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SEPARATI NG METHOD AND APPARATUS The present invention
WQ H0T/H4e3led to a separator and a net hod of seP4ITAEBWAT/002220

The separator and nethod find particular use in the

separation of nulti-phase mxtures, 5 especially those

cont ai ni ng gases, |iquids ahd soli ds The present

invention is particularly suitable for, but not

limted to Ilcatlon LN th se tion of the

product s OWIJPE \ﬁ%ﬁ% &5 D AP éPB@PaqlTP%r m

or especially in subsea | ocati ons. The conventi onal
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processi ng aC|I|ty The surface processing facility

produgtsd o anl gas welds er leadican soplatferss oF eseciallp imsubsealocations.
surface processing facility has typically included
separation equi pnent, to separate 15 sand, gas and

wat efhefcbaventibgal appropelp@ifoLthe devstdpmient WEbiisea kadro@ibn
wat er recovered In this vvag are frequently reinjected
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miga}ré% égﬁlféh Sind i) ﬁrs Z} (g&é\@ngif aofHity.CAs eresuLt solids

rlserstot appr oac
in thei \selbﬂmb hermuin@atly esmried txﬂe ﬂp&tm&hwwfacmmheﬂing ﬂaelago

TR SR ot RtErAeHly Sy Y SR RO st ARG The
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costs OF the 25 installations, it is acconpanied by
si gni ficant problens. Wth processing equi pnment, such

as VEhEY apftBRn30his g{&&’e FRASRh B dispctsl UAthGHuch Yt the

s or or s, servicing an
prmssmhgfaanhﬂes atfth¢ heface lapd)welncaie tlrfe releedrd insvadlagions on the seabed

stra (&or ward, with. acce %{"t he eéw gﬂ_}e . bej ng
atg a P Qo gonvsieny, %Pf FiFn Welis, gieqpgect s t
rerﬁb\'}é"lﬁE h%né{\ﬂré RfaARARe hasleakd ﬁﬁﬁ Fthe Ippod%éa §teddhlto the

those beyond safe diver depth access to the
sufapgi qndémtetmm@mne‘ibauhpqmglsgeamab@dfobeelmctlon 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 pa.rt'icular those beyond

safe diver depth. Rather, access to the equipment located on the seabed can be by
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remotely controlled equi pment or by retrieving

surface for repair and/or é’@ff’(ﬁﬁgﬂﬁ’ﬂ@(mzo
Therefore, intervention is very limted, with the
ability to access the equi pnent decrea3| ng as the
__depth of the installation bel ow the surface
increases. It will thus be appreciated that the

eithen robistéc avid remutebmmmtrolleﬂ:eqwmmem or by rdisedegb@dpment to the

e sents a robl.em and
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ogether with the various fluid phases. The sol

in periigaler ¥ ithe opiion of aisubsea istadationisre e cepamigAllyidrtis ne
solid particles, such as grit and sand, together with
very fine particles, such as scale or silt. In sone
casespartibgasgbblédm mmemmlnaﬁsonidspmdmeﬁtfm sybsga aels. It

d |1 k th t
is BeRieoiEie Eh TSR sRodig frsteAican At Bt Sl onn
foxfrﬂt%ﬁtxﬁé?ﬂ-fal '%p%étﬁér%% thé %.ﬂugfs ﬂmﬁ@}éhd%@s thige sekiheagioar e

responsi high rate of equi pnent erosion and
maleritls inchude noarse, mediton Mﬁne)sq@udcpartd:ée&ssuchae @rit and sand,
st aI atio nment novin
g qut Ve et e E MO DR e R L AR ObE el LIRS
préfRiced ﬁﬁﬁzﬁﬂdlﬁ!ﬁ SYARS Privel alﬂwmalmoukﬁ d@ﬁﬁenﬂﬁigl upon IS (B]ielrzﬁﬂm
necessarily requires that such vessels are very larg

being peofogneddownholgnddheatuiged mea@@&ﬂlj@nsm faFmatirec Epiained
00 R PRI 00 PRMSER AL By U AR Hllf

deﬁﬂlﬂtlbﬁe Rtis kndsap@rpabvidasurfust aismiatmmmh equimatnat fbemoving
dovvnstream of, the wel | head and opgrate at preﬁg]'nr es

praduged solidandpically, S5 canpmpn eaplogedss QR & Mot EHhing y6sel-
Th%%aﬁlli’@of’\ﬂll] hEeS ng né 8&35&911 rédBRESHhl @cﬁ%es%ena Ia&-wfeag 1REEin

nor e di at el y ‘downst r eam of
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damage from entrained solids. Further, the failure of
the wel | head choke represents a maj or operatl onal

pr olfieparatiomingtaationg |amm$tﬁllqch®wtm@n efithe wrdlheaangdcangrate

at prCSSI.t[r)ees s?gtnlp can{ly BLiow 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,
WOr2861414863g i n | ost producti on. WO 2007/ 144631 PCT/GB2007/002220

PCT/ GB2007/ 002220 3 Accordingly, there is a need for

an effective system and net hod for separating

entrai ned solids fromfluids produced fromthe well

upstream of the well head choke, that is at well head

pressures. 5 1t is known to provide surface

|nstallat|?ns w th desanders, The known

desanders .
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corrp05|t| on and flowate of the fluid produced 20
accfeuptabieangmanefmpshmfé@as \ieib remslems aamzyor regrietiomiaghejr autapility
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capaé)ﬂfgfef mgeting ghegwell s wragusdonpraliiedysnan presywe IEfSt"Sé é’g frgm 3
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sug r&? g?u%ﬁ?r? f \émggqeq) gh"’z‘q? ggsgag{;ar?ogpll @d@(go?&pg}ahon Succordmmﬂf, ‘f‘here:

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

O-

range of fluid flowrates and compositions.

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

solids, allowing the larger solid particles to pass the separator and enter the
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than sand. A desander, by design, is optimsed to
separate sand fromthe produced fluids. However, due
WO 200 Hd631i i t ati ons of conventional cycl one s&§drEBA0002220
30 techniques, this systemw ||l be inefficient in the
separation of larger sized or coarser solids,
allowing the |arger solid ﬁhrticles to pass the
separator and enter the WO 2007/ 144631
doR@3it€aBP ENiProGA2810h the rekmivs discesed alpyiep denordingly, theréiés a
ul ts di scussed above cordin nee
nepiora Sepeicn DornuPeenenis 2o ket R febliding and
mé&hta®O] high BATcldn6Y Bf SdpaRfioand, naintain a high
efficiency of separation. 5 Finally, as soon as fluid
'S produced froma well, the various phases, including
lig hases : ' .
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subsea wel | head installati on. The system uses a

hydrocyclone to 15 intermttently separate the heavy

ot B SCoS peRRAN oo by el el for

usé BPAGdkd 0Nl Rhd thsGUBNED t TINGktem @eHa hgdiosycloao heavy
phase collects in the_ bottom aof the hydrocycl one, from

intgpmaittently sepprgtebe heaty phase,containing splidg rfmrgwéuc}toa!rfbﬁﬁi dThe
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f or roved separatio stem S tabl
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the present invention, there is provided a nethod
afczan&m:onsé fravest |Acg0@mglxisth¢r¢ dfra aeechibt anpimpseved|sgpafatiathe

S GBE S PP B o0l b oFaRBR

pré¥ErRE.I Si ng:

According to a first aspect of the present invention, there is provided a method
for separating solids from a multiphase fluid, the fluid comprising a relatively high
density component and a relatively low density component, the method 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
WOF2007/H46For mi ng an outer annul ar regi on of r otP4T{GRp007/002220

fluid of predeterm ned thickness 30 within the

separation region; and formng and nmaintaining a core

of fluid in an inner regioﬁ; wherein WO 2007/ 144631

PCT/ GB2007/ 002220 5 fluid entering the separation

ves $laid érgeritigrthe beparation vesshlds direated mimthieauter aginder: regignd

he thi ckness of the outer annular region is such that

an¢ he high density conponent and solids are

CONGRIThcRLAE of i cutdd Shaiid rafiol i£ARh #idd etk Mbi Bémity hi s

region, 5 the |ow density conponent being . . . .
comporsahandsadids are coheentrated taheh gubstantial lReqripiset withipdhis region,

t.o. a nultiphase . fluid ' l.iquid/liquid
the By ispl) SorfiRGRR eyl el ficidn WOl bR LT er m

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 i o laS Rl eRhie! i@ ars HPRERAE BuifliguRd mtktures

par?le(%h%g:g%&écfgglg[?iadmﬁgﬁer{af?/mﬂara [1quid ggd/ i)qr%l gas s
ligeidr'ga mixiedse Ne addisorh ehiectierm {rshidde mistires aficompenents that

directiqn extending, fromthe inlet 15 of the .
coRpriEs AR &7 f‘e&r{g%}dfl? Btk 3l et < gespr more luid
pha@b] AR ekhhPle T SEAN miltpRARVRA ANEluke6088p&ionlof salid

conventional cyclone separator, a multiphase fluid is
paudiictes ah@ solidnaterial in@disuid andfogiges siraganer al circul ati ng

or rotating flow pattern is induced. Heavier phases

20 or conponents, that is those with relatively higher

denRetdr@fees BEGINGO PEGMistraiRUark flo & dRedishextendigdisn dfe inlet
the rotating mass, while the | ower densjt conponentds
haire and

of thsrmauliiphase fnickintan puget throngl whirher sodids-gigh ireargy 1s remove

rec%@%je ns.. The fluid entering the vessel fromthe
Inl'et” forns a rotating high pressure band from where
it may split and foll ow one of three possible paths,

SRR RN S TR AT
Y SHERSEp R R Aoy e e e
or paporfentswibat is thosd 'wiﬂgelatimla higgher 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
WO BH4631ui d flow. Wi le the general trend w PRITAER007/002220

cyclone is for heavier fluid and material to

concentrate in the outer r%i ons of the vessel and 30

for the lighter fluid and nponents to collect in the

central region, the tendency of the fluid to split
matdriad, Thisileads topmtedsctimmLia ¢le efficieseycafithacyahertei dreatifferhat low
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I T e
widdaves oBileh rac asphydidic paraneters to baidcemimrdatedesuch as the

situations. where I operatignal lifeti IS
Sel?"’éﬂlﬂnroéé‘r’]w pgtegial &?’Bg{]"‘?‘%ﬁég ysed f1ogy¢ Fubse® WHY hydraul i c
paranmeters to be accommbdat ed, such as the 10 '

separation of solid material fromf|uids produced from
a s littsedeerefound that maingrewed fepanation hba mukiphagsr i gan be

SRR PP B ML RBSA 41 R P LR

roth®@ iR BA oGRHSRldr PegibDbPthe séparaidnQbdie, vithe dinek egi@morafore
the separation region, wth the inner region or core

being nisintaipedranchecsunicd bariee loveen gensily sompenent-olids foyad &af e

GRTRRER b, U D1 B SR denslddin e

rotﬁﬁﬁg(:j@tﬂéﬂ efied, with hfgeoc:] ﬁe(pﬁaati'ﬁn of thethégher derisan ,maufﬂ:dh ogeurring
ood separation of .the higher densi mat.er.i a .

Frog BrF RIS KGRI CaRBOGER J R oeidndie o region. By

keﬁgﬂ%ﬂl@%lﬁr dé’ﬂitg Rofmpbieafd inithe fofink RIRE ahfliGBgioBYthey are
eepl ng e hi

gher density conponénts in the rotatin
subjatted toemaninam rotagiooal, fordes ywhictesezeessa bpprove thetseparatiemuhhe

. rotational forces ich serves Lo inprove.the .

ineg bt B e B0 e SR ST Red QL UG crss ghich

coRipbRdntPRIUh AN at. /i SuttidardNghtel @nipb@ents RGN Raive Ml dilfer
conmponents wll mgrate. In particular, |ighter

anp@apegiontasd prssiinto dbgeore Frgieytlacontsgsh thaheayisy compansgts, in
pa@%ﬁjf% %cge]%(ftgs ’rlé] Igzrt]ucsg& fo lrchqg e 'coxjer}egi%] bhPSHtect HGhIERY Snular
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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and collect in the outer annular 25 region. In the
WORA8%14d631a nul ti phase fluid conprising conpon®@TGRFI9T002220

markedly different densities, in particular Iiquids

and gases, the interface between the inner core

region and the outer annular region will forma

transition zone. The nethod of the present invention
sepagat@ B RbinBihed liqhidend g@samehmntoafs separatd phﬁﬁ:smaﬂ"he mathed of

fromnultiphase fluid streans. The netho
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rersove the palid pasticles from the fiaid pheges and indtiate pr brairc b sepagation of
terra in particular a well producing
mcﬁ IE @A‘&“‘S‘e@ﬁ %%ﬁmﬁése hod is also suitable for the

separation of such a streamthat contains vvater
such a case, the nethod operates to. re E}% SO|I

par tlihe meghogof the presant IVeNtinmas partignlarly swita 98%%5?%011
of &(ﬂﬁfﬁ%@ﬁ{d ngg f@ﬁd ﬁfcgﬁil' %hgﬁﬁlnglﬂoﬂphgnégﬂd zﬁas "[ﬁf?ﬁ@ﬁncally

res I'rnventron 1s particularly
thesasinipabitieon foba stréeen pﬂnﬂacedtbmsubtnhascdn ol omgasviedll Whemtha

fluid stream ri i.qui d and This
segaph ORIy S SBHRER: BBUI o6 g e Taer Bt s Aoy el
of gé&b{lﬁrﬁ:ﬁ&?@wﬁﬂch 9% ARV Edlid al Il dldhposint®88in leaving the

ontains a significant quantity of gas, the inner

outee gmmmrcwgmstwltaigmgtveehhllgh svlds remoyal ¢ffieiencya dihisdgadsfto
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paiRleY fidhOh mt®tiphdse fleidBirédm ahd figideneym coimpaising adﬁluicb a
further aspect of the pr esent | nventi on, which

cowp@nqn@@@d%\gwéiomnerart & SO GORPISHIE d  particles from
a m.rﬂtl;ddgﬁﬁg%ﬁhﬂﬂg gﬁ@'hs;}f‘atfohl'”egse?t ream conpri sing
a liqui

orrponen component, the method
cominpatinga rd:tnlhcmadnmwergextthﬂoftlhaﬁlwidst reaminto a

epar at.i on ve I 20 t . !
e SR 1 O bl PR TBER TR o R

andotating fluid of predetern ned thickness;

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

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

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

concentrated and substantially contained within this region.
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and formng and naintaining a core of |ow density
fluid in an inner region; wherein 25 liquid and solid
WOpad¥i4dé3@s entering the separati on vessel ar e PETAER0EH02220

to the outer annular region; and the thickness of the
outer annular region is such that the solid particles

are concentrated and subst&ntial | y contained within

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

sol iThe mlidamiaml-ia] is rcmam:de&bnﬂ therrotatieg amtwlari regjon by tdchniques

deigibe Roreiebiion Re o U AR RAEHOR: HeB AT S &1

suﬁ}éfefn'tﬁiéﬁ}ta taﬂdﬁaartﬁ@so@lacbahmlé% the solid particles. 5
he thlckness of the outer annular region is

determ ned by the overall dinensions and shape of the

ope h which th ' t
ore 318 Bygloek e PRI B b s negyaar o
dith&sediR ahis slﬁlfpe bh e WptBing an Mtatirouglgivaithithe fldidpecared to

upon the height and width of the inl The angl e of
cnichE1cisRPERQRGPBIOM NeBartiEnar Heghickagss e ipuich anplgf rggion is

de@ér{dﬁ&rﬂp‘ﬁﬂ bR l%bél-{f ﬁn& GRdth 3F ﬂ'%rinlﬁte gE Rlang lerbftth'é {hlet detﬁ:rmmes

ermning itch fl ow pat
thd aligllemt@dndiythb keick étwanh esﬁereﬁmseparﬂtimsregmg; mrtuml dq:tqrtmnrsng

thq o Wi el Bt Solspved i i€ Sl st g fegton. Thobs
resgéa é?ér&fde% drParpRUSE 14 1he aﬁ%llé et Be ﬁ!ﬁgﬁﬁdlﬁﬁl%ﬁ@éﬁ&é he

uter annular region. di mensi ons of the inlet
separgichniregidp. Thesewod qua to capsoheafleid 46 entenands form dher uier

st.,r eam ent.er t hr.ou i.nle r
anURTRRR 06 B Emiepeioae e gt T b R S Mpace of
thd M@ difeddtstréhm ehfesih) GIahgVBE @tlet detediiridd ehd Velbdityl of thdBuid
outer annular region, Preferably, the inlet is

streamn andyidtumodetermirgsdheinited retptiong] welpdyrpidbnuigiia theuder

upstyream end of the separation region. In
an{"ﬁgr%gg’g a space is |left between 20 the upstream

boundary of the outer annular region and the end of

t he vesse ont ai ni the separatj.o i on. Thi

al | é’\ﬁ%feféhb’ cdhetis ﬁg‘g{‘%P%f ip dpitpaupe ey Sia8 st e
fro%*{h% gét%m &ld Jfﬁtﬂé %afaﬁen kst Nin thi¥ AaG24 spackYs 18Rt %\é!vl?e\én

to the rotating flurd

the upstream boundary of the outer annular region and the end of the vessel
containing the separation region. This allows any high density fluid that splashes
from the outer annular region can return, typically by gravity, to the rotating fluid
stream and be entrapped. In this way, erosion of the end wall of the vessel containing

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

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

operation being performed downhole and the nature of the subterranean formation.
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stream and be entrapped. In this way, erosion of the
end wall of the vessel containing the separation
WOr2067/863y hi gh density fluids and entrai ned F§IT/GE200E002220
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
The omtise], ofithalpresent inyefiioneis effe¢tiveparemeving solishrosienal, sughiag

and san .00ether. with ver i ne rticl.es,, such
arifapE gl the HRER I Sieciahbesy Bth the BoaRin fuig S roheeh. B3
sepRMidnEhd SR ySIf ORESethed avich e itSHiBlal soropelese todepeReiargpr

upon the operation being performed downhol e and t he

solichpartielepthat may be prodreestasmweldr faeh pasticlegonolydy eld debris, for
PCT/. GB2007.002220. 1. . 1
exiis e por i et B0 ARG ANhREoRARRRL, oo el oo

fte e I n renovin

debriiclesleing foitequipniet dntagehe fhildee. [mthakhsesif faluraofdsynhole
fromthe praoduction fluid., “EVE{’ th separation, .
equipmiess, syhsianginl sold paRsiclrsdypisallymRtal RapHicies. gy e ppdyped with

; . . ;
theg‘?%g ﬁlg@ . IE\;JIEW@&C@%%& sigh Bgolﬁ’sad'ah'cﬁﬁs%%léﬁ‘@éaln%@% to

particles 1 nclude wel
dodaktrdam equipmént csaairps eholres aild thatike,df eeg,remewad. t i ng from
drilling or finishing operations, as well as debris
resulting from equi pnent damage or failure. In the

cas@off phticled k@n&fed RN NI re@AY bp HRITtheth6d 55tha Ridsaht
solid particles, typically nmetal particles, may be

inysntomvey raige firom & Eevnaillingetres tn dipmeigr 10 scherakgsphipgltas. e3and

hat such .debrj s [ gni f4 t . :
ooy BetHERFEAb SRR FRLE B IR RN U RR s oy inglude
objeels if GERYREE of FnSOltd § cposrilagte dt iscamndeantigeosfithe miethod of
streans by the nethod of the present _invention nay
the prassat fvetion thawueh # larskiapgs of solidiparislesmaypbessspaater from
C [ es. Sand and gravel particles range froml
then;ﬁ#\npg %;%.m 5to 10 mm Larger debris may include
objects in the range of fromlto 5 cmor larger. It is
an advant aigre of the t ho sent, i nvent,i on

f .15 the pr

¢ ha* ReBeIE adxpygacs of e method g prespl ApYeoPEd g e be
op&aRATALEAwideQhpd dTq1dvirhtesl tRitiERIY 2 1ArgR MirnldowWritatio. The

advantage of the nethod of present invention is that
meithodcmay beappbisdima sitigleseparation apparatisgad opempieihillapaaies in the
rar}g@z %tf ulp %o 9?,80(? bzlmaerlggertd%{/ E‘BPBT,"?n foﬁrtl'cﬁ’lar P;Ql% 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 frqr_n 1,000 to 100,000
BPD, with the separation apparatus being sized accordingly. However, the
performance 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
WO 2904680 barrels per day (BPD), in particul ACTGRA7/002220
zero, nore particularly fromb5,000 up to 25,000 BPD.

That is, the nmethod may be gperated with flowate
fluctuations as great as 5389% without si gni fi cant
reductions in the separation performnce of the

separati@nmechasisme tAtddgher @berates, yheajvarinang seprationongchamismofiil
udgl to 25 25, 000 BPD. .Hi ggle({ fl owmates are possible,

berdye tosatgtipnal mevementPh hedRid ePmrRseRSo BPD, with t he
separation apparatus being sized accordingly. However,
the performance of the nethod in renoving the smaller
sol iTthepingld ssparstiomyppacataeeandegized @rM%glr@\p@pa&, ithepder

o gy o B Eh e i LS AT Rt G i 3

act@MRE tb h dediRt QEalityloe sipaioal Mhereire [tbackiBvebuthaniesites!
may occur as a result of é]%l[avity separation ffﬁcts as
urality of

sepaiatiofoner iegpancpengd earreeaf g vdwmems dlyyreies
apgﬁgﬂl'é oF %lﬁ}féréﬂ'? &Q%ﬁﬂn% @?Flﬁh.g ﬂ‘?{hiﬁf *v%ﬁft?ﬁf difBRnt sizes may

om nant separati on ani sm wi be due to
beroptatdddn different eombinatibng, be nfelans of coumpbleselesti veTov-switching

singl e separation apparatus can be sjzed .for vol une
m?qaﬁga@mmmoqaa%? BFEF Of HOWEIRs DS SRAEAOR PIFL | cul ar
fluid flowmwate. Alternatively, the apparatus nmay be
sized according to a desired quality of separation.
Therlebuoteeto impagdhé exaionet flow paiterh teethe stegraead pigate the

f .and f fluyi I P e f
it SHPRSE 3% 8098 't MU UFRLEL s S

th@phiafitn rdgfbor. MBugh Wehniqued 4ré kabwalid the e cptlamssopamtione
operated in different conbjnations, by neans of a
Haewgven i ardsetocansprg dhat thaanspler eagionyis pb syfligigat depth and

C . '
e e
anple tb ke lsﬁgf'i&ﬂmagmds of ghatsepdrdtion reg'_ba.lt In@isam}ulftl&rf;uid gilr(?mll?j

it is preferred to use a tangential ept of .the i
enigYing 44 TOROB IS ‘f%*ée‘ﬁ'@dgﬁaget ﬁrawcetga ATEHT W%@ eﬁ ﬁiﬂé&ﬂﬂ? &ﬁig&
COEE% WABOME id BrfidiEstRakn. OfheCWElalRereeCR S &khteR-hefidal flow pattern

wever, In order to ensure that the annular region is
wittin shefrbiating annudepegionrwith the semperantsinithigu¢gien dtaing around

attern, it is.preferred that.the . ta [ try is
nE oyl G pblovaBhE Fishiinehido o eteb AOPRLR o 0l 2
inBQRRBAIntPihe VBEE PR prdfPrablyi selevRY so thae tHel flliid retate €A helical

entering the region is caused to rotate around the

pathithatallgais theofluig géter engirevelutien tegiear 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 WPE14468 annul ar regi on, with the conponents BGI/¢BiR047/002220

region rotating around the central core of |ow

density conponents. The angle at which the fluid is

i ntroduced into the vessel Iis preferably selected so

that the fluid rotates in a helical path that allows
induge the intwniag flaid ereemriatod spirabor telical floav patteen.i Hiewallet

R R e e o
re%? £hig bkl ¥ frbamk G0idlnteBRe hPsepBRtibR APidiEbAdova fei)t\/\ﬁbi'ds

e separation region. The dinensions of the inlef
theaupstremh end. ethawalb assemblyt prefetablyyhaser farm dhye anduicesa hadigalof

the well [ fluid.and.the fl ui etenti,on, L] required
op P g henClivg hd Mgt foch 5 6 WP nd b S (e,
sepuPatiodSedion 1§ @sddao bk e a @eieRslln@d winsatarh derevtasmsaificial so
In one preferred arrangenent, the portion of the

that disafluid completing tm e osetion withia the sepprgtipmegion; ig not contacted

OV 4 1 [ ' el | ;
by RSB i oot AR S SRR IR ERR Bt R s o
mokd hélivdllg extehding Barfures) ghd dutfadessixteding generaly sipiheabme helical
helical flow pattern. This Il . a seﬂl‘%l_é rmé g]e.
PaiiT8 b S epiarc Redireliiios patieat toRrdnlvred i 1e  ReARIBA Hulsf SRR
A %ﬁfe%dl%selﬁﬁg i Ofhownin BhS adPisRiRUREY inf GBI2B 836! | Ng
the separation’region fromflow ng towards the
upstream end. The wall assenbly preferably has a form
that, i nduces a,heljcal 5.flaw pattern in the j.ncom ng
1 ur g PESpeRa eh e iss St et BRUPE RS e EPelifiRe
ex@AMAE ahide RurtRel 8hdréinBefdftdbséthedyIows fhefan@R\ETtRE Infet
downstream direction sufficient so that the fluid

condithecarientgdiclaser forthe perpensiqubar toshepngitudinal axa phtticon
reqion_i.s_not contacted by the incomng fluid stream

Seplaf?elo\/\/arF$13%ssenbl y is preferably provided with one or
nore helically extending surfaces, the surfaces

extending general]ly ip the sa elical ]10.pattern as

t he Tae&nletdar the flugdnay %wsb%tlﬁagﬁﬁnw- b@fﬂiﬂ#da@s@ ar%WFlﬁe

. . D : | a .
o 508 1 50 B SRy
is gimen todeletsfloving atrhctangulleer cosse-softion agdiogienihg forrihe moeming

re helicall xt [ ui de surfaces .
Moo A6 Ao e B e RS HE 4GP bftfeeh fopqegem in
thelout&URAaE regﬁmp Hh 884i66h, Sho®BlaniWlat iARt BRIVRRB dibetiérdntetface

the | ongitudinal axis of the Separation region. .
between the incoming fluid and the inner wall of the separation region, resulting in a

more stable flow regime in the outer annular region.

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

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

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

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

flow pattern within the outer annular region. The width of the rectangular opening of
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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
womettiadelaf t he present invention. However, pr ®Carehee7/002220

20 is given to inlets having a rectangul ar
cross-section and opening for the incomng fluid
stream The rectangul ar i nl2t hel ps to generate a
uni formhelical flow pattern in the outer annul ar
the i, ahat id the afidensionperpendicubxe teathg Mrmitud’inh]e&xispoﬁhb spgragion
better interface tlsf(@ rOzr‘hthe I nc fluid and the
fegl?rhéﬁ‘lll\ﬂﬁieﬁnw the,thi fhedyter agn ﬁ“e ©ulting in a
nore stable flow reginme in the outer annular region.
25 The rectangular inlet preferably has its | ongest
si de\spha: Bhidestresro mdves helinglly withirathe ouser snflartrpgion (typically

n reqgio The f therecta
doyRBRRAviTn ¢ R PR ioalg e et T RIR heopid,
paficle8 %11 Qb1 aetht Qlallto? tHeRpardiie fedidnfiA khedotit&mmkt pditon of
separation region, in conbination wth the angle of

thet aneiulan regiond éEher fidh pBasen deisidess denserthan the splids, Wlbmigralg to

TR ST e
sepRcaké (o83 R #h 6@ ARRE: phhk, Wwhéchi willlatmainhiatthd mmutae refiiorg asd the

perpendi cular to the | on udi nal axi he, .
less dprase Phatsn whichgyigmigite mgcué*@r-'feﬁ%@%eh hesrﬁf{?fashléﬁﬂwlaﬂy

mzﬁﬂl‘ﬁl \@Hf{nletﬁe ﬁﬂ[bﬁﬁltéﬁmrc%ﬁfa% a ASedul ‘Fhﬂe Uindy R %@W%Ulckly

n the outer annu region (typically
lea&esjﬂmmuanngﬂwdtlhﬂm cutggeneulal tegionertical ly arranged

separation vessel), the solid particles will collect

at the wall of the separation region in the outernost

POr tAsQRe Rhid stBndn el Rker aRMIIATepibh Prddredsek, RRsiBdEse
being | ess dense than the solids, wl mgrate to the

mamenemobe efcfmttoif oiahris tcheausgtha lorter penlaTegiph topgcome thicker.
Lon L re

BB e 8 P ol R SRR Rl ol

thiglaféss, Iﬁﬁnllx@rdaeﬁés tﬂemermlﬁamcpm@fwmdu Thisgiffetecausdsahe

t he central core. is effect is art cul arl nar ke
intgyegs of e lepsy ﬂ@n%tﬂ%ﬁfs ‘b sy sz and)thedspiser 3@%@‘&1@% In the
ouYé[P 'm[%ﬂjlﬁq oﬁ ﬁ?a ? 2 Gitlvek |p¥0ﬁll: ﬁ?ﬂ‘l@ ﬁo{vﬁﬁreraﬁf @fdonten f e d

l'ar region. urd streamin
prdzchre fout ef tha;rpruﬁbrandely: oeradl ﬁogne>§ ﬁesnter&cmbdtwwroﬂ@ds_ﬁl the

TR N TR I VR SR
debdi§ Jrlpd ﬂhl_afsfr@cﬁﬂhh@ tHe Ghle OYsbity o ehettabinds it &S the
seII)arr]:tiroiavSe(sessei.l Ir’: will thus be appreciated that the profile of the interface and the
overall shape and dimensions of the core region will vary as the parameters of the
fluid stream change, such as will happen over time for a fluid stream produced by a
subterranean well. As noted above, it is a significant advantage of the method of the
present invention that changes in the shape and dimensions of the core region, and

hence the properties of the inlet stream, can be readily accommodated without any

change in the separation apparatus being required.
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thi ckness, until it reaches the centre of the
separation vessel. This effect causes the interface
WO Hd63least dense fluid of the inner core aR@T{(HE007/002220
denser fluid retained in the outer annular region to
adopt a convex profile in the downstream direction.
The 20 precise formof thid3profile and the overall
formof the interface between fluids in the core and

f 1 uiGbavémiohlleyolehe separdtors ate progided withlah odéetdorfluidda leave
such factors as t h? .densi @y of t Ee fl, u1 d sfl,r m an
the eparafiprevesyed) dbr pytieifs pRically prapgeg copyia Ew& hyessel as
an %ER 3t &%)fp‘ﬁfkéﬂg whll:ﬁ fiMd thaf ns'éﬁe ﬁ@macﬁ@éﬁﬁﬂaﬁﬁl%g rEél@ﬁ of the

I nterface and overal | shape
vessall Idb\namslsudsamirradgemcntrcann@gxe@ppmd in theagage aéthte hﬂeesent

iR GBI L Y Pers G reRE A e BB ot segion

in ﬁh%@;v A RRAR g thust HE aNOWES0XBRN @nd bé matdinéd. JRdthérCAMN
advant age of the met hod of the present invention that

neestssany gt finidirpmoyd drsan thecbor! Tesioniiveastied oytiie agentgolled manner

so g5 Bnelbhe rieaESohiiad: ARt e terhle iRt AR
reri§RARRYbeRnpRPRRd Asfslldes.ng required. 30 WO 2007/ 144631

PCT/ GB2007/ 002220 13 Conventional cycl one separators
are provided with an outlet for fluid to |l eave the

sepgy Qﬁ& @m\ss Sifeht, a fifd Q&H]cﬁbn keidiRbfRlided %%aﬁ&@ﬁi of the

coaxi a |n t'he vesse an exit or dip pipe,
cotehegug,rhaan@rﬂlﬁdi uutlietnﬂprﬂeefhu@wﬁli eave the corerregiah byrmstans of

cispBEnodioxars Ba SpopUS AaLen of o A CruELiCo BSRRI o

est?ﬁ‘fi’s‘ﬁrht ét@aay-s{aﬁb RattionUndr which kife dbd reRRmSH Hiaﬁmhﬁed aoNEd
l'uid directly fromthe core region in this way, as

fromhtts cpEgnegmn i cusdsto gkit aigethe utlél opprian dowestreammaidheqre

5 05, Ve SRR BF L S SRR AR e

miffurd 6f thBhighdefsityTuié Qﬁ(ﬁtHeQ@W@ansnjrtfhﬁcﬁ Tlﬁs eoumibined Cb]fuld
alternative designs of fluid renpval be enpl oyed,

streggn gy |bgwessed b 3 Rirther sparatighperseidACrd c& 14 $eppigle e various
ﬂu?cp RaS&d ',ﬁg {aﬂgﬂ@bﬁ u§h %t &Qﬂs jh tudtéaﬁaraﬁ)?r e

I on, ome fI I d | eave
the core regl on by rreans of dISp| acerrent Hovvever, by

appr qg;rlla%tve y.a I%k&ﬂanmty hued colllgclztgonorgél!ag tl'iav{ntg a flui %ﬁé@{se
prowded 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 887/Bd631s caused to exit via the outlet openiP§d/GB2007/002220
downstream of the core region itself. Wth such an
arrangenment, the fluid exiting through the outlet wll
be a mixture of the high #nsity fluid and the |ow
density fluid. This conbined fluid stream my be
pas feembadimefits htiag adep demsity dluidbcaizesen regions albightdensity

separate the various flujid, phases. An.e | e of ch
flugd %H%‘trF%’ﬁnp‘PaHb@s%seF%“d;ﬁ‘ﬂg§Pﬁ?tql§ip(ﬁo‘gg‘fft;‘?%f’?m?(9?#’6
| i . L Ui . e
co LRl MR Kol Hue g sl Ayt
fluidespicam ledvinghehraigivtist seeand Buid oufletidomprisessasragygjonportion high

t hr ich fluid,.that is_.predaom ly, | .
deryiy it of othe sret e feneted AR AR A AR it o
strédth RAs"tBE BRARIRAsityt 8d fd Ahidh keréhfistidr) & i preferhislg kepx separate

consi sts nostly of the | ow densi t%hZS fluid, perhaps

fropj atherdbrid steermsaemenedhirem treproresy. fhisistreananay\hersubjected to

o RS S ARRE AP SRR O e

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

whi : . _ . PR .
sol ?lg% ar e]?dr('{gﬁ1 rrgr\llt ,Zﬂg g Q%lbd%%ﬁﬁ%}o’igﬁﬁﬁz% E?%% t&mlmﬁ he 3R cams
leaPiEE BB 0 BO22e¢nd fhdd butlesrive deayeletiso Hevsepayation mgion for
furggnsit%/ fluid collection region, a high density fluid
F POEYTB® regi on, having a second fluid outlet, is
provi ded downstream of the core region for the
removal of high densitg liquid. Wth such an
ar r Fhgeneash fluicheutlet may de én thedoam eba Foryentiengl pive Op Bibular

Op%&rgﬁ)gfiﬂ%é gelfq(iir&lfig wlﬁtn% ﬁlg ggéalré%% r %101?. Rlerd ﬁfchioggnip é%\?l&ﬁﬂ

some entrarned | ow densi
preddifl 98 coaiélfotatiig flid Strdaniteld teforeie hespidre lowgessure,

theSFEFATAMISh RS o AR SPRNPPHET s i ol sy
D
an detes ipipe, having aleloseuicendrand aiithefthiid obilet spertaes foemed eldng it
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
WOMBEHE6H| ui d outlets are recycled to the sepdRCAIGRR07/002220
region for further processing. 15 The or each fluid
outlet may be in the formof a conventional pipe or
tubul ar opening | ocated céﬁtrally Wi thin the
separation regi on. However, such openings when )
pr ede ainbodimentsdaviagdothot v depsity collicting wgiontand @ high density

enerate a reqgion of.lo res e he effect of ..
cofffitite Tesior pad el vt Recs sl ouleh ofc udfieentg o
préVidd g otlldte a¥penfizt Abibe SHBRE chiduid ETh3RBAAA! mhE Bé @Rangthe
or each fluid outlet is conveniently forned as 20 an

cogtiallyewithingthe sepasating regian. oBecpneningnerg prgferably forraedhay | et
r . ! | e S
e B0 AL Bt em AR ORK LS £ Dl b
thd mi densipy Riid coRettiohaégibh mmwﬁighe&naqemidfconmoﬁ !reg'idll.
outl et apertures IS great er .than, tne cross- ctl a
Thg capdudf mayeavs g single pRtes, resulting dhe fasimeny eoliseted 1M the
4 S tei f by a it i i

R L
demsityi fhiid oytldt and e tighalefsityt fwild whdetcthus mairitaining dheifluid

col | ecting region, .the apertures are preferably
SCRAr3LOR, aﬂi%ﬁ&é’ﬁ??”é’#‘f‘&th‘?%ﬂfcﬁ?‘ rotational flow of fluid
in the collecting region. This aids in reducing the

shear applied to the fluid, which assists in .
mai he aiprefereediamangepentaa saparags conhifiscprpnided or gpHectigp and

hi Ny ' g . Thi .
S B G E B0 BaF 900 ol i ARG sy
coMdutiap répach. CRd¢E @ohdidt Gh@RISntb Ots r&Peaerggomind ispr@ided with

particul ar inefficient systens, result in tgéi%has S

ong ALMETe SACAFES (ap thoertleguonsafifpdTThporrymes gasyXs fogmed g3
hegﬂﬁgﬂkgg&%ﬁbgﬁving both a | ow density collecting
a

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

arrangement is to. ovi de.the,.outl et S Qpeni ngs, in

£ he TOR R Tadaprovidd bR Epiil ¥suiRy a5 AR
collQuRE: fddion With Ridip Hipe opBRAIKE! inARddr @Y hAhtaid AR ARESPrAESluid

are preterably formed as 5 hereinbefore described. In
levsliwithiartharssembymSimilanly ét is preferred topravidesthe conduii kepding

both..the low,densjty. flui.d ceklectiQn regi !
fog o i o BIRGER ik i ¥ Gl Mo R RS,
flultBléoclavigiinHeseiblet , resulting in the fluid streans

collected fromthe two collection regions being

m xed. Preferably, the conduit is provided with a |ow
Downstream of the fluid collecting region or regions, the flowrate of the

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

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

thus nmaintaining the fluid 10 separation already
WOR60T/E&d within the process. In a preferred PCT/GB2007/002220

arrangenent, a separate conduit is provided for

collection and transport of fluid fromeach of the

| ow density collecting regilén and the high density

col l ecting region. Each conduit extends into its

I es RgAristearn ef thervoamx bicakqribestebach iairich id Soloks end typivally is

in B2 TR AESO1S! SYHEY.Oh MO B i B Fuspanded Bl el o
thf% li%nﬁ Jﬂl‘{%ﬂﬁd ﬁ?y&%ﬂ Ui fiuﬁﬁ@dlﬂ& lflapm th@eeﬂsea%fc{ﬁaﬁufmphases

‘egion wth a dip plﬁe or the Iik
entenng nltbeieparatmavmdl it is e adysptagp of &'tegntﬁt od of the orelsmtel
ar |

in{iniioh thet FEERaRHDR PLLATRGCRE S s PR ne Gl o dieved.

Thelréth&infi@! i€ barnBecbR® nfite VbridenRatsd ade I@blﬁlﬁ?axﬁ@as By pif@wdmg
maintain a fluid level within the assenmb

a s@bdmmqeeramnsfregm, inwhich hecraseseqtignaleageaef té? flpiddiasypath
fl t 5
ot USRS TR Lo mames g

flodvpathi @k Bé @cﬂ@évbd bR p@cfvmﬁg b Gremaally qllﬂﬂneﬂt%mehmdtwmwnh a
fluid, predom nané@y hi gh density

| ui d nor
ceptel¢ lopgitugiinallyaige ef pifeagyRly a‘L‘F] ¥6SS?IHE?yeI?%°°nf A
Qi der to prevent f|UId vortices extending into the
regi ons downstream of the fluid collecting region, it
is preferred to provide a neans for controlling any

vortices that nay for such as 0 vortex breaker.
Vo 306 rpomes inte BidbertnsBSstidientintie BHE  ne
rot‘éﬁﬁ% ‘?ﬁfoﬁfeﬁ‘ ﬁﬁ%&vénlﬂ ﬁlessbﬁ& 95&1'0[%5 irl @k fluld StedahdiordRektling out and

cally is. formof a solid slurry, in which
fosmhg d splid miasd mghead@mtrsm mezion el splid egneeriTating regien.

Sufcﬁgqﬂm ng regﬁerts ﬁléeT%lq?lu?tg (ﬁgisstedgﬁ'%ulft%&'}egno‘%t :[;IOQJ%V&J ﬁ@s 5190

imPER@t Mt et HBS stedam istnot ﬁ)tzaﬁlgadw &st, ag dlméambmmhmdﬁcmﬁcy
t he ﬁr esent 5. invention that furt her sefﬁgr ation of

of herrobif erneentraiing tepiongpd EavirriiEhstalymesf Thug aRmgmovedin
orieg lq?gf?é& gltuffilgféggscgﬁg RS RAORE a Qt & th RedubEthe

par y providing a sol concentrating
helieg)ioprotatiomalvfiow Ipattdre of thefhid scthe smiai ccmceatratbifngtrd:géomlthﬁ d
flo h dereasesmthe di.f ect.i on of. flow. The.
reg BB PO AT e BRL Ou ol LRHIeR OF agfrofiiase pike ghd Size t

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 aperiures are preferably arranged tangentially to the rotating
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flowpath may be achi eved by providing a generally
cylindrical vessel section with a 10 central,
wol20oni4aesdi nal |y arranged cone. Alternatively, POTéGB2007/002220
vessel may be conical in form It is inportant that
the fluid streamin the solid concentrating region is
rotating, in order to prevéﬁt the solid particles in
the fluid streamfromsettling out and 15 form ng a
flusdflow. Magsr solidifaetideswsinindarthe egerarngiof of the sspdratjon and

concentrating regi on ch settling out ers
reraoyal g TRNdgNIHRE Wﬁf Hhrpughopnie i aRhe OWlElS ng‘ilese OPH?%é may

. coﬁ've?&}p lg TRQht Qf‘%‘nofehﬁ)trtstlﬁ‘ ehel WAVOSthé ﬁ?ﬁlfdti%n Ridsel. OAg’ehh N6 be in

as this can reduce the ciency of the
line otiththe Bnidettw diréatign B numnamhc e\qlg pf lopkaghs gesiurmngs ther

fluid to b r eno I, i ci ent
Outl§fp AFFPIEIE Va‘imef")l gﬁ’é'tlglbbg? tg? &o "}gﬁﬁ dd 3@&‘; to reduce
the 20 helical or rotational flow pattern of the fluid
in the solid concentrating region, the region my pe
pr oV e alternatiyesmmbodimersy the &dfc‘q%w@@ar@fonawﬁ rrapwﬂétr%glefh Bpe

S BB R i o g

soldsiévde The fluid@teasok caised bo few ahraugh)nhe amebr cemipntal The
region, the function of which j

ropHeRyetthe Buidcptregm pzes di soid prrtis SUBFRIEB RS wa.p 6 thec T
coﬁ(ﬂm év%l tfé@gxhgile?% ﬁalrﬁélef éégitﬁg%ﬁtﬁ‘ﬁ‘&’éjthﬁﬂ%hgﬁé $olids kRve.

I ment e smal [ er solid particles are
Larm«rlaﬂpamcie:h sudhorsrwalf debris) remain withio the ¢tnmduis and ate collected

o B St D5 RS Ehn l lgeThen

w1ﬁffﬁ aRAhMY chiut dridqh&eNSvitlg tBrbuah the $aRMHeteatined bBthe
and provided with a plurality of slurry outl et

diampserafitksapenturesiim theiseids Hievechange in  direction of the
fluid, the apertures are preferably arranged
tangentially to the rotating WO 2007/ 144631
PCTE8260dvA) 02%12Qargd didmetdrdofid pmlcllean'gg rbemlai adntinuous
particles rerralnlntheoter L on, 0 arat i n
baBiachr opEAI PPt MRS | BHOVULHPRAD F Ao BoB
relgfi"y@ar%ﬂz‘lltﬁgﬁoha_ Qﬁ& ﬁ .rﬂoﬁeﬁ'@ﬁres&ﬁ R BRI dtdbate aQR@H as
ports In e wal I" of e separation vessel
theﬂmtwi;: sizedts&nbuﬂonlofﬂe selid material.f | ui d 1 ow di rection
and m nimse the risk of bl ockages occurring, the 5
outlets are preferably oriented tangentially to the
r ot afeRffefthdbhidihipWsolidpatcla, bethlafde\vad efantinae Bé passé®to

sol ids separation and renoval region 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

WO/ d46¥lr eam i s caused to flow t hrough the i REdfGB2007/062220

conduit. The 10 rotation of the fluid stream causes
the solid particles to col|lect at the wall of the

inner conduit, with the sh&ller solid particles
passi ng outwards through the solids sieve. Larger

sol indanzafot impazsng & rotdtions! mevémahe by the muléphase flwidiipon entry

. the conduit and are callected at the outlet, of th
inte (He Sep AP IOR LB A RETAR St B R FiyaRs TS o

prefi&EAhIREH thiMinb & Ahdaherd RoRh; condui t and those | eaving
through the sieve is determ ned by the 15 dianeter of

t heineqrsration gl thivkness of 81 asderanavlat region heingovel thet thefkegh
cergf PEmPlyRAE s Epafaly BN MRl T MRt Ru iR ol

annliMrSegdbh:landepend, in part, upon the relative anmounts
of solid and fluid conponents present in the feed
st r tigdew sgnsiky| qompenens as ?Qﬁ’éerﬁéﬁte(quélﬂée QIS EPEATSt r i but i on
of the solid material. The streans containing solid
particles, both large and small, nay be passed to a
f ur Thesepaeytian aystan cpmpdes 8, sepayatidruregioar Thisisewst at i on
and, renoval of the sqlids. ,material . Fluid corponents
convBNSHRURTNE ¢ ¢ R B TndiRD feisrb i i visg BpSR
suﬂsﬁﬁﬁé’lhﬁ&%ﬁi@aﬂ&hﬁe%BEtrt%PfHe@ﬁlﬁtiﬁl%%b FluRTs aftakdtd i6 ERAPE ON
region. In a further aspect, the present invention
popipoef hevessebepar ati on systemfor a nultiphase fluid
contai ning a high density conponent and a | ow density
conmponent conprising a separator having: 30 a
SepFh@éysin iayicOMprisda sifgleinléfor theenultiplidsp flakktofehter the
to enter the separation_region; WO 2007/ 144631 .
sepp@ticCERIOTABOPsnge inlef %élaﬁﬁgﬁq%ﬁ mawy 2pPliGaHoRs. (Hevevenhl
L1 ot o
reqlB4E PR s te I Tl AR L PO dfposkPaidubhe
sepafgion fegdbn todforh iarfyid Inldtdegibn. predet er mi ned t hi ckness
and a core region; in operation the thickness of the
outer annul ar regi on being such that the high 5

denghd ¥ tAPARSNes b SndaRE R MhpaiRE a 264t SiaP Hlolbh kdthey

contalrfied wthin the outer annular region; and
multiphase fluid entering the separation region. The rotation is most conveniently,

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

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

WO WPT/BM631Thi s is npst 10 conveni ent |y arr ange®Ca¥GB2007/002220

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

regiuh wiilb baisehidviedi dhe dineenisiams phithe inl6t @epelecied wrprpeige the flow

asingle inlet will suffi i n_many applications.
paflpratunted s S pttler egion o B BRal 2R ot o 1y be
provi ded, for exanple disposed around the separation

reglontoformaflwdlnlet regi on. The system
conphhieseparaionaysiem fusther epuaprisenan @rrmmﬁntmfaﬂm%mtﬂ%hfor 0

rerp6ing Rl BAASE: i th BESSI D SERILELH Plamber of

I'S NDS COﬂV

altpmeﬁeer abingembnts &ﬂﬂh@ﬂﬁﬂdaiuﬁleﬁrﬁsy Beplovae Itnl the flrst nl et .
I n part| cular, the _rotational

artgpggnespb POl Lo densiby Apidiand hfghﬁeambhﬁ@fi lsa{enamf@g Hyapgh the
safnB Qutl&® g’ﬁ[saahlaﬁgerﬁ&ﬁ 'hQcheEﬁ@aﬂti%e%tfbbﬁg RirpIES ﬁ%kﬁéver this

arranged at an“acute angle udi nal axis
arrafigdniemt eapatoategete theefifats ofithe piocsss \m;e,paxaluag ithrel féstid phases.

hel fl 2 t d
An il Szt it SRR st ale hid Selsts, RleCe withizy the
sepRatiAYeSbn s hytoogeréhﬁmy ?enwetmgmd@lfmi heid Saa6w dQBS1$}Jffﬁ;
separation region. The inlet nmay be at an angle o

frofp timrztésp@@in%eglﬁm @f lpglm%bfrcmer}traﬁwnnﬁs@u& wagdhe fleidt he

sy el o e Pufiss AT LEFRANH Al S AL Rl

arh @i feethe Fludd wetlet bfe deScribtd@klddavi ng a rect angul ar
cross-section. In this 30 way, a snoother transition

of the fluid flowfromthe inlet to the wall of the

SePi gtﬁ'ré? gyﬁ&%@t@%ﬁ%ﬁégﬁlthggﬁt%%ngxz)%ign%ﬁtﬁd ohilet! o0

I eved ons o et are
withih thetsephritnpegioh dea pbsitidr that, irpaset mmaspcawﬂ its @ gosition he

t | f .th t
oS Grihs i o e Resion oRi SLieL SRl BB b
cohdui &t&l‘ﬁﬁdg@hﬁt thé Separatiof MEPIONOTHH itk ﬁl'é? mnv;ﬂy 'b(r@m Ui open end

p0|nts inthe se aratlonfgrocess
of Hietconduit. | Hewener.dhigdae hean foond torgsneraigi turb@lﬂnpeﬁnc}rwab@ fluid

NoFH SR RhE ey BEMATAS R BBt S B
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
WOREYHM46F he ef fects of the process in separ at iPeF/GHE07/002220
fluid phases. 10 An alternative arrangenent is to
provi de two separate fluid outlets, placed within the
separation region so as t 028el ecti vel y renove high
density fluid and I ow density fluid fromtheir
dowastmt endoofithgewra segidn. thlﬂesctayplmc@mtirtyaﬂhidrthatltns tdlicsted
the fluid separation achieved.b roce
i Phercare-faaioniemaved Bra HFenLITR IR be Poa*fﬁ b
rel erel)% H% #)Hée%tr%ﬂ efheA:8 MEA ShiIRGH pR&rMy f&ﬁlehﬂnﬁcondmt
Irs erred enbodiment, the system conprises a
extehding innthetepaiatipoegibn, thetdhtauis ofiwhichree a deseribedgibove. at
a position that, in use, corresponds to a position
downst ream of the end of the core regi on. The outl et

IS PrebRbRDINhE e4seed aifidstdluid ke idispesed arittiin thel ddtrelivd, a
separation region. The outlet may sinply be the open

seqond fhid extlet iscpreider withinitheisparation Fegiomhala RASKIN ound t o

cogggeﬁ%ggﬁég i égﬂ pgﬂ@{*@]@%ﬁ 'a%g{ Vdgpe elgwn }vhgﬁ &wspgﬁ@gﬂn use.

enc
In pliases, fluidinahde eemeveadetdytlpirgmthe fegsmﬁmvatgethe high density

A di ngl th f bl h f
Ui HiEh RRFPREFiZne b8 6t ouR AR5t ATElEEroN pmed s
coRduif @lrdrd¥n rgQBtoQH@ E%ﬂﬂ%oh Redibrd tﬁ@&’ctalwftw}ﬁéh arWaE Hestcﬂﬁed

conduit arranged l"ongi t udi nal ly and centrally wth

abovee separation 25 region, the openings extend radi aI 'y
outwards. In a preferred arrangenent, the openings
are arranged tangentially to the flow of fluid

0C C Wirel ar@in ¥r@dt dorhiPpiéses @ REHsld conduift eR@ndis g withth {hBisspat@ion
an enhanced fluid flow profile is created in the fluid

regimbmd ravingeoneningg disposed tcapltoefméht? fiest Hpidmglenand;the gecond
ﬂuld id Qyttet et f Jl[i[’q ecgon(aﬂtt eagr ha% asi ﬁiedo%ﬂgi f0¥ tl-fe ﬂ{{uﬁi cbl?ectelarlp&{l ‘i’i?ed

separati on reg

se;fb@dtfcﬁ&ﬁgmﬂl Hgweter] hestrpeg’emblyathddmdmmwuﬂéﬂﬁﬁ gach of the
PCT/ (_382007/ 002220 0 .do ét i‘f m end of the corte )
low demsafey fuidhand the hwéyi%nw Wi & ths way,itke sepaetip et the fluid

phgs‘ég Lagiwd withid mer&eé]aﬂﬁuﬁl% ioh§9mAhtdised, €NOVeEd in a

treamthat contaihs the Tow density fluid in a
reI atively high concentration. The flrst fluid outl et

R R RN W TR L R
oudl&peh BRE a 3GAYRe 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
WORGPT/B4631s provi ded within the separation regqiP§f/GB2047/002220

position corresponding to a position downstream of

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

way, fluid nay be renoved di rectly fromthe region

having the high density 10 flui.d in a high

condhedenfidri irthe dbenstmamndirettion, dheosysieat preferghle tempilidey a

formed in condyit extendi into the separation .
regighyhasine B dunfioR oF SonsRmB PG e densr iR e SR eine
préddGed TRAGENRRYs FANPHAHE S vAnfkaslsSvIRANEAhideKE AR Being

wi thin the separation 715 region _and havi ng openi ngs
segira pbsedainosabidpartidestaf yafiingssizes| Jhe confenwationyggionds

se d, fluid outlet.. The conduit have (.ngl ey
iy el e S e s L sep R R Ead Bl This
mdyQf@ RRieveMEMONdiNDEHE sEifaglir aldey withecotivablod thpdiad indénal

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

fluid phases achieved within the separation region is

mai ntained. 20 In a preferred arrangenent, each of the

fir HAltefrativelyptht hetessang rddoeti@ein@nshsfsbetiothal ared ay be pehieved

into a separate conduit, for col.lection,. por,t . and

, rans
withizh yassel gt copiant ceasyaeatiop &Y Prizof P %F%?fhPF BRPer glement
i yon€ f
O e B e T or e [ ot
praéferabky chmpeitésomepr efore hipigirudibalbomsror passagesdhgrethirgughoin

he I,ike, in.,order,to, maiptain,an aparopri.ate fl uid
orden oW lgwet A1y Pl e sl ine fhaRRiHe Rl LB orhdn e
redi6 Bt dve P B¥mSAMTht $6nidal B &iperedi eiinent Will brehid §i A angle
downstream of the core region and the fluid outlet or

recminedf; give thecppeqpriaterAbangs 1B CEMP-yectonprarawaf the peparaion By the
oo R TG4 GO el KOG o3 PRI ofhom 5

30PERTthERRBAUAIARI2Z200f tRd sepaatcraf ter, in the downstream
direction, the systempreferably conprises a region
havi ng the function of concentrating the nost dense
Phages meBrdddgsi Batifgof RLAFERRAL frobi it rheiabhise flufd
parti Clhleg’rr(fy é@%ant a eods (\)/\her% ?’he fluid streambbei n

stream, the system is preferably provided with a region for separating solid particles

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

disposed in the wall of the separator region.
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separated contains solid particles of varying sizes.
The concentration region is 5 provided by having the
WO2005H46Mct i onal area of the separation regi oRCGT&RIRT02220
This may be achi eved by providing the separator
vessel with a conical or tapered internal wall.
Alternatively, the necessaf¥ reduction in
cross-sectional area may be achieved 10 within a
vessel of constant cross-section by provision of a
conical or tapered el ene 0
s epik & PR FgAnesaer s wpllar BeREERtneRRiob  mapided
wiftl £98Rlity B GeRngbbyapRipiatedse, Bt pRANEDESnkaE thedi nal
bor'es or passages therethrough in order to allow
sepammm reiging Mith afsolidl entrapmen zoe disposedbarpbid Be seRAT&igNREION.

A

ardufid Whe' @gal’éﬂorgmh% ahB SepABNEDPY tfﬁtperfbfw’dgteall &f the separation
cross-sectional area of the separator, in. the

zows. rideder ¢ astion pfthg retpiing flwd, Wlkapm&ﬁfgﬁ wilhpass ghrgugh the
op ﬂgiﬁ%{ etnbrg}nﬁg llﬁ ﬁﬁdr @’Hg@ a?éer fsfSl e{hnt:lgs wépbé Rt within the

axis o ator or the processing
se;ﬁmlcﬁzee@bmt Againpthe sizk bﬂﬂxaa:pbnmgsemay berelediead mprtmph thee

0 .stream .the system r.abl rovigded
degjepipogicli Yo S?@Ptlgfgb%}‘%%ﬁas et if’j Aed ad = AR The
smbl14H ﬂ%nid“estéﬁ@ fﬁl@d’\ﬁ%tr&ﬁ@«f@dﬁ%rﬁ RSBl ehitfhrsdi 261t thfkgh a

region. first enbodinent, the solid separator

suMoutbesLagetmmﬂlcs et bmmrrm;rcd frax the B@pamtlomr@gl@h@gam

ar at. r on having a plurality of openings in
*8& “ﬁ%te conduit. The openings preferably

extend radially through the wall of the conduit, nost
preferably at 25 a tangent to the surroundi.ng f|UId

f 1 owhe remevsl of lagge sofid paggiclen droghiie separation;rgeigh Frtﬁyc;hees
e
R
rerﬁ@drei ttle lapgar sbi@dsrmem&feﬁdy offbecinvize This tﬂag be;pemcngslyrmg/ful

sel ected to provi art cI e t ut
Wh&é ProcsEFing R SEE@B Pé‘%é‘ﬂ £§p$ uba i ﬂk&f} £ ﬁl&' o
enﬁ:ﬁﬂgd"fuft ot s?neﬁl%r %lfdclfa?ﬁ&és Eﬁdhta‘s;‘.rsand ﬁ{dag[ﬁl 31 lﬁr@& dedfi9 Bom

particles wthin the 30 séparation region, from where
damhggd areyorh dowahadv equpmehirasddhe kkss Fhedaiger debrisanay be

SIS s st b 85 Shalrar R lfreoved a
reggl?z{gs!lﬂg%nfor ek:ﬁﬁpl%!y Ime@hs b @renREY abérated veBicRNRIGV).

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
WO8pT/HH4eHt r apment zone di sposed around the sep&THrBYH7/002220
region. 5 1n a preferred arrangenent, the solid
entrapnent zone is an annular regi on extending around
the separation zone and seagrat ed by the perforated
wal I of the separation zone. Under the action of the
in n gerytrapid rite of weasofithd procgsaeqiipmest and| freqpers Sailures Ugiven the

t.he epni ngs entrajned in flui whi l.e | ar.ger. _sol i d.
pojiipn PERED fitpmeBeintts Broned ot h e el Pian Rbdelive
andl BficQdnsukiAg Bisk tdepair wre?iacé beokeneonidilea itemy. hids known to

selected to provide the 10 desired particle size

provide daspndersoimmestistelyfommatreaapel the avgliBend; isorderdo semovessand
filter. ' [ ed
fop o bRE e L ARBCIE By S scbitilir R T
reffitiiihg bandlparides qiargartivlegrada yHbeevee ok dqdipmenttik eot effective
. separation region, agajn hr.ou suj tabl.e, outl e
in 5 17GvAl GRSV SO PARGIES SoAePES e R ERLES FFEH YR ad find
i i € AEntioned
thGERAY A 0 DA e S Bl R 2 1S kg Biehrione
beRird. uBiichalebris may reswasa tehdt ofzr Bivregw bradkaganfatominholent | y
or batchw se. This. nma ayt.icul arl sef ul n
cappeeRs SPHE 1 [ Sy LB € Bt SR Wbl il
adbdhtdMei oF the FYhB® anE §stedi HBHe PRber MventioftHaethisSd¥brid can be
particles, such as sand and grit, but |arger debris
effeetomely2empanh gAocasdinglyy thedpsiem of eheauesephianentionds pardcularly
like. The.l arge | l.at e
sutid Bibe g bd B BRSO sE e W el 1 BER ARS8
optiafinseddoRk at welthdad hrasirey andl remot®©or eoneaipeeentlic egassoiof
a_renotel i/bwo%grat ed vehicle (ROV). A particular
depriopredpsed Py deswallt h exi sting arrangements of subsea
processing 25 assenblies. At the present tine, it is
the practice to install subsea separation assenblies
t 0 oweowinglntin n fatice dspeck $eyresnt iBxentivhagodflesamibsea
assenblies are settling tanks and the like. This

ProGEs IR ASTRPLY (OMPLSIELt es instal | ing the separation

uni t,Syel HEMSSERBIN RGP VHREFIEUN® PRIGLcEMESm asubak®sn
A particular problemarises when the fluid being

webls oduced fromthe well contains solid material, such

as sand and_wel Q rd Sy ]

oc aeeer- R eT Sah db BRI i GoiSRa3 ELBIR  sssepbly
forf re@Wiak tHdBuifld priodaced Tebrg tHervadl)) itk s8parbids askbmbly being operable

substantially well bore essure. This frlesults

r >, T
at pgliiveed pressure m@'zwﬂ/f@@@walw in the

rich phase and a fluid phase, the separator assembly comprising a fluid outlet for the

uids to pro}ﬁﬁe a solids-

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
WOggUi/aet in the process relative to the wel PREAEEB2097002220

is an expensive and tinme consumng task to repair or

repl ace broken or failed itens. It is known to

provi de desanders i mredi at%‘ffy downstream of the

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

f 1 ustsilarfythe sepsativterssenisle of yiel pnenensiepaﬁmnmnzw be employed

ffect d tJicl
on g affhors DR reesrine Wadren sedieety Bprou PRt ehlipm
wehﬂ@adg %frﬁ?g@dse@&reﬂl?é'ag Hrod dﬁ h Hsd@r Eﬁeqh&%p@ﬂ'reﬁ?l@f the chéW, ch

can be carried over and find their maé into the

Acdordivgty, énafysther apeitnthe paeseptriovention psividssrarmatfuamenfecessing
nbgy i oned, . before. Such debris nmay arise as a result
assgmbly GOHATSNET o br eakage of downhol e 10 equi pnent,

r esylfuid@cdivink AE@bly BFFcRivitiennids Eﬂﬁuf@l fipd0 dsabi@rriuieam
the well. It s an advantage of the nethod and system

welf the present invention that th| s debris can be

eff gé%#ayzﬁ!)yasgc?mﬁﬂ g‘ | cu %‘me%téﬁ.t(?g%tfﬁﬁa ceivity

pre I nven Sul el ng
asseiblafoe eectivirgdthatialdy peteimed fremrth@'ﬁvellhhe veplataheradsenitdy ng

able to operate as it does at hea e
being pable  WeNkeaR PSR 12 FES r"&ﬁ@ ebp cnigipgetipthe Tluids fo
proglgxggg ;Qtﬁgls bh LRSS WRH la- A SRYsE) 1R Eéf)ardtcﬁ ﬁsé‘n&ﬂl% B&hprising a

resent invehtion provides a subsea
ﬂutﬂmmbsmrrﬂg: ﬂméphzlﬂeyarrdorrpn sing: a well head assenbly

tzBr aike Sy Y8 28 leRorgtHile ki R e i EERor

gect ed to the wellhead assenbl y for receiving the
fI ui'ds produced fromthe well, the separator assenbly
bei ng operable at well head pressure to renove well

deb; %‘f\ ép gi w#l eﬁ' Sreﬁéu% %P% ﬁufzirrggéilﬁﬁ ssefibl é}ﬁ the

ric ase sep AT Al Or asSs

pla@f@ﬂ’ﬁ rW{(lH ib8 @eaarcrzg.}alu Mﬁllﬁeﬂdlm‘éssﬁmrlfgs faay p%SLﬁ'd: drdoqb dmhaers] the c:hange
a choke asse aving an_inlet connected to t

in gleyationau £ eressi Of fhe paesgr af bF ﬂu&k@‘m&ﬁﬁe A5 a88FRPat or
assenbly may be connected directly to the well head
assenbly or 30 by neans of a pipeline. WO 2007/144631
PCT/AGR26d 2b6 0 A0method 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
WOr200%14¢3g production fluids directly from ei tPRdfGB2007/002220
platform well heads or a subsea well head through a
riser or the Iike upstreamof the choke. Accordingly,
in a further aspect, the p?ésent i nvention provides a
pl atform processing 5 assenbly conprising: a fluid
r ec ehevthitiness o izl (yltefrcannulwe'gimin ngsifch that shepyodid pewsilds rrsm
a subterranean . separ.atar assenbly having a
comemfategﬁv §u%5@HHgi @ﬂltai'%edt‘g‘gh’fllﬂﬂﬁ FHEBtei v?/ng asgerrbl y
for receiving the fluids produced fromthe well, the
separator assenbly 10 being operable at well head

pr edsthes bean heemb@‘omeiescrd@é,ra multiphpssi tHid sirepm fdniredycer

inb s BrRnBudh b Y et oA RUB, rhighid Ao FPARE, ol

cafidelahGuiyp anfilarmregion of helvter 268 oidnys todwinng Canvdntibedlly,
connected to the fluid qutlet of the sepgrator ,
eqmg@ﬁbﬂhyt relies unenithg seppratipn et comppzienis PR A %Pé%‘?&ra@d the
Gntith {é ﬁlz{sqﬁﬁ)%dc@@ (HRTIRBR Y sﬁ'@aﬁx B0 aRLALHIO %@st‘ﬁ" i Jr ke d3én
€ ac ead pressure [ess any pressure drop
hxdugx b drhﬁore lmacgags. |In tied dewatoporentof ths pmsmmentlmi, it hee

TR RO RN e
th@ﬁ:ﬁ)ﬁ:‘aﬁ% Al Loh. Shdsake fdclﬁ’iﬂ thattlﬂﬁs a@a@m@h Icsmb@fedﬁ&!d ghd the

ticlestfroma nultiphase fluid streamcontalnlng
sem&ummﬂ’ﬁcxbmqundgaseﬂg m@thy inqoming flyid thdlowadlpeg & circular

t t
or el B RbC b1 el BPRP Beafu IR il e pppgpents
witif 8RMuid feeabd miafbs b le@dfrpsmany baéred infa d;drfelslp(ﬁldmg manner to
conponent and a a@s conponent, the nethod conpri sing:

theegrigntatiopdemtilieg 1 SSPATRLiN IEHIOB: a separation region;
inmparting a rotational novenent into the fluid;
form ng an outer annular region of rotating quid of
pr edwicerdifighg dn b ficten egeert, therpedent inﬂvngicmmjovidésm method gf

segargt?nrgea rir)lilltlpﬁfi‘.elfﬂugl Qtr Lo n e metgoc? cém%smg mtroducmg 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
WOR 38631144631 PCT/ GL12007/ 002220 25 t he t hiPEHAeR9075G02220
the outer annular region is such that the solid
particles are concentrated and substantially
contained within this regi @R. As has been hereinbefore
described, a multiphase fluid streamis introduced 5
inlet arataragped @pelr thbi thﬂ heavierwompanewy inatbe floidi stieamtar@introduced
cgﬁlblcal gegllo flow pattern and to cause an
ra 3@?‘“3’ BN OBPORERi er conponents to form
Convent i onal ly, equiprment that relies upon the

separation of conponents using fluid rotation and the
res Jmeamuafea‘rwtmgy bacwoducedeliend, asaemiined @y he paficular

s yBeic IO bf a0 i Y R, b e AEmBly S

uséd. has 10 been found that this incom ng stream can
di srupt the flow patterns established within the
separation region. It has been found that this
di sr nb & Wit SRRd BERA REinR ot allows f
efflrlt:h?éﬂngvgol ncr ggtség &g%dq‘l%r cl ng t e ‘?nco ng faual1 él)ws o
sefpdratiwnad falngcamminenty Itcabeglmr Abairdingly, gas preferiedthat ehe fluid

o S R S B P Bt

thRAUHuRnk Y TRY leRith@dd lraal@s SRR B IR Gr R Iwpath Stouldise
orientation requl red in the separatl on region.

suffeiant th a1¢¢a;zt lmtmllae sapatalion ofihedicavien dnd lightss éretions prior to
vent i es_.a nethod of separating a
th‘?ﬁr} eﬁ‘g tﬁ%?ega@flf”éfﬁ%mq he method conpri sing
|ntrodu0| ng the stream into a separation region in a

manner to induce a rotational flow pattern within the
20 depdvrer giper fleanesephidvantion Pﬁ‘?YIS‘?S anppargtus for separatmg a

mmp@ﬁaggﬁﬁfd' ss?@aﬁqgg,gtag&??tage&f@ﬁw region, the fluid

eam1s caus n arcuate fl owpath,
t he afseperatid regiong al ong the arcuate flowpath in an

orientati ncorres di to .the rotational .fl ow
pat FBIReLIOT IAIRAGiAE L Rto the, SHATALOR RGO a5 peen

found atdafe cBHS’tﬁ{ for Q@n\%?ﬁfgoaoﬂlhlétsﬁeirﬁ RY¥hE @S Wi thin

the arcuate | owpat h conponents w thin the fluid
st r ewdwr&uaﬂlekaecmdunt and;ﬁqgamlat ase grrengedito introdyce theifluid
e densj.t .ni ti al sep

st p % RRaRL ERiondpa P ICH sl TR 8 R br B fuia
wilfP BledbpRRtidnaekion duffi@vbsiatod he fluid inlet is

oriented to

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:
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introduce the fluid streaminto the separation region

such that the conponents of the 30 incoming fluid are
WO20pT Bdé3lat el y oriented. Thus, the arcuate fl| RYFLBR0AH2220

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

are arranged such that the _heavier conponents in the

fluid stream are introduced’ radi ally outwards of the -

| i ghter conponents. The arcuate flowpath may be

circular or helical, as required by the particular 5

separation function to be achi eved _and the physica

aspLiawEe b is hachsaatinbinyessutign oLiGe oM e LBt Fingperts
of'aﬂr.flt\fl\i‘gla?é A6 Bearh iR MRFEANSDOUKE pRBerit InRentisgl Me t hat

allo or separation of the conmponents to begin.

Accordingly, it is preferred that the fluid 10 stream

in the arcuate.flowpath is jn lLam nar ~or

L r afaes AT S s B etidh & ARMAEE oy ppveerns o the
coinpbRith€ta milliphaR THADstAACh ihakl metholl of te\pRéseheinOéntione

arcuate flowpath should be sufficient to at |east

initialise separation of the heavier and lighter

r coPSHEE TP oty RBe SLABAR AN LI RaRRETRREE

acqUrdivip tes fies) embpdinaintsf tho presapanwniiog a nul ti phase
fluid stream the apparatus conprising: a separation
region; an inlet for introducing a fluid streaminto
con \?Z [ %ggég ? Fblﬁgggglg ?lecerl?nﬁfkgat{ he i Iﬁfvg?%%qg%h \iﬁ%gag?rnsyts th e
acaurding teea senodd einbadichenhef the preserd irveatipringed t o
introduce the fluid streaminto the separation region
in an orientation corresponding to that of the fluid
W t IFidirt BB i$€ RigRhAIAN k&SisedtichEl vied tpagiak separatdingstem
separation region may be that of any known or
aceaoding e # Sriwd embndimpwidthe pesegbipaePR{ionon devi ce, such as
a cyclone. In this respect, an existing separation
installation or assenbly may be nodified to operate
accigireg id ®longitsdias pews-sedticnhleview tivengl o sepayatar system
sui table nodification qof the conduit conveying fluid
acgqsdipg o 7 fpusth G@qudﬁéentggﬁﬁrpé?ﬁeawna%‘woeé. 30 Enbodi nent s
of the present invention will now be described, by way
of
Figure S is a longitudinal cross-sectional view through a separator according to

a fifth embodiment of the present invention;

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

embodiment of the present invention;

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

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

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

separator of Figure 7.
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exanpl e only, having reference to the acconpanying

drawi ngs, in which: WO 2007/ 144631 PCT/ GB2007/ 002220
WO2ZpOHiddeMe 1 A is a schematic representation &CT{(RE2007/002220

flow patterns of the conmponents of a nultiphase fluid

streamin the nmethod of the present invention; 5

Figure 1 Bis a schematic E8presentation of

alternative flow patterns of the conponents of a

mul Reprarres fol ‘upsrasist arindown ivhrlshat isedi hatintiefer po teent

i nvention; igure 2 is a | o,n%i t udi nal cross-.sectional

( F .
asspmbhies Witb Inpgitadiggl papninghe Yot Aricalaio as P ndndng i r st
acﬁgﬂ%%gg?fﬁgf& FGIIRI0SRGBE bd dhRRtdRMhat HenRefithPordtitongd

cross-sectional view through a separat or
mayyaddoeha appliexbardi the aforerae s moeh teriesrasdd e nonsgried pecordingly.
present invention; Figure 3B is a |ongitudinal
cross-sectional view through a separator system 15

ac C ®etirAfg tooFiputehid, theedRaRb R Alscdmdtiteepresmedtion of a typical
invention: Figure 4 is a |ongitudinal cross-sectional

flwid Bow phiter gtithen the sepazatinn regien efitheauctbediolife pesentApNsRien.

emhodi t. . of t . ion. ' '
AW@B&’?‘;%&P%%? PSR VoG e Tt oo 1
throGE04 Shgle rédtangalak idnigbntediixdeli 67eTHe iafet & featpnasgletto th

[ n%lg_nt [ (g;ln;r Fi ggure ié-igi S a parti alelcreoss-szf:lt [ % (\)/j eew
longiudinghrxs efdpasRABIIon EEIT-ich hrantheinqoping At tndifeoted
sefihs hE B GPAR ol R 00 R nONGHY BpLohdngflow patem 8, The
gen@ngi cgnsti@f ofdfluid Bparia tralicataicay e agowadn Higew &n il ge helical flow

enbodi t of the present invention, and Figure 8.is
paiifim xRtk BenBalEr reen [Wadigent the el e sepmiipn
re%&gh AfthH whieh is ASpoR6P A calc@Egibh 18] THE Sondponéfls of the

007/ 144631 PCT/ GB2007/ 002220 28 References to

mulltipheae Bsid havigg adughenderiity asscanserirated igjthe pwiernnular region
1025 RECHE 16 e Mehli] QRSHohHAL Aithraf16 Sind irel et Hl €8 bore 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
wWO007/144€31af or enenti oned terns are to be const PGEEGB2007/002220

accordingly. 5 Referring to Figure 1 A there is

shown a schematic representation of a typical fluid

flow pattern within the sepdration region of the

nmet hod of the present invention. A multiphase fluid 2

is introduced into a vertically oriented separation

region 4 throu singl e rect ulgr ta nti al

i i s a0 shgwniip, @l‘“%mﬁ%{nl%m 15358 eﬁaorpﬁggs? ¢ from the

fon4h t Bidtanden€lined

A e e o 1 A R e
sohis| splashing iemsthp anter punlargggion 10 arecabsdd; te %rcnyback into the

scendi fl ow patt ener al
g g erny At o PR SrgfRA Pnbgriniie feion
10h &l itslvay, 1RV erofiah bEMB (@ssfaht vesselswahcaiiing stenysbation
regi on 10 adj acent the wall of the separation region
reglomft ishminisysedh i s di sposed a core region 12. The
conmponents of the 15 nultiphase fluid having a higher .
density are concentrated in the outer annul ar region
10, Fikiiré €Bishewd ov@filad eapsésbmaum@ﬁﬁmdtfkawpagmtseo that afhd

Figuse 441 SPNER 08 P o8 AR WED FeBFe SAGH TR as By same
ref?ll%gc% fimeralsY 'II?plguFejofB %@fﬁﬁitﬁvhaé@md vl iritd BRS Sireams 2

Id conprises so ['1quids and gases, the outer
and B rand & causmgi torentbﬁ the$em'8temt regionyt through &wo appasad recimgular

il & oo b il G S P e angi b AR BB WL of e Veflration

reGOTROTRE irflts 6UAS 7 aW, 431 KIOIEh Bt friifdinihg Auldfrélh o @iles 7
A rapid exchange of liquid and gas w || occur across

ﬂowséael(m ancrmder flyéd m@m % erierang @rqte@%méﬁﬁé pppader to
avglgﬁgl,lg{q %eﬁl thg%}d%ﬁ:g%g 'agde gﬁﬁﬁgﬁn&&\ﬂge‘aia%dtthﬁ three or

ure 1,

mdrB irféth 4§ bbhriaBgdi0 Bmﬂymg A sﬁhﬂmappmatlhm thanvefFigwadB, such
direction of flow 25 in Fi urel

thas spylisplp ﬂﬂllcbweﬁlé’ﬁtaﬁerlﬁ@‘B}CFg cp3a ?fh%m“%w“*g Mipigal or
no'?:%ﬁls nfde'f&&n%ﬂ@lh&x@ﬁfg e stfréa&ﬁsd conpleting its first

I on passes wthe 1ncomng fluid entering
throughtheinlet 6. In this way, thelncomngfIU|d
e ratatin

avoi d .col | t flu d

i ¢ IERETERG (S EBuFaR P Fabruh 1 et o § Wpraor
sya&h%éafdﬁ@% 6hd Emb&inkxt THhAReéenbidvestic) U Bie sepattioREystem,

region at the thickness predeternm ned by t

t he
genérakdn iidinatedas 10Recompirises sgenerally cylindrical, vcmcally 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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WD 2007/ 144631 PCT/ GB2007/ 002220 29 As al so shown in

Figure IA the inlet 6 is disposed sone distance from
Wotﬂ%m“dii’éer end of the separation region 4. | ®RCIHFE2007/002220

way, high density fluid and entrained solids

spl ashing fromthe outer annular region 10 are caused

to drop back into the 5 fl&Pd stream and becone

entrained in the fluid circulating in the outer

annaghakeya€goror04 He6 a gefiertlly sylindlyicalttoee mnnmigolnerdhrdligh

top, of the vessel wall containing th epar at |
extee@mg.m us WEpeRPORtRn 4w theag 08 and.gn dff SAier o, pagtially into

thwa%aﬁcfekﬂsﬂgpmf Tid féﬁéufnlé@\sregﬁ stgle %m&&&daeﬁtra%r 1O ; is

eat'ures of ared wth Figure
foxatcd wittta tptred buss, deprédsmgsnnmss-seftionaroe indhedayrwarin

ure-1 ,,themJtl hasefl dis v'ddint t
dirgy g g Opering e sk 18 Mgttt oy b %W%fee.& of e
soﬁ&%xfeentflatmrlqtbghnéaf@ oP ﬂ&@g?e@dzo 8&d BslgU2ar ThiRb@bied baRd of

. I nl et and 7 is arranged tangentially to the

thempl 106f sepiretos ¢ Phrsatifl gpncentsgfpd hl Yandshuty ¢ndainerd 1§dgrmya

l. ed ch_t hat

BEGAIORE. TSR A A PSR B e ol el
weahfe@id@rhit ﬁxb@rlhlrtb ekvoid, extébsive dassidnof tie@ilts arahdyi isd lmed or

between the fluid streans 2 and 3. It wll be
slegpgstiaspelt @ateriflat three or nore inlets may be

arranged, applying a simlar approach to that of

Figure 1B, such that nmultiple fluid streans are

i nt IThe gaedd is tpeotideel with a fetli pope t%giommlmioat'mg with mal

or 0.col lisi bet ween the incom fluid, str
recsneplar et 19§ 1t BnerseBud Be feed P L4 a0d brangyiRy e g e
arfah n%e'?lgrt afr Q(!dt@&l%lé‘tostﬁ@ HraitdinalSks (ﬁfﬂl@&?@{aﬂjr%ﬁd thgeRgally to

nment of present invention. The separator
theswali efithe cgel{%ﬁr alheyanghedifohe fegd pipe i@ ané thﬁpflleé &26 will be

ener n ical ly.,ori tor
celfipe oy Theapdlls SOne USSR ot HR-BRMIGh 4 RGREPE. e
pefiBRAddAL Otyphal Aae for e febd pipklladgad ild 1aa<ﬁs fromtSsto 200, A
tapered solid concentrator 112 is securfe to the
meagwied fremde liie pempendigylar se the largitudipahpanal Be senazigel414
and bolts 116. As shown in Figure 2, the solid
concentrator 112 has a conical inner portion. The
ang|Tae dimésns obthiedalet smt:igomllwilﬂd belxietatmiredriyrthel flbid

the properties of th beln rocessed.
strgAT P PR AR 70 S SR CrBP R 1e0us SAe il
watQ8H A Rdficlax iR iRfet 1 DEWRAERALIAAAb provide a fluid inlet velocity of

from 1 to 5 mv/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
WORGT7/882007/ 002220 30 The separator 104 has ®CT/GB2007/002220
generally cylindrical bore running therethrough,
extending in its upper portion into the cap 106 and,
inits |ower portion, part?’blly into the solid
concentrator 112. The remai ning portion of the solid
a peeduecdad flaidathokd P32 of coﬁm’rmmdalvdesilgnafot axanpe alpbxgeqnd-cage

decreasin i N, Cross-sec ain the do
chefer ey fafrfahweaﬁl%@n ffwﬂg qaokgqa%w@aﬁﬁts# Bt ‘ﬁ gine 2134
S
ot To O afiFil YRScc S6E e Thi v SAE0E MaTL dute
pl]iﬂ:dﬂ@S:OUfCIde’s gmemaibl wﬂﬁmesmp:alpatbgt\Negnghe %:gana@r 104 and the solid

cof QU B S S WA RO A A 28

codBRAMsat H1@AlifRFI R Fird 186 exténllingiig ﬁtriidially/\@.ﬂfvafdeﬁirﬁﬁt&mtat a
material to avoi d excessive erosion of the walls or

tangayt tbéhd ouiercutfpceldd the Beidoytletpipeit?s.-mat erial . The cap
106 is provided with a feed pipe 124 communi cati ng
with a rectangular inlet 126 in the cap. The feed
pi pey ﬁ(ﬂ-éxajadtrbllwsdnﬂﬂy aBgisl ppovided aid haented en ttmrlmzmgmd of

B oanpem it sarbmnrtiet § ot s ) indhq g of s mvgpied
coﬂ@ﬁ pr% Vi8e gqg}t& ﬁ(gw g&]g "f}?eeﬁ.uﬁ ﬁﬁle]laé 28R Hf@%n'nﬂét@"thel26

eterm ned by t epopertles of the fluid
upstirds di}mmamgjvdrtaa Shpandides n cuved flow pagh al;lmvmg» rﬂmauo cixculate

ond e Ge eegha! s L e SRS efiafify o P hud Fided 40

aisb h@rcbme Ih&éadér%lmp@ﬁézﬁs SltwhitR, 4ap predtinglgrema@reWRlening
di mensi ons of the inlet opening will also be

of&m@tqnan@dangon@nd pushing the inseracgrid S wadialbepmards o This

uty.. Faor I 1S4 ous crude
f“rg’?el‘,‘\é“hav‘\‘g s feitiblofiht SolboeIs o the fuid SHER0S o e
sized to prowdeaflwdlnlet velocity of from1l to

5 ms. The rel ative dinensions of _th |nI openi ng,
t hatThes! Wscoagaﬁt%m cqmpyises g geneyallpeyiindaer ﬁ?t{)ﬂﬂ angfh i g

mt%gpcﬁﬁﬁ‘lbtggt}ﬁﬁ "}h @P@ff & \Rber %ﬁ&i of‘ﬁl% tﬁ;%?é& BRé m‘c th@¥6lid

tern int e separ at or . I'n particular,
cohdmtralsp ¢t2. Aptiforai cages14?rllllaerngL@ﬁ1nWrnal damﬁ@@‘tcotrh@ondmg to
oute annu

il 85 Re0P B RSP G OB B anl Ererogly SRR sy
threhg}?thl %ﬁm%r)@oﬁfh%r ¢ 08 Aid Rhthy ah hMGlA1egi6h 08£¢h ®Bdlugdy t he
cor?tglrr)ler 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 tum 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
wo0t18863130 i n the cap 106, to which i s conne®Cad-B2007/002220
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 cBdke. The outlet of the
production fluid choke 132 is connected to a fluid
154 towedéb3d link 486 theugh whishndebfie esttektediinl thersystessinmgbe
equi prent. The lower end of the fluid outlet pipe 128
collgstedand gemeiesder al Iy 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 piciae
1281n emempions e snudtiphase Shidtsyreanh comprising gas, ond @emore liqui

phisehgBneopaiden et ol T el RebiEy ifeh Bvyelhe fosg
pipt484 t@th\é%&%u‘l%ﬁ'iﬁlépﬁﬁﬁ%%:ﬁ%bm 86.3 Suélsa RuAIHASS@Ads typical

nounted on the | ower end o 10 the fluid outlet pipe
of h28iream graslungst frems sbterghepngyalld The4bud pireapenteis ot an

U BB sRLF 5Dp D Y oS e

caf | @5NHAGepahloeX Thd Hipsid iand sslRisphases prasent ihtoanflpidtstream are
allowing fluid to circulate and enter the tafnﬁentilaH
subsiantialiy eenfiged koflewrn an annw resion adipcenhie walkefithe eap 106

YR LI BN O OIS i
sepah@ionutgon, ahnintaface bgivean trdopushiongnd ke dnnuler fegten teing

radj al ly ou r . This _further. enhances separation .
sheyn Ph@e@Sﬁﬁ%ﬁgﬁ?ﬁS ot 2 thsmatetg DR SFe GPAeRgs Sihin
| ¥ Coer | id B
B e e e (5
and emesolidrpdrticfestthas maypler entralned avithin thh gasedre groxgused to move

. concentrator..112.. A perf.orated .142 havi ng an
in (i’t‘?tOBP?ﬁé‘ie e i e%q? eslb%lﬁ%?nr?él a?ggglélrﬁat of the | ower
end of the tapered bore in the solid concentrator
extends co-axially through the slurry, gont ai ner 118
and Asoheriquid stieryu inathe pagilarTeaion deseendreitapses apgular
Contah Nebuid: | il i 838s- b AoRhSth
me ern%‘%né’erggl{l%%@rfﬁ‘?Mﬁg%@%g%c;&%éft@ht}%z IIgor eS of ? he ©
sepuger 1043 s dedcbndddend niridoae rapémi sarllédih crésstsegen uinal thy
. arranged fl uid 25 outjet is E%ovi q. din ttgqe |l:l.lqu‘\/\ier,[.
liggigrip thsrangplar FGIAMFRIFNS 2F19Q83 AT H7C SRR Y {p achion
' RRPMABCIHWA Fidife 2 Bh@in Mbrerdetdilin ¥
fo@ﬁgﬁgkﬁlﬁ)&xgypﬁgﬁ%ﬁt %gfr%al desilgn,.éh?:%r exanpl e a
FigtrentAant bBi The eonthwké rotdifen ofilhd kiquid paushethsimare geastoke
ph&sdég, ihaugi?lg t eecsto 18 ptagicles, 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
WOChHEdéXdd at its |ower end to an outlet 152 iPET{(R2007/002220

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 88 a debris |ine 156,

t hrough which debris collected in the system nay be
oufi@l 136Gh € AP d06 endyHses Vi therodiction flual aioké | Fhastke fluid
fluid stream conprising gas, one or nore liquid 5
ling A 34 &oy furtheg PERsIsNSarti cl es ranging from sand to wel |

debris is fed through the feed pipe 124 to the

rectangular inlet 126 in the cap 106. Such a

mul tTihp hataorfal adtbnic the/lpjiadd remainingia the separatqycan arsets a

BRIt e i
rot3fhd Qadry PRId £idFeRRIMPBE ﬁﬁaaﬂﬂoﬂidﬁ thdhasdsaim phefcuddidhe

separator. The liquid and solid phases present in the
seffaration aotl igeadation ef the selidhpartieles- al he/vartswicontsel asgerihlph3g.An

n anpul ar, regi an.,agiace I fo. &

roBe PP VB398 48 HEbL ¢t LBuiaBonfR
préRftsitle VoteRtfainh ewihd Slufy fiden the speiyakpaatisregiion,ant ipassing

interface between the core region_and the apnular
upwersts drio e region erywd thypartiel 9o sy qutlol sgndit Lf‘?g kb
voftex ASw'iBi ‘i‘&%ﬁlgo Laétg t ﬁjsﬁgﬁgmg ?ﬂﬁﬁ%&@vbhﬁv&r& B%ards the

sépar at or , entrarned gas 1s caused to pass into
wdl IR tigasparation regicmny fdthar egfaating s6lidssdpaayors ol i d

particles that may be entrained within the gas core

are caused to nove in the opposite direction and

ent §forh MR §eP£P&lio‘i‘ 188 i@ bads8IinR the A8lid Stickrtfiddrdl 191 R M
in the annular region descends, it |oses angul ar

craseisestional areaesfithe floypith of the fuid id raduced glang threleagih g the

bS5 o A BRI ki

118 208 Sre0AichONuid ghide| 140 "@ubing tedhiid td bomrrRuhGttRdiimthe
extends across the bore of the separator. This action

sofigparticlenandoruaslWmape of the interface shown in
Figure 2 and in nore detail in Figures | A and | B.
The continued rotation of the liquid causes the nore
densthe shungg@sses itothle wentrg] petforaswl dage pd2 of the elsyrytoontainer

NIRRT A ST
and SRLAEH sofi barilles pAS cafRPAEAIPEughkRéperforations 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 sturry
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
wother/fedild outl et conduit 128. This fluid w | IPCTEARO9E192220
both 30 the I ess dense liquids fromthe annul ar
region, as well as gas displaced dowwards fromthe
core region. This conbined34luid streamexits the
conduit 128 through the WO 2007/ 144631
PCT/ GB2007/ 002220 33 outlet 130 in the cap 106 and

passes via the production fluid choke 132 to the fl uid
| i n@efezving tor Figwiet}e these scbewn ﬁg aliopRes vecrabadiment o5 on

se@ra\t}é{‘sﬁre )?hq%jtﬂg Rfe\%&ﬁ luWeHﬁoﬂ P}; < Tnﬁ%@ %}Pfhe(‘s?ﬁerﬁro? ﬂg(ﬁréi

have causing fluid
3Af dopmsponding tdleosd ofl thefsystamtdf #Figure £ atd indicated using thadame

refpineq AR, 716° ESREa AT LARI A AR Oy B CHAENE P s
largaﬁfttbé% R Eﬂgo‘f? 82, Cﬁ%dr&ﬁhgﬁsmhd’reﬂa&&wd Bnly the

ticu vortex flow foi 140, on the | ower end
diffdrendee irf ¢ctmst11ucmsmlaad dct@deumermm bepwesndhe tystems afrigusss 2

m dr.a Iurry fromthe slurry separation region
angﬁg*ﬁg§§&%@% upmards into the region around the
ports 136 in the fluid outlet conduit 128. The vortex

flow foil 140 also acts to push the downward fl
f | oWhesystem @f Figwiad 4 sompesesgelymobgoniHaersld § éﬁ*‘&ﬂ“‘g‘ﬁi“@c‘ly on

the lgygrglr' gid.0 H&%Ee% ? H;ﬂggg éﬁ?&tio Se ﬁ)‘? ﬂEIﬂF 'f%‘?nedrﬂyqﬂét he

co?hl(b{ﬂé& lg::iri]éihl;l)f (tzzﬁﬂzﬂ?lcéﬂ heres b¥ tlercap 406 abt Bmedtom]@am:ifthet flerry
0 a (0] e Ul i.s reduc

catmbl B, cilaweraTdaiie e ovis gy en aer Brtonicd gp

14bhQ «}1@1???(? 5&5 Saggfl 75 Q1AL BLAIR ﬁﬁwar&él&ltﬁiﬁ‘ihé Berry

coni ca e 140, causing the fluid to becone
cogineent§. aA@deralntytotﬁmngsmlal gerferations| 196 anmbprmed in the slurry

lurry lurr to t centr d
colbns” e Ty R e e 37 O e i
shBf (Slﬁl)ét 2021 tﬁ@lo"v@r ghd oM@t kiriyoh@irer DS% wHith 6 tamcconnects
entrained solids. Fluid and smaller solijid Partlcles

wiges sluumch@kedlgistmﬂ@h@ry lingd SPe ¥ Bngantialdebris ouilét RoFel 80 1s
di %%{(flg} l‘f APt %n{aﬂ%ﬁ 3‘5 ééce PRE SR SvnidH 8 'cB‘m{e@ﬁ:d to

a| ner ana are rom t e annul ar

a Hy@eiudio oiﬂﬂnﬁﬂm@halvhewuﬁd etle‘ﬁros lpesi$6t o the slurry
choke 25 148. Solid debris remains within the
perforated cage 142 and | eaves the slurry container

118 %Egr%@%‘é ﬁhese&a&wr sPittch 8F FibDde 3TPBRRAYS 38 aliBRBtivd eans

anount
of solid concentration and sohd 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 shury 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, aliowing solid
particles to settle and form a concentrated slurry. Fluid is removed from the sturry
container 118 by passing through the tangential perforations 176 in the slurry
collection pipe 172.
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the stream bei ng processed, the hydraulic or manual

ROV val ve 154 may be | eft open, to provide a
wOoo0/1446Bdus 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 sufficied® 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 Figur &

3, Roaring foFighis k> B SBp WA AR oAt ArTABEFmER! 1 Ft O

i abqr i f iR&i ! ioRAnd Fdkoval of solid
g N Ny
pattizldshimg aclurtyhenlleytorecago i 7% Ghe essemblyeofiFagiire éﬁ@@lm@){sﬁg

t he sa 5 referenc neral s. The general,. r of
BRI BB Seseiey (oo Mo e Gom e ARV BRd AFRERE" P
subR4Riaf? it \aineqs tiak 8P s_@p;arzﬁ@ﬁ 04di Twprpvide @ cakaiidtion in the

repetition, only the differences in constructi ogof%g%ya

dodeward Baid dlosvpath, the sharyeadlectioncagy 472 hes 6y unpegend

and 3A.w.ll, b ' . j
cofimsipddt & CRLRES P BfksaRed iy BOLEOLoREA e 126 The
vet\orl DIEiR t\sbn@al tdpel Bgpravidean dfiiét for leidsdipplrerdi form the

region_being formed by the conbined generally
slusgy qomtpineEd i 8bores 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 slinrheshoey tetdinar 18afieid bnd selid partidesare griset tgtry and

upwar ds wj

thin the sl 15 cont aj 1
copfapivaie;any e Ferpzaigients S PR GFEREB HE g lpiafhes 1 7gapd
en&sﬁ@ SheSdl f o?’?lleﬁﬁéﬂ &ki1199, PoRVhAZthey B diheizeé tidowth thbe

urry ection c;gg 172 connects with a _slurry
shomt dwtet 178 viathe aryoheke Bfdntsr the larry|line 190.c Bisbys ag very

118, i.ch 4 n, t,urn _conn i I : :
codig siirn g TR a TAAPLS Camthys e b RN debrs
ouliB01 §(Banddii 5 e $§draulic dh@aiall RO vilke 154 inta thedohtinlimet56.

118 adj acent its end, which is connected to 20 a
hydraul i c or manual ROV valve 154 and a debris line

1561 nar%ﬂ%éngﬁt?& Fig{ﬁ%s SAR&AH @Bocg'{e?é/ %@Hia@és &Ved e oBBigure

provi des a ernatl ve neans . solid conc_ent I‘at_l on
2 @nte sk itltht del led tirenm coftt@ng sadilopastadesi thatare easiy enfrained

T garmahan 6 iEREs PAGRGE Tptie ooty BREL SR Y ane
su?é}gﬁtﬁglg‘&gaﬁﬁhgﬁg rfﬁl"i’cpin]tﬁé sleRycBRtafet!1 18/ se@burRiaig the siuage
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
wownetiamelthe flui d phase as the stream descend®CTRHHQINE2220
separator 104 to the slurry container 118 formng a
region of relatively still fluid, allowng solid
particles to settle and foBfn a concentrated slurry.
Fluid is renoved fromthe slurry 30 container 118 by
Ac@f’xﬁﬁilgg}g cBBPQﬁEQﬂfs SR bRRARE by B mPE ol BiguRRS ahd@ dre) t he
sl ur coll ection pipe 172. WO 2007/ 144631 )
indR@ETIGBIGON¢ sonOrdereB® rmatceals.i HogwesrAhg arrangement shomg ing
.sho an_alternativ r . [ ;
Figjie ngﬁlppogﬁ,ﬁp 8{)??%1\{&%161@% gﬁepe%ggxf Eééll%?, etfu? gt?m]?(angnﬁ allY bperation
of Galchefllinen RidbseésteaManegé dagili d particles using a
slurry collection cage 172. The assenbly of Figure 3B
enploys a 5 generally cylindrical separator 104, the

ol u . : : ” . _ _ .
L S35 a0 BB BURSIMLSo 0 an
a hegniat fluid butdet conduih205. dtherheavier fibidioutlét conguit RS islagranged
slurry coll ection,cage 172 . has jts u r end close
cogalyithn e ggparsien Eiga A popederheotBR Ble FO% GrfEd Y
Thk BERHGTI SudQ Rbadiit BARxlehds cd-Agially 8Mits o0kt erld/fortion Within
conical cap 174 provides an outlet for fluid displaced

thef shamy tdikection edgerl79, fooningianannulagchamber s thy ¢pllegtion of slurry
cO t§i n{sr 118, fluid and solid particles are caused to

ﬂ’rf)l‘%l}‘ fid°%oncentrate 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 disch rged
{hr g WekRuidSudesonduibail W avpuex GHESIPRASSTEY 2) ! ehilkens
. 148 i . ' i

il 1203yl 8 i P or R0 i ke oo
drf@ing tienighbfloidgtietendeb206 Theuighe fluidstitiehebndin 200 e

b PN g B S SR 2T 5 LD
co?e%‘é@i'fafn AP Y §hrtdh@tesRr 201 9UE GhowRinFitreld) theGaRfatdat

urd streamcontains solid particles that are
betecsh lihe @né regioneahd anfibler rgioankjéie thesseparator §(i¢ issindigatgd By

3 rQVi a.r.el at.i vely lar L : i
thessqfepgwgtr@% It js gre: eﬁre{aﬁﬁat %I?g?h)} fl?lc (1)&Jn a}e‘gécrmd%i{g’%b%& Alehin
suSHHR 0 BEhdAstidnh theSbwWEr of doGbiresed emhofahgeore Tégien intersects the

arrangenent provides an increased slurry resjdence

light fheidioutletrondyit 400 gi s shrsaihidy loyegmett epsbprs g XOBFY
arr%s%br&s%%ﬁfy%lw th that of Figure 2. Easily

The fluid outlet 130 in the cap 106 connects with a liquid trap 204 mounted to
the upper end of the cap 106 by a flange and 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
WOi2pevessiing t he separation efficiency of the REZ&RIPE7/002220

Referring to Figure 4, there is shown a further

enbodi nent of the separator system of the present

i nvention. The system of FBQure 4 conprises a cap, a

separator 30 and a slurry container substantially as

chAls RbH B HB S BidRe 480 @&@es?ﬁmﬁﬁ@lﬁﬁktd M O0HogHE®In tBe amtlof

operates I n the sane general manner as the system
thesiapvl/ﬁ6 pperﬁmgmtceths semtwovmn%mabhdw@ teosreoioaDater as
h36 A or di g‘g%ﬁ orrponents common to the systens of
Sy 1 %‘8? dfld 4 are indicated using the sane

reference nuneral s. Hovvever t he arrangenent shown in

Figure 4 enpl oys an alternat|ve fluid collection

o The heais Moot pomiuiabs db%ﬁﬁ&?ﬁl Brits GPOLAICRY Biqme cap

208 an E% &lﬁéegf lh*?ﬁ%ph& eaB‘Pqi&l Sk Q' hur %yE'P g@ﬂﬁﬁﬂ A dOfbrts 213.

ure npl oys a fluid outl et
The (h&ﬂhlﬁtrtﬂu?.@@utwﬂ donduit & \coanectd mthi a @utd atlet port @22 1@@5 slurry

T e S S POOH 2050k IO e
to FJﬁfn]%Br Qf‘fhaill & JevEIUHRE dﬁtﬁxﬂnﬂg]tg that bhehelioamsREant bmi of the
s ¢

utl et condwt 05 exten o-axially at its |ower end
coreaegibmraswidicdted indigwre 4sl urry col | ection cage 172,

form ng an annul ar chanber for the collection of

slurry through the slots. The light fluid outlet

C Onckuwne 208 ehRfdParv@id By hadviehuid oatds eotdujt Mhnatreglhm
liquid | evel 203 to_hinder the formation of
belmwﬂhe)‘@nsﬁmwb ideporisRday The cple 426 1B BIGT N thRD AFu5T pgssage

22% a@la%t}ng élltellu gx}'gc%tdf%e EAVRY! 'gh élz&gle cth%uit '29'5]ttofﬂré’s}19e a

Uit provi a plurality of

passaggfon lﬂiu&l tofpast whvodd adeﬂJi oflibe shewyctoptrines 1§ f Qrp"@ﬂetttwmo
the core region above the vortex arrestor 201. As
shown in Figure 4, the interface between the core

reg '119 B?é}gﬁ%na AR 8 Eerﬁ@@d%rﬁ"iﬁe@ega:hthﬁuﬁm@fso IFirkf)4hd Isast

i ndi ca the dotted line 1 referred
dendeaftuid b@lldcteghn tlfel qmmregmnl, mostappigalis ga,.sonrmﬁ@ through thepprts

o Lt e ph R MLy LY S e co
108 %Jj ffto GRTANA reea%eagOSQﬁ tliH Jafed trap 204 Thmﬂmdﬂ)&tvessmd fluid
above the vortex arrestor assenbly 201.
feed pipe 208 through the tangential ports 212, imparfing a rotational 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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wocap/@B1by a fl ange and bolts.

The fluid outlet 130 in the cap 106 connects with a
liquid trap 204 nounted to 25 the upper end of the
The [iquid tr@pTHBR007/002220
conprises a central chanmber 206 and a fluid feed pipe
208 extending co-axially upwards wthin the chanber
206 fromthe fluid outlet 380 in the cap 106. The
fluid feed pipe 208 has its upper end sealed with a
dovaemancdipechoR wathih the ponduit 205\thohigh treghurty eige ahdingo the fluid
_ports, 212 opening.i.nto the chanber %06. A
ling Ay wigithe fipid optle A the ey eoRHEE UBa 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 |ine
216 A Arfheuerabidimentfof dheaprasepbinventiongs shavenin Kigwmd: e
| ower._end of the WO 2007/ 144631 7 7
SYRTROEEL6 PR SRy SPEFRE 190 1T Gaps albpatily o
deRETHES hbERIORM dsiihbRA irePigur 3 addepetags ihQie @peiengral
Into the separation region to enable liquid to be
mangey asdb sxstah showrsidiighte - Bicgerdingly, Sompanents camnppi to the.
eavigr
sviipBepTioth PP i € bl i f EAERRERLC Mool
Hawaver, tmmfdngaﬁwﬁtﬁhoﬁn i Ei}gfﬂei fidgmpiblys aﬁg&ng alsdmdtivgifhid
orts 213. _The heavier uid ou t.canduit, 205 .. ..
coflesieB v the CamppRRILS AIGOPERRI P WBis I “PWeb"s‘Pcﬁ?fRfd n
m&@at@jjner 118, which in turn is connected to a fluid
rne 224. The fluid Iine is shaped to forma weir 225
having a | evel corresponding to that of the downstream

end of the 10 core Jegiqgnp,..as_ indj ' ' el
A ciens e ieafias ATt neb EPO Rl ettty
wiBRR eHe skpa@Ror RBgRnTRE #12 endOF e caPp e 06 BnBe Rédian of theljichetion
ports 2?[3. The cone 226 is provide with an annul ar
bepyesss dresep22pr 4 @it and e sturey eontainer i Abe g qolectippaspeapbly
| ui d_.out.] et nauj Qi
S0Pl ke SR e R 4 finr oBBRABHR 236 o
ford 8n hEulachhert Bohbetwkén pewat Thalovidr endlof the et veluit

fromthe separator in two . First, t I t
30dénglesedt Jn greration éhee'eWPheﬂd\lf@’i%?‘éerr @&ﬁb‘ﬁ?sﬁ%@? fie at the
Dl S ?‘Hgé PpR 3 il the ioltek BEnduit

ga%/}ﬁgilng&}%\{ﬁ{gg? % n u?[?%ﬁgl%{ and f3llg\%§@‘i&ﬁ{’§ﬁd§%st ream
30diané coirespondhindiogh, drirageagnt20d fiog:tian to thatports Rkl shaymin
.feed pi.p 2%8 ig the liquid trap 204. The fluid | eaves
Figyre 4randdgsctiped g% €pe 208 through the tangential ports
212, inparting a rotational flow pattern to the fluid

in the chanber 206. Dense_ﬁ_hases, such as |iquid, and
any Bhetinagr gwenduito}02¢xtends 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
wownehidmesthe cap 106 t hrough the drain ports 2PEBTAGRPAD2220
and due to 25 the angled tangential inlet flow is
entrapped and renoved in the main flow stream as
shown in Figures | A and 1132 The renaining fl uid,
typically gas, |eaves the chanmber 206 through t he
300 kieRds Bivhgh ittt mnake Hqhidtkaotkoat EHaniber B1he 26t flTideutlet

313 3yt 300 DEibe 670 § D6 I IDIUE SoRBeE o P ErB Mot PLSAR

: cogl{qu§%gd £OR 160 #)Pt'l}l:t?% PRI ofthE RAEH KhtkoROEHambRAS12,

eavier f outlet conduit 205, and flows in
wldch¥® caneéletidd 6 SbidAd 3W2007/ 002220 38 downst ream
direction within the conduit 205 through the slurry
cage and into the fluid line 224 via the fluid outlet

222 Ting flulElisd 36 k18 Frahi @k cdpl B06 1B ol levd] belowethd @ﬂbmmtend
of the present invention is shown in Figure 5. The

of ghestutencondust Hléraf the Buigioutlgteassentiy 300.alnstbisavan, e %91’605
G SRRt efip S el it

5mg§mgfal manner as the systen1shomn in Figure 3.
Accordi ngly, conponents conmmon to the systens of both
Figures 3 and 5 are i ndi cated using the sane reference

nu nth@'l Ruid ]51% ?.rﬁlgﬁ 335 'i%(gﬂﬁ &f 0RO ¥epatdfioR &b within

enpl oys ‘a fur ternati urd 10 col l ection

the epi 106, bytrixans ofmphmaitt;s ofifldidopermparts326f which will now
be described in nore detail. Referring to Figure 5, a
fluid collection assenbly 300 extends co-axially

Wi t i BpdriiorS ERAS éﬁtér@ Eherfaﬁa Bt b NEIDIE3 EOhreghttReparaB 10 in
106 to the reg_l on of e junction 15 betvveen t he

theeyarconduit 304 gmdaoﬁlh@es:pmrpgmxa and Hierpaer prpularmiggion)of the

seliat 4 "ISU A ARG B e kR Pl oy laroush the
anh OB AN IuidlmORk ROBH ST Deethe tchp w&/oln Hoeshamier

end of the outer conduit ﬁ a )Joeratl on,
desqitbed bsinbefore, dhis prilk conpist masy afigas ah%duepsw COMRONER{E,

su&?gg l u%[‘ 'agp Ilgﬁl\fs%ctl ﬁrgt% th& I HER Jt tﬂ)t'ncpifn tﬁé Hd]lﬂd RASE@uSHAmber

e oufer con
3 lczand eamrtd thersepaation mgroangdmmap bamhyqurﬁhet xeunntpgrts A26. The

low%réltlsslty filuld fgemhtle Qap g e4se%onr(1jd Hul uheteﬂ 8 ang erifers 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
wocoerh4id31302, such that its |lower end is di sp@SELHIBITNN2220
the 25 core region, when the separator systemis in
operation. The inner conduit 302 is provided in its
| ower end portion with fluf® ports 213 of the type
descri bed and shown in Figure 4. A vortex arrestor
sol® €bralay 13 atésupctto 25096 BPDattveey highefficendyoln adwitiom ther
conduit 302. 30 The cap 106 .is provided w.th an
assgRTbllY ean qnel Witk AdeRJHEh BB ABWR Taiio> that (i ARivenLapsepbly 530
| id Al | ' MbES shownan
Op?’ﬁ%;u%‘}ég%g‘g% liaﬁ%‘!’%{dw ?9&%% R e g%ygzgo 39 302
theeatemganylity figuybs ¢aneparatadsdow s Gul09 BRI tckseperatsfagrzelined

crifsil, e pnd T P oo b o FRond £ 7™

coﬁl?Qnelﬁsocmy th SR RtARE AHinidheé shdPME helembhBwilNopeRae wader
of the liquid knockout chanmber 312, which is

graviiyIsepAratibn ringimi¢s, i ALcpidingl g separgtiorhat fiavaaigs frpmezer gpwards
e>%tfeen S fc[omthe cap 106 to a | evel below the

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

knoei%%ikng gfg#gﬁfe 6 Hferd & 08 g%&gﬂam Js&‘?nlﬁ? B&IoMih® B the

regi on w thé cap 1 ans of a plurality of
présent idlvéntion imcopmriting3@anlet assepblyactadingftb thedinahaspest afitke

fluid outl et, asse y 300 through the ports 310.in
préswEl 1GHTKn ETRE SO LS TON | LSRR g 4 green
infe%n%og erQfldi@ﬁ?(?J Bflf&g iffh%gihﬁ@ réfEreh&enub SRR The inldQdseniBlg,

ensity romthe core (eﬂzon passes upwar ds
genéralby gidicated as 2RO domprisg fead condyét T02ghwoyelk whicka fuid to be

h 2.in th 1 i i
seiSRgh fufef b e R Phe s af BbHESRIGRRL GumpHERn diae
coH@RE 504/ thEUFRWIEEH Buid nfy®e cdaveyied td feed pipe 2dmnu dek thieo h26.

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

by Vﬁysh%(r«mtig %iéu?é & "the RRLLS oot SUA%xtends in a helical pattern,
with the fluid completing two complete turns between the feed conduit 502 and the
inlet 126. It will be appreciated that the arcuate conduit 504 may be arranged in a
different configuration, for example a helical pattern with greater or fewer turns, as
may be required. As shown in Figure 6, the arcuate conduit 504 is a helical pipe. It
will be appreciated that an arcuate flowpath for the fluid may be obtained by

providing an arcuate conduit of a different configuration.

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

regions of the conduit. In contrast, the lighter components, such as light liquids, for
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| ow density fluid | eaves the cap through the second
fluid outlet 318 and enters the fluid line 320, which
WO 200EHd6dd so as to forma gas weir 217. Fl ui ®CT/(GHR§HW2220
annul ar region of the separator is drawn into the
i nner conduit 25 302 and passes upwards through the
cap 106 and | eaves via the4lirst fluid outlet port
314. In the scenario outlined above, this fluid wll
exBRPRI o3l alB gR6Y, ivallltehdad thd @dially intet portien rfét}mrtbndum ethe
gas. The renalnlng fluid in the fluhg line 3

cop@@swwtb@mﬂ@tlﬂ 4 arenged eR that g streamds Bropetly oriented
f n

W BETES) Bt b SRR SRRy ThRS Aokt ter

coﬁ@@ﬁfmﬁémenge ﬁepgratmsl Odan asabﬂbamﬁetamsmwnlané theslighdexm of
crude oil, d\V\D 2007/.144631 P / 7 220

compoaet entéralhe pepasion 10dp acatl pinp B! 900 Tt e s y
Efcgﬁtéaftﬁét%(ﬁ&‘ghatlbﬂ nﬁﬁﬂistedi Qikhird tB@ arcA®te RORduit SENsupplements
perate wt very high turn down ratio, that is a

thgsaparatrasmtgElaaﬁa\rﬂlthlopl@r&w@ra@véma wi de range of fluid
flowates. For exanple, the assenblies shown in the
acconpanyi ng figures can operate as |ow as 5,000 BPD

t 0 Sedariab o Bighfd¥n HdQ, tHercis yhevwa lscpambﬂfccandmgolaj fdgther
stream Below these flowates, separation of th

enchodiroens of thequesenbinyentiog. 1be senagtiorchasithy emeszearidl « he

' coBf g?]rgp(l) asv\dh!ié of(ﬁ | nglnH %?é)bnggﬁéi’tb Eé/mﬁl%ﬁ% el eﬁfbodlment of

Acco ration at flowates from
Figee97 um\@m Figuey4 e iderhified asing e SRefegeferange nomeiatpur e

RafHrencao e ReCHoTREAI 4 CeTraaH B0 T TS BeSegon
feGRQafll Bémpshehii€ The 'f@l'lovﬁﬁg @Es?cngﬁoﬁ %te%&ﬁ@ﬁhtures particular

I'nvention.” Features of ure comon to ot her
toehdxeganan 0§ FlguretSWeaqdrSesiﬁmclamT)n‘F&wﬁcﬂ]afai%Shqu%lﬁtﬂéfd‘memaf

e D RS SRS TS By ool 437 S b

as%my'éndffﬂ@d by ol ounbl dBkensbliek 'bbl@lgtoﬁnhﬁi separated is
fed to the assenbly. The inlet assenbly 500 further

conprlses an arcuate conduit 504 through which fluid

chovi PR s Ry RIS ? pded Bl Byl Botnelyfon, &8
he@eihﬁdfbﬁﬂescm&ﬂ ahrough 26hicki 2 fiuit seredn is idtrodunet éntp thy upstream

reglog.%lf te}}eese}t)aligtr&?n r%go\ﬁe eﬂle unee{ Jss?ee% %8? Hzlist analgﬁit %Sgnmg 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
wOoeMidd¢dnat i on, for exanple a helical patternPaTfEH2007/002220
greater or fewer turns, as may be required. As shown
in Figure 6, the arcuate conduit 504 is a helical
pipe. It wll be appreciaféd that an arcuate fl owpath
for the fluid may be obtai ned by 25 providing an
apptoginaiidty §0ndufutthed effectlbf the walltassarbly gt the usmof the guide
operation, a fluid streamto be separated in the, h
surfasg H08 15 torenare g [ ingonaing flufdoiio &6‘5%‘ @ﬁ@nfé?@&aﬁ'é‘l’a‘“ the
ﬂuﬁfﬁ%ﬂl{lﬁc rabhe WiB bR 8BAG o ﬁ%io‘r‘@ MRS reduckdhelshetirdo
strear egrn to separate according to their relative
whitdithé fluigsis sdbjetsed, inpronigvhesepamtipo effivieancy 9bthesystem.
exanple liquids, such as water, and solids, will tend
towards the radially outer regions of the conduit. In
o ntl*h@%parét&%ﬂf‘i%gé ?rﬁiﬁm@ﬁgﬁﬁé,a shueNceiBaihdrd® and slurry

liquids,” for WO 2007/ 144631 PCT/ GB2007/ 002220 41
colbectinp hssembly, gemegallysasdereinhaforedesriibed in particnlar a3 thpwn in

.inn rtion.of the co it. j < 2
Figiy 56 186 Sepibedhopis LM ere e, (R le 2 Mn BRcich 6
thePdRRT Y 1OTd febReh, thd Sy belldetioncapta26hasitpuppeaiehd clgsed

W thin the separation region. Thus, K the gI]_thgvi er. 3
by ecwpisakesp$22nevent prit §haxardsrvertsally frgughifie serigal sap 872
0Si.ti i 1 from
THE 3PP i e PR br SATRABRRLS: SRR difitaces
thed Yuesy bentaingvl8ci at ed that the separation initialised
within the arcuate conduit 504 suppl enents the
separation taking place within the separator 104.

Ref §f, feSlirkyPedmt @ik &3 8. /1@ A dnd solid R clbsars BAWEd & try and

separ ator dccordi rl;g to a further 10 enbodi nent of the
copeenFetetonithe septiator axifhed de fawshionghths tangenta) siotyeibang

configuration.as th Fi.qur .
enfephron oo R Enat rearorapAekinfy B8 g R PRARRNAS
sliFhyOsHtRt 63 8 IBebrid Rl vblyadatss soliistih e flidisiurrg lomenaser the
nuanerals. Reference to the foregoing detailed . .
shuesesge 620 and are remaened irany thﬁéélﬁé}b@ﬂ%ﬂftfﬁ’é%&& isdshris outlet
f,e r n ' TN
R e T S
in QdngfHi, gothpacd withdhf shévar ircFignietdB. To pdnessth? retadorsofghe fuid

only the internal nents of the separation .
stregrg i e SO s £ FAFIBBR DR STRACUOGO O U 4 fuids, the

| SN Yed R bty Batel 680 Gktbhdihg ARSI s
Sldfl;g}i ‘ﬁage g?ﬁ@tﬁt ed.lxﬁ%e sg ar at |yon assenbly of F% gur ew? has
aceost theghntyi @intsimdre Thabaflleb 540 802f sugh a size, number and pitch as to
ensure that the fluid stream is sufficiently slowed but still moving enough to provide

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

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

downstream direction.
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20 herei nb¢Tare described, through whic™a fluid
streamis introduced into the upstream region of the
separation region. The inlet assenbly 602 has an inlet
openi ng 604 that opens into the separation region
sonme di stance fromthe upsyreamend of the separation

region. A wall assenbly 606 is provided having a
helically extending guide surface 608 disposed such
that incomng fluid contacts the guide surface 608 25
and is caused to flow CGAIM2|ical pattern downwards
wWithin the separation region. The inlet region is
shown in nore detail in Figure 8, wth the wall

1. A mathedobaparativg atmeln@ba@eﬂetdrsmme, Glslsnettbod]gomangl n
mtrod&?.rfl!hg ge : ntll eat ggsse n@ﬁ-gélég éﬁ) %1 n{%lgel\g%g d ac'l%@i&ﬁaﬁﬁgw

patternovitsielthe sepatdimn lpgmpewﬁcm a:tndrmo tthmttocdugﬁwmdumﬂie axi s
f the s n [ i1 all ow t.he .30
separaifon.dedfors AP B R Y ofihed 40 00T Abhis by B Al i
fluid flbiving dabg Elremmma‘tb ﬂo“qiam nmpaiemtatmm coexgspondidgtesthet he
f th et conduit .as shown in Figure 8 is
rowno%@ﬁ%ﬁb? ¥BIFYINEEPIB0 42 approximately 5.
A further effect of the wall assenbly and the use of
t.he guid surface Q8 js to .ensure th t he | m.ng
2 it deheS apfoingds Alaie borkeaen ot devits hepgrl
already rotating within the separatlon region. Th|s in

t ces the shear to _whjch t e fl idis
3. s eEeN Soare P A Lon 2 Mhepinghe Srid cai the afayate

flowpalyBURWing i & Wba&mm@én&mwegbé.u rther conprises
a slurry container 618 and slurry collection
assenbly, generally as herei nbefore described, in

4. m{etmetﬁba hoddRdingWany Brec%aﬁfgr&mﬁﬁwh@en fRPRALRIRRse stream
rlses aslurry cage To prowdeaconstrlctlon

Compﬂﬁ‘?ﬁ attl‘??ét@éﬁ\ﬂ%%?@ aﬁ?’é@\@h@* the slurry collection
cage 620 has its upper end closed 10 by a conical cap
622. A vent port 624 extends vertically through the
5. ddwireethod agrosding to whE presadingslaimg svherain theefleidsiteatn iz ap
arf¥in et for fluid displaced from the
pnxmc&%é??ggﬁgﬁﬁglnerQ%%% In the slurry container 618,
fluid and solid particles are caused to try and 15

6. RLGBAHAR! fr PraREn RN TP 5Pl e AL o10"
comprigivgl ecti on cage 620, from where they are dlscharged

tarl; Beﬂ'ggoﬁ l%%mn

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

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

within the separation region during operation.

7. The apparatus according to claim 6, wherein the arcuate conduit is helical.
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slurry outFet 632. Debris and very coar$e solids in a
fluid slurry do not enter the slurry cage 620 and are
renmoved fromthe slurry container through the debris
outlet 634. The slurry collection cage 620 of the
separator assenbly of Figydre 7 is extended 20 in

| ength, conpared with that shown in Figure 3B. To
reduce the rotation of the fluid streamin the slurry
contai ner. 618 and enhance the separation of solids and

8 fA metbod fossepasating ymuliiphage Guids ther uid ¢emppising arelatively

. j L.f ' I rds
high ddflety Bolpkindtl A At BRVAL ol o) Stmpfin oy o |
comprigingh a size, nunber and pitch as to ensure that the

f:l 1] :§: SULTLCler owed but still noving
ellﬁ%hg‘hcﬁ%&%;ﬁ(%lf? 8128 afégéfrg{r}&le%gfénﬁur ging of the solid
sinparting drctatipmat imeverebut istoothe metltigidxse flidd;enhance t he

aration.of solids.fromthe fluid.phases he i nner. .

TGyt aph o 67k SEl e IR R s iop AEG0m:
and conical portion 650 adjacent the debris outlet 634,

in order .to.reduce the ss:sectional .area of. the

PRI S0g RaPRERTS A PR OTIBRG IR AL ER el ShTER. 43

Glud Miteting fhaRbhdon vesepirditecitd iAtonthk bufeh afitulhd teigibn;

stream the nethod conprising 5 introducing the stream
and g a separation region in a nanner to induce a

R Bi¢1iead of the Wutep ahiBarrepidnl ik @ué_ﬁ‘ﬂx_aﬁﬂiéaﬁ%i tedzityegl on,

wher ei n, prlor?%$ its introductiqn into the,
compougl it eRNCSATHIEY pR substtially camistned aria this sesien.tBe 19w
densityddopklibndft Baifg8diehir@VPl the rbl@ingichid.d f1 owi ng al ong

the ‘arcuate Tlowpath in an orientation correspondi ng

to the rotational flow pattern within the separation

)

9.  F8@i8&hod Qccdrdihp %o BBIN 8 whERM ﬁié}%u&%hséeaﬂﬁu%oniﬁﬁﬁéseé n

. the arcuate flowpath 1s helical. he mnet hod

liquid phesoard mgaseouerhiash 1 or 2, wherein the fluid streamin
the arcuate flowpath is flowing in a | am nar or
transitional flow regine. 15 4. The nethod accordi ng

10.  (Iheangthod acconding tat axtfe mdierein itee multinhgsmBuidsomugises
P— ' : t one fluid phase and a solid phase.
A

according to any preceding claim
wherein the fluid streamis

11. The method according to any of claims 8 to 10, wherein the multiphase fluid

comprises two immiscible liquid phases.

12. The method according to claim 11, wherein the two immiscible liquid phases

are oil and water,

13.  The method according to any of claims 8 to 12, wherein the multiphase fluid is

produced from a subterranean oil well.
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20 produced from a subterranean well. 64 An appar at us
for separating a nmultiphase fluid stream the
apparatus conprising: a separation region; 25 an
inlet for introducing a fluid streaminto the
separation region; an ayguate conduit for conveying a
fluid streamto the inlet; wherein the arcuate conduit

14, 3R ddifiod BRtaifh fo BalANASdilcfih Md AHfRadd uldl dihtbrises
streaminto e-separation region in an orientation

solid formatiers potatiabganddor $odid debrishe fluid within the
separation region during operation. 30 7. The
apparatus according to claim®6, wherein the arcuate

15. dheduthod scdoeding ad anytéf cldim#\8 ne 1 Aoathérein the paultiphasg fuid is

. muj ti phase f.l ui the fluid.conpri.sing a relativel

introdufgd) o BBy nde s stabecion triciy TRy, s Bt Bt fide

annularGegane tbtate with ied feparatioanpgioai ng: 5 i ntroducing the
fluid into a separation region; inparting a rotational
novenent into the nultiphase fluid; formng an outer

16.  ambhethod &dofding ko ERIrAtISNG/hEtdih ehevhtihiphatdBuigdp hitriducsd
regi on; n(f fqQrm ng and intaining a core of fluid
at an acufe 3nglé 10BF longiiughned sivisradthe RPARIARFeBigPeTIhghefund
entering BRAephiaBbn YE8SL s hdt ifiphSiell @;? fluill Qothtifs Biihe ouddtasthalar
. region;, and the thickness of the outer annular region
region.j s such that the high density conponent is

concentrated and substantially contained within this
region, the low density con‘gonent bei ng_concentr at ed
s §

17.  Themnthedacnordins sopeay o glagns § e 1hovhesinthe sryfinapse dluid is
i ' ' bl PR fflet Havisth £ATRIEARS chbss-
mtmduﬁél%&%dﬁrgﬁa %Egglgr gagﬂélou% phasee. %r% The net hog >
sectionaccording to claim8 or 9, wherein the nultiphase

fluid conprises

18. The method according to any of claims 8 to 17, wherein high density fluid and
low density fluid is removed from a fluid collecting region established downstream of

the core region.

19.  The method according to any of claims 8 to 17, 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.

20. The method according to claim 19, wherein a high density fluid collecting
region is established downstream of the core region, high density fluid being removed

from the said collecting region.

21.  The method according to claim 20, wherein high density fluid and low density
fluid are removed from their respective fluid coliecting regions by means of separate

qonduits.
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20 a liquid phase and a solid phase. 117The net hod
according to any of clainms 8 to 10, wherein the
mul ti phase fluid conprises two inm scible liquid
phases. 25 12. The nethod according to claim 11,
wherein the two inmsciblgg Iiquid phases are oil and
water. 13. The nethod according to any of clains 8 to
12, wherein the nultiphase fluid is produced froma
subterranean oil well. 30 A 45 14. The nethod . .
22.  &aeonethod aterdingitoncledn Aihwhetein theecomdnitihem adewdensity fluid

- C r.i SOk 1.4 tion materials and/or solid
ouﬂetad@%i’p‘?lgﬁﬁﬁ%&#%gr?&@hgg according to any of clains 8 to
14, wherein the nultiphase fluid is 5 introduced

t.angential ly i.ntq the rati | 0N, r;
2. drdledneeniedo iy R SRREHS Rp2 Al 108 € Rmoved
throughh iplurhlig TeNAd atilerapesgiestin thkGrespeeavereoididt. accor di ng
to claim15, wherein the nultiphase fluid is

introduced at an acute angle to the longitudinal axis
24.  Ofheldieth5@ Ré¢crlingio R @3, whiefdin theafluifl cwitlet difrendsere ng

t he separ.atiqn [egi | S. not _ i cted by, fLui .
arrengsdengrigly o Aot oL Auichimas e ek Ao cotlichng sesiem
according to any of clains 8 to 16, wherein the
nmul ti phase fluid is,  .introduced nto the _separation
25. [ RngirmsioR AERAIAIEHTO ChI 20 NIoFRAR e ARy AV S ePRRed By
$€5LipBBn. 18. The nethod according to any of clains 8
mleansto 1?@’&herein hi gh density fluid and |ow density
fluid is renoved froma fluid collecting region

26. Cflealbhsfadedl blcgam Af WHefkﬁn,Clﬁ:l'o% reR@AINfroAGhd Sepatdifig

met hod according to any of claims 8 to 17, wherein % .
region, thelate density flvid flowsdn apawsiremn dirgetiop and betugh densiy Huid
the Eﬁg' : downstream end of the core region,
flows ’Hc%’vf} enjg?%}?qi‘ﬁe‘aﬁgn'bei ng renoved fromthe said
col l ecting region.

27. ‘The method according to any of claims 8 to 26, wherein means are provided to
control a vortex forming in the fluid in the separation vessel downstream of the fluid

collecting region.

28.  The method according to any of claims 8 to 27, further comprising providing a

solid concentrating region downstream of the annular and core regions.

29. The method according to claim 28, wherein the solid concentrating region has

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

30. The method according to any of claims 8 to 29, further comprising providing a

solids separation and removal region downstream of the core and annular regions.
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25 20. The nmethod according to claim 19, wherein a

hi gh density fluid collecting regi onl ié est abl i shed

downstream of the core region, high density fluid

being renoved fromthe said collecting region. 21

The met hod according to glai m 20, wherein high density

fluid and I ow density 30 fluid are renoved fromtheir

F | ed
31 JERAREHAY Bocorin «f lakdi0) el il AN X PARACIS) are cous
to leave thei solidd sepatasiopiandirpmovalrdgion theosigh angwtist pgangedraenirally

oy tlet and a high density fluid outlet. 5 23. The

mm;ﬂr}%trlﬁg%naccordi ng to any of clainms 18 to 22, wherein

fluid is renoved through a plurality of fluid outlet

ertyres_in t.he. r Iy [ .
2. Rl g DR S SReRAE it S g PPy of
solid oatp mpest@ss.are arranged tangentially to the flow of
fluid in the high density fluid collecting region. 10
25. The nethod according to claim20, wherein high

33. _?_Qﬁ&hét}i?]d gctdoﬁﬂihg (tjc_i erinsa, F&;rdﬂigtf{womfet apairkoare d@fanged
| met hod accordi ng. fo.C .\wherein, _upgn
tangen(Qlfpdhe Foeten Bowarabe A e Spudk Siparfion g femoval

region.density fluid flows in an upstreamdirection and the
hi gh density fluid flows in a downstreamdirection.
27. The nethod according to any of clainms 8 to 26,

34,  MHERAcIERD ﬁ% Fo _aﬁc?oaf S8tind 91 tC N Whdreih Mefek Qlameter solid
e ul

formng in th in the separation vesse

|
particlesgipramayahiiom thecouter regionf the splids separatiogapd remgvalhe

region.Tet hod according to any of clainms 8 to 27, further
conprising providing a solid concentrating region
downstream of the annular and core regions. 25 29. The

35. REhRGnaE st %t& & %h%&eﬁﬂ\ﬁ%f R el ddffid particles
concentrating region has a flul ["owpat h _t hat

are remgeed thygesh amousled srranged tangentiallyda therqtetingifividdiown of
fluid flow 30. The nethod according to any of clains
8 to 29, further conprising providing a solids

36. Jdpamcthodbaccarding tnclauh 32ewhoreinithersolide sepagstiarhandagmoval

region i%%%%ﬁ@&'@ﬁl aﬂﬁ%&%nduit, through which the fluid stream is causes to

flow.

37.  The method according to claim 36, wherein the inner conduit is provided with

a plurality of outlet apertures forming a solid sieve,

38. The method according to claim 37, wherein the outlet apertures are arranged

tangentially to the rotating fluid flow.

39. The method according to any of claims 8 to 38, wherein low density fluid

removed from the core region is passed to a fluid separation zone, in which high
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30 47 31~ The nmethod according to cl am 30, wherein
smaller solid particles are caused to l eave the
solids separation and renoval region through an outl et
arranged centrally wthin the region. 5 32. The
met hod according to clai gpgl, wherein the outlet
conprises a plurality of solid outlet apertures. 33.
densﬁy%d E?ég HEROGhE Sork Qefdi Alid %n HRo HearitideSLgion
S are arranged ta gentla y to the rot atlonal
mthesépamtmgretgﬁmfl uid in the solids separation and renoval
10 region. 34. The nethod according to any of clains
31 to 33, wherein larger dianmeter solid particles are
40, rwanatbod acoording to anje pf clapno® tw39, tvlvrnersiml lodsdensitn ﬂaid 8n

removeR o Tag Cory B TR S B ecishit U ndEpfes i ad

portlona{]f’&hé ﬁﬁm/sa:drehfweﬂ w%ml dﬁubécbht(ﬁt}reamgehﬁbgﬁmglja%armﬂiqnniem
the rota ui ow. 36. The nethod according to
°ftherﬁ?]é'Ph?3§’Pthav‘iﬁg1erel n the solids separation and renoval

20 region is provided with an inner conduit, t hr ough

1. e AT it i ™

compoRé&l @HA b 16% d_h&Y é’&ﬂpc‘ﬂebh corBpiéing alseparat hevinget
apertures formng a solid sieve. 25 38. The nethod

&@@W&Pﬂ’@ﬁ%‘%l aim 37, wherein the outlet apertures
f(ﬁ'ﬁﬂ@ﬂlﬂﬁﬁ%@@ﬁﬁﬁbldﬁt&%é i&%afa@ifoﬁtréganf luid flow

erret od "according to an‘}/ clains 8 to 38
mpeﬁw mm%mtymmaé mpvement tofhe Bulfiphsse fwid gperyentry

into thi&%h&%gh%g%@ﬁ S&hs!t8 forrh bt bte? ﬁﬂ‘ﬂ.{lﬁt fe nzd}fi'gtatﬁlg hdch

sity flurd 1's separated fromthe | ow
de apémtion the tbmémdssrcefttbfr petgr annularaegion lhemg suehithat the high

density J%%np%%@ﬁ{ 84 bﬂ&n‘ﬁ%ﬂa‘d%d substantially contained within the outer

annular region; and

the low density component is concentrated in the core region.

42, The separator system according to claim 41, 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.

43,  The separator system according to claim 42, wherein the fluid inlet is at an

acute angle to the longitudinal axis of the separation region.

44, The separator system according to claim 42 or 43, wherein the fluid inlet has a

rectangular cross-section.
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40. The method according to any of clatps 8 to 39,
wherein | ow density fluidis 5 renoved from the core
regi on downstream of the inlet of the nultiphase fluid
and a portion of the fluid so renoved is reintroduced
into the core region adjgegent the inlet of the
mul ti phase phase. 41. A separation systemfor a
| t Pl t
45 BhebRUARP sytith S ClAing o) of s 4135 3% drd comprising o
fluid owttgp dispbsad ihahe portion of gpasepniation regjpp sorresponding tof or
t he the separation region;
dowmns gyﬁlr n%ﬁ“?%ahgnh?oﬁa%ﬁ%%al novenent to the
nultiphase f|UId upon entry into the separation

SO a3 f or.m ut ef r
5. R B F piitem Sa SRl P, RO Bl RO is fomed
in the dhﬂtcﬂ’hoaﬁmﬂtatteﬁcﬁggmmblm mamlmln refiah. t he high density
conponent is concentrated and substantially contained
within the outer annular region; and the | ow density
47.  CIH¥Repatior kstaA RGO Eldith 46)eviradia thegirminit fendiz.
The par at or syst em according to claim4l, wherein
coaxially, ‘i?@ SfRgFan W& ng a rotational nmovement to the
mul ti phase fluid is the fluid inlet being tangentia
to the |longitudinal_ axis_of t sep nre Q
48.  fFhe spprratog pYStem Gecary gxgémegg%?gﬁﬂw%r gﬁntﬁe first
fluid oﬂ\?ﬁ cgfn%rﬁ‘.&ea Oﬁlhfw fly bPtaRiall 'o?eﬁh g@fornd iAEhe @mﬁmﬁﬂ eto
gl tudi nal axis of the separation region. 44.
The separator system according to claim42 or 43,
49, R Lhdkatol Systdi's gcdrain‘agtto@QnmS &AM Bpenings are
Cross-section separ at or system accordi ng
tangential tatiye Bw of Aidssumpundingghe cordwier conprising a fl uid
outl et disposed in the portion of the separation
regi on corresponding to downstream of the core
50.  rHiseparatoheystem aopuring toranySf 4BimF K te dfafuathst cappriging a
I
first ﬂl%lg %8{1% cﬁ%o{sﬁ& tﬁ% gb:%?m e gc%]:!ltrétle}ﬁ;t %g %é)?ﬁé%ﬂt)cﬁ{dméto the
region adjpeemd theodowresgrieam. end of tHiheorsapgiond \Uhensymmm or di ng
to claim46, wherein the conduit extends coaxially
within the separation region.
51. The separator system according to claim 50, wherein the first fluid outlet is

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

52. The separator system according to claim 51, wherein the conduit extends

coaxially within the separation region.

53. The separator system according to either of claims 51 or 52, wherein the first

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.
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10 48. The~separat or system accor di ng +0 either of
claims 46 or 47, wherein the first fluid outlet
conprises a plurality of radial openings fornmed in the
conduit. 49. The separator systemaccording to claim
48, wherein the openi ngsggre 15 tangential to the
flow of fluid surrounding the conduit. 50. The
separator system according to any of clains 41 to 44,
further conprising a first fluid outlet disposed in

- 55. the q&paﬂatormystérrt émeothtoaanymf alegis$P todvs Bathen domprisiog a

n ad the d S e f
second g S 5 ey SPUB SRR ad b g
port10 ?ﬁaﬂrbg' th_@c@iewegﬁoﬁQwh\zdﬂﬁt eparatidie first fluid outlet
ormed in the end of a conduit extending into the
separ ation region. 52. The separator system according

56. TheCdepirdtcr bystehedcRbRiibd® Elaing 85 twiertiantls secdnd dhid bailldtyis
within the separation re&g %53 The separator system
formed;iathe aquh@f@ g° ”t"h engfing fulp e wpAgHOR 510 oi n t he

first fluid outlet conprises a plurality of radi al
ings formed in the conduit, 30 54._ The r at
ﬁsq%ﬁar&t%éwpwcperde%r rig@ SGnmharein th s%%%ﬁ ifgio are
comaﬁ?qg&mmlsef,&a{d;@%%l pw of fluid surrounding the

condul t e separator systemaccording to any
of cI aims 50 to 54, further conprising a second fluid

58. ha%hﬁ'@g&gﬂl «';.c'&m; RPélEHeP Bf Qhirhd'S6 SEFR r\ﬁﬁér@ifﬁ the
r egi oh do

wnstream o portion occupi ed b
seconddbrid ontiefi comprisies o nlwabtyerrfaﬂd@h openingy forrped Hethy rcatl@rlt
system according to claimb55, wherein the second fluid
outlet is formed in the end of a conduit extending
59. |’Htecsepimatcxspstﬂm aogardiegytcosiaing 38, Whereinahe pPRenes st em

tangen cor ﬁgwf/ﬁt lgl{]%é&d eec'oﬂdﬁl?e conduit extends 10

aX| Al e sepgarator region. 58. The
separator system according to either of clainms 56 or
n_the second fl ui

i
0. i ApReror PR AP AR Lt M &3P :Bin o first and
secondfhuid Yutldth @pse o alicosansysdnelmtaccor di ng to cl ai m 58,
wherei n the openings are
61. The separator system according to claim 60, wherein the conduit has an outlet

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

62. The separator system according to any of claims 41 to 61, further comprising a
vortex controller situated within the separation region in a position corresponding to

downstream of the core region, when in use.

63. The separator system according to any of claims 41 to 62, further comprising a
solids concentration region within the separation region having a cross-sectional area

lower than the cross-sectional area of the separation region adjacent the fluid inlet.
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tangenti gk=to the flow of fluid surrouwading the
conduit. 60. The separator system according to any of
clainms 55 to 59, wherein the first and second fluid
outl ets open into the same conduit. 20 61. The
separator system accordipgg to clai'm60, wherein the
conduit has an outlet for each of the | ow density

flui d and the high Sjty -f| ki .
64 R SRRy AR e o o] 8 i BOR RRPELRLEY
sectior@D ARG iSprogided t3a tapertéd portinmt ofghé svallgiftthaserdratdr. hi n t he
separation region in a position corresponding to
downstream of the core region, when in use. 63. The

65. SERPeph@iorsysiemnacecriigliondaito6Rnyhartindhaierbicdd crass-6gtion
. further conprising..a solids concentration [,on
area is R YiFFL b1 CORGGHEIBR P bh TH 15 e p SRR BT o

area 30 lower than the cross-sectional area of the

separation region adjacent the fluid.inlet. 51 64...
66. Thee @@wﬁqtsaﬁteweﬁ%w %gcl%isp‘ﬂéﬁﬁ%%'f“% sPeprsing 2
means O dpRAUAE Yo FHOREm RS Widithedeparatibn Région.ded by a
tapered portion of the wall of the separator. 65. The
separator system according to claim®63, wherein the
r ‘%5;0%7& SEKChRing B AhBR66 SwREreH e dohy sepacaivn
67. e’i;ftééjeﬁlgrnag C a;(?i ally vvi%hi n _the separation, region. %6.
to

means Fompsispa eonshuitspdendingeaasiallyivithiy thq engratigndegion,

fyrt : separating solids
contuf Ryl G IRAR| P xBna ittt > nar ot

e separation region. 10 67. The
separator system according to claim®66, wherein the

i | ' bbni in
o S o 0 i o e

-tangential/ionthe Sopi ofifhiid ayounfl therckhnsduity ext endi ng openi ngs. 68.

The separator system according to claim®67, wherein
the openings are 15 tangential to the flow of fluid
69. aTrhsisspatdier sysetuadcordifg toTary efapainms: @ tosifs wherein dn walidy
t.o any of clainms 66.to 68 rei ' :
separaligp meaps GeRRRIET & Sc?g PF%%%G%WZE’ o id(gb pén r%%lrlrheﬂ%hczsg aé.ratlon
regionGingRepAdted frvm chet olid eafrapmtitcone bygi wall having apivealistof
.. fromthe soljd entrapnent zone by a wall having a
radially exfend@ PRSPINGS) | adi al |y ext endi ng openings. 70. The
separator system according to claim@69, wherein the
openi ngs are ) . . .
70. ¢ separator system according to claim 69, wherein the openings are

tangential to the flow of fluid in the separation region.

71. The separator system according to any of claims 41 to 70, further comprising
means for removing solid material from the separation zone operable on an

intermittent basis,

72. A subsea processing assembly comprising:
a wellhead assembly through which fluids are produced from a subterranean

well;
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tangentiak~to the flow of fluid in the separation
region. 25 71. The separator system according to any
of clains 41 to 70, further conprising neans for
renoving solid material fromthe separation zone
operable on an intermt t basis. 72. A subsea
processi ng assenbly conprising: 30 a well head assenbly

th Faf))ali' ) \é@sle%l ilg%g aHfid %gﬁ#&ﬁgc £8 TR ‘?tfiﬁ{e% b &SRR

ara or asse aving a uid inlet
for recei@mgebé frdids and)dtmed/ﬁdm &wdwd.tsthquareﬁ@lr aasembb'\hm ¢prsable

roduced fro e e
at wellhgal o B v Pldobfis Sirpned 618 FRAEA HroBRaR Rkt
rich phatRlnids fuit iphiags the sepabitor dssérdblyt comprisihgeflaidspitiet for the
rich phase and a fluid phase, the separator assenbly
fluid phaseafidsing a fluid outlet for the 5 fluid phase; and a

GNAkRe aseRIbD) Naiay il gnlstcdnnkceled eo teefiid dutlet diithe Sdparador
outlet of the separator assenbly. 73. A platform

assembbf.ocessi ng assenbly conprising: 10 a fluid receiving
assenbly for receiving fluids produced from a

subterranean well; a separator assenbly having a
73. A plagformneecessing @stedrbly GOMRESIRi d recei ving assenbly

fa il $&RivhE gsgeﬂ'ﬁalfr o rdSeiPin@ dua8splodasad femieiubtertahean

separator asSsenbly being operable at well head
well; pressure to rem)ve wel |l debris entrained in the fluids

{akoatalth QUHGRIP Qi#gdasﬂﬁlkl(iﬂle%&ﬁﬁcéﬂ% thef friidedRhasg.

separator asse ising a fluid outlet_ for
assembily forfrecdiving ithe Buids rmo sheswelb| the peparater asserhlvet

being ogas tall rsgéte\gdy% &}%?es%‘lulé' 1 ﬁ@%‘)&@ wellfdebhi® eﬁ@ﬁﬁécﬂﬁl%e fluids to

separating solid
producp arsplids ash phmaadmﬂluld whases the separatarrassgmbly gemprisipgs

C g | i quid conponent and a gas
ﬂmdo% t%r%nw‘%hﬁés?fb od conprising: introducing the

ﬁdl:eaahssehﬂ)lﬁhmpg matiilghcoregited: to the fluid outlet of the separator

assembly.

74. A method for separating solid particles from a multip]iase 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

the thickness of the outer annular region is such that the solid particles are
concentrated and substantially contained within this region.



inmparting a rotational novenent into the fluid; 25
form ng an outer annular region of rotating fluid of
predet erm ned thickness; and form ng and nai ntai ni ng
a core of gas in an inner region; wherein liquid and
solid particles entering the separation vessel are
directed to the outer annular region; and 30 the
t hi ckness of the outer annular region is such that the
solid particles are concengsated and substantially
contained within this region. 53 75. The nethod
752GR0 koG A@oRMYs B afy BF Thifs 80tol s, WHIRLIR e trﬁiﬁtlphase fluid is
nul'ti phase f1 UICF I ntroduced into the separation
1ntrcnig!peﬂ11ngtotha§ep@at@mmeamn 5@ 29 Uip dentgeira @ide surfage, ghe gelde surface

uc n rn. i | uid
in Sutcmg ellczflhl N R %%tgms’%ggr%‘??étﬁeaﬁ’ggu on. tﬁ%%epa 10111 Y Oart’r at or
system according to any of clainms 41 to 43, mhereln

the separation region is provided wth a guide
adj acent the fluid inlet, the guide having at |east

760TRe s&]ﬁkdt&aéylsﬁénﬁééc%fﬁi’hg‘% Gty BE cRithd AL 95 SRAGEH the sBfration

I npact'ed by fluid entering the separatlon regi on
regien dsupgevidae withyp @guidgl asjacent the fluid inlet, the guide having at least one

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



