁﬂ@ﬁ@@&bﬂ@eﬂ&ﬁﬁﬂhhﬂaﬁ@npr|SIng a wel | head assenbly
t hrough_ which fluids are produced froma su@te anean
20 viefhoke asssmblyrhavig andalehempesigd forige durd Qpt tPﬁ‘ﬁlstsepafamf
zm? gcted to the well head assenbly for receiving the
TUi Us produced fromthe well, the separator assenbly
bei ng operable at wellhead pressure to renove well
oduce a so

deb t t fl d
1 ernabia Sepaitd s vellbiad Hormade o tedbd BP s SRS e
pISPSTRI Will BOhd a(f,tlléﬂ' vdeth@&d Brlesdudd lebd iy pESsshileldrsh M ahe etidfige

a choke assenbly having an inlet connected to the
infelayatdoroen dsatrept aflike paspageat dhe fluid suptghythe Tiser aseqpablyt or
assenbly may be connected directly to the well head
assenbly or 30 by neans of a pipeline. WO 2007/ 144631
PCT/ AB2Q0d 482 2RE method of the present invention is particularly suitable for

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

introducing the stream into a separation region;

imparting a rotational movement into the fluid;

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

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

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

outer annular region; and
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24 Simlarly, the separation assenbly of the present
i nvention may be enployed on an offshore platform

WO e@eitvdepy production fluids directly from ei t PEr/GB2007/002220

platform well heads or a subsea well head through a
riser or the Iike upstream of the choke. Accordingly,
in a further aspect, the pr¥&sent invention provides a
pl atform processing 5 assenbly conprising: a fluid

I eCefh¥ ikK1ek RS 6N E YutbPinnube edgidig shthiihdsthpseltlipetcles am

a subterranean well; a separator assenbly having a
caricentratedrandtsubsieniadly santaimed Hathin thisgegieBei vi ng  assenbl y
for receiving the fluids produced fromthe well, the

separator assenbly 10 bei ng operable at wel | head
pr esAshss teen hemxbefone_ﬂéscdb@f  smudtiphaa¢ fedd strearnheintloduatd

to d d h h h
inkop BPARPN A BRI Y i IBTLG hel b retetio e BibRRg o

cdubdhfloRBARRulaR Ridh mgﬁem%mt:ﬂts RARIrRY @hveRticablly,

connected to the fluid outlet of the separator
equaer ithat reliss port thie sepacgpactf compenant mmﬂulg relggen @ndathe

uid rece |V|n ssenbl f the
repvlfanb e aronberd B SETpe fisal i PRkl Y plysBRe
thddiEhloRe bhﬁlo&h@ﬂﬂﬁl sl Th @k QuadlofflerRbof & paesreﬁsmwm@h it hes
passage of the f|UId t hrough the riser assenbly., 20 As

basotfeenddbanhis ingeming stresm e disieptghe Sewtpaftems ﬁ'ftplaiﬁhﬁ%wﬂhm
rticularl f
RS S i R AL AR AR g e

sepasitian efficiangy it Seasdl; ©9 If(dk:i’mgltlye incomingffluid keflowapagta, c1rcular
t he present invention provides a niﬂhﬁ?’? for

olespstlapelingyios 6p PRICTRS T SrREaangRpian TiEs dhe qogiRgnents
wﬁhfnetﬁghuﬁit%?re%rh lﬁ‘lag' beldt RAR ﬁfﬁi’l&' otelidd 1§a cbﬂéﬁp@ndmg manner to

conponent an as conp ent the method conprising:
th2 brientati adreqiringd inttbe stpaméion rerglcm a separation region;
inmparting a rotational novenent into the fluid;
formng an outer annular region of rotating fluid of

pr edgt &8 PR i NupthBespect, tﬁa grefs@t{t nmﬁuaxmgrdvmemamdﬁmdagof
a core of gas I n an 1 nner %l ereln
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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30 liquid and solid particles entering the separation
vessel are directed to the outer annular region; and
wOE0200i681144631 PCT/ GB2007/ 002220 25 the thi CROEE82M7/002220
the outer annular region is such that the solid
particles are concentrated and substantially
contained within this regi o?®6 As has been hereinbefore
descri bed, a multiphase fluid streamis introduced 5
inldttafe Arang@bguRh it therheavieNcanp@i¥n®sn the fluigh strdandare introduced
helical, rotatiognal flow pattern and to cause an
ragigdlz outwyidy efrthe BghteicompoRentsi er conponents to form
Conventionally, equipnment that relies upon the
separation of conmponents using fluid rotation and the
r esuThemtudtefloepath asyi betaimdiac echdlical, eoregiinetbysthe garticular
intg a_sui.table vessel or . region., throu one ar I e
SCHP@HPR GECtiph o Weacgk?\‘/%f} @H{f@ﬁﬁ)gwc&t‘ APERES Lt Seudn PPBE,
udeli. has 10 been found that this inconm ng stream can
di srupt the flow patterns established within the
separation region. It has been found that this

di sruption n. he reduced,; and.the .

et 11 SFRHES of ABidE EMHEG® ngP B Moua SERTE R E prs o o
seph@VioRbOIKE cBmGblichtd @beg@dl Awebididily, el preferrat thaothe fluid

entering the separation region. In_this_way,

. . y, .the
steeampoieharsuateflowpathinia  lamingr of fransiHanal o regimeethayis less
R ALY ﬁ%'l&%g%d | Aaids SPLITRARH arEBIE Abwhah SRolii Be

orientation required In the separation region.
subficienitdb agleyst initialisefsepdratéom aftixekdayvier hrd hglasefndctions prior to
i nvention provides a method of separating a
thg3treap RaigENg thGisePERHRLREIOPhe met hod conpri si ng
introducing the stream into a separation region in a
manner to induce a rotational flow pattern within the
20 shpafuatheoaspetgtho preseuténention provisies aip appagatus for separating a
rI]iéLFtrodu téon intﬁ the separation region, the fluid
tphase Hud stieam, 40 PPATARYY RMBS"&h ar cuat e 1 owpat h,

the § kapathtibhoadislg al ong the arcuate flowpath in an
orientation corresponding to the rotational flow

pat t & inlstiferinfoducing asibyid sEead inte 15 SSPATAYEN 1eRI0Ras been
found that I qi S Wit hin
the ar crﬁ%%tee wﬁ%&gﬁﬁ%ﬁggggﬁ&pﬁfﬁéﬁﬁgtﬁg e‘?ﬁ the fluid
st r eafiereRthd ercoaw sestuitandahainidt arecarcanped togntroduct tied fluid
relative densities. This initial separat.ion ﬁ%ﬁoﬁﬁeﬂuw

SEPEUIN{QLIhE AFRRFRLION RO SLRLATANIASIAN CREEIPPBYNE fo
RRALALdAMOR Hbh dRiRdefiohhe fluid inlet is
Wi patoh g i pifio
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:



10

15

20

25

30

introduce the fluid streaminto the separation region

such that the conponents of the 30 incomng fluid are
wapproprsat el y ori ented. Thus, the arcuate fl oNEGB2@MH02220

the fluid WO 2007/ 144631 PCT/ GB2007/ 002220 26 inl et

are arranged such that the heavier conponents in the

fluid streamare introduce®7 radially outwards of the

| i ghter conmponents. The arcuate flowpath may be

circular or helical, as required by the particular 5

separation function to be achieved and the sica

aspdogeredA EHG;CMWUEQTCMI@QH ofj ﬂ@dlowrn@termsﬁrt%ber CEMRANgNts

h fl at.h h
oty T Fsabl RBEBSTREE shBehnfed B 00 1 ™

Accordi ngly, |t Is preferred that the fluid 10 stream
in the arcuate flowpath is in a_|lam nar

r
t r arfgBYre dRais afspleﬁmqtr@grprésentaﬂatl of altqrpaitye fioyapptterns of the
ccolE B} p MR BB P HiRla e B P Bt e
initialise separatlon of the heaV|er and |ighter
fractions prior tg the streamente |ng t he se ara{ion
o e 2dt pioTein Ginet P EaR vehShidhadte ABEHRlB
A éotsa R RRRAIALH DT (IRpré@REhMdtied; @ mul ti phase
stream the apparatus conpri sing: a separation
reglon an inlet for |ntrodu0|ng a f|UId streaminto

t he separ. e an a t
convaetg T Ao GRePRL e st RrERRUY s geBhaor sy
acRbrdHR! 16 aGeEHdl dmbdAtmériof thelpedsedtr 1ﬁve’iﬁﬂbﬁﬂged to
introduce the fluid streaminto the separation region
in an orientation corresponding to that of the fluid
Wi t [
sepgﬁrl IIIeg;]% 1§ gq oﬁt[ud&gl B %@ttu%ﬁ? k/fag:%l tﬂ&ﬁrrgﬁta sgﬁhratgp%stem
mﬁ@ﬂﬁ@ﬁbmahﬂdeﬁmb@hwﬁnﬂhhe@&&Sﬁpﬂ&ﬂﬁ@ﬁn devi ce, such as
a cyclone. In this respect, an existing separation
installation or assenbly may be nodified to operate
acc offlg 3% it 9 1$rtgltﬁdﬁ‘1§p&6§s &Etl&d&?we’wm/t%'gh QRepl¥atdr system
suita ?e nodi fication of the conduit conveying fluid
accordinpgtoiarfbetth ehbodimentsdibe prcsanh injentiae. 30 Enbodi msnt s
of the present invention will now be described, by way
of

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

a fifth embodiment of the present invention;

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

embodiment of the present invention;

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

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

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

separator of Figure 7.
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exanpl e only, having reference to the acconpanying
drawi ngs, in which: W 2007/ 144631 PCT/ GB2007/ 002220
WQ7200Fi1gse 1 A is a schematic representati on oPCT/882007/002220
flow patterns of the conmponents of a nultiphase fluid
streamin the nmethod of the present invention; 5
Figure 1 Bis a schematic rXpresentation of
alternative flow patterns of the conponents of a

nul tR RGeS tb Hiplvasds aaT ddwdwiedsTas hed 1Rfeik Rebesent
invention; Figure 2 is a |longitudinal cross-sectional

aswrelvhqs Ml&dghglaldg@b axestin theswesticahoriendatinndis shown mthe| r st
t
oERBETET e DSPLIRT PGP ol o U B

m8y 866 Bt agtieaadd e alf@eﬂleﬁ@@mﬁderﬁﬁ’m@dlor&rdonafueﬁl’aecordmgly
present invention; Figure 3B is a |ongitudinal

cross-sectional view through a separ ator system 15

accoﬁ%hg%:gtt@F%hl}éﬁi dth@r@?%iongl | na{@ &R MMon of a t Flcal

i nven IS a oss section
flvid élowt fratterngiitian $l&p@patanon quanmﬁthamemod iofi thetpwesanf inuerttion.

t.of t t 0 F 5.
ATBHIgRISTHA s edbeaE R G eI daper SRR or
thfthfef ra@h@@e feCtan@ulhs tﬁﬁé’énﬁﬂltlﬁlé't FEThe Mletld€ aldLSRMN to the

I nventi1 on; Fi gure 1S a partl al cross-section view
longitwshinph axsis o€ harsepasaticacregiod i4nspchdhag thy ineomingrfbodiP pedirected

esent invention: .25 .Fi
osirst B8 oI T b BFERN tofitin §R HeliEMth Fpelecndind floywmatern 8, The
gen@@il ansctioh od fluRiEMAYy atifdicaes BY tiengrovwoindig@eantThe hehcal ﬂow
enbodi ment of the present |nvent| on; and Fi F(%ure 8is

paéﬁqrrwwévhgl@@ ap ppies arupariregian 10 pdigcent therwalk offhe sgnarasion

e

multiphasedBiid Raving dbighwvededsity 8 cosedtrhied @i the oefee anmdaxtrhg'on
assenblies with |ongitudinal axes in th

1Qy yhalg the logRT density, 6URPONsn}sRIgrate to and are coqlected in %he core region

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

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

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

predetermined by the dimensions of the inlet 6.
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acconpanying figures. It will however be understood
that non-vertical orientations nay also be applied
wapa7ies3nf orenentioned terns are to be const rRPE€dGB2007/002220

accordingly. 5 Referring to Figure 1 A there is

shown a schematic representation of a typical fluid

flow pattern within the se@¥ ation region of the

nmet hod of the present invention. A multiphase fluid 2

is introduced into a vertically oriented separation
region 4 through a single rectangular tangential_inlet

6. ThealsophawsiniFgue | Anthergleeo selisnesed pmedigipresdrammthe
ok St PG A . b, i endif Aot g prained
sobiep syl ashiipnirére gheosutérranaulaeteigonl 110yarel eased th drgp bhdknto the

pattern 8, The general direction of fluid flowis .
tlyid gireasy apd womeengﬁuns@m e ARyl uipting i thqQuic gpnylrgggion
10° 3Bttﬁ§ Rya§ SthREdsRIResT R toP BF Ble vRERYWAN cbRgindy the separation

adj acent "the wall of the separation region 4 within
regiondhs nenidiisgdosed a core regi on 12. The conponents of

the 15 multiphase fluid having a higher density are

concentrated in the outer annular region 10, while

t he fipWyRI1 Biiaista)siRAReRestntatich OF AR v atkray @ that of
collected in the core region 12. An interface 14 is

Figaredt). | Edatttenelt iewn 1Brrbacd mathy I8ghisr ntrg indigatedpsdpg the same
re ?in'(lzl AimetF9' B &?ﬁg%@'ﬂﬂh&‘ h \Q@ﬁﬁiéltig' Qivitdtihi@S Streams 2
gorids: Ilqu?ég and ¢

ul conpri ses ases, the outer
ardrBnatldas caggd eenté thssepameon reglidry4 throughaiviorogposed|reaingular

Cliquid, with entrained 20 solids and so entraj ned .
injpiss6 sbbl Bach inlet & apd Va%ftrraneﬁietaes?rglaﬂw @E Vi«@l fdhe Scparation
reGRARO _5131% if?lfeﬁ QAR 7 IS@HNRh SRt R RESmingGHiidl OBk RlI&-7
rapi d exchange of liquid and gas wll = occur across
fldvaebdlow end ander e et weeam £ leetedog ¢hroeg)i tha irdeid, itherder to

BB B SR U o
mg{étiﬁfefs?fﬁ@y Qfar'fkaﬁlgé@,fbgg% o' ShaRCaprodcheo GRVESEEERMB, such

il
irection of flow. 25 As shown in Figure 1 A the
thatghillgiale fluid wresms ase intfodngedvinig the sapaeation Eegiemhd Withjmingnal or
has,.a pitch such t | d completing its first
n%%@%?ﬂfb%ﬁmgéééé%xﬁgﬁ%ap@ﬁ%%gbgconing fluid entering
through the inlet 6. In this way, the incomng fluid
avoids colliding with the rotating fluid alread

wi ¢ HRECTIE 18 SRNEP: B ITYIouR: 1. Veriied CiogT-SR5Hop i sgperator
S ELb L L STLY SE)S gl o oy 0 s,
getiermtlg Shdiceedds 12 comprises 6 generally cylindrical, vertically oriented
separator 104, having a cap 106 mounted on the upper end of the separator by means
of a flange 108 and bolts 110. A tapered solid concentrator 112 is secured to the
lower end of the separator 104 by means of flanges 114 and bolts 116. As shown in
Figure 2, the solid concentrator 112 has a conical inner portion. The angle of the
conical section will be determined by the properties of the fluid being processed.
Cone angles in the range of from 5 to 20° from the longitudinal axis of the separator

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

Figure 1 A the inlet 6 is disposed sone distance from
wo b@7/1upper end of the separation region 4. | nPEeNG82007/002220

way, high density fluid and entrained solids

spl ashing fromthe outer annular region 10 are caused

to drop back into the 5 fl W stream and becone

entrained in the fluid circulating in the outer

""nm'*]l"l‘?’er sep&8toP 704 EQS a %é’he{rdi'l'y%yl’i@d’rical B&te elishPiheRkhrbligh,

top of the vessel contai ning the separation
extegiumncitsw@pm poirtidrsiesth thEicam t @6 andBinsitrolayernpestia, partially into

t gt f id.f] tt
o SRR R 8L e BB S B R lr o
folméd R altiysbr &P 26 désieAdnd hecroaiRctidf gegicthe raluwamafds

In Figure 1 B, the nmultiphase fluid is divided into
dirastion apcheneaing intorfs! By AentpigercH§gaenntes tebelover gnd of the

r
RGP Bt O U PARGOBRRE 5 PR A e of
tht @ 80, isedakatort 104 bedidrainkernfatdriie2 appsinay icontainee yl Sfvrd.a
The |nIets 6 and 7 are angled such that the in g
SePRIGHON Fagif ﬂH’é CORIPEpents %nmgo% SEPETALRR SRS S nﬁﬁé ntly

Wgér%s%té{t éﬁﬁ@fﬁ? tENRI ERGsSitY QUEEn bhie WIS br Riay b8 11‘i=15&j Gf
avol d collision between the fluid streans 2 and
sll:etved\mﬂ fuchenagpi.eci ated that three or nore inlets rray
be arranged, applying a simlar approach to that of
Figure 1B, such that nultiple fluid streans are

intr @9@&%01 06" Frobived samad ﬁédl Bide 124 commAinibhiife Withiamal
or no collision between the |ncon1n%@fIU|d streans.

rep@n@Reamintet k26 indheraur Bnexeed piap 424 andsthe iprtangylay alet 24 are
ariz{p%%% Ptfiﬁ%chf% a’ng 2 13 IRAG % dinal 4% % %mh%%%ﬁﬁ‘egbp&lcf tgn%éﬁ%ally to

present 1 nve Separ at
the Yl ledhthe @poO6GA mhy ahgid io€ eeefledasipd 024 arciothg rnlstd§6a>v111 be
generally cylindrical, vertically oriented separator

deteraninggRy tﬁ@ PEPPEESS P Bierfitish sledmbandy tﬁ% S?P&f?é‘Pné‘H 8%t he
g&g{ ggggtgﬁx%}%gf%%ogghe%ed%léé flﬂgﬁld]igl%t oy tleJIﬁ § t(;-i@’ A

ncentrator 112 is secured to
mlemsward feoral adine phpesdipalantoche odgitbdinaraaisof die s’ep@mg)eé 04.14
and bolts 116. As shown in Figure 2, the solid
concentrator 112 has a conical inner portion. The

angl ehOfinfef§oncONhE ‘?ﬂlet%%@ﬁlhg Rvilvalsb bB Getdphipedbi et Myid
the properties of the fluid being processed. Cone

steaag1 sl thasephratioadyt. dlor & flyid Sream cpOPristg a Figeous crude oil,
wate? gnc{ sua(rjlld rf)gll'tlcﬁes the 1nlett 15% wil R'sBe8to 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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30 are typical for the separation of a fluid stream
conprising crude oil, water and solids. WO 2007/ 144631
weFan/EB@GA07/ 002220 30 The separator 104 has aPCT/GB2007/002220
general ly cylindrical bore running therethrough,
extending in its upper portion into the cap 106 and,
inits |ower portion, partﬁﬁJIy into the solid
concentrator 112. The remai ning portion of the solid
a proac@ivnfali®thokta 32 of comventshalléshgr férameamplt dysiugand-cage
decreasing in cross-sectional area in the downwayds

chgks.c ke oIch NS rpécrﬂuﬁ@or} fuid chokg 134y cemecied e e fine 1534
le%ﬂjﬁ' {Sthvi rg{}ﬁ fly gé\ﬁ;fB é;giﬂ% Qéulg%]%nls %Heqo@%ﬁrbtfnlget Mld Lidet

ans o ts 122. The conbin
pib@i%ﬁ;cdﬁmdés@nafaby 906, thesmpetiat etwadvithe sefaragor 104 and the solid
concentr and_slurr nt ai ner
CCBEBRF JA G Grret AR Loteh SHERYEOR G e RTe: Pipe 128
coﬁ’gﬁéE% Pl‘ﬁfhlﬁf" of ﬂ’l‘ﬁd bfs P36 SHbldifd B ladiall WRafwar@Sdifdca at a

terial to avoid excessive erosion of the walls or
tangeyt tvetht ontedswfacg Of e dvdbeutlehpipadA8mat eri al . The cap

106 is provided with a feed pipe 124 communi cati ng

with a rectangular inlet 126 in the cap. The feed

pi peA 13Aeabshtioh8sse@blyalngus plovidet ahd idbnkRden thy ro&u&gadi of
at an acute angle to the | ongitudinal aX|s of

the 8piskentlst pigad?2 a'm@ epmpursasy fhuad gaide fd0 igathe foym @ﬁr?@ le‘aepsfed
26
CO\%]\AQF? p T)gﬁie NQkex b dlja@yﬁl?ﬁ Auf del% T tdtﬂﬁeﬂlﬁafeittgé

etern1ne e pr pertles of
upﬁﬁar@ﬂm&mg vohex. sﬁmarmlmmra aurted flow path alewingr fied to dirculate

t le f feed pi 124 d 1
an i ghe GnERptal itadd UGB S8 BBl iF QUi 140
aldd @ rdeQ et ﬁédgi‘ef‘ @Amﬁdﬂeﬁts Qhitlr8s, %ﬁﬁ%ﬁé\kﬁfmég ﬂren?a@urgh\ﬁdemng

I mensi ons of the inlet openl ng w al so
ofdb¢ eutei anadlap yegidneand| puisking gieristenfaem 1:!25t tadiap pat«mrdx) nlhis

duty.  For a eam Conpri si a, Vi scous crude
fufffrenhigies fenapio o e amrperLsof tR RSN 58 Ui 1 be

sized to provide a fluid inlet velocity of froml to

5 ms. The relative dinensions of the inlet opening

t hat Thesslyrs censpaert1 18 somprisesay gengrallx cxindsigablore pblargeqi d

r
oEARERSE S RSP B 0008 6, 4BAD b5 f Lot
cotnbéhtﬁwecm maparforaiéd ¢dpe 14D heting 26 imerdnbl dibhetet cdrh:eponding to
t hi ckness of the outer annular region, in whic

t he .
thaieafPhelowen Asbeldhe Epgier iboreds theiplidgorceniator gxign ally
thgiél fi i%eéﬁur?%&&ﬁgﬁercquaaﬁh P dnlRAHULPR ¢fIn0%8Gn GRA 1@y t he

container. The perforations 146 in the cage 142 are arranged tangentially and connect
the bore of the cage 142 with the annular region 144. A tangentially arranged fluid
outlet is provided in the lower portion of the annular region 144 of the slurry container
118 and connected to the inlet of a slurry choke 148 of conventional design, for
example a stem-and-orifice choke. The outlet of the slurry choke 148 is connected to

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

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

slurry container 118, which is in turn connected by a hydraulic or manual ROV valve
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30 down into the solid concentrator 112. At its upper
end, the fluid outlet pipe 128 conmmunicates wth an
wWoioza446380 in the cap 106, to which i s connecPemGB007/002220
the inlet of WO 2007/144631 PCT/ GB2007/002220 31 a
production fluid choke 132 of conventional design, for
exanpl e a plug-and-cage chdke. The outlet of the
production fluid choke 132 is connected to a fluid
1941189 dbBds 1iheBsH, Rgoligh WA Iblraasvlibdted th tE SPRas ity be
equi pment. The lower end of the fluid outlet pipe 128
cadlertad perbesmpyadral |y with the junction between the
separator 104 and the solid 5 concentrator 112 and is
cl osed. The | ower end portion of the fluid outlet pipe
128 Inepepribsesmaltiphasedluid ytreatn dompirdingogassont36 more liquid
extending in a radially outwards directi t
pliaasig @i sod PRRIEIGS dRRpng (P relhactrsds fohionds thei et
| ical
PiRE T2 O MOIFERaRE RN 28R 106} Sch AV RBE JRALls syplea
oﬂtR«Sstreanﬂprod)mmfm aaulftbrmargag wiclle The Guidrsticha eﬁltﬂrmh@f an
inverted. co to FOVI e tex, flow foil
sepidii ipgioan ks p bt 2 Aand st PhHELPARER dGkngardd Sithin the
capl 1081 sdRFAE Th-5h1q$ud AALORE pRases!piéScht il @ fliad Ktream are
allowng fluid to circulate and enter the tangentia

substantéally3enfineditoftow indnpnsuler regionadjaserighe wab of fhgicgp 106

rgi%gé?tégo al esr%g{og&éﬁflst % es&%ﬁXIﬁ%f ué;d gﬁ%ﬁed \Xghin fthe
sebﬁl@tl&Ufe@[onaﬂi&lihtaffaéeelgdt'&ébnahd cqrd Séglmgaﬁmthe lanmdan‘ ragien b2ing
radlally outwards. . This further e ha es se&aratlon

shentbyeh %é??fféirlﬁﬁt@%’ﬂ Figvee 71 OF BRNEHHNY TS gpsrfs Within
thggéﬁa?a{twfmle}rﬁra(f%a's 3@%}%:}%? 'ﬂ?{]sq}ﬂoyth@ YAd el i Eﬁ'mdQﬁB%ets

arger ‘Inte an the~di aneter of
aridoit\@rsobdh fartitles that tap e edtrdioedewithintthegaseioredarg @aused to move

concentrator 112. A erf r at.ed a e 142 having an
in; th¢ @pRoaIte diregtiopapd ¢ E‘BH‘&laﬂﬁ "°8iRat of the | ower

end of the tapered bore in the solid concentrator
extends co-axially through the slurry container 118
and Asthediquid sireawl inithe agiulen regien descandd isloges gpgular

cont ai ner.. The perfor ns 146 r
SR b RGO DTy ik s R RSl g GOFEsTPFLE e
sep@@for 142 isddsberldbe adihecafe regigh Omallek4dn chdvs-adugiens urail khe

'a(ran%Fd fluid 25 outlet is rOV|dgglin t he Ifwer .
ligiel i1 ba apnuleryegian sicads peae dhe botg obthe seRaralpy Hys action

fo%%g &l%' c%ﬁgex %nJAE e Bl Gt @ﬁ%tsg&'wﬁ th fl@?fo'férﬁitm% ré détlaH iR Y

onventi onal design, exarrp
Fighest andhdaiB. lemcocnhnkal rofitien ofithk diquisk catibes td nnpreydemhfb ke
148 is conn%cted
phases, including the solid partlcles to collect at the wall of the separator, while the
less dense liquid and gas phases will move towards the central axis of the separator

104.

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

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

waeomngetedd at its |lower end to an outlet 152 iPCT/B82007/002220

slurry container 118, which is in turn connected by a

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

PCT/ GB2007/ 002220 32 154 t33 a debris Iine 156,

t hrough which debris collected in the system nay be
oxﬁfék L e tnae s OseiE \paskes Via tROBloahidtivn, fldd BhdKei 18D A6 ehe fluid

| uid stream conprising gas, one or nore liquid 5

llrph]e@efgr fugther profdsgingarticl es ranging fromsand to wel |

debris is fed through the feed pipe 124 to the

rectangular inlet 126 in the cap 106. Such a

mul t T @sgiohdluictdon 6f thy ﬁtlﬁlah renﬁbflmh@en diesemmtpr eaucede a

froma subterranean wel|. ﬂﬁg%Qd strean1ent rs the

vastepavhich 3l hayg the effpctiof éalb%[kg Nforbe om the
IDE@% ratggﬂhqﬁ&Pvggﬁﬁgﬂg%% solid phggg§€%?éé%ﬁﬁﬁ%ﬂhfhe

sebhnatl(m sid gadatmn&f 11 slib phaictdsalThy voxex ¢amerd] asserhblyw 38nin
of . t.

| .adj t th G
ol b H Pe e el el g id SulRkormy 125
p@@e%té fhe VBHEL BbRRFaWng Riufryl fiéin tReN@-ALdparitios Gég%h aﬁcﬁ%ssmg

interface between the core region and the annul ar
upvegd ointdtbi nqglomhowd llhy potie | ot thel flpidrattlepepndpit F2 gy Tae

vatisp Pt BiTgao sl Pl ERRHEREENLE g0 Melardt Wyages e

whIDN8f @8 Sepfa@dton réglaﬁllfdrtﬁiér%ﬁhﬁ{cﬁqgléilldﬂgepafayioﬁm i d
particles that nmay be entrained within the gas core

are caused to nove in the opposite direction and

ent Sfrohd e bdflieSt ﬁ\ﬂnﬂhfg pab&d JRB‘ the/SRyill r&S‘nJehﬂé’tbfjl B, rRgm

e annu regi on oses angu
crogreeotion atee sﬂtlielﬂmgvpam aftthe finidu$ exducesgplong ﬂhe temgimef the

soglg;ggéﬁégtogrﬁgfgh %g:tgi ¥ g}lﬂ%ats gﬁél% té;?ee?? E525¢ e onSentrator
1 O RIS E5ida? Auid t’%ﬁdé 1407 @adsir@uthéi f1Lfd th BEcoA EHndéntF8& iARhe

ext ends across boré of the separator. This action
sdlidipagicldseind dorvexslstrpe of the interface shown in

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

The continued rotation of the liquid causes the nore

densghe hap F&ssesl 0 ¢hdicbnfial prforaed E4heNan tof Hegburryt €ontainer
collect at the wall of the separator, while the 25

118 vdergehe éonthmﬁdo apidtiopadly geHate she flyif angersrainagaiolids ¢ Haid
and %all%l‘ so"ilfal p%rt?cle }ﬂgs &ﬁ%d@ttﬁ{)ug};@ldé perforatlons 146 in the
perforated cage 142 as the slurry descends within the slurry container and are
removed from the annular region 144 through the outlet to pass to the slurry choke
148. Solid debris remains within the perforated cage 142 and leaves the slurry
container 118 through the lower outlet 152. Depending upon the amount of debris in
the stream being processed, the hydraulic or manual ROV valve 154 may be left 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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Cean fluid is renoved fromw thin the separator 104
through the fluid ports 136 in the |ower portion of
wWao b@7fikaeBd outl et conduit 128. This fluid w | | PCDGEBRI03O02220
both 30 the I ess dense liquids fromthe annul ar
region, as well as gas displaced dowwards fromthe
core region. This conbined ¥ uid 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 fluid
| i neRaf@etingdp Fignre hér thoreds shngimap altemative earbpaiment efcthe on

seGaglsy Pt R ) Mkioh TP Ep PR ARl Gy

3A enedpondifg € doke (bmhé sy3tent bﬁFlgﬁl@tEdrb nglicted lisyng‘ thelsaine
and redu0|ng t he separation of the ases,
refraence sumsraly. nhe geapEsl mangs of ARLTat Sirthe sySiam phEiguE JAis

la%gi}{ 1:h8| e ag it YA 1%&% 2¢ 9(&51‘21'1@"’1'? ?ﬁgp(.ln}i ré&%ﬁtloﬁ Bnly the

cul ar e vortex flow fo ['ower end
differehbes ifi lcomstruotion &id detailddiopera@én bq:lwemethbsystkres DI igares 2

fron1 wing slurry fromthe slurry separation region
gégkﬁ %Tgﬁﬁpmards into the region around the

ports 136 in the fluid outlet conduit 128. The vortex
flow foil 140 also acts to push the downward fluid
f | owl loutyamoef ngwar3dscotrmlsem$lurrmfcomth@es bifamguntesdirectly on

o 8B 5 O OSBRI BT e 6P

ccﬁﬂﬂﬁ dndfafll ¢ ﬁﬁ’drlc_gh&)resl@f tBé OfSHE tHel sopahto ] @haraf the Blarry
&ﬁ%h ofpt% i s reduced along the | ength of

cagné s&hg lowes ﬁ@éﬂf tlhalﬂda‘lfd ouflpt W@Hé%bﬁ%?sﬁéd"’lﬂﬁ %caﬂe%al &3P
1401 gﬁpsfcﬁg?ég%ggﬁgée ﬁg;%t&(ag C8! Q&iraﬂ% géw?ﬁ]d%%\aﬁﬂgt Heldflury

coni ca causin
confeine 1t 8 anresluratityt dsfetan@nhaldaetfarahbmt % @radodwednn he slurry

[urr 20 The slurr es to t t f t ed
collsgeipint o721 Hee lomiet 4y L APEFOIEGH Cogtol T2 onpecs wiha
slféﬁ% b&¥et 358 $n fh@ 16»9&%& QR ae! sYur%gé&n%ﬁﬁertlh 8, Whieh ¢h &Rt connects

rained solids. Fluid and smaller solid particles
w'phsshmnymhak@l $48 mdﬂlgtw limel fpﬂerﬁs tmgentoh detroutlat pare180 is

erf a 142 as the I scends wi it hi
ey bEnel Rare v Sorbeinor PR N P hephdfed o
aﬁﬁd}h&l& Sk ariuBl ROFTVANE] 5AUinl @ldebAs RASE56.0 the slurry
choke 25 148. Solid debris remains within the

perforated cage 142 and | eaves the slurry container

118 ks b ouaglh ttﬂg sép%m& sgfytte}n th}é’:{ge 3%8&]8&% ARARLOfheans

anoun
of solid concentratlon and solid collection. The cross-sectional area of the

downstream end of the bore within the separator 104 available for the flow of fluid is
reduced by means of the conical cap 174 on the slurry collection cage 172, causing an
annular concentration of solids within the fluid. This causes the concentration of the
solid particles within the fluid phase as the stream descends from the separator 104 to
the slurry container 118 forming a region of relatively still fluid, allowing solid
particles to settle and form a concentrated slurry. Fluid is removed from the slurry
container 118 by passing through the tangential perforations 176 in the slurry
collection pipe 172.
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the stream bei ng processed, the hydraulic or manua

ROV val ve 154 may be | eft open, to provide a
w@onwriimesus fl ow of debris, or may be opened PCT/GB2007/002220

intermttently, for exanple by a renote operated

vehicle (ROV), to enpty the bore of the slurry

cont ai ner when 30 sufficiemS debris has been

coll ected. The ROV may be provided with a receptacle

for receiving the solid debris for renoval. WO

2007/ 144631 PCT/ GB2007/002220 34 Referring to Figure

3A, Referringite FigvsandB dtherglis hovaxanalteriaye prgiemsnt tp%hat of

. a :
PR UV AR o e e R ma FBgval of solid
pdricledmsiy Dflutrh eolacsibr vagef 1781 Jihe assenbiyeof FidueaiBeempisyng

the same 5 reference nuperals. The general .mmanner of
SN AT B ispl 1Ry dOfeihe HUEY GORIEISAIPANE § AFHEIY ¢ he
subSE AR thd %né)%s tﬁétitghbgrtl?eds%?aré&? 9541 Pgh¥ovides @Qirftion in the

repetition, only ferences in construction and
davetvedrd ddidoferpath,ohe Hetryweeltectie cagesli7éhes v$ uppaygnésloged by a
and, 3A w |l be desqgribed. ;10 Th st of Figure
b LE: o 31 PR IS AT arserericry TRREL RGP aditep 195 he
védnf Bort @M% In BB dotal chE 1 e pRF RIc®hn St frTRIiG @RPladEd BBm the
region being formed by the conbined generally
slayy cordeineral 18bores of the cap 106, the separator 104
and the slurry cage 118. The lower end of the fluid
outlet conduit 128 is closed with a conical cap 140.

A sl mrthy siagl leesthinen] Sadeidlahd sekd padisles areavausddity try and
upwards within the slurry 15

ontainer 118. A
cqpeerrEts ey thepeRastgetts aild iy ebke engenabslpls 176and o
erﬁ%}%hé LlHﬁg%Pllé‘c‘ﬁ!oh ggéce' 9, ?t}ﬁewﬂe?gtheﬂa?e diMGFeeR koSN fHae
slurry col age

ection 2 connects with a slurry
slotty bedet 178, vimthehsturiyoskeke é4®lindd thetsbirsd liner i Oc diebais pad very

118, which in.turn connect with a slurry choke 8 .
cogRtg selidy inyp i dupg gre f&"toaﬁ@ gt e s P utlist P’é?“%%‘ﬁ? debris
ouktBP 18 and Vi RRIBMrdulic bb fian@di ROV vhINE 154 uit6 YheCdeBEiR i 56.

118 adjacent its end, which is connected to 20 a

hydraul i c or manual ROV valve 154 and a debris line

156. .| ' h f.. Ei :
or o tbe APl SFERIEI S A s S o Bigure

2 ahe $cithatGRd fl@id siredin cIMeine kGlibpAtcled thawedre azstly eafrainbed
downstream end. of the bore within the szgarator %ﬁg
The/airangpments of Fighees PAodotB proyidg arelabuely bage ¥jup§ oheans

s@%tf?&ggﬁsgﬁiﬁ%@gnﬁﬁ@ intthid sRryiddGtaftler T 18] sGRbIRAAS B8 sRASE
collection cage. This arrangement provides an increased slurry residence time in the
slurry container 118 of Figures 3A and 3B, compared with that of Figure 2. Easily
entrained particles are thus allowed a greater time for settling in the slurry container

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

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

3 and operates in the same general manner as the system shown in Figure 3.
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annul ar concentration of solids within the fluid. This
causes the concentration of the solid particles
wowdonitmeshe fluid phase as the stream descendspPET/GBRG0MB02220
separator 104 to the slurry container 118 formng a
region of relatively still fluid, allowng solid
particles to settle and for3d a concentrated slurry.
Fluid is renoved fromthe slurry 30 container 118 by
ARRIEhAY, LM Aehts hRniRNg Rl dyatbmB OF homati :R8s3 dfb4 b t he
slurry” collection pipe 172 WD 2007/ 144631 .
infiCAe EBI0Y THeoRaR 26feradse Ramenalsi lpwayekithpareanggnentishewn jrg

.sho an alterpativeq arra nent. .t o f ' .
g st A G RRlaF O AR, e3Pt S Speration
ofoRhitIeGAll AW BB dedceibBY Bl mode detlili d  particles using a

slurry collection cage 172. The assenbly of Figure 3B

enploys a 5 generally cylindrical separator 104, the

sl ur ' ' ' i SHHORE POl A Lo H0 and

sarmol e P oA B ARG i G TRAEBGEL btk 200 an
a kaREt flukt dwlet conduh@05 dThaheavibr fluid cutfek coyplait205 tiharanged

slurry coll ection cage. 172 has its uppe nd cl osed
coi i (s gsparion RE AN gaiends Puol b ey epERgsT |-
Tﬁé]{eQUQF il ueIRNd dndblit 089 exdtédlds chlkialNa its RWdr ehd Poitidnivithin
coni cal cap 174 provides an outlet "for fluid displaced
thé slamytchBedionshge 172, fonting areannuiiag chambariier e gelisgtion of slurry
conL i n [ 118, fluid and solid particles are caused to
thiqug 3ﬁﬁsoéoncentrate on the separator axis and to flow
t hrough the tangential slots 176 and enter the slurry

col l ection cage 172, fromwhere they are discharqed

t hr olkghlight Buidbousietipanguis 209 bes 4 ygtexAreestonassemblyr 401 fieeas
148 1 ntoqthe. s r ' [ Binrd
g ey G Rl edpeiin b7 2 vo RO D B HEfer (iRP0 SR
dra@A tigtb fiey 1igh flatddutleheondah208. ThetipletluidOutia dondwt 200as

hydraulic or manual ROV valve 154 ipnto the debris lin
proxiged Wa aplwahyettdereenis! f&i‘%mré*sz 14 dispesedste asitp gpen Into the

' i? Figard HQhEasdchat

R A R R T N
berwsdrl the eorerreginednd anfuber acgiemyshivrthe sephrarirg@d ésindikated By

3 rovi de a relative rge, vol.ume  of u nt.i-al |
e lafrElin (25 1 RaRtire et By Ry P epnqiERIATH fidnken
s H R UA SbAEtibM hSloWer ¥r dsstresrh ied of 8@ @oreliBpidn intersects the
arrangenent provides an increased slurry residence

light feid eutteneondyit 0Pyt eroriessite ép lovigmest qnidgahoys thevosiey
3B congﬁﬁeg Wth that of Figure 2. Easily
arrestor assembly 201.

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

w0 p@reesBng t he separation efficiency of the aBSEGBRYN7/002220
Referring to Figure 4, there is shown a further
enbodi nent of the separator system of the present
i nvention. The system of Fi3jure 4 conprises a cap, a
separator 30 and a slurry container substantially as

cHGREf 20 herglid aep 204 t@é&re@ﬁorﬁﬁ@%rﬂs D2bifEHeR in $hefdhd of
operates in the same general nmanner as the system

the hamh06 afpeﬁlngunte tBe sep@rapion TegiameInaictiquEzo bz radealpeed as
6 Ac ordl nponents conmon to the systens of
hoRPHR E %ﬁ?%g\ékgﬁg are indicated using the same
reference nuneral s. However, the arrangenment shown in

Figure 4 enpl.oys an alternat|ve fluid collection
r egi Hiee hearigr ﬂeﬁwﬂefrﬁosldalﬁ d0dsepBRadat 1ts 4pPefisne RY widome cap
¢ I T
2dboar1td %n%?%@ﬁ nﬁ rﬁguﬂ) L Egrlttg)i}gﬁglae} ]%)luﬁa%t){c Fiet gg‘%?xﬁﬁ oidi@ Borts 213.
lemuiet ﬂﬁﬂ(buﬂﬁdconaulln eay tametts u\nt]h eofligitl @utlciqmdtLBZZ ig @i, slurry

The h fluid tlet d
comoastAF| §high (o SHESEHARGEIBiF R Tiedhus it fshaped
tof)fglfl-{?ﬁ%utm Hali g Me®RbRéEPBhdiAd & that-rcrﬁhé"@@&)lﬂls@{eaﬁl' Al &f the

et conduit 205 extends co-axially at its |ower end
cqpordgion awnindivatred 10 Figuee 41 urry col | ecti on cage 172,
form ng an annul ar chanber for the collection of
slurry through the slots. The light fluid outlet

condpichn2®8% Hasd8 aMint e [av R F1aid cusisesdaldyit 204 irbd régla
gas liquid level 203 to hinder the formation of a

balow tleextangeatiph fwid perth2Bi Bre qong 246 Bairaydq Bvid@a Ry lat ppssage
2%%(1}’36(?%*}]3?15%%% gllé%gé of {he %QM Cfiudg ggtileﬁ-ggﬁd\.}lf ﬁ?it 1J éﬂdb@e a

provi

pdsedpedor flwl td pass de@ﬂ’dts &nd! dit ditlkpsisey camaiaer t 1(8 fopeadlelcnd)m
the core region above the vortex arrestor 201. As
shown in Figure 4, the interface between the core

regi lebtp%gﬁilbﬂrmﬁg ?srrgﬁl%%c?ﬂom thd ké%)aFal&% iR F\Q@ RALOr FikddAht Reast

i ndi ca otted |1 ne referred
ddﬂsaﬂuidlmllhcttgmm thé vord region,ahost typehaily ga@®a$sss thirough| thygerits

0, suych that, in.a ti t he [ or d mn tre

2 B b Teantpranpab Fafind s dapater gffgH the cap
16%&%&9@ diidtfedNpebo®m e ﬁé@id&ﬁp&bﬁ Il"ﬁ&\/ﬂ[lim&&veglﬂib fluid

above the vortex " arrestor assenb
feed pipe 208 through the tangential ports 212, 1mpart1ng a rotatlonal flow pattern to
the fluid in the chamber 206. Dense phases, such as liquid and any entrained solid
particles, move to the wall of the chamber 106 and flow downwards, returning to the
separation region within the cap 106 through the drain ports 218 and 220 and due to
the angled tangential inlet flow, is entrapped and removed in the main flow stream, as
shown in Figures 1A and 1B. The remaining fluid, typically gas, leaves the chamber
206 through the outlet 214 and passes into the fluid line 216. The fluid line 216 is

shaped so as to form a gas weir 217.

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

through the ports 213 in the heavier fluid outlet conduit 205, and flows in a
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The fluid outlet 130 in the cap 106 connects with a
l[iquid trap 204 nounted to 25 the upper end of the
weap71983by a flange and bolts. The |iquid trapCRG82007/002220
conprises a central chanber 206 and a fluid feed pipe
208 extending co-axially upwards w thin the chamber
206 fromthe fluid outlet 130 in the cap 106. The
fluid feed pipe 208 has its upper end sealed with a
délonstdagakireiéh whkinahgéondait 20y ttodughathgelntry @hgd dndi idto the fluid
ports 212 openln% |nt€ﬁthe chanber ig6 A
hlﬁea?\?gj‘eﬂﬁ the flyyd quilet g dn e slugrysepiagier 318 i s di sposed in
30 the upper portion of the wall of the liquid trap
204, which connects the chanber 206 wth a fluid line
216. A/fupheureaibioﬁ'yn@ﬂt ofithaipresputrineenfi o8 issshowmdn Frgune § héhe
Iome g; t he. WO 2007/ 144631 RCT/ GB2007/ O i%ﬁo 37
SIS BRESEE SOMITIE Pt SEIEFLY 2904 Ve oibr SURORIrHy 2

dReib Hetlnb b REd a8 st BN @E 3 abSp&aRs 1Dfhe QRABLAKEral
into the separation region %o enable liquid to be
mammr ag theaystegmabows h@ﬁxgurerﬁ Fi\ng@ggly, gomapfhents commprdo the.
avi 0 tI con
BTl 5P ST AP 3Rl SPRIS ke hiBer
HuBedr, 1he hra@denydnt Eho&vnﬁh PRigiré Syérrqbﬂoys alfgﬂh\ftrlaabrnﬁhvé fluid
ports 213. The heavier fluid outlet COHP uit 28
c@ksﬁ%@meglrw e eornopeRss aud pravatingaf vaeh Wi oy be descrifed in
@gg 118, which in turn is connected to a fluid
|ne 4. The fluid line is shaped to forma weir 225
having a level corresponding to that of the downstream
end f t he 0 core i ndi.ca in Figure. 4.
A~ CoRtied e Fimins: shBa B AsRtey 0] sty
whRRdHE Le f%%oh Reorl #GIQRe erdEdfQMe &gﬁl U6 g e bdh of Itﬂé' jnction
ports 2 The cone 226 is provi W th an annul ar
bgyassaife seprz@ont}daandrihe tlh@y eaznt@mershIrSf aldwe fbfid egllechemggsembly

s it 8 e SIS ot 08688 P04 Rlred P RRRRY hEhe o

folh&nfadhulaPtHa06¢1 306 betweddn BRefat TR, lowersnd df$hdcam\cedduu
fromthe separator in two wa First, the |ea

3Qfeis stosed.ulnPrerAtioncthe ipwas epdy @%{ s outer gefidyif, 304pgll T at the
e PHERGPGL 90 A RIRFE oL RN PO Rae  dutau

3@ areictone@spdndrio lftg'hl thengeapn2ahdiftbetamdo itht gortsted 1 fshowvil in
f eed 208 in the liquid trap 204. The fluid | eaves
FEH@*?‘EQD%SCTF@@& bB¥he 208 through the tangential ports
212, inparting a rotational flow pattern to the fluid

in the chanber 206. Dense phases, such as |iquid and
any €h¢ magneadeio BP2lextends within the outer conduit 304 and projects from

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

conduit 302.

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

connected to the annulus 306 in the fluid collection assembly 300. The inner conduit
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particles, nove to the wall of the chanber 106 and

fl ow downwards, returning to the separation region
wowrdohitmeshe cap 106 through the drain ports 21BCEHO®202002220

and due to 25 the angled tangential inlet flow, is

entrapped and renoved in the main flow stream as

shown in Figures | A and 1B.3%he renaining fl uid,

typically gas, |eaves the chanber 206 through the
3eéAt@lds 2rdugitie pAsEasliduid kndcReutfdhainBerd 312eo 3 st fliiéoutlet

fluid line 216 is shaped so as to forma, gas Lr
3 Phip thgendrsdiihesapr 106 why d@@@@ﬂ@%@ﬁ%?&ﬂ&f‘l%%%mﬁ}@éﬁ?

, cclgﬂnerc%ga S Qi NG cﬁglepyl PREIRE LI of e Mgy Eﬂ?)@k%lﬁ IchemBE3 12,

eavier fluid outlet conduit 205, and flows in
waicB &0nddtdda3luiP@heGBR0O07/ 002220 38 downst r eam
direction within the conduit 205 through the slurry
cage and into the fluid line 224 via the fluid outlet

222 TR 1138 19k 81 6 ¥xE©ADY Rdh e hp8 06 £y h 1vedlo® IIROGTIRRE end
of the present invention is show in Figure 5. The 5

o%tljas pater ofndpit 304 ef hedbuppitis gssambhp300a I8 dpamvay ohe aw o
) t i all d ] h '
ot RO s Ron P B e e

scpefaedral  manner as the system shown in Figure 3.
ccordi ngly, conponents conmon to the systens of both
Figures 3 and 5 are indicated using the sane reference

nune : : i n: Eij .

D i ERURIE cp e ST SOOIER 0 fl i i

theeap M@5 by easawfpgientiy afthioparapoon32f. which will now
be described in nore detail. Referring to Figure 5, a

fluid collection assenbly 300 extends co-axially

W t hinbeffiof SMAG 8hlefthé BdidWutE &gexmz 300 ¢hrBhigH 18 peAP310 in
106 to the region of the junction 15 between the

the @pter aoroiuit 504 froma bothdhestare regiaoandgheenteragulariegion of the

col | eqgt.i,on, assenbl 00, conpri ses i nner and o I
scpgmit P4 3SR onsthy i ERERY SOSePifee g by M Rliropgh e
anrRUH 388 A0 Mk [dui€ Rasurelit Hambees 16a1thd ¢ 1060 In fRecewer

end of the outer conduit 304 is closed. In operation,

deshabaddvessinkatereothis widl eousist meslyniigas- 3dighgs dansity eomgporneqis,
Lhiqui o - i d.

SBFRDABY, bR RN R g Bl o e

3 todrdaspent the sdparation acgiompethe odp Bynday ofiht iretorrt @rtst36. The

loF\)zvo(Eetniit}'l2 fll%idsife]zclovvevg1 t}{encap Itzlllrgllilgrhethgr sg}:%gd %%?dc (gdtf%te 91 8agn%veel1'ters the

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

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

equipment for further processing.

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

in the accompanying figures can separate a combined stream of crude oil, water and
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The inner conduit 302 extends within the outer conduit
304 and projects from the |ower end of the inner
wa@endui463802, such that its |lower end is di spoBerGBei0an02220
the 25 core region, when the separator systemis in
operation. The inner conduit 302 is provided in its
| oner end portion with flui4f ports 213 of the type
descri bed and shown in Figure 4. A vortex arrestor
sokgsRbhl ¥t Bfraies up tPRG@IBPD at herylhoesffieiracyof Intaddition)the
conduit 302. 30 The cap 106 is rOV|ged with an
asseTAbIY £AN PPjate Vb ¥eEy BiehcmyAseyn Tadlo, thelg ﬁéb‘ieé dseagbingan

AR R e b e

the xt @namnying diggles tchie oparata lasitow aghiDA0 BRDdk ccnarath archmbined

312 to a first . fluid oyt th
Cry o RO e A s HoVTafscapRRLOS 96 The
c&ﬁ}ﬂ)neﬁ@ RRE tRSd FotafGPMchihishtsGnd ‘tﬁé %Eer@ﬂl? will op&x@tewildbr
the liquid knockout chanber 312, chis

grawrtbnmpa@don principlesii dcédrdipgly2eepagitivhat ﬂowta@mfmﬁ@ zgo@pwards
e % qf\ldon1the cap 106 to a | evel below the
&Y PRBY1V¢%nd of the outer conduit 304 of the fluid
outlet assenbly 300. In this way, the flow of fluid
through the fluid line 316 provides a siphon to aid
fluid renoval fromthe separator. 10 The liquid

knoc . ' . '

KN PR £t s BONEFL R0 MAEnS Rt o
priehenk thvestian incqrpotadn@abinldtasepbiabdcording touthel ﬁeadtaspext t)f]ﬁele
fluid outlet assquéy 30g throu h the 45 310

PrEsEat BIYERHOT, JieAUFES CAGHEFS BSPBBION 1P REICE GEo igghiset i présent

1n]tv 31%@ fnd?cﬁ%ﬁllﬁfngrtﬁ‘fgéa% Rferdde8 nuSeRAJ. aﬁﬁrmﬂepﬁsserﬁbﬁ

ensity fromthe core regi on passes upwards
gdnhraliugindltetted sy bmpt%@a ifeedondet FOZirenghrvddioutluid to be
cha n th I n _the r descri
SeRBRBRDBEdP U1 HohTEoy The Tasterrtioatd e SmeHiRF i fete
cdi'ﬁﬁﬁ I5DY t1EORROREIRH $lu1d rﬁhl}ﬂbe ésmvey&itodecdasipe [:emmaetde frﬂam26
the low density fluid in the |1 quid knockout chanber

20 312 and return to the separation region in the cap

by VRY sl?c}cw& fﬁeFlél?rE 8l fhe RS Bakuit J0WPextends 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

vproviding an arcuate conduit of a different configuration.

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

regions of the conduit. In contrast, the lighter components, such as light liquids, for
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| ow density fluid | eaves the cap through the second
fluid outlet 318 and enters the fluid Iine 320, which
WO googhagped so as to forma gas weir 2.17. Fl ui BCT/GBR007/002220
the annul ar region of the separator is drawn into the
i nner conduit 25 302 and passes upwards through the
cap 106 and |l eaves via the 4lirst fluid outlet port
314. In the scenario outlined above, this fluid wll

efRpH 81, A 881 wlIl tén@lo the eHdily ihdrortRRNBT tRédr@un e The
gas. The remaining fluid in the fluid line 316 is

coelsi 864 and thevinlst I eare awanded weeht thetuid giredme is properly oriented

cessin 30 1t erhl
b R s et PR SRR R B AR e
c&ﬁmﬁ@t@@meﬂmefsegm@suwm Sagialabetefp @mm midhsn letam of
crude oil, water and WD 2007/ 144631 PCT/GBZOO /OO 220
copupasents gnige heissparetor [ Qfnna radially innsr pesiierry el thus ey v
}g) 1at?&e {h\?\nﬁlthﬁ 'gé‘t;yaratlo'ﬁ ﬁﬁilQLge'dSQF]huta g{\%n aré;’l%t?e{sé(yﬁldﬁh g@i‘ Slépplements
tl@lsvmatamstelﬂbg placamthopthe adparapwrell04a wi de range of fluid
flowates. For exanple, the assenblies shown in the
acconpanyi ng figures can operate as |ow as 5,000 BPD

L0 SRPRK OEF 1%95@7 ReP8. ther€ (UiBwhlal sepafof hccdrding & 4 Asther

stream Be hese flow ates, separation of the

embwmmnetrctfsthajpresetna irfventiah. riBtesepasaiothas th¢ shesgenstalt he

%ﬁﬁg%ﬁ?{éghaggfgglgaﬁ frl\?r{g %‘%}%r %th t atg\?#ea mbo ment of

%ﬁfe@ TUHRWRT A4S Flg(ny 4lee ﬂ@ﬁtﬁﬁ%‘dﬁﬁmglﬁe Mﬁefdréhg:etrmnﬁtagy r e
there is shown a separati on assenbly according to
Rpffreencptoetbe eregqing Aetrided daserintionamade W ﬁ}é respeeito Sese pppgRon

| nv & nf’?‘d %gmbg‘ééan?se fﬁeni%ilo ﬂgg%%cr%ftloh D&atePfSHE 'P%ag%res particular

1 on ures o conmon to
toeth® eshiarmesttcd Fofureé B amt &sBartclaritp\Véponeon and 8 showdioabt thelinternal

usi ng the sanme reference n rals. The inl et I
C%P(g’éﬂ‘é ok fheyseparafiesiatny s iobe e’GB‘ﬁ‘B‘r‘P‘%‘@I%O"SStF’eSZ‘gﬁ &8 hefle

Qrggf#/ cﬁﬁ)\%dtaml oM oMat %@erﬁblfléslﬁeﬂlgtdi’ml&@d separated is
o) asse l'y. The inlet assenbly 500 further

conprises an arcuate conduit 504 through which fluid

S RENG T R B S
h@eiﬁﬁéﬂo?@des&%efdeﬂﬁ‘@ugha%lw & Ruldherehhus thteateddahionBe tqlM?ream

conpl ete turns between the feed conduit 502 and the

region of the separation region. The inlet assembly 602 has an 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 more closely to the
perpendicular to the longitudinal axis of the separation region, while still allowing the

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

separation region. Thus, the angle o of the inlet conduit as shown in Figure 8 is
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inlet 126. It will be appreciated that the arcuate
conduit 504 may be arranged in a different
weonfitgwsat i on, for exanple a helical pattern RET/(B2007/002220
greater or fewer turns, as may be required. As shown
in Figure 6, the arcuate conduit 504 is a helica
pipe. It wll be appreciat¥d that an arcuate fl owpath
for the fluid may be obtai ned by 25 providing an
a@?&x‘iﬁhﬁ%l}ﬁﬁn ANt effeélidfitiey Wil assemblyging alid @R-of kit guide
eration, a fluid streamto be separated in the
Sus pab it isdo ensyresthal the fricoming fyidusned|caprgd o goniacs gad énpact the
nGRAE Blfins M Bs SO AR Raubdin ptbEro
whieh s flig8 is stbjested] ingprovdny tlersepa}am‘mr\dﬁtlsnc}aéf thesystem.
exanple liquids, such as water, and solids, will tend
towards the radially outer regions of the conduit. In
cont i
aul ererp e o G0 ARSI a6 BBl B0tS g stumy
ccebeemcpi @sanbly, generatjp aeBereinbbford desdribad, irhgrticudarals ISbown n

i nner_ portion of the.cond Th ndui t, 504 and .th
FiEHieQtB. 15 SSPo PG SLHL H98E 079 it PR e g N
th@ BQ%GVEM fAlid BBLBskh, e sRirkyN@IIELRIN dARE b2 R iRrppar dridndosed

hin the separation region. Thus, the heavier

b)(:@mmm neE62htA wemth@ﬂsf@ﬁaﬂxmda? varigallyrhepugh dheaionieabeapet22.
51& Y8 pﬂjgl ti’nh ﬁorgc ht eg%f grog{Hgg NS Bi et ?&Ifﬁ{ld H@Slacﬂ from

ner positi on.

mg@mgyhgnmg@psgplated that the separation initialised
within the arcuate conduit 504 supplenents the
separation taking place within the separator 104.

Ref ef tb@ Sulr cgﬁt ].%Eleél 8/ ﬂﬁﬂ]?an%’ solifl 551%81% n_%h:%ﬁ%d@o trgfand

separator according td a her di ment t he
canceseind on th\zemarnnr axThmdsterfawathmugjhahe tahgermahﬁofg &36 and

configuration as that o ur e and,.t nt, s
eri iAo COMRBBR G0 SN OB s fisy AL Giscleseq Mg e
sIGird Hﬁt@et%ﬁf gebl%&ﬂdl Verpebdisd gds fiea ﬁﬁH@hfr@fcﬁhﬁi"ﬂ efiter the

nunerals. Reference to the foregoing detailed

sloiep cagepﬁ2|0cand g mmdeed/\from th@slpmz containehibzagh dhgmeabris outlet

o TR op S PSR ST AL e

1nqgnéfh Qb'éhﬁﬁrea vﬂﬂﬁth&t shbk i |F£gru|ré ¥B. Fogedues the ratation os thevfluid
onl'y the internal conponents of the separat.ion

stse;lm igrihe sirh cerainend I8rand lenbanep mp@raﬂ@u%ﬁrﬁoags @rrdeﬂulds the
i
slB Ly E%ge ? g%)wdfzﬁ %91 J IHf ?I}a&doa?ﬁés H%O%%e#ﬁ@fgg&ﬁﬁ'fg‘;&ﬁgérds

e se I'on asse ure
acRodsangs oty ad;mmné:etTla&mﬁﬂﬂslGﬁO @E20f sash 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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W@ ep@anateson regi on.

20 herei nbefore described, through which a fluid
streamis introduced into the upstream region of the

openi ng 604 that opens into the separation region
sonme di stance fromthe upstreamend of the separation
region. A wall assenbly 60643 s provided having a
helically extending guide surface 608 di sposed such
that incomng fluid contacts the guide surface 608 25
and is caused to flow in a helical pattern downwards
within the separation redtlodMShe inlet region is
shown in nore detail in Figure 8, wth the wall
assenbly 606 and the guide surface 608 being shown in
191 eapahetl6d frlsepafdtthgl a6lEipaae dluid, g fwl lcompasiaghirslatt@by
allows the inlet assenbly 602 to be angl ed nore
high gersity cogpopent ap@aes@ﬁfa\rei)moa\f dengity pRMpRIeEt: thidnethpd axi s
ohdig,.separation region, while still allow ng the 30
incomtg fluid streamto devel op the required helica
f | owinpratit@ngtheifiuid intdé hecpastiparegiogn r egi on. Thus, the

angle a of the inlet conduit as sqomg in Fjgure 8 is
WO 2B0Ar DR TRLations) s it I anulishass ki mac el y 5.
A T Urdhele &1 dBGlanRhilat %%io‘f@f rota@Re M YvigdiA tHeh@pataforOiegion;

the guide surface 608 is to ensure that the 1 ncom ng
afid uid i s not caused to contact and inpact the fluid

already.rotating w.thin the.segparation regi.on. This in
Cur ntrbinsad Bl cr OF fRRR of ey rogfh Plere!

subj ggidegterindREOMpAELibM CessEpadidédtaingSf the 6uRNedhuldr rédien;
system 5 The separator of Figure 7 further conprises
ad sl urry container 618 and slurry collection

assephl.y. I ] ri k;

par I8 fiskREEBLR obicP Sl 4101530 B Bl PR er
cofpRichsB Sorceatrated ynd sagstatfflly contginewitlen shis oagsdr, thetlpwn
in the dowward fluid é%omgath,.the slurry collection
densijy cempOneRs bFIng conssRirateh i tf BYEY8I9™by a coni cal cap
622. A vent port 624 extends vertically through the
coni cal cap 622. The vent port 624 in the conical cap
2624 phowmicthed aacordngltetlaid, Whertia thé mpltinbest flyid gpmpriges a
YSLHréX cogtainer 6%8. In the slurry container 618,
HPMGiPG i3 AP PUBBPEFcl es are caused to try and 15
concentrate on the separator axis and to fl ow through
the tangential slots 630 and_ enter the slurry_ . _
3col | €be msthod ageording to laiml R &r whergiaythe rultinhasdfyid epmprises

atlirc]llrlfc)iu;glgset Jﬁ% a solid phase.

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

comprises two immiscible liquid phases.

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

are oil and water.

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

produced from a subterranean oil well.

The inlet assenbly 602 hasPErGBnioz02220
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slurry outlet 632. Debris and very coarse solids in a
fluid slurry do not enter the slurry cage 620 and are
wo eovoned3f rom the slurry contai ner through thePdBGBR2®7/002220
outlet 634. The slurry collection cage 620 of the
separator assenbly of Figure 7 is extended 20 in
| ength, conpared with that #hown in Figure 3B. To
reduce the rotation of the fluid streamin the slurry
cont ai ner 618 and enhance the separation of solids and
fluids, the slurry cage 620 is provided with a .
7pl ur Eh¢ mythed apepirding so ez exwhareinile mutirhpsefluid comprases
cross. the sl u tai .. The baffles 640 are of
ﬁ@ﬁgﬁngmgwggimﬁﬂ%%gf&ﬁﬁghg@ %% as to ensure that the
fluid streamis sufficiently slowed but still noving

enough to provide 25 for easy purging of the solid,. .. .
851 ur K mRthgd grrordae ip e el WhUreen (bRl EBnash duid i

AR BRIyl 8 dgaiioh ieig et AR GRg iRl Mk
ammitdr cediop tar rotabnwih Cheatp@e ot reglom. debris outlet 634,
in order to reduce the cross-sectional area of the
slurry container in the 30 downstream direction. WO
9200714 68dd REHr&iRE WO ALY B 2k Rereift Ih&intl tiRaselluidiTmirb@sted at
for separating a nultiphase fluid, the fluid . )
acampr inglatg the foakiediva|ayis of thy sshargBersfegione siphdhat fluiderfering
a relatively lLow.densit ; - i .
o ShEF R G OD AT ERRIY o BRRRE b il F oEL Wb region
region; inparting a rotational novenent into the
mul ti phase fluid; form ng an_ outer annul ar regi.on of

19.0t af hevgethod jpgeardling thanynRreessing Aumy Ve B, multiphags fuid is

form ety i i '

np 3G 5. Wkialifh Rgth 25 Soffpera A6 sl h R

surfacdiifdacinga helita flowepaptetrein thafluldsstreare it theanphrathen region.
t hi ckness of the outer annular region is such that the
hi gh density 15 conponent is concentrated and

18U bsﬁ"ﬁ@Heﬁfohﬁc&ﬁ@ih%it@% Webddidy dAnS wiRkEHi®the rhilBphRW luid is
density conponent being concentrated in the rotating
intwdeced into the separation region through an inlet having a rectangular cross-

section.

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

the core region.

13.  The method according to any of claims 1 to 11, wherein a low density fluid
collecting region is established in the region of the downstream end of the core region,

low density fluid being removed from the said collecting region.

14. The method according to claim 13, wherein a high density fluid collecting
region is established downstream of the core region, high density fluid being removed

from the said collecting region.
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2. The nmethod according to claim1, wherein the
mul ti phase fluid conprises a |iquid phase and a

w@aseous3phase. 20 3. The net hod accordi ng to BCEHGBRM7/002220

or 2, wherein the nultiphase fluid conprises a liquid

phase and a solid phase. 4. The nmethod according to

any preceding claim wheredh the nultiphase fluid 25

conprises two imm scible |iquid phases. 5. The net hod

according to claim4, wherein the two imm scible

l'iquid phases are oil and water. 30 6. The nethod ,
15acc dihdinrethadacaerdingrte ckadtnrlg, whereim higlhdensity fluideand low density

| ti phas | ui,d.is roduced fr ter [
i B S gt o s oo BB BBt g ARG REscHbtar
cof®fifdod according to claim®6, wherein the nultiphase
fluid conprises solid fornmation materials and/or
solid debris. 5 8. The nethod according to any
pre [ l.ai.m; rek h (o Rl UL 6l : ;
16F ot ng RS BTG R, o SneRel QEOGREICHaRh fnl Rensiy fuid
outlreing yhigladisisitg flufdeovtleui d in the annular region to
rotate wth the separation region. 9. The nethod
according to claim8, wherein the nultiphase fluid is
17! Nt g PlccorkthedB af§ B 8aRidi %0118, WhsrelnOfnal igdinoatd
axis of the separation region, such that fluid
threnglea phuglity heflsidpatlet dperiutee iji tha réspedivve cpndt ed by
fluid rotating in the outer annular region. 10. The
nmet hod according to any preceding claim wherein the
18mul tinp hasod dcdbdirigsto clathrigdwaedin the duidwitisegaiaidsare
region so as to contact a gujde surface, the guide 15
arrgugeddargenfidiiciorthe Bowe i infthbigh density fluidcqllssting egipn.
streamw thin the separation region. 11. The nethod
according to any preceding claim wherein the
19rmul tTihg haskod dcdbdingsto claiirlddwhedin iglodénsey slajhis a¢maoved by
regi on through an inlet having a rectangul ar cross-
megag of HHPhAD 12, The net hod according to any preceding
claim wherein high density fluid and

20.  The method according to claim 15, wherein, upon removal from the separating
region, the low density fluid flows in an upstream direction and the high density fluid

flows in a downstream direction.

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

collecting region.

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

solid concentrating region downstream of the annular and core regions.

23. The method according to claim 21, wherein the solid concentrating region has

a fluid flowpath that decreases in cross-sectional area in the direction of fluid flow.
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| ow density fluid is renoved froma fluid collecting
regi on established downstream of the core region. 25

wa07/Ties3net hod according to any of clains 1 tBCWLGB2007/002220

wherein a low density fluid collecting region is
established in the region of the downstream end of the
core region, |ow density #ibuid being renoved fromthe
said collecting region. 14. The nethod according to

24| aipe %hME&idﬂq o Rh@Brededag EMirh Mﬁﬁer%@kﬂpﬁ@ﬁl@'}\ﬁoﬁ&ng a

I

region i s established downstream of the core region,
sohdsyfepatetiei and reinoval rbgpmdowasireamcp! the ente apdbargyiag regions.

col l ecting region. WD 2007/ 144631 PCT/ GB2007/ 002220

45 15. The nmet hod according to claim 14, wherein high
25densjipe ndthdd a@c@ﬂdlfgl t0\Wlaakarea wWierefnl dmallepscdidrpaniolechré caned

their respective fluid collecting regions by neans of
to fapathatselidscsperatiensandyemg valrpgionirpesh aceuwlcaged centrally
\mghath%QOnmherein the conduit has a |low density fluid

UY F&t™8R% a high density fluid outlet. 17. The nethod

according to any of clains 12 to 16, wherein fluid is

removed 10 through a pluyraljty. of fluid outlet .
26aperlihgmasshqdacepraineds sEup ewbﬁ‘%ﬂ’l}}‘? outfes comprses A piwglity of
soﬁ@SQﬁQE@&ﬂﬁ&&C|ai”1l7’ wherein the fluid outl et

apertures are arranged tangentially to the flow of

fluid in the high density fluid collecting region. 15

19. The nethod accordin o ¢l ai 14, .. wherein high
2 jendhegnaliag or Sedhorid 25 “Fetmb? gpist gl e Gfaneed
tandRRATRB Ak REABRAL By bOthe aidinhe soMIS k&Jafatiod PAA removal
renmoval fromthe separating region, the | ow density

regibmi d flows in an upstreamdirection and the high
density fluid 20 flows in a downstreamdirection. 21.
The nmet hod according to any preceding claim wherein

28mearheatichd w¢ordatg th @any 06 clhingd 2 5to\2T tvrefrolargen diaimeter kelid
fluid in the separation vessel dowﬂstrean]of he fIPid

PagtislgscaEs ;eﬁg)vpté gqogﬁ_he outer region of the solids separation and remova

region.

29.  The method according to claim 28, wherein the larger diameter solid particles

are removed through an outlet arranged tangentially to the rotating fluid flow.

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

flow.

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

a plurality of outlet apertures forming a solid sieve.

32.  The method according to claim 31, wherein the outlet apertures are arranged

tangentially to the rotating fluid flow.
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22. The nethod according to any preceding claim
further conprising providing a solid concentrating

WO e@iromesownst ream of the annul ar and core regP@ORNEB2®3/002220
The nethod according to claim?21, wherein the solid
concentrating region has 30 a fluid flowpath that
decreases in cross-sectiondll area in the direction of
fluid flow WD 2007/144631 PCT/ GB2007/ 002220 46 24.

33The TRLIRLPEL OIS ah pRit¥diRE ERAH] WEer6indbWidehdityt ad
conprising providing a solids separation and renpval

reme'gﬂddmm dhonestre eeginnof pessed toor Buid sepaastingl zene.rig gishigh s

B3 R BoSpBRER A L A e LRSI b o

in §RRRpALiiRregidd. r enoval region through an outl et
arranged centrally wthin the region. 26. The nethod
according to claim?25, wherein the outlet conprises a

pl ur I [ I
et s il oS oMl oo BRE Ll Sihertih 160 4ol Muid i
reapedd fusre sheadoze sergiandpachstream getheiislet of thomuktephasst Buid endik
flow 0 he fluid in the soligds separatiaon and r
POFLRS: e R0 R s et Betbie {Rg Cos ra@ign adaggly iRt
of & thuti Kase giein larger dianmeter solid particles are
renove m the outer region of the solids separation

and rem)val regl on. 29. The nethod accordi ng to claim

28 wher ei.n th er met r 20

35ar e  STRRTALGTSHY 8183?119% ugﬁ)ﬁ etffué‘ﬁar{r%g %ﬁ‘% Y y to
cohﬁ%nérﬁtaﬁ& la Sk brkiee cf)h@whe@@omﬂ'ﬂﬁﬁng'@tsmﬁhtmh@ ng to

claim 26, wherein the solids separation and renoval

reglacﬂfvpiilfgtl‘{m@glo@ed with an inner conduit, through
whi ¢ b ﬂuﬁgﬁﬁémémgeg@% éegaraabrgwgl&ﬁ 31. The
o cl

met Hod" accor e | nner
condtiédns ifer 1ﬁfpﬁi¢in@@d‘omlbﬁal navpientth |thq/muft1pbaﬁtel fbtid upon entry
apertures formng a solid sieve

InIIFRGO & GRS B, OFRaR i EPBTEITHEE Obfsering id:
are gl E@I@g&gthe thickness of the outer annular region being such that the high

density component is concentrated and substantially contained within the outer
annular region; and

the low density component is concentrated in the core region.

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

longitudinal axis of the separation region.

37.  The separator system according to claim 36, wherein the fluid inlet is at an

acute angle to the longitudinal axis of the separation region.

38.  The separator system according to claim 36 or 37, wherein the fluid inlet has a

rectangular cross-section.
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30 tangentially to the rotating fluid flow WO
2007/ 144631 PCT/ GB2007/ 002220 47 33. The net hod
w@ewondicsy t o any preceding claim wherein | owdBEGBRG07/002220
fluid renoved fromthe core region is passed to a
fluid separation zone, in which high density fluidis
separated fromthe | ow dendBty fluid and returned to
the annular region in the separating region. 5 34.
The ' Fhts ©! 7, Whedhreihei n
39[ ow’[ggrﬁ | t?a?%{egi %Oiﬁ%nﬁ&ggbﬁ%m the core region |
septoatitsitregiamisfrovided imithet guide adjrsentithe flpidaslet, thegudahaying at

epeePel et aring e b Tpb R et fo bEPHR G4 PhBine
thfié@&%ﬁorl%g-?&-tm%ugﬁm%mmmetsyst em for a nultiphase

| uid containing a high density conponent and a | ow
density conponent conprising a separator having: a

sepatation. .region: an i t tq s
40 o SR P Har Yo et Bianl BF oplifs o dop R Lortpibing o
fludd b@lcatlispot imthegsoeiin ¢fahd separitibh rqpiaserfespordingaton

entry into the separati.on region, so as to forman
dopmsEsamupintle SpreregyPHvisn IRGPLRHORy f1uid; in operation

the thickness of the outer annular region being such

that the high density conponent is concentrated and
41subshhantpaahtbysystent aicostingvotdidim 40h svhereirethe flwicheutket is formed
. regian;. and, 20 the.l ow density conponent is
in ghriod f A SPRITS ?‘t‘irﬁétlgcl&?oetgf’ SR 3E Y he separ at or
system according to claim35, wherein the neans for
inparting a rotational novement to the nultiphase
42 | uiTheissparhter §ystemiagoarding toedlaimm 4lamderein e copdyihgxtends

Iang}i{tugi ntgl axi S, of t.he separation region. 25 37. The
cogyaty HGn WYy SRS LGF A 'ng to claim 36, wherein the

fluid inlet is at an acute angle to the | ongitudinal
43{?1)(I STh%fseIt)aqgto? sey%iierrﬁ?l;clzc%pdirrlge 0I e?t?)ér of claims 41 or 42, wherein the first

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

44.  The separator system according to claim 43, wherein the openings are

tangential to the flow of fluid surrounding the conduit.

45.  The separator system according to any of claims 35 to 39, further comprising a
first fluid outlet disposed in the portion of the separation region corresponding to the

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

46.  The separator system according to claim 45, wherein the first fluid outlet is

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

47.  The separator system according to claim 46, wherein the conduit extends

coaxially within the separation region.
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38. The separator system according to claim 36 or 37,
wherein the fluid inlet has a 30 rectangul ar
wee@sa4sect i on. WO 2007/ 144631 PCT/ GB2007/ 0022P0T/G#3007/002220
39. The separator system according to any of clains 35
to 37, wherein the separation region is provided with
a gui de adjacent the fluid4Pnlet, the guide having at
| east one helically extending guide surface di sposed
481 0 H@eisoRAGbEY s Jclcyﬂdﬂadgaateﬁhem cldili§ 46 ©PAT, alledéIn the first
region through the fluid inlet. 5 40. The separator
fluglsutletreeroprived a mipraligy afiyadidl openingsiogsed i the condyitt her
conprising a fluid outlet disposed in the portion of
t he separation region corresponding to downstream of -
49t he Thekepar &gt HRtenvdieording ©REIAI4Z0Wherkth the opditisgs are
separator system according to claim40, wherein the
tanigenfial tothelflotv plsflyid surpepnding theeondi- of a condui t
extending into the separation region. 42. The
separator system according to claim4l, wherein the
50c ondiie sepeixdtengstencaaaidilg ty any bhclaindds wefdafiathencomprising a
region, 1 3. The separator stem.accor di to
sedop i e Aaponcd 1 HEPORDN GBS SPRAG 8 Tsqomefga of tha
poftthnl ku {lﬁ%rﬁreg_llo_ﬁ,r\%érﬁ % opbratigdi al openi ngs forned

I'n the ‘conduit. 44. The separator system according to

clai m 43, wherein the openings are 20 tangential to

the flow of flujd surroundi the condukt. 45, T .
S5 epdtseorragL Bl g Pmat R b sechu nffFopgie s
form¥dtinee GAMTaicEha\Gt éterddingSihtd thekséhagitiongtgidh sposed in

the portion of the separation region corresponding to

the region adjacent the downstream end of the core

regi-Qn, ' r.atdk 3 . . e em

Szaccg% fﬂ%ﬁégr%Fggﬁ?ﬁggh%ﬂgféﬁﬁ%ﬁhgiggyéﬁg?FU|dcbutaét

coadallyf withddhé sephfaereeglonf a conduit extending into the
separation region. 47. The separator system according

to claim46, wherein the conduit extends 30 coaxially

53 U RiHR L85 LR ARBrdirfb ther of claims 51 or 52, wherein the

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

54.  The separator system according to claim 53, wherein the openings are

tangential to the flow of fluid surrounding the conduit.

55.  The separator system according to any of claims 50 to 54, wherein the first and

second fluid outlets open into the same conduit.

56.  The separator system according to claim 55, wherein the conduit has an outlet

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

57.  The separator system according to any of claims 35 to 56, further comprising a
vortex controller situated within the separation region in a position corresponding to

downstream of the core region, when in use.
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WD 2007/ 144631 PCT/ GB2007/ 002220 49 48. The separator
system according to either of clains 46 or 47, wherein

wo b@7fliqsst  fluid outlet conprises a pluralityPOf/GB2007/002220

radi al openings formed in the conduit. 49. The
separator system according to claim48, wherein the
openings are 5 tangential 300 the flow of fluid
surroundi ng the conduit. 50. The separator system
according to any of clainms 45 to 49, further
conprising a second fluid outlet disposed in the

58por tTihe sepsfatethey sisaprecardingrioaay obela {or S a frBIeT oqgprising a

rti i . : Lan, L Deccoctiong

soff oGl Belth Wik U SHEUEFRGRR nallih iy scctionsl ara

loweérahan the croskresctionaltdie febosegaration tkgourt ddgdcentsthe flordnabbt.
in the end of a conduit extending into the separation
region. 52. The separator systemaccording to claim

5921, TREEGDof H8tehPRABIdin LS BRES 3, WRereRtht Adubederobd-N
the sepdrator “region. 53. The separator system

seaaolraieay ptavidddt byea tapéred paition o6 theoval 6o, thevkepagsiter. t he
second fluid outlet conprises a plurality of radia
openings forned in the conduit. 20 54. The separator

60SY S TR e b M yR@nt £c6id@ig o2 fhim\IBE(WRERir he réiuesd §198s-gcton
tangential to'the flow of fluid surrounding the

arqaon pgivided 5% a cPhe extepdingcenxially syidin thecsePapiRN 1egiofny of
clainms 50 to 54, wherein the first and second fluid
outl ets open into the same conduit. 25 56. The

618 epPahaseara iSSP LoFdingd g ahg of tlaine Hhto 600 Eurtencdrhprising a
conduit has an outlet_  for each of the |qw density

meapgfog seppgatingsolifyFomdhid wthin the sepasiion 1¢go%kepar at or
system according to any of clainms 35 to 56, further
conprising a 30 vortex controller situated within the

62s epdihatsémnatoegisem aconligpwicldinr ¢ wherspiba dolndjseparation
downstream of f{he core regi.opn, en.in use. WD.

MERHH FIIRAES ¢ C 1@%’6‘7‘?&%’3’2‘2 Wé%“’s‘é? Sﬁﬂ?é§§85 gy'ge-dpe

cond BRIRCEALANRG0f AdRNY e@bndih@bphink3. t0 57, further

conprising a

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

tangential to the flow of fluid around the conduit.

64.  The separator system according to any of claims 61 to 63, wherein the solid

.separation means comprises a solid entrapment zone disposed around the separation

region and separated from the solid entrapment zone by a wall having a plurality of

radially extending openings.

65.  The separator system according to claim 64, wherein the openings are

tangential to the flow of fluid in the separation region.
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solids concentration region wthin the separation
regi on having a cross-sectional area |ower than the

w@e@3s4serti onal area of the separation regi onPEHGRR@MN02220

the fluid inlet. 5 59. The separator system accordi ng
to claimb58, wherein the reduced cross- sectional area
is provided by a tapered pb6ittion of the wall of the
separator. 60. The separator systemaccording to claim

6658, THESE SR Aol f8tehERUERAThoH A8 0B ElaThOT 1013, Alridr édinprising
provi ded by a“cone extending coaxially within the

mesepfr atreoving sgjidonatedal fronh thesepriptiarozons paeeble 28@dr di ng

.tto gglé of. clains 35 to 60, further conprising a neans

intergptert PA¥iSt i ng solids fromfluid within the separation
region. 15 62. The separator system according to claim
61, wherein the solid separation neans conprises a

67 c onduiubseBNTreeRIFiAg aERIYMPTiANgHi n t he separation

regi,on 11h££1?ass&8l§lg Wiy @‘?M}E:g fRidY A& Blodh¥edFforh 34LBtetrinean

ext &ndi ng openi ngs. 83. e separator system accordi ng
wellp cl aim 62, wherein the openings are 20 tangenti al

to the flow of fluid around. the conduit. 64. Th

sep ér?ﬁﬁ%?“%%?‘@_&b’i’é@é‘g & fﬁb‘gf eta?ﬁ?“‘i?fe%éf) él?e_n‘ﬁelg‘fa{f 8558_%‘,1’ ly
for¥BE5 GhB tH BuidOhrbBucea TR BHel vadll, ARARBarG@FRsERBE tRifiObpetable

entraprent zone di sposed around the separation region
at wolthend parssire tb femmrve twedl debiis anteaimadaip vidpioeprpgucg agalifls

B8 B a0

fluphgiREntihe openings are tangential to the flow of
fluid'in the separation region. WO 2007/144631
PCTrcBokoas@obly 2gving an geet cpnaeciedigrthe Bridoptetaghthe separator

asaS rding to any of clains 35 to 65, further
¢ ‘ising neans for renoving solid material fromthe
separation zone operable on an intermttent basis. 5
67. A subsea processin assen‘ol,x conprising: a

68we| IAhBlaHoms BEKEISINELASIHRIN CNRPRHAE | ui ds are produced

from fﬁléc? F&Fﬁifﬂgaﬁml%l \gﬁ‘l rkeeifing AR l%ﬁ'&fuc&ﬁﬁ&m bRedh e

a flul nl et “connec to the wel F'head assenbly
well;

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

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

assembly.

69. 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;
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for receiving the fluids produced fromthe well, the
separator assenbly being operable 10 at well head

w@e@3duwel t o renove well debris entrained in tPer/GB0d®02220

to produce a solids rich phase and a fluid phase, the
separator assenbly conprising a fluid outlet for the
fluid phase; and a choke a$3enbly having an inlet
connected to the fluid outlet of the separator

ass efBirking & Potfonafmdlahé i MiOgEdsi ng assenbly
conprising: a fluid receiving assenbly for receiving

f | uifersing anlowtedarmulamregienoftretating 8aid ofpspdetermingd fhickicss:

&ssenbly having a fluid inlet connected to the fluid
NP eceiving 20 assenmbly for receiving the fluids

pr ogetefifly Akdomhinkening bcoretdf@asipariaharegiss,enidryin bei ng

operabl e at wel | head pressure to renove megérdegri

ent ligrideadisalid particles prigringthe sensgmiion vassebpte girepted fp the

a fluid phase, the separator assenbly

Ouggﬁéﬁvgﬁglg%zhpluid outlet for the fluid phase; and a

chokle: thgkeesslof tHeauitargnaudan mgioh icoch¢loat g sobid phiclds ared

outlet of the separator 25 assenbly. 69. A nethod for
congehHptsd %S&Waﬁg‘/amta&iﬁ‘é‘s"“ﬁ% ‘%\rer#/ﬂ“ci phase fl uid
stream the fluid streamconprising a liquid

conponent and a gas conponent, the nethod 30 o
70c onpt insthag of separatisig @imgtiphnse Suidetmerinnthe methedenmprissig

. _region; 2007/ 144631 .PCT/ GB20Q7 0 i '
I e e R e
paftél WifHin fRGEPRatin felonl WhGeih| prict t0fits pitedatesminnettie

thi ckness; and formng and maintaining a core oflpag

sepanatiom reginerthe 8gidoviccamtesaied 19 flqvalons aparcygieillywpat
ﬂ@%ﬁ%ﬁgg%zo he (rulcﬁgtle gl:&%gtgﬁg hﬁﬁ%g%gaﬁﬁ&ﬂesﬁ&ﬁiir% o8kd ed

uter annu
rotational flow pattern within the separation region.

71.  The method according to claim 70, wherein the arcuate flowpath is helical.

72.  The method according to claim 70 or 71, wherein the fluid stream in the

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

73.  The method according to any of claims 70 to 72, wherein the multiphase

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

74.  The method according to any of claims 70 to 73, wherein the fluid stream is

produced from a subterranean well.

75.  An apparatus for separating a multiphase fluid stream, the apparatus
comprising:
a separation region;

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



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

waewstiaeBi al |y contained within this regi on. 1BCTGB2047/002220

nmet hod of separating a nultiphase fluid stream the
met hod conprising introducing the streaminto a
separation region in a mandar to i nduce a rotationa
flow pattern within the separation region, wherein,
Pri Qh at Qatelcdndif fop HoieVel B3 d M@ siréleh toS@P &L | on regi on,
the fluid streamis caused to flow along an arcuate .
f | owpetdin thetaecuafe agnduit hayviha dnlet ase grrarteed & intredece the fluid

fl h i : [ at | ' .
st 4D ORI P R BEAD A SRR o ubpara B e L AR uid

wi

76

thin thEREpdMRIdHALgias dafifl Bgeriorc| @i m 70, wherein the
arcuate flowpath is helical. 72. The nethod accordi ng

to claim70 or 71, wherein the fluid streamin the 20
arcuate f| i e [ : ' g :

£ ar S ap Bt el TS, Whefeid BT Rl Xonduiy s il
any of clains 70 to 72, wherein the nmulti phase stream
conprises at | east one fluid phase and a solid phase.
25 74. The method according to any of clainms 70 to 73,
wherein the fluid streamis produced froma
subterranean well. 75. An apparatus for separating a
mul ti phase fluid stream the apparatus conprising: 30
a separation region; an inlet for introducing a fluid
streaminto the separation region; WO 2007/144631

PCT/ GB2007/ 002220 53 an arcuate conduit for conveying
a fluid streamto the inlet; wherein the arcuate
conduit and the inlet are arranged to introduce the
fluid streaminto the separation region in an
orientation corresponding to that of the fluid wthin
the separation region during operation. 5 76. The
apparatus according to claim75, wherein the arcuate
conduit is helical.



