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.1 METHOD AND APPARATUS FOR FLUI D SEPARATI ON The
- present- invention relates to a nethod and appar at us

wa Shphhe

1separation of multiphase fluid streamperidioo7/000601
and apparatus find particular application in

the 5 separation of nultiphase liquid steans,

especially the separati on of; hydrocarbon quuids from
wat er. The nethod and apparatus are particularly
SU'tab|m®$ﬂoﬁvﬂﬂﬂ%$PARﬂmU@F@RFE@EBSEMMME@@NVOm
subt erranean oil and gas wel Hydr ocar bons
produced from a subterranean mell, such as oil and

gas, are acconpani ed by quantities of other materials,
including water. In sone cases, the 10 volune of wat er
produced froma well can be srgnrf cant .

si t ubitg Pretent fyentionielatestogapethoq an @&Baé%foarhwm@rx%of

m&ﬁp@ s%i‘}ztﬁ@ SHOHR, OFR érho&aﬁ(r‘g gahdgﬁsoﬁﬁct‘gar\%e@ﬁ% x@#gaﬁamthe

I'S produce ourin
sepagtion efimnttiphbor liquicd stmmmst gspetiallp ¢heverpamatitee bfrlgydrocarbon

reiLnjected i napner re stri.ct rti
tiguids kSt ot Tertagd ERbARpraRrcees Btioe s mRle B
purica¥h aﬂﬂareh ﬁrodh!ser HEhQtbieARkeah b ad g iwelisRl anmount
of entrained oil. In general, it is required that the

water for reinjection contains |less than 400 ppm oil
and Hpdwcarhans @rogpreddeom a séyteirindaowel], sethasoibayl gas, are

requir.ed in certai ocat ements nu
oS SARTISR hY BRETes oF pihey Bt A RBR e PR HBCOTR e the

vcnhmg Qe chafeR ﬁr&dﬁcé@ﬁ‘bm' L8l RIS ERAIBRMES TR Blzhf |Sﬁhaﬁﬂ)n§ Ghe
wat er reinjection. 20Conventional techniques f

prefhecediwaerdn disposeidfofiby deingareininctad ydewmewn, ﬁlrtb%mlél the;same
T BERAFRRIERL R R N8y 06 RluBphi 2 e

- pEtpal ﬂiel merdcﬁelﬁg‘rﬁnﬂjecgéﬂ 2y suoh kb rianaet areBirfct.oin patrﬁoﬂeug s

water fraction takes ce unde t he
impoxiant that ﬁéoleercrngeﬁa% B aiptas oy Grashet e s %’gtcgntams a

mﬁﬁﬁfaﬁé.rﬂ@&ht '0@ eﬁl’i‘eﬁné’@&?r I kil Ei?lseife e tﬁﬁsthéj%ﬁ:? féri me
In a settl ng vessel in order for 5graV|ty separati on

rameﬁwnebnawr loss. tharhd Q9 ppm pilrand desg thanspprh eande sydl lowsr

vebfiing oo P Ruoitrie 12HA R (B e B Rong i be et in order
towRévdAe @ Wil Bomlesaingaslagdedind ko dreideghlireqienipls fetaining

feasible to manufacture a vessel with sufficient burst
togyatgigeinagséienst rengt h to operate under the hydrostatic
pressures 2

Conventional techniques for cleaning and purifying the water produced from
wells ready for reinjection rely ﬁpon 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 e 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
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encountered at many deep water wellhead |ocati ons

Accordingly, settling vessels are generally |oca
WO200YME6Bur f ace, on a fixed or floating pl atfo‘F(Fﬁ’G]ﬁﬂogm%m

necessitates providing suitable pipework to transfer
the water fromthe seabed to the surface and return
the polished water to the seabed for rei nj ecti on. In

A i AL
gex?é&él?ﬁﬁ fodh&d aﬁ@@ GReaMY ﬁ f'tﬁﬁqeﬁ Gt ﬁoﬁ’ﬁﬁﬁe@aﬂtﬁmﬁ Phis ﬁbéé@%ﬂaﬁes

er problemis t e separ on efficiency of
préiding ehﬂblélgiptwnﬁ«stmtmngﬁnﬁreavatgr frowtmnstaberd tp the surface and

appr oaches .accept abl e after e
oG DAL A P SR AESALGE BrineH Ot S aaRotrde o R size,
the $iflin] %§s@l§%@«§}lﬁg‘£lall’és@ wHﬂ“ﬁn@Bf §ﬂh%e bAfMe furfab&8fucture, space

Accor ingly need f'or an inproved system
wifich is b@r}poﬁeﬂf qxlamgexpnmluéédxthfatmoblpm is thatl e separglion efibiciency
tion

erna r
of 15 sting 5 1 pamelinded Spd ob PRl i o oyt Rater
exOdskRBly" 1eﬁ§fdsﬁ1@né@umes fohehcawhiend thé emki Mhissin turffinaeases the
devi ces are advant ageous i n_havi ng a hi gh sepa%(?tl on

volune of tha sagpkduriherr etpcardinglyy theredsa §§(~f§1af05filil HHPK)H Stem for
P“ﬁ?ﬂyﬁglé"r@ 9%1 @Fte?@?t%ﬂ 5@%}% gggfegagé tier ed or series

assenbly. The first cyclone in the series is a bulk

oi | - AR bREmane! tedti B removing it Rrotnheater is the use of a
concentration of the feed IS, ed, ced]ﬁ@ as nmuch as
hydragyelone.sfienglersd (it the A afefespiles. (e LEF S 0 a

L

er red out O The I nal
sepdraijen, dbingycotnpaet mﬁmma&mmn of mowing wetso ﬂnerarr&ngm@é loém

hyg)éocgf}: 8F§1st ae%ed;%]reqe%%? ]g'yf \r}f St et ng{gg e%{gs ?% bulk
o@wﬁﬁépbj?(ﬂbnd@@Wl} rmtvbtﬁ@maiawﬂtmmezﬁfanbh afﬂfeCf‘?.ﬁ ﬂfredﬂ:@ﬂ)from

barrels per . However, IS ne{iﬁgsary fo
asprechhs -394 '@rl séém!ﬂh}m?o Thp BieE &S %19% pesoq i b dpeqier

cyr&%%v\ﬁp %E&’rlgcy (fa%ne P ﬁ&ﬁﬁgﬁogy cggieégu{]tg?ﬁa L%ggvupﬁ%ut 0-2%.

Tleyfiad seage of opdl@re separatian mtthe dw-erlers ¥ prc@lem gristsan et dfe
fl ovvigﬁees a achi eve ntI

hydeoryrlanesgre F%Yee‘ﬁﬂ?'o‘ e2d'o y gw&%&pw %Eegr For gxagple, a
rygr%ﬁegaﬁsnmtﬁr VER oF BRASrabY diﬂl:z% $hedlk pbadai (bpal| Mowever,

hi gh separation efficiency over a w de range
it csfner:easm for thardgtaiter mspmhbuﬂodaparae%ow a\mwgb wWisnranae ebus

eyl KR o 3H000iey o %ok By Bfbs Tk eRb PRk not
alldFsthe l&?cllah@ bestlet mpefatd o sadtta tids r%geMomm @ad twhieve

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 di scloses a separator for

separating a nmulti phase flow, the separator conprising
wRI07/086612 f or a nul ti phase fluid, a plurality RET/GB2007/000601

outlets, with at |east one outlet being provided for

each separated phase, and a_main annul ar tubul ar bore.

The separator operates to séparate |ighter and heavi ef

conponents by causing the fluid 5to flow in a

r ot 2K bAak _GBéﬁﬁplo‘Wﬁ 4 epetios fgeﬁﬁﬁﬂr?t% a piltiehess Beivattey
sl Ghaiffle AR {Rt Y B A HOEIBT RE SRR Wit st

oreRdetidipeiided farvayh scpatitddeshase) aad defiaih anpulsn thigular bore.
produced water sufficiently to allow for reinjection. .
Thesepapior enerates ta sapriats lghterand hervigt eamapquenisiby caysing e fluid
t-di . .
ol ORI . el R SIS i P AY oA e R spgeting
mbibipheaflitid phadep, snckley gaspoil and tveter, fticduiyt guaeaniee the hight i s
necessary.to provide a.system.that, i s, | ow i n.shear
SeBRENOR Pt RGeS M Ao Begpre g s e to o
fof FBhietidn® dierticdldiSsyRsient dil Ele@.{benﬁﬁl 4Bwater product of
enul’si ficati'on woul d make further smatl on ver
thisisepdrator to preveriche watpolemblemauieinigoteddirestly intalbh endérground

frame. .GB 7 28 A.di.scl oses, a separator _feor oil
ol G, L P J4 friber nmify B wBRE T B RERRAY R brsvRla Sisterp et
is NGRRY shebs) @udtithkt |8 rdoiBni@i mihite Mréilets Wb fare ddi@mulsified with
resultant oil/water mixture is_passed through, a stack

the vaer [agtion, lag sech sngplsiEipasion wenld make dunthey sepstation werpm
: : : whi | e capabl e
dlo st\égtél?g??@ggggﬁy ro%g\éf\h%s%&e ?hgéno capabl e of
providing sufficient separation for the water to be
rei nzBC 3 028t A dizoloserdedephatordof il At waler mixtures employing a
20Accordingly, there is a need for, an inprov

. ed .
VorieR SERATRIGH O EEINN P e ullookths oH dramm Khe Wek ol rgsudtant oil/water
1 b h
e Bk o RBAMAKRE IR pRAE K Rindl SUREUTRAGDIts fom
the veitame The kyspéerh of &§Ba2 B &2 & whilei aapalde pbsephratiog ail from water, is
nder gr ound f.or mat.i on.. Accor di to the present, ..

nqh b ChProYHIHERIPICIEH: SoRARIe™ Y theryigkio B peipieeteq into an
ulRidiechdorhiorseparating a mul ti phase fluid stream

conprising a heavier fluid conponent and a |ighter

fluid component, the nethod conprising causing the

f | ui Aceopdingiywihetwia g ngedhfsirianampraveg separitionietimiguerte enable

gl dtpid SHETE G 08 SRRFUE P POTICH APt Biad oil, such
thBUHRB Qatdd @h=9\hel SEfi el Qehed OF bil ERhlIdW FRQEInjdckien fotd!bAl

streamflow ng at a sufficient velocity to cause the
udergrengshigsmetiaty separate. 4

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 1o cause the fluid phases toseparate.. . .. ...



10

13

20

25

The first aspect of the present invention enploys the

phenomenumthat a fluid forced to flowin a confined
WOZEHHEe12 such as between two plates or the | iBg/cB2007/000601

exhibits different flowreginmes to the sanme fluid

flow ng in an open conduit L?r a pipe. In particular,

the forced fluid flow exhibfts a significantly

i ncr, a dcrltl Reynal ds .5 nu

Ry 1R B oSt PE G PRPEL Y EHEGE PERIOP P DGt fogt e fuid
forlcBd wﬂ&v% h QHiﬁiﬂeB Qohdult, SudtelsYehddenttRopBattd Gthé likeRichibits

I ncreased, while.still "mai ntaining anon-tur bul ent flow
dlﬁfagmtrm)w R@tmsemdh%sm Bwid' ﬁ@mwe&;l ahen cpadiit @A pipe-din

pofig e e RS B R eRaOORLy

nuﬁ:[HeIf iteatlis the RB?M&Q& AP Hp vhicH tfbul i binaReginsy théxcinttyrn
the fluid can be si gnl ficantly i ncreased enhanci ng

allpwe theelliaid eloeity t5f ba signigpartlyringreassAawhile st} weinfaipipg @ non-
R
el g PRGSO Sl B 8l o

coﬂﬁ:ﬂ&dtapcdr&mgm esent invention provides a nethod for
separating a nmultiphase fluid stream conprising a
heaV|er f|UId conponent nd a lighter fluid 15

Bavpahsees g Ve st 1 SRt witisel o
Régjnggef;s @grﬁ g'xu b ka'tlf:ﬂél \ffe,o%ﬂfg %ﬂhe%x& e WSlgﬁi]’ﬂd&ﬁIﬁncreased

ow ng at a ficrent
entteoheg thy semmratinmse thendifletemh plased. | Rieferddyypbe entlcad B-eymlés

“gg{e} g*?&f%ﬂ%gf ti’f’ﬂe ﬁ? p@‘ﬂt"g‘;e%’;} %Fr&%'lcﬁ%%%ﬁ: th%n\/\fﬁd {)]?1 & c e nt r al

condui t. Preferably, the nethod of this

asp t T [ f,
o oo b B8R e pAseraRRA RS e bl

multiphase fluidetyean chanprisinges hesfvier flwid campbnenband aslighter fluid

cofpoken o e g bk HE ik o B M Fligfenr b b

exPRHARRY around 4 central dbnduft Uht ifleld AewRgtat a bificlneseotity to cause
i nvention provides a met hod f or separ

i ng,.a
therightepfaidecompanent §o meapie Beirmes F%O%Oﬁ@swé?al flowpgth; and
I pent, the nethod
co@%%@?%éﬁt@g%ﬁlg dr?%%ﬁéemfu{l megcetagdgcg orced along a
first helical fl ovvpath, the first helical flowpath
havi ;mgfepalfly,rihé mpthiodfof thikespecnailisbethie afdreflentipet prineiptegof

e o0 L AR S, 1205 e of
the fluid flow is elevated, 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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causing the uniformrotating fluid to flow along a

second helical flowpath, the second helical flowath
W06 second pitch, wherein the second pi tRGI/&B2007/000601

greater than the first pitch; and renoving the lighter

fluid froma radially inner _region of the second

helical flovvpath. 5The net Rod of the pr esent

invention is suitable for the separation of an

capiipg Histrmiform roteting fipiddmilontalprgss sreoad helisab ﬂ@w%/ih; the sepond
iR (Bl il 1o BES oABE PR sBhopT VG BB cROPRER e
firgtfpiteh} 4ddphase liquid-liquid streams. The nethod is
articul arl dyant ageous, i.n its effjciency at

6 @wgsibq Hgpeds f@ﬂﬁ %TOFB/%F {jenes reaiam ek basppnd hetiesl Soppath.

from aqueous 10 streans. One application of the nethod

ot . e

fr ort 2 RERRL Bt At ih R s s b B AEE s A G o
mt_tll_ﬁ'phqzse é]trt]ijtic:lﬂ;banaimﬂqding ﬂnjaﬁns lmﬂipfigi:hg u’?é of tiopaligwid phases and

e nethod.is ticul]a syi e, fqr separating a

OnROR G107 s%ﬁcnha_a??P ﬁheanﬁilgc[fé%g%w oty stitghle f the Saperabign of
miipbKase lighRIOE 434 M.'mnﬁ’étlg@d B fo%[bma}iﬂannta us in its

Preferably, 15 the lighter flul raction I's e
efligieneyrat eepaptingdiquid hydrodanbanscespedislty eudpoidf frethaqueous
separation net.hod. ,the .incoming fluid is divided into
SRS Ohh ReP RO oot AR Pt lortpt pit it FERuv Al
préfucad foay £ shbtdrfief weRGiioR 86 HHeQBinjeetibhk 6f @edduckd Water into
caused to tangentially enter a separator reégion,

antupdergpndfprnationg suffici ent rotational velocity on
the fluid to cause the phases to begin to congregate.

20 L.y thi [ind ti th h th

St r ohsrefioy B pticulnnly HBae CeeraREn SR RO HRHERE O e
digperse fiza dluih e the blilkoNcagtinudug fliasd oPRk&dond fillie Preférshly,

sipream i s then caused to rotate in a conpact helix

theHgdeder #hwid Jemghen isdhe dispersqdihase.ui d i s subjected to a
hi gh centrifugal force, allowing the fluid to forma
sta ' I er order.toyavel ¢ the.
ai At P A e el el I lBiitar R B o

managpablé patibay albywwihg b kiiedble fiow réte td Be sdHi@aM The or each portion

. St bili%ediﬂ%%aflow,reginethat S belogthe' .

is preferRly irpeptinsdde Hmarpially crivie spRartArr RN BICERbYriRBEing

suBROUR rvBi Glat %&‘5(&1‘? %“tﬂl{??ﬁfl% ‘?a%sé ik %g&%@fta b%gu-ﬂgﬁo gongregate.

critical Reynol er wll depe upon r's
Indhis cpléndet sepawitiop, thn ghates &i thy stréanh hengdrégatalarst comdasye, thezeby

L ocjt % Of t 6 flLuid st the di ' f
AR disPtesta P s TS SpPBm | < passi no.

Preferably, the fluid is stabilised in a transient

f | OW HeGR1i M Birednl B EPERE Mo BBt Fh A oBlpact helix under pressure, so
that the fluid is subjected to a high centrifugal fotce, allowing the fluid to form a
stable rotating flow patiern. 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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of the dispersed fluid phase active. In the present

i nvention, the conpact helix is arranged such that the
WORBYHWSEZ number can be significantly higher tREIHGBIAT000601

usual 5critical nunber, while still having the fluid

in a lamnar or tranS|t| onal, flow regi ne. Such an

effect, generated for exarrpﬁe when a fluid is caused

to fl b t f I t in th .
SRIER NGRS LR R
B 0 e 1

of tlendispersed| fhnd phdsewcm@g i Inghe praseoi invention, tlteh@nwptahdm isn

oot S B R BRSSO B i

cn?ﬂc@lvﬁiﬁ"ﬁﬁér ska éﬁllt}?avﬁf the FibidGh @NAmiRN8f RadsRickhal S réEme.

luid flowto centrifugally establish and stabilise in
Swheme&qcn gangrfiediorewgyhple when st flysd ésfaapagsl to Thowe batwsenetyo

o Ty A Lok S G0yl Byenion,

orgdras @Bﬁﬁd High tdmcmt thaid veldcity debesdhisved,vaisild magxtzﬁmﬁé dife
the first helic flovvpgfh If the req mre{d
ﬂqa@gq #RoR-Arbpentdla v srgiBee 1 GBS WA Jhe FREARY Q the yaricyg phases

akh Htrighé%lf&%escﬁ gadingly short. Once a

stabilis oW regi ne as been established, the fluid
streamis caused to flow along a first hellcal

fl ovmailbngm l@f tHel firstliedipal Advepatih shodld s eftuéfttientdengtly teeallow
cent s

the i ekt senR BRI, SR el RDIPPoNY (b6 B BEMSEES, most
Eﬁkdb"fyaa tr?ﬁ'sfljf;hé oy bg{rfl@ CtheharifRiofhd Huid Qtré‘ﬁﬁ' S& doffponents and

eavier forced to the outer cylindrical
thevllbtv ragichet dfghe ﬂglldtl:wung‘ pracesseshinghe methodiviH deteamirieghaleagth

f the h | JThe h
Oétﬁ%b{fggl?lﬂcgﬁgg i :Tft%F rebqu[‘ia'rgfll ol?)v;(re %negcraél?ogr g%]kahs}%eﬁ guickly,
thé fiest bieli€dd flotvphiheviliedd wadespdndiMpayt shoienai ns const ant

throughout the length of the fast helical flowpath, as

the fluid flowis being gressuri sed through the helix
pl at @ace gahilisedfiave regimp bag pesn@sigblishadh the Hpidstieamys gaused

o350 A0RE B Botla) HRRR:. ILTRTLD, GO s pb@uon by

ce?ﬁﬁh g‘p:l‘cbmlcxte?tiata malugle@'hﬁty folnay gs dnﬂasp]t bﬁhemg farhed to flow
t |.Cca (0] e.secon

el e ical RA G 6 LRt Sk is 1 SBPS L Gish QHid B e fgpoed to

thE bﬁt@ﬁ %Iﬁdﬁi‘gﬂ@éd%nd {n8 1Rk Era&t?ox{ ﬁ%‘cﬁoﬁg foGhighite tOBS Sner

treamas a result back- pressure, it
regmnmfeﬁeehaimd The helical flobgpathy les @ f'svetqntcbn Ttip preforpblefibat the

pifh el e Risel Beogrrr R ARar SR onsgf e bt G By b

fiekpdthasIReamd MR isdbingf prevnatdd through the helix 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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wote7/giséeh of the second heli cal

increase along its length. The pitch may increase
step-wise or gradually. In one preferred enbodi nent,
fl owpat h i ncrEEE82007/000601
continuously 5 along the |l ength of the second heli cal
flovvpath. In a preferred arrangenent, the pitch

i ncreases by up to 5% for edch turn of the fluid

fl owpat h around the |ongitudinal axis of the flowpath,

thatdhecrpsesestiamanga gp thegeomnd hetipd lasinath inbesases pbongis length,

: ' . fd ' ' i i N

T s ook Brtveh P i By b o plh, JFAE SPE el Hgpath.

indrease alorgdisdengifi. ThepiteH mapinctdasy stopisise drigeadualier tn bkey
are renpved. 10The second heljcal flowpath should be

prefemed @H@@é@% the piteh of Hee sepepit alioph Ravwpatin inseapsesropiinuously

I . i I .
At AT -
ind;rwe@ by up kas% fbhm.tuﬂnfofﬁha f_lﬂiﬂdldﬂ]ﬁﬂ:@s&ﬂfﬁﬂle d)ding_itudinal axis
of 1 Hapat o S e Dbt i e base B AP B, B Fn hen ot this
walP S l‘églfxﬂb;]i% E’xﬁ'ﬁntﬁﬁ;gé @ h}(i:’%bvﬂﬁg 1itel HufPEIRL S m_igﬁate to

required, the netho y nprise further steps, |
theymnetregion of thecheligallowpsty fiony wherethey diewérdoved eam i s
i ncreased so as to generate a central vortex of

li er flui.d..fractions, framwhich |jght fl uid,. €

w P asread ko Haaatt shonl {10 SrtuiehdS plewitle bR
pha®BkE¥E Bolketed@nd réhbvél Bsth tuill sRURAT Bmaft| REcF B2

the cross-sectional area of the flowpath Is adj usted

lighter Hyichmay eereain dntherhalk beavisn Suid phase. Uif doemidabé desired or

[ aen e the vortex. ,l ne pref.erred
red M 16RS of AulTRFRTRE At Brct ik, AR rieR ik ffon my be
empleyedpsefllows.t he direction of flow The increase in

pitch may be stepw se or continuous. Peferably, the
pitch of the third helical flowath increases al ong

subsShantd frther sepayation andepurdisglion be requirerh the methed anan e
co 3o A 8 TEA GRSl RS 5B e

soastd gm]?mté % :aeﬂtm wemaﬁﬁ 1(ijg‘;ﬁba ﬂuﬂ?ﬁﬁﬁﬁﬁ,i frorh vitiich ?igﬁ&liiid Mray
IS . prerer y controlle uch t hat e critjca .
e ﬁéﬁﬂ%‘&eaﬁﬁ mrREleRd) v W{%Waw&’eﬁﬁ@eﬁ%%ﬂ?h%e
heBéA %Wzﬁﬁit, hRHgWHAtPRe fost-&ctioRhl Hed G the ﬁbw@étﬁ‘ﬁ@@cgﬁstb&; 50 as
t ha I back- pr

such that excessive friction |osses and essure
1o gause gheolineisaie in gluid velpcityrequinet topenerate théreontax. dnione greferred

velocity, the fluid.l jected fromthe.third helic
et s RSt it e et S e S ow
THelitdrehse M iedh @ep bakipwike op battintus PFer@blyl theipdch Wi third
the rotating core of fluid, a separation vortex is
helieal fiompathdnacrenses piong sybsiapaially je cniwedenatihvgln erden tergenerate

NIRRTt
radisiniifeation, eg tierpiektinmdissg Bhomtikatdia fRed aEbidRhreferably

vortex. At this point, a helical flowath need not bhe
copr i sueh fttherseariol e FBea o1 R & Rt areasded.

TR L1 QOB R R T ety
losses arddbaekiptesadre tabeeawidednd helical flowpath. 10l n many
cases, the vortex induced in this way is relatively

short, in conparison
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with the length of the surrounding conduit. In such
cases of a short vortex, the stability of the vortex
WOz87/08e512 educed, | eaving the vortex susceptimRQWQ?”mwmman
m nor changes in the flowate of the fluid.
Accordingly, it is preferregd to provide a neans for
stabilising the vortex. | ne preferred enbodi nent,

n
th t is f db th, 15 duit.f i
t ho AieG FiedRerstss A aTRIRIRRe YricsTike oA TSt i siroteg o fighind
helic{%é ’gpﬁ?%ﬁﬁﬁ 86 fofin BF § kG BT RARSWAIPST AR WHitH SoRfids 2

sing the vortex is a guide cone and guide
rotetirgienre obfluiduiW dhinghefiotasing corsoffhugoswstaation vertehis

canduit.in.the region.of i.ts.operning in var .
esti -« i e B0 spef e iyt Bathn HiEal A il end
int8 W YorfeROWRR 1Rf hdabRr SeTAdIch]a8Rg i thetahulbtiegionl dtteding -

20The fluid stream | eaving the vortex separation )
arquadithsresvablisheslorertein Af this poitgs a hejical Bewesth agsranidrpgovided

il : . . - .
an s Ao §8ORH ARl fla ' SorhEu e cblabished in an open
condiiit, bsvh ®epabad gipe.skethis way theevariaxiis estabishedeat the exit of the
follows. In a preferred enbodi nrent of the present
seqond disticad SlowpRE- net hod further 25 comprises introduci ng
the fluid streaminto a fluid-fluid settling region,

in ' I i h r at ;

1 ot ity chfes; bbby fathel 6 HIRIRT AN AHBR! &l Sibpprison
with the iidngth dilthe netrawiding ahdtiteldf duch dasss vEarhdrhverax, the

fluid-fluid settling,reqion.is.significantl ower
stapplity; of thervogep mav b jeduce APRETS RCEHFD g ooy
chRes it tHe@lowrh@®f tRk 48hORick¥rdirilys ¥Ch pidiated foGr&ANe Qhttans

nunber of the fluid streamis well below the critical

forrusalribsiug thewoptex., Imera prpfested eathodimaent.ithe vorigs is prmed figneath
2 dofi orrgmpying ST gl o illAlod 14 SRITAIRGRHUPEE
vopes.t Aqdﬁﬁﬁé& mﬂh §|fcy _cgptgﬁﬂg e irybilising tig wtd_m}uim?] gidenone and
| arte to the LUl trea on,exitjr e vortex
ok ie 6 BB TP T e g Fedapp e R of s

| | T8 thif Gra@! BY | Rébilse®Both ihin th
opgfiung i3 hd E%‘Féoﬂwhr%gxglgarfggwtﬁig:"B%%’ﬁ%ﬁbhes Foghter Taid
regionpb fierosdsibarcbimdbabulitibiid.n t he central or innernost

zone of the region, allowng for an easier renoval and

i mpr.gved .geparation. To assist w.th the separati of
any ﬁ'é?ré?‘a Fgﬁml‘ ﬁegmnsrﬂl? V?ﬁ%ﬂ‘ faﬁ\é%%%o,n ‘f’ﬁgcof%l?rg 5420

11g‘1’i¥e‘%%ﬁ1%9h%t§Wlﬁ&%s{%@ﬂlh{r@} b5ihB HedVier A dbmpaintd. |Shwuld
of the flurd streamwthinthe fluid-fluid sett]ing

sormedighter chmpenénts yemsfin father separptiapetiensimay bragarded ey as

fﬁlni ch the cross-sectional area of the fluid flow path
OPR%he fluid-fluid settli ng region is reduced in the
direction of flow

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 coraponents 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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In one preferred arrangenent, fluid richer in the
lighter fluid conponent is 15 renoved fromthe | ower
woca/e%b12r egi on of the fluid-fluid settling repDEB2a0VA000601
passed to the upper central region of the fluid-fluid
settling region. To prevent rem xing at the exiting
vortex region, an axial cowd ng nmay be provided to
enable the lighter fluid droplets to nove to the

velgeghidesuch that ¢he Regmetdsunmibed of the fhyd stream istveall briow thelkcritical
i . ] f the Iight d
ReHARE wehloh AHREHOS R TR RO Rt 1| 20l o e

| i ghter conponents are noved to the upper portion of

t he mefekdoly) @hd BGIIQReatitd &Aﬁs'ééto%faﬁéﬁxhé ﬁhﬁEﬂMﬁ'sxtﬂ;]ﬂ'égﬁﬂtégion.

in the |idghter conponents, with the heavier conpo
Thisnisanast adieptageewsly achievediny havingttbe fodatiem ippattedto thedeid

sobff ok b Pl Wbt b N4 B e i
thik Bédiod Bthe BRVvRy 8épadRinOeiralaBoh) ER RBRnMyiIDEdsé IR lighter

system For exanple, |i1nes mil\;P be provided to inject
fiuid sqmappnetsdo gaacesiraty ip she eentrpbprgarPrmosigoane b theaagien,

AL BB VAT E S 200 1 o

gravity separation effect. In particular |ight phases,

sucha@siel With b sepfrafibh of ady@hReasdasserBYidadhpbierts the
t he surface of the gas bubbles and then be carried at

methedpieiyahly cempysesirentralipnesine rotational dgwor{she Byidisyream within
. a8n. | : | O .

Y B0, Tl R Bl B S g AR e

crasorspativant arta ofihe fnidAawipath il the Auid-Thadpettiény wgivays fduced

. Pi}rll?l(}gnced gﬁl the addition of additives active in
n ECHeP F 89Wet coal escence of the lighter fluid
conmponent. Suitable additives are well known in the
ar t . y - R '
my "ol Breferf SRR L ALY ARHAE e HERGE bid Voot is
rerpaved frorh dlne owel oadtal ovpsodithe finiefleidi setthngiegivinf and passed to
ressur rop in.the fluid stream. su as in the,
i Bfed e, Q6 b - s lrSeich Pt refifing at e
exiREosleX k&icn, 38 YixRE cSHEREMUP BE HRAIL to lhfblb kHeSTighPdrdRgd

of separation, in order to enhance the separation of

dremiets 9 gode fhike dightecHnidoseion unhinidereddydhertatating hudlyphased In

) e . . .
S5, B BF REAER AL Bhpch i ERAALAY
paﬁimalw,ghe titghtenymhpct)ﬂentsﬁ@a tioeed &:Stth_é Qb f l'dl:{%ﬂthﬁ s&afizgem
I.n or r. ro e € .a fegati on O ul d, ases.
regjgR, HFR isiAGRYY %ﬂ?iy m%h%?thj% BebiRRIPIBIGRRES, 'ﬁg theegyier
coftpoify B tfiepoidy FARIRRAS hd DRt EichBBELNE BIRLOBE |

gravwikyt he regi ons of high oil concentration. O her
additives that may be enpl oyed include friction

redycer.s,. hygdrate inhi bitqrs .and_ biocides.  The .
r emdY PRHGIOE) ﬂv@ PR %zﬂ&; ﬁe@s@eﬁl@n patradiddines magde provided
thaf Rrii@hy atCpptdiRialSRY¥tRins 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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20 component or conponents. These are preferably
passed to a fluid renoval region, in which a_fluid

WO 3p7d@a¢h1¢onsi sti ng essentially of the heavier PFITH#W{}M"OOOGM
conponent is renoved. The fluid streamis preferably
caused to rotate in the flui.d renoval zone, the said
fluid stream bei ng renoved Tromthe central region of

th | uid renoval, zon [ n.this.wa .
otk sunEHDR T st O HEFEC 5T iees PRe! g be carrcd
a 559 186118 the S fhii®regPor@Cid i9 eoﬂhmmym%nzsym fteanmead

fromthe system for 'exanple on a batch w se basis as
seipudtidngirectssesedi ment col lects in a suitable receptacle.

A particul ar advantage of the nmethod of the present

i nv ion is that it be appl.ied on a . .
s LEdesyrdy iy Sotgigion gERed e §ommheRs PR peipr fuid
coInlrpeﬁ\&ﬁé RSy BRMIDR AT HPHERMaiRA Taddifvacparaii Riusng drsplet
provi ded ?hat may be applied for 11 extended periods
coatsdenereofithe Helgerynitlicomponentr Saitabln addifivesiase el kgown in the
t hr.oughput . ThisS | ' . i
ot g sl il SR it AR AChAHRA S plcteut te
ol hiolREale, 86 paticalal in lovdtions wirtd themds o pignifidantyessure drop
. Accordingly, the present inventj on%éllso rovi deg a
in jthe Theid srepm.sReIn AR theindet40 fig SYSIoRLQING Prepgit Jrveplar
Lo . . ik
D e B B e e
enbinvedhes sepertivm of thg fhirb plases. t Coweosipminhihitoss/mey be mauired &
nmet hod

onpri sing,.providi.ng a,.plural it f '
the S of BReoab ReRioR, i inior vt pf (fh B cBidaibn
as@rhis NG ofleSdefCaRY BE irftfdlédd dsaoqiitedun BlessybRueintorderao
dedi cat ed separation assenbly; 10 establishin

) ! J . 9 o s

prematsi the agaregasionof fyid phases. { Vatinhibites may op f?%feat"\é’&mml 1
causing t ki r j ' :

g he' St R RS R e Bvphe g o et e

mbleowipedvbightwingompdunds in fhis tredionsoafiggngj! coreeotmation: Rther
rotating fluid to fl ow. al ong..a second .helical,.,.

acidftyis 0 e o By SHSTR WA g hibios iy

biQéiP&é?’ wherein the second pitch is greater than the
15t1rst pitch; and renoving the lighter fluid froma

radially inner region of the second helical flovvpath;
wher Bharetdainiags Seidbh tespracess oyl cabdis amod cobreipeldhe heavier

different fluid flovvrates: and selecti . .e .
comappap i srnudih) Thsse RsorbrePy RS0k 4 EpRly b, n
witcRRINAC §84aeH Sfhsisling BReN@ANGY the Bavadr€luld cdrfiponent is removed.

nmul ti phase fluid stream 20The nethod steps_carried

Thr fluidistreato fis prefeaatdy poed e in the fluidirmayalzae, thgseid flud
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 s 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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preferred or specific features hereinbefore descri bed.
I n one enbodi nent, the nodul ar separation nethod

WO 2W0T/setxconpri ses providing a finishing assenbCy/GBapp7/000601
carrying out the fluid-fluid settling steps described
her ei nbef ore, wherein each of the plurality of
separation assenblies is cohhected at its 25outlet to

the finishing assenbly. hi addition to the o
exigndp¢ peredsed dinaiwith signifpaicrasiationg inghg flwiddhroughput. This is of

o P a6 by LSRR s
lo@dtRasHspédial Bnubssa Welthehd 8perafiorappar at us for separating

a multiphase fluid streamconprising a 12 heavier

fluid conponent and a lighter fluid conponent, the
appahecoudinglypiheipseseyt iaventloneddo prbodpsa metiedi fayseparfating do

e i il Sbb ok hoifARMN Sk Lo TREAR bt
cotfloher®, thehonaad Noweitd\af the hiBehIsue ﬂumweaﬁar&ixgglr dubjetdo
g

Reynol ds nunmber of the fluid streamflow n ong_the
vagigfipn gyerdimg, Sigyaethof ompesing pepviding a phypplity of seppagatianh e

osHERR B g AR RNB of ' ol Teal pat n. i

al?miﬂg‘da u&ragln oﬁmﬂmﬁ@ei fioorate tc?eﬂtai d deﬁmmd?paﬂaﬁ@h hmraﬂvly;

i.d condujf. The, heli, i owpa ma e arranged to
eS&lbﬁWa%aﬁﬁ thspdipigting T Hopee _ i U8 unber

caﬁﬁ[ﬁﬁ ﬁ@%ﬁﬁ?ﬁ&d‘}%ﬁﬁg RS tolv8 HREY bfbl&i}; %Fﬁrsttﬂélﬁal%ﬂ%ﬁﬁ éhe first

achi eved by adjusting the internal “di nensions of t

hefichlifbwipath baypeg d fizgt ckti ng to the properties a the

fl.ui {r to..b | fyrt to th
oA R ORISR P50 e e
hefical flowpath havihas Secdohd ipftcls, twiRadTh €109t drEd Piethds BRAY Ban the

fluid conponent and a lighter fluid 15 conponent, the
firgbpiteha 8t conprising: means for selecting a stream of

relpoY o B B o) fPenin o P el Bvpare

whareintthe afsbmbliessdre eperablato accomrhivdatd diffifetdnt filid flowmpaishand
; : bavi fi : :
selegﬁné one ct)r rplgrlel S%Salira i(lan(.) gﬁ%grtngliesaf\éi‘ Q s g i)lg.t%c e ﬁ{cttﬁ:olzi’ steps

" according to the volume flowrate of the multiphase fluid stream.

The method steps carried out in each separation assembly 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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a second conduit having second heli cal flompath t he

second helical flowpath having a 20 second pitc
WOReeHEI6612t he second pitch is greater than the 1}(;1;/@{32007/000601

pitch; and neans for removing the lighter fluid froma

radially inner region of the second helical flowpath.

The apparatus conprises a f]i2rst conduit having a

hel i cal. passage therethrqu t hrough which fluid nmay
hepwer-Hwd cqmpenént gpd pdishten ﬂm Hom@r%p@@ [RPPATAtUS Camprigine 2

ol Rt 40 G o HACOBRORER PR AR Gpent and o

secadcuitiet fos amghfee flahl gonippnestdthehelicdl wwpathebdihg fodmed such

st eam lised into a.flow regi e that el. ow

th%t RE i MR ces O B pevras LU AR e
%é% which the flowreginme is turbulent). The

cr|t| ca Reynol ds nunber will depend upon such 13

factors as the viscosity and density of the fluid

St r caeferdbig wedcoand yuttet farithe fightedfhst rcempnmm it disposed

dirensi ans e con u.|t thr h whic rea
il S rettor bitiat oty heesal PPetith Bk on Al ERTH, Ther
fladdondipot h of the first conduit will be determ ned by

the properties of the feed stream be processed.

Preferably, the conduit is of a size 5 such that the
fl uithe leisalaftdwpaﬁenhay be arran@dsb @ruvidd wwelesg:iedmnﬁceﬂ Reynolds

iR b oo et (Rriped 1§ partelap o8 miay b ittt BY Bdfive the

infehif) binh&sions aﬂmetheh@almﬂﬁ@card ﬁl‘or.l@ﬁleﬁl 3Y HRELAD

internal helix in order to prOV|de the i cal
stepdp le brocgssed| ength of the first helical flowpath
within the first conduit should be 10 suf f|C|ent to
aII wto stabilise i he regul
et e o Yo ta? Bish e Rl Pyl e P g €5 S tne 2
muléphdse f@lﬁd thent ddnystiid £BdRvidr fhid eomedient sndeatightBiefluid
flow reginme of the fluid being processed in the nethod
cononcRte @ﬁ?ﬁ@mﬁﬁ@mpgﬁggh of the first helica

oAU ot br I kel BORRLNG el SUT 1 cf en

ength to etlms or t ecentr| ugal
a ﬁlepwndlutd’or &stabhhlang ngtabiised tojatchg:ﬂﬂmé dlofwr patietn for Heaflidr

flui,d 15 bul | t fl
stge Ay ig At L aoR govatl toe EEPBHAR navPHhiRgER Gl v RS
a RBoDESRER DA géabnam@ﬁ&al ﬂow%)ath , Blegbesiieficall ficwmiith Biving a

of the first helical flo remai ns const ant
segqfidpitghovrhereinsthe sergph pztch 13 greater than the first pitch; and

means for removing the lighter fluid from a radially inner region of the second helicat

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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The apparatus is preferably provided with a feed
conduit, into which the 20 nultiphase fluid streamto
woReoxpsizated is forced, prior to entering thé@GW/EBI007/000601
conduit. The apparatus preferably conprises a nmeans
for establishing a rotating fluid flowin the feed
conduit. Preferably, the feed conduit conprises a
t.ngential opening, through which the feed streamijs

facters e the visrosy rach of e fhuid streany &ie velociypdiheguid stream

Si. . i o t S Len he. s
e R N e 3 N R S
thd Qe shamy Gihéigions ahd ldnkl of e fidncaiduitapifitatdettmided by

t he phases before the fluid enters the first conduit.
thepropetipt el the feadsdicpmdetnsonssirg. Drlprably, thercoadpil iy Srasig
sufi EADBETRI fs | A STRER SaipA oy SPARL RN Bobl 0 droplets of
thepdisperskel fuid phasedictied. | & phrticulpwyairdierrét atargeirey istfhethe first

pitch of the second helical flo .ipcreases in.the
cofg IR SRBIPHER 2 FF AN B R B PO R, o pRavde He
heli®@ F@A%Am. N the pitch may be in a 5 stepwi se or a

continuous manner. In a preferred arrangenent, the

pitch of the second helical flowath is increased

al Fﬂgleﬁut?m afithe ﬁ‘lrkt;heﬁbﬂ fmwpaﬁewgmngnmfm wm?eomam
i i thi it. it

soffnd Tl DR o b B ot Mool o

préf@WBAS By Rew RSO Nt ai-B Ak iR udd Sbeakt) StsfchRIMBAdRS and

preferably up to 3% nore preferably about "1% for each
the fow regiofef depfinidtheingmuodessgdtin the ethdd pilh detefmingithdisngth

' fluid f ' R | i.ght
ot fidigElsyselh OuPboTie i HRRAT O Phath SRRt enal® low
thd ¥ goethe ¥entfiNgal®paRitibe bf theliphted fuldihase Gldtethe hbsiriet fluid
r[rprl ses. a col l ection conduit extend|ng, coaxiall

co .
bulls phsse Hitke aubedilewragime cap he epfablished qhiskly, Hig ﬁfbﬁ{hﬁhﬁﬂ
3t‘%ﬁ zﬁd‘ﬂ%n Il ection conduit. 15The feed

f condui t, %‘?Orr%irsgan %]gg%% conduits may conprise

separate conmponents of the apparatus. However, in a

nos Preferably) itenpitchr sfahg nehélical Newb#tk deraaing vorstank dretghout
) %nd second conduits are adjacent portions of a single
itsdepgdlt. 3 first helix bei ng provided in an upstream

portion of the tube to provide the first helical

flo t j: ' ' . .

ow i ABpfthsts BERANy BRovidea\Bttd FUIAhAGE i Fhoh the
mﬂﬁplmmdfﬂmhi Steeain ﬁ)lhewpﬁdrhtled Es;]tfosaﬂdhf Ilam O1|:a enterige thenfivst ¢dreuit.

means for renmpving the lighte i.d.pmay conprise .
THE GPPRIEHE SR e BRI TR oA aqgeﬁgs B &5LR SFIM% wofting; i fow in

o pal . . . . .

th B9 cBnd 0 Profelblf b RER LORIKORIrisce P PELIAPERLIAS thBugh
winde thedned sireatinie fowed, ¢lot arcamgamefil ofithk tahgentimhypening causing the

cihrcunstances, the ovji sjon .of t appar.a Mth
st oGR8 B s eionl b SRt aoe B SRBGGH [Sigh Pt
foftRpidividing Vi Initif Fedibn bNscPRrafics SPiRPhEscE PBEdrk tHeddid enters the
separation of the Tighter and heavier fluid phases.
duit. shoul d further separation be required, the

apparatus may conprise one or nore of the foll ow ng

conpgnent s. . v a4 .
¢ 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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15 Shoul d further separation be required or desired, a
preferred technique is the use of a vortex se}parati on
WOZBHEF6120hi ch subj ects the remaining flow t o WYGBHP G601
centrifugal forces. Accordingly, in such a case, the
apparatus may further con‘prli se a conduit for retaining

a vortex, the said conduit éei ng arranged to receive

helical BPupR ExEALnE o ALy B PreE e Pt Fi sgehd Yol
congﬁ?% At havida h&l}@é}&t&{%!lg Mﬁkﬁﬁiﬁﬂg@ﬁe&ﬁﬁo@r@ﬁd@; a second

eam nust be suitably high. "Accordingly, if

helioatifloweath. Preferablyathetnitshof jhef seeonscelical flsiweath forasgsdn the

for i easi ng.the rotational..wel ocity: i d.
aireiip RS Eabtesls ratuhih PiThERatsThe hi ey bein e
stehivaRRh Roamiehoiul ndnfée thn a@réfbre € ansihifieinehn thy sitchi ofitlegseaond

vortex. Suitable neans for 10i ncreasing ét{j‘e rotati %{}}a?ll o
heliaal Sompythas incprased gipee Fupstnfiply eieaRTedsmethios HSerend) et

; i de..t : it Yo/

oL o ROU G, 180 BROFRSTNEAAL R Y o
secdad heles Sloaipathgurbtel the haptgitudinal dxds 6f theyflawipathTheeferably up o

decrease in the cross-sectional area may occur in a
3% &P RE%%&J@QQUE{% QW@g%FFﬁnner. Preferably, the
decrease in the cross-sectional area occurs al ong
sub Ll e fi A & £
el PaEbls e e QR B RSh el AR biaats. 2 moons for
reraovivg thiedighter fudd phate\s plovided vdthimthersecondmondpibnPrsferatrp,
same conduit.containjng the first a ecaond, hel i c
e s doniemovine the Hgblep il orrnlsét o BB O SO e ifing
coibily HiBirSHb S4cRRl icBhdui, SEHeYixGRRAMinG, witiif fhedinalus arqing the
downstream portion of the conduit containing the

cofl¢qtion cosdwibnd and, if 20 present, the third helical
fl owpaths. In some process regines, it nmay be

necess t 0 .provi de ans_ f.ov. 111 S

vor t B 1o B eoal fonBln BT LRk
coﬁ‘ilfbbh&lﬁé oEQBRpHEEMs A HOMRE, in 4 Bhstohvadéntagrahfamdntghe red

fluid conponent fromthe vortex, the Feans fot%:d heli
conguibifirsteind gecnd cppfeimare adjapeay pardignp gt 3 Siglodiisy @ first helix

|

e Red By oo e dRrfin of1c ARERS Byl P Bt Abfical flowpatt
and arseeoniddrdilybeing drovidediing déwmstaw poglien efthe tibe to provide the

e T 5 L R T e
18 REGTOmpHEs QOGN cohdifit SRQRTIRE ¢dexinlly Withih e single tube, the

conprise a vessel for receiving the fluid stream the
collestssl condvit haying openings indhes pertion extending yiiden thggownstream or

SC?R(rel%/ﬁr}g:!rggn Po%%eeéolpefct&pgffflﬁiﬁ' d streamflow such that

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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30 entering the vessel may be subjected to gravity
separation. In such an arrangenent, 16 the single

WOt204#096612condui t as herei nbefore descri bed naypPCI/GB2007/000601
conveniently extend within the vessel. In one
preferred arrangenent, the apparatus may be nodular in
desi gn, as described hereindfter, in which a plurality
of such conduits may extend within a single vessel.

5To &iowdtﬁgghgr@pmﬁsiosb@mqutwbﬁ desised gprelerrad fechpigue is the
st 4 Foued o BeERE SRR v AR PR AV v i

cehrifighl Sore@2 M @REdEREIROntsGeh ¥ 688 athe afiptirfiuniday fatherWomprise a
efficient gravity separation and prevent cross-flow |
copdit foriretainingrn wiriem the saidnoadutibying auanget e teopyy flaud leaving

oA 3R BRSNS DGR
sefdlatis #e rotationfivelduity ofiiisk flilid seemanati vosuithbly vgissel

rray,fLir;iger coa;ptéi se neans fqr central.isi ng t . .
AGGEHREIBATCRITET, 9P APRAAHS WrY HIFHCf ARMpRSsIcatsgpr increasing
thE ¥RRInEl FlodifV G the ﬂgﬁ%%okéa:@&ﬁgemewaéd of thd debbitl hdiRal
vessel . The I'nverted cone nay be provided with a fluid
flappatiearskthe idetig thetinduit for rotatning & voriter Suitableguennsdor he

. di t] . fluid fl . ah '

oot 8PSl el Ste it 0080 b pORhED, K bidho

pr@ias He nebSRagPRAG My dScrbmY, thel tioieEectionillaréofahe tiditiclical
extendi ng coaxially within the vessel, the conduit

flavensiindecopased #igre thedenstinot fhe Sloymathni i derisatedp the toss-
sefOHRPEh ity B iﬁaavc%gélﬁ'fo%gghgteﬁlvﬁ??e &, aP@fe‘?{tﬁﬁ R

arrangene e con an-o or the Tighter
dektadicdinaheposs sdcsionaltabiarocetus aloagsebstatttadly diud érgire bmmigthoof the

tnird BR G DAbAPn g HorhBe e LUBYIR 1 ey remusmisntd drptreg ishin
a Qwltga¥h Yorddibahé SIRONGHILS codBRiRPRE Hiddt ldﬁg Béﬁ)bn&"ﬁ%ﬁ@l

conprise a heavier tluid collection zone, eavy
figwpatieh. col | ecti on conduit being di sposed centrally

within the collection zone, the conduit having a
vi

plurglity of openings . therein.to collect . the heavier

Pl o B st renteiiad o FuBvish Pacmpe st oadfs goon
asCRARE BbsnstidASpdtibh of MERbAIuIt containing the first, second and, if
present, the third helical flowpaths. In some process regimes, it may be necessary to

provide a means for stabilising the vortex. In one preferred arrangement, the
apparatus further comprises a conduit for collecting the lighter fluid component from
the vortex, the means for stabilising the vortex is 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 conduif 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

30

enterhlgthe vessel may besubjected to gravity separatlon Insucha:ﬂarrangement, Crmmmm
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25 in the apparatus, passing in the downstream
direction. In such cases, the apparatus may further
WOREMIEd a sol i ds col l ection zone and means fE&I/GB2007/000601
renoving solids fromthe collection zone, the neans
renoving solids on an intermttent or a continuous
basis. 17 As nentioned ab(}gle, the apparatus is

s fobe & pdpdiitantireimiege A EeR oy ST Sted WA
thefx'rers&?]. ﬁﬁ&e;ﬁrgféﬁéd GRAAEN ey, tﬁé‘gpﬂaafr']auﬁkr BB riodBlae BTHsigh, as

for housin uid vortex and y neans provided to
descnibed hereinfter, imwhicharpiirality afsuelycasluithmay eyiegd ethimasingle
be housed within a single 5 conduit, representing
Ve%gﬁi ngl e separation assenbly nodul e. Accordingly, in a
further aspect, the present invention provides an
appqro%&'ﬁlefﬁﬁ‘ﬁg%ﬁﬁﬁﬁbﬁ roRed¥UlitHiR BR SR sddl, hél agiarfadinay
conprising a héavier fluid conponent and a l'ighter
redimanithe Bopdnesumprising mednsrfer indusipgie eotafionah 8o intheiide

fluid stream bei ng. subj.ect to.vari atli. I 1]
strggyt snting BRes el O AnREH bW cPaiBhe s2AviB el Elion bilFprel i
crasS TRVPE IR Mati (s Bihe beaedted plihsee STiis hednsis thaspprefidrhtely a
to accommpdate different fluid flLow ates;

. . ih .
tangsphelntlet indhe epadu shorels MhishibeudsHraE lé%ft%ﬂk}%ﬂdﬁm the
vepEy T e 0 s on e R R L L,
cetifaishppine edtationahsloverf duid witkih the véssdnbriesainple, andaverted
copelsigetiqonsely Phterie tasg: TR aROR Al S e BadPAB i a
i gﬁﬂg 'ekﬁﬁdiﬁgxe@@ai bRy dhiloneR sudid ivtie ditedgoRsf fbid flow.

umetric frovvrate of the streamvaries. This is
particularly effective when the individual separation
as s efbienese alicelightadihid compammisiien thadidavisr phases Withih the

fl ates. Preferahly, the apparatus, c ri
verost, e Ba AL MDY PRI Saeh SXsara cone ALl up Re
vekdt],Ghél€nduft 1aking WpBAa s aﬁres@pam%d wiiichtigieebiiyidicanipenents
purged and cl eaneg before bei ng brought on-, and

mayt feays the fuid streany. fIng pyefewed grraegeaeat tohcapdnijdas an outlet for

g S BB SR AP SOt o

thé Meiderandhietn assenblies extending within the
separation vessel.

The fluid remaining in the vessel will consist essentially of heavier fluid
components. The apparatus may further 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.

Shonld 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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In one use of the nodul ar apparatus of the present

invention, a plurality of 25 nodul ar separation units
woreny7/0se6x2r ovi ded, each conprising a plurality RET/GB2007/000601

separation assenblies of varying sizes. Such a group

of units may be clustered around a well head | ocation

or in an oilfield, for exanle at a surface or a

subsea |l ocation, in order to serve a group of wells.

18 As mentiined bbdves te appamtuatis partieylady suitedd to heingcossinicted

oniagttila bR, Thamsis e SibBi oot Pt S gpd sEnG -
cohd B! £{d iffbakesgntﬁﬁ@%ﬂaﬁﬂ fbﬁhcf{aﬁlg% MAEVortek fnd\tly thearRrovided

contam nated w th heaver f conponents. This =
to ncudabetheirotational aglasity ofithesfiuid stream, avay kehhousetbwithin a single

t.hods for.m ng. further.. ts. 5 of .th .
T R e
aspech) thelp@seht WBichQsh hfvides ah bpFtgaip ot sBRirhitied a SRREbatd utd

system for operation _in separati ng{; a multjphase fluid

stiglip 6aWRPESIRE Bihspyigr Buidecampepent apd a Tighieh St tomgorent, the

vol GGl Y e COIBARSE R SEaT TR R Pl B

the appatatis cuaneistend platdliyy of sepbratibe atsembéies 44 hereinbefore

co nent ; en the flujd velocity.w.thin the helical
de§“é’g;ga_éflﬁl 8Rerabis e mqqggm@%ﬁ%rqqﬁ@ﬁm% Poper at i ng
! g%ﬂg&é’ﬁﬁ'@hér BBt tnBAYRSES: §élé{it1??l§ito§)€%g 88 bAioRY

period of” ti the first streamw th the
separbtiansageblidsicdordingda the wlvoe fopuata véthe muliiphase dluidr
h§hutting down a helical separation system from normal
SUSHBration 15 in which a nultiphase fluid stream
conprising a heavier fluid conponent and.a |ighter

f 1 uitheGRRARRRay Be A6 (f ohe nidiald) 8 sk eionSERAS ALl all
system "conprises the steps of introducing a first

separafiah asserobliesdwing intise glnediseray, ardiyideal separatipagsemnblies may

.l ui o h .10 [ f .
L SRTRR o B B b g o
patficilartyherfdctivé dhbeag iadinsluat epafatibh assbinblits frkwized to

stream reducing.the fluid f%ﬁquo flowate to zero.-
acepramRdate éaﬂferglgﬁﬁ}léﬂpwtgs/ Skratprauly, She fRasiis cquapses g means

fog Feclit agﬂtﬁ"%%ﬂﬁih% dactf sreFéraEiﬁx? adsbitb, (PGded QbR B chas

een fFeduc to zero. tn this way, the aforenentioned

separation agsemblyrio de payzed @nd midansgdbkfofeteing brdugldpnanai joff-line.
t he nost opti mum manner to achi eve normal operating
conditions with the m ni num,of ont% 1 nat i o% of the
i gﬂf a2r3vity;sgraration stpgedis pequired, the modular assembly may er

comprise a separation 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 umits 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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The start-up and shut-down procedures of the present

i nvention are of particul ar advantage when the heli cal
WOLBHAEE120on systemis arranged in the nodul ar PCgGB2007/000601

format di scussed herei nbefore and operated using a

varyi ng selection of heli cgl separation nodules to

acconmodate different fluid&Iowates and

composi ti ons. Enbodi nents of the present

i nvempinglicaksenaration sygomealdhe Biesent BeRHgD BresHIRa RRFPYar
préflipGf i nds % BB b0 B APMRITKAIS, BF Al id
praducednin the prevemsarahoicn begpataatingedwith hdaveg flusl @mponents.
embodj nent of .th resent jnvention; Fi e 2 1is
Ty QPBled S selved BN nd P Hispa tsfbeds GRmIZE HiRpet asbeots
of BRAAERKE PRe@RRAr at us of Figure 1; 10Figure 3 is a plan
vi ew of the separation apparatus of Figure 1;

Figure 4 is a stylised cross-sectional view of a

hel iAabrdiegiprtht preser ssemtiby peoidesdimghod for serilgseabelical

i nvention; ~ . Figures.5a to,5c ar tylised. .
SeRARERN ySietn o Qperofi oAt HRyRhoe pld sfpdtpycpprising »
hel@Ef f180 SoRbohdif ah€h ligRier H8RIRIGAJoRBntatheRdthyd tdindiieng

regions labelled as A, B and C 15 in Figure 4;

feqding todhehslicabsepargon ayterala firpoliuid seeam eersisting epseptially of

iyt EBALBhG AL I oG DRI et A SR
sygiemthiapreachied the nds@aumh byerafind-vgusiey fbr deomgltiphaselfluddstream,
Cross-

reRIRGITE BYCrerReTd OF Pt tbe S SOHEREAD) b P Bses St
to bBSegakA& VI 1 1 -V 11

A method for shutting down a helical separation system from normal operation
in which a multiphase fluid stream comprising a heavier fiuid component and a lighter
fluid component is being fed to the helical separation system, comprises 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 fiuid siream, reducing the fluid feed

flowrate 1o zero.

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

- sireams.

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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Figure 9 is a cross-sectional view of the upper
portion of the separation apparatus of Figure 1 along
woaomiléarent axis to that of Figure 2; 20 PCTFGEBRIOE000601
10 is a schematic representation of a systemof the
present invention, indicating how nonitoring tubes are
enpl oyedt o nmonitor the peri®rnmance of various regions
of the system Figure 11 is a performance
forfhisdismpssech lehaubaforetand opemtedttising o vavying aplgetorseithecal
operati ressure ranges, fo senbljes of differing
sep@isHia Biog e 1% pommodais ditiersny Sartloyztes and epgpestiionsy
the selection of different assenbly conbinations to
acconmodat e different feed streamflowates. Referring
to Figure 1, there is shown a separation assenbly,
generally indicated as 2. The assenbly is shown
ar r Bibeginfentisdfahé pebdry inv@htibe il Mowbetdescribeddgcwal Of
with the | ower portion of the assenbly extendng
exaguieenll, havingietere tqHeRoeamBHY RS AFBRES I Whichh gement
for locating the assenbly, in particul ar adjacent a

sub [y ' (.St
vl TROSA rt R REASHE ynoth Sl Wpachitint s
accORiMg Bl dniniRRiba st of fed prekent prvessed; | nvention, w thout
significant nodification of the well head installation.
15The separation assenbly 2, is formed around a |
genBigtd ilwrpsscﬁep@ma,l vieyted the uppRIgiorgpnof tie genaistionng
4. 1S nveniently a section of commercially
apI%‘?{/‘%Pﬁ%bllém‘-%qéonductor casi ng. The conductor casing is
supplied in a range of sizes, including the nom na
si zg 3 f2a piag PRW of3fie hegfamﬁm arafigREFiAne 120 i nches
(108ﬁ%ﬁﬁ 92 %n] 76 cm and 5Q cﬁ%? The hoJ%?ng 4 may be
constructed froma section of the conductor 20 casing,
wi t Figubeet 6 axstdlised cpesssectinmabiewdladiclieal sapaatianeasserably

vol.unptric flowate. of the fluid streamto be
accﬁf%% stga?refﬁ%%ﬁ@glaf‘nents shown in the acconpanying
figures and described hereinafter are concerned with

f 1 UipghuBQBAN8 1560 afe AbtyBEAURERLREFoaDeRN Gan EINRYEEcald b
met hod and apparatus, with only m nor nodificatians,

thremportipasoofishe belistal esparation gpsembly Butbpacgiontdabslisdgs by Band C
inﬁf tf@rm conductors. 25The separation assenbly 2
gﬁ%r ’ses a plurality of discrete conponents, An

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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inlet and outlet assenbly 6 is connected to the upper

end of the housing 4, for supplying fluid to th
WOGEHBtY f or separation and through which t hé"CT’Gmoom(mm

separated fluid streans are renoved. The assenbly 2

further conprises a plurality of helical 21

separation assenblies 8 ex@@nding wi thin the housing

4, in which the first stage of separation of |ighter

1 uiFdgure Ap srcwhemptiompreanpion of 1 1vgtean aba @Fﬁsgnﬁ mgvention,
in e S0 i cHG LB LR DA I B0 B ch B REHBRof vekus
13gKMEuﬂﬂm£mnaanU|d stablllsatlon regi on 10, a second

fluid-fluid separation 5stage 12, and a fina

fluid-solid separation and recovery stage 14. Each of

t hedégwe ﬂrbmmréormame Igstoarast shovvng the crpswémaélogf yanges and

bel.
T e T R T .
| ow | evel 18 for the fluid within the hou3|ng 4 are
r eprreaasl ek 4 pr Eh fhdieatihg @ndsebictios bpdiffeant byvendlyl ong
the length of the helical separation assenblles 108,
compntionato acpapmaiate differa doed tiram i&§r downst r eam

end of the helix assenblies. Referring to Figure

o et 5 PR FhhE e ARG Flobafubd pSRHBERRRA'S

. inditatedVE, rrrh@mémﬁkyﬁk gitownl fearigell etbstamnidllp wedtieallasisherbdaped,

Wi heamuer POt e pBTHbAF RS REpBaRe SHABb! TRl ot
coh@cl,rﬁént e%x?en\f;\‘ﬁgl c%t'ﬁﬁg 'ﬂ%ea%sénlbl V‘ﬁgaa}m aaﬁtcéi’cql Bsea

upper oget her a gas-l1qu
welthead ﬁsf:mblyz dnéhi8@vayi &Klstmgcwﬁl@agi assembhescag bfe@m;.ded with

rese t ne 3 ni for
s itho e nEnG Preséilapue b S el oo Ry fon o
th&%ﬁh&lalﬁﬁﬁidﬂi@ﬁer cap 28, which is in turn connected
to a gas recovery conduit 34 by a flange of

conventi onal arrangenent. A lateral bore 35 is forned
i n t'He sepwetioragserablyghds foonedarosnd o canerplly gylimirisaln smar

aI l. entLr e )
g o3 yBb5te SR col il FRGROY BeLahA R IR aiable
.coR@usbinghsthgWMThe cancfdcttir Gasing thrbpldl i rangs ofsizdss imalyding the

the gas- : : : :

nominal sizes of 42 inches, 36 inches, 30 inches and 20 inches (108 cm, 92 cm, 76 cm
and 50 cm). The housing 4 may be constructed from a section of the conductor
casing, with the diameter being selected to accommodate 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
Jocation. 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
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l'iquid separation zone, which in turn connects with a

|aterally extending bore 40 though the upper cap 28.
woLlqUIMetPay be renoved t hrough this arrangenenkCT/G82096/000601

drawn into a liquid conduit 42, which is connected to

a suitable line (not shown) by 25 neans of a

conventional flange assenbl3l. A coaxial bore 44

ext ends through the upper cap 28 and provi des an

Sepap@mnrﬂgsefnﬂmllds Beextadingaitiih twohdudingedt, &y which thaftst stage of

serptiopf Bl A SRRt S e ET s eoBhdihts It sk ow

The QerhiRixEGRHicH ofABE Bodking o 15’3:%2&1 #®-provide further sthiésvdMmy
again to the inlet bod a plurallty of ligquld

serpeatthu, c@namng)g@uim@bé waﬂpn @eglm m,@fsep@nbﬂmdtﬂméseparaﬂgn
8
sel55s SIRTE bl S bieles s P8 i

cofipSndritsiiltlbs eatsadd ﬁﬁn@:@@etaﬁ%eaﬁd t he upper region of

the interioor of the housing 4, through which fluids
may pass, as 5 required. The inlet body 22 is

pr oVAmiepereiineHight fluid/ieavies Suidinterfong1 6. ranasmuBbhiel lesl 17
ace t
e B PEE AR R G0 T BBt B e ouibe s FipRbssfia n
FigRparattre {Hombengss Abngtayictehioiehd letidaloepataiion fssemblies
each_helical ,separation asserrbl 8. quf% f}&k
8, sushdhatthenall lipahavs thplomer eb%\@atréamﬁl $hq hhsrassablies.
openlng to a respective helical separation assenbly 8,

S o SIS 2 B SHBL 3 b g o

ores

end 9§ i@ t@h@ﬂg Izteﬂy madns@eaabmecwa 20831 eoitentiond desigsh @'hnmlast
plan view.in Figure 3. As

Fi 3, h of
" ang RutetERRRIY O r?ampslé'?seasg%rﬁly <y lailirql%aﬂ%rh%ﬁwze%capo

aséeﬂgﬂf Pli i SinbdinBd bR LRt of§ il Qoeh Ghd @&Bﬁﬁ% adower

bore ba. An et conduit 56 I's connected
cap B6 astdn appiap QBIwhlalj itegettop defirg/a pas-lirpid sepafatign zone 30, in

t I bl Each il
WG HEE SO PR BRI PR Rdaest A nothiot e mretl o
prévidsd By fiehsd b bRk BE cLich@ng oblgtpihichgdhithe uppe cap 28, which
portlon of the assenbly. A fluid feed conduit 60

is gigpReqnaesisd fh 249 rﬁpfdfemp@lduﬁé&d)ara Hangeof comgatigrlch a

m{%ﬁé&rﬁ%@%ﬁa@ﬁi‘h@ #r o%ﬂl}r{ﬁéa ? i @ ?@teg%eader %tgt% oa fhuid

coaduib 37.nAataxintiydentral Hord 36 SRemis mhmuglh thet iblet bady 29, cennecting

%ﬁx'aé&e%f TS e A PandRf o aitatias B e gos

1161 $6He, Vi 4Ein Gl RnRERY R Tth adkt: ?%Kteﬁlﬁﬁ@/bore 40
ring. Thi's provides for | ndependent contr ol

’thmgh thiel upipdr capl 28 Idgwidunay Boremeged ﬂeoughﬁuscﬁ&raﬁlgmdntt o be

each .hel,i ¢ n assenbl
a8 b PP opERE 2L Bn RSt e rigbl e B sub B by
m¥Rk of b icBAventiBndl TRInké ﬁééﬁ&bl?y a0 doeﬁ(@mb@fd 44 etterafs tRfoubithe
fluid feed stream It wil| be appreciated that

ungET eAPrYt anvl@ravld@mfgm?@mng fgy the sergaya o€ solidimagerialy sach as silt,

B B R0 s et et
shemwiltofndctetie tthotoaxinl bowe 44riadipme f operat i on. Such an

arrangenent may be enpl oyed, for exanple, in
situations where only limted variations in the

are anticipated 30 during the working life of the
installation. 23 Radial ports 55 extend through the
inl et body 22 and connect with respective
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30

lines 53, which extend to an appropriate position

within the housing 4. These are enpl oyed for f]
W0|2H?7€)é’éélan fluid sanpling or process noni tor|Pﬁ:érlfé]gm07"000601

operations. A fluid purge systemis also shown in

Figure 3 and conprises a sijgilar 5 arrangenment to the

fluid inlet system describ above, including a

con it B oG RE0Ee Bty of Bl 46 Blovided
in HRSoRR BF WnkRidiRl Yok 48l sphebanito@ied thy stetril b&ret3?6 Prigviqied

a flow of purge fluid, typi caIIy wat er, to each
condditiis paovidep direat cornegtiar hefwpen ltgma%%p%ﬁ% Aepe 30 and

the et <Rl St delntikd #%éﬂé?%ﬁ*%é% o RRE By b G
re(jlﬁh‘etlhe purgi ng of each helical separ atl on assenbly 8.

Again, two or nore helical separation assenblies 8 may
have their purg ng controlled by a S|ngle val ve.

pur Jéefinlet bpdydads pravidadiwittpa Sugisr sl bmgg@dm%b@eﬁo
o8 Sl 5B 58 D LB B s

Ashwili Kr?‘glbms epparait the basseoiprovde the fAsd eduduit fot daeh helical
asse y CO rlse t al el i cal aration
se%%msﬁeé% bl Bo(Eag Pgﬁ’cj lt“gwi gowa BB i qapnsgted R iaper
enih2 105 R ec‘:ﬂv@ Len& Eﬁfa}éﬂo‘ﬁ afsééi?ﬂﬁlf‘g Egetaild oit Wifich are provzded

ar rangenent shown, e assenb conpri ses one each
hegeitdier.c ﬂ@ammﬁmfabsbngiwdlﬁallbamsrﬁ@ age Hhein assncmted hehcal

5 h d 6.,i nch
sefsROR Rrer i Ao SRS P VRS % 1 SoR B e 3,
caStP8Pht l%ﬁ%nﬁdﬁi@ﬂ boied smwﬁmmmam@hm@ ﬁ'reh@éd igetc52,

nom na i aneter of 7 inches

o WhiRhesriands s edinl boan 54-nAB né‘ét %}éwéﬁéds %%hecfadw the end of
ea l?ﬁgl?al Bbre! va?lelﬁ/ ﬁl&éﬂs%ff | OB 8a fidfi{lgiéna {%b'l)PV‘EéfLIh inlet conduit

ate eS|n e4|nc Separation
56ds semiekted its a dinid inke hea,q@r 68, showmii Figaré B esw sireulnheipe al |

hel.j cal separation gsse ies a
xRN Ge PP Rertn dliy SSeRhla ok S ieBrepditsogonncets
to RIRVAIHE iABRaHE F8; aRGNRWhRh b RiiphRe RR] wRemh ﬁof&%ﬁoémd
extrenes. 25The arrangerrent shown in Ei %ures

maynee fod. Whe dlevt ofeflyid Somihe ﬂm g@etthé%dfé 58 %ﬁ%fslmﬁléit Fondmt 56is
cog&?ﬁ&f’l& A s%é‘fg% Vﬁ% @? eAs% 4, lehéh | ﬁildqme@g%mdult 56is

preci at e t hat
prﬁhlﬁed Wwith Il’f.‘g tbr\{\&r \:jaa:m’ezmm a dsrfr::ybwbﬁ g]m:h vajved3 tb mraﬂent@ytﬂaek
val ves .and_headers are conbined in a e
f1qh QECUFENE, o FiHE BEOYGHSE 4O% IMGSReRE contiol G Fadt it ‘é‘tmggg%wg‘#fﬁ
anfl tﬂé’ ASH ok &Rk Erol éa&? ﬁchc'a.[‘se{;%fa%oﬂ’%ﬁ’se 8 Vfﬁ eswan dhd AQbmbly

control pipework re readily accessi bl'e for -
is pp¢mblevahccanunadaf ﬂac erexinst variations in the flowrate and composition 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 -only 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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It is a significant advantage of the assenbly that the

nunber and size of the helical separation assenblies
WOR0PpHIMgEE wi t hi n t he housi ng nay be vari ed to ECT/GB2007/000601

acconmodat e a particular duty, allow ng the design and

construction of the overall assenbly to be on a

| argely nodul ar basis. Thi€3in turn allows the design,

construction, maintenance and repair to be both

st r Ragial portwaF axtandithemighdhs indgt body &2 endheennget withrespertive
. £, f hel i cal ti.Qn nol i i1
ting 5. L fprd e tobRgrerEp TR s BRARIRRE % et &

! > r enbortemh! V.
S e oo oo Y

Figure 4 is significantly shortened, for ease of
r ef ey Bnidguurgdsysteat isalsofshoive inFimed 3 atdegnprites adinailast er

AT hgR TN I e S S R ke e Hoote. R S B fuia
hedder 84 haling ??ui@ﬁﬂs%bxﬁﬂimf@i&g&o cadpflaiggsleBeonduit 56.

general |y cylindrical conduit, 100, shown in Figure
The operatige ehthefbiid putge systermninairendde pdlowt ofepurss Beidpiygically

_ Li aht : . g ] _ _
el oraph BBt patfafo ALY, A€ niolEo SR A8, A vy 68 s
po_@i!ibhéﬁiiﬁi cach pmfg @mlbifj condut 66, inpeder & piogrgie}ipq]@ﬁnﬂmﬂ: cetrbl of

into t s-1jquid separati one .30 in the
thea_%@é%l“? e_gﬁl. h%gﬁﬁaﬂrﬁfagn estmbly SZ-SREW B §oliead
scpbfin 4GRS U havj dheil BhgBRILonGIIL Y8 shopliofig, A puree
fluig fred wosduit EhsuppligOgurgs fluiddo drrpirge floidkicagericd. enpt vy, -

allowing for the free passage of fluid. One of the

radi al. bores 54 in the inlet body 22 term nates in

{ angUHIS Ta8 i Fpoe it Ru b it ThToRe e e
heliBf sEHraR dsSahbIE] (rjsd blAeslt shla@?hthmﬁsehﬁﬂy 8inpHisds AqoRNERI @

cavity adjacent an ow the uppernbst Tegion 104
heligal separdtian apsémioliess: oflsi rangenofi sinesrabld oraccommiodaie edange of

106 in i 4. .| ' j | :
aipepttd et Tl e B ndRab e SolsBies ng eoch
oftaRlibdl@bparkfioti £s@abigHsi Havi{y2a ndminflodiametehef 4 ahes, 5 inches and

flowpath for fluid nmoving within the cylindrical |,

6 imepas(iLl9 cmTihd Srogh épd b 26 £iYn s addition, the serably| cogprisee

he?%%‘gf;g%%%éf};%%%ée}g%%vﬁ%%diﬂﬁ% ditfetePGEY [iRMed (18¥m) @ he

arrangement shown can thus be operated over a wide range of feed fluid flowrates,

from the lowest flowrate when the single 4 inch helical separation assembly is on-line,
up 1o a maximum flowrate when all helical separation assemblies are operating.
Combinations of the helical separation assemblies 8 may be made to accommodate

flowrates between these two exiremes.

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

25 regime, by forcing the fluid to flowin a conpact

helical path. The helix in the flow stabilisation
WORBY/9661206 is fornmed to provide a stable fl uil§TYFRR07/000601

pattern and.to all ow the phases to centrifugally

di vi de and part, being SUbjlthCt ed to nultiple gravity

and rotational forces befo the outlet. In the

ancputlet Smemhly Gy Fassbletines bk ey e S BRSang BEGf0RaR,
pip%@ﬂ{%g&%ﬁe ik %E%hf gtl%&imé fcfﬂ}%trié_%v a%d $08acehfent.he hel i x

I Spose n a cylindrical conduit 100, this
determines that the pitch of the helix 108 is

pr efias abigiificansddvaitagd oNide aiverbbniutthe mutber anelgizerof the
106. In other arr angerregt S _tﬁle pitch of .the p&ﬂl x 108
helipal separatian pesgmilisharrangsd vafhin he boPSHE MEY B JaPFOR de
| i ki H6yerall
oS S0 a0t A bl gt Sy

asstrablyctalbefolnui ldrgelyomodtlabbdsiss Ahinm waalions thodesign,

i . . _
co RSt Rubteattet s a9 B el ip et
contiguous with a fluid separation region, generally

i nd ﬁﬁ@k%‘[jﬁ%ﬁéﬂ&d cSeﬂérétmnsofftﬁ‘e%émal RpdtatibX assd@bliss 8 will now

di spose I'n the annular cavity and extends around

be tleeribed) avink we ftrepos tuFiguoR wiich 5% stdisad tepaeseniatipn of 2
f.l ath.f f.lui d_nmov.i ng ., tshi ' i .
YR Ao e e PR e ooy SO B b lo i
sig%ﬁﬁahilﬁ B enéd, Ubfeb as Rffren, tHeaatieaithe bvédallilehotihtse.
_The light fluid conduit 102 is provided with a .
digmaterfitehebix geommably sypisadlyehsingimuchrpygatgp fhpa tha yopregepted in
Fiéﬂ%ﬁmd in the inner upper region of the helical
owpat h. The light liquid phase is recovered through

the ports 114 in the fluid conduit 102 as described 20
her ®atafing to Figure 4, alirliosldepartitorpassarnidy & dvanprispan geticwally

cyRmirice} e96DEA0D; B0 IR A o FRHLF TS SRR g the
1111'{:%&9({)@32\3/2?3% f @g&gma Rend BN AIndfe fohR df%%bﬁ&_aﬂ}l @Klnldilcat weE

I ncrease, the helix 112 is shown in

exfengsicexdnllysvithio teasyitingrical copduihand is apen #dts wwpgmpeshend into

the fluid separation,regi [ .S
o e onR R IRRE R0 i bl 7, AR AEAAE qoFiryR fomed
ard\Riditie B3R fhad cemiuit WArHewédd theitiphiaftuddiconduite] 02i agltthe

fluid conduit 102. The increase in pitch is ta allow
cyladuigah porrduiii 085 Tihgawpermast regonolddaf dhe qugfas gatify 1s Py,

f ' i | ih neinRY By 22
gL ) I BEERPIL ORl s et i ent
termhibdtesin Senpeltiat apenirippithinl the ppeainostwegion d 04 of the cylipdrical

flqig back pressure would give rise to a detrinental
copdgt 404.| ow 26

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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force within the fluid. The increase in the pitch wll

depend upon the properties of the fluid being
woppwessiad and is selected to all ow t he nat ur CT/GB2007/000601

novenent of the lighter, phases into the fluid conduit

to occur, while allow ng the remaining heavier fluid

phases tq continue along ti# helical ftowpath. 5The

end of the fluid separatl on region 110 and the helix

reghihg, hysfoecing tlguuid toviibw ia afcbmipact\helicad ipath. Sftiediebik igthe flow
regi on, generall

d hi
stapilisatien regiqn 1061g nn&g 0 3%)3&@??3%1‘%'% ﬂHldﬁ‘téW i %P&) to alfbw
iR LR RE BT ol Being slblectel W0 uletied R
rotatibnab dbngem]befmrtﬂ? omt:]ett T?Fthb grraxxgemt slayram indtigare £, thensoss-
| Ul u
seqtang fiBmon e bfieal A0 nath Fpte Pl dnseBFsindd fisietirg longth of
thd B 108, A J BERERE 108 is/idPd8e thindr dytiakirica aoutit Im]Qt}:ﬁ@

as to provide a stable vortex in the downstream or

detepmines theg Ithnpltcﬁll of e hedindiO8tis nigterakly gergtat plamerhg Iingth of the
B T

letigdh,n dFdd 6l piovde thefdquirkdiflowgatiekn A 1ﬂ6ﬁtlet'Elné i ncrease
in the 15 pltch W Il be determ ned by the nature of

the fluids be separated and the specific se %iyga
dut yThemlb‘eenpmtﬁﬁthw&tS of the figlatafluid ah@eém ﬂ%‘en"!?ﬁ ig flow
itch of % far each turn
St%‘i’:ﬁbﬁj'ﬁanﬁ?%“’flu Q tlS]fe %Ptli’:‘glﬁ‘g‘?ﬁ'? ?" 5%he portion of the
light fluid conduit 102 extendlng t hrough the region

116 T diiRirgRed flyw@bilRE bt RkiocAN®6hd dheshehisd HBtis abthtjguous
constant diameter. An alternative enbodinent js

with o Vluitbsephatipn gtgiom gensrallviindisatedias 1182 Infbisregiopap g?lé?ﬂl 12
£l 1
isg rslpgs,e%r ‘E’l‘hB%et dilar %&kﬁ& %ﬂ%&téﬂh? axq)'uﬁﬁrﬁ%ﬁ %Hblﬁ £t 102, to

I's'region 1n-t Irectio flowin
foriey }&ﬁeall frowpdy fdr YluidT ﬂnbmmg rwithtim ﬂleccghséscal kenduitn (Therfunction

t bet t he | t 102
%&ilr%pme&qﬁ%mﬁ@e' f@n&aﬂ@f&% b atioERtinliss. The
d Sorldlf 1@9%@5 £l{baBy & pdidsWir hofcs Q4.1 Mhé berts
A cros S se

ar cavity ct| onal” view of a typical
1 hfmre farnied|in ¢iael insepmwpert legivnad Semiinlipalgllowpatihvohhe hﬁht l1qu1d

ure 6 ot

b B srt B ol b (R R BB P bl Ry
hécihRgs 106, 110 and 116 to be many t| mes greater than
the dianmeter of the cylindrical conduit 102. It wll

al so be noted that the helices 108, 112 and 118 are
showkn erdertogirergle teeepasationso fffrit pheses il AlyidypapaTation segion

e oB B R A 3B s o

the region 110. In 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
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.

Y allowed to-occur, the fluid back pressure would give rise to-a detrimental cross-flow . .
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each of the helices 108, 112 and 118 may be arranged

separately within its own portion a the cylindrical
WO@BHMIFE12102, or even within separate conduit FCTHHE2007/000603

arrangenent shown in Figures 4 and 6 i s advantageous

when appl ying the helical-g separation assenbly 8 on a
nmodul ar basi s, as descri be 5 For certain fluid

s b e B g i S B B Bropspge of e
afifH prdeck0l #ds cotod' ARIPheRRRAVA mbvatholiehd e kidfer

ocity enhancing region . ]

phdses intmiicdhrid tortdait te ocounf whitealldvgihg thel nemeingag aravier floi
The cyli.ndrical .cqonduit,'100,is 10 provided with an

phases OQHH%@C’%BFE’&E%tq"@fpa%O at its |ower,
downstream end, details of which are descri bed

her gihg t@ﬁéig%themﬁi %?ﬁ%ﬁ#}ﬁ g%?ﬂtng gfde %{g&hehelw £1E¥ cbAgsiotd kith

condul exten r of the light flTuid

2 findddelotityldPancng tegion, gerrallydishtcdins 14§ Inndis region, a further

nofi B ety e Gl Bunlpd R 3R e g

, co%ﬁﬁgit’\idﬂ tPBrifegeltdghiRtion: fRideoriay witieteaylihdhed in

i s 15 region extending in the downstreamdir c,ti8£
conduin Thechelind 18 terminates a§ e gnenicad obHgdight R copguit 1 2. The
cant . . Cr. . i . N
furPh O Pt REGUEH Sl dEplobuy OF SO R kB Bid 6
cytidifabeshduit (100 8o b wodidp arstabinvarfextih éhe doghistrédmjodlower

conduit 102, as shown_mqre clearly in Figure 6. The
regqgmpgtgpcglggﬁgﬁ%,ﬁ%gggbgﬁ@ﬂ?%hom in Figures 4 and 6
may be operated as 20 a self contained separation

Systigle il SERR Ylahcinh %Hl?]tl F@,&h\fﬁ&ﬁ{ £1lg 19 Bhovht B Figsre 4
pol ishing, is reqwredl, the hel ica separation ]
in@essest pltchyr &eh Geedriundabe |ightdtuid conduitd 02h S he dmarense in the

.separation sys and nmet.hod, descri bed. bel no

piiSh AP YGRS BE Duepyre ot M Besephe el he bRy
Al &l 0 ARiyBi¢RErath oftil@EMeiof tehstivh of the helix is

Se%rossr-pgjét%ﬁﬁglrfd\?i&ggv ofﬂy?he ao@rc{ ilon ofe 25 the asseeniggly

abotit 3% dorsablo tirmeraung fthe light Suédseanduit 02 n fie Roxtiomed tha

downst of th . Of < kh - . i
A SRR TOF <Rkl sFbe iheleptoR' 16 B BiRallf Pyt FRAr il o7
subﬁhmig'ﬂbr cﬁ@ﬁit&ﬁairﬁ)ﬂel)asﬁstealnérgﬁgve&nﬁbodgn@it isvol prhviﬁc the light

visible in Figure 7) exte ownwar, within the
i sering L & rpcrelon Al RORG ST (AL T et opeeses

igHotlin 1 i ' &aviity] ThiY iatten

o 5, AR o s Bt s 0
causes the annular cavity between the light I[?uid conduit 102 and the cylindrical
conduit 100 to reduce in cross-sectional area in the downstream direction of fluid flow

in the anmmlar 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
tequire 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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28 dependi ng upon the Iength of the helical separation
assenblies 8 and their rel ative dinensions. The baffle
WOopbeResegsenbl i es 123 provi de gui dance and spaRGTgGBIAY7/000601
the helical separation assenblies. In addition, they
serve to di sperse any Iarg:%fas bubbl es that may be
present in the bulk fluid s a result of gas

fl oatation being 5 enpl oyed. The aqutl et 120 of
copduihl e Thats aprpherisd cgangesasntn Fpweversitayill s @ppresigteddhat

calfBofthl FFqes 1P LA 113 e npltd sl I WME O o

poftitml*bfrtb@ cytmdnasl arbﬁdmt ilﬂﬂ:d)r bedrowithiA sspwaﬁed:an&mtﬂ Jline

quid co dut in e formof a enera
AUTAREIRRRL 5 eé%taéﬂ gés Wp‘gﬁ PP sflﬁ%th%\?l%g
o S i 08 s,

doubilelhelix malganmmanhpbeempweéfcommmlgm dalicad @p’dis ativern
ass rotating flow below the outlets wll

the ﬁqﬁfqﬁ? ?‘ﬁ%‘@nﬁﬁst of cross-flows, until it has
stabilised. The light fluid conduit 160 acts as a
COV"'A&'%t&cPaIﬁﬁf%'&Eh@ﬁ:‘(liBG}iﬁmfﬂlé‘h‘ﬂlﬁé?&?‘ LRUANRIHN 16

through this unstabilised fluid region eavy
terimipates dhelend oftbd lightt nd somduxi G2, |l§hewyhhdmcaﬁ henduit 100 is

P VpaL e E gHee e oA e Bre? B Rally B deuits

of *vﬂrﬁcHJe&B ﬁéso@ﬂb@d h@reiﬂ%@tef | THe dbvarBgathtpoftion FRhé bﬁiﬂdﬂbﬂ conduit
oljd/injection conduit 166 extends

IOQc%t@inémlg;ﬁqm thei ﬂﬁldtfﬁ éhfhléﬁv Jlugd eandui R e thexadleb g qidhe
cyfEREE b 1008a SRRAEP chfiol VGEaHA Bl R 8 vifiet Region,
genary Lrbﬁcatdﬂamgﬁ tAvewilidlel dbsériteddtelaw, acantiuiis etfifiished in this
BB RS R R N By
1d2' q'atcaﬁu% The CRRMY $orHR0 %&%«S@ﬁ&@ G ﬁfeq&zﬁ lae alll AMNBkePEIR

of the helical separatl on assenblies 8. A helical vane
124 22d ayopen Whed@ bane dlhpose@ miithin thewend @oﬁlcmrfoftthmhghﬁ Veud ed

00§§ O The rrne?eci L r%e 25 housing 4 between
t %1 vg% ot 3hlétl iy Separation assenblies 8

and the dovvnstream or lower end of the inverted cone

170 Tt }@h&éltsbﬁbxaﬂl&m’s@nﬁg@hbtvh%@Figﬁafesr&ﬁidom;na? Y2 6péﬂa{e& as
indicated as 10 in the figures, the purpose o

a gedf qoata@wdébpargmprassgtwtmﬁfmmnfaﬁwtﬂalebs@pwﬂmm &ucbﬁs
polistthg ik QM8 HONNBE 95 ataBioh Rinb?PhAY vk 9R 1 tBnjufidiion

with the further separation systems and method described 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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. throng

outlets 120 of the helical separation assenblies 8.

The inverted cone 170 is of such a length and angle to
WOR0Q%€2a sufficient reduction in the annul aquq/%WQWIO%M

bet ween the housing 4 and the secondary light fluid

conduit 160 to create a higler rotational annul ar

velocity of the fluid to effect a final separation of

aepgting o thn BRgod it GRtioH Asortat B ASEROLFLS RBTLRR jetive
dithBRBsHsa e hatRN Sl aSRMLYEs P21 AdvidRQuidines heDsating 1d 1R

Is a second fluid-fluid separation stage, generally
heliealiseprraibreassetablies. Ihedditioq they. serve te Hisperse ghlerse &s

i.ning_ Liahter, .fl,ui.d ases_are final !
oub PSR i By e s i Stk PEGE S5 ol of Boo Mo e
engﬂgjgd_fl uid conduit 160 is provided with a 10
lurality of ports or holes 174 along its length from
inside the inverted cone 170, through which the _
| i ghthsroutleti] 20 qfteaciebelival/ sepanation tﬂ%ﬁémg‘bh%ﬂﬁ qriepg sgrag to direct

e N T

voaiex flotedeinhq bs Hderibaripies W secaidary lightdluid nonduit 1691 D the
is closed at its . |lower end 161, as shown |r]1F|, ur.e g )

form rbp genarally exdingriga)tebeg exippds coapiglly ROURR the housifg 4 and has its

L AR anVd i 6. LIRS dtRMeS2 1 th
upBEOS GREL R art it o, 8 5 BRSIEN BT oldRYRED s above, the
outlat 12einabs sk ynd ef ¢dok helicad kepfakafion-assembdy Se ﬂ'iap aotating flow

nd _.recqovery.. St eneral |y i.ndi cated.as 14.in,the ..
by decaiieR Wiy oS bt i RLEH HAF sl e tgnt
@ wesdhERD LR doRBing &6 ekt khyiighiffluid dropipatcahbeup
-stage.12 and provides a barrier to the lighter fluids
' s vesiehilised dhidiragiorpl). and ensures only the heavi er
fluid conponents and solids in the outer annul us

contj nue in.the do rds {1 ow.direction. Th J .

vaneh Doy Soadilt TR gh B ithin s pekpBodhs Mefictiuia
conbitit 466 0p telarieeakally fitoagitihe dReY Raydrs! 3§ evilich isToanected at
. portion of the heavy fluid conduit 164 extending into
its yppst endgIthe iepid sondpit 42, peshayuindiews 2a plurality of

ports 180, through which the heaviest find phases are

Wi t hgr, . .25 . Odd ni i.O0L: j ; t .

o PR sARNSRARI (e 54t Lo Ry (R RS Eonai
1@%5 toholebigd :a’eitﬁuplﬂb antto_n'hg cchaa{éai rbméei 4 the Uﬁpdrhnd% ady as

SOl 1, material, suc as silt a sed)]. nt,.tnro e
shewpiip Figireds L Bnilowrpiumateriad GEHOF@? ﬂ@ﬁﬁh‘%@“&?’%&ﬁ%‘ 6%5 13
co%lgrgﬁ&ﬁﬂy RSARNY AR, Qfso VRAMYA BiBelion. Al ternatively, the

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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solid/injection conduit 166 may be used to inject

active conponents into the fluid in the housing, for
woexerippieei2t o enhance the separati on of the fl uiRCHERI®ZH00601

The | ower end of the housing 4 is provided with a bore

182, in which are |located an isolation plug or plugs

184 and a check val ve 186, X%t h of conventional 5

desi gn. The bore 182 may be used to provide jetting or
outets dGD af therhelioal sswrm?neassembltw 8orThedmearted cahe hi70 is of such a

tenglE it e PR 4B AN PSS SBe B A onpa Bl the
ol 4380 5 RAG iR LA ORI IBOADBcHRRAK hécaDrRbn

two phase m xture o wat er . m xed phase
angitlaevalodity afithe Buld tofeffetien fival eeupar@m\né’ rtlm:lhghtmrxlﬂ]eawer fluid
ph odu tion flui d f a 10 subterranean well. Typically

“3"%’?%0 HESGPPY s suspended as droplets in
t he bulk aqueous phase, which are not susceptible to

COAIORGENER ofHE IRBRRE AlinBldbiediy Qotvﬁ&rééﬁl‘éﬁ%@lé@ & inverted

techni ques of gravity separation and _are of

confn E70 isiacieeond fwid fluid sepatptiog atage, gederally ondiented ad fdigahe

e A P i A s e el oy from e

)

 asdoRLYATE bHiovethis) RasbddhiydHe Shivecb@it RE0TSs dovilad withs

. .achi eved using the nethod and apparatus of the present
plyrahityrafigrs prhelee 1 “heleng e longthfoun hsida the invceledhsens,

t
trlaghl (e 1ighioD #3id phases may Ut bR T80 Ghd pl3 ﬁtnggge
annaaricAvity Gtveaed theliglitShtideorfduiti 160 faed theHeade ﬂuﬁBconﬂum io4. It
is,distribu Q.one, Qr re, he

JWhere it
will 35 o s € sopperadien B GG 180 St et o 161,
as SRR id Figne g.he 20 flow through which is controlled by
the respéctive valve 62 and one- way check val ve 63.
This allows the general flow to be segregated and
di viRkdetring to Figuna§ahérees shomni socressfsectichal wieivbonf ‘uhe dowostream

or Ao e R RO RSP fEin B LR B
firaPRaidadolid Rep e oA daSc el PstilR, g&e?au)smaﬁheatasdzﬂl@me figures.

match the volunetric flowate of the feed streamto be

A perded yeeqll 7ons diposest ddhe dawnstream ead oh fheageonst flyigdluid
; ; PR .
se@a%%t&%ﬁ’élt%(ge?ﬁeéxﬁgsrBt}%seé‘ Eaﬂn@%’ t%gh% feigf’lteli ﬁxg@é‘g& {\%I%g&?&at Anutus

anyr ng e’ range
an@fenstobsiondy ttiechefamy\ﬂatde@mnefae art atidehd teamtoviahholus

an reduc ion i he effi ciency eparatlon I-ndeed,
copfine;ig;the dqmipgar g%b@&'td%c'%?ﬂrbﬂﬁaﬁqﬂtﬁﬁf waned; 7orraatk theyipsgepm

enﬁ%k’ﬁfe"’l{i éﬁﬁﬁﬂ iR AaBGd 8SoRl H %i%e 14 eTRYS4:R0h bR Scavy
lored to a very vvlderaneo d conposi tions
ﬂtaah doﬂdlmvﬂtﬁéteas:ndu@mnto 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 1o 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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while allow ng the separation processes to operate
under their optinmmconditions and at a high
WOR00T/Q%6@eidcy. From each inlet conduit 56, the JdiGYGBI087/000601
streamenters the respective radial bore 54 in the
inlet body 22, through the tangential opening 52 in
t he uppernost portion of t Y cylindrical feed conduit
of the respective helical separation assenbly 8, as.,.
SoBWEFPLion cRRGF L5 Ay hesed tyRyCRAPtYR GERaneniy faip e fpid in
- . . . ally,
e HNRLR, K xfipte N Eniles [RIEBAREN St BURAIESE. V1 owe
t he general phase masses to be divided and begin to
sepaptiewadhdid? iREhS BN 4 Borotidebwith aboredl %), it which wreof
di screte phases before the fluid enters the helica

logatash greisiationsplps ot plres b&4 ad & rbesk velieH SRebqti gf conventional
a 23l .
oo SHL K BEPSLq 4 051 hing Aot e
or catente whien instailngths hbnsitg ¢ intpehagdabed. of j ust a single
hel i cal separation assenbly 8 will be described for

clarity. . The oil/water stream entering e A
hel i hsiopsetian of fhsrpssaalini thodcooarpany Qe e dpseribed
. j . i . t i
in R 8T LR B oo PRSE IR Do PREGREE! SR ke
phest sireamt ik &ypidali bfithi| veaterstabierddsfadh de preduasion fbédsafc

ters th li.cal .flovyvpath farmed. by th elix . 1(18
suf RSt AR  PheEis Nene e N drip s e
bulllt YMedhdPhdse, SAtibIPAreRY5RAediife foScohRs@RBEERL Sepdration using the
unitorm rotating fluid flow pattern in the oil/water

copventigigl tgrheiqugs ehgeviy senreationaand #ra ofrissiFcientamesttp searegate

: . i
B BB BRES. 1L LAARIHor LR ARAMRR] i hana gl ¥
formgiomgtheiail mhitbb réevddelyormn thiswatermtver cdr&eﬂie@imhfﬁekﬂn #00/ppm.
TGS i S e G S B Bl ™
erfBALRER sWodvh i@k aBERNPASisRy Ah@és fftbliekency of

separation of oil droplets fromthe water.

Accordingly, the uppernost region 104 and the fluid
st abThe mixed phaseedli/ wated Sifcaay s feprrthe essenblys? diybugh the fluid

bR R A Do RS B e o on

orRENB BkHeal BepEbATonQksdniifich Buh@ulh GW respebliedialst corivsd, ke

val ue at which turbulent flow arises. Preferably, the
flaw Bwowghawhich dxeangelled by the ressciive wive o2 padorsiway ehgpiryalve

f Ofy . id f | ' t,
6% piit ity B Eeae T BEseafe P REORR AR o prihod e
pd@ﬁ%fsef?ﬂtbiﬁsﬁbtaﬁbﬁ tqareEpepﬁloé Heligall fé;ﬁiéa;ibﬁ\amedﬁ)lﬁhkl eﬁh dﬁmibed
ena o e transitional range,. . n e \W
abgyatihe nEEbsreRd Pe@%éﬂ?%% et %ﬁvéhﬁﬁléﬁrgﬂm%ﬁe% ligs tg/hg used
is EQSctQ@FHnggﬁEh ?T(;ér\'rdiﬁjnefrfc%vﬁéﬁto?][tﬁ%uﬂh& SrORDRI B Fobdsedt. As

centri ces wthin the id, forc_:lng eve_nthe
ncderh fitl ie ah adivamgrge tof thef astémiblst of Cherproseat mvertion; di payticuwar as

t hei,r respective degnsitiges. This acti.on_encougage
SHOBR18 16 oGRS SRUIPH TR 31 e Stk 0 PFGER B Btcs may be
achbinfibdhiRd bHikBut 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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5 due to their |larger masses, experience a |arger
force and accel erate the separation of the phases. An
woad0aemsade of a forced flow in the flow stabi IRGHAEB2GT/000601
region 106 is-that it significantly increases the
critical Reynolds nunber, allow ng the Reynol ds nunber
to be considerably hlgher Blt still within the |aninar
flow reginme than for flow in an open stream This in
whilgrablogiingihe seprsatianpracasessitp operaie vaded their priémum gpnditions
y 10 al ong the helical path. Upon
an?aggﬁ%%.?ﬁ88¢ “uid flow stabilisation regi on 106 the
oi | /water streaminmediately enters the upper end of

t he grbwi e@cﬁﬁﬂ’&rcﬁhdhﬁf‘% QEé &trwhﬂeQ s@dh biershiBd tespdctive radial
flowpath formed by the helix 112. In this region, the

borm?‘bm the inletdedp 224 theoughlth@jtaomlmalsomnela % igdhenpnegnosto

pofifir fiihe MBI R S s B B Rt B Sspmoty 5.
as 86w ih Biguieh 8 daddh TaRRkletfed dRld fiRb@amtas tHetylifidlidal €eed
oi |, droplets and separation action at various Sta%ﬁg@gmml

copduit t@@gtrthauw wherg coarse ?W%@WPPWEOH ep¢ugs.j Khis afpws
|
gée@ﬁﬁ&%‘ﬁtﬂeﬁﬁ%dﬁ il Eé%ﬂafs% teldRd 6 Betlﬁ%f%ﬁﬁ s’&@ﬁﬁ fnto a

reglons of a |on reg
pluralitfyi of ldnserdﬁaphasbsabefoteahe ﬂnnll enftémthedlfehtdl dlofpathd A4 theam

opfigfion of FRBELIF GrESAAn SHEL0Y 1hidriiah Wb AR, O erence

beiﬁgetlﬁ@ dizb Bf fhe Qﬁeﬁﬂftﬁ and 74 %1&&&&1&%@5}% re %ﬁ&aﬁt‘)xpmust a

the | ength of the helical flowp as shown
Slr%l@hﬁrh@gi Bbaratian stsembhes will be ét:scebttd feg clanityt.he u pper
i Aner reglon of the flovvpath flows through the ports
114 e I| ht fluid conduit. 102 war
e <o e enmeSe il srraufian s et
fldwE £LARatRETRTRNYAS Zﬂdesaélc@ AP pleindsk %;5&1 1?04 é@ylea@& in Figure

present in the oil at this point is ected in

4. t’H‘@ ailfpaier thepientersoihe fyid Gew stabwattpnsreg@nd@iﬁ @nd golges tBO
t
neflGfl SRR bYRR AR08, HAE Ruidfof B ukiPpdRfiec egion 104

andshﬁemuktﬁoﬁﬂstawlsan@h région 166 Brtalgedmite a3miform} doeating fiwid flow
.26, and the fluid_conduit 37. Any ter entraj ned

patt? (ip ﬂew%ﬁter ShEeRON- e Rphpassageid ﬂ&%ﬁ‘}feé@\gfg%‘lg thevarongr ns

cohBuitsHBd NS upGrébnPY¥r ﬂtetéeg@taﬁott%s% Q%ﬂﬁ%w@é’fh%%uéﬁn with

in the inlet body 22 Upon [eavin flurd
a tudmbena flowregion, mtwlmb theBeyroidsi numbgr iS| sigrificantiyraboet thag

erfipd Pl hufoe! Bt ittoh ReisAlRbRaRoR perdiobly £
tuﬂ:rattn@ﬂotvtpeuhel witladot bldad Righ eeididhRgl o YepahioRQifioX dhdgilets

In this re the rotational velocity of the stream
frqug e eaten sherordingly, theappermostisg®NAE) ol e Buidismbilisption

re%xt]ﬁ 185 Et?raha@e t%as%%%h qﬁ‘he AP / %ﬂ&{]thta{lﬁe géelﬁghumber is

ocCIt m|S|ncres

bedawd memrmnall mmber, prrptsthaewa:ds b Reynodds manben of tie fhad foaris
of .the cylindrical gnduit 100 i mmedi_at el y. dogwnst r eam

brgyeht helogiihe alue gbwhichiterovlenolew prigssh Hselerablys S v 116.

stshRShl 8 [Sptor! 065 SPLUEREL Bheth 6 AP B NeeifuBFo by
la:ininaer Aebbagipihe ﬂb%regnnie sﬂwld/hfrmetke trnsitidrel $t218, prefariidy with a
condui.t 102. Under t he

ReyBoRs ogper ariis Ftes endbl e dmasEpod Rafieel 1 4 i n ¢ he '

~\MOr t ex, -t-he-remat-ni-ng- oi-l-- dropl-et-s -m-grat e -t-o-t he -
centre of the vortex and enter the | ower end of the
l'ight fluid conduit 102, fromwhere it passes to cap
assenbly 24, as discussed above. The remaining |iquid
flows down the cylindrical conduit 100 and |eaves
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15 through the angled outlet 120 to enter the main

vol unme of the housing 4.. In operation, the nain bOd/mmmn
WOgPOHMes1housing 4 is filled with Iiquid, the P&REFB20

region being filled with water and the upper region
being filled wth the Iighgﬁr oil. The entire assenbly
is operated such that the ofl/water interface is above

h i i.gh | evel. i li pdr. cal duj
100 B ok Carionsgrian J0fant Meudesil Hhee o eiE bt
hel¥@l Q6% ;ﬁ&e&%ﬂﬂag%n% \ipe cémgﬁzgal fifebds URfIE HRFNAE fHfdtng even

separ at’i on of remaining oil droplets fromthe .
thevimadlest dpplefsiof Suidiotriigrate sccerding &t i tesportive dgnsities: yThis

separation, by which,the Lighter .oil 0 e
i SR8y soalestife A e el e 420 BB Suiflo e
dué f0iheR larghemasts, eRpdrRates 1argerifbics ané gtcelrant e deparuiigof
t he housing 4 through the | gngitudinal bores 48 in th
the phases. Hovgdvantags o pTtred ﬂ@wg@&el fiquustabiiaationdesion 196 ischiat

it fi B Tn R RIIRM 1moltR ol et blloh g BERYGOIA ifber
to Becaitlepabde highersmp atith within ihe larhmanflow reginertkarCor flow in an
housi ng j.s a further rotatjonal separatio The action
opel Sesris aHa Brtogeiars o s o A Sk e Jelosy
]ﬁgp?% ntially water phase within the | ower
alo?L%étP%ﬁe of t@ housi ng 4. The rotating water stream
descends within the housing through the fluid
st allipondedvinmthe €yidfowGtabdkatien tdgeonitehe gilivedanspeases
. the,inverted, cone 17 d $he helical van 12y 4l 1S o
i GjAL Er GRS VRSN 5 16 (S SeRian ey 1) g Pl
floWpafPB BBl 8? SelRExi1unt Remmid ﬁeﬁidﬁ; fHewhdosmpas@bT @8 oil droplets
region 12. 1n this region, the remaining oil droplets

arealagecanguglyta eollasigndtie be senarted Bapy the yRter fiuthsGilsvagr stream

ere t S, r \ ' .
e Bkl Al Pk Sl el
oildiroplestand epegativpvuetids apesiout biagss asubé Sow id Rcalf thtdugh the
hel i cal separation assenblies 8 _and_enter the upper
e} 4 BRFesFIIbd egaRER il alY In Figires FRd0 T ine BERAT APIHROL the
flfid Féﬂi%oﬁlr%igﬁ 110118 SBAPREALoAR I HeQBtatignabitlow rant atid
only very nor or trace anmounts of oil and be
strearitcaiies tHedightaionl dropletsiio migmtetogho upner.dnesiegion aathcon

r for di,sposal. in T t '
e B0 el Y 1. e B O ko
of Iﬁ@éﬁéli&ﬁl 1l s SRewi &1 F@uﬁe&_@bi andtsbe Ihe ail yoll¢ating in the

conduit 164. The water in this conduit fdQ pwar.ds
upper, inner eegiereisherypah Hoves theopgh e prastsidd é&r@}ealggﬁ fluid
- - | | -| *
R e T e
the cap meémblyid, aehokanie Figise 2r dgiyggas pfeserian teus] atdhig paind is

emoyed, either ,peri.qgdically.pr coptinuously,,.15
c&lﬁ?ts%ghﬂlf REBEIdPFib of e e UiqUicration ggge 30 and is fypoved
tkui%Qt h @d BHr€ad b iHe e Wby RoalRIO3Pr P SiE K iR ioiahe cap

ntroduci ng conponents info the fluids in the housin
asskmin O faovgio Prlaterabhotsrten e byes ey ardtbe &gl qoadun .
i nprove the se ati.on effi,ciepcy of th [.a
Asg Bl fyraifed WRE I oiPghdTep g el pestipBbc Flelity b
housR@ A thewhy bf Ge 1@iBNvaInabBsts 98 1inldhe vyt Yody 20. r ecycl ed
to the’inlet conduit 60, in order to adjust the
volumetric flowate of fluid through the assenbly.
- Thi's- may be needed, -f-or- exanpl-e; -t-0o provi de-suf fiei ent -
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th@l @’i"’}’%@Ft yhe Grst actioais detai

rotational velocity of the oil/water streans in the
hel i cal separation assenblies 8. The control and
womori/aeeizng of the overall systemis achi eved REi/GR200000601
arrangement of injection, nonitoring and sanple |ines.
As noted above, the 25 cylindrical inlet body 22 is
formed with a plurality of 33adi al bores 55 connected
at their inner ends to respective control lines 53. As
nor &jpuindeading thediuid sepafatign regidn 110he caninolg liquid sofsdsting

extend | on |tud|nall in a downstre dj re ti.on thin
esqeﬁtéalfvb%wtgr With-phiBOT SRRRIKS Gt SNSES tﬁﬁ% J : qnﬁ”?mlﬂg
regi! P it AR UpbEr S bl BT RATRO “‘;CE‘*E‘%YZ@* B, &
th1a rﬁguma mm mtatmnabveﬂrmntymﬁhe sBramninyndomsed| As b egdultitheugh
t hese, | i nes | order to ovide a.ga

Bt afls SRR PioRoes apf gtaycrpinegh Hlecatiiedl Sk Srhe

veﬁ)%ft}/ loP HHeRbrebta gs fr@fea&é&?stﬁ'ﬁ&faﬁiﬂl tolgri@Re adtdbke ¥Hex in the
determ ne and nonit i'nt érface between the

pottioghaf the wlmdpn@ls;@néw@ wmme@etplsf dayimgtrpirn o6 i emld. of then@uid

AT e ST AR bl o

fliPesHdae 100 208 coRectdd Witk Rt dD5the ﬁ@@n@a goRd IZMd the vortex
housi n%b(has shown in the Figures. For efficie
[

tubgoki6anithmloger endobibe dight fleid condbky. Yader élwr?@&eg ghthg
oot e Ok B b5y G50k AR o
thdbanaend theradriex agd reﬁreﬁl thegowpmndtdfethmhghnfhudnéonduﬁ HoR uiroia

concerned, the int oorly defined. For
WHERRH PRESeS fo-£5p17S SRt on of of

di spersed in a contlnuous aqueous phase, the interface

may -axt |
T S A 8 YR ] SBRA e
thxdmglethu amghag dublet stoteinten thef mainevolumeef the boddng 4., Bhomemation,

15 sch t|c n. Fi r.e rol li.ne, 53
e i R R SRR s BT A5 o pegi el led vith
wiby £ tHe ﬁftaﬁé@ SeAoflBEHAYINEd wilhehoTigeei ik The aftirk B$s€§1bl?,ds
fluid in the control line 53 .is ‘measured by, a_senso
opsragd sweh jhat theeoilfates intertamg iswhaye the HaxiFBR g&x& lggel iy §f the

oSBT Y RS o B B 10868 o
the keus g4 tthratacﬁ@mbtﬁdnd‘erthmdphﬂltﬂon@lﬁ tny temadniog ot diréplets from

after 20 separation 'ngﬁa&el’w %?;.,PJI ,F}%‘;%t?m{fﬁg‘(‘@éﬂﬂhslhghter

oi ﬂ e cau3€d EH tﬁn‘tﬂe ERiEORd e Rter h{erlﬁaple?regﬁﬁ‘xs urRGbil

conpare e pressure at t e exit of
cdlheqbdl irf this rdgion n:uiﬂlleavnigwﬂae heuging 4 throeghwbe dongitediat boreg 48 in

the gﬂf boii 25&09 rgfitlgg %&gas—hqu%estegatra gnegqnlésjl " tehceeipfagsr;emgly 24,

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

The second mode of separation in the main volurﬁe 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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where h"" is the height between the datum and the
interface 15; P, is the pressure of injected ol

WO ME/08ei2rol |ine 53; Ph is the pressure in tﬁ’gT’GBmmmOOGOI
uppernost end of the 36 housing 4; dwis the density
of water; and do is the deg;ity of the injected oil. A
simlar fornmula is applied o ot her quid syst ens.
A constant feed of ht fluid, such

rotzHoNAk VAR it HcRgH: PrRe Bl SR cgiprs 2 i el Auilid
sep! alugﬁ’réég&% £/ Sl r@glgﬁ,tﬂlé’ F%Iﬂw%g'oﬁl%oﬁlgﬁ aﬁ@%@&ﬁo'rﬁgrate

e Interface. 5 In genera system wi |
1o thp eertitecuf the hdusingpt, sdetethey pass tmough thiemgrts é\’/é fin 111@ Seepndary

RN T Y MR T

out%@?iﬁ bl hARIPsarakiBR afdetitties B dhd ehtdt ©eipper reflon efrtit
of the system outside of this range can be used to

housingyher an alarmand/or initiate a corrective
operation, such as the injection through one or nore

con es. 53. 0 val f 10 L] ht f

nearpe Pt Savingn? hufhet By Rl srmmapntebigh 12oy tgprain only
veryRhiRoPbr 4@ atieuhtofirERg belsuitdblefor eéiajeetominteln éulitémnean

System may be adj usted, deg ndi ng, upon the correction

formatjon prfbr iposab it et Vo i eI gerneied fm fheapanibly i

| id L &
thedeBRl aflof 14 bY BpdSR A Ruch i Sore YRIRIEAMARG ¥iq Ecif
164, UT?eﬁiat‘e’gﬁ thfs copfibit Gatws apwards o thedap assehﬂﬂy 24 anchi_emm the
pre erre nt ar.a e conprises a
s Nk ireupdra iR et diang HedauidiBaa both | n
general and in specific detail above and shown in the

ace URABK 11U o AR SRV Be SANREAin the

r ef nce nunera separati on assenbly
lowennobieregion wif techdusing 4veadiremyved, eifhdriperiedicaldy emeontinmously,

particul ar. a r.an f.different nom nal dianeters.
tm?ﬂ%‘é%é@éé’ﬁ%’@“?@%%‘?‘f‘%ﬁ on in the size of the
separation modul e is an advantage of the present

| NV iRk isoRa/RYectibh Q¥hAG: PsoMISPpro?I88a Bleahd FirGntiddabingt €S
and conpositions to be acconnpdated. There are a

compowats ipfo ﬂvaﬁbldsnnm Totnsinget, m&mﬁsaﬁpmtmrbmnws,tah gnay be
redirS8 P b e o g 808 b e o buschliy, 82 0C"

| ar ger
A portion of the water removed from the fluid removal section 14 may be

recycled to the inlet conduit 60, in order to adjust the volumetric 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 assermblies 8.

. The controf 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 conirol 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 confrol lines 53 -may be used to inject components.intothe.. ... . ... ..
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25 fluid flowmwates. Referring to Figure 11, there is
shown a graph of the operating flowates and pressures
woORe97/6612nge of helical separation assenbli es BCHEB2007/000601

shown in the acconpanying figures. The opérating

ranges and paraneters are given for helical separation
assenbl i es having norninal i ameters of 4, 5, 6 and 7

i nches (nunbered 1 to 4 in Figure 11) and for
budlpfuid phase withintthe beysang sucdnsekl ditives endsdpaditiop lesbancéns.o fdas
a . 37.water stream Such streamis .typical,.of th .
me) e iniset GRRAT BOr0l LSS ineR SLORIER PO P gge Hoatation
sy 'I‘J,,{tmgaq[qqh QR YRhdeON operations in subterranean oil

and gas wells. As"a first approach to accommobdating a
gi'ven fluid streamand flowate, it is nerely

nec e3sapartitdasekdot the kentegifinep 58 i to determinef andahomitol the
. Separation asse y., for .5 ex le froma gra uch
infyeags Gaeiy e HEht MU phpreisckthe BFRY A PBrG Ueh thebtng 4

. i i i t

A BB e AR LD, A8 PR T PP AL R @' oo
wighgh ithe ovding tplogeustyi the upgermostiregiose abihe dgusing, asshown in the
.oper aj.ed 4.n. paral l.el . further nmanner..t. | .
Pt £ SippeBE R oriat e ek fon PROS itdfe Pty bilfensey
thé ifdérficabetweehRE RS 131@53@3. Jalopetation, bfs hiebd § weil ZREnal

the plurality of helical separation assenblies allows

intgrigearb? nAltemativily.dleperdiagupey tenapue ehiby flidscongrmed, the

. i t . qQLven._sir . .

iny o a0 B8 pb Sy Bk, Wi Botile o GO LB AR 10 S of o

dispmrged dh kicontimfous hqudohs phass] the dmetfaceheraypexienbsent sewerdl meters
vary as the V\ﬁf}“ ofr .wells are brought on stream or

THS6AD SFHISIRRERT Ak RRAWAIRE ng | i fetime of the

separation assenbly. This situation is 15 likely to be
enc i i ASsHBIl S-
St bt B iR S g R

schemnatidatipsn Figutre t@nAapatral lne 1 isskown dedngiag intd sholfousing 4,
time, typi.cally.; man ear s ith littl ._No .y

thg JgViR SR o Vo AR REL AR 19 DRomEseFs ddetled fuid in the

CHEBRRAL 5P rﬁéﬂéh&ﬂ%gt ehsorU Sini1 &P tRe hreSskd PPwitBH the housin
cresult of the flui afI O\S/vrate a%ggacon%ositi on produced ¢

atfitsappemwsivend isvagagindg dodeterhing thontendacad 64y eb g water fluid
the sent .l nyent j e '- t

syt BIA S R i B o PR PRI EhAS BB L

sepaagen af tht laasshitie vfatdovamdendiy is dnsodubedgite gnoyemore of the
t . .

qonltrgFlines 53. The pressure in the control line is measured and compared with the

pressure at the exit of the light fluid conduit, The height h., between the datum 19 and

the interface 15 is determined using the formula:

hy = (Ps— Py}
(dw—do)

where hy, 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 ofthe
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An assenbly incorporating the concepts of the present
i nvention and adapted to accommbdate such cha

WO H87/896612d st ream over tinme conprises a plur aI]T(?VGE?OWOOO‘SOI
25hel i.cal separation assenblies 8 of a variety of
nom nal sizes. As the flui Iovvr ate and conpositions
change the individual heli separation assenblies

ar.e u nandof i i.n.the appropriate
hofi ion Rohe (G hE OBt e %ibsf&ﬂl%@ b gl aihgt
siRllAFeaRAH 1@5153;119&9;%@1@: Rl isPmgepar ation efficiency.

Referring to Figure 12, there is shown, as an exanple,

a further graph in which the flowate of an

oi | -A oostamit feetled lighIHA0CH 96 611 APGIRIEHASD throahohd c&Brol

er S a such as obtai.ned fromthe prodyctian o
ling 3P, 1 GAT0 SlIBVdRT SRR IO ABENELY aOTHRY iR pasia the Intertace.

m%@ﬁ@hlnﬁie' S9EmOlIlRRAk L th B PRIRTIARIBEARL 8R! 14,95

ure 11. be seén, | owr at es,

shewn g Elgned I awrlﬂlsaelpah amnb h7 asd Imbpgmbi 8 foy éhealpﬁﬁrfilp%l d&ﬁemg

S t. flo Le | re S it LS
wEhaEin DERRLOUE e OiR BIELS LAGNERRET A b
outideestithiseangefcah he usgoensgaha a&lrﬂﬁmd]ﬂﬂ emﬁmtaecromaﬁive

conbi nat| on_of sizes of separation assenblies are

opgeatian Beh pbthedrierianbrovgh @PP eﬁ mog eantmof Bpgsax3e0f ayplyrge of
light fihtd Gk fiaCAHRrARGErY! 61472 aBRRARHeYor ribrBRERR! duttet
n its  operating range and I'ts opt

puafps io€ urﬂetaahnkﬂeire&md thg sysberk nglyrte aﬂjnstetdh éqmndmgs,iponﬁme
: vert.c axi s hlsto ram 0 vertical XIS
cofHoRISTILE TH 0 e tie 2ohn v dbo e ling Fruiphee e
heb@er 8ai@h helix, while the vertical axis 202 on the

| eft hand side shows the pressure differential across

a helix. The base of the histogramidentifies a single

siz eﬁmteidiovset}ha peraRgsment st Ipyeseﬂdnvmbh imparticdhrly suited

tion ass e vertical
fof SRl 2RI Fasithobe Bl S AP R g PRt module
cofipikéscd l@dﬁcapﬁﬁéﬁauém 88bmbB/, 6€8esotibdtl Both Regdreril And fdspebigic
15 maxi num_ fl ow ate 206 accept able to remain bel ow the
detay]; abpye rndhone iadhaeespaipanying figuresindicaigd By thawgenesaght
refffcr B8 Bllmpiad 5 The BERA Xl oARRSAILY naN SEPr e il Rl of
d1ffemnirsiiasgml pastequdar atrange ofidifierent dvenibhlodiametdrst Ahingossitrie

L XA L X

'by%ﬁlomﬁg &%d&‘éﬁg@éﬁfﬁﬂ FRweAtkS Q{cﬁéﬂm}ﬂi&ﬁ@nﬁ I8 Be 2 ohdnodated.

operating band for each helical separation assenbly
Thgig are pawigiber priwaysghtwhichithg niedulay approatteef the potsght invration
d polluting the heavier fluid phase
maylﬁ %@f&g This will render the heavier fluid
unaccept abl e for punping downhole, unless it is
r eCYGis€ dhé Rrden 8izk RERéal SdpatMRnIQRRRHek 0 83664 cﬁf&iaiéé?

%hter | uid phases renoved.
ﬂu1d owrates. Refernng 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

- to4 inFigure 11) and for operation in the separation of crude oil droplets froma
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Therefore, as the total flowate increases or
decreases, helical separation 25 assenblies cannot be
wo00009%613pened or cl osed, as the fluid flow tPEEEB2007/000601
open helical separation assenblies could change and be
out si de the aforenenti oned operati ng wi ndows. For the
overall systemto performtifie required separation duty
over a wide range of fluid flowates, internediate

watistrean. Sughp stream isypisatnfjheoilspraningted Walpkstregmse

enf i duing il S ygRRRly iefitof M ErERTTH 0 B

welld0B.sBHRst dppsddet!te abiBalatis B hivhi Mid sgeei R/ o) @ris

1 in Figure 11 having a nom nal di ameter of 4 inches
meqrely agpessay to yelectdhe apnuenrigisiag pOelishl seperatpmagsembly, for
[ a recirculation of clean
ex%ﬁ?@@%ﬂagﬁcﬁcﬁﬁgﬁ@é ﬂow 5 flowate of the stream
to be processed. As the flowate of the streamto be

pr ogefReteiiiGo B pRieessas hiraflowhitasakbding dssmntihiveSopkrating
3 and 4 are brought on-line, either alone or in

flopsamiondhg ltﬂhcﬂmeﬁwaa@%gsswbupfhe@hs@e@n Py angba plurality of

X .

suBf SERIBHE) A HebAkaa B A" hidbr BERR 3 hitly the mqdular

apbﬁaad‘&ﬂﬁﬂlb @reméntaﬁvaﬁionqs ® s‘elek:t ? fsluﬁanty SAgprmﬂaie sckiion ef the
. t

stge pLALE Rk heligh separao gttt Alguas SpmbtRegon of

GRS S BIA Y i cluifed B/ bR incABtleh Hefm and flowrate

I'ndicating the total fluid flowate to be accommodat ed
by the assenbly 2. The base of the histogram

i demt bémphcatMBanmdmnthb ﬁmeamd/mpcom@ssmmd:ﬂthe fluid
m ni mum f | owr at c essed usi :ﬁl%t

' ste
Stredfa tQ BRBTaqatse ﬁ‘“]&fv asit %We]g Qb‘é’F HBF"F%%“ 95

%HlQaY(YH dver thl szo}ﬁm%tlﬁaﬁné dent 'séﬂﬁﬁuﬁxsdsg@ﬁbl?r Eagh sxtuatlon is

onbi nation of héelical separation assenblies has been

lﬂmlmib deaticeunteret in thadhse afedfsherswilvilizes wetlki Hds prsfarted to

or e BB Bbiof okl et e RS2 g 8%

tindd) tpicallyf hany pdaes, @hmatléeﬂnc%@ustmeﬁmqﬁﬁnﬁamﬂ 75 proBletn
conmbj nati on, of seven heli cal quaatl on assenb| | e

of
arige it serarationeg ripmeanh alyweh {f‘a&t@ {ons gsip TFF‘BD?@h?L%P%QO

ﬂ(asggﬁ“g ﬁ%@%]ﬁb%{: &Eiéle 11§ﬁa1 |dent|%|ieog6as assenbl y
Ad.wrta‘gmtsl;o ﬁlemesamt Ewguhm firdvides a sepaﬁ&wm slyst;emethamn ben

re .12 safe ratin r e | ect ed. f or
ingie Y B St o GRETREBIOA £ SOkl ADVE e LS BR R P ge

ch@hgih$ 8vértneéd] aeent conbi nations. As the total fluid
flowate increases and the maxi mum operating flow ate

of a given
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 composit-ions 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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25 assenbly conbi nation 228, the operation is swtched

to the next higher assenbly conbination, as identified
WOi2p07096613t eps 225. Wien the total fluid flow &/ EHIIPY000601

and approaches the m ni num operating ficrwate 230 of

the conbination, operation is switched to the next

| oner assenbly conbi nation38In this way, a snooth,

continuous fluid separation operation can be achieved, .
watgrawreaay auch habltained fioat the poodusiomakeibframapsubiirgnean well, is

madched N Snpiog o e P LB L 9T e 11

ALSFOYkn Of 10w o REASE R bin iRk Gepithiten a8pibbAith: a
nodul ar approach, individual helical separation

appipeintelsizesan be etpplaygit Asihe Herra increpses, it AxnqcRrsaR igiegploy
flLow.ate and conpositi j gyt
combEHiars of §yE T0s P el et S8 propiu® Bl nb Bfbarand
cofiia of siey ofsbparhiifiadsbabhaeeridléasd mmatsh ttetiegyjred total
them down are provided as, aspects. of the Pre nt. fin
Hawetmwhiiastil allowing cashiadvidial pxempBaioPaate WERL apsrating
m:ﬁé)e e?n% at?%iogt}ﬁ‘ﬁ?.mierfﬁtzi@ﬁc}yari ous separation stages of the
I nven

esen fon, It is necessary that the fluid
flowate is above a critical m ni rum val ue, as

i ndi %Fﬁﬂlfw F}]ga@e Vi there 20shoknar a duzat Iw?ﬂlliealj axid histegmatm
asse 0 shown in Figure.11. At _f| ra e .
verieal o5 200 on fhaighs él,amf Fige mdigates he flgid W&f?@r t\?\%ﬁl}&%}é
uélygé %Li’oﬁ BEOVE HarRNGddHowsERObrRES U@ Hifet digial across

Wﬁﬁ’é RS eft _
eavi er ases produced in the process. This
a hiélie, dfttectrassbf the hiskezsar tidentifies b siablecsizs halipgl separatipn assembly.
down, and start .up the,indi vidual r Sl -

FRy el R bl i 40 S60 N A sspatdc e
m%ﬁ?ﬁlﬁpil‘f@wiam ® aFﬁﬁbé ?!5ﬁici'eht d;;cgllttﬁﬁlgileilbfcesiwﬁthlmﬁm figriceastthe

el 1 cal separation assembly on |ine, usi ur
mekinine oW 306 agogpighle to remalraéefr?a‘f dac 8653 é{]eg’ﬂgldgg‘l%%“

h ' [ ' o mimum
180 2 208 T gt sz st s

digter@ial prebsiresihaebie BachiEreaddepiablsfcepiuifagel separatiqn, within the

the header 64 toq _each helical ] -
Ao s SRl SR ARG Rl Prbbots
ndahbld PaalGo BBebRy with HieViRRwR dt 6 coneseprblsyredifBrdntial within

opened, clear purge fluid (such as_clea ter.i.n.the .
(romesting b 6nd) yelisahsebarbiing aPIb b Gyl Pt i ight i bein

roduced water) is_i el gg;{\gsq foollBed M8 will
C%Eegﬁa"‘&%@ﬁ Sv‘zﬁ?f{}é‘%@a oF "rctgglhmg t 1%&?Paos\?vc(())f .ff,ui dto
rQRePHe teFHEe i dinadoaptablefoofurapigy dewnhele; wdéss it is recycled to
separation assenbly, the valve 62 and, check

el.evan
theainles obthe sprarationsyy eak?aldttﬁ%llg%rﬁ uidy SPEng¥eds g
opened, to provide a streamof fluid above the
critical .25 m.ni | QB
1 ow s gaat 0k Pl el tipl®f oPERAGESL, BOlichRGRciioh
akfenidlies e4nabt Be simphaygentder flusgiead theifthipflewda véhea bperehelical

b it R oSS R B
GO ko AR bRy o i

rirens fuidifldwpates suermediatd hdlisehsephnation aeskmply ¢amlggations have
I d. :
tg bg Ssglected.

e
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30 As the purge valve 68 is gradually closed, the

pressure of the purge fluid entering the 41 radial
WORepE%saI2wWi | | fall, allow ng the check val ve @CTgB2007/060601

open. In this way, the fluid streamto be processed

replaces the dimnishing purge fluid, as the purge

val ve 68 cl oses, bringing e hel i caI

separat i m assenbl y 8 fully on line. To shut down

gi vEmuting smiﬁo;eaﬁgr ﬁleue@amabs eﬁﬂgyre Hpat wﬁé@vﬂéwrates that

is RGP S PeD? e Bkl PR hen G kB SOREAR RSB A1,
havihg 'a‘i‘loﬁ:ﬁﬁﬁ AmnvdtéiviAURERsfid af ed TiTBe 6pt@rplm\eperRion 3f the
prevents a hi gher pressure down stream of the valve

singleerssasrblyds adhieved abing laupaircylation of lean PRERINRplIeE tha low
ﬂogi?%t BPP‘{%%HIC%IH td be ?gdcg%chAg éllli‘é ﬁ’chg%.te%fecﬁé trdam }’(‘90 el processed

ose inturn s
incaduged, helicad bdpatdtionfasmmbdies EePdnd 4 arechrougitt |oh~lsieae1ther fllonevor

i et Foppies g s5i0 DPeh e hErSmaehedlf ingi
helﬁéé{l E%p%{rﬁféh abdeninly ﬁaﬁavfﬁ?gséﬁt%itﬁl &&&ieie@bxe*r ahe. OFo Bé‘@apable

separ at | on assenbly 8 of all residual
of bmremyg priol dosedngdvil paoyge cmabmetl@& af$wolee mage QE@Q

st 1 bSReed PRI Mo BRI S 1 211 “oft Tine in

this state until such 15tine as a further change in

t he r&@ﬁé h2 fsfld’Uvéja hisRMeah Svithald 'vérﬁﬁal'aklstﬂ ztiﬁdleﬁmgahé tcRal

I S |rrportant that the helical
ﬂusiaﬂawmtep t@rbmsemnmdefsd By élneeasgmbigﬂt Tterbase plethe fistogram

A EER B Rt RS b B B By e 222 Bl con

be ‘i)Eddelsé‘ed|usﬂi‘gﬁhé%ﬁxl§1h@ﬁﬂrﬁéﬁ1d1@al&6ﬁﬁrﬁm eerbledse224 shown i m the
Separation. If the helical garatlon assembly s, |

stepardeanﬁpd@s 335 Brcherryinshige o beligal seppustiop afgmiples has Jeen
u%baﬁéa %Qariﬁﬁﬁfi’dda? ?%*gr Bt haREL i it ifified.

'S wou ntam nati on o
Tlﬁeamciptemlﬁng ranget 2260t éawh sisseliifil s caropinativmizes deet indnqated

pogs o B R BB IS O] sttt iont 36 Y
hel‘i@dl 'sgﬁé&uﬁfﬁgﬁﬁﬁﬂe@ of b @il BMintber t7an Slfes (AHEGBIY AD{n Tayee 11)

shut off, until the contam nated fluid has bee
angooe esssadly afsnopingl diametpnd inshes @@Bemhlﬁ' 3ip Elaum 1 1) identified

acce abl i nuous wel | production
aslgﬁsg %co elﬁm%té c'lﬂ]lrkﬁgur r?i\t%en the frequency that the
conbi nation of helical separation assenblies 8 being

br ougdiviipre sl ilPFiguld NE MOsaFclopeathet AngBIMR]ected 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 riext lower assembly combination, In this way, a smooth, continuous
fluid separation operation can be achieved from zero fluid flowrate to the maximum o
‘total throughput 232 of the complete assembly 2.
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42 The purge fluid feed valve 68 may be a choke

fl ow control valve, ball or gate valve. The heli
WOS8HHP4%20n assenbly may be maintained in thi Spgq/gp@owooosol

until needed to be brought on-line again. 5The

operation of the present invention, in particular the

enbodi nents shown in the adﬁbnpanying figures, has

been described in detail in relatign to a nultiphase

st r dsiwidldraanpsiciaged iduring thaapemtion of the asperplely @f e et
R

asdentHliesl atel tﬁum@t sh+ &ahaff-liibeasshe faidh ﬂmycatecmda:nmpbsmon

three or nore phases, [ ar,at ed
charges: dhisgequiess baErEb g op frabied gad dpVRu e Stted methods

fof QTR M pssc R Mol 8 M) PR LI r%"';ﬁ"éd Rrasge oree,
presenniaventiofl ALMS 1. A net hod for separating a
mul ti phase fluid stream conprising a heavier fluid
conponent and a Ilghter f| uid conponent,. the, nethod

congRiosdes dor the reguirgd seRaration;th be gelipvrd 18%hyATiovus SpRagatjon
stz{g]leéa l’)\fgﬁ% Iﬂg%ﬁ@l}t‘éiﬁ"gﬁﬁ hthi? dﬁcﬁe’c&és’&l? thEISUO QLTS IWIARS aBbvel d\&itical

the flurd streamflow ng at a
miReymal vdken amercaitedlhy\khe: Palue @4 firedclchelichloepanation agsembly

shewén e - KAThraREe BrgRinf st v o fGHRE K s
wﬂ%q{o@ be go gleﬁély?‘fdﬂléved\&ﬁé Rl RohtAmingtd ﬂlb@léé.vﬁeﬂﬂﬁmpd&es
greater than 10,000. 3. The neth

prgdsz.:c@d in thg presesy. al his shargferigionalees iiwmdesizakie wy%@ﬁu’f down

g CCO r Osghﬁrs Fe ce CII'il Q&B}gﬁﬁes uSﬁﬁJ%%EPMBFmI tg ble S

sepmdd ’[ba:véfcome thisqn@olanhﬂ: lig pmfern‘ekidmvban@ eambthetidilsgparation

aro central
assembLiy on line using apurge of clean heavy fluid.

As noted above and as shown in Figures 2 and 3, the inlet assembly of the
system comprises a purge fluid header 64 fed by a purge fluid conduit 70. The flow
of purge fluid from the header 64 to each helical separation assembly 8 is controlled
by a puirge fluid valve 68. When the purge fluid valve 68 for a given helical assembly
8 is opened, clear purge fiuid (such as clean water in the case of an assembly
separating oil droplets from produced water) is introduced downstream of the valve
62 and check valve 63 controlling the flow of fluid to be processed. At start-up ofa
given helical separation assembly, the relevant valve 62 and check valve 63 are closed
and the purge fiuid 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 opeﬁed, 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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15conduit, the fluid flowng at a sufficient velocity
to cause the lighter fluid conponent to nove to the

WO H¥AEPI6AEgi on of the helical flowpath; the netHSHGB2007/600601
further conprising collecting the lighter fluid
conmponent in the central conduit. 5. The net hod
according to claim4, wheréln the helical flowpath is
such that the critical Reynolds nunber of the fluid

- radiplowre §4 wiilddall, eHowingdhé check velveddito Ppewi Inghigtway, the fluid

oo 07 b RS Dt P R e B 4 B e
clovbe !bﬁh?in tthehdlctl sbphsitieaHseablos fllgwnd@ng a first
hel'i ca ?I owpat h, tphe first helical flowpath having a

first pitch, the first helical flowath being
suf fliccshuhdown b givgntheliea tseiraticin axsegutifpi the oppbsito paadedyye is

| ui I tt f t .St .25 th i f
tollospest| TSy B Aot sy Hiad bhEE Rl i€ iy el ™
supsibmERting the WRAL dlreahRits g@fge duie! Tikdhetk O¥IR@LH phahieg a
second pitch, wherein the second pitch |s%igreater LP+

highenpressise flpya strpam efthetvalvefientsting therfhed fluig mystewi arg

' h [ RAFIIA iall Vi
AP RS Bt R el Yl By s e
ch&?@ﬁl@ﬁ 663 1ih G bRy %utﬂdi@d&ﬁ'iﬂ?‘b e ot‘r‘(fjdeti iﬁ}m!hasmgr ﬂ;tﬁiiiajﬂow is
Stream co rrses a seQus ase an a I qUI ase.
ackigveg, eT%YQM%é@D%?W%ﬂ& PYEF of cl aj ?ns 6 gr 7,

wherein the nultiphase fluid streamconprises a

| ! Uiy - _ .
P el e Vatyd G o AT ER woiP o OEMTREARG AREAT 6 N0
coﬁ@lmﬁﬂgspurgwhghdftﬁ% seph;lsaﬁpn egsehxbﬂy &b_ﬁsléreﬁiduallﬂuid‘ﬂemgh
met ccordln Clal m Y, rern e agueous a
Pr%??ﬁi?ﬁ'r ﬁ@ %&ee‘fa%ﬁ&phs &ﬁyc%%ﬁeﬁf’&% Ee%%ﬁﬁf‘é%af W&&ﬁseﬁgﬂ}’ 8%
lefd @&g&i&g}m ERA PR3 PRAB A SaPbd 1ep SFHHESH thisQfrt B8l such

sal
time as a further change in the total fluid flowrate requires it to be brought on line,

It is important that the helical separation assemblies 8 are brought off linein a
cleaned and purged state, as the start up flowrate of fluid through the assembly 8 will
be below the critical minimum flowrate to achieve complete separation. If the helical
separation assembly is lefi containing fluid being processed, this would be flushed
into the downstream clean fluid zone upon start up. This would result in
contamination of the separated fluid fractions. ‘This contaminated fluid would need to ,
be recycled to the inlet of the assembly 2 to be processed again. This could result in
the wellbead production 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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11. The method according to any of clainms 6 to JO

wherein the pitch of the first helical flowpat
WOresi96l2const ant t hroughout its length. 12. P%GBZOWO"“GOI

nmet hod according to any of clains 6 to 11, Werein the

pitch of the 15second helical flowpath increases in

the direction of flow al ongizt he second fl owpat h.

13. The nethod according to claim. 12, wherein the pi

i ncridagutgeifinid feedajpliess ey be eeh@kenﬂ%mswﬁiaﬂln‘@lve ball %gate

e is
val e B hOfeaL Sl Pty Bty U8 el i Bid o upiiPceded t0
beibieighfeedinehgsis, substantially the entire length of the
second 20helical flowpath. 15. The nethod accordi ng
to claim 14, wherein the pitch increases up to 5% for
each turn of the second helical flowath around the
| ongi tudi nal axis of the flowpath, preferabl y up to

3% re pr.eferably about %for e
T TR tHich 86 ato RE ke i) B pSfalatstf Smbodibients shwn
mm&b@pﬂ@u@ﬁg\%ﬁ 8% B@anademﬁﬁeaxn ﬁe@ﬂﬁﬂtelﬂibﬂtegu miltiphase
which a vortex is established into V\,hlchther | Int%
streamgsowprising odl and avatsro Aswilk ke wndesstopd hatihg aﬂ#] method

oSy M S D s
su’eans STE&)J;tr@fh inby cmame:wo thiéiz orthare @dewmh orayibegepmated

achRrdiRse IR PERIST PR HERF PR R e fveiton

mby'Hé SnPRlybsR) se{:éﬁ’t@ﬁﬁﬁl'ﬁphase gas-liquid streams in a similar manner.
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19. The nmethod according to claim18, wherein the
cross-sectional area of e third helical flowpath is
decreased along the Iength of the flowath. 10 20. The
met hod according to claim 19, wherein the decrease in
the cross-sectional area o rs in a continuous or a
step-wi se marner. 21.The t‘hod according to either of
clains 19 or 20, wherein the decrease in the
cross-sectional area occurs along substantially the
entire length of the third helical flowath. 15 22. The
nmet hod according to any @i}g#ﬁgns 17 to 21, wherein
t he Reynol ds nunber of the fluid flowis at or bel ow
the critical Reynolds nunber. 23. The nethod
1.ac C oA eheighdt for Supyratihp 6 nailfiphad6bid sBam WORHALiAg @ heaadivid
is provided to stabilise the vortex. 24. The nethod
coppopeRiaRg adightsn {luidkcompsaners. be mpthog compisHEr conpri si ng
o is Ot b hdiSheam. Ldof kg o
chSEARAIOS SR Ll SRR WLt elhors
numtter s {ha fidflow ioetetdiel, Healiié strédmiflowingrap a Beptddsmasier

.the_actionqf gravity. 46_ . L ) )
belowthe e evate% cn%caﬂ nun%f)e_r_, the fluid stream flowing at a sufficient velocity to

‘cause the fluid phases 1o separate.

2. The method according to claim 1, wherein the critical Reynolds number is
greater than 10,000.

3. The method according to ¢laim 2, wherein thé critical Reynolds number is
-greater than 100,000.

4, The method according to any preceding claim, wherein

the fluid is caused to flow along a helical flowpath extending around a central
conduit, the fluid flowing at a sufficient velocity to cause the lighter fluid component
to move to the inner region of the helical flowpath; the method further comprising

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 Aow is elevated, the fluid stream flowing at a

Reynolds number below the elevated critical number.

6. The method according to any preceding claim, wherein:

the fluid is caused 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;

the uniform rotating fluid is caused to flow along a second helical flowpath, the

second helical flowpath having a second pitch, wherein the second pitch is greater
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26. The nethod according to claim25, wherein the
rotation is inparted to the fluid stream upon exiting
the vortex separation region. 27. The net hod
according to either of clains 25 or 26, further
conprising centralising thq_iu}ot ational flow of the
fluid streamwithin the flurd-fluid settling 5region.

28.. The hod accardi to claim?27,. erein _ ...

O s ST E Y BT PBA sphpaing Foavine B (5aien B oy a

rallallly Gnrfel Hpthrsitthd §00nd BQicanidwpdigduced in the
direction of flow 29. The net hod according to any
of clains 24 to 29, wherein fluid richer in the

71 i ghTler méthod decoodipg teesthini § wiensin dd ifraltiphishdluidwmam
central regi or]?laof the fluid-fluid 10 settling region

PHffe UIE BPASE 4|

COIPRYISHHE 8¥OY regi on of the
fluid-fluid settling region. The net hod

accoed] . , . cl:-al a4 1 ‘ TN : iyt
B0, - oubdsK el e b on 7 ihpgin e gpfibese uid

stoanpongises 4 ploralineofiemid piiaséd. ui d conponents is
enhanced by the addition of additives active in

i nduci ng dropl et coal escence of the |lighter fluid:
9.conpbireRethod goegudingto gleinn® wvhaeeain i fiid socaangoopriseb i ns
, rt ndsi causing the fluid streamto”
a@ﬁ%lgsr&lgs%%nuiaﬁre%\'/a-%?%%?on, in which a fluid stream
consisting essentially of the heavier fluid conponent
10.s removetiod ckotdify RAAND, 3ARAGA HRGGLEE!ARIP Bhprises water
wherein the fluid streamis caused to rotate in

profeced (figimya publiganeany walk and the hydiogatbbu phiass i @hpode¢addrom

fromthe central region 20 of the fluid
renoval zone. 31The nmethod according to any of clains
6 to 32, further conprising a sedinent collection

17.€gi Dt méthedhoMatdiRe. ﬁ%gra@ Qlairi$6 RET0, QeHebdh INE Beh of the first
continuously renoved. 34. A nethod for separating a
haligph flqyrpathaepiains gongtend droughost itslengtha heavier 1 ui d
conponent and a lighter fluid conponent, the vol une
f1 owyate of - the nultiphase, fl uj -st ream bej :
1% o DRS00 APRuly BY T St b FE THSISHE (eabhper theng
sepdiaMicticdlglovpathinalehdey i0fhe S8R dfTHvAS SR st Fowpath,
carrying out the nethod steps recited in any of

claims 6 to 23 and operable to accommodate different
1% | ui theftheshed sesordimgifosddincks, miersirethe pitnl ireresisgsdn atsiepwise or

s ies for carrying out the nmethod steps according
a?oéu%ﬁﬁ&e{k\pgﬁn&% flowate of the nultiphase fluid stream.

14.  The method according to either of claims 12 or 13, wherein the pitch of the
second helical flowpath is increased along substantially the entire length of the second
helical flowpath.

15, The method according to claim 14, wherein the pitch increases up to 5% for
each turn of the second helical flowpath around the longitudinal axis of the flowpath,
preferably up to 3%, more preferably about 1% for each turn.



10

15

20

nypRer g

35. The nethod according to claim 34, further
conprising providing a finishing assenbly for carrying
out the nethod steps recited in any of clains 24 to
33, wherein each of the plurality of separation
assenblies is connected at fjgs outlet to the finishing
assenbly. 36. An apparatus for separating a

I tiphase fluid,streamc risi.n ~heavier fluid
1% ompd AT THASOTHGAT B 74 RS SR onBRES S Siar at us
etAVNRNihg b Rertéx Sphiafiah rebfin, HRBLH aROMENE catablisticd 1B kdfich the
a first outlet for a heavier fluid conponent and a
regagrongilighten fiid figeticus lataytaread tImigtts onponent , t he
hel i cal flowpath being fornmed such that the critical

eynql ds number of the fluid streamfl ow ng,al 1 he,
el 1 B TP pkor e ot oreiy oA ST Grog it i
ceAEEDHYhAask On Gkdk 1 &bl 8l8loRek he second outlet orthe
['ighter fluid conponent Is disposed axially centrally

of the helical path. 38. The apparatus according to

1&i t hEhe méthod adorrdifBtoaiaiflr] 7, uhetdirethe dampisk $i figationall wdetity

RPNl ShoE R M Rt Bt & e S0l nteal vt ng

first helical flowpath, the First helical flowgath

avi s . Y. , il havi pg. a-
206 A o R AR, SRCALIEUA LA 08 B
thirdhiehgu dospathigideurdasdt] aludethe langtihef thefiongathi tch i's

greater than the first pitch; and neans for renoving
the |ighter fluid froma radially inner region of the

2Gecohlf methpd ageordiegieiaim 19, whereirTibe dagrpanear the cross-sectional
ar?%&n;%ﬁﬁg g cgg%,gjﬁtgﬁggégﬁgv &rfﬁ&ﬁlgf he first conduit

rrses a ing a I x extendi ng
longitudinally therein to provide the first helica
21,1 owyat hetho§deordid to diflRr apHiaing 150ra0C GhelicROthE dc@bi ek
of clainms 38 or 39, wherein the second conduit ]
the grast-pastiena] apeaeca vlong substrstiplly theteativsi Iargth of the third helical

ﬂémt udinally therein to provide-a second heli cal

l'owpath. 41. The apparatus according to claim 40,
wherein the nmeans for renoving the lighter fluid
2% onpThesasthed s@bldied ioGRy ©f0kithd 1 Bl BNhBRICORehdids
W_t hi E the, gcond conduit, the helix extending within
i tlyid Bl of Relowshs s RepIRAMbSrA2.  The

apparatus according to any of clains 38 to 41, wherein

:‘ZBIéhgi ?%calrrg&{lﬁlg%cogﬁﬁx%% a%? %(ijc .ag.n‘?’s 8 & ﬁ?kv%%z%gg a %gugsi i B?ov%'ed
to stabilise the vortex.

24.  The method according to any of claims 6 to 23, further comprising introdueing
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. 4

25.  The method according to claim 24, wherein the fluid stream is caused to rotate

in the fluid-fluid settling region.
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43. The apparatus according to claim42, wherein neans
for renoving the |ighter 10fluid conprises a
col l ection conduit extending coaxially within the
single tube, the collection conduit having openings in
the portion extending mﬁth%g}the second conduit for
the collection of fluid The appar at us according

ai ns,.38 t itch o
267, ofbeBein e P i i PGt e FIRiH i iBaghedf e o
ﬁ&x@@ﬂézﬁh él&in—g\ﬁe I G ﬁ?&iﬁtz&?ﬁ?foﬁl ng to any of claims
to 4 wherein the pitch of the second heli cal
fI owpath increa.ses in the direction of flow along the
2% ecofte h¢thadatchrdi ngﬂfﬁ eithbreofajyims a5 05 26, duttwrdbmgrisiog.

a5y oS R B

bhher of clains 45 or 46, wherein the pi tch of the
P0second hel i cal flowpath is increased al ong
substantially the entire I ength of the second helica
24.| ovipigthethodi&cortiveg @idmed 7 sshaeirothe crgs-sectiohai aeadof, the

rein the pitch_ increases up,to 5% for each tur
ﬂlg&’g Hoggadha thellridaiuig peipareeiss suriceta s die ‘ﬂ{sh

axis of the flowath, preferably up to 3% rrore
r ef f _ TRe: 4.
27 o Bilbef R85 oF I 4 B0 el niScper s

h_gtmmmucm:m@cmemdn eiphdvell (fforrt &rb ammmnmi\tegzbe uf thoiRidsfind
ndui t being arranged to receive f g?l vji.ng t he

méée%l.ﬂrﬁ iggion.

to claim49, wherein the apparat us further conprises a

o0t B SESORIE 051G 20k, ARASL b Bk

hghaérrﬂmi cdthpspalt frora ek Keaeiet ﬂhﬁtcotnpohms B@nbatced f)? the

a vorte 51. The appar at us ccQ di n
o et 2 e

W@Vhlﬂt*Héu%%ﬁ‘if§?]t‘36?°31kﬁ6€rﬂé§§

___E,g;oggﬁtonal velocity of the fluid is a th| rd heI | cal

at h

31.  The method according to any of claims 6 to 30; firther comprising causing the
fluid stream to enter a fluid removal region, in which a fluid siream consisting.

essentially of the heavier fluid component is remeoved,

32.  The methed according to claim 31, wherein the fluid stream is caused to rotate

in'the fluid removal zone, the said fluid stream being removed from thie central region

of the fluid removal zone.

33,  The method according to any of claims 6 to 32, further comprising a sediment

collection region, from which sediment is periodically or continuously removed.

34.  A-method for separating a multiphase fluid stream comprising a heavier fluid
comporient and a lighter fluid component, the volume flowrate-of the multiphase fluid
stream being subject to variation over time, the method comprising providing a

plurality of separation assemblies for carrying out the method steps recited in any of
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52. The apparatus according to claim51, wherein the
cross-sectional area of the 10 third helical flovvpath
decreases along the length of the flowath. 53. The
apparatus according to claim52, wherein the decrease
t he cross-sectional area g&gurs in a continuous or a
st ep-w se nanner. apparatus according to

[ f clai , indhe-de in L
b330 23 e 8&%@3?oi%cswﬁetewﬁ%%'g&m@gﬁf#%?%% {ehelihE
orR¥k hicRe §cpakitibn 8éseinBBed ok EArIL b@ahe hafhba R ﬁbcorcﬁﬁg to the

The apparatus according to any of ainms 49 to 54
volgne: ﬂewraéw&ihﬁ:muhgahasq@aﬁgmm stabilising the vortex.

56. The apparat us according to cl a| m 55, further
' t t he | t l.ui.d
S omp O aRH R IPHE b it frrlo B ok e ise § Lridpe
asééiﬁbl? @or\é@ﬁ?ﬁé ouSthe M&ﬁ%ﬂ%@w&@%ﬁ@km Ao BE Wikgein

regi on of the opening he said conduit. 57, The

eaaip péﬁhamhs’aiam o‘émjxaragon @ssam;:h@sf ischaiiceted 38its outhss to the finkshing
qu|S|ng a vessel for receiving the fluid stream

m?%% ‘essel having a volume sufficient to sufficiently

reduce the Reynol ds nunber of the fluid st ream fl ow

uch '

38 o g I kL Ayl fhego MRS e PRl heRiAC
fhad cemponeyt 2l clighiten fitd cmmmnh therapphiatustcomptisisg caémlical

g ERatine Bt BE e T RgOnt  Deridilid {opRh@Rind ¥ekona

owRlst fRd lighdch ﬂﬁldtcbﬁatp\éﬁéﬁ ahe helfl ﬂa' atﬁ BEiab dbrfedAGEOMdl Me
to eithér of clains or 58, further conprising nmeans

critishl Reyarolds mymben oftthe ﬂmdérremn Swing alprg the brkical fowanth is

1&Rtgring the vessel. 60. The apparatus according to

cl'ai'm 59, wherein the neans for inducing rotational
flow conprises a tangential outlet in the conduit

37 hr ogghipphva®l abdvedihl W Slast B&3MrdEn it deoshacR et ot thellli@ter

vessel . “61. The apparatus according to claim
flgd compenenbis dismpsadaindlyrrenialyf ofithe belicakpatsi ng t he
rotational flow of fluid within the vessel.

38.  The apparatus according to either of claims 36 or 37, further comprising:

a feed conduit for establishing a stabilised rotating fluid flow pattern for the stream;

a first conduit having a first helical flowpath, the first helical flowpath having a first
pitch;

a second conduit having a second helical flowpath, 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.

39.  The apparatus according to claim 38, wherein the first conduit comprises a
tube having a helix extending longitudinally therein to provide the first helical
flowpath.
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62. The apparatus according to claim®61, wherein the
means for centralising the rotational flow within the
vessel conprises an inverted cone | ocated coaxially
within the vessel. 63. The apparatus according to
claim 62, wherein the invernj#d cone conprises a
15f1 ui d guide extending helical anng its outer

urf in the dj of f|UI
45 p ook r e fiBE R Sl oot at i o p s O Rspd e
coRQMPEifpriNgs @ n@RHAVInG atheliR Relichging Qﬁ?git@&h&il%ﬂh&féixﬂtotﬂ?@nde a
vessel ,  the conduit having openings therein through
seogiiddielical dlovepetlt.| ui d conponents may | eave the fl uid
stream 65. The apparatus according to cl ai m 64,
wher.gi n _the condui.t utlet for the  20li hter
EheCohmanS AR e A oA, e Uk mess SriTenOpaE iy
1t ARREEh R aks sa&m&fzoﬁ Baufuhtéx&naﬁ;g%aammw "@{thm 1R6secdiie
appar at us ‘according to any of clairmns 5, further
condwiprthehiolix extendingiveithin Fhei zmntlab oot 6@ cpﬁecémna;omwy
f|UId coll ection conduit being disposed centrally )
n the collection zone, ,t.he on i t. havi.n
4201 L PR ST SR S0 Lo gs ieaang: o
sebdidl dhndyifiare. @Eaceﬁbsmﬁ@ﬁ@s@é Hﬁgl@ﬁﬁﬁf ding to any of -
clains 38 further conprising a solids
coIIectlon zone and nmeans for renoving solids fromthe
43col |'Betappmams necorfing tovelains 42 anbeeréin gneand fod seroovimgthe lighter

|ntermttent or, a Ccor |nUOS baS|S Anap arat
f14ig pOBRites GRPHIGF e GoT LG e sty PORIR BoEele iy the
|
coEinRhondlithAiPHRANES in R Boftid %%gfé‘gf‘%ﬂ?"gﬁ%?%@%%h‘mﬂ

fonthersglientiope€fluido variation over time, the apparatus
conprising a plurali ty of separ at| on assenblies as

recited in any of .cla 6 an er.a
accoth?t?@ﬁ?r@mﬁ hocein o it 4o %g wilergip eéﬁ?gf’éfhﬁs
Firb BRI eflals CBRAAS thidfioiRl ﬁgtenga' y operating one
or nore 10separation assenblies according to the
volune flowate of the nultiphase fluid stream
45.  The apparatus according to any of claims 38 to 44, wherein the pitch of the

second helical flowpath ihcrea;sesl'ih the direction of flow along the second flowpath,

46.  The apparatugaccording to claim 45, wherein the pitch increases in a stepwise

or a continuous manner.

47.  The apparatus according to either of claims 45 or 46, wherein the pitch of the
second helical flowpath is increased ‘along substantially the entire length of the second
helical flowpath.

48.  The apparatus according to claim 47, wherein the pitch increases up to 5% for
each turn of the second helical flowpath around the longitudinal axis of the flowpath,
preferably up to 3%, more preferably about 1% for each tum. . _
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69. The apparatus according to claim68, further
conprising neans for feeding a purge fluid to each

separation assenbly. 70. The apparatus according to
either of clainms 68 or 69, further conprising a 15
separation vessel as recitedin any of clains 57 to

each of the separation assenblies extending within

9‘he BRABLALLRNCURIRE Lo /eI 3B A4 ABARSETRLNe o

i
conprisi ura f appara us 'd ne

conbuit for reta;lnin'g_;a vortex, the said conduit being arranged to receive fluid leaving

the second helical flowpath.

50:  The apparatus according to claim 49, wherein the apparatus further comprises
a means for increasing the rotational velocity of the fluid disposed between the outlet

of the second helical flowpath.and the inlet to the conduit for retaining a vortex.

S1.  The apparatus accoiding to-claini 50; wherein the means for increasing the

rotational velocity of the fluid is athird helical flowpath:

52.  The apparatis according to claim 51, wherein the cross-sectional area of the
third helical flowpath decreases along the length of the flowpath.

53.  The apparatus according to elaim 52, wherein the decrease in the cross-

sectional area ocetirs in a continuous or a step-wise manner.

54. The apparatus aceording to either of claims 52 or 53, wherein the decrease in
the cross-sectional area occurs faio.ngzsuhstmtiaﬂyrthe entire length of the third helical

flowpath.

55.  The apparatus according to any of claims 49 to 54, further comprising a means

for stabilising the vortex.

56.  The apparatus-according to claim 55, further comprising a conduit for
collecting the lighter fluid component from the vortex, the means for stabilising the
vortex is.provided by a tapered portion in the region of the opening of the said

conduit.

57.  Theapparatus according to any of claims 38 to 56, further comprising a vessel
for receiving the fluid stream, the vessel having a volume sufficient to sufficiently
reduce the Reynolds number of the fluid stream flow such that fluid entering the

vessel may be subjected to gravity separation.
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58.  The apparatus according to ¢claim 57, wherein the first and second helical

paths, the third helical path if present, and the conduit for retaining the vortex if

present, extend within the vessel.

59.  The apparatus according to either of claims 37 or 58, further comprising

meang for inducing a rotational flow in the fluid stream entering the vessel.

60.  The apparatus according to claim 59, wherein the means for inducing

rotational flow comprises a tangential outlet in the conduit through which the fluid

stream is introduced into the vessel.

61.  The apparatus according to claim 60, further comprising means for

centralising the rotational flow of fhuid within the vessel.

62.  The apparatus according to claim 61, wherein the means for centralising the
rotational flow within the vessel comprises an inverted cone located coaxially within

the vessel.

63. The appara&m-acsording- 1o claim-62, wherein the inverted cone comprises a

fluid guide extending helical along its outer surface in the direction of fluid flow,

64.  The apparatus according to any of claitns 59 to 63, further comprising a
conduit extending coaxially within the vessel, the conduit having openings therein

through which lighter fluid components may leave the fluid stream.

65.  The apparatus according to claim 64, wherein the conduit has an outlet for the
lighter fluid components within the vessel, the outlet being disposed upstream of the

fluid stream inlet,

66.  The apparatus according to any of claims 38 to 63, further comprising 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.
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67.  The apparatus according to any of claims 38 to 66, further comprising a solids

collection zone and means for removing solids from the collection zone, the means

removing solids on an infermittent or a continuous basis.

68.  Anapparatus 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 ¢laims 38 to 56 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

stréam.

69.  Theapparatus'aceotding to claim 68, further comprising means for feeding a

purge fluid to cach separation assembly.

70.  The apparatus according to either of claims 68 or 69, further comprising a

separation vessel as recited in any of claims 57 to 67, each of the separation

assemblies exténding within the separation vessel.

71. A separation assembly comprising a plurality of apparatus as defined in claim

70.



