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Titl e SEPARATOR TO SEPARATEA LI QUI D/ LI QUI DY GAS/ SOLI D
M XTURE The present invention relates to a separator

wan@eparitd cul arly, but not exclusively, to a SPOBGBR@6/000615

for separating or partially separating oil, water, gas
and solids from hydrocarbofyproduction wel | fluids.
i

52?%@%@(%#3%5“ B?Ll&Ul[f?&AErs‘HL‘?g"i\ﬁ&?ﬂﬁE

fields offshore is proving to be of S|gn|f|cant
I mportance to oil conpanies, and the econom es of sone

fiid pr@Eé}QWeﬂﬁ%ﬁ %i'r%%% {;ofaf/sep:ag% %@E&tn%&%‘rﬁ Fﬁf;r?og%%ﬁsc‘ vely, to a

are now i n . are 1 n ces
separaterfgr separatinganr partielyf $eparatingavilpwatdngasandisotidd orack

m%megbggg,ow A RLoduction rates. It is the

onon1c e extension of these and the
devel opnent of the smaller reserves of recoverable

ACKSEOUNBHSINVEN o(i{‘eep water, or a long distance
es, that creates the need for a
new generati on conpact separator. To continue to

PfoRdusd & errch%théQ IQUI%%&#?%E%C& rﬁérﬁ@?ﬁoi@f@as fields

econom ca ron secu
ofstoce lb@r@emgatol ks eflsignii caEetpmpattmdeHe dil wbknpahieaand the economies

o s%%@fjp%ﬁé?ﬁ c&ﬂ{tﬁésc YNy e%}?&\sé&@n%i% d%'@\?‘\?\ﬁlae minority, and

ent er 8 et conti nuou ase
arreonme@umatanqea@tafmatoaon are, quffeuwa pooductien boitlérmenk caused by
r t

om t rzﬁédlfbﬂ Ir%&esuc (2 écto%('ﬂrg] Cp%ﬁge%%mggé ] g]%gg ahd the

@walqmem/pf thersseallet resewesrafrege\kralyle eilt reeticulirlydh deee water, or a
e ; ' for,.

%h? ﬁgsﬁ'éslﬁoéeqm EF}W Erﬁ\@b fé[:lhtr% {Ha'? gre{at%% atﬁ% %g%% Loglamoe?f&ne%tlon
perepadiseparatont enance zone | n the vicinity of the
produci ng well, -in sone cases solids nay have to be

transported to the shore for treatnment and di sposal.
B lcontinuetip praduse obkringintogyreductini isach fields i argedomogically and

ﬁl@ﬁﬁe&%@%#&%%ﬁo& V&({l].lﬁi Qéaﬁene?l ’a\ %SSep% alt% ﬁ{}%ué‘%ﬂf any
predupethwgtenmartiaarly ndeeo tisd ﬁlejd _hah antemdsntmwai_eocbrdmubus phase,
URe & ﬂ{egiﬁ%rﬁ ehd %'f‘{h% 51\’3@5\%% PWCEQS &h Il¥ Sfral BHES 4 sea bed. The

nore ret
majority of unwanted by-products from the oil well, such as the produced water and

solids, will need to be managed by either discharge to the environment whilst meeting
the rules in place for doing so, or by re-injection into a disposal or preésure
maintenance zone in the vicinity of the producing Well, in some cases solids may have
to be transported to the shore for treatment and disposal. All of this must be achieved
whilst managing large intermittent volumes of the gas, solids, oil and water, known in
the industry as “slugs”. It has been the management of these slugs that has historically
used large pressure vessels with a three minute or more retention or hold up time, or
slug inhibition methods to smooth out this intermittent or slugging flow.

STATEMENT OF INVENTION

According to the present invention there is provided a separator for separating out a
flow into a first fluid, a second fluid which is denser than the first fluid, and solids, the
separator comprising:
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slug inhibition nmethods to snmooth out this
intermttent or slugging flow STATEMENT OF | NVENTI ON
waeaendiing to the present invention there i s prOWGB2E6A00615
separator for separating out a flowinto a first
fluid, a second fluid which i,s denser than the first
fluid, and solids, the separator conprising:a vessel,
C Ione contalned within the vessel, an inlet
3 Y35k FeCYSIb8 Y IATIRONTINN o WaRTelo P iRt RpESads PasRStipbah 2

whinef m}é%@w an& o tHY Siclopasthia et baE RRAPMEMS for causing the
caus flowto rotate within the cyclone; a first

flow {9 "é’ttaqﬁé{‘é fhe c¥rlonGie first fluid extending froma

amesi lohtl&rpa%édé for tHéenrﬁmlmm ot JﬁﬁttlbﬁlwltﬁmCtﬁe @yclone and
entr al I cl on a secon utl et passage

S'Fwa'?tﬁgy%@dﬁ& rf"lﬁi‘i'%"%’?ﬁ@ﬁ’ "8y from a base of the
a\é@&@rﬁi outieh PassalgBiférdhe véddd fﬂ?ﬁ?ﬁé}ﬁjlﬁﬁom Repa8lof tHe vessel; and
rom ower, end 0 e cycl one. e u
adhit Giter ﬁaswafemhe ';ﬂswé &5l T el esd el W%Pﬁ
use, the second fluid may overflow the cyclone into
he ves The essel bst an i all
Thg pber S0 19 GUROTS S0, BRBPRIY P Ve Aahilh useyfas second fuid

nYRsGRHloWRthe cl@Mé inislheG@kselMeans may be provided for
causing the flowto rotate within the cyclone

conpri sing shaping or aligning the inlet passage to
Then@eéel indyesie $UbewnBABYsyinadtriédl abegt s cahtrapestical atidle
cycl one. gas vent may be provided in an upper part
of the vessel. The third outlet passage may include a
TheWieds&linngy bEnéylingfidanat ed in the cyclone. A further
passage may be provided for ducting water to the
fluidising unit. A vortex seat or core finder may be

NsFistrhayesl prdmdeh ForCoatisng %eaﬂxsw&; ﬂbhaﬂe itbindhe b{]tgomdmpnsmg

he, first out assa ots

PiEB0 2 BlarincheBr e B ek Hle Rog mba fbGt e Rangal axis o
A6 eytibent es as |t separates out. Afilter may be
provided in a space between the cyclone and the
vessel. A gas inlet and distributor nmeans may be

Abay Vel inaybd b@viﬂ@é & af ufb’ﬂ& pee s tHe vessel.

The third outlet passage may include a fluidising unit situated in the cycione.

A further passage may be provided for ducting water to the fluidising unit.

A vortex seat or core finder may be positioned in the cyclone abovg the fluidising unit.

The first outlet passage may have slots which open into a part of the cyclone at which
the first fluid accumulates as it separates out.

A filter may be provided in a space between the cyclone and the vessel.
A gas inlet and distributor means may be provided in the base of the vessel.

The second outlet passage may be controlled by a vortex valve level control means.
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The second outl et passage may be controlled by a

vortex valve |l evel control neans.A core shield nay be
w@e@siogkado at an open end of the cycl one. AccorBCTGBR@6A00615

second aspect of the invention, a system may be

provided in which a pipelinegis connected to the first

outl et of the separator, a punp is provided in the

pi peline for increasing the pressure of flow through
A CHIE SSIL may eI REevidastat Sy PRSARREED ResVSJage: pump | s

provided in the pipeline dowmstream of the punp, the .

i ndyctor or jet punp.being connected to-g gas .vent of.
AgIoEdiag g@qdn_d ajsE%ctFﬂf &9 lp%@%%,ya ﬁés?% mpé&eegoylged in which a
piglenmass E‘.@rﬁ{é’cﬁiﬂbﬁlﬁ@ﬁﬂs’c @dﬁtlea?hhgbe;?artat;]oe,ssur e than : Ee .

separ at or, i s an advant age .o e inventjo at i
a BrisIROvEer i TR {6 i A T ProRs TS ToBnroLghdhe fst
ofet,tdha rindlutacbriétigtimy is provitiedah thedsip&lingtdodmBiredrh ofitrepump,

royi des mana e%n of sali gs, so that the [i qw d
thedp rﬂr@tPP%\F&r ngseqngegted fQ g gag veryff NRPEPRRexi st i ng
separation- process are reduced, thus allow ng nore :
l]s.to be drilled. and, produced with exjst.
ThS BIvpIts B8 berspunsae i P HSEea ealibtrerhal  ighshrgssure than
tHY sepeedtdron econom cs and recoverabl e reserves of both

existing oil production facilities offshore, new
of fshore installations and of fshore margi nal fields.

lt]f?slﬂ ) aamﬁ?éséflxﬂ_ned mbentt&jﬁﬁhftm providds & rélléblm:’lémgd of regovirig, at
SOl 1 ds W out a process ups enc

et B o e ol Yo eyt s pe b Asair e

nm&\b/\?n&beéﬂ&g sbids) go ??mmeatqgm votiimwaﬁc ED&&?%;?U hsePor ’EﬁrlﬁJgh an
IRf or a petter unade anal ng o e present,

TR R RS RPRLO 00 SH M WEIoe AT el B dled and

pecafubé?amth @ki@‘lciﬁij fa@mti?shf'ﬁfiﬂn&ﬂ@r@/ vdskb cg@lﬂ/imeamdae pRyduction

way Ol €eX e, 0 e accC anyi n aw, ngs I-1...

efharTios S fpopverabi? reperuss Saeth ot o igRedtph falies ofshore,

neWstdhornibstafations eR@bHHFe marditgl dedance with the '

present invention; Fig 2 is a cross section through a
second enbodi mrent of a separator in accordance with

Adventagessiyt, tﬁdf’\s»s&[&rﬁ RNEbletdtfathgd SRRVE flaidseing Falidwithout a
pzqr)ﬁrﬁa%n ng&’n ﬁenoce a?foPJir?gC g\sésselpgr%\ orr%ot{igl% {urllg dgwﬁ ? %r oF gar\cha&ase tfo
be separated.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, and to show more clearly.how it
may be carried into effect, refe’rence will now be made, by way of example, to the
accompanying drawings, in which:-

Fig 1 is a cross-section through a first embodiment of a separator in accordance with
the present invention;

Fig 2 is a cross section through a second embodiment of a separator in accordance
with the present invention; and
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in Fig 1 or Fig 2, including a punp neans for
i ncreasing the pressure across an oil rich outlet of

WO b@oseqar ator in order to feed an inductor orP¢EGB2006/000615
punp, which draws gas fromthe separator into a
pi pel ine or down stream equi prent at a higher pressure
than the separator DETAILED DESCRI PTI ON OF PREFERRED

%E%II\/ENT gerrln flrs ¥to Fi first

Fig FEmengmalc ag % f%ﬂ?%'ag%faoﬁ’élﬂ%?éﬁw afgr as shown

in¥3y 1 bhEigS® mﬂﬂ@ﬁrﬁg a pamprnh@mg for lﬁ:@ﬁﬁﬂhe@éﬁﬁke adro$aank Iou rich
unt e [a S vesse

ot 811 SebR RioR I oHler TRlbd G NHOBRG 5t it A LG2us 688 rom

thm@ HERT HUO & pcijma@ lor d8wh stréath shaipinedt At iGighdriiédsaed than the
donmed ends, and has a central vertical axis

S?W%ﬁe ated at 24. The cyclone 14 is nounted coaxiaily
i nside the pressure vessel 12. An |nIet passage 18
D gr ]o ILe vessel 12,
o BN t he
pressure vessel and the cyclone 14, and into the

l 4. Th t
REFEIB TS Ao o TSP TD oS Rt 71 SPBEer 1 Bideaintboqnegalyat 10.
Tﬁ@ts@gsaré\t@r thapeaesl opresdure ole@a:l bhanpasaagea o]{&oﬁ@m Aictinéad
W P eRs iR e T3okpapad Meiidne well 4 of ¥1f Rrescuys fessel. The
pfesb@ﬁea@tsealmys Qwﬁstmlemg%}uni\md Wit d@dn@a @ddé Qi hag 2cehbral
n an, Q n u caor e

VRl ARt BE 4 T Sibiarts, Tk Faduifod doeBlbeinside faspressure
véiyé: Easm Qﬂettrfa%sé‘g&’l Sﬁéﬂencﬁqaitﬁ@hfdﬁelm%ﬁ ot mwcpresgnfé vt’z?&sel 12,

(0] e one, ere at e SOl 1 ds can cC at e.
aost B iRl BTk Soac 2O BoNaPN e GPFSFe UeshaEbinG cycione 14,
aﬁdirﬁdﬂﬂ% dyhroﬁégh tﬂhetlrﬂmss@%f1®6p@fsﬂﬁt©uh@cmﬁe1d : ét w?géntiany,

aXl S ro e r en

2 & Shebrd e st i dne S RiRaBh He sisipée B g rotate.

aBb B¥scatdtasipe atidin@fiow Bevartsixaiol regditte idGhe Witore AN oi |

pad or vortex core will exist. A second outlet passage
32 for a continuous water phase is provided in the

Thaxgciohe 1HE aﬂs@sma\tw,smhdﬂo%u vathch t16seBwecé e andan open

vortex valve | evel 4, Alt rnatively,..

bhe’ i3 A Frediger 85 Mg iRLRiatD 208 XORPhgHds F BYdoned at
tieOBAgEendf tigd cylor, bpaded from the lower end 26 of the cyclone, where separated
solids can accumulate.

A first outlet passage 22 for an oll rich phase extends through the upper end of
pressure vessel wall along the axis 24, through the open upper end 28 of the cyclone
14 and terminates at a‘position directly above and spaced from the core finder 30,
where an oil pad or vortex core will exist.

A second outlet passage 32 for aqcontinuous water phase is provided in the base of the
pressure vessel 12, and is connected to a vortex valve level control means 34.
Alternatively, the outlet passage 32 is connected to a liquid level control or an oil in
water content quality control means.

A first tube 31 extends from one side of the vortex valve level control means 34,
between the cyclone 14 and the pressure vessel wall 16, and terminates in an open
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wat er content quality control nmeans. A first tube 3 1

extends fromone side of the vortex val ve |evel
weovbooil4aneans 34, between the cycl one 14 and PEEGB2006/000615

pressure vessel wall 16, and term nates in an openend

33. The open end 33 is positigoned above the open upper

end 28 of the cyclone. A second tube 35 extends from

of, the vortex val ve | evel control neans

'g]&a hete é?%sﬁ %fs&%s's pﬁs'gﬂn%j[p%?? B apen Wnss eRA 2P & thp cyclone. A
sdoeme kupai 35|he>¢té)lfdstfmlfs@ tref otthékl%ld‘e/@ﬂ tad eoﬁték \taltm lltég‘é t%ﬁgtrol'ﬁh@ans 34

vprtex valve | eve r contro
i lelriialeR i Fn GBS C0R B or = DHZBEAD e Wiie MeUpAsef e Cyge in the
vesuélt enhealartenyawe B! cotitrdl meXitd Y£ cornstheifbWadt sl éfihlidus

t0 aR q+ec%|on/d| osal well or zone via an injection

W'ﬁﬁB a V% ‘of water polishing unit, such as

a liqui d/I|qU|d de-oi | i ng hydrocycl one, an oi | from
a floatation device or

THE et 0B sl b YRV Rans silpee lrgtt fo an hestipdisposal well
off e G/ érhﬁ?qea:tlbn lpmnb@érﬁ:g a?? Wp@rﬂf wetertpdfsHMP AME %dcht@é ar.
a SO nee u assi ng prior 0
"%'@%&iﬁe -2l hicrggeione. pa 05' BLwAENTAban Fhpraiif afoatation
d@m@gﬁma@ s‘experas@i (ndtsshownp ﬂ@bltrdéf—‘d) ey Géddcﬁ%@é@ﬁn%t@r
rmnates. I n a

v el. . wal |

SEAr é"%ﬂi’?ﬁfd V\h‘erbe Aot R 2ispdoer Ader 36063 -geging prior fo
digpesatth) the b optd-inRictipmssage 36 is part of a fluidising
unit 40, also conprising a water inlet 42, which when
fed with a fluid at a higher pressure than t hat

Adbirdsitiey passage 36dbr sbhidé lsudrd\h@@ﬁths@w tRéd pﬁéébhr‘?ﬁ«e‘s%ltm 18,

tBJa of. the, blind glg 14 and |rectsthemt
WG ferfinsletn iRt dhdnd Sadhion 53, bebaain s Gare tiie! 30\as
vitwed). The uuﬂc&tpaBWIS%rt cﬂiélﬂ?ﬁi’ iding/uni40, 3o Cdnﬁ?rlSIf a water

e e ressure vesse
infgtd2, ﬁ'F‘éW“saE ai‘umﬂg aﬁr@b‘«f@ isguEdhap fhat grieing inypssel 12
flyidiess settbed sblijbfbn theswsb ol the dliad lcpeTONVe 19 hhd HiIredt tHen to the outlet
ress% vessel 3 &% g ggut a hi gher pressure gas

PYTRIEr %Zer ghesgl ardtiRgrdrealiienta coal escing pl ate pack

or f||ter media 50 is p05|t|oned in the annul ar space

oal esc s, designed to increas

AP el B ansas 4By piarit (et iags s SrPUGPa R e uRpeT ha gy the
pmssni‘ecedsei/aﬁe rThe rd)uﬂétcba”ssége &4 phaly aldolRy udeRIfbi @n¥rol of pressure in
tﬁer\?e%tseﬁg fo remove ot] “?ro le%sre:ssuge vessel, and to input a higher pressure
gas under certain circumstances.

A coalescing plate pack or filter media 50 is positioned in the annular space 20. The
coalescing material is designed to increase any oil droplet size dist'ribution in.the
separated produced water in order to aid further tertiary treatment. Thus the coelescing
or filter media inhibits oil drops from passing to the base of the pressure vessel 12, thus
creating an oil pad, which will periodically sloth off. The released oil rises to the upper

part of separator into the oil rich core in the cyclone and out through the outlet 22 under
Stokes law.

A gas inlet 46 and distributor means 48 is arranged in the base of the pressure vessel
12, underneath the cyclone 14 (as viewed) through which gas can be injected in order

to create a blanket of fine bubbles to rise in the annular space between the cyclone and
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or filter nmedia inhibits oil drops frompassing to the
base of the pressure vessel 12, thus creating an oil

w@ads/omsech will periodically sloth off. The retEaBe@6/000615

oil rises to the upper part of separator into the oil
rich core in the cyclone andgzout through the outlet 22
under Stokes law. A gas inlet 46 and distributor neans

S arranged._j se of the pressure vessel 12,
PRaE BRI Ve ThE AsBils Tha Semralnaial prant o fraaeparaied
p@aacézavvaﬂee sugregdeebuidiales Be En th@ f@rﬁﬁ@ftc%naeﬁ&a@éﬂﬁ%u@fform which

e qu hﬁ% ig ri.se.in th J#% space bet ween t he
g Yo, \Pé@%aeﬁs AP digsobled ot of th, élater phase
as Ermaéaathrmghdhe @hhulglr mf Qoﬁﬁdﬁétﬁar{%ﬁ@ @;@ﬁ@ﬁom@wg&% 2244,
as cou al so in e for
e ?&?Qaﬂtf%“l?‘ﬂm maan%‘gﬁ {EH%EWS&%FP inisgk de REuisitylpg chgmicals
aslreniireg, by nmass transfer, dissolved oil out of the

wat er phase as it rises through the annul ar space 20
and reports to the first or fourth outlets 22, 44.

m mteelﬂwdﬁ frafth d:roﬂu:sﬁoww@rormﬁsepﬁﬁt toale aé;se@atbmwﬁ@grpthe inlet

t d h required. In
ok PR T 0y B T S s T o o
flswaoaiaptufrlés?arhdlfeﬂugbttlﬁ&ﬂ)frfe&kﬁfe m&ﬁc’&ﬁoyltﬁemtl&%ﬂ nkblﬁoﬁl of the .
oW, or _vortex r c one
58S ARS8, BiF% e miBEReSaart pRd calRcisah Jos daped Upper
end btefqmrpnehwmivéﬂfdert ’rﬂl:;arlid)éﬁﬁslﬂﬁmgépaﬂ?bt Wuﬁ’dertdﬁ&smé%diﬁrol from
n e.c ope re a rates

i gdsuaitY 4, "R retiiinnbh S PR Phesedensrts wﬁ%ﬁg&ﬂﬁ@l S
cdxﬂtrcammitmmm(stybés@ageaar ator 10 under pressure control

fromthe gas outlet 44. A continuous oil rich phase
reports under differential pressure control to the

Aﬁ}drﬁiﬁﬂomaﬁagjgﬁ;a%té ovérrmettthmopuiﬁenu?feme tamﬁ? v aid é)@tt‘éﬁhe

e en 0 cl on n exits epa or

SSBTR A0 52 ee e, e aba 4)e Pk meant P hirDgh d1e oute

324, Thblfwe?a;]rghasbérelnmaily gmt Bthe %dmnavmb@rsr?cm&smﬁ) thg Zél&ﬁ@h)ﬂvhere a
e sec n | e val ve er

VEbs flow E4imE i g isSr s The k1o B QubhrsSeecer st Prunimum.

Vohar @t V\!msmm\&i frisscyalona \rmrén%lsmhewwelﬂ' Ié\l‘uf intPdREs frl m\élvessel

1.NC, S eve Creas

P ol B T R B b 8 ey R G55y

obbesdd,bas hands \Bﬁerewht%r flcb\b@tm@jghe)o'ﬁ'ﬂtdbéﬁgﬁétvbﬂé* béglme is

({%ggos%dqr}qgn ,a?eéfj Ef"@@ %}F\E;\J’\éasisgée E& a¥\5 a&nmu?#%ow b%hns controls the

level of water in the separator.

Solids, which settle beneath the core finder 30 are removed by the fluidising apparatus
40. The separator 10 has a hold-up (or retention) time of 10 to 60 seconds.

Referring now to Fig 2, a second embodiment of a separator is indicated at 60. The
separator 60 comprises a pressure vessel or tank 62 and a cyclone 64 mounted within
the pressure vessel 62, spaced from the wall 66 of the pressure vessel. The pressure
vessel 62 is substantially cylindrical with domed ends, and has a central vertical axis
indicated at 74. The cyclone 64 is mounted coaxially inside the pressure vessel 62.
An inlet passage 68 extends through the wall 66 of the pressure vessel 62, across an
internal annular space 70 between the pressure vessel and the cyclone 64, and into
the cyclone. The inlet passage 68 opens into the cyclone 64 tangentially, and is
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destroyed and the water |eaves the passage 32 at

maxi mum fl ow. This controls the |evel of water in the
waepanatiar . Sol i ds, which settle beneath the cPCEGB2006/000615

finder 30 are renoved by the fluidising apparatus 40.

The separator 10 has a hold-yp (or retention) tinme of

10 to 60 seconds. Referri ng now to Fig 2, a second

enbodi nent of a separator ndi cated at 6
SIEBRY K PRedI e GTOde® Sy osiiioh i baftogt SBanibigts, and
héHtd t8 cBYsd HERIrPd LG VREeXfIbN irdyiinBen heasBlohe euessel

62, spaced fromthe wall 66 of the pressure vessel.

The pressure vessel 62 is substantially cylindrical
THé bybldiﬁrmﬂhﬁw§ubsﬁmlam,a@nadﬁ@nuwér pofticni 8 kn@pks upper end 78,

indicated at, 74. Th I S mounted coa
2 CRRIP PSS OFIRLA A 3 s BN 80 logdng fpa ﬁa% Siedig dnaa
VA 8 afhiEhEsTHIgR opdiedViRribdieailyab AIBW tY RisHsef \&G@.ﬁﬁhatéa solids.

across an internal annul ar space 70 between the
pressure vessel and the cyclone 64, and into the

Ag)A(frﬁ?’{h@fiﬁeV|c;ﬁiseede>cﬁﬁ1eﬁtaﬂrﬁémh affor@as drfﬁt?llet b&s@ﬁé?eﬂ‘@ an oil
angenti! a | SShape 0O cause n
o Bhpea R iUl BSRS89 G4 Vet e g he BRs 74,
trhswﬁhb Q)péﬁ ufs@eraerﬁivvrs dfithe cyfdldﬁ& i1 aﬁtDt'éFrﬂhﬁaerg)@l\l q ?g;ltlmla
S |
2R TR B g SBARE FaTicat Emes ROBiGR: 6L i SXeme Al Where an
ofi pad @a{tlortexwre wmgéznsﬂ néis@n@@df fots @m%m @ﬂalhcﬁamerw rtcg
n exi a an \L |.C

seariarell I dierrroass e Tha S 4af° dEvatn ieganise ges
cBctiehs in the ol ich BRedh eV AMdRe SHIBIE B6NE Plovidelien ﬂ%ﬂﬁfp@t 6pen end 78
gg\ehas an utI et H{Jassa%e 85|for ap oil rich &g b hich

<HAPRG © h‘P"&'G@ COFROTRIED 8 PIEAHY BF 935 W EQIpers s?etf‘ s, whic
e\kﬁintb r’c}@hé?ﬂg tHd lﬁ)pgz ldﬁmgé ienti lF ﬂié?.‘és&él ©t20 [o]:21) p‘dlﬁilﬁsé Bkt aoBe shield

e ne an er nat.|
ehis PR RlahSiick of S ajaimionsl dous et i e Sepes 64 to
aE@el@ffatet e f@l’:‘%ﬂ@ﬁ of e, on}/ﬁbﬁf\/%rtéﬂ c6rel andad réléaé@lféef s:t@rtﬁae gas

series o sl eni n
raomars BB i 8anrasean cep. dlsianet SF Hsudigisspovathe 1dtid lovel
nstr@ts:‘ep%t@rr Rdasdened. nmemmetrﬂassawss cr@bw@tsm a 8ip tube, can
oi|l rich stream A oreﬁ 86|S£\H\é% in

qq\{@ alﬁ?ﬁ@' aL@ﬁéﬂn U5, QUiRE sWFaceLW lgb fasgnigrafiqn i¢,the gas up-comers
ggncorporates a plurality of gas up-coners 88, ie

tubes, which extend towards the upper donmed end of the
vessel 62. The purpose of the core shield 86 is

A outet paiﬁa?b %&bﬂ a8 welterphiageé |stprov|@écarnl ta@dbmed bottom end of the
rovi%%s %V\% hin the cf\élone to,

vesse outlet passage 98 for the gas phase is provided in the domed. upper
end of the vessel. As in the previous embodiment, a coalescing plate pack or filter
media 100 is positioned in the annular space 70. The water phase overflows the open
upper end 78 of the cyclone 64, passes through the coalescing plate pack or filter

media, and exits through the outlet passage 96.

A system, incorporating one of the separators 10,60 is shown in Fig 3. Hydrocarbon
production well fluids from a well or borehole are piped to the inlet passage 16,68 of
the separator. A pump 104 is connected to the oil rich outlet 22,85, which increases
the pressure of the outlet in order to feed an inductor or jet pump 106 with sufficient

motive power to draw gas from the separator’s gas outlet into a pipeline 108 or down
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accelerate the formation of the oil rich vortex core
and to release free gas to the gas up-coners 88. A gas

W@ p@emomno cap, indicated at 90, accunul at es abPVEGBR@®6/000615

liquid | evel in the separator, indicated at 92. The
out| et passage 85, known alsg as a dip tube, can have
a spiral auger on its outer surface, which aids gas

igration to the gas up-conmers 88. An outl et pass
8 %aq? gAvipRENht% whtﬂha%, @P 7 Bioperopefate hantseeai@énre dem?thream

egtifmeht 1108 megeeior 82ampRI2@Rm Gy HonPReSRBSr 85 1fOCUO the

gas phase is provided I n the doned upper end of
vessel. As in the previous enbodi nent, a coaIeSC|ng

Thisaystemastviass twd dantiREs aFlléRQ ihe deam étr‘egﬁ%ﬁdlﬂ?nérhq 10 can be

annul a ace 70. The water phase overf

@Peﬂi%ﬁ s7eptigiurp pReTalRg BieasBa fo fpad o5 eXamRIBN @Wémg gas

c@mp&eew ng, F&g@?cﬂed%&ﬁ'fhé)brefsédré WssBBHbBss MaLeBXiact and in the
Eneggghh utl et aﬁsaef . A system incorporating

PioR Bisg 5399&%‘ whep rediefiitiag §ﬁ%@oﬁﬂ%eqw@ngwt upstream of

ekﬁﬂ”@&'abmfhd%mi&@id rAgnAR! High Wittedleuthr @gbéhcwe ke ?Vstehm can be

ehol e ah to the jnlet passage 16,
B8 R0 AR heod G bR AB RSN B s o0 iochpoct fow
rétuiﬁ‘oﬁi th@ Avefipin paftictilar] BCEMRSGAPIhE ehadBiBfchdt@ar] whiks Wé“ be of

%u g in order to feed an inductor or jet punp
MRHUCRY Yol MetEHEshBtsoriatesaRsy meling thaeysiam mcgmpbstefiectve and

sBEIET8 heintaindRnpsdd With that 6f SubRicB®obShgl 08 or
downstream equi pnent 110, which is at a higher

pressure than separator. The downstream equi pnent 110,

Bfgu gb@ratfoﬁ Hesotidew hereir@ dﬁ%@&%rﬁﬂé&ﬂr&é‘ﬁlaé@ Rﬁéé&)gf vessel

0. .Th stem provi des two advanta First
(‘Eeﬂié"'a'oqmr%fchsémaéwﬁp% firea poaseLl. gas ﬁ%ﬁ? weiter stseam) %at @ses an .
eabebigetblfeesyalond UinR besISIssEriled éseéféimpfé)éyc%ﬂ:'@vﬁ)e Ring a

exi sﬁ ?'E dqaﬁ conpressor 112, regardl ess of '
tloghta) fitidiglel @8 oytiejestheral righ ﬁﬁﬁ%ﬂ“ W'W@P@'ﬁs tOhtbe outside of the .
sppm{or aﬂd @fﬁquiﬂhjvérﬂow SUIROEH A& inWhe Bpdrlob QELEdH Ailable for
ment upstream of existin rocess
‘B’EP %Wt'gnﬁ%‘% RyWehiog interavtiant erkajeh erloneemonal of solids is
ti@‘taﬂm:ﬂﬂfdeﬂeThlé am th@e U@éﬂ%@%ohﬁﬂfn%%?@\‘ivlﬂ@ tﬂéecﬂﬂd ]yclone s axial
erat | questi on and boost

n
Cﬁgf(%mm?ﬁvlew@%fly up Phd%'? theclind cyclepe’ %ﬂw INRIART Rgeppsitioned
|mth|e dptlﬁiﬂlﬁﬁ;bdilﬁtﬂmtw&lblﬁﬂ dhblbhe’8Bo&Y. It BEHLEES tlYé’ElH"f@oéN'o? Bil rich
gss associ| %& i maki ng the system nore cost
U REETILE 15 A MR FSeSSLEs R eI SPABBRDERERL i th t hat
of sub-sea boosti ng.
An insert (not shown) can optionally be provided in the inlet passage 18,68 of each
separator, which reduces the cross sectional area of the inlet passage, and therefore
increases the flow velocity of the inlet fluids. This increases swirl or rotational velocity
in the cyclone, and has the effect of reducing the retention time in the separator.

The blind cyclone in the first embodiment described also has a fluidising unit for
removing trapped solids from its base to outside the blind cyclone’s tank or pressure
vessel for delivery in the form of slurry for further treatment or storage following a de-
gassing stage. Water is displaced by the blind cyclones enhanced centrifugal forces to
the blind cyclones wall, where it is forced to travel upwards to overflow the top of the
blind cyclone outer wall. 1t is an important feature, that the oil rich outlet does not re-
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Each separator described herein is a type of conpact
free water knockout vessel (renoval of produced water
wo c@aiogoishr ee phase oil, gas and water strean)PCHaB2006/000615
uses an enbedded blind cyclone unit best described as
a sinple cyclonic device havbng a tangential fluid
inlet, an outlet for the oil “rich stream which reports

to.the outside_of the separator and a liquid gverf|ow
enfiain erlidgor gas.r Theseprsaigheal RopPriolied by prpssieLhiferentis and or

leGEIB it a! évérh@é"ﬁro@l%%hﬁse@ Bh ter Rility rr‘ﬁ@ésm'érﬁﬁﬂtif r8§uired.
batch use for e renoval of solids is optionally
provi ded. The dip tube used to conmunicate with the

Tnbé s%rgmpisweﬁaumta%déaqabé QpERYed B\EDOVE hirhéshhkdc PResSiire, but
blTnd cyclone's axis in order to be

it ﬁ@y@dtpm@@uely he CRETASH #RSIAYBIMASPIRNa ESHITE REIMEY eghendo the

atsipnherel Wﬁiabé&:s!} g \‘iﬁsﬁeltué‘E@!un&fgh@ﬁﬁeéur@@e@éﬂl | \@hich can be
passage is at a | ower pressure than the separator

owggeéh In af9stilg @@}II{OW‘Z %Bﬂﬁ)on@é\rpf@bprecmldqrp?qu@n facmty orat
tHar€eybegd in the inlet passage 18,68 of each separator,
whi ch reduces the cross sectional area of the inlet
passage, and therefore increases the flow velocity of
the inlet fluids. This increases swirl or rotationa
velocity in the cyclone, and has the effect of
reducing the retention tinme in the separator. The
blind cyclone in the first enbodi ment described al so
has a fluidising unit for renoving trapped solids from
its base to outside the blind cyclone's tank or
pressure vessel for delivery in the formof slurry for
further treatment or storage follow ng a de gassing
stage. Water is displaced by the blind cyclones
enhanced centrifugal forces to the blind cyclones
wal |, where it is forced to travel upwards to overfl ow
the top of the blind cyclone outer wall. It is an
I mportant feature, that the oil rich outlet does not
reentrain solids or gas. The separator can be
controlled by pressure differentials and or |evels,
with an override provision based on water quality
measurenent if required. The separator is generally
intended to be operated at above atnospheric pressure,
but it may alternatively be operated at bel ow
at nospheric pressure or may be open to the atnosphere.
Advant ageously, the vessel is a fluid tight pressure
vessel, which can be operated in a hostile
envi ronnent, such as on an offshore oil production
facility or at the seabed. CLAI M5
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1. A separator for separating out a flowinto a first
fluid, a second fluid which is denser than the first
wo bave@9oiand sol i ds, the separator conprising: BCT/EBI@6/000615

a cyclone contained within the vessel, an inlet
passage """ssing through a | of the vessel and into
the cyclone, the inlet passage havi ng neans for
causing the flowto rotate within the cyclone; a first

t passage for the first fluid extending froma
position within the cyclone and substantially on a

central axis of the cyclone;, a second outl et a$sag_e )
1f or AseRair dorosapaating é’%t%ﬂ@’f’ﬂ@o aiisyhilidpa secetd fiuigwhich is

d¥esey Bhan tﬂ@‘ﬂrs@ﬂﬁlﬁ' érﬁh S3KbS, ecﬁe Bé&%?éﬁ?cérﬁFnéﬁ@ sol i dS
extending froma | ower end he cycl one

ayEpl.A BYclone cantainasithin theaessdl, aQiekAsSeg iﬁﬁ@é\g toygh a
wafi of e \@é@él%@ iht§ tﬁbo%lotne %E%I#}}%‘é%g@%md Hle%@for Eﬁ‘ﬁsmg the

second fluid overf he cyclone into the vessel
ﬂﬁw§%ﬂﬁ?‘t§t"ﬂwrh@e@b’§9%d | nclaiml or 2, wherein the

afestefitiet ;ﬁas§é@§foﬁﬂ{e' fﬁ%t'fwlosé/)!fé%ﬁd fé n'Wlﬁnerﬁ@tcfléb?e and

vertlcal axi s arator as cl ai rre In any one o
spbsippfially opg G\?ntrﬁ’r?é‘#se‘?fﬁ RClaRgssel is cylindrical. 5. A

a%%l@@aﬁrﬁb@t[et @éséﬁgé'féﬁﬁe b@cdl’@‘xﬁ)ﬂuﬁf@déﬂdlr?d RO bask®f the vessel; and
for causing the fl'owto rotate

rein

a\,w IR ﬁéss,%@@ﬁ%rﬁee é@'fﬁbrﬁxé%’é’-'@rfé%’ ﬁéOVéﬁf exd; of thengyclane.
inlet passage to direct inlet fI ow away fromthe
central axis of the cyclone. 6. A separator_ as cl ai ned

% n ASPPEFReRA Hmeddn ﬁ‘?'%e\f"é@rﬁ'n@f@é@e{? end of thegygonelisgppen to

theve3eiHRE in (Y, the@ecbﬁk?ﬂM@%ﬁ&lﬂowg the/eyBRRa iRb %e Pessel.
claimed in any preceding claim wherein a filter is

provided in a space between the cyclone and the

3ves edepatatorass@BMaliPElaRs 10 21 WREreinthd Wsdel %“s%@hﬁﬂtlally
the third outl et passage includes a

sﬁfme&r‘%ﬁ\{\g@‘ﬁﬁ?t‘:e@ﬁ'dﬁﬂ'éa' 348-the cyclone. 9. A
separator as claimed in claim S8, vvherel n a further
passage is provided for ducting water

% | iATRRBFRIOLAR Flailed imaBy pag ot daimss] @I%W*P@E?m thecvessehis
cPfindPicamherein a vortex seat or core finder is

5. Aseparator as claimed in any one of claims 1 to 4, wherein the means for
causing the flow to rotate within the cyclone comprises shaping or aligning the inlet
passage to direct inlet flow away from the central axis of the cyclone.

6. A separatqr as claimed in any preceding claim, wherein a gas vent is provided in
an upper part of the vessel.

7. A separator as claimed in any preceding claim, wherein a fitter is provided in a
space between the cyclone and the vessel.

8. A separator as claimed in any preceding claim, wherein the third outlet passage
includes a fluidising unit situated in the cyclone.

9. A separator as claimed in claim 8, wherein a further passage is provided for
ducting water to the fluidising unit.
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positioned in the cyclone above the fluidising unit.
11. A separator as clainmed in any one of clains 8 to
waoembEn@i N a gas inlet and distributor nmeansPCEGB2006/000615

provided in the base of the vessel. 12. A separator as
claimed in any one of clains to 11, wherein the

second outl et passage is con%rolled by a vortex val ve

| evel control neans. 13. A separator as clained in any
one of clainms 1 to 7, wherein the first outlet passage

10.2s ATephEtoMis DkipRe th H&iP8 ar Paiteraih alVifteR Wbt oR finder is

whi.ch the first fluid accupyl ates as it separates out.
Pasitiongddi Higr yctone abovg ﬁﬁerfﬁ'ﬁ?g UMy one of clains 1 to 7

or 13, wherein a core shield is provided at an open
nd of the cyclagne. 15. A system including a separator

ks G15ePRREPTd? ARerin AR g o4o JPpunerRd 2 ewHBEL 8nd

dis@ibuf® nhdangtlis pratvidet itfhett2ee deMRNRESH, a punp in the

pi peline for Increasing the pressure of flow through

the first outlet, and an inductor or jet punp in the

1B P@ deparfenusdisigraivbny 6iee SL@mMsiENS 11MNWHERT thelset®id outlet
gurgp hei nrg@rcqgnnect ed to a gas vent of the separat or.
P#gsagg 1364 40y @ vertge Malve IveLeanrebmedier ei n t he
pi peline is connected to downstream equi pnent at a
i gher pressure than the separator., 17. A separator
1gu bgt SEREraiPT 35 Glaimpddr AMheRe E@F‘%‘Fﬁﬂ %]7 Whﬁé?"éﬁ'@r{@%t qugjet
paBshg@shds! dldts hithesheh htbiadsartlofamglcyZionk dt dichane MRRAVIENg
raw n stem substantially as descri bed

d s. 18. A's
%B‘H'BPlﬁgesvﬂst"?Ferpé‘@g%ﬂ‘éte to and as illustrated in Fig 3

of the acconpanyi ng draw ngs.

14. A separator as claimed in any one of claims 1 to 7 or 13, wherein a core shield is
provided at an open end of the cyclone.

15. A system including a separator as claimed in claim1, comprising a pipeline
connected to the first outlet of the separator,

a pump in the pipeline for increasing the pressure of flow through the first outlet, and an
inductor or jet pump in-the pipeline downstream of the pump, the inductor or jet pump
being connected to a gas vent of the separator.

16. A system as claimed in claim 15, wherein the pipeline is connected to
downstream equipment at a higher pressure than the separator.

17. A separator substantially as described herein, with reference to and as illustrated
in Figs 1 and 2 of the accompanying drawings.

18. A system substantially as described herein, with reference to and as illustrated in
Fig 3 of the accompanying drawings.



