1 METHOD AND APPARATUS FOR FLUI D SEPARATI ON The present invention
relates to a nethod and apparatus for the separation of multiphase fluid
streans. WReW#h®d and apparatus find particul ar appl i F&TVERPT0M0HE 5
separation of nultiphase |iquid streans, especially the separation of
hydrocarbon liquids fromwater. The nethod and apparatus are particularly
suitable for the purification of water!produced from subterranean oil and
gas wells. Hydrocarbons produced froma subterranean well, such as oil and
gas, are acconpani¥EIEIOR AW ARPARATUSHQR FEHIRSEHARATHNUdi ng water. In
sonme cases, the 10 volunme of water produced froma well can be significant.
In many situations, the produced water is disposed of by being reinjected
underground, either into the sanme well fromwhich it is produced, or a

nei ghbouring well. The requirenments for the purity of the water being

reinjected i n gygRrReREiRGHioR  6lakk id a@ﬁaetﬂoﬂaﬁ&h%)ﬁaﬁ&'ﬂu@forthé sdparatiBRQEt ant t hat
the solids content of the water is |ow and that the water contains a 15

i ni mal afWiirhase fuidstigemed The method agd epparhtys find perticalgo pp@itationin thte wat er

for reinj [ o I: | . .t han 40 i1 _and.less. than pm sand.
Still O\Ag‘%}a\r/%{btl}é)g%n@;} aeser?1 %&isggﬂﬂ’?’r?g%%?aﬁgﬁiﬁe ?egg%aﬁpgﬁihyd}}ﬁgagéor?equi rements
must be mihuids fiondwstet. 0The xthol ahll appihtlis hiepariiatoly sigalik dgale and to neet

| egal requi r,gmants pertai nj ng %‘8 wat er rei nj,e&t&' on. 20Conventi onal

t echni que8URBFationof MyatRy PEecpd Frem Sustrrienean it @yd ghe ed fromwel|s ready
for reinjection rely upon the use of settling tanks, into which the m xed
fluid streamii } 0, | r..Ql Jaction fromthe
denser wat er f?ﬁ@?&gﬂ% gég@ﬁ%?&a%gﬁuan g{reﬂf[iﬁ%dngg%lﬁgﬁ&{%s ngi %Q/dlt éa%. aI%‘he very
smal | si zeacoingahied byl quaniiidsaif oiten bratdriagy] idchudifpewnit.ch Joepbas@st® | ong
residf(?ce time in a setéli %ivessel in order, for 25gravity, separation to be
ef f ecl? ve VOlrmeofwater g lrcea o’ el gary be significanty, dn gany sitggtiesafBe une. Such a
| arge ves WOLH g%ggxlf il he

wel | head ?ﬁddg subgtggﬁlcg%?ts%&/o%ﬂ%’l n eeg,%%#é may %g?&g%%#del%rg#%ﬁge %Egné

manuf act umelldrone 9didh ihistiroduckfl] arizemighbondng well.c Fhe apmiesensfgtthet o oper at e

under t hep%glro%ﬁeaév'at%r éi%é %eulﬁjeets:ted in such a manner are strict. In particular, itis

important that the solids content of the water is low and that the water contains a

15 minimal amount of entrained oil. In general, it is required that the water for
reinjection contains less than 400 ppm oil and less than 2 ppm sand. Still lower
values may be required in certain locations. These requirements must be met in order
to prevent the well from becoming plugged and to meet legal requirements pertaining

to water reinjection.

20 Conventional techniques for cleaning and purifying the water produced from
wells ready for reinjection rely upon the use of settling tanks, into which the mixed
fluid stream is fed and separation of the lighter oil fraction from the denser water
fraction takes place under the action of gravity. The very small size of the oil droplets
entrained in the water requires a long residence time in a settling vessel in order for

25  gravity separation to be effective. This in turn requires the vessel to be of a large
volume. Such a large vessel would be costly to manufacture and install close to the
wellhead in a subsea location. Indeed, it may not be feasible to manufacture a vessel

with sufficient burst or collapse strength to operate under the hydrostatic pressures




2 encountered at many deep water well head | ocations. Accordingly, settling
vessel s are generally located at the surface, on a fixed or floating

pl at f or mWORPE/MeEddssi t at es provi di ng suitabl e pi pewor k PCA/GR24HEG08¢01t he
water fromthe seabed to the surface and return the polished water to the
seabed for reinjection. In addition, due to their size, 5 the settling
vessel s occupy a large volume of space2on the surface structure, space
which is very often at a premum A further problemis that the separation

ef fi ci encynesiuiers a ananyidegp wate svellbeagdaeations.y Acenrdiagly. sitlingaspiclaees

acceptabl e_| | fter [ S| ti f Ol water in
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Accor di nghyhvidife seitable d(ﬂpem@ﬁ b aanster thepaty ddnsthetserbet oo theGupface dnddi ng
produced water to render it suitable for . rejnjectign. An alternative
t echni quer¥em thepelishad watar te tsseghed dpr remigglieny Z‘éa‘gﬁ“@% WeioRFEsBRe, of ten
referred 1 da:z.0oLl ; i v geous in
havi ng§a %@g%agﬁe%g?sg%llggn &f 19“ ??%gr@@éeoﬁggﬁ’gﬁﬁﬁg%ﬁhﬁ?ﬁ%ép rgt i on, being
conpact amdichis abyarfiea avh pramiung A durtter potdera is thaigherseparadion tSmieheycycl ones
Is a tiereg . or series, assenbly.. The first cyclone in series is a bulk
oi | - wat er Og%ISBﬁé"%wlﬁ SERETHRY 1o Ekenly pp %ﬁ?@gp@hgq%\fe?s[ eﬂﬁerf eed is
reduced f euBsatelPUGE RSdARYes1oD the Watdt Gh WBRank MBhiva Rin irkrda@hassed to

a pre-de-oiler (i:yclone (PDC), in which the concentration of oil is further

reduced t ot the ek furtherf Ageordinghiy Ehess isayneed fer apdpwrenadonstpm fohe
de-oi Ler. _A.prob i ' : | ffecti
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t hroughput is of the order of 1200 barrels per day (bpd). However, it is

necessary for {hesgamntivé QichaRgs fH ¥mb@ing REIR wakelis e e M der range of
flowates, for exanple up to 40,000 bpd. Known hgjdrocy_cl one technol ogy does

not al | owhydrecysjenes aenjrelerredde ip sharsbasdtle-odlowr B davigespger ange of

fl ow at es leve 2 ' Jo [ i.Ciency.

Accor di nglag‘f t%%?%s %@agi%%eaglg@? %e}%gdﬁ%%ﬁpféué%a%ggﬁg% gt‘ﬁghngr é&fgfem that is able
t o achi eveerdtioghbdepadapicd and bl alescadcof mowdng pard, déng argpgementfdfui d
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as much as 50% to 15%, by volume. The water is then passed to a pre-de-oiler

cyclone (PDC), in which the concentration of oil is further reduced to about 0.2%.

The final stage of cyclone separation is the de-oiler. A problem exists in that the

20  hydrocyclones are effective as de-oilers only at low liquid flow rates. For example, a

typical maximum throughput is of the order of 1200 barrels per day (bpd). However,

it is necessary for the de-oiler assembly to operate over a much wider range of

flowrates, for example up 10 40,000 bpd. Known hydrocyclone technology does not

allow the cyclone de-oiler to operate over such a wide range of flowrates and achieve

25  aconsistently 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
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3 El' 1 352 679 discloses a separator for separating a nultiphase
flow, the separator conprising an inlet for a nmultiphase fluid, a plurality
of out! etWO2PH662 | east one outl et being provided for P&ZERB28HM0eAted
phase, and a mai n annul ar tubul ar bore. The separator operates to separate
| i ghter and heavi er conponents by causing the fluid 5to flowin a
rotational path. Wiile this separator is particularly effective in

ti | i fLui h , h , oil d ter, it t
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sufficien ro wat er ‘product” of thi's separator to
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woul d make further separation very ditfficult, if not inpossible hin a
r easonabl| enultiple fluidphasescmuch a3 p4s,@2leand viter: itegauot gusraptse thedrighor oi | and
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stack of tfodfeigedibat da phaicaABMEicient blldiomets rethaiphiette waaprodetofit er. The

system of GB 2 374 028, while capable of separating oil fromwater, is not
capabl e ofhI5 SERAFRIPLIG %W?@Pmergf@ma@g sminepied diecthiipior an ypdserpindy j ect ed

into uBgskBiopuU LR L- @yﬁﬁﬁ Lngl: @ggﬁil n
inprosgd sepae?lg?? %O{dg{: ni qu‘lgelﬂptu(?)l enag&%éﬂf:gll%lf%{?as 0@?@%?? at%xgrrl%ag be
separ at ed is low pahedrcaich thes theemmeinddg watvee dmplbtoif qil aeabt eondsifeti evithat er may

be sufficigntl | eaned of oil .t |l ow for reinjection.into an underground
f or mat i on. By BrsioR: & ik Cmplstisefion Rould make Toter PREtRY ¥ ded in a first
aspect, a JMEcHRAf A6t ihPbssIP¥idid DbasorBMlcttiRORaRef | Ui d stream conprising a
heavi er fluid conponent and a lighter fluid conponent, the method

conprising causing the fluid to flow along a helical fiowpath in which the
critical ReynolG23i#bas Aodiselosss fisepadatht fowoilsind vetaxmaidioredwnlbying ast r eam

flow ng at Reynol ds nunber,. bel ow_ the .elevated critical nu r, .the fluid
St ronitls | SRR SRRt In FPTTehy By o T M ahe Sat ahe Pty Rilbiacte o
separ at €. mixture is passed through a stack of tilted plates to remove further oil droplets from

the water. The system of GB 2 374 028, while capable of separating oil from water, is

not capable of providing sufficient separation for the water to be reinjected into an

underground formation.

20 Accordingly, there is a need for an improved separation technique to enable
multiphase fluid streams to be separated, in particular streams of water and oil, such
that the water may be sufficiently cleaned of oil to allow for reinjection into an

underground formation.

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

the fluid stream flowing at a Reynolds number below the elevated critical number, the

_ fluid stream flowing at a sufficient velocity to cause the fluid phases to separate.




4 The first aspect of the present invention enploys the phenonenum
that a fluid forced to flowin a confined conduit, such as between two

pl at es orWPREONWORE2 exhibits different flow regi nes to PREGRAY/0PWLJ
flowing in an open conduit or a pipe. In particular, the forced fluid flow
exhibits a significantly increased critical Reynolds 5 nunber, that is the
Reynol ds nunber at which turbul ent fl Sw begins. This in turn allows the

fluid velocity,.fo_.be signifjcantly. increased, ile still i ntai ni ng
anon-tur bul ent ThF it AgTR hegressd seaton Sayove fievbeRoreruyt iabs BREY nol ds
nunber’  aggeddiofovr BISddntiad asfmiidideglay bitgbé&ﬁ %@?ﬁ%stogfhehﬁie', &alibitd owpat h so

as to give rise to an elevated critical_ eynol ds nunber, "the rotational
vel ocity dffferdns foluiegineato s ssingdlufd HBeawingyin an opesesadpiteon hpinsi dy t he

i f the different phases.. Preferab he eritical Reynol d
nunber 1 JPatedh e e F BN 2R Ebis BrBIdRN gl BS LR RERRE000 1 n a
seconds aspg@ber, HaLisREEREHoldsHi@Hek ANWRIER YirBElenelove bbgds, f This sepai at i ng a

mul ti phase fluid stream conprising a_ heavier_ fluid conponent and a |ighter
fluid 15 eldeipoibediuid Y@i@lhﬁpﬂvédlg@égmpﬂxmgeaé%mﬂg stifl angintgindng H19-ow al ong a
hel i cal f%ﬂ%} | G 0 ' i ing at a
sufficien ve?%t?}%%{e?ggééggg%{et%ﬁ%dﬁp%hgg‘?&% ?JI{&? co%%%or%&en l%)eyrr%sféé ?é(/)\n t he

i nner r egeamstraéd adverdimdly.cal fl owpath; and collecting the lighter fluid
conponent in the central conduit. Preferably, the nethod of this aspect

utilises the aforenentioned pri ncia%lae of 20 elevati nf) t he Reynol ds nunber
of the fluid sBydammingthe halivali towpariegaes ta Sveuiisde abelovaed it 1| ow i s

el evaiged, | | Ml ] Eﬁg@ | tjani | ﬁ"t%n ] | ds number
bel ovvI heRé?Aed\}g %lg'?%efrr‘iq{% g‘ﬁ?ﬁgnu eﬂr)‘zci I'n tgé @Brt e:bkgg%ecta,ﬁa%(%lgﬁ%ge&;ent
i nvent i oneglanvingelse sepamtitu df the differpeirphbseng Peeferably, theldritiplldbgnbldsi d st ream
conprising a, heavier flui g nmponent .and-a |ljghter flujid 25 conponent, the
ot hod cofprbgiingreates ey Dfchprmaterd p@epst ten 1900 a ri rot helt cal
flowpath, the first helical flovvpath having a first pitch, the first
helical fl owpa | bl : t ' Llised rotating
Fruld f1ow pat Fof RCPAd e, R o entin lfbnlto AL A mCARI B ifidaiih £ &

multiphase fluid stream comprising a heavier fluid component and a lighter fluid

15  component, the method comprising causing the fluid to flow along a helical flowpath
extending around 4 central conduit, the fluid flowing at a sufficient velocity to canse
the lighter fluid component to move to the inner region of the helical flowpath; and

collecting the lighter fluid component in the central conduit.

Preferably, the method of this aspect utilises the aforementioned principle of
20  elevating the Reynolds number of the fluid stream. The critical Reynolds number 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 & heavier fluid component and a lighter fluid
25  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;;




5 causing the uniformrotating fluid to flow al ong a second helical

fl owpath, the second helical flowpath having a second pitch, wherein the
second piWeRNTM[HRater than the first pitch; and renovPREGHEOVIHH er
fluid froma radially inner region of the second helical flowpath. 5The
met hod of the present invention is suijable for the separation of any
mul ti phase fluid stream including streans conprising one or nore liquid
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hydrocarbons, especially crude oil, fromaqueous 10 streanms. One
appl i cat i gstpitcisifadmet hod is the separation of crude oil from water

bt er -t nt S0V s B tgPle AR Rl el oer i A HbRENRE: oo P

suitable for separating a mnor fraction of a dispersed first fluid from

the bubk or comhb et FRSSrefnt rveRERd sﬁﬁaﬂlffﬁr{arﬁ]egie?mabﬂoféﬁrthe li ghter

fluid fraction is the dispersed phase. . irst step of the
separ at i omuipheseiflvidistresmciopiudipefsiraims comptisigiont ¢rmperetimpid@abiseandor t i ons
al | owi ng | | e f r t i . tionis

pr ef er abl ?nﬂ)‘# g@&gaagﬁé%@ts 'oﬁlgﬁlgglr?? ?%E@%?Sg?mé%%efggh%% 5 arﬁgtg% é(’)fﬁ t her eby
i mpar t i ng nailtifhacé Beptidvligual sheamb. The oeitod iopartibdaifly udhntapeodtiaétst he phases
to begin tQ congregate. 20 In_thi sg&)yl i nder _ separation, the phases in the
st r eam cofiicist &t SRaratipg liguiddydiagaboens, eapacintly seaderil, froaheueade phase to
formag | Sati ' ' ate in a
conpact he %@Sun er pg’?lge}s!s%?gtﬁésﬁgb‘?ﬁg%gt?ﬁg% ﬂfa]?a J%o@ﬁ?gﬁ?saﬁgﬁrg al?ég a high
cent ri f ugatodiaoeciomal ubtermageanheell, pripxitottbe fedmjpetionsifaid prodotestwatey fitoow
pattern. In order tg avoi.d the different fluid phases from 25 becon ng
further nP%BRACTEIQUBAFEMAPR: eyl sified, the fluid streamis stabilised
into aflowregine that is belowthe critical Reynolds nunmber (that is the
Reynol ds nunbefrpahye,whi L lowd £ [tSotaUh itk gats e critical
Reynol ds nunmber w || éi\gggﬁljgwug%%gsﬁg}] %gg‘%%FEisﬁlgsal. e %{écogls(ﬁ%y and density
of the fl disgersed fmhfluideon giedpilk gr afatinheus phase of a second fluid, Preferably,

15  the lighter fluid fraction is the dispersed phase.

-

In the first step of the separation method, the incoming fluid is divided into
manageable portions allowing a suitable flow rate to be achieved. The or each portion
is preferably first caused to tangentially enter a separator region, thereby imparting
sufficient rotational velocity on the fiuid to cause the phases to begin to congregate.

20 In this cylinder separation, the phases in the stream congregate and coalesce, thereby

allowing the dispersed phase to form as larger droplets.

The fluid stream is then caused to rotate in a compact helix under pressure, so
that the fluid is subjected to a high centrifugal force, allowing the fluid to form a
stable rotating flow pattern. In order to avoid the different fluid phases from
25 becoming further mixed, in particular emuisified, 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




fluid stream and the di nensions of the conduit through which the streamis
passing. Preferably, the fluid is stabilised in a transient flow regine,

t hus keepVagUaM¥6@2opl ets of the di spersed fluid phase XETIGRZI0VH0¢0He
present invention, the conpact helix is arranged such that the Reynol ds
nunber can be significantly higher than the usual 5critical nunber, while
still having the fluid in a lam nar orYtransitional flow regine. Such an
effect, generated for_exanple when a fluid is caused to flow between two

faci ng pl amikstream anddhe dimensions g the copduit thrqugh svhich thgsireRre i passitge present
weht eved PP Ble ffa & ebilifaty f R b oM Rnle, s EHREHIGLRERE |
this way, of e dgwpasedtfividhpleke nitivey dn ileysesphbineantib, e eotmpadttthelieént ri f ugal

forces is enhanced, The length of .the first helical flowath should
be of suf AEFES sugléw@met%yaﬂdswﬁh@0@&&9&@%@%%@%%3&&# establ i sh
and st abi loigealinfndole Wlﬁﬁ%h?%wfnh% GG TINE lantRRl orRi85i€bAN NovRrdghagsi ent flow
regime. The nature of the fluid stream 1ts conponents and the flow regi ne

of the fl duch bepifertpgencrssiddr exemtie whes h Suidis lchusgd teflaivietwees tengt h 15 of
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caused to flow along a first helical flowath. In this step, the fluid is
act ed upotuifins reavikEhuleny Sow xseimee. 118 this sey ethg serAratiop) of the wriquy Phetee, as a

resul tqof dggitdlg’e%‘g%ﬂﬁg‘%ﬁl ﬁ)réésqgv?%%?gé#‘)ng the helical path, the effect of

which'I's to caus eavl er o be forced to the outer cylindrical
wal | and the lighter fraction or fractions to mgrate to the inner region

of the helix. Tihe ldih 66the fikaWphdd flodpath shouildtbe pif betticieht lehgthao aflewabl e t hat
the pitch of the helical owpat h remai ns_ _constant throughout the | ength of

. A h. €

the first Deellyiddlow osgpiifeeallyestahlisly and;stabiliss\in the mayirrgl Hive segime.dB8o8tt hr ough
t he helix . S ' ' ed. | nd
helical fF gé\f/p@lg‘ltﬁﬁ’ 2 @g{%«a&gg&gtﬁg@wg ’ ﬁ?‘a F%%‘%#éj?ﬁs%? gaﬂdg% eéjnf gs e
second helthecfidw tdgimp af thelfhisd heing porvdsspd frcthetrethod willpletatdne thedengthe pitch
of the_fir lical flo t The second pitch be .copst ant, .t hr oughout
Che. I gt AT B ReDn AR | 140 ROty PGt s b rratabet 86K bduce
friction kess@shdiiRal MGwhdihiixall Bt cOEFpadiAeliy @hstkt of back-pressure, it is
preferred 7 that the cross-section area of the second helical flowpath

increases along its length. This is nbst conveniently achi eved by having
the pitch of t lKncsectabilishd flowalegiiedwep tdn ¢stablishesie thelfbrid sireaan [seyagsdd. The

pitch may _i pcrease step-w Se.or adual ly. Ln one.preferred enbodi nent, the
Dl toh of ehEoUERaR e RteR AP bnlh fr Bisctep LBARSIPlefRebeR v
centrifugal force to create a multiple gravity force, as a result of being forced to flow

20  along the helical path, the effect of which is to cause the heavier fluid to be forced to

the outer cylindrical wall and the lighter fraction or fractions to migrate to the inner
region of the helix. The helical flowpath has a first pitch. H is preferable that the
pitch of the helical flowpath remains constant throughout the length of the first helical
flowpath, as the fluid flow is being pressurised through the helix plates.

25 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, ittispreferred




5 along the length of the second helical flowpath. In a preferred
arrangenent, the pitch increases by up to 5% for each turn of the fluid

f 1 owpat h WPHHP¥42 | ongi t udi nal axis of the fiowpath, RETECHOEHEPERy up
to 3% especially about 1% for each turn. In this way, a flowregine is
mai ntai ned that allows the |lighter flw'hd fractions to mgrate to the inner
region of the helical flowath, fromwhere they are renoved. 10The second

hel i cal flowpath should be | eno .to allow.the lighter fluid phases to
be. col | ec iR BhidoSaRBET? Gihe AR driced APuaih nstaases HPBpitalessts | e
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desired or required |level “of fluid purl as not been achieved,” turther

pr ocessi nipcsgagyalongity langthe fHeqitsl maysinéreddeciop-wiks Shgraddalisurinfoee  separ at i on
and purificatiaon be tequired, the,metho onprise further,.steps, in
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fluid may be withdrawn. The increase in rotational velocity nmay be achieved

usi ng a t HIFARsesdh emilo b wracihturapbivg fid Bawpath arquad sheslopgitedingl axisea of the

fl owpath i ' e . 8 | 1 d velocity
required It0 gthggjr?e"kﬁ% éH%ﬁ%&ég%%eli%pﬁﬁg%hgép%r&g*lg%@g%z{?# ﬁé%%g%ﬁlttﬁl% pitch of
t he t hi r dwiag) a fiesl rédimepamhintaicedihaeslons thekglder fiwid if@otiods tb ntigtateoe | ncr ease
in pitch may be stepw.se. oy, ntinyoys. Peferably, the pitch of the third
hel i cal ff[%\/q}‘b?ﬁtr?ﬁlpﬁ\é\%%ﬁ?ﬁécaiﬁﬁﬁ’é’a@’ug'g%‘?ﬁ%mey HGEMAYPEre | ength. In order
to generate the required increase in fluid velocity, the helical flowpath
narro inwd ' i j [ [ j ases. The
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of a rotati n}% annul us wa uid, which contains a rotating Core of
fluid W employehasdelaws ng core of fluid, a separation vortex is
established. In'this stage, the renmaining lighter fluid is caused to

mgrate towards, and.5.into the vortex,. wth the heayier fluid circulating
"3t RS anout ar S aieh sEhninting B atinicdtion hecramiomeamerbnd gy Cal Cthi s

poi nt, a behpsRlfuftharptinRagsch MRtrolfoml QMioRHoAme fultestalhel 8iRptdsaned f1ow
regi nes and the vortex can be established in an open conduit, such as a

t ube or pbPpes tojganemmics cgatral osiex wblighier flaiddmctions, Sleedwhichdight 8xidimayt t he

second hel| ] . 0 i;N iR this way is
relativel bé gﬁ%g{awrﬁ%%gn%%é%%g%@%ﬁnﬁﬁ\?ﬁémﬁrﬂgx %e %C?E{vﬁg ug%é?aghlﬁ%i ng condﬁi t.
I n such chdesl fifwpathlubeig which ébe crbdvesestiatal hich yf tHe fidwpadoistadiusted)solae
reduc&ﬁ, | eavi ng the vortﬁx, susceptible to mnor changes_in the flowate of
the ffli dio REHPAIREPS 1 Huidyeiody spquugd ivegesls e arrEafsonarreBras; | i sing
the vort exrad RmeRe tR RlRoF 8t I8 ALl R BbwphtSnitdsk &t the alLEdRbriARRgat h

The increase in pitch may be stepwise or continuous, Peferably, the pitch of the third

helical flowpath increases along substantially its entire length. In order to generate
the required increase in fluid velocity, the helical flowpath narrows in width in the
25  radial direction, as the pitch increases. The increase in fluid velocity is preferably
controlled such that the critical Reynolds number of the fluid flow is not exceeded.
The cross-sectional area of the third helical flowpath is such that excessive friction

losses and back-pressure are avoided.




15 a conduit for renmoving the lighter fluid that has mgrated to and
collected in the vortex. A preferred nmeans for capturing and stabilising
t he vort eX028074%al2de cone and gui de conduit of suitabl ECAGRAAEH/ANL

di sposed within the conduit in the region of its opening into the vortex.
In this way, the vortex is stabilised both within the entry region of the
conduit and in the bulk fluid. 20The f8 uid stream I eavi ng the vortex
separation regign ht er comanent.s and wi | |

i1l tain littl '
consi st mai nl yquer %’lmqqénq;%a%giixgi;l{éfrp{qungld%{%ﬁg,{{aé_ﬁmghtéggeate. &rpgn the Jhied
conponent g AIMRb atg_‘i&{&@%n?@?ﬁﬁﬁéﬁ%?aﬁlhﬁﬁ%vm_ﬂ%@dﬁﬂﬁéﬂ%t {aas follows.
o} of t t

In a preferred e I ment e present 1 nvention, e nethod further 25
conpr i sesrataingebue ofiuit hdVihinite stateg worendfdhad, fal sspatafidnvattexds t | i ng regi on,

in which t | i ght fluid ts. t f t h ' fluid
o ch LAl S SeRERL AL oEERSL ke SIS RS (LS,
the f13ii difb Mieton@k Hithe HREVIENTHE cHoiRih GARL ki lIABEioch RRnigt he pr evi ous

separation regions or zones. In particular, the 9 ve omtg I's such that
t he Reynohupsng thetesiablished veriex.uiAd thispetnt a kelipell flowpsitoneadmet be pravided Reynol ds

nunber, ref | i nar, fl regi w1 g Preferably, the
fluid st pg‘i#nﬂ‘gé“?‘%?g‘&@g%‘)ﬁ?% @‘P%{}E%ié“a‘?@r?ﬂ?ﬁ%e Yt Prisieilished }Ar? P on) Thi s
I s nost adymriitpgehas kyuRRipyee dn ks Ml 1he vbitex Isaksablishediaprrdkaditie t he

fluid 5 stream upon exitjng the vortex separation region. Wile the mjor
separ at i offc8nd belical Howpts. region is the gravity separation, the rotational
flowregime will cause the lighter fluid conponents to concentrate in the

centr or inn o] ' . i . ' ; val and
pr olba”separ B gy o8 B lod Mnd it Ml End POy Bk SRIERdHOY 2 O
fluid conpaheahd Rngthhd thQsuruhdiele pogdwt. dhlsyciceuy sfseshoetewirter) thsi ng t he

rotational flow of the flui gPstream wthipn the fluid-fluid settling region.

This is p?@f’%‘% e emeranay FPdélc?Fhllﬁ?éfF“_githe WPHSHSUBFRPUCII LB It i onal area
A R A i i
| i ght er f Faristhbdsimghemortéxs In one preferred embodiment, the vortex is formed beneath
15  aconduit for removing the lighter fluid that has migrated to and collected in the
vortex. A preferred means for capturing and stabilising the vortex is a guide cone and
guide conduit of suitable dimensions disposed within the conduit in the region of its
opening into the vortex. In this way, the vortex is stabilised both within the entry

region of the conduit and in the bulk fluid.

20 The fluid stream leaving the vortex separation region will contain liftle or no
lighter components and will consist mainly of the heavier fluid components. Should
some lighter components remain, further separation steps may be carried out as

follows.

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

significantly lower than in the previous separation regions or zones. In particular, the




15 renoved fromthe | ower central region of the fluid-fluid settling region
and passed to the upper central region of the fluid-fluid settling region.
To preverVOR8¢H02¢1d at the exiting vortex region, an axiPAT/CEPTHEHay be
provided to enable the lighter fluid droplets to nove to the lighter fluid
regi on unhindered by the rotating bul k phase. In this way the separation of
the lighter and heavi er conponents is 2nhanced. In 20 particul ar, the

| i ghter conpopents are ed to the_ u r portion af t ettling region,

whi'ch is AFIPGHAY Sk S 1ii3eymplds ombel el the §H&deﬁﬁee@r%§>8’ﬁﬂﬁ>9§>)ﬂ3wt°ﬁg%eg

heavi er cm&gyﬁmb&y&oﬁrbﬁgﬁwjy%?F&ﬁg&iﬂ&%%@_e | ower portion under
n ul

the effects”of gravity. itoring, sanpli™ng and fluid injection
ports and lines nay be provided 25 that term nate at appropriate |ocations

Wi thin the systPesferably; thexthuipbecanh isvassedety ritetefin cha flied-fiudd setfliag regisressur i sed
gas or a gas-fluidised liqujd tp cause upwardly noyi ng bubbles to ascend

t hr ough t%glsﬁéﬁﬂsﬁ?fvﬁﬁg@qﬁka@hev?‘ﬁﬁ‘é ﬁ?&?ﬂg ear§é1“§¥1 ugparteditadhesthaidon nant |y
gravity sepafAthse:8fiiLtk- Adifod r@ioh | gh{i% ; Lfinand 10
ot her hydrocar bons }§By£adt¥§¥tgxt9%{tdh%usrgél?ace oe t he %gga%ﬁ%boﬁe%g&gﬂnlg t hen be
carri ed athisirdgimstiethe grheity sepatatioh) thhtagatiddaliflowmregjivensill casss the bgimson| vy

enpl oyed iyn. fl oatation separation.processes. |f desire t he separation of
Tho. 1) gnt aid sk Jo RERBRFHE A R GHEISF BinorroR 658 ShpiA S may be
enhanced QoW fodsli édsien rethowdlghd invRevatidp@tibR | nduci ng dropl et

coal escence of the lighter fluid conponent. Suitable additives are well

known in the art and are comercially available. Scale inhibitors may be
applied to prevemssistheit hersaparaiiorod! aoy abmaining lightarifivid eomponentscthei ons where

t here,js jognificant pressure drop in the. fluid stream. . such as,in the
nner 0o PRB el - BRETEY luliRa ik irSionab i e R e BHER IR addea
upstream e fluie-fid shitlish 2€oRf THE Ropafarably atHic R 4R b ni@meninaitaeh tae
separation of the fluid phases. Corrosion inhibitors may be required in the

syst em of cy¥Esestionaleanti the fluidfloys pathdy the hedniivid yedlling stgiomis rediced al
separat i o%ﬁgmhdne&ﬂoggal escers may be introduced as required in the
systemin order to pronpte the aggregation of fluid phases. Wax inhibitors
may be required when oil is 1b5present as one of the fluid phases, in order

to prevent theleonspeldricd atiangeradnthhgd righirda thelicho®i fGhd coayore@nizounds in
oi.l concenfration her additjves that_ may be enpl oyed

it Eg! f : r ?g%*f\{eé%q?g%ée%% oAt Eeenioh hh%@@r@igﬁmﬂmaﬁgl%@d m#&e4 @mrai ni ng
fluid in yhesePsanal Weldn SFAMSHRY-RTOSHHiHELOR! Yo PleveliCrelfANE B the

exiting vortex region, an axial cowling may be provided to enable the lighter fluid

droplets to move to the lighter flnid region unhindered by the rotating bulk phase. In
this way the separation of the lighter and heavier components is enhanced. In

20  particular, the lighter components are moved to the upper portion of the settling
region, which is already relatively rich in the lighter components, with the heavier

components thus transported returning to the lower portion under the effects of

gravity.

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

predominantly gravity separation effect, In particular light phases, such as oil and




20 conponent or conponents. These are preferably passed to a fluid renoval
region, in which a fluid streamconsisting essentially of the heavier fluid
conponentWg007édenldd. The fluid streamis preferably cak§aiGR207 e e i n
the fluid renoval zone, the said fluid stream being renoved fromthe
central region of the fluid renmoval zgne. In this way, any heavy
conponents, such as sedinent or the | ile, may be col |l ected under the 25

action of grayity apd renoved fromthe system faor exanp|le on a . batch w se
basi s as SHIEF MEdrepATbau T pAhers i0Ita 1Tk Ofthe,gop m%esf%@é&na'aq aiog at

particul a : sllé%s ik RSP Eﬁé’ﬁ& i iQhahs that it may
be appli eg%@%m@g@%@@ﬂ n t‘rcglsslgway, og W cPt—‘} angrefk%%ug%erati ng fluid
f | owr at es sepmyative preesssesndat ed and a separation process provided that may be
applied for 11 extended periods of tinme with significant variations in the

fluid throughpyt, This is of particular advantage in_the applicatjon of the
met hod to sepaﬁf;‘iqsgﬁjsiﬂ?? sepastian phthedighies Nudenmagonent framthehieayier finidad

oper att on di ' I ' hod f or
cbpar ot | ngEPERAN AT entaifed e BB BRIy St PN, BBl . ponent
and a fi ghoaescbhagi af thohighverxitid cotponait.ufieitflosddiives afe weitknowd inphase f 1l ui d

or ovi di ng °4 B BrAeeEyergalg ap i SR iabibP st o SRR 1 REVBUE he et hod
steps of : formatioRbF S4ild)th PerBitwl2AR]6¢atieAs Whete| (Béte id DGRk r@She drdd
dedi cated separation assenbly; 10 establishing a stabiliséd rotating fluid

f1ow pat t & theffld strrans shakeanin thaislentp hreygeminl fequwesenbingenting. f I uid to be
forcegy al %{%ﬂﬁsiﬁéz% ?ﬁa}{b%la'dﬁg(!l F%Jn%%ac{ftaaﬁ fri]%%t{;%ef @f‘stegﬁHi&? iy {)Jaemat h having a

first pitch; causing e unitormro ow al'ong a second
hel i cal f kohupat the separat@conilc Rald ghakes! |Cumpaion iheibitog ntaysieceqndrgd ihch,

wher ei n tg:,% second, pitch is greater .than the 15first pitch; and renoving
the |i ght 8t StemPmrewnuysriion inpartifidsr Jopgwerns el thedelel sFracaion cal

f | owpat h; ' | Jeaagelel i fferent
fluid fl 03%’3’@5? %ﬁﬁeﬁgﬁgﬁ%ﬁgﬁgﬁgﬁ&eﬁﬁaﬁgﬁg rg%ggtpgtg f’%n asgltgg%ﬁ es for
carryi ng puimaeththemggiagdiion epBuidphasedi Npxt inhibiterswedyulerefiiioad/ whgreoidfs t he

mul ti Pg' as %rgs!arﬂlag Of(slé oF RS fuid phases, in order to prevent the crystallisation of high

molecular weight wax compounds in the regions of high oil concentration. Other
additives that may be employed include friction reducers, hydrate inhibitors and

biocides.

The remaining fluid in the process will consist almost entirely of the heavier
20  component or components. These are preferably passed to a fluid removal region, in
which a fluid stream consisting essentially of the heavier fluid component is removed.
The fluid stream is preferably caused to rotate in the fluid removal zone, the said fluid
stream being removed from the central region of the fluid removal zone. In this way,
any heavy components, such as sediment or the like, may be collected under the
25  action of gravity and removed from the system, for example on a batch wise basis as

sufficient sediment collects in a suitable receptacle.

A particular advantage of the method of the present invention is that it may be

applied on a modular basis. In this way, a wide range of operating fluid flowrates




20The nethod steps carried out in each separation assenbly may have any of
the preferred or specific features herei nbefore descri bed. In one
enbodi merWQ 200789%4@adul ar separation nmet hod further conpr PESERAEHG8¢Mg a
finishing assenbly for carrying out the fluid-fluid settling steps

descri bed herei nbefore, wherein each of the plurality of separation
assenblies is connected at its 25outldt to the finishing assenbly. In
addition to the aforenentioned nethod aspects &? t he present _invention,

there is &KisBdgshpriodeat Ewe vatydenlivant yarptions (nthg Syid theoughpyls Thisfs oft j ¢ st

aspect, tgﬁﬁtﬁgﬁgﬁgﬁanteagg?ﬂ‘iﬂe Pﬁéa‘ﬁ\éhg?&fgﬂﬂﬁl?&’ﬁf &bzﬁ%ﬁilﬁhéﬁﬁ?& ating a

mul ti phas ream conprising eavl er conponent and a
| i ght er f ledatonsyepecely sulisee wepbesdatpemtionspri si ng a helical flowpath having
a fluid inlet, a first outlet for a heavier fluid conponent and a second

outlet for a lighter flujd conmponent, the heljcal f]owath bejng fornmed
such that the é¥epidingly.fbsmssay migatier alse P’ZW%P@@%@%&?RW%‘W%Q al ong

the nes' CahudoHabo iR diehd) BEGYREES heavier gﬁ;@@&ﬁbﬂn&@h@gﬁg@ outlet for

the | ight e ulr d conmponent spose central e helical
pat h, in pampomsmt,ahe epemecfpwrate@f e multiphdse fidstrasim beighswhjedtkai d condui t .

The helical .flowpath may be arranged,to pr.qvide the el evated critical
Roynol ds. T8FHARISE REPoRBR LAy bireby g SR efolp G BEiot (my be
achi eved Bysephiib$ fdrRErr{iRg oufihemisthoddtd®gl ons of the helical flowpath
according to the properties of the fluid streamto be processed. In a

further agfewing afisamrafseniroliedZowratsrio snisy b dedicaind sgparatignassemdly;separ at i ng
a mul t.i e l: tr | Si ' Juid component and a

| i ght é? fle%t?@%ﬁlg:%#%%ﬁsée tro&tﬁﬁé%ﬁﬁgé‘ip%gﬂ@éﬁpﬁ%‘?%@s nmeans for selecting a
stream of chisingihelstaplizebistitignied fd byfoaded; along a first helical flowpath, the first

helical flowpath having a first pitch;

causing the uniform rotating fluid to flow along a second helical flowpath, the second
helical flowpath having a second pitch, wherein the second pitch is greater than the
15 first pitch; and
" removing the lighter fluid from a radially inner region of the second helical flowpath;
wherein the assemblies are operable to accommodate different fiuid flowrates; and
selecting one or more separation assemblies for carrying out the method steps

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

20 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 ifs

25  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




a first conduit for establishing a stabilised rotating fluid flow pattern
for the fluid streamhaving a first helical flowpath, the first helical

f 1 owpat h WENPHEIE6Ri r st pitch; a second conduit havi ng FETHRLOREINEH|

fl owpat h, the second helical flowath having a 20 second pitch, wherein the
second pitch is greater than the first _pitch; and neans for renoving the
lighter fluid froma radially inner régi on of the second helical f 1 owpat h.

The appar at us cmri ses a fiést_ conduit having a helical passage

t her et hr o%ﬁ%‘{lert GOmPRETE ARG 7 lighterdypdisempy £ BRIV PRI ¢ cal

f | owpat h. i : A Ak PRAS m ng
further n‘ihkgcde? ﬁ?ﬁi@g@ﬁ&%%}&é%ﬂ%ftﬁ Jétgﬁﬂ?t[}fgrﬂléﬂg?er condg%ﬁé@mp%g%gr ably
formed sucteandantictifor 4 lightdr Buideamposert)thb htlicabflowpath bairg founedeyche t hat i s

bel ow the critical nol ds nynbe h i s the Reynold nber above which
the flow %%ﬁ%aﬁ%ﬁﬁk W%e%?éthé&%ufathmﬁg%}wag&&nﬁ&ﬁ%&%% Il depend
upon sschflohpafhaseRVateds the viscosity and density of the fluid stream the
velocity of the fluid stream and the di nensions of the conduit through

whi ch the streamis passing. Accordingly, the specific shape, dinensions
and | engt h of Poefefablys thecoenmidi dutiat for thHedighedr fhud omdpdnent BBeligposgder t i es of t he
feed stream he processed.. Preferably, .the conduit is of, si ze, .5.such that
the 1t o AREg pRISATS SR8 helissl i dn Karsbulfe Groning o bl EufE e

dropl et s @hid fmdditsper sed fluid phase active. A particularly preferred
arrangenment is for the first conduit to conprise a regular tube having an

internal helix in order to provide the helical flowpath. The Iength of the
first helical fThehphk¢dh flnivphthimashee drianged toprdvide thehadesatiedomiticdl Besfioldsi ent to

N he fluid fl. tabilise in the required fl i e, t
or of ol b1 JuSpt e bR R ieg irpetonles ko PE RN mBd R Ees B 1 ¢
conponent snigi difiRnéibAYol BGhRcaPlowbah hbdtrlinD ¢ 13 REReE&STdhd Muithe et hod

will determine the length of the first helical fiowath. The first helical

f1 owpat h P&east toskF proesssett | ength to allow the time for the centrifugal

separation of the lighter fluid phase front the heavier fluid 15 bul k

phase. If the required fl ow, req"me can be est.abl i shed quickl he first

helical fl ompa?llllg\)%er g&Fe %P}ee% 1%8?‘[&5)1’5358???5 anapparagus for se\f)hra%mga
multiphase fluid stream comprising a heavier fluid component and a lighter fluid

Ot

15  component, the apparatus comprising:
means for selecting a stream of fluid of predetermined flowrate;
a first conduit for establishing a stabilised rotating fluid flow pattern for the fluid
stream having a first helical flowpath, the first helical flowpath having a first pitch;
a second conduit having second helical flowpath, the second helical flowpath having a
20 second pitch, wherein the second pitch is greater than the first pitch; and
means for removing the lighter fluid from a radiaily inner region of the second helical

flowpath.

The apparatus comprises a first conduit having a belical passage therethrough,
through which fluid may be caused to flow in a belical flowpath, In order to avoid the

25  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




Preferably, the pitch of the first helical flowpath remai ns constant

t hroughout its length. The apparatus is preferably provided with a feed
condui t, WAE0MMPER t he 20 nul tiphase fluid streamto b&CIETRPEYWHGLS
forced, prior to entering the first conduit. The apparatus preferably
conprises a neans for establishing a rgtati ng fluid flowin the feed
conduit. Preferably, the feed conduit l onprises a tangential opening,

t hr ough ich the feed streamis forced, the arrangenent, of the tangential
openi ng cA¥E9TAGS éflﬂfcpﬁﬁbaaadodm%thaflu}c%stﬁa@swwW##@ﬁl@gaﬂ%duit and

be subjec 8l LS Rd %‘f‘a’ﬁﬁﬁ I 5 I N fooads i on of
separati otﬁﬁ%ﬁe %%E%E%ses %%dgfﬂght eu ul ﬁ%ﬁ%ga@%é%dgg%ﬁ?g 14

hel i cal f Kowvgpacificekipendirmgsiones erd lengthof thepfivsf enndeid wdl bedgemeined byhe second
conduit c ri ses a tube haying,a helix.extending,|longitudinally therein to
o ovi de. & HRGRGTALYA (S Foor FFRALE PRSEEFtr BTG MEe SPReH 5ot MBS second

hel i cak flsgup@bitht REIGEIRS@BIIsEd I Etrilsiedf AbArtedine! AWk iHe oGS ORd .
fl owpath. The increase in the pitch may be inh a 5 stepw Se or "a conti nuous

manner . | thexdigressedrfiaidi phase aptiereh partichlarlp ipraferrast mrangemenidn dortibe firsh|

hel ol 1IUBBER RREReRe MRS SRR e T Ry PR b o6 Tor
each tur nhefical Rewpakond hel i cal flowpath around the |ongitudinal axis of

the flowpath, preferably up to 3% nore preferably about 1% for each turn.
10To separate the lighter fluid phase fromthe heavier flui d@ghases, a

neans for renmpvibgdengheo] thy first heioal Bawpathowithin ther et craduitishonlé b¢ he second
T f . . . . .

ol ol ot Aot B8 AHRERG 18 bubBEPK] 8l WOY Bhe Wkt PO ™1 Lo hel

ext endi ng préferably 4 thensanfbwsegimel Mhe hhwre of the duiduirean) iy cémpddehizantieed

appar at s 14 SR GRS O e THQ DoiBE IRRSAT e BB GRb B S RuoT Dby 1,
first and ﬁa&%&%@gaﬁ&@aﬁmﬁ@ﬁﬁ%&w@w@?% Fsufhicd Wi éé%gmﬁ first

hel i x bei ng provi n upstream portion the tube to provide the
first hel ithelimé favthatdntufngalscpaotiondofthe lighfoeflnid phase/fromdhe heayied Skt r eam
porti o] he tu to provide the 20 second.heljcal, fl th...ln such an
PP ang Brorbik s oS iedreRired £ brki? ewar Fathuaed aipin s PR dopiele

col l ecti o il bordirp®pticd. |y within the single tube, the

coll ection conduit having openings in the portion extending wthin the
downst ream or second portion for the collection of fluid. In many

ci rcunst ances, Préferaplyothegiitsh ofthet first kglipalrfiawpstiwientaing qopstanidiraghorntd

25conduits, ;optijonally with a feed conduit, will result in an acceptable
centri fugé}iS lengjfh.

The apparatus is preferably provided with a feed conduit, into which the
20  multiphase fluid stream to be separated is forced, prior to entering the first conduit.
The apparatus preferably comprises a means for establishing a rotating fluid flow in
the feed conduit. Preferably, the feed conduit comprises a tangential apening, through
which the feed stream is forced, the arrangement of the tangential opening causing the
fluid fo rotate as it passes along the feed conduit and be subjected to high centrifugal
25  forces providing an initial region of separation of the phases before the fluid enters the

first conduit.

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

different phases of the fluid siream takes place. The second conduit also comprises a




separation of the lighter and heavier fluid phases. However, should further
separation be required, the apparatus may conprise one or nore of the

f ol | ow ngWORPBIeRiZs. 15 Shoul d further separation be PEJUFBEH/WP6Uesi red,
a preferred technique is the use of a vortex separation action, which
subjects the remaining flow to very hi %h centrifugal forces. Accordingly,
in such a case, the apparatus may fur tfier conprise a conduit for retaining

a vortex, the_said conduit being arranged to receive fluid Iea{illl_ng 5 the
second hebflicsl flowpngsriending thredr ln ap#@m%@%@na& thrSReOPG ORI or

fluid-flui r 'éc:j)ﬁhw-l{( | hﬁfﬁ-' 3 oy m nust be
sui tably ﬁ%ﬁﬁ&%(??%? I ng %?h%@%%w elgﬁgt e %pﬁ{%‘%‘ﬁgpﬁa‘?ﬁﬁﬁfﬁg‘? conpri se
a neans f belidahfowpsthn Fraférablypthatpitoh af theskamidthelicd] flomeafh incrtasts spteed

bet ween the outl et of the secon eligal_fl.owpath and.the inlet to the
Sondurt 1 BFeon. ot Rt AN 56 cesond ot cTimaesien LROPIBIRaCteIn 4 he

ot at | 9naliey Rl bkoRimiclIPodhhérd T s loibhid Hndigbineal RIS the shibrer der 0

provi de the necessary velocity increase, the Cross-sectional area of the

third hel helidal fibwpprhtihingwesesbaleng substagtiallyghe entiys fength ofthe s¢opnp &ehcal The

decrease iyn.th QSS-.S QN | Neo onti ra

St op- ni e TRARAGH IR S ant D b i RT helife by 7R FCRLA BT D
occurs al esagnd hbisdad Abivdhthard b tBhloneitudiedigikiy offthd fiewddih,tgrefechbhetp wal
flovvpath, The third heljcal_flowath is nost conveniently fornmed within a
downstrea?’r?/‘pé?qrf’Bﬁfﬁﬂblﬁ’ﬁboga]ﬁﬁf‘@ﬁahwn-cont aining the first and second

hel i cal fl ovvpaths. The vortex nmay be allowed to formw thin a

substantial ly Lt t YRS p i f the
conduﬁI cont ai ﬁ?ﬁéﬁ(e{r%tg@%%%l}t?ﬁggggﬁ%e%}ﬁ ﬁ}l‘?"fﬁé?ggpr eg 2‘ : S’t%é’%%xgslrrrog hel i cal
f | owpat hs rerhdvisgihe lipghes dakl plegs MBgovidéd wilinke sond saddnitt Prekmblyde a means
for stabilising the vorfex, |.n on referred arrangemegt t he _aggar at us

l, . .
further cHpiprasdoryepgymgithe hél?te’jcfg‘!ﬂﬁé’éﬁpﬁéestwuﬁ%@n P 6¥t§odiBEponent from
the vort ex, g WRERIhd Yootd @Qid'uit?ﬁh@ﬂel?:b?ﬁé!ﬁiﬁ??ﬁhﬁx b ahdgdaBindbaper ed

portion in the region of the opening o e sald conduit. 25The apparatus
descri bedchldgctionbeddnie may conveni ently be housed within a single conduit
or tube, as already nmentioned. Further separation may be provided by way of

FUrtnds compr | 38 eegebudfl st ad Sefond ot FOIPRIF S he: vesel  havi ng
a vol ume  components of the apparatus. However, in a most convenient arrangement, the feed

conduit, first and second conduits are adjacent portions of a single tube, a first helix

being provided in an upstream portion of the tube to provide the first helical flowpath

and a second helix being provided in a downstream portion of the tube to provide the

20  second helical flowpath. In such an arrangement, the means for removing the lighter
fluid may comprise a collection conduit extending coaxially within the single tube, the
collection conduit having openings in the portion extending within the downstream or

second portion for the collection of fluid.

In many circumstances, the provision of the apparatus with first and second
25  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.



sufficient to reduce the Reynol ds nunber of the fluid streamflow such that
fluid 30 entering the vessel nay be subjected to gravity separation. In
such an aWPAGEWeHZ, 16 the single tube or conduit as RETEFARTHPEDL

descri bed may conveniently extend within the vessel. In one preferred
arrangenment, the apparatus may be nodular in design, as described
hereinafter, in which a plurality of ddch conduits may extend within a
single vessel. 5To aid the gravity separatjon process wthin the vessel,

the apparatus sepuiddyrthersepatpiéor hemrawieds dssiresd, Agreteaeik et HaIGE TS ng a

rot ati onal ' L1 r el e L 11 all ow
ef ficient uaér g@%g%é%gﬁtl%%@%ﬁﬁg{r%\%%?é%%s%&ﬂﬁﬁg %ﬁ&zz’% on of the
separ at ed cphteifigsl fobbdss Aveartingly, insadh prasé ehaindparaiud mayéntheakomomtisest i n t he
conduit thr Oélgh which the fluid str eana IS I Nt roducg I nt.0 ghe 10 .vessel. To
further aicBndYieroE ERARERE fovPrek e ud SanduitRring prangrd Eutrgrive Suptiaadng o

centraki Sitﬁwset:{%gdc %@fgg}%@%%{ 3 dQﬁftofphWiﬁe e oBiub orke oL ividtMiid exanpl e an

i nverted cone w thin the vessel . The inverted cone may be
provi ded \sepanationf theirdtagjonal ety nfithedluftbstreand mastdreguitady bigher surface in

the directjon of ,fl.uid fl To renmove the lighter fluid.co s from
the heavi étr°B %,115:Ie[qmrﬁ&ﬂh%agpgx Sk ‘é“%?&%ﬁﬁaat‘ﬁ%“?ﬁé?/r ]’ﬂgﬁ%?ﬁlgé conpri se
a conduit wﬁwﬁhmmzioilﬂwﬂmﬂu ipBsddnetwenghe outldiof drndedrid Helivalng

openi ngs therein through which lighter fluid conpaonents may | eave the fluid

stream | loavpsthegngthe inleite theprondwf forpefamimngraivertexh Sntable aans o or ¢ he

| i ght f . b L LAk . i LSiposed

upst rggm ﬁ?ﬁ%ﬁ?ﬁ%@%ﬁ%@‘ I(;efilﬁe gg@ﬁghpﬁ%)%@gfn%%% %01{[3 l2t8vessel

W | | consimbvidésthemetaskdry veloctie incramse, fthatrdsseseotfiomd ates.of Teethapg palicd us may
further caopprise.a heavier fluid collegtion, zgne, a heavy fluid collection
conduit b aaﬁ.‘%eﬁfﬁélé‘?f a&%‘?ﬁ'{hﬁw‘?wt{th? OWH@hcg‘F‘FQE?IF%sﬁ‘% € 9Fhe condui t
having a plufoabl drta Rlay QB&H IR RohtiRIoES Br 4 Res-Widhndehne PReRMIbeY, tid ui d. Shoul d
the fluid feed stream conprise any solid conponents, this wi'll remain

decrease in the cross-sectional area occurs along substantially the entire length of the
15  third helical flowpath. The third helical flowpath is most conveniently formed within

a downstream portion of the same conduit containing the first and second helical

flowpaths.

The vortex may be allowed to form within a substantially empty conduit, such
as an empty downstream portion of the conduit containing the first, second and, if
20  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.

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

sufficient to reduce the Reynolds number of the fluid stream flow such that fluid

- 30 - - entering the vessel may be subjected to-gravity separation. -In-such an-arrangement, - - e



25 in the apparatus, passing in the dowmstreamdirection. In such cases,
the apparatus nmay further conprise a solids collection zone and neans for
removi ng WOI2MF966¢18m t he col | ection zone, the neans rendTHB29B1/908&1on an
intermttent or a continuous basis 17 As nentioned above, the apparatus is
particularly suited to being constructlgd on a nodul ar basis. In particular,
the assenbly conprising the first and*Second conduits, and if present the

conduit for housing a flujd vortex_ and an ans proyided to.increase the
rotati onaﬁ%%@?%@@ﬁ%aﬁl&’i&@%ﬁr@ ﬁ%cnﬁﬁl}r%ﬁﬁc ‘G’%gwef‘ﬁpﬂ“g ngle 5
condui t, i | a% LAk ASARTU VI RAES: inAeRRMsNal y, in
a furtherﬂ%?gg%g%tdﬁgpg?%%%%ﬁl gﬁ'?ler(t)]%eo%lpov?%es %?1 agpar altnus o_’r

separ at i ndesaribed hdrgihafer, il wiidh s plwality of speh @ndgitemie axiend within aisisgleponent
and a lighter, fluid conponent, the volunme flowate of the nultiphase fluid
st ream bef™§subj ect to variation over tinme, the apparatus conprising a
plurality of separation assenblies as hereinbefore 10 descri bed and
operabie to ac w L f ?{gn bids€ vhithfVhatese!l. HiaRRRAlsahats further
conpr ibési ng rreaﬁg or@ggdfvg tslégé y oﬂprezrzgastgi“;rllg one orer’mrepgeparsatéit%n

assenbl i esginemthl figw by comprivipk umens Foinditcggaf rotdtionalflew phisdlvid ui d st ream

The appar at us .be,operated . .wi t ne dul e sel ection .of nodul es or
A 1Bbaparerth BeLRREas Hr R o oo By SEp o b ety
separat i O&ﬁﬂmoh@ﬁziﬁﬁ%nhﬁ‘ﬂﬁ@gﬂxﬁted%ase%ﬂquﬁledﬂs REemast frbfRrabby ainet ric
flowmwate of the streamvaries. This is particularly_ effective when the

i ndi vi dualangersial aeties i Hissendiit dsousheviseh g fluid seeaghisdodeduiced fteflent 11 ui d
o0 5y 5 APt o B8 BRRRGH U5 ARBTG5 e AL g1 10 5 P

fluidto &3 separati on assen Separation
assenbl y tenthfisipg tgadiaiodaldiaaniuideficiin thearengl,fooagihiploan irvagedf f - | | ne.

If a gravity separation stage is requiyed, the nodul ar ass | y.may further
conpri se 8onSJpgAlen sagxialiy ydthin the i hBRYFRe 43 ,préﬁ’gﬁng&?{ﬂ‘t%e

separ at i ORyRFARMPL: RN RHN Ao 'd Ml B SRHRAE dhrbQidn\ITRK flow.

To remove the lighter fluid components from the heavier phases within the
15  vessel, the apparatus may further comprise a conduit extending coaxially within the
vessel, the conduit having openings therein through which lighter fluid components
may leave the fluid stream. In a preferred arrangement, the conduit has an outlet for
the lighter fluid components within the vessel, the outlet being disposed upstream of

the fluid stream inlet.

20 The fluid remaining in the vessel will consist essentially of heavier fluid
components. The apparatus may further comprise a heavier fluid coltection zone, a
heavy fluid collection conduit being disposed centrally within the collection zoue, the

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

Should the fluid feed stream comprise any solid components, this will remain
25  inthe 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 contittuous basis.



In one use of the nodul ar apparatus of the present invention, a plurality
of 25 nodul ar separation units nmay be provi ded, each conprising a plurality
of separ WPEM7TH86dADI i es of varying sizes. Such a group PSRRI be
clustered around a well head location or in an oilfield, for exanple at a
surface or a subsea |location, in order _to serve a group of wells. 18

The helical separation system of the é?esent i nvention presents a

particul ar problemwhen it comes to start-up and shut-down, if the conduits

for the |ighteAsmentignestahayedhe ppparsius sigsialarly suitadio beingeonsBReteti nat ed
W th heav | i [ S, Vi art-up and
shut - domgjrrirg'%ot)&g gm % g{i%o% u?ufl%gir& aaggpeg@tlg %ﬁrlil%&%&g%earﬁhgi%%@gnt i on.
Accor di ngbyndutthengifsesdnt thewendwioforfosing e fluad vertdxaadfany nehas piomgledp a

hel i cal separation systemfaqr .operation in separatin l,ti phase fluid

st ream coFﬁ)\nF@F#ﬁ‘gtE%lr @&HQLVQP?‘HF#@B#B&Wa Y§¢P§?@é’rﬂ grttéonponent ,
t he ho JARS Nl j i r | MAhdrl I St

fl ui (T%st rggﬁﬁ?a{le??ésst&?ﬁ% es séelﬁts %@f%dﬁo#ﬁ%&?hlgﬁ Efeég\f?éerc b@%g?%q%%nponéernt ; when’
t he fl ui daspebipthetpresaint inventidaerindtecad apperntusdbr saparfisg emultighase fekied t he

m ni mrum operating velocjty.faor.the nmultjphase .flukd.stre r.epl aci ng over
a period ofedt @Qrwg?hﬁl?%l‘%c%ﬁ’%nﬁ &l‘cf% 1@}1&%1:%?1??%@@@&%&% d streamto
be separ ayglmeAowhRAE HOMuRPHEde MId G0¥n Beibg bitged: t6 enddtivhiovdr Smet em from
normal operation 15 in which a nultiphase fluid stream comtgrl sing a heavier

fluid confherpreratisgomprisighediuplity of seprpéncassembligs@s hgrefnbgfare t he hel i cal
separati o A i 5€ i it i a first fluid stream
consi g@i nge%}s(@ée(ﬁ |da(fq%§rlgy(’l)#&’t%85 eg%%@?‘%tﬁ?ﬂ%%ggﬁgn > into the nultiphase
fluid stréaapbaethstfortor eomiprisig hteane firaclectivedy opdratingaserimtared strean when
the fluid feed consists of the first fluid stre reduci ng.the fluid feed
20f | owr at éeﬁaff‘ufﬁlaﬁﬁem%thes aCC‘PFFg“%@ &Egp{%&?‘ﬁaﬁﬁg’t@mﬁaﬁ%}“&gf erably left
full of thgedirst fluid after the fluid feed flowate has been reduced to
zero. In this way, the aforenentioned start-up nethod nay be enpl oyed

wi t hout delay and in the nost optinmum manner to achi eve normal operating
condi ti ons wi t fThe hgpantns manbe bperatedanitinaid nodudé, a detectipg bf modilesipdalb5 -

streang. . . . . b . .
TE separation assemblies being in use. In this way, individual separation assemblies may

be brought on- and off-line as the volumetric flowrate of the stream varies. This is
particularly effective when the individual separation assemblies are sized to
accommodate different fluid flowrates. Preferably, the apparatus comprises a means
for feeding a purge fluid to each separation assembly, in order to allow each

20  separation assembly to be purged and cleaned before being brought on- and off-line.

If a gravity separation stage is required, the modular assembly may further
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
25  modular separation units may be provided, each comprising a plurality of separation
assemblies of varying sizes. Such a group of units may be clustered around a
wellhead location or in an oilfield, for example at a surface or a subsea location, in

order to serve a group of wells.




The start-up and shut-down procedures of the present invention are of
particul ar advantage when the helical separation systemis arranged in the
modul ar WO 2p&¥0?6612di scussed herei nbef ore and oper at ed FPSTHgB20TAHON1INg

sel ection of helical separation nodules to acconmodate different fluid

fl ow ates and conpositions. Enbodi nents of the present invention
w Il now be described, by way of 5 exallgpl e only, having reference to the
acconpanyi ng draw ngs, in which: igure 1 i;s a cross-sectional view

: F
of a conplete JEHAFIA! STPLANIRSHIEE o dhuPraRony VGG BERHHE HRAHCURT t he
DT o, Pk W it comes B Qifipran Sk A 31 BESLABAR fonthE Yafilr LR, LPPEr

portion o e separation apparatus o ure a plan view
of the sepmdatédin thppmcedsase udt tébeguomarhinated with Eeayar fluid dosipanatty.| | sed

cross-sectional. vi ew qf hel i cal separati.on assenply accarding to the
present i mysdrPRFm is Soq"e‘?by.t is%ggarggs%dggng}eéhggggwpggw%@; CSect i onal
view on apf@Rlpéepdndariog. of three portions of the.helical separation
assenbly in the regions labelled as A, B and C 15 in Figure 4; Fi gure

6 is a longitudinal cross-sectional view of a helical separation assenbly
of the present Acpardiniglyqrhe present inveglioreprbvides a metingi foustiarimlg upradsdicalect i onal
vi ew of theagart'i Oﬁ of the'%ssenb

ly of Figure 1 ang the line VE-VII;
20F gur e AeheEtonsSile ot el Sgbecding i Rte U0 SEHER BURPHURE b1 he
assenbl y @avibrlifi@cdmpdreaatdelightBefifl cbmybhdnt, the methodi @HipBistigi S @
cross-sectional view of the upper portion of the separation apparatus of
Fi gure 1 #eding ta the helisnlasparaitonssystem A first dhuidstrpareconsisting essentially of
16 the heaver fluid component; when the fluid velocity within the helical separation
system has reached the minimum operating velocity for the multiphase fluid stream,
replacing over a period of time the first fluid stream with the multiphase fluid stream

to be separated,

A method for shutting down a helical separation system from normal operation
15 in which a multiphase fluid stream comprising a heavier fluid 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 fluid stream, reducing the fluid feed

20  flowrate to 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-ﬁp
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

25 - streams.

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

particular advantage when the helical separation system is arranged in the modular




20 Figure 10 is a schematic representation of a systemof the present
i nvention, indicating how nonitoring tubes are enployed Jo nonitor the

per f or man¥® 2897/4946%20us regi ons of the system HOTGB0VA006H a
per f or mance hi st ogram showi ng the operating flow ranges and 5 operating
pressure ranges for assenblies of differing dinensions; and Figure 12

is a graph indicating the selection of?di fferent assenbl y conbinations to
accommodate different feed streamflowates. Referring to Figure 1, there
i s shown forBBhdipenssesiheseinbafpre,and gperated using a warrag seleetiomol ghealassenbl y i s

h ' ' . | he |
por i on ofifgof SRR Aolhoteld ARkl A SuaEER copfhoaland, | 0° 1 over

conveni ent arrangenment for |ocating the assenbly, in particular adjacent a
subsea wel | head assenbly. In this way, existing wellhead assenblies can be
provided with the separation assenbly of the present invention, wthout
significant nodification of the wellhead installation. 15The separation
assenbly 2, i sEmbpdisentrafiheipresapt insication willnow e idessribed,yovagr ofhousi ng 4.

The hausing._4.,i t .conyeni ent a section of commerci.ally avail able
conduégfjore |1?1§r.llg’?l§aé”%rﬁ %1%0830@/?5%0 %m%nyﬁ?p%ﬁwsilﬁ‘@"? nge of sizes,

i ncludi ng the nom nal sizes of 42 inches, 36 inches, 30 inches and 20

i nches (108 cnFighe Cidla cissCedbRdHal PewidDa cofijfetl QetukdibnbppRuule constructed
froma section of the conductor 20 casing, 'withthe dianmeter being selected
t o accommasgarding teenesthpdinentof thequesenbinggntidne f1ui d streamto be processed.
The enbodi nents shown in the acconpanying figures and descri bed hereinafter
are concer ned Eﬁt@é] uid sesoaflriat' on at,f n under]igtea If cation,. However, the
met hod and appaatass™® A4 PH<6H VRO Ot TReE BET RS PAPUR be applied to
surface- ngsdfduenens or to platformconductors. 25The separation
assenbl y conprises a plurality of discrete conponents. An inlet and

outl et assenbly 6 is connected to the upper end of the housing 4, for
supp! M ng f1 ui Bigurs 3 ise plaseie of theseparatian appasatusnfifighredygh whi ch t he
separated fluid streans are renpved. The ‘assenbly 2 further conprises a

plurality of hlgllg{zrce%l is a stylised cross-sectional view of a helical separation assembly

according to the present invention;

Figures 5a to 5S¢ are a stylised cross-sectional view on an enlarged scale of
three portions of the helical separation assembly in the regions labelied as A, B and C
15  in Figure 4;

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

of the present invention;

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

20 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;




21 separation assenblies 8 extending within the housing 4, in which the
first stage of separation of lighter fluid conponents fromheavier fluid
conponentWOi280¥6¢12ed out. The remmining portion of the REIUSHAGT/AP06H
arranged to provide further stages of separation, conprising a fluid
stabilisation region 10, a second fluid-fluid separation 5stage 12, and a
final fluid-solid separation and recov¥fry stage 14. Each of these
conponents will be discussed in nore detail below An operating |ight

f1 ui d/ heavi er fHigirel 19 ist aschewetid ®presentaixdmeln Jystgm dicthe presgutamentioni ni mum | ow
l evel 18 foy. tthe fluid.wthin the housing 4 are r pre ented in Eigure 1 and
are shown SECHPERG ARG I e Atk ARBPYERS e tafiiatve o ate ol i os 10
8, such t Badioddfthedystet;e above the | ower or downstream end of the helix
assenblies. Referring to Figure 2, the inlet and outlet assenbly 6 is
nmount ed on the upper end of the housing 4 by neans of a connector 20 of
conventional d&gunll FwpdérfirmancenidstogiatrethondissthiolopeBting Rpwirgegesandener al | y

cylindrical inlet body 22, ca senbl.y. 24 i.s nounted,on the upper end of
The Tt et SoBamEbreRie whas O 0lu ORGSR 3R 00 o' b 28, Wi ch
toget her define a gas-liquid separation zone 30, in which gas is renoved
fromliquid presant 12&é%§pﬂﬁﬂﬁsa§9 tHd 96RBEior Of ditfeRnfafehBlyPr Ovi ded by neans
of a bore 32 extendi ng obl1quely t%rough t he upper cap 28, which is in turn
connect ed combimagers teacerramydaie Adfarent Sepdpireamifloavrges.of conventi onal
arrangenment. A lateral bore 35 is fornmed in the |ower cap 26 and connects

to a-fluid 20 conduit . An axially central bore 36, extends, through the
nl ot body 22, 1R Higuters B inshp G RORP B ESHBES: USRI ¢ a f 1 ui d
mandr el 3 deedi@nsl NITH Useeably id\éhoSasarraniz 6 iuhsARANAdrAEHIEM the solbeah i n turn
connects with a laterally extending bore 40 Through the g&%er cap 28.

Li qui 80 nayithethe &avesr drtidaradilghassernbly sxteadipgrbsneath the ssabedy isene a |iquid

conduit 42, whi i . i i . 25 neans

of a COI’IVéPl]%I One%?a#%ng%%%ﬂﬁéﬁ% g"%ﬁ‘%@% ﬁlﬁs&g%%%@%ﬁn g%‘?%“%gg(ﬁéﬁféé%@qsggough t he

upper cap wiBhedqthsperably d &s thiswap eristigg ellhéddessenblisalcanbe patvidédrwtier i al ,

such as silt, frgmthe %gff% l'y, for chem cal, injection, OE. for n?ni toring
El‘@ 1

pur poses. the SPRAEOD AsspR BRNd Eventien Wik gggifigant SPHONRIFj gure 2.
the wellhead installation.
15 The separation assembly 2, is formed around a generally cylindrical, tubular

housing 4. The housing 4 is most conveniently a section of commercially available -
.conductor casing. The conductor casing is supplied in a range of sizes, including the
nominal sizes of 42 inches, 36 inches, 30 inches and 20 inches (108 cm, 92 cm, 76 cm
and 50 em). The housing 4 may be constructed from a section of the conductor

20  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
location. However, the method and apparatus, with only minor modifications, may

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

25 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




22 Turning again to the inlet body 22, a plurality of liquid conduits
are provided in the formof |ongitudinal bores 48 spaced around the central
bore 36. WHaMWHg661d conduits provide a direct connecti oRCEEIRIEE00G)E
gas-liquid separation zone 30 and the upper region of the interior of the
housi ng 4, through which fluids may pass, as 5 required. The inlet body 22
is provided with a further set of |ongltudinal bores 50 spaced around and
radial |y outwards of the central bore and the |ongitudinal bores 48. As

wi | | becosapatatipn essmbliehd eilonding 5Gthpr be haesingé, mégxac}:cwﬁd'usttstatgépf each

hel i cal separation,.assefgbl,y 8 FEach.of .the |gnaitudi ol 50.1S
conlnect ed® aI%PIE O?B% rﬁ%‘%’ﬁ%ﬁf’ﬁ%ﬁ %8‘51 11'33'218% H%&g}ﬁ%éﬁ?%%ﬁ °§e"ﬁ'§e§r"a : on
assenbly @he fgitamhihg poftiondf gl ueing4dy kegtheles atovidd farther Higpeaof angenent of

the | ongitudinal bores 50 are thelr associated helical separation
assenbl | efepgrationsiompmising ailud stabBitetion mgignld, 8 secaad dwidAuidsepsrgigne 3,

each t I 1 ef | | ! t Lal |y arranged
ol ot b, SR Ahl 4R B schdel BpRRRYe Gty tideB 13, TAOBRER, T Yo% ¢
connect edcémpdreatsenitl te disussad iin med ddtaibbelew54- by neans of a conventi onal

fl ange assenbly. Each inlet conduit 56 is connected to a fluid inlet header
58, shown in Figure 3 as a circul ar flE)i pe extendi ng around theﬁeti%ﬁer portion
[

of the assenbl {0 oreratipg fighidbgd/bemaer fluidmierdtnedd: & Maginya high fe | et header

58, throu i i be fed. The
f1 ow of f?‘g:} adﬁi’lfurﬁlohr%ﬁfw %&%ﬁgﬁ%&ﬂﬁg@g@%h&&%ﬁ%&iinéﬁﬁeétﬁ‘&g{o&? uit 56 is 20
cont r ol | eHtigoye Wand &t shown by yirfg2alorisths hemgth ofthEhelivat s@aratimolasdeinblids i nl et
condujt 56 is provided with its.own val Ve 62 and ne-way check val ve 63
to pr Q/en ’Sgﬁ?ﬁ’@égﬁyﬁﬂcﬂﬁ%@ﬁ% il%ﬁ'?rﬁogmﬁtf%a‘&g#@?%%é%@ﬁﬁﬁ% cont r ol
of each fluid inlet conduit 56 and the flow of fluid to-each heli cal
separation ass@pRly : i I 8 1A commodat e
t he great est vgrl at?%ﬁsﬁl%?hge?@éwﬁﬁt%ﬁ%%%&lﬁt| onE%i?é@gtEﬁgﬁéf;l uid feed
stream | endwfthe heusippt by mebrdoftshainnadtoelhef dongertionahdpsigantThedrlet possi bl e,

in which a single valve is used to contrql the.f fofluid to two or nore
hel i cal s@?fg?lg‘?qt Wegiaﬁye%qrp%seg:d gﬁ?%gl?if Cﬂ]nldﬁwg[ leggﬁl%@i%#] ‘l&fﬁalf he freedom of
oper at i 0N ags@blYy 2Nis MdRRALTENE upFer cRE o LIRRIAESL Ay T ar@ @i Bes 4 Iowet t uat i ons
where only Iim'ted variations in the flowate and/or conposition of the

f1 ui di¥ eedasit ahanunyensan 28, paicidogghet defing atgaeligpidicepaation 20080t ine

install at gfy, gas is removed from liquid present in the zone 30. A vent for the gas is

provided by means of a bore 32 éxtending obliquely through the upper cap 28, which
is in turn connected to a gas recovery conduit 34 by a flange of conventional
arrangement. A lateral bore 35-ig formed in the lower cap 26 and connects to a fluid
20  conduit 37. An axially central bore 36 extends through the inlet body 22, connecting
the inner region of the housing 4 with a fluid mandrel 38 extending through the gas-
liquid separation zone, which in turn connects with a laterally extending bore 40
through the upper cap 28. Liquid may be removed through this arrangement, to be
drawn into a liquid conduit 42, which is connected to a suitable line (not shown) by
25  means of a conventional flange assembly. A coaxial bore 44 extends through the
ur.,:per cap 28 and provides an opening for the removal of solid material, such as silt,
from the assembly, for chemical injection, or for monitoring purposes. A valve 46 is

shown connected to the coaxial bore 44 in Figure 2.




23 Radial ports 55 extend through the inlet body 22 and connect with
respective lines 53, which extend to an appropriate position within the
housi ng WOPhE#6eRe enpl oyed for fluid injection, flui @CTLHEIPITYOH
process nonitoring operations. A fluid purge systemis also shown in Figure’
3 and conprises a simlar 5 arrangenent to the fluid inlet system described
above, including a circular purge fl ukd header 64 havi ng a purge inl et

conduit 66 extending to each fluid inlet condujf 51?. Iél'fre operatjon of the
fluid purge sydtErig agamiaineinletdody 2P Awlyralisnpgland goreuits o rrayidgd wat er, to
each hel i Gine $6RRA6ALRERANA SBRUS spftel br iR liraPifte 35! Thé Beigh val ve 68
is positioned Tn each“purge 1 nlet tonduit , Inorder to provide

i ndependenbdnduiinprovideod ditddt ttmmeptiorgbatyeat the geslitpaitlisepdratsmypmma Bland assenbl y

8. Again, two or npre heljcal separati,on assenbli.e | have their

Dt 65 g K HRIEY OB f AR irgIoE Of DR FRUSIRE R BRTch PSR T RASh 4 70

suppl i gs pég{u%d.fluid to the purge fluid header 64. VWile referring to
Figure 3, 1t is convenient to note the arrangenent of the heli cal

separation assenblies 8. As shown, the assenbly conprises a total of 10 15
hel i cal separ aflhe inietdsdyiiliiepro®idetl vathr afugbendet sf loagitudibdldotes Sccommpdat e a

range of different flyid.f]Jowates. .ln the. arran t sh .. the,assenbl
co rrgr i ses SBar?QS aepd BJF‘AJ %%f“%ﬁéiyi %’ﬁ‘fvargé ﬁ%ﬁhﬁt"fe%'ﬂal Eg?eﬁ?gﬁggg’"ﬁﬁk}@\ﬁ@ beres i nal y
di amet er ofs WillReHRS a%p;‘alréﬂ?gﬂg@EOﬁQQO 9?@%&5 fdelQofifit fo? eaclhalicand 15. 25 cm).

In addition, the asse nprises”7 helical separation assenblies 8
havi ng a separation agiesrhdy 8r Eoth of the dangituding! hymgs SOrissonmectadrad g doient shown can

t hus operat ed over | de nae..of e i d.f | e [ t he | owest
f1 owr zﬁe \%ﬁ%rﬂng ﬁ)ea ?F%egcfg %gfcﬁ%%pﬁ'@lhprc’ 3%8%?2’%#’;469%1% oﬁﬁ@h@%ﬁg P %OSV ?%qu-l i ne, up
to a nmaxi KuEiddferw dte andaperaddt o el I6aditRiaRRbarcs 50 astheifratsoeied ielicgier at i ng.

Combi nations of the helical separation assenblies 8 may be_nade to
accommodaeaipprasieszbliss Sup o vimagdan vigwdn Fietred. Assheygn 41 FighiGehent shown

in Figure L.S: i inG ; their
respect | véa%‘a‘§f3‘é§1°§§‘§9‘?’ﬁ%le‘°§ ﬁé&’{%&ﬁpﬁd&ﬁe@%ﬁﬂ? %ﬁﬂﬁﬁg{agﬁt et aslgleeﬁglg’y 6. It
will be afipreehhestenting ralinl dbteefh adn indetaonduigsirisrconneyedio thaprdgfed, in
whi ch Lhe X3l %as1 fad NS 8k0s BFS cSNERHOS et GREy  HRoTRIY BnbiEt S

56 is connected to a fluid inlet header 58, shown in Figure 3 as a circular pipe
extending around the upper portion of the assembly. A fluid feed conduit 60 connects
to the fluid inlet header 58, through which a multiphase fluid stream to be processed
may be fed. The flow of fluid from the fluid inlet header 58 to each inlet conduit 56 is
20  controlled by way of a valve 62. As shown in Figure 3, each fluid inlet conduit 56 is
provided with its own valve 62 and a one-way check valve 63 to prevent any back
flow occurring. This provides for independent control of each fluid inlet conduit 56
and the flow of fluid to each helical separation assembly 8. In this way, the assembly
is operable to accommodate the greatest variations in the flowrate and composition of
25  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

30  during the working life of the installation.




24 and outlet assenbly 6 by suitable lines. In this way, the valves and
their control pipewrk nay be nore readily accessible for retrieval and
repl acend®@ 20070966121t is a significant advantage of theP&I&IRBIN0PNAt t he
nunber and size of the helical separation assenblies arranged within the
housi ng may be varied to 5 acconmodate a particular duty, allow ng the

desi gn and construction of the overal23assenbly to be on a | argely nodul ar
basis. This in turn allows the desigg{ constructi.on, naiq%gnance and repair

to be both strBadinkpasisbdrextandduensinisiielgt bodye g conper Wil e8! ¥her at i on

of the heljc rati ' s | L _ I bede shavi ng
referenceinf‘%? Péﬁ&ge%?engmrﬂ?ﬁi@%ﬁ%@y%ﬂé‘%%ﬁ%‘ﬁ%%@% at A(;)'n of ea 10 typi cal
assenbl y. ethlo%d for FRidipjucaon,Alwd sdrhplingt dreracesembhijoridmpaperationsi gure 4 is
significantly shortened, for ease of reference, the ratio of the overall

length to diameter of the helix assenbly typically being nuch greater than
that represent &diuid priggsysen.is deo showmig Righte3adcompriges i el3T “separ at i on
asse y 8 conpr.li ' ' ik in
rgure 4 Poepieho e PR E e dabbl e oGP d drpdifoy o e | 0
f1uid condeder dDRaviing 4 hergh diiley @hdait g6 eetendihy tegdch fbhid mddt coudst &t ends

i all ithin th l.i ndri cal dui t ' (N t d
ot he’ BB OPSIATIOLEH St seF st w00 provitn Aok OLBL@R S SO Aol ar
cavity is 51%,@8@aﬁ{3 %ﬂcﬁpﬁa{iﬁﬁg&?&b&%i@@&ﬂéﬁ'énﬂaﬁa obekve en vhive eRitght 1 ui d

y

conduit 102 and t I ndrical conduit 100. The uppernost region 104 of

t he annul positianddtiy each g iplet gbhdnidi 6y if enden toprovide indgpendget mtrpl ¢f d.  One of

the radial, bores 54 in.the.inlet.bod eryg.na ' ntial opening
52 in hehﬁﬁﬁ'éﬁ'?%gfearcgé‘leg?ﬂfﬁﬁﬁrﬁo“t%%enb%}(%h&ga%aw(zg% Sﬁﬂ%gp The region
of the anguaaitichaviehibliRélB aegHava tditivhans bherdlRidymsigle egiven Alfidg®5i s a
fluid flow'stabilisation region, indicated as 106 in Figure 4. In this

regi on, aflsisd fesd Q@@Ultgpéﬂﬂﬁéﬁéﬁfgﬁiﬂ%iﬁp@ﬁ@uﬁ@ﬁﬂ%‘épe@ﬂlﬁ‘?-y and ext ends
around the light fluid conduit 102, to forma helical flowath for fluid

YR, LI SO Bt eI Bl beakon 1 o

helical separation assemblies 8. As shown, the assembly comprises a total of 10

15  helical separation assemblies 8 of a range of sizes, able to accommodate a range of
different fluid flowrates. Tn the arrangement shown, the assembly comprises one each
of a helical separation assembly 8 having a nominal diameter of 4 inches, 5 inches and
6 inches (10 cm, 12.5 cm, and 15.25 cm). In addition, the assembly comprises 7
helical separation assemblies 8 having a nominal diameter of 7 inches (18 cm). The

20  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 to 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.

25 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




25 regine, by forcing the fluid to flowin a conpact helical path. The
helix in the flow stabilisation region 106 is fornmed to provide a stable
fluid fl ONOZEVWFGI2and to all ow t he phases to centri f ugRONGRANWT/QPE60dnd
part, being subjected to nultiple gravity and rotational forces before the
outlet. In the arrangenent shown in F%ﬂure 4, the cross- 5sectional area of
the helical flow path is preferably cbhstant along the entire | ength of the

helix 108. As the heljix 108 .is. dispqsed wt ht'hn %1 cgll i tgrj cal (ionduit 100,
this det et elst assemblyrbipsuitehledines.da thg way. the¥alve ‘iﬂ‘g gif 5819Plc onst ant

al ong the g3 ; agﬁg&gg@;@, the pitch of the
hel i x 108pfﬁag§91£bﬂgn%?%%gr%@%%%géfbé%\&rﬁ§ﬁﬁalg§de to provide the required
flow pattern at its outlet end. 10The novenent of droplets of the |ight
flui d phase i nittihesipeificamtadvinthgt df theassemably thatahd sumberenidsize biths s

represented in figures 5a to 5c. ... The end of the-flow stabilisation
regi on 10kelicabsepp@tipassgmbhies qreangedhwi & hoising may paverieiBar at i on regi on,
generd& |y, i.ngdi : AT an%n J&E'F%l&%df%%@pgﬁed W t hin
t he a?nul%‘%cgg%‘?/ﬁagedaa%“%%%ed# §agr ourg’rdtﬁfglﬁe1 i%ht flurd conduit 102, to 15
f orm a hekdsemblyfib bapatiadgely thodulat basisi Agisvi turizallowe theydesigty i cal condui t.

The function of .this.region is ta rate t. lighfer: fluid. phase fromthe

heavi er f FURSHUEHHs Bl.amfﬂ%“f;? reg%fogg)eg%o% gree w& %}do‘?FP§%‘§JC\[/£\ADt h a

plurality of ports or holes 114. The ports 114 are formed in the inner

upper regi on ofrpl By éﬂcﬁféﬁdfolp%ﬁaheft&%ubag arktiHsGerPhlas @ Wil degover ed
e

through the ports 114 In l.uid conduit 102 as described 20herei nafter.
| n order bedgscribéd)batihg referneetpifigure®, whishds phibesd tepres¢rdatiangf@® separ ati on

region, 110, .the crpss-sectjonal area.of.the heligcal fl th.s increased
al ong heg’_ﬂ’éﬁ‘?g?%er&gl_syt teWﬁUb‘i %ﬂ?rTi%?gﬁﬁI%’F&ﬁsrmﬁ%y %l}%c‘)‘{}ll ﬁ?@%ﬂ? 1|gncr ease, the
hel i x 112isifehaWshofefdd) Bradk dSefeRGiceahé Rdiolof thd dwhalbleag® thhe | ength of
the fluid Separation region 110. The increase is 25 shown as bejng about a

2
19 i ncr eadiamefer ofithedielix psssmbiyrvicelly keing muchgreatrrhanital wPEseisthitar ound t he
l'ight fl u'b eognduit 102. The increase in pitch is to allow natural flow of
the fluid S  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 chgeapeling fofFighi dygHelical Sgatition tabeniblyu8 dolptikespr gastatle woul d

give rise to a detrimental cross-flow )
15 cylindrical conduit 100, shown in Figure 4 to extend vertically downwards from the

inlet body 22. A light fluid conduit 102 in the form of a generally cylindrical tube
extends coaxially within the cylindrical conduit and is open at its uppermost end into
the gas-liquid separation zone 30 in the cap assembly 24. An annular cavity is formed
around the light fluid conduit 102 between the light fluid conduit 102 and the

20  cylindrical conduit 100. The uppermost region 104 of the annular cavity is empty,
allowing for the free passage of fluid. 'One of the radial bores 54 in the inlet body 22
terminates in a tangential opening 52 in the uppermost region 104 of the cylindrical
conduit 100, |

The region of the annular cavity adjacent and below the uppermost region 104

25  is afluid 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 fiuid to stabilise into the required flow




26 force within the fluid. The increase in the pitch will depend upon the
properties of the fluid being processed and is selected to allow the

nat ural YQSAEM96ER the |ighter . phases into the fl uidPEGHERAWT/@086Wccur,
while allow ng the remaining heavier fluid phases to continue along the

hel i cal fl owpat h. The end of the fluid separation region 110 and the
helix 112 is contiguous with a fluid V8l ocity enhancing region, generally
indicated as 116. In this region, a further helix 118 is_disposed wthin

t he annul aegimeyby foreing thexfwie & flow duna domhact heligal pathyThedeligin e flow to form

a helical f ath for fluid noying wiihin,th i i i.f. The
helix 118 %ﬁ#‘iﬂ%{}@?%wﬁﬁé%&ﬁ’&#‘éﬂr&%‘#& A ﬁgﬁ%ﬁqﬁg{tﬁﬁ%ﬁ&%%z The 10
furiction yd pHalésStolc8BtiBRally diidd AT RRE Beihpeubiedtod td mubipld favity aidl r emai ni ng
in the cylindrical conduit 100 so as to provide a stable vortex in the
downst r eanvigtionadferees kegors thaputich clncha aupgemsot shovauiadigwed, He csgs- I'n

the fluid yvelocit i regi an. j ﬁ’%ﬁgﬁ Wibih B Fi gure 4
i ncr eaes ¥ 105‘?"[%%51&%@%@%% Pﬁr%ag?lgé%%e ahgﬁtﬁggthit]@ 'e%%ﬁ%ﬁllt 182. The

i ncrease ithe hdlix 108, A the hulit 1088 dikpbssdnwided alvylitdricahedndué 160, tise f1 ui ds be
o | nor casERPIReR SABEE o] HRGehEI 108 1f BeLBU0Y STWRRbHOBRA EFA SAfBund | he
light fluig i : 14, itRiRdh dFe hdIBIOS thaY B fRRAUIngHE?

ext endi ng r?%‘?‘gggﬁ %%Q%eagﬁgge@% i's 1ypi cally cyli ndﬁ cal and onfg a

subst ant i dedggh,doosteait provaieshercquited Boweatberniat s evbgndent is to provide
the light 20 fluid conduit 102 with a tapered or flared portion, such that

i-ts dianeter increases thr h this, reqi .in the diregti . fluid fl ow
in thd%annul ar Fj&‘&}ﬂ“‘?‘ﬁf’m@ﬁﬁ&gﬁleﬁﬂfﬁ}_lecﬁéggﬁd Sath ﬁﬁ%ﬁ&i“ij)ﬁ%‘@t ween t he
Tght 11 ul ghiRRdb Leck2 1088 hitsditld MdTgdurdlsaqeBdul t 100 to reduce in
cross-sectional area in the downstreamdirection of fluid flowin the

annular cavity. 25A cross-sectional view of a typical entire helical
separ ati on asseTtelend®filse fdvowmabilisatingegien 06 tndthetelizH 0B tis euntigudis

appreci ated, that,L many separation oper.ations r ire.the .l ength. of..t he three
regi ons 108&ith ?L%Bldgﬁ‘%ﬂzrﬁ@f)’fe@l%g?f’&ﬁ@g‘tmbﬂégteéP%iﬂgrfntth’:fﬁeglﬂ’é’ %%‘eg%gltlgr of the
cylindricak d&ﬁsgéaiwiﬂﬁ%e_ b bdvitg! 88 eR@naViBEnd Matighhfuldebheds1dNg 112
and 118 are shown as a single helical elenent exten mg within the

cyl i ndSi cafform 2 helical diginpathoRr flwdinsovise svithinethe cylbuefricel dbe fynsieder , it

wi il be- RS ireagtigx(lj isttQ %éparate the lighter fluid phase from the heavier fluid phase. The

light fluid conduit 102 is provided with a plurality of ports or holes 114. The ports
114 are formed in the inner upper region of the helical flowpath. The light liquid
phase is recovered through the ports 114 in the fiuid conduit 102 as described

20  hereinafter.

In order to provide the separation of fluid phases in the fluid separation region
110, the cross-sectional area of the helical flowpath is increased along the length of
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
25  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.

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




each of the helices 108, 112 and 118 may be arranged separately within its
own portion of the cylindrical conduit 102, or even within separate

condui t s.WOReTAM6EAgenent shown in Figures 4 and 6 i s adedFBYEHI860hen
applying the helical 5 separation assenbly 8 on a nodul ar basis, as
described. For certain fluid separatigns, double helix arrangenents may be
enpl oyed, conprising two heli cal path§6betmeen the conduits 100 and 102.

As noted above, the helix 118 within the fluid vel ocity enhancing, region
116 ter ni fAceYthin thyuidn dhedngrease i teepiich ywil depsnggipon Prome%gﬁlg B8dri cal

conduit 100 4:S.: i W 1 e O at its
| ower, doaﬁ‘sdt%é@%rgﬁeggé%gﬁ%&é?&%%gﬁgéﬁa escri bén%ﬂ%%{eﬁ t'g%r. The
downst r eaphgzes intothe fnid bendeithe oetircwbilecailving theGemeiirethianiyr flomim t he end - of
the light fluid conduit 10 E]g N hgléout | et 120 of the cylindrical conduit
100 i s a Bhases rpontnye aleng, Heal Hovat pr ovi des a vortex region, generally
indicated as 122. As will be described below, a vortex is established in
this regi on i i 4 i fof = +0f the

[ ght 101 d condert FoBe Akl Rl REAEA e hali 7 SRR (%
t he form afluahvélovigrenhahddmgreglbddgandlly indicoted ag tbe hABisaegon,isfpobad w t hi n

th d ti of the light fluid duit ,102, h I Ly i
Figure 6 B9l 1 disapsadatin fesmlles SRAI ARG RSiEnes AroEn ihedBm ity "6 iy be
oper at ed ggndt 1@2§c%'f6nﬁqmg§m%@aﬂ@fbaﬂhmn§mﬁg Qfnirithb @y Radricdp! y, i f

further ‘separation, such olishing, is required, the helical separation
assenbl y nerydulie Theddlix 1% tenintnatssiab fhevipen endiof thalighefluid spaduit 1B Bigst ens and

met hog, descr i.bed.bel ow,_nost. suj i in the

econbbny Figtiok o Pt o e e Yorbhle B A7 REMbaBipliig 11 11

Cr 05S- sectiiitidicaldoaiiiol 00 fieasioprdvite 2ktaBle vohex dstembiwstpéant beloagbodi ment  of
t he present i nvention i|nedi at e% downstream of the outlet 120 of the

hel i cal s&0mRef thacopdyindP s deschiRed R@R- i n Figure 7, a plurality of helical

separation assenblies 8 (two of which are visible in Figure 7) extend
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may be prentredeeh in pitch for each turn around the light fluid conduit 102, The increase in the ,
15  pitch will be determined by the nature of the fluids be separated and the specific
separation duty to be performed. A typical rate of increase of the pitch of the helix is
about 3% for each turn around the light fluid conduit 102. The portion of the light
fluid conduit 102 extending through the region 116 is typically cylindrical and of a
substantially constant diameter. An alternative embodiment is to provide the light
20 fluid conduit 102 with a fapered or flared portion, such that its diameter increases
through this region in the direction of fluid flow in the annular cavity. This in turn
causes the annular cavity between the light fluid conduit 102 and the cylindrical
conduit 100 to reduce in cross-sectional area in the downstream direction of fluid flow

in the annular cavity.

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

112 and 118 are shown as a single helical element extending within the ¢ylindrical




28 dependi ng upon the length of the helical separation assenblies 8 and
their relative dinensions. The baffle plate assenblies 123 provi de gui dance
and spaciWg 20¢//@%@2hel i cal separation assenblies. |n addGl/@pR00T/H801Iser ve
to di sperse any | arge gas bubbles that nay be present in the bulk fluid, as
a result of gas floatation being 5 e oned The outlet 120 of each
hel i cal separation assenbly 8 is orie 7ed so as to direct fluid | eaving t he

conduit in a,do ds. tangent i al dlrect in order to create a w de
vort ex fIGRP‘?%WhA%‘S RS AT ewewaémdf Pe gprresipigl he ondui t
160, in tlascﬁeftﬁaaﬁéh&s@@@qr@abuﬁmaggi arafc’f}@vﬂﬂﬁnﬁet 1a"y W thin

the housing 4 and has it upper e open to orman out It will
be not ed theiton f¢heeplindticdl@@ndwt Hpve evenheitlinstpsraid 20nduitst fibe | ower end of

each heli cal tion assenb rotating flow bel e.outlets

will initPEPREE GFHieTH Shouh gy 1§W8§§%F$§\%%av faifous hea.abblyi: §F belil The i ght
fluid §0n‘§é![bérat%(hs§éiﬁ‘rﬂy Bond @OU I BhsisQafdibibedaMr bér@hh fluldNefadiOR] ets to
nove up through this unstabilised fl ui d region 10. 15A heavy fluid conduit

164 ext endsubleagitapirsngrmentsinasies eeployeh compriging two belipat patbibetwesDd up to
and cormlalﬂll%/ &nrd gy%%ﬂq{&l uid mandrel 38, which is connected at its upper
e

end to th I'qul d con as shown in Figure 2. A solid/injection
conduit 166 extends coaxi all y within the heavy fluid-conduit 164 and is

connected at lhd&ﬂblmﬁdbo%ldhé Belb:hEl Sowidindhe AR etdity @nhdiﬂmg@@gbnq@@ 28, as
20 shown in Figure 2. The flow of materi al throu%h he solid |n1ect|on

condui t dléﬁ?ml Wﬁh“(ﬁﬂd&f e lighi dluihearguitd 02 o The ¢ al CF‘PHF*THQ& | An
160.
invergg gp(?ﬁom‘?lht% §]’Il 91‘1&99@581 eﬁfé?éﬂ{%él%ﬂ?%ﬂsﬁ(iﬁ%@&y dblBiteald elﬁd ﬂ: ui t

and space ower ends | 'cal” "separation asse es 8. A
hel i cal vafievhich2iré desoribad hkerelinafiert Thecloninsiadans poitian ef tie dyfiadrical esidait cone

170. The regqi on n t he | oper _en of the
hel i cal séﬁg%‘ie?‘yﬁg Somuhgender Belit i coaawp It toafe BRIRIATPL BRG of ¢ he
i nverted eﬂmﬂezpcdnauﬁ 166 [ é’sxfﬂsﬁ}’i’ua{lﬂr Shith ol érﬂ%rﬁﬁ%@@vm@é?ﬂ%%ﬁh' y
i ndicated as 10 in th gures purpose of whichis to establish a
sl ower r ogamrdhaandfcmm apal 2.eAn vail bf-" Idascahbf:d belowy 2 doremisredablishet i this egi on
from tlg'e region extending in the downstream direction from the end of the light fluid conduit

102. To capture the created vortex, a vortex guide, in the form of an inverted cone

124 and a vortex tube 126 are disposed within the end portion of the light fluid

conduit 102, as shown more clearly in Figure 6.

The helical separation assembly shown in Figures 4 and 6 may be operated as
20  a self contained separation system. Alternatively, if further separation, such as
polishing, is required, the helical separation assembly may be used in conjunction
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
25  the assembly of the embodiment of the present invention immediately downstiream 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,




29 outlets 120 of the helical separation assenblies 8. The inverted cone
170 is of such a length and angle to provide a sufficient reduction in the
annul ar fWERPHI6HEt ween t he housing 4 and t he secondar YOIYGHR0F00¢H
conduit 160 to create a higher rotational annular velocity of the fluid to
effect a final separation of the Iigh%ﬁr and heavier fluid 5 phases in the
next region of the assenbly. The regi of the housing 4 imredi ately

downstream or ,bel ow the, i nyerte one 170.is a second fJuid-fluid )
separ at i 0f{CRFGHE URoE E;lgpgt;t qfﬁléﬁqélﬁacfeﬁ%raﬁ@ ?ﬁﬁe‘%lﬁ'éﬁsf& @lﬁfrtg@.r rqlgfi¥eni s regi on,
the remai gi tdngh [ : fL-0ed V, assenbl y:
To achi eve fﬁ}ssd,lﬁt Eg&gé%lg%@g&?@gﬁfg %3tﬁrgﬁgg%%?&1%§ s%éa%%g)\%aed wth a
10 Pl ur al helcabsepamtion assentidies sIntaddititinpthgy iserye kedigpdrsd amyrinigegiasie t he

i nverted 170, through which.the.lighter fluid ases enter the
condui t 1&@5@%%&6%%‘%3’ ?8%&‘3”[%&13#&‘%@? flyid 234 Wmtﬁ%%agﬂeng%ﬁt f1 ui d
condui % 1§ﬁmaﬂed1he heavy fluid conduit 164. It will be noted that the
secondary light fluid conduit 160 is closed at its |ower end 161, as shown

in Figure 8. 15Referring to Figure 8, there is shown a cross-sectional view
of the downst r daspuilet| 13Ref cpalrhelionl soparatien asepablytS is oriasted abbyto diteet f i-nal

region in ly Ls.the.final .fluid-solid separatiqon and recovery
st age, ge%l%%aﬁg % éég{lgﬁmaasdci%“ﬁ{dst g?l}nﬁ‘gfh&c.hoﬁt 1&%5&33? c(?ﬁﬁ@‘i’%ﬁ is
di sposed gbridxhRowtoygifie] SalPsaitibddblow) eA sesudaky ight Huid donduis 2HGHAIHON St age
12 and prgw des a barrier to the lighter fluids in the central annulus 20

and ensur 837 3 zemeellyeatindsica) bee sprtlly withindles hopsingrt auddhagitser
annul ye CagdrUE obth fo VBt WBIALARDT MM GRLd Bl nd BEGARRGEUNOBNRE 1 76

mar ks t he strea separation and recovery
st age 14. ottt 13011 therlowér dndeflzech/helfchivegaratiowl aisémbky/. cRicaoditing ot 0 t hi s

final regian 14 is. perforat by .a uraljty of .ports 180, .t hrough whi ch
i R o e R T L
extends t guid@nlbil 166 898s HEowing: 1BRKY dnlyYight ﬁ\fﬁﬁ%’é%leé%ao%é g@ho""“ In

Figure 8. :Means may be provided to withdiaw solid materi ch as silt

and sedi -nthieughthisowgtabilised Huidiragipnjlécti on conduit 166, for exanple by neans
of a reduced pressure or vacuum suction. Alternatively, the

15 A heavy fluid conduit 164 extends coaxially within the secondary light fluid
conduit 160 up to and coaxially through the fluid mandrel 38, which is connected at
its upper end to the liquid conduit 42, as shown in Figure 2.

A solid/injection conduit 166 extends coaxially within the heavy fluid conduit
164 and is connected af its upper end to the coaxial bore 44 in the upper cap 28, as
20  shown in Figure 2. The flow of material through the solid/injection conduit 166 is
controlled by the valve 46, also shown in Figure 2.

An inverted cone 170 is disposed around th;s 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
25  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 és 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




30 solid/injection conduit 166 may be used to inject active conponents into
the fluid in the housing, for exanple to enhance the separation of the
fluid pha¥@3007/096612 The | ower end of the housing 4 is pP&FEE0HI®0N1a bore
182, in which are located an isolation plug or plugs 184 and a check val ve
186, both of conventional 5 design. Tﬁﬁ bore 182 may be used to provide
~jetting or circulation for seawater, ds or cenents when installing the

housing 4 into e.seabed . The eration, of the assenbly in the
acconpany PR iléﬂp%élem?ﬂ sepaunsionpatplion S; dhainvsred eox%enle’fosléaﬁwbiaon of a
two phase quggg [ : Hgﬁ% P | pi cal of
the water Ir co%%ﬁngief@gﬁ?‘?ﬁga%g%ﬁ?%%@dl S O wﬁ?@@%@?@ﬁ%ﬁe@% wel | .
Typi cal | y housingi4 indittetseemdaryt light duld doadsin 4@ fdedatas higheptatationah t he bul k
aqueous phase, which are npat suscepti bl e to.coalescence and se ation

e gt ho ARBHTRIeG o Che 5 RS B Seph S B ER IERGR Bh e Tl

i nsuf f§ci gRdselBPthe hextSBEI0R SRR ad@ly.| ow centrifugal forces. To be suitable
for reinjection into an underground ¥orrmation, the oil nust be renoved from

the water to a concentration bel ow 400 ppm 15 This is achieved using the
met hod and appdibatregonét thhbowirs4 mmediateiy domsiteatitve belobotite mertted hown i n

t he acconpanyy figur as 0]l ows:. The .m xed ase,.oi l./water stream
"t odt ol Rl aserpaET AriePiRton rape PR AR SB02 hHoent or s t he
fluid feegighradai thifregionOfie Wi iRidgtlighter dlutd pHbel £6 fhallPRended fRnEthael | cal
separation assenblies 8 through the respective inlet conduit 56, the 20

f1 ow t hr oagemiy. che achievsithisoihp seropgary hight Buid cenduie! 4is proddedawith ane- way
heckyyal i ; d divi ded
checkufal Wenfily o A AL HES00E Al Wl 08 BSGSRRLEY AT O v ded

assenbl i eshrovgh whieh thdkghtatdinié phaseemay shier therdnddtbihatd wis along tte hel i cal
separation assenblies 8 t e . used is selected to match.the, yo tric
ot at o SRR taiep B ept @8%@3@@5%_@@@ é%&mﬁf_ e copduiy o4, ft

advant age yif bk R6tea 58 TR éécé’ﬁdahﬂﬁ RRIE A8 ks GBsed 4 itB Bvdr&Hll 361,25 shown
in the acconpanying figures, t a% a w de range of volunetric fiowates may
be accommesistiord: iniigrra. any reduction in the efficiency of separation.

I ndeed, the ability to select a conmbination of different sized helical
temto be tailored to a,very w de range

of 11 55 0 CompoSTSTHRE T b ect BTOWE S P PR TN T MO PR on
2][ ]9:3 g;s : ﬁ(S: ;3% RVRPBbAIA o iteephfABbk aé%&hbﬁ;‘!_ MGl FdoRRSindRdasRbmBliyhs 4R

final fluid-solid separation and recovery stage, generally indicated as 14 in the figures.

A conical vane 176 is disposed at the dolwnstream end of the second fluid-fluid

separation stage 12 and provides a barrier to the lighter fluids in the cenfral annulus

20 and ensures only the heavier fluid components and solids in the quter annulus

continue in the downwards flow direction. The conical vane 176 marks the upstream

end of the final fluid-solid separation and recovery stage 14. The portion of the heavy

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

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

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

example by means of a reduced pressure or vacuum suction. Alternatively, the




From each inlet conduit 56, the oil/water streamenters the respective
radial bore 54 in the inlet body 22, through the tangential opening 52 in

t he upperWOSM0786Gt2on of the cylindrical feed conduit ofCITHB2OY(98H | ve

hel i cal separation assenbly 8, as shown in Figures 3 and 4. The sel ected
fluid streamenters the cylindrical feed conduit tangentially, where coarse
cyclonic separation occurs. This all owl the general phase masses to be

di vided and begin to separate and tqQ performthe streaminto 61‘1;@! urality of
di screte pidisiecHan gorduitOomnay br e & jqchactive|componentyipaths fluldin he 10

oper at i onuof j | | M 41k St ical, with the only
di fference he(l?l?]lga‘t%gb%l elcg(f&tﬂ{]ag éa@?é%?%n%t?{%ﬁlggﬁééﬁgt ric throughput,
the operation ofjust a single helical separation assenbly 8 will be
described for Thaldwet.end of theHolsiap Wivplovided widPabsrdl 82, iRGvifidtearbel i cal
separation assemhly 8 is caused to flow in a rotati ngépattern as it

descends tafatedsp ion plegeougHiB4 and aghelenalve 134, boteofioonventioaalyi | / wat er
o S o : IR LA hori ori
1 owpat h_ PesimioTia St 152 Bty B3Rl o RbUR0 kB st HaBorSBlnelcE, blias 01 £,

and t he f bucandoiowhet @mbtallingahée housingpd oo h8Geabedt 0 generate a uni form
rotating-fluid flow pattern in the oil/water stream The passage of the
streamthrough,ﬁlhe vari ous.  conduits,-and pi pes ypstream Q{ %\He separation
assenbly 2 wi | TnpPBEFRARN pifhe asseabh i thhacsompaniing igwses Wil SadeegPre, in

whi ch t he; . | QR SHas@Rk rigd,l : nol ds
nunber upéﬁ%ﬁ??ﬁﬁgp@%&ﬁ%ﬁ%ﬁﬂggpar at%{rlegdg%ggggﬁﬁté} gublggc 1!3%}"[ ur bul ent
f1 ow pat t phasewirtdm nlypierloofithe wateh raghvertd froiethe prasfuctiapfnids bda of oi |

dr opl framthe water, Accordin .. the rrmost reqion 104 and the fluid
ot abi 10 capvfHnEER BRLs guPEALy Gt bttt SERTH RabekR = Fuwcteitie cuch
that the Bann@LeSusPUARSvhich 228 nBhSWptibIR 16 EodideahceniREaratidh Widp&he WOT dS,
t he Reynol ds nunber of the fluid flow is brought bel owthe val ue at which

t ur bul ent coBvsitienal sshniqpesedfaratiinsepatabon pushrs o bisuificiant swwsy @gieswsgalos i s of

sufficien R _ | uiyd Af i_Ie: . i At | east,
The 11 ov Ml Ah deelfugel foricet 1 b PHBE e TEinl BuDE RO LA BRI A | 122
Reynol ds furrradion ttheedl esist beerelhawed frendthe fwatdrao b camentratiorebels@Age ppm32
Inthgfl - stahi,lisatjon regioH 186, t he t{] nsitional, state_and the
conpad? hdRisdsrehievst usiedts methodand aprarate Ohing RreseRtiRYSHGR A thsr ces wi t hi n

the fl ui dephfitlcRDsHRNE N AR ho gb@ual 8 felysf luid to mgrate according
to their ?%lspelctei vSe dengi %s%hﬁ %C%n encoursages coal escing of the

smal|l droplets into | arger drops, which in turn, 5 due to their |arger
masses, experi &heeiged plageoilfeita atrean iofed @b theasenibhe 2 skpaglathedhidf t he

hases. Al dvant.a of a fqrced.flaowin the.flow stahiljsatiaon region 106
' thai 1 {eoQiogRRH] o ?ﬂt@fﬁﬁ%@gé@&ﬁﬁ@ﬂ%ﬁﬂ?r@g@ BP%IQISE@HE@F? o3¢ | owi ng
t he Reynolgsorimdighl &?aﬂﬁﬁor?%ﬂéﬂngﬁé@dh}{odghgﬁ@fes . ttivéidlétlcoﬂﬂﬁih?& thdre | am nar

flow reginme than for Tlow in an open stream IS inturn allows the fluid
to fl 3 aflow thioygh fathdchris cgnthiltgddry thetaspictiye valak 68 gnd hoe-walichedk yaditeh.
Upon | eavihg~the,flui.d flo tabi lisation region .106.the oil ter stream
e at oPy ShEEwE e dnsfit BeRde by Sireeiied 8 GG s BRnPisgbln T10 ana t he
heli cal fhenipat forfdtimdiodto tddpediRiehelidal BeparitidntisSeniiids ORs dediRibe@] or portion
of the oi dro&)‘éets are | arge enough to collect and to be separated from

t he wat er a8pgves the nymbenaRrdegonmin@ipm of the helical separation assemblies 8 to be used
is selected to match the volumetric flowrate of the feed stream to be processed. As

25  noted, it is an advantage of the assembly of the present invention, in particular as
shown in the accompanying figures, that a wide range of volumetric flowrates may be
accommodated without any reduction in the efficiency of separation. Indeed, the

ability to select a combination of different sized helical separation assemblies allows

the system to be tailored to a very wide range of fluid compositions and flowrates, =~~~




15 and renoved fromthe stream The action of the high centrifugal forces
on the minute oil droplets and separation action at various stages as the
flowis FYPBH/PPBugh the helix is represented di agranﬁEﬂ(‘iﬁﬂ“?'@ﬁOPWlFl gur es
5a to 5¢c. In the upper regions of the fluid separation region 110, as shown
in Figure 5a, the rotational flow of tlfe fluid stream causes the Iigh’ter

oil droplets to m'grate to the upper, “fnner region of the 20 helical

fl ovvpat h S viewe Fi gure 5a. This movenent resses al.ong the

| enot - of 418 alibTHedhe FeBiran Frogised fRpsrith TR (hBL SO qonitionye. o |
col I ecti ngnd & 4 igh ¥fRAMcyl NNer region of the flowath flows through the
ports 114 in the Ilght fYUId conduit 102 and passes upwards in the conduit

to the gas-liquid separation zone 30 in the cap assenbly 24, as shown in
Figure 2. Any §asnpachsplet comluitiis, theloﬂ&tratbﬂ'ﬁt&ap(ﬂnltﬂsﬂ&r@@ecmwmdﬂabd in the

f. th at 30 dth h
P bor 2 bgre s inthenfE Bog 2 Erop R Biedtnental oPeES 2 RS fis YEBREVE (1 om t he
cap assenpbiiodbf ity Quakiddl diabaaat oﬁﬁé@e ﬁéctiv@ th"@‘alE ticnRsettbl f@d the

fluid conduit 37. Any water entrained wth the oil reachl ng the cap
assenbl y 2#shommindigures 3 ed holibe sgleaedoﬂmv}atrem entiors th@nﬂmdsmtalrﬁbd bores 48 in
the inlet eaving the fluld se ar qj on 11Q the

r emai ni ng &ngutl %ggeg%%f, y@eﬁe CREEESH ogﬁclsgp%?h%?cg Wi %*oﬁ’@r QfBH s of

oi |, ent ephasth@skdsud dedmlmm&gﬁ&%epmtémwpeﬁb&nanéis&m weper end of
the helical flowpath provided by the helix 118. In _this region, the

rotati onaP W%%WF@W% Rbgeesdefea the thuid gatersdhebelicakflowpathyAs the he 5 Reynol ds

“U”beli? @é}ﬁ?]o?{ SEABR hARaF 83atiBAYs F?&e‘?ﬁi‘c‘%&ftﬁ tﬁér J(:)rgt Qffreryieue. The

vel oc e stream 1S I nNncrease su f1clent ce a stabl e vortex
in the pobemgmecaizddfeh@:qslsemﬂlylandlltsomhmmtnc ﬁtﬁ&lghpuemead;etanod@ﬁ/ylst aeam of the

end of the, f el oc enh i.nag..r n,.1 he vortex is stabilised at
t he open &8 ega'eﬂgaﬁéegair ﬁﬂﬁ?ﬁa@ @d’%&h eiweég‘ﬁf‘:—c[ﬁtp'ect ed with the aid of
the inverted cone 124 and the vortex 10 tube 126 in the | ower end of the

Light 1l d conbhi st Shuckie vRtllGR Bharkdlh 8L ALY BNt OF the

fluid in the vortex e renmal nin ets to t ecentre of
t he vort eflowrid agptating pateerh esvd desmeddsahe uplmrmogﬁrb-glbhlmé, asonched mFRuref r om

LTI 1 B R B el A e SR R ER Bty B and et faugh Che

angl ed ouhtiial ASRpath f@fiedrbylthehemi 108/ otﬂamnafontdi%éwgip%hﬁasﬁegmﬂ ropperation,
the |ower region

the main body of the housing 4 is filled with Ii

bei ng fil p@h%mm ﬂanétﬂbdﬁawm@gmpl@ﬁ iy Wogenpratied wgfcmn resaking fiwididlesv | i ght er
oil. The I interface is
above the&r%'t%nel)lgirl %u%éﬁﬁiﬁét%eve?&p%@%ﬁ%ﬁgygﬂp thl’l cgﬁo%l% %1&5180 of the

hel i cal se?]miuets amhpmssmshbmn&f thensapdaaﬁmmassemb]lytﬁml%)ﬁ)roﬂﬁletﬂwsﬂ‘t?uﬁvhﬂh4 t wo
actlo enhance t separ at i mai nj ng Qi ts fromthe

wart er 20 Tha RPYIER Sy fegtednay %h«’%ﬁ%@g egrlwgmﬁcg‘@gw P&, by which
the Iight aau&ukeﬁ{c@agrﬁﬁﬁb%ﬁoﬁce@ggnﬁsgw A& tfbnta@ﬁnhqw%' RQcRRd enter

t he upper region. The oil col |s regi on w eavi ng the housing
4 t hr oughturbidentdlugt patiimwill boteevid@a hightdificiemdyeif shpaiyti@iofiail dmplets t he

gas-1liqui grggletgar a%% 30208%@ i n?ép%\g’aggg asstH)Al%étﬁélﬂm%Sst&hlesa%imll is renoved

fromthe
region 106 are operated to stab111se the. flow regime such that the Reynolds number is

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

Reynolds number towards the lower end of the transitional range.




The second node of separation in the main volunme of the housing is a
farther rotational separation. The action of the angled outlet 120 is to
i nduce a WORPYWOERZi on of the substantially water phase Pql{EH20V#2601oner
region of the housing 4. The rotating water stream descends within the
housi ng through the fluid stabilisatiﬁg region 10. 30 As the water stream
passes the inverted cone 170 and the lical vane 172, its 34 rotational

velocity is increased, before the r.streamenters e further
£l uidefluid seg%&&ff SfP‘él[jF%anﬁg.mmb@@%ﬁ?l@&}%ﬁfﬁ@tﬁ@na OHRAGE o |

dropl ets ReRedt AYHSshitbd WP AERId Agh BEGRIZET Rrdb wi YRid GorkingiRh e they
pass through the%g%rtlg1 17%6?nﬁ% hegsecondary Iri gﬁ‘tlmfﬁllgligd co’n%ﬁ:iu}t 160. Wthin

t hi s conddietsmallest dyppletdiob fuist to migvate ageaediols togheir rashectiyedgnditess THEO of t he
hel i cal separation assenpli.es and er, th er, regi on,af .t he housing
4. T iroBPaBesoRRytinh of wl el riless e PRES ckBarBton i on- 12
Wi cont dud tmhbl 1at8ENmaRsE) ExsitichéePs Rir @i Boroé Bndacceletat@ i@ sefarbtidd 6l e for
reinjection into a subterranean forpation or fo i sposal. 1 n other ways.

d
The wat er thasphassfovistadienieze AGa fosesk iy in e flow Hebiliwwion aseivr §00H that by

passi ng t hreuq . AR P6l G ' Thgpat er in
this condrll}{ T I%%Algl‘?ﬁlgé\%%&rsgss&ltg%nbﬁ% c%&ggém%é;mg%&gg%%%ggdst%e aeis‘\lzenbl y 2
t hr ough t bebé¢ asmsidetabbolighetMbua sidll Whithid the ddminaofieiyv rdgid@ than for flow inAmy sol i d
materials, such as sedjnent or sjlt,. my be collected in the | owernost

regi on of OPﬁéstFﬁaﬂvsiﬂaswwf@wﬁ%ﬁwdéptﬂ?@fatﬁeﬁ%ﬁﬁae&m@@r VEISHEY nuousl vy,
15t hr gggh ajdﬁgtﬁ@ﬂlé'lgéj jpection conduit 166. The solid/injection
conduit 166 also provides a neans for introducing conponents into the

fluids in the housing 4, such as separation enhancers, as may be required
to i nprove the (yepdeavingohe 8irid fove sabilishtidrhegioudfalkhe cifsatebktyeanA porti on of

e i nl ot TEERBIHAY Biom e trae i of GRTHE sspro UL ToBH O bpeliogl bf 11 ui

through t hevaafeoRhyd by {he heiRY Ii’.elﬂlﬁ%%gion,ftﬁé FIECE 10 'iSBftFon Sﬂh@éi@ﬁidfﬁets
sufficient rotational ‘velocity of the oil/water streans in the heli cal

separ at i onaredergsrebpugistogollect a@l hee sepatates frem thenwatet iorthe giltatertsreaer al |

systenyi s _achi eved uUsSi n_arrangenent. . pf,J nj ect..on, -noNi t Q§i ng d sanpl e
Y e g oS FrioVE 08 8 sR0aR" CHF R NE P P B SORR et LY, 7
pl ural ity oiifdrosietis ahd bpaesiohaciqiaieatiogs aiges Aeite flowBrfored shroogh gepect i ve

control lines 53. As npre clearly shown in Figure 9, the control |lines 53
ext end | oM§i% Lidrprasgnied diagiamsiaist e fiigieeed 00¥- b the wrenees S HY 4. The

radi albokgss §3aR6h kML O EOhT I FifiRe FMDR R HOwl PR AuigOMPONeNt s

into the
stream causes the lighter oil droplets to migrate to the upper, inner region of the

20 helical flowpath, as viewed in Figure 5a. This movement progresses along the length
of the helical flowpath, as shown in Figures 5b and 5¢. The oil collecting in the
upper, inner region of the flowpath flows through the ports 1 14 in the light fluid
conduit 102 and passes upwards in the conduit to the gas-liquid separation zone 30 in
the cap qssembly 24, as shown in Figure 2. Any gas present in the oil at this point is

25  collected in the upper region of the gas-liquid separation zone 30 and is removed
through the bore 32 and the gas recovery conduit 34. The oil is removed from the cap
assembly 24 through the lateral bore 35 in the lower cap 26 and the fluid conduit 37.
Any water entrained with the oil and reaching the cap assembly 24 returns to the
housing 4 by way of the longitudinal bores 48 in the inlet body 22.



35 bulk fluid phase within the housing, such as additives and separation
enhancers. Gas may be injected through one or nore of these lines in order
to provi dWOR0/4966120at ati on systemwithin a |iquid bul k BSH4RE2007H)a601
particular use for the control lines 53 is to determine and nonitor the 5
I nterface between the light fluid phase and the heavy fluid phase within
the housing 4. As described above, thé3d| i ght. fluid phase will be collected

fromand rise upstreamw thin the housing to occupy .t hci:_ upper npst regi ons
of the housi ngUnes lesvingthe Auidepaiien welonrHo the rerediaing ligpidy sRUSHDS! t he

separation.pnr witdr with BESE S ubisto? ol1dERE | tween the
two phas eg.ssg'l%ﬁgf)%fr‘%%t%ro@ I's nay Bsg?gﬂv\g# %ﬂsg%?‘j?ﬁgxe %%ﬁ? %tﬂﬁeﬁ?}? iaﬁge 15.
Al t er nat i v&diyn 1 teaeinte npperpad of fhe helitdl flowghth freviled by thedehizdd Bely t he

i nterface nmay be poorly. defiped. r exanple, in the case of the separation
of oi | di PeFee | rgralig ivﬁﬁ’ﬁﬁg Oggﬁégﬁ%mpwg 2540h A9 %’Eeé‘ﬁfo&{&“e may extend
over sgve 'R%bmcggg ﬁﬁ:ﬁb&ﬁﬂ@%ﬂnﬁﬁcﬁﬁheﬁ A ﬁitag Rpp¥oadi the }AHcHBeRE: ThBE ‘

techni que o termning the position of e interface 15 is shown 15
schemat i caklogity nf e grean IsOincreasedstiffizientlyrie pEgivcea stablgrvorirx énteng i nto t he

housi ng 4, the |l.ower ..end qf I def | tum 19 h r P, of

i nj ect gd PPEHoR qfﬁhet Wémg{}?‘f? FBﬁ%“}lﬁp& 1g§n§ra§ast é@%&t&e%bfé&g %ﬂggfﬁ.‘% |‘l(§%1| arly,
the pressuyeRcii cihanbing rédien ND6ISTIGveRtexiié Stabibiel 4Takd opctnt wf drdighted. To
determine the interface 15 in an oil/water fluid system clean oil, for
exanpl e t Kaid eendisd 62 andeellegted Wighthe rid pfghe tivatied et left and thesypatest i on in
the asge f. | LS. LG [ of the
cont o 1 118 in g BNALAEHRS HeheLGRITRA, (A BBRcftn BEUE 1) Compar ed
with the psetetsl encsembieofebe fluidfin theevdrieghthe kdmaiding @ildiroplets Thigraeioght hw

bet ween the datum_ 19 d the int 15 i ) hed [ he f | a:
Do (v, | TieRspiramGHs VoK and eniphibe HOTGPLSE IR A Rt D dtpe

i nterface yhre Padsss foNGp RERADHY £4,05 disth@cd g6bwi | in the control line 53; Ph
is the pressure”in the Bpper most ‘end of the

p—t

The remaining liquid flows down the cjrlindrical conduit 100 and leaves

15  through tﬁe angled outlet 120 to enter the main volume of the housing 4., In operation,
the main body of the housing 4 is filled with liquid, the lower region being filled with
water and the upper region being filled with the lighter oil. The entire assembly is
operated such that the oil/water interface is above the maximum high level 17 of the
cylindrical conduit 100 of the helical separation assembly 8. In the main volume of

20  the housing 4, two actions enhance the separation of any remaining oil droplets from
the water. The first action is a straightforward gravity separation, by which the lighter
oil dfopie{s are caused to rise within the housing and enter the upper region. The oil
collected in this region will ledving the housing 4 through the longitudinal bores 48 in
the inlet body 22 to enter the gas-liquid separation zone 30 in the cap assembly 24,

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

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

+-3(Q--Asthe water stream passes the inverted cone 170-and the-helical vane 172, itg - - - oo v



36 housing 4; dwis the density of water; and do is the density of the

injected oil. Asimlar formula is applied to other fluid systens. A
const ant Weaa7P6412ght f| uid, such as oil, is maintai ned®HrRAHHIM0H
control line 53, in order to allow the systemto actively nonitor the

changes in the interface. 5 In general, the systemw || be operated with a
predeterm ned operating | evel 16, as %own in Figure 10, with a high point

17 and | ow pQin 8.far,the interface, defining the acceptaple _operating
range of M@thqahvéwq%ﬁ alcrfms*acmasﬁoé@ &%%?Feﬁﬁqea@fem%ﬂwm&@ﬁg}l@e of this
range can . i I : i fahdii o~

9 sébgﬂa!é‘xﬁﬁgeséxﬂﬁi! BORLs o oﬁ,tﬁ%?&n%&%ﬁ%ﬂ'd%é}%@aﬁe @autEéH o%gfg!réfl nef 53 of 2

operati on, e injection through ofie or re contro
vol ume of tolife cemjte offthehahisore 4)exdneye thewpass thidotigh thmtrovis| 174 intheisacandeliyt i on, one

or nore of. the.outl et .ar Jd.nlet. chgkes around the system be

adj ust ed, II@&&@H@F%’%H&% {Vhightp S 8%4%8}“%&9@5&' B ‘{?S%F‘is&ai“&g‘gacti on may
i ncl ude 1 g&Yes 1 N0oRhPRElIdaPEpatatibh BsdBAYESS ahd bt théppiegdorBOUR, the
arrangenment of the present invention is particularly suited 15 for

appl i catibeustng4 nodul ar basis. In one preferred arrangenment, a separation
nodul e conprises a helical separation assenbly, as described both in

general and in ecjfic detai bove. .and .shown. in t.he acc nyi ng figures,
P cat ed by AEE getairnaRe hubeet g ROR o A3 LSRR Y
assenbl y "@’{/ RRoP610YAce Atholiitsdf Wil lah@ bY sgitabll fok esigjettic BBSa siblerRield cul ar a
range of different nom nal dianeters. This possible 20 variation in the

si ze of tfematipapufor dispaisliin ethereways. ddeayaterge resroverldiom Bsestenitiyéht i on by

al | owi ng . i . ‘
acc o%daﬁ‘g%%K% r%e@g? gj{ g{' %ﬁ%é&%ﬂgﬁé@ipﬁ%qm ﬁgﬁ%sk#ea%gﬁ %P Bg%pr oach of

t he presebd.i Thewhtepin thisyohéuiafipws apwards tsthe chinessemblye24 aridzdeavre thecal
separati on as%fnbl i es.can accommodat e | arger. 25 f,I-Fii d flowates. Referring

to Fi gur easpembieihgoysh thelsfgral-poge 40 pndyihediquidgo8duit fFdg 1 owr at es and

pressures for a range of helical separation assenblies 8 as shown in the
acconpanyi ng fi,gur, per.ati : . AR re given for

hel i cal separa |gr§8§%§n§%§ﬁf§é§'{cﬁ§\%i@%ﬁ%m irlrlglqlqai anet e?@agl?alﬁ, 5 6 and 7
i nches ( nlovieemest régibn oflthethobkigy ¥ end t9maved, éither ppdoditaltyoricontilneuskgpar at i on

of cr ilgi © B{réug‘lr {28 lscﬁgcﬁin}cgcgggl Qonduit 166.

The solid/injection conduit 166 also provides a means for introducing
components into the fluids in the housing 4, such as separation enhancers, as may be

required to improve the separation efficiency of the overall assembly.

A portion of the water removed from the fluid removal section 14 may be
20  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 assemblies 8.

The control and monitoring of the overall system is achieved using an
arrangement of injection, monitoring and sample lines. As noted above, the
25  cylindrical inlet body 22 is formed with a plurality of radial bores 35 connected at
their inner ends to respective control lines 53. As more clearly shown in Figure 9, the
control lines 53 extend longitudinally in a downstream direction within the housing 4.

- -The radial-bores 55-and the contrel lines 53-may be used to-inject components into the- - -



37 water stream Such a streamis typical of the oil-contam nated water
streans encountered during drilling and producti on operations in

subt er r arf¥@R0GW6EAd gas wells. As a first approach to XETERASEAPHY a
given fluid streamand flowate, it is nerely necessary to select the
appropriate size of helical separation assenbly, for exanple froma graph
such as Figure 11. If the stream3o be processed has a flowate
exceedi ng the maxi mum operating, flowate of the helical separatign

assenbl y, witl phase WaYN Hee hawising, sich 28 additiven and\peparaticnenhanceshiffdes may be
operated i & ek thed pirs I FRs h of the
pr esent irlll{;/hn |10Jr§=cié£l 8%%%%&%5% urzﬁs%ﬁ?%g%%mégte se?%agﬁll%%{r?ﬁg the 10
si zes of tshaemlwittdh bliguidfbublephazal separation assenblies allows a

conbi nation of different sized assenblies to be determned to natch the

gi ven stream and fl ow at e. A con*ﬁqlli catjon arises when the flowate
and/ or conposi (Qnspagicularase fasithe eentwh finesod i to Aeferaine andymonitrdhs as t he

well o r : { NQ

et e reftad il p Bl EADLAE ar o BU A0S GG OB IS0

encount er ek descritied abees tiod light ffmihdplesewill ba doliptediiedh snd fise ipsstyparaf erred to

provi de equi.pnent. at, such rempte | ocations thzi.t chguéo erat,e far .extended
Il

peri ods ofvViinhe hopsing i poPuRy the Yrpstaost peaipns gt dh Ents SIPRIE Bt or

Mai Nt enanqggyréy, m&%kﬁé&zﬁrdtpaﬁﬁoﬂfo_ MhesepRsidd ROcRLUt RITRBEssaAY t6 Wlkhtifyenot e
| ocations as a result of the fluid flowate and conposition produced from
the wel | e iptarfpco between the, twa(phasksafn eprsatien, fhis tiay bsrssdhdefingdent i on

R comiBaatmegiet i sl sbrdomihof Tub BRbiorate Ay PREALE M .

An assenb |iﬂteif£mhﬁb€>b@%¢d}gr ddfime@ ONEENiampld, it iR dascesihé sépayivhiofoiland adapt ed
to accommodat e such changes in the fluid streamover tine corrgfi ses a

pl ural i ty d¥eEshan ¢ eQinyapRIerBTPhase dipointeatacg may extapd oves verpl Meierhal

Si zes. a0y t osi tions change, the individual

hel i cal ?%Bg?g?%%# %}sédé%c}?lggog%gdg%ggéght on-and off-line in the
appropriate conbination to be matched to the fluid stream being processed
and provide optTHatsehscpecdideRniiid the @bsition BEfhe fiiterface IF Fishoime 12, there is

shown, as an ex_arg)l e, a further gra]?,h in.\/\/r]ri ch the flowate_ of .an
o0i | - cdAt arfrheneatigally in Figure 10. A control line 53 is shown extending into the housing 4,

the lower end of which defines a datum 19. The pressure P; of injected fluid in the

Pl

control line 53 is measured by a sensor. Similarlj, the pressure Py, within the housing
at its uppermost end is measured. To determine the interface 15 in an oil/water fluid
system, clean oil, for example that removed from the light fluid conduit after

20  separation in the assembly, of a known density is introduced into one or more of the
control lines 53. The pressure in the control line is measured and compared with the
pressure at the exit 6f the light fluid conduit, The height h,, between the datum 19 and

the interface 15 is determined ysing the formula:

25 By =(Ps— Pp)
(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 of the - -



WO 2007/ 096612PCT/ GB2007/ 000601 38 - water stream such as obtained from
the production of oil froma subterranean well, is matched with

conbi nat iVWALIGT9H2 hel i cal separation assenblies 1 to ACIHGHI0GUIE60L]. As
will be seen, at low flowates, a single helical separation assenbly of the
appropriate size can be enployed. As the flowate increases, it is
necessary to enploy 5 conbi nations of 3wo or nore assenblies of the
appropriate size. The number and combination of sizes of separation

assenbl i eBousing Shwds theriopsithek waex; nad deisihe densitp phiibernigaieded, Anhile still

al I owi ng g iendl v : : te wwthin its operating range and
at its opﬁu%ygﬁ#%géﬁ%%g?%rﬁ#fgsygo 'gure 11, there is shown a dual
vertical axis histogram The 10 vertical axis 200 on the right hand side
indi cates the A ¢indtaht fRed af Bolitdluidaaéh Badil, 1s maltdiged thoughild atropxi s 202 on
the left hand_ side shows the pressure differential across a helix. The base
of the hi BE®dd.dmordes i allguethesysiemgp actiysle meajtprcihe chagss in the intedacenbl y.  For

each | i V. i 4 he, | eft
depi CE t he enl%% ﬁﬁ%ﬁ%##%@gggg{&%%?#@%&é% %?‘(L:r?jg%tl H}E@g%t r Ifegéglalk’ ?Sor ces
wi t hi n t hehdwiindFigmrd 10hwiths highxpoinin 7 dmlivet @iR(8 facihe phtatthee, defiviegmi n bel ow

Cnar bt | oFEaEEHAN SRR Shee O e FOH MR RRR ey B P5han e to
achi eve agggitdPhis fRBE bid Bded 36 RETRE hiPRlaMh hAA/Gr fniteutd h Q¥r@idet he Maxi num

differential pressure 210 to remain below the critical Reynolds nunber.
Fai | ure tepwpeomsechistthe ijestibndiwongleons ortrherecontreldiney 63 of avelugisfdfer ent i al

Wi t hi pn 205, i n [ hel i cal aratio sembly w ||
Fesul 10 | g HaER Bt Bl BunE b e G fom 28R L BB AEBEILY i g < ne
heavi er f puuings phiates cheltes @fjuad thelsys@miinky be adidsied,iddpertiay iyedn theui d

unaccept abl e for punpi.ng downhol e, unless it is recgycled to the inlet of
the separ 8RFSSHOB yeUERiad Be eorEcqtivg aetign may inglyds secrslipgapoaion of s ef ore, as
the total zflauvhade i ncreases or decreases, helical separation 25assenblies
cannot be sinply opened or closed, as the fluid flow to other open helical
separation assenblies could change and be outside the aforenentioned
operat i ng w&ndﬂmoteﬁwbov@ehmmhxmmf‘ fltleéﬁeﬁnp&fvfeﬁﬂidm itshﬁrt[cﬁwn!g_rsaﬂed ol cal
separatio uty over a‘wi range_o uj ow ates, intermnedi ate helica
separ i TARRIGANOY OB SHBPHER RERE. Fnowe pi5tened supREsTRRE, 2 separation module

comprises a helical separation assembly, as described both in general and in specific

detail above and shown in the accompanying figures, indicated by the general
reference numeral 8. The helical separation assembly may be provided in a variety of
different sizes, in particular a range of different nominal diameters. This possible

20  variation in the size of the separation module is an advantage of the present invention
by allowing a wide range of fluid flowrates and compositions to be accommodated.
There are a number of ways in which the modular approach of the present invention

may be applied.

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

to 4 in Figure 11) and for operation in the separation of crude oil droplets from a



39 Turning specifically to the exanples of Figure 11, at very |ow
flowates, that is below 1200. BPD, a single helical separation assenbly,
nunber 1 WO 2P6&211 havi ng a nom nal di aneter of 4 i ndFEGCRAYIHUPHUled. The
opti mum operation of the single assenbly is achieved using a recirculation
of clean water to supplenent the low 5 flowate of the streamto be
processed. As the flowate of the strédmto be processed i ncreases, helical
separation assenblies 2, 3 and 4 are brought .on-line, either alone or in

combi nat i WCTFFWaSB%h%WWkS&’E%@ Breihegntaaingted dvﬁwcﬁaqewus. ng a single
hel i cal I PRI hes. To be
capabl e o cover%?dln asu thgﬁlndvé}%Hﬁ&ﬁnprﬁ% rlg%%llsﬂtéég%ﬁ { of two or
mor e of tlmeﬂﬁ.OAa&Siﬂﬂﬂppﬁﬁch kd mbmioddumgwa Eiven ﬂaacﬂs;trehm@bﬁ fmmhteymds Figure
12 shows a histogramw th the vertical L axi ﬁla-?{: i ndicating the total fluid
flowate DTHENGESHMRRIY ppﬁémagess&ﬁﬂ} REPAEAHAR a56eTRhE HF st ogr am
identigi egx&{;@ flsQUK ﬁ gR, 220 and the mninmumflow ate step 222
that can be ocesse sing the corrbl nation of helical separation

assenbl i es 224 shown in the 15 steps identified as 225. Each conbi nati on of
hel i cal separ alf the siase tdbd procdsasd Insarflownatecrkeebdamgitht heaximdin\Gipetaging

assenbl i eg, maki n i ven conbinatjon identified, The safe operating
‘ange 2261 wa%agﬁleﬁlsgeﬁﬁg AR i fecae Y RGP LA ﬁwﬁ L4 _
flowate %clﬂa%s&%h@%%yb% FARAALAR. Uﬁ'ﬂﬂhén%&tab?gg cdfigen heli cal

separation assenblies of nom na Iameter 7 1nches y 4 I'n Figure
11) 20 anapmgsmwmeﬁen!sﬁnmmmmtodelacptmtpiuraﬁt}\ n‘kpmeplﬂais seledslop of then Fi gur e

11), identifi as, a rrblntlonl n ure . As will be
sebn 10" Frizes p8 ufRRy BRpi G ERRORM SRepl DUl BA Grtliptionofoach assently
combi nat i @iffeaust isizRH asdehdIioPRY i diimiidde ntftcH the ghvéR sBedirnaad floGeadi nati ons.
As the total fluid flowate increases and the maxi mum operating flow ate of

a given 25 assenbly conbination 228, the operation is switched to the next
hi gher assenbl »ﬁ@cmniicna@mwesaélendmﬁwwmndmrtchmpgsmpsomsﬂuw\en t he total

fluid fl t d, h t fl 230 of
the conbi RERFGIS DEBRrarTLRIT L8P SR et Yl REbRREb it 8 Shory = ©
conbi nat i ﬂﬁwnlaﬂdbmﬁh&\@kbrh?,% Emﬂﬁidbftﬁ@%hfmeﬂasséiﬂbl}d Figp ait@dtioq s Oper ation

can be achi eved, from zero uid flowate to the maxi mum 30 total throughput
232 of3 t hiikelyiipbe ereonatersimphecase of offshore oil and gas wells. Itis preferred to

provide equipment at such remote locations that can operate for extended periods of

CD

time, typically many yéars, with little or no adjustment or maintenance. A problem
arises with separation equipment at such remote locations as a result of the fluid
flowrate and composition produced from the well varying over time.

20 Advantageously, the present invention provideé a separation system that can be
installed and operated to accommodate a range of flowrates and compoéitions

changing over time.

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
25  helical separation assemblies 8 of a variety of nominal sizes. - As the fluid flowrate
and compositions change, the individual helical separation assemblies are brought on-
and off-line in the appropriate combination to be matched to the fluid stream being

processed and provide optimum separation efficiency. Referring to Figure 12, there is

_shown, as an example, a further graph in which the flowrate of an oil-contaminated =~



40 As will be appreciated, during the operation of the assenbly of
the present invention when applied in a nodul ar approach, i ndividual

hel i cal sepaomiweiizassenblies are brought on- and of f - | PEE/GBREOHES0R | ui d

fl owate and conposition changes. This requires each assenbly to be started
and shut down. Preferred nethods 5 for starting the assenblies and shutting
them down are provided as aspects of BBe present invention. I n order
for the required separation to be achieved in the various separation stages
of the presgptstrbayeth eflobthined Sronetbe prriuytidrhat oit fremfd swbterfaheamraielh i$ s above

a critical mninmmval ue, as indic _éﬁ(id by the valye i(%4 fog(rg.eacﬁ hel i cal
separ at i omaehed wiithcontbingtions of theteheal sepprationassqmpiies dta & A Iigir hi's
critical valug, t || e JE i terRBlvoeaR etely renoved
and wi Il &?n%zlrﬁengég% ak%@ﬁé‘gﬁtéeéfgfﬁgggﬁgﬁggg%ﬂ%%ﬁc%d |yn the process. This
char act er iapproprinelszs chih beagphiyedbAe thwi fiphptet incretngs, itiBMecesery 4@ gIployp t he

i ndi vi dual separ,ati on assenblies ing.just the fl.uidystr t.Q sbe
separ ad ed coOmbINelaNT RO FROTH Pﬁ?ﬁl"g’ﬁfs &"Jﬂf’ PITPRAalY P ’tl'ge %lgllgﬁ%r aglgch hel i cal

separatio i - b RS HSdsSE RidRUrdieldfedab eadicinba vyquiteditotal As
not ed abo@gﬁlghr%ﬁgggg %?A%O&isélfjd%%ur es 2 émd 3, thee i nlet ssbéqnbl Qf the

syst em coflavirsieswhilpstiihalovwing dadhdadividughasserablyjo gpgsategutian i gPedtitgi ¢ 7o.
The fl ow of éua'ryge ftl uitd frao éihe header 64 to each helical separation
assenmbl y &2% At FSPPERUB Bt ye f1uid valve 68. When the purge fluid

valve 68 for a given helical assenbly 20 8 is opened, clear purge fluid

(such as cl ean gL ehsidFihee FATROLs MbwasRaDsica peisdiidtogranl [Ther opl et s
from produced water)-is introduced downstream of the v%l ve 6%‘ and check

val ve 163 oerticabintis 800 omthefdghnhard sideindicatss the Hd flovwsalg forgach gl p of a

gi ven helical separation asse I A : val ve 63
are clos ed"’]%df‘otif %‘émﬁ'ﬁlraéés @Lﬁ“&ﬁ%gqﬂvlg%ggg(%ﬁgn@g?hetlgé%rﬁ%e\%iﬁgg&gn?{h? gdgﬁn of

L | ui g abOVaenéliEtl.e "l%ﬁibfgé@@ﬁhaﬁisfdgmm fifiewa sihglefsize hebid separasion aSrepeblyhe f | ow
as been establishe the valve 62 is opened. It . referabl e . to have the
purge fl uikprgadskalical sgperation psembly: Hles‘i?%é‘?ﬁ‘??ﬂ‘@g%gg Q,PI tﬁﬁﬁgr‘%g}ctst tg‘e ensur e
that the Rukafull divlaglh SAMASHABNARGRON BrobdWidlihitheinlzadmdel ng

'S way, en the va

processed. 1 ve 62 Ts opened, the fluid streamw ||
not fligw, raaxitdien fbghute 2Gfacgeptiblaitolraprads below the priticabReynalds mlabst. val ve 63

closed. 30:Ac e By ge VAl 08,45, ALAYE ke k08t shifs BESARHESO! the
differential pressure allowable to achieve acceptable centrifugal separation within the
flow and the maximum differential pressure 210 to remain below the critical Reynolds .
number. Failure to operate with the flowrate at the correct pressure differential within
20  the operating band for each helical separation assembly will result in light fluid being
carried through the system and polluting the heavier fluid phase collected. This will
render the heavier fluid unacceptable for pumﬁing downhole, unless it is recycled to

the inlet of the separation system and the lighter fluid phases removed.

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

to be selected.



radial bore 54 will fall, allowing the check valve 64 to open. In this way,
the fluid streamto be processed replaces the di mnishing purge fluid, as

t he pur gavoadoré@9gB2cl oses, bringing the helical separat PER/CGBIEMINGPLIE ful |y
on line. To shut down a given helical separation assenbly, the opposite
procedure is 5 followed. Thus, the apgropriate purge fluid valve 68 is
gradual | y opened, supplenenting the f idstreamwith purge fluid. The
check val ve 63 prevents a higher pressure down stream of _the valve 62

entering the fEwming wedificgllt orihememlevpifigupdd s daery oreflwrats ®8li d, bei ng

at a higher_pre wi Il aradual Ghes in turn
slowy shﬁtbf’f%?mﬁ]?]aea R hgﬁ&'ﬁg%:aﬂo&sagée% [ s.%zri}t{iq%F ow1 1| s 10

achi eved. hags ¥ abnmabdiairitdr ben indhesBdpplied. Hile quoinmim operatiobfthpur ge val ve
68 remains open until sufficient fluid haseﬁﬁssed to co Ietel% Eurge t he
hel i cal stipeleasseabluissehisred wsing a goproplaionyoifiesn WA BRYPFBIEE &N The

purge yal ﬁgwxﬁz%:/ bc L RGOS LB |SiJ @dégfgét’h%iﬁowsfa@%aias%aﬁ&@%w&e@s_eas | ef t

cont ai'ni ng on ean purge may be left off line in this state
until suciheiasds haticabsepafativh heembles )& dnd 4 4ve brasight of-line,¢itheralPRa & r equi res

it.to be prought on ljne. Lt s .ipportant that t hel | aration
assenbl i e @ng?lga‘a&nof%\yragqsfofpp ﬁ%5$® %ﬂ@lr‘éaé( 5&“&%“635%88%?%? gng? egg t he
start up hlipw %ﬁra%n bisdhibls ANAYEE addeningseihdiyr & Mokhesh el apatlbe
critical mninumflowate to achi eve conpl ete se%atlon. | f the helical

separ at i onf eovesndh full Sowannge widheauira ¢agabinations EwRyoHmeredfdbd, this woul'd
be flushed 20.i.nt.o th 0 Id zone upon start up. This-
woul dﬁj(?esGﬁSFmPheSclgﬁﬁt&a%?cﬁ]éﬁvﬁ%#egﬁq{)ﬁ%glggg)%g{t ed fluid fractions. This
contam nated fluid would need to be recycled to the inlet of the assenbly 2

to be prOCGSSE@é@Q@iZ‘shoWéhiQﬁ a6h WRE Wid vertical heis Bed ifitadingtiectotili on 1 ow
havi ng to be reduce

d or even shut off, until the contan nated fluid has
been pr oc8sikowsate tpibelacepmmpgated buthe @ssamhly 2 ghﬁéﬂs%%g@?)g}é@g‘@@S for the
ti I . ot Do . t hat
conti nuougs nekL, B AANGLLAMARNAE RS 22 AnBMd hiitthat SwaR khierda auancy ha

I'cal™ separ ati on asse Ies el ng brought on and of f
li ne woul @e pRREsstd usihgtgecombiation of helidad sqparatienfasseimbliee 824 staiwreingBe may be a
choke, flow control ~valve, ball or gate.,v . _The heli

g | ve i cal. separation
assembfy #&ps KentRedasaie daph cpmpbiga ?Ih?%hq?}ﬁfli SFPW_@%%?FS?IB%%&@E %ﬁf&ht on-1ine
agai n. 5Tlﬁﬁm13ﬁi%ﬁ%héi B iRAividial REEREIMs NS 8 giveh RaibinRidhadentified.
enbodi ments shown _ o

The safe operating range 226 for each assembly combination has been indicated. .

Thus, a flowrate of 42,400 BPD is accommodated using a combination of seven

helical separation assemblies of nominal diameter 7 inches (assembly 4 in Figure 11)
20 and one assembly of nominal diameter 6 inches (assembly 3 in Figure 11), identified

as assembly combination 16 in Figure 12.

As will be seen in Figure 12, the safe operating range 226 selected for each
assembly combination overlaps the operating range of the two adjacent combinations.
As the total fluid flowrate increases and the maximum operating flowrate of a given
25  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

30  total throughput 232 of the complete assembly 2.



in the acconpanying figures, has been described in detail in relation to a
mul ti phase stream conprising oil and water. It wll be understood that the
assenbl y wadoorepésazl of the present invention nmay be enpPEF&B20/0§€494r at e
other nultiphase liquid-liquid streans. The stream may contain two, three
or nore phases, which may be separated 10according the relative densities
of the liquids concerned. In additiond40the invention may be enpl oyed to
separate multi phase gas-liquid streans in a simlar manner. 43 CLAIMS 1. A
met hod for sepasatillibg apprevibtedphaieg the opetatidr efthe essamblysefithe aresedvi er f 1 ui d

conponent ,and a | jghter, fluid t, the, d L.sing: 5 [
Che T uf dimaRAVRATATRIRG 7 & BoR PR AP R UR Aol SPREBRBUT T ext endi ng
around a 8%%@% &gpﬁgﬁgm ord-nga b, b4 MeiREd Abwaald édRitionel ocity to

cause the ter conponent tO nove to the inner region of the
hel i cal cohahgis,, Thikeaqaires ¢achtabeentbdy tocked startadcanidishatdover. i Brefeated mesjiasisds

nmb f .the flujd fl J ; | ' '
Compon®nt friarig LEareRIbleS AR Ao i oy RGN b Ao YO i m 1

wher ei n t Bessbltyhebngbhcamis flowing at a Reynolds nunber bel ow the el evated
critical nunber. 3. The nethod according to either of clains 1 or 2,
wherein the critical Reynolds nunber is greater than 10,000. 4. The nethod
according to clmoriesforteargiined separetion tockd achisypdintbe yaviousrseparation

stages of the present invention, it is necessary that the fluid flowrate is above a critical
minimum value, as indicated by the value 204 for each helical separation assembly

10 shown in Figure 11. At flow rates below this critical value, the lighter fluid phases
will be not be completely removed and will contaminate the heavier fluid phases
produced in the process. This characteristic makes it undesirable simply to shut down
and start up the individual separation assemblies using just the fluid stream to be
separated. To overcome this problem, it is preferred to bring each helical separation

15  assembly on line using a purge 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 purge fluid valve 68. When the purge fluid.valve 68 for a given helical assembly

20 8 is opened, clear purge fluid (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 fluid valve 68 opened, to provide a stream of fluid above the critical

25  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.

30 As the purge valve 68 is gradually closed, the pressure of the purge fluid entering the -



15greater than 100, 000.

further conprising: causing the fluid to flow along a first helical

f | owpat h,wo he7fobess2 hel i cal

hel i cal

_ flowpath having a first pitEGT/GEREIT0096H
fl owpath being sufficiently long to establish a stabilised rotating

5. The method according to any preceding claim

fluid flow pattern for the stream 20 causing the uniformrotating fluid to
fl ow al ong a second helical flowpath,4the second helical flowath having a

second pitch, wherein the second pitch is greater than the first pitch;
renmovi ng tadl bomgiderillifall aflofwingriba chendi V@Hﬁ;ﬁg

hel i cal

4 torspen. bythiswa, theiuidecond

and

f |l owpat h. . Tthe nethod .accordi ngy, £t o0 r | claim
wher ei n tﬁge\g%}p:heé)ﬁ%gseglrﬁéﬁaces%e h@%‘?ﬁ@%ﬂ%ﬁéﬁ%ﬁﬁ%ﬁ%ﬁ%ﬁ% phase and
a liquid pgBasesringing the helical separation assembly 8 fully on line. ‘

10

15

20

25

To shut down a given helical separation assembly, the opposite procedure is
followed. Thus, the approprié.te purge fluid valve 68 is gradually opened,
supplementing the fluid stream with purge fluid. The check valve 63 prevents a
higher pressure down stream of the valve 62entering the feed fluid system and
flowing upstream. The purge fluid, being at a higher pressure, will gradually close the
check valve 63, in turn slowly shutting off the flow of feed fluid, until static flow is
achieved. The valve 62 is then closed at this point.

The purge valve 68 remains open uniil sufficient fluid has passed to
completely purge the helical separation assembly 8 of all residual fluid being
processed, The purge valve 68 is then closed. The helical separation assembly 8 is
left containing only clean purge fluid and may be left off line in this state until such

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 mininwum flowrate to achieve complete separation. If the helical
separation assembly is left 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 wellhead 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,



4 LI 7. The nethod according to any preceding claim wherein the

mul ti phase fluid stream conprises a plurality of liquid phases. 8. The
met hod ackordi7vgedie claim 7, wherein the fluid stream c @GR/ MWANIqUeous
phase and a hydrocarbon phase. 5 9. The nethod according to claim8, wherein
t he agueous phase conprises water produced froma subterranean well and the
hydr ocar bon phase is oil produced frodZ2the said well. 10. The net hod
according to any of claims 5 to 9, wherein the first and second heli cal
fl owpat hs are fTbe parge Sluichfead valye 68 anayths a dhokerflaw centrakarglve) hidl argateer of t he

10f lui d st . Th t hod di t f.clal t wh i
the 11 ui dvNwihendioaprdBte Mredop B Pegrmianss g e pndredestivoer -
bel ow t hepg bidughdn-Bey4palfs nunber. 12. The method according to claim

11, wherein the fluid flowis stabilised in a 15transient flow regine. 13.
The nethod according to any of clainms 5 to 12, wherein the pitch of the

first helical flowpath remains constant throughout its |ength. 14. The
nmet hod according to any of clains 5 to 13, wherein the pitch of the second

P FLLSg’gt Ll OWpathe ioge(,:r;t?o%lsg thtia Sreger:]net ir?\‘iiegﬁgé,iig %agljculfal: 81\,6\)/ e?‘rl.tb%%%mtangshso%cno nd
in the accompanying figures, has been described in detail in relation to a multiphase
stream comprising oil and water. It will be understood that the assembly and method
of the present invention may be employed to separate other multiphase liquid-liquid
streams. The stream may contain two, three or more phases, which may be separated

-10 accor.ding the relative densities of the iiquids concerned. In addition, the invention

may be employed to separate multiphase gas-liquid streams in a similar manner.



2015. The nethod according to claim 14, wherein the pitch increases in

a stepwise or . a continuous nanner. 16. The net hod according to either
of claims 14 or 15, wherein the pitch of the second helical flowath is
i ncreased al ong substantially the entire |length of the second hel i cal

flowpath. 4 "5 17. The method accordthg to claim 16, wherein the pitch
increases up to 5% for each turn of the second helical flowpath around the
| ongi‘tudi nal axis of the flowpath, preferably up to 3% nore preferably
about 1% for each turn. 18. The met hod according to any preceding claim
further conprising establishing 5 a vortex separation region, in which a
vortex is established into which the remaining lighter fluid fractions are
caused to nmigrate. 19. The nmethod according to claim 18, wherein
rotational velocity of the fluid isgaysd to increase, in order to
establish the vortex.

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

component and a lighter fluid component, the method comprising:

5 causing the fluid to flow in a helical flowpath along a helical conduit

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 conduit, wherein

in the helical conduit the critical Reynolds number of the fluid flow is elevated; and

collecting the lighter fluid component in the central conduit.

10 2. The method according to claim 1, wherein the fluid stream is flowing at a

Reynolds number below the elevated critical number.

3. The method according te either of claims 1 or 2, wherein the critical Reynolds

number is greater than 10,000.

4, The method according to claim 3, wherein the critical Reynolds number is

15  greater than 100,000.

5. The method according to any preceding claim, further comprising:
causing the fluid to flow along a first helical flowpath, the first helical flowpath
having a first pitch, the first helical flowpath being sufficiently long to establish a
stabilised rotating fluid flow pattern for the stream;

eess 20  causing the uniform rotating fluid to flow along a second helical flowpath, the second

I helical flowpath having a second pitch, wherein the second pitch is greater than the

first pitch; and
A removing the lighter fluid from a radially inner region of the second helical flowpath.

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

*e"ee® 25  stream comprises 2 gaseous phase and a liquid phase,

teabae



20. The nethod according to claim19, wherein the increase in rotational
velocity 10 is provided by causing the fluid to flow along a third helical
flowpath. 21. The nethod according to claim20, wherein the
cross-sectional area of the third helical flowpath is decreased along the
| ength of the flowpath. 22. The nmethod according to claim 21, wherein the
decrease in the cross-sectional area océfirs in a continuous or a step-w se
manner. 15 23. The nethod according to either of clainms 21 or 22, wherein

t he decrease in the cross-sectional area occurs along substantially the
entire length of the third helical flowpath. 24. The nethod according to
any of clai b 19Thom2Bed sseendingtp ariyerRedingtleim, wheria theghultivhesefflud d 1 ow i s at
or bel ow t he L 1] . A 25. The nmethod according to any of
clains 18 tosn%ﬂ,‘Eﬁpﬁsgﬁﬁggﬂ%g%g&%%egw ded to stabilise the vortex.

26. The net hod according to any preceding claim further conprising

i nt roduci ng 8.t he Tht medodsacemingitntlaime?, fuherein-the fliidisteemntcbinpises @i on, i n whi ch
the lighter J!ﬂéeﬁirug%ase acn(arm]&ﬁr%g%ﬁmaﬂhgse_separ ated fromthe heavier fluid

conponent s UH € actl

5 9 The method according to claim 8, wherein the aqueous phase comprises water
produced from a subterranean well and the hydrocarbon phase is oil produced from

the said well.

10.  The method according to any of claims 5 to 9, wherein the first and second
helical flowpaths are formed such as to elevate the critical Reynolds number of the

10  fluid stream.

11.  The method according to any of claims 5 to 10, wherein the fluid flow is
stabilised in a flow regime having a Reynolds number below the critical Reynolds

number.

12.  The method according to claim 11, wherein the fluid flow is stabilised in a

15  transient flow regime.

13.  The method according to any of claims 5 to 12, wherein the pitch of the first

helical flowpath remains constant throughout its length.

14.  The method according to any of claims 5 to 13, wherein the pitch of the

second helical flowpath increases in the direction of flow along the second flowpath.

20 15.  The method according to claim 14, wherein the pitch increases in a stepwise or

. a continuous manner.
sanbad
L ] -

sgeees 16.  The method according to either of claims 14 or 15, wherein the pitch of the
. ue second helical flowpath is increased along substantially the entire length of the second

helical flowpath.

.
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25gravity. 27. The nmethod according to claim26, wherein the fluid stream
Is caused to rotate in the fluid-fluid settling region. 28. The nethod
according to claim 27, wherein the rotation is inparted to the fluid stream
upon exiting the vortex separation region. 5 29. The nethod according to

ei fher of clains 27 or 28, further conpagﬁing centralising the rotational
flow of the fluid streamw thin the flufd-fluid settling region. 30.The

met hod according to claim?29, wherein the cross-sectional area of the fluid
flow path in the fluid-fluid settling region is reduced in the direction of
flow 10 31. The nethod according to any of clains 26 to 30, wherein fluid
richer in thd.|i §htoethéd ascetding tpdaianks, whereip thowiteh Memsases MRI1SGUEE cent r al

region of the flui el |08t Sehud (1R WheRAESE Skil 6F thdowtRiBer centr al
regi on of thq’gc})f%ogﬁelsﬁgogdEﬂ%ctgllﬂlon 3r§‘$ on. 35. The rlret hod ;(;Bgor ding to any
of clains 28rtferaldy up tohh.anore pigker it [%ofer echtwia | i ghter fluid conponent
fromthe heavier fluid conponents is enhanced by the 15addition of

addi 1 ves acfy Ve ) o Sl MR 0ol RRGR TP ork i ol finf | U1
5 a vortex separation region, in which a vortex is established into which the remaining

lighter fluid fractions are caused to migrate.

19.  The method according to claim 18, wherein rotational velocity of the fluid is

caused to increase, in order to establish the vortex.

20.  The method according to claim 19, wherein the increase in rotational velocity

10  is provided by causing the fluid to flow along a third helical flowpath.

21.  The method according to claim 20, wherein the cross-sectional arca of the

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

22. The method according to claim 21, wherein the decrease in the cross-sectional

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

15 23 The method according to either of claims 21 or 22, wherein the decrease in
the cross-sectional area occurs along substantially the entire length of the third helical

flowpath.

24,  The method according to any of claims 19 to 23, wherein the Reynolds

number of the fluid flow is at or below the critical Reynolds number.

send

::': 20 25.  The method according to any of claims 18 to 24, wherein a means is provided
. to stabilise the vortex.
susa -E 26. The method according to any preceding claim, further comprising introducing

the fluid stream into a fluid-fluid settling region, in which the lighter fluid

. S0

components are separated' from the heavier fluid components under the action of
Sepdae

*Y 25 gravity.



33. The nethod according to any preceding claim further conprising causing
the fluid streamto enter a fluid renoval region, in which a fluid stream
consisting essentially of the heavier fluid conponent is renoved. 6. 20
34. The met hod according to claim33, wherein the fluid streamis caused to
rotat e Linthe fluid renoval zone, the said fluid stream being renoved
fromthe central region of the fluidggenoval zone. 35. The net hod
according to any preceding claim further conprising a sedinment collection
region, fromwhich sedinment is periodically or continuously renoved.

27.  The method according to claim 26, wherein the fluid stream is caused to rotate

in the fluid-fluid settling region.

28.  The method according to claim 27, wherein the rotation is imparted to the

fluid stream upon exiting the vortex separation region.

5 29.  The method according to either of claims 27 or 28, further comprising
centralising the rotational flow of the fluid stream within the fluid-fluid settling

region.

30. The method according to claim 29, wherein the cross-sectional area of the

fluid flow path in the fluid-fluid settling region is reduced in the direction of flow.

10 31.  The method according to any of claims 26 to 30, wherein fluid richer in the
lighter fluid component is removed from the lower central region of the fluid-fluid

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

32.  The method according to any of claims 28 to 31, wherein the separation of the
lighter fluid component from the heavier fluid components is enhanced by the
15  addition of additives active in inducing droplet coalescence of the lighter fiuid

component.

33.  The method according to any preceding claim, further comprising causing the
fluid stream to enter a fluid removal region, in which a fluid stream consisting

essentially of the heavier fluid component is removed.

L2 X ]
-« . =

:“ * 20 34, The method according to claim 33, wherein the fluid stream is caused to rotate
»

seud’ in the fluid removal zone, the said fluid stream being removed from the central region
vereat of the fluid removal zone.

» »
avds .:

vt 35.  The method according to any preceding claim, further comprising a sediment
LS AN collection region, from which sediment is periodically or continuously removed.

. .

sagangd



36. A nethod for separating a nultiphase fluid stream conprising a heavier
fluid conponent and a lighter fluid conponent, the volune flowate of the
mul ti phase fluid stream being subject to variation over tinme, the nethod
conprising providing a plurality of separation assenblies for carrying out
thé method steps recited in any 5 preceding clai mand operable to
accarmodate different fluid flow ates! and sel ecting one or nore separation
assefblies for carrying out the nethod steps according to the vol une
flowate of the multiphase fluid stream 37. The nethod according to claim
36, further conprising providing a finishing assenbly for carrying out the
met hod st epSér ecitresthadforseparging @l reliphasedluidstgsm comisng p heaviedid of t he
plurality of i i i Shdik ol t he
Fini ohi ny acobpBhAblAReRReRITBLfRnki, (OAHGR} o of hE nithiphl

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
5  preceding claim and operable to accommodate different fluid flowrates; and selecting
one or more separation assemblies for carrying out the method steps according to the

volume flowrate of the multiphase fluid stream.

37.  The method according to claim 36, further comprising providing a finishing
assembly for carrying out the method steps recited in any of claims 26 to 35, wherein
10 each of the plurality of separation assemblies is connected at its outlet to the finishing

assembly.
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38. A nethod for separating a nultiphase fluid stream conprising a heavier
fluid conponent and a lighter fluid conponent, the nethod conprising:
causing the fluid to flow along a helical flowpath in which the critical
Reynol ds nunber of the fluid flowis elevated, the fluid streamflow ng at
a Reynol ds nunber below the el evated ggitical number, the fluid stream
flowing at a sufficient velocity to cause the fluid phases to separate.

39. The nethod according to claim38, wherein the critical Reynol ds nunber
i s great es8.t hah Mé&hBQFor sdfhraifihg anmiuftighaze chiidisagatrocahpiising% hednderci n t he
critical fReMnebdhondnbeind s dighedrefluidaorhPOndifl). thed inethodreddingrisiag:

separ at i ngmRingHhe Miidse Adwiatbrit 4 Galtdaawpaah N whibkeakeé efiticAlur eyrddgponent
and a |i ghi@bet lofitHe TRONGNts d&RtdB! BRGNP Bowi@Usl AIREYARIAd Uid to
flow al ongy@apBelietdl ’Elﬂeo%%ﬂédeéﬁﬁ@él' RnMep Ut F1i8NStkéim CAGRHIg at the fluid
f1ow ng ufﬁm%ﬂﬂrél&élgf‘fg eietﬂmhqgh%@é%sfe grarb ghter fluid conponent to

nove to the I nner t he hel'i cal’ fl owpath; and collecting the

o ol 2l m 5L R DB ORI il LGt 9

Reynol ds Bt Ie%’fant]l?e &Pw d flowis eI evat ed, the fluid streamflow ng at

a Reynol ds nu the el evated critj cal 43. met hod for
separ atl a?qol‘iﬁi’c'jlgstf’r UM 88nty F’&‘%Sh%cﬂé&%} Reyop Bﬁ’bonent
and a i tgé?atPTﬁ"i G Pdent, the net hod conpri sing: causing the fluid to

flow along a first helical flowpath, the first helical flowpath having a
first pitéh, thanethedt Ohéﬁi’%‘atmgl%%b‘éfmh aseifhyd strepme pRBPFIFIngo ferger

establ i shﬂ‘aldstcamplqllgéﬂ anst a4 iligdten djuad £ P@Wpﬁmftterﬁhef grethed eQmBEANZEausi ng
the uni f osavsing the Ayid teiflow eldngow helisalgflawpaido axtendingcaroundoaysgntral t he
second hetdnshiit, f thewfaid fleawing qataa ssdheidnipiveloejty wiveceuse the lightemélugl tch i s
great er tdémEmpodantf ito simgiet ¢h; thendinmenovegign t he thiegHtebicalf [flowbathpnared

radi al | y tolleeting dug ightef ﬂuhiacmﬂpmmﬂlthethe:wnt}fdloumih. 44. The net hod
according to claim43, wherein the nultiphase fluid stream conprises a
gaseous phase B¢ neethod uccordhas o cladid. 41l hehereimtitk Belial diongatle iestdter of

cl ai ms 43that tHé critlosl Reyhdl@e niitiber Rifahe fididiifldwsisr devate@niei fhedd strdahural ity
of 1iqui dflphases-a éS@olJMrﬁBéﬂQﬂoﬁQﬁ@élékrﬁ'&dtc@ltféhﬁhﬂihﬁﬁr wherein the fluid
stream conpri ses an aqueous phase and a hydrocarbon phase 49 47. The

met hod aC or di agnidoh! Bk %leﬁ‘zﬁatl %rﬂiufl‘tl ﬁh%e%ﬂ&%aﬂbé&% PRI 4 $Rgvivat er
produced famce feﬁfr % Mﬂéﬁcaﬂhoah E €cdfip ﬁb%?roduced

wherein E‘ Tudo 25550 %ﬁ‘ %P%y@tﬁa %ﬁ‘g SR
1 rs alsitsh
el evate t sbﬁlsi&r ?pan@ﬁgsé;pa%t Sl s&%a e ”

causing the uniform rotating fluid to flow along a second helical flowpath, the
second helical flowpath having a second pitch, wherein the second pitch is greater
than the first pitch; and

removing the lighter fluid from a radially inner region of the second helical
flowpath.

44. The method according to claim 43, wherein the multiphase fluid stream
comprises a gaseous phase and a liquid phase.

45.  The method according to either of claims 43 or 44, wherein the multiphase
fluid stream comprises a plurality of liquid phases.

46. The method according to claim 45, wherein the fluid stream comprises an
aqueous phase and a hydrocarbon phase.



49. The nethod according to any of clains 43 to 48, wherein the fluid flow
Is stabilised in a flow regi me having a Reynol ds nunber below the critical
Reynol ds nunber. 50. The nethod according to claim49, wherein the fluid
flowis stabilised in a transient flow regine. 51. The nethod according to
any of clainms 43 to 50, wherein the p bch of the first helical flowpath
remai ns constant throughout its Iength 52. The nethod according to any of
claims 43 to 51, wherein the pitch of the second helical flowpath increases
in the digectiTie mktiddaccatding to etaizeg®nshéletintiat dqueohs phibe comphices

accor di ngwiter giredued® fromh el eubterfihennt whll i il elees dydiorazbai qhases ds wil a
cont i nuousrodab&Efrom B salheeet hod according to either of clains 52 or 53,
wherein the pitch of the second helical flowath is increased al ong

substantigdly T}ﬂ?m%ﬁ{dd £cbfDfE An9of ERENS Q,E.QBQJhﬁhéfe%Il tiid g ahl-secid The

met hod ag fc91ﬂ ﬁb’}‘b ed WHEY &k o & cﬂlt’i'&dl SldéPnibBbaef or each
turn of t f&? el1cal flowpath around the I ongi tudi nal axis of the
refera ?y up to

flowpath, p 3% nore preferably about 1% for each turn.
The et ho ac d| n an

est abl i sh {Il[e ° t§ % |c§:§a§m‘s4 UWB%%{ G Rhl &gj‘}g& i shed
into whicif? wn':& nfl% ‘élp A Rpdoidshy ﬁrs %}Pg @gﬁ@&aﬁ% at e.

57. The n&tH 8raccord| ng to clai m56, vvherel n rotational velocity of the
fluid is caused to incyease,, in ofder to est ab vor t 8 The
met hod ac@fbrdlﬂbem@ hqdsaeeonding ip e qrﬁ’@r%ﬁs@é%"%@ﬂﬁﬂhsﬁ Vet ocity
is provi d@@%?nfcfaft}%if%mhe fluid to fl ow along a third helical flowpath.
59. The nethod according to claim58 , wherein the cross-sectional area of
the thirdsthel i Bag miethndacdordingdeamyafedaimsostyta he, whatpin the pitpk of tagypat h.
50 60. Thest hreli¢tw flowpath timajns constanhibsoushmuitsilengthe decrease in the
cross-sectional area occurs in a continuous or a step-w se manner. 61. The
met hod acsar diTige hetlesd hesordingdioadnysofbdaimns 49 to shewberein hize gich @fidlee i n t he
Cr 0ss- seciddcondl heélicah flowatls iabmagess b shandiredtion ohdleantalewe thagehomd t he
third hel flg@pathl owpat h.

53. The method according to claim 52, wherein the pitch increases in a
stepwise or a continuous manner.

54. The method according to either of claims 52 or 53, wherein the pitch of the
second helical flowpath is increased along substantially the entire length of the
second helical flowpath.

55. The method according to claim 54, 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.

56. The method according to any of claims 43 to 55, further comprising
establishing a vortex separation region, in which a vortex is established into
which the remaining lighter fluid fractions are caused to migrate.

57.  The method according to claim 56, wherein rotational velocity of the fluid
is caused to increase, in order to establish the vortex.

58. The method according to claim 57, wherein the increase in rotational
velocity is provided by causing the fluid to flow along a third helical flowpath.

59. The method according to claim 58 , wherein the cross-sectional area of the
third helical flowpath is decreased along the length of the flowpath.



62. The nethod according to any of clainms 57 to 61, wherein the Reynol ds
nunber of the fluid flowis at or below the critical Reynolds nunber. 63.
The net hod according to any of clainms 56 to 62, wherein a nmeans is provided
to stabilise the vortex. 64. The nethod according to any of clains 43 to
63, further conprising introducing thg fluid streaminto a fluid-fluid
settling region, in which the lighter ?I uid conmponents are separated from

t he heavier fluid conponents under the action of gravity. 65. The nethod
accor di nged.0 cllad mdilod waeseling theldibiisd, siheesim the dewresd iotheotedss- i n the
flui d-fl uiedtisgilldred BcdiRgi0A contifuoubne a@epadsaseandt.ng to clai m 65, wherein
the rotation is inparted to the fluid stream upon exiting the vortex

separ at i ogy. I eOfifmetiftft actBRIAE S elhACTULRG 6 60, iRl theldabmsbm or 66,
furt her rb§§ tﬂ'}ﬁgf 5l (ﬁcﬂﬂ; thﬁF sﬁBﬁrahﬂﬁﬁyrtﬁé i 1ehBih bt tHedtsid eam

W t hin thffel settling regron he nmet hod according to claim
67, wherein t oss sectional area of the fluid flow path in the

Lo e W%é sl gﬁﬁggd@g‘? E*r’refﬁc 11%9 gthfe' Bl e

li ght er Hl 75”?3 %cpr?gl ‘?R@P region of the
fluid- f|UId settll glon assed to.the e ntral region.of the
f1uid-flupd s gchﬂr ngé aﬁ?(eof’rﬁfaﬁ@a 5&#5&% FEUL AYTHRIS 1% ns 64
to 69, WhE‘FQéfi tzk‘telvé’ﬁteﬁf the lighter fluid conponent fromthe

heavi er fluid conponents i s enhanced by the addition of additives active in
i nduci ng 64-0pl Bre guethed canserding tohany jof elaims Ugi 0 O8miurbAE comprisinge

net hod acidrafiveipg thefhiid streammainte a fwid-gluidsettling regions dnpyhiieh the kighisr ng t he
fluid str8aid conponerts aré |separatedhbiomm thedle@merlﬂuldlmomp@emlmm@dgt theim
consi st i ngctiasafigradty}.y of the heavier fluid conmponent is renobved. 51 72.
The nmet hod according to claim 71, wherein the fluid streamis caused to
rotate ingshe Thehtbthedavardinn®, clhine 6qawdetdititiie fluid smebri Bgeausadted from
t he cent r pdtatedgitheflaid-floRl dting regiaval zone. 73. The nmethod according to
any of clainms 43 to 72, further conprising a sedinment collection region,
from whi cgg Sedl‘l'i'@ﬁieﬂh&d Rl Eqalctaxnpesg,, G EMURRTbIAtIoRNBYRGarted 4o the Mt hod
for separg}j apﬁugéﬁeﬁ 98 th %ﬁeﬁé;ﬁaagaamgibﬁl ng a heavier fluid

conmponent an ter fluid corrponent t he vol une flowr ate of the

il 1 phase, 11 vyl SL6c REbf 2 YOIy P Phne) o8 t hod
conpri si n % ﬁ1sh%4 e; IQ?H Of)e CSéﬁoﬁl’c& ‘/% % Ifﬁﬁd éﬂ%ﬁgng out
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i hng region is reduced in the direction of flow.

69. The method according to any of claims 64 to 68, wherein fluid richer in the
lighter fluid component is removed from the lower central region of the fluid-
fluid settling region and passed to the upper central region of the fluid-fluid
settling region.

70.  The method according to any of claims 64 to 69, wherein the separation of
the lighter fluid component from the heavier fluid components is enhanced by
the addition of additives active in inducing droplet coalescence of the lighter fluid
component.

7t.  The method according to any of claims 43 to 70, further comprising
causing the fluid stream to enter a fluid removal region, in which a fluid stream
consisting essentially of the heavier fluid component is removed.



75. The nmethod according to claim68, further conprising providing a
finishing assenbly for carrying out the nmethod steps recited in any of
claims 27 to 36, wherein each of the plurality of separation assenblies is
connected at its outlet to the finishing assenbly. 76. An apparatus for
separating a multiphase fluid streamgpnprising a heavier fluid conponent
and a lighter fluid conponent, the apéaratus conprising a helical flowpath
having a fluid inlet, a first outlet for a heavier fluid conponent and a
second outd, et ThermatHddohdcerdih tbdlganponehdreird tee feid sebarhliowpaddd feei ng
fornmed suehatkhatithe i rkinb6all zdrRy figd dsidnlinbedtreim bofhgl tanhveslt freanttd ow ng

al ong t heelifial fedlion bOMRANA rémBVAvehed. 77. An apparatus according to
claim 76, wherein the second outlet for the lighter fluid conponent is
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appar at ugn B‘gf?‘é’f W ﬁwzpf g prio; A amidr gperabled §E95 a tube
havi ng a different dlyi tese agic SRIEHEE gne |95 @Pke sepaFabon (assemblies fan

hel i cal foapiRg out thggnetiind sm@@ca@nsﬂsnga&&edio}ignecﬁlmamf tae myltiphese7s or
79, wher dluidstreamecond conduit conprises a tube having a helix extending

| ongitudinally therein to provide a second helical flowpath. 81. The

appar at usysacc@ieti mgethod chaondig, tovtedaiei 68, hfurttearn somprisiremproviditighea | i ght er
fluid corfirislsiag aasanblyeot canyingnaliti the exéthodi shepsceritedlih ynwidf lelaimishey second
condui t, tbhsb, hehidrainesdchndtithg plukddity of beparativh issanblididist doginecledetiton
condui t. o8Rt tdtie fappkihgtadserablgor ding to any of clainms 78 to 81, wherein
the first and second conduits are adjacent portions of a single tube. 83.
The apparg4 us ﬁﬁp%bﬂfﬂﬁs tfor (dephrfitB aiRINBpRaREARR] fsbleahiEMOMIgIEitI& | | ght er
fluid compiiResiuid eQhp6asAAmGPRANEE A8 &IPSR O BpaYatth bhinprishigs singl e
tube, the galdieabl qu%ql.% !iﬁlgt %Ffﬁ@t Biflet! for hfeammu@@ cBHpBALANT

wi thin the S§GaRghE QAL forl 9'TighEr GRhd @6HpoReRt, theUidical flowpath being

formed such that the critical Reynolds number of the fluid stream flowing along
the helical flowpath is elevated.

77.  An apparatus according to claim 76, wherein the second outlet for the
lighter fluid component is disposed axially centrally of the helical path.

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

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

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

a second conduit having second helical fiowpath the second helical flowpath
having a second pitch, wherein the second pitch is greater than the first pitch;
and



84. The apparatus according to any of clainms 78 to 83, wherein the pitch of
the first helical flowath renmains constant throughout its length. 85. The
apparatus according to any of clains 78 to 84, wherein the pitch of the
second helical flowpath increases in the direction of flow along the second
flowpath. 86. The apparatus according,to claima85, wherein the pitch
increases in a stepwise or a continuo s manner. 87. The apparat us
according to either of clains 85 or 86, wherein the pitch of the second
helical fineufafdy fendvives elas Hghtet dhgd $idis taarididly hrleheegibhiofehkesgidd of the
second hehaﬁﬁ1ﬂ$w§mmath 88. The apparatus according to claim87, wherein
the pitch increases up to 5% for each turn of the second helical flompath
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appar at us according to claim92, wherein the decrease in the
Cross- sec$i.onaTheaammretusm($ording to emyi ofinbaimsoy8 do St eyhereie thafingirand 94. The
appar at usseaoudcaidygts areaidjdvent pértwngiofe shzletul®3, wherein the decrease in
the cross-sectional area occurs along substantially the entire | ength of
the third3fel iTed apparapat iccor@ing {bhelaBnped,alvhierefic eaisnfrtren&iingdthel ai s
89 to 94, lidhtet flald eanprisesd Hgollecii®an®nidait takiihy Sbagiall ovitkah ttBX single

tube, the collection conduit having openings in the portion extending within the

second conduit for the collection of fluid.

84.  The apparatus according to any of claims 78 to 83, wherein the pitch of the
first helical flowpath remains constant throughout its length.

85. The apparatus according to any of claims 78 to 84, wherein the pitch of the
second helical flowpath increases in the direction of flow along the second
flowpath.

86. The apparatus according to claim 85, wherein the pitch increases in a
stepwise or a continuous manner.

87.  The apparatus according to either of claims 85 or 86, wherein the pitch of
the second helical flowpath is increased along substantially the entire length of
the second helical flowpath.

88.  The apparatus according to claim 87, 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.

89. The apparatus according to any of claims 78 to 88, further comprising a
conduit for retaining a vortex, the said conduit being arranged to receive fluid
leaving the second helical flowpath.

90. The apparatus according to claim 89, wherein the apparatus further
comprises a means for increasing the rotational velocity of the fluid disposed



96. The apparatus according to claim95, further conprising a conduit for
collecting the lighter fluid conponent fromthe vortex, the neans for
stabilising the vortex is provided by a tapered portion in the regi on of

t he opening of the said conduit. 97. The apparatus according to any of
claims 78 to 96, further conprising az4essel for receiving the fluid
stream the vessel having a vol une suP icient to sufficiently reduce the
Reynol ds nunber of the fluid streamflow such that fluid entering the
vessel nayetveers iy eatlledcbftthe geand yelkapfoaphtinand & inldteoahpaonduit faccor di ng
to cl ai m@tainidpel wirtex he first and second helical paths, the third helica
path if present, and the conduit for retaining the vortex if present,
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to clai ma2, THARnaasacroRding teithsrof climsiogcr 98, Mhgrein créﬁ%f‘end. ng
helical abdhg cress-seotienalsges aears alongsubstertially thesmtie e %We thigh . The
appar at ushelisgbflewpaht o any of clains 99 to 103, further conprising a
conduit extending coaxially within the vessel, the conduit having openings
t her ei n t48.oudFherapparatusgidcerdifif up dunyorfpadaiars 89 a4, Senthert ermplising &t r eam
105. The mpaas forstbilising thewgprtex.cl ai m 104, wherein the conduit has an
outlet for the lighter fluid conmponents within the vessel, the outlet being
di sposed ¢@st rEgMappaiabes hbtdordingt teealimndgt furtied GeonTpigsiagpacatdisit #ecor di ng
to any OfcdH'e@!lﬂ%( tHSligktet Fid ofipd@Ent AGRT tisd Vertéx, ikamensfforib@biiingect i on
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col | ecti ofyzRmeE, e conduit having a plurality of openings therein to

collect the heavier fluid. 107. The apparatus according to any of clains
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99. The apparatus according to either of claims 97 or 98, further comprising
means for inducing a rotational flow in the fluid stream entering the vessel.

100. The apparatus according to claim g9, wherein the means for inducing
rotational flow comprises a tangential outlet in the conduit through which the
fluid stream is introduced into the vessel.

101. The apparatus according to claim 100, further comprising means for
centralising the rotational flow of fluid within the vessel.

102. The apparatus accor&ing to claim 101, wherein the means for centralising
the rotational flow within the vessel comprises an inverted cone located coaxially
within the vessel.



t he apparatus further conprising neans for selectively operating one or
nore separation assenblies according to the volune flowate of the

mul ti phase fluid stream 109. The apparatus according to clai m 108,
further conprising neans for feeding a purge fluid to each separation
assenbly. no. The apparatus accordinggyo either of clainms 108 or 109,
further conprising a separation vessel as recited in any of clains 60 to
70, each of the separation assenblies extending within the separation
vessel . i103.A Ted¢ happatraiuss heodrding tp elaiml 1ozl veepeaimatthenirsgsted neéms
oper at i oncampdead Auidguideraxtdndihahelidd]l wlshgsits eatorcunfare i tige dirbetéor er
fluid congfgdtfioand a lighter fluid conponent, the nethod conprising
feeding to the helical separation systema first fluid stream consisting
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syst em i sthesgip tpgpllecitthe heavier Buwids | yi d’ af ter the fluid feed flowate has
been reduced to zero. 114. A separation assenbly conprising a plurality of
appar at usi@s JdEfi¢ appaiamschacaonding@o any of claims 78 to 106, further comprising a

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

means removing solids on an intermittent or a continuous basis.

108. An apparatus for separating a multiphase fluid stream comprising a
heavier fluid component and a lighter fluid component, the volume flowrate of
the multiphase fluid stream being subject to variation over time, the apparatus
comprising a plurality of separation assemblies as recited in any of claims 41 to
59 and operable to accommodate different fluid flowrates;

the apparatus further comprising means for selectively operating one or more
separation assemblies according to the volume flowrate of the multiphase fluid
stream.

109. The apparatus according to claim 108, further comprising means for
feeding a purge fluid to each separation assembly.

110. The apparatus according to either of claims 108 or 109, further comprising
a separation vessel as recited in any of claims 60 to 70, each of the separation
assemblies extending within the separation vessel.

111. A method for starting up a helical separation system for operation in
separating a multiphase fluid stream comprising a heavier fluid component and a
lighter fluid component, the method comprising feeding to the helical separation
system a first fluid stream consisting essentially of the heaver fluid component;
when the fluid velocity within the helical separation system has reached the
minimum operating velocity for the multiphase fluid stream, replacing over a
period of time the first fluid stream with the multiphase fluid stream to be
separated.
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112. A method shuiting down a helical separation system from normal
operation in which a multiphase fluid stream comprising a heavier fluid
component and a lighter fluid component is being fed to the helical separation
system, the method comprising the steps of introducing a first fluid stream
consisting essentially of the heavier fluid component into the multiphase fluid
stream feed to over time to replace the multiphase fluid stream; when the fluid
feed consists of the first fluid stream, reducing the fluid feed flowrate to zero.

113. The method of claim 112, wherein the helical separation system is left full
of the first fluid after the fluid feed flowrate has been reduced to zero.

114. A separation assembly comprising a plurality of apparatus as defined in
claim 110.



