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WO 2007/ 096612 PCT/ GB2007/ 000601 1 METHOD AND
APPARATUS FOR FLUI D SEPARATI ON The present invention
WO edoane®11 o a met hod and apparatus for the sepBCEGBW7/000601
of rmultiphase fluid streans. The net hod and appar at us
find particular application in the 5 separation of
mul ti phase |iquid streans, dspecially the separation
of hydrocarbon |i quids from water. The method and
appar at ¥EHADHAN AEPARNII:SJF@BH?WIQSEPA&ATION
purification of water produced from subterranean oi
and gas wells. Hydrocarbons produced froma
subt erranean well, such as oil and gas, are
acconmpani ed by quantities of other materials,
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li Jisl froh Reatdre qtlh'eh@dil?dﬂ andf e@baﬂaﬁl@ ardpHtidiardf sdﬂ&%le%% Bl

eing reinjected in such manner are strict
p\ﬁbﬁ@ﬁﬁ@w%watet prosi@,cedufrqmsmtamanemamltameg@ovvelt&, cont ent
of the water is |Iow and that the mater contalns a 15

rai neq . oil ene al,..it is
0 TSRO e ERR § SibeSrasiean Bel; Ueh Aol B0 e
acE&ﬁﬁatﬁ&QbP@xﬁﬁrﬁ’ﬂh’es Néihd8asedida qn@ucﬂlﬁ@\@?&‘d In S¥rhd basb QRS
val ues may be required in certain |ocations. These
votemenf watehprodpesst fraye arvedl dan bersiimificant Iprreangsituntiensyel

AR OSFAT) B ASERS TR bS5 SSULL I e

wélefbmi whiels itfio prodhein mnegna@lqbd@ﬁhg faelIng Helkequisn®dits for the
produced from wells ready for reinjection rely upon

PlFFi}é 0’{]@@ vigter hsing teingectedip sich gnRgsiaterstiple Inparigular,|ivisd

ngntoftgﬁtrﬁlétst d &liR G dﬁt%r’cﬁet WBr @fIO\%r R&d bi-g ﬁ{e% Q) éonfams a
ractlon romthe denser water raction tak

minndelran dvat af:tntmmedfoilg Hageteyal, ifliereqeirgd &ataﬂhh vmtarefomf

| [ in th t
relfigop Bf HENLSS TigOp AP SR ergbybs Bo SR o WL oTes:
vahRs %a%'\’l:!etr)!% e?&l&lﬁ @Er‘taﬁﬂ léc‘atl@l% qfﬂe%fehﬂl?emgrﬁé ﬁlulspbet Iﬂéﬂn order

requires t vessel [ arge vol une.
to |pm=vget the swl|fran beqsbrmeg pbegwartddo meestifegel ngqmr@mcnts pertammg
tovm%:i nec{ose to the wellhead in a subsea |ocation.
aégy ]ﬁay not be feasible to manufacture a vesse
wWith sufficient burst or collapse strength to operate
undetorvBRridig fe@ﬁﬁl@ﬁés@op&@éﬁh‘xﬁ &1 MAFAAR TAORBET Broduced from

PCT/ GB2007/ 000601
wells ready for reinjection rely upon the use of settling tanks, into which the mixed

fluid stream is fed and separation of the lighter oil fraction from the denser water
fraction takes place under the action of gravity. The very small size of the oil droplets
entrained in the water requires a long residence time in a settling vessel in order for
gravity separation to be effective. This in turn requires the vessel to be of a large
volume. Such a large vessel would be costly to manufacture and install close to the
wellhead in a subsea location. Indeed, it may not be feasible to manufacture a vessel

with sufficient burst or collapse strength to operate under the hydrostatic pressures
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2 encountered at many deep water well head | ocati ons.

Accordingly, settling vessels are generally |ocated
wa@rooriesesur f ace, on a fixed or floating platforeT/GBRi03/000601

necessitates providing suitable pipewrk to transfer

the water fromthe seabed to the surface and return

the polished water to the s@abed for reinjection. In

addition, due to their size, 5 the settling vessels
emmotnipedat inany deapotvateeweliheap dwetions. tAweoslmglacettling vessels are

str re, ac which Ls .very oft n at ren
SRAAER CR A A lof R o R TGS
p&bﬁn@%u‘it%’bl@ PigedAS td ParRN BlcAkdt¥r O tB6EaBd ¥ the surface and
appr oaches acceptable levels after excessively long.

refugs hearndishad water toghe sqabediar efrmjentlmh dntaddiiondicstoitheir size,

nereases the voI k
s e Ve ooty Dl BB % h P A poce
whieh isl¥erp fted ¥i d\grefi@d U oefirthat 2 obles: ik @iiee separationt effkc@ncy
for reinjection. An alternatjve technique for renoying

ofghhe settligtaiks iy zensalldoyysad gn lyspprapahesageInirhec leyrls arer
e{cggsg)'e ;f ﬁgn%? sk dbnb D Bm@E E ordfe Wgt@r ﬂﬂ ﬂhﬁ Esk: ThGR SuAGHIrERSs the

ageous 1 n havi ng separation
vcﬂﬁlﬁne of &maml«:ﬁmhaxr efkicomdmglgﬂhwetlya nseﬁhﬁar an nnprpveruyrsgam for

act d an absenge .of
Plg} ﬁ@’éﬁ@ﬁ? wpter 50 Wg?rdts%ﬁngﬁéﬁ ‘gTeéI’J%ICt’toPer ed or series
assembly. The first cyclone in the series is a bulk

oi | - XALALmGYG tgaﬁlt i@% ﬂg}e gﬁofnh\@ 181 1§ the use of a

concentration o uced from as nmuch as
hﬁﬁ%ybtmnﬂ:wﬁenb‘yfemﬂm thd hﬂ amai'eeasllars tThese grageedret 0 a

re-de- 0|I 0 , J.n. which the, copcentration
ofpsousdn Fing e R atuan Shcisht ComBs SRR G al
se%!u%ﬁ@n Qfen&y&mﬂ@t SRRA A8 of ﬁlobfh% p@ﬁs ophe Exrrm&e@r[e%b bem

eéxists in that the 20 hydrocyclonés are effective as
h}dﬂeoqynloenesm@rtieyedaor Jeuws hsseubly. fTheirstayelone folhe sstégyps @ bulk

o et PRI Tt U AR apbehfiof BPEEES Ryt om

ad MG 30% & 1 B8 SN ¥mE OTRY faRE & tﬁ&‘xﬁpas@edmé@'erdéQﬁler
range of flowates, for exanple up to 40,000

CyeHEP R{drin yrashoihe corgshirai st dibis Surthsr redyeeditn athgt 0.2%.
T]%fv ﬁﬁa‘f@ 98f %dﬁcﬁ{e stegargﬁ%ggttﬁe LGlerS g& nﬁrlo?/lem %ﬁstg angs: At

OWr a ach consi st
h)&b@@bhinle@are effectiveersale-oikecarlyanlghwliquid8ow rates.aF oresxdmple, a

f d h [ b|
tYRiEH) BT BB 8 Fraet i A0 by st Y b Hgwaer
i dnefcgslé i @ﬁé”d%t(ﬁQr adsbm ﬁgrqb&)lgeﬁteg&ep@ rd{ﬁBYmder range of

vant ageous if the syst le to be |ocated at
ﬂmmtazsefdr hﬂanlplatup ao 48, OB@ bpd.| Iﬁn@wn brpdrovydorns te¢telofdgy| dges not
i gthe wel has the h| st te eratf atnd tcpe .
allovethe Sclons d&” oﬂer to operate over Sieh 2 wide T ge of flowrates and achieve

a consistently high separation efficiency.

Accordingly, there is a need for an improved separation system that is able to
achieve a high separation efficiency over a wide range of fluid flowrates. It would
also be very advantageous if the system was able to be located at the wellhead ata
subsea location, where the fluid leaving the well has the highest temperature and the

least viscosity.
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3 EP 1 352 679 discloses a separator for separating a
wondoziopdsase flow, the separator conprising anPCHGBR007/000601

for a nultiphase fluid, a plurality of outlets, with

at | east one outl et be| ng provi ded for each separated

phase, and a main annul ar tdbul ar bore. The separator

operates to separate |ighter and heavier' conponents
by cBRidi3g o7Rdisclasese Spaxstdrifonsepprating onutiinhase ﬂrp‘m the

[ 0, C r| f
56\562 Saoﬁa%yggﬁsﬁ%%? { ﬁﬂg or %1 ﬁidﬁtgp 5 fglél élug htgg% %t ets, gmh at least
omdshitlepbEfig piolvided Tedach S@’a@dﬂécﬁ@adsaéanhlagﬂam aﬁmﬂmﬁbﬂar bore.
eff|C|ency required in_order to purify produced water

%wepﬁ@r%ﬁpplgatqs do egneEip lighisr andihepeiex sespRonens i censng B fluid
oy fd RRhichl i ORI i SERbor 9 phiuldly BFBEATH Slpallring
muBiphs Bitl elasdsy sich by gasnoid amhwated,at mmaiﬁtéeaherhigho n.

In arder. to furthe ur.i f wat.er ecessar
SePral R eriensy e e iRuR Rt bt alow
folr RGnje 46, nlﬁ‘&ﬂﬁlﬂéﬂ SureEieR! (ﬁf &rofletDlelnafif 8 tﬁ@%vater product of

emul'sified wth the water fraction, as suc
thesmgbarptor @amemt\ihmwfv@telnﬁm Hemgtmmneowghreaﬂy mﬁo alemyderground

diffic i f hin a
fephaior falgrapr ko Aok BRAS O Giehit 1 BeBsd E AT PRl Auptehn e
isaowl imetear, sodhthit 186 réiahiay nfigutd drdfiety Of bie ¥reSRR 8malstiedtWith

renove the bulk of the ofl fromthe water. The

the yeatar dzagtionyiap syedy apulsifipatian eoyld meks Sether RenstRjionaest ack
. i| droplets f
ot SR RRALER DR STBGC T gl O 0Pl et 1o

of separating 0|I fromwater, is not capable of

pr oVGBi 2Ry 4s0R3f A aisemtsessaea@@matdr@a diPind \h@temb@ﬁreg émpPRying a
reinjected into an _underground fornation.

vq(geg@ppﬂr@;@r ip, remepg@ thejbyllgoffhe gil fiiorm tis Wergsr a“\b@desultant oil/water
I I
mZ}&l;ﬂga ésQeQi ] a?ﬁg:#gguﬁ?%‘ﬂggers t’cclf'}égrrltxdav?rfﬁl?ﬁer ollltﬂrgqlets from
themtagar. Ehel s}zﬂtém of GO‘JQ 314628, twhﬂewape&ﬂe oBypaating oil from water, is
sufficiently cleapned of oil, tqg allow for reinjec
gttt ot RIMHERgSBIReTF SeaREAtionTor the SEHRITh B° Feiipped tnto an
uRleB86Md foR¥&d on, there is provided in a first
aspect, a nethod 25 for separating a nultiphase fluid
stream conprising a heavier fluid conponent and a
I i ghterordibgliydthermpameet for bh dmpmlvbd) skpaatipn itshnigue &u&iatb@
e flyjd, to flow al on hellc flowpath in
mpghase L SreorRs i AP &8 BFC AL FRR A Preb A ofh such

thef tBY @R may be sufficiently cleaned of oil to allow for reinjection into an

underground formation.

According to the present invention, there is provided in a first aspect, a method
for separating a multiphase fluid stream comprising a heavier fluid component and a
lighter fluid component, the method comprising causing the fluid to flow along a
helical flowpath in which the critical Reynolds number of the fluid flow is elevated,
the fluid stream flowing at a Reynolds number below the elevated critical number, the

fluid stream flowing at a sufficient velocity to cause the fluid phases to separate.
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the fluid streamflowi ng at a Reynol ds nunber bel ow
the elevated critical nunber, the fluid stream

wo b@momgiat a sufficient velocity to cause therP€T/GBa007/000601
phases to separate. WD 2007/096612 PCT/ GB2007/ 000601
4 The first aspect of the present invention enploys
the phenomenumthat a fluid4 forced to flowin a
confi ned conduit, such as between two plates or the

| i keThesfiust aspees of memre?e@hmvmtm qnedpyrethe phenomenyarthat a fluid

fo%aeg'ttg S £ u}” Q’?ﬂ% Irllecg{rz)gg ’fSPUI %s%qt%s\e%;tvﬁ& Fg?({%g ot éhe like, exhibits

deﬂe@ﬂt ﬂowaagdnys tohe ease tduidrfldwiaglin Becylmil dibﬁdﬁt orpipe. In
that is the ﬁ ynol ds nunber at, which turbul ent flow
p%@@lﬁsthefﬁncgd Hid Hpnexhipitongerifisanthuneregerd seitiegl Reynplds

o) élhﬁgﬂf tyhpfao%ﬁﬁl%& at\%Hléhetfug i1t IR ng%s”' i turn

Thon tur W regine rences to -an evat ed
allomistthe ﬁtudReymtb/d«sbmmgiméicantbfrlacxteasedewhxb@ stalt mamﬂammg anon-

ccordingly. By formng the heli I gs to
it HoSdeimen R0 Qe el s RO B uR D are 1 be
conBBuddoicadidnpd). vel ocity of the fluid can be
significantly increased, enhancing the separation of

the different phases. Preferably, the critical
Rey nBji femimg b dueli¢ad figwpatheso ab tmgliv& @i,sé)fma,n glovated critical

abl h 0 0 t
A R S T A e R S
erﬁand?h‘é tHeRBBEAId é{‘tﬁ’e &?ﬂeﬁ‘e@ﬂf‘bﬁ&@? rPr%fe@Q)Iy’ﬂ tH@ é‘flﬂu?a‘l RE&I&BI&%

conponent and a g ht er @&EOHGH
nugehep iy Fester fdﬂaméi),ﬁ@ ,tm@eﬁurqutabbfcgrw al b@fQOQQ hel i cal

flowpath extending around a central conduit, the

fl fl ff |
|1 oHidrSePii et Be R b TP I Ao & TSEIOr Sereiinge
mﬁﬁ%h&h%'ﬂtﬁ@ktréahpmrﬁmgaﬁﬁeavfe? !ﬂ'uﬁ:Pédnﬁ}Q)nEﬂ@anld' agl‘éh@ér fluid

| uid conponent in the central conduit. Preferably,

commnﬁett Hgdnesihod mn@ragme@usmg thei fuid ta ﬂewalﬂmgewmhmldlm@ath
x?{ dr}?l e{% undo a cen%rﬁl ceoln(eix?tthg ﬁuﬁ & r}%ﬁé 0P 41 SR igien o‘feloctlw tE) cause

ream e CH 1Ca S nu

thé hghtér ﬂhﬂWoh@)oﬁérﬁ\t'@m@de tonthie lisghet Fegridd ofithle ﬁ&lic@ﬁﬂb‘i’vpath; and
mai nt ai ned fl owi ng at a Reynol ds = nunbher bel ow the

colleeting the lightex ﬂ‘élélcoﬁhﬁ’ﬁ%’ﬂ in {hg cgntFa) coRdit. aspect, the
pr esent |nvent| on provides a nethod for separating a

mul t#r@ﬂ?%%?% }h%& ﬁf %sl%"a tfi’l‘ﬁ%qgég eutg)(i:“e‘r’}nel“?ﬁfong#I érngmple of

conponen onen

cleveitihg theCReyROIdS lnngfbelc@fuﬁe Agid snearhl Uhﬁcrﬁtﬁ:abﬁeflmﬂ@seﬂlmber of
along.a first helical flowpath, the first_ helical
the flyidofiaw is clevated, while the fluid stream is maintained flowing at a Reynolds

number below the elevated critical number.

In a further aspect, the present invention provides a method for separating a
multiphase fluid stream comprising a heavier fluid component and a lighter fluid
component, the method comprising:
causing the fluid to be forced along a first helical flowpath, the first helical flowpath
having a first pitch, the first helical flowpath being sufficiently long to establish a

stabilised rotating fluid flow pattern for the stream;;
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having a first pitch, the first helical flowath being

sufficiently long to establish a stabilised rotating
wo bar@odehow pattern for the stream; WO 2007/ OBGBEGB2007/000601

PCT/ GB2007/ 000601 5 causing the uniformrotating

fluid to flow along a second helical flowpath, the

second helical flowpath having a second pitch,

wherein the second pitch is greater than the first
cagpingtihe wnEprmarining gluidie flovgrieg a seagnd hﬁh@hﬂawa@s the Isgcond

AR BRI SRS LD el I

ﬁs@pﬂﬂﬁhnwn of any nultiphase fluid stream including
trea i.qui d _phases and

sing one or_nore i one
removmgr glg’fg ﬂ%}éégom Frrdiatiytineer region af thesgeand hplical flowpath.

sui tabl e for the separation of nulti phase

i qut?e bl e ﬁxte ?Qg@ﬁt 1}:1%1&0{{% &?&P eYoP %Q#Jﬁ? %t

advant ageous i n i ciency a sep

mhlyiphaseatiod B@eanﬁ ﬁmxﬂﬁdlﬁg lst)/eaﬁ’fsttﬁbﬁlp@ﬂsing one Qﬁhﬁﬂ@ B@Mﬂ pﬂxﬂses and
streans. On}Eﬂs plicatjon of the nmethod is th

OnE ARYE iEBHP e Uisamgghpd Frp@ﬁi%]é(rsmtbbl%&ktb@ SqmeEHion of

mak ererlﬁfﬂl?cﬁﬁgr Is{rearﬁ’sr Ble Iﬁ%h&&‘ f J{Jaﬁc cf'&#agfé; r?g??rggéeoﬁgﬁgn its

produced wat nto an undergr
effigichodatissparating lmﬂ1d1hy@rowlb¢rﬂbd:ape¢1aﬂﬂy sedapiy frovg aguenunor

LS, R P SR e G 8 b
pro&geellifebit @ sutltbidrdah KRAL pr? th el BBy éi't@ﬁ’ %f ﬁl%%ﬂﬁﬂlﬁ‘:@@ watel into

the first step of the separati on net hod, the i ncom ng

arfyngergrounddfounaliad. i nt o nmanageabl e portions al | owing a

SU|tabIe flow rate to be achieved. The or each portion
ential.l

efer bLy firs aused t.o tan
b epaE BFAPLYS el BB SRl HPRAGRE & Frinr PR of
ik ¥di s uiy Bloftht %uﬂkrbrtcbﬁhlfdoﬂb ﬁhés@ ofd 'é.éc%nﬁ MR hla@%?ably,
to begin to congregate. In this cylinder

the égbﬁe*aﬂwdrfractlh@ lqﬁhaééspersed nMase.st r eam congr egat e and
coal esce, ther eby allow ng the dispersed phase to

for I lets. The. f d. strea
coustadte 57 Sh pERReS Rign aahodhs ircomia it ssdiied ingg
méﬂh@%aﬂl@ﬁoﬁﬂoﬁé Qlldvﬁn§ dRiiemletlohad tdb&icHE&RA! The@Rkach portion
force Iovmnq%ﬁtheflwdtoforma stabl e rotating
S

is preéwablatﬁrétrqau o gangentially eates a@enwi@tomegfoels @mebfylmnmrtmg

D SRR ISk 4 e
Inft]lnSWyhxﬁger BEpat ik, the phedeoW thBetrednh torpatgaRemtiododtesed) tﬁé@é’by

(that is.the Reynol ds nunber
allowing the dispersed phase to form as larger droplets.

The fluid stream is then caused to rotate in a compact helix under pressure, so
that the fluid is subjected to a high centrifugal force, allowing the fluid to form a
stable rotating flow pattern. In order to avoid the different fluid phases from
becoming further mixed, in particular emulsified, the fluid stream is stabilised into a
flow regime that is below the critical Reynolds number (that is the Reynolds number
above which the flow regime is turbulent). The critical Reynolds number will depend

upon such factors as the viscosity and density of the fluid stream, the velocity of the
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above which the flowregine is turbulent). The
critical Reynolds nunber will depend upon such

wo a@ro9®1as the viscosity and density of the fPCi/dB2007/000601
stream the velocity of the WD 2007/ 096612
PCT/ GB2007/ 000601 6 fluid stream and the dinensions
of the conduit through whi clf the streamis passing.
Preferably, the fluid is stabilised in a transient
ﬁlldmtvemegmdﬁle difpgssikeseqfithgycqnduit dhropglewbmh dlic strpem is passing.

PREGRANBR 2ok SeBIBEE oy b0 BRE Bhmips g romies

oftthe dBpyreed Heidrphadecdctio@ninBe pregétitineatibh, ¥hdbaigict hélads
the usual 5 critical nunmber, while still having the

apanged syah that therR ewoldy numaben san bosianifieanly higlgrikan thsusmﬂ

ALk VAREUEhEThd O [P nED: Babde i

Stdbearcatfect, Boeharated f(ﬁodxamplee&mpﬂn@y@\dd Ils’lceiuhﬁi tpriksebitween two
invention, in order t ow.a h| ﬁtlonal fluid

fagoiedditey 11 ase A dhs Ble hls pgLds ﬁ‘ﬁp 1% thg; Pregent inyegfign, in

oidBr @ MW 4 I’ﬁrgp %t@t’iﬁnaﬁ thW Jeﬁgﬁtsr%o bé Qchtla)ea Ws mtaﬂl%ammg the
separation of the various phases 10 due’t

fleidnin pinpodaibufeor tew rcgmen Eiathwday, Tlhmselpmgom OﬁﬁletVIalaous phases

fir hel I at uId be of sufficient |ength
d‘fe toy’? %%m{l%'ﬁ%”? %N% ‘0 centrifugally establish
and stabilise in the reqw red fl ow regi me, nost

pr ef el ¥ind rikAmst Bdtcal QWL TR ?]eTmuﬁ?él&{tqer%fth {htlow

fluid stream I1ts conponent’s and | ow regi me of
thf: Iﬁ@ud flewvdo b@m@lgplﬂy) cadish anchstabidiseriat the tequired ﬂdertreglmen most

f the fi st hel i ath If th
iRy R i) Pagteing ahioreds of e LiE BRGiR decpmipdippes and
thk lﬂrosa repizhd 6fthe MM probdshedia tEOMERSH emm de@tMine IRY fength

Once a_stabilised flow regi ne has been established,

ofithe first belicas flownpthi 4f thatrawired flowiegimesiap by catablished quickly,

th@‘ﬁrét%% icdi lﬂ%@%ﬁ?”flﬂ& ﬁtoplngproc Jh%?t fluid is acted

uga d treate a mul tiple
graV|ty force, as a result of being forced to flow 20

al ongnéhesthisilibedatovp adgime hhxbeRh kaabiishbd whé Atid strehi is caused
cause the heavier fluid to be forced to t he outer

todlaw plang a dirst\hslical Aleapathe In ﬂgh@tép, the Heidiippcted upcmal@t ¢ons

oA L5511 DS OO 0 B0 4IRSy R o
alvtathe thhBeal [phtﬁlg:‘(he effettod vlflﬁd:h xsadx cédsewm&tehvﬁeﬂﬁidﬁs be forced to

constat t hr ou e length of the first, helic
the PYiHSY deﬂag ‘t"%E Cf the Elglfﬂ% Gtionyifiagtionsde seraisg the inner

refidh Qe ﬁeh& ek b1l @b athgé%a_%ﬁ Z)ka:lﬁ Cftiis }Stléﬁeréclﬂ#é’ bt the

Streamis led into as | owpat rom
pithiaf1the helisall flqyiyath rémainsccopbtastehionghan dvedlergth of Hee first helical
sec ath has.a

flowpa nd , as the & ﬁ\%alﬂof\x! ics),V\b,%mg pressurised %}?r%géﬁj R Ihteﬁ}p plates.

Thereafter, the fluid stream is led into a second helical flowpath, from which
the lighter fluid phase is recovered. The second helical flowpath has a second pitch
that is greater than the pitch of the first helical flowpath. The second pitch may be
constant throughout the length of the second helical flowpath. However, in order to

reduce friction losses in the fluid stream as a result of back-pressure, it is preferred
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that is greater than the pitch of the first helica

fl owpat h. The second pitch may be constant throughout
wo b@7loegsgt h of the second helical flowpath. HoMEW/EB2007/000601

order to reduce friction losses in the fluid stream

as a result of back-pressure, it is preferred WO

2007/ 096612 PCT/ GB2007/ 000631 7 that the

cross-section area of the second helical flowpath

thatfhe erpsersechion Atpaiof $he agidhhelicaifiavpath insreasasginngritsdengtly.

- N . 4 hel i g
5 LRI B, U ) s
intreaseedeny 4 1ep%tw ghf p'ﬁcclg?a? ;l]mlréa);e stb%l-mﬁﬁbleqr g@?icﬁ{alﬁw ﬁﬂ(t')rrl]e
epbodi ment, the, pi; 0 e second_helica owpa
Pfﬁggﬁgsgggémﬁ%p {3 Sf the spcepghalical fletienth Ingfeagecontimuously
2lSEE00 @e{gﬁﬂ bedk sédoRMRatidu ﬂb@{aﬂhgg}fg gferf@rge r{a{i}?%ﬁo ,n{hﬁ gitch

the pit increases by up to r eac
inpieased b lupwp &%hfoa eahridrrt tfehé finidi flavdiatedroand the lafgitufimal axis

owpat nor e eferably, .up to.3% .espegially. abou )
ot g HBPb A RO PR Bhio o aayscialbiangal Fogpreth e In this
wiBlaHod RGtné RahaiplalRWshdt BRow ﬂl'%q%ﬁtef: i O ddiRGS td)xﬁ&trﬁt@ to
mgrate to the inner region of the helical flowpath,
the ey 1egeaneotitheeeligakllowpaihdipm vdemtbesaeserdovasl i cal
fl owpat h shoul d be | ong enough to allow the |ighter

e

pHagd¥Rb Be chlldRa Hdlrkmbeavien thd tiid sRBAs esmhl dﬁ&blet@ Beiehe

desired or required |level of fluid purity hds not

lighées luik miag yesaain fiy etk bragise Syidnighase. df es, amdyhddesired or

, el . houl d her separation an

ref TR or B R Sl ned Bect R Reb By P SRR 68 e
enfiplogddeas Sllews., in which the rotational velocity of the
fluid streamis increased so as to generate a central

vortex of lighter fluid fractions, fromwhich |ight
f 1 ui dhopigd further sgpamdement purifisationcberegeired theonethod mely

| Leve [ thir el,i cal . .
cof RIS AN e 04 68hn s s
sofak covgetekate & cadjalisteek sllighser 2Rid HadRus Srdrh vhidCli @ SlRid Ray
fluid vel?cixy required tqQ generate the vortex. In_one
beﬁ’i’lg?dé?"l"%d. hefriagenartatiopal aclopity may be ppicyad ysengrethitdal
helitQWRARAH, AOhE ?@ﬁ@n nﬂgg c{)dé?—st igﬁﬁta'réﬁrbf‘?{le b @ath isMusted so as

increase in pi stepw se or continuous.
to Pavfse thebingreasehio fhiid etloafy telyeirddhp reeinerhve ltheedrtekl dmpat preferred

i ncreases al qn uhst ant.i al its.entire lLength. In
P gR g B o B TN e et wEFaissdn 1 Bhegiion of fow.
Thégh@6dstYn phdtembebé s@bwisk OVEaHubAS. TR 019, Wk Sitbh bhhk Rfird

25 radial direction, as the pitch increaSes. The

heliml flospath increpses alopg Isulstangially itp ertiredentgtly In order to generate
the required increase in flnid velocity, the helical flowpath narrows in width in the
radial direction, as the pitch increases. The increase in fluid velocity is preferably
controlled such that the critical Reynolds number of the fluid flow is not exceeded.
The cross-sectional area of the third helical flowpath is such that excessive friction

losses and back-pressure are avoided.
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controll ed such that the critical Reynolds nunber of

the fluid flowis not exceeded. The cross-sectional
ware@aoede1t he third helical flowpath is such the€T/GB2007/000601

excessive friction |osses and back-pressure are

avoi ded. WO 2007/ 096612 PCT/ GB2007/ 000601 8 After the

increase in the rotational ¥elocity, the fluid is

ejected fromthe third helical flowath in the form

of aAferthe inserage nuﬂngsotamnal vélogityu ihe, tluidhiscdieaterhfrainribe third

cor f fI Wthin the atd n ore
2 OV T e Bormd o4 it Tl Bty PR ARl o
rosdt@g&oret &f&luﬁd: MWithinthe rbtght@eort bofigidl & separaRd vostex is
rate towards and 5 into the vortex with the

esfh siedr In (s sfags. it seaeining lighterfiuid ieaused toswigenie towards and
inf4hE @9&&9 wift Y p%&é}%m?ﬁﬁ&h& i e Ol hfithr régd% d&tegnrg ing

poi nt, a he nee not be provi
arbtned taé esteb‘ifshéd omeek. f onhls' p@nt;re $elicull ﬂbhfﬁathﬁfebdénoﬂﬁl’prbﬁded

shed in an en t, su t.ube or
ﬁ 'r%nmolge%ﬁg}w ey B @u VPl enhe oS hlighcdin o gpen
co%&hﬁ $8th E@ﬂub@ B gﬁb@ RetHi CRby, ihOV@Raks eskibl sﬂfcf@tncﬁe let of the

cases, the vortex induced if this way Is ative
Sesmlnehcalrﬂqymaﬁarl son wth the length of the
surroundi ng conduit. In such cases of a short vortex,

th tabilit f the, vortex may be reduced, |eavin
t he WaPTIB.CoS BB IOt o ibs NN am G ElY ShRE: i comparison
with SHer léﬁg%h of tht Berrblndith cARGR! ¢ ﬁﬂhY:asek b h $hé @(fn%rxr gl to

provid means for stabilising the vortex. In one
stabrilety et ﬂlche’m ouhiynsrreducetiglegdng the viostek susveptitietremidor 15

a_condui tofor. r v the lighter. fl
crfp§Pat i s it PR, ot Vsprdited S apdes agans
foreabisising thecwapleM! 1 BneprefedicaRidboginit, tthey i@hd i§ ¥orhfed deneath
gui de cone and guide conduit of sui tabl e di mensi ons

2 Indpib X FeRPYiHE e hehterghudiat has miggate@igi and cotflegtedin the

vogttég Bh 38 gtteg 8{ ﬁeM Yot? %Elﬁé?ﬂ% %ébihm% the%?te¥ 9{ EL gﬁ(ldé Zone and

gubdenebuiitit afishifablet digetnidis cﬁi;pd;ls@ﬂ wﬁﬁ)inTh]@cédldluitdn dHerregith of its
| eavi.ng t he vor separation region W caont ai n

oReRing RS gfe Yesiex .&@ ﬁ}lwawﬁ% BPRETH IS Sahtised pothdidn G entry

regﬁﬁh Bk YheQRondllBaliE@UhEbulk iy conponents. Should sore

i ghter conponents renmain, further separation steps
may be carried out as fol | ows. In a preferred
enbdienfand sindant leavinp disevdrteknegniticanegiohevitebiath little or no

th 25 t the flujd st into
hg&ue'rr pa%mﬁnﬁcorgpr{gltsqeo;ﬂlétnmélgfyoqu t qg hea\xfﬁr U q:fgr?po%%gt? Should

some lighter components remain, further separation steps may be carried out as

follows.

In a preferred embodiment of the present invention, the method further
comprises introducing the fluid stream into a fluid-fluid settling region, in which the
lighter fluid components are separated from the heavier fluid components under the
action of gravity. The velocity of the fluid stream in the fluid-fluid settling region is

significantly lower than in the previous separation regions or zones. In particular, the
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lighter fluid conponents are separated fromthe

heavi er fluid conponents under the action of gravity.
wab@7eedeority of the fluid streamin the fl ui dp€T/GB2007/000601

settling region is significantly ower than in the

previ ous separation regions or zones. In particular,

t he WD 2007/ 096612 PCT/ GB20@7/ 000601 9 velocity is

such that the Reynol ds nunber of the fluid streamis

veletity ipspchvihetibe Reynaldsnumbme pf dledtiid sirgsar is wabkbelow the critical
fer [ 1 f [ aqai ... Preferably, the
R%frﬁ%l% S rﬁeégflrﬁg?stts Bg%%@@éﬁ?@“’r%‘?‘gﬁ%ﬁugg”r{f?%%mf| Ui defl uld

settling region. This is nost advantageously achieved

by hpaefdrghly e flatdadtleain ik BRBEd RkotRe fnBe fillildlGuid Sk 1iRAYion.
upon exiting the vortex separation region, Wile the

Thisjlomos adusrageeonsli pelievediby hayvirgshe ejation impartpdtoghefinid

SRABR et B AR R L T oy Ut Do
thisasgivalis the gravilgrsepsation) 0 rofatibha flovgieiine will Lt 11 [igbter

an easier renoval and i nproved separation. To assi st
ﬂ\}ﬁt"ﬁmpﬂlée%%waaoaﬁ%ﬁtedfl thergentrahen IARGIERORS 49Re of theiragian,
alR%HQﬁ%h%asi&h%n%@al%ﬁHﬁgr&&ﬂs‘g{at{"ﬂo& conpri ses

centralising the rotational w of the fluid stream
wthin the fluid-fluid settling region. This is
pr ef Bo adsisy wathhesepdration af amnrefaiding Wetitehliil@omponents, the

cross-sectional area of .the fluid flow path in the .
me:i’lQa QI%@’T aply ng{ppp?sr@n‘fr@lgﬁlr&]thp gotadonat ggwqu fihe figd stream within

| S8y i : r ] 4
RO eing {ehin, iR ot LB O i MRS b il
crbgsesectidvrzl heaef thedhtid Abwrpati orthe flutdhiuifl lsettlthgf regiiod is reduced

. settling region and passed to the upper central
mﬁ%gfti%er?ugp Ofﬂgwfl uid-fluid settling region. To prevent

rem xing at the exiting vortex region, an axial

cow jnng P& LN i LOfLE" héht i

dr oplnet grﬁ?éofe nove %gb?lﬁgt’ P? gc]l ﬁrt&gl?{ ?‘l th? ﬁgﬂr‘télg?‘télﬁ Compuh&t 8
regpoivehtemgtie wer kentrad regiomef the flkidsfieig settling reglonsindayssed to

the separation of . the.lighter..and heavi er conponents
tnf D5t RRR R oo, Sh® M PR IsEluit etop o o AR B the
exdiry VONER dedibn, taAGixHD e@wu@g)mb% 88 pRividddao e/iHI¢ R Tighter fluid
region, which is already relatively rich in the

drpplgtstie moye g Bdighter finid tsgionamhindotied by thorptasingriugk phags In
r t [ t l.ower portion under the
ol PR s L A Rl B SR Bl
paitiouilat, thejlightel compeenss @ shobeéd@stheBypdl potdWdRdsettRhg
t hat ,eﬁr,ri qat at apPr opriate locations within the
regiony @éwc Eolreadnrrteely ficheis thaljgiyer components, with the heavier
components thus transported returning to the lower portion under the effects of

gravity.

Monitoring, fluid sampling and fluid injection ports and lines may be provided
that terminate at appropriate locations within the system. For example, lines may be
provided to inject pressurised gas or a gas-fluidised liquid to cause upwardly moving
bubbles to ascend through the heavier fluid phase. This would assist with the

predominantly gravity separation effect. In particular light phases, such as oil and
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provided to inject pressurised gas or a gas-fluidised

liquid to cause upwardly noving bubbles to ascend
w0 booclogds1t he heavier fluid phase. This woul d aB&T/€B2007/000601

with the predom nantly gravity separation effect. In

particul ar |ight phases, such as oil and WO

2007/ 096612 PCT/GBZOO?/OOOGU@ 10 ot her hydrocarbons

may adhere to the surface of the gas bubbl es and then

other kulrpqagepngmayzpdherstie thersgtlace of the gad bt@h&e@ ranqi thende carried at
Lo
BB 081c 88 e RRLIE TR XAy BRI Mg
sﬁhﬁﬁ%hghﬂfﬁwiIU|d conponent fromthe heavier fluid 5
conmponents may be enhanced by the addition of
additives active in inducing droplet coal escence of

t he Hidghirask theisaparaéamefohe Hehtesiuid spmposeiifiony e hamdger fluid
(éﬁéﬁnehﬂ rbn}xgx?ced %Elttheaaﬂﬂhﬁ%n %Cat%g‘{m/%:g Acq \Jex? ﬁ\éﬂ fn% %roplet

tors may-be a event
cdabeso@ice of tlﬁfhgﬁfmlﬂi‘ud d:d’llnmﬁléhﬂ CSiiltablelaﬁdﬂnOésaérb ovedl Mdo@iein the
there is a si nlflcant ressuyre drop .in the fluid
al%ﬁ?%%fﬁ]wwmgy PYilablg. Brtleinhibiqrhgia V8 pBphicskto prryvent the

foPBR&NGS écQPé,efﬁ}ggﬂ?blula}% PRI R Hiepd ThePBiY o n?ﬁjc%ﬁg]lg gssure d drop

upstream of "t rst stage o separatlo in o
inghb énclesttchl, sehas at the mnlef tott]n@syfstem of the aswent iGeEntios.i on

L A KT

erIRRS Bk sQRratRa ST 1,88 tphéz‘eéll €§ﬁ6§1§n YIRS ma% b Pé«!ﬁﬁ’éd in
as required in the systemin order to pronote

tha gyyterg &f prﬁsezéflmfdnum ip parieylar &@wnstnhmmfttbﬁr belwalyseb@catlon
L
oSG G Ra ey 5% B B RS B bt o

plbh@'fe theapgepitn offlughphasesx Warphiictss indy b eequaed %&n oflis
oil concentration. G her additives that ma

pré%ﬁﬂt ayerf oty flwd rhasest ingwderde) peaPR thegrptatlisatione lgler s
m@ﬁgulap{a’g%?xfj%ﬁx CJIHE Jn%Frﬂl f(i)ll% 'i]?gnéxll ﬁlpoﬁ Qﬁt?ﬁﬁ)is (Whéxj

consi st nost entire nponent
adulliti‘ms o eyt enifiecd 1m‘ledepheflem ﬂalluyerp,a‘gfﬂm:ie tnhl‘tﬂtoirsl ardd

. val region, in which a fluid stream consisting
m@ Ehtially of the heavier fluid conponent is renoved.
The fluid streamis preferably caused to rotate in the

flui @h%ﬁ?ﬁgﬁ]ﬁ% ﬂﬁﬂqn tﬁer}ﬁ'f)ée% il Losghy 8 Js? ?Imxgﬁr d%he heavier

renmove e central region o renova
cangroment! ar cohipenamay, Theae yretpeefeyabt;omss&demtasﬂul& taniovabregion, in

L N AL AL
TIRXRHR s8R iRy YB&d RASta%e AShe fluid removal zone, the said fluid
stream being removed from the central region of the fluid removal zone. In this way,
any heavy components, such as sediment or the like, may be collected under the
action of gravity and removed from the system, for example on a batch wise basis as

sufficient sediment collects in a suitable receptacle.

A particular advantage of the method of the present invention is that it may be
applied on a modular basis. In this way, a wide range of operating fluid flowrates

may be accommodated and a separation process provided that may be applied for
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sufficient sedinent collects in a suitable receptacle.

A particul ar advantage of the nethod of the present
w0 poogfopdee is that it may be applied on a nodedEHGB2007/000601

basis. In this way, a w de range of operating fluid

flowates may be accommopdated and a separation

process provided that may bél applied for WO

2007/ 096612 PCT/ GB2007/000601 11 extended periods of
extendsd wieripdssofdime with signifiventatarietiens in then@uiflthrogghput. This is of

oo d s LS of . | cul.ar. .advant.age _in the
pA AR e s i bt BB PR e
ldcaitonk) epscialbsqubetaktitheadibpaationd| | head operati ons.
Accordingly, the present invention also provides a
met hod for separating a 5 nultiphase fluid stream
conmppreirdigely, hearesent mventiynalpopoeddes amdthad forgepanting a

[ n ne volume fdowate of the .. .
it S TRRP orwbria P bl Tt Bhforye i i
caginehi, R, voliige Bkl oCitapiuliiihage fiid\stidhi Getgihibjead tbt v

of separation assenblies for carrying out the nethod
vagtaEipR oyer timg, (thRngod compusing Broveding p a?ur@layplf sRiegationt o
o [ senbly; 10
asgi}%lggﬁsggﬂ%ﬁgé @géﬁflﬁ?@gg Sfrggiglﬁi ng fluid flow pattern
alfowing hetretm ehogntiodies flogrdthe sitabi dadbattdrsepabiiorgaskdmiblg;

be forced.along.a first helical flowdath, the first
eskifing S TBlisee Fiih e Som ST Tior s SUEals] ng ¢ he
caBink GRRERL I D@tihg Al thBeltbe¥d 8RR Bst3REN HoRRhILS Ble first
owpa he second helical flowpath having a second

fl th, t
hqﬁctllgi'p@wmﬁleh@ﬁlﬂg@ﬁeﬁ@é@mnd pitch is greater than the

fiq st .pitch: .. i he |ighter fluid
cap gk ¢ b R Pk B Pl B, o s b el S Pay B hbond
hoMaglr i) WpdtiNRa Va8 € Bdtoh @ pitel, SvioReS ) Bcdd REEQIPRERE fan the

different fluid flowates; and selecting one or nore
fuskpifhappdn assenblies for carrying out the method

kB SOROECH I DR L B gy

whettinithe eselbleyrae apérable as seoimno dateydiffeneat finyd flofvrites and
referred or specific features hereinbefore &ggcri bed.
scfisli, 1 PB R FEPATON P ASSTFORRAS T AeryHIeRYt S MetRe gteps
| bl : EMushiRgassenbly for
acgg{dgﬂ%etﬁéﬁégﬁ?ﬁﬂtnﬁ ?ﬁr %IE gﬁ}ﬁu@%‘a@é{stb ﬂuﬁgﬁst eps descri bed
her ei nbefore, wherein each of the plurality of
sepdflat inethod stepytdriied outdn eavhrseparatioradssembly may have any of the

preferred or specific features hereinbefore described.

In one embodiment, the modular separation method further comprises
providing a finishing assembly for carrying out the fluid-fluid settling steps described
hereinbefore, wherein each of the plurality of separation assemblies is connected at its

outlet to the finishing assembly.

In addition to the aforementioned method aspects of the present invention, there is
also provided corresponding apparatus aspects. Thus, in a first aspect, the present

invention provides an apparatus for separating a multiphase fluid stream comprising a
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25 outlet to the finishing assenbly. In addition to
the af orenenti oned net hod aspects of the present

w0 poogfopdear, there is al so provided correspondP@mGB2007/000601

apparatus aspects. Thus, in a first aspect, the

present invention provides an apparatus for

separating a nultiphase flul2l stream conprising a WO

2007/ 096612 PCT/ GB2007/ 000601 12 heavier fluid
hesgiep Smecheonsprment anid@ﬂmertﬂum chrepmenty éwta,ppaﬂamsazppmriaﬂnla

0 ising,a. heljc 0 t h, havi a i nl et
iR Qo find F it Aot oo Rer dfgtiposent afe o
seB6EDOE] D Bl gt @fluad bdrBfrRht fﬁdheﬁcﬂﬂlﬁ%ﬁﬂﬁemé Rffmed such

hel i cal flompath bei ng forned such that the critica

theiche eritieal Repbelds pmberefthe flejd streasa fopinglong tiedelcal he

wpath is elevated. Preferably, the second
ﬂ%\gﬁtﬁ??@vafu% e lighter fluid conponent is disposed
axially centrally of the helical path, in particular
openmegeram% QhéBecod aliflet f&:ERE lightet ﬂﬁatc@ﬁlpoﬁéxw@dlsposed
condui t e heljcal flowpath may be arranged
axiplly gegtrally ef de dokgad gatby intragtiqulareyering into mamﬂb e¢ntra1 lighter
fore described. In particular, this may be
ﬂﬂghﬁgﬁgg by adjusting the internal dinensions of the
helical flowath according to the properties of the

f 1 Ui The kdliceleflowsaibmaphe efasRd to bfovadel tHe Efé%teéﬁﬁﬁ&ﬂ Reynolds
the Eresent i nvention provides an apparatus fo

migage deseribedh Hapertipular, dhis maz dnackieprd bsr ﬁbuﬁmg the
1n§:?1?a\f 'dﬁﬁer[ d‘Ht 5@t HRTRA0S rHow%gﬁl &cl}t‘dﬂ%tg rthg r%éexitl%s of the fluid

nponen he apparatus co
st&eﬂnetoﬂ)elpgoaassetlr eam of fluid of predeterm ned fl ow ate;
a first conduit for establishing a stabilised rotating
fluid flow pattern for the fluid stream having a _
fi r st @rtheraspeqtdhp afesent invention provifies e appardtonfratspparating a

B8 4 il B COR R PO b IS BRSO

coﬁﬂao&exﬁomdapparaimscmlnpnangt the second pi tch is greater
nmeans for renmoving the

th f t t
m?%ﬂg E? Phé 3 S? ' Cgﬂvé&? Aredgtermmed ﬂfo@@@tsn of the
a ﬁﬁ@@d}ﬂuh%ﬂ é‘s@e{bhsﬁlhg‘é’@ﬂ)ﬂsedr R)@at SRl

first conduit having a helical passage ther etﬁﬁr oug
strehimdayingwhiinshhelicali ftb wimgh, e firsusadtak fiowpatinhaving a lfiedt |pua1I1
a sfelcgr\llgj c?otnlamt thVl%é seecronEi Pefical howpat% the second helical flowpath having a
second pitch, wherein the second pitch is greater than the first pitch; and
means for removing the lighter fluid from a radially inner region of the second helical

flowpath.

The apparatus comprises a first conduit having a helical passage therethrough,
through which fluid may be caused to flow in a helical flowpath. In order to avoid the
different fluid phases from becoming further mixed, in particular emulsified, the first
conduit is preferably formed such that the fluid stream is stabilised into a flow regime
that is below the critical Reynolds number (that is the Reynolds number above which

the flow regime is turbulent). The critical Reynolds number will depend upon such
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25 different fluid phases from becom ng further m xed,

in particular enmulsified, the first conduit is
woe@Tmeo@iot y formed such that the fluid streamPGEI/GB2007/000601

stabilised into a flowreginme that is belowthe

critical Reynolds nunber (that is the Reynol ds nunber

above which the flowreginmBis turbulent). The

critical Reynolds nunber will depend upon such WD
fappos7as0b 6 BELOSHE BhGRREGY/ F0Tsdid streanh.dhe velscigsofi the fluid stream

' ity.and ' f 1 f.l.uid st t.h .
g ARedrisPo R ETR e By i b R B neP S depmdinay
iheRpecii m‘th, difheadials ardilediit beths i@ @bhduit WABSd ddermined by

Accordingly, _the specific shape, dinensions and

g an .
the graper{iesiol thicdfeed sisqanclmprarassed. | Prefseabo ey pandei ingt a tirre
1 . .

B IRE g 5 e s A EE RGP BE 88 IRR eping the diggles of
the ldispersed flsidaghiake seite] A purficudarbi goferdetl awangghane is fohtke first

keeping the droplets of .the dispersed.flujd phase
COBRILE ComPie P BRI RYIEE B FSThah e okt (o RroTige the
hdifgl fidwshn. conduit to conprise a regular tube having

an internal helix in order to provide the helical

flowpath. The length of the first helical flowpath
Wi t e fehgihfaf tlet fistindichl fleiymth dithin thd Ors abfiduit shiotldtte

lowthe fluid flowto stabilise in the required fl ow
SU?@@? 0 ajjgeiihe fgwé_f m}asbéhsm#ﬁréw%fgwr%g»ﬁém#he
pxgg&M§a%fanéiaﬂfffdeegirﬁé.rmam&%f%rmﬁ&%éa%n,&}&% Bents and

ow regime of the fluid being processed in the tho
theiflolv r¢ginesr of the flutdebdinggrobessaf intthemeihod twil alefecmine the length

o P BRR PusL Pt o Tt HENBRdnpF gt 1enh Blnow
the @iRRY fof iherkeflrifi e sdpadhtiodlof teUightdd Hﬁﬁcﬁ}foﬁa[s@ fRoh@e MeaMESTid
fluid 15 bul k phase. If the required flow reﬁl me can

oydk phasea B the Feaiirgd iflort rpgineranfoeestabisiell @aicklyt fwvirat helical
' i pgly short. Preferably, the pitch
Y SO ARBRRILS R Cr ol Lo e P

I ca owpat h remai ns const ant
throughout its length. The apparatus is preferably

pr ovP@dedabiv tthe gitéieefthe eind Helical FiBwpatibéising Béns?t throughout
mul ti phase fluid streamto be separated is forced,

itfplleilﬁh' to entering the first conduit. The apparatus
preferably conprises a nmeans for establishing a

rotating fluid flowdin the f ondui t... Pref er.abl,y,
e Tisbibraistiris pradl ocbied PR AR RO AhErlaRnt
mubipha@luidviireih td Jepadicalis RadBdL pridrab €B@rink e first conduit.

arrangenment of the tangential openjng, causing the i
The appataies nreferably emprisepa gsass K sHadlishingrasatting {d flow in

thB@ B aRenGYPI lﬁx‘%}"e?gnl&,QhQ%e%ﬁ SN éoﬁrﬁﬂﬁés a tangential opening, through

which the feed stream is forced, the arrangement of the tangential opening causing the
fluid to rotate as it passes along the feed conduit and be subjected to high centrifugal
forces providing an initial region of separation of the phases before the fluid enters the

first conduit.

The apparatus further comprises a second conduit, in which separation of the

different phases of the fluid stream takes place. The second conduit also comprises a
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25 forces providing an initial region of separation of

t he phases before the fluid enters the first conduit.
wab@7appar at us further conprises a second condegT/GBR6V7/000601

whi ch separation of the different phases of the fluid

stream t akes place. The second conduit al so conprises

a WD 2007/ 096612 PCT/ GB2007¥900601 14 hel i cal

fl owpath extending therein. In a preferred

he&paleﬂigmaﬁmxtertdm@ retrh dinggrrdisired arr@mgﬂnegééhaasepmmiscondult

di
cofbisPeh fipe Balife & HoflR PR aihg Rtk b fiap R second
heficilcivvafatit, e et dhdgitdhcaithd édamahéhdahﬂds lesnclréasm@ the
direction of flow along the second fl owp . The

difegtipraSBow ﬁlmﬁéhwqc@w yp#h. iThe cgeage @piws pHclpmay be in a

SR TP ERAE g, 1 PRl SaBi AN ot Jf sccond

hedicalnfipvepakisisandrezakt ylohp eulestdnitinBy treregtite 1eﬂgthh>é timeseosrd helical
helical. . flo th thin the .conduit e.pitch ma
flowiath yibin the £ ads% PUSR Ay iRGease upﬁ%y}%’@g g3k T Ot
seéérmfmw i?cfv%éﬂﬁaﬂohﬁd e naﬁgnbaqhﬁp&m%f e Pbwiphf gie@ém& Rip to
0

preferably up % nore preferably about 1
3%aohretm¢’ﬁ@rab130&bvat é‘élpfar%f:étum lighter fluid phase from
the heavier fl UI d phases, a neans for renoving the

[ er flui i S ovj ded thin_the second
boadl fepatsiaiie NaBiey Muid e kb eVl QT P  means for
refn'ogﬁ%%e ﬁgﬁteldﬂlﬁ@ PRAdeS € Brofide@ i tme&ﬁa%hau@ XPpRASABIG,

coaxirally"wthin"the second conduit, hel I x
the rteamdifion geno ting thetlightea flmid cosnmaiseun dolteh@on coldugteixiapding

condui t The f.eed,co t an cond
coB it oLy eomger ot B eb s T BRGPSpiyg around e
colp@adnadouguit However, in a nbst conveni ent arrangenent,

the feed conduit, first and second conduits are

adj acent portions of a single tube, a first helix

bei nthepleoy tatulditj ﬁrsamdﬂ@s@n@@ndpm may pomprisergpaaise t o

h a second
ooBlsRettS E O sbbrriiis o Hobit, iR SBRiePey Sl ARG RN ke

coRB8lY, S dnldfcdfhdeonit Rehdjtdnt pbravRabh sihgle Subeha fifst helix

arrangenent the neans for renoving the Ilghter fluid

FRBPIOBITET isan wsEermeettioarPdlmiabe to Eﬁtf@ﬁ dhrstbelicebflewypath
WL Ak gt ﬁé%xsdegg' p%{nki?c?m m}% grgé&%%h @%f@?ﬂf&% to PRYidA%he

penln S rtion
seckanthisdicalabovaath. sIemmld aparirigemehi thet rheans ddd renimvmg thé lighter

fluid. I h
\51}, %g\ygpgg)rﬁnﬁ? 'g )f.{lo fe:c%é{lil rg‘grﬁgln i &gecog}%gﬁ'y %Vllt n t%e smgfe tube, the
collection conduit having openings in the portion extending within the downstream or

second portion for the collection of fluid.

In many circumstances, the provision of the apparatus with first and second
conduits, optionally with a feed conduit, will result in an acceptable centrifugal
separation of the lighter and heavier fluid phases. However, should further separation

be required, the apparatus may comprise one or more of the following components.
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25 conduits, optionally with a feed conduit, wl|l
result in an acceptable centrifugal separation of the

wo c@htessiand heavi er fluid phases. However, shpti/dB2007/000601

further separation be required, the apparatus may
conprise one or nore of the follow ng conponents. WO
2007/ 096612 PCT/ GB2007/ 000604 15 Should furt her
separation be required or desired, a preferred

t ec hﬁhcqmeé frthet beparatioe bofrequirgd ot écelr@é,pﬁapqumd techniqom is the

bj ect

g EoroT S PP Bt AaRu e I FeraiOt £ Barery pgh
cERPREA e cédiinBBY, iCARRGICER, the a@?m@wstmafy%rther comprise a
retaining_ a vortex, fhe sai d condui bei ng arranged to

conelp feterefaining a [veres. i Bid mdsué é’@’ﬁé avengesp req ifh leaving
theréeé)ong% héﬁ f{&(&g)\éthgtqg tolp(geﬁ O@Stﬁ‘%ﬁﬂ{l%ﬂ )}fﬁrgmfu!{ ﬁhgi

s@hfaﬁam tga-,l sdtahtbﬁlaswbaw of thé ﬂm]fi stréﬁﬁ ot bgEyitablyfhigh.
reqwre t he appar at us my urt her conprlse a. neans
Apeardinglys g6 HERd, ﬁﬁ@pp%%l@ 5l APUtRAE ICEBIPELSS B nepREiof fgrRpsing

thglrétaﬂ angﬂ\f ﬁf‘th% I?Fud)&’its]gﬁg Qétwlea?th%%%?l%fnﬁé §Bhd helical

e inlet to t conduit tor retaining a
ﬂvaath mnd thei inbbtoethcreamhutffor releinihg e veesx.nJuitdbde means for

. rotat f. d t hird hel I

e RgUBBER roIioBrdEIoHS of BFGUGE 4 it pkitel BappRfe n Brdg o

pfoﬂ%@l@éﬁ‘ece&éﬁﬁl %19&? in&ehdeOma |cr(%§-@@ct{bfnalt 42€a &fthé third helical
helical flo ecreases al ong the length of the

flpwpaip de¢reaseh elode dhedangih iof thedle sThesdestdasmial the eress-
t t
St P PRS2 o 85 oSBT PRt

dagsisé i thb @ﬁgsswz&hameaad)dcurstaﬂtmgesubsmmalu@ngé ntlet 1driath dfSthe
third hel|cal flowpath. The third helical flowath js

thirgddreliga) é«ﬂaﬁhtT thise hedicahflepah lwmqu@qmyaem%whm
e A e g

ﬂmwphhm a substantlally enpty conduit, such as an
enpty domnstrean1portion of the conduit containing t he
first, second and, if 20 present, the third helica

f | owpat Hertex mays birellyreddedar wihinessubstentiglly esepty c6astuit, such
ag dt r@? rd}ﬂw&&reaﬁ{ ]{93/1?19{? 0 éﬁ%@ﬁ‘(ﬁu{ Qntaihidl 'tllhé f3isf) Jedoig and if

> I'n one preferred arrangenent, appar at us’
pfesart,Hbe tlﬁwldwﬂibasldbvepaﬂmndm Bamé pmcmslrbgutes rigmiai e necpssaey to
flud conpanent t he vo t ex, :% ans for
P’?tvhd&ai TPEAT §O% b1l %P% Vogt%r n§delsiyed AT Reregt the
Mfeﬁlhsoﬂ&rth& (!dﬂﬁ;nSE?Q buRffol HlcOREhB Yighler HIHRI c%?d;ﬁj)nent from
condui t. &@ratus descri bed herelnbe ore may
)

tht;ofmx@mthmmeynstf@r sigg B Yoirigx as provided by a tapered portion in the
region of the opening of the said conduit.

The apparatus described hereinbefore may conveniently be housed within a
single conduit or tube, as already mentioned. Further separation may be provided by
way of an essentially gravity separation process. Accordingly, the apparatus may
further comprise a vessel for receiving the fluid stream, the vessel having a volume
sufficient to reduce the Reynolds number of the fluid stream flow such that fluid

entering the vessel may be subjected to gravity separation. In such an arrangement,
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single conduit or tube, as already nentioned. Further
separation nmay be provided by way of an essentially
w@e@viotes1separ ati on process. Accordi ngly, the BEPE&Bat0GSH00601
may further conprise a vessel for receiving the fluid
stream the vessel having a volune sufficient to
reduce the Reynol ds nunber ¥f the fluid streamflow
such that fluid 30 entering the vessel may be .
the gingleduledontaondinings heyeiabeiaresdeasertbed mpaysepaneripntly extend within

g L0 Wil o/ hintodeng i RAS BN e il

des@ribed hieeiridfier, 8 iagich aplubilify of sueh v@shRgits mayrex@nd within a single
preferred arrangenent, the apparatus may be nodular in
ves®di gn, as described hereinafter, in which a
plurality of such conduits nmay extend within a single
ves . T [ he.. ' ti L hin
oeFLugde B IR B SRRIR LR REgSARSL
regi@iapt theiflogy Beesipridtg meshsCfonthdacingh abtatitrall flblvawthaflhide
fluid streamentering. the vessel. This wll, allow
stigpup; catesing thg wessely ThispRilallogretHpant sravibhieraation §m?° Prsyent

: i
O o B et et mreak e Bty o
tatgemt eighutiehinghe tdreluftitimodgls tvheshrthe Buidrstread ucBkodnded ittdoghe
10 vessel.. Tpo further, aitgl t he SeparLa ion, the vessg{al
veRaR) QP AHiSE 2Chp PRSE ioelis VPSP TRGHETIST FRPIGSeCHERS for
cehRAIRIAOMB kotbdichd Bbwidruiuild Withi Re V&8elY 82 @Amplk @k inverted
exanple an inverted cone |ocated coaxiall gﬁw thin the

copedarated comdallywihingtie vessel. ity ieertod gonalwdy e provaded with a
f.l ui ui de. extendi helical algong,its outer rface

i e 8ileP B PRt g o oorRieR i o Btk At RSP
fluid conponents fromthe heavier phases within the

15 vesgglove theiARGANAY H%P@flénfslﬁdrﬂ Bl KRURE hBRedwithin the
conduit extending coaxially within the vessel, the

vestphdhe epracarinigay pathien gempiissrastonduih extggdinghdadiells yithigthe

veielycs FORRE NG opite” BRET SRSoho i RS hin P Pgpens

mishRatd BB TIRId $thedind 16 ngﬂ@ﬁéﬁ@dl srravigeictt, teconasis Bhs ard dilet for
out] et being disposed upstreamof the fluid stream
the Hplter flyid compongnts withiontae Messel> the opiet Redngsdispagpq ppstream of

th@ﬁﬂﬁiisﬁearﬁ%ﬁl%{‘“ ally of heavier fluid conponents. The
apparatus nmay further conprise a heavier fluid

coll ection zone, a heavy fluid collection conduit

bei nehediifid esaniag M HRl JeyseMnilh bohsishessemtidligasfihedviaomead
the conduit having a _plurality of openings therein to
cogyiopgis. 1 ppanpeiisenay furthgr comprise a heavier fluid collection zone, a

heavy fluid collection conduit being disposed centrally within the collection zone, the

conduit having a plurality of openings therein to collect the heavier fluid.

Should the fluid feed stream comprise any solid components, this will remain
in the apparatus, passing in the downstream direction. In such cases, the apparatus
may further comprise a solids collection zone and means for removing solids from the

collection zone, the means removing solids on an intermittent or a continuous basis.
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Shoul d the fluid feed stream conprise any solid

conponents, this will remain 25 in the apparatus,
w@awgiongit n the downstream direction. In such BPEEE82007/000601

the apparatus nmay further conprise a solids

col l ection zone and neans for renoving solids fromthe

col l ection zone, the means lt&noving solids on an

intermttent or a continuous basis. WO 2007/ 096612

PCT/ &BaR0H3dGHOte, therapharatusris pamiedladp ewited to fheing constructed

ofRRRRakRrss Beheetldhe Bl ne GLeRhan) tatehe
cEAURY, lafid Nhrédagt fh bohduiir BORAIH flGidRAHEX and AAmbdns provided

present the conduit for housing a fluid vortex and any
torrprpase phatptatiodal cedodityof dzesiuid Facanntnaay bmzdusedwihin gsingle

the. fluid str b u Lt Rln ingle &
o el A3 R 20l R EOUEhAUP, AsSiiRRgRy fya further
asped he predegtafietinfigh Yrovidesanfapgpdrhmws foraspasting 4 fvltiphaseiid

I nvention, provides an apparatus fQr_ separating a

Straam; GOFHPALSENEF] Rayier Snideomnonenand phighter Hakd sosmponeys the

vARED ARk BT fheAnith GRS Fuld Hefin TG (o MR aiiE bt Eme
the @ppeastuatomprivonga phiratdy of sdperasipp assembiecanipréisbafgrea

lurality of separation. assepblies, her ei nbefore 10

aGetieRiasa o e P ar SnEoHas SER DI L Fer ont f & ui d
tht P A8 Surtel 8o APRGH Aindns fof §dMENiveI9 BpElafih R SndBARS S OF
. sel'ectively operating one or nore “séeparafion
segergtomhisemblescascdiding to he Yelumo flgnesate b theandtiphase flwid
Strg;ul ti phase fluid stream The apparatus may be

BS%Irat ed with one nodul e, a selection of nodul es or
all 15 separation assenblies being in use. In this
vay , Thd Wipdtafiiaha P BPGIR4tE @ WitB D26 RRIURS a FB¥cticR M QMR or all
on- and off-lin€ as the volunetric flowate of the
septrabeimassembbes betrg g vse Ipthist wasu lingdiviguad fsepasationeasegieblies may

oo Ao G RERERR Rl 77 AR B RSl it Thivss

pafiadirt ¢fectiO8Phies G iadivRRABseph@fion 886inbHearp bized®td | ui d
to each separatiaon assenbly, in_order to allow each 20
acspaodate shitersaidhtd flopeatpe %ekmaé%anﬂa@éwnﬂéﬁﬁ gmeans

' an: ' f [
T L
sebaratibre assemblypo ibs purged @pd chinahbefes delngdsolght enndref offdine.

descri bed, each of the separation assenblies
extending wthin the separation vessel. In one use of

t he Wradraly sspaiion Hages rengeprige Bredulengsamblrmay urther
co%ﬂffs@la'sgyargtgon vessel as hereinbefore described, each of the separation

assemblies extending within the separation vessel.

In one use of the modular apparatus of the present invention, a plurality of
modular separation units may be provided, each comprising a plurality of separation
assemblies of varying sizes. Such a group of units may be clustered around a
wellhead location or in an oilfield, for example at a surface or a subsea location, in

order to serve a group of wells.
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25 nodul ar separation units may be provi ded, each
conprising a plurality of separation assenblies of
WO 2007iom@15i zes. Such a group of units may be cPUBEGBR@A/000601
around a well head | ocation or in an oilfield, for
exanple at a surface or a subsea |ocation, in order
to serve a group of wells. W 2007/096612
PCT/ GB2007/ 000601 18 The helical separation system of
t he Eh@:l@,@w@l sepvfemn smtqm eSibn msesantpavqnmou Ipeasentp p pbitierar

pr\gglﬁe w ﬁtqig) %rg }‘ua Wn,p Wucgéxgmltsr@{ﬂ@ lighter fluid

pmam31s t}@rpfomg afe@ob® w&lmlﬁ@cé@ dithiHeBvdd ERYEEorhpdHests.
conponents This problemis sol ved b%@the start-up
2

Thi grobjem isseledrhthosart prand shuttdavraethadpemeng frther aspects
oftﬁggg@gﬁ%{uenhgﬁ/ent ion. Accordingly, the present

invention provides a method for starting up a helical
separation system for operation in separating a

nul t ApdoadiBellyl thie hrastiidavRtOAREd GG rAethDE Bitistiitifd up @I helical
onponent and a 1ighter fluid co onent, the nethod
6%591? @fSFf‘@n faOgpisHoR 8! $9RaraHBg B ary @%gﬂmda SHRABEOTPRISHE 4

| |
R ol AT AN ST R Bl
fetding heth halica eqq&reﬂton&ystem)astﬁlenﬂ\kldstremchtmmmesfr&ltihllm@ﬁ
tuF Bt PR ey mpetomediid yetee Briatiiotas helcgl opemvienr
sy‘&ﬂehhhats heachbd e Qﬁﬁﬁﬁﬁuﬁlloﬂbﬂuﬁ% (f@l@@i‘ty o tl@nﬁﬁ?ﬁé&tfﬁﬁd stfeam,

d for shutting down a helicdl separation system
rephagmg nuerrapermder dineghe fird furd sdaghwigh thel mulghbase fuidistceam
eam.conprising a heavier fluid component and a
-m%; ﬁ?%@:gfIU|d conmponent is being fed to the helica
separ ation system conprises the steps of introducing

a fifstetfidduios slﬁltﬁﬁgaﬂ@vﬁ%.‘ féIRdal ODaRRiR @%rétéijn |fﬁ6n9$x?xfx}|{’ag operation

heavier fluid conponent into the nultiphase
ingyhidaamutiphascolleid gireanm nempnsmg p lheaaertfhad nmhpormaaml a lighter

uid st ed consi sts of
i Bhttoofe i ¥einetaR b {rdGilival s hardn AR Sfordtss WeSseps of
infrb@wiat £fitsOfl 41l steanh REndigtlgCRbentieRRb Atht DBaGHSHER chbSponent
referably left full of the first fluid after the

info| the amﬂta&éser fledistiean fred th euer timel tpcieplacetheapdtiphase flnids
stfé@ﬁﬁ Whge}gth\?\nffﬁ%out Hggl?sgﬁg fat%@&'trst i 1d ﬁ?etaﬁ-l gec{ﬁ%ﬁ}ﬁ%%%lg efF:ed

ﬂdwmm@dhuawe normal operating condltlons mnth t he
m ni mum of contam nation of the lighter fluid

The helical separation system is preferably left full of the first fluid after the
fluid feed flowrate has been reduced to zero. In this way, the aforementioned start-up
method may be employed without delay and in the most optimum manner to achieve

normal operating conditions with the minimum of contamination of the lighter fluid

- streams.

The start-up and shut-down procedures of the present invention are of

particular advantage when the helical separation system is arranged in the modular
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25 - streans. The start-up and shut-down procedures of
the present invention are of particular advantage
wob@n/opdse2 hel i cal separation system i s arrangepCT/GBR693/000601
nodul ar WD 2007/ 096612 PCT/ GB2007/ 000601 19 for mat
di scussed herei nbefore and operated using a varying
sel ection of helical separl&ion nodules to
acconmodat e different fluid fl owates and
fonnatplississed hsreinbEfio sideperatedisinge vanysgeselectiow ehhelial

wi |l now,he describe way of . .5 exanpl.e onl v..
seRbrgg TP OieY BreeomBonie SEUaH B MRy IR fgBBofions.

which: Figure 1 is a cross-sectional view of a

conpl ete separation apparatus according to an

enbodi nent of the present invention; Figure 2 is a

cross-sectional view of the upper portion of the

s ep &imliddirnenta pHthegiressntdhivdritign vall hpwlie desgilved, By way af

pl an view of the separation apparatus .of Figure 1;
xR 5,13 TREing IFPPPS 6 he pSOTPRRRDE BTG BVAIchy
hel i cal separation assenbly according to the present
! nV%@éer s ECAVE ESctidfallPew 6f Qr:@m e%t s\égérﬁﬁgn ?ppar tus
cross=sectional view on an enlarged stale of = three
acpatiingao an embbienenedl thapresepanantiom assenbly in the
regions labelled as A) Band C 15 in Figure 4; Figure

6 is_a longitudinal cross-sectional view of a heljcal
sepdn@HiF gis asWssrBrjionglfvigh el e dwrer P ULk the sePafatignr e
j [ t.udi nal cross-sectional view of the
apé%ljre@ls%ﬁb% L’e assenbly of Figure 1 along the |line

VII-VII; 20 Figure 8 is a |ongitudinal cross-sectional
Vi eWigfre Bhea pitvion odthe sogarattseapphiatusalf Figugeife 1 al ong
the line VIII-VIIl; Figure 9 is a cross-sectional view
of the upper portion of the separation apparatus of

Fi gUfigure 448 aaiylisediirpiseseeianahyiew qie hehige! separpiigpasaembly

acé/%?ﬁé%ggé}gegﬁg%%tﬁ%{l@[%%ZOO?/ 000601 20 Figure 10 is a

I épresen on of a system of the present

i nvention,
Figures 5a to Sc are a stylised cross-sectional view on an enlarged scale of

three portions of the helical separation assembly in the regions labelled as A, B and C

in Figure 4;

Figure 6 is a longitudinal cross-sectional view of a helical separation assembly

of the present invention;

Figure 7 is a longitudinal cross-sectional view of the portion of the assembly
of Figure 1 along the line VII-VII;

Figure 8 is a longitudinal cross-sectional view of the portion of the assembly
of Figure 1 along the line VIII-VIII;

Figure 9 is a cross-sectional view of the upper portion of the separation

apparatus of Figure 1 along a different axis to that of Figure 2;
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i ndi cati ng how nonitoring tubes are enployed .to

nmoni tor the performance of various regions of the
wayarmemelFi gure 11 is a performance hi st ogram BED@B2E7/000601

the operating flow ranges and 5 operating pressure

ranges for assenblies of differing dinensions; and

Figure 12 is a graph indica2dng the selection of

di fferent assenbly conbinations to accommopdate

di f f Bigeret10fie adclstatia nefresantasion of a Restern loff g presehi guer&ion,

the e is shqown separ assenbl ener al
mg{’r? %‘H mogitoring e%%@ém&fgy e do BRBHer %‘F ,pgl;f ce bf various
1@?&&§BP@&'?&&¥ vertically at the seabed, 10 MAth t he
ower portion of the assenbly extendlng beneat h t he
seabed. This is one conveni ent arrangenent for
| ocaFigng 1tihe agpsdemiinge histogpan shewing theasijepatgtilcw smpsead
wel | head assenbl In thjs existing well head
ORFEYHBITFEWe aRESH DO eRrmRiicy ohAiiering HEneRE At on
assenbly of the present invention, w thout significant
modl a3l 1590 2 Qlaph i ARNEL RE ledi Sl RllAL LA ssei e
separdtion assenbly 2, s orne around a generally
caeybingtibhk ediccommndbrrdifferenisiead) stdeamifiewladdssi ng 4 i s nost
conveniently a section of comercially available
.conductor casing. The conductor casing is supplled in
a r aReferrim teiliguse 1 theneds shagvn hieparsgan asiemblyz ggneplly 2

. ingf}n‘é{égés %?n %hg Eg;@g%lycl%gw% gﬁﬁ%%g Sﬁlgsgai{t%gg %Erél(:;d%gatctﬁé se%%ed,

with kst [bweit @attibm ofmha asentblyextaidiigibeneahdbie taabe Orlcuam' ng,
with the di amet bei ng selected to acc dat e

QPSP ARl 8CAIAE TR ASSHTGlY indier Geaat e agent a'sibsea

wE’l'IHé%& §§s%ﬁ’1blgTW% tﬁig%g' SRR Wh WA h@eﬁhﬁe%ﬁ%ﬂé@wﬂh

i gures and describéd heréinafter are concernéd Wt
thf: Isepadatapaseathly of die paesentrideantion, Withmﬁtmgmﬁcahbmdaﬁpatlon of

t he tho d apparatus, with only m nor
ﬂ$ﬁy}$? ggﬁgmn al so be applied to surface-bound

conductors or to pI atform conductors. 25 The

sepatgl iBRafAss 8By QQfBPI'hle@ &ufd RlEf@hily ¥y18fdrical, tubular
di screte conmponents.” An inlet and outlet” assembly 6

hdusingah ri@@t@dsmg dtinmosipperendentlyof sectien hﬁmmgrcmllyfaamlable '

i n f he assenbl eparation
oS ihel atetritila S aRe R Rpdidlh ot FRR @'l A0ding the
ndriBNVELEs of B2 ihss 3B lichds, f30rihéRE a8@DPidches(188 Rhikvakht Y6 cm
of helical WD 2007/096612 PCT/ GB2007/ 000601 21

ansle}dgrak i 101 hoysiagiimaysbegcoastredier] Hgmwi seiion efifbe peridiciey
caéi’ngi Bt ChahbiEr Eéiﬁg Le18di@08 Rbommodate the volumetric flowrate of
the fluid stream to be processed. The embodiments shown in the accompanying
figures and described hereinafter are concerned with fluid separation at an undersea
location. However, the method and apparatus, with only minor modifications, may

also be applied to surface-bound conductors or to platform conductors.

The separation assembly 2 comprises a plurality of discrete components. An
inlet and outlet assembly 6 is connected to the upper end of the housing 4, for
supplying fluid to the assembly for separation and through which the separated fluid

streams are removed. The assembly 2 further comprises a plurality of helical
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- andpUBpI RSB GRemPHECs we@@raﬂwyh

separation of lighter fluid conponents from heavier
fluid conponents is carried out. The remaining

w@eoowioess1nf the housing 4 is arranged to provi BET/GB2007/000601

further stages of separation, conprising a fluid
stabilisation region 10, a second ftuid-fluid
separation 5 stage 12, and2d final fluid-solid
separation and recovery stage 14. Each of these
sepam’qimnmstmbhvi:sl ! e)dbmddigwmlsisehh hausimgrde indehehlthdBisowagetot

er, at t,fl d/he fl nterface .16, .a
setof ot gt T, eqmment P heviah IO PORPOBYSIE ST put
Tﬁer}@mfa n%éjpdﬁ‘!h&lﬂ btht REuIS imraﬁg@d R (r6Re %@rﬂ{e@ gta%éb of

Figure and are shown as |ying al ong the ﬂg
sepdratidis Icomahsme pdluat $tdmhwé199 mtgiome 0, meson%ﬂlmﬁ uméseplara@yn

suie a2 £8 Tl B SRR RO LA TR P e se

coftipoh&its azslszsea‘aisyus@edmrﬁ&@mteadbarbw he upper end of the
housi ng 4 by neans of a connector 20 of conventi onal

design. The inlet and outlet assenbly 6 conprises a

gen e%labpqramgg lighd fiutkheaivier Buidontgyfape 16,4 wagmugskighidvpl 17
aoff 4 o RigBIOEde BT 1 5 HERRG ARG, Ml AlSin h 5 rBpENniEEin

gﬁrbqfhna@g@mwn Aafinpalod gglaébhgtﬁtuf@mﬂmaampmu@rmeexﬁ&es
whi ch glas is renoved fromliquid present in the

8 ﬁ@ﬁbethetdhew VEnebavsithe leavey a%dm@strﬁa@@é@é the\hehix apspmbiey
bore 32 extending obli quely t hrough the upper. cap 28,

n-turn cover
et P2 ST DR RE alfer Bty € S OmBEataE BRE
enb QIf eheXpubinig Uynmehns Bf & l@@nﬂe@w@ 20 @& RoRA@ntfithl aesﬁghe CTle infet
a fluid 20 conduit 37. An axially central bore 36
lz%lcabmlm@@ 67 A8 Ardie

asée%}ﬁ% 35 ?@1‘118{%‘;#% gﬁ hxjei‘)?;}étsér{él p}fé haib g s‘%E aoer

extending t gas- ratlo
capf2b @hd ian uppercap a&,rne]mb]s togethler éeﬁmt aegmliqmcbsepenadom goﬂ]:cﬂﬂe in

h h [ b d
Wi giigh NRT ARG AR P S o e T GIET BERP
prG\QHé’dJB}‘ nr’égns M e B3 cCORNIRE B@lﬁvfeﬁl @y httﬁé)ﬁﬁpe} b£f?2§§, 'i‘z\qﬁch

shown)” by 25 neans of a conhven |ona | ange "assenb
is t@uac@rmlectb@ taea gab resaversoieonidhit 3 i atflemge uﬁgaweutacmazs

and %’E ! 1’§ dlg%gﬁ% 1rslrf‘oqrmeg in &Hﬁelﬂé’%gg% %’r{;l csopg?éés to a fluid

coﬁ@tﬁﬂB’!E aAn'aﬁiaﬁ?bbxﬁfhl bbrfe Jo0dxtdHaAB kHrOlidHGe RUERBE D2, Connecting
valve 46 is shown connected to the coaxi al ore 44 in

theringer isgipn ofdhvyrngdesitize Aur waxbelooveuing hwouehihs gy
li@%ﬁ%@a}aﬂoﬁ anép wggclth &g gﬂ% cHmecht Witkh ?eltértaﬁy Qiteﬁdiﬂé’ bre 40

through the 11pp2rr ceap 28. Liquid may be removed through this arrangement, to be
drawn into a liquid conduit 42, which is connected to a suitable line (not shown) by
means of a conventional flange assembly. A coaxial bore 44 extends through the
ul'aper cap 28 and provides an opening for the removal of solid material, such as silt,

from the assembly, for chemical injection, or for monitoring purposes. A valve 46 is

shown connected to the coaxial bore 44 in Figure 2.
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in the formof |ongitudinal bores 48 spaced around the

central bore 36. The liquid conduits provide a direct
w@onneedsion bet ween t he gas-1iquid separation ROREB3®7/000601

and the upper region of the interior of the housing

4, through which fluids may pass, as 5 required. The

inlet body 22 is provided w4 h a further set of

| ongi tudi nal bores 50. spaced around and radially

out whviainggtgainte thesiniat Apdhad.e rivalityref liqoittanduitsark provided

e [ the ore

indE 88 Sl borRG TP TP PRI i bt P8R, P g
congdaReiployid8.a dneetconhedtiva Hemnttwgarsaiqul&os@araﬁan iz6ne 30 and

connected at its lower 10 opening to a_ respective
thr@ppedrgicl phthatitsHonidhibeysing 4. depugh whish tdcRanpess, as
reﬁﬁﬁ’é’d ded hereinafter. The arrangenent of the

ongl tudi nal bores 50 are their associ ated heli cal
separation assenblies 8 is shown in plan view in
Fi g UTlee idlet BedpPDMprovidéd @ithe fGrther setaﬁho@ﬁtuﬂhﬁl bores 50

itudj nal] bores 50 | sfprow ded with a tangentially
Spa9 gl a4t radialy outwardsafies eomtrallprp gad Hlerlaréglaadlr@bb@res 48.
' 5
T8 ) g A0 S S CRDMELEHL I Sl
se@mﬁuﬂo hsgembhch Eathetf thmlndglmdmaﬁ Boiies 56 dswremtedd a’msalower
fluid inlet he r 58, shown i re.3 .a circul
ORsHE 10 R RREH g CLPY GRUPTHIG HURHY SofgirbrpThiphare provided
héi‘&ﬁ&’f‘t@?' YTh@axfréﬂge%eﬁte@fjthg Rﬁ‘l‘éﬂh&mﬁ%o?&r%e&& theirt é%s&cli‘ﬁed helical

luid inlet header 58, through which a nultiphase
Sepanan@ln ssemblies Hisishown mplss etw meligure 3f &b shoha if FiguroB, |
fro i nl et. .hea 58 t ach in
csgh 8 e EAeBL b B0 Pt OE G Rheh o e hulofd Bt 52,
frefRoviich ekténd3uredidl beash. Anuhiet édtldeit 56Q0EBinkctad td Sie end of
provided with its own valve 62 and a one-wa

heck
ea@b raddaldore ot Py mpaio a’swnb%wnalfﬂw eSS TORY. c%lw'rgluggconduit
e I S
exsapliigdroand s sippdylpprtdon dfnhé iiHsSmbHy A fihi fassemduit 60icennects

RSB AT SRS A LA B e
mhy b¥%ddl Thg fﬁ)@@éiei‘?m&tﬁ%% B il & hB ¥ 8 t@éa[cﬁﬁﬂl%ﬂ@dﬁiﬁn 56 is

are possible, in which a single valve is used
copitmtledby whyg of h yalve b2 f Agisbowm irt EmgumrS nm}eﬂMélmlc‘wondult 56 is
ducti on

e RN A TR TR RC S AR QUM o) s A ST

fleiptarey. TRE pRXADRIEEs intéhehildd bkt o f AR Bui@MhI¥t conduit 56
limted variations in the flowate and/ or conposition

angfthe fewfof fiuid focaeh Belicahsppatation atsembpal. el BB vers thepssamebly
is SRESDAG, LA BT d e SR L atiBRy in YR ABRFAO 8RB Rnposicion of

the fluid feed stream. It will be appreciated that alternative arrangements are possible,
in which a single valve is used to control the flow of fluid to two or more helical
separation assemblies 8, albeit with a reduction in the freedom of operation. Such an
arrangement may be employed, for example, in situations where énly limited
variations in the flowrate and/or composition of the fluid feed stream are anticipated

during the working life of the installation.
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23 Radi al ports 55 extend through the inlet body 22
and connect wth respective lines 53, which extend to
w@pooafopsseri at e position within the housing 4.pdnese007/000601
are enployed for fluid injection, fluid sanpling or
process nonitoring operations. A fluid purge systemis
al so shown in Figure 3 and Zonprises a sinilar 5
arrangenment to the fluid inlet systemdescribed above,
i nclRediialgoats 6b leKtsthdthrpughgthe frletibedy R ade cochaih l‘@P@PtIVG

ur, et. ¢ I 66 t fl nl et
12 i b SR Ao SptRihattn SR wing o RSk
erhSloyed Bf AuiddBiedtiod, FRWM Rinpding @ﬁpfdcb@sdnoﬂﬁb@ﬂn@@bl:ﬁétlons
water, to eac hel’i cal separati on assenbly, as it

cones"on- and off-line. A valve 68 is positioned in
eachA fluidyjeurge bystene tredso $ho8@, in Fi lgum a end tomprises agamilar

LRSS ST R SR L IR o i

he%&&fmada‘vﬁig a%ﬁﬁrgé"'ﬁﬂét Qﬁn(ﬁut"%’em}dﬂlg tla%laéh fuiddhRYconduit 56.
controlle si ngl e val ve. fluid feed
&W@

TheorgtAtion pd ﬂmjrbpd m@gepsmtg@ is tcmrawsié attlosv pfurvgee flyidi gypically
e
wQERESLach hetip el iy 8 (e BpPpad birie, A yalve 68 s
pé‘sﬁﬁﬁié@tﬂ @ich pagertblet @mabit 6A$1n33|ndbmo ptdvedeaambﬂgnt control of
nprises a tot aL of 10 15 h b cal separation
the gulgifg ¢leaclghelica SPZIFHAN BFSCR AgHneWOPTARES Biet e
|
seBub AR plich iy Bile ’f‘l&*‘?g%b'}g%y REbAG] by BsiniR valve, A ppree
fhaid Hieddi coadluis 2 suralieopurgs Sleidib yhSpurge fingl teadarfidnal
di aneter of 4 |nches 5 inches and 6 inches (10 cm
12.5 ¢cm and 15. cng. I n addition, e assenbl
conpPhilegetorigto @éaur% dlsLonymicn é%mf?. Hogerepf the
heliRHi raﬁé%ﬁ RBLETS. TAd %Sth@%gse?r{@ly cdhifrisedq total of 10
arrangenent shown can t be operated over a wi de
haiiamlg;epmﬁticﬁremﬂembhnscﬁ i aa\angtt @;zesiabcbaﬁota@eommmégte a range of

f en ingle 4 i hhe i cal arati.on
aige@Bl i figes. fi Be AipecimenlHand s Ry dil B BbYRE gre cach
ofed helibg! s'eﬁzﬁhtl&?&@&ﬁbl'y%a@ rhifs] @ifetePef Alnchgs, 5 inches and

Conbi nations of the helical separation assenblies 8 _

6 inghesfd 0 paud2 Semeed ifdd s 11 adslifion. dke assmllysoppEses 7

hetzlﬁlé?lssgéératefg@ g%r?ié%esﬁha%@@ogﬂgglt dlﬂﬁg‘éé’p ﬂf k! chgsu(gggrrﬁ. e

ne in purge

arkdn@bmerit@BO@a lchiv thuy dk \bpﬁ*a’ﬁﬂ @verd nge&hngu dftfedchiduit Mlosdtrates,
and outlet assenbly 6. It. wll ‘?tlfﬁa ppr eci at ed at arl,

fromithy WWFWW%WWHW 1ggh SF@aratipy agiRmbly 1si9g-line

|V
e TN N A e
C OO GBI ABORA124] separation assemblies 8 may be made to accommodate

flowrates between these two extremes.

The arrangement shown in Figures 1 to 3 is one in which the feed and purge
headers and their respective valves are integral with the inlet and outlet assembly 6. It
will be appreciated that an alternative arrangement may be employed, in which the

valves and headers are combined in a separate module that is connected to the inlet



10

15

20

25

24 and outlet assenbly 6 by suitable lines. In this
way, the valves and their control pipewrk nmay be
worg/0v@azli | y accessible for retrieval and repPEreBeov/000601
It is a significant advantage of the assenbly that the
nunber and size of the helical separation assenblies
arranged within the housing4may be varied to 5
accommodat e a particular duty, allow ng the design and
and o etragesmity 6y stiiteblolinesaln thisawase st yalves apé their epntrol

| | dul i s This.in.t i gn,
piSER Phe RO e ofos el Rl R s PHEerp g o' O

strai ghtforward and econonical. The construction and

operjgf aosrggrﬁﬁce_w 8dBldot BF tIReBMHIY Bt ARSRYet &8 Sz8\0f the

now be described, having reference to Figure 4, which
heligal separgtidnsssemigiss egangegt Wighin dfe hpusiog myeyi keavarigd $enbl y.

[t will be eqi at t. t he. ] j
scptgipies SpetRERE RS SEnE bl Rag BBl SaGL i overal
askedi2y €6con 4 hegdlptioduldf badie Thietraduln d1Ryvgdthe tiesign,

di aneter of the helix assenbl %{11 typically being nuch
cogptaietien, maaisnanegEnd smasde be bath sraightignyad and geqnopppaly

to Figure 4, a helical separation assenbly 8 conprises

Ty i . . gt .
o 0o e LI PO g BT i v
bel dek@ibedOghyirdZrefeferlce G Figukd s, dvidomnibui dtylie2 répresehiatiow bfa

of a generally cylindrjcal tube extends coaxjally,
typicalmsseatle  Byiillbgepeigriated ibaiithe 2s8emply SBPWR U igufsd is

si#ﬁﬁ%ﬁ?%ﬁorﬁﬁgd} fé{)?ayse %Efef%%ﬁéé» HRULE, SERR0OHN R rﬂ?@?{{‘n@d%

e’cap asse annular cavity iIs
dianeanof thékelix apaemblly uylcalhnisking mii@Pgioatenthan that eeprésghted in
fluid conduit 102 and the 20 cylindrical conduit 100.
FigHe 4upper nost regi on 104 of the annular cavity is
enpty, allowing for the free passage of fluid. One of
he . . c :
- AR (7 PIgRRe B Aeell ol achaitly B con Il PRl
cytihdided canyduitridOi steiwn iodigiue ¢ td eQendheticadly downofardhom the

. annu cay. adj acent. and bel ow t.he uppernpst, redi pon
AT T Aok R R e
exitdids 6@ H1ya%itHiAGhd $Y1inbALI Rofduil dhdlib ben AGisWPppertrdiLérdinto
108 is disposed within the annular cavity and extends
thagaukighid kepatatightzons 30 th the sausssembly24. tAn fmsyular gavigy isdagmed

fl at.h, for  fl uj i i1 b i [
bR ot o, bR SHARI 8 e
cylih@mead Codduiti 100t aThs tuppérhvicsErebivnd 04 e tHeeginulae davifydweMEly,
2007/ 096612 PCT/ GB200Q7/ 000601 . _ )
allowing for the free passage of fluid. One of the radial bores 54 in the inlet body 22
terminates in a tangential opening 52 in the uppermost region 104 of the cylindrical

conduit 100.

The region of the annular cavity adjacent and below the uppermost region 104
is a fluid flow stabilisation region, indicated as 106 in Figure 4. In this region, a helix
108 is disposed within the annular cavity and extends around the light fluid conduit
102, to form a helical flowpath for fluid moving within the cylindrical conduit. The

function of this region is to allow the flow of fluid to stabilise into the required flow
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25 regime, by forcing the fluid to flowin a conpact
helical path. The helix in the flow stabilisation
WO e@ro96106 is formed to provide a stable fl uiBCT/GBW07/000601

pattern and to allow the phases to centrifugally

di vide and part, being subjected to nultiple gravity
and rotational forces befo2® the outlet. In the
arrangenent shown in Figure 4, the cross 5 sectional
reglies} by ffoiche the fluiito ffolwolt gpaintpakishebicel patlabThye lodinsih dret flow

| th t | th of . th [ ] X
StRGHoRGEEIO |06 Groged iRFeise S e e i NeRipaEgnad o alow
f
t}égﬂgsreglfﬁie nbx]‘#ﬁtggl o}r%l?%tahg bt L b fdete@to tg]{iﬁttq%l@ btaitk@8d

ong the length regi on
rat@nall foraes Ibefor@me angemintie, artahgerpq:nt@howm int Figuteet, ithe 0%~

I
T G T A
tHEOERB0S. AL nd1mkeis ivdispdied Wittt a Eflindelcatoseuil 100, kigs
helical fluid flow stabilisation section 106 js

dﬂemm@eth@tetbe piicl ofghe ka6 H0% s preratiyeonstantgiongtae fanglh of the

sta an : :
Sl J b e Rp s e B O O of iy 8 s gpnp
lenpi ﬁlaire@k taprohide the fedulvied flo@ghaniorn a i3 @Iutlxt ehiﬂ2 is

di sposed within the annular cavity and extends around

the light fluid conduit 102, to 15 form a helical

fl ow’,ﬁb@ povemert|ofdepphess P Fidge Wighthilyid phasedy therheliceldfuid flow

The fn is to separate

Stflﬁg l%lloaﬁfa CtlOnf dé H"’*ﬁﬁ%&%‘%@ it ﬁé@ﬁgg%{o?\}l er fluid phase.

The [Iight fl ui d conduit 102 is provided with a

Pl ur @thé Exd 6ff th® AbiSstilisAAbE feglokdl 06ThE tROKSIE 10814 caritizuous
formed in the inner upper region of the helical

withavipyad sepaTation|regip, generalldindistegdeasild Oy b thissicapny mhelighl2
1shcgsrpé>ggd' hl:hjtﬁ? Luﬂlutl %awt}“ér% &%ﬁgy 'a{ uhd ?heaﬁ’ hg ﬁﬁﬁf d&?glt %@2 to

n or
fdrind lﬁblﬁblaﬁ@ﬁpaﬂ:il farifaid inlfalvﬁlgsﬂﬂﬁili dtel @hnd@gﬂ oasnduiil (Chetfluection
cross-sectional area of t i cal wpat h_i,
of thesrregionds t sshgateriae | 1@}%@&@ phaserfery gﬁq@ﬁ“ﬁféuﬁm@se The

hgmgﬁd EGhd tol\()bq§ Eo*&icﬁd lv&iﬁ{ae@afaw @@pd?@ldrhoﬂeaa 14, STﬁ@ﬁm

ure ncrea3|ng n pitch along the %
104 amrfemﬂédundhesmpalrlqipﬁmgroelg]f@he lleimal ﬂwaoathlc"fbeab@t iguRb

R s P B ol g opitay f el

hifelfagleconduit 102. The increase in pitch is to allow
natural flow of the fluid (as opposed to the forced
flowin the upstream helical sections) and to prevent

a f in ordealprpvids therseparatiz offludd ghases firthe flushsepanatie region

NN A TR TR e
e 108idn 11 @WIn order to provide this increase, the helix 112 is shown in Figure 4 as
increasing in pitch along the length of the fluid separation region 110. The increase is
shown as being about a 1% increase in the pitch of the helix 112 for each complete A
turn around the light fluid conduit 102. The increase in pitch is to allow natural flow
of the fluid (as opposed to the forced flow in the upstream helical sections) and to
prevent a fluid back pressure arising due to friction forces within the helical channel.

If allowed to occur, the fluid back pressure would give rise to a detrimental cross-flow



10

15

20

25

wW@e@peedeies of the

WD 2007/ 096612 PCT/ GB2007/ 000601 26 force within the

fluid. The increase in the pitch will depend upon the

fluid being processed and PGT/GB2007/000601
selected to allow the natural novenent of the lighter
phases into the fluid conduit to occur, while allow ng
the remai ni ng heavi er flui &6 phases to continue al ong
the helical flowpath. 5 The end of the fluid

fogespaithin itterfluidgTbe lrmn_e@sgmdh@ higcthwill depend upen be propgtingof the

locit nci n |
g ecretisd Al oled R ARRG Bk o 3Py ol O i bt
pHaSesdh®RBS B6idMobhiitiot d Jb@uﬁ%ﬂle allowingithy retiniay hends fluid
around the light fluid condujt 102, to forma heli cal
plapesip aorinug algng thethetived Revidtni n the cylindrical
conduit. The helix 118 term nates at the open end of

rogi DFE of gt RufiSGERbdora o J 05 pod G WIS 1P Ty @bl vy

a flgidBjedicii ehlihncihg régibh, dhéaRY irkldsaedd ds 111@0 I@mmgm a further

provide a stable vortex in the downstreamor_| owe

hqllé(di 1§s Sispasae Wb Araber cayityaad pierds apeimgithe ]1&httfh’éd
cofnhﬂft %2’ % go“rh{ y h&%& o FRIhRD m]0| @gh&@gr ea na&&a' S

ure eases In
comdofil, n’('ﬂhet h]eélxl i ]gil'tbrnﬁlhatbsjatahm d]bnnt enﬂ&ﬁ theTlhght it @mﬂmt |1 ﬂ2 The

5 pitch wll bed ned nat.ur e.of the
ol 158 s o0 st e s g et e O pRraeng it
cythﬁdf?@al E@ﬁcfu?cr m@% abd MIB'VRféla srte?btl@v&’zex' iR E@NEsBEarh B8 lower

tch of the helix is about for each turn around
regheotflﬂfgpl'nondltuﬂ;lilﬁﬂ@&xicd@mhedlt@EWThe portion of the light
fluid condU|t 102 extending through the region 116 |s

o hriortas Holdelactiieniine G Tedpn g1 st i s priiorian e 4
inkred¥ ir? Pitdh! de Qacﬁqm%&m&iqge wgﬁtfmad LARREE@20THE |11§Jr@é§e in the

portion, such that its diameter Increases through
pltdhu \mllrbegietenmmdtbhehdnatm@tqf tire fiifid$ bessegparfateghvanidrihe h@mﬁc
Thi n_tur ses th

TN RN XU X IR

abiout B%%fr &h turB QRS tihe REhtfiRid &HHdGR 10D, The56tivaOF tienadht
area in the downstreamdirection of fluid flow in the

flaid sonduit Wa\extspdingshigueh ghegeglont 6 iy Picriénedmdzicahasd o4p
I

suf b Shoee i ARAGY 3 R ARRETRINGAlnR is SIS the iaht

flaiépandiii M2 wities wtpbmgsai ]f-l[a&fitpoﬁeom kechl thmgtsfdlmﬁetbhmete?f]eee

re ons 106,. 110 _an 0 S greater an

th{%% élli“éﬁe&@rmd% e diggetion P? fyid ffoaf/ Hb%‘ﬁ amuf argxIty ?ﬁw ij furn

cadbE P el @ity wedr¥e Might F5& cdRBiit 102 and the cylindrical
conduit 100 to reduce in cross-sectional area in the downstream direction of fluid flow

in the annular cavity.

A cross-sectional view of a typical entire helical separation assembly 8 is
shown in Figure 6, from which it will be appreciated that many separation operations
require the length of the three regions 106, 110 and 116 to be many times greater than
the diameter of the cylindrical conduit 102. It will also be noted that the helices 108,

112 and 118 are shown as a single helical element extending within the cylindrical
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112 and 118 are shown as a single helical elenment

extending within the cylindrical WO 2007/096612
weON/aBBeD7/ 000601 27 conduit 102. This is a peEGBRINGM00601

arrangenent. However, it will be appreciated that

each of the helices 108 112 and 118 may be arranged

separately within its own Pbrtion of the cylindrica

conduit 102, or even within separate conduits. The

C@rdruadéénﬁ his 18 howrerrasl Fragaementd Honeever, itsvillchecappregiatadsthat
|
LSRR O U %5 BOREA L AR o °

@mpﬁ batheca:lyﬁndrmaotdﬂdalthet | of eREr ANYBIRParAteTdNE. The
npl oyed, conprising two helical paths between the
TS RAT RSOV 1A FEHT! ande iNodentagsoveWhemapnheng fehpgical

élﬂafalﬁbﬂ alddfvl $J b a\ﬁ%og&!r %)XSI% ale ??%hlﬂgc% reg Pcaﬂléfﬁxlu% sefgﬁatlons

erm nat es e en |UI con
dairbde lpglixi amlmgmabnts; ong be emplFed scobprisingivdddlival tohtha between

oriente led outlet 120 at its | ower,
thﬁ(f\%@‘i“isggﬁ ﬁg{}?det ails of which are described
herei nafter. The downst ream porti on of the cylindrical

condyi hoted %Q '7%!19 9 3 g rtﬁﬂﬁvé?f)m{ylhb‘?xhéﬁc?xggaliefgkd& A6

conduit 102 to’ t e out et
tecroimdies it tho@nd of éneélghsﬂwadtcoadlmyl(ﬁnpﬂye thhdnml aodluit 100 is

R S o T o0 i SRSt
oft Whish 4R de8@iRA R @@ MOhd &M@re%\mﬁtcﬁﬁﬁlﬁl@l&;rlﬁl%barbondun
fromthe end of the | |ght fluid conduit

1Qhpitendéng ﬁi@méhee@ndeqf the gl@ﬂm@cm@mt dQ2 gwjth@eautlphl?@hﬁ the

o) PP o Bl P oS pnTVitue §PY bR oY e
geerlyiihdidsed asa1522$ hWWl]ITEH deseriidrelow, A Jor@i ﬁﬁes@bhﬂikﬁ‘l in this
helical separation assenbly shown in Fi %ur es 4 and

regiop sytengigria theoygistrogn girggtion fkasm ﬂ@l e §@db&lﬁﬂu&q¢0ﬂdult
1@#@@%& Ry Dby Slr¥ex, 4 Q%ﬁéi{]éeqq ﬁz%%ﬁﬁ bféh inNHEH @e

polis I'Ss reqU|re separ at i on
1 zﬂsammﬁqttmagvbebkémme d1spassed mjhmnmblendl posiot o tieelight fukder

separ.ati on, systens an hod descri bed bel ow, nost
“&@ﬁ?é@éyﬂ§h° n“%%%@ﬁé&€ﬁ%§m§ﬁomn in the acconpanyi ng

figures. Referring to Figure 7, there is shown a

cr Osﬁ%fl?&&?ﬁ%ﬁ&ag%ﬂg%blﬁ/%ﬁogﬁ E%F%ﬂregu an%% ﬁl be o%egated as

asse e “present ent |
a a';aiﬁmhtaam@i sgpalatims syseam Afternbtine]y uf fuﬁheﬂsfé@amﬁom hvach as

ical separa senbly 8. sho in Figure 7, a
oG gt e PR SSagaoacisRoACEaH e pd s Yoiadian
whh ARG s6pEhidrPsyistntsi 288 hfetHod &%EE0 below, most suitably in an

assembly as shown in the accompanying figures.

Referring to Figure 7, there is shown a cross-sectional view of the portion of
the assembly of the embodiment of the present invention immediately downstream of
the outlet 120 of the helical separation assembly 8. As shown in Figure 7, a plurality
of helical separation assemblies 8 (two of which are visible in Figure 7) extend
downwards within the housing 4 and are retained in position by a baffle plate guide

assembly 123. A plurality of baffle plate guide assemblies 123 may be provided,
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downwards wthin the housing 4 and are retained in
position by a baffle plate guide assenbly 123. A
w@baurapdcty of baffle plate guide assenblies 12BCTEB2ME/000601
provi ded, WD 2007/096612 PCT/ GB2007/ 000601 28
dependi ng upon the length of the helical separation
assermblies 8 and their rel a3 ve dimensions. The
baffl e plate assenblies 123 provi de gui dance and

depsading ypew theengtlh ef the Akliesd prparatioonswsbdin Biand theinrelative

addit | t ve to.di rse.any.large gas .
e T Pl DBl S Ru o RSB Wit PO Bcimggo e
hélesldeparafiogasehbiad dh baditibeithey SereiBldpetie alh Gargeifdset

129 of each helical separation assenbly 8 is oriented
bulplegdhat gnay; heguesent nithebylk A gs e resuliei ges flogtptiop being

rds tangential direction, in order to create a
e%%%ﬁ@ﬁvortex flow regime, as described below. A
secondary light fluid conduit 160, in the formof a

geneTled dutlet Y20 oikach Ablidall Bar£ivh @EEs b8 @dnyedWotBitd direct
ta? housi ng 4 and has its 10 upger .end open to forman
fhyideavingiho conquitip o dopavigiitsdenschral dirgation, i exden wrreage a wide

. in tdh . .
Ry Wi SLEOAO0AD 5T 05 0.0
folml o geheralbys tyletdsicali thbe, exrtchdsaddayiatipndihét thethousing 4 and has its
BT P bk OB ey
odtlet1 20 Hr AP RS h® i’g@‘%ﬁﬁ r}]ﬂéﬁ’ce{l Béq&k@f&ntagéeﬁlw 8t ik Mtﬁ@t‘&dﬂow

fluid region 10. heavy fluid conduit 164 extends
bedeyasheaputhptsii Hnitialli eonsist of ekapsyflbvghmtit It biasistabiisetli The light

1 . nd coaxially through,.t fluid, mandrel 38,
o Rolid PR R e to i ARO T Blop i Biie
thesgH thik uAabiSedTOWRegich Fi.gure 2. A sol i d/injection
“conduit 166 extends coaxially within the heavy fluid

conduit 164 and is connected at its upper end to the

coax deayoiled4anduit tHeexignde coaxaglly28ithia shex@ceiawnlight fluid

Fi g 2. .The flow.of material.1hro the. .
cop§ A fp sl Psire S atp ke Puid aRR ity pppnccted a
itsppeeertbio thd BQuis bonduit 42, ki ghefne id Fighe DNverted cone 170
i s di sposed around the secondary li1ght fluid conduit
160 and spaced fromthe |ower ends of the helical 4
sepah alidinjestion apnduiisl 68 exgne poaxigllyweitien therigaiy fluid conduit

r OVi he, coni cal f ace. t Jnverted co
16 RSk B B B4R BiaR bole 5 iy S BERPE os
shoaweh Figs2 0Thé Newhginagalal geeaihaht 66lidm§Ribh cesdud: @ads

t he_downstream or | ower end of the inverted cone 170

copgolied pyithg veivewor ese shemvn inddgure -

An inverted cone 170 is disposed around the secondary light fluid conduit 160
and spaced from the lower ends of the helical separation assemblies 8. A helical vane
172 is provided on the conical surface of the inverted cone 170. The region within the
housing 4 between the lower ends of the helical separation assemblies 8 and the
downstream or lower end of the inverted cone 170 is a fluid flow re-stabilisation
region, generally indicated as 10 in the figures, the purpose of which is to establish a

slower rotational flow pattern of fluid flowing downwards in this region from the
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region, generally indicated as 10 in the figures, the

pur pose of which is to establish a slower rotational
wo b@wopastt ern of fluid flow ng downwards i n thPGT/GBING000601

fromthe WO 2007/ 096612 PCT/ GB2007/ 000601 29 outlets

120 of the helical separation assenblies 8. The

inverted cone 170 is of suc?Pa length and angle to

provide a sufficient reduction in the annular fl owpath
Olﬁbtﬂl\b%}pftt}mhelhrahwipmgtian asscmbhes & eﬂmidamedl doghtl 70 isnfduch a

ieGaR sBitepeBro by g dertertietion & B S S Sent Bvsen e

héRigl 4 SHatas sé:liiﬂdzti? n%memula ot 155098 @&@fe d ﬁlﬁh&%ﬁﬁ&ﬁal
ousi n

on of the asse he region of the
amw?&é aelgeiay 9f dedinid toeﬁ%pbfr figpd Iseparative ofibelighier an&idwewirrﬁ)md
aration stage, generally
pﬂa§e ¢ ?glg&g éfg{ gf&l% gésgmﬁﬁgur es. In this region, the
renalnlng lighter fluid phases are finally renoved

fr ONThd R gioASTENEMRsinEQ iBfhddRaely ubw&stréaheoﬁw@w%mvemd
3ht f|UId conduit 160 is prow ded with a 10

78Il 2 yecond PuidBuid sepiertion staps. generally indicatechan 1 inrthn
ﬁétﬂéén dlﬁ tfu? Feiﬁ {)}Y “?}% argzg‘éa‘fr?r Q§ hélz T ﬂu1 ﬁégs%gﬂ maﬁ? é%&'xg eéi from the
aspaﬁglya rrorlaglaieheghla m}nujdﬁa@ndaﬁyfvlilgm flaéd wmﬁlmttlhe id pxlghidea I\)Vlllﬂlhdl

t con t W
plp lwg%fte@r&s Qo0 kﬁé% dloaifh }eygffw fgwl ?1?511 tge &w&a@ £oey0; s
tthdu%ﬁ%ﬂ{ the tl@h{e?‘fﬁfd }ﬁﬁges]rﬁa}l- entéﬁhim\ﬁﬂlt' 180 Bh@PAK aRngtRe

erring to Figure 8 e ls
anpplag sawtydtetweenl the light fbfid torelutovefsind é&nhea@y fluslvemduit 164, It

oS R Bau e RRB T R Yo ot BElIb SR & 161

asdRewh @€ PIsRfey/g St age, generally indicated as 14 in the
figures. A conical vane 176 is disposed at the
downst ream end of the second fluid-fluid separation
st agRefe@ingrid Fpguwoe Botbsreas femmi acrossesectiendl ivipint efi thé dowolgream

o Db B AP AR T R S5 W B e
filge® ALidsd s@pirﬁﬁ’orﬂ&i’&%@d\@@ dthapNgehick Bt 1h@i3ateafé§ 14 L Mgures.
vane 176 marks the upstream end of the final

Afcprirel-vese il ¢ eisnosed Pribaduvistcaneny. ozﬁﬂa@ecomi fluigrgluid

BR8P 3 1 B KA O A6 L0 i
arfd@ntwred 8y tﬁdﬁlﬂ&b@h flnhd dﬂmﬂohmtb eadiotiglk id {hldldiitdi) hasess ar e

wi.t hdr a g/n 25 The solj.d/injection, conduit 166 extends
confimpc thedowryigs flgw direstione alle qonifelivanedgunarks the upglseam

englgyl?}f%b fifh FuEHE S e p R AN adiBr¥e RRPEDE HEATECoMib D IF @lheavy

fluid conduit 164 extending into this final region 14 is perforated by a plurality of

ports 180, through which the heaviest fluid phases are withdrawn.

The solid/injection conduit 166 extends to the end region of the heavy fluid
conduit 164, as shown in Figure 8. Means may be provided to withdraw solid
material, such as silt and sediment, through the solid/injection conduit 166, for

example by means of a reduced pressure or vacuum suction. Alternatively, the
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material, such as silt and sedi nment, through the

solid/injection conduit 166, for exanple by neans of
wa@200gdeeezrl pressure or vacuum suction. Alter naPCTeBR07/000601

t he WO 2007/ 096612 PCT/ GB2007/ 000601 30

solid/injection conduit 166 may be used to inject

active conponents into the 30uid in the housing, for

exanpl e to enhance the separation of the fluid phases.
sotidénjeotiey canddit 366 triay beawed tognigct astipe ouhpawntsiinto the Hoidgn

s it B el 0B EaE oot p s Aufeidal 5 °°

design. The bore 182 may be used to provide Jettlng or

cir C’Pfl@fo'\a%p elflc%f thE ﬁ%ﬂ 4 1sEB%Q§ide(P€Vltﬁ PR ISS_I_ZMR?‘Q/hlch are

installing the housing to the seabed.
loogged an isofatioh pluger @é@rﬂ@ﬁ ynd a chénk \@b@drﬁﬁabgthw@ ccbm\guhwl

Wi | | des n.relati
gy’ B LR A e oo pobgiF ol Be o SRRl S Bter mucs
orwéﬁ@ﬁtsaﬁﬁeﬂélﬁéwlﬁn% YO oaking ¥ ihfoahedaBed.r ecovered from

the production fluids of a 10 subterranean well.

Typically in such a stream the oil is suspended as

dr oplFlg eperationind thepagsémbly e dmsacpdnaw,yingﬁgmesawél teodescribed

. [ t l.e d t h

in3e R8RS Sro-Puh i 5086 PR gPiuRt el HettS SShitr Bpe

pike btodauf fsltfm@aﬂtof fRSWatbOreSEGLRURS A thdRE@lictiofHluids of a
centrlfuga forces. To be suitable for rel(iectlon

subtrigneai wellie Frieallydnfsaenmstresm, theal igispspended welrppigis i the
oA LR o ORI - RELSUL A00 Ry B e

cqmverstimil techueqids fi gravity heparaivheid nendf infhidiicientmidigo segregate
acc anyi, figure s follo The, m xed

unefer fopbs el SgrIdaRtes < T B spigojader I EEdRgetAn intp W‘%ﬁ@ﬁo‘tlﬂe

foHnbt't'l&l tﬂe%ﬂmﬁﬁ%%&o@&i o tﬁé‘&v@ﬂ’elstot D&nkbittafioh $8Bw 400 ppm.

header 58, fromwhere it Is distributed to one or
Tims nseaCh@IVﬁcb ading épanfahocbanda@zpemmm af sheBpresembinyhntidrein the
respective in conduit. 56, the fI ow t hrough whi ch
erpodugts lﬁPwaan aPﬁ%“P%%@c@W%W [%%2 and one- way

check valve 63. This allows the general flow to be

segregah8dapndseiwitHsttdahfis @?cf‘t%gcﬁé‘@s@mbg% Qs thOMuid

distribution to respective helical separation

- feed santiti@xnd Astegetbe rﬂubbf;ted hiroiees s, titven whatsat isaliributed to one

or oG e S tiob dFeinits® R DREE I rPTR B RieL carBit o e
18k thrbegt KBNS ERBBIEO LY thePQREEREFhlve 6D 4 dIRL WAL clickk klve

an_advant a%g of the assenbly of the present invention,

63. nllpapiowuthagengsal I imbg segtagated ead dwadgdl iplg manggeabde
potragx]is Br M\fsg‘ﬁ)u{lgzqg) e%ecﬁ% HORYS ée%axfalng%s%gﬁﬁhé'@yAggescubed

above, the number and combination of the helical separation assemblies 8 to be used
is selected to match the volumetric flowrate of the feed stream to be processed. As
noted, it is an advantage of the assembly of the present invention, in particular as
shown in the accompanying figures, that a wide range of volumetric flowrates may be
accommodated without any reduction in the efficiency of separation. Indeed, the
ability to select a combination of different sized helical separation assemblies allows

the system to be tailored to a very wide range of fluid compositions and flowrates,
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accommodat ed wi t hout any reduction in the efficiency
of separation. Indeed, the ability to select a

we ooyt on of different sized helical separap@DGB2007/000601
assenblies allows the systemto be tailored to a very
wi de range of fluid conpositions and flowates, WO
2007/ 096612 PCT/ GB2007/ 000601 31 while allowi ng the
separation processes to operate under their optinmm

whibhdlawisg the sapefatien proresges tefoperafeandyr their optimaohcanditions
Q oi |l /water streamenters the respective

an%iaglggl'lléh Englghgi in the inlet body 22, through the
tangential opening 52 in the uppernost 5 portion of

t he Eahi ek iflad coneeid 56,aR6 wmvaeér strén e&t%ﬁ%& kééﬁedi'i% kARAl

separ ation assenb 8, as shown in Fi gur es .
borpé4 sltathéelnlétjbcrdy@%ﬂgw@athq: tngential omn@gy’ﬂ mcth«r uapermeatd

oA e ARSI AL K SE SRS, U TS ARBEARLRI o,

asthuwe @ F @ndas BBegidnt. t ThesseRated R @fitbairOer@s ther aflihbecal feed
streamintg a  plurality of discrete phases before the

copflyf gngrrtiayly, Wh%re Keqse ayclenie sgparation ascurh o Thig apws thejgsneral
I h
p}{a& S'J'%y t f @fde& gﬂﬁf)géeh Rﬁse ?ergm?ld% ggrf&tuﬁrgﬁlte's&@é% ln?fbta

erence sl ze asse
plamatltyi ¢fsliscodte p’easeis befotr thel @hnmmers the hefieal eﬂoivq:at}ofAs' thst a

S|nle hellc separ ati on senbly.8.wi|l e i bed
SRS e R A S ERAR E T i BT
beHEPAE aizk @M@Sa%@éﬁ%ly afd it§v&ﬁh&§ﬁ‘ri% thl%uglflﬂlﬁv’fhé Bp@faﬁéﬁ @ft J'u&%

pattern as it descends th pernost region 4,
singleb@liral sepmiagion essemblyd Wﬂh be dwctllmi for clahign ent ers t he
fluid flow stabilisation region 1.06 and enters the
thforrred the helix 108. e function

hel i.cal .
o it ilperhatsin Share B b opUoR ReieablY i chused 0

IS aPd fdtﬁﬁ{g ﬁ&ﬁeﬂn%h@dlbsé&@ls kife Uppelfdie fe%ﬁd’n Fo4und $12%aH in Figure
rotating low pattern’in the oil /waf er stream

4. Thee Cpb{wg@géieofenterﬁeths tluihfiow htrabuxgathntregnwa rt06@sd enters the

S B BB RTS TR B P SERS B DA SR

andely freid fiow M@blﬁb‘atioh&eﬁﬁﬂ neé 30 lgbltféi’aﬁé alu®ifSirgNotatiga Muld/flow
above the critical Reynolds nunber upon entry into
Pafta ipdhg eil{pvates parat i Bhe passagsiof ;vheastres@éhroagh therwaioant

coglglggé‘rag@it}%}%rs rl]l]p a:m gf%]e fgééﬁ}’étfé)fxrao eﬁﬂl&}b %xffl{ g%\ﬁ@ec‘éﬁe Uream with

a tchmbendl iﬂngzl r;zgm’teh & whiok ItllIH)RttynbEi;I mmbiO sipndfidantdy hbenetthe
stahilis |on regi on 1Q6 e’ qpe tedtosta lis

crid oy r%wemﬂiﬁeh%é@ﬁﬁp%@ﬂ%%%m il SFch o

mﬂﬁleﬁv\ﬂt)@%aﬁéﬂntvhﬁeﬂot Hmﬁfer a h1gl'ﬂ eﬁfcth%Ey WP aratibh B oil droplets

Reynol ds "nunber of flow i
from the water. Accordingly, the uppermost region 104 and the fluid stabilisation

region 106 are operated to stabilise the flow regime such that the Reynolds number is
below the critical number. In other words, the Reynolds number of the fluid flow is
brought below the value at which turbulent flow arises. Preferably, the flow
stabilisation region 106 is of sufficient length for the fluid flow regime to become
laminar. At least, the flow regime should be in the transitional state, preferably with a

Reynolds number towards the lower end of the transitional range.



10

" 15

20

25

brought bel ow the val ue at which turbulent flow
arises. Preferably, the flow stabilisation region 106

wo gooowus fi cient length for the fluid flow r epCEBR@7/000601

become lamnar. At |east, the flow regi ne should be
in the transitional state,nﬁgeferably with a Reynol ds
nunber towards the | ower e of the transitional

range. WD 2007/096612 PCT/ GB2007/ 000601 32 In the

f | owngheBpwi s@évuhsahom @gnqmnl Oﬁoﬁle traneitipnal rs@tet anglrthe c&tnaacé

hel.i tern
08 A SRR A3 oSt Bn depRithET HirSos itk . Blpe e
tht k@aBesm Hfdiﬁdts dﬂ’ ot ed ﬁngﬁtefabbbrdm@% et @&cﬂ@ﬁn@iﬂ@ﬂ THRis
their respectlve densities. This _action_encourages
actign eaeragys soalessingtiahe staglbdnoplets intet laraendiges, wirglpin turn,
dﬁg}}g gllrﬂeinte ln CgteeiJ BﬁFse§ &:}ﬁrfl%nr%g'gq%] %)gc{:egﬁ%grag?e?esr?% the separation of
the phaﬂeat Anradozintagehff affbmsé flowAn tadiitew sagtisaiorarefiond€d is that

1 he flow st abj |sa on re n 106 is that it
i SeglfcppBattiepses A SHEBLRpHOMs T e Re ke Rt bemimber
to@elc%ﬁélﬂ'&alglg}@néﬁ%y B §i3 V{IHH{IP ﬁ{e lafnfhal ﬁo%@éhﬁechﬁpfo\f ﬂﬁw in an
hi gher but "still within the lamnar flow reginme t
qﬁomnﬁmnmﬂhm1aanQHQWSﬁmdba®ﬂ>ﬂMWstaﬂgn@mmﬁbﬂmQME\Bhsny
fl u%l ﬁ%afllﬁg at a significantly higher velocity 10

algﬁ% i cal path. Upon leaving the fluid flow
stabllisatlon region 106 the oil/water stream

| medhdt RhYing MeStid RS LHISNatieR ?eg@én fdasethé bﬂwater stream

separation region 110 and the helihcal flowath forned
mbyectlattelytwtqr&thm upperiend ofiihe fhug smrattoheegmql 610 put thie belic -

th l.ets .. I col J.ect . and..t
o 2SSt He. SRS <Ry 8 ot st SL PP il Fapiers
ar@Rilgd @TTRER G Ed1RE drito Bk keMAted REmARE nater af e/ Watehstream

centrifugal forces on the mnute oil droplets and

ar@éﬁ@pmd pmdlee stepamat Theaction of de highsceatifpgad frcesyn de minute
oi &’Irogfe?s a{ntc‘lrsgﬁaq[ﬁtllc}nhfcnolﬂ_g Qf'cﬁ‘lolu§ é{agg %Zﬁ@h?\g ig Eorced through the

diagr anmat ures

helirgs cepseserited Bfagraiﬂruatd:aﬁyé pﬁFlgtlre@ Bate . Ot tﬂéﬁppeﬁ%@dimvwf the
flow of the fluid

i igure 5a, the rofation
ﬂl&@@%@gﬂwegl% i@raSé PWRYF g@f@éat tenpigtionad floy ofi Hita
stidRRCauses ke Ht&ghp&}oﬁl(eﬁtt@ i té%%'th&ggrpei ligpath o 8Bthe

viewed in Figure 5 ement ogr esses ong
hefiha ﬂ@m@tfh as giewetién Riguiec®d. Thipmoatmhentasogbasemalong the length

of e SR B e s S o flgiich SPriacy bbb holfaseB T
uplaéfl inder tdpord dfhs ﬂBM%Iatﬁ ﬂowtﬂx%gh 1% 020 d 1 P A5 BRI HPRGHS

in the conduit to as-liqurd separation zone 30 in
coppgit ¢ Gpandspaseds|vpwands laéhesqmdmt itmthsuggs:h@mé sepangtiqgagone 30 in

th® Efpsgsgémi)lg 2t4|,1§s s% L)vnqh Fggdrg Z.Dgn aé present in the oil at this point is
collected in the upper region of the gas-liquid separation zone 30 and is removed
through the bore 32 and the gas recovery conduit 34. The oil is removed from the cap
assembly 24 through the lateral bore 35 in the lower cap 26 and the fluid conduit 37.
Any water entrained with the oil and reaching the cap assembly 24 returns to the

housing 4 by way of the longitudinal bores 48 in the inlet body 22.
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30

wapa7hde1yas recovery conduit 34. The oil

25 collected in the upper region of the gas-liquid
separation zone 30 and is renoved through the bore 32
I S regmesed07/000601
fromthe cap assenbly 24 through the lateral bore 35
in the lower cap 26 and the fluid conduit 37. Any

wat er entrained with the 0i33 and reaching the cap
assenbly 24 returns to the housing 4 by way of the

| on gUpQrdlemsihg bteer fhsid 4&parationhregipn |l &9 tH@crdlylaMg 14Did, consisting

2007 GB2007/ 000601, 3
e ALY LR A(es PR GEBAES o Thsnicerag okt valo i picing
regfa,aqu%taha ¢he Ltﬁ%&eéﬁd Hthy hécal @ RpatibidvidBdNRtheRBIHNT IR, ah

oil, enters e fluid velocity enhancing "region 116
thisrregiohethe pﬁ@tnor@hﬂel@cﬁlty[ oféhén etrqanals indrenspdit As prrwitd@d by
the eI| this re the 0
RGP e ook leforb Sl Ar SR B OB yatus e
v&odﬂ%ﬁ’f@heﬁﬁre@ﬂﬂb eicrédsed hﬁ"ﬁSEﬁtﬁi}afB prBM&@%l@ﬂd‘cdﬁM the
proach the crijtical valu velocity of th

pashipmal e &y inlsicabeasdui 466 P‘é@éﬁ#ﬁ@y Vs cs the et fluid

L A L

flvidIconduity1 (remdrvollaged with dire did 61 th'EhEvarmdtcelxe 1234 and the vortex

h d, ,of fluid [
b S fhe B g at et facgpadter 10 Didssdhe istog Ghae
ro%a@ﬂ)nélr}ﬁm‘}etﬂ?en’t’ef ‘Eh% )ﬂlﬂfplnttl‘iﬁp?or%eg{6 tﬂe'}eﬁlgﬁnﬂgoxyi/?ﬂroﬁfé@s Bfgrdtb e

ight fluid conduit 102. Undef the action of
thp otrits afithé vontexeandrenten thet lnwer ¢nd @f thmhghtélw@mr@xut ltoaefrom
e |nn oi | rate .t the centre of the
whEP RS i SRERE P B Bialordiet Tont £ i d
ondU|t 102, from where it passes to cap assenbly 24,

as diRCiaRRAnAROYE ﬂom%lo%r’fﬁé @ﬂﬁﬁlﬂkél%h&’ulf | GO\ghddexvRs
the cylindrical conduit 0 and | eaves 15 through the

theovgh ¢l anglddequtlﬁz 02¢ © eeltﬂrélne mpig vielime ¢lothe keusitg 4.hkn operation,

thggr@rl} HtgdyAro .tge F?lﬁ’ﬂ'gj? tﬁﬂedlwlgﬂl%ﬁ@ tﬁe Eﬁ de\\f/\é?glon e1%ﬁlled with

whet i the bﬁa r¥ibA bein@figled ad thdBehtpiEL. Tl&gér@lme bxsemgly is
filled with the lighter oil. The entire assenb

opspiechsush thaidhe ol pter HECTGIcR inehave thanaripypehich I%b% of the
cﬁ@gn@’é%)ﬁ&{[fﬂngcﬂ& thEYE cafl's7 Pglfatl&l? gssel‘rl\‘%bJ fpdfn tﬁ@{na MH&E of

ical separation asse the nmain
the bbugirg betwb&ctlmﬁs ehrhwsctertbe depataxtmn@df hmpmenmhgnﬂ drdphets from

separa . remaj 0 droplets.fr the .
e o dritr o o aleHGRRd eri g ReRaRiaRy B Hhish th lighter
oﬂ; @R)@l’% 418 Rays0Y td"ﬂéecykhtﬁﬁ%é h(gﬂfn%r and‘%hjcer HeaRpst Rghe The oil

cau torise wthin the housing and enteér the upper
cqibguecb m thngmnlwﬂldcd\An@:ﬁle Housing # rtlsouggnho tongithdinplezorésdp in

the 1rﬁet% lél%f 23%0 enter g%g] htqlrl] sLal(o)ar} |1(§nu7glolng§0 in %{eecsap %gselmrl])ly 24.

The oil is removed from the cap assembly 24 as described above.

The second mode of separation in the main volume of the housing is a further
rotational separation. The action of the angled outlet 120 is to induce a slow rotation
of the substantially water phase within the lower region of the housing 4. The rotating
water stream descends within the housing through the fluid stabilisation region 10.

As the water stream passes the inverted cone 170 and the helical vane 172, its
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the inlet body 22 to enter the gas-liquid separation
zone 30 in the cap assenbly 24. 25 The oil is renoved
wo c@moddse2 cap assenbly 24 as descri bed above. HGEGB2007/000601
second node of separation in the main volunme of the
housing is a further rotational separation. The
action of the angled outlet3420 is to induce a sl ow
rotation of the substantially water phase within the .
rotadimesl vebagity s mcreawé bedorsi they water Finesiny exterts itmgyfurtivert Bwid-fluid

d thin the h h the fluid
seBtaiT TSRy 13 g8 bt Sty e mAUS ) GRpRIoge kel Indiate
tottﬁ?@cdn&%%lfﬂ&dloﬁﬁiﬁ 41¥Rer@ atéh@s ﬂh%tlgh&he L1 7R thd deSo¥ry

2007/ 096612 PCT/ GB2007/ 000601 34 rota ional velocity

lighg fluiglqoaduis 460. hfidincthisrondait.dhe e depigtemose spwids past the
outdlé{s 1'18 ffﬂJheLﬂeﬂcillsléh&atlcﬁleﬁ?grghl!ie%% :{ %%' & tttlezul})é)epre%{y of the

roplets are ca
Mnmg@ate to the centre of the housing 4, where they
pass through the ports 174 in the secondary |ight
fluid conduit 160. Wthin this conduit, the oi
dr op! et Wateigeying therfahes {iid-flil spwatieriegion(d Wil eomgain only

|
ve%?lﬂugog or ?ﬁ?ﬁ&ﬁ&%@ggﬁﬁﬁﬁwﬁga ?er eﬁu@s!aﬁ{mhﬁ? ﬁ‘éﬂt&%anean
fofmmidmemr for disgbsfll iniothes eyags. aThmaﬂeeglremo‘léd ﬁmmltha:mérﬁbhy in
th Fa] @elor 10t HPUBE PO DG PAFS bt irip g T condut
1640 r’['ﬁ%t\ﬂ/a‘?@r iR¥hi %ndﬁit%%&l{?\ﬁanms% %ca%s%mbﬂf 94 YRY Eﬁvéssthe

removed fromthe assenb 10 the“removal region
asggmhingshroggh thedatgtal bore 40@nt shellduid ponduet 2eavy fl ui d
conduit 164. The water in this conduit flows upmards

to the c assenbl 24 and | eaves the emply
t hr S@ﬁé’nttatagb a?rywtb%srs&gwnaﬁaﬁﬁh@ay baa@ iecteéﬁa thee 42
1o&eﬁno%9tég¢omt§e’mtsﬁag SIveRDveE LB r19[110§ it bp cdmuagty,

lected in th | 'Ower nost  regi on ousi ng 4
thamghﬂ@ﬁ@héumeqmmhﬂmd@ei6®dlcalIy or contlnuously, 15
through the solid/injection conduit 166. The

sol i / tlon condui 6 al so, provi des a neans for
intr &‘Je%’&tﬁ?&ﬂg‘ﬁt i&il ﬁ%pw@e ¥ P 19985 T8 RRAUEBg ng
cof’npoﬁétﬁ@nﬁ@ {IRERAI AL R ARIRNC Shch as%%@dﬁtiforp&haﬁ@egy la§ ﬁﬂy be

to i nprove the separation efficiency of the overal
requiredrib iipproge gersepanatiof effiniencpoithe nwerall esbefblyn t he
fluid renoval sectlon 14 may be 20 recycled to the

inle condU| in order to adjust th volu

{1 ov BDROGE! gy RS FOTHES ik eyl Sor e
re@}REA8H thd iAlet BXAIMR! ), i GO B \MIRS: B fvt)tu&teﬁtu ﬂowrate of fluid
through the assembly. This may be needed, for example, to provide sufficient

rotational velocity of the oil/water streams in the helical separation assemblies 8.

The control and monitoring of the overall system is achieved using an
arrangement of injection, monitoring and sample lines. As noted above, the
cylindrical inlet body 22 is formed with a plurality of radial bores 55 connected at
their inner ends to respective control lines 53. As more clearly shown in Figure 9, the
control lines 53 extend longitudinally in a downstream direction within the housing 4.

The radial bores 55 and the control lines 53 may be used to inject components into the
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rotational velocity of the oil/water streans in the
hel i cal separation assenblies 8. The control and
wormroegmwing of the overall systemis achi eved BPST/GB2@N1/000601
arrangement of injection, nonitoring and sanple |ines.
As noted above, the 25 cylindrical inlet body 22 is
formed with a plurality of B&adial bores 55 connected
at their inner ends to respective control |ines 53.
bk fludd phask edthiity thethousing,suéh gredelit®ies Bﬂrksepamhik)n @hhdncerss Gas

53 extend, longitudinally Ln a dowistrea rection

R R AR oS OO G of o Mp S TR BB o LR o e loatation
SMWhldéﬁiﬁdﬁa ¢de used to inject conponents into
the WO 2007/096612 PCT/ GB2007/ 000601 35 bulk fluid

phase within the housing, such as additives and
sepaOat iperticelahastcler the oGatol limey SBes uordemmmnb andmoargtor dree

np P S 1 TS R P o B RpAgeta Bghousing 4.

ARREL Il @Box}ésﬁleflfght hha p@@&tml bd do‘ll@@te@ &olrSarddQise upstream
deternine and nonitor the 5 interface between the

vsdlﬁhgﬁthe fhbuﬁl@g orresepyathd upmxmq)etaegwns gf tlite @haseg,\m tSh¢Wiﬂ irHke

hous h h
NS B il oo gt e B8R Bn B, B} oty R
tHednetage Bedwes it Ywd BRased PRI FefitioheBisaisy B4 a el defined

housi ng as shown in the Figures. For efficient

0

insgs&acatlporlsmativelyséqpanding eaorpﬂleé@%e of the fflyidscopegngdy the

RO Song DS FACE AR, L Sigses o

didb¢regchiata ooeahyuowetgeﬂdlis phasepihn intorfaceahay extedd dvee séverdl dseters
face may be poorly defined. For

concer ned,
‘é‘g%"r%ﬁ’rése apﬁn%‘ﬁi%o% ‘é #1d Ve  separation of oil

dlspersed in a continuous aqueous phase, the interface

y ext ‘ta’er&g?ﬁ%f(? {)f %eﬁéc/{ﬁ{vl\glltné r'?ﬁaet ﬁﬁﬁmn@ﬂ%&%@fa‘c? #5 #shown

enuls ion e techn
schetratioallyi 1ng71thre 1o donanl lbde 33hie showe eitandang nto shedtoosing 4,

il SR ARG D CRBIT Bho TGRS Pt GRS Dt Tofhe
céMHo‘P fnde} Hé’ﬁﬁ@asﬁré@l ry“aﬂ%e%?or Bgilpe QM@SSB& ﬂ]‘witﬁ‘ihﬁﬁé Bhsing

luid ITn the cont l'tne 53 is measured by a sensor.
aﬂtsmpparrhgst enhis measwsdr doMatewniricithe interfaeodSiimgn odtwater dluid

d. T det terf
SRR PR o T ertmPep o By R ol Forey e
sép4FiiRh 8n tHeaksdnePMEE Knbmdehgty is dtfodibed htCORMtithore of the
after 20 separation in the assenbly, of a known

cereipd lings 335 Theprewsutsds thaeantishinols megsercd pnd Rempareh it the
p{ae'rs]%?% %Pt"ﬁe edi ? Sf ﬁ)lr lﬁﬁﬁﬁlﬁd ch&tFle ﬁ%rﬁefgcfllt hI Ib@&‘w’eﬁ L ?9 and

the interface 151s determmed using the formula:

hy = (Ps — Pp)
(dw - do)

where hs, is the height between the datum and the interface 15; P; is the pressure of

injected oil in the control line 53; Py, is the pressure in the uppermost end of the
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pressure at the exit of the light fluid conduit. The

hei ght hW between the datum 19 and the interface 15
wo goodepesnari ned using the formula: 25 hw( P - PhhipCT/G82007/000601

do) where hWis the height between the datum and the

interface 15; PS is the pressure of injected oil in

the control line 53; Ph is 3he pressure in the

upper nost end of the WD 2007/ 096612 PCT/ GB2007/ 000601
haysingdh dliv iythe dessityiod veatas; ahelndsiis theafensit afithe imjebted], oil. i 4

1k .y of,. the ihnjgcted oil. A simlar formula is
Sl{%@%ﬁ ﬁ’glgﬁ{aoly%m{%gg t? Pﬂ\e%ﬁgﬂqﬁ' %t%gs A constant feed of

light fluid, such as oil, is maintained through the

cont A QbnsthrtFeedot lighPfIQIAIRICh S of] s AWhikthBed WFb&ER he control
,actively nmonitor the changes in the interface. 5 In
Ingeﬁe prpprder @gllgy@h@ fYSEgon fo mivglfyenmi‘@d tha ¢hianges in the interface.

iS5 I BRELALLRTed B ey SO P18 o
shohen Fages 10lefiting high pohe 12a6€ pivapbiat OPaSralid Mgerfa8 R fifing
the fl 1 d/fluid interface. Mvenent of the system
the, a%@p@g_edfpemmg rpngR g theaifpigdludingpriase.t Moygmentaf the sistem
oI Of thlsabd AL 1R uSOY oRAEL B BB AR it HLoARed N
I'njection through one or e ‘control I1nes 53 of 4
opeoitionesush ad thelinghiforf thiugh @ne bemoye ddntxiotllines 53 of a volume of
. Al tively,. | ddj ti on, ! f the
R G S
puiihste 68 cHARBLAFIMDIE BARerh Bfyy HeQIdiRfddl @8heh@RYiIuhEH thel NE

corrective action may 1nclude recycling a portion of
coprgetiorhreavirest: Thedogreciiye astipe thaxbinslade tehycling maprgeoreet thof
resent invention is particularly suited 15 for
het%%%fﬁ‘é‘g‘ti on on a nodul ar basis. In one preferred
arrangenent, a separation nodule conprises a helical

Sepak hoted aBS S hitan@en A€ SEihE I%?éieﬁ%‘ih%nittiﬁrex gepetidlladdhited

in specific  detail above and Shown in
fonenpdieptaenyeng modylar basis. iIngine praferrishartangementen a¢paration module

refere . N ral. 8. The helical,s ration assenbly .
e ShEL sl HBlin ooy Ao GREL Pt Ol 3RE it
depalr dbogel bed stwrdiRgiee &coshbhdyenentuiesthdiddtedbp it Rhéral

This possible 20 variation in the size of the . )
refepsnse gumera! fod e Belical saparaion Asssgdhomay he ppvidasiin a variety of

. o ' . . ; . i d <
BRI 00 b 8 T I B0 L NS Sb
variatityein thé siwapSthie sepvenativn rhédulerizcinl advarapger efalhpebert hevention
bypalil%\szv%g 2 Wik eer%éeo& fluid flowrates and compositions to be accommodated.
There are a number of ways in which the modular approach of the present invention

may be applied.

First, the larger size helical separation assemblies can accommodate larger
fluid flowrates. Referring to Figure 11, there is'shown a graph of the operating
flowrates and pressures for a range of helical separation assemblies 8 as shown in the
accompanying figures. The operating ranges and parameters are given for helical
separation assemblies having nomimal diameters of 4, 5, 6 and 7 inches (numbered 1

to 4 in Figure 11) and for operation in the separation of crude oil droplets from a
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may be applied. First, the larger size helica
separation assenblies can accomodate |arger 25 fluid

wo b@dogdees. Referring to Figure 11, there is* BCIDGB2@7/000601
graph of the operating flowates and pressures for a
range of helical separation assenblies 8 as shown in
the acconpanying figures. 3he operating ranges and
paraneters are given for helical separation

walssHraal. egichastegmivtyipieal ofdheaidicentemdtater] water Sreams 7

i nches .(nunmber.ed 1 .to L.n Fiqure 11 nd for .
ers G SR B filbeophodictith cpetiichod yPBEeH ob nd e,
well\VA L9 Bkt @R6dch t66dé SRS A0SR IBd stedn® ind bR, it is
Such a streamjs typical of the oil-contani nated water
megehaaesssaie selseiche apriapiiaie sige pf helica!l ssnerapipwassemblyn for
LaNs | t oil and gas wells. As a
e)% ge?ﬁgl%%r%%@hg#gaggg@?ﬁ%gati ng a given fluid stream
and flowate, it is nerely necessary to select the
apprigid afeg@msto e pedcebll ek 16 @RAE atdedding Siseiitivhunt Sferdting
exanple frogma graph such as Figure 11. If the stream

flgwra fﬁh%%@%b%f%ﬁ@g% assepibyathe sEremawynky sohibands preakity of
' f i i
sugg g%s%%‘{bg}gs ?']%t gé\%?érgtea in E}ﬂgléag bA'[ ﬁﬁ’ﬂhe %Qg{egtté ?}5;11}/ E[h)? rré?dular

eam na It an U
apprzbh af feneseasinvetionds apeicat @ glurdlitp aAapiopliateAcleutidhefithe

.manner to I .he nodul ar approagch of the, pr.esent
siges L Rl ?%%gfﬁéemérawa sty AU bPaIGtion o
difeleBCiLQ asmbING to 10 astkeAGRe Lo &Qt%%ﬂetgi%d §t%8.ff?1f a8l dvirdte.

separation assenblies allows a conbination
different sized assenblies to be determ ned to match
t he 4icomplisdtioaaniseswshdn thevlatveate aril/crocumhposaionad thar flwds
n the flowat.e and/ oy composition. of the fluid
ITB%\Wﬁﬁ%%re ﬂwg@% PR stgganyen shyt

dHEandr P He v@&kfﬂgng@a@%@ bf BB Yepar DN hsech .lv 3hist1§§}iﬁ%ﬁon is

working lifetinme of the separation asse

lilgsilyt tochtel ammovrgered in theehse afofishoremdondiges wlls.nlt isprefasd to
of..offshore qil .and ga Il1s. It is preferre 0 .

erftig PR Pisusi ot etfome sy £8n orfafle Bl Busipas of

tigeytaly Banyeydaed) heth IRAE bORSaddhistmbht B mdiNReheaRk! W FOB¥m
years, with little or no adjustnment or maintenance. A

arj§epWIth sepagaticneguigmeant alesygh mMan lesgionsmsareslt of thofluid
t.e L I . id. flowate
A R BEBDA0R pARyBed £ che RoN WG Hefinle OV B0t
Advanege @i\ dhveepntsage tivshiyon froeided @ sepatation egstemalmat can be
aration systemt hgltqacan be  instal]ed

. i d
lngﬁlge\ééﬁ%fé&?@g%)te ag &f £204° 104 HgRTHFs MIFAmPOSLioBhd
cHARSTRO SV LIBAS

An assembly incorporating the concepts of the present invention and adapted
to accommodate such changes in the fluid stream over time comprises a plurality of
helical separation assemblies 8 of a variety of nominal sizes. - As the fluid flowrate
and compositions change, the individual helical separation assemblies are brought on-
and off-line in the appropriate combination to be matched to the fluid stream being
processed and provide optimum separation efficiency. Referring to Figure 12, there is

shown, as an example, a further graph in which the flowrate of an oil-contaminated
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changi ng over tinme. An assenbly incorporating the
concepts of the present invention and adapted to

wa@e@onmsdat e such changes in the fluid stream POEGBRINTO00601

conprises a plurality of 25 helical separation
assenblies 8 of a variety of nom nal sizes. ~As the
fluid flowate and conposit3®ns change, the individual
hel i cal separation assenblies are brought on- and
wief strdaR€ stith 4 udtaAReT REmiths grodadtidnrdbildront a shisterrmieahedtll, is
to the fluid stream being  processed and provide_.
mepshpdriithsephingtipanolthe helicahyeparaparp é?S@mEest big4 @ﬁ?@uff‘zl, 1.
t [ : i
ATEResfee: B 90 B3R SHATRL Rl Soptiioi eGP or e
a0 9 664 2arKSTonRA AAl / AOME Albwrde invatases, ftis eressasythemploy
as. obtai ned fromthe production of oil f

CRUBIBIGENANC RBTTe 60m iSO o ARPEIPTElS eh ot IoamEntsf and
c(k{gﬁivr\lngil‘?(}d %F;gize% P ?ép%%dti;ag 28RS ke Selbctb® td*mBfchthdter Birddl total

seen, w flowates, a single helical .
flowpae,athiterstiisdlowbigeach indiddual pereoply ot eetity withinityeperating

enpl oyed . the owate increases, it is necessary
r %QP%PW@%@B%?%?W%'S of two or nore assenblies of
the appropriate size. The nunber and conbination of
S Z ef(e&frriﬁgeﬁﬁigi%ljeﬁﬁ, ARSI esa e veRIBL e hi@ gt CThe
a

the require flowate, while still allowing
vertichl axiscl00) cohuthé rightstend isidetindiegies the Suid flgwnatq fog each helix,

eratin range. an t.bts. opti.num.effjci .
wRIF & Yoo R B Tl gy Q85 R b e ftpzenl agros
aB¥li®. MhebgbaMe hTegrahldumifles a@lngtxdize Bidalowpitation aghimbly.
hand side indicates the fluid flowate for each helix
Fonedch hehieal venarationl assgrtdy. 2bo vestical gelunyy %%fﬁh@@ i?faéeplcts the
shows th S ' ' 8 lepe s
i OGBS ST thite e Rt AORRS el B e ot
&R pana tfiovtate 296 atdeptabledioreraintbelvev iheakitisa Rayadlids number.

assenbly, the vertical colunn 204 on the ]eft depicts
The oluprrAGh the BafalGasiohelion] wpaatith FsEmBly Shows the miitmum

dftfe%r{tiai gﬂ%%léé Ql'i&@acblé’\%)t AhidvE B&ee faHie%eﬁﬁ‘ffu%ﬂ Qepapati RS Athe
owr at acceptable to remain below the critjcal
fieeyanol this maxivinen diffeferdiat plesswre 20Btogamainebetdvy e asiticaldR¢ynolds

hel i cal .separation enbl h t he m ni num. . v
OBPPFE AP PPBLC LS U TR S [ A oh) VS UL sfegiplovitin
tl%%ﬁe?dtfn%gﬁhd SRAEIHEIRAL Wphfation hdsemblyl Wil rafudt inhepht fluid being

maxi numdi fferential pressure 210 to _ remain bel ow the

cewiet itrangiRby npsters and palbeting the heayies fiuid phrse golecizd N i will

fl h 2 ' i it hi
Ll AT RS N g e o
tIRSIRRABE heWbpdratidssyisten dndlthglightéd fliid pheses gemoved.

Therefore, as the total flowrate increases or decreases, helical separation
assemblies cannot be simply opened or closed, as the fluid flow to other open helical
separation assemblies could change and be outside the aforementioned operating
windows. For the overall system to perform the required separation duty over a wide
range of fluid flowrates, intermediate helical separation assembly combinations have

to be selected.



10

15

20

25

30

carried through the system and polluting the heavier
fluid phase collected. This will render the heavier
wo bar@oasmaccept abl e for punpi ng downhol e, unl eB&T/GB2003/000601
recycled to the inlet of the separation system and
the lighter fluid phases renoved. Therefore, as the
total flowate increases or3%ecreases, helica
separation 25 assenblies cannot be sinply opened or
cl osBapingspedificallyup the ¢xemplas of Figire bheah verwllpwdlowrates, that

. ar gt ssembl i es coul d .change,and be outsi.de t.he

is BBt e hefeef P R SRS P b ek 11

haS ¥t £i8rhialRBahelebt Mch&@ds hpslikds aPabptimdm chération\tEthed
wide range of fluid flowates, internediate helica

sitghe) azsamblyris aghjeves Lyir@mmgif@datmg)f I¢kepa wates to surplqragnt &g low
ARt (fﬂﬂeo ﬁ?e?ﬂrftg t%ﬁfr&ﬁggg lAggH% ﬁ&%lrageqotq—ﬂ{% ?ir% to be g:/roressed

speciTl Ca e exanp ure at ver ow
infreansk dietisal stpahtion ssdinblivy2]2@0d BRI braughtrgHléneh eitliet alone or

. separat,ion_assenbly, nu in Figure 11. having a
mﬁa%%ﬁ@floa-i Elsveies of upytoy R et @%55 3?6@&}@%4%6 m&%mpgle
heBPA" argﬁblpéss&ﬂ@y S hé‘\%%ﬁ&%ﬁ&?hﬁénie%r aehigyed ¥5 bBGasible

recirculation of "clean Water to supplenment the | ow
offchwewireg eefudlf flavih eange mel mequire bempinat essefdwoAs ndre of the

fl at f the _stre to b rocessed increases,
asﬁ%lilot?vﬁ?élﬂ?léggrﬁ'ﬁfié’?iFEﬁﬁlrea@Lg)rﬁﬁell%@o%,d'3 and 4 are brought
on-line, either alone or in conbination. Flowates of

up Fﬂgﬁé% SBERs ARYet 18R GRA MR Yk M ND AdRhikl Be total

helic separation assenbly 4, having a nom nal"
fluldl flostrae tobe Fecompirelsted by theassaphlylZe Thefbase vethiehistegram

Lfulld flow range.wll requile nbi.nat i o of two

idgltiesch Mg Sk fER] S EE LR Boprle b 295 gt can

beiRo&¥RddsaLh: thEceMbRafidn SMRITEalaePirsli O4s8EMYlidsP2URBown in the |
vertical axis 212 indicating the total fluid flowate

steps identificd 6pRdY abedh appnhingsion oF bplifial separating aprgEbligs hasheen

LR TS5, PR DY) Q6B i e
Tlﬁb"safengylﬁgﬁmgghﬁ@ %]Zﬂ’)efof: eachltaﬁ@mlbgyl cc:}ﬁbiheﬂ_idamlaeis_b;eerp ‘grda:ra'tedn A

I €S snown .1 n e ST EPS 1 aentl ea .as
5556 Tt hb VBl Bii Br-omBr<B Sl 4 DT RPRUIOE S BB ePes

hérl}ae%% s&iomﬁggggm& ARG rfidle diaﬁ‘fgtéf!ﬂHé!ias?és%&HPiﬁ £8 Figure 11)

up t Iven conbination identified. "The safe
andpae assenthly afiyeni22bdifmeteea aivhas@eenibjy 8 ambigues 1 Dpidaetéfied

been .i.ndi cat ed. hus, a flowate of 42,400 BPD is
asa?é?&m%a%@'&aﬁ%‘? h%‘”;l'sl%"r‘?t}iznati on of seven helical

separation assenblies of nomnal dianeter 7 inches

(assgiBhly bésde ifrFHe12 e safe operating range 226 selected for each

assembly combination overlaps the operating range of the two adjacent combinations.
As the total fluid flowrate increases and the maximum operating flowrate of a given
assembly combination 228, the operation is switched to the next higher assembly
combination, as identified in the steps 225. When the total fluid flowrate drops and
approaches the minimum operating flowrate 230 of the combination, operationis
switched to the next lower assembly combination. In this way, a smooth, continuous
fluid separation operation can be achieved from zero fluid flowrate to the maximum

total throughput 232 of the complete assembly 2.
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20 and one assenbly of nom nal dianeter 6 inches

(assenbly 3 in Figure 11), identified as assenbly
w@ooenioy@at:i on 16 in Figure 12. As will be seen PaI/EBYWIM00601

12, the safe operating range 226 selected for each

assenbly conbi nati on overl aps the operating range of

the two adjacent conbinatiofs. As the total fluid

flowate increases and the maxi mum operating flow ate

of aAg wﬂﬁ bg 2pprad stedialuying oindbépradtionrof ZrBassdrhiely off dieairbsent

is swtche tothen t highe conbi ngti on,
inyentjogopiqnapekied ia & Hed mr%ﬁ 3@? { belicebieRpranon, g
asstAVE AL woggﬁ And 801 nggea&shﬁé AL oA Rt AY

ow ate 23 he conbi nation, operation is’,

c}samgetsc Highiks rtequnrdrseeanle Adseinblyeto be amd‘ah@f slap dbwnaPreferred methods

ot h,, conti nuou fluid s rati
fos St s SeRPBS shiefE0ion Heroie e p P IREL P dhras of B
prefgit ehieHn 30 tot aI t hroughput 232 of the conplete
assenbly 2. WD 2007/096612 PCT/ GB2007/ 000601 40 As
w || be appreciated, during the operation of the
ass ehltﬂrgierdbr thieeqrired eepparatiomvte bt iadinevidein tl@yﬂrioael s¢paragion
nodul.gr roac vi dual h
stEs ot Bl R ERa B istris B Samt B e ppRERRGBI R Bbgye  piica
midiRNeYBud B HaRERAYy the Palus DN ER TachlfblRall REsMafi &S aBa®bly
assenbly to be started and shut down. Preferred

shosHo diésguse f br As flamriteg belw this seifibaliveBieatha lighter fluidgphases
lp‘t?e 1 %\Mlo%lp?eteq ! ge \%graﬁfl il Qgﬁt'éﬁun trhh ﬁea\H SREL %)hasgs

nven he requl re separa 1 on

pradiided\ie thel proéRe VhikicharacteprImailkies it undedgek sihplyte shut down
present invention, it is necessary that the fI ui d
andl %W up thejindiyidyalesenaration assamblion ysinginstyhy Hwid sipgam to be
at O
B T o GeohBani ot i ECeARER LG G HSARANGartlon
a$hnblymn|1meaming\aqjunge oftdieanl ieghy fpidf | ui d phases will be
not be conpletely renoved and wll contam nate the
heavi er flujd phases, produced in the prqcess

char AB heiefl 89 aig1as Shawh Bndgercs Ae 3sfhgpnlgt %Séef%WMtO% the
S}ggﬂ@%rﬁ}%éﬁ?ﬁ{%e YRiid H@adﬁl"‘@% f’é’ddﬂgai I%u?g ﬂﬁl@tc'oggult 70. The flow

es using just t amto
ofsepge AtiddronT thedeada dreo eéhshepicallseparption assembply 8 ie comirblled

to bring. each heljcal ign 15 ) Nl
by i ShiCroee B Diieasles vl TSRS Ruln BRI RSrmoy
8 &opeheuRiehpiicd ﬂﬁﬁﬁ(sac%cu@an W mrﬂﬂleeéas%ﬁﬁmsm@[@ the

system conprises a purge fluid header 64 fed
sepanatjeg pil draplets frdo prod@eed Prager) isgniroduced downstream of the valve

62 and check valve 63 controlling the flow of fluid to be processed. At start-up of a
given helical separation assembly, the relevant valve 62 and check valve 63 are closed
and the purge fluid valve 68 opened, to provide a stream of fluid above the critical
minimum flowrate for separation. Once the flow has been established, the valve 62 is
opened. It is preferable to have the purge fluid pressure above the fluid stream
pressure, in order to ensure that the purge fluid stream has dominance over the fluid
stream being processed. In this way, when the valve 62 is opehed, the fluid stream
will not flow, as the higher purge fluid pressure will keep the check valve 63 closed.

As the purge valve 68 is gradually closed, the pressure of the purge fluid entering the
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of purge fluid fromthe header 64 to each helical

separation assenbly 8 is controlled by a purge fluid
wo 20000968 When the purge fluid val ve 68 for aPQi/G8r007/000601

helical assenbly 20 8 is opened, clear purge fluid

(such as clean water in the case of an assenbly

separating oil droplets frobh produced water) is

i ntroduced downstream of the valve 62 and check val ve
ragia] am t5# ovillifaly allhwirfy theveldckvialiieb4tto open. pindbisseaydthe Aluid

start-up of a en _hel.i cal ara onh -assenbl th

SHEEPL) AP a1 rEER bRty BabE sull oS BR Gleee vale b

clsdw H@Hfgﬁ% thé Hélebay Sdpératios a%&'ﬁgds fllly dH I, de a stream
fluid above the critical mninmum fl owate for

separatl on. Once the flow has been established, the
val VEo §fit dewn emévenchelibal sesargicaf ascajﬂblg, the ohpaséte 1pr®edure is

ol s fheBRETRE R e it SEns ¥is et BB MR st ©
u?ﬁl'é’fn’éﬁﬁﬂgeth@ YRId §thent With gu g@tﬂiﬁ@ NTIREIHRBk PAIOE 6§ }B%ifentls 2]
is wa when the valve 62 is opened, the fluid

higher @mﬁsuwdprvnﬁtr@am lobihe \@évetﬁienﬂqprlg& the fped @@dfsmﬁm and
fl 1§§ %ﬁ%t?eg%va heén%gg {1@ %g%'}g%%lal P{ef“:f ggegéaﬁrjeoﬁzqu%raggalﬁsclose the

chetk {ratlee pRLrig eurh Isloivdly einiteng o tﬁe’ﬂoxV‘@f BRA Th) abfiPstatic flow is
PCT/ GB2007/ 000601 41 radial bore 54 will fall,

achievedvi Hige Yahee @hischenglpsed abihigBPiBhen. In this way, the
fluid streamto be pr ocessed repl aces the di mnishing
pur flui v ingi ng
t he gﬁleﬁ I%ug%?dvaﬁ%%ér % s de ﬁ‘L &fggf nt“f}u% g%S ¥ a?%eéi .n[g To

oﬁhﬂﬁtelgiqugeahg hyléval k@hmah a§s€ﬁh@l338 Jalall ﬁsﬁiaabﬂhyid being

posite procedure is the

praﬁmeép rihgtourgs vage 48 aﬁuﬂawéqm@@ ng h@thglf sEpaEAtio agssehbes is
left %%ﬁ%%? glgEuli‘ ?u{gg n'ﬂtugd %idﬁﬁ%nwde%fpﬂﬁ&ﬁ tfdg[ Wik uﬁm Such

chec er pressure down stream
timé¢ ag d8urthat @/}mngaueﬂnb eotalniipid lﬁlewﬁrﬁe tequiras d ts s bemghinoh line.

flow ng upstream The. purge fluid, being at a higher

pressure, wll g[rad cl ose the (;heck val ve

t ur it 1 igiReyanibd tthenlzﬁw seppation airepbligsebare oronedt 0% ilﬂﬂﬁ na
cléa&l@& hid gﬁrgxﬂ bste 15k @€ Qﬂaﬁ\ﬁgchov&% o\fﬂch?th%g'h%hé H&Bmb! g 8 will

cl osed thi's point purge valve remai NS 0
betheiaw theufiticali mimimfunflavrhedo pessedanmplete sepairatoal \f e |hg]eca1

scppigial arngy T Roce el Thel BiRgaogar b s P fdpshed
inf) 188 s@wn&féamfaédnqﬂhd SERALhI st @S SEIPIbuR desult #nef t

containing only clean purge flui'd and may be |eft off
contaranatipnt |tlse sepatateduhiid [ragtians. Thistdontamisated ﬂuldt\h@dd need to
[ it t

bebre%fggeh tort‘h Felji 89 {he asseml’lol? 2% B pl%tcgsse a ua{lrrl ©¥his coul(a result in
the wellhead productlon flow having to be reduced or even shut off, until the
contaminated fluid has been processed. As will be appreciated, this is not acceptable
for the continuous well production process, in particular given the frequency that the
combination of helical separation assemblies 8 being brought on and off line would

need to change.
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It is inportant that the helical separation assenblies

8 are brought off line in a cleaned and purged state,
wa@sgoovlssest art up flowate of fluid through thereresidPoo6o1

8 will be belowthe critical mninumflowate to

achi eve conpl ete separation. If the helical

separation assenbly is |eft4xontaining fluid being

processed, this would be flushed 20 into the

downthe mage Siiddeed valvalo& map bepeholst, pw asptrolfelee, hallibdgate

resul.t .i cont am nat i of the separated.flujd ..
1§ oftegieBoat SRPR AT ool Pons w8 o GG i wileriptl pgsded to
be eNelted-lie abhi@. i nl et of the assenmbly 2 to be
processed again. This could result in the well head
production flow having to be reduced or even shut off,
until the contam nated fluid has been processed. As
will be appreciated, this is not acceptable 25 for

t he conti nuous Il production, progess,_ in particular

gi ve %?P@fﬁilpaqﬁ%ef%wm@m oA Gien thi e bodigienis ghown
nRROREORRE01BEASIRL 1091210 i MBS PRIARA b
stREITY (CBROBINE @II0BE water2 ITwal rmnglerstdad thatf the dssembiyean@8nethod

o T e S5t BEGBRRNE b e B -
stfamB! Thé Sebabiimbf contsinatv®, Bidel dr nige PBELet, Ovhibiendy ® @8arated
on:|ine a%aln. The ogeratlon of the_present

accprdén the relativie deasitipcef the ligwids eprsedicre it additienathe invention
. in

g POPRBIVELR Lep R 2 DTG kAT S d S it
water. It will be understood that the assenbly and
met hod of the present invention nmay be enpl oyed to
separate other nultiphase liquid-liquid streans. The
stream may contain two, three or nore phases, which
may be separated 10 according the relative densities
of the liquids concerned. In addition, the invention
may be enpl oyed to separate nulti phase gas-liquid
streans in a simlar manner. WD 2007/ 096612
PCT/ GB2007/ 000601 43 CLAIM5S 1. A nethod for
separating a nmultiphase fluid stream conprising a
heavier fluid conponent and a lighter fluid
conmponent, the method conprising: 5 causing the fluid
to flow along a helical flowpath in which the critica
Reynol ds
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nunber of the fluid flowis elevated, the fluid stream
flow ng at a Reynol ds nunber bel ow the el evated
we@eiovioe@h2 nunber, the fluid streamfl ow ng at BCT/GB2007/000601
sufficient velocity to cause the fluid phases to
separate. 2. The nethod according to claim1l, wherein
the critical Reynolds nunbe43is 10 greater than
10, 000. 3. The nmethod according to claim 2, wherein
the critical Reynolds nunber is greater than 1
00, 000. 4. A nethod for separating a mul tiphase fluid
stream conprising a heavkﬁﬁ%ﬁﬂg conponent and a
lighter fluid conponent thod conprising: 15
causing the fluid to flow along a helical flowpath

| RO B EaTh LNl D) o

ccnnpqmeﬂmmﬂaltghtamlued tampdnent, dwenethe@cmpm’nﬁng he helical"

CRURRERE BUAEY S alARA telogl Homatigh Hgh S ol GRS P
nlﬁhﬁér 9 the MO HBKS Eﬁea’@& |th§ ﬁhldfsltﬁéﬁ’ﬁ Eﬁoklwhé atSHREy o Rty

O critical Reynolds number of the fluid flowis
b@b‘e\ﬂm detatedhwitfchlmuinter rthe fiufd tweamdlawing at Reyffielertsvelocity to
nunﬁgr $Iom1tpe el evated critical nunber. 6. A nethod
cquiss the WY BRASER 0L RAIT) phase f1ui d stream conprising a

heavi er fluid conmponent and a lighter fluid

2.C0 np?l'ibeﬁi%thoa BecdiEihp adlcleRi! rxlvﬁérgiﬂ th@ %k%a[‘ Beymadd dumhiskr 0
flow along a first helical flowpath, the first helica

grefteothpaf 0,0005 having a fi rst pi tch, "the first helical
fl ovvpath being sufficiently long to establish a

st abj r,ot at fluid.fl tern rt str.ea
300 2560 TR bt 2OVBEE e SFpip e
gﬂéﬁ?t'effhﬁﬂ“lb@b@@' ng fluid to flow al ong a second hel i cal

flowpat h, the second helical fl owpat h having a second

pi tch, mhereln the second pitch is greater than the
Afirsa methmhfor aephratayovinigiphése fuidsiteam ¢dmprising oheaaier fluid

radi a r on of t sec hel i.cal fl owpat h.
casierint it GELERBG T GoChEn EOCRIGRE n e

mul t bé&@ﬁg%é fisiado ﬁbwee@mg £RIREI BAFpAh SASRIHE aidNas & camehl

a liquid-phase. 8. The method according to either of
cayidaitibe dluest flpyingtaba sifficieheveledityi tpisawse the lighfer fluid component
to move to the inner region of the helical flowpath; and

collecting the lighter fluid component in the central conduit.

5. The method according to claim 4, wherein the helical flowpath is such that the
critical Reynolds number of the fluid flow is elevated, the fluid stream flowing ata

Reynolds number below the elevated critical number.

6. A method for separating a multiphase fluid stream comprising a heavier fluid

" component and a lighter fluid component, the method comprising:

causing the fluid to flow along a first helical flowpath, the first helical flowpath
having a first pitch, the first helical flowpath being sufficiently long to establish a

stabilised rotating fluid flow pattern for the stream;
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stream conprises a plurality of |iquid phases. 9. The

nmet hod according to claim8, wherein the fluid stream
weompindees an 10 aqueous phase and a hydr ocar PGIYGB2007/000601

phase. 10. The nmethod according to claim9, wherein

t he agueous phase conprises water produced froma

subt erranean wel |l and the H¢drocarbon phase is oil

produced from the said well. 11. The nethod according
capsiyg i uolfaimreot@ingofluid to fierabing a seeorfd hedicalaiteivieatly dagisecond

5.helical flowpaths: are forned, such as.to. el evate the
hefih) AR gR P rRey G e ieE: BRoEane KEdpd P isai @ Fanahl
firffifaRchn@ccording to any of clainms 6 to 11, wherein the
fluid flowis stabilised in a flow regine having a
rerReving thedighiaribid Hemawadially énner ragian wdhe sicgad hPl&Frﬁ*gﬂPWPath-
20 13. The nethod according to claim 12, wherein the

f1ui.d fl ' bilised | . i fl i me.
7. 10 eSS G ¢ otlt (R Ry Pt 0 S
coRpEES dobdtisphbseiandfa liduel piaset helical flowpath

remai ns constant throughout its length. 15. The net hod
according to any of clainms 6 to 14, wherein the pitch

8. of {Ihe nxBharbassordingetoieither dflclaipma Otor i7nwhersinethe mltiphase fluid
direction of .f|l ow al.ong, tthe second fl owpath. WO

suSh S FoaaR BT R o SIS a5 16, The met hod
according to claim15, wherein the pitch increases in

9. SR o SccordifOBtdl M) SyHRBRR Bl fluld strebREcdBh#es an
according to either of clains 15 or 16, wherein the
aqpéaus phesk anfl @ hydeeanhdn pbisecal fl owpath is increased

al ong substantially the entire I'ength of the second 5

hel ical flowpath. 18. . Th t hod according to claim
1075, "R apedbort Bt Gir Ry SUSH ) A0 EHe Coguhes wate
prédiicd BbmtNRibeeaas Wal ifPihe hi@Babbn ALl BRduced from

| ongi tudi nal” axis of the flowpath, preferably up to

thegsgid welle preferably about 1% for each turn. 19. The
nmet hod according to any of clains 6 to 18, further

R S SRS LR B30 SR bRl S

helical flowpaths are formed such as to elevate the critical Reynolds number of the

fluid stream.

12.  The method according to any of claims 6 to 11, wherein the fluid flow is
stabilised in a flow regime having a Reynolds number below the critical Reynolds

number.

13, The method according to claim 12, wherein the fluid flow is stabilised in a

transient flow regime.

14.  The method according to any of claims 6 to 13, wherein the pitch of the first
helical flowpath remains constant throughout its length.

15. The method according to any of claims 6 to 14, wherein the pitch of the

second helical flowpath increases in the direction of flow along the second flowpath.
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remaining lighter fluid fractions are caused to
mgrate. 2Q The nmethod according to claim 19, wherein
wo otoanpenal vel ocity of the fluid is caused tBPCT/GB2007/000601
increase, in order to establish the vortex. 21. The
nmet hod according to claim 20, wherein the increase in
rotational velocity 15 is4provided by causing the
fluid to flow along a third helical flowath. 22. The
16tret i ractbed aticoglingtoailaiinnh 52 whexgiretheipitch irsreases in a stepwise or
crgss-sectional area of the third helical flowpath is
2 QBEIYAS HFPIP g t he length of the flowpath. 23. The
nmet hod according to claim 22, wherein the decrease in
7t he 1§/ 9RShSESbRf E?é‘ to e?ﬂh@laof%@ﬁﬂfssi 50018, &H&Einﬁld@?ﬁcl%f the
ep-wW se nmanner 24, The nethod accordi ng
semxﬁﬂmhca:lfﬂomfpathus iR2eased a8ng swbstastiallyt the egtiterlengh of the second

[os -sectional area occurs along substantially
‘nefipd £

|l ength of the third helical flowath. 25.
The nethod according to any of clains 20 to 24,

\Aher Hbe ligbréds@up © 3 f
18 ]giecr?vlvé t? ﬁ%ﬁ?lélﬂ{?l:lggg)l Clé%ey nol thfeﬁ%ﬂﬁgﬁdcumr 2807/ I50966 12Or

eaEle[mﬁBQﬁﬁ 2EaD0s6lical flowpath aTdrmdrthe hm@nadj@@lra@mq@ theflaypath,
ded t
b RIRR Phandsetios Ho Dot iSA Sl or i ng to. any

of claims 6 to 26, further conprising introducing the

l9¢ | ui ﬂhé Me%@abéﬁr@m? té 51‘(1151' 8¢ d1ditts® a8t fiirther EBhi&Ing | N

the lighter conponents are separated
esfabbshlmgm vhitewseparafipniiegiane inpohish asrouad érestabliskedtinrvlgeh the

refhiiia dene iy d e Rl b Bt 0 The "

fluid-fluid settling region. 29. The nethod according
2()t 0 C lﬁ' rgétg&l 2OMBRSIRE 1 A 19 bkt rdttid AP R1bEE, dfané figid is

stream upon exiting the vortex separation
caumghtomcr@(se, iftloedeamea éstabligh doririey. to ei ther of clains
28 or 29, further conpr|3|ng centraI|S|ng t he

rotationa | ow fth d.stream.w t h[ locit
2% o Sherpethed agbrfnaly it frieedi Btk e od iong) wlagy
is bRvEdeRivP ABsind BRI il td ﬂ&v%fo%@%‘tﬁi@@hél%ﬂﬂo%@cﬁ of the

22. The method according to claim 21, wherein the cross-sectional area of the

third helical flowpath is decreased along the length of the flowpath.

23.  The method according to claim 22, wherein the decrease in the cross-sectional

area occurs in a continuous or a step-wise mannet.

24, The method according to either of claims 22 or 23, wherein the decrease in
the cross-sectional area occurs along substantially the entire length of the third helical

flowpath.

25,  The method according to any of claims 20 to 24, wherein the Reynolds

number of the fluid flow is at or below the critical Reynolds number.
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15 fluid flow path in the fluid-fluid settling region
is reduced in the direction of flow 32. The nethod
wa@ewangkiony t o any of clainms 27 to 31, wherei n PCTIGB2007/000601
richer in the |lighter fluid conponent is renpved from
the I ower central region of the fluid-fluid settling
regi on and passed to the ugfer central region of the
fluid-fluid settling region. 33. The method accordlng
26t 0 dlily nofthed adeaslingtotany 37 claivhe t 210, vdesrip a ieandis pevide
; _% 2011 hter fluid conponent fromthe heavier fluid
08 Eﬁﬁﬁgﬁt % enhanced by the addition of additives
active in inducing droplet coal escence of the lighter

27t | Uihe &&H@@%Bidméﬂ; any e cIEhd 6% %%ﬁﬂér'%@nipﬁsﬁh@){nt%ducmg

cl ai ms 3, further conprising causing the,
thcsﬂu@ameam 1mntaé1u1éﬂﬂ1idr$edhn@m ir whichribe lightomfl s a

compﬁ'p%ﬁ%%rr SERRIET Mot bR e S TR Dbt Bhstisc gt Be'dea &
,GBZOO7/000601 47 35. The nmethod according to

cI aim 34, wherein the fluid streamis caused to rotate

in the fluid renoval zone, the said fluid stream being
28 emdihsdnéthodacchuslingin daim 2 giherein bk fiuidsttdan i cevsedvarotate

nmet hod according to any of clains 6 to
m%ﬁ?lﬁ?f“ﬁde?et@gﬁﬁ?gl%rf ng a sedinent 5 collection
region, fromwhich sedinment is periodically or

29C OntTH%blﬁétﬁch ac!c% %!) cléfh 2\ Wikt thefr6fati6€ RAhdattBd tcthe
mul ti phase fluid stream conprising a heavier fluid

fluid spesrewoneaxdting the ghrtey seppialign igigfonent , the vol une
flowate of the mul ti phase fluid stream being subject

to Vi |at e th d sin

300y ovﬂlﬂ’l r’ﬁﬁ [f{‘%g} spthgs Oﬁ‘é gg 06%861 Z‘ﬁ“o‘qu‘é%“sl“l%
ceﬁﬁlalrsyﬂg’rﬂe %thuédaﬁﬂrmtdr@l% i@ Bedn® Giith@dthi Mual Muid setfing

cl ai ns 6 and operable to accommopdate different

regipni d fI ovvr at es and selecting one or nore separation
assenblies for carrying out the nethod steps according

to t at.e t hase

3160 olfmetfod Riratdige Teiifintio, whert i B Retintl frop o e
O MR sk thE ﬂ\diddﬂtﬁlﬁ séttlidgesidh ngred@@aaﬂ‘ﬂreydlfs@rmn of flow.

carrying out the nmethod steps recited in any of clains

27 to 36, wherein 15 each of the plurality of
32se pa[Flr&tmcihodiscsuerthg wsanyofchime 27 ex3 htwheredn fyid weher in the

lghgks {1 § P R R ER TR Ra o HiedORe T BRRR Ristibp! o, Auja-fluid

seﬁﬁﬁg’ te8lon and passed to the upper central region of the fluid-fluid settling region.

33.  The method according to any of claims 27 to 32, wherein the separation of the
lighter fluid component from the heavier fluid components is enhanced by the
addition of additives active in inducing droplet coalescence of the lighter fluid

component.

34,  The method according to any of claims 6 to 33, further comprising causing the
fluid stream to enter a fluid removal region, in which a fluid stream consisting

essentially of the heavier fluid component is removed.
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fluid conponent and a lighter fluid conponent, the
apparatus conprising a helical flowath having a

wo kao7odemt et, a first outlet for a heavier fl uPCI/GB2007/000601

conponent and a second 20 outlet for a lighter fluid
conmponent, the helical flowath being fornmed such that
the critical Reynolds nunb& of the fluid stream
flow ng along the helical flowath is elevated. 40.

3An apkamathod agerding rtmglama) 3¢ | vdiameig She ﬂ\mdrseream isheausakiondtate

indf B R DS PCT] uleltbfte BB IR0Vl o REFHER region

ofappanRt mokAlrzoggparati ng a nul ti phase fluid stream
conprising a heavier fluid conponent and a |ighter

fluid component, the apparatus conprising: a feed
3@ ondlhe meod eseanding shamppoizlamalfith 3§ emmhglt @mmitping aisediment

at t er far,.the

Qe bt Boaut SRR horte iRl O Rty remeet

helical flowpath, the first helical flowath having a
3’f LTSk mé%h&d:fbr séba?ﬁﬁ%%nﬁl@iﬁﬁé&'etﬂu'i@éﬁéa& @&m&%gfk?héa@%r ﬂuld

fl owpat h, the second helical flowpath havin second

cqmnpaplant aﬂd@d@hﬁertfhled swupgnpittectolinse Jowstent multlmase fluid

fir 5rreansfor e i the.lighte
stk bt PR ST . g forbRind Bkiog o
plaeliceef sephlaQu adsBmbHed. forl SR ryfPaitahd s e tod 8fek R@itt@in any of

claim4l, wherein the first conduit coqgrlses a tube

clpng g 26 andiaprrable te seramgmedsiyditieen Anid flevwates; #nd sslecting
r
ot Cg‘\gl!rl%‘? S s&g%tcdcglr Irseﬁlgxﬁ{e's %(lelct H& V@ﬂl{é métgocﬁ%te%s e{?:g%rdmg to the
V(Vlbmeé]iomrithefﬂmmﬁidphaselﬂdldsttreamn‘prI ses a tube having a
hel i x extending longitudinally therein to provide a
second helical flowath, 44. The apparatus accordin
3%.0 clhe methed agprsdiaiip elasn AbdHhersompsisiginigyiding a finishing
osgh B0 By Sdfidt S R 534 e I AL L A REML oK) S iRikin
ek lof i mgramyt ¢fl sapdritdoreasserhblies dy aunndcted et icadutlettol tha finishing
conduit. 45. The apparatus according to any of clains
asg9mply. 44, wherein the first and second conduits are
adj acent portions of a single tube. 46. The apparatus

3 ?IC ; g{xg iraBSaraﬁs E AP A MG R TRAD Strd M cSRPRh LS htdifer

fluid component and a lighter fluid component, the apparatus comprising a helical

flowpath having a fluid inlet, a first outlet for a heavier fluid component and a second
outlet for a lighter fluid component, the helical flowpath being formed such that the
critical Reynolds number of the fluid stream flowing along the helical flowpath is

elevated.

40.  An apparatus according to claim 39, wherein the second outlet for the lighter

fluid component is disposed axially centrally of the helical path.

41.  An apparatus for separating a multiphase fluid stream comprising a heavier
fluid component and a lighter fluid component, the apparatus comprising:

a feed conduit for establishing a stabilised rotating fluid flow pattern for the stream;
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fluid conprises a collection conduit extending
coaxially within the single tube, the 20 collection

weendddsihavi ng openi ngs in the portion extendP€rGB2007/000601

within the second conduit for the collection of
fluid. 47. The apparatus according to any of clains 41
to 46, wherein the pitch of4dhe first helica
fl owpat h remai ns constant throughout its |ength. 48.
a firré ceplyiimaving adshradicalglavepadn yheofirsthedicakflantpatiy having a first
pmﬁprein the pitch of the 25 second helical flowpath
I'mereases in the direction of flow along the second

a fdcord adriduit\WevidQ Q¢ Ad GRlidal POWpEB2 06 §eEHHAGR ical 4 vARth Haveng a
apparatus_according to claim48, wherein the pitch

seeoied BitRbe wheisingths seqonf pifch rereaterdhan tadug pitshand.  50.
hS GPRALRLASHERRRET R 160 LRG0, Mot pbpe 4R Borfhtica

flowmpatkased al ong substantially the entire I ength of the

second 5 helical flowpath. 51. The apparatus
according to claimb50, wherein the tEi tch, increases up

430 sthTwParalAccrding trclame sebenia the firs spnduiigsurises a
B B it SISl Ll LR e

flewpath. 52. The apparatus according to any of clains 41
to 51, further conprising a 10 conduit for retaining a
vortex, the said conduit being arranged to receive

4%.1 ui Hhq 2praTaly acerdingde gHberiadclaias 41 podh arherein she sppend

c@ﬂﬁﬁ‘%@rﬁﬂﬁse@%%éjﬁ%g OnGlxdxRndng | {u%&IIQQﬁer@iBR@%ﬁ}vlﬂﬁse a

urther” conprises nmeans for I1'ncreasing the
secocbhialivaldlowsitloci ty of the fluid di sposed between the
outlet of the second helical flowath and the inlet
to the conduit for_ retaining a vortex. 15 54. The

4% ppak 3 WRAREISACERTAIL e chimih wherekyihe BieAns 1o reraairag ther

GRS L O SRR
coptait,ith&Uelixdrienging wilkinchoasudsariundahe enlleatiof cdruait.

third helical flowpath decreases along the | ength of
the flowpath. 56. The apparatus according to. claimb55,

Hnher BrerrppaEtusaceading tp any peclgimset 1o 44, waereindhalird ped
sefGRILCRILS e AEALLAUBHRAGE #RERRuY o0 TRAnel. 57. The

appar atus accordin o either-of clains 55 or 56,
wherein the decrease in
46.  The apparatus according to claim 45, wherein means for removing the lighter

fluid comprises a collection conduit extending coaxially within the single tube, the
collection conduit having openings in the portion extending within the second conduit

for the collection of fluid.

47.  The apparatus according to any of claims 41 to 46, wherein the pitch of the
first helical flowpath remains constant throughout its length.

48.  The apparatus according to any of claims 41 to 47, wherein the pitch of the

second helical flowpath increases in the direction of flow along the second flowpath.
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the cross-sectional area occurs along substantially
the entire length of the third helical flowath. 58.

wab@7appar at us according to any of clainms 52 tPCBHEGB2007/000601
further conprising a neans 25 for stabilising the
vortex. WO 2007/096612 PCT/ GB2007/000601 50 59. The
apparatus according to clai4h 58, further conprising a
conduit for collecting the lighter fluid conponent

49f r orfiherapparetus escording tovelaims 48,0vheseinlthd pitchrigereases inastepxise

rovi ded béja tapered portion in the region of the

or'sfggﬁﬁnhl.&ugfnapﬁ said conduit. 5 60. The apparat us

‘according to any of clainms 41 to 59, further
50¢ O”WHe%bﬁiﬁaﬁls YE&2&hg t léﬁ’ﬁheir BEELMATYR ® (vhblieth B ﬁ)ﬁé‘lﬁflbf the

t he vesse aving a volunme sufficient fo sufficiently
seeadheical o vReihris intseasedidong sifbstantallyl thie anigerdengih pf g second
hefiuaﬁ that fluid entering the vessel nmay be subjected

4 e y separation. 61. The apparatus according to

claim 60, wherein the first and second helical 10

51pat e abpﬁraﬁﬁ lafbriigk t€ ShinP 30 RvtidreiR F&Sﬁ%;inéeﬁseﬁ 86 to 5% for

condui t r retaining the vortex if ‘present, extend
caoli tum f thh eeapad delical fRwpTtheareddhalongitedisd agismy theoflowpath,
i ther of ¢)alns 60 or,6 further rising means
pr&sliﬁgﬁ’ ndUQ i3n) & ROty gf%ﬂa@ﬁaq]bbﬁ g(ﬂ/f?ﬁwea?]r% gul}‘% uid stream
entering the vessel. 63. The apparatus according to
52C1 aiReQgpardhga8ddidihp o ABAGIdiRk 411 A6l C) fihdobPr@inganal
fl ow conprises a tangential outlet in the conduit, _
condribiog reteiningn tarexs thgiseid cendusthpingsarrangedthusedive Hiig leaang
vesse 64, ~The apparatus according to clai m 63,
th?ﬂ??ﬂé?dggh%9ggﬁﬁg means for centralising the
rotational flow of fluid within the vessel. 65. The
53apParRtanpardfis %éyralg%ft@clginam Wbreiies fiparabigurBatendises
centralising the 20 rotational flow within the vesse
a roesmp fPrsioereaning e spteidenad yelecitpelkthe duisbdisnoatd hetiieemtihg outlet
he vessel. . The k ccor di . ¢l aj
or RSk e PR BR RS A RS Mt P G Py
extending helical along its outer surface in the

54di r Q%i@Pa@fusfabéHr&iné k®Waim 63, whdiéln ARPAEAHs FSr idcRAsiHS O
: 0

to any of clainms 62 to 66, further conprising a
rotational velocity of the fluid is a third helical flowpath.

55.  The apparatus according to claim 54, wherein the cross-sectional area of the

third helical flowpath decreases along the length of the flowpath.

56.  The apparatus according to claim 55, wherein the decrease in the cross-

sectional area occurs in a continuous or a step-wise manner,

57. The apparatus according to either of claims 55 or 56, wherein the decrease in
the cross-sectional area occurs along substantially the entire length of the third helical

flowpath.

58.  The apparatus according to any of claims 52 to 57, further comprising a means

for stabilising the vortex.
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25 conduit extending coaxially wthin the vessel, the
conduit having openings therein through which lighter

wo bar@osonponent s may | eave the fluid stream REI/GB2007/000601
2007/ 096612 PCT/ GB2007/ 000601 51 68. The apparat us
according to claim67, wherein the conduit has an
outlet for the Ilighter fl¥0d conponents within the
vessel, the outlet being disposed upstream of the

59f | uiTtheswppeats iandoeding 69clailh &8 dpibar apmprising aravndegt {5 any

f claj 1 to,68 further conprisin eavl:- el
coflptig o 1 Sonettnl Hiin 00 TPier HpPind oG ifing he
voRteR SUirbyiaed By a HpeRASRRKI iR tthéddgion ofithdbgenidyeos the said

col l ection zone, the conduit having a plurality of
copgieihi ngs therein to collect the heavier fluid. 70.
The apparatus according to any of clains 41 to 69,

further conprising a,solli .col,l ect} n .
60 or TeBURAG St rasRts g OhiteiESr 5 o B AR TR s
forRedising ke flelaRvend, Golbdsl RRidh vohuae suffickht toosufficiently
continuous basis. 71. An apparatus for_ separating

1 )
regneetthpRegwlds nunbes of g Muichirisamsiayy suchitbahfivad enteripg the
compopnent -an | i qh L.d conmponent, the vol unme
Veﬁegg}agt%g S%@eaﬁ‘g“’n%f?%ﬁ? éJgHbI?'I uid stream bei ng subj ect
to variation over tine, the apparatus conprising a

610! Urplel dppparafifs aseR@ingtib 1RInA 56 SRitréiashafrst &d deeond helzay
of clains 41 to 59 and operable tq 15 accommpdat e

paghist thertleird helical ppth ifowpssie and thecopdphioarainmg, the gprtex if
C rLS RAR ry sel ectively operating one or nore
Inggggfggbgﬁnasseﬁgﬁggg according to the volune flowate
of the multiphase fluid stream 72. The apparatus
622CCOTHY MpPatafusGleddrtiing Yo efthtf b ElairEO6PS1 61, figrtiee @ompfising
feeding a 20 purge fluid to each separation assenbly.
mezms fqradugine? sateisonat Howdr g thed dreapeenteingthgvasselz1 or
72, further conprising a separation vessel as recited

in a of clains 60 t 0 h . of '
e ottt et SRarind fifiin O Rle B G afR Rt Re
roftioBAIMRAY E@hprided b tanpentitd oatldieh ipalondeipairaighomhisly teefinid
for operation in 25 separating a nultiphase fluid
ﬂ@@ﬁé&ﬁﬁ@éﬁﬁﬂﬂ§ﬁﬁ§€H@ﬁ@avier'fluid conponent and a
lighter fluid conponent, the nmethod conprising feeding

64t. 0t % arfo%larla uasI acdsi %rga}g 'R 63, further comprising means for

centralising the rotational flow of fluid within the vessel.

65.  The apparatus according to claim 64, wherein the means for centralising the
rotational flow within the vessel comprises an inverted cone located coaxially within

the vessel.

66.  The apparatus according to claim 65, wherein the inverted cone comprises a

fluid guide extending helical along its outer surface in the direction of fluid flow.

67.  The apparatus according to any of claims 62 to 66, further comprising a
conduit extending coaxially within the vessel, the conduit having openings therein

through which lighter fluid components may leave the fluid stream.
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systema first fluid streamconsisting essentially of
the heaver fluid conmponent; when WO 2007/ 096612
weaN/@BdeD7/ 000601 52 the fluid velocity w thP@T/GB2007/000601
helical separation system has reached the m ni num
operating velocity for the nultiphase fluid stream
repl aci ng over a period of %line the first fluid
streamwi th the nultiphase fluid streamto be
685 e paFhetapparats acordimgio dlagh Gt + whtgelmhmccmdné Ihag an outlet for the

g G Rl BT RREBURE st Splipe ofibe

fhaorpeneiiletand a lighter fluid conponent is being fed
to the helical separation system the nethod
conprising the steps of introducing a first fluid

6%t r cEhn apoarsius ecegydiagde any of ¢1§/1m§f41tth 68 Hagtheegonirising a

e OUPARRRDB1R ARE e MRl R B PS8 gt
withie tHd dsilldcti Remne ahs beiduittavinge dlidabity dflopesingd thefh to collect
reduci n 10thefIU|dfeedeovvrateto zero. 76. The

thepedyeisd f¥id.c1 ai m 75, wherein the helical separation
systemis left full of the first fluid after the

fl ui I e e ed,t er Q.
OS epaﬁlgtaﬁg%a{gg gigr %{h%g ﬁlﬁp tgcq%nénsgﬁ g? %g g?),ftﬁer canprlsmg a solids
collphatons agbmesis f@ﬁﬁémcﬁ/n@ iy frémh thd 5ollect10n zone, the means

removing solids on an intermittent or a continuous basis.

71.  An apparatus for separating a multiphase fluid stream comprising a heavier
fluid component and a lighter fluid component, the volume flowrate of the multiphase
fluid stream being subject to variation over time, the apparatus comprising a plurality
of separation assemblies as recited in any of claims 41 to 59 and operable to
accommodate different fluid flowrates;

the apparatus further comprising means for selectively operating one or more
separation assemblies according to the volume flowrate of the multiphase fluid

stream.

72.  The apparatus according to claim 71, further comprising means for feeding a

purge fluid to each separation assembly.

73.  The apparatus according to either of claims 71 or 72, further comprising a
separation vessel as recited in any of claims 60 to 70, each of the separation

assemblies extending within the séparation vessel.

74. A method for starting up a helical separation system for operation in
separating a multiphase fluid stream comprising a heavier fluid component and a
lighter fluid component, the method comprising feeding to the helical separation

system a first fluid stream consisting essentially of the heaver fluid component; when
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the fluid velocity within the helical separation system has reached the minimum

operating velocity for the multiphase fluid stream, replacing over a period of time the

first fluid stream with the multiphase fluid stream to be separated.

75. A method shutting down a helical separation system from normal operation in
which a multiphase fluid stream comprising a heavier fluid component and a lighter
fluid component is being fed to the helical separation system, the method comprising
the steps of introducing a first fluid stream consisting essentially of the heavier fluid
component into the multiphase fluid stream feed to over time to replace the
multiphase fluid stream; when the fluid feed consists of the first fluid stream, reducing

the fluid feed flowrate to zero.’

76.  The method of claim 75, wherein the helical separation system is left full of

the first fluid after the fluid feed flowrate has been reduced to zero.

77. A separation assembly comprising a plurality of apparatus as defined in claim
73.



