1 METHOD AND APPARATUS FOR FLUID SEPARATION The present invention relates to a
method and apparatus for the separation of multiphase fluid streams. The method and apparatus find
particular appce9IettRe Sseparation of multiphase liquid streams, espedt&ll/GBa08&{08¢eftion of
hydrocarbon liquids from water. The method and apparatus are particularly suitable for the purification
of water produced from subterranean oil and gas w?lls. Hydrocarbons produced from a
subterranean well, such as oil and gas, are accompanied by quantities of other materials, including

water. In some cases, thgpvelmeved Waies RICAUSETTORT Bl EARIBR Bigiificant. In many

situations, the produced water is disposed of by being reinjected underground, either into the same
well from which 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 15minimal amount of entrained oil. In general, it is required

that the water for reﬁﬂ@f&&@rﬁ%@ﬁ%l’f?&é@ﬁo@&&%ﬂ%E@Q;S’p'ﬁ%ﬁl%? HORPRANSh il lower

values may be required in certain locations. These requirements must be met in order to prevent the

well from be88HtiRGsREwESErRMmS Mbemetnd aedrppacrivs fadantigratenrsicasipidatibe.
20Conventiopahigghn %ﬁl@ﬁﬁ?@ﬁﬂ%@das%£H§!fé(éBgciﬁﬁ%\fﬁéegeﬁﬁ%MgffB%&%%f?ady for

reinjection rely upon the use of settling tanks, into which the mixed fluid stream is fed and separation
of the lighterBirisa iR waler thEhganbod and aparbvs iearsigetaly eitahle fetiths of gravity. The

very small siggafdheoRibHiRRISS AN EGI {0 WAIRLIEAUIRS GloRaIfesidence time in a settiing

vessel in order for 25gravity 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. IndRE#osRTRaySe fecrdspeasubisHansat e, vashapwilradmrseffeburst or collapse

strength 10 ORQEHHAUNEE HINGANERRS GHIGHRIERRHMEEAIS, including water. In some cases, the

10 volume of water produced from a well can be significant. In many situations, the
produced water is disposed of by being reinjected underground, either into the same
well from which 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, it is required that the water for
reinjection contains less than 400 ppm oil and less than 2 ppm sand. Still lower
values may be required in certain locations. These requirements must be met in order
to prevent the well from becoming plugged and to meet legal requirements pertaining

to water reinjection.

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

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

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



2 encountered at many deep water wellhead locations. Accordingly, settling vessels are generally
located at the surface, on a fixed or floating platform. This necessitates providing suitable pipework to
transfer the WatEIH8Me seabed to the surface and return the polished wBfSk/€B34e74886Hd for
reinjection. In addition, due to their size, 5the settling vessels occupy a large volume of space on the
surface structure, space which is very often at a pregmium. A further problem is that the separation
efficiency of the settling tanks is generally low and 6nly approaches acceptable levels after excessively

ong residenge S Y NG MPGLIB WedA0k TS IRMIOIDCIeASERIBR OluE Obupapk frther

Accordingly, there i1s a ne n Tmproved system for 10purifying produced water to render it
suitable for reemetipriocatedet iresneltive ruthiiveddoflsetingigiolrofhivaterersitatetise of a
hydrocyclon rgéﬁgﬁlée;ﬁ&a%%ﬁdngﬁﬂé AR e Ra L PSR ARYIGED A R AHYRRIRARANY In having &
high separation efficiency compared with gravity separation, being compact and an absence of moving
parts. One arﬁan‘géh@@ﬂlish%M%@@@@Sﬁﬁ@@@dﬁ@tmiebaéééffﬁblﬁuﬁﬁé ﬁ@fé&&ﬂone in the
series issa byl 9&&%&%@@9@&@@%@ whlighdhe ﬁ&&@@ﬁ‘%ﬂérﬁﬂ@a{b@@mﬁﬁﬁ’éﬁs& gduced from as

much as 50% to 15%, by volume. The water Is then passed to a pre-de-oiler cyclone (PDC), in which

the concentratishds wiirs dlieth et saueméano Avsiher2ypbive iiihritgyecprejion s&isepaation is the
de-oiler. A PRI ANFEIRIEN gaﬁe%ﬁlgmwa'eﬂssagg%%ﬁﬁ@éix& AR:0le63.oyat low liquid flow

rates. For example, a typical maximum throughput is"of the order of 1200 barrels per day (bpd).

However, it iexqessdeslarions rasidgaceitbnessiu iisiyvases pe thedaker Ehin deroidesreastietlst flowrates, for
example up {,AQ,a0¢ ﬁmaﬁmiﬂﬂéw%e@afdg{nggyﬁﬁm@%mm ﬁﬂpmgg Siongode-oiler to

operate over such a wide ranﬁge of flowrates and achieve 25a consistently high separation efficiency.
Accordlfigly, REEFEIRS Risdseetbrateiiapiendsy Bspinhtrofrsyiiastingt 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 {y¢ lpcatad akibepithRad.al A RSt ipratins, Wheredbefluid leaving the well
d the

has the highest temperature an ) ) )
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 mych 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 a wide range of flowrates and achieve

25  aconsistently high separation efficiency.

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

30  least viscosity.



30least viscosity. 3 EP 1 352 679 discloses a separator for separating a multiphase flow, the
separator comprising an inlet for a multiphase fluid, a plurality of outlets, with at least one outlet being
provided foMe@@nEdgestted phase, and a main annular tubular bore. The SROBGESPGIEetHS to
separate lighter and heavier components by causing the fluid 5to flow in a rotational path. While this
separator is particularly effective in separating multgjle fluid phases, such as gas, oil and water, it
cannot guarantee the high separation efficiency required in order to purify produced water sufficiently

to allow for reinjectipp. 1In pREICUIRE SISOl AU I IRl AR 4 he AR R dHE! of this separator

to prevent the water from being reinjected directly into an underground 10formation. In order to further

purify the watepasatercesuudng R ipdehder 2 sydtsmass wdonrinalisnet sutisimatithatrassining
minute droplgis ofaiaraiasenukifisr i hevwriepiaction asmiie hemusiicatiepyyould make

further separation very difficult, if not impossible within a reasonable time frame. GB 2 374 028 A

discloses a sEWafeRaror enapigsfamsprineliehteniphbhrnyis Pomneens by reausing ibgBvisthe bulk of
the oil from therwalen aidetRulBRILINWRIS YRGB P ASsRG AU BressackPbdpiagpiates to

remove further oil droplets from the water. The system of GB 2 374 028, while Qagable of separating

oil from watef iRl Lujskiases R dhers R s A FERTR S ite the Weheinjected into an

undergroundsiprmaiansBeRreprdiiatd ARl & PREGrRRERDIANEGeARatAHINIAHRUE to enable
multiphase fluid streams to be s?&?rated, In particular streams of water and oil, such that the water

may be suffiéRSrBIRGEENTEd B A URbwHdiciem i Brpists sroaideriotrietardideiAccording to
the present itnieBtigtRathieke jrepéayite i ﬂ&h%ﬂ%ﬁeﬁﬁ@ﬂ&%r@&@f&@ﬁﬁ@iﬂ&fdwiphase fluid

stream comprising.a heavier fluid component and a lighter fluid component, the method comprising

causind ¢he ACEEG HDWAMBAG AHBHELS ADARS TRiRTcH (A aLSTHapHR PRI Autemndhate fluid flow
is elevated, thadlich sheanafiowiag ht scReuiniominuralre Hletewribe slexatedcliigad Ramber, the

the water fraction, as such emulsification would make further separation very

difficult, if not impossible within a reasonable time frame.

GB 2 374 028 A discloses a separator for oil and water mixtures employing a
15 vortex separator to remove the bulk of the oil from the water. The resultant oil/water
mixture is passed through a stack of tilted plates to remove further oil droplets from
the water. The system of GB 2 374 028, while capable of separating oil from water, is
not capable of providing sufficient separation for the water to be reinjected into an

underground formation.

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

underground formation.

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

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



fluid stream flowing at a sufficient velocity to cause the fluid phases to separate. 4 The first aspect
of the present invention employs the phenomenum that a fluid forced to flow in a confined conduit,
such as betW&eH WY ptdles or the like, exhibits different flow regimes to the®SARBHGUAMING in an
open conduit or a pipe. In particular, the forced fluid flow exhibits a significantly increased critical
Reynolds 5number, that is the Reynolds number at which turbulent flow begins. This in turn allows the
fluid velocity to be significantly increased, while still maintaining a non-turbulent flow regime.

References to an 'efgyatied seicr URMUIMAS RUMARH R i G CORSHRHASEIARRY Ry Jorming the

helical flowpath so as to give rise to an elevated critical 10Reynolds number, the rotational velocity of

the fluid canfEcssinilomiy frioaiaedicanhuhenty aidsuprantivn DethedithsrEke phddliss Preferably,
the critical RgRQIas NEW RS iR9RBAIRY 4138 A PAGwner e Riipanly SeRIGr dhan 16R,000. In a

second aspect, the present invention provides a method for separating a multiphase fluid stream
comprising RgsHEE hrfesshBRkh an e shibik e sienilirsrtinperresedretiraReuaddsprising causing
the fluidsto flgupdenerathelicaREonmathaxeading meaURnd-RISRMIAKUILET thesfiHidHpwing at a

sufficient velocity to cause the lighter fluid component to move to the inner region of the helical

flowpath; an8ltBHetmEUuidevrieidy fRiks signilisaatly inerrasshidiicordlpaprasiag R "¥e method of
this aspect uiisaRi e choremeantigresdaiiasiplanf 28 gley afingalrRReymas idenmenhes &f tae fluid

stream. The critical Reynolds number of the fluid flow is elevated, while the fluid stream is maintained
flowing at a FrGriBERelow the elevated critical number.

By forming the helical flowpath so as to give rise to an elevated critical
10 Reynolds number, the rotational velocity of the fluid can be significantly increased,
enhancing the separation of the different phases. Preferably, the critical Reynolds
number is greater than 10,000, more preferably greater than 100,000.

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 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.

Preferably, the method of this aspect utilises the aforementioned principle of
20  elevating the Reynolds number of the fluid stream. The critical Reynolds number of
the fluid flow is elevated, while the fluid stream is maintained flowing at a Reynolds

number below the elevated critical number.

In a further aspect, the present invention provides a method for separating a
multiphase fluid stream comprising 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;;



In a further aspect, the present invention provides a method for separatinga  multiphase fluid
stream comprising a heavier fluid component and a lighter fluid 25 component, the method comprising.
causing the W@ida¢y8esfdiced along a first helical flowpath, the first helical fIB&/H&B2ARARB681first pitch,
the first helical fiowpath being sufficiently long to establish a stabilised rotating fluid flow pattern for the
stream;; 5 causing the uniform rotating fluid to flowalong a second helical flowpath, the second helical
flowpath having a second pitch, wherein the second pitch is greater than the first pitch; and removing

the lighter fluighitior B g iadbniRoREIROMAIGH hwarahhelicali TRyeaRowham mrikedglithe present

invention is suitable for the separation of any multiphase fluid stream, including streams comprising
one or more Iejifial floxgdibay Bigr seeapi el w8 trp schnith o9l IsatRaitaikpaihable for the

separation ofjgguiiRiiaagdiquid-liquid streams. The method is particularly advantageous in its efficiency
at separating liquid hydrocarbons, especially crude oil, from aqueous 10 streams. One application of

the method iEmViapthetishier Erid&om readinhidrprornsier afdhs scsoptdrelicabiondmtbrior to the

reinjection of the produced water into an underground formation. The method is particularly

suitable Jor separating: deHRRr SagtiReat disaaisadsistiblidrom:thehulear sargnuous phase of a
second fluid. Preferably, 15the lighter fluid fraction is the dispersed phase. In the first step of the

separation %WM}WH%W&H&WB}%%%@&W&@%% pEReks g sandble flow rate

to be achievefle bhenoreaash RSO NTBRIRIGGRIIY finst cause Ui e aantialkepiigloa sgparator region,
thereby imparting iuffici,ent rotational velocity on the fluid to cause the phases to be_gin to congregate.
1

90In this cyliFGIRREASS At AL sHERRIN fike GFthor BorgHey L ey RaRRaYs iiseby allowing the
dispersed phaseitadormsapdataes BiaRleipdrocarbons, especially crude oil, from aqueous

10 streams. One application of the method is the separation of crude oil from water
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 to tangentially enter a separator region, thereby imparting
sufficient rotational velocity on the fluid to cause the phases to begin to congregate.

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

allowing the dispersed phase to form as larger droplets.

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

upon such factors as the viscosity and density of the fluid stream, the velocity of the



The fluid stream is then caused to rotate in a compact helix under pressure, so that the fluid is
subjected to a high centrifugal force, allowing the fluid to forrn a stable rotating flow pattern. In order to
avoid the diNePSpT0dophases from 25 becoming further mixed, in particulBE EBRIGEL0G 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).d'léhe critical Reynolds number will depend upon
such factors as the viscosity and density of the fluid stream, the velocity of the 6 fluid stream and the

cimensions of e, 6ORAUILSUAI IRALDS SESARSARSIRN BIEIRRD DG fLick gabiised in a

transient flow regime, thus keeping the droplets of the dispersed fluid phase active. In e present

invention, th&eberpdt: hefluiddsreipbidised e thansisatReyniaine. thee keeningatkeghmilgitly higher
than the usugl BIilGCRERRGL Rl SHl havipehs g B R RDINMLLIRRRITIRORL flow regime. Such

an effect, generated for example when a fluid is caused to flow between two facing plates, is known in

the art. This @#eesd SirbidvbthmRaeeldsanmbresaior: siesiiembydiches thahthstasumal fluid velocity
to be achievegwdliig.medniainiRG eI MR TRf i RYARHPY: ieaieodal fibswYayimiae separation of

the various phases 10due to the centrifugal forces is enhanced. The length of the first helical

flowpath shodh§ibatgittentigertrisd ionsamnlendsnmihadiireaseditodlany BetasmaAvmd stabilise in
the required fiyn Faginas, RSt RraletRbA transiertiiQwisaing fhgausa ohihadyid stream, its

components and the flow regime of the fluid being processed in the method will determfne the length

150f the firstWafcit AL ah gk tetatiomal Enid Rl et kasrbiswstanhilsenaiiripipthe first helical

flowpath will g & Qhre sBANUIBAIYEIRAY regifdICtmantiaRilseRLlRpareaime Nas PasneptaRlished, the
fluid stream is caused to flow along a first helical flowpath. In this step, the fluid is acted upon by a

centrifdhl fofbe (o RFrcrITigalioressr S ARMES: as a result of being forced to flow 20along 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 fragtioRs dth Higketert® HBBJINNEEwpath should be of sufficient length to allow

the fluid flow to centrifugally establish and stabilise in the required flow regime, most
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

15 ofthe first helical flowpath. If the required flow regime can be established 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 friction losses in the fluid stream as a result of back-pressure, it is preferred



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
pressurisedW30¢Hofee1Relix plates. 25Thereafter, the fluid stream is led inR$ 3/ &82oM0HIMal
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 helicalflowpath. The second pitch may be constant
throughout the length of the second helical flowpath. However, in order to reduce friction losses in the

fluid stream amerresuolbarniess i isaieiiites hpdlmeosssatignaes,al the second

helical flowpath increases along its length. This is most conveniently achieved by having the pitch of

the second hEHSdF fRRTp SRR BeashipyedLhatinethe pitehohiby vrernsshelieab Smswdhgradually. In

one preferrehgrmpedigentistha giichrat thrcaesepthhelicalipupathingreasgs cqntipously 5 along the
length of the second helical_flc%v‘gath. In a preferred arrangement, the pitch increases by up to 5% for
et

each turn of PEISHERd AERbpdim shieusrendbelicn fevrsfipmereatessprarsisky up to 3%,
especially abostglfie iRheachr thensdebti huiryl adiopuieoing ﬁ?e@éﬁiéﬂadﬁﬁﬂ%]@}ﬂéﬁtﬂ@ﬂ%i%“ghtef fluid
e

fractions to migrate tq the inner region of the helica flpwfﬁ")qath, from where they are removed. 10The

second helicBCHRARSRY BRI DETRRSEHBRGHE trediud Boangibarond thrdersivedinalatiscted and

removed froot the flbiehatis atrsireidropiaiseb theighipnfuisomaysearainindthe. bulkhheavier fluid
phase. If so, and trbe{&desired or required level of fluid E%rity has not been achieved, further processing

stages may B&erhVdaeHes i Birertaises hateherrehediisridnid rrpiontiamiasds &uired, the

method maytseinpeise fisthef titehatidal biepaihe fiatationab iigaiis Riediuid stream is increased so
as to generate a central vortex of lighter fluid fractions, from which light fluid may be withdrawn. The

increase, in rotationg] velocity may he_achieyed using a third helical flowpath, along which the
cross-zz)ctional are %ﬁ%"ﬂ%ggi‘if‘?l g%&ﬁﬁé&%da c30s catehratlerthelighihdWiocity required

to generate fiiegriekeloolloeqt afel iechaveanBemen fiig pitsinof Sieathiush priigal figyvpath increases in

the direction, of flow, The increase in pitc be, stepwise or continuous. Peferably, the pitch of the
third helical H@&R’ﬁ Vﬁﬂ#&?@%@?%ﬁ@%ﬁ&@%@l@eﬁggﬁﬁ RhathsaneBtithedegrdte the required

increase in fleighireldleity) tidlbglipatitpwpaibinasouhioveddiariidhprodBssasialisiiactiap bas the pitch
increases. The ipcr%?seérégluid velocity is preferably controlled such that the critical Reynolds number

of the fluid fIOWAS 1ot 8XEBEGEE. The cross-sectional area of the third helical flowpath is such that

excessive friction losses and back-pressure are avoided.
15 Should further separation and purification be required, the method may

comprise further steps, in which the rotational velocity of the fluid stream is increased
S0 as to generate 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
heligal flowpath increases along substantially its entire length. In order to generate
the required increase in flnid 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.



8 After the increase in the rotational velocity, the fluid is ejected from the third helical towpath in the
form of a rotating annulus wall of fluid, which contains a rotating core of fluid. Within the rotating core
of fluid, a sey2BIUSALX is established. In this stage, the remaining light@CHGEBITA98601 to migrate
towards and 5into the vortex, with the heavier fluid circulating in the annular region extending around
the established vortex. At this point, a helical flowpgth need not be provided and the aforementioned
flow regimes and the vortex can be established in an open conduit, such as a tube or pipe. In this way,

the vortex is establighed @t thieexiteh the ﬁﬁ&&&%h@@&%i&%@%a%@'é{%ﬁ%ﬂ%% thggvortex

induced in this Wag is relatively short, in comparison with the length of the surrounding conduit. In such

cases of a shehcgbflawpaib wdm fgrer oba Wintingnrgbes rsell eb duidavihistrronsinsesusceptible to
minor changggdfidbediewralsiel Wedihitheeaudingdye SiabIE eI RIPVIR A §1eans for stabilising

the vortex. In one preferred embodiment, the vortex is formed beneath 15a conduit for removing the

lighter fluid tRgaPashediglattusieaace Geremeiainetishienfbxidssaradda micsns foverdsanhg and
stabilising thgwomex isagweg @x@r}f‘eﬁns’rgwﬂﬁcﬁ%uﬁ%g{ﬁﬂi@mﬁﬁmﬂr&éﬁmged within the

conduit in the region of its opening into the vortex. In this Wa{ the vortex is stabilised both within the

entry region B! &anetinbhisherh Rl s poimeathebical@avmrihviersimet bemexvidashration region
will contain Ijtlg BieneiERRHERAEPABRRI: AR Wl APSitERRRbLOL S harxish fuidRamponents.

Should some lighter components remain, further separation steps may be carried out as follows. In a
preferred enf98dHieHcBrAha HRSHPIRR MBS Wy nikensutseinertabbishedhptidesitobiising the fluid
stream into adbestiffidcapitingaggion, in which the lighter fluid components are separated from the
heavier fluid components under the action of gravity. The velocity of the fluid stream in the fluid-fluid

settlingl region is si%nificantly lower than in the previous separation _reg{ions or zones. In particular, the
0 n many cases, the vortex induced in this way is relatively short, in comparison

with the length of the surrounding conduit. In such cases of a short vortex, the
stability of the vortex may be reduced, leaving the vortex susceptible to minor
changes in the flowrate of the fluid. Accordingly, it is preferred to provide a means
for stabilising the vortex. In one preferred embodiment, the vortex is formed beneath
15 aconduit for removing the lighter fluid that has migrated to and collected in the
vortex. A preferred means for capturing and stabilising the vortex is a guide cone and
guide conduit of suitable dimensions disposed within the conduit in the region of its
opening into the vortex. In this way, the vortex is stabilised both within the entry

region of the conduit and in the bulk fluid.

20 The fluid stream leaving the vortex separation region will contain 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 settling region, in which the
lighter fluid components are separated from the heavier fluid components under the
action of gravity. The velocity of the fluid stream in the fluid-fluid settling region is

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



9 velocity is such that the Reynolds number of the fluid stream is well below the critical Reynolds
number, most preferably in the laminar flow regime. Preferably, the fluid stream is caused to rotate
in the fluid-f\i 248fMedk8gion. This is most advantageously achieved by hREAGEBROIGNON imparted
to the fluid 5stream upon exiting the vortex separation region. While the major separation effect in this
region is the gravity separation, the rotational flow rggime will cause the lighter fluid components to
concentrate in the central or innermost zone of the region, allowing for an easier removal and

improved separsdigfs sadksgist ERFRAEPAIAING Of aRvramaiaing Jiohter fLiscameenrsits. the 10

method preferably comprises centralising the rotational flow of the fluid stream within the fluid-fluid
settling regioReyIkERRsFamgshOrtEsrehlinia thealanangs amcrei@eross-sectional area of the fluid
flow path in the fluid-fluid settling region is reduced in the direction of flow. In one preferred

aniangement, fluid righedpIeNafie! i amansentdsciakemanes fammhe e senisal region of
S

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

prevent remixitg ot adtryagsaesy ashiavedbihay b ihp gty minprstrdde e dhidle the lighter
fluid dropletssiRarougoio dkieiig mgrv%w&rﬁ‘qj%tMQgﬂﬁdme%@ﬁ%jeﬂé@}d&fd@i&ﬁ%ﬁffé& fis way the

separation of the lighter and heavier com{)onents is enhanced. In 20particular, the lighter components
are moved tdHR &GP IBRBAERRePaEttinT fegiotitivml fevaraies velhevey edightere lighter

componentsfivithctigpaaavist-esmpanantsithis danesnorameahyainenohgdawgoRortion under the
effects of gra%{gé/yj\/lonitoring, fluid sampling_and fluid_injection ports and lines may be provided 25that

terminate at O iEREAB SAHSH SR A7Y LpBINFRSPERERTble, lines may be

To assist with the separation of any remaining lighter fluid components, the
10 method preferably comprises centralising the rotational flow of the fluid stream within
the fluid-fluid settling region. This is preferably achieved in a manner in which the
cross-sectional area of the fluid flow path in the fluid-fluid settling region is reduced

in the direction of flow.

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 returning to the lower portion under the effects of

gravity.

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

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



provided to inject pressurised gas or a gas-fluidised liquid to cause upwardly moving bubbles to
ascend through the heavier fluid phase. This would assist with the predominantly gravity separation
effect. In paWiB7IMYé Bhases, such as oil and 10 other hydrocarbons maddhBReofHe0surface of
the gas bubbles and then be carried at a faster rate to the lighter fluid regions, as is commonly
employed in floatation separation processes. If desjred, the separation of the lighter fluid component
from the heavier fluid 5 components may be enhanced by the addition of additives active in inducing

droplet coaleseRpeg bR igbias it sRTPeRaRt Sl AddkeR e el RdNg a1t and are

commercially available. Scale inhibitors may be applied to prevent the formation of scale, in particular
in locations iHasteiraictasthedightne A redioie ek irrmmenlyigranioxrs Bleriditnthe inlet to the
system of thedes864 ireeBiieR, 10 Demulsitiers may be added upstream of the first stage of
separation, in order to enhance the separation of the fluid phases. Corrosion inhibitors may be
required in the system of present invention, in particular downstream of the helical separation

assemblies. Coalestelesirdy the sandatien bthedipliadlmdironpensntifiurdse feprimBridhe
aggregaion efdichBiasesy VxRS MaydIRIOMTetmIs LR APRIGRSRL ﬁ?oc?&‘% of the fluid

phases, in order to prevent the crystallisation of high molecular weight wax compounds in the regions

of high oil cofREFIFSAEHOTHGY flrid pemnARsrhe SN additivRiR STeeibkrewndeiéenydrate

inhibitors angHiawdes cdhentenalpingafldilen SoaPIREB R MW IhePBeiIahAHRPR prikelYRE the heavier 20
component ?éé:omponents. These are preferably passed to a fluid remaval region, in which a fluid

stream consiSHAT R GG IR RidP RGOS pREHbR Fdioveni trrat MirsSBe 41ARs preferably
caused to rofatgériig Buidieheunazenge inesaidiiidssramikeessamavasiem the central region

of the fluid removal zone. In this way, any heavy components, such as sediment or the like, may be
collectélé uni%‘?“ﬂ‘fi“ﬁ%é%ﬁlﬁi’ i ﬂpﬁﬁﬁe?é%%ﬂfé‘a HSt S e QF SRR B IR Bh & batch wise
basis as suffigiemiGatinepieabacis iMedlauitpiiece CEpiasR A ieHan Atvariggreafithe method of
the present invention is %hat itmay be, . ) ) )

the system ot present mvention, in particular downstream of the helical separation

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



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 11 extended periods of
time with sighifigedvefafitXions in the fluid throughput. This is of particular adakiERROIH WS Hpplication
of the method to separation in remote locations, especially subsea wellhead operations. Accordingly,
the present invention also provides a method for separating a 5multiphase fluid stream comprising a
heavier fluid component and a lighter fluid component, the volume flowrate of the multiphase fluid

stream being: ihipe! ﬁ%rY@c(&aéWﬁﬁﬁl@%ﬂﬁ%dﬁﬂ&?%ﬁﬁ%ﬂ%@ﬁ&%ﬂ&@@UMEX&BFGPaVa“OH

assemblies for carrying out the method steps of:  allowing a stream of controlled flowrate to enter a

dedicated seffitistibH adeanags in testaplisption aishimetwidesrrypmtioniisaepsaiem for the stream:

causing the siabilised sglatianyfididse Refarcadhalensadirst helical flowpath, the first helical flowpath
having a first pitch; causing the uniform rotating fluid to flow along a second helical flowpath, the

second helical flowpath having a second pitch, wherein the second pitch is greater than the 15first
pitch: and removingBSerdirals thedresertdirsenting merpreyrss smsted donsepartagfowpath; wherein

the assembligs imapenbiaieascompmasaie diferenhiiiddonsates .and ﬁgﬁeﬁ Agigne or more

separation assemblies for carrying out the method steps according to the volume flowrate of the

multiphase fRAEBHEATH BOTHERHSTE e hamdtRinsmibud stessa haivn Bbihly may have any
of the preferraghi g PecHGiiRaHE sBBISINRRIPIR e SHURRENg a plurality of separation

assemblies for carrying out the method steps of:
allowing a stream of controlled flowrate to enter a dedicated separation assembly;
10 establishing a stabilised rotating fluid flow pattern for the stream;
causing the stabilised rotating fluid to be forced along a first helical flowpath, the first
helical flowpath having a first pitch; |
causing the uniform rotating fluid to flow along a second helical flowpath, the second
helical flowpath having a second pitch, wherein the second pitch is greater than the
15 first pitch; and
* removing the lighter fluid from a radially inner region of the second helical flowpath;
wherein the assemblies are operable to accommodate different 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



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 3¥92¢I¥¢G82connected at its 250utlet to the finishing assemblyR ¢H/&®3RGH00MHe
aforementioned method aspects of the present invention, there is also provided corresponding
apparatus aspects. Thus, in a first aspect, the pres$ t invention provides an apparatus for separating
a multiphase fluid stream comprising a 12 heavier fluid component and a lighter fluid component, the

apparatus ¢ iS) | I To i ier fluid component
and a secon%{@ﬁ%%?%?dg ﬁg%ﬁ%ﬁ?@ﬂ%@ Eﬁﬁ*ﬂﬁ%&ﬂﬁ%ﬁ%ﬁ%ﬁ%%ﬁﬁﬁ ééc% that the

critical ReynBfdistiffapaast hasingiy Suiddmetionting aisley forheavigsivdsathnensighanda.
Preferably, the.sagendQuiiehigpihe ﬂqtﬁ%%&#gﬁafp&gmm ﬂlgﬁgéﬁ%@fﬂg%&w@dbﬁﬁ the helical
| .

path, in particular opening into an axially ce hter fluid conduit. The helical flowpath may be
arranged to figiearitcalRarsaldrintm reghthadlun stiespeflneiamplengshedwditebd. In particular, this
may be schiggrehbiy, adiistingdhe internal dimensions of the helical flowpath according to the
properties of the fluid stream to be processed. In a further aspect, the present invention provides an
apparatus for separatinga  multiphase fluid stream comprising a heavier fluid component and a

lighter fluid 15 compésfErmbihehspsaradisutlsintorshedishies fid coripeters is sispapedf fluid of
predetermineg;figy watead EstroRd s fonSs RRishingA @Hﬂﬂé%éoiﬁ%%%fltyigeﬁ&\ﬁi RgHg4n for the

fluid stream having a first helical flowpath, the first helical flowpath having a first pitch; a second
conduit havir%"é’é&%’d“ﬁelical flowpath, the second helical flowpath having a 20 second pitch, wherein
the second pitch is greater than the first pitch; and

The helical flowpath may be arranged to provide the elevated critical Reynolds
10 number hereinbefore described. In particular, this may be achieved by adjusting the
internal dimensions of the helical flowpath according to the properties of the fluid

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 avoid the

25 different fluid phases from becoming further mixed, in particular emulsified, the first
conduit is preferably formed such that the fluid stream is stabilised into a flow regime

that is below the critical Reynolds number (that is the Reynolds number above which

the flow regime is turbulent). The critical Reynolds number will depend upon such



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 fINPide7Makeck] flowpath. In order to avoid the 25 different fluid JHEEEB2AMEEdMing
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 critica}I3ReynoIds number (that is the Reynolds number
above which the flow regime is turbulent). The critical Reynolds number will depend upon such 13

factors as theuisrositv,aRskdsns il dBGHYIGrstieam R ¥Rl aai ofolis it stRam aaghihe

dimensions of the conduit thrm{;gh which the stream is passing. Accordinigly, the specific shape,

dimensions &fd tehgifmensiasiedtlee sonfuitithrugewhisinie byosie ropwsings Hraeediaslystream be
processed. Rrgfgrakiye gﬁ%ﬁg? '('llﬂ%@i&{saaﬁgfe?éﬂﬂqf thetdhe dhigus siabdiseddnadiapsyient flow

regime, thus keeping the frcgﬁets of the dispersed fluid IBhase active A particularly preferred
arrangementi€ RpRseifs s dendisticsmesecsasdiar tatseahlithy sanftimphesiem order to

provide the heligahiowpatin Toedenasbuahthe:frsikhelical Houmatinithinhe frstsapritahould be

10sufficient to allow the fluid flow to stabilise in the required flow regime, most preferably a transient

flow regime. thidifRgriel didideohans afiévn AatrishenteiamerAB Mmerveniifdurthseaeid being
processed incthrumaheshyldetesming s ragtly of heefist H&ﬁfé%%‘?&é‘??&hr@ﬁl@%ﬁé helical tlowpath
ig

is of sufficient length to allow the time for the centrifugal separation of the ter fluid phase from the
heavier fluid 38158 lﬂﬁl‘i‘é’éél?-lf 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 g jengheflile ARRAEAMS BoRrsitRhRreW IRt Wiluaiiagadgeaduit, into which the

OOmuItiIohase fluid stream to be separated is forced, prior to entering the first conduit.
0  sufficient to allow the fluid flow to stabilise 1n the required flow regime, most

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 bulk 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.

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

first conduit.

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

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



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 arrangeM@r087/fRe68dngential opening causing the fluid to rotate as it pR§5EeBAHHMHeeed
conduit and be subjected to high centrifugal 25forces providing an initial region of separation of the
phases before the fluid enters the first conduit. 14 hglical flowpath extending therein. In a preferred
arrangement, the second conduit comprises a tube having a helix extending longitudinally therein to

provide a seqand heliahiPUREHEBialRiBIY ihe pkstelibe sscandnelealdaualhisereases n the

direction of flow along the second flowpath. The increase in the pitch may be in a 5stepwise or a

continuous rfAmBEReHRAYReEhead akaliyexientingopsindinaty BeendhrIRdpreARsalis increased
along substapiRlly {3 sairerrgdLef 1R srend dslicabiewnath WBWﬁaEHQI{@%EHiﬂ_ fig pitch may

increase up to 5% for each turn of thé second helical f/owpath around the longitudinal axis of the

flowpath, préfgeahinn g o vontileesesrnd Blovarssh The fociasninuthe pisbBaphediane lighter fluid
phase fepm the g avisT /Ui Bhase A meaNs Iohameyna R ighicr Lt ahase issaayided within

the second conduit. Preferably, the means for removing the lighter fluid comprises a collection conduit

extending cdikieahianmeiine Berssad-daay rubsmdy dheemiing Imnethotibasrrond hedemd the
collection copguitadoditrifagd canrmist. TRlARN SeaPRR caRMEISaY LRRRNSABSTaRe components

of the apparatus. However, in a most convenient arrangement, the feed conduit, first and second
conduits areséﬁﬂﬁéé}?ﬂlﬁélrm%’a&‘%ﬁ%th%@?&lW‘H%WIE@%%WH@@H RIS 8RR portion of

the tube to pyoyide thefistnelicabiewrats: aashaugacond helix being provided in a downstream portion
of the tube to provide the 20 second helical flowpath. In such an arrangement, the means for removing

the lighter fluid may comprise a collection conduit extendin%%%oaxially within the single tube, the

collectidh conduit hAQsfP¥EiRRUshta 1Bt rbAse ey RerHisr fhudihfsetcmedsiond portion

for the collegtigRAhiluith lpramukrpHRsRIEES IO IRIMSINNseEdNe enpriatus wiaRIkst and second
25conduits, gptionally with a feed conduit, will result in an acceztable centrifugal separation of the

lighter and HBSWAHS TP IcRRRE R G iahies Bt ampiprises b e gpparatus may
comprise ongoakimBrevRhiReHOHQWIND CRMROMENERlix extending within the annulus around the

collection conduit.

15 The feed conduit, first and second conduits may comprise separate
components of the apparatus. However, in a most convenient arrangement, the feed
conduit, first and second conduits are adjacent portions of a single tube, a first helix
being provided in an upstream portion of the tube to provide the first helical flowpath
and a second helix being provided in a downstream portion of the tube to provide the

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

second portion for the collection of fluid.

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

be required, the apparatus may comprise one or more of the following components.



15 Should further separation be required or desired, a preferred technique is the use of a vortex
separation action, which subjects the remaining flow to very high centrifugal forces. Accordingiy, in
such a caseV@eppekus may further comprise a conduit for retaining a VBHBSGREOEBMOdNduit
being arranged to receive fluid leaving 5the second helical flowpath. In order to provide the optimum
vortex for fluid-fluid separation, the rotational velocity of the fluid stream must be suitably high.
Accordingly, if required, the apparatus may further comprise a means for increasing the rotational

velocity of the fluid §i§cﬁﬁﬁ%ﬁ%§“§%§@r£ﬁ%rp@%ﬁf&?oﬁ%@ﬁgfﬁl%k@@%%ﬂﬂé%@et to the

conduit for retaining a vortex. Suitable means for 10increasing the rotational velocity of the fluid is a
third helical fiswphehv ariesr sepawsiivovieliothevhidestuegivdisdieppiviaadiovitie veassishctional area of

the third helicahipath ARareRses:aingg tielpagih.Abthn tawaaltl i dpteros e

cross-sectional area’ may occur in a continuous or a step-wise manner. Preferably, the decrease in the
cross-sectiorardrdaiercialriningigreuisstdhtiatid wandiitikeien girrpe e dos e HElddravWpath. The

hird hlial Ngal SRS IRFHEANETIY JREPRHIID BUUNSIERTOREKIER A hmsame condui

containing the first and secon cal flov'paths. The vortex may be allowed to form within a

substantially Enfstibriberokticond s aedmpltavilHdrasmmpprmbRoTaiebboBight containing the first,
second and, ¥ 20RigsaN!:the;thich halcaldenpams, I-apmeRIAsEss FRgiRYs: i’ele}@a/sb% necessary to
S

provide a means for staE)lIising the vorteX. In one preferred arrangement, the apparatus further

comprises a ¥sHatRtpsRLBaRSHTPIHEqPRid ditnesed hrswremthrotipof dhtsecprdhgisd for stabilising

the vortex is ﬁ&@»_gég@paﬁa fhéaRRiad RRYEGRIIN LIRS reaiRmE e RReNIG A thasaidspnduit. 25The
apparatus described hereinbefore ma#) conveniently be housed within a sinale conduit or tube, as

already! fhenifsiersing thsspEdionansior, b&p it évrdhivdelralfle aly §1d858P separation
process. AcCoising YhdhR ARPASATSOBIBY HFHAgE, GRERESERNRNE Ltk traabingdhRikyd stream, the
vessel havm%a volume .
owpath decreases along the length of the flowpath. The decrease in the cross-
sectional area may occur in a continuous or a step-wise manner. Preferably, the
decrease in the cross-sectional area occurs along substantially the entire length of the
15 third helical flowpath. The third helical flowpath is most conveniently formed within
a downstream portion of the same conduit containing the first and second helical

flowpaths.

The vortex may be allowed to form within a substantially empty conduit, such
as an empty downstream portion of the conduit containing the first, second and, if
20  present, the third helical flowpaths. In some process regimes, it may be necessary to
provide a means for stabilising the vortex. In one preferred arrangement, the
apparatus further comprises a conduit for collecting the lighter fluid component from
the vortex, the means for stabilising the vortex is provided by a tapered portion in the

region of the opening of the said conduit.

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

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



sufficient to reduce the Reynolds number of the fluid stream flow such that fluid 30entering the vessel
may be subjected to gravity separation. In such an arrangement, 16 the single tube or conduit as
hereinbefordv@eXirifidebRay conveniently extend within the vessel. In one REEHBATMEGEMent, the
apparatus may be modular in design, as described hereinafter, in which a plurality of such conduits
may extend within a single vessel. 5To aid the gra\{igy separation process within the vessel, the
apparatus may regiment the flow by comprising means for inducing a rotational flow in the fluid stream

entering the gsssh iyl o eI sienL a5aNhy SERAHINRANCLRENRAUYRRilpwigaRtamination of

the separated phases This means is most preferably a tangential outlet in the conduit through which
the fluid stre8i$ VesivkoHuerRIBEEE TR 2ovBESERICItothGrRER AN MY ds Rt e dgsig Ahay further

comprise meRgsiNORIALSEY o/ HLaUoHRIIRY & datdl cthinhgayesaehd WigRMBIELAN Inverted

cone located coaxially within the vessel. The inverted cone may be provided with a fluid guide
extending héfﬁ’éﬁlalong 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 Cﬂ%iél{}{é"%?a{fﬂt%%ﬁ{ﬁﬁﬁ%h P?S&Q@d&'ﬂﬁih%@%@&@ﬁﬁ@%ﬁ%ﬂa thagugh which lighter
fluid components maé]éeave the fluid stream. In a preferred arrangement, the conduit has an outlet for

the lighter flGf@EerRbGSSIRY DisempEsiag deransd Gundrsiame wEbivsabilpe i tha Brighe fluid stream

inlet. 20The fidrespaimiane Resvessalvalicansisessritistvnal Repyigidliigeprapenents. The
apparatus may further comprise a heavier fluid collection zone, a heavy fluid collection conduit being

disposed ceftPafly itHRAREAIATBhIES AePAHedaasie n AN g PRI SRIB LRSS therein to
collect the hegyiekiflvigaRhanitdhe it ferf SireABICORAURE sARY AN thERINRRAGAES tHis will remain
25in the apparatus, passing in the downstream_direction. In such cases, the apparatus
10 " "vessel. To further aid the separation, the vessel may further comprise means tor
centralising the rotational flow of fluid within the vessel, for example an inverted
cone located coaxially within the vessel. The inverted cone may be provided with a

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.



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. 17 As mentioned above, the
apparatus iYsareumd¢13uited to being constructed on a modular basis. In PaRCBRN1AEsembly
comprising the first and second conduits, and if present the conduit for housing a fluid vortex and any
means provided to increase the rotational velocity ?ithe fluid stream, may be housed within a single
5conduit, representing a single separation assembly module. Accordingly, in a further aspect, the

present invention pg)glﬂgﬁtggeqpﬁ%%u&éo%jgpﬁﬁ@%%& | Wmeﬁqy&gﬁggﬁm&gaing a heavier

fluid component an ter fluid componeént, the volume flowrate of the m ase fluid stream

being subjecenc: vagibitlanbesisr tImWmeMmmisrmabgliﬁys@asépmanén assemblies as
here'“beforec?;%ﬁ%ré%‘if@{}@s@%@é%&@u?t%‘%’ﬂ&?ﬁ%tﬁ g rptdiuid dovy atesn ik Rppay atus further

comprising means for selectively operating one or more separation assemblies according to the

volume flowr@éneretise theamﬁmlﬂmgiﬁeaﬁihm@id@mp@wmﬁyalyﬂﬁ@wém@@@iwmgié module, a
selection of mogdiiles onalllaReRAAEAASISMRISSBGINY Modsk. NS WAy NHiv ¢y separation

assemblies may be brought on- and off-line as the volumetric flowrate of the stream varies. This is
particularly eFfpetiyéhiBEssHeineigudrsEisteratibpPRsEERIIIE sepes dina @ oW ERbAsHBMgte different

fluid flowrateg, Brpfesapisiile ARRMBIUREPIRRIRAR A MRANSIRERHING MPLGR: i to each

separation assembly, in order to allow each 20 separation assembly to be purged and cleaned before
being brougftobHaawiEL the mpdighasalaihureamibeng i reldaiveaiate Pudiiaassembly may
further_compﬂ&%_ea%m%%ﬁgf@% BruharsapsipweHercibadnrach HelafseRaEation assemblies
extending within the separation vessel.
10" described 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.

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

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

If a gravity separation stage is required, the modular assembly may further
comprise a separation vessel as hereinbefore described, each of the separation

assemblies extending within the separation vessel.

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

order to serve a group of wells.



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 mayf& ¥Rikeaset? around a wellhead location or in an oilfield, for exBfkifeBaP&/G09pdde or a
subsea location, in order to serve a group of wells. 18 The helical separation system of the
present invention presents a particular problem whep it comes to start-up and shut-down, if the
conduits for the lighter fluid produced in the process are not to be contaminated with heaver fluid

components. This prgpiedids Sep4ReiBY %%ta%fweqﬂesémh%mmgaeﬂé %%g@;fwthef aspects

50f the present invention. Accordingly, the present invention provides a method for starting up a

helical separ2itbieay ¥ieen forapeyAuistihuspd sinyde vultihasemiibsstes thn behpring a heavier
fud compongaech s i SRITBPRARL SR RENARA ORISR fesdingia e kelical separatior

system a first fluid stream consisting essentially of 10the heaver fluid component; when the fluid
velocity withihbiseTbhen isspkredibn Brstasi-Haand shHedana methedmicopnatfivgesiaemsetor the
multiphase fmqh%tfg@gghtrgﬁ@gﬁg.wer a period of time the first fluid.stream with the multiphase fluid
stream to be separated. A method for shutting down a helical separation system from normal operation
15in which a multiphase fluid stream comprising a heavier fluid component and a lighter fluid

component is being $PIHREE hiifcRIcsepaiR R &y o des Amathasdthe smpiaprmerbelieshg a first fluid
stream consighinengsaepiiRily Rk \iheauier figseRoReN: NIRIRRA %P&%%@ﬂﬂ%ﬁ%%m feed to
S

over time to replace the multiphase fluid stream; when the fluid feed consists of the first fluid stream,

reducing the}’l‘i’ﬁl‘d%gﬂi‘ééﬂ%%@w%?d?ghterﬂﬁ@ﬁé’ﬁ%ﬁ%@ﬁa‘%@i&?@%éﬁﬂgrﬁi@%rably left full of
the first fluid Rfighie M%&ﬁ@mfi%ﬁwﬁ){a@%@&% FRdHAGH g0 ch iy Y¥sdhigippementioned
w

start-up method may be employed without delaﬁﬁt_nd in the most oFtimum manner to achieve normal

operatity cofitishEt RO mRRRTMEILoh LTS GptHathyntks helisal separation

system has reached the minimum operating velocity for the multiphase fluid stream,
replacing over a period of time the first fluid stream with the multiphase fluid stream

to be separated.

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

20  flowrate to zero.

The helical separation system is preferably left full of the first fluid after the
fluid feed flowrate has been reduced to zero. In this way, the aforementioned start—ﬁp
method may be employed without delay and in the most optimum manner to achieve
normal operating conditions with the minimum of contamination of the lighter fluid

25 - streams.

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

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



25 - streams. The start-up and shut-down procedures of the present invention are of particular
advantage when the helical separation system is arranged in the modular 19 format discussed
hereinbeforvenYGP¥eiad using a varying selection of helical separation mifdlleB2Y He¢ W Imodate
different fluid flowrates and compositions. Embodiments of the present invention will now be
described, by way of 5 example only, having referepce to the accompanying drawings, in which:
Figure 1 is a cross-sectional view of a complete sep?aration apparatus according to an embodiment of

the present iayepiays R R IR SIRFSRECIANREIEM LG VDREHAPBIARIRLNe separation

apparatus of Figure 1; 10Figure 3 is a plan view of the separafion apparatus of Figure 1; Figure 4
is a stylised sepastisachodalsséacoeentblidalestibisrarbAwa Skwstjea codrepmprsitiRipresent 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 15in 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-V11;
20Figure 8 is a lon§mkidinentsef she foerentiavecotitieibraow be drswdsshiviyeymbure 1 along the

line VIllsV1lTy . it 9 e 05RsRG e 90 Al IRNAIghS HRPGRRSKESN P WhEseparation apparatus of

Figure 1 along a different axis to that of Figure 2;

Figure 1 is a cross-sectional view of a complete separation apparatus

according to an embodiment of the present invention;

Figure 2 is a cross-sectional view of the upper portion of the sepatation

apparatus of Figure 1;
10 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 VIII-VIII;

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

apparatus of Figure 1 along a different axis to that of Figure 2;



20 Figure 10 is a schematic representation of a system of the present invention, indicating how
monitoring tubes are employed to monitor the performance of various regions of the system;

Figure 11 isW(heHaiMeriée histogram showing the operating flow ranges aRfSEpRIATAYHssure
ranges for assemblies of differing dimensions; and Figure 12 is a graph indicating the selection of
different assembly combinations to accommodate different feed stream flowrates. Referring to Figure
1, there is shown a separation assembly, generallyzﬂwdicated as 2. The assembly is shown arranged
substantially verticgﬂl%artet?& i%eal%%d 10with the I?\/¥er pqrtion fthe% ssembly, exten iqp beneath the

T U SCAEmaric representation o system o € present invent
seabed. This is one convenien arrangemerﬁ Forliloca(flng he3ssem y, i par icular aajécentasubsea

wellhead assednsitinghibwsnaanifekigtingos ettheaglagsé tobliesitartlizepertoridedonith thessparation
assembly ofxtehewr%{)gggﬁt inv&g&on, without significant modification of the wellhead installation. 15The
m

separation as<e s 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 rangeKigsizdd, inelpelifigrtaeaedrtingr sz ebofiag thelpsr3igGhes;adgenahds and 20

inches (g.OE; 55%1?55‘%19%[&%%%%%@ 3?’%%5%&(:%] er-rmﬁe?%tf‘% é %}/n&)&%ggitr ged from a section of the

conductor n eter being selected to actcommodate the volumetric flowrate of the
fluid stream to be processed. The embodiments shown in the accompanying figures and described
hereinafter are condégned] Withalgiebbepdiciiong theselentiensdalittcativrysktondyer, the method and

apparatus, V\@}’%%ﬂ%l%}ﬁ%’ q&%%i&)ﬂgd@@(e&{}%&&ﬁ‘gﬁgego@r%%gace-bound conductors or to

platform conductors. e separation assem comprises a plurality of discrete components. An

Referring to Figure 1, there is shown a sep4aration 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 modifications, may

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

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

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



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 compYie@80a/Mortdity of helical 21 separation assemblies 8 extendimRONiEHRAMNOMSASINg 4, in
which the first stage of separation of lighter fluid components from heavier fluid components is carried
out. The remaining portion of the housing 4 is arraﬁged to provide further stages of separation,
comprising a fluid stabilisation region 10, a second fluid-fluid separation 5stage 12, and a final
fluid-solid se I Vepy. 4 0 S Wi Iscussed in more
detait belov D R e e
minimum lowefgaretios édiighsctdldid/tpinpire s dxinghtarien 8pre somponienfittcertiedrahare shown as
lying along th¢ Q helicaks ation 2$ gm&l' 3 m@ﬁ&h& gé lig above the lower or
downstream er?j%%%%% IX aésem%%ré@ E%gef(-:'s?nng'% Fi%g(;Q rec%{,ﬁt%e Inlet aﬁ c%ut et assembly 6 is
mounted ons¢retatiper enpising hdusintehibisatraaregiohd Gonpristod foidfibeichaspattiandesign. The
intet and outlgl assemal, SHAIRIES MY HINAKGRLIDIGhbodY, 22ah capiassembly 24 IS
mounted ont%%é%upﬁer er?g?lo the 1|nlet g%dfzzaq{and'compr&}sesg)a%% er iSc%p 26 and an upper cap 28,
which togettionthsfats gibbdisresed iatioaredetaddelawvhich gas is removed from liquid present in
the zone 30. A vent for the gas is provided by means of a bore 32 extending obliquely through the

upper cap 28, whicf i i cARMEAIEH A0 ARRURPANEMMCONLIL A AT ANga L gesventiona

arrangement. A lateral bore 3 ormed In the lower cap 26 and connects to a fluid 20conduit 37. An

axially centraheraBaEmRlnTs W@fm@m@@%}%@& e iﬁ@f@f%‘gﬁ)ﬁlof the housing 4
with a fluid mandrel 3R.exieadios trRpeh s gass 1'(%9%{9 SERRALRN 7R MAIChIR IR EONNects with

r
a laterally extending bore 40 through the upper cap 28. Liquid may be removed through this
arrangen$; fodetarhihayield Lie rdpaice don tue 2t denars s sormeced theohglbt rassablies (not shown) by

25means of a conventional flange assembly. A coaxial bore 44 extends through the

Referring to Figure 2, the inlet and outlet assembly 6 is mounted on the upper
end of the housing 4 by means of a connector 20 of conventional design. The inlet
" and outlet assembly 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  conduit 37. An axially central bore 36 extends through the inlet body 22, connecting
the inner region of the housing 4 with a fluid mandrel 38 extending through the gas-
liquid separation zone, which in turn connects with a laterally extending bore 40
through the upper cap 28. Liquid may be removed through this arrangement, to be
drawn into a liquid conduit 42, which is connected to a suitable line (not shown) by
25  means of a conventional flange assembly. A coaxial bore 44 extends through the
ul'aper cap 28 and provides an opening for the removal of solid material, such as silt,
from the assembly, for chemical injection, or for monitoring purposes. A valve 46 is

shown connected to the coaxial bore 44 in Figure 2.



upper cap 28 and provides an opening for the removal of solid material, such as silt, from the
assembly, for chemical injection, or for monitoring purposes. A valve 46 is shown connected to the
coaxial boréVAIMWFgasd22. 22 Turning again to the inlet body 22, a pluP&FAE82HGRE0eBNduits are
provided in.the form of longitudinal bores 48 spaced around the central bore 36. The liquid conduits
provide a direct connection between the gas-liquidchparation zone 30 and the upper region of the
interior of the housing 4, through which fluids may pass, as 5required. The inlet body 22 is provided

with a further set offQRgifydipahhergs ﬂé%&?‘i@,@#ﬂﬂe@ﬁ? sadialv e%wa{@%&gﬁnﬁvfa%atral bore and

the longitudinal bores 48. As will become a%)arent, the bores 50 provide the feed conduit for each

helical separdis fageafidgpaitedingl Somse 48 sgncrssurwetdacsriirabbrieted Bhatidiger 100pening to
a respective halinalsaRriadauassembiealls b AR TR P Viderhereinaltes. sie arrangement

of the longitudinal bores 50 are their associated helical separation assemblies 8 is shown in plan view
in Figure 3. AReHRRii seipmyafdbs iateaierophiie iborgtnahdhrpaiel wbith fleideewnmsa #ngentially
arranged inlgbgardiom which extends a radial bore 54: An inlet conduit 56 is connected to the end of
15each 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 fluiPRBFEbRAY RS Banvidedsilricimihes srtaf dermitusanah boiRi>Rhich a multiphase
fluid stream tp LR PrecaRPeAIRAIAE RewhRE Bomotdidifreme the thiddnstlradeoad geach inlet

conduit 56 is 20 controlled by way of a valve 62. As shown in Figure 3, each fluid inlet conduit 56 is

provided with "8t PeGamfcabp T dhsrRetesy CResidrite feeck s it Frs3r b aelcbw occurring. This

provides for idgdepandeniaapiid. of eacbitdidi inisteansbors 30dstbentiewtf iuld tewrach helical
separation assembly 8. In this wa@he assembly is operable to accommaodate the greatest variations

in the flSWrafPERE%BHATEERTSH GrBIPRE TRRrfEen Streminy Pvif s aipratiaes et edmative
arrangementgeaigdreesibiehdnmdtisbnsesingley dyg i dsarbereonirald iesflawset fitid Hltvgp or more

helical separation assemblies 8, alpeit with a reduction in the freedom of operation. Such an

arrangement AP BRIATISTOVEES folsSRaWPIR RFRIISHIRS 18HE & -ofty TARBI L 5FRES s in the flowrate
and/or compesiieT pkthedindies d st anigfeanticdpaiechIQauitaihemargsaddite o the installation.

from which extends a radial bore 54. An inlet conduit 56 is connected to the end of
15  eachradial 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 56 is
20  controlled by way of a valve 62. As shown in Figure 3, each fluid inlet conduit 56 is
provided with its own valve 62 and a one-way check valve 63 to prevent any back
flow occurring. This provides for independent control of each fluid inlet conduit 56
and the flow of fluid to each helical separation assembly 8. In this way, the assembly
is operable to accommodate the greatest variations in the flowrate and composition of
25  the fluid feed stream. It will be appreciated that alternative arrangements are possible,
in which a single valve is used to control the flow of fluid to two or more helical
separation assemblies 8, albeit with a reduction in the freedom of operation. Such an
arrangement may be employed, for example, in situations where énly limited
variations in the flowrate and/or composition of the fluid feed stream are anticipated

30  during the working life of the installation.



23 Radial ports 55 extend through the inlet body 22 and connect with respective lines 53, which extend
to an appropriate position within the housing 4. These are employed for fluid injection, fluid sampling or
process moMid Y /B3seddtions. A fluid purge system is also shown in Figur@GTaaB2879fels a similar
5arrangement to the fluid inlet system described above, including a circular purge fluid header 64
having a purge inlet conduit 66 extending to each %id inlet conduit 56. The operation of the fluid purge
system is to provide a flow of purge fluid, typically Water, to each helical separation assembly, as it

comes on- and oft {igfh ¥l SR HHIBNA o SREN NS TalR] EARMA Hin'REpeaiip Provide

independent control of ] purging of each helical separation assembly 8. Again, two or more
helical sepatinisrd aswbinblxécahiopmanrrentntp negiHgreviirin s by essiadie asve a% purge fluid feed

conduit 7Q sypplies Prroe fuidto.he, PHtEEHigiARAAS SRR ERIE BRciaRaure 3, itis

convenient to note the arrangement of the helical séparation assemblies 8. As shown, the assembly
comprises a total of 10 15 helical separation assemblies 8 of a range of sizes, able to accommodate a
range of different fldidlaishurates systene iasknghavaninshignre, 3ad seBRBRPTaMPAEs one each of a

helical separglign 45sRME S MAWnd AR QeminAdiametabald iR NERERAPE Seifties (10 cm,

12.5 cm, and 15.25 cm). In addition, the ‘assembly comprises? helical separation assemblies 8 having

a nominal dibeades bofmviSe S it qandyio ¢ exiding oA EdriRlst sslvibefated over a wide
range of feeqfluig liawsates a{Eomih s estERMAe HRRL D IS N QIR B Iiixal epbieanaration

assembly is on-line, up to a maximum flowrate when all helical separation assemblies are operating.

Combinatiori&asetire erafchried stpasrianasiapily aviEPBEn a8 aldbmmddsys18hidites between
these two extIames.d MR RIARISMIS RaWB AN G R VidR aRRJenabiclRdhadped and purge

headers and their respective valves are integral with the inlet and outlet assembly 6. It will be
apprecifted trrpuRiagsthearichatien] sEPEHIon 255@ I BloPEalnt WA RKBES1UEY and headers are

combined ins@ﬁﬁ%ﬁ%i@%ﬁ'@s Wty earnacteddthe dbiffolled by a single valve. A purge
fluid feed conduit 70 supplies purge fluid to the purge fluid header 64.

While referring to Figure 3, it is convenient to note the arrangement of the

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

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

20  arrangement shown can thus be operated over a wide range of feed fluid flowrates, C
from the lowest flowrate when the single 4 inch helical separation assembly is on-line,
up to a maximum flowrate when all helical separation assemblies are operating.
Combinations of the helical separation assemblies 8 may be made to accommodate

flowrates between these two 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



24 and outlet assembly 6 by suitable lines. In this way, the valves and their control pipework may be
more readily accessible for retrieval and replacement. It is a significant advantage of the assembly
that the nunYb@2e8#dP2es&20f the helical separation assemblies arranged witiOEKeBRULIEIMSPhay be
varied to 5accommodate a particular duty, allowing the design and construction of the overall
assembly to be on a largely modular basis. This infpirn allows the design, construction, maintenance
and repair to be both straightforward and economical. The construction and operation of the helical

separation agsegplesalipebpe s, RicvaletpsaR it whigdis astised
representation of a 10 typica assemblg It will be appreciated that the assembly shown in Figure 4 is

significantly BifSFieHema by ibyaseessible aerienal sodrarlasiansib diameter of the helix
assembly typically being much greater than that represented in Figure 4. Referring to Figure 4, a

helical separation gssembly & CHMRIRRRRHENERH AR R santhék 4Q0sisBewmin Figure 4 to

extend vertically downwards from the inlet body 22. A light fluid conduit 102 in the form of a generally
cylindrical tutsdlesliesnasagion,assrblinsrirnssd vahia ths heuring iy Ssarueditouppermost end into

the gasdiquigl.s6RABHAR é%@ﬁi@@l&? dtiﬁj,camﬁﬁlgm@lue% ¥ @BORIBNEAVIN fSHEBYedIaround the light
fluid conduit 102 between the light fluid conduit 102 and the ZOCﬁgndrical conduit 100. The uppermost

region 104 oeasealraiRe eardAedripaAuabinss romhind e sHessjBofeRIER: One of the radial bores
54 in the inlebhaglycAdiSHmiRRIRMIR AARGANTIR) KPSt HIvHRPATINANaaien 104 of the

cylindrical conduit 100. The region of the annular cavity adjacent and below the uppermost region 104

The construction and operation of the helical separation assemblies 8 will now
be described, having reference to Figure 4, which is a stylised representation of a
10  typical assembly. It will be appreciated that the assembly shown in Figure 4 is
significantly shortened, for ease of reference, the ratio of the overall length to
! diameter of the helix assembly typically being much greater than that represented in

Figure 4.

Referring 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 tube
extends coaxially within the cylindrical conduit and is open at its uppermost end into
the gas-liquid separation zone 30 in the cap assembly 24. An annular cavity is formed
around the light fluid conduit 102 between the light fluid conduit 102 and the

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

conduit 100.

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

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

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



25is a fluid flow stabilisation region, indicated as 106 in Figure 4. In this region, a helix 108 is disposed
within the annular cavity and extends around the light fluid conduit 102, to form a helical flowpath for
fluid movingWetRA7{A e Aindrical conduit. The function of this region is to aR&W/ (eGP ALId to
stabilise into the required flow 25 regime, by forcing the fluid to flow in a compact helical path. The
helix in the flow stabilisation region 106 is formed tQ provide a stable fluid flow pattern and to allow the
phases to centrifugally divide and part, being subje% ed to multiple gravity and rotational forces before

the outlet. In the arrangement shawn.in FHgure 4, th - ' ical flow path is
preferably constant ﬁ?’é"’tﬁé J(g,%rﬁ(i%rygnl%rg% 9‘3?%% %%%égﬁﬁelﬁg i;%?ﬁ?eﬁ(ﬁ‘é%%% Eﬂgé)%?egf)within a
cylindrical costehiiisbfiontteigice teifnis Gumieal therpitste efstablt 8id1devipptistaraibdiecetsiant along the
length of the region 106. In other arrangements, thepi j &Qﬁ ied along its
length, in orcfé?%ég%sr%sv%g ﬂ(%élre%%?yeg%g\?v%é&ts%%’ g[t% i}t%g out égtgéérﬁgim 1%%3%%@% droplets of
the light fluidrptatisedhftivech ditaiitie dlulet sthbilis atitn gavtinishosndndpeusehidbeiaregfares 5a to 5c.

The end.of the flow stabilisatjon reqi ' ' ' ' i aration
region, gs(e)nngﬁg}%a iCa %§ ﬁa%l ?Lrli??%éirtﬁ%s& Sg%%%%?%%ﬁﬁ%%ﬁﬁﬁﬁgggglﬂv@ﬁ%ﬁ?‘%ﬁeﬂg%%lsg cavity and
extends arouthe biabxig08 flvid heriulix 108 isolbpased vithén et lowpseh sorduild A{b¥Ag within the
cylindrical copduit. :-Th ion:of thi Telall ' | heavier
fluid phase. #?%Ill%ﬂl;teﬁlﬁl @géggﬁ%ggt}gg%%\}ﬁgdg %ﬁ%ﬁﬁﬁé@%@é@%@gﬁ %ﬂe f-tl_ﬁ}’l% ports 114
are formed irregionnidl: Uppeheegitamesmsstheheatifhvaishe. ek f§Rtmaukeprbisd Bavgévered through

f;{é)g%%glg% R g&ﬁﬁf@@ﬁo@ﬂﬂ@fﬁ%@% outldhepider to provide the separation

the ports 11414 eiﬁlﬁj%
of fluid phases n the flui ration region 110, the cross-sectional area of the helical llowpath is

increased along the length of the region 110. In order to provide this increase, the helix 112 is shown

in Figuré)4 as incredsingiy pentaibAtpphesIon g beht 8vidighaspandheheligabAuiddlome increase is
25shown as beINg AGHL A3 TSESE R TaLIBediaSLI2 for each complete

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

20  hereinafter.

In order to provide the separation of fluid phases in the fluid separation region
110, the cross-sectional area of the helical flowpath is increased along the length of
the region 110. In order to provide this increase, the helix 112 is shown in Figure 4 as
increasing in pitch along the length of the fluid separation region 110. The increase is
25  shown as being about a 1% increase in.the pitch of the helix 112 for each complete
turn around the light fluid conduit 102. The increase in pitch is to allow natural flow
of the fluid (as opposed to the forced flow in the upstream helical sections) and to
prevent a fluid back pressure arising due to friction forces within the helical channel.

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



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 WarkdfldMeades within the helical channel. If allowed to occur, tREFGB2BTEROpeeEsUre
would give rise to a detrimental cross-flow 26 force within the fluid. The increase in the pitch will
depend upon the properties of the fluid being proc%sed and is selected to allow the natural movement
of the lighter phases into the fluid conduit to occur, while allowing the remaining heavier fluid phases to
continue alog. e heliealdiauaatmeite.aac ptibs i saperaiianseaian tGanr e ielix 112 is
contiguous with a fluid velocity enhancing region, generally indicated as 116. In this region, a further
helix 118 is dlgﬁbh@'a&mmmw@iaﬁﬁéﬂaﬁek&waﬂa extBrdrbrel mevsEaghef e bghenit 102, to form a
helical flowpgih for;lyidpavrocyitin B dindisrl aRndil- o eheliitd darBinaigs at the open.end
of the light fluid conduit 102. The 10function of this region is to increase the velocity of the fluid
remaining inERSeSAnepRtiTusoriang thodekicaklewwatiide a stable vortex in the downstream or lower
region of the conduit 100 as described below. In the fluid velocity enhancing region 116, the helix

118 is shown in Figgke dniGreRsERid fiiabiRiaae b PiRE sk haNonifiid aaneistignThe
increase in the 15pitch will be determinéd by the nature of the fluids be separated and the specific

separation d& Kelprdt¥oirhanciparsianresecsriivcidisaut and Brchdhineesion sfunber 396 for each
turn around fhexfighiflyiel GRREUINAAR: FERBRIIP B9t NS iDhi i SendHitH0R.axiRRding through the

region 116 is typically cylindrical and of a substantially constant diameter. An alternative embodiment

is to provide RAMGH 2o iR e adiskiand Slovtpath s dlaid srqrredyibisdhe sybndrstlts diameter
increases thiguaitNPHEBmR MERAHEEHAKOT RPN A IBATH AL RARAUENIDN) tHH

10 function of this region is to increase the velocity of the fluid remaining in the

cylindrical conduit 100 so as to provide a stable vortex in the downstream or lower

region of the conduit 100 as described below.

In the fluid velocity enhancing region 116, the helix 118 is shown in Figure 4

increases in pitch for each turn around the light fluid conduit 102. The increase in the

15  pitch will be determined by the nature of the fluids be separated and the specific
separation duty to be performed. A typical rate of increase of the pitch of the helix is
about 3% for each turn around the light fluid conduit 102. The portion of the light
fluid conduit 102 extending through the region 116 is typically cylindrical and of a
substantially constant diameter. An alternative embodiment is to provide the light

20  fluid conduit 102 with a 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



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. 25A
cross-sectioW8l 208upcd2ypical entire helical separation assembly S is shoéilieBIOIE8otom 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 diametey,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 2ZoReuib30%nTNS AR RIGLRAAARIEMENAIVE VT BovliRe.pRAISRIAted that each

of the helices 108, 112 and 118 may be arrangéed separately within its own portion of the cylindrical

conduit 102,%@%ﬁwﬂ@ﬁi#ﬁ%waﬁ%@ﬁ@ld&&%t&rwﬁ%ﬁ%%w Witkigdteswand 6 is
advantageous,whan el Aelisrhpe eparstionAssamb i S efea aadulariasis, as described.

For certain fluid separations, double helix arrangements may be employed, comrgéis_in%two helical
paths betweéffigcasid shevrpendiguent andioteadypaipgsavs whrr saelvinehemelirat velocity

enhancing regionakbe iRSNAES o Harthebibe liahtdluisheanduit 40T i@ xipdigalsonduit 100 is

10 provided with an oriented and angled outlet 120 at its lower, downstream end, details of which are
described heteHRsBr I HERAHRSRERPP SRIGARIPYRE CommRiRiBe s dirtistethiehegshom the end of
the light fluidig@aditi:&93 40 s ogtlet 120 of the cylindrical conduit 100 is a substantially empty
volume and provides a vortex region, generally indicated as 122. As will be described below, a vortex

is established in this 15 re%ion extendin?é.é( the downstream direction from the end of the light fluid

conduit 102. To captirafe drestethe sty 148 sidindhmiuid Yalosdnrdransing stdnddfe 124 and a
vortex tube kefranareisnanesndivTiminerntRodina.at the lianfiyiderrduichaditagshown more

ey ) P v Rcd with 25 aricied and Anoled OuiLt 130 a1 e lower, dowastiean aall, detanls o 1c0 &9
of which are described hereinafter. The downstream portion of the cylindrical conduit
100 extending from the end of the light fluid conduit 102 to the outlet 120 of the
cylindrical conduit 100 is a substantially empty volume and provides a vortex region,
generally indicated as 122. As will be described below, a vortex is established in this
15  region extending in the downstream direction from the end of the light fluid conduit
102. To capture the created vortex, a vortex guide, in the form of an inverted cone

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

conduit 102, as shown more clearly in Figure 6.

The helical separation assembly shown in Figures 4 and 6 may be operated as
20 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 housing 4 and are retained in position by a baffle plate guide

assembly 123. A plurality of baffle plate guide assemblies 123 may be provided,



20 a self contained separation system. Alternatively, if further separation, such as polishing, is
required, the helical separation assembly may be used in conjunction with the further separation
systems andV@étad@9deLcribed below, most suitably in an assembly as shR#TiRBRQZBMHpanying
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 immediggely 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 visibla-iniFjousen/he tanthdpwanerts wihim s heusing 4 A @ifdeiaigaddn position by a
baffle plate guide assembly 123. A plurality of bafflegﬂate guide assemblies 123 may be provided,. 28

depending ufBRcHEoRh gtiR® PaRllerintatsepbligiolRassemdnasidanss andisnesing o dheensions. The
baffle plate aagemigaha3PIQAI8 I daNESARch SARGIBEHR f@%ﬁﬁé&%@'aﬁ»@%{gg%@sassemb"es In

addition, they serve to disperse any large gas bubbles'that may be present in the bulk fluid, as a result
of gas floataélf}h%%i igpsreay e yaesent inthe Beieluidosspassririizen Sepatiatobeingsembly 8 is
orientedsso @}r{ﬂ@@gt fluid leaving the conduit in a downwards tangential direction, in order to create
a wide vortex flow regime, as described below. A secondary light fluid conduit 160, in the form of a
generally cylindrical tube, extends coaxiag?t/i within the housing 4 and has its 10upper end open to form

an outlet 162, It willl}® ABtksd 184 offraehuhekiond sorapminreatranblii &1 SDTRIEIS PP 8HEGF each

helical separatipnassesaly Gnlie #otadneiewdR A etha utcis il initiallsepsiat phgrss-flows,
until it has stabilised. The light fluid conduit 160 acts as a cowling to assist any Ii)éq‘gt fluid droplets to

move up thrdQGRAIS HreEmRa A asrtbed Rsiors. Askaeadiy ight dbrd srodut d o iadhsoaxially within
the secondagyig bt HuienepntipiyLbarunitaBaderadiRvahEayahitng thidsmandrel.38 nbieh is
connectgd at its uppgr end to the liquid conduit 42, as shown in Figure 2. )
1 upper end open to form an outlet 162, It will be noted that the outlet 162 is above, the
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 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 material through the solid/injection conduit 166 is

confrolled by the valve 46, also shown in Figure 2.

An inverted cone 170 is disposed around the secondary light fluid conduit 160
and spaced from the lower ends of the helical separation assemblies 8. A helical vane
172 is provided on the conical surface of the inverted cone 170. The region within the
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 10 in the figures, the purpose of which is to establish a

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



A solid/injection conduit 166 extends coaxially 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 material
through the WelaWj82¢idA conduit 166 is controlled by the valve 46, also shBOHGBHIgPE0N1  An
inverted cone 170 is disposed around the secondary light fluid conduit 160 and spaced from the lower
ends of the helical separation assemblies 8. A heli(i | vane 172 is provided on the conical surface of
the inverted cone 170. The region within the 25housing 4 between the lower ends of the helical

separation aggAERd 196 raRCie AOWBAIABITLIAMEL AR R IMAIRALOAT L 67 4 fud fow

re-stabilisation region, generally indicated as 10 in the figures, the purpose IS to establish a

slower rotati&ﬁ@th@mmwwwidmmﬁ@c&m@wﬂgﬁmm ragidaritnventh evwrrmeteel 20 of the
nelical separgliaasearlies dohlePNERAnPIGAMR [B0TouRNR IPngilARflARgle to provide &

sufficient reduction’in the annular flowpath between the housing 4 and the secondary light fluid conduit

160 to creatarihigheslesiatiohdicdbnd i elhstyiiortisernitian effbetlichtralanddwaiontbiithe lighter
and heayier BHQ@QH%@E&%?iBH@ﬁ&QiQ&%QTﬁ assembly. The region of the housing 4 immediately

downstreamor below the inverted cone 170 is a second fluid-fluid separation stage, generally
indicated as 12 in the figures. In this region, the remaining lighter fluid phases are finally removed from

the assembly. To adirginsfifeedutisinedymgrdiirl coporEsD i foeridbairegetplurality of
ports or holeg,2d4-A1a8d dscipfoiomidsigle  Hsdnvesiedarnar ARa iUl Yighibhe lighter fluid

phases may enter the conduit 160 and pass along the annular cavity between the light fluid conduit

160 and the Fiswey-filidis reainm &ae remriniaelisbgritdrbasssie pligremay ith0 is closed
at its lower endchidhyas§hieni e higUit Sedoldaieing fadiosad: IBers (R stauagrgss-sectional
view of the downstream o )
10 plurality of ports or holes 174 along its length from inside the inverted cone 170,
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. Tt
will be noted that the secondary light fluid conduit 160 is closed at its lower end 161,

as shown in Figure 8.

15 Referring to Figure 8, there is shown a cross-sectional view of tﬁe 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 do‘wnstre‘am 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
material, such as silt and sediment, through the solid/injection conduit 166, for

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



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 down®¢fe2087843666% the second fluid-fluid separation stage 12 and pr&%d&sBa9219864b 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 dire% ion. The conical vane 176 marks the upstream end
of the final fluid-solid separation and recovery stagé14. The portion of the heavy fluid conduit 164

extending in iR el PRINAISLLYE PuRIOL ROHBARAIHRYER Whighihe heaviest

fluid phases are withdrawn. 25The solid/injection conduit 166 extends to the end region of the heavy
fluid conduit thedoasisaolvharapiplert nknasp shmaspiratvawibity nidipleen solid material, such as silt

and sediment, through the solid/injection conduit 166, for example by means of a reduced pressure or

vacuum suction. Alt?ﬁ@%%ﬁﬁ%f%?e%%ﬁ%Iw&ﬂﬁg&' ARG DAY POUFSHARIIeCt active

components into the fluid in the housing, for example to enhance the separation of the fluid phases

The lower edgcatahamisokiierplapeortied Wtheads ebadyakyovhienh o Riceravearasalation plug or
plugs 184 angla eheshalye A8Amapt.alcamy SRiARR! S assiaEInRoat A Makbesed to provide

jetting or circulation for seawater, muds or cements when installing the housing 4 into the seabed.
The operatiotf 6etEEsBerERstRlkRe heboupagigtadbessabifbe described in relation to the
separation of a two phase mixture of oil and water Such a mixed phase stream is typical of the water

recovered from the-pradiuetion fuiri ohasdasuPieRNeRBMEIy IvPicalbe iNaHAR Bsirgpe. the oil is

suspended as droplets in the bulk aqueous phase, which are ot susceptible to coalescence and

separation udliglaHeEEhisrispakEtier ki tee phasemtyturriratl sndnatare Drchamigietht mass to
segregate unglgtlaweaanisiiyprbioreas Tadesuiake ivfeinissiandia aguegerground formation,

the oil must be removed from the water to a concentration below 400 ppm. 15 This is achieved using

the metfod SHBteERGHCH thEmrelds i FBRITHAHE S0 dsRsTdsHAR Amplats HetSmpanying
figures as follgwsiqueoti EHANXEHIREARR AMVRLEE SHIAM iR ientie.Ag SR PPN cnilsanaindhe fluid feed

conduit 60 and enters the fluid feed header 58, from where it is distributed to one or more helical
separation aS3RYABIigEa eaatgRea R ke doRAHe aRdaATFSS Ipseticient mass to segregate

under low centrifugal forces. To be suitable for reinjection into an underground
formation, the oil must be removed from the water to 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 controlled 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
is selected to match the volumetric flowrate of the feed stream to be processed. As
25  noted, it is an advantage of the assembly of the present invention, in particular as
shown in the accompanying figures, that a wide range of volumetric flowrates may be
accommodated without any reduction in the efficiency of separation. Indeed, the
ability to select a combination of different sized helical separation assemblies allows

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



20 flow through which is controlled 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 NERA0SE8a¢Etion assemblies. As described above, the number BAH/ €506 of the
helical separation assemblies 8 to be used is selected to match the volumetric tlowrate of the feed
stream to be processed. As 25noted, it is an advantage of the assembly of the present invention, in
particular as shown in the accompanying figures, that a wide range of volumetric flowrates may be

accommodatggiwithevhANhERUPSHRMINHR SIS IRNGY-OH S SRALRIAN: KiRRGLos ARt Select a

combination of different sized helical separation assemblies allows the system to be tailored to a very
wide range cﬁ“ﬂ’lﬁﬂ%@rﬁﬁ)é@i‘ﬁ%bnd flowrates, 31 while allowing the separation processes to operate
under their optimum conditions and at a high efficiency. From each inlet conduit 56, the oil/water

stream enters the respRcLi® IARALARIE SAINHOBIMREGOREAR BVER g anaR Hiatapening 52 in

the uppermost 5portion of the cylindrical feed conduit of the respective helical separation assembly 8,

as shown in PRgtir8< 1 thadnlet PRy dte Chiorghithe frngsntnk eps e AdiearreeEmashduit tangentially,

where coarsgapMelPBIIREHATAIABP G S o it AR HIBERNE RIRAPSS MARTEasie MBI ¢ligided and
begin to separate and to perform the stream into a plurality of discrete phases before the fluid enters

the helical fidaAnAR figres Hardtionsrsleaied dlng Sisam sntistbecimdricah denikal, with the only

difference bejpeithersherRling A8Reetaneh iR NRIYBRIGEHNRIUERDUTHIBAIRRRs O BaLWSt a Ssingle
helical separation assembly 8 will be described for clarity. The oil/water stream entering the helical

separation aRL&nBIgsESs lRAeb s fanriResibtadrerifand L neHeundha stam BEe@nost region 104,
as viewed inghi@ill§ of discrete phases before the fluid enters the helical flowpath. As the

10 operation of each helical separation assembly is identical, with the only difference
being the size of the assembly and its volumetric throughput, the operation of just a

single helical separation assembly 8 will be described for clarity.

The oil/water stream entering the helical separation assembly 8 is caused to
flow in a rotating 15attern as it descends the uppermost region 104, as viewed in Figure
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 stream 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 ﬁelical separation assembly 8. Such a
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 number of the fluid flow is
brought below the value at which turbulent flow arises. Preferably, the flow
stabilisation region 106 is of sufficient length for the fluid flow regime to become
laminar. At least, the flow regime should be in the transitional state, preferably with a

Reynolds number towards the lower end of the transitional range.



154. 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 W& 28HeeEa uniform, rotating fluid flow pattern in the oil/wateSkEEBAOTHYWAssage of
the stream through the various conduits and pipes upstream of the separation assembly 2 will provide
the stream with 20 a turbulent flow regime, in whicl% he Reynolds number is significantly above the
critical Reynolds number upon entry into the helical Separation assembly 8. Such a turbulent flow

pattern will not provigle,a figh ghiiRaaY PlssnRridkome LAl drRRa S fie iy @pbeccordingly, the

uppermost region 104 and the fluid stabilisation region 106 are operated to stabilise the flow regime

such that the Rish 8oy Rafsseridl 2snsepmbhigh eqnicinel fasees withimeha Grid, iR gNeids number
of the fluid flgy &ﬁq%gmofﬁé%mﬁﬂ@{eWQ@&M@%%&H%@&E&%@@J&&&W ihgdlow

stabilisation region 106 is of sufficient length for the fluid flow regime to become laminar. At least, the

flow regime SRBANCCRECH 2ResrarisifoRaPSthesprbrdraplctomte dargsy drps ivigeibwar ds the lower
end of the ransitionAlF ager mdbses, RBgHVSRBLISRIANKROIRBAI LR Uansiinnal state and the

compact helical flow pattern will generate high centrifur‘%gl forces within the fluid, forcin%even the

smallest drofteRIgssiid b adigrecREs farmeddorein B dlakviabidisaticssreging 4644 Batourages
coalescing oftthersMatily GRS MY iR LIRICAI RRSnWIAICAUR B Nal 1S WidE Eﬁetwayﬂar@@ﬁmes,
a

experience a larger force and accelerate the separation of the phases. An advantage of a forced flow

in the flow steuirCansiirEontigheIbM st srithindhsdominse Soxsrarinesitian REF81d8 Abmber,
allowing the &ﬁﬁ@&&ﬁrﬂumﬁ@[ﬁ%@&m%@ﬂmdh@%Wtﬁi%ﬂﬂbéﬂd%iﬁﬁémﬁélﬂ% regime than for

flow in an open stream. This in_turn allows the fluid to flow at a significantly higher velocity 10along the
helical Path. 2longihshalisaiRfthe fluid flow stabilisation region 106 the oil/water stream immediately
enters the upper end of the fluid separation region 110 and the helical flowpath formed by the helix

112. In this region, theomRiGHREtHE @RS WikEHIRaipAIRAHE RNOLIIINaAcHectand to be separated
from the water in Qil/water stream 15 and removed from the stream. The action gf the high

the A )
centrifugal fdP&&?ﬂgﬂt?Hé%‘i?Fﬁtél%Hlﬁ?%“pffé?soﬁﬁ]&es@ﬂgr%&w%ﬂ&ﬁgé?%ﬂi8&E‘%f%@é%lﬁ’&lthe flow is
forced througidwirietbrifdcpr asenés diagrammaisaty, ihEigdjespoaionass the hie dppRitsegions of

the fluid separation region 110, z;]f shown i%Figure 5a, the ratational flow of the fluid stream causes
CR )

the lighter oif PR STBURREQHS N S BF, ﬁ%?%ffﬂ%%&’%ﬁr i iR SRS s8N iewed in
Figure Ba. Thigl maversefiopnabeaseasmalong dbadenginohitie datical o wpath oasighewmide Figures 5b

and 5c. The oj] collecting in the upper,-inner region of the flowpath flows through the ports 114 in the
ight fuid coRthAF RS AE SRR R 1P 51 VR0 SRBS G QAR5 e o EFtER DB 30 i the
cap assembhel4 iagephetitdd diguamhafioanllgds Pigsentiaithecoilatibisppeintis cbastligeted in the
Upper regionﬂ%fléhsg ae?t-ilcg l{riegjglso?f)ﬁgf igsns own ?noﬁggrci%ra? rtrl]lg\{rggational flow of the fluid
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 114 in the light fluid
conduit 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.



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 reacMRZREVaplassembly 24 returns to the housing 4 by way of th@(FrgBaAtAAI¢Gles 48 in
the inlet body 22, 33  Upon leaving the fluid separation region 110 the remaining liquid, consisting
essentially of water with minor amounts of oil, enteg the fluid velocity enhancing region 116 and the
upper end of the helical flowpath provided by the helix 118. In this region, the rotational velocity of the

stream is increase%e%?iﬁﬂggﬁg%ﬁiggﬁk%%ggé%% ﬂf()ttﬁ‘?_e% %iﬁﬁ%%%ﬁ%&%@ﬁk@s approach

the critical value. Th the stream Is increased sufficiently to produce a stable vortex in the
portion of thewsphtialralcvsduivithonimmatiavaly aboihsmisasilss fhéderedositinentiangivglocity enhancing

region 116. YQﬁo‘fPFﬁé‘iﬁﬂﬁ? gﬁ% aldng aRaeod R InG oAkl £opauitLps apgl ggllected with the

aid of the inverted cone 124 and the vortex 10 tube 126 In the lower erid of the light fluid conduit 102.
Under the adhisresiche thstaeiotianal yotasidriobthnetaiar is thersasadx Ahe eewitheg oil droplets migrate

to the centre;of e watiExAPE AALGIBGGNEL KR aq;fd%g%bﬂ&ﬂéhcm@%éﬁ%aﬁm Pyere it passes

to cap assembly 24, as discussed above. The remaining liquid flows down the cylindrical conduit 100

and leaves 15Ha6 Pl fihe sFrmed bingeased saibpientinsonedussiasiabe tstewinthg 4. In operation,
the main body,Qfdhe ANt lItEM M UG AeNpESGHIQRRGIBY Ml avihiiairs@nd the

upper region being filled with the lighter oil. The entire assembly is operated such that the oil/water

interface is atsdvd thanhnndngraginml kel iy vitss isysiabilissd cbHer areocnsd eidhsdigbll separation
assembly 8. ffy e main Yoluma efirQ e e aiedit JMBARHRRS LORRNPR hRSERAISHIGN of any

remaining oil droplets from the water. The first action is a straightforward gravity separation, by which

the light8r oifetephbdrates davseand ofsbelighhfinid kendit 193¢ Erdsr dhe agisgy EHIBN. The oil
collected in t%H%%ﬁEIQﬂUUHﬁéM%@ﬂ?@ﬂiﬁ&'%@%ﬁ@%%&h@dﬁﬁﬁﬁ%@ﬂ%&@ﬁ@§ #ia:the inlet body 22

to enter the gas-liquid segaration zone 30 in the cap assembly 24. 25The oil is remaved from the cap

assembly 24thegaEsidaeassiRg andpptested A ehsae of thepietitbndcond Py SIoMe of the

housing is a fthert iiadianalagRatativly IheaqlienRbdhaengled 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. 30As the water stream
passes the inverted'&Sriemaining fiquidflaiws dogmetheroyliadrical conduit 100 and leaves

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

20  the housing 4, two actions enhance the separation of any remaining oil droplets from
the water. The first action is a straightforward gravity separation, by which the lighter
oil drbplets 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 volume of the housing is a further
rotational separation. The action of the angled outlet 120 is to induce a slow rotation
of the substantially water phase within the lower region of the housing 4. The rotating
water stream descends within the housing through the fluid stabilisation region 10.

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



rotational velocity is increased, before the water stream enters the further fluid-fluid separation region
12. In this region, the remaining oil droplets are caused to migrate to the centre of the housing 4,
where they Pa30HY6ugh2the ports 174 in the secondary light fluid conduit JBOTAMBHINT#1€686bNnduit, the
oil droplets move upwards past the 5outlets 120 of the helical separation assemblies 8 and enter the
upper region of the housing 4. The water Ieavicrjlg the further fluid-fluid separation region 12 will
contain only very minor or trace amounts of oil and be suitable for reinjection into a subterranean

formation or J Ja¥els T ri fr Soa ' _]fﬂmf: removal
region 14 bylf%}e%gg?r_l% ?ggg{;}g %ﬁé%%%%diggﬁ%fﬁeh%g%%ﬁ%%%ﬁ%&. Thep\%{l%r In this conduit

flows upwaréeratiendggiaad@mbnilzg usiPbdhe semaiaisseanislyopletiroug pagdaeenaibire 40 and the
liquid condu“#ge centré DY ROUAURAISH A i the3S SQAMENPRS fo Y8 CRIERIEN iy Hhe lowermost

region of the housing 4 and removed, éither periodically or continuously, 15through the solid/injection

conduit 166 light flHi sendpidefoGdriahis sendiais Broviddeonlgiemey eommasmasighomponents into
the fluids in the bQUSING AnSHEN AP SERAMINDRARBNESSARPARY RE ﬁ%ﬂ&'{irx%%i% igRE@Ve the

separation efficiency of the overall assembly. A portion of the water removed from the fluid removal
section 14 n&yiHBZbrecycled 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 injiehglicpl-SeRArRIAN RSP EMIBLASIE se fali® SRBIGh A dIIRiRERGARhe overall

system is achieved using an arrangement of injection, monitoring and sample lines. As noted above,
the 25cylindHied TRiBELE2se spimteatwilmadhe aiitptde farrsinesdemBonpEERagaPeir inner ends

to respectiveamiiohlBe®PSsAs AN e HaaR¥yshowe akisliedothea srntreldings mBigtend

longitudinally in a downstream direction within the housing 4. The radial bores 55 and the control lines
53 m a}%e def@‘?ﬁfééle&%%#@rﬁé‘ﬁﬁftg flhgough the ports 180 in the heavy fluid conduit

164. The water in this conduit flows upwards to the cap assembly 24 and leaves the

assembly 2 through the lateral bore 40 and the liquid conduit 42.

Any solid materials, such as sediment or silt, may be collected in the
lowermost region of the housing 4 and removed, either periodically or continuously,

15  through the solid/injection conduit 166.

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

required to improve the separation efficiency of the qverall assembly.

A portion of the water removed from the fluid removal section 14 may be
20 recycled to the inlet conduit 60, in order to adjust the volumetric flowrate of fluid
through the assembly. This may be needed, for example, to provide sufficient

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

The control and monitoring of the overall system is achieved using an
arrangement of injection, monitoring and sample lines. As noted above, the
25  cylindrical inlet body 22 is formed with a plurality of radial bores 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



35 bulk fluid phase within the housing, such as additives and separation enhancers. Gas may be
injected through one or more of these lines in order to provide a gas floatation system within a liquid
bulk phase. \O?&0aA661ar use for the control lines 53 is to determine and rR6AEBIAE M09t face
between the light fluid phase and the heavy fluid phase within the housing 4. As described above, the
light fluid phase will be collected from and rise upstfeam within the housing to occupy the uppermost
regions of the housing, as shown in the Figures. For efficient operation of the separation process, it is

Loimtorace 2 A A e e Ly EAO SR AL Eitace may |

ively, depending up € nature o concern rface may be
poorly defineahalFbe énjaipdethinugk easerohthe wehesaiimesohaitdis persetide a gamfipeiatiemqueous

phase, the in%%t%%ﬁ%eﬁﬁtﬁbﬂgd%\ﬁ% gﬁt%wgeral meters and comprise an emulsion of oil and water The

technique of determining the position e'interface 15 is shown 15schematically in Figure 10. A
control line 53 is shown extending into the housing 4, the lower end of which defines a datum 19, The
pressure Ps of injecte ihaitiénlanaissofonr théinentdidinee 2Susdd Betermansand Shonitetyththe pressure Ph
within the hoyising,at isWRRermashientlia Measuradnd gAelPiRs ine ieriackhr AR @ilwater fluid
system, clean ol%,g?or example thatéremove %om t?uekﬁ%%t ﬁgi:c{ﬂ}:;or%t%teaﬁer 20 seeparaltign In the

assembly, qu@s{dmwibd@ﬁbﬁyeisthﬂﬁﬁmébddﬂ?hﬁ%ﬂwiﬂrbﬂéﬁél@smﬂefr@ﬁnm NiseiBBICTe pressure in
the control G MEISHIRAAE samRRRE WRBhEPrespI e PLDG AhAY liadohh g condult. The

height hw between the datum 19 and the interface 15 is determined using the formula: 25hw =
(Fan811 (ciwFigisyswHerechisientapsighpp ot ibe peneatiguupiosassifelsriesessan B idenidfihe pressure of

injected oil in{a&-FQPHQ! Ha%vach B 58 BhRIESSHI S JB- R HRRRMAF bERRI e &

10 interface 15. Alternatively, depending upon the nature of the fluids concerned, the
interface may be poorly defined. For example, in the case of the separation of oil
dispersed in a continuous aqueous phase, the interface may extend over several meters

and comprise an emulsion of oil and water.

The technique of determining the position of the interface 15 is shown

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 pressure 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 example that removed from the light fluid conduit after

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

the interface 15 is determined using the formula:

25 hy = (Ps—Py)
(dw - do)

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

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



housing 4; do, iS the density of water; and do is the density of the injected oil. A similar formula is
applied to other fluid systems. A constant feed of light fluid, such as olil, is maintained through the
control line B3 W&YE613 allow the system to actively monitor the changes R€¢ THeB2e e bin
general, the system will be operated with a predetermined operating level 16, as shown in Figure 10,
with a high point 17 mid low point 18 for the interfa: g defining the acceptable operating range of the
fluid/fluid interface. Movement of the system outside of this range can be used to trigger an alarm

andlor initiatgcaGREACHYSARETRIRTy BIoPA% hAIDISSHRR WBHAHIRANE B EIEFPNKO! lines 53 of a

volume of 10light f uid or heavy fluid. Alternatively, or in addition, one or more of the outlet pumps or
inlet chokes SiFetidferadydternntied the thefulbwd sSEBAding upon the correction required. The
corrective action may include recycling a portion of the heavier fluid. As noted above, the arrangement

of the present inventiepisaaricdary suitmsd 3.dor applicalionan AmALWALPARS I:gne preferred

arrangement, a separation module comprises a helical separation assembly, as described both in

general and if&pécifouistp aHevetimavsianie artvelxcaonisamehmanet theisteeasy the general
reference numgEake Tike HRlisal sapseatian.aseammkl SRakRERIRYIAsE-RARUALY Qfdifferent sizes,

in particular a range of different nominal diameters. This possible 20 variation in the size of the

separation riBAURIR HiguaIn ik shigl pristd Aarddptiaeisy Hidoiths inlmdaceadgirdrgiuid flowrates
and composifieRsdhpRERMmMasaiat Jharemie/andRerRWarS MR the fpadylar approach

of the present invention may be apﬁlgsed. First, the larger size helical separation assemblies can

accommodafisif§eH IBiURNES GRARS USRI TSRS HiqHrem and R N jlasn S FRTEEEHAB of the operating
flowrates angperassHleadehathaNERMIeliFshSE BAION RS RMBIERR B$3shoWD indheaccompanying

figures, The operating ranges and parameters are given for helical separation assemblies having

nomim&! dia o heagy e indirseaghisipard addition, one or more of the outlet

pumps or inlet chokes around the system may be adjusted, depending upon the
correction required. The corrective action may include recycling a portion of the

heavier fluid.

As noted above, the arrangement of the present invention is particularly suited

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

may be applied.

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

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



to 4 in Figure 1) and for operation in the separation of crude oil droplets from a 37 water stream Such
a stream is typical of the oil-contaminated water streams encountered during drilling and production
operations iWVOREPAedAn oil and gas wells. As a first approach to accomnR&d4aR 87 gRAeAfluid
stream and flowrate, it is merely necessary to select the appropriate size of helical separation
assembly, for example from a graph such as Figure-11. If the stream to be processed has a
flowrate exceeding the maximum operating flowrate of the helical separation assembly, the stream

may be split gadasplralitg @l scheass aTIRS DAKOBILRSKAIREHRRAIME! shrdugher manner to apply

the modular approach of the present invention is to select a plurality Appropriate selection of the

10sizes of thenphurigFghiwane dribing andopredicdion ppstationsia S8NeBTARRINOSF et @ReNt sized
assemblies tg g dRICHRREHIG SRR B HYROUSITELT @ TRMARIFeam afICOAMRLEATOR arises when

the flowrate and/or composition of the fluid stream to be grogessed will vary as the well or wells are
brought on SREEHY BEIRUIIR AT Beappientaikmgepehislicdrerssdioaratismblsdpibly. This

situatiorsis lelikapderbs ansapRigiaddnihsicase of offshore oil and gas wells. It is preferred to
provide equipment at such remote locations that can operate for extended periods of time, typically

many years, with little or no adjustment or maintenance. A problem arises with separation equipment

at such remote locafitheSHS A bR Brasrssrdidcvilare s xeselinsithmmprsanea PREAIRE well

varying overfii@a e Adéalaae Qushtailda RS INKERHRARANIFES s%ﬁ?z&ﬂf%tiﬂﬁr%ﬁl%}“ that.can be
installed and operated to accommodate a range of flowrates and compositions chan%lng over time.

An assemblyHSBSSETARIRS Mavdmerpidast wagsrlek ndifvihtignannerdeAprly thedreaw#odate such
changes in tAgpllbdghsEEMRYRIMS SRAPRISRSARIEHIM Aty Appropriate selection of the

10 sizes of the plurality of helical separation assemblies allows a combination of

different sized assemblies to be determined to match the given stream and flowrate.

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 separation assembly. This situation is

15  likely to be encountered in the case of offshore oil and gas wells. It is preferred to
provide equipment at such remote locations that can operate for extended periods of
time, typically many years, with little or no adjustment or maintenance. A problem
arises with separation equipment at such remote locations as a result of the fluid
flowrate and composition produced from the well varying over time.

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

changing over time.

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

shown, as an example, a further graph in which the flowrate of an oil-contaminated



25helical 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
combinatior®X@ BedReshed to the fluid stream being processed and provide6ptipB2Aewel9a0ation
efficiency. Referring to Figure 12, there is shown, as an example, a further graph in which the flovvrate
of an oil-contaminated WO 20071096612PCT/GB2007/000601 38 water stream, such as obtained
from the production of oil from a subterranean well3f§ matched with combinations of the helical

separation assemblies Ito 4 f Figure 1 will be s at low flowrates Ie I separatlon
assembly of Wﬁéeéﬁbf%ﬁhaﬁé" &% éﬁrbegi g?%%]l(g%/ear K¢ ‘;1 I L i mcreals’ges itis n%%%%asary to

employ 5 Combtﬁﬁé@m&thfctmﬁ)mwmeﬁsheMlm sﬂpﬁretmmmmnﬂihesdeoﬂhﬁ Aigutsel land

combination of se ?lo:ﬁassegwbllaes ar ?} ec%ttescé tgr Qluatr(fgstsré?n {)eg)qumg total flowrate, while
still allowing c Wi B0 pe?él%g RirYd pera g range And at its optimum

efficiency. Refgfmlpglma Eigubenlﬂe thepboiedhawiha fuatrserticatasds Histogransaifie ¢dpdetical axis

200 on the ri S|de dlcates the fluid flowra for each h I|x hi gg%&ms 202 on the
left hand? S|d§%rﬂ W§ Pn Sr?res’%% L Bt Entia {écer%gs a%aqu(ro?ﬁa as% olf}}?ghlstogram identifies a
single size hebﬁeulaepamaiﬁmzassémbmaﬁom Mbhhsatessqzlwm asgethly reheinedrtital column 204

on the left depicts ; mu11 X Q/})érat% a'[&ﬁllﬁﬁlfe. uffl% 1%% yg&llggé{%%srh% g}y&mggﬂwd and the

15 maximum fowra accep &0 Temain below the crit cal eyno The column 208
on the right ahegehrialicias sptianaticiffaseaeybly shows the minimum differential pressure allowable to
achieve acceptable centrifugal separation within the flow and the maximum differential pressure 210 to

remain below the cr. eIrrll?e s nu e}éalllu e ]t]gﬂ f&iéﬁ%&%@%&iﬁ%@%\(y}f@ﬁﬁt tl?ﬁé:orrect pressure

differential within 20 the opeér atm&%an for eac al separation assemblywill result in light fluid
being cmriemmagmawmmmmhuudmgimamms@hﬂmaléﬁ@g@mln@emhm&mm render the

neaver fid uaesepiabie. by AN ISESIL Y RRYAIEA o hmilelph i separation

system and t er UI phases remove re as e total flowrate increases or decreases,
helical separaﬁmh)QS?dhsémablrﬁstlwhmmgrensndﬁnyfmelagifb sizsbdlic) Sepateliomamamdiher open

helical For each helical separation assembly, the vertical column 204 on the left depicts the

minimum flowrate to achieve sufficient centrifugal forces within the fluid and the
15 maximﬁm flowrate 206 acceptable to remain below the critical Reynolds number.
The column 208 on the right of each helical sxeparationAassembly shows the minimum
differential pressure allowable to achieve acceptable centrifugal separation within the
flow and the maximum differential pressure 210 to remain below the critical Reynolds .
number. Failure to operate with the flowrate at the correct pressure differential within
20  the operating band for each helical separation assembly will result in light fluid being
carried through the system and polluting the heavier fluid phase collected. This will
render the heavier fluid unacceptable for pumﬁing downhole, unless it is recycled to

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

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

to be selected.



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,
intermediatVeReEV@8pEFation assembly combinations have to be selectedPCIIGR2A4iTYPePIacifically to
the examples of Figure 11, at very low flowrates, that is below 1200-BPD, a single helical separation
assembly, number 1 in Figure 11 having a nominaggiameter of 4 inches is applied. The optimum
operation of the single assembly is achieved using a recirculation of clean water to supplement the low

5 flowrate of the straag 10 BGRIRCARSRANRIIIGIRWERE AlNeI SUEMD R REHIIRRSS alliNCreases,

)
helical separation assembliés 2, 3 and 4 are brotight on-line, either alone or in combination. Flowrates

of up to 5505 BEDWIIA) BB BRs ersingle hedirdsienfraémpespiaitsl Bapheatlon Jidembly 4, having a
nominal diareler of 7 jaehes Te: ARrhia,&l SoyRiing afil o ranepuiliadiiscombinations of

two or more of the 10assemblies illustrated in Figure 11 to be employed. Figure 12 shows a histogram

with the vertiéaglgassomblinifashiy el asnapmsritmelRtiaraboiran sraiiconRRigmsiiEL e mbly 2. The
base of she hisiagreridenifissheynrinumRflonsale sisR2R0 AR R MNP HouRte step 222

that can be processed using the combination of helical separation assempblies 224 shown in the

15steps iderififieasss dobic separginpinseaIPishal it anddparrbin shiatibne cHbe B Atimbered and
theindviduabssemblitsmliag R K gesoamPnatien ienfith he:aals:apesaips range 226 for

each assembly combination has been indicated. Thus, a flowrate of 42,400 BPD is accommodated

using a comBeRisabsepAaEa eIy b hgrans A RARUmbAINSIHEHhih AR dRPY SABARIE (assembly 4
in Figure 1112030600 AsseMbiMAneminghsianeiif el T {Aesemilyedbintkigure 11), identified

as assembly combination 16 in Figure 12. . As will be seen in Figure 12, the safe operating range
226 seléctedssrmablies ddusratngd Botigmadbiodesmplosd-operating range of the two adjacent

combinations. As the total fluid flowrate increases and the maximum operating flowrate of a given 25

assembly combinatigg,Z28> H}@\Q@a@%‘%ﬁrﬁ\wm{l@fé Rihengxt Digheiaesaiphi earibination, as
identified in the steps 225. When the total fluid flowrate drops and appro%ggges,the minimum operating

flowrate 230/BrfHEWBHBIRRR A BRRREL DishR SR YHe e 1awe 4R siNg &8 imbination. In this
way, a smoaipnEeRinHe uslilithaERsvAa RpeIAtiandcar RemeslievaevWiam siepaivithdlaanate to the

maximum 3%201;[3)'0@52%%91?5?#& tzhgézc(o)rfntl?i%agtg)rr? glteﬁglﬁg%gégggﬁzdn assemblies 224 shown in the
15 steps identiﬁed‘ as 225. Each combination of helical separation assemblies has been
numbered and the 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 BPD is accommodated using a combination of seven
helical separation assemblies of nominal diameter 7 inches (assembly 4 in Figure 11)
20  and one assembly of nominal diameter 6 inches (assembly 3 in Figure 11), identified

as assembly combination 16 in Figure 12.

As will be seen in Figure 12, the safe operating range 226 selected for each
assembly combination overlaps the operating range of the two adjacent combinations.
As the total fluid flowrate increases and the maximum operating flowrate of a given
25  assembly combination 228, the operation is switched to the next higher assembly

combination, as identified in the steps 225. When the total fluid flowrate drops and
approaches the minimum operating flowrate 230 of the combination, operationis
switched to the 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.



40 As will be appreciated, during the operation of the assembly of the present invention when
applied in a modular approach, individual helical separation assemblies are brought on- and off-line,
as the fluid No\8e&/etli2omposition changes. This requires each assemblP¢d68B290HeWMd shut
down. Preferred methods 5for starting the assemblies and shutting them down are provided as
aspects of the present invention. In order for the required separation to be achieved in the various
separation stages of the present invention, it is necéssary that the fluid flowrate is above a critical

minimum value, as ipdicated by the value, 204 for each_helic parati hown in Figure
11. At flow rates be o%v%ﬁ@ EAERR c\%ﬁée{{%réqgg er I%ﬁ%}qgﬂgaség%wa%%%%mé% ?ﬁr%p (gt?ely removed
and will contamentitentivbdnespribed] inch pheddsrproedy indhidpabbelisallsisackizoacteristic makes it
undesirable simpl shut,down and the inqivi | igs_using just the fluid
stream to beag%ep%ae%%darﬁ“grg\‘}é%g%e%ﬁé %gggfér%s ,%?ﬁggﬁgﬁo%gﬁ%g%?éﬁiﬁéﬁcal separation
15assembly dratiges udihiy reguirge cathlesshblbtp taistarted Asditediapoy Paslgrasishethodin Figures 2

and 3, the in L assh of e | ' IQ) of fat g 3 purae fluid conduit
70. The flow of purgfg%tl){!ﬁa ??ggrﬁl ﬁ%ﬁi@ﬁ}%ﬂﬁgﬁﬁ%ﬁ%@ipﬁm as?efn ﬁ/ 8 Is controlled by a
purge fluid vatescBBinvigneionthe purge fluid valve 68 for a given helical assembly 20 8 is opened, clear

purge fluid (such as clean water in the case of an assembly separating oil droplets from produced

water) i inroduced deRekaAM LB AR RS ledlANe AT RPplRIIBa e iy of fid o be

processed. At start-up of a given hefical’ separation assem e relevant valve 62 and check valve
63 are closesitaged tHahsunpseiiiniveutios & dpeersdsary phot/itie Busdrdamirateriaigbavoeectiticdritical 25

minimum oyt 35 SEARHARaOnce Bisiluhasbenn extiaterspealie.aeingpencd s

preferable to have pressure above the fluid stream pressure, in order to’ensure that the

purge fiid stlecsn iraEigurpihbnié fbvwlﬂiésfhﬂ@%’ttbhmrﬁ'@ﬂg’w&;éh%@@hw tAideliasgthen the valve
o2 is opened, e dliis s eampilILineaalasideipHiarRIBsS fRMIRED he check valve

63 closed. 30As the purge is gradually closed, the pressure of the purge fluid entering the
produced in the process. This characteristic makes it undesirable simply to shut down

and start up the individual separation assemblies using just the fluid stream to be
separated. To overcome this problem, it is preferred to bring each helical separation

15  assembly on line using a purge of clean heavy fluid.

As noted above and as shown in Figures 2 and 3, the inlet assembly of the
system comprises a purge fluid header 64 fed by a purge fluid conduit 70. The flow
of purge fluid from the header 64 to each helical separation assembly 8 is controlled
by a purge fluid valve 68. When the purge fluid valve 68 for a given helical assembly

20 8 is opened, clear purge fluid (such as clean water in the case of an assembly
separating oil droplets from produced water) is introduced downstream of the valve
62 and check valve 63 controlling the flow of fluid to be processed. At start-up 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 opehed, the fluid stream
will not flow, as the higher purge fluid pressure will keep the check valve 63 closed.

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



41 radial bore 54 will fall, allowing the check valve 64 to open. In this way, the fluid stream to be
processed replaces the diminishing purge fluid, as the purge valve 68 closes, bringing the helical
separation ¥9HNBELRAly on line. To shut down a given helical separatio? @483/ e dpposite
procedure is 5followed. Thus, the appropriate purge fluid valve 68 is gradually opened, supplementing
the fluid stream with purge fluid. The check valve Gﬁ prevents a higher pressure down stream of the
valve 62entering the feed fluid system and flowing Upstream. The purge fluid, being at a higher

pressure. wikgrarkialislqnn 1e ShEGNeINe R Sipwv st agelas favfdeed fuid, und

static flow is 10achieved. The valve 62 isthen closed at this point. ge valve 68 remains

open until sufiefantd|bipresspradgetlaseschienelihingouigeiluica s dpapatien wbeehtoly 8 of all
residual ﬂmdcﬁy‘%ﬁ%?b?fﬁgﬁésﬁg-h-EHGaP%EEré(@&YFa@%&H G{g”fﬁiﬁﬁ@ﬁ' jifpe helical separation assembly 8 is

left containing only clean purge fluid and may be left off line in this state until such 15time as a further
change in the total fluid ilowrate requires it to be brought on line. It is important that the helical
separation assembl@ssBua o WrowghtenrhiHeairseparatipre asapiaPir Heciopirsitapravedtaitip flowrate of

fluid thraughgie, assermil Snvilhe peiaw ihe.citisabminimum dowrals (g,ashieve complete

separation. If the helical separation assemblg is left containing fluid being processed, this would be

flushed 20infyRAEHEWHE A WbsireAN IV sdart B Clreak VpdvecdAarislYsAtEBntamination of the
separated f'lﬂ%ﬁ@?&@&é Aweoiaminatad fuidevoeidaaraie Rederialeficnihmdnlet of the

assembly 2 to be processed a_%ain. This could result in the wellhead production flow having to be
reduced or eNRYIBEWPsHent| the Pyigafikhierit b hbizhranssreestdbgrduslivisdosptheciated, this

IS not accepigiig: faJ06HEGARIRIRNS WRIRIOIRHGHRMBH 68 $SedTRAI sk saien dhe frequency that

the combination of helical separation assemblies 8 being brought on and off line would need to
changd 0 42 achiegd. plikseralyie 48 deithan el eshshthiseraBhoke, flow control valve, ball or gate valve.
The helical separation assembly may be maintained in this state until needed to be brought on-line

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

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 8 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 left 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.



5The operation of the present invention, in particular the embodiments shown in the accompanying
figures, has been described in detail in relation to a multiphase stream comprising oil and water. It will
be understo¥@ M@ fed3sembly and method of the present invention may Beleai/dlee)eparate
other multiphase liquid-liquid streams. The stream may contain two, three or more phases, which may
be separated 10according the relative densities ofilae liquids concerned. In addition, the invention may
be employed to separate multiphase gas-liquid streams in a similar manner. 43 CLAIMS 1. A method

for starting up a heligal separaliRN VPRI {YARGIAIOD INARPARYE AP %’hgl%aﬁlgw aAgeam

comprising a heavier fluid component 5 and a lighter fluid component, the m omprising feeding
to the helicalVabisardtiemalienleseparfinrrieesibba maydrsistinjaeedinitdly shtbantidagksteflunl
component; yhga B lididivelaein within the helical separation system has reached the 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. 2. The method according to claim 1, wherein the multiphase
fluid stream comprises a gaseous phase and a liquid phase. 3. The method according to either of
claims 1 or 2, wherein the multiphase fluid stream comprises a plurality of liquid phases. 154.The

method giccording toielaisa 3 eeraiR e Ui dnaRacR GRPRISER:AHATHERUSRIRS818RM

hydrocarbon phase. 5.The method according to claim 4, wherein the aqueous phase comprises water

produced froh thestsespeanyine fiamesdhasdrsa fssariben inrdaaldrofelatiniuicedmeliiphssaid well. 20

stream comprising oil and water. It will be understood that the assembly and method

of the present invention may be employed to separate other multiphase liquid-liquid

streams. The stream may contain two, three or more phases, which may be separated
-10  according the relative densities of the iiquids concerned. In addition, the invention

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

1. 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 heavier
fluid component; when the fluid velocity within the helical separation
system has reached the 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.

2. The method according to claim 1, wherein the multiphase fluid

stream comprises a gaseous phase and a liquid phase.

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

multiphase fluid stream comprises a plurality of liquid phases.

4. The method according to claim 3, wherein the fluid stream comprises

an aqueous phase and a hydrocarbon phase.

5. The method according to claim 4, wherein the aqueous phase
comprises water produced from a subterranean well and the hydrocarbon

phase is oil produced from the said well.



