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. The nmethod and apparatus find particular application in the 5
separation of multiphase liquid streans, especially the separation of
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ranuf act ur ewgll t\!rggsw%lich it is produced, or a neighbouring well. The requirements for the
purity of the water being reinjected in such a manner are strict. In particular, it is
important that the solids content of the water is low and that the water contains a

15  minimal amount of entrained oil. In general, if 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



with sufficient burst or collapse strength to operate under the hydrostatic
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exanpl e, a typical maxi mumthroughput is of the order of 1200 barrels per
day (bpd). Howevgf aitemative technique for removing oil from water is the use of a

hydrocyclone, often referred to in the art as ‘de-oilers’. These devices are
advantageous in having a high separation efficiency compared with gravity
separation, being compact and an absence of moving parts. One arrangement of

15  hydrocyclones is a tiered or series assembly. The first cyclone in the series is a bulk
oil-water cyclone (BOW), in which the oil concentration of the feed is reduced from
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 to 40,000 bpd. Known hydrocyclone technology does not
allow the cyclone de-oiler to operate over such 2 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 locaied at the wellhead at a
subsea location, where the fluid leaving the well has the highest temperature and the

30  least viscosity.
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20 Accordingly, there is a need for an improved separation technique to enable
multiphase fluid streams 1o 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 flvid component, the method comprising causing the fluid to flow along a
helical flowpath in which the critical Reynolds oumber 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.



25 for separating a nultiphase fluid streamconprising a heavier fluid
conponent and a lighter fluid conponent, the nethod conprising causing the
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nunber of the fluid flowis elevated, the fluid streamflowing at a
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In a second aspect, the present invention provides a method for separating a
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 cause
the lghter 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  elevaling 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 a 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;;
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produced from a subterranean well, prior to the reinjection of the produced water into

an underground formation.

The method is particularly suitable for separating a minor fraction of a
dispersed first fluid from the bulk or continuous 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 fo tangentially enter a separator region, thereby imparting
sufficient rotational velocity on the fiuid to cause the phases to begin to congregate.

20 Inthis cylinder separation, the phases in the stream congregate and coalesce, thereby
allowing the dispersed phase to form as larger droplets.

The fhuid 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 fiuid 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
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quickly. the first helical flowpath will be correspondingly short.
Once a stabilised flow regime has been established, the fluid stream is caused
to flow along a first helical flowpath. In this step, the fluid is acted upon by a
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. It 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 fiiction losses in the fluid stream as a result of back-pressure, it is preferred
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purifichkiion be Sheqidiftueter sdphertiorbdinshrifiByfion be required, the method may

comprise further steps, in which the rotational velocity of the fluid stream is increased

s0 as to generaie a central vortex of lighter fluid fractions, from which light fluid may
be withdrawn. The increase in rotational velocity may be achieved using a third
helical flowpath, along which the cross-sectional area of the flowpath is adjusted so as

20 to cause the increase in fluid velocity required to generate the vortex. In one preferred
arrangement, the pitch of the third helical flowpath increases in the direction of flow.
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.



conprise further steps, in which the rotational velocity of the fluid
streamis increased so as to generate a central vortex of lighter fluid
fractions, fromwhich light fluid may be withdrawn. The increase in
rotational velocity nmay be achieved using a third helical flowpath, along
whi ch t he ovo3®7e®e12 onal area of the flowpath is adj ustadcEworzwod0 t o
cause the increase in fluid velocity required to generate the vortex. In
one preferred arrangenent, the pitch of the third helical flowpath

i ncreases in the direction of flow. Th® increase in pitch nay be stepw se

or conti nuous. er the |tch of et d heI wpat i ncreases
al ong subst anti aﬁt?f Wln? Ve‘%lt&rtgee{lmfibsﬁ cPequi red
i ncrease inhéucamﬂbwpeihqﬁtﬁefonﬁb@xb@hngaﬁnﬁdsmmafhumammoﬂtﬂm dth in the 25

radi al direction, hh tch_increases e.increase in fluid veIOC|ty is
pref erably E’Eﬂ’i’t‘lg&?ﬁeé’g E@cﬁe’%@efﬂé‘“‘}ﬁr‘i"ﬁ‘g uida SERSFalien NeiFeF of the fluid
flowis not emmemmﬁa& 26/ RSRmIREg INARY fRIIeRcRbed ikl tBwhial kil

rovvpath IS %ch that excessive friction | osses and back-pressure are
avoi ded.”> gl figvorigrewith the dgaderifiiq Hrculangin thhvanoulae regioneyiending fluid is

el ected fromyidnt BuiabekbRal b @R { RikNelAkm:el fybebaligg annul us

wall of fluid, which contains a rotating core o |nt e rotating
core of fl uinf theafemmentaned fovargimes @@@%‘f%ﬁ icarhleschstablishedh isanstpage, t he

remai ni g, | LR pdl oot SRS Bl ) B fd RUBEIRNG o SR PuNe vOrLex.

wi th the heavier circulfating in e ann reglon extending around
t he establ |5§H@Hih¢b¢'¢1élﬂ“@$h this point, a helical fl owpat h need not be
provi ded and the aforerrentl oned fl ow regi mes and the vortex can be

establighed in l.Ln this.way, the
vort ex ?ds] estabﬁlﬂs %astgsot eogéti}fﬁﬂﬁ%d?%teﬁs‘g%pgd&%el |y25§? ‘?8?/19%8&{5?1’1 101 n
many cases, Wﬂlhtlfle\lmgﬂe)f thersdrrowdingconfiis Iwaych @savef ashorevortegthe t, in

conpari son t th of t rou condui I n .such cases of a
short vorte%%tﬂthwﬁﬁte §“‘%‘ ¥ Pfre?l}?gg’v Efﬁé eBéustchfh%eet&““}‘%raw ng the
vortex sus céxahgds iretht dlowtanosf thdnﬁm@ eActcﬁrdm}g’l@, it Isguefak el tofprdvi dfthetng.
Accordingly eferre ans, for stapili he vortex.
I n one prefng?%IH %ﬁg{g‘a?’?@ﬁt P’ﬁe %Wﬁ@l@#ﬁbﬁvﬂgﬁéﬁ? dz{éeng%#‘lduit f or
removi nkp t hecdnﬂgilnfoeltenf\dwngdhé h@{terhﬁﬁd mgfaahﬁgaﬁe@madiﬁ BdiRIGhad i n the

U1 de. cone WRG g HORPERTRE 5 AL SO B O ORECE PO BSEdoT B n ¢ ho
conduit in gdide croagnwfseﬁabuetmmsm@pb@a%ﬂmﬂhy@dﬂdaﬁmﬂherégliunsoﬂ@y, t he
vortex is stabjllseg1 both within the entry ql on of the conduit and in the
bul k fl ui d,opening into the vortex. In this way, the vortex 1s stab 1sed both within the entry

region of the conduit and in the bulk fluid.

20 The fluid stream leaving the vortex separation region will contain little 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 settting region, in which the
lighter fluid components are separated from the heavier fluid components under the
action of gravity. The veloeity of the fluid stream in the Auid-fluid seitling region is

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



20The fluid stream | eaving the vortex separation region will contain little
or no lighter conponents and will consist mainly of the heavier fluid
conmponents. Should sone |ighter conponents renmain, further separation steps
may be carried out as follows. In a preferred enbodi ment of the present

i nvention, whometsbiad further 25 conprises introduci ng HdTecEHR0dosst r eam
into a fluid-fluid settling region, in which the |ighter fluid conponents
are separated fromthe heavier fluid conponents under the action of

gravity. The velocity of the fluid str@amin the fluid-fluid settli ng
region is signi.fi.can ower an in t revj ous, separati on regjons or
zones. In pga??ﬂé’dT %‘Fﬁ kﬁéﬁbe\@y’\lfé%o%ﬁ"ﬁ?r ?gﬁ%@é‘ﬁ St istyg ?Eféucgtnber of
the fluid sRegmitsinsmbed hokighalwablien hE ldrhiad! floRepidleds nunber, most
preferably in the |am nar flow regine. Preferably, the fluid stream
is caused to rotate in the fluid-fluid settling region. This is nost

advant ageousl y a@ﬁﬁ ’@\l?g'dthﬁ)ﬂ%iﬁﬁeﬁ@ 1§ ¢iseddp stte i thafaidriied selingeegionui d 5
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separation effect in this region is the gravity separation, the rotational
flow reg? WESWUPE%GP@B“&ﬂh@VP‘%WE@&WHG‘PQO’GO\%@P@Qtf@JQféCWWB sffedie in the
central or j : t r egL.on; 1 L renoval and
i mproved seﬂlg}}g l?%%.thezog‘gg?{eg%% ﬁgkﬁgmoggip%%e%é‘g{n %ﬂ@eq?ezﬁ |teﬁi ng lighter
fluid conpoRéfrempangsts iocopeetinsty ip thefeentadd loyinpermost zvee oftbatagitni si ng t he
rotational Lloohler bi\aslel ihfbat bR eBuddls 111Ul d-1ui d settling regi on.
This is preferably achieved in a mahner 1 I'th the cross-sectional area
of the fluid flow path in the fluid-fluid settling region is reduced in the
di rection of fl ol astist vafhethp sephetior df @y remajeing tightef fluid dompanags, ther t he

l'ighter 4!l uj i [ ved from.t he .| ower ntral region of the
f1 ui d- f f‘ii ﬁ%&?‘?ﬁ?ﬁgﬁ?}éﬁ. &ﬁ%%n‘:&%%%%g&h%r i 6‘8‘6’2"’?‘11?3%‘5 PG of the
f1ui d-fl ui dthe@btd-fividsatiige cmgionT Thipriepmeferablyeachiehedinatminner i@xwHidhtge vor t ex
region, an axial .coWin be .provided to.epahle.the lighter fluid

dropl et's to&OrFSVSSCt{O év*ylaﬁeé“%f{'ﬁgﬁvﬂ“é‘?ﬂg‘ﬂé’ﬁ% 'ﬁlg’(‘}if@ﬁfﬂ?faisﬁﬂﬁlﬁéﬂﬁ%‘g‘sfwc%t ating

bul k phase. inlie dittcgonva\lokshe separation of the [ighter and heavier
conponents is enhanced. In

In one preferred arrangement, fluid richer in the lighter fluid component is

15 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. To prevent remixing at the
exiting vortex region, an axial cowling may be provided to enable the lighter fluid
droplets to move to the lighter fluid 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 refurning to the lower portion under the effects of

gravity.

Menitoring, 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 1o 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 particular, the lighter conponents are noved to the upper portion of the
settling region, which is already relatively rich in the lighter

conponents, with the heavier conmponents thus transported returning to the

| ower portion under the effects of gravity. Mnitoring, fluid sanpling and
fluid injestom7/peszs and |ines may be provided 25 thatrCressnoratmoat
appropriate locations within the system For exanple, lines may be provided
to inject pressurised gas or a gas-flujdised liquid to cause upwardly
novi ng bubbles to ascend through the Havi er fl uid phase. This woul d assi st

with the pr ant avi epar at,i on ticular |ight
phases, sucﬁtg%l;ﬁyg é%‘?fqn d%%/rﬁch Sufase of 8&%&?&9 eﬁﬁ‘ﬁgtgl%“?eocaffﬁgagurface of
t he gas bub&)fa@&rﬁt&io&ﬁbﬂightbeﬂﬁﬂrrégﬁd;, &l is Borhvachl® mpRiyed ndldafagiod | ghter fluid
regions, as is commonly enployed in floatation separation processes. |f
desired, th%epg%ﬁ‘é’rg??eé%s'of the lighter fluid component fromthe heavier
fluid 5 conponents may be enhanced by the addition of additives active in

i nduci ng dropl etfrgaab® I6LRER R cmfe 1tghgémﬁfd dolrpblof ﬁﬂﬁ%@ﬁgmelsﬂﬁ abl e

additives are well known in the art and are commercially avail able. Scal e

i nhi bi t ot s fRAXPOBRSBAY b%ﬂﬂmeébﬁﬁm@dlthﬁéof widitives siiivein @élmng drppletpar t i cul ar
in | ocati ong.hghe d1e f?gh'tc? fﬁ.uﬁaogryoﬁérﬁ A8itaBLCATMY & HE Q1 kb gfd Ui d

stream such as in the inlet to st em of e present I1nvention. 10
Denul si fi er&t W%@W@éllm‘@ﬂﬂéa@@ie irhibitgrs may be eppjied &f proequbihat i on, in
e e © oc RS ol SR B rPockddfs Ltk thol 128 SR BN RALAL sl B! bi tors
may be require 'n th stem of present Tnvention,”In particula

downst r eam iofthe fed h@aﬁt;alkCh@epaﬁlainlemo the syatdyh pEde st eweivg. may be

i nt roduged t aggregati on of
fluid pﬁgseg&l@@g nﬂa?rtl)fleg %‘?E’Eﬂ egﬁt%%%%%’ mﬁ%geﬁg{a%ﬁ? n?géf etP esent as one
of the flui mjmpttmslmeparatwmrafehe ﬂlmd phw@ser&omobnenﬁﬂmﬁoad mayslmtmqlmedﬁn hi gh
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assemblies. Coalescers may be introduced as required in the system in order to
promote the aggregation of fluid phases. Wax inhibitors may be required when oil is
15 present as one of the fluid 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

may be accommodated and a separation process provided that may be applied for



additives that may be enployed include friction reducers, hydrate

i nhibitors and bi ocides. The remaining fluid in the process wll consi st

al nost entirely of the heavier 20 conponent or conponents. These are
preferably passed to a fluid renoval region, in which a fluid stream

consi sting vegg@mnn¥eal2l y of the heavier fluid conponent IECTVGBROWG060The f | ui d
streamis preferably caused to rotate in the fluid renoval zone, the said
fluid stream being renoved fromthe central region of the fluid renoval
zone. In this way, any heavy conmponent’s, such as sedinent or the |ike, may

be coll ected under the 25 actjon ravity a emqoved .from.the system
for exanpl ee’gﬁndggl?grf%ﬁ oéjuggwbthgﬁggﬂ{g@%gﬁrﬁqoﬁf ]é‘ﬂ'ge Jé‘élg:%w@‘rlﬁhp%ﬁhégc‘f QPi n a

sui tabl e r epafitidal advantage in the ppylichidll dtheadsBsd @@eppitichieremmidod of the
present invention is that .t be applied on a nodular basis. In this
way, a wi de'9°aHgS %?e°8B§F%F%§53ﬁ36‘fﬁPﬁPﬂpﬂaw-at es may be accommopdated and a
separation process provided that may be applied for 11 extended periods of
time with signifheartinglpheirbRASinldhtibAfsd biovied DrRBGN B sepaldling al S Of
particul ar advantage in the application of the nmethod to 'separation in
remote |9c amuhwbésegweﬂeamcymgwh%w feidgowpancat andrdighiee #8ddi ngl y, the
present i nventiABaihs SolRfne Yot Rde & HELIRSHI L MuRARRLALLAY siyt f] ti phase
fluid stream conprising a heavier fluid conponent and a [rghter fluid
conmponent , VYHELBPYIHEIR] tBomgthed sempriing P YidiE apbrdlity pfsepereberm bei ng subj ect
to variati Oéks%%s%r ihBGurThe RS QBRI JeSi ng providing a plurality of
separation assenblies for carrying out” the nethod steps of: allowing a
stream of c&iavwing ¢ sigbaf afwpritadled Sowrateto epterle didicateddepragnasicotlyassenbl y; 10

causi ngt{ ho WRURAPL UABRAT Al Ay Hol plich AR o Firat el ca
fl ovvpat h, tdweing ihestabliiséd wdting foidpa b fdweediabepga frithsticabilowhath, the first

helical flowpath having a first pitch; |

causing the uniform rotating fluid to flow along a second helical ffowpath, 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 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.

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 its

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



causing the uniformrotating fluid to flow al ong a second helical {towpath,
the second helical fiowath having a second pitch, wherein the second pitch
is greater than the 15first pitch; and renoving the lighter fluid froma
radially inner region of the second helical flowpath; wherein the
assenbl i esvas monmesabl e to accomodate different fl ui dHdrave2ed7esysonnd

sel ecting one or nore separation assenblies for carrying out the nethod
steps according to the volune flowate of the multiphase fluid stream
20The method steps carried out in eacH2separation assenbly may have any of
the preferred or _specific features herei nbefore described. |, I n one
enbodi ment , seKier fiyd raponsaiad aliesty Huldkempensnt HesRPEBAlYE FYBRISHRRI di ng a

fini shing a&?i@ﬂ@oﬁ;pﬁtﬁ%a@iﬁ b¥utnRY b Hrdt Sufldtbit Hebhibhig bbhbBniShE RS
descri bed herei nbefore, erein each of the plurality_ of separation

assenbl i es fesondorfeiciorglighterifiuid oommonentsthe belichldamathdivingfomedeeh y. | n
addi tion 1 ophfife ShREPREAbIORSLARE e AuRSRREL S1oWind dithDbERARK [ NVent i on,

there is_ al so provi orrespondi ng appar at us aspectss. ina first
aspect, I heflpyratieiselevatodnt i on provi des an apparatus for separating a
mul ti phase fluid streamconprising a 12 heavier fluid conponent and a

lighter fluid c t . [.S i gal. . fl owpat h havi ng
a fluid inlet, Q%Q%%§33%ﬁ%gﬁ?ggﬁgﬁgﬁﬁ%ﬁ%ﬁ%?hk?ﬁggm§%%%%néﬁ?m§nd a second
outl et for aidllygattelyfdf thecheledpaghanparticiler dyehing dto il axipllt dentodilightef or med
such t hat t@edﬁruh%cal Reynol ds nunber of the fluid streamflow ng al ong
the helical® B*SWpath i s el evat ed. Preferably, the second outlet for
the lighter fluid conponent is disposed axially centrally of the helical

path, in parti clit@theliaeflowpath fizp baraxedid prodésthe alevdtedbritizal Rdymbids condui t .
The hel jcal fl.owpath e arranged to provide the el evated critical
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achi eved byinfghaliSineagoh e the Hefitd Mowdhtiaashdnstothe hldgertied dfad Adill owpat h

according to the rqperties of the fluid streamto be processed.
stream to be processed.

In a further aspect, the present invention provides an apparatus for separating a

multiphase fluid stream comprising a heavier fluid component and a lighter fluid
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 radially inner region of the second helical

flowpath.

The apparatus comprises a first conduit having a helical passage therethrough,
through which fluid may be caused to flow in a helical flowpath. In order to avaid 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



In a further aspect, the present invention provides an apparatus for
separating a mul ti phase fluid stream conprising a heavier fluid
conponent and a lighter fluid 15 conponent, the apparatus conprising: means
for selecting a streamof fluid of predeterm ned flovvrate; a first conduit
for establ veroogomeet abi |l i sed rotating fluid fl ow patt exar/éreeo7tobesosf | ui d
stream having a first helical flowath, the first helical flowpath having a
first pitch; a second conduit having second helical flowpath, the second
helical flowpath having a 20 second pil $ch, wherein the second pitch is

greater thap the fijrst Vi n hter fluid from
aradially Faﬁ"ﬁgraslﬂéeg‘il??ﬂ “Bﬁ&nsé@@gﬁ’@%*’t“@%ﬂ*’ %WI‘P? SHHE appar at us
conpri ses aadfd th&din@adishs df ttadshdGt Brodgh w&a:hﬂ%%&@ﬂﬁsﬁabﬁﬁgﬁﬁ&@ 1y,t hr ough

whi ch fluid, may j#eqﬂﬁaused tq flowin a heljical flo In, order to avoid

the 25 diff e &pfeItic supRe %*H&gggnsrqne#ﬁns@ééﬁherrgstrcawqafem%rh%@rmﬁd Barticul ar

emul sified, b gﬁj Emreas&ftﬁ@f&gwg&eahﬁba%@d‘e%abbbéf&wm e {shak sikbe fluid
streamis sta |pl sed into a flow regine that is bel ow the crltlcal Reynol ds

number (3 hatuch &af He Tinisin slrbitisediin densigst dewpaiion tysderpipgthediipis ol :
turbul ent) . il bRoéidd AhRLRBEYN IR AHIERGHy Wil SRANNAR 1St 3 T acLOF S

as the V|sc05|ty an ensity of d stream e velocity of the fluid
st ream and @wéu@twwm%re@matwbmmmmpbh@h m\md@,ﬁowr@@t eami s
passing. Acgg; fpg%% t he specific shape, dinmensions and | ength of the
first condU|t mn e determ ned by the properties of the feed stream be
processed. Preferably, the conduit is of a size 5such that the fluid is
stabilised in a Thﬁdﬂmﬂmﬁtheﬁﬁmv&mﬁe@ﬂmpaﬂ\mm;ﬁmWnduﬁ shioudpbet s of the

o sper sel LR BRSRvARE bk ndh RALbAEHLARL %oBEE G5 RAL LRRgeTeNt 1S for

the fas
preferably a transient flow regime, The nature of the fluid stream, its components and

the flow regime of the fluid being processed in the method will determine the length
of the first helical flowpath. The first helical flowpath is of sufficient length to allow
the time for the centrifugal separation of the lighter fluid phase from the heavier fluid

15 ‘oulk phase. If the required flow regime can be established quickly, the first helical
flowpath will be correspondingly short.

Preferably, the pitch of the first helical flowpath remains constant throughout
its length.

‘Yhe apparatus 1s 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 opening, through
which the feed stream is forced, the arrangement of the tangential opening causing the
fluid to rotate as it passes along the feed conduit and be subjected to high centrifugal
25 forees 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



conduit to conprise a regular tube having an internal helix in order to
provide the helical flowath. The length of the first helical flovvpath
within the first conduit should be 10 sufficient to allowthe fluid flowto
stabilise in the required flow regime, nost preferably a transient flow
regi me. Thevoawwomwénf the fluid stream its conponents rameGE2DE/0Dd6OWV 1 egi e
of the fluid being processed in the nethod will determne the |length of the
first helical flowpath. The first helical flowpath is of sufficient |length
to allowthe time for the centrifugal lgeparation of the Iighter flui d phase

fromthe heayil qud15 bul k se. If the re wrdflo i me can be
est abl i sheg1 X‘ﬁﬁ FﬁT@H‘PFg EhFreﬁJe P @ RFeTPTshARBgSIReRf (e speen 8?‘?‘ ondi ngl y
short. coprefs@ra&bt%avm@% Helik eftefing 108gifuldtinglly ﬂﬁxlelelt% IprdvidwpREdhdr eMai ns

constant throughout its Ie th, The agwaratus 1S eferably provided with a

feed conduitelicqfoFrah; 8??%’ y.gbe vitphiof Pieagcond hefical W@Q’rﬁ“ﬁrﬁwﬁ%nkt@?)ar ated is
forced, pridffeckth SHOW ditHE thdSech@Bliovw R Urte- mc-fé!ﬁc ﬁaﬁ.ﬁ@?x&%‘iﬁaﬂe@ﬁ@r abl'y

conpri ses a nmeans for establishing a rotating f low in the feed
condui t .5 Preqpsfiseryg, COIGtH@O‘FSé@@FlD@bﬂE@lPFCf@W@W%t fhaniteh of &e sesgahi ng,

through whigh 4 %‘ﬁ%@t@ %@%Ioﬁg Eﬂfsféﬁgalltyttﬁ‘aeerﬁw @ﬁ?}? ﬁ&t)x]} d hgichiangenti al

openi ng causing t to rotate as | asses eed conduit and
be subj ect e%pwmthw@nné@rwndmuﬁpgﬂlmm@@aq&mwé%rfgr%mhnﬁnpffép regl on of

separation gf, *L%h&h‘ﬁ%ﬁ?atf?&{ ogh& kA ftb&ﬂaﬂ akid f’{hé g&g rfera pt. 14

hel i cal flompa ext en her er n. pre erre n ene the second
condui t corﬁﬁammpﬁf@raiﬂﬁabmwlwoaeahbmm ext endi ng | ongi tud| naI I y therein to
provi de a second heI ical flowpath. Preferably, the pitch of the second

hel i cal, | owpat . ' t of . f I cond
rovvpa]t('{L The |hT 5 aé%gﬁ]%ﬁllgkl ﬂ%hg‘?tpg‘hsre D;I/n 'glgheawerhgﬂsq%g%\?\ig% Q&s % cont i nuous
manner. | n rampvieg meﬂgﬂteaﬂmdrmmmmwﬂétbwphndﬁ sefontl lsendadic d’mferhﬁm cal
flowpath is |ncre al on nt.i a the |relen f the second
el | oal 11 GHPEERS AT R oA RecHiREh Ad <omarish A EnTTHLOR FoneFRatndis 1 o s06 1 or
each turn ofoatifiy eRbia ek daedndcahddi, ﬂwrhalﬁ:hewrﬂmgdmﬂﬁtemb@mgﬂﬁmumaltheaxi s of
the fl owpath referably up to 3% nore preferably about 1% for each turn.

10To separ %t B PPt er fluid phase fromthe heavier fluid phases, a
means for renoving the lighter fluid phase is provided wthin the second

condui tis Pref er afpeYeed conduit, first and second conduits may comprise separate
components of the apparatus. However, in a2 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. Tn 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 portiion 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.



the neans for renoving the lighter fluid conprises a collection conduit
extending coaxially within the second conduit, the helix extending within

t he annul us around the collection conduit. 15The feed conduit, first and
second conduits nmay conprise separate conponents of the apparatus. However,
in a nost cwoeenvosat2 arrangenent, the feed conduit, fi r=iT/GBrdo7@eaond
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

fl owpath and a second helix being providded in a downstream portion of the

tube to provide the 20 second helical f|owpath. In_such an arrangenent, the
means for removi APH FTSRRATLIOP P Fefvived Ot CEHE: %Bre&"(?gﬁc’é’&‘ﬂ‘i‘eo‘ﬁ ondui t

ext endi ng CoaxdfalvorteMidhitiation ABos WHIELERS thelrlifaitRkL N8 G Q8y GQRdui t havi ng
openings in the portion extending within the downstream or " second portion
for the col cedifugd forpes |Afcerdingly, Rewwgh 8 pase.hsanpaess mayHartsr 6PRIS3 of t he

apparat us Wbt SeaRilE SRERRINGARAANL BoingORhah BB ket Wliadedvagd condui t,
will result in an acceptable centrifugal separation of the |[ighter and
heavi er §I uith¢ smdéshcaﬁﬂvmeéb-,lngrfbnt@rmdq the ppéowa varxoler ﬂwdrfgufhi red, the
appar at us 4 . I A : ents. 15 Shoul d
further sepa gﬁﬁgﬁ %ﬁgggﬁﬁl?élgag&éﬁe%@&;%&%%‘%e gglrl{(;a 9"Eylg)c'ni que is the use
of a vort ex Asepdinglyi drequied. dire, appdrbtuhmey Bjrtet eoutphise 2 meerisibmigerPising t o very
hi gh centri . ; ri j tus may
further com@?@gtléﬁggeg%ﬁ?@?& %r %d;cgg‘%loﬁ?dn%ng&groa}et%élg ,gé{?r%é iég?@q%génagui t being
arranged t ofloepah el the irilet 10 dweomiyitForhretapdgonditerl Batdblefrmempiirh. I n order to

provi de,the.opti.num vortex. for .fluid-f|uid_ sepalatiQn he rotational
Dl oci 40 of TAeaspy e ySlydrsL peloc ot I s R vBad ' drfles ' 1
required, tbhsvilepsmtesarpaylotity intredsecthegrosssecidonabaasoffthy thirdbeléaki ng t he
rotational velocgjty of the flujd di sposed tween the ,outlet of the second
ol fenr 1 olBubeh BeaSbreti tht ety PR B AERaR: HhS ottt e 855 Vo Lox
Sui t abl e nmeaftSioddbbrea may occur in a continuous or a step-wise manner. Preferably, the

decrease in the cross-sectional arca occurs along substantially the cntire 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,



10i ncreasing the rotational velocity of the fluid is a third helical
flowpath. In order to provide the necessary velocity increase, the
cross-sectional area of the third helical flowpath decreases along the

| ength of the flowpath. The decrease in the cross-sectional area may occur
in a conti moem70%6er step-w se manner. Preferably, the rHucERas®oisnlt he
cross-sectional area occurs along substantially the entire length of the 15
third helical flowpath. The third helical flowpath is nbst conveniently
formed within a downstream portion of fhe same conduit containing the first
and second hel. cal .fl owpat hs. . The vorfex may he allowed.tp form

S i o s BSEHAE Py SBRIE 5 BriEbAe U LR BTy SSRICE IS por t i on
of the cond#t vessdNlrbddi paferiditarfahfdhont, VRCAREaB thay bk ndduiaf BHRAER, abhe third
hel i cal flqypatha In some prqcess regines, it nmay be necessary to provide
a means f ord<sest hersinalier inaviyedya eiwralityipf sped coRdeHite mias @xishd HHBBAHREIC t he
appar at us fysgddner conprises a conduit for collecting the lighter fluid
conponent fromthe vortex, the means for stabilising the vortex is provided
by a tapered portion in the region of the opening of the said conduit.
25The appar at us TPeidihe BEyith sspatatipe proeess natindbmvesrilahe tgparmismeaysed within a
single condbindf mt B by 3mplili el RAhAREY o (GHIIPROR EOAE BiON MBY, be
provi ded by Wway of an egsen ralTy gravity seéparation process. Accordingly,

t he appar atdrsanrgytening thaaesselo mbisi il alow efwédnt frovity sspaptidnandprayend ui d st ream

t he vessel i LI LGl e nber of the
fluid str ea%g%élﬂg)g\‘/[ %ﬁ%ﬁ{lt iat %?@E%@a%gédeéﬁgseelél giggt eéﬁkﬁg?@ét{ﬁ%fg%b (Laé subj ect ed
to gravity tsegsatiaobidel in the cenduft thnoughr whicly twdiutd streaf it lntrodicedying thabe or
condui tyAs i . i i~ent ighin the
vessel . W?n %g%fpﬂ; egérgald&i%? ?@rﬁ’%@%ﬁ’@y"ﬁ%@g@ alg% %osfr? ﬁrﬁasg H%%n%r%ﬁul ar in
desi gn, as wsesdisingdit toetienal dbtverf fluidwithin die vasspl, forakartiple el ingereddd condui t s nmay

tend w thij i ngl e. | ..5T0 aid th it at.i on.
\E/}\/l?( t ﬁln n ¥Mhe Ci(/‘)g% og?t%e&' ?chagmég gvitsgjttﬂes v @.‘ ‘ithe DFertabhs %a)? &8 1%%wd!ac9 \ertl? Locess

fluid guide extending helical along its outer surface in the direction of fluid 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 collection zone, a
heavy fluid collection conduit being disposed centrally within the collection zone, the

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

Should the fluid feed stream comprise any solid components, this will remain
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 continuous basis.



regiment the flow by conprising neans for inducing a rotational flow in the
fluid streamentering the vessel. This will allow efficient gravity
separation and prevent cross-flow contam nati on of the separated phases.
This means is nost preferably a tangential outlet in the conduit through
whi ch t he fWak@7stss62am i s introduced into the 10 vesselpcTiezhamooéser ai d t he
separation, the vessel may further conprise neans for centralising the
rotational flow of fluid within the vessel, for exanple an inverted cone

| ocated coaxially within the vessel. Tfe inverted cone may be provided with
a fluid guide extending helical along its outer surface in the djrection of

fluid flow To risrgcdionghalove, heanpaalys & RagiRy i spidedsts B?FP% Pfélsﬁ'é‘%i?ﬁ_ er phases
Wi thin the &, M@T‘ﬁﬁ%‘ basis N HPRAAIHS adiBYb1§ WhhhinCRIRE 5@ Redandui t

extending coaxially within the vessel, the conduit having openings therein
t hr ough whi edndpifsyPrddf prepant thecengydrfenioysing g Muidakpetex pred ny megnsprewded | n a
preferred agf; At orad a¢) ok -dag{]i t Nealih gt e fluid
conmponent s v?/il?ﬁ%ﬁgt&hem\?%@ef,%g g%’?ﬁuet e%#h%%?ilg{)ug%d ltjﬂﬁ_}sltrge)glr% of the
fluid sty eaenndvl,atpreseatiips fibglé stpareiien assengply motile. Yessdihglyiinla fothesi st

essentially J I her corrpri-se
a heavi er f?sglgcéﬂg%ﬁeg%% {ngﬁﬁtggﬁgm%gﬁg%%%%%g%ﬁﬁgﬁ? @ﬁ%%%%%l!&t bei ng

di sposed cestteamlcomprisingp heaviee fipdl dompbiaphagionlightsr leidowmapondnt,lbevi ng a .
plurality o eRni.n rein I he heavier fluid. Should the
Pluta f ewd S PBERMRER dRLEURoA, ARl ehm bl PERY Gaiinboriien 251 ¢ ne
appar at us, thassiargus coniprising a\phsdlite afisegarabai assemblibpasswcdintefises, t he

appar at f.urther c ise a soli collection zone and neans for
Ehovi nif sometsH eI et s SRS S e, Crov ng w0l ds_on an
i nt er m t t enthe @ppapatascinitherconpritifginsans firkelstivBndpeniiagd omda\ntore t he appar at us
' particul A S S Qa S 1S HSIES BShrate of the mulfiphase fluid

stream.

The apparatus may be operated with one module, a selection of modules or all
15  separation assemblies being in use. In this way, individual separation assemblies may
be brought on- and off-line as the volumeitric flowrate of the stream varies. Thisis
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 eagh 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.



on a nodul ar basis. In particular, the assenbly conprising the first and
second conduits, and if present the conduit for housing a fluid vortex and
any nmeans provided to increase the rotational velocity of the fluid stream
may be housed within a single 5 conduit, representing a single separation
assenbl y nmodmbkm@zo%erzor di ngly, in a further aspect, the poTasE0t7/00006ENt i ON
provi des an apparatus for separating a multi phase fluid stream conprising a
heavi er fluid conponent and a lighter fluid conponent, the volunme flowate
of the multiphase fluid stream being §H%ject to variation over tine, the

apparatus conprisi .a.plurality of aration assenblies as hereinbefore
10 descri bed andﬁi‘f&g}%_ﬁ@a{a&%&%&mﬁg RFO¥PF FUFTAQP PRSTR PATEMAL es; t he

appar at us f probleei wit@ Motk AOstaBam Sod Mit-SRIE Sitthe/ &nuni@ef Ak LifGteOM@d Or NDre
separati on assemhlies according to the volune flowate of the nultiphase

fluid streaPPoasd s BOSEss &gy togke coplamanatsd Wity heavs duidrompenends. sel ect i on of
modul es or @ik pABRENEEEVEOEY S SEARLIEAS sREHHE: hiltdaStord 'fﬁ&‘%b% 1
i ndi vi dual se gr ation as_s&e%nybl i es ngy bSe brought on- ang‘gof -f%ﬁﬁ;émgs t he
vol umet ri ¢ ¢l tBovergheat igventiea. stream varies. This is particularly effective
when the indiVidual separation assenblies are sized to acconmopdate
different fluid ygg@{, : rj .2 means for
feeding a purge ‘llcgl %%ﬁiﬁé@%ﬁ@gﬁgﬁﬁﬁgéﬁéﬂ g@@ﬁ&gg%edp%?%hgﬁﬂl ow each
20 separ at i #hargkenssybtem fovorseation iywdarating cinokipkase fefdotrearh edmyprisirgrught  on-
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assenbly may further conprise a separation vessel  as e el RD&f or e
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A method for shutting down a helical separation sysiem 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
miroducing 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 achicve
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 belical separation system is arranged in the modular



18 The helical separation systemof the present invention presents a
particul ar problemwhen it cones to start-up and shut-down, if the conduits
for the lighter fluid produced in the process are not to be contani nated

wi th heaver fluid conponents. This problemis solved by the start-up and
shut - down ned badsosker M ng further aspects 5of the preseadrdcEe@nioson.
Accordingly, the present invention provides a nethod for starting up a
hel i cal separation system for operation in separating a mnultiphase fluid
stream conprising a heavier fluid conmpBnent and a lighter fluid conponent,
the method conprising feeding to the helical separation systema first
fluid stredormygdiscesedhpravhessie pad ppraggd usp e varirespleetiqn efilglieddnponent ; when
the fluid vy, i i ¢ i Pﬁﬂﬁ j ' eached the
nininunlopégg%%ﬁgxwﬁbggh?ﬁk or, ?ﬁ%S%%F?FgﬁE?EW%Pﬁﬁﬁagtr‘%ﬁﬁméep|acing over
a period of time the first fluid streamwth the nultiphase fluid streamto
be separated. A nethod for shutting down a helical separation systemfrom
normal operation 15 in which a nultiphase fluid stream conprising a heavier
fluid conponent d.a li er flui.d ¢ onent _4s.heing .f tQ the helical
separation syst %%yﬁﬁgéﬂ§§§qwﬁﬁé¥g=§3§?ﬂf%¥¢%a%§?”5&gﬂﬁﬁwgﬁ fluid stream
consi sting eamekionbl havind refehmebh@ale sicompanythgeipapiagse it whinti:o t he nul ti phase
fluid streamfeed to over tine to replace the multiphase fluid stream when

the fluid feed ganifts of the first fluid stream .reduci the fluid feed
20f | owrate to zergy*e 1S acaggse @pﬂgéqwgép@pﬁqt%ﬁp%gqr@ﬂpprg referably |eft
full of theckbrif td dddrboafh@it of the plekdnt thvbaia; f | owr at e 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 achjeve nornal operating
condi tions wi t h F#Ee #isH Gestsertiopgyiempltas PRIST BArtiohel the dpmemation | yj d
253treans,Empmamgggﬁ?&@qt-up and shut-down procedures of the present

invention are of particufar advantage when the helical separation systemis

arranged in the nodul ar i i _
1 Figure 3 is a plan view of the separation apparatus of Figure 1;

Figure 4 is a stylised cross-sectional view of a helical separation assembly

according to the present invention;

Figures 5a to Sc are a stylised cross-sectional view on an enlarged scale of
three portions of the helical separation assembly in the regions labelled as A, B and C

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 VIlI-VIIL;

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;



19 format discussed hereinbefore and operated using a varying sel ection of
hel i cal separation nodules to accomopdate different fluid fl owates and

conposi tions. Enbodi ments of the present invention will now be
descri bed, by way of 5 exanple only, having reference to the acconpanyi ng
dr awi ngs, iWHORMI7896612 Figure 1 is a cross-secti onal PCA/@RRGH00860t ONpl et e

separ at.i on apparatus according to an enbodi nent of the present invention;
Figure 2 is a cross-sectional view of the upper portion of the separation
apparatus of Figure 1; 10Figure 3 is &%l an vi ew of the separation
apparatus of Fi ure 4 i.s I |sgg@cross sect.ional view of

a helical separa s‘aﬁ%ﬁweﬁ?hwﬂagwsapﬁw atsﬁi e1904 She e RhRYFRERh

Fi gures 5a irﬁlo'éﬁngaﬁo@vﬁoﬁio)‘th&%s&%@ﬁ%to%@ﬁo‘@éh@tbrthb%@ff%aﬁ& cﬁ%ﬁé&ed scal e
of three portjons of the helical separation assenmbly in the regions

| abel | ed as™&ONBoERRSYSIB n Figure 4; Figure 6 is a | ongitudinal
cross-sectional view of a helical separation assenbly of the present

i nvent i on; Y1 & prfDreanc® Al g}[-bﬁd 1RSSR E L Ak of the
portion of the asglhelﬁblyaof Figure 1 é & fl(\aﬁl %EH\%ure 8is a

| ongi t ud? nappeéat@gsvr@@@ta@wlfor\ﬁsm@ﬁs ofhh mdlmnnsms;m assenbl y of Figure.
1 along the line VII11-VIII; Figure 9 is a cross-sectional view of the

upper portion of g&s1%%%%14iﬁac&&@%eage&é%ﬁaiofd&i@&&ﬁa;seﬂl‘bﬁﬁg a different

axis to that of
comblnatlons to accommodate different feed stream flowrates.

Referring to Figure 1, there is shown a seﬁaration assembly, generally
. indicated as 2. The assembly is shown arranged substantially vertically at the seabed,
10 with the lower portion of the assembly extending beneath the seabed. This is one
convenient arrangement for locating the assembly, in particular adjacent a subsea
wellhead assembly. In this way, existing wellhead assemblies can be provided with
the separation assembly of the present invention, without significant modification of

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 cm). 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 medifications, 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

streams are removed. The assembly 2 further comprises a plurality of helical



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

per formance of various regions of the system Figure 11 is a

per f or mance hi st ogram showi ng the operating flow ranges and 5 operating
pressure r avgem®7pdwsizassenbl i es of differing di nensi ons;PCanGEB2007/00060Fi gure 12
is a graph indicating the selection of different assenbly conbinations to
accomodate different feed streamflowates. Referring to Figure 1, there
is shown a separation assenbly, generdlly indicated as 2. The assenbly is
shown arranged substantially vertically at the seab 10 with_ the | ower

d,
portion of FREIASHEINICK PRI IEERbE b &py gf‘hefﬁﬁtsstag%"%ne

conveni ent RpsAdEeTRBhtef Miid bABRRINLAY FoRGeARSEIIN YompdheRaisidagiti 3t adj acent a
subsea wel | head assenbly. |n this way, existing wellhead assenblies can be

provi ded wi the reainisg pastien obike Aeusingd i agmneed o prYde Artheriiagss Pon, wi t hout

si gni fi cantsepmehdnl CaliRheQl midSauilalibeRgioh 18! AlebdHd Rild-AhR BGraBRAr at i on
assenbl y 2,86?55 fgr maoﬂ argqn a geng(g&ﬁzgmcyl I ngr@g‘a ,1 t&%u?%rr housi ng 4.
The housi ngstageild, andstingliiniémolishseparatipnsiad técoverp ftagoifrdiaeh af thgseavai | abl e -
conduct or casj T : I i upplied in a range of sizes,

i ncl udi ng t%glpﬁgenﬁtsn‘gﬁ-bgggkgg&%fﬁﬁ&?ﬁé(}%égéo 6 inches, 30 inches and 20
inches (108 cm 92 cm 76 cmand 50 cm. The housing 4 nay be constructed
froma section dn ¢femtioghghidusYheatiecthdd nyerfask 16 attheximiva mighdeveb&7 ng sel ect ed
to accommndgie e OlMTELG S if kAL Sl ALl oLbean g, be processed.
The enbodi MENtS Shown o'n T he acconpanyi ng Tigures an escribed hereinafter
ar e concer rnégmed tahd bleshevseyiging blioag thatlerath afiticiedied stmeaivh assembldasever, t he

met hod and appar.at us th only m nor difications, al sq. be applied to
sur f acelthouhaiead i iy oft e gboe e foues o5 daV et oL e peY s udblish at | on
assenbly 2 conprises a plurality of discrete conponents. An inlet and
outI'et assenbl y Reférfing@Migst dhd @id Al diffipeissaitlly 6fs rhfenddanshadrgppds f or

SUPBl Y 0GR, Pooell T o SeRal on and (i oug Much Lhe
plurality -ofndhelidt@aembly 6 comprises a generally cylindrical inlet body 22. A cap
assembly 24 is mounted on the upper end of the inlet body 22 and comprises a lower
15  cap 26 and an upper cap 28, which together define a gas-liquid separation zone 30, in
which 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-is formed in the lower cap 26 and connects to a fluid
20 condnit 37. An axially central bore 36 extends through the inlet body 22, connecting
the inmer 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 (ot shown) by
25 means of a conventional flange assembly. A coaxial bore 44 extends through the
u}')per cap 28 and provides an opening for the removal of solid material, such as silt,
from the assembly, for chemical injection, or for menitoring purposes. A valve 46 is

shown connected to the coaxial bore 44 in Figure 2.



21 separation assenblies 8 extending within the housing 4, in which the
first stage of separation of lighter fluid conponents fromheavier fluid
conponents is carried out. The remaining portion of the housing 4 is
arranged to provide Thrther stages of separation, conprising a fluid

stabi | i sat ive@2008@¢6612 10, a second fluid-fluid separati QCTESR280@0%2 and a
final fluid-solid separation and recovery stage 14. Each of these
conponents wi Il be discussed in nore tail bel ow. An operating |ight
fluid/ heavier fluid interface 16, a i mum high level 17 and a m ni mrum | ow
| evel 18 for th fluid w Si ar epre ted in.Hgure 1 and
are shown as Iy| ng agoﬁam 0&‘@ ?‘Leﬁg?cl}(oigr %@ﬁﬁe‘?ﬁ%} <8 ‘ﬁ%ﬂ?%ﬂwg%dsenbl i es
108, such thﬂhefdmawfhingmhdaﬂlhdney@ ipheadlmﬂtwced@anﬁbster%amheﬁduldf t he helix
assenbl i es. Referrin re 2, the t an out | senmbly 6 is
mount ed on FHEUBRIEAET qRecthE Heeg: e By B EraRtan CuRRERDr 20 of
convent i onathe@@pds @pionldtehd iteibr GMIEL Iﬁmblhgtt tapaghivhich BueRmdyipagsasnt general |y
cylindrical inlet body 22. A cap assenbly 24 Is nmounted on the upper end of
t he inl b’f?&’g}‘reéiz and conprises a |ower 15cap 26 and an upper cap 28, which
together define a gas-liquid separation zone 30, in which gas is renoved

fromliquid presniatmlbfwdngms}@wé&wﬁyﬁmerfsefoﬁ&egzﬁaﬁarb%r@rsew ded by neans

of a bore 32 extendlng obliquely through th 28, which is in turn
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connects WI alaterally exten bor e hroug e upper cap 28.
Li qui d may b@em@imveﬂxetmaogegwnttbﬁthe langitndipahteres S0 aye thelrdsmmated heleeabh | i qui d

conduit 42, ne by 25 neans
of a convenf:e{EIII %hgf?%ﬂgpggése%%ﬁfgg‘%%?g&%&é ?'hggﬂt)et hr ough t he
upper cap Z&Chnﬂthpﬂcmgmthsalbnres)@@rmmgndednmﬂnetan@tmalm armhg@hhiedszqat erial,
such as si 'ﬁomwmcrﬂfépe%dsaassﬁ‘%ﬂ;éée sk cAn rge%con tés é?&&é%dom%e% of O toring

pur poses. A Vvalve Kown " Conriet coaXIa ore in Figure 2.
15  each radial bore 54 by means of a conventional flange assembly. Each inlet conduit

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 36 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 nnly limited
variations in the flowrate and/or composition of the fluid feed stream are anticipated

30  during the working life of the installation.



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. The liquid conduits provide a direct connection between the
gas-liquid separation zone 30 and the upper region of the interior of the
housi ng 4, WOrWHEE¥W6Rhi ch flui ds may pass, as 5requir ed. PCIHEBZ0RHUE960body 22
is provided with a further set of |ongitudinal bores 50 spaced around and
radially outwards of the central bore Snd t he | ongi tudi nal bores 48. As

wi || becone apparent, the bores 50 prg ide the feed conduit for each

hel i cal separati I a4 fs 0 i's

connect ed at |tsI9‘IrEi a\?\é&% %‘E)eg‘% %g?ﬁeamjregg%dggti%g l&ge |caﬁl{e§%3f?‘%t| on
assenbly 8, lmIaeISa,lwmch)é:cdelt@hm appeopma’&\posieohInﬁ]ualtlnwkicmemgCITI’fhemareangenent of
the | ongi tud| E S 50 f{‘}h ssoci ated hel i.cal s ar ation

assenbl i es & gyeg ?H‘J fes\ﬁnip ng‘—?rg}’ﬁ?cgssém ngﬁSBﬂ *Figure 3, ,
each of the | ongitudinal bores 50 is provided with a tangentially arranged

inlet 52, from VK'ﬂﬁﬁyf@i@e%?ﬂéx@sdl@%&lmbﬂx@u@éan&xﬂomﬁﬂiseﬁaﬁiﬁﬂldﬂlt 56 is
connect ed to the end of 15 each radi al re SM‘%/ nmeans nventi onal

flange assefpngemess ?ﬂ?‘étmléfﬁiﬂﬁfplde%b? aboghH ARtIding ?Srcé‘f)af PEﬁgﬁ Pidl et header

58, shown ipbalidr@4hevidg Apurde GllétCohRt dBlcR@n@XS A LN GuidiAb@ndiesalpper portion
of the assenbly A fluid feed conduit 60 connects to the fluid inlet header
fp%@feffg%

58, through Wﬁ%ﬁ“@ﬂ%@ﬂﬂ#ﬁ&eﬂﬁﬁf{i‘%%‘é{?ﬁ%@%o Ybe fed. The

flow of fl uigef tAHLR RQICh] s’ébegaﬁdﬁla%nﬂ@agseﬁ coResldh- %‘%P&Fﬂhﬂé ek veRBedglist 56 is 20
controll ed by vvay of a valve 62. As shown in Figure 3, each fluid inlet

condui t 56 pasitigpedingaeh ryrgcinct @néwflﬁésé# prdertoarryide indrpendept enbelfval ve 63 to
prevent ;any, &:?m I 19%1 desinf Qo drRdeppadent control of
each fl u?d tIhI:pI? %O? cﬂ%@%%aﬁha «]-I'{I‘asg?ng&wﬁgf ??m’i tg‘fotclg eacﬁahel i cal

separ at i on eperaidyl agsedabliehs rday @amwr piging serdrolled by & sipple vals-eAt8T88c conmodat e
t he great es : ROS of 25the fluid feed
stream ﬁmF{?J gg&%&a&&f;ggp%@@p&h%ﬁﬂ& thgﬁqrtgig\(gle ar IIa'éleérﬁggrrents are possi bl e,
in whlch a single valve is used to control the flow of fluid to two or nore
hel i cal separat iWhiIea&mmg ﬁoé?$g1ﬁa3 af ib edrtvemienthio acte dbirctzhgamanhofthe fr eedom of
operati on. C Jrang I n situations
where only ]I“II 1Olr*lla ns I Wsﬁ E%Hg) s?%’ﬁ?lﬂ& gc’fﬁérrm%gg%%gﬁ?on of the
fluid féeRd ]sdlircdaapaaztmnammheﬁcﬁdt raﬁgeablﬁsmngame\m avoorkinndptd a faegobf t he

instal l ati O&fferent fluid flowrates. In the arrangement shown, the assembly comprises one each

ot

of a helical separation assembly 8 having a nominal diameter of 4 inches, 5 inches and
6 inches (10 cm, 12.5 ¢m, and 15.25 cm). In addition, the assembly comprises 7
helical separation assemblies 8 having a nominal diameter of 7 inches (18 cnx). The
20  arrangement shown can thus be operated over a wide range of feed fluid fiowrates,
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 ate operating,.
Combinations of the helical separation assemblies 8 may be made to accommodate

flowrates between these two extremes.

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



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 4. These are enployed for fluid injection, fluid sanpling or
process nonitoring operations. A fluid purge systemis also shown in Figure
3 and conpW@&¥7/8P6el2ri | ar 5 arrangenent to the fluid i AGEGEYERMIHescri bed
above, including a circular purge fluid header 64 having a purge inlet
conduit 66 extending to each fluid in ft conduit 56. The operation of the
fluid purge systen1is to provide a flfw of purge fluid, typically water, to

each helical rat| f e. A valve 68
is p03|t|oﬁ@8 P 3%@3 Burés#%% ?m%z%é&|§8g§§‘?ﬁ“%r e?gégm%$QV|de

i ndependentpigniit dky bf mdf rediily penestiblg favfretdemahaddeieplecdmesbpar at i on assenbl y
8. Again, two or nore helical separation assenblies 8 nmay have their

urging controll ed b le v f|UId feed c uit 70

gupgl i gs pur ge fii ﬁﬁangc@ﬁéd‘ffgfaéﬁo%ﬁﬁeﬁg@g@? §s1ze gﬁllgl ng to

Fi guret3 | Hetibad ﬁ%‘p{éﬁ‘ﬁ@ﬁlm&%ﬁ@ rﬁﬂm@d?ﬁ@mémn%iamY&fvmmohell Ca: ¢ 10 15
separati on assenblies sho sse C [ a total o

helol cal %epﬁ&?%@#?t%%@é%ﬂl?é%W%‘ég&ﬁa ngnggn %zh compdat e a
range of dijfatenio bf?,'oH'aqlarEél?\Moﬂﬁlﬁﬁbasisn'[H&Qnﬁﬁﬁmﬁesiﬁﬂpvm the assenbly
conpri ses one each of hel i cal separ atl on ass havi nom nal

di anet er ofCOle’fNﬁB%@a@qaﬂWégr%PﬁH %5 bRt %@“ﬁ#aﬁ‘ke@nﬁgagnd 15 25 cn).
In addition, the assenbly conprises 7 hellcal separation assenblies 8

havi ng a nom na Jh%&ﬁﬁ{l&{on%é’oﬁé?&tb%féhk&mﬁm sepiifio s@hbRRGMMMowS hown can

t hus be operated over a w de ran uid fl ow ates, fromthe | owest

f1 owr at e wHerdesdnibed ibaghgreferere fio ﬁ]@me&awh@épw slisef repseseniBian afe on-1ine, up
to a na whem @l sEMblde@ss are operating.
Combi na g"@’ IE%l%\[Mr’]ﬁ%ﬁ/e I'i ca 8 é I}ag‘?g{te:&g{r? t glgggsf E%B%Y%g()@ﬁ eaﬁéde to

accommod at esigdifnauitnsiogedrd ﬁneearse phedwencpchesetip ofbs ovaslt ilﬁlig&lr"? angenent shown

in Figures dla:fgger bl 120 ésem% tﬁé?%eﬂlg%m %9.1 ga@?f@ﬁtﬂ&?ﬁﬂf‘eﬁ&t@ﬂﬂ their

respective valves are Xila and outlet assenbly 6. It
w | be apprigatdted that an alternative arrangenent may be enpl oyed, in
whi ch the val ves and headers are conbined in a separate nodule that is
connected to t heﬁ ! emrm?g to Figure 4, a helical separation assembly 8 comprises a generally
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 tub:
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
ferminates 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  isa fluid flow stabilisation region, indicated as 106 in Figure 4. In this region, a helix
108 is disposed within the annular cavity and extends around the light fluid conduit
102, to form a helical flowpath for fluid moving within the cylindrical conduit. The

function of this region is to allow the flow of fluid to stabilise into the required flow



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 acenent . It is a significant advantage of the assenbly that the
nunber and size of the helical separation assenblies arranged within the
housi ng mayWw®argarsrd to 5 accommpdate a particul ar dutRCT/GRPGDGHL t he

desi gn and construction of the overall assenbly to be on a |argely nodul ar
basis. This in turn allows the design, construction, naintenance and repair
to be both straightforward and econoni®al . The construction and operation

of the helical aratiaon assenplies cl.i be havi ng

ref erence t@%@@?@r@ngmlfﬁﬁ‘ﬁog’&’ @MW@%H‘?IE’&&@?@ ﬂﬁ%g tgé floyg typi cal
assenbly. | Etamxéakloﬂ%gﬁimroe% ke thhadvide B tASSRIDNYw PhRM akdokligur e 4 is
significantly shortened, for ease of reference, the ra i 0 of tge over al

length to ditempbesss togeniifisali divide 38 parh sing FRhieciad ty myl reater than

that repr es?diétﬁ;ﬂal'f&cgé SHAEE b ouff&f %&fh'e@&aﬁgam'éh&ﬁé@nﬂm@ueal ihE slossepar ati on
assenbly 8 conprises a generally 15 cylindrical conduit 100, sho in

Fi gure 45t osestiensharey of the b@ltqayﬂ%mny@fenablarﬁp@%@t plepgtheisaiirg losth of | i ght
fluid Condun}elﬁéﬁe%%ﬁmﬁ mo@flscﬁ SOERih ¥ cpiddtiegchsibt Touhgisext ends

coaxially wth rlcal nduit and 1s open at its uppernost end
into the gaseteimgudsdhat @pamah phithe h@wel 083s Prﬁfetﬂbbf wapanignagiheleneth offhe annul ar

cavity is f r t weel ight fluid
condui t 102%%2§QPﬁéﬂb%ﬁ%¢Pﬁ# H(xﬂéégﬁ%hlt 1 gkléggmgg%erngg%m gglon 104 of
t he annul ar langthj inordes teeprptiyle thelréquived oW pattarhet ifsouetzadsage of fluid. One of
the radial bores 54 in the inlet body 22 terminates in a tangential. opening

52 int upper nost re 0 I ) The region
of the Eﬁnul ar g&‘/e Fp%fldﬁ?plé%s %%tg }1@%@@%%3%}19%%&?{% g(ljll onW104 25is a
fluid fl owhsﬁaabsdnbﬁaédnemlm@gm@msemtadﬁnd'@m S5a %06 in Fi gure 4. In this
reglon a helix

The end of the flow stabilisation region 106 and the helix 108 is contiguous
with a fluid separation region, generally indicated as 110. In this region, a helix 112
is disposed within the annular cavity and extends around the light fluid conduit 102, to
15  form a helical flowpath for fluid moving within the cylindrical conduit, The function

~ ofthis region is to separate the lighter fluid phage 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 fluid conduit 102 as described

20  Thereinafter.

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



108 is disposed within the annular cavity and extends around the |ight
fluid conduit 102, to forma helical flowath for fluid noving within the
cylindrical conduit. The function of this region is to allow the flow of
fluid to stabilise into the required flow 25 regine, by forcing the fluid
to flow inVeOeWwaPHe2 helical path. The helix in the fl RUTSERBITVOVESAL | on
region 106 is fornmed to provide a stable fluid flow pattern and to all ow

t he phases to centrifugally divide ang part, being subjected to nultiple
gravity and rotational forces before ﬁe outlet. In the arrangenent shown

pref erabl y D5RaTeft A8 R TBERUANt R0 ol SRR il o Bl R, 18
108 i s di spfiiedeing plotessal anylid setbried #d albontie nstubDipvenving ofkbe Bghttmes t hat t he

pitch of the helix.108.is pr.ef erabl onstant.along.the |ength of the
regi on 106. ﬁiaﬁesd’ftﬂg}e(%gﬂ“? ] 'é‘? HeEss %’ H'ie @gf"t"‘e’ﬁﬁ thr r?@lﬂ%ﬁﬁafleigggrmy be varied
along its |gHagdsho canfiingy dledg thohgicaMiggpatthe required flow pattern at its
outl et end. 10The novenent of droplets of the light fluid phase in the

helical fluid flgow stabilisation section 106 is represented in fjgures 5a
to 5c. > Théﬁ'ér‘?a‘iﬁé)thFﬁB‘%fSFWt’é’Pé‘fﬁl?q H&tﬁ%ﬂwrbéﬁfélflféen%austw@?henx 108
I's conti guodBuiivEBcify dnhitcsh &%&%%ﬁ@ﬂi}ﬁﬁ&kﬁéﬂ asgEBe Iedhisyredibsliacaidesl as 110.
In this region, ‘a helix 11_§_| s disposed within the annul ar ﬁa,w ty and
extends ar ol lifis dispgrad within Ge eemtsicevigopd cxigndsaraugd elighbiiigal “ f | ovvpat h
for fluid ngyatime10M, idYorin b A&licaYHdWshit ﬁ@huﬁ%}ﬁ&g;mﬁmwfcynﬁdﬂc@ln of this

region is'to separate the lighter fluid phase Tromthe heavier fluid phase.
The |ight feauduit. chiechglix 1 ibprqinaipy ¥hegumen ¢nd of the Hght fAuidiqopddt 18eThe or hol es
114, They PO ok il SeibR T thokdiod 16 IBBE/ ot RPN FRSLAR, Blend e hel i cal
flowpath. T e_étfightdﬁﬁri_%lu?d phasesél_s rVeCO\;Fyreor ed t Ar ough the ports 114 in the
f1uid conduyindide eonduie @ sotpe do PO aisighletvertex in the downgtrepmyelower provi de t he
separation Qf. fl uj i hui,g separation region 110, the

cr oss-secti%%lgfmg{rhgg o?ﬁ?ﬁ%hﬂ%%s??:ﬂaepbﬂooﬁpat h is increased along the length
of the region 110. In order to provide this increase, the helix 112 is
shown in Fi gur e 14 tledluides]ecdtyienigpncing pédiorhl 16}, tinhelihbl 8l ie sty ioFigukeed f | ui d

o T AR iy b oIR8 s B R A0 TR e 0

i ncrease i ntH reac etfe’turn around the’
i ght filii dpichrdliibte dd€ihineBhey theweanaa séthe flujals be bepastddand tHeopedidt ur al | ow of

2nd to. pr oVERPER I BaEREIds SR HAe Phg e TR RPt B TG 8os vi ¢ hi n
t he hel i cal athedvo Gr.cadkf tuad dr@wedhd ligho Aidreondutiie] 0 Thelpdrdokoprhelghtr e woul d
give riset i?uig cgr?&ugtilafg}gtgﬁdhggrtﬁ%%éﬁ !th%\{'\(egion 116 is typically cylindrical and of a

substantially constant diameter. An alternative embodiment is to provide the light

20  fluid conduit 102 with a tapered 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 cylindrical



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 novenent of the lighter. phases into the fluid conduit to occur,
while allow ng the remaining heavier fluid phases to continue along the
heli cal fl dWPaA0968Ihe end of the fluid separation regiRGT/GE0NEOL he hel i x
112 is contiguous with a fluid vel oci ty enhancing region, generally

i ndicated as 116. In this region, LB[' her helix 118 is disposed within
the annular cavity and extends around he light fluid condwt 102, to form

2 el i cal T LauRath |9l Lathd IR D! folBgc ¥l inds gl gongui L. The

hel i x 118 term natés at tHe open en con 102. The
function of cadhldmeégllm 108 lﬂbam&lhlrSeaagdoethnMIsepmatglyMﬂﬂMm dvlwui d renmi ni ng

in the cyli .t .10 to provide a sta rtex in the
downst r eam gg’ ﬁg%t}lgg@ﬁﬂﬁﬁa%?r%tuﬁgo% ﬁ&‘a‘?ﬂt“‘” Seé’gmffec?& qlﬁeéﬁ%el oW. | v
the fluid vetragehyntehhvenin Figréehind® 1§wantageml@aihm<apb1ﬁng&ehamam in Figure 4
|ncrease§ i n_pi ch tur nduit 102. The

h f h |
i ncrease”i n® pﬁjléahg%asﬁ%‘%lﬁ ﬁnmm‘ﬁ@laaé%gﬁ? i e X Fﬁreceﬁ%g@@o(??a"ﬂi’é‘s’fl ui ds be

separ at ed adeuHldielis paaidenents @ﬁgrba@mpmyemwmpmﬁgemafefmp&ﬁh bewéeypi cal rate
of i ncrease,of %‘ﬂﬁ? Qg(gcr&l% the helix is about 3% for each tam around t he
Iight flui dCSARANE 19839 Phe nortion of the light fluid conduit 102
extendi ng through the region 116 is typically cylindrical and of a

substantial | y consit@at atdke iRl Rlix lf@wﬁh&%@ﬁh&‘{r@l@@l@%ﬁh&ﬁ@% ign i@ Pprovide
the light 20 fluid conduit 102 w t pered or flared i on, such that

its di amet eferpipgicdaidbeendt shegight ﬂ‘l‘lé c?%}tdﬂz-l hhe W@nm%ﬁqﬂﬁ%lwlsf luid flow

in the aanUupRKide@wWith¥%n ot dnd ahMENOGRY BRPat i fovR kAL daR% ween the
l'ight flui dbcolndm t 103 artl d the %{yl ?ndr ?%%Ilt corﬁl th%o%&?oén%ﬁa?g in

cr oss- sect i enahichire describedereieatiss t Theadomabtress pasvionodf the qlindridabeenduit t he
annul ar cavm(vcxte%éﬁg%%ﬁe %ﬁ@&ftﬁé‘ﬂ%ﬂ mﬁvxog mrfalotzwgﬁ%ﬁaﬁtzb E{Bﬁpe' i cal

separation assenbly 8 I's shown in ure rom it w
appr eci at edcitllﬂilétlcﬁlrﬁmu@é%rsaltaubﬁar@p]é? anptmrvglum@ml pevideea vesteytrbgiof, t he three

regi ons 106 n% 6549 be t of the
cylindri caI &% gagﬂ f@ ? Tfmn%éso eécrllg 19\9 ﬁ[{&?g‘{:&s{aﬁﬁﬁhlg%g{s@ 08, 112
and 118lar ermmtea@naiwhmgtb\mstredm diadctioh ﬁnmrthe endtodriited ligyt it keomduithe
cylindrical oy 7, 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 aself 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 downstream of
the outlet 120 of the helical separation assembly 8. As shown in Figure 7, a plurality
of helical separation assemblies 8 (two of which are visible in Figure 7} extend
downwards within the housing4 and are retained in position by a baffle plate guide
assembly 123. A plurality of baffle plate guide assemblies 123 may be provided,



27 conduit 102. This is a preferred arrangenent. However, it wll be
appreci ated that each of the helices 108, 112 and 118 may be arranged
separately within its own portion of the cylindrical conduit 102, or even
Wi thin separate conduits. The arrangenent shown in Figures 4 and 6 is
advant ageo Y80 ¢#@p2%6a13pl yi ng t he helical 5 separation assHEB20@/00660R nodul ar
basis, as described. For certain fluid separations, double helix
arrangenents may be enpl oyed, conprisifyg ttwo helical paths between the
conduits 100 and 102. As noted abfbve, the helix 118 within the fluid

vel ocity en t he .end, of ell ht fluid .
condui t 1023‘%%&19%}? ri cé}][%g{(])lﬁ %%%8% “’f%?“ﬁ’%v?&%d t&ﬁ oriented
and angl ed dtmeh&mnslmmaffﬁephtd amubhedmlﬁ‘bvléagmemﬂe aﬁlﬁipamhgoaﬁe which are
descri bed hﬁel% naft The glf‘mq?\ 5cﬁ§ ortion, of the c i ndrical conduit
100 ext endi NG ?lrSSW 0838%?51 s Gh e?’lsffv%lt WﬂﬁFfm %835 t he outlet 120
of the cyl |bldxblesaiatmmﬂelpﬂeseh@ﬂlthsbzakﬂuiﬁsésan%mﬁddf:gaﬂmﬁhoﬁ%ﬂge and provides
a vortex re%[@n generally indicated as 122. As will be described bel ow, a

vortex is e shed in this 15 region extending in the downstream
direction fromthe end of the light fluid conduit 102. To capture the

created vortex, Eae\batéero0 9Pl heliddl $cp@afi@f Mol AR id dPealel 88 2CBRGet24. and a
vortex tube 1§$eafe di spgsed th|n the end portion of the light fluid

condui t 102 deaxing fhe qopdut iy, ?"PV’“F ds tang iggctiony & prderite sleag @pvidat i on
assenbly sheexifowre A?eres&d@séibgd @ewwyAl%ecdaH%&%&Chxﬁ&c&ﬁuﬁlwhﬁmeom ai ned

separation system ternatively, if further separation, such as polishing,

i s requir edtoTR e geerally|cylindsice\dihes pctensls epaialy vihinhhe bewsing dranddws ihct i on
with Uy  uihBRinaYBaRIAbLln SR 602 10t BWRRdhd ﬂt%cddtl?ﬁ%zl?s%b%% st

suitably in‘an assenbly as shown i n t e acconpanyi ng
outlet 120 in the lower end of each helical separation assembly 8. The rotating flow

below the outlets will initially consist of cross-flows, until it has stabilised, The light
fluid conduit 160 acts as a cowling to assist any light fluid droplets to move up
- through this unstabilised fluid region 10. .

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 condvit
164 and is connected at 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 argund the secondary light fluid conduit 160
and spaced from the lower ends of the helical separatioﬁ 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 as 19 in the figures, the purpose of which is to establish a

slower rotational flow pattern of fluid flowing downwards in this region from the



Referring to Figure 7, there is shown a cross-sectional view of the portion
of 25 the assenbly of the enbodi nent of the present invention imrediately
downstream of the outlet 120 of the helical separation assenbly 8. As shown
in Figure 7,a plurality of helical separation assenblies 8 (two of which
are visi bl VO ROOEDPYEY2e 7) extend downwards within the hREIVGRENT/86A1 ar e
retained in position by a baffle plate guide assenbly 123. A plurality of
baffl e plate gui de assenblies 123 may _be provided, 28 dependi ng upon the

| ength of the helical separation asserfflies 8 and their relative

di nensions. T ftle,.pl.ate assenblies. 123, provi ui dance,and spacing to

the helical °%t{e%§sa’%§t°%g’ﬁ hgfécgiﬁegﬁaggr} aSF?Pebj’&ﬁ gt ﬁ%’?ﬁ‘%@fg’%%& P%Sug'ilgper se any

| arge gas bhh@;haﬁdﬁdg@dmmn'&bea@ﬁ@ﬁ@mfedhéﬁo&ari@thbubﬁﬂuo ir:cﬂuwﬂ) atr?ébﬁwfb_eﬁﬁféuu of gas
et of, each heljca

fl oatation beinhg .5 |l oyeq. ..... .The ou .
separati on 23§ aysg%isg%ﬁg?‘gﬁ‘ﬁgﬁl%%c%émﬁié%oﬁéﬂe Fhighegrotahiopplg t he conduit
in a downvasfglat asleGR dfdle Mliid RGN, ﬁﬂaﬂse?ﬁx@ﬁ:ﬁn éﬁh@!é@ﬁér%n@h%ﬁ?ﬂﬁﬁf tex flow
regi ne, gs escr.i hed bel qw. é@secondary ight fluid conduit 160, in the

g

f or m of G541 P et r@em PLle ateBRly- ext ends coaxially within the housing
4 and has its 10 upper end open to forman outlet 162. It will be noted

that the outlet HZ.dis, QY E%usfngﬁ ieligtolyldd s Redul & ﬂe%@@ﬁxe%grt each

helical separation assenbly 8. The rotati'ng flow below the outlets wll
initially cemwsildisgseeangdnd-flgdsepaation stage, sengllytindicatsdaed? ithe | i ght fl ui d
conduit 1605a6LsS 1% Wl 4 ASISd ' ' 0 nove up
t hr ough t hi sgﬁnst abi glaliegg’d’ %?%ﬁgﬂ?gg;@gﬁe&{%{hypfégﬁgﬁmga@fﬁ? %ﬁﬁ@%ﬁ %% 164
ext ends coaseseily. W adiievethia thersormdanylishi fid cériduit d6¢ trdenided¥dth aip t o and
coaxi al t: i | y its upper end
(ot he 19 qub dagmibofs oy 1R Rl i Moyl ne BRAREE &l Tho

through which the lighter fluid phases may enter the conduit 160 and pass along the

annular cavity between the light fluid conduit 160 and the heavy fluid conduit 164. It

will be noted that the secondary light fluid conduit 160 is closed at its lower end 161,

as shown in Figure §.

15 Referring to Figure 8, there is shown a cross-sectional view of tf;e downstream
or lower portion of the separation assembly. The final region in the assembly is the
final fluid-solid separation and recovery stage, generally indicated as 14 in the figures.
A conical vane 176 is disposed at the downstream end of the second fluid-fluid
separation stage 12 and provides a barrier to the lighter fluids in the central annulus

20 and ensures only the heavier fluid components and solids in the outer 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
aterial, such as silt and sediment, through the solid/injection conduit 166, for

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



A solid/injection conduit 166 extends condally within the heavy fluid
conduit 164 and is connected at its upper end to the coaxial bore 44 in the
upper cap 28, as 20 shown in Figure 2. The flow of nmaterial through the
solid/injection conduit 166 is controlled by the valve 46, also shown in
Figure 2. WO02007/M¢6i2nvert ed cone 170 is di sposed ar oundGIHB28EO8KEbry | i ght
fluid conduit. 160 and spaced fromthe | ower ends of the helical separation
assenblies 8. A helical vane 172 is pr,gvided on the conical surface of the

inverted cone 170. The region within £fe 25 housi ng 4 between the | ower

ends of the_hsal.i.cal s At i r r | ower end
of the inve%%@%mggﬁgc%%%ﬂﬁgkgﬁW%§?%%Q+8&%?%ﬁggg%%ﬁﬁf§¥¥%§h?g%§gﬁ, general ly
i ndi cat ed athe hOusing, fon exdnijdertoesthartch thepapqpaion oftheluidphabs. t 0 establ i sh a

slower rotational flow pattern of fluid flowi ng downwards in this region

fromthe 29 ouglets 12 he, he) i cal ., atio ssenbl.ies 8. The

i nverted cone 1%"6;?%“’%}#1188%3%0‘?8%‘{%P%@ﬁ%’gﬁké‘ti%e oW HECRATE £ £ i i ent
{edlﬁCt :c f)n idla;ezit&gazﬁi@cﬂb%@rphié &\m@gshsba?]d/mh okt {?eevdwmssiad@:'g oﬂccm'ehtiohﬁ lsecondarly
i ght id,condyjt, 1 o create a higher rotatiqna nnul ar vel.ocity o
the fluidl Geses 3@?‘3%@3?%51@?%% é‘EPYSW%‘B?ewflcFﬂ-ﬁft"’é’Pfg"rﬁﬁa RSl uid 5
phases in t§{eeRRus whedindfallah tHRudsS 8 b ¥he sdfded.r egi on of the housing 4

i mredi at el y downstream or bél ow the inverted cone 170 is a second

fluid-fluid separation stage, generally indicated as 12 in the fjgures. In
this region, thelheopgishomefthe aieebly in e accompanyingfares Wllbe descehssied from:

the assenbl M-rell@oﬂ@@e%’égar_ InSor 24WE pRARE BIREH6E bil 9R whibi! Sich andidd 160 i's
provided with a 10 Plurality of poFts or holes 174 along its length from

i nsi de t he Phesestcan isbnisaliofthe wiroemsvesAifion thhprofugionémdspfin d phases nay
Flutd ool peghead i Tavi BB i, AEOH G RRNd L RBIESIS 0a that
t he secondabylk kqughts fhiage, whishbachuiot suseeptible te Ferdescknge axid sgpdraiiwvusingdhel 61, as
shown in Fi &%ﬁrvgnt%nal techniques of gravity separation and are of insufficient mass to segregate
under low centrifugal forces. To be suitable for reinjection into an underground
formation, the oil must be removed from the waterto a concentration below 400 ppm.
15  This is achieved using the method and apparatus of the present invention in the

embodiment shown in the accompanying figures as follows:

The mixed phase oil/water stream is fed to the assembly 2 through the fluid
- feed conduit 60 and enters the fluid feed header 58, from where it is distributed to one
or more helical separation assemblies 8 through the respective inlet conduit 56, the
20  flow through which is conirolled by the respective valve 62 and one-way check valve
63. This allows the general flow to be segregated and divided into manageable
portions for distribution to respective helical separation assemblies. Aé described
above, the number and combination of the helical separation assemblies 8 to be used
i's selected to match the volumetric flowrate of the feed stream fo be processed. As
25  noted, it is an advantage of the assembly of the present inverition, in particular as
shown in the accompanying figures, that a wide range of volumetric flowrates may be
accommpodated 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 fo a very wide range of fluid compositions and flowrates,



15Referring to Figure 8, there is shown a cross-sectional view of the
downstream or | ower portion of the separation assenbly. The final region in
the assenbly is the final fluid-solid separation and recovery stage,
generally indicated as 14 in the figures. A conical vane 176 is disposed at
t he downst ERQA0BWSBE the second fluid-fluid separati orPCGGRFEO7THP6Ahd
provides a barrier to the lighter fluids in the central annulus 20 and
ensures only the heavier fluid conponegpt s and solids in the outer annul us
continue in the downwards flow directi'on. The conical vane 176 nmarks the

upstream engy{f alfom?nﬁ 1]!'1? gt%pgltaltiﬂxix 'oﬁ%géfg%éﬁé?ﬁé ﬂﬁdi-ei) fheft %E%ﬁl?ﬁ%éﬁc{i%ﬂ%t age 14. The

portion of the heav ] condui t extending I n Irnal region 14
i s perforat &l dyg highsfliniercyt y of ports 180, through which the heaviest fluid
phases are wi thdrawn. 25The solid/injection conduit 166 extends to the end

region of the h Lkl duli 64 s_shown in Figure.8. ns may be
provided to with ¥%ﬁ%§% |8&%@ g?%ﬁ.?mgﬁc r%§m§FF%m§ﬁ%g§%ﬁFﬁﬂﬁ$%Fthrough t he
sol i d/ i nj ecbireh4 oothelinldt bady622, flooughianphgenbial opBranssDin (ke Wpeme’t pressure or

vacuum-suctiop. er nati.v t he. solid/injection conduit._ 166 may be

used to 7 nj %%Fo%%tﬁ%grl%m%‘%ﬂ P%nmieuﬁf’g'?‘f‘ ﬁ%‘p‘?‘i%’? Bélfc'ﬁl FREANASTARY $0r  exanpl e

LO enhance #drhose ﬁgﬁ‘igﬁm@ Mﬁﬂf 4.'{)’1’1& s%lebtb@ﬂﬁiﬁ&?m%n ?]nters thelci?ﬁiﬁﬂricéﬂ\fi%d endl of the
ousing 4 is_pr.ovide ith a bore 182, in ich are_l ocated an isolation

pl ug or pl u‘é‘gle'fgﬁmﬁwgad}’ SRerEeoTsF @@?"%’BSFPZH?R% %?m%oméﬂfqvﬁﬁ]é‘? g8edesi gn. The

bore 182 maphdsembssestobe dpididiatle bég fol BEhrRE akd 1o Petdrid 09 sh&in pRAMat er, nuds

or cements ep installing the housing 4 into the seabed. The
operation o?vm‘iaﬂgogélég@’?ﬁﬂ%ba?eﬁb?fﬁ@ & BWfsae hgheticy dlowmathi 145 ee descri bed i n

rel atiomp t OodeRtiof 8PSHAhbIRAI RpardtidnRsAASR idBnkt1 ittAhe bhlyAfeb-dt er . Such a
m xed phase, streamis_typical of the water recovered fromthe production

fluids of abeirp ke preshthhesasmblypnd itsryalimaeirie (iroughpiicthe apesaticagfijuste oil is

suspended agngs RiHcElSpdricntHSseRibl<a ﬁgmcrm@@ﬁﬁpm@ﬁh are not susceptible
to coal escence and separation using the conventiondl techniques of gravity

separation and are of insufficient nmass to segregate under |ow centrifugal
forces. To be sUfihesiveatdrsiresne puigringthokelicaltsepasaiion psremnglydUisdarsed twat i on, t he

oi I must  bengy i RHihg BMehNS WAELal e ApFRREE Mdid 1 ANaAELON 1 RluhPm

15 4. The oil/water then enters the fluid flow stabilisation region 106 and enters the
helical flowpath formed by the helix 108. The function of the uppermost region 104
and the fluid flow stabilisation region 106 is to generate a uniform, rotating fluid flow
pattern in the oil/water stream. The passage of the siream through the various
conduits and pipes upstream of the separation assembly 2 will provide the stream with

20 aturbulent flow regime, in which the Reynolds number is significantly above the
critical Reynolds number upon entry into the helical separation assembly 8. Sucha
turbulent flow pattern will not provide a high efficiency of separation of oil droplets
from the water. Accordingly, the uppermost region 104 and the fluid stabilisation
region 106 are operated to stabilise the. flow regime such that the Reynolds number is

25  below the critical number. In other words, the Reynolds nufnber 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.



15 This is achieved using the nmethod and apparatus of the present invention
in the enbodi nent shown in the acconpanying figures as foll ows: The
m xed phase oil/water streamis fed to the assenbly 2 through the fluid
feed conduit 60 and enters the fluid feed header 58, fromwhere it is

di stri but edVP30GM48568% nore hel i cal separation assenbl i RCIBGRATNGHIL t he
respective inlet conduit 56, the 20 flow through which is controlled by the
respective valve 62 and one-way check yalve 63. This allows the general
flow to be segregated and divided intd%hanageable'portions for distribution

to respective helj .ation as Les. . As descrihed above, the nunber
and conbi nati on %ﬂftﬁ‘?ﬂ%‘%%gﬁlh%%ﬁon §e§b°élrs@?? %ﬁg?{gwﬁﬁlﬁ%&”@ SBWlsed i s

sel ect ed t ohelixtabfiow heenowilingeherhie highasentsifigrabiordeh withia ekl Bdid,gading@vae
processed. 25.noted, it..is .an.advantage of the assenply of _{he present
Prvent:on, T AP iPles' o obB B diEtH 2t Doty rrg aeeatids Thnal o w de
range of vohttivhtehionrdgeOiaRictg Hale HEalPdREHN IR l0gr Wobk QiHickdRYarheduction in
the efficie c%/ %fé.sle aration. Indeed, the abiljty to select a cgnbination
of differenf® o0 ; ﬁ%ﬁsess%’@é’fl%ﬂc%??rﬁgg%fﬁ%m _ceé?rPTG\Hée epEatigpafem t o be
tailored togm phedey, Mhe@ahRBO6r brcbd How i€ BRPPH kdbARSiAEaibh oW Rgs, 31

whil e all ow ng t?gﬁeparatl on processes to operate under their optinum

condi tions &f YHPGRRses the etisgbievnplds paheraliopiing the Bawngids ngmber; he
oi | /wat er st iRahadd:lPhibhe ueSMasiHiY te I Attha AdWeEinRAnd Yol G it body 22,

through the tangential opening 52 in the upperrnost 5 portion of the

cyl i ndri cal “p@ctedpnlis in o allqws thedhédioiflow 4 e sigoidicanbugher vdecigssenbl y 8,
as showmgi nalGhgie@slical gl 4. The selected fluid streamenters the
cylindrical feed conduit tangentially, where coarse cyclonic separation
occurs. This allows the general phase nasses to be divided and begin to
separate and to Yenflegving thefluid flewrstabiliseticn rpgiom 06 thy odfwathr siosaet e phases

ol i cal - sepirardtBy i delprbfinEine AR Bl i Bl 1 BRI "L g
the size of flewpatabsmebbythahdii 119. bothirregion,chd ajorginper of thdieil dippleat i on of
st 8, %m0k L Ll ASHRLEMA SERTRLY S SR 201
to flowldn endremavddrfgpnptit tiesam. dBheiattictesfthaitdgh tdnerifugd &rodsn theegivae 104, as
viewed in Fé)ig Hrroglets and separation aétion at various stages as the flow is forced through the
helix is represented diagrammatically in Figures 5a to 5c. In the upper regions of the
fluid separation region 110, as shown in Figure 5a, the rotational flow of the fhuid
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
condnit 102 and passes upwards in the conduit to the gas-liquid separation zone 30 in
the cap assembly 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.



154. The oil/water then enters the fluid flow stabilisation region 106 and
enters the helical flowpath fornmed by the helix 108. The function of the
uppernost region 104 and the fluid flow stabilisation region 106 is to
generate a uniform rotating fluid flow pattern in the oil/water stream
The passageVoRiagsett r eam t hr ough t he vari ous condui t s POTGCEREF@8060DSt r eam
of the separation assenbly 2 will provide the streamw th 20 a turbul ent
flowreginme, in which the Reynolds nunher is significantly above the
critical Reynol ds number upon entry i #%0 the heli cal separation assenbly 8.
Such a turbulent_flow pattern will not provide a hjgh.efficiency of
separation of oi YPYHS |11&tbeﬂ}llgﬁ?1{a|tﬁé10%&’tggqqllﬂ eorreﬁ’i“‘n“%%}l,qu’cdlh%onﬁ‘ﬂ nost

regi on 104 agehtiallg of Watktwigh altiok hisailritOdF oilegit@s thkARidvefocap ehldbadgt 0 st abilise

Mel | ow regine, s that the | ds, er is 25 below the critical
nunber. In aqgw&ﬂﬁaﬁ?ﬂ ?“P%e%% ?Eémam@f‘thﬂo‘f“#ébﬁlﬂéﬁ@hfillb%ﬂns br ought
bel ow t he valighRgioh, tHéotliohal WBIBLIBIGF thd @eaRNd B6Sasel AL 8tBI e the flow
stabilisatign region 106 is of sufficient length for the fluid flow regine

to becone | &ffIekis numben of g streqrp ncrqagss ap@ getrapmershithe BiEcilvalipe The ansi ti onal
state, pref eélaaiyxbf\metsggﬁn qu&e%sgé?iggm?lﬁw BME&%.‘&A%‘E YR god of the

transitional range. Ow stabilisation region 106, the

transi ti onaPoriemeichapdindrien! eentydd PO emediaiely dpwostisam g i oufl pitheBudr at e hi gh
cent ri fugal vgkiRanhBixbidd P16 T JorrdcQl Gihbifisel¥eo bR SRR SHERA OPI ets of
fluid to mgraté according to their respective densfties. i S action
encour ages tuoidicendiitid2 efd edlisctedrmith thérappofshsinverted chua Ipdrand thepertemhi ch i n

turn. 2 164e pkR 180!t kLR FARIAR ABXDSIARTGE OnddRESLulleg 2nd

accel erate the separation of ases. advantage o orced flowin
the flow st aititiohgdativementaditefluidi thevdrieathe tenpinguy dil draplets pmigmieteases t he
critical Reyn S nher.. allow the R | ds aber .t.0. bhe_consi derably
hi gher but s ei%%qqrevﬁr%t eivr?wf he e§1¥rg1r %rlmﬁroe{fﬁ@%ie %%ht{}ﬁu%cqu?@} (%o&}ofnn an open
stream Thi shémittpasses @l dapassemble 2f) asidibcbssed dtawe.at a significantly higher

vel ocity 10al ong the helical path. Upon leaving the fluid flow
stabilisation region 106 the qjl/water stream. dj ately.enters the upper
end of the fl ui gﬂ%eéﬁlﬁ?l%iﬁﬂmﬁgﬁﬁéﬁg‘ﬂ&eﬁﬁmﬁﬁéf RafikE aPﬁJ)%ﬁth formed by
Ithe hel i1 1ﬂtﬂoughmeltdn'gﬁd bagaéomo to})dﬂ&;rﬂﬁjxﬁlﬁn Peltnhé Gflthéiﬁodshig 40ith ppkrraﬁ;lngt _Sl ?re
arge enough to,col]ect and.to arated fromthe water jn the oil/water
stream 15 a “Péqm(?%?}ﬁeiﬂ}‘?%“ @5’#@&%@%&%@??%%@ l%ifjﬂj]ﬁd(‘i‘%tﬁtri f ugal
farces on thgteMidaubh@umct regioapbiak Fllaneiis SRRk 6 BeldnaRt Rlenibdf isOUS St ages
as the flowis force throii/gh the helix i-s"represented diagrammatically in

Fi gures 5a ERFFed SUR U iBe GSGHer FdejfegRs AV pineximum high evel 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 dfoplets are caused to rise within the housing and enter the upper region. The oil
collected in this region will leaving 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 voluﬁe 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.

30  Asthe water stream passes the inverted cone 170 and the helical vane 172, its



fluid separation region 110, as shown in Figure 5a, the rotational flow of
the fluid stream causes the lighter oil droplets to mgrate to the upper,

i nner region of the 20 helical flowpath, as viewed in Figure 5a. This
novenent progresses along the Iength of the helical flovvpath, as shown in
Fi gures 5b WRd0Fe66khe oil collecting in the upper, i nmaT/GReg7m060f the
flowpath flows through the ports 114 in the light fluid conduit 102 and
passes upwards in the conduit to the %as-l i quid separation zone 30 in the
cap assenbly 24, as shown in Figure 2.4Any gas present in the oil at this
point is 25 collected i.n.the r reqion of the gas-]ligquid, rati on zone
50 and | s+ S0Re SeRrUS inerrectbiitire Wl oot e e iR ¢ 50" The
oi | is renmepgrafidneyibh €2.Clathia Septuihihy radaihifg ol oplefitart adueédab rige® 35 in the
| ower cap 26t€nd t he tﬁﬁlﬁ)ﬁl d. condyit 37. Any water entrained with the oil and
reachi ng t i R&§rnue elihmiiqpsing 4, wherp fhey pessiiyeughdiepary 1745y haasropary he

| ongi t udi nalighp dbR%oddit 1801 MEHINHhRlcoRARY thé il droblets move updRXE a3 Ng the
fluid separation region 110 the remaining |iquid, consisting essentially of
wat er wiftoh Mt 23 bthe helicak sepprptionasseapblicy Handantgr thepwperergion effhainci ng regi on
116 and t hepddpen, end of the helical flowath provided by the helix 118. In
this region, the rotational velocity of the streamis increased. As a

result, the 5 Re%gol ds nunber of the streamincreases and may approach the
critical val ue. Theavaesicg¥ing thedprthas Suith-fdd papprstipmisgivaddavill afrftdinionlyt | y t o

produce 2 Siaphinol8f X ahBudtdf AU 8Bt B YOI ERLEAALL! 100

i medi atel y downstream of the end of the oclIty enhancing region
116. The voPresions: &rdisposebiadter weyre Thpavates idembvedtfeont thghssembisiini d condui t

102 I L1 i i . dth t 10
Cube 1287 | g Faftvaltedity L6y BlitnPlipbidf bdhees 1 0 BME ARl The oot on
of the r ot atGdorfht wateymrthis tomfittfloss ubwarnds torthe bep agsembéx?4 drddeavesthe ni ng oi |

d | et i f .th Az ..ent t he | d of th
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di scussed above. The remaining liquid fl ows down the cylindrical conduit
100 and | eaves Mmytshlidmgleridlheuenaylsedimentdreitt, h2Pbé eolRbkeén thbe mai n vol une of

the housing 4.. In operation,.the in bqdy. of th using.4 is filled with
i d -t hdotsmast o8 ohbs Bt Semarets st iodrl S s Rbel T egi on bel ng
filled it hhiodgh thgblidinjeotiidn cohtgt B8t i re assenbly is operated such that the
oil/water interface is above the maxi mnum high |evel 17 of the cylindrical

conduit 100 of e helical separatjon assepbly 8. |n the main volunme of 20
t he housing 4, bﬁ%ﬁ@@‘?ﬁﬁ?ﬁﬁ%‘%@qaﬂ?@%@@ﬁéﬂ% 19¥ WiRYUSi%mai ni ng oi |

dropl ets frompbhaisiaioats Tlieinfihd isdusiag ] A6 hsSseparSildnindicb Rl k4 tar avi ty

separ ati on, (g‘% \é\/ni_ch the lighter oil droplets are caused to rise within the
housi ng and®@Hee© PrrEeysiseePratintgHticianry obihe avgrll awemblyi n this region will

| eavi ng the housing 4 through the |ongitudinal bores 48 in the inlet body

22 to enter he Ggshd SuhdyaeNehsld i B ilehilliBeioaRs dageEDI v 24. 25
The oil_is renoved fromthe cap assenbly 24 as described above.

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 55 connected at
their inner ends to respective control lines 53, As more clearly shown in Figure 9, the
control lines 53 extend longitudinally in a downstream direction within the housing 4.

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



The second node of separation in the main volunme of the housing is a
further rotational separation. The action of the angled outlet 120 is to
i nduce a slow rotation of the substantially water phase within the | ower
region of the housing 4. The rotating water stream descends within the
housi ng t hr'\8QgM70%@1% | ui d stabilisation region 10. 30 AXCTGB2000406401 St ream
passes the inverted cone 170 and the helical vane 172, its 34 rotational
velocity is increased, before the water streamenters the further
fluid-fluid separation region 12. In t#¥ s region, the remaining oil

droplets ar S to mgrate to the centre of the housing 4, where they
pass thr ougﬁuﬁﬁﬁu‘gg‘ﬁﬁw%ﬁ the-hopgipe. suchad adiivesiagf eeneralion selghests t53860. Wt hi n
thi s condui tnaythBenj@itdd tﬂfoag& 8itSor RSO LHAVB NASs iRd8der I RoRAOH bisTichtafig® Of the

hel i cal separation assenblies 8 and enter the upper region of the housing
4. Théysizr ithingdiguidpullehast, t her fluid-fluid separation region 12
wll contain only very mnor or trace anounts of oil and be suitable for

el nj eoti on T Nt 0ofe Sk 0-A0RRT QRERYHANS A «f e ANRE lonlifl g her WeYS.

The water is renoved fromthe asse ie renmoval region 14 by
passi ng £hr dugfrce hetwsen: ths liglg0luidphapreanddlas/eary fliid pbensatithin theousifigat. wat er i n
t hi s condui t, f b I e assenbly 2
t hrough t he ﬁse‘i'l'% %%%F&J@g?ééq%oﬁg}ﬁg&tﬁﬁg%gl\@%?gg@)exntgﬁlﬁto%d rﬁggﬁ&e&.ﬂq Any solid
materi al s, svidin the hgsitigrieedcupy the uppermme yegians ©b thedotsug, anstiowa ih theer most

regi on of t usd 4 v, 1 ther periadicall [.continuously,
Sthrough « AES) Fop sicieR3PeRRUEN IRk bl B, R SRt il o
condui t 166 tiwl isterfpredetvetes the twe ghssed. dn operhiti@g this may boapelhdefiredi nt o t he
fluids iip th QusSkng.4, such.as separatijon. enhancers, as nmay pe required
to't mor ol SRR IS Auion bt pERaRED Hsh b oG aF BE Foit sl B¢ por i on of
t he wat er r émerted nfay bapbdrly delfned] Fop sanglle, Sethe icasd ot thenpardtinddoil ecycl ed to

the inlet caonduit,.60, i.n order to adjust.the volunetrjc flowate of fluid
{hrough t ho CRRESSHR § coRmRts AGeqys PSR dBint T ire Baafiirnd ebseyralnges
sufficient aed&nyeRahn sebiseh byoiDindWeeroi | /water streans in the helical
separation assenblies 8. . The control and nonitoring of the overall
systemis achi eved using an . arrangenent of injection, npnitoring and sanpl e
Iiynes. As not ed ’g]g%ge;@mqgu,q@f determinjgg the position oftLe interface 15 1s shown g P

15  schematically in Figure 10. A control line 53 is shown extending into the housing 4,

the lower end of which defines a datum 19, The pressuze P, of injected fluid in the
control line 53 is measured by a sensor. Similarly, 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 examplethat removed from the light fluid conduit after

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

the interface 15 is determined using the formula:

25 hy= QS—J_ P_.)L
(dw —do)

where hy, is the height between the datum and the interface 13; P; is the pressure of

injected oil in the control line 53; Py, is the pressure in the uppermost end of the



25cylindrical inlet body 22 is forned wwth a plurality of radial bores 55
connected at their inner ends to respective control lines 53. As nore
clearly shown in Figure 9, the control lines 53 extend longitudinally in a
downstream direction within the housing 4. The radial bores 55 and the
control |i vas20309eN2 be used to inject conponents into ROTEGB28E/0BSPK f | ui d
phase wthin the housing, such as additives and separation enhancers. Gas
may be injected through ane or nore of these lines in order to provide a
gas floatation systemw thin a quuid36ulk phase. One particular use for

the control, lines 53.i.s {o.determ ne.and i t.or e b jnterface between
the | ght _fIUFESHacs et RO Ao Arasd B iroERaTh s ng 4 s
descri bed adimvler, foirinea Isiaghliedfth uiher idsHtems | be collected fromand rise
upstreamw thin the housing to occupy the uppernost regions of the housing,
as shown in the Figures or. efficient operati,on of the separation process,
it is necessary ;{ §onsEBhierd 9 lkgﬁéﬁ‘i“ﬁt%ﬁl? gl angiained heoughéhaasdls. | n

operat.ion, fi¥s3, B3R Aok sfiedt Refivdy ohisfiac@addes ik ahirdkbvel v,
dependi ng upon the nature of the fluids concerned, the interface my be

poor |y def i Fegnerplgfe sysier Pl bg oporddl wilseristetemined operrting lveldf. i | di spersed
in a conti ngays iRERERUSD, W§ﬁi%htpgﬁt VLR RGRINTRY (i MG R Ciomfer al neters

and conprise an enmil sion of oil and water. "The techni que of detérnining the
posi tion ofthe peceptable ppaaiengranget diedinid/ iwd drerface Maverpentgf Hegisian 10. A
control [i 3o ﬁﬁ% Ealeny DR i Lower end of

whi ch defiﬁggﬁq‘ggyaﬁ?%%? gﬂ%#@gg%gﬁghgﬁgg |njé@?§§afﬁﬁﬁgb?n the control
line 53 is msiop.cicthys the infeation threSbrpheringore cordropliess SGrof a Phluwieroli n t he
housi ng;@at i det.er.m inrerface 15 in
an oi|/ﬁztJF&?PE@gﬁéggﬁgﬁﬁﬂgPE%ﬁﬁg%?Eﬁﬁg?fgﬁgthéﬁt‘ﬁ?°§@§%@% fromthe

| i ght fl ui dowcapschnirtietzholes aR0nddhp aysten may baadjistedadependihy ppafthe known density

is introduc LAt o] r t rel Lin T ressure in the
control |iH%%F§ﬂﬁ%5 urgdﬁgggx%%ﬁ%§¥g§1@ﬁ?&mﬁﬁ%hﬁgggggigﬂgg%F € exit of the
| i ght fl ui dheawiediimit. The hei ght h, between the datum 19 and the interface

15 is determned using the fornula: 25= (Pa=1 j),)
As noted above, the arrangement of the present invention is particularly suited

15  for applicationon a modular basis. In one preferred arrangement, a 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  veriation 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



(4, - clo) where 11, is the height between the datum and the interface 15;
Ps is the pressure of injected oil in the control line 53; Phis the
pressure in the uppernost end of the 36 housing 4; 4, iS the density of
water; and do is the density of the injected oil. Asimlar fornmula is

appl i ed t o V@ RW7/04661% d syst ens. A constant feed JICT/GB2#00460Li d, such
as oil, is maintained through the control line 53, in order to allowthe
systemto actively nonitor the change§ inthe interface. 5 In general, the
systemwi | | be oper at ed with a pr edet r7m' ned operating |level 16, as shown

in Figure 1%&}/\4&6 P&%Stp HB%a]aO%el g?VO%ﬁﬂm”%?t%C?‘é{?t% t%he interface,

defining the acce e opera range T nterface.
Movenent of eﬂcbmtsqeé ﬁmrmgﬂxﬂ]smgﬂd@fodubﬁfm opantensdn putrerasachil adigas gger an

al arm and/ or n|t| a corre ctive operation as t i nj ection through

one or nor ew&B ¢ aﬁflsﬁarli’ggoa @Fcoﬁ?ffﬁ%aﬁlf’e’ﬁ%ma g CB“%JF ﬁ’éavy f1 uid.

Al ternati Veinyirel)&[ecbsﬁa@dﬂmﬂdcﬂﬂw aﬁﬂ‘@ptﬁ&te SR of helical &'b@m@tl&ﬂ Sherplilyiier or i nl et

chokes ound tEEr ster‘rlrl %’i % Hfted dependi ng upon the correction
AR R At

reqU|re ncl ude recycling a portion of the
heavi er f|UId As noted above, the arrangenent of the present invention is

particularly suilFef skéanh & beARfdebRahbsU AR KRR ihdiBSiSum|oPeditg; Pr ef erred
arrangenent a sep%?ﬁj@l on nodul e conprises a helical separation assenbly,

as descri beHowaierpLitie hylical senaratinn agsembliyehe streamgaarby spibwie plwalizivbwn in t he
acconpanyi ngch bge8Bes m@ohe%taaéd@upéram gm@rm}m%a{eﬂ @gﬁyﬂnyﬁﬁaahr 8. The

hel i cal separation assenbly may be provided in a vari of different
si zes, in p#pEeaelyphihe areﬁ%géfe@fow fofseleed gt plwralify néﬂJP@iPaﬁEtS@F@OﬂVﬁihg possi bl e

20 vari ggi Oﬂzés'?:fmégalﬁél opﬁelﬁa%eﬁ&zggh%saﬁehmﬁ f‘ﬁ. S&P@H «@d@nt age of the

present 1nvention oW ng a range of wrates and
conposi ti on@@@ﬂweé@%mbbwpéﬂdewmnﬁ tam@lt(%% theugivay stshmgag Sowrateahi ch t he
nodul ar approach of the present invention nay be appli ed.

A complication arises when the flowrate and/or composition of the fluid
stream to be processed will vary as the well or wells are brought on stream or shut
down and over the working lifetime of the séparation assembly. This situation is

15  likely to be encountered in the case of offshoré oil and gas wells. It is preferred to
provide equipment at such remote locations that can operate for extended periods of
time, typically many yéa:rs, 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 qver time.

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

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



First, the larger size helical separation assenblies can accommobdate | arger
25 fluid flowates. Referring to Figure 11, there is shown a graph of the
operating flowates and pressures for a range of helical separation
assenblies 8 as shown in the acconmpanying figures. The operating ranges and
par amet er s VP @036t f or hel i cal separation assenbl i es IAVGBRGIMOOEOEI
dianeters of 4, 5, 6 and 7 inches (nunbered 1 to 4 in Figure 11) and for
operation in the separation of crude oil droplets froma 37 water stream
Such a streamis typical of the oil-cdi® anmi nated water streanms encountered
during drilling and production operations in subterranean oil and gas

wel |'s. As aweier sircamp pich at phteipedies theoueduchien of o fyem 2 PRIiFrEAnEa Bethitand
flowate, |l BiikbimbIRARAS B tho heliclBephhida S ABREOPIY Al 1.0 heli cal

separation asse exanpl e _ grapﬁ such as Figure 11. | f
t he stream e vk bpsesoes bodfldremstes F fing alical sxpreationagperdly ¢fdd num operat i ng

flowate of ¢ | i.cal ' i I It d
bl urati ty o PR Tay BEBRbRILL RS B IndriRaS WP ATRARY ey ¢ O or
to appl y5t heombidations oftorap amhe sskerhlilies pf the epriropriateesine. dheingmber a0d| ect a

plurality ropriate selection of the. Si I | of helical
separati on%@?@ﬁ%"r"é’?sﬁﬁ (g\ﬁ%paéaﬁé’%%s%ﬁglﬂgs%ﬁe Agfe %%fiﬁ Igrgél’ﬁ%lﬁ sr?ei@ghgasﬁslenbl les to
be det er m n@dwtzme, while kilt dipwingyewh diveduad assently ovepestewithin its opgkatiagnpl i cat i on
ari ses when theetf&* wate and/or conposition of the fluid streamto be

processed wif"E® %)’ltﬁgptflﬂlgn [4°"8Y wel I's are brought on stream or shut down
and over the working lifetinme of the separation assenbly. This situation is

15li kely to be eRgfemioes Biguicn 1t theredagowafls dbilh whinbnxd histapemgdbevel I's. It is
For oxt hdedopeR FBaGOBHS T Ral 1y pOB eiP<raty SHLAGT o Drerr BB or ‘no - -
adj ust ment  QihilBBieReRRANGS 208 oRRIIER Fand side shows the pressure differential across
a helix. The base of the hisfogram identifies a single size helical separation assembly.
For each helical separation éssernbly, the vertical column 204 on the left depicts the
minimum flowrate to achieve sufficient ceﬁtﬁﬁlgal forces within thé fluid and the
15 maximﬁm flowrate 206 acceptable to remain below the critical Reynolds number.
The column 208 on the right of each helical s.epa:ration'assembly shows the minimum
differential pressure allowable to achieve acceptable centrifugal separation within the
flow and the maximum diffevential 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 fivid 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 fo

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

1o be selected.



arises with separation equi pment at such renote |ocations as a result of
the fluid flowate and conposition produced fromthe well varying over

time. 20 Advant ageously, the present invention provides a separation system
that can be installed and operated to accommodate a range of flowates and
conposi t i on¥0eHanye1g over timne. An assenbl y i ncarquuGaRdmgodohe
concepts of the present invention and adapted to accommpdate such changes
inthe fluid streamover tine conprises a plurality of 25helical separation
assenblies 8 of a variety of nom nal SPzes. As the fluid flowate and

conpositions ch e, the.Jndividual helical separatiqn senbl es are
br ought on-and g’f@@pg%cﬁqgl?}htgﬂéepmﬁggflggggﬁ&%gfzqygﬁw?%wbaéesnﬁxg hed to the
fluid streaFbbleIZ0RBPDES siagle ABlttaPicpMhiiéh QRPAHI MuESPEY RiFigRe € f i Ci ency.

Referring to Figure 12, there_is shqown, a n exanple, a further graph in
whi ch the fPasigecknominel diemsier ofinchesinarrbiel (i PG OGEboBErheR007/ 000601

38 wat er st §eadhssSHOY iPihRPEBhsiRt £EHRTABE o FNQRUGH a8 sitplcRicht he W a
subterranean well, is matched with mbi nati ons _of the helical separation

t coO
assenbl i vs Howigtepf Hre streagpy pbejproceasedi A thedflovaate At thy streamioriedigcstsed, a singl e

helical sepatRldeQmeAns ¥RlatofssidiRicaPPT A4 AL BrodbkInARR, HcCABIR¥ed. As the
flowate increases, it Is necessagt/j to enploy 5 conbinations of two or nore

assenbl i es iyicombmaggp Fopwiates of v oS 0TRBDnuavISacenemedsis usgialest si zes of
Separ ati on @as: ' i : ' ‘ ow at e,
while stil |ﬁ%??§%#\a§§‘ég§:sﬁmﬁﬁldﬁ%ﬁﬂ%% oAl y&ig’c‘f'rf 23‘&%?%9%‘%#’%‘51% ts
operating refrgeeringa full lowgangstviilueauisé ¢orghingtiops ofefoer mongofithe Fi gure 11,-

t here iﬁ?Sh%n ?}iegﬁﬁ‘]!stréé@cfﬁaiﬁ@:? ﬂf({oﬁe@ni&c&?&'am The 10 vertical axis 200 on

the rig h side 1ndicaté e ul ow ate for each . helix, while the
vertical axis 202 on the left hand side shows the pressure differenti.al
across a hel i x. Figee baswwsfa hittegrim stithghavarticibadtis 2 12cadigatingrigd tetasi ze hel i cal

cepat 2, o0 ARR R eSS BL el T oL
centri f ugal idtmifize thewhaxithim tfloerdt stepl22Armid tivemibimwra flowate StepdP2aha 206
cECCPt bl Louh el 020t L EL) 156y BNRRL  BueSEs sl 200 or
di fferemn i ajtepridmsfiedasal2b 0Watt @nibinadehoEiwlicd cerpitiah hescp®lidstal bgmal
separation I\{I\I.I;l‘ltlbréirer& a?nctll ale individual assemblies making up the given combination identified.

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

Thus, a flowrate of 42,400 BFD is accommeodated 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 next 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.



flow and the maxinumdifferential pressure 210 to remain below the critical
Reynol ds nunber. Failure to operate with the flowate at the correct
pressure differential within '20 the operating band for each helical
separation assenbly will result in light fluid being carried through the
syst em and woktaviee t he heavier fluid phase coll ect ed PCTHIBR00%0DISOY ender
the heavier fluid unacceptable for punping downl aole, unless it is recycled
to the inlet of the separation systemand the lighter fluid phases renoved.
Therefore, as the total flowate incrdfses or decreases, helical separation
25assenbl i es cannot_be sinply opened or closed, as the fluid flow to other
open helical sepA¥ il kepraseiates) quaas tsoperatoneidhe asspmblrobibe sicsrut t he

af or ement | OfiechRSRA hiheliclWiAYRaBErohdte iRUALA hoid SRR per f orm t he

required separation duty over a W de range_of uid fllowates, internediate
hel i cal sepassemblisa awdsaighi gn- ebhefihine.iss fhe thid/Bowretelsad sameqsitios. 39 Turni ng
speci ficall t he: é’ﬁ% - / al that is
bel ow 12004 ,esaqgis?]g e %1%%1g%?@%g%?%%%ﬁ?%%%@%?@?ﬁ%& er fﬁllgﬁs Figure 11
havi ng aS nofuir stattingiteraeseanblies andl shwitihgtheinglospyard mdvidethas asgecisoftheoper at i on of

the single .y 45 achieved using a recirculation of clean water to
suppl enent ?%%%F%\kfvy%fo% owate of the streamto be processed. As the

flowate of the streamto be processed increases, helical separation
assenbl i es 2, 3 lancled foartle rbquited bépacatioh kanlgs ackietdudn thel varieuskeparaticconbi nat i on.

Fl owr ates of u 5500 BPD may. be acco ted. using a single.helical
Separ at i on_ SRR bl PRSeRs P L RS Ba teamid e Ree: ¥ Capabi o
01;1 coveri ngnﬁiiﬁluinlvafzﬂle,myiﬂimag% bthd vaheROdfer aaomini}iaatsiquaioafasstemhor mor ehof
the 10 asse ies_j trated in Figure 11.t0 be oyed.. . Figure 12 shows
a hi st Oﬁgr a;ﬁOOW‘tIP\F{gH@ er‘qtt&leﬁﬁrat%(g%g‘ﬁh? ?’?ﬁfﬁ'c@&entggﬁﬁlé%‘itg‘{lgpf‘%f’%i d fiowate
to be acconwupied @ bOYorihl€telp &RVl Ynd willldvatdasde BE hédveer fiuklghgseam | dentifies
t he maxi numfIOV\/ratt%Estep 2%1?16 ate step 222 that can be

d the mnjmumflq
processed uBTARPeH HEDE BIGYHa piTE @%@Sé&wﬁﬁ%ﬁn’a&é ¥t 8224 shown
in-the 15 siRPSart @ARE inkivafhaPsepsdion BaeibliePimgiadtitral siabki edke separation
assenbl i es has been nunbered, and the indiyvidual assenblies making up the
gi ven conbi seRisatsA- Lo apregmpeddis 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 8is 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 of a
given helical separation assembly, the relevant valve 62 and check valve 63 are closed
and the purge fluid valve 68 opened, to provide a stream of fluid above the critical

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 Asthe purge valve 68 is gradually closed, the pressure of the purge fiuid entering the



The safe operating range 226 for each assenbly conbi nati on has been

i ndi cated. Thus, a flowate of 42,400 BPD is acconmpdat ed using a

conbi nati on of seven helical separation assenblies of nom nal dianeter 7
inches (assenbly 4 in Figure 11) 20 and one assenbly of nom nal dianeter 6
i nches (asseobidogioBéizn Figure 11), identified as assenblPCTaEBIMI7ROGHDN 16 in
Figure 12. As will be seen in Figure 12, the safe operating range 226
sel ected for each assenbly conbi nati on overl aps the operating range of the
two adj acent combinations. As the totdl fluid flovvrate increases and the

maxi mum operatjing flo e of a given 25 assenbly conbi natjop 228, the
operation’i ?ﬁ?i/\k"%% ﬁ‘éﬁ"vﬁ’%htar‘@W(‘ge Fheﬁlﬁléfﬁv% ﬂs‘@r?ﬁf 18 5hp A% theoiuid 45
identified ifeathe bshRBsiseddtpladdiaRe dihiishadhrde!fiid] af Wik 9a1ds eps and _
approaches the m ni rum operating flowate 230 of 'the conbi nati on, operation

is , sw tche@sedoringiag fehelica spnaragion assemSly 4y omlitcon. In this way, a
snoot-h, continuous fluid separation operation can be achieved from zero

fluid flowate e hieadtid dn ek balaibR s UANRUE, 8320 pbbiBuanp et e

assenbly 2. .be appreciated, durin e operation of the
assenbl y5 of follawedsr Bwethe snprapmiateprnrantibud eabyst G8de giaduadlyepensdar appr oach, ,
i ndi vi dual i : q@gﬁ [Welg -1 I RS 1A - off-line, as
the fluid f%‘%b\;re%%h%n c@%@m tlﬁggh%ﬁ%é@ﬁerﬁfegﬂ?%g& r rﬁ%%cah assenbly to
be started bigher pressureidown stermfod theedlvinéRdndaring Shef foed Buid systemyatdhe assenbl i es

and shuttin - e _proyi.ded. as t f th r nt; i nvention.
iy e 1 oot RE MR, $hEPREOUIAT A0 RRRRE Reslye I AR oL HE
separ ati on dteelgedvas3, internHedyg stutiinpvefite diow df feed Sluite osli statiy flolvdt the flui d

flowate,is_abov critical,,mni al ue, as indicated by the val ue 204
f or eacﬁO he‘i“"%?é{?fs@}%é’?]é(tﬁﬁgﬁ%%”s‘gﬁ%?g%%m%n in Figure 11. At flow rates
below this critical value, the lighter fluid phases will be not be

conpl etel y renoviig pang vaive b3 eardiayopeaingil ishificlepiii@hasfdasied tphases produced

in the process his charagteristi.c makes it _undesjrable sinply to shut
down and ot SEIe s ARdeyiperasoprarnis o5l EnipraBifadbe] ot the 11 ui d
streamto bfh)&@ﬂﬁr Thefurgd 0108/ 68 S VR cldded THe®Rli@MbephiatibSaémbIgRhLd to bring

each helical _separation 15 assenbldy on line using a purge of clean heavy

fluid. eft containing only clean purge fluid and may be left off lifie in this state until such

15  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 § are brought off line in a
cleaned and purged state, as the start up flowrate of fluid through the assembly 8 will
be below the critical minimum flowrate to achieve complete separation. If the helical
separation assembly is lefi containing fluid being processed, this would be flushed

20  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
25  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.



As noted above and as shown in Figures 2 and 3, the inlet assenbly of the
system conprises a purge fluid header 64 fed by a purge fluid conduit 70.
The flow of purge fluid fromthe header 64 to each helical separation
assenbly 8 is controlled by a purge fluid valve 68. Wien the purge fluid
val ve 68 f &6¥0 200f0%ei3 hel i cal assenbly 20 8 is opened, @CILIB2PATOHE0Y | ui d
(such as clean water in the case of an assenbly separating oil droplets
from produced water) is introduced downstream of the valve 62 and check
val ve 63 controlling the flow of flui 2t 0 be processed. At start-up of a
gi ven helical separatiaqn.ass I the relevant valve 6 ng check val ve 63
are closed and t pﬁ{g‘eglgufii%ﬁfg;?‘{%qs\;gay ao%‘@%% f)wt°8mfﬁ6’ V&Zbag °§§?etsam of
fluid abovevdlfie Tk htlicaBdepaatidh RbdMbly kPhs abditdien is eiedtat wal neédede t he fl ow
has been established, the valve 62 is opened. It is preferable to have the
purge fl ui dPSve P liBgRgR- t he f1 uid stream pressure, in order to ensure
that the purge fluid stream has dom nance over the fluid stream being
processed. In this way, when the valve 62 is opened, the fluid streamw ||
not flow, as the higher purge fluid pressure will keep the check val ve 63
closed. 30 As the purge valve 68 is gradually closed, the pressure of the
purge fldid ent efiewgeratien offhe prawgibinvesdipe igpariipylar theypmbodinenisghaynt he check
val ve 64 t0yqReLe, &nmigsﬁ_ hal B&nfdeithiflePin’ @RI RidEn RS PHERDRLLE" ePl aces
the dimnishing purge tluid, as the purge valve 68 closes, bringing the
hel i cal sepsreamicompagispeibind Batéry 1 willds unflersioodribattheiesseroblii aed gethed hel i cal

separati on . I i . 7| t he
appropriatea§%$g§&¥fﬁf%ﬁegﬁgg%%58P§§§ﬁ§gﬂ%ﬁﬁéagggﬁghbﬁggg1?%§gﬁ?ing t he
fluid streasteninshTipstigen iayicdutaifitwo dhiee kr mate\phass, yhidviny ke spsraigher

pressur g doyflo s foSAMAlivd AsifAl YEnORa Rl GhLAR! e RS, fk hilnorst em and

fl ow ng upstteam® The purge ui d, %lng at a hlgﬁer pfessure, wll

gradual | y cinagbe ¢tgloydies kepamkoreuifihase pastliguinl ssdeams i sstimaiidriomgmert f t he 1 ow of
feed fluid, until static flow is 10achi eved. The valve 62 is then cl osed at
this point. The purge valve 68 remains open until sufficient fluid
has passed to conpletely purge the helical separation assenbly 8 of al
residual fluid being processed. The purge valve 68 is then closed. The
hel i cal separation assenbly 8 is left containing only clean purge fluid and
may be left off line in this state until such




15tinme as a further change in the total fluid flowate requires it to be
brought on I|ine. It is inportant that the helical separation
assenblies 8 are brought off line in a cleaned and purged state, as the
start up flowate of fluid through the assenbly 8 will be bel ow t he
critical mninmumflovvrate to achieve conplete separation. If the helical
separation assenbly is left containing fluid being processed, this would be
flushed 20 into the downstream cl ean uid zone upon start up. This would
result in contam nation of the separated fluid fractions. This contam nated
fluid would need to be recycled to the inlet of the assenbly 2 to be
processed again. This could result in the well head production flow having
to be reduced or even shut off, until the contam nated fluid has been
processed. As will be appreciated, Eﬂhﬁviés not acceptable 25 for the
continuous well production process, In particular given the frequency that
the conbi nation of helical separation assenblies 8 being brought on and off
| i ne woul d reed Amnemﬂwdrm@muttinghwnahel‘Ehlesepmart'g:as:fsltmﬂorhe.enha&albevzéioﬁ8 may be a
choke, flow.cont a i.cal ration
assenbl y rray“B'm#;‘rﬁanﬁ?l ggm%s ng} lte;% atv‘?ﬁrﬂ;rgggﬁﬁg&fegﬁaggagg%ﬁght on-1line
agai n. 5PBhe ﬂnpbnbaipbmt mbexn@ﬁzdm&shdicai snp'aeattton oysten, thepagthddoongrisitghe
enbodi nent s ¢ ed in detail
T rel ati on GOt g SETRAT s o Rusciiiy BERDLASRE BT, | " 0
under st ood tchmpmteiﬁentasmmjhghasarﬁiudmwhmdeedfto o\haetqnc &sleplacmha/entl on may be
enpl oyed to ‘?ﬁp‘%.%saetfﬁm"st:@%n h%ﬂeﬁﬂé‘as ed Jﬁo%iktg {)th&lﬂisf’ﬂxﬁﬁ % dig St ream rmay
contain two, "t H &8 of nore phases, accordl ng the
rel ati ve dernls fiikfedflowrhte t¢ zegqui ds concer ned. In addl tion, the i nvention nay
be enpl oyed to separate multiphase gas-liquid streans in a simlar manner.
(?[;’eNr g/tsl l) I%)A rﬁet ho‘flhe metﬁcp ft cl ng1,dwV@eir?th@ﬁ!eﬁc%@epa?ﬁ%%rs?stténgﬂ i5i4 ﬁﬁl%mtlferom nor mal
first fluid after the fluid feed flowrate has been reduced to zero.

JLELLN 3. The method according to either of claims 1 or 2, wherein the multiphase fluid

stream comprises a gaseous phase and a liquid phase.

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

.2, 15 stream comprises a plurality of liquid phases.

$ " 5. The method according to claim 4, wherein the fluid stream comprises an
seaned aqueous phase and a hydrocarbon phase.
seve?
6. The method according to claim 5, wherein the aqueous phase comprises water

produced from a subterranean well and the hydrocarbon phase is oil produced from
20 the said well.



in which a nultiphase fluid stream conprising a heavier fluid conponent and
a lighter 5 fluid conponent is being fed to the helical separation system

t he nethod conprising the steps of introducing a first fluid stream
consisting essentially of the heavier fluid conponent into the nultiphase
fluid streamfeed to over tine to repkﬁﬁe the multi phase fluid stream when
the fluid feed consists of the first Id stream reducing the fluid feed
flowate to zero. 10 2. The nethod of claim1, wherein the helical

separ ati on, syshemethvd Rk lsehaitatingfa tligtiphaset flkidUittbaad tompiridthg 4 Weavibeed

fl ow ate has. been reduced io zer0. . ogees3. The nmethod according tqQ either
of cl ai nsfluidgompoygndanda fightegfluid spmpenenty the method ¢pmprFing: SRS a

gaseous pRasLuANG fow A18H: 4 R owpath ih 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.

8. The method according to claim 7, wherein the critical Reynolds number is
greater than 10,000.
0. The method according to claim 8, wherein the critical Reynolds number is

greater than 100,000.

10. A method for separating a multiphase fluid stream comprising a heavier
fluid component and a lighter fluid component, the method comprising: causing
the fluid io flow along a helical flowpath extending around a central conduit, the
fluid flowing at a sufficient velocity to cause the lighter fluid component to move
to the inner region of the helical flowpath; and collecting the lighter fluid

component in the central conduit.

11.  The method according to claim 10, wherein the helical flowpath is such
that the critical Reynolds number of the fluid flow is elevated, the fluid stream

flowing at a Reynolds number below the elevated critical number.

12. A method for separating a multiphase fluid stream comprising a heavier
fluid component and a lighter fluid component, the method comprising: causing
the fluid to flow along a first helical flowpath, the first helical flowpath having a
first pitch, the first helical flowpath being sufficiently long to establish a stabilised

rotating fluid flow pattern for the stream;

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



5. The nmethod according to claim4, wherein the fluid stream conprises an

aqueous phase and a hydrocarbon phase. 6. The nethod according to claim
5, wherein the aqueous phase conprises water produced from a subterranean
wel | and the hydrocarbon phase is oil produced from20the said well. 44

7. A nethod for separating a nultiphasg fluid stream conprising a heavier
fluid conponent and a lighter fluid cé??ponent, the nmet hod conpri sing:
causing the fluid to flow along a helical flowpath in which the critical

Reynol ds ghaib@ie ikt pidéh;fdnd @nidvang tife 1ediavedland frofen fdill; winef adhibh 6 ng at
a Reynol ds nunber  bel ow the el evated critical nunber, the fluid stream

fl ow ng athesesond hehieah floypatei ty to cause the fluid phases to separate. 8.
The net hod according to claim7, wherein the critical Reynolds nunber is

greater than 1 . . - acCor.gi ng. t Q. clai j e
critical 'yno?}c]igqrg%tﬁ%@rac&s}%ﬁg?g%@hgég %%g%ﬁm h%ﬁﬁliasg‘é@.ﬁél?t&gw

separ at i ngompnsés 4 giseses phasechnst a Bquidqdwape.i si ng a heavi er fluid conponent
and a lighter fluid conmponent, the method conprising: causing the fluid to

flow along a hglical, fl owpath extendi ng .around a central conduji, the fluid
{1 owi ng_atta oipt fithed SYBRUGER) efiber aLGBLEnEE pf ShodirerLife TRBIHIBASRL 1 0
nove to tﬂﬁidsﬁﬁﬂmE@Lﬁbﬁ@espi?Idi*ﬁliﬁaiflﬁalﬁidﬁh%.ath; and collecting the

| ighter fluid conponent in the céntral conduit. 11. The nethod according

to claim10, wherein the helical flowpath is such that the critical
Reynol ds #anbeThemethed peagrding towlaisn &4,evhareth thenduifl|sited s eoroprisésd i ng at

a Reynol dﬁqMﬁaﬁa%ﬁéﬂd"a?l g},(%lag%?{eg%s%ri tical nunber. 12. A nethod for

separating a mu ase conprising a heavier fluid conponent
and a lighter fluid conmponent, the method conprising: causing the fluid to
fl ow al ongb.a fThstndthbd eatorfiimppatltim uhewheredd tiehduadusipiospabinphizes ng a

first pitch, the first, helical flowath hein uf.ficienily l.ong to,

5t bl | Shvates; BRAdueRE rott, AT RIRa PEDW B HYFORTPHS REREA Ok ausi ng
t he uni f opraduebdfiongtid daidlwell, f 1 ow al ong a second helical flowpath, the
second helical flowpath having a second pitch, wherein the second pitch is

greater 45 . . .
17.  The method according any of claims 12 to 16, wherein the first and second

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

the fluid stream.

18.  The method according to any of claims 12 to 17, wherein the fluid flow is
stabilised in a flow regime having a Reynolds number below the critical Reynolds

number,

19.  The method according to claim 18, wherein the fluid flow is stabilised in a

transient flow regime.

20.  The method according to any of claims 12 to 19, wherein the pitch of the

first helical flowpath remains constant throughout its length.

21.  The method according to any of claims 12 to 20, wherein the pitch of the
second helical flowpath increases in the direction of flow along the second

flowpath.



than the first pitch; and renoving the lighter fluid froma radially inner
regi on of the second helical flowath. 13. The nethod according to claim
12, wherein the nmultiphase fluid stream conpri ses a gaseous phase and a
liquid phase. 14. The nethod according to either of clains 12 or 13,
wherein the nmultiphase fluid strean1cg&£rises a plurality of liquid phases.
15. The nmethod according to claim 14, erein the fluid stream conprises an
aqueous phase and a hydrocarbon phase. 16. The nmethod according to claim

15, wher ebs, t hEhaquemibd RERSEINEOH cliRS 2wwerahom$?ﬁcﬁrm@@as§§%% ranean
wel | and the hydrocarbon phase is oil produced fromthe saird well. 17. The

net hod acSlSPHISEPTARPIGMULLAMARNNED. t 0 16, wherein the first and second
helical flowpaths are formed such as to elevate the critical Reynol ds

nunber of ;i he i . ] ccor di to .any.o lai ns 12
to 17, wh%%’ei nfbﬁg%ft ?%4 %@}%1\5\%?% % g {;f(lhg%gs %noraéglwg%r?lgg[?‘ﬁé ltr?é\ﬂ%ﬁge a
Reynol ds seeobdrhdiiekloflowpathcisiintreakedRalpng| siibstanialy the tAtird emgtie oh ok

accordi ng_t o _glai.m rein the fluid flowis stabilised in a transient
flow regi ?%.(ma%hcall#gwﬁ\gﬁ'od according to any of clainms 12 to 19, wherein

the pitch of the first helical flowpath remains constant throughout its

length.  24. Thke MRIHOd adésaird f0clhiin 33Y wher&hahB5itth iheredles %\Q%gs%l i

pitch of %he second helical flowpath increases in“the directio ow
al ong t helade@aghdurn ghha seconddhelipal flqwpatheanevnddbe douginyglinal aisioftiag
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second helical flowpath is increased along substantially the entire length
of the sez®nd Het inethofll mwpeding to any of claims 12 to 24, further comprising

establishing a vortex separation region, in which a vortex is established into

which the remaining lighter fluid fractions are caused to migrate,

26.  The method according to claim 25, wherein rotational velocity of the fluid

is caused to increase, in order to establish the vortex.

27.  The method according to claim 26, wherein the increase in rotational

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

28. The method according to claim 27, wherein the cross-sectional area of the

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

29. The method according to claim 28, wherein the decrease in the cross-

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

30. The method according to either of claims 28 or 29, wherein the decrease in
the cross-sectional area occurs along substantially the entire length of the third

helical flowpath.

3t.  The method according to any of claims 26 to 30, wherein the Reynolds

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



24. The nmethod according to claim 23, wherein the pitch increases up to 5%
for each turn of the second helical flowath around the | ongitudinal axis
of the flowpath, preferably up to 3% nore preferably about 1% for each
turn. 25. The nethod according to any of clainms 12 10 24, further
conprising establishing a vortex separgtion region, in which a vortex is
established into which the remaining [i'ghter fluid fractions are caused to
mgrate. 26. The nethod according to claim25, wherein rotational velocity

of the flghd i$h§&ﬂ§[ﬁ6dtébcbfuih§&%ean§ of UARfs b9 t8S4ABVhSRI] ROkt §%- 27
6, wherein the increase in rotati ona

The net hod ag¢coy di n&),t,o claim
vel ocity P%O‘b‘&%ﬂ/’ﬁo(fé ilge BrMOrkRF- the fluid to flow along a third helical
flowpath. 28. The nethod according to claim27, wherein the

Cross-sectiona r air i cal, flowpath is reased al.ong the

| engt h of é%’he ??%mlgg‘gﬁh 5@‘3’@%&@&&’3@8@8\‘5 \éxlanf;o £6° cﬂdlgt?‘ﬁ{ S8R 2I n t he
decr ease inradieing deshidsticaneinta@s dmiddhuid settingrezion, iinwhich ie Rglgbep- W se
manner . ﬁﬁi ghe net h[od accordi,{n(g1 to g;bt[}%é of I.ai ns 28 or 29, wherein the
decrease NG RAMRPRIINS e SepAtated, fram Jhe ‘”&Fofﬁ{:} SSPERpORANtS undey fhe entire
| engt h of adtiom éfiradthel i cal flowpath. 31. The nethod according to any of
clains 26 to 30, wherein the Reynolds nunber of the fluid flowis at or

bel ow the critical Reynolds nunber. 47 32. The nmethod according to any of
clai ms 25340 3ibe methed accordingnto ¢laing 33y wheteindhe fhid istreamt secavsed &x. 33,

The et hof%t%‘iﬁrtgéﬂﬂiéf—ﬂumétﬂﬁ Ghgoe 12 to 32, further conprising
[ ul

introducing the f streamifito~a fluid-fluid settling region, in which
the lighter fluid conponents are separated fromthe heavier fluid
conponent 35.undEhe methatadconding tgchimt 3y, wikdeinThe roeitionds anpartdi ng the cl ai m

33, whereqinthe fluid streamis caused to rotate in the fluid-fluid
settling frh(lal is(g%amgggn %’H@“&gif‘%%‘%%%e@ﬁa?‘w I%¥'Utai m 34, wherein the

rotation is inparted to the fluid streamupon exiting the vortex separation
regiron. 36. The method according to either of claims 34 or 35, further comprising

centralising the rotational flow of the fluid stream within the fluid-fluid settling

region.

37.  The method according to claim 36, wherein the cross-sectional area of the

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

38. The method according to any of claims 33 to 37, 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.

39. The method according to any of claims 33 to 38, 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

componernt,

40. The method according to any of claims 12 to 39, 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.



36. The nethod according to either of clains 34 or 35, further conprising
centralising the rotational flow of the fluid streamwthin the fluid-fluid
settling region. 37. The nmethod according to claim 36, wherein the
cross-sectional area of the fluid flow path in the fluid-fluid settling
region is reduced in the direction of flow 38. The nethod according to
any of clains 33 to 37, wherein quid4|8'| cher in the lighter fluid conponent
is renoved fromthe | ower central region of the fluid-fluid settling region

and passegy t o TRe RG] aE@?Hfrl%]ytog ?9?&9 000 fwHe SnfﬂlggﬂiialsﬁieQﬁﬁt s8¢ €91 on.

39. The nethod according to a ains 33 to wherern the separation
of the | i¥feierinf thgi fuidaieporvehezote, shetshid flaid seearhl haivg campoed fitosn itke

enhanced it i 14 active in inducing droplet

coal escen{:':geﬁt%)a{ﬁ?ﬂgglo?gﬁ{he@hfr?ﬁgc‘@c%o%bnent. 40. The net hod according to
any of clainms 12 to 39, further conprising causing the fluid streamto
enter a fiaid Tiemmvahod egtording o ViiycHf alathyi@ & h@,afﬁr@liﬁisé&h%ﬂﬁn a
essentially.of the heavier, fluid c onent is ,rempved. 48 41. Tﬁe net hod
accor di ngse%éémEPBF‘ﬁ%eﬁﬁ?n\ﬁﬁ%‘to@i gmflhé" q‘inhﬁ 1geng A peaodigalle gr contipeesdy i n t he
fluid rengpaadvegone, the said fluid stream being renoved fromthe central
region of the fluid renoval zone. 42. The nethod according to any of

claims 12 to 41, further conprising a sedinent collection region, from
whi ch sedddrentA iketbediforiseparhiinga wottiphase fbii¢ streany edmpridhhg #Aheetibnd f or

separ at i : j S | ui r rising.a heavier fluid onent

ang a IiS%Ltugr E(#ng!l) cofs}%%naeglg??e%rhgﬁi\/go?ﬁlﬁmp?%wgt e’ Pnlehgoﬂlﬁ? &@% fluid
st rea(rjn_ beﬁnuyilfhdsja Ie’fhnidt e’;realmi deimyn sobjeet tt?rbﬁ’?%griiﬂit?l nedeh odmep rehei sieflgod hod
r n .urality. 0 epar at.i on. asse ie r.,carrying.out the nmetho

D ops-r ocsnlristhE mrgvioRle ARRER T 2555 n Srvemiilies ok CABaHOBbLES

di f f er entmbthoiddstehoweetedsin any of@llald N09tORS M REMBICRSREbRMAREND! i es
for carry(ii out_the_nethod steps according to the volune flowate of the

mul ti phasEtiFrentflud, fowgates) pndrpeleching g5e LA cHIOHE REPATELIENaseEPlies ot her
conpri si NGriRfiey btk e Methol tisEca58 d o &;&&1@&1 d steps
recited in gﬁlﬂg’of cl ai %5028 %Bg 3%, V\ﬁg?ée?hn ‘gglé gé%%% p tral | F@Sﬁ%@
separat i dhigdstieadl-i es is connected at its outlet to the finishi ng assenbly.
45. An apparatus for separating a nultiphase fluid streamconprising a

heavier f|uid n . lighter. fluid.c onent,.the a I.at us
conpri si n{‘fHa ngifélng%ﬁﬁf) (Itloa%g){ﬁmﬁav n(galglf:%ui glrl%ﬁ Te £OMPTISINE DIBVIGING 5§ or 4
heavi er fiinishingaspanblytfoardrgingenantieattthed dtops Recltedhh ahyfdf eldngamponent ,
t he helical fé@j\r/gaath bﬁi r}%'hf or. rreqti].é?u h that, the cri'%lt_i cal Eeynol ds nunber of
the f1 ui &%t SHHTPRSHCALIARGRJUTANLY RESeRaRtPR ARperhlies stappiseted. at 5. An
appar at usomre@wﬂ-iermﬁg]@jngla@gdﬁ]g@, wherein the second outlet for the lighter
fluid conponent is disposed axially centrally of the helical path.

45. An apparatus for separating a multiphase fluid stream comprising a
heavier fluid component and a lighter fluid component, the apparatus comprising
a helical flowpath having a fluid inlet, a first outlet for a heavier fluid component
and a second outlet for a lighter fluid component, the helical flowpath being
formed such that the critical Reynolds number of the fluid stream flowing along

the helical flowpath is elevated.

46. An apparatus according to claim 45, wherein the second outlet for the

lighter fluid component is disposed axially centrally of the helical path.



49 47. An apparatus for separating a multiphase fluid streamconprising a
heavier fluid conponent and a |ighter fluid conponent, the apparatus
conprising: a feed conduit for establishing a stabilised rotating fluid
flow pattern for the stream a first conduit having a first helica
flowpath, the first helical flowpath having a first pitch; a second conduit
havi ng second helical flowath, the second helical flowpath having a second
pitch, wherein the second pitch is greater than the first pitch; and neans
for renovigng the dpmhies fdrub&hdraong e mdidphbYe IFANQT sth€Eh O riéihg gecond
helical f]owpath. ~48. The apparatus according to claim47, erefn the
first conBedveerdgngcrmpeongnt @mga hightardluid sempenent, shelaprArAtsgomptisiag: v
therein t i : £ . i . . . cordi ng
o ef theror e ot e Eofplishifk £ SlaihRtP Rrding Hlad Ay WRATHERE D b
havi ng a $te¢ant; ext ending longitudinally therein to provide a second helical
flowpath. 50. The apparatus according to claim49, wherein the neans for

renoving t | ighter, fl.uid coppri.s a collectiop,condujt extendjng

coaxi al I y? \%?th‘f(ﬁl%tuﬁtehas‘%% ﬁcﬁr@gﬁﬁfﬂﬁaﬁ %(’["%‘%re eﬁrégpﬁﬁﬁﬁq VWaF]illief“ﬁV‘c%ea annul us
around t hfirst @litchs ki Bod REHdLIt haSihg SdtenalRACAl ASWPEEO RS Becdnd RélieaPf
clains 47_to 50, wherein the first and second conduits are adjacent

portions BPWBathihaying 4 serond mitch, yhereinthe seepndapisel: isigrgaten thamihe st

wher ei N NERAS ah@mESENSE Rembligg!the i 13RY | 56 (e e condui t
ext endi ngﬁcoafi al.rjl;)i W t hin thegsi ng Efetr?bl%k? %Oﬁggg%#lﬁgg%lﬁéegqgéﬁgtﬁft avi ng
openi ngs sasond dekel flowmpadlkt endi ng within the second conduit for the
collection of fluid. 53. The apparatus according to any of clains 47 to

52, wherejm t i f the £irst ;helical, fl owgat enmai Nns const ant

t hr oughoulli@'i t?ﬂT é;#ﬁ%aéﬁsgﬁcorgﬂf}g tsfh(galélﬂ)ﬁg’r‘%{]f‘?@lr\gﬁieﬁﬁi ﬁ%nchﬁ%‘?{?pﬁ?esc&} ai ns 47
to 53, whmbeilmvingpa fidizrexténding lergiandtinikly tleakid topeatide the fieaskdichh t he
direction,of flow along the second flowath. 55. The apparatus accordi ng

to cl ai ma%PHferein the pitch increases in a stepwise or a continuous
manner. 56. The apparatus according to either of clainms 54 or 55, wherein

the pitchyel Uit saceatishkofahe t eNRE! b Lairhd5) GRS Wil d tukeba 2l 1y
the entire | ength ‘of the second helical flowpath.
conduit” comprises a tube having a helix extending longitudinally therein to

provide a second helical flowpath,

50.  The apparatus according to claim 49, wherein the means for removing the
lighter fluid comprises a collection conduit extending coaxially within the second

conduit, the helix extending within the annulus around the collection conduit.

51.  The apparatus according to any of claims 47 to 50, wherein the first and

second conduits are adjacent portions of a single tube.

52.  The apparatus according to claim 51, wherein means for removing the
lighter fluid comprises a collection conduit extending coaxially within the single
tube, the collection conduit having openings in the portion extending within the

second conduit for the collection of fluid.

53.  The apparatus according to any of claims 47 to 52, wherein the pitch of the
first helical flowpath remains constant throughout its length.



57. The apparatus according to claimb56, wherein the pitch increases up to
5% for each turn of the second helical flowath around the |ongitudi nal
axis of the flowpath, preferably up to 3% nore preferably about 1% for
each turn. 58. The apparatus according to any of clains 47 to 57, further
conprising a conduit for retaining a vortex, the said conduit being
arranged to receive fluid | eaving the“second helical flowath. 59. The
apparatus according to claimb58, wherein the apparatus further conprises a
neans forzhkNCreRsh hAR } i i i et ween
t he outl e?4 of the_lg]%gond aﬁgﬁﬂﬁca%)ﬂ?!li%%ggﬁﬁhgynﬁﬁohéegi n}?éé‘%ﬂ n?tggllﬁlgﬁg)gn uit for
r et ai ni ngSesohdr helical dlowpril inpreases i thecdirettinp 06 fidvaialom® thewsecaid t he
means forgqj 5@,}?& ng the rotational velocity of the fluid is a third

hel i cal fflo‘&gat . 61. The apparatus according to claim60, wherein the
cross-sectional area of the third helical flowath decreases along the

| engt h of 55.he Theowppatatus Gecording epphiat 55, abeasidithg pitche hr8asd inWher ei n
t he decrease in the c;.oss-secti onal area occurs in a continuous or a

st ep-wi se  FBARECT @ CRUBROUSHIRNAEH Ay at us according to either of clains 61 or
62, wherein the decrease in the cross-sectional area occurs al ong
substantigb.| y Tieagpiret dceoiifle 8 efthier sWsth8) bEBL Fhaatll pitfiftor The
appar atus_according tq any of claims 58 to 63, further conpristng a neans
for st abiiliessegend helical flesypath ds inarrasedpplang substantialhy g entrecleagth 6,
further heSd L for collecting the Iighter fluid conponent
fromthecglgg%g%&%g:aléggﬁgh or stabilising the vortex is provided by a
tapered portion in the region of the opening of the said conduit. 66. The
?ppar at u_s57gacco’.l’}ﬁﬁ a;ﬁau*gt;araxccmﬂimg 0 ¢iaimd f6] ‘l""hﬁ@il.l thy piet }Iﬁm&; }g? ng 5% vessel
or receiying.the stre .t he. vess avi.n vaql u sufficient to
suf fi ci endf ;?gFlé&%‘eoﬁﬁE %?é%‘gm&‘c&% athrarpppd g lengiudingh Privaf Beh t hat
fluid enteswpeght prefatebBalp fBy%PRoseBialaBE, A10ulh Mot ¥a@PRRhat i on.  67. The
apparatus according to claim®66, wherein the first and second helical
paths, the third helical path_ if present, and the conduit for retaining the
vortex i f5%r esEkt apRaaisRAEPIdIng to may\afsdaims 47 to 57, further comprising a

conduit for retaining a vortex, the said conduit being arranged to receive fluid

leaving the second helical flowpath,

59. The apparatus according to claim 58, wherein the apparatus further
comprises a means for increasing the rotational velocity of the fluid disposed
between the outlet of the second helical flowpath and the inlet to the conduit for

retaining a vortex.

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

rotational velocity of the fluid is a third helical flowpath.

61.  The apparatus according to claim 60, wherein the cross-sectional area of

the third helical flowpath decreases along the length of the flowpath.

62. The apparatus according to claim 61, wherein the decrease in the cross-

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



68. The apparatus according to either of clainms 66 or 67, further
conprising neans for inducing a rotational flowin the fluid stream
entering the vessel. 69. The apparatus according to claim68, wherein the
means for inducing rotational flow conprises a tangential outlet in the
conduit through which the fluid stream,is introduced into the vessel. 70.
The apparatus according to claim 69, dr t her conpri sing neans for
centralising the rotational flow of fluid within the vessel. 71. The
apparat Useccorke Apdianfs Atefidifl eRA&! & ddifis B d HhoFER' e dedidAg t e
rotational flow w he vess nprises an i nverteq cone | oca

coaxi al | yllllﬁﬁh@rﬁr@ﬁstt’rﬁétl%@ﬁﬁa 00(5125 alzm.g sthetanpiplly thesntiredemgth g the)t}nhhl m 71,
wherein thgids P §€1 cone conprises a fluid guide extending helical along
its outer surface’in the direction of fluid flow 73. The apparatus
according to any of clainms 68 to 72, further conprising a conduit extending

coaxi al | yoai t e hpparstissadcording tocmﬂubﬂ claayd 59 163 fidRert &ﬁhﬁhgﬁngrﬁ' ough
V\IhICh|IghteI’1[:0&hg)]§ nggt)}g?nts may | eave the fluid stream

appar at us™4eed 1{gn. YRTFEX- wherein the conduit has an outlet for the
i ghter fluid conponents within the vessel, the outlet being di sposed

upstr eam of thend hbshabls 88BriHeClo clalf 64 rARR AN ASSOEAIAR g 2y ©f

clains 47 to 74, further conpri ng a heavi er I'oONn Zone,
heavy fl GdllegBng &l lighter Sivadiicompenent ﬂnnpﬁmemm@muhamqanmfomsmbﬂismg

col l ecti [HgIH! l.ur.al it en| s

collect t e hea\yfll%;apﬁ%v?&) 517%)%\‘%(2@0%5%61 a u£e§888f {)t%ﬁ al ns 47

to 75, f wadndeit.conprising a solids collection zone and means for renoving

solids fromthe collection zone, the rreans renovi ng solids on an

intermtt a contjnuous hasis. An apparatus for separating a

mul ti phas é@ 8](}53 %QE%QH‘\SC%‘FBF(?% ¢ aélyﬁga"\}“i“@?s #7 19 @5¢ BirblesTetAMBIHSIng 4 | ght er

fluid conegsanfor rtels@vm(gl ﬂl@eﬂﬁﬂdOM@érﬁ e VBReMhiin h@%%l&ﬂly'sﬁrﬁaérﬁam bei ng
ra

subj ect to yariation over tine appar at us conprisin
separ at i oiwfHgsaipFedicedhe rPeQYFlPB@ numhﬁrryomhecﬂhadmtream ﬂgwwc rthabﬂenhbl e to

accommdaélﬁelqhgflfé%gelfﬂl Fee £ %t@ﬁ@égrat\ﬂ?s papapus further conprising

means for selectivel rating one o eparati on assenblies according
to the vol une flowrate of the nultiphase fluid stream 78. The apparatus
accor di ngh o cI'hei appaTatuk wmetdrding onplaimiGog wheadia thefirfiead seroadhstigd f 1 ui d
to each 9. The apparatus .according to either _of

cl ai ns 7 3@% %ﬁ&%ﬁgméy&%ﬁ a’%‘ig@ﬁ %ﬁ'q(ﬁﬂ é’ésrgg’im’gg tﬁ%(YP’EtéH %1 any
of clai nq)rﬁéeﬁtpeﬁéndmﬁnﬁieﬁd@gelsepar ation assenblies extending within the
separation vessel.

68.  The apparatus according to either of claims 66 or 67, further comprising

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

69. The apparatus according to claim 68, wherein the means for inducing
rotational flow comprises a tangential outlet in the conduit through which the

fluid stream is introduced into the vessel.

70.  The apparatus according to claim 69, further comprising means for
centralising the rotational flow of fluid within the vessel.

71.  The apparatus according to claim 70, wherein the means for centralising
the rotational flow within the vessel comprises an inverted cone located coaxially

within the vessel.



53 80. A nethod for starting up a helical separation systemfor operation
I n separating a nmultiphase fluid stream conprising a heavier fluid
conponent and a lighter fluid conponent, the nethod conprising feeding to
the helical separation systema first fluid streamconsisting essentially
of the heaver fluid conponent; when t fluid velocity within the helical
separation system has reached the m niffum operating velocity for the

mul ti phase fluid stream replacing over a period of time the first fluid

stream wi & t Wh@ﬁ#ﬁéﬁﬂ@&c&fdﬂlhg t& ELAAD1! %ng'eiﬁ %lﬂ)@ﬁﬁr}éﬂgd cofid coﬁp?ﬁ&é\;\g d

shutting down a hellcal separation systemfromnornal operation’in ich a
nul t i phase fluid geideextendinghelidal pleggdisraden arffdein the dirpdimanef fhwid flow.i ght er
fluid conponent is being fed to the helical separation system the nethod

conprising,th | ntr ibng . a first flyi.d str.e consi stin

esggnt ially ofeT ﬁ%gBﬁ%%ﬁéegé@?%ﬁg t8g‘3r§13'0?feﬂ?"ﬁlsnbg Pre rﬁﬁ‘%mﬂpﬁ%gnﬂnﬁi stream
feed to owerduit rextdamdling poagially heithid tm@h&s@e(}f lthié obosﬁmallmw‘gg;aap%ﬂifﬁ%él UI?

f eed consj,sts. the fjirst, uid.stream reduci t he fl.yi ee owr at e
to zero. o EO‘%@‘H%‘&%S%%PW@@WR%@%%&Xﬁg‘fﬁ’qgﬁfila SEERHF at i on system
is left full of the first fluid after the fluid feed fl owate has been

reduced tgyzerphe aﬁﬁﬂraﬁas%@éﬂﬁ%ﬂﬁclﬁﬁﬁ bl Y e eATRd Mt ithd M AltdtoP!
apparatus _as defined in claim o i
the lighter fluid components within the vessel, the outlet being disposed

upstream of the fluid stream inlet.

75.  The apparatus according to any of claims 47 to 74, further comprising a
heavier fluid collection zone, a heavy fluid collection conduit being disposed
centrally within the collection zone, the conduit having a plurality of openings

therein to collect the heavier fluid.

76.  The apparatus according to any of claims 47 to 75, further comprising a
solids collection zone and means for removing solids from the collection zone, the

means removing sclids on an intermittent or a continuous basis.

77.  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 47 to
65 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.

78.  The apparatus according to claim 77, further comprising means for feeding

a purge fluid to each separation assembly.

79.  The apparatus according to either of claims 77 or 78, further comprising a
separation vessel as recited in any of claims 61 to 771, each of the separation

assemblies extending within the separation vessel.
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80. 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.

8i. A method shutting down a helical separation system from normal
operation in which a multiphase fluid stream comprising a heavier fluid
component and a lighter fluid component is being fed to the helical separation
system, the method comprising the steps of introducing a first fluid stream
consisting essentially of the heavier fluid component into the multiphase fluid
stream feed to over time to replace the multiphase fluid stream; when the fluid

feed consists of the first fluid stream, reducing the fluid feed flowrate to zero.

82. The method of claim 81, wherein the helical separation system is left full of

the first fluid after the fluid feed flowrate has been reduced to zero.

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

claim 79.



