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be operated viably. As the field matures and production decllnes a level is reached at
25 which considerable resources are left in place but at which it is no longer commercially
viable to operate the welle.

Conventionally, the flow which is achieved from a subsea well is directed to a
surface production vessel. Back pressure on the well reduces the production rate and
brings on an early decline of the wells flowing life as the reservoir pressure at the bottom

30 of the well must overcome the hydrostatic head and the pressure caused by friction.
"Therefore the well depth, the distance along the seabed and the water depth are all
contributing factors against the reservoir pressure. At a certain stage, the well ceases

to produce a useabie flow when a significant proportion of the desired fluid remains in the
reservoir area drained by the well. Energy can be added to the production stream, either

35 downhole, atthe wellhead or in the riser. The input of energy increases the lift cost of the
oil from the well, thereby reducing the commercial viability of the well and, in some cases,

the entire field.
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' to a manifold where the flow from individual wells is commingled and then the multlphase
fluid flows to the surface via pipelines and risers. To reduce-the back pressure caused

by the pipelines, metheds for providing energy to the flow stream downstream of the
manifold, such as additional pumps, may be used. As the fluid flows up the well the gas

30 will come out of solution once it is above the bubble point, thereby causing a gas/liquid
flow at the wellhead. However, such multiphase pumps require additional energy which
increases the cost of this approach. The requirements for pumping this free gas are very
different and, in many cases, opposite to those required for pumping liquid and therefore

there is a design confiict and, at best, only a poor compromise can be achieved.

35 Therefore it is preferable to separate the fluid into gas and liquid which can be directed
to suitable gas pumps and liquid pumps. As friction losses along a pipeline reduce the
pressure, more and more gas comes out of the liquid solution, possibly forming 50 to 100

-2-



pressure, nore and nore gas conmes out of the liquid solution, possibly

formng 50 to 100 WO O 310 865 70 PCTI GB03/01 253 netre slugs of gas. it
shoul d be considered that this gas does not need punping due to the |ow
gas friction factor and | ow gas hydrostatic head, and can fr&: ravel
al ong it WOWHSHpel ine. It is the liquid slugs that have$¥ %‘E’Yﬁd hed

I by th | ph
punp t o) R SUEE Do dsTepib SRl e BREE it atsBbuniordy Mg o Piase
unnecess athy low ga fmﬂba fadter agjmlskI)(W gawhydroaéatlt:§leaé.€amd can fregly t@uelfaéfa‘e its Io&ﬁ"gg

r r r, t n nail n
Pl et or Rag) 30 BE Y, A0 et B8R D Ho B AbGY b e ReRpRALE1 SATH N0
phases. Taccoefinglptthe ehargyusat byisghmulipbasepusp torcanmpress the-aas, togchig¥8 fea,  or

t | t hst and
o 605 ESOST il R o LRheds SOy SRR 4Bl 68 thOM el 1 DSt ang
and smal | er t abDkshe apddnee larfe pressutearegistant sna|gﬂ tanksceanape yeed & PEVdS na)
pressures_h Ve@%@ﬁﬁg for-lmg é\ﬁgbs'g%garélbqﬁo ofleﬂé't%?ﬁntg B&lids SAuHyE

t hr oughpusll consi increasing the
conpl exi tphasEhi §'ooseparate ﬂmds ebmhemeswees:@n\ﬁamsuﬁﬂ%ﬁ- Or g3 hEB AP ?'b %%bsea

separat i OQrP?éur%glz &8ty ;{taggé%wééﬁ%&%ﬁtﬁﬁ%hhﬁmé@n&SME 8bieRe BMBLIALNDI Ng

can parti | head at t he seabed adthe wat er
dept h10 Thleargasorwantldmll tnejsnaremnedonger auitabliand spaliardenks capable cHUSIANANG

pressure a UL RivE® b8aseduch a systemis descri bed
in US 490@§@g‘k%y cﬁr;sa?qrom ng 1 a

dr|II|ng apprach .us a nventj onal , subsea
conduct or as alepd!d%ﬁCtﬂiZSfﬁ!ih@rf ipguces e Ylumg r‘&‘éﬂmﬂt?r%’fe‘@ haveto hﬁ%f’%m

t hr oughpugoay R Mc&a khs MBFs ldind Rasieaverednthbecorwemtionatl f rom
such a syé?r%me TH@ conagg'%t di sc“ﬁg;}s !ru S 4900433 is based on a

combi nat i appreachiiasupsea sensration ok Sdescri ption of how these
princihgl es behgaehhdsAiRiRCéegaPatiPiaidasuniping sart bathall)f taketddvantape offtheé d i s

[ 1 d fl | a d| | h
Flurd. veeiend a e ssans, S T RAR Golininflictad bi'ybcHealadlt £ 8 BuePre ! he
second. T, séiﬁé @finttie Wwedb pidseurk! peird irdtbesmputriped fiqdd gipeline. CSWW@SYWE&/ t he
d d th
t ?“n"éwf”eqﬁ?s%ag%do'"!r@ 40505 Yy 8L 3Blind B 3Hfiby apirBéch @ﬁﬂi%g%ﬁv&@%‘%ﬁg%g? h of
t he tr ougtoralucihpas aisbpavatazhousing.obPue to ﬂ\a@ommréezef a graximua trepghPBPT and

| h
vel oc :zgy O@é@ §§ 8{)6 Bbﬂgh@e{ &J(s)sﬁ.swr%lﬂ gkh Gist eeiela%nﬁ 58 £OBtdMOThé B@'ndepﬂug

reqU| now und around a c¢entral gcore |||"|

hel i x nandieclpsas mU&ég@%@é‘nbl 1963399 oth &t eambkipation ¢f HV%BB%%%{‘?%O%I@@PB it

coul d be_paldipfn it ioAARE SrcfidEENagélinggsreBto sepavatich s that, irsty, thei fluid he
trough is novxP % ected to a rot atlonal ce, Whi ch ex%rtsaﬁw l4(iugal

gravitati t§n%il0wﬁért@é|°&’n'“t%@ L e e lﬁ’ogr sl dpHah & ngt h

can now bg,5&@hé see&mwdomao Ianﬂ@mehwmrtomnétrmr seoondueThermcsmtvoﬁal
gravitational "effect.

nunbe2d the fluid down the trougltw is co chp by ﬁwev&wlln%a?t[ QH&Q fnhaeloﬁs @{r&ﬁht t?cﬂfg?v, a

the length is dependent on the time required to allow the gas to percolaie up in respect

of the depth of the trough or for oil/water to form a two layered flow. The depth of, and

velocity of the fluid in, the trough determines the length of the trough required. Secondly,

the trough is now wound around a central core in a helix manner, with the assembly

30 installed into a subsea conductor or it could be part of a seabed silo mounted on the

seabed. The fluid in the trough is now subjected to a rotational force which exerts a
centrifugal gravitational force on the bubbles or forming droplets.

The trough length can now be shortened as it is inversely proportional to the

rotational gravitational effect. As the trough is wound around the central core, a number.

35  of rotations can be achieved per metre of hole. The resulting circumference of the circular

helix trough means a considerable helix travel distance can be achieved in either the

depth of hole or in the silo height.



'35 of rotations can be achi eved per netre of hole. The resulting
circunference of the circular helix trough neans a consi derable helix
travel distance can be achieved in either the depth of hole or in the silo
hei ght. CVO 03/ 086570 PCT/ CB03/ 01253 Although the separ ficient,
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particle,g gng squared, is an inportant factor that defines the rate of
separatlon 0 This applies to the free gas bubbles, or droplets of either
oil or water in the surr un&,@b@iup@) At a certain pressure, a quantity
of gas will be in sol utleﬁ—vh—ch—ca-rmo‘t be separated out. at this pressure.
If the pressure is |lowered, nor# gas will cone out of solution. Therefore
it is inportant to operate the separator at a pressure-level that wll
achieve the correct level of gas/liquid separation as defined for the
system The pressure 25 level will not affect the size of solids and only
mar gi Rgl-ly af f@gkrd:he sige of - | i quighmihabpdietity.or rateef separationi abl e but
critical factors in the separatlon gﬁ(ﬁaﬁss between two fluids of defined
density, viscosity and p essufe ar &M di aneter of the bubble or droplet
and the effect of gravigy. In a | gragitystationary fluid separation tank,
taking the effect of graélty on thgla Eér fd esturface as 1lg, only 1g is
applied resulting in a 10-15 mnute s time to achieve a |evel of
separati on between di ffepgnt Fi qui dsnsnapfsmrmndn'gﬂ% fluid, the g forces
can be_ increased, (e.qg. usi ng aslg%tgt({m;dw the force are increased to

50009 Bnd usi ng a hydrogycl ne to
- wscosﬂy of surrounding fluid

This shows that the diameter of a droplet bubble or particle, bemg squared, is an
important factor that defines the rate of separation.- ‘

20 This applies to the free gas bubbles, or droplets of either oil or water in the
surrounding fluid. Ata certain pressure, a quarntity of gas will be in solution which cannot
be separated out at this pressure. i the pressure is lowered, more gas will come out of
solution. Therefore it is important to operate the separator at a pressure level that will
achieve the correct level of gas/liquid separation as defined for the system. The pressure

25 level will not affect the size of solids and only marginally affect the size of liquid droplets.

The two variable but critical factors in the separation process between two fluids
of defined density, viscosity and pressure are the diameter of the bubble or droplet and
the effect of gravity. '

In a large stationary fiuid separation tank, taking the effect of gravity on the earth

30 surface as 1g, only 1g is applied resulting in'a 10-15 minute standing time to achieve a
level of separation between different liquids. By rotating the fluid, the g forces can be
increased, (e.g. by using a centrifuge the force are increased to 5000g and using a
hydrocyclone to 2000g).

The centrifugal force created by a rotating item whether a unit mass, droplet,

35 bubble or particle is given by:- '
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The centrifugal force created by a rotating item whether a unit nass,
droplet, 35 bubble or particle is given by: W 03/086570 Wer e:

centrifugal force mass of item velocity radius of rotation PCT/GB03/01253
This shows that the velocity being squared is a sensitive value to

i ncreasi NP 038658 eparati on factor for a set radius of rotB&l SRR

conbi nation of the radius of curvature 10 and the velocity will define the
flow rate through the separapgr? The 'volune of the separator is dependent
on the tinme to achieve t@g=destred | evel of separation of the flow rate. A
separator in which the g forcds are high is therefore very efficient,
providing the particle or materials being separated remain the sane size.
(i.e. sand and debris in a 15 liquid). The mai n di sadvantage of these high
g force separators for separating noving liquids in a fixed cyclone or

hel i x conpar edVméreh a stGtiorary foentrifugahfaic&entrifuge is the high shear
stress' forces which results in br | wn the droplet size, causing
smal l er droplets, evensrﬁreati ng erfﬁrugéfgsé}gtﬁgf To either reduce the effect of
emul si®dns or to rectify 0 the proslashy chemical additives can be used.
Therefore the advantage of a hi gh%digﬁ@,y,tc;tgﬁonforce i's overshadowed by the
drastically reduced dropl et dianeter because the separation force is
dependent on the square of the droplet diameter. A gradual reduction of

dropl et - di anetge Ly WY elokH) BeiRg Siidred /6 sebitRRGalRLY inchésin this S
value a large reduction 1 n droplet dianeter &&cu;.s V\tt&..h tcge eff fuﬁ\%t rtehat

hi gher  Z®pgration factardei setradinoef rptatins dbe sompinghon ALINE LA @ g o of
e polLi B B e R e A A o o e 200 30 Byekaem) N0 ¢ he
vel oci ty sebaraef i$ F'ﬁi’%l“%éﬁ Ws&‘ﬁ tige %&Fﬁﬁ?nhlﬁ gef—'rgﬁ}%v.epq?h%g%%gsrén(thl ﬁ@g}nt i on
ains to qygycome the problens associated with the prior.art 30 and to
provi de a separator whjch, i ckl n f.f1Cl ; iphase
D e p e bReS Hrih R EI k) TERAE P Sudt PP

i nvent i omparfidke bE misteriobbifg deparatef aemab - the cansepze-&i-6ngANdnal dehrisda & | ui d,
the separator conprising: an inlet for a nultiphase fluid; 35 a plurality

of outPet™@Uiddt | east one for each sel ected separated phase; .
The main disadvantage of these high g force separators for separating moving

liquids in a fixed cyclone or helix compared with a stationary fluid in a centrifuge is the high
shear stress’ forces which results in breaking down the droplet size, causing smaller
droplets, even creating emulsions. ‘f‘o either reduce the effect of emulsions or to rectify
20 the problem, chemical additives can be used. Therefore the advantage of a higher gravity
force is overshadowed by the drastically reduced droplet diameter because the separation
force is dependent on the square of the droplet diameter. '
A gradual reduction of droplet diameter in a moving fluid occurs c!own to 20g, but
above this value a large reduction in droplet diameter occurs with the effect that higher
25 gravity forces now only causes a minor increase in the rate of separation.
It is therefore critical to keep the droplet diameters as large as possible by creating
a gravity effect between 10-20g and by keeping the velocity of the fluid between a
maximum of 2-3m/s.
The present invention aims to overcome the problems associated with the prior art
30 and to provide a separator which can quickly and efficiently separate multiphase flow into
the individual component flows.
.According to the present invention, there is provided a separator for separating
multiphase fluid, the separator comprising:
an inlet for a multiphase fiuid;
35 a plurality of outlets, at least one for each selected separated phase;
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WO 03/4) 86570 PCT/ CB03/01253 a mai n annul ar tubul ar bore through which the
mul tiphase fluid is caused to flow and to separate into |ighter and
heavi er fluids, the bore having an outlet for each of the Iighter and
heavi er fluids. Thus, the present invention provides a rofation
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fluid out i S e B flow
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separ at or operatisrer conprises a first additional tubular bore |ocated below,

and in fluid CEP;P&}HbZ;?EﬁeO e %]Q ta Sﬁ%ﬁtlﬁ'l e'EheIréW Shuing! thE fiukdhe difcuiblte

addi ti onal bor cau epar atl tthe flowinto Iighter and
heavi df fthndn@'nthaalnmaboreg an outlet 20 for each of the lighter and heavier

fluids:. Pref eFﬂQ by ﬁ%fﬁ@%é‘&ﬂhefrﬁﬁuﬁ Bére diélﬁ@téf RS AN e Adwidré@nal
ocat e
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t he |i ght efthglinlethasete éHOW@ﬁféblesf@t?@HQﬂa‘Hd?PFféH%ﬁ bore causing further

separation of F ol Sutiens tdieuiif o fHetthaia bors)dn thevdiregtiom
outlet for eacﬁp&?%ﬁ)mé“éayg and heavgﬁzélw%s 25 Preferably, the inlet

into the aﬁtaatﬂpmmdmalwsert%a%ﬁq igp o P61 the separator further

conprijges a Sppféfbrafbwméu'ghﬁmmg@nw i¢ Bangéntizt &sthe neatrebark, infthe dinedtion©f t he
condui t(s having a snmaller flow dlarretfg'i thar}%ﬁgy of the annul ar tubul ar
bor es, ?%f’@ﬁsﬁ"r‘rﬁ’p?h@'\efﬁ?ﬂ'o\?é? g g nabl e further separation
of the f| Ui ds  Prefbrably) thedpbratat fprties eomptiSeda Bfstadditignal tubslag poredpcatemdui t

coi | abovBeioB: 874 Buihih EopropcrB L i) theBea AEENGR biser TRy SaRE ﬂ%‘["‘“&%pl nes
an envel opaysimay fui’tbﬁﬁ$enam1bn of thelflowdintodighias apdihegviet & laying ametiat he
or e dPanist PC0p FRdore gt PRIt o0 't e el ect Lo or flow 38
t her et hr ough. Preferably, the separator further comprises a second additional tubbfar bore
located above, and tagentially in fiuid communication with, the lighter fluid outiet, the
second additional bore causing further separation of the flow into lighter and heavier fiuids
and having an outlet for each of the lighter and heavier fluids.
25 . Preferably, the inlet into the additional bore s tangential.
Preferably, the separator further comprises a spiral conduit connected to at least
one of the outlets, the conduit(s) having a smaller flow diameter than any of the annular
tubular bores, thereby increasing the fluid velocity to enable further separation of the ﬂuic_ls
into the desired phases. ‘ :
30 Preferably, the spiral conduit is parallel sided spiral coil having the same coil
diameter as the spiral coil above to allow the flow o stablise.
Preferably, each conduit defines an envelope, at least part of the envelope being
tapered such that the diameters of consecutive loops of the conduit are reduced.
Preferably, the bore diameter of the conduit is reduced in the direction of ﬂ_ow

35 therethrough.



WO 03'/ 086570 PCT/ GB03/012-53 Preferably, the angle of slope of the pipework
in the coil of the spiral relative to the annular bore(s) increases as the
fluid flows through the conduit to control fromeach conduit into a

tubul ar bore. Preferably, the separator further conprises of on [, nore
outlets MQRPHE0spiral 5 to allow for the further separ'éﬁ"‘dﬂﬁmzoflgq:’i ghter

and heavier fluids. Preferably, the separatpt rL.her Y or nore
drai n and/ or Jeferalndig arole ?ﬁ%&?ﬂ%ﬁ&'}? F@B"ﬁ‘&‘dﬁf" tﬁ%? ém%t?%%ﬂ?l%g&ﬁ@?gﬁe
Pref er abl yhnulddBofk(8) McrRBskPEY & flgio Mdwistthroeghtthe enduitnidutonireh fremreasii i al | y

and-in the direction of flowto collect the required phase. 10 Preferably,
t he separmkﬂtﬁ\!ﬁ?ﬁ'&m@f@ﬁ[ﬁ'i ses an outlet for solid slurry. Preferably,

t he annul ar tqb,@keiéug,%@é@ﬁarét&fmbr eommiseanof oneenmbrevudetsiiom Hespisak

i nvention will now _be described with re t he acconpanyi ng

dr awi ngs, tojaowerdhe f‘ﬂr&ﬂﬁ%oalati‘@%f"gﬁﬁ%ﬁﬁé ﬁ%&@%ﬁlg‘so‘g.sect i onal view showing a
system i n whi chetdiBbly;ihe Seppatoiforthercopeiser arman moreraintangfpryenticandditsys ed;
Figure-2 is a | ong’i,é ydi nal, cross sectional view through one exanple of the
present TOR &Ach GANduH;ipig aduRlIBIbar®; o oit ydi nal cross sectional view through
a second exanppgiérably/the dpfremerdr ventaendiitsrexit 2ie dnduie) tangentially ansgr thedi nal

cross sectional vjew throygh a thi anple of the present invention;
Figure 5 ‘i"ée‘%lc"bpg V\I,}Oe‘\?ﬁ"gég?? Eﬁ?uggéghgg[%l'ne 1-1 in Figures 3 and 4; Figure

6 is gopl an Vi prferablyj s sbparator further icorpases amoutietlor sglidsluimy 4; Figure 7 is
a plan view of _t he per. .| Qo0 Iy I3 St . below line 3-3, in- 25
Figures 2 to 4!,3r faﬁ&e‘?"ﬁ apﬁ&r%@gfﬁpé?re% )s%%'{eﬁgﬁ of the | oop of the conduit

bel ow t he | i neEdamples of Bieguresantdnventian wilhaowibg descipgdswith 5?%85‘?"99 ¥ ection
2

of the | oop _of th . the line 5-5 in Figures to 4. 30 The

rrultistag@gquwglnglﬁgwg'ﬂﬁ%'r?ﬁh@ﬁégure 1, and descriped wi thin our. ca-pendi ng

Eur opean pat enFigapgpiis at $chanatic cgossnsaciignal piew &H?WFQQ%ﬁi’%eWe'P:MM'BMSQEP)

has a asséé#}ﬁfﬂgﬁﬁeﬁiiﬁbgﬁknjmu HeQisegdal separator 2 and a verti cal
agor I'ch ra ' h

separ N maximse the flowrate and neet th
col | apsed pr esEiguee 2 isqlendildinakorosg qecpmeég!ewgf!fgagg °ﬂ%$’éar["?38g§"%‘?fpf%yéﬂ% 0
renove reﬁ,? n:Solids which may be in the initial -multiphase 35 flow inlet

ﬁ;)ntT‘rA& eve >Figure 3 o4 Io%gi%tjir?él o IRLSSI (R hidligh °Sk3h8 AxHRbRYE the i d

present invention;
20 Figure 4 is a longitudinal cross’ sectional view through a third example of the

present invention; _
Figure 5 Is a plan view section below line 1-1 in Figures 3 and 4;
Figure 6 is a plan view section below the line 2-2 in Figures 3 and 4,
Figure 7 is a plan view of the upper loop of the spiral conduit, below line 3-3, in

25 Figures 2to 4; | .
Figure 8 is a plan view section of the loop of the conduit below the line 4-4 in

Figures 2 to 4; and
Figure 9 is a plan view section of the loop of the conduit-below the line 5-5 jln

Figures 2 to 4. _

30 ~ The muliistage separator shown in Figure 1, and described within our co-pending
European patent application filed on the same day (agents ref: MJBO7059EP) has a gas
liquid phase divider 1, a toroidal separafor 2 and a vertical separator 3 which can
maximise the flow rate and meet the burst and collapsed pressure requirements. All three
stages have the ability to remove residual solids which may be in the initial multiphase

35 flowinlet4. Two level sensors 6, 7 offer a simple dual level sensing method to aid conirol
of the separation process by ensuring that acceptable levels of the individual phases of
gas, oil and water can be achieved throughout the separation.
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of the separation process by ensuring that acceptable |evels of the

I ndi vi dual phases of gas, oil and water can be achi eved throughout the
separation. WO 03/086570 PCT/ GB03/01253 The gas |iquid phase divider | is
provided with a vortex mantel 70 and a vortex breaker 71. The vertical
separ atorWQ"?/Qs{’é?(bw ded with a vortex ring 72 and a nunbePCHEBOIYY2ix

| at h f t
B N e T
has separmb@lcbrlmt orﬁemrtﬁsacéqmratphampwded nith ai vortex ding f7€rangta nupberofi n. a
t andi
boundar | Sre REEEEHARLIY T TBRRUIR0SS o Spéh o Werd R, brebeil colng
when one, gueasidgiod a Somsirarh beihglformeldoWh;srwsmMélearae‘Md lasseperated igte Was ¢ hi s
r t " h
PSS ot rogis. o S RIS 1 R P YR 1R8] ARG itoppaces
occur r enceylindricah de soniedi | Eoundériet irlha)ugﬁatlnglenslmtstlagﬁblst@ﬁs@l there depar at.or
2 of Fi 1 h t t
Vent 1 oriendaneY JneP ST SOt oy o bw AR a3 Eibeopdted 28 HSZ3CT

i nvention ore i s used or,
even, wh mreéMeduﬁerenﬁﬂnrmrmnaJ the biundagy lay@ ba@@@n ﬂmﬂ@@ﬁﬁﬁ%s EWNKOWSr ese nt

: RV%T Icﬁn%{ulﬁplh lgh 9'8%'? ﬁhcﬂ%h is ik ltBr n + Lihd Qg&f P()Q:?c%m‘rénceS BOYHeksiRatiié our e 2

ich'¢c e th w rate, burst, collapse
15 prégsures, Althdugh theseshagpstape tQOIﬂdﬁe@@WEQIIZ of Figyrehés. S"@Wﬁr"@\‘linéé’opal'ror

recei vi ngofranUa}? ?e% g QV\’hE Efr%&négb riveh&n ddn eql]al? b @é’é’ﬁﬁhe@%nﬁr@sh@fee is

dependent “upon urst and pressure bei ng
t ypi cal | yarnelanbere :s@eed QO@@ﬁman%W@r‘?r raere @Raular Weéﬁf%l*‘%e "t he bore 10, it

Is travelling ﬁﬁeﬁarﬂ?lgri‘:f E\%Eifrgséd? irfehtisrPatlisng a%@l@émﬁlﬂaﬂlﬁulﬁﬂﬁd@ bofé &

mul ti phase flow ente bor e via a s c de n.dia te inlet 11
whi ch i s siowprieFigusn? in whiste pbular bSWdWBWhtCEE?'B'L‘A'%Fh%fE"gWﬁ oH Ii'%'? *% he

bore 18, . ;%r@@éﬁ@y lé:iﬁ'ﬂﬁéé?ﬂpéofd !%rtzbﬁﬁllmﬁj-arms pmhuuehfqummgmumﬂmmm
mai ntarn the vel ocit the fl

bet h 10. B
usi ng a |&ryeh "Ei?‘a"f’?e){'a? d@meéerfg?hqq!gﬂ%e\ﬁieqeﬁﬁ%qt upen al?r "Eahélaié]ﬁ n%5| ze g
bei ng dep&mﬁggg p,ggsdré@werngttﬁ);egngl bémegrsooeqoommmameterhwstlpﬁﬂnwdetsrs a | ow

h t t he. fl
ot al | yneeredbot Syaialiiel 4 el Hetolf S ke el ' ARSI
fluid caumemplm/ﬂ@m ehters dise ande 1@va scdpedifip aleslanl diameatarHniat fihevhichhig t o
th h l-pi d
The'i Aler PElerabFfanbehfal 3pf ofAE plter LGrRichog of 1 bdilo fo heret sbiuyla! s - on
hor i zont ajetting agtianvhich hepedo "e;dtfc@@tné meintpinthrveleaity ot herloy edvasiidr 32/ he
| ower outg @hn‘?ﬂ{é b&He 19f thﬂﬁmg@l%?ge}glaﬁﬁei %?E% 10 @l @5 the ikt 11h§bré | 188 tfuaf | UI dS

novi ng to I nher t1on of

are provi ¢izelbeing rdepﬁ %QOJ'OWI rafejandydesign Wg?mﬁp'ﬁr 8@5 pProy H@ﬁlaﬁgglsé;\ear The
exit lineg ile’ss'a?eé ANGHRG e ﬂd.@t& Sebisd hRdhel phabed wﬁm&ly@barebee bore 10 and

:c zr ”?Egt f, gh? g'ﬂ'hq ﬁmﬁg ﬂg\grn tha%vr\selrndﬂc rJ m?}r\]e %‘ultllpngsebf?wc? ca Ses-hh SVISMJ]dé Le 13
any solid particles within the flow to move to the outer circumference of the bore 10 with
the lighter fiuids on the inner circumference of the bore 10. As the bore 10 is mounted
horizontally, gravitational effects pull the heavier fluids towards the lower outer portion.of
the bore 10 and this results in the lither fluids moving to the inner upper portion of the

30 bore 10.
' Exit lines 12 and 13 are provided for the heavy fluids and lighter fluids respectively.
The exit line 12 is tangential to the bottom circumference of the bore 10 and is mounted
on the bottom lower portion of the bore 10. The exit line 13 for the lighter fluids is
mounted tangentially to the inner upper portion of the bore 10. The location of the outl_ets
35 s, of course, depend'ent upon the fluid which it is expected to receive and therefore the
location of the connections of the exit lines can be changed without effecting the operation

of the invention.



nounted tangentially to the inner upper portion of the bore 10. The

| ocation of the outlets 35 is, of course, dependent upon the fluid which it
is expected to receive and therefore the |location of the connections of
the exit |lines can be changed without effecting the operation t he

i nvent i oYOWNP87%086570 PCT/ CB03/ 01253 The separator is dﬂ’Qﬁ"&B%"?lﬁ? three

i nterlinking areas n_up ectl C I I qui d
section 16 andn%sS¢ r\ﬁ‘é{]) ecglgfqﬁﬁ %ﬂmﬂ#&g "??%s gﬂ%ﬁg%rg& mnzi@tell phase
flow thr é\éfﬂn*éal hndt@haéalhqzmaﬁsas 5qs, a loiver waker sectiondl 6 oinj this eéﬁmp!méhe
Separation

in bore 10 per t
ent r ai ne@ujt 'PHE?EH ow fr '"@Hﬁﬁ%{ﬁprés%gﬁas &F‘Ema’te?fgﬁ sg %%@hgﬁep%ﬁr and a
little eptyore m@semﬁmm:gas thatriomginlyegastbuk witkeentzainethliquids to gdidhiough gxi

o & e Sk e 8 Ayl o el oLt IR, | ool o

and coll ect SThé\Wecgasttmmmwmiy throwghegasiusectionnit by mea@ﬁﬂ f@ spiralrondgity; ¢

fic.d dj
e doaf SRS U SR BB A s bl s caRer Bl
has beencamﬁsr Fitedrthin pointdia thmeutet wan liquiditraps fi 8 with geRcifi %@%ﬁlﬂ%@aﬁl@&ﬁr al

I h d
i ch ox Pod DR RpRg S plbhe 19 B haBGHRr cbch SR “gzﬁ“de??and

into 1@ spidathatanydiguid vitich Has hen sepqumﬁ fsqm tha aasdlownis diected Ba 96 any
entrai ned %ﬁﬁmﬁt@%@[ﬂ'@ge 5‘t,lli‘ge I nner portion of the bore and.is 15

separ at e I nNeés

1 with specific desi dh to _cantrol
the flow rel affhe edtiphasébouid h@ﬂngatkaﬁpeﬂlgﬁé’sw@ﬂﬂe’ﬂ@ﬂg@ﬂg ﬁ’gﬁ &éa?‘f‘ €Br
conmon aﬁ—.éé'g}?%‘%brq%i 9?:&431% 144N é%\f}\ﬁ) f%bﬂal'c’oﬁ@wti@ herthé uqmib%plrsiemmmimen in

|

th th t th
oi F '? ﬁZt comaeis 20, oanmgrl:trmng Qaﬁﬂéﬁeﬁi‘rfgij%ow E‘Ie '{'ﬁg" @%’ﬁ'&ﬂl tbﬁrbé’ﬁ%l E.{"'I"%je'gvvzats er ©

S e{)arﬁtbe%‘g %e'aeofﬂh'é kit InWeR WiB'siéific @dsigridiametetisiictcap@ol the flaw peletivertonat el y
wat er

ase , the oil js,collected via ecific
desi gn dithemether exitdings pad is fed dndivd '{331}{1?5 ﬁ°'8rf|°“sﬁ§ps‘§1°‘”“ i Qﬁé‘gggq# é){ildlr%te her
through 'S%lfsmﬁﬁéﬂ sefsamlum in 136 ghb séctiohel 4f |ﬁmrtﬂe:pmaemroughéhg entrabsection
proportlon of th

t t
Peantr ed 186 e 1ok maves R e B e ol o e Rl 26 Shu 1 vk,
havi ng b%eﬁa@maoamedutef fower partion@f BB ernduit 28s In a@redaminatslyyaienkassdi ch is
red off iﬂﬂ@"% E,\“’%t eré@g&@’&:ﬂ s %% witl Sodtif ddston GmkS eha Sapanetl on has

uctlon and re- |nJect|on speci fications
and t her gbmnsordaiesuppbytlinedd®d a hi gh degree of phase purity conpared with

Lhat reaul red fil o fhebagh i Qokdcoonh 20 RRthe hichbasses, sy ofsater

separation are requl hases can be sub ? or furtc@ e of
separ at i ropmtioryobithedinuiis Water HF‘F'dat the lP‘HPBP?P&IseCtI'W e FeBYEY 96858 Sh 16 of
the separ, S&p3fatioh REs bRYE FeRHEE WithAhd begreefof bl dating deks stparated off, leaving

25 water as the main component which is fed out through water supply line 24. The quality
of subsea separation has fo meet the pump intake and production and/or re-i'njection
specifications and therefore does not need a high degree of phase purity compared with
that required for releasing into the environment. If higher levels of separation are
required, the phases can be submitted for further separation using a second or third |

30 toroidal.

In the lower section 16 of the separator, the lower outer portion of the bore is the
region in which the unwanted solids collect and these are.removed via drain lines 25 into

a solids removal line 26.
The details of the exit lines are described in greater detall with respect to Figures

35 5to09. |
Further examples of the present invention are shownin Figures 3 and 4 and these

are, respectively, dual and triple stack systems. In the dual stack system, an additional
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‘fegidn i n which the unwanted solids collect and these are. renoved via
drain lines 25 into a solids renoval line 26. The details of the exit

| ines are described in greater detail with respect to Figures 35 5 to 9.
Furt her exanples of the present invention are shown in Fi d 4 and
these a0 03/@%pWctjvely, dual and triple stack systens. ﬁﬁﬁgﬁga%%%l st ack

system an additional 3/ CRO QS &30 1S
utilised Wgﬁxrgmﬁcgeﬁggs B@Eﬁgglg?}é%é;%ﬁ%er separ a??rtl)ln ? ?dhoﬁ%fgﬁn?frt he
mul ti phastﬁefmmplml fio esjuiviaent e thel muliiphase bore 100suehc fhatnlhere @B i s an

I ndependdaﬁgj Eg"%PPB‘V % 8&?‘%%%%'“0 If&&ﬂ gg%ﬂgrtﬁéelﬂmlﬂe& Iﬂlﬁldﬁlﬁbé%émdteﬁl qui d

to be se ore ni1s supplied w ti phase

|
flow in vét.clihe Buithbogha thends sappliadwithod multiphgae flewsingraeh, raéthe%h% €3 smal |

t f th till ted
PO" B, o e B eon FBnb gl iton 81 bl dinadained ot 2t o4
al so the mernquudsmdéssepavetedlasfdasenbeﬂwth refpeace ioaEilRuER 3t Z{h?é’ﬁé‘ﬁﬁ“f ETFi gure
4, third ded d thi lied b
i & LS B RO, i 8 obdcilore 1 0V e and L1 1 sublcd by

ase bore 10 and annul ar 10 bPre 30 is
suppl i ed by exThe friplecstack $ystem tsbpwnm Fignre 4@ thirchanmsiien harg (4P Tpeliquid IS o oyt

' n exact Lﬁ{rgwggd 3 1s%?ne@§y Qﬁﬁfﬂé' 128 nPhE Y Fuliphd$ebdre 1D |aﬁd ahmglér Syst em

of Figur nor e

e USG In SItuatlons §f£¢EVIOUS
separ #0i oboref30tis eupnﬂedltqymélne 11@i fepm hgee Y clhe §ﬁ’aofﬂtd9'wt@)ﬂés carg Pow
rates aregld 2 fﬁe%‘éﬁm%'maﬂﬁ} ge deéd?.b%a%\ﬁﬁustyh ThERAIE Btstk sistem of Figups i t he

n

drain ande ines wt peci ndlarreter to C I e fl ow
rel ative morelikelyde hewsed 'ﬂéﬁu"ﬁ'@ﬂﬁﬂw'ﬂ'%"%WPY‘&F?@%PQ'?W the] u@ﬁ@&%rﬂgﬁqt he
gas or |igud é:U'r £4'and }hBR ié@bb‘ﬂ@ﬁdafe@ aféﬂ% beaemtbnmomm section for further

t t 14
fﬁBZéae'x."t” E heinsgcheal the GiWRHS AR Exagis 10 i sof et it i bebifc O

to eiyher gésigi didbiepd toacomalrtae flb@trokative 1o|theomr Biespermitdlne enfrainegd Rawld | i qui d

separation section wel | bel t he il vel ch
wi th specPt9as TRIE;the 025 oy E:if\ﬁ(f“ﬁg’ggeg irhed 'r?oe{s?]s? uarpég)0 r owgeétiah%‘agggegpl f al

coul d Cau§?aﬁt1¢h®nﬂgn b&péb’mmmjgas sértioh 144 the ligid grainy ﬁwé@e&w&t the E'Jfahl ? )
ressure | eren upes
Er eating % ppardly Lt{hﬁ?rgp I?He% and Bl sclohﬁeclﬁ@l% qo%ﬂhelt Qsln@é%\"ﬁ %mhhﬁ rétupyv

gas f ﬁ a gas %Y I s not
subj ect edliiedas shawm din&tler&m‘pathatllquﬂ gepacadion seslion Wg b&ﬂﬁWH&‘cﬁa g Ei"@ to the

l'i qui gpspi ral pgﬁ][%mg Pﬁprgﬁa, %éd.m&@a%m&&t nne%Saﬁ;np.@ssarae}rma the

separ ati on sec as/oll level. This a liquid
being dr gmpupl@ghimseﬂw@m%@f@%étprw high wii! eﬂf@"‘im%%@v@??ﬂ“'a HEEY%r the

gas 27 a“ﬁ.ﬁ&%ﬁa of, 918 iR maﬁﬁe&btewent&ﬁe fiol Sulils dréting & Srricout fdsdie om.
respective t

Ui Stance 98 fow AehAkowitG fgee ol SeEerr P e Ao R AR L one.
Thi s appears 3R sjilad %Bbﬂoﬁclﬁﬂp‘bl@éQdﬁ@tllqaidsspnamhhmﬂw gasaveny fiov tbes fnust her
phas esés Tgr?te?tlhle gtag légpacg'faglon secfQ‘ on weﬁiabove the gas/oit level. This prevenis a Ilqwd being
drawn up against the hydrostatic head.
The phase exit lines for the gas 27 and water 24 from the respective spirals at the-
top and bottom respectively of the separator, thereby ensuring that a maximum separation
distance with them exiting either at the top or bottom of their phase zone. This appears
30 naturally and prevent any accidental carry over of other phases. The oil take off 23 should
exit approximately at the mid- to upper section of the oil zone between the gas/oil ievel
and the oil'water level. This again ensures a maximum natural flow, thereby minimising
any accidental carry over of water or gas.
In certain circumstances, there may-be a low proportion of a certain phase and
35 therefore, to maintain an efficient flow in the system, it is necessary to reinject fiuids. This
could be gas, oll or water and these are provided through inlet lines 50, 51 and 52

respectively. The injected flow provides additional energy to the circulating fluids. This
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exit approximately at the mid- to upper section of the oil zone between the
gas/oil level and the oillwater level. This again ensures a naxi mum
natural flow, .thereby mnimsing any accidental carry over of water or
gas. In certain circunstances, there may be a | ow proportion of a certain

phase andVO8¥086f% efore, to naintain an efficient flow i fP¢HEPE e it is
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lines 19 s&een Imvo&pre@@ l@@ﬁhmga%ﬁmt 'l"&r?dé%‘?ﬂ"& phthe P@rﬂrpﬂ@%(?PﬁPﬁOgﬁleg’rorﬁuarter
of theghorg %ﬂe Iﬂih& drat ks ‘f.@éretﬂ‘rbﬁdeéc@rhmgeﬁﬁtaﬁgeméﬂ)gﬁrmlthqbdtom beteri qui d
flow ng around the outer circunfer e:}ﬁ t]fr EP]{ - lﬁ/d '&)ﬂ,‘ W éo
drain of f qaﬁ@efrﬁétt@ banes30. g Lhe esasng ferdhiss '1?0? CShPP Y 1% gas vent
flow t ube%ro%ﬂaﬁ(tﬁé yitdt Gireamfarenecsf tljlébed‘rﬁ @amdtthe abiiityeto q:lraln‘t offfany hmtﬁliajs
separator w th ent stream of the gas tangential entry. This is

he S ot B

shown i n BRGEHARE N BH®Vi ew of the main |iquid, annular bore 40
of Figure 3 anthd gaeoenyfow tubesrd carying qamdovesigasvirem the faves Rartefibe gas,

th t dal
1 i 4 SRR i RS 2 el @ the qas [eEpitR Byl oY T st ARG TIE
bot t om of 3teh'el Ao Aeplataiew ehthel maipstiopid, esndabberer4thgkRigres ??“ﬂr%!’ﬁcﬁl’@s 25

top inner Pﬂt{%m‘ﬁéwaf %5]* h[ %}dﬁ% SR SndtP asTlerﬁuél'Péﬁﬂ'ng ﬂtshavvnwptgurees gas in

the top o rotatlonal velocity ereis

il et 289 e Sate 40
a reasonabl e r &igure ﬁﬁh%%)@ liquig tosaidal in whish the,mai 'ﬂt'ﬁ'(ﬁ“ "cﬁ?’@ﬁw ut er
hem spher ¢; of At di€frbintHe bbilsih dPtheltRR&.1 G8s %h lines 21 come off tangentially from the

25 topinnerquarter of the ring bore 40. This configuration captures gas in the top ofthe bore
when the rotational velocity is sluggish. When there is a reasonable rotation above
0.5m/s, the liquid tends to occupy the outer hemisphere of the ring, thereby forcing any
gas to the inside circumference of the bore. Return tubes 19 from the gas spiral 14 enter
the low pressure zone tangentially at the back of the inside circumference of the toroidal

30  bore 40.

The main exit from either a gas or liquid toroidal is connected to a coiled pipe-
spiral. The smaller diameter of the spiral causes a velocity increase compared to the
velocity in the toroidal bore 30 or 40, thereby increasing the rotational force. A parallelor
straight sided coil pipe spiral separation zone 15 is recommended as a section to allow

35 stabilisation of the flow. This allows any carry over of the previously separated off phase

to be removed in vent lines 21.
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gas to the inside circunference of the bore. Return tubes 19 fromthe gas
spiral 14 enter the |ow pressure zone tangentially at the back of the

i nside circunference of the toroidal 30 bore 40. The main exit fromeither
a gas or liquid toroidal is connected to a coiled pipe spiral. The snaller
di amet er Y@ 03/9%65%pi ral causes a velocity increase conparé%jyﬁBWW@25Nelocity
in the toroid

paral l el or ?{f’pe& %?t%)? 2"&5132%9" h%[c(éggsp, ﬁafﬂ?gp%lp 5%' ﬁ s@zogl;étﬁﬂglacﬁd?f sce. A

recommndmciarmsa:faaeiﬁguyneater ratdtional 8Scestoratbielrematningfluid. A plen viewwf thergas al | ows

any carry over of t n vent

| i %es 21y spirghis SW'@)@%@%@?O%’%QX? @%@gﬁ%@%@]k{‘p@ g ﬁrleb@tv?g? Eﬁ{&\gﬁ%y coil,

t he tCOI | Q'?Imgdm@dl owrmweardsl frgmabe pater Ixﬂﬂomm%rmntsé’beswsts CQNUWWSIQE@UQ ng a
reate ati,ona as

ot a1 51 SRUBTE Bre pPi Bardy 7 plorit B sk zr brleriy o Bomit6t bt bRsa™

provi ded.61ang|emistai Unit 6G¢{Fdgwee dpi ng downwar ds from the outer bottom segnment.

These exits. CILRaS s ah ] Socof bPHE B BIER SInRb TBkaRPiRid] oPBiedr 0

the gas exit hedem's dem ster_ unit 60
(Fi gur e lijquidrsipiyal, gas verst flawtlibes mntahtmtl@ﬂv aﬂd sloping wemards gpmithe inside t he

parall el SSSLARL &k Bere 40 OBehedBldifh ouPBReNPE lnflhd IeRecRidiba e

t angent i aPPﬁ sl opi'ng upwar I nsid gquarter of the bore
20. Fao mmraOﬁ sag:amnondaone dbshouly bggpafiguredywiti awéf?fétﬁrlee ifordlae prime bytk

section q qb,@‘r% RaF ?P}éﬂagﬁﬁ%ﬁ;y Wt pas fbvP ehe itk SoHIRDe Y id ldwadaWngh teaspiral f or

the prime predom nantly water base flow the wat

cont i nues2t witlf mbabsq ﬁmmrdowﬁ!earglﬁﬁmmg inthe HPIP‘H' iper ayeent PR Mt SR nd

form ng ig,LBg upper inner quadrant of the water spiral bore 20. Fi gure 9

Is a plan view section of the beginpj of the tEeparat .0N_z0 3)6”‘0 fl ow
r

15 tubes 22 eﬁ'gu'ﬁlﬂés§ﬂﬁr’a‘4'9“b§?‘§'oﬁ Sﬁﬁéﬁ?ﬁl'%"ﬂ?o HSQP%'B oz om t he
i nsi dgst appeBBEtitthe sBlralitife RA entﬁﬂy arid slb;biﬁg npﬂdmfmnthellmslﬂﬂ Wpiguadet , t hen

k ff 0] houl h
opi ral | botrdhe lpwte?aqeilf?mf@ego@ma % o b S e SRR il e
wat er, th@mﬁlyutéﬁqwaém@tsbhedﬁwal borev & thismhodd, sendiand thonatiandebriandt | i ne.
Taking t h;ﬂ; E N Q-neé%byr ﬁggwmigggﬂ% r%mtogg Wfﬁﬁhémoﬁvﬂhé% Ith use of

anot her er con pira
section 16 forTaﬂﬁrgjthersdnrdlmnnﬁptmaldlsban@eﬁf@rm&f&rthisrﬁ 'PWétﬁQjﬁﬁ\th)ﬂn%IhQ'[ urry,

ead A9, vt Slieiz i HsiaBF st aBhica iiaRclcy 16 RASEM "°9'ﬁ2';‘§ff on of
ei t her t hedegeis remawaldn therfase of a|Sb'ﬂ'0{e'ﬁﬁémﬂj@ﬁt°m%fd°‘ﬁ’%q%ﬂ%8?"‘501”“ GFeRRing |
separ gt 'S?t%ngé}ﬂﬁl écf]'ner%gﬁodiéﬁtaﬂﬁﬁ @@sgbmlr%spom?malm i lt y of the 25 separ at ed
t he The degﬁ)'ee and Ievé)l rclaf sep%ra?ngn 01(’a élth%l' th%%lars %r vsva{er pﬁas%ts 13 Hependen cause
on the number of spirals in separation zone 14 and 16 respectively. The quality of the
25 separated oil is similarly dependent on the number of spirais in section 15. Because the
oil is exiting in the mid-separation section 15, it still could contain small guantities of
entrapped gas and water. These can be removed by now flowing the limited volume of
oil compared with the original multiphase volume into a vertica! oil separator 3 (Figure 1 }
or into another toroidal separation assembly.
30 The flow of gas from 27, the water in line 24 and the oil from the system relative
to the multiphase input flow must be controlled to ensure the gas/oil level 62 and the oil
water 83 level remain relative constant. This is achieved by the use of flow control units
(notshown) on lines 4, 64, 65 and 66 (Figure 1) receiving the appropriate information from

level sensor units 6 and 7.
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oil is exiting in the md-separation section 15, it still could contain
smal | quantities of entrapped gas and water. These can be renoved by now
flowwng the limted volunme of oil conpared with the original mnultiphase
volune into a vertical oil separator 3 (Figure 1) or int t or oi da
separ at i 3YO &¥PE¥ y. 30 The flow of gas from 27, the maté%nﬁﬁﬁﬁﬂﬁ%B24 and
the oil fromthe systemrelative Hag&ﬂginultiphase input flow nmust be
controlled to ensure the gasloil le and the oil water 63 |evel
remain relative constant. This is achieved by the use of flow control .units
(not shown) on lines 4,

64, 65 and. | VA he appropriate
i nf or mat fon f Adeparaerdpr $50R 'Pgmﬂqtlpgg%é E!r)]‘gu{?% %arégdfrg;ggfgggn AINB
PCT/ GB03/ 01253, hietfoss Riuktiphase filod; separating nul tiphase flow, the separator
conprising: an inlet for. a |t i } - gAygtl ets, at
| east Sone for aé’&&'ﬁ"tgé’f%‘&t[eéﬁd aﬂéﬁﬁﬁi@?ﬁ%%%ﬁ%%%ﬁdd%[ rraibglbg?\érﬁﬁlaar t@bul'ar
bore through whh&ih ahh@amubtiapbere hrbughwhichdbe suiiiphase floms cavged & EWar at e

into lighter and heavier fl ui r j ; Hesfdhe of t he
|t or and tnesmarge o Johier ShdReali S, e ife Baing o sibietol GlokEetthe

wher ei n fifief MMPhedvierduidengent i al entry, thereby causing the fluid to
circulate through the main bore. 3. A separator according to either claim1l
or claim?2, wherein the flow area of the nmin bore diang at .| east

er. i
twi ceyd he, f | oW euparator adcoringtosdaitpot, evhesein the iplel i mgsnv%@aw?{aer% f1 ow
to establish. ﬁiefug@ﬁ)@f[c%%m ﬂrqu Hﬁ;ﬁ@or@.ﬂy one of clai'ns 1 to 3, wherein
I's

t he heavic@YSIRg atigenfial to the main bore, in the direction
of the flow and froma lower, outer section of the nmain bore. 20 5. A

ceparat of, accgl gl ' RirReSEdhiR02, Ghidrem thevilew erea oftbel i ght er
fluid ol et %e%g%{ggg DYaiRg %o b :

th b , .1 n.the di i fl
and fr omnaain bpeatigmetanie at leg@éﬁbgth%dg?hlté}r«]{ga gé‘?‘ﬁ "h%rbé’.reet?ﬁ“é&%%ayabp%?azﬂ‘.'gs v

accorgin of the preceding clains, further conprising a first
addi tf%nglpsvﬁ(ﬁ%g%gﬁgﬁore | ocated below, and in fluid conmunication with, the

heavier fluid outlet, the first additional bore causing further separation
of the Tlow | I GeddrfloF Séoordifly 1@ \oneof Elalnnslt teed avHeasin the hesvienfividouiel  each
of the lighter and heavier flupids.. 3Q. 7. afiEREF bler kBctigty one
of the prl%@@GPh'ga|E9'§‘PrF%?'"LB‘iet welﬁegg?éﬁnsqfﬁbéﬁmé@i@ﬁ@ agﬁi tional tubular
bore | ocgdsech mbgMsbreand tangentially in fluid comunication with, the
lighter fluid outlet, the second additional bore causing further separation

of thé0flow _ o o .
5. A separator according to any one fo the preceding claims, wherein the lighter fiui

outlet is tangential to the main bore, in the direction of the flow and from an upper, inner

section of the main bore.

25 6. A separator according to any one of the preceding claims, further cpmprisigg afirst
additional tubular bore located below, and in fluid communication with, the heavier fluid
outlet, the first additional bore causing further separation of the flow: into lighter and
heavier fiuids and having an outlet for each of the lighter and heavier fluids.

30 7. A separator according to any one of the preceding claims, further comprising a -
second additional tubular bore located above, and tangentially in fluid communication with,
the lighter fluid outlet, the second additional bore causing further separation of the fiow
into lighter and heavier fluids and having an outlet for each of the lighter and heavier

fluids.

35
8. A separator according to either claim 6 or claim 7, wherein the inlet into the

additional bore is tangential.
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'into‘lighter and heavier fluids and having an outlet for each of the

| ighter and heavier fluids. 35 additional bore is tangential. A separator

according to either claim6 or claim7, wherein the inlet into the -13 WO

03/ 086570 PCT/ GR03/ 01253 A separator according to any of

pr ecedi ngveI3P¥_7® f urt her conprising a spiral conduit coﬁﬁgﬁﬁgﬁyi%gat | east
one of the outlets, the conduits(s) having a smaller flow dianeter than

any of the annul ar tubul ar bores, thereb%/ i ncreasin the fluid vel OCIty to
enabl e f ut her Aseparaior ancorsing taany (ofi Pae Of e PresroingaimsdIURREL SAMPHSING A

Soparal or o 364k ShMé&nﬁkéﬂ B & ledd12he bf‘thfe%ﬂélsl ihé'coﬁdlm@w)havlﬁg aesm\ubel

si ded spi he sanme coil dianeter as above

to allow ﬂtbwdianntﬁ!ttbalsaabbﬂth%énnl!@'tmEUIaW%@%éP@'PBY '"&E?@ﬁ'l"&qh%ﬁ't"g |°§1t¥n 9 or

claim 0 i‘ﬁ ﬁg'c%p%%] Hiok tHéSHuidiSRtoARe deaiksd pges.at | east part of the
envel ope elng apered suc at the diameters of consecutive |oops of the

condui t-are reduced. 12. A separator according to any one of clains 9 to

11, whereyp thﬁ mﬁ{:.%t&lia% gt&élam%é ithgein aRcipiral mdumtpmnel sidédispiral
direction of f her et . A se arat r acc ﬁme of
claim9 tooumzavmchtbwametm d@mter a5 thg s ?YPe °|cﬁ \Aﬁg ﬂ°“’ﬁ° F%B WRGi | of

the spiral relative to the annul ar bore(s) I ncreases as the fluid flows

t hrough the conduit to control the flow relative to th revi, o ection.

20 14104 §6par ASHPARISAORING 19 SR A6 CBIm IPalhereryses oy Jeinés ih

conpri si Ngnidio)CatOleastpar o Uhé Qirﬁelbp@meiﬁgetesjerétﬂlsutm thedt| they diametens of ur t her

separation of lighter and heayier flcr a 15. A separator according to any
g

one of cl gpmfs@cgtn{qjoqqsofft{]? &R HrIue one or nore 25 drain and/or vent
conduits fromeach conduit into a tubul ar bore. 16 A separator according

t | 1 wh the d d/ t
tgngeﬁ!t |mal y aﬁge?)hpa(tweaec&p{da P%HVS&PY hlsgé)@o P et eer%%?@eﬁ ﬁggz)

17. A 13epiedamduit isretdiatbinttioe dingction of fidw thecethrovgbdi ng clains, furt her
conprising an outlet for solid slurry. 18. A separator accordi ng to any
one of the preceding clains, wherein the annular tubular bore s} (rare)
circular. 135 A separator accordmg to any one of claim 9 to 12, wherein the angle of slope ©

the pipework in the coil of the spiral relative to the annular bore(s) increases as the fluid -
flows through the conduit to control the flow relative to the previous section.

20
14. A separator according to any one of claims 9 to 13, further comprising of one or

more outlets from the spiral to allow for the further separation of lighter and heavier fluids. -

15.  Aseparatoraccording to any one of claims 8 to 14, further comprising one or more
25 drain and/or vent conduits from each conduit into.a tubular bore. .

16. A separator according to claim 15, wherein the drain and/or vent conduits exit the
conduit(s) tangentially and in the direction of flow to collect the required phase.

30 17. A separator according to any one of the preceding claims, further comprising an

outiet for solid slurry.

18. A separator according to any one of the preceding claims, wherein the annular
tubular bore(s} is(are) circular.
35
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