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carried outwardly through the overflow outlet. The heavier particles and/or fluids
continue to spiral along the interior wall of the hydrocyclone and exit the
hydrocyclone via the underfiow outlet.
[0003]  The fluid velocities within a hydrocyclone are high enough that the
dynamic forces produced therein are sufficiently high to overcome the effect of



O 0 ~N O O R WN =

W W W NN NN NN NN NN - b wd owmd el owd 4 2 A
N—AOQOOD\I@@&(AJM—\O(OCD‘dmm&-OON-AO

31 dynam c forces produced therein are sufficiently

“@C#% vercome the effect of | WD 2008/ 063%%51 sa071011461

770 11 46 1 1 any gravitational forc
the performance of the device. Hydrocycl ones may, 2
therefore, be arranged in various physical
orientations without affecting perform 3 ance.
Hydr ocycl ones, especially those for petroleumfluid
anpj.g@%\@t@épm@ forges andhe periopmbyceaot theghviden Hydrcgmclmaek snay,

d
B B R Bl BB s
anaesléyd:rbcmormsr aspedalfyothobe éarmpariaiah flail wobbsdi are com-
s B55og B arcBb RS AL SeVera Boeet onprmossper sz aenicro-

cyzuse@b mn Isuftamenrhaxé eRRFRSW BAd @hdbﬁﬂw a?’%efrmré’s%?#dnﬁéd Iy

9 a li soll,mxture("ll

- CORVRHY @lﬂdﬂ&bt inkakgepyerdewan Ltnﬁi@rfmapammgs" respedively, of

mother liquids ("liquid/liquid
the h’%fgf}i’ﬁ r!)ér%"es"). Different constructions 11 are used

{00041 e*dMOGYCl@m%Esererwctimyb fonibecdepartion cBdigeidalfiom sbifds in
a gLt chllrd (LMo (REdNEIRRGY T e 3 toF O Eeieton of
liquids froth obet liquide (“3|@l$|qulﬁd hydiso@yclopee!)t Differéesdstructions
ar€ sl fe%'ﬁh Qh[i’f eleé(inYé?l e qu%tauﬁggﬂééaﬁf %%%ﬂld/hqwd type
of hyc&cow@rieniseom@@fwItrhe/ax;éﬁdﬁé&ieﬁ hipdrE s sb@d/ﬁquiﬁ ‘WHFcheﬂth

roc cl one and vice versa. e recovery

a”%ﬁs ARl Ssra el @étf@ﬁeaﬁiw[buralcﬁl reneas, it canrias be7
asSAAEP hdt iad déélﬁn ahH's@r%chrQ%F%qﬂuﬁll%gm Wégicl&g%g%ﬂgily

queous fluldsy typical
tranglaiegdo atlgq@nctiawlldyhydmcbe:md andiieseefdaui d mi xtures are

[oogﬁ enm tﬁ? ?%l%vgé?%f Iﬁfd&‘ocqrﬁoagﬂgma:? lt%r'rq?r?c?q{\t {;95@1@?0% it is
coremﬂrsthahthe(fbv/ oy pr@ﬂdcwhﬁé miixtu@isl of @EUESL O AGide MyBicafly Kater,
pr.ocesses,

he
and B ReduEEuS YuBR BBy 60t tnd hase W aHIPS pre eften ke
forﬂlQOfQIghGérr@%ﬁsl a8 arif @b @@bél‘éﬁ?‘ Iﬁ’fgegngalt on-water

rocC ones are known to be yS|ca
em OfY) AEhyAkRriingil Grulgpas émioo arajseﬁaretﬂ plysical

prol@B§§é% Eh@m% Pr&:@s@éé’%cﬁ"a&hpﬂﬁ{@ﬁﬁh?ﬁgé %Hfht{! ﬁierﬁ and

i ncl ud I Ng not necessari
othfeaﬁﬂgltwesa@r @@mbnnat@geeof theetvi. dri}e!socyaMeBIme lkinbarn to be a

ool USRS RS ose s

alopgmdthaather agpanétushmcludmgnnmte’mt aleseisarmellmn@@tcﬁts@ﬂllrﬁg)tanks
corffighd, TERRRSE A beTRs. AEAOUE e tustbis o autame
employ electrical fields and the differences in surface conductivity of the
materials to be separated to aid in these separations.

[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
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apparatus also includes one or more separator hydrocyclones each containing a
second separation 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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an appar atus for separating a dis
The first inlet portion has a greater cross- sectzon dlameter taken transverse to a
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
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[0014] FIG. 3 is an schematic, cross-sectional illustration of an alternate em-
bodiment of the outlet 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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22 bodi nent of the apparatus contained in a singl e
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[0013] FIG 2 is a detailed, schenmatic,
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separg?g vessels; 4 [0017] FIG 6 is a plot of a

hypot heti cal series of curves of the separation prob-
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prodhcedwsatdrs Aquenlirhifing 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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t;orgéd ?!’)ﬂosn%m?eqm ze distribution or lean 32

[OOQtheEad:tahydIDcﬁlortdwr ook @Iﬁ‘ng gclohé@ﬁ?%@ b dhtained within
appar atus and nmethods 6 WD 2008/ 063228
BRIGEY Y 146%C! Of roR R heaehMitBINSepaeate grstasyERs &

veésenmd AR dtEMeRTn bhﬁé hbh Yimlihg 8:%‘66% teRR c.%%?gs%rszrn%g‘e{e

concentrati ons of di sperse p ase rom a conti1 nuo
hougasker ¢ardpiapd dyoge vaweéwma thesepaatare pse aontained or housed

in é’bé&ﬂcﬁ@%s@ﬂ geﬁé%mtﬁaﬁ ek Bgﬁb’ﬁqlp%?eiﬁgmerrfgoé‘ D8 the

di sperse are ati v
coalestars laudutba sepanatira habe pa@d]al Abttimimrprom@vremwm Bl a

e ST 5 B o'l B e Taabri o e MR eci at ed

[00RYpt Sihewi i Slord 1y a0 ey r@ﬁg%%ftggglcg:@é ga‘? @ggrgﬁibr?@¥stem or

exenpl ary apparatus descri
apRaTALls fﬂ/é’@epéraé'?@@oﬁé@,eré?ddﬂ@ﬂ'ﬁég‘@éﬁéiombim@ﬁéwdh@e of a
oo B s G L AE DS bR e Bonatalls iy &
pregeulgyassel/t2 oheti?enayntbmea: oneaciosdreyiat least ondd fisst sbalgkeer or
ﬂrsgﬁ@}ﬂgéﬁ Igoi%g/r r‘ﬁ%ﬁ% 33 Sa&?iaé/t i;g_%srxtrﬁ%rlézs?e%ﬁ\gzg%r *1 rgﬁgc 558 &r

sequo-dlomgate Mo llewhoeinene2. Ihmea- mﬁmﬁP%mment Hetein, the
fIFSE?rﬁed or contajned in one vessel e the separators

e8yl penvsle iawanembers 1 angdediyeganesally tapered
pro?;@geésaéeed A ABE hes, 28hb 3N 3ha/d?lbRIARDOYiRsS TROM T ias an

inlet 14 for accepting the fluid mixture 16 into inlet chamber 18 of vesse! 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 wall
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
e r profile followed by a 16 tubul ar t
Wz)ez Hﬂ%r%”&/hl ch may or may not be tapered on thgclrﬂéﬁzgﬂg’m”(’
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
swalipanmtios or vottex esthe f26t sepesstivhecheesise 201tRab4at Ied&tgTartially

cofB805, A8 o herSPaH st (. remsgnnan dapleds, llgaico). I

onemn%pww@émbdrm@fm@n@m?@ tﬁ@@&?& og%‘r\@?ét@d along the
hol | ow nenber 22 nonenonllmtln

innge wall {opposite side of puler wall 25k ebine fésbeigra@%e thollowwmember 11.
THESBRBKer rButoh e SRR ek AREHTH s o

sciperoéli¢ destrafessef|FIG23has an 25 inlet 14 for accepting
to i nl et chanber 18 of vessel

t 16
[0028] TAS s BRiSareaipSod i dpdy satum(auq%awvemo@xroutleamat

, m@ﬁﬂ?ﬂil@éilﬁﬁb e a I%@r@(fycfdr{esét tﬁé’?ér §C&Rd c?f7bNﬂ

rst inlet portlon 24 at one end arger t en
incldg atigagoneruitic pafirst PaltetI®rigemad at trwoothahemcémaneof In

ong SRR APRRT5E o s AL Rl e B L o B
diaPtete Gakdd0Rar sviersd toea longitdinplesas 29 of afe fi Mﬂé@ﬁ?gﬂgqgg@ber

11, 1150 the Ficst CEHPGROo £B NSO Bu NG Bpiiom BBcspparges
flu:@ﬁ?ﬁ&f@é 32 tﬁa%d"%:ﬁ@ QR/A %ﬁaﬁﬁ@?@g@%gé R%l}Td #ﬁgs& intd

swirling notion or vortex
inteymgtiate Cif@mh%t“alf viegsat1 2pitrwill dklappreciatat] dtsatetéeltel’ns no par-

thLﬂérStﬁ’i?é%%ﬂa bi @Uél%f?%%%%géﬁ?quqtﬁg fan n?]cg%xa ﬁbecifn aGo

vamm ﬁmoﬁLIldt mixturer32eund shatemgrduigese af mai bialebcbABE that

g{}@g osn’e side of outer wall 25) of the first
m;gpgﬁ@ pll separaiippfficency of firapraratius Bt isswificienidor the

I
melfRid 21N EPparaieRin B B ECSEIrBY bdedeff BRASS 1R TheRB
and pppatatus kereincehouid insrease thesepationrafficiercyams corapateav
t
witfi 4 ot i adhaeBSusiiePif o iRl BRel, nderstaod another
way, rferstmm@port@mszs :srt@nagudeelt towﬁufsersabsmtlhw alpfisitiife 28
at p_‘er epdthr %one non-limti
eo BnlTrebh T S0 SlohGeter o Merheg ] AnciTasebed abieirst inlet
portibA®K; section 11 dianmeter, taken transverse to a

| ongi tudi nal axis 29 of the first el ongate menber 12
[0027] " tRartialyheoalesasd fiid mixtupso3d2 pessazsto Seiparator hydeooyclone

or S¥ohbil diShd e hB8llow? hhFhB& S RERNG a 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 motionA of the fluid mixture
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13 fluid mxture 32 that contains an at | east

rti.al coal esced |iquid phase into 14 inter
w@ﬂzg%@9£%4 of vessel 12. It will be appreciat gg‘i'ﬂhsg{uﬁ/mum
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

anddaq»aulaﬁtanﬂamg‘eperaiéwe af Iebbﬁp@ﬂ@lgf@ialﬁsobﬁ ligiid phase, e. g,
ci.ent for the 18 nethod and apparatus herein t

ol EORBRUTAILS P ke BROUS PAdES & 0- MRe B sUbStantalivg
sefERBes Hesin e Fiiant &2t %a'sf‘érrﬂﬂéﬁty n@%a&ﬁﬂﬁéﬁ%b%[ume %) of

eff|C|ency as conpared and appar at u
theaeatgsced liguishehased wiisicis darger thenerestebosizateitisize) i91
solfted bl 231 6000, otsBo SOl B A BBt
separatad, @ndnganethiko hbovimitinghembadinzeTd, atdeastéddval % bhehe

ort on,_24. 0027] .Parti al l o
coglba TR I bhafeip el Raebarayad b i wiiferdep s speoiti
comtyxdmmﬁ(shmmom%e slzessstribdtie @ﬂﬁéﬁ@sb@bh@@é Wﬂ‘@lﬁs 22

ng, a sec Wg aatl on g#anber 36 26 havi ng
sl Separetaain & ARraaTE Wi ORPAUGREILAN BROMERAL
pam@g(bﬂnez\z,dpd@a@ﬁé 36 with a second inlet portion
38 at _the lafger (right) end of the second 28

[00§§bar§em@'ﬁt%mmclgae 80 Hcdelsyad lessy ohemwedvhastiet or

sodind TR fSRBCEE AP Ring Ao A5 B kb

pham 4o thoiovgriloBlodtiee chambienlb of vesder 12emdithtughrave s out-
nd inlet portion 38 of the 31 second

Ietgé int t he %i?}%

pSV8 aifiophou dpayBe coayahwith aerogex finges (et sBeWahinof
POy N 22 T oRis ! Palar R acctorie 22 PR ot
hydf@ay@@mcaa iB npn i Eeart Ingpne orelititingemotzodimant, <he second

inlélt Q%b%(% Fta yé}ggtlézﬁ 0@3 seectlﬁggiéqrﬂe%ﬁ%%%aﬁv&rs% o a lon-

g|tdcﬁraaitaxa£ mlmt ehowy) ¢faheatesnd BrRmgatd mehibee 22) thah thé sebend
(%al esced_liquid phase, which is larger than certain

size) is 5 separated, alternatively at |east
Vv Jd5 r
f°°§91 ."%@F?A%ﬁ"ﬁl‘?&m%ﬁ- bFE 2ol AR |Gy A o
outiﬂilor%!rﬁ ol portiano% es dleel othaq @ind qdiltiaaeseecpnmismparataon cham-

oercHh ol 1 at s B oSRFEMLSLFS 2 Be fiflifeing  patdively more

deniesigic pHagh 83 ¢, g\/\/fcllaﬂﬁtedSN&eﬁtﬂfi'fﬁ@ﬂu |uerh1xwré e!RéI"aﬁP@Q mdte
accordance with operational and %eomstrl cal

deq;sgrl Bhase,p2 pﬁt_erﬁyadg@pw Qftet chamber 54 of vessel 12, and
exits vessel 12 through underflow outlet 56. In another 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 outlet
portion 42 of the second elongate hollow member 22 and located toward one
side of the inlet portion 38 of the second elongate holiow member 22. Third
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11 [0028] Separator hydrocyclone 22 al so includes at
overflow outlet or 12 second outl et Cﬁ“ﬂfstzb Di1461
WOEARSER 27

charging a relatively | ess dense coales
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
ti@ot shown) in 15 hydrocyclone 22 on the axis of
ou mmmso bf/theosgoohdredao@ate jnplimiﬂe;mlﬁenm:lmiay ba ld€ated on

an %ﬁo? f%? Pfg Eré)héﬁ]&o Ht.rV;Y'é; H%mga 3&9{ thﬂ?eWﬂde%bB%?t@i hgow
medthdrRR sndiihealcebng boast S;s@ﬁbh qp di'tmé&fndn%%@ge hollow

transverse toalon- 1 tudi nal axis ( own) " of
zond el ongat e rrenber 22, than the second 19

o8, S A oS AR S
betwsisndhe a Iddst ods outiéte2s ﬁfdhélcggleig@eﬁg%h!j@ e tbﬁlba@lt%h@éec-

t er rom e a
ong 83 L F=Tan6 sebereiord iepcisiaserad & My or Imiting
embbiRbént & ¥1@DY qmsafmsdieaﬁﬁndméaﬁoﬂ ﬂﬁgj\g %%p(e?m@

clarified water) of the fluid m atlve‘ym)
chambereds howeyer, caSpwa:b@ wneﬁtf‘@r.salt&ﬁnmmdooﬁgmﬂbm may be

of vessel and 25 exits vessel 12
s DRIt

r'ou erfl ow outlet 56. I n anot _her
[00Rdh- r%mwrn ot fFIGe dvierasdedailed, 2Ghsmatio trosy-séctivnat ilostrai®n of

onééuf@%or fe%%n t]; nﬁg(ngﬁ: Q,épg%%gtgglcér% gwyte%\teyh%%m d gthure 32
thab e0ntiain dri é&eéﬂ%ﬁ:ﬂ@%a‘i&%sﬁ @lﬁgﬂ%ﬁafébeémts ﬁiﬁoﬁﬁﬁ th©8lot

38 is physically internediate the second
shanp PRANIRDEE PRANINGS28 gpdhe bodgand meaptia endbfthertat seetron of

the BRARERTS. NRoReThas 28 sPPEE BERD) R Ao st
for thz apitatiomand auaptecﬁblr ?gsver gﬁgg?eg%mbﬁﬁfgg@tes@@r $8, of
WO%‘ES?E@@B’P;' Gofokesioa) el sgaarafon Ghambend? has @ fiset ipterior
d;ahfe@erqﬁepmb\ﬁ% QheRth8t Sddrove JHRFRRIN @n’a por%é’&%leggnd’pne-

an o p05|te si de fromthe second I'n 1 on
F'OftQW\@f“@&foM"élf%@m digmgteesymag bﬁﬁd@!ﬁrcazm \sliti dbet dpepreeia tenid

thabhl Gkt ekl B dindnie of AL RS e e S8Rl tegior

diametartwib be shhalied thmmtmrﬂrstahtamr peinhetay THis Bediye eas the effect
utl et, 28 of coal escer 11 and the at

thaf e 577 S0ug niation 39 o CoRle R (1 Gegeralga gireife force and
the%@@ﬁggtn%tnoh@r\%fﬁé‘k'v@% #e sé;:ﬁarétgﬁzﬁ n%lkal(;f%% Ibg%cén? G-force
whgrgotﬁﬂltsgg&éa %afpéce IS eq’ual to or greater than the first G- force However

it will be appreciated that in other alternate 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



O oo N W N -

W W NN NN NN NN N N 2 9w A wa  a ad . oA
= 0O WO N g AW RN DWW N OO R W e O

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

configurations my be 10 usef ully
w%io%%@%ﬁ% %/{%35%7{311461

Shown in FIG 2 is a detail ed, schenat
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¢ni Bhown i pEBI mgsarﬁﬁhmmh@dubmyoam ineattiohhpparetus 7o

f. 15 h 1 Th
whsBE eSS 1 Bl i S2RHEOAY i 98 WA SnOIEGGeBRT 72,
Sirher cpmboraaits oneldnbnadamtiadgilen sbﬁtér@éfe?éﬂb%trfl}h‘féﬂag’”aé’f

| escer .17 32 It wi | preciate
tthﬁSHS%%ﬁF‘ sﬁsr Gsé;ﬁ@r‘d@“%nl[ﬂdha er 4 wmnan&%?m@mmtmeeﬂ 6 enters

vedsd| zgq h ikiBPY 4 Séb%{ﬂgeé{bdm é?%aﬁ\%‘ép '?g ﬁ &Nolugh

cha has a secon nt e Fior
openings V6 mi Mealiet8e asd paygrbese ity cMéscerthMbbr Be and through

d 2 h ted enbodi nents of
ani%ﬁ%{ fc?ﬂﬂt]%tcﬁéqit X Cgtégé%ﬂé Y?%Xltogfl gr gl gl 1amet er will
[ookseq sab lesfabliseey amef ih rtﬁé dlééh%:bﬁ fof #l@ﬁefi Shd STtHesfiwd dy

desi gn has the effect he vortex or Swr
velpgity @fnﬂlgd nyktue A6 e@t&&uced nyemestantespmmn rZﬂtthtBu‘gorf[ret inlet

hi.
26 Yflerdtds B THE It IOHER 5 1n YR8 P sbarBbth Ghenuer g
thas ad: wadt Gaftialy eoalesm’.zsslaé cﬁ@pe@tecgr@g@ @pgg?g?gt I@@n%;m,?%nt
|
aroglie et Feg 66 7eleaRbhartiEhecamlowid s B1Gerand3 nad oxits
intd ﬁﬁérnﬁétﬁé‘tetd%nﬁbér%tz eﬁcf &Rs ihtd cgié‘%gggo%l bt ﬁﬂn{t cBﬂwmagncatzon

enmbodi nent first orce ma he or
86 gt thegols3. Wb@@mmhe rieelimecbr@ondrit éshmayn blaiasheﬂmaes)ahmat

¢
cof R i S b o S B MR €995 om0t
[oogsp eAlr |¢asxrpanm‘qecoa@éscbatfmm @it D ry$dRRGSr cﬁé}ﬂbéi 88

30.as a unit nmeasuring the inertial

h
e”@fﬁ- %%gafaiﬁ)?r %b%dyehﬁ‘?jéﬁab‘-i sRparasddhataie e dgserdied Wi respect

o BSP WARAR M o o5 B 0 SR BBt s sope-
ratrodaa] o\Gitiow outleF4ZGintal ovsrﬂawommmrt] cha;ﬂgbldné :? a?d dxfl d i‘gglgarged
o AR RBP4 po g b W s s
lea%&%é@for@@%‘*ﬂhv@éu@ét%ﬂf&u Hﬁlérhoﬁ%u%ﬁl’&?aorﬁbé!‘ 888nd

reference nunerals as 4 those used in

is cigchargsd thrpughenggrtow SUdabB8 ment fluid mixture 16
1036 17 e 43678 o TRGHNANSL Ol A0eBNEREER 2
demulsifier 2782y bedhtroduged sstoshé Ruid mbdiresiceior ahkeaepardaily
coa?gscedrﬁwéjgnxture 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., 0il) 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.

“jfozgﬁ%}gﬁéﬁ% est abl i shed above in the di scussi oné)%fé%zﬁm“m

the 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.qg.,
ovefNdfiutt patpectad] trlpthetmomatibn oétollisions :lgtheeleam (lbwast

conbateptam TR D orergRb o Sxitpdee 0 #6 UBaM TS

ntr&ﬁsyoc%gl Jrgewegnpefm iheR2BoBut ril\éy 86 intfodUredRtGthet locations in

nt a plpe Ine or conduit (shown in dashed
additioneio)ortaitarnative te trineoesThissidesgrarafdraidhirgnalessngihe

oS it o1 BEP b1 PV g2 Aho 50k aager o

mc:%@@:ﬁg&h@poﬁ&laﬁbnIdehe|ty diGhanibpcssexbplas® ed t herein as
described w 18 to

(00§85, & Showiny i 1, 538 Reternati wossertort 13faket Bfen gltrate
norﬁﬁrﬁ@ihg@nﬁ&ﬂr%n?@f @fsysﬁéﬁhr'f ooty @ébbl@tlné% disbersoy ﬂf;iﬁth Phase

outl et chanber 46 and is di scharged 0 at overflow,
mixedtwitht a ¢entmmusa§w@ﬁcﬁ8r£§asyrib%hatqwwh@r%@@e%sﬂé isina

v B0 B 20T s e i,

reféleRcd aLGRAalS Wi bg lusu ferlikkwonmarieats 66ele@@nfODEB]the previ-

ously GisaliRair g rase BoSBUSR e o THEr S B0 §485 DiseParalp yos-
seldY ﬁ? Whe 1%% ('é’sﬁ)e%ilvﬂ?%é slﬁﬁ é'aﬁli'dé& faRAd esmetliridatiod

. one nonllmtln%
(pi;%merdn@dndelm): 86 fdnéh@ R &ée*agm @ﬁereﬁ@ fr@@asmat opthesFIG. ™ or

e RS S SRTLAER ot A8 st

tur@|312 giopabliigt 28thr@&gh interneitate “c'hamblee mzcamid apEmings 84 Byd

ent 92 aids in coal escip artlcles or 29
ap tHBlgé’t@t(bfPeReﬁétOﬂlCBﬁ@P%ﬁ g?h%?es cont ani nant

[Oog%jo hogt G- hmﬁﬁgt | Vﬁ@le bf‘th%%ﬁ#ﬁ o@@bb@%s herein, FIG 6

Inment, are cl ean “si de stream of the
shmspéwsememnatscﬁopiet geparatsmr) pralabiidy inthe seRastion @, W@

£

ratpic RS g2 a e itedisd Fomloy ottty resulting from qgales-

ceﬁd@efﬂé?'@ﬂth@ﬁo&lésﬁﬁhl gsmsofime slapaﬂaecmz:(t withlead fo addttionai
concentrat] on uen n m n

seaTBia imeh wihen it cavedhn 88 e8 0 o ey, Gy 8 ndr

cat‘é@?ﬁgﬁtﬁf‘ gfurfa rgfs §l§aﬁilﬁb %F a enDstte BBNtaRnadtt TR Yare® taénd can

he tio N Ition to or alternatlve
a1somesgmateﬁhf h‘lesgamﬂ%tw @fatﬁﬁéwdm@@qﬂﬁ s @BP@CW@”Q ﬁ@” -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 rhore 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.,
pant oil) together by 6 increasing th
W%?g% on density of the dispersed phase. ?56%32007/01“61
Shown in FIG 5 is schematic cross-secti onal
illustration of an alternate 8 non-limting
enbodi ment of a system 100 for separating a dispersed
| iquid phase 9 mxed with a continuous phase as
outiigemissed hethe areahumnder conedd.Clre drihdreeimend is dfrifutedto the

22
inct 385 chgerios AR ol catien By dfe FodSRia Cansai Tlhe
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22 R e ]S REy SERIEPRIRRS (yegtb o effectir &

reCElcdeislrgmeaa athidf drea emtef cawetfhat 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

[ooas] t hinabig mmgbmgr@@bmbat:@hmmveaﬂo@ﬁés 8BeR idedcriideAREh
rture,_90 into separator chanber 88 is the sane.
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dropl et separation probabil se arator (ee g.,
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if the geonetr t he drocycl one is

ener.at e
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hydr ocycl one di anmet er curve
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resm‘ctlseembﬂdﬁhemhtﬂfltt@@m@ntam outlet of separator. The
area 31 under the curve E shows the decrease in

concentration of the contamnant in the 12 WO

2008/ 063228 PCT/ US2007/ 011461 1 outlet conpared to
the area under curve D. The enhancenent is attributed
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. 47 8 [0041] In the

foregoi ng specification, the 1nvention has been
described with 9 reference to specific enbodi nents
diageeof ., and is expected to be effective in pro- 10

vi di ng nmet hods and apparatus for separating m xed
l'iquid phases nore 11 efficiently. However, it will be
evi dent that various nodifications and changes can 12
The mAdeethpe et seParating @t diskaseadt vl phase frive abeasditequs liquid
SPi I phas@iwihrOPRI@MEDE cbihpifivgntion as set forth in

t he appended clai ns. Accordingly, the specification is
to 14 be regarded in an illustrative rather than a

r est fjuGihd ¥ Bo® %ﬂﬁlﬂd mEcpa ﬂr%%nﬁ@%&t:oﬁ 5 St GORYRSEADR n@Rther;
separators may be changed or optimzed fromthat
illustrated and 16 described, and even though they

Ver eaneist paeishf ddafistifg tl’@ﬂ‘ﬁbw tfy' RAcRiing bivefed Ao én7|nner wall
partlch ﬁ %g rat us, vvoul be anticipated to
wi t hPHe Ht ’%ﬂ?é e ellopupmbelg i nvention. For i nst ance,

the use of nore hydrocyclones in series would be 19
expected.to f| dutjljt nd be enc by the
appeﬁ@gas'lq e flow %ifMCg?lﬁh romzebF gt @ %t %log aXed toward one
cont emligfuise firsogiordyaphiagios mermtdr.di ffer ent oily matter

ot her than 21 those described herein may nevert hel ess

be treated and handl ed in other non- 22 restrictive
enbodiutienthe fofv dfHigid fmnen‘tei fost.oufld pbationClf AhdMistleldngatd haidw

o RERBEALI B hRPSLRS{nd b AB3RE: RGBT} Ruver,

cont I nuous | ure
conprising: routing a rom1of fluid |nto a flrst i nl et

por t BIQ{I’] y(jlr(l: g rééét?elg%%ﬁ%%? J&g{?gc?é’éf | 'se oft heﬁ@?’:@ fluid
aI on@\rmhmﬁ@onmuﬁet roftionha the sgttonéleﬂn@ateehdilgvvlm@mber and

”E”b%Eate@géﬁéé'd?@ dile of lw%wnrgt obttibh %f qwé >é Jngr@i?}gfa{er Bdllow

outlet portion |ocated toward one
el ong&eemhand ow nenber; routing the fI ow of fluid from
the first outlet portion of the first el ongate holl ow

discharging a relatively more dense liquid phase of the flow of fluid through a
third outlet portion of the second elongate hollow member and located on an
opposite side from the second inlet portion of the second elongate hollow
member and the second outlet portion of the second elongate hollow member.

z. The method of claim 1 where the fluid mixture is a wellbore fluid.

3. An apparatus for separating a dispersed liquid phase from a continuous liguid
phase within a fluid mixture, comprising:
a first elongate hollow member having a first inlet portion and a first outlet portion,
the first inlet portion having a greater cross-section diameter, taken transverse to a

longitudinal axis of the first elongate member, than the first outlet portion; wherein



menber to a second inlet portion of a second el ongate
hol | ow nenber; discharging a relatively | ess dense,
coal esced liquid phase of the flow of fluid through a
second outl et portion of the second el ongate hol | ow
menber and |ocated toward one side of the inlet
portion of the second elongak§ hol | ow nenber; and

di scharging a relatively nore dense |iquid phase of
the flow of fluid through a third outlet portion of

the gRoQEN,BLOPSRSEIsheh &%W e%ﬂgstérﬁf%ﬁ\} Slgpl%" fIW egressing

opposite side ftromthe seco et tion o

secoffgmdefigtaiengsts haow mmbﬁéan%mefv%até@%ﬁfﬁun!@mqﬂ@m

por t haRceid brb@gaﬁ@cﬁem RleRHBAhEVIRE bl aoRE HRE hortioR-and e second
method of claim1 where the fluid mxture is a

wel | BEfEd Pertigngthesecapd ﬁ‘ﬂf’éé’ioﬁioﬂé"aﬁ’t&ﬂ % B[FRIAIT oRg-sgotion diameter,

di spwks:e@ahmweotoWaa@tuﬁrn@mm apmbls@welbmgaw fhenBBASRaN the
vmthlnafltgld m xtur af'érﬁt elongate

hol | B0°Re LR PRER A3 LorkieF Bviar 0 GRS PBROmnd a f i r st
out | ehengor theofirst odtlee pbitibstis iimlflekl Eoihideatbawihgtha second inlet
gr eaf@{.cﬁzr s-section dianeter, taken transverse to a

| ongi't udi axis of the first el ongate nenber, than

t he Wheretn theisémnd pdet poing iswipetream oflife sédvadfand gtirdoutidt@brtions.
portion is configured to effuse substantially all

fluid flow egressing fromthe first el ongate holl ow
4menbéhe @pdaretsisedsy eatited in lelin i 3, swhéreih ethe precernicoimjet gportion is
seco JLED ond i nl et

port %ﬁ%lg%lg?@eeag%%y% V\éout efﬁ{dptgﬁlblg%t B\()rﬁg%second i nl et
portion having a greater cross-section dianeter,
5t akeqnd RORURK S EEﬁn@Sl %@eﬁwsﬁg st %asse%n& %?ongae%gow
el ongate ne an t second outlet portio an
furt W@mbﬁ@maﬁ@ganqrwlyrt@p%%ﬁ pefleporti on; wherein the
first outlet portionis in fluid comuni cation with
the second inlet portion; and wherein the second

Gi nl ef\" GBPITPHA f?rsseaifgt'r&s’e%ﬁﬁsm@w%demé frapR eqitipgpeus liquid
out | gﬁasgwwnm,d m&turérh;@ry@pgag atus as recited in claim
3, wherein the second inlet portion is physically
internmedi ate the second and third outlet portions. 5.
The apeat ahelsodsced iadinaid: wherein the first and second
el ongate holl ow nenbers have generally tapered
profiles. 6. An apparatus for separating a dispersed

| i qua dirghsspardtibe nohameen hiavig us filst (ilkktdpordraae one tdmidnofathe

flul sdepranra |torli|E;heeimber'mrI sing:

at least one first inlet for introducing the fluid mixture into the first inlet portion
of the first separation chamber for swirling the fluid mixture and to at least

partially coalesce the dispersed liguid phase;
at least one outlet at the other end of the first separation chamber for
discharging therefrom the fluid mixture comprising an at least partially

coalesced dispersed liquid phase; and

at least one separator hydrocyclone including:



at | east one coalescer including: a first separation
chanmber having a first inlet portion at one end of the
separation chanber; at |east one first inlet for
introducing the fluid mxture into the first inlet
portion of the first separation chanber for swirling
the fluid mxture and to at {gast partially coal esce
the dispersed |iquid phase; at |east one outlet at the
ot her end of the first separation chanber for
di schaegiritehhetiot Erimidi Balihdlh GetBndtiMECL SISt iohs B 8the
at least partiall oal esced di spersed |iquid phase;
and ﬁ?xmgég?m%W@‘§é5§ "at or hydrocycl one including: 16
a second separ ati on chanber haV|ng a second inl et

t one end of the aration chanmb
Do | B8 b SaB R i fo oS DRIy B AGOTRES S p gt leas
m xt parealwojmreiseém@sﬁdnﬁdahuidmﬁe mnﬁmel sebbitl pRebeseeef the

dlsp hase i.nto. he S nl et portion,
OF SPELARY ook ahch BLASS 0" SulELBSER Ml B B Ry
f 1 ui eeparate Uhe sdriebst qoaﬁmbsstcaaﬂascatil Jispesexpiali@iice phawe &bm the
I eaSEorfﬁﬂ &dsq%w 9@ esced dispersed |iquid phase from

con I nu qui d phase; at |east one overflow
outI et on the second separati on chanber for

di sc Qﬁéé’%%ﬁe o\t,é}g&ﬁ&{gggb@ He %@Bﬁ’ﬂpﬁrdu%%hm%r discharging

coal esce m xtur

| easthefﬁﬁreﬁundfé@tfvn vessuianee, conlestad ioidarhage df ik fluldemixture;
secoggl separation chanber fromthe at | east one
overflow outlet for discharging a relatively nore
dens®& {eRgfupif pRéRrBowfoutipleo tha EthaT endrd; thasgeonst senagalion

one Edduhisdr GORTHE bCIBhdt @Re BEAHIRE Butleh for Aschf G a®88tively more
out | of t el“@t | east one coal escer and the at | éast

one g%}?ﬁnd i 1 of P1338 at YFeast™one fldidcond"¥¥far at Ghd

hydlratclyseétml’ne. fluld caﬂnmuaoetwnameme@f thed @tl Ba&l omaesiBet bethe at

coal gscer | acks an w out | et tu

of  cBEftrng Bities®l'adY Fie of Redinttiooht PR RB A g4 one
f i r sseconshbararagor ldidenwptlere. and where t he second
separation chanber has a second interior dianeter,
such that the second interior dianeter is smaller than

7t he The aparatus of claim 6 where the coalescer lacks an overflow outlet.

8. The apparatus of claim 6 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.

9. The apparatus of claim 6 where the at least one coalescer and at least one
second separator hydrocyclone are within a single vessel.

10. The apparatus of claim 6 where the at least one coalescer is within a first
vessel and the at least one separator hydrocyclone is within a second vessel.



interior dianmeter. 9. The apparatus of claim6 where
the at | east one coal escer and at | east one second
separator hydrocyclone are within a single vessel. 10.
The apparatus of claim6 where the at | east one

coal escer is within a first vessel and the at |east
one separator hydrocyclone is,wthin a second vesse

17 11. The apparatus of clai'm6 further conprising an
opening for introducing a chenical coal escing agent
fynto a fe gl

Pt o THSPhi, F M 61l TG PRI o kR, -
fi rsPh$fﬂ'F@|tC03‘@@'nmnﬁp@éhﬂ%\ﬁLu@k”@fiur@I aim6 where the

coal escer |acks an overflow outlet and where the

first separation chanber has a first interior dianeter
1and Vheeerarpiys ok gaishl! weyarthe peaninchiampelreannef the sbleasicne
i nt erisPiiedi ameter, such that the second interior
dianeter is smaller than the first interior dianeter.
14. A nmethod for separating a dispersed |iquid phase

1Br omrge %BéﬁaﬂHQiﬂ%lélm @UivEerB RS @oa[&éc‘ahla@ksaaﬁ loVerlow outlet and
m xture, sin trodu0|n%‘ fluid mxture

it oiE B8 SR sone A BEBET e AT g 4 ) 490 where the
i xlt BENY etdpanat:@mehaﬁaeééa&@eé sbébr@tin{eﬁ@rsﬂlaﬁlﬁférl ajdhyth%t the
coal esce .t he. dj sperse chargi ng the
oo Sesans o SRR B oo anad RIS ol BRARle

coal esced dispersed liquid phase to at Ieast one

gepa/rl\% oc!lwoq 8@4 tin aﬁéi/las’é’rwsegd lllaou%ieél?age&{?&? gé@étfﬁéﬁs}?ﬁquid phase

Wi thin e’ sep f OCYC
sepawzilnle atfhyis! ralktureeasmpmgtl ally coal esced di spersed

LLQF@?@EW“ﬁwéﬁﬂ%%"*?aﬁﬁgé‘f?ﬁ Rt v e “thr ough
an o%¥iFifgoie ksﬁtdi @txtuﬁe withis tsb@pma@@@@r thyairleesy dlagiady cealesce the

di schgﬁgg&g“q@drﬁ,laggl vely nore dense |iquid phase of
the flurd mxture through an underflow outlet of the

s e paPREBHOIRG Heol IS COmprioing aia Ieadh RATIA Spaipased dispersed

wher @qmdwgqa@eaé &S@ﬂ oda@ééfaara@(ﬂ HMREfddhe, outl et. 16. The
met hod at | east one coal esc

and ?‘H*Q'”gt‘ﬁ} eQ%'? 'ES‘H‘E"e s"&lﬁ‘éﬂ é?%rseH%F%c%iF elong do S“bs’{a”f’a”y
W t hbgpasats ittegt €eaeessly cdalescdt gisp@bdorhuaf prakai m 14

wher Sis}:l%?giggt; al r%%%el;? s G e%!see,scco%[esi:esd Yn\é]uttc;] ipﬂasaosa tfafj trhgtﬂuid mixture
through an overflow outlet of the separator hydrocyclone; and
discharging a relatively more dense liquid phase of the fluid mixture through an
underflow outlet of the separator hydrocyclone.

15. The method of claim 14 where the coalescer lacks an overflow outlet,

16. The method of claim 14 where the at least one coalescer and the at least one
separator hydrocyclone are within a single vessel.

17. The method of claim 14 where the at least one coalescer is within a first
vessel and the at least one separator hydrocycione is within a second vessel.



vessel and the at |east one separator hydrocyclone is
within a second vessel. 18 18. The nethod of claim 14
further conprising introducing a chem cal coal escing
agent into the fluid mxture. 19. The nethod of claim
18 where the chem cal coal escing agent is injected
into the fluid mxture upstﬁfan1of t he coal escer. 20.
The net hod of claim 14 wher he fluid mxture is a
wel | bore fluid. 21. The nethod of claim 14 where the

1goal Qﬁé%etﬁéﬂ bh%[aln‘?olﬁpfuhﬁéscomﬁlsfnbri?lfrooﬁﬁﬂ@ré‘tché’rﬂlcal cqalescing
chanb havi n%‘d‘ first inlet portion at one end of

sepalaﬁ?f? &P thefdihebdureat | east one first inlet for
receiving the fluid mxture into the first inlet

portion of the first separation chanber; at |east one
10Ut | @he atetlidieof atdirer 8evtdrothet drenfidal SbaleRPgragbmtas injected into the

cha overfl ow utI et and where the
sepgﬁgf'g}”aﬁﬁd‘?d‘gg%%%‘? %ﬁréeco Fi ses: a second separation
chanber having a second |nIet portion at one end of
the second separation chanber; at |east one second
2Pnl efhe Brethod eépleimitst whese thelfiuis miduse igeavalibere fiile second
inlet portion of the second separation chanber; at

| east one overflow outlet on the second separ ation

2¢chantips ; redifbcat of eaim one uRepgefl AW RUlkb@r aqOrthdie comprises:

cast RGP T BIEGUIEE 5 93! NohaSTHaR Aerechnack arenspereton
wher ehdrhteerf | r st separati on chanber has a first

chanBeporsie PR LR 8 Mea R B MG REROR"GRERT g Porigof he
secofigt sepreation chathizmedt deast snesowtlel atrthé bter ertvboffthe Sist separation
| Nt ep Bhpe dIANCLET oyefidw -Bﬂﬁ’etneatngo‘a/hgﬁe ‘%@Ir%logelateo\sp‘sj g\?d@ocycfone

the at | east one coalescer 1s wthin ‘ .
and egiepriges: |%%@n%waﬁélpaﬁmmberwwm@w@bmniiaqumrmtmne end

a SegORd s¥&HR&kparation chamber; at least one second inlet for receiving the fluid
mixture into the second inlet portion of the second separation chamber; at least
one overflow outlet on the second separation chamber; and at least one underflow
outlet on the other end of the second separation chamber from the at least one
overflow outlet.

22. The method of claim 21 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.

23. The method of claim 21 where the at least one coalescer is within a first vessel
and the at least one separator hydrocycione is within a second vessel.



