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located helical stream created by differential forces. The lighter fractions are thus
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hydrocyclone via the underflow outiet.

[0003] The fluid velocities within a hydrocyclone are high enough that the

dynamic forces produced therein are sufficiently high to overcome the effect of
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[0006] “Produced water” is the term used to refer to streams generated by the
recovery of hydrocarbons from subterranean formations that are primarily water,
but may contain significant amounts of non-aqueous contaminants dispersed
therein. Typically, produced water results from an initial separation of oil and wa-
ter, and accounts for a majority of the waste derived from the production of crude

2



© O ~N OO 0 AW N -

w G N N NN PO N NN NN =S b m oA o ek el o i b
Ngocooo\smcn-bml\)—xocooowc)m-hwm—xo

29 recovery of hydrocarbons from subterranean

wo PogwseRNs that are primarily water, 30 but pgayus2e07/011461
contain significant anounts of non-aqueous

contam nants di spersed 31 therein. Typically, produced
water results froman initial separation of oil and
wa- 32 ter, and accounts for a majority of the waste
rived from the product on_of crude 2 WD 2008/063228
oi. B3 Ban] Dlpesa bf SeRsrAloTMirom g O hedrgdysestwater ofi

con&fiPdrabk OP phiRBst dTilgh bmdlé]@n gc?r‘{&:ﬁﬁ'aﬂ@ﬁ hs ﬁfg}h‘ as 2000

cont al ns drosor partlc es o nerm SIO

Mg/ GRE s 'émttsh befurtherdreated befove itanaybe prtmaﬂlytdmﬁ»arged to
the ENFonferl {9 colhEhES sBElREIcr indBnceRuBiARSf olfdis-

perseetin Ithenmterffonr offstere evedls and doi mearaa‘ho?% i: elgggfﬁe;rpﬂlwplm-
auopd el 1 Byffneelo fe M0 e e reovelas mubiiine o

andtshSpémfddjsollldts (83 aséwusaiﬁmrég@nérﬂm ﬁ\é n@yas BbsdibB in

and sus ended solids e.g., sand, rock

ordefr,tggpmimlge k pfeclogging t'@s“%!@s& bl e |n 8 order to
100074 ™ iR B6 s bi8 i fiMBEk Bl chRaldits e gb 180 e bould

uld be desirable if arauswe
Simld@muegudytrﬁmpve oilland otiGersioniaq m@eﬁlesém epranidced rvelter

d
and SRS GE Ny AR S rblen By MR o 20 ™
present. 12 13 BRI EF SUMVARY OF THE INVENlLE? é? he
{nvent i on, (RN PURBARVIF sHIcaVE Tigh

[oooapn WesHriviry om&néﬁs ahd em@%,@&@bﬁfthénuﬁx?ér@fbHStﬁe?é is pro-
arating a dis- persed [iquid phase froma

se
vided ol ne RRIErestERtive f %@5@ examplansapparatysfoxsepasatingha dis-
t
perstd IABRARISETTI indbuLTadq HRaRE WIRa MR mBRSTE, Th
appangtug hasopne onmare onaleserrs dhattdachsnpiades a ﬁrst@bgatﬂnonand

onaeFalhd 8 BLp R 85418 169 1988 BighePin

first nntanrwaurpamnm tmwghouhtheéf fist Bé;baraﬁdnet:ﬁarﬁbér Mhier AlSEcRes

inlet portion of

[ f
also e RS BOBIAR PAF P fices A o8 dOENERuTEG Ind I mitire
into H?e fivet infut pattidrnes tﬁbtﬂrﬁ éébéﬁdﬁoﬁ c%%%ﬂe? té‘ eh a swirligg

artially coal esce Eerse 5(1 ase.
motleaéaféf&ﬂwg nésamr@ ﬁaﬁé@ ﬁyieéia partiahit e@ gscatheéu%nermllqwd

ohagh i coestils Bdna baRLaRlall S oS Cing GAAT Yo
end pbtherfirst %enﬁraﬁlmwsch arebeu for éasharpgmg thatefyoro dlze ﬁlsld aulixture
that %ﬁt%ﬁ{sstﬂg Ieuéélt BaRExW %oalesged dispersed liquid phase. The
apparatus also includes one or more separator hydrocyclones each containing a
second separatién chamber having a second inlet portion at one end of the
second separation chamber and a second outer wall portion throughout the first
separation chamber. Each separator hydrocyclone also contains at least one
second inlet for introducing the fluid mixture comprising the at least partially
coalesced dispersed liquid phase into the second inlet portion of the second
separation chamber to generate a swirling motion of the fluid mixture and to
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longitudinal axis of the first elongate member, than the first outlet portion of the
member. The first outlet portion is configured to effuse substantially all fluid flow
egressing from the first elongate hollow member and received at the first inlet
portion. The apparatus also includes a second elongate member with a second
inlet portion and a second outlet portion. The second inlet portion has a greater
cross-section diameter, taken transverse to a longitudinal axis of the second

elongate member, than the second outlet portion of the second elongate

4



©C o0 N OO A WN A

= 0O W o N O O R WN a0 O 00N 0 ;R WN A O

23 persed liquid phase froma continuous |iquid phase

waMobghhd32g fluid mixture includes 24 a first q,l @,,011461
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[0014] FIG. 3 is an schematic, cross-sectional illustration of an altemate em-
bodiment of the cutlet from the coalescer of FIG. 1 as well as the circulation
within the coalescer;
[0015] FIG. 4 is a schematic cross-sectional illustration of another non-restric-
tive embodiment of the apparatus contained in a single vessel for separating a
dispersed liquid phase mixed with a continuous phase as described herein;
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20 BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE

wolRtWdes21 [0012] FIG 1 is a schematic . PCT/US2007/011461
cross-sectional illustration of one non-limting em

22 bodi nent of the apparatus contained in a single
vessel for separating a 23 dispersed |iquid phase
m xed with a continuous phase as descri bed herein; 24
[00131 FIG 2 is a detailed, schenatic,
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are il @LIEIPE FoSHich, B b T8 e thadlars Harig
inventiah inmayobes epaggetates foeiastrdtiot. herein, shown in two

separate vessels; 4 [0017] FIG 6 is a plot of a
hypot heti cal series of curves of the separation prob-

5 abl | i t yDETASLEDDESORIFAION OF BIE INVENTFON 6 [0018]
7 1is a plot of a h){hothetlcal series of curves

[00259& omﬁg lmt!ngj%@mplaw qdsranghapparatustdesaribed berein at

en hhﬁﬁ ﬂ'tga[ feffoval of & ﬁasgéﬁgdfﬂlﬁ?eﬁﬂﬁ ACiR0Gus @ﬂé&p I(]r\?érrr{&ed

e apprecl ate ures are s
therewith bymaeanmef gyickonic gctioneofried armaremyelrmnyclmmepm senss.
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the fERind e naraGh Geto R onk oy af1ch o7 SeaiE o SeRr e <o
hydiforcyabaeggéparemml@a&%ce@wp@w&dpha%% (ﬂﬁrtﬁé\’cbr'ihrmbus

means of cyclonic action of two or nore hydrocycl ones
phase aka higher remevaiwéﬂ@em@t Imoae sepdimiting embpdtrmntome

o pl 6y ST Syl 6 S Sold et
produsedevaiah feaoretfimiting application for the apparatus and methods herein
is to separate the components of a wellbore fluid involved in hydrocarbon
recovery, including, but not necessarily limited to produced water from a
subterranean formation. In a non-restrictive instance, produced water on an
offshore platform that has the contaminants sufficiently removed therefrom may
be properly disposed of in the sea.

[0021] In more detail, one non-restrictive example includes utilization of this
method to enhance removal efficiency of hydrocyclones in a produced water
treatment, where existing hydrocyclones or degassers or flotation units do not
meet oil and grease discharge requirements due to small size distribution or lean

concentration of the contaminants. Indeed, the apparatus and methods
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pressure,yesst §€ 106 pther eeptairercsranglasuce, vt iéash one firgt Qoahagt:er or

first SNCRRU AU mé 4 oand 8 leE@t Jﬁugfp%ﬁéfg? R&ﬂro%ﬁ@gﬁg

ncl¥osures or vesse or In
secmr@elbngalblmgommembmenz Intdsrm ol imitingrembadimaat héiin, the

st RH B8 R B P BeieeY 1 e b Sy B °
profé%lﬁi‘éﬁé 3en IMFREWDING 4QMd S{'ﬁd{orac!&nﬁfa” DBFdSs. /83881 2RAs an
inlet 14 for accepting the fluid mixture 16 into inlet chamber 18 of vessel 12. This
permits fluid mixture 16 to enter first separation chamber 20 of first coalescer 11
via first inlet portion 24 at one end (larger left end in FIG. 1) of the separation
chamber 20, where the separation chamber 20 is defined by a first outer wali
portion 25 throughout the first separation chamber 20.

[0025] In the known operation of hydrocyclones, the fluid velocity of fluid mix-
ture 16 introduced into first inlet portion 24 through first inlet 26 generates a
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15 coal escers and the separators have a coni cal

or profile followed by a 16 tubul ar I 0 011461
WOSZ%%/?G%%ZSVW ch may or may not be tapered on tﬁgf {[g}sm :

17 [0024] Shown in nore detail with respect to FIG 1
is an exenplary systemor 18 apparatus 10 for
separating a dispersed |iquid phase conbined with a 19
continuous liquid phase in a fluid m xture, where the
swirlipg madion orivadex irethedirgi0sqpacation ¢hanslserd0 that at Ieashmrtially

coafS 3OSl iR s e s oblraR SatdigRlet Sh EROCT

oneom restmtlvé emﬂmﬂdﬂ@mcﬁ Itioen metiﬁodiilhé 0@@@15@@%&6 along the

In o n limtjng enmbaodi me
inneR oyl HPPRHE 5185 of pulr W 250 OF Wi ret BGHE Npdowamember 11.
TheRMERo? sg\ﬂﬂl@‘ Hé&%?rﬁé'g sgegrﬁ dﬁ gﬁ&g%ﬁﬁ Ghe %%s?,rééfchbﬁ S

as seen in r conica
schemaeti¢ lHlestrationsefdfIGL3. has an 25 inlet 14 for accepting

oude® Rl B gebdor ¥ fob g bSinB By bl IEM

_ mlghﬂppllcally ba fauraniner hoofcldrig stithe targeserd thiskeo2 Buvddes

i nl et tion 24 at one end (larger left end in
hley

inolgelecst legStatne Gales op frss oot pegtion AR e0merAed harer. I
f

oneSGRARIGRrRERHEN 70 1 38Lb3REn 24 b Gidugh s Hebon

d:amﬁer :{ek¢mﬂra|5$verse tchae Idnguudmabaxiafzamﬂ thné fitsy dlongats mlemher

11, fRfghe fieolEkr Bortin 28, She yarEk Pr aufing FeuoR A0 st roes =
fluidonpeiratazsthat coMEIndRBAt163a i/ cdariaeéd fddidhasé into

swrling notion or vortex in thé first separation
mteen%mﬁt@rgm‘hﬂ% eftvasselst2. phwillibg appreciated) thattbere iseno par-
tioulB) FRESRTE of ¥l f ECafostene that APLIBUTES SHBRe8 T ag,.
vanoe fardidjd mivdured3 2, endi thamnedegred calevedof d,'mlesbenne ¢hiat

imp8ivs 43 BUTRI sBastatip Eifictancy o the apfaranis & sificidht fgr the

methBd el apPataius Rewin td‘bé@bﬁs;&@ﬂé@'ducbéséfGIGTﬁéP§Stl1‘éerﬁbih%B
6 schematic  illustration of 26]

and;appgeateg heeein ébwlaéweaqqt%waﬁ@tton ef&clea@y a8 C@mﬂﬁf&'d)w
i eBiod 41 aofrBl i B Aol RS, iRisiond agoir
wayi T%ESIt uatteta:torll@'aﬁs 13)0@'tf@ur¢dato effusei subistanticlly alt flvidtlan 28

cor o S il e o b g e

portib”n(mﬁ section 11 dianeter, taken transverse to a
|_.ongji tudi nal axis 29 of the first el ongate menber 12
[0027] ~Padizlly realepeed flyidimixiurg dRtnasses & sapasatas hydsocyelone

or séc‘%rfd bIBAg R HAMBwWIReMbEF 92 H3GRg% second separation chamber 36
having a second outer wall portion 35 throughout the second separation
chamber 36 with a second inlet portion 38 at the larger (right) end of the second
separation chamber 36. Separator hydrocyclone 22 has at least one second inlet
40 in the larger (right) end of the second separation chamber 36 for introducing
the partially coalesced fluid mixture 32 into the second inlet portion 38 of the
second separation chamber 36 to generate a swirling motion- of the fluid mixture
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13 fluid mxture 32 that contains an at | east
y coal esced |iquid phase into 14 int gj
wooﬁfi%%%ﬂsm of vessel 12. It will be appreci ate tzaﬁ?ﬁ]11461
there is no par- 15 ticular threshold or |evel of
coal escence that may or could be specified in ad 16
vance for fluid mxture 32, and that any degree or
| evel of coal escence that 17 inproves the overall
andéepabstantiailyadpacatertbg abfeashpampuwcaalesceﬁaiquﬁ:l phase, e.g.,

ff met hod and '. t
oty Ehiaftlle, i he BondibelR e P . WG Bt Ruhteslfi g
sepalmwf ! rharein iS emeint tisdt @i lahst GQﬁQJGﬁ@ (@l‘?ﬁ@ﬁtﬁéh O \Qil‘l.lmet%) of
ef f.i ci enc cO nmet ho appar at us
the a%%'ﬁﬁcedﬂ'r%@ a?ﬁ,ngvam@wﬁerﬂ@r pre o S Ak ) 1 1
sepHfdied, fauremati@étyl sﬁqeem BDIVON Y28 the db@rhfsbea'hgaudt;fha%éﬁyse
substantially all fluid flow 22 egressing fromt

separated, anddn @@p&qﬁ@pndlmlhw@mboﬂnqﬁdak leasl Yewolde of b
coafe's& g Ilééd]é%?-\ﬁsggr@s%rni ‘sogb atef TS Qﬁg dizd Péf[ertst ! specific
passes

coa m xt 0O separa
contayinanlsizerfrem the sige d;etﬂbntiombbdigaemseu qnlhlasw wh:nbes 22

suos AU SepErelih AERRABNGE Pl MPibalondlend Debélta

paraapi@ratf e t@&r@dy@lme[ 36 with a second inlet portion

002, St bl a5 S P et r
e 20 £l Ll s

phasaﬂnonitocn\neg‘lov%uliete:hpmﬁeraﬂsl qf vessélds?cmtl thirough merﬂwv@ut-
t h d | et 38 of ¢ h 1

et 485 chyBifov AU 78Ry 58 PG ish & worierincer o) SHEVROR of

hydtdascrbhélza i thielk s oﬁséﬁ@r&@@&&%&?ﬁéné’@i/tm@é]%bﬁﬂdﬂﬁé

and to substantially separate e at least "partially

hydiasHFgnB o 18 Ko 15 iEe Bt B s non-iMijaenbaRmataithe secind
intef p&HIbA A8 I’fa@'%f ?@%@%r@é@§§qtnoﬁgﬁamei’@é@ken ﬁ%n%egtse toalon-

‘subst ant I al separ at e meant
gitutlieabaxis (madjshowny of thesseicend telheny a5d memhber 2/¢thaf thedseichad

coal esc l'i quid phase, which is larger than certain
OUtIEﬂQ‘ﬁ g? size) is 5 separated, alternatively at |east

[ooz@? Vpr%a@ér nyaeom&ir@wdddm.@mw iR188Es hble8sERRAldSflow

nd in another non-limting enbodi nent, at |east 90
outlefoqﬂr third putleleportion §9|0é1stbe@tmerqendaofﬂha%cm@semratlgn cham-
ver S8BT 148 1 08 BELSC 42 b MRS vty e
dendé $igeid phdse 524e,g. vdiafied wa@ar)sol’dhe doid mbdtlyres Eﬂewtﬂé@dnom

dengéﬁgwg?p&%geggte?métp ﬁiy@fe‘g@@l ch ?nobrgftsw ocfa:lessel 12, and
exits vessel 12 through underflow outlet §6. In ancther non-restrictive version,
second inlet portion 38 is upstream of the second and third outlet portions, 42
and 50, respectively, and in another non-limiting embodiment the second inlet
portion 38 is physically intermediate the second and third outlet portions, 42 and
50, respectively. Further in another non-limiting embodiment, second outiet
portion 42 of the second elongate hollow member 22 and located toward one
side of the inlet portion 38 of the second elongate hollow member 22. Third
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11 [0028] Separator hydrocyclone 22 al so includes at
wd Reghesone overflow outlet or 12 second outl gicTpgdhbé@i4e1
42 for discharging a relatively | ess dense coal esced
liquid 13 phase 44 into overflow outl et chanber 46 of
vessel 12 and through overflow out- 14 |et 48.
Overflow outlet 42 nmay be coaxial with a vortex finder
not .shown) in 15 hydrocycl one 22 on the axis of

OU“é‘éiSHﬁ%ﬂ aP dhhg srspadaiengste hpliow amemberih tnaybedocated on
an GRYASRE YERARTn 115 sk R ol e o Bfongashojw

mermBBer2Band Greesecandaoutiet pertichid@ofthaseteid elbagste hollow
tran%\e/erse to a lon- 18 gitudinal axis (not shown) of

merpher 44 cond el ongate nember 22, than the second 19

0030yt | ehi r&tlls B¢ systeml SO

[oo30yt | ,lsFﬁbl’plfa ,56| syst r%lzﬁ]le&%%re‘"ﬂdﬁ gwﬁ%%@ﬂrb%t%y

additionally includes at | east one und
betwsan e ajleasiiong cnliet 28 opthet caatesper h anddheah eastoe séc-

t. .0 h 22 ber 36, fromthe at ..
ond il 36 6P B PR SehrRERBLFoRdienitaz, Bthe hgn fimiting
embogirméntvaf] BIGI[ this flid densaunicatiordpathaag iShtdrtnediate
clarified vvate%g f the fluid mxture. Relatjvely npre
chammpe Saiowe Ve o pHlche.senn. ailier; alterhate sandquetions pay be
usefullf@hfloyed. of vessel 12, and 25 exits vessel 12
t hrough ‘underfl ow outlet 56. In another
[0031dn- Phewniin FlGe2 isc? gelgiled, stbepwtionerossrsectiqnal illustratish of
[ f [ rdio.
one Z@tlﬂfﬁ@é (firﬁg'l"ﬂgn%’natrr@% é@ét? IB@g]esr’%jaAén%e? ﬂ1 %étrﬁil?eoﬁwﬁ mMiiire 32
thatmontdinsvan iabpastpadiaiipodaléseediznihphasy etits thbugbrthe ot
38is.ﬁhysicalj36i ter iate the second and third .
shapg, PPERING oF OPERNTS 28 ohine besivaand Reariae end of the iailsegtion of
ascdrigr [ : :
e s ToF Pra S8 oL Pannard shapf afiiandlio yble
for tﬁ@ epphicatiop\andiadapied for battee construnton of the gealesaan 138 of

1003235 RRAEHE sPoHhs 4 s Splration sHAmES! A0 3% b ngprior
dianéter grtenowr) ang it shebhd voparaben cREamBBY 36 fak ACsHCHd fite-
rioré' aneéglg@ﬁs,l te side fromthe second inl et Eortl on 38 of

leinefyadiamelars MayPerideptical pi wilhe pRRresiateshd
that%hﬂbﬁ eRPsdte® @%b%é?ﬂ%ﬁtgeof e Q?ﬁarﬁh&nﬁ?ﬂ% %%%hﬁ‘ggtég?r

‘ er 42. 5 | hi's apparatus or_sys
diametgs wildreesmialierthso diveifitst interdor diambteny This designders theeffect

S A PR o I3 U oG 8 an
the swiplirigamotiomgvatascwithia tRE separatdre2@endrat®std §&ond G-force,

enpodi ment, of FI 1, this fluid conmunication pathwa
where %@qqgc}fg?g@rge% equal 1o or greater than the first G-force.pHoweve):-,

it will be appreciated that in other alterate versions the second G-force may be

less than the first G-force. In one non-limiting embodiment, the first G-force may
be in the order of 100s, whereas the second G-force may be of the same magni-
tude or higher depending on the geometry of the second hydrocyclone or combi-
nation of geometry or number of batch of hydrocyclones. The G is defined herein
as a unit measuring the inertial stress on a body undergoing rapid acceleration,
expressed in multiples of the acceleration of one earth gravity.

10



© 0 N O W =

W W N RN RN NN NN RN KN @2 @O a O 2 232 a A a o«
- QO W0 W N WA PR WN = O OO GgR WO N a2 O

9 chanber 34; however, as will be seen, other,

woob§ddisdse configurations may be 10 usef ul | yﬁ%éﬁb’(ﬁﬂ}lmm
11 ?0031] Shown in FIG 2 is a detailed, schematic,

cross-sectional illustration of 12 one outlet 60 from
the narrow end of the coal escer 11 where the fluid
m xture 32 13 that contains an at |east partially

coal esced |iquid phase exits through the slot 14 shape
[0033)enShgworin Gend @ano_tBeroembo@mtaﬁdipf thedinvention: appacatds G0

eyl 856 100 Phe A5aldE 23k RE i, AR RGP

Sumilh»eccappmems bpsleartshtaddphe wéﬁrsnrhnartrefermﬁmrﬂéﬁawas of
17 [0032]. It wil| be appreciated

thogaied . ddasFarivln DR MBet crobadiment full gnidure 46 iepters
ves%d;] g?btgrﬁ.?gsﬁﬂl(ei‘ 94, mgs () %!ét'?."f\tan?b%‘f QQ%n?ie RAfuft 't@ﬁ)ulgh

I . as a second I nte- rior aret er.
opepingstAondvaliiés, and pregresecs MCoalaSGenqhamHelr 80eand through

. [eci that | t expected enbodi nents of
mlef‘g@ogﬁééiqdeu?ql%s ?Féé"gsag‘ﬁa"? nterior 21 dianeter wll
[oozmq S ABldsedblished abbee i theldiddiisSioh o FIG8 T taRd.-3, T Auid
n has the effect 22 that the vortex or swrl |n<I:1t
e

vequ;gy ngﬂwddmeﬁure 6L I@E@@rce_dlmtge*ﬂét inted poetion; 24 thrauighofirstin
orates & WyRblhotdifo Rrekadh (e Selfalat ciafiner 20,
thatcaideﬂai pertially cealesces)thal dispersed fiqeidtphiase l{ag., tdoatdrminaht
drogfplsaplte A EVE et patiallcoalBSedbd furieee s fhaertse
intoli@mbRaLE ér'ikﬁnlf)éxf 82 afl P}Qéé‘é&- mld‘o&‘fﬁn Bﬂ of AlidtddmSimu ication

enbodi nent , first force be in the or
86 Iafthq bifs. 4 an'@osmaeﬂtwep@@hmqr @rfdwtdahwy irhdagifed lh@Sé;ﬁm&
| on the geonetry of
conﬁﬁ%@&@i&ﬁé&%ﬁﬁg g‘é@'@bgﬂg 8? @%5%29 nati on of
[Ooajs}onm rqasbpamany)emalescéabﬂm@ nuktuhy 92 dre yeparates chabet8ss

h t uring the inerti al
entlf seBeaY 22 Balet g &H%ixdga SRrald theseip sctascriben with respect
to FREPLANRAE the rélHliicPlsas dBinsh BEaREER) fdipRRse sy sepa-
rator @eag]ovsrﬂovmouﬂet AR dntopviesiiom outheirchamied id6eantd isfdischerged

at o G BRLoRL BB 48t ornly. SRl o iR Bl 2

leavdsSefalator 22 apandsHiswoutiet SOTG indklowosutiit Y:ﬁﬁmﬁbﬁﬁh &ind
reference nunerals as 4 those used in FIG 1

is digeaanopg thogb aderfow autieh§8di nent 11 ui d nixt ur e 16
(0R]! oG oBESREprERricAt Brkhic) cliiesNRRRTCLo
demuisifier 92 m,y beenidtrpdecadeintethei fiid mixtatee $6 éor aihmﬂt@ﬁrt&]y
coa escectl Hu:d rﬁlxture 32) through an opening 94. In one non-limiting
embodiment, the chemical coalescing agent 92 is introduced upstream of first
inlet 26, but may be introduced at other locations in addition to or alternative to
this one. The chemical coalescing agent 92 aids in coalescing the particles or
droplets of the dispersed phase (e.g., contaminant oil) together.

[0037] In another optional embodiment, a relatively clean side stream of the
dispersed phase (e.g., oil) can be introduced into the fluid mixture 16. The

11
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7 inlet 26 of coal escer 11 as descri bed above.

W(’Eﬂgﬁ@ﬁt est abl i shed above in the di scussi ori,cqf%ﬁb(%n“l

_ he fluid 9 velocity of fluid m xtur
introduced into first inlet portion 24 through first
inlet 10 26 generates a swirling notion or vortex 30
in the first separation chanber 20 11 that at |east
partially coal esces the dispersed |iquid phase (e.g.
overdibefteotigenpectédtobe teqeromation of eplisipns én Hiedeaa {lowe ast

concBb el GaR. RS o rmdt, Wb BEaride o

es I nto openi ng

mtro&#oe@fu;ﬁtt‘éa% SPﬁthJﬁlétQBl Bt mag¢ bebntroduded dtlotherdocations in
di'ment a pipeline or conduit (shown, np

additiomtesyr alilematlveeto diaeeet Shigiside st Ade gﬂa?i?s% the
rt I

prsSBE 8 1 U 81558 oot ety g anacy

increseigrthé popiatiah denbnb,t oﬂiﬂeadﬁparsed;ebaﬁ%t ed therein as

(0038E; ol p kL 5 1§ SREE hatic Prosdiskcfong Iy eRLGL b aterate

non- ﬁt%ﬁﬁa éﬂbé&h@ht dPaaystenetdo fov s@phiﬁhg@dlspemed\hqmﬁl phase
t chamber 46 and is dlschar ed, 20 at, over

mixeswiin captints Rhaseras dRfcyibed SR yheye ERIESERIntl 18

| |
frst 441 HOB R Reparetdy 47 R SAREGR] Bbochdl skl it f‘*zq%“'i‘ oK
referﬂn&@ fmamdistwm beqsedfoelikd anmmnartts oeelemEnts Fomwethe previ-

ol Ot PR ¥ BRLTEE e G 3 S AR B

seis“i'o?ﬁ:ﬁcg%g réé);?1 eclive em%tsmretarﬂl desugn'eéf ﬂlﬂdllcenmamléatwnd

rough an opening 94. In _one _nagn-li
(plp@lﬁleemrtmlduéhsﬁ faritbe EHGn® d&slgedﬁdé@ﬁmg‘r% that °§§‘¢n]§ fd "Por
e
ture @2 fesrnajutie28 throdgh irhelsnemate chiamnbiet 82 and opening 84iang

agent 92 aids in ales the articles or 29
apea\d@p‘i’%tl'éo é?P@"ﬁ‘g’r g "F' cont am nant

[ooﬁlb) Jf&géehaﬁﬂlmllﬁ% é%%?lb df ﬂneﬂwﬁték@ror@pfpamat herein, FIG 6

relatively clean side stream of

shows speypothetisabewples sgparation prekabiiify in e, SRAGERIQT i%gm SEp@-
ok el 39 e Wby S RRRBAOBS38Y ot fo sl

to be
centdeffetsithe edakbcet1 abeathsf fhe separatend pilbisad to additional
concentratio

consece o kL 5B AL 588 FU1S, e

catéboﬁlgﬁéﬁéﬁcﬂuref ;brbﬁhb'll@r' cﬁfta g?lﬁen Bzt c@i&terhﬁannfr hechmmitremd can
ations in dition to, or tive

alsa be gepaestediiitae QEG@BHV péﬂ}ﬁ b@raméon%ls '&F dg F?Bet’}?é‘ -lim-

iting example of such alteration, curve C is indicative of a similar hydrocyclone
with smaller diameter. This curve shows additional potential gain in capture prob-
ability realized by reducing the diameter of the hydrocyclone. Similar effects can
be realized by alteration of one or multiple geometrical parameters.

[0040] FIG.7isa hore practical demonstration of the effect shown in FIG. 6.
Curve D is indicative of size distribution at the outlet of separator. The area
under the curve E shows the decrease in concentration of the contaminant in the

12
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5 particles or droplets of the dispersed phase (e.g
woER/GFhsgant oil) together by 6 increasing tli,% TIUS2007/011461

popuf)ﬁ%l on density of the dispersed phase. 0038 ?

Shown in FIG 5 is schematic cross-secti onal

illustration of an alternate 8 non-limting

errbodl ment of a system 100 for separating a dispersed

iquid phase 9 mixed with a continuous phase as
outlate@wmr@d o dheaieausies cuoml RsThe enhancement ds atidbuted & the

ncr 535l 99 FAABR) 28815 00 AOBSRAT B e,
sepamdml' y.v.o) ICdrVé( E showsthe potential effesten redddirymheleopidtiidal

12 ousl usse Because the chanmpers 80
paraigteimoleier 18 eppset Mos. prQ@oLeewge dipirition g separator
2 tb Hﬁuﬁggcgﬁt%pﬁ ISFBS? Ihngffl ne gf’@@% Ui Hggh@og e{f ﬁCt 'EI G
redus:taoasm greansand aﬂeermderttlmeuﬁ hat of the FIG 1 or 15
FIG 4 design, but its function of channeling at | east
partially coalesced fluid mx- 16 ture 32 from outl et

[c0o4a$ t hﬂhegbregntngrmmaﬁon itastiventidn hag b@eﬁruelscntﬁéﬂ Wil

refe GRS SEFCT SOIIUIBRDIS APHOR AELa FibRCtar © Be elipstienrro-
wdu?m@tmd&.%mﬁé@aa?atu%lf& sé}aar&fﬂmgsm IR PR h6R

et separation pro in the separator (e.g.,

effi %@BE{ Heweva&, drwmgretycqﬂﬂt maé vagg)us medificatiprs:aed changes can

be digye Hiere iR Bepaitifo et id B8aHEPRIfiCa: Sopertt 1i€05°
invertion aseeatifarth indoé apperded dainse PFmcatdingly, thieispecification is to

o bRy P g el Bk RBFRHF cani B

coalebezersemit sepanatots mak eeaﬁmgfea @Edpﬂmmedzﬂorﬁltm iMsstrated and
of the

oo 5] B3 T oS RE iin

panﬁiula?fa@bhﬁﬂus GBS be drﬁlcip%%d?t%t Be/Rithih the %bﬂbé 8f this
drocyclone 26 with smaller dianeter. This curve

lnveﬁﬁewﬁdeﬁtﬁn%éhe yse ehmate hydrasyclanesiit s&r@sm@ud be7
t
cxpA10 Yot ST 8 e AR Yy BB Ot Byt

dlSp@rSE@r and centinuous diquid phaisespard differemt oily mamaothmttm;fs

I r.ati,on of
thosksEABE bt iy o BriBleSs eiddtSd ond HERGRL A okt -
restodtivel emmbaolisfontof thenwantibhe out | et of separator. The

area 31 under the curve E shows the decrease in
concentration of the contamnant in the 12 WD

2008/ 063228 PCT/ US2007/ 011461 1 outlet conpared to
the area under curve D. The enhancenent is attri buted
to the 2 increase in droplet size distribution caused
by the coal escer 11 ahead of the

13



3 separator 22. Curve F shows the potential effect of
reduci ng the geonetrical 4 paraneters of either the
coal escer 11 to pronote size distribution or separator
5 22 to pronote capture probability of snmaller
species. The resulting effect is a 6 reduction in
mean and area under curve F. 7 8 [0041] In the
foregoi ng specification, the invention has been
described with 9 reference 1o specific enbodi nents
thereof, and is expected to be effective in pro- 10
vi di ng nmet hods and apparatus for separating m xed
liquid phases nore 11 ef fCLABMIB | y. However, it will be
\N%&Eﬂﬁnt that various nodifications and changes can 12
€ nmade thereto w thout departing fromthe broader
spirit or scope of the 13 invention as set forth in

e ARG P a0 M B o
r estphass within @ Buyid mixtywrer campiifibdle, the 15 coal escers and

sepak phQone BBMeler mBAMAGI or optim zed fromthat
illustrated and 16 descri bed, and even thog&;h t hey

ver & fiigsergsatignighambeyhaving it firl gt Rartian gt ape epd of they

par tsbgéj-latﬁ;rn cﬂ@;ﬁgé@t;,ls, hWoul cli be anticipated to be
wWithin the sco this, iLnvention. For_instance,
£ he 3 8astone Rk B1ek R EgHBs T rogiBaLo Wi i pegion
expegthedirst l@e;_fdrﬂdm @h'?r]igbéryoraawn%getg_e ngie mmﬁgmémcyattlast
appended cl ai ns. erent . i spersed an
cggtﬁaﬂﬁg‘{ﬁoa%sﬁﬁﬁha %ﬂﬁRS'és‘in“é%%?Paa??f f gr ent oily matter

ot heit ichtame2iiti¢tabthe aes end bettie fiest separatiay chaviesrtfbrel ess
be t nd_handl ed. .i h - et ve
e ieneane re AL At dle PGl EpRRPREN S
1 Aroalpgadalispsrskofiquikpmesatandy a di spersed |iquid phase
{1 O oL SDLUS, hidtyondeagngd LN 0 8 1) Ul d

m xture, conprising: east one coal escer incl uding:
a f iarsseorsegeppmiipoehagtherbevinthaseaegd llgt pedipn plnetend of the
POr tse@dhddepMafortddntr .t he separation chanber; at

| east one Pi rst inlet for introduci n)%uthe fluid

m xtableastion §e¢and inletiarintiodueing 1he fpid gpxiurgrcompesing the @t least
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second setparation chamber for swirling the fluid mixture and to substantially

separate the at least partially coalesced dispersed liquid phase from the
continuous fiquid phase;

at least one overflow outlet on the second separation chamber for discharging
therefrom a relatively less dense, coalesced liquid phase of the fluid mixture,
and

at least one underflow outlet on the other end of the second separation
chamber from the at least one overflow outlet for discharging a relatively more
dense liguid phase of the fluid mixure; and

at least one fluid communication between the at least one outlet of the at
least one coalescer and the at least one second inlet of the at least one

second separator hydrocyclone.



partially coal esce the dispersed |iquid phase; at
| east one outlet at the other end of the first
separation chanber for discharging therefromthe
fluid mxture conprising an at |east partially
coal esced dispersed |Iiquid phase; and at |east one
separ ator hydrocycl one including: a second separation
chanber having a second inlet portion at one end of
the second separation chamger; at | east one second
inlet for introducing the fluid m xture conprising the
at least partially coal esced dispersed |iquid phase
. i nt @hé bhppzatos niklaim tihee thd analestertldmis as evafiow outlet.
separation chanber for swirling the fluid m xture and
to substantially separate the at least partially
. coalTes apghratus phyiamd Whege the fiod asparéticorchaimber hag@tfirsiuous
i q%Ht%IOP E@ﬁf&tetr%d lfvﬁﬁ%tthé)&%gﬂcy §%:Ia'raﬁ| thrhl‘fér hgﬁa Q?%
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second separa roma
rel aﬁenpetirﬁmle@wuaeihstethe gerang ddesior ﬂlﬁ'@aﬁeﬂlS@ﬁ@B@ tgn the drst
fl u'rﬁ’erL& LRy and at |east one underflow outlet on

t he ot her end of the second separation chanber from
the at | east one overflow outlet for discharging a

rel ghh ‘éSﬂ)éfatU?Bieclauqqrﬁ‘%ré {he 4t Raftns oddschghdldt Wask one

m xture; and at | east one fluid conmuni catl on bet ween
t he SggondsgRaratgnBydseAYEiape afe W'Wé‘ asingle ¥e88el one coal escer
and the at | east one second inl et of the at | east one

second separ at or hydrocycl one. 2. The a‘@&}araﬁus of
¢l aiThe ePRHae of %mcb\a'veégaf@rafﬂegék@eaﬁqa'ﬁ@fﬁ NRPet |

3. 1BsschiRRhablsash bndsapartdy hleERIdnB s ithirsd seudpauddseion
chanber has a first interior dianeter and where the

second separation chanber has a second interior
. di amakapparstus bf dkhmn flfter s6aprishg oM dehing falirtoeticing 4 S
snalber than th erior dlaneter 4. The

app&rahige! °8?'e§?"?;ﬂ ?ﬁef§méh%hT'ﬂ@ 4% east one coal escer

and at | east one second separator hydr ocycl one are

thin a si ng v.es é g};\ *
wherteereiah Lt e in wBRuB N BT ofvg 5 Bpdohe
vesdiedt ingatd t he at | east one separator hydr ocycl one is
within a second vessel.

The apparatus of claim 1 where the coalescer lacks an overflow outlet and
where the first separation chamber has a first interior diameter and where the
second separation chamber has a second interior diameter, such that the
second interior diameter is smaller than the first interior diameter.

A method for separating a dispersed liquid phase from a continuous liquid phase
within a fluid mixture, comprising:

introducing the fluid mixture into at least one coalescer,

swirling the fluid mixture within the coalescer to at least partially coalesce the
dispersed liquid phase;

discharging the fluid mixture comprising an at least partially coalesced dispersed
liquid phase to at least one separator hydrocyclone;

swirling the fluid mixture within the separator hydrocyclone to substantially



6. The apparatus of claim 1 further conprising an
openi ng for introducing a chem cal coal esci ng agent
into the fluid m xture. 7. The apparatus of claim®6
where the opening is upstreamof the at |east one
first inlet. 8 The apparatus of claim1l where the
coal escer | acks an overflow outlet and where the
first separation chanber has a first interior dianeter
and where the second separegion chanber has a second
interior dianmeter, such that the second interior
dianeter is smaller than the first interior dianeter.
9. Aepmttadle dideastpballgcoalgscad disppreed iglid prgsed phase
fro@s@h 8 Héa?&gﬁﬁw Iééllﬁeﬂssp 85183@19"“@15]& Plpeﬁ-‘.ef f 'tHechuid mixture
m xt'u roducing the urd mxture
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m x [
coariScfartih ighie 38 (BRI DrBte SRS REkB N gh an
f | uivaderflow outlet @ﬁih@ﬁ@@ﬁig’ by f°§VC|‘Pf@ast partially
coal esced dispersed liquid phase to at | east one
separator hydrocyclone; swirling the fluid m xture
10W t Hhg niditdot BRINRY Gher)tie oeyescarnacksansvbdibwotilal |y 16
separate the at least partially coal esced di spersed
i quid phase; discharging a relatively | ess dense,
1120248 Rohd| i th PRASE atﬁ&%t éaeuf&o&egegfw& fhe o QU
an over tor drocycl one; and
segdrgiohbydgbayglore arel\nathm\ﬂeﬂ"wlm‘msee[dense li qui d phase of
the fluid m xture through an underflow outlet of the
separator hydrocycl one. 10. The nethod of claim?9

12\Ahermefrquaczﬂb@ﬁﬁgmb@qhé aﬁ@ae@\»ﬁﬁé Ebcaut thin akilst The
of claim9 wher ﬁ’g(t he | east. one cqal escer and

hod
ve%?%a%thﬁéasestan%se@é%%( F‘E?FV rOWYUN BIECUFESH hin a
single vessel. 12. The nethod of claim9 where the at
| east one coalescer is within a first vessel and the
13at  [Thastetonef siejpad attber dopuprisioy btrothesingsa shietrfiiahcazleseivgnd

ag)éﬁﬁr?tglt o ikt mikfdfe Met hod of claim 9 further conprising
ntroducing a cheni cal coal escing agent into the

f|UId m xture. 14. The net hod of claim 13 where the

chem cal coal escing agent is injected into the fluid
14 xt @p@‘lqmqf elaimm 3,? whe(g theghegigahgoalescing agent is injected mto the

fluid mixture upstream of the coalescer.
15. The method of claim 9 where the fluid mixture is a wellbore fluid.

18. The method of claim 9 where the coalescer further comprises:

a first separation chamber having a first inlet portion at one end of the separation chamber;
at least one first inlet for receiving the fluid mixture into the first inlet portion of the first
separation chamber;

at least one outlet at the other end of the first separation chamber; and no overflow outlet;
and where the separator hydrocyclone comprises:

a second separation chamber having a second inlet portion at one end of the second

separation chamber;



15. The nmethod of claim9 where the fluid mxture is a
wel | bore fluid. 16. The nethod of claim9 where the
coal escer further conprises: a first separation
chanmber having a first inlet portion at one end of the
separation chanber; at least one first inlet for
receiving the fluid mxture into the first inlet
portion of the first separation chanber; at |east one
outl et at the other end of 4he first separation
chanber; and no overflow outlet; and where the
separ ator hydrocycl one conprises: a second separation

at rebetrdmerSed:mdiinng for reeshomglthie filidtmigtoretinto theasecomkiniehportidn of the
{ he secopn ‘ation chanber; 17 at |east one

SeA ST n?haﬁg)?'r’recei ving the fluid mxture into the

at leastame overflew optiat b the setondeepasticndinegandt | on

at Fe'%ét'ﬁ?l% dé\rﬂmk%ﬁgzét oﬂ@f’?e M&"Jnd%‘ﬁ %lgel:c%d ltapﬁn éi‘?a?r?deqfrom the
Sep AT At OR X Ieas one undertlow outl et

ateasttdmeoaerﬂewoeﬂﬂﬁ of the second separation chanber from
the at |east one overflow outlet. 17. The nethod of
claim 16 where the first separation chanber has a

17fir Sheltn‘l’eltrﬁﬁloﬁblﬁgonm @\ﬁﬁ’ér@ khedingl s@ﬂ%}‘étﬁ)tntohﬁmBQQQQ @ first interior
separati on chanber has a_secon erior

e SOHIETS BE SSaHaPR R STGHher et Becond GeTlr flgineter, sueh

thdt i sethed iftefiGddidnidteris malidi tham trerfirst Irleriof Hiamerhod  of
claim 16 where the at | east one coalescer is within a
first vessel and the at |east one separator

1 8hy d H‘H‘éwtrﬁbe of cﬁalﬁ%% IWh!%reathé &t %QQ o\ﬁg%ggl}escel % wi a flrs% vessel
apparatus for separating a disperse I qui d p ase rom

ang tfmiﬂeastmweparqt@r bydregygloee igvithine secendivegseh xt ur e,
conprising: a first elongate holl ow nenber having a
first inlet portion and a first outlet portion, the

19 i r 410 apRpiEtUS S SEPIAINGAFIFRFreeddRdE PEASETHES cangippqusauid

di anBb&Y witHirpd flila nﬁ)&@@%ﬁ{pﬁgn -0 a | ongitudinal axis of
the first el at e nenber, an th flrst out
portion; 2 YRRt Ioow megibeamvvr@ta SrplpReraD and a frst outet

confp'ogm afle fiet inkf petorshiviigandreatbd orostdeclidridishmetet, Gaken
egressin

f hol | d
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el omgdios; \Mudrémmerfmst‘@eﬂetlpamon@s @nigrehit aefosesubstantialigrll fluid
and fiBw egﬁe%%g{rgryltﬂl:eeﬁrstoe%ﬁ %’hou&b gqe?‘r?b%fgrqd rle@e ﬁed Q%é 1* X nlet
gre i on

havi ng er Cross-s
tram&ﬂense to a longitudinal axis of the second

el ongat % ggf‘;gp@&ongate hollow member having a second inlet portion and a
second outlet portion, the second inlet portion having a greater cross-section
diameter, taken transverse to a longitudinal axis of the second elongate member,
than the second outlet portion, and further having a third outlet portion;

wherein the first cutlet portion is in fluid communication with the second inlet
portion; and

wherein the second inlet portion is upstream of the second and third outlet
portions.

20. The apparatus as recited in claim 19, wherein the second inlet portion is

physically intermediate the second and third outlet portions.



than the second outlet portion, and further having a
third outlet portion; wherein the first outlet portion
is in fluid conmunication with the second inl et
portion; and wherein the second inlet portion is
upstream of the second and third outlet portions. 20.
The apparatus as recited in claim19, wherein the
second inlet portion is physically internediate the
second and third outlet porigons. 18 21. The
apparatus of claim19, wherein the first and second
el ongate holl ow nenbers have generally tapered

21pr ofThé eppar@fs ofclainet 19oethérein tiseivatrandisagors dbrgpterhedow

WelVN nuous liquid phase within a

m%nhﬁl}ﬁ%dﬁar%%%t@ﬁ%gﬁﬁgg%{%d ?@Fﬁé routing a flow of fluid

into a first inlet portion of a first elongate holl ow
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e;d‘nggtgq-,om;\,pmgg,bgr hol | ow nenber to a second | nl et
portion of a_second el ongate hol
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second inlet portion of the second elongate hollow member and the second outlet portion
of the second elongate hollow member.

23. The method of claim 22 where the fluid mixture is a wellbore fluid.



