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25 which considerable resources are left in place but at which it is no longer commercially

a

viable to operate the wells.

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 useable 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, at the 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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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
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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.
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VWher e: Eernlnal velocity or rate of separation c - constant g -
gravity d % anet er of droplet p2 - density of surrounding fluid 15 p, -

density of droplet p - vigcosit (of sukrounding fluid This shows that the
di aneter of a droplet, bMﬁiﬂi‘él e, being squared, is an inportant
factor that defines the rate of geparation. 20 This applies to the free gas
bubbl es, or droplets of either oil or water in the surrounding fluid. At a

certain pressure, a quantity of gas will be in solution which cannot be
separated out at this pressure. If the pressure is |lowered, nore gas will

conme o of tron T refore it t he separat or
ﬁ/g rSe terln%n he co rege{té’f)f)%a%t@n epar

at a pfessure P t hat achi eve gas/liquid
separation as defl ned forcthe syst eapnstahe pressure 25 level will not affect
the size of solids and ondy rra_rgingdr \yyaffect the size of liquid droplets.
The two variable but critical factors rn the separation process between two
fluids of defined densitd, vi-scosrd'@maﬁﬂobﬁiréﬁ@gre are the dianmeter of the

bubbl e or droplet and t ef fect qjengﬁ}agfgwrouhan?ﬂh@rge stationary fluid
separation tank, taking tHe effect of gravit he earth 30 surface as

1g, onl§y | gis appl i ed rRasuI ting i9ens 'bdr?Ban nute standing tine to

achieve a level of separation betwpestl 6f fr@dhdihg@uiads. 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).
This shows that the diameter of a droplet, bubble or particle, being 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 quantity of gas will be in solution which cannot
be separated out at this pressure. If 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 fluid 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
hydrocycione to 2000g).

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

35 bubble or particle is given by:-



The centrifugal force created by a rotating item whether a unit nass,
droplet, 35 bubble or particle is given by: -4 WO 03/086570 PCT/ GB03/01253
W2 Cf =woosises Cf - centrifugal force m- mass of it @®CTEGBI3A125@] ocity
r - radius of rotation This shows that the velocity being squared is a

sensitive value to increasin separation factor for a set radius of
rotation.. The conbi nati ornpof radi us of curvature 10 and the velocity
will define the flow rate throwgh the separator. The vol une of the

separator is dependent on the tine to achieve the desired | evel of
separation of the flow rate. A separator in which the g forces are high is
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separ at ed r emapherdre san@fsi ze. (i centrifigaliforsed debris in a 15 liquid). The
mai n di sadvant age of these high g force_separators for separating noving
liquids in a fixed cycl of® or’heliﬁ"aéérﬂgi?'gd with a stationary fluid in a
centrifuge is the high shear -stresglokity ces which results in breaking down
the droplet size, causi ng smaller d .ogl{et gdt' even creating emnul sions. To
either reduce the effect Tof enul si SAEUHPPEPRctify 20 the problem

chem cal additives can be used. Therefore the advantage of a higher gravity

force is overshadowed the drastically r e I ' ause
the separati onq-ﬁiso"‘theé’siqéatég?%%a@ {belie ?#:ue@ r%g{é;ar %er%gtﬂgﬁghgggﬁ%a%md;ﬁgt er. A
gradual r ggpurhiicmiacior threpiet tadiliscofeotation.nThe awvbingtidn ofithe mdius &f cyp@eo 20g,
but ahove this val ye I e, | | Lane r et h the
ef f ect!% h&pd H"‘%HQE’CH&\*’%F%' t&l?eﬁ %%Léég%\bvﬂ%ﬁF%%%as@gﬁa %ﬁéu\)f?‘gﬁ%céfefgge in
the rate eépsepaisdépmndentorithe timerteohieve thetdesiied teyeka sgpamtionipldpe dow
dianeters as large as possible by creating a gravity effect between 10-20g

and by keé?)?hg the velocity of the fluid between a naxinum of 2-,3n¥ s. The
present i nvent iAoseparater inavhinhdhe 8 farcesareliginis dipseipiavrry steenherayidingthsr i or
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Separate e individual conponent flows. According to
t he pr#serituidhvention, there is provided a separator for separating

nul tiphase fl uige hBf SERAEALEE of HEBE INGHG 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. To 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 down 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 fiuid 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 fo the present invention, there is provided a separator for separating
multiphase fluid, the separator comprising:
an inlet for a multiphase fluid;
35 a plurality of outlets, at least one for each selected separated phase,
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an inlet for a nultiphase fluid; 35 a plurality of outlets, at |east one
for each sel ected separated phase; -5 WO 03/086570 PCT/ GB03/01253 a nmin
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di rectiongpgfatibhe flow and froma lower, outer section of the main bore. 15
Preferably, the lighter fl |d outlet js tan to t L 0 bor in the
direction of tHefefaklyy thednist '%ﬁtﬁﬂg%m‘ﬁgf‘"tw ﬁﬁ §83?§'%nﬁﬂﬁ%g‘) lﬁatﬁor e.

Pr ef erqgbl mmg@etr@qﬁ@hm further conprises a f| rst additi onal t ubul ar bore
| ocated bel ow,

{1 tlet,

the first add FroRmomSeiovaRaeRl AP are Seaiery 81OGR RS vty pitH, ©
| i ghter apdtHecat Bdsreftbtan@laaambléwmtatmgfmwmmsnaaﬂlsh 20 for each of the lighter

d heavi flyjds:. Pref bI. d

it onal t ubTEERFaRS RSty AR RAERAHRa ot i AP A girduidRicon

conmuni calof the fluvi and from d lowht, ecter sectibnoafttheemairt hare. second addi tional bore

causi ng furt her éfeg%hg %%h?érﬂhﬁe?ljtleg@'té eg\ del'tgtﬂ]ieelrr\aiﬂrb%lz«??ﬂﬁ'e%reﬁﬁéHgs and

havi ng“an outI Ter heavi er 25 Prefterably,
the inlet tmmflmahdfmddam Uppres) lnmrrwctl@ ofithgemain hpre. Pref erabl y, the separator

further conpri ??rﬁg)tﬁﬁk ‘Pé‘t%uhh& ftﬂﬁ&is%@ atfﬁstaéddltﬁﬁattublﬂér%o@é ldcated

outlets, the con Ing a snal di aneter than any t he
annul ar - thetaw, andbip fluid, comreynigajion withe thsi hrpvies duid qutigt, \Wﬁ st @@ﬂ'tmaéhar& e

further S%Qﬁélﬁ% lftﬂ'ﬂ'le‘?geﬁé}ﬁtlc;rl StitekS fiow fHt® I@Iﬁiér siashdR4trAbias afd habinGaaloatieb! v,

the spiral conduit Is parallel sided spiral coil having the sane coil
di anet2d der eash of jie kﬂht%rcﬁf!d heg¥eeflyigs-al | ow the flow to stablise.

Preferably, eaqi‘}eﬁé?élﬂﬁl the AR RS @ﬂhenw.ln@ﬁges atsdetrs adgitonal alibulhe berev el ope
g?len?edhgﬁgaetgd Zﬂ&t‘e tan%ttagtjgnetlaﬁjy lnnﬁuu? com%un?c%rﬁ%ﬁ% | Yhe }g?\?é)r ﬂqu ou{I eq ﬁ_‘ondw t
second additional bore causing further separation of the flow into lighter and heavier fluids
and having an outlet for each of the lighter and heavier fluids.
25 . Preferably, the inlet into the additional bore is 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 ﬂuids
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 to 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 ﬂvow

35 therethrough.



Preferably, the bore dianeter of the conduit is reduced in the direction of
flow 35 therethrough. -6 WO 03/086570 PCT/ GB03/01253 Preferably, the

angl e of wbapmsasfot he pi pework in the coil of the spiral PelratBos®12s6 the
annul ar bore(s) increases as the fluid flows through the conduit to control
from each conBuiférably; theanglelislape bbihe pipewericindis ol of the spipldelativi torthe t her

]? 3?%5‘323@&#%1? Jg(sgﬁ)ﬁrr téset"né (ﬁu ﬁ&\&/@?nr?f}%ﬁ gle conduf? t&lcbRiroIfiRim eeh

eavl er Preferably, the separator
further coonuitsee adnbulerbcwere dr ain and/orvent conduits from each conduit

into a tubul ar pPé}% MD fh%fs%éé’r@té(r’fwtﬂjﬂﬁ cﬁ:@ﬁ@hé‘esa&yn@rorﬁﬁﬁé oGiRAsHbInthE¥pital t he

condui t ('s) tangenti ction of flowto collect the
requi r &d phalimvfonﬂlelifuéh@'rwbalsatloﬂI@éll@é@'aﬁf@thﬁawe{uﬂ'#'ﬁ%r conpri ses an outl et

for solid slur rFﬁ‘eferé% iﬁ%@%&rﬁtor?&&e?@&ﬁbﬁesb\%@H}rﬁbrebﬁélﬁéﬁal/orﬁe(rﬁ&@')dwts

circular. Exanp esent 1nvention wll now be described with
r ef er encefrom eam coadunbmtsaa]whn@ardaom ngs, in which: Figure 1 is a schematic

Cross secti onalp yi.ei gfév&rélﬁ afdf V§érﬁ %Hld"l'.ut%"@kl?theb&&iun@é tRjentidllyand afthehe

present |nvent|on co be use QSgure is a longitudinal cross sectional
vi ew thro@gﬁctmﬁ@fﬁﬁwﬁwc@"%‘ftfleHéQWF RifSe: i nvention; Figure 3 is a

I ongi t4i nal Crﬁé@rﬁﬁh@é&iar&\’tbﬂﬂﬂhéf&iﬁﬁhs@s%ﬁ%ﬂé&fexﬁmlsmrqt the present
i nvention; 20 Figure 4 | ongi tudl%’qg s)cross FCt ional view through a

third exarrpl e cﬁfefﬁfﬁ?‘y'éh%warltﬂ%ﬁr e Qjﬁ)r‘"ércg &s a plan view section

bel ow line 1-1 gxanipiciibihe %r@éédt ﬂwenl'r_drgwmmoﬁv be des@ibad withensferends tonthisel ow
the line 2-2 in Figures, 3 Flgure 7 is a plan view of the upper |oop
of the spuacawewm ?‘raWH@Fo'\V\‘/VY'T% in 25 Figures 2 to 4; Figure 8 is a

pl an view sect lF?@Ur@H ishe sbl@élﬁatﬁb‘ crfobe seomrmal vichestowind e stystmndn hiah thei gur es
2 to 4; and F| an.vi ew section of the loop of the conduit

bel ow the EPAR Ogth%f’feﬁ?’&n‘@&“%“ f’%u@%eé'aeq’he nul ti stage separator shown in
Figure 1, and dﬂguirélmedIonglnhﬂlmalcmssseet[madnﬁgthrﬁughmmap‘mﬂesﬁtth%@fﬁﬁﬁﬁtat i on
filed on the ame day (agents ref: MIBO7059EP) has a gas |iquid phase
di vi der 1,8 0i dal separator 2 and a vertical separator 3 which can
maxi i se -t he f | Riguread is sdongitwdirtal chossisecticnahvigwdpralb s secpnrdtexample of the

requir enentréSerfA‘lirlvehpcgrf3 €

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 2 to 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 in
Flgures 2t04. ‘
30 The multistage separator shown in Figure 1, and described within our co-pending
European patent application filed on the same day (agents ref: MJB0O7059EP) has a gas
liquid phase divider 1, a toroidal separator 2 and a vertical separator 3 which can
maximfse 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 control
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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stages have the ability to renove residual solids which may be in the
initial multiphase 35 flowinlet 4. Two | evel sensors 6, 7 offer a sinple
dual | evewogesismg met hod to aid control of the separati ®OT[GBIGHOES3 DY
ensuring that acceptable |evels of the individual phases of gas, oil and
water can be athe gaslinuichpoassgidivider his peyidediwit g, vortex yganiel; (Heasisiza vortex

PCT/ GBO3/ (Ylapst 71! MeheD@stiddl Qgﬁé?ai%?%% Rﬂiviﬂeq%thla USrteX Ny w@dnd\fammevef t ex

mant el 70 and a vortex brea e vertical separator Prow ded
with a vovartsx platag or shrauds Z3nUiedrurpgse of sachef me&?é@"ﬁlséﬂﬂﬁ){% GANNGrhe

purpose o L fhimdd THISYRDEs WIREH A1fluid AES Y& aréngdcrrtomo/ortex
from bei h‘g c?ﬁﬂr%cg avo ?)zﬁgﬂgcb%@ when a fII i d S has sep alr at ed F|$nt %W n?o

phases5 e eafenhaSﬁﬁ oelfbelf inty differenblayers in 4 "%Fan%'f'%{'rfen Fﬂlg@ O SpYiRI™e

envi r Onﬁess}nneﬁcdl rbtr%oni%xll béltHdafés Pk @wlingaénvb@hmémr | B tHig casd, aheriel BGa
environnent. In this case, there is a tend encg/ when fpp qa?e Lﬁ ﬂaawn of f
for a | owepderaywaemprmPhasers diaven il dor snlow pressurg akea i be giseed:

i ncr easespre”sglﬁ”elaﬁféﬂéﬁl'ébﬁnéréé{é&s hebeardary |&9eﬁb@ﬂ~ﬁtﬂﬁé$~¢ maieaMrM\uowmr up
and a break thou his lik g{glsslg@&ﬁcur and such, an occurrenc

undesi r abPeupP £Od A@ PrRAfgROY ¥ Qec @t UGN R OCHIENSE 6? uﬂg?ﬁ'raﬂegur e 1
is s Ihﬁwnbhaw NAltAoudhi the séﬁona@mgleaéromal Q@paﬁatoﬁZ of Figurprieis ehdw hanémg & pair can
equa e use annul ar bore [s us
tﬂr ee gr RbfRn \r'fahrs? é ng %[F@g'ﬂég ntigh C@Qaer%'f‘lzy h? Utsﬁg Vmegs%'ﬁlgrg'%%t i on
;Jt 13| : Si ngaﬁmﬂarrtgjre;]sanyeuloa,rev(ﬁal WPﬁiﬂ&?'ee bomere annuidrdores arekisgdre 2 in which a
ubul ar bore ich c ndl e the
pressur es, %"HE‘P&%IB@ ?esgntHgyerg@ﬁ/tugfstinrq ¢ =lQLHQI%(J"’ nnt bﬁ@ﬁ) ot g) Jre s
(r]I ecei Vi ngsmWrt inp?lgure 2fith ehich lartobigar bané, evhndmamﬁwdm taerﬁowwafef burafecwtapeel S
epen on t
P dl% gemghg%bg %%%(?gaﬂggzc%’él?h? Qﬂﬂss p?cﬁ) de?ﬁglereeéﬁ’rﬁ WRfohaBE oW

typi cal’l w ent e the bore 10,
it ist ramfbuhgmlgleam T hei digmeteeetthe bnreusﬂapmeehtupcrmthﬁ@ﬁwm@teta@dmrﬁt@nd The

mul {1 phasgf.aw ?&E@fé t%é?ﬁr%gﬁfcsgﬂ& t¥kén S06 PRRoNH cRARIEN AL METbRientétt et 11

which is era on the outer circunference of_ the
bore 10, tmeebgbym;ausltrege&ng jat et higly sg@ed Bhawwbelenhaaseet ¥p itp d0ees-afhe

mai ntai n thgine Q(fbhyeIRErst {he k;&rQWObQEV@%BecRﬁC‘ dési Qharﬁ‘étbhirﬂbttﬂemweis 10. By

using a larger dianeter bore 10 than the inlet 1 ctual si ze

bei ng Heporrieiablydangantial ang en ﬁ\?cP%s‘i"@Hmf%ﬁfﬂﬁer‘ngBﬁtere 10 tgerﬁ BGPURIIE | ow
shear st réﬁﬁq @éti%ﬁwh%lhewswmuh@e Ahdindintain th’e&blobityﬁ@f taeflow betweba2es ni/e
partially coal esce. he ci rie”' ar flow that d[t; géeu\,\fe? lln t h rrultllphase
PRU a0 canaibinibs ppis 10, B G rggfJlamgier forsatd hap A1 ROt dhs P o
nove to tRgeWdigy d@pdnﬂetﬁlffcﬁ’fm%téfanﬁhﬁstgnrreqlﬁté,meme Ithistpnevideésginiaav shean ds on
the inner circunfer nce ted
hor i zont alStrgss @rleé‘v?f ﬁaﬂugftpégqbghs&ﬂn&ﬁ%g ?5553 &%,%I %grg#%war ds the
| ower zguter pOI’ItHer‘rcmér fldvhmabrsnmdub@démtihetmmlt:pheeetﬁlhtdssauuaes heavidrdlnidsrantl| ui ds
moving to the u or ol%vtﬁ“d 13
are provi @& sf"b‘f rﬁ@eﬁ@ﬁ@g [ﬂ?el f]lijol“gisg’ rﬁ%\@ tpgh%glg“rapﬁ c%rrﬁ rgés(bfatg% b8%51 '
the lighter fluids 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 lighter fluids moving to the inner upper portion of the
30 Dbore 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 outlets
35 s, 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

of the invention.



The exit line 12 is tangential to the bottom circunference of the bore 10
and is nounted on the bottom | ower portion of the bore 10. The exit line
13 for thwolosgsdiser fluids is nounted tangentially to thePCRrGBI30M@sEr
portion of the bore 10. The location of the outlets 35 is, of course,
dependent upoiThelseparataris dikided inte three intpréaitingianegs r BT HIRAE 985 8¢5 Br e t he

I t 2]
of  act | ngotd ERRRE R Tecftn I EnEiuer ey RNGHT oé'e‘;‘?%’?%xc‘-’r“/‘%%é‘é"/ 01253
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spiral c éggenaml ts i dMér'Wa‘ﬂ Iid”'Lﬁd N‘ﬁis wawith spdoificaisigniidmeterse out er
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h [,
liquid t readsorgspendingsrary mplegdgg‘gltﬁ}séfm vrlé.[ai,p%corgﬁan @8PP8‘QB’E%§P?% ;a\lAﬁ

pi pi ”90 1% cﬁ'tﬁdi%h hcilﬁldl WhtéH%bsaéeﬁ e@$rofBidas dow igdimctatidsck s theh t hat
any |qU| ¥| een se ‘}é fromthe gas flowis directed back into

t he centqealfahmP‘E'P'?ﬁf’ci’é'éM i ction 15. The nul tiphase |iquid having
trapped gas, Whehugphdse rqbuamghgmpped & whith epits thesughi exitding h2, passes al

t 15 d
condut Ao BaeRHRarioy 1§ 2ed U6 asprpbeati gty i G RESRISaOM TS 0o,
and is 15gnapRroat edyca‘nftramea g6 Is $dpaested Yo vthe linrspesirfiorc otidhs Beredaagris ers to
g?nggg%ntnshei@ffelg%& %?;{xg\‘rﬁﬁgé’w{[t e fﬂ%’ets%fl'd arJlét%%%? g&q][ Ifhéc fifh felfiyglual 1y

as exl urther separ ation in
the gas smetolthme&mmé‘wnmsrfedjmdmdubusomgwmmen seabown intetheiwat gagexitfine j s t he

oi | that {?%éeflﬁ@%g)% SUh e s se%ﬁéﬁ??nﬁﬂfthérlaﬁwﬁ‘m@ugﬁ th%Q:eﬁﬂQl delagorvat er

separ at es t| on o e condult ) C& redom nately
wat er bastdl iPB the lmlldhattl‘heVQSI fo the inngr luppeR BORIPA Of e C‘P'?q#@szoz@ henwalgkci fi ¢

desi gn di %{%ﬁ%’i’ﬁ@ 1 Jugéi Ib\nglgpﬂor?ef‘tﬁg%oﬁ&iwt S0P & pr‘eUBﬁnr%?ely Waeerfbasédner

t hrough t Spl ra con passes, %%

propo0i ofiids thered is Icollecies Viatexit lines 22 with speRilic [dgRign r%%‘?et?%c d ipio 8

requi red degref Rkupsfhse asi on has been reached with the degree of oil

havi ng been seEarate of f, leaving 25 er :‘f‘ 91 Hadn conmponent g{&,ch S
fed out throughhadudhersipuoh thenspiral co aﬁ At ! ﬁﬁ?&gg @8p%1r9 | on has
todm?ﬁt tPI% pBHI¥R dfthé Bwas dvadroghti tdtGRe dswilrmlost eedtio ettiei requireshdedree cdit i ons
and there

That | 1 equPeRRIAN hasohRead AL ST PRaeeron PEAHERES PP {nb ST BE ety "
separ gl5l Ofaftir@s tiedin ehpdnlat whiels issfed ant theoughbvatertsapplydine 2dr The quality .
separ, atl ng lsjt%sre saepg%%on %agrto trrbe'et (iihe pump intake and production and/or re-|nject|on
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 5t009.
Further examples of the present invention are shown in Figures 3 and 4 and these

are, respectively, dual and triple stack systems. In the dual stack system, an additional
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30 toroidal. In the | ower section 16 of the separator, the |ower outer
portion of the bore is the region in which the unwanted solids collect and
t hese ar ewpanws@ad via drain lines 25 into a solids renova&CTIGBue/ 0263 The
details of the exit lines are described in greater detail with re§Pect to
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15 desi gn di ami each bbtlmom‘emohs ttrhreefdxempleel tiei draine and wentdinge withi spesifiper ni t

th d
ne aptf oA it sREpfH id A IIRNERS tothorlieg pg#"ﬂ"‘?&éﬁé@?‘*ﬂ“‘?‘ﬁfga?
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egnr%t ﬁna L i e%g&&%@ﬁ'fél qUI%EtlcsM@'tﬁéﬂﬁfwoadrﬁin uBés exiEtAEsp

line as sh t he separation_section well below,the

gas/ oi | | eipenwardly alslifesentigvelsapsiasasenircted updeeithara siols P AR UM nes,

any press r EntefR theSRiid | lich §@é1©ﬂ Wélubslokathe eyadlaitvievelp,
which w | %geagpérﬂg\wggtthgg Be he le Seﬁég?els i fergntlaIEge fect, This

i s inpafttant t&ﬁﬁ?@\b‘@rﬁppf%hf"‘f'wpﬁﬁ%g TR 'Laméef INEHGAY pé?ﬁsufeoqu’ Mheqas
flow.and gdsepirdldo@d gé@sé fluRo\WRidedwnh Ep, Wﬂ"ﬁcrﬂmbbept@dnﬁed blychlhemquwﬁadessure

separation _force. A si ch ap es_to the I| r re the
gas vent fq'ffﬁKP@t@bége%gb's 'SZ@WE’H?B&WR{%"%&L" s@ff"aﬁ“é?? 8rr?a gsﬁﬁh 34 ngove
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25 enter the gas separation section well above the gas/oil level. This prevents a liquid 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 thata 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 level
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 fluids. This
could be gas, oil 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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therefore, fég?odéfﬁé%%& fi':ninﬁ:jf bértéfﬁtchfahfaéﬂé fort é)érﬁpré tt@ meveht hfdrageassery to

rei nj ect' fa cou or water I’OVI ded
t hrougtd i mrevent ¢%@§'%‘Oan¢ﬁ‘e§ﬁﬂa'52'30 bé@ﬁ@%‘i tole §,eparep{gr Y'ﬂ I@c‘“@é’lie‘f PBWNBY-ovi des

addi ti onal enengyigyped f‘%n8'4r QI#H ﬁfaimﬂuftlbh'ééésﬂovﬂ_ Bhters aﬁr@léﬁ@o@@ﬂ@fﬁﬁﬂﬁe 3
PCT/ GB03/ 01253 is particularly beneficia

nt
anount of sbews dsonfigurationydiese g@%gas Oas %’I@agléa%ﬁ'f‘@‘“g?q g?rﬁéhe? %‘P%Ugﬂ "?I'IE?%?he

sol i ds rengyaiheRebled g&lbé.ﬁ@dﬁé&é@m&gamfulérmre sceplarFagmész,arﬁz! tisigaks lsash .
coul d be injected through the i %Ectlon | i nei .al so be

necessary re@oyef] &mp t'&%?'i"&f'?f‘@ﬁ% ypveiggs ey %W'B'"Brog\}é?\ pn%}/}ﬁl RS or
to 5 p{eVetiondiberd 90, IfFiduid®ard ﬂal’lquﬁﬂ smsuﬁaraddeﬁrdughbhangamarmemzvl a

annular  bottien atenaariale §omibg hofamors el o bR § P IoRE wethe e oo,

been di vi C&ﬁbr&@@fétbb@aﬂiﬂhlarﬁu’etaophase flow, the renmoved gas be| ng directed
into annular b

annul ar bore 18&@}"6 er\%([:e g’i&@ %Ptv'q“f %éhﬁ%’%@h)%bg?es oq %ot“ﬁﬁﬁ?(gg" &QHL%EE

portion ofséefAhewbdre 80hés thergas 2xilink 24 cormigg |oﬂthe>top andioner p_cmlomofdh@ horg
t angeng i al e 12. I t 0. In
Fi gur eié aéﬁolrhf llq{.lw cWa])éftCl eé%g%tre g)rvgd%g c\?\ﬁg{urﬁ%ﬁfg {% npﬁllﬁfw{heaﬂgﬁo@vo&ﬁerl
ref erence duartehef thedore BGWTd)Tfe reasordion thisais the efed®f graxiit onrheliguid dowing ¢ can

seen hqp{ﬁpoo g'l% glﬂepgﬁ%{sl%tﬁ%@'é dPthd 85§Pa| nﬂ“ecé’cmitpgo Qfaih A ARPmARalshner

ort i on of® I qui I nes are provided com ng
off t angergsitiring i thenbaties eldhe bafeout er quarter of the bore 30. The reason

for this is thgpf‘eféjé‘scfé ertfriod Béé 21%@#\? dahglqvér E;Ja@WoﬁgtheabwunSaﬁ betr@;uter

ci rcunf erence ore an t he abi drai n off

gat her 2fg sapatater with enjrien 28 vRsirass ef th?fQ@Sd%%ge\F‘@ﬁ'terftryoWhﬁ'ﬁéy‘ﬁﬁ 'rbg'pf'ﬁﬁ‘ ng

carry overg aﬁi 4f TR MEM e WFhe REIA n@;hd té‘rﬁxula?%o‘ﬁ@lﬁ@ro'ﬂmgurw:i nentreceiges28
upstream of t as tangential entry

pl an view IHfm‘t"Hbé rpuf Wﬂﬂﬁameaﬁﬁ‘ﬁﬁmﬁp gﬁﬁ’rtgro&'@h ?r\éqé %‘gﬁ'rﬂ‘é:'%r? gggl 3esA
primarily |iquiglgure¥ shbwisha I@ittofidal &lvﬁﬁ@h ’@_asnan‘h hojuddi gkit 25 ieavesithe berestfown i n
O 5 Sk R St o e Pk B R | 2
21 congsof foplirmegeurietiof hhefring otevd. This douﬁguratlm'rca;ptmes gas iothe thp ofthﬁ@otﬁor e
40. Thl S Cvc\)/ énl uer rao a't%rr]faF aéitt)clzjl{ng gglsh \Wﬂgn ttﬁ)éfqu { rté%sgr‘fgb‘fe 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 enfer
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 parallel or
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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when the rotational velocity is sluggish. Wen there is a reasonabl e
rotation above O0.5m's, the liquid tends to occupy the outer hem sphere of
t he ri ng,wohenegdsyo f orcing any gas to the inside circunfePemaBoe12she bore.

Return tubes 19 fromthe gas spiral 14 enter the |ow pressure zone
tangential | y affieHibeshaighbpipe ﬁ@ll,ﬂh%@a'eca@.t?wwé@rémaé RS SEPRIatQN AN 30

bore 40. ﬂ‘ﬁnd‘%@a&’ﬂq éﬂéaf&?dtém'falfer&%ﬁtﬁéréméihih ﬂ&.arwmaiwevsoﬁﬁégg@t ed to
a coiled pipe I ra di

he smal |l er dianeter o uses
vel ocity SRie @é@@wedﬁrﬁavaﬂtts\qg?é spiral bquid 9raiw'9%1§6'r%oqfe‘élﬂe°ﬁ Pge"ét?"}sr 40,
thereby i pgd Qéﬁh@@o%ﬁ/afdétfﬁﬁn'\ Heautdrdbiem sAgRhel Tise@kits Gaptareg ahy Bquléd coi |
pi pe spiral separation zone 15 js recomme 2 ectlon t% ﬁ’é{ﬁq 35
st abi | Psaflowin Be aagspiralRere #ifisiopio tB?an%ﬁiﬂtg Ff’f’a”89 he gemisige bg %%gl y
separ at edg?f{ d&hiBER unIt@OQElgU@mVEd in vent I | nes 21. -11 WD 03/086570

PCT/ GB03/ 01253 _, After the strai t aper | rdi
as per- separ at Fighre 848 A vigw $ 8“%‘5“2'&‘?1@ LH%SB" ré'&?‘é?p ﬁﬂe‘o[ g OHﬁIace gn

T he renai pguidsp | |+aul dhs v%npﬂcwmbleemmm talggemmw afp sgoalc?gut @WT thehingidee 7.
n a gas Ira ul ar.e ovl . de nt.l
sl opi %g d&%ﬁo@l‘"& °¥ ﬁl?nt?qrﬁggo t"érs ‘Eﬁf? Qﬁ’r?‘étedé'ﬁ%ﬁ?t ligigls, e P?rgg(%%?qﬁgg any

| qui b Bééﬂdnldﬁ séb@‘aﬂ@ﬁzomﬁ aiowmmeac&ﬂ'lgpredomnrt @ptelfﬁegeesfoemaprﬂﬂe bulker i ng
the dem s | e plates., 6 r 8 is
a plan vi h%' %ec?ﬁao?{eg?mt“ﬁetw ‘P’éﬁr laasg {h% “faﬁ&{[cﬁgﬁr?ar at{’ ﬁ&f/%g\épé ntﬁé gggaqt he

|'i quid spoalith ojasso/fowing down taudbfmmmgl i tlﬁlupmmgmet qaadrynmfdlheswaer spiralpwar ds
fromthe nS| top quarter of the bore 20. For separating out different

l'i quids, apered coil ed pipe 10 section of separation zone 16 shoul d be
configur ed WI t Figur@Pdf @plenaewlfsactmr‘rm‘ tlpﬂbewnmg of the $epsirationzene 6. Oil flow

d f
glrofr gméqagjdv% tz\geegﬁlth@%gl r%"{’ar}%éﬂgal %rsl g%ﬁ‘rﬁs frBm thQYHsﬁQ%’;? lﬁ]tr:]“aérﬁé?’e
quadr ant  of therhorev@0 e rlf pipredominantéaygid is Qﬂi QlﬂnéNf’ﬁer @kﬁoﬁlﬂéﬁﬁs\/ﬁg@w&@(ﬁtﬁegn of
the begi ng g ogferq%r%‘éﬂ@\%ﬁf 6% g&apo&fé Inthis nidd@V\sankParidtB@%atiéR diis wilihe

spiral bore tangenti al |'opi ng upwards fromthe inside tog@gﬁarter

of the boelsoke inthe wnterpthe@@wmnq 3 mlnda rergoyal junit figrther daya the WRier #98- ¢ upes
shoul d be f i tt 9@kingQnd §fraPedept tewnl§wﬂwem~fatémis&m\n@iheb§é Gfaridfhérhl s
node,, sand and formation debris wll a q ,Eertwater eby
r equi r#thg sat YEwite3S frerobawalRt |°P"t@l§'|"19l‘f@?er8 RRAIF ﬁ@CWé’t 1y a”f' 'he
spiral C?%Bﬁ& retnﬁb@mh& fér']tﬂﬂdﬂ £sluig usiigethe obtes |@wér@3@rté:h@<m|ssmtm&roapmgher
20 set of exitg 25 fromthe water nt.ai ni ered spiral section 16 for
sand and ﬁ%ﬁ?’?‘ (ﬁ?""ﬁ%tlﬁ’lnli%aq"éqr{ﬁ\/aa?o(iﬂﬁ dpﬁgseﬂgp?nagf a slurry, using the outer
| ower quarter @hetc&grau drid Ielrebpizieparativraofgither thé geoonveater ases étiepgndenta
solids dis Lin f t he
gas or watBing RYmEF of gl eBAieton A%, LF it g8 reRRRLAY. . e Sl b0, | OF
zone 125 andpdratedesipie sinnilady gepdrdenterathetrymbler phgpirals in sectlon 15 Because the

oil is exiting in the mid-separation section 15, it still could contain small quantities 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 vertical 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 63 level remain relative constant. This is achieved by the use of flow control units

(not shown) on lines 4, 64, 65 and 66 (Figure 1) receiving the appropriate information from

level sensor units 6 and 7.
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25 separated oil is simlarly dependent on the nunber of spirals in section
15. Because the oil is exiting in the md-separation section 15, it still
coul d conweioa/osesad | quantities of entrapped gas and wat ePCTIRISO125AN be
removed by now flowing the limted volunme of oil conpared with the
original nultiphase volume into a vEGUAIM® oil separator 3 (Figure 1) or
into another toroidal separation assenbly. 30 The flow of gas from 27, the
water in line 24 and the oil fromthe systemrelative to.the rrultlphase

i nput f1 ow nusA ségearatonfar sepasatinpmeliphaze fove tb@§¢‘bﬁrﬁt°F§%P”%'19 and the oil
water 63 | evel r stant. This is achieved by the use of

fl ow control ﬁ&”fc{} rﬁblﬂ%ﬁé@%fﬁ% lines 4, 64, 65 and 66 (Figure

recei vbng the aaplprahmmfe(tuﬂeisnaﬁﬁﬁiﬁilon@lfprf%hsewé‘t@ISeQ@F?é%qplﬁﬁetg‘53 and 7. -
VO 03/ 086570 R ﬁ&.%{uﬁ’ér Soularoft Miodgh Whisk By ﬁ\hthéwﬂ@eﬁ@mem@ flow

rrultlphaseflow e separator conpri’sing: in a%rrulchSe
fluid; 5 andtowreparaty ind lighien m@heaé{terﬂw%tthsﬂi’@fﬁf B@V'%E'P.Ogﬂﬁ doneagn & E‘a% at ed
phase; t ubul ar bore through which the nmultiphase flowis
caused t(r)'l%,1 5%/%21}? Ont_@(P)h@Hes arate into lighter and heavier fluids, the bore
having an outlet for each of the 1lighter and heavier fluids. 10 -2. A

separ ghor, aCCOA%'eP aid? a‘éE@t’dngto c\éﬂﬁHGWﬁeféiﬁ?tHeﬁhﬁt isi Stangérmtiabentty, dhereby ry,

t hereby <cCausin luid to C|r0ﬁ1 ate through the main bore. 3. A
separ at or causingr ?lﬂg'dtt@ ceyliatethiopgh e3P B m 2, wherein the flow area of
the main bore dianeter is at |east tw ce the flow area of the inlet bore

to allow a stablerotatln to. establis rdi ng
to any ond of O&/SEPAEAIA 3G ?‘"W&'@Phc?mﬁr?éaﬁﬁ'@& f“flherégh W@ggﬁ aihe
tangenti a}nahpodr@ &aﬁﬁ!té\- ibat&ast ivicd the fidivesd dfdne infet bore t6 Bltow astablerrelatind | ower |
outer section he main bore. 20 5. A separator according to any one fo
t he préceﬁ‘i"’ﬁé0 E?tap'fﬁ? wherein the lighter fluid outlet is tangential to
the main bore, in the direction of the flow and from an upper, inner

section of t he .mai n _hore. MR efitidthe
precedi ng 4el ai f?‘ss Pg ?rr?é’F”é’g”r?g §Y§'§‘9§f '?{sst%%ogﬂtb%nglgh?gMﬁl ar bore

| ocat ed bl tamgeraiatitoi the friain bbreolnnmmdlmlponf thietflow anefrara aJewer, PYtgr sectigt | et |
the first g dlté{q/r%%l_ebore causing further separation of the flowinto

| i ghter afl ier’'fluids and having an outlet for each of the lighter
and hexvier fluids. 30 7. A separator according to any one of the preceding

O e, ot L oTA SOERIbSIrahg 96P04% RIUHE bicBahg o, ametum hellghier fcddabove,
and tangentially Tn cormunication W th,
outlet is tangentlal 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 comprising a first
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 flow
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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the lighter fluid outlet, the second additional bore causing further
separation of the flow into |lighter and heavier fluids and having an

outl et fowomaosssed the |ighter and heavier fluids. 35 8. PATSEANSGr
according to either claim6 or claim7, wherein the inlet into the
additional bore is tangential. -13 WO 03/086570 PCT/ GB03/01253 9. A

separ at or QaCCOEAdséiﬁarét@r aébbrdlﬁg anyodf dri&eod frﬂﬁe&ﬁl@dedﬁlg cla&ns'.r?urtl‘ﬁlanrcbhmrmng .
corrprlsm ral con connected .to at st o t he ou t he
condui ts( gungcgrmgc a? (é Wqﬂeaq;éteeeggutehsa ea‘ﬁ%? HFQ?%%an}%%%'Igsﬁéﬁubul ar
bores, t h‘ﬂbﬁlwanhétél‘ taniang of the anhulatitubelapbbtes, therdty ineredding fherfluievelocity

separ atj on of thﬁ'l | uids into the_d A separator according

stred phase 10.
to clai'm & SOFRS Girihef REPYRHN ?ftE%ﬂW§?{nt?§1 eing‘ﬁghasseisded spiral coil
havi ng the same coiI di amster as the splral coil above to allow the flow to
stabilise.,, 10 11, rator, ace i ein
cach conddft "adrseratirAghRRp R Widel g sprdlcSpfliig Bl the drA
t aper ed sigoihhaving tHehsantk acitdiamsteohs theosmt oil abeve do plovothetflow tomtrhilise. ar e
reduced. 12. A separator according to any one of clains 9 to 11, wherein

the bore dianeter of 15 the conduit is reduced in the direction of flow

t her et10r ough. J@Bseparabpapearding 4 claindiony daimaty, vireseinfeach gondigt defines an
wherein t e t e j [

relative {é@vé‘lﬁ@é aﬁfr)li %%gtr(gfztse ?ﬁlcr é’lésleégiF1 tb??] %ftfti:ﬁdt*1 ?ftrz)e\t/\g%t %‘Eg y t he
condui t t cobsenukivg lODDéOftwoﬂéMlhaﬁwedlﬂ@dt he previous section. 20 14. A
separator according to any one of clains.9 to 13, further conprising of one
or nore outlets fromthe spiral to allow for the further separation of

li ghter ari@. hedvsenaratorpeperding to any anepd claings 9 4@ d brwhargindle berp distaetsr ofc| ai ns

9 to 1fs ftﬁéwﬁ‘du.tqgmucéangtheraﬁe&ronrmmswtﬁéeﬂfraugm 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 theair eckéstrael abédiing ® 5@) bREHF didie 9 |2, rvﬂﬂeré!ﬁmang?@oﬂﬂopeﬂof

o out | eths BpeRBI g 169 Gl thwraAreifegaJé i R ERI) PSR BHESOP he
precedi Ng fRWRI thilbughMiles edriduit e cartrll thar flow relativato therpédgud sdatio) circular. 35
-14 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 fiuids. -

15.  Aseparator according to any one of claims 9 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
outlet 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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