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ULTRA COMPACT CYCLONI C FLOTATI ON SYSTEM BACKGROUND OF
THE | NVENTI ON [ 0001] The present invention relates to

net hods and apparatus for 5 separating contanj
WQ 2WRO%0%r , and nore particularly relates, i gﬁgﬁ@@omﬂnsaﬁg

enbodi nent, to nethods and apparatus for separating or
dividing or renoving oil, grease, solids and/or other
suspended matter from produced water by a conbi nation
of flotation and centrifugation actions. [0002] In
many industries, including oil, paper and pul p,
textile, electricity 10 generating and food

pr ocesULTRA GRMEAGCT £YSLEONIS ELOTATIOIN SSHEM
contam nated water as a by-product of various
processes. In particular, water is often associ ated

with the prodACKGROUNDIOEAHGNVENTENsubsequent |y

[0 Ooqr] ody¢ed, fram ientidh TRl 't8$ té "n‘?étﬂ%%% ea‘ﬁd"@ﬁﬁér'atui for

originating rromthe operators or other sources) .
sep@m&b@e@MGmiaamhs_a‘rwu waateln, and nsons Mibdiarle!rr@lﬁj_%elne@ne
emtighidery 5 iSRS A8 sPRE 34315} ReBafArSEl ARG BEFéoving
oil, greased solidsy andioreathessusperndad arattesyfmrompotiuced waier by a

, : . £ thi

coriiiit ot flaleBiehd Chnfitpb At aloRe", 0 © 1
[0002]vi domnamy irdusiiss, dncudirgubibtpapes.and palppiestief electricity

' 11 ' t. f.ghore
genBateEEo 185 brodedtid, il s dh Bvak Pty rpBieih of
conterabaited ahiengs 2 hsprhduadiaf yedionsgrboessksand pantieulahavater
. T2l ni ' i '

s off P 3588 Rl Pl Gt EGLSton HBU AL OET WAk, aibsgaventy
prodecpd fonotie forthadissdtpradetedosatent otiginatisg dth the mglerators
| -
or oFRIEREs) bFadiPetony Bhespliif) 8 " AR Mg in
the toseatidesana therefors cagapt bedisposey] obSioaply hiyf digaharging into
i t e ' LS
the bR 808: BEBbrNaY 2RUIKRbus Hielioas dhel il have
beehaidvised i redune thescontanddanhedntent béthis pseducathwatdrdto a
t [ '
lovell R 3 ehl iR R ATe RS o AP, SRR TaBh T
prodwm_bwmr mr@ﬂiMarlyqf dterestrid o;itsﬂnere mdamsi gag facilities,
whelfeRbafoPi oF Rt Rt Faftd 4f HEGHE B3 Vet ard lfio 18 open
wateals ar tainjelctdibintovtind esserapir ok disndeal iveetisi. Thal ever tightening
' | ' : t . t hey:
onvoRirRA tep it Ehdhbe0hBiRd Efato Bis AU Hreqment.
is thehdricingtfanienfoiracew agdiichpreved enethods of litemtinentvessel .
ere,i dj.ti rl. r
100qHIEY TS PRy Moo M. £ SR SliBR TR ol BEEFC
centrifngehfictdtigr pepanatar sysdemcthed incudes basirdular cylindrical
vessel with a vertical axis, having a horizontal tray positioned Inside the
vessel near the top, where the tray has an axial opening. Means are included
for introducing air under pressure into the vessel at the top thereof, and other
means are provided for introducing contaminated liquid into the vessel
through a tangential pipe, under pressure, at a level below the tray. A
mechanism is also provided to recycle air from the top of the vessel into the
inlet line and to mix the recycled air with the contaminated liquid before entry
Into the vessel. There is additionally described means to recycle liguid from
the bottom of said vessel, through a tangential pipe into the vessel at a level
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bel ow that of the contami nated |iquid, and nmeans to
mx recycled air with the recycled liquid prior to

ent i.yito the vessel. Although this system
WQ%QQ%?S\?@I y small footprint for a flotation Syge’g(}hgzommss@

because of its vertical orientation, it suffers from
many of the sanme drawbacks di scussed above with 5
respect to the systemdisclosed U S. Pat. No.

4, 255, 262 di scussed previously. [0004] The overal
construction and manner of operation of hydrocycl ones

belo@{tgﬁtgv\g}[%&kno%@A t lll'fﬁﬁﬁl* h%éiro%cl one i nc(léxl%?le aﬁ'r{vith the
recy@é@mqard pfioftd éHﬂr?'int@)ftﬁé&‘ve%Qét IAQtho hiié)sﬁstéﬁ’f Bhs en
ecrea in cross-sectjio [
relatquwg%naug PIRKIR 5%6 MRiAToresEte® lae%%af E‘?‘] ?tﬂazw
onerﬁaﬁbn AD SO EFd rom m@rﬂyeijﬁé sa%é grawbackd 8iscLebé®Bbove with
fraction |srgrovr he w der en t he coni cal

respRFLIRER oD ARUOREA & Fataips Ao 20a Aesispinc i on

previduishfle suspension exits through an axially arranged

underflow outlet at the opposite end of the i cal
10004k anblae overall gpnsgtrugtioneang manel:dfraration wﬁw@rqﬁyc!ones

are wIBkSSWn. ﬁ”@plc%? ﬁ?@?ocy%fd’hd i?llcﬁld éé@aﬁ‘ %r@éﬂ ®odgon the

nature and val ue of the |ighter and the heavier

SUITQUNEHRG SrgPREred aapa@twcmesﬁ QEgiIrpilar cEsssSegtion, the

sepdrﬁﬁéa‘i’ @Hﬁﬁfbérrﬂébréﬁﬁn%hﬁ'HP@és—‘éé@tuS’r‘i‘ﬁ sﬁ’ie flehea large overflow
ent] al directed inlets inlets, create

and | m @GP ATV WB dedioyy GPR oANAYEFBRW, Or FRISCt outiet for the

Izghté:eﬁéét'itfrii&aﬂ)rcfvﬁéc%t ﬁ{eeﬁto%d dnd bhibe a&m&s%ﬁdrhewr wene Qlﬁe
ds and 20 artl cles in su;?ensn on outvvar {]gt owar

hea\tmreumqﬂom OF ﬁ@c%ﬁr%@lons,@fp@ue yshensipmesits thraygh an amaiiy

arrarggé’d OHdrfRAN SRNET 8t iHosbodlaneRd dftive %nﬁﬁm cRafite?! @6will
a Jacent thereto, while the | ess dense fluids are

be appriigiediibabe terf@%'éﬁte@t" and t#f@e@ﬁ”a%‘[%ﬁe‘%ﬁﬁ@ apd depend

uporf fHe hatiralaMovdidie &F theWahtlnadP el Realiel reetionsd ) edlids
created by differential forces. The |ighter fractions

and gyepenrd PARIGIeE BB IEIHGRC HED thih CHBIMET YiRpRe G More

tang@Hrtihf} dtré_&%dhﬁﬂé e\hh%ﬁhléﬁé efeRBH ﬂﬁldf ¢dﬂé§§lrﬂﬁﬁtééﬁé¢atlon
to spiral along the interior wall hydr ocycl one

chamghgr. Jmet C?—‘hté'f’-llsai TetsRs grated Ryithis \Lﬁf&?émr@oo ctﬁnaeétﬂmds and
pamhfé%qa]suzb%néidﬁ &thérega tblm%%dvehé Rl 8 ihedesinival setaratien

hi gh enough that the nam c. forces produced therejn

chargbgr. 4% BMIaG A GPTIGRIAGNRISITRAE TS Bniarticles adjacent

thereto, while the less dense fluids are brought toward the center of the
chamber and are carried along by an inwardly-located helical stream created
by differential forces. The lighter fractions are thus carried outwardly through
the overflow outlet. The heavier particles and/or fluids continue to spiral along
the interior wall of the hydrocycione and exit the hydrocyclone via the
underflow outlet.

[0005] The fluid velocities within a hydrocyclone are high enough that the
dynamic forces produced therein are sufficiently high to overcome the effect
of any gravitational forces on the performance of the device. Hydrocyclones,
especially those for petroleum fiuid processing, are commonly arranged in
large banks of several dozen or even several hundred hydrocyclones with
suitable intake, overflow and underflow assemblies arranged for
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30 of any gravitational forces on the performance of
the device. Hydrocyclones, especially those for

petr m fluid processing, are commonly arr 2007/015669
Wolz?ﬂsﬁ’gé}ggnks of several dozen or even several @'Egn red

hydrocycl ones with suitable intake, overflow and
underfl ow assenblies arranged for comunication with
the intake, overflow and underfl ow openi ngs,
respectively, of the hydrocycl ones. [0006]

Hydrocycl ones are used both for the separation of

quids fromsolids in a liq g/sgﬁgﬁ m xt ure
comrpumceypa/vg@v the m}ﬂ'r%wrﬂﬁwsar) HeOGEiaw aeef"&\gst he
respé&ﬁw fitRe l'@ffdréé hkss.from ot her | qU| ds
[OODQ(] uid/liquid drocycl ones

aHydoceigeR Ao Ned Feh IR S PPRIAIGD g ofyiguids rpghgolids
in a lﬁzgﬂdﬂ&%ﬁd n@%ﬂﬁ-bq"llqmdﬁsbﬁd |Hyﬁbbéi/chcbr£b§ Va el &4 for the

sepagaioniol ﬁq@sﬁg fryicEgciais dAauidlige SR aRer . egent
consh%%ﬂbﬁs & %‘u'%@a%? gééﬁwrtﬁés@ h?& RIcHBRMS déﬁ:céﬁ@éhe@ly, the

esli gn an cture
|quidfqulIV§¢ o HP GRS opger e AYg) Sracianihad 20
solldl’ILe r gﬁ’ove Pléléﬁéjéﬁm(sc{rﬁﬁﬁenaﬁé WHIIC AsVe Fssult H0PRER dtructural

drocarbons from subterr anean

differasioes ﬁtmnqt pe %S%m% thatihe desion POARIMYSYEYR are

: bidl BHE sl réﬁstaiésoeocahu MidNESIRS hydradycione and
|qu1dﬂ|ﬁ aqueous ‘fq [ ui 3"& t)%!l cally crudehml The%e fluid
vice ¥Pf§aires are 15 often in the form of suspensions

[ooo?]‘;g?{ Rt u%%(régpd?ﬁh&di%hmfnsﬂrbﬁm StefaneanFuppanons), it is

er that are all  difficult to s%ara amth
commmﬂﬁatm@ﬂammr@dé@eﬁr@ewﬁmeﬁ& L&?Qh’ssefﬁlu SopiGaly
w.aztéi“%‘:‘aﬁ‘@‘i’\f @é@\.‘i@ﬁhﬁ% @dlcﬂﬁﬁé@dé'dﬂ dhekedid MnRRIes are

hase al ong ot'her appar at us |ncI di H
ofterbm thﬁatorﬁe@fegls%nan%ms ﬁmiésa digpersians 8§ solids or

suspeitidd Fd8as thaBARR' ANE%Hc @ ddisardfd frk)an th‘w%teronal I y,

el ectrostatic separators enploy electric

HydraryclainesesTeraas 10 Bard Heell shufsicel etiyo @Pf ?ﬁ@afatmg '
e e T, 0 g i,
but net negessarily kmited e, @@ﬁmga‘ma@&swemfﬁ@g% sogmprages, and the
like. NEHIBSAREIRD e difit fid! BE S EFABRASMbRIYBleCRIHI FiBRis and the
differences in surface conductivity of the materials to be separated to aid in
ithese separations.

[0008] As mentioned, “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 water, and accounts for a majority of the waste
derived from the production of crude oil. After a primary process of separation
from the oil, the produced water still contains drops or particles of oil in
emulsion in concentrations as high as 2000 mg/, and often solids or other
suspended matter and thus it must be further treated before it may be
properly discharged to the environment. Every country has set limits for the
concentration of oil dispersed in the water for offshore wells and for near-
shore fields. Even if the produced water is returned to the field, it is advisable
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25 are primarily water, but may contain significant
anounts of non-aqueous contam nants di spersed therein.
WO&“B} ﬁ%l+y’ produced water results from an i npEirals2007/015669
AP8%Y on of oil and wat er, and accounts for a
majority of the waste derived fromthe production of

crude oil. After a primary process of separation from
the oil, the produced water still contains drops or
particles of oil in 30 emulsion in concentrations as

hi gh as 2000 ng/l, and often solids or other suspended

matter and it j t.nust pbe further. tr e f it
to refiove as SPagiL B I, PU A sy Bpepet il B - Safl IR |
frageents, ranchiite Bled) ds possibledn drijer éw nuinimizatthe mskfofaldgging

h 1=(:Jiapersed in the water for offshore wells and for
the fiRldr shore fi el ds, Even if the produced water is

[oooggg U;rggg, gogéd_ért%fnggldtagidg iisitadre balkyehes®y, and as no;t]ed,
. to.renpv S t he
ot CeRRTICTY i (8EHO8 A egied: d hers & BTSN for., o
alteralive flféch?dﬂ@b_i@td??ﬁbb'ﬂ?e if@otgiormg,rw?_ighmhnﬁmdsé. litt!wmuld also
res cl 0qgl e e . us onv |

be hih e RetiErnalodY sl kit agbg0y Ui sasAfiid Mehage. n
woul@bé@(?sﬁfﬁ%tm F?ﬁéﬂ'@{d_srm’(dt Qﬁﬁ@f&}%&ﬁ_&@etdﬂww theat ia:ouw ket

. eman or alternatl yve.,tecnnol ogl es 0 [.e e
simlFTeg o, eV aIal 2SS roT Py SPERC HE T rEPed
waterf ad Rentdrakizied egitedivithnotatie pdiicienpy than ghprdsent d

interface. It would be desirable if nethods and
.apparatus were devised that could sinultaneously

renmove oil ZBRIEF BUMMARYIDEGHE $RVENTEION om produced
100 V55 S ST RS A St S lon e fs pro-
vided\iEdiRE ori-éskfidtivanforar, yddrapast cydlesie {mtatiat hpparatus that
el B seprelon el e eBefond iont 196 =
jeasi R Gbatfoiv@ltiet and at ieast one underflow outlet. The apparatus
further includes at least one feed conduit leading to a tangential inlet, where
the feed conduit in turn includes at least one pott connected to a gas source
and optionally at least one inline disperser to distribute the gas evenly in the
feed conduit.
[0011] As another example and in another non-limiting embodiment, a
method for at least partially removing a contaminant from water mixed
therewith is provided herein. The method includes transporting water
containing at least one contaminant that may be oil, grease and/or suspended
matter, into a separator cyclone. The method further involves introducing at
least one gas into the water prior to the separator cyclone. The method also
entails rejecting separated contaminants and the injected gas through the
oveﬁlow of the cyclone separator. Method aiso adds means for further
separation of the cyclone reject stream into oily water mixture and gas
separated by cyclonic action. The gas may be recovered from the oily water
reject stream to be reused.
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15 includes a separator cyclone that in turn has at .
| east one tangential inlet, at |east one overflow

I nd at | east one underflow outlet. Thecrus2007/015669
WO%‘%&%"@S further includes at |east one feed goﬁ]dwt

|l eading to a tangential inlet, where the feed conduit
in turn includes at |east one port connected to a gas
source and optionally at |east one inline disperser to
di stribute the gas evenly in the 20 feed conduit.
[0011] As another exanple and in another non-limting
enbodi nent, a nethod for at |east partially renoving a
contami nant fromwater m xed therewith is provided

BREE U?ss&hﬁﬂpmrh@F Tt SPERPANYIEWS OF TRIEEDRAWING

containing at |east one contam nant that may be oil,
grease and/ or suspended 25 matter, into a separator

[0071 2§VC =988 4 id BesdRirhatt | Llﬁéﬁraﬁbn 'd?b@l'eV:%n-llﬁﬁlﬁr@&mmghmbnt of

east. one gas Into the mateﬁﬁfrlor to the separ at or fluid
the appatatue orsuetamtsh@wmb‘b%@ﬁ uctopgfgas PP 28 Fgsess MUl

and separatioh in aveycidrmy
pnor?fﬁ{:ﬂ{“%%gzﬁ gae%g Jﬁa#tﬂc:i)ir“e&I\gtgrh%zl1 al so%ds rrean\sm}fcz)r
followed bhean splienalseparatPrt he cycl one reject streaminto

o1 Y Wit 6 2 EgFédfénf;éﬁQt 95 Fitflrag eé SbAgidticaedtRRions that

e recovered fromthe m%%pvvat £
are not te stalkt orpnepodticrs ansl asceuchpRopre PEtSRINERY 'EfHE

the i Lm\ébﬁ\éeust JE LR ANiatratiod. 0012] FIG 1 is a

chemati C SF'fon of one non-limting enbodi ment
of 5 the appar atus or system show ng the introduction

of gas '[? ARE %%ES@?IHTWON@F?HEMVENTM@N oduct i on
| Oha

to an o i sperser and separatlon In a
{0014l | Nmadinmmg exemp!awamem aned .appar?f@'éféﬁ]scrlg’ean '?Gf"ekb
enheﬁﬁ%{@% Weﬁ Rkt B:eedzéegé’t‘ic%r §{|§p§ﬁtﬁ‘@d7ﬁ4iat€er from water inter-

that“are not to scale or ortion,

mixedrtherasitls ugmomlmnenon qfrﬁ@tatrq;baﬂéﬁpnmme@ﬂ P Precesses, par-

tlcul%&ﬁﬁ_@%@ aé? gxfﬁ%%g %@_&I?ﬁ@ Aywh R r'n'ag\llﬁé A dydedeyclone. A gas,

typically natural gas, is injected or mtroduced mto the mixture of water with
the oil, grease and/or suspended matter {(e.g. solids) to be sheared,
fragmented, or otherwise divided and evenly distributed, by passing through
the disperser, into swarm or cloud of small gas bubbles to help float the oil,
grease and/or suspended matter radially and upwardly to separate it from the
water. Subsequently the cycione separates the floated suspended matier,
grease and/or oil from the water at a higher removal efficiency than a
conventional flotation tank or vessel operating with no or equal centrifugal
forces. A non-limiting 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.

[0015] In more detail, one non-restrictive exampie includes utilization of this
method 1o enhance removal efficiency of cyclones in a produced water
treatment, where existing hydrocyclones or degassers or flotation units do not
meet oil and grease discharge requirements. The system herein separates

5



10

15

20

25

30

[0014] Non-limting exenplary methods and appar at us
descri bed herein enhance the renoval of oil, grease

uspended matter fromwater inter- 151)6‘[)8%9007/015669
wo?ﬁ@?@é@?h by conbi nation of flotation and

centrifugation processes, particularly the cyclonic
action of a cyclone, which may be a hydrocycl one. A
gas, typically natural gas, is injected or introduced
into the mxture of water with the oil, grease and/or
suspended matter (e.g. oIids) to be sheared,

fragnmented, or otherw se di,vided and e
the flaatad mettes @ndelaiaiion gfaﬁﬂra{s:gW%eWé %gtésp’s?e'?y iy

of a %ﬂ&ﬁ&ﬂuﬁrcﬂheﬁéapéym ITiERgad phiakemay blee\lmttad mtrecyréed.
se and/ or suspended natter, rad lﬁ%‘i
The WEWWYIQ? 9@5@'1&61@"#% aryighet ?@p%{yeip I'équent ly
comﬁgl"édcﬁﬁcéé?ﬂ%g?l%g?f 8t ?gaandb?e iém?ic?@ga:teagmﬁwmg maneeded and
desiropitweiobh Bpdtans! reddiart i PSRRION. e gvﬁ?ﬁ'gf@ifzéefg&“&?
mdeﬁr(&?&&llt ‘?’ﬁ%r%Tétn’léﬁ w\%@f}na b@{uﬁmw eﬁfﬁﬂby?d afler apdnitia
sopasatiomel hydmarsbenieid: ilh aadpiatar & Tiiersisaf BRELARH e
prevf@fulsbpg'lé%lfét u?r SAYR Y Rt oMiden tewdooii-irsemter v,

I'NC not necessarily limted to produced
specifigadionst om a subterranean formation. In a

001§ Sﬁgﬁbéhﬁéh%ﬂ%taﬁﬁﬁuﬁﬁs a6 %w%em %mdomoaon dependent,

ormt has the confam nant
and self/fdrca @aSI-lqurt@ weEace faf sepAtsy- &‘E? Hﬁ'&sﬁPb’E\?}h?/d and

syst%égﬁ@g St Féﬁgtdmtﬁ&ﬁ)rﬁ%ﬁon[cﬁ% Amirterface elithih the@wessel, and

I est e exanpl e i ncludes util t f t
thusmm;aboem'fém@%mwalur@ﬁ“ﬁcﬁcgﬁx;h%ﬁ@iﬁs Pl Piore
platig:?a% dég 5 V@{ &hidd ??é RMIledVedSodthe Separatpt cyclpnledrasin

S ers or. flotation units do not neet oil and
doegneﬁi;leveia;‘ciﬁﬁelééce EQ&B‘Pemsnts The system herein

o1 B B e g
has Mpthmnndﬁrﬂawgtagﬂqzt. ang an eyeriipw oulpt. i e cja %cggfater
i beyia th
Iea\%ga\ﬁg ﬁﬁ%)bn%ﬁf{a S g%nggggga?,dqqdoﬁsg?yﬂhammﬁtvl gxia e
overdmp autidt. {The ultkaepempagt CXQ‘OWJM‘%J‘EW% V@&Fﬁcﬂ%@ es,
coniejﬁéle{téﬂ‘gae‘r n @gﬁfs@%ié féﬁﬁéﬁi%ﬂr%bﬂhﬁomim of

fon, the system w ]

hydrmnte‘ben demtaminants fgre Bredvee tefa PriRA ’BH tg,utg};& %%;:egsanly

r paration of hydrocarbon (e.g. oi I)
imifad & o%hbf%tfé&hti%g

dwat er urther clean and clarify b F BLev ousl|
[0048iparEie thathods ced weitseherel AR §xPBHSH, BHF NPhRGEEE artly

linited to, removing at least half of the gas and at least half of the
contaminant via the overflow outlet from the water, at least half of which is
removed from the cyclone via the underflow outlet. It will be appreciated that it
is not necessary for the separator cyclone to remove all of the contaminants
from the water for the methods and apparatus herein to be considered
successful. However, it is a goal of the methods and apparatus herein to
remove as much of the contaminants from the water as possible, and hence,
as much of the gas as well. Thus, in another non-restrictive version at least
about 90 volurne % of the cantaminants and/for at [east about 80 volume % of
the gas is removed in the separator cyclone. In another embodiment,
substantially all (at least about 95 volume %) of the contaminants and/or the
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specifications. 10 [0016] Conventional flotation units
are bul ky, heavy and noti on dependent, and rely on a

-liguid interface for separation. The pre 2007/015669
Wo%@ﬁ%%)og%gnd systemdo not rely on the formation o 5 such

an interface wwthin the vessel, and thus the operation
of the cyclone is unaffected by the notion of the

of fshore platformor ship on which it is install ed.

I ndeed, the separator cyclone herein 15 does not have
an interface per se. [0017] As in conventiona

cycl ones epa or..cycl one. here gener
gas S TeTaVAsHIR! TR SIlaYdhiss Borl Baeihes Femeip s,
mucﬁ Bﬁ?tﬁé atér ﬁdmweemd rtldmmeﬁow? dffise wege rimwdohfas
e gas and cont anj nan ave Vi a ver w

possiile) whiehTRey 114 AL adstaapar 20 pBRTE %1 Bod Aisfidiyand)
substtialgbICoNehrsrq gt lkeiseabout 95 vbﬁ.:rﬁul%)aht s éxpected that

partial repoval or Qb(Fihl naﬁof wgﬁ)ocar (f with
in mey, SYREMS e $ERARANRT Feip wilh bEsSq 1 SqRjpnEion
othef‘géﬁél%%zg idéséhgz]d(}]%seﬂ?& ) p@Fét&BOFrﬁorﬁ@ﬁbhl-ltmﬁmg érﬁﬂébﬂiment

ni s er ei

the drsies Sah PRUFFHRE APSISING SFHE GPRIONS48: TRd) # cGnveptiona

sepaﬁ‘éﬁoﬁ %E’ag’ﬁ su&R 8k é“ﬁ'd]lfudeqdidl ﬁy&@@@mw@cﬁﬁveﬂt@w e
overflow outlet fromt If of V\:hl%

dissolyop GRS PR RES EoBRSHBETIS ciand At G Same
from ﬁweVbrloHuEQd FREe ﬁh@t' tsirdibage td tn§enoitomeas.snnnaﬁwe fields,

tis Comri e BeilieRTo eyt A eRlichibo dygto changes
in wéﬂ%@@i’r@&ﬂk&giffag?rﬁﬁgoﬁ%rhOg&s&%ﬁ@rﬁe@wmﬁﬁme Hevefthe,
s and a s herei
fleld, Ehb\asi SORER tormeRETIa AU TERRE Al 96 SharBiche s to
R TIIRNIAE SaTRioa TSIk ofsus ALy o Tove
eas
officiant sHeIEIgIeenbICR &% AR AL on AlBhNg SEaRs MRS S
providd Hh/amdhe EkBneaficalalfc?Aaties] durb idhits sepAirfabtprint and
cycl one. I n anot her errbgg)dl ment ubst ant i al I al |

inosgasast PRISRITA00S by IRENa NG IarDR.Saial vEsAe! aREpeptd with

the Eéﬁﬂec@ﬁén@éﬁpfo%@egﬁ@ éd@phidie lM@hEémstﬁﬂgﬁd(ﬁlityy, it is
erein to renove as nuch of F%V\g er fromthe

{001 @a]deirhpm&ﬁ wRit hereipra exppstest feror&;f@ cep HElyvErR,
aboMW@ o BRYUPSOALS, aﬂ%‘haﬁm trcA aviewerehidshoiaf about 15 Gs
ternatively substanti al ter
to aRiARPGHIA awmnveuthrqs;‘oic&stebgut 29538 Th SorhSarisdH, rior
separation flotation units operate within about 0 to about & Gs — a relatively
lower range. This difference in the forces employed may result in an at least
30% reduction in diameter of the cyclone with similar capacity, thus resulting
in significant weight and cost advantages for an improved removal efficiency.
{0020] An important feature of the UCCF unit and the method herein is the
introduction of at least one gas into the water (mixed with the contaminant)
before the water is introduced or injected into the hydrocyclone. The
contaminated water may be flowing through a conduit, such as a pipeline or
tube, and the gas injected into the water through a port or other suitable
injector or opening. As noted, the gas may typically be natural gas, although
other suitable gases include, but are not necessarily limited to, nitrogen, and
the like. The proportion of gas to be used is difficult to specify in advance due
to a number of interrelated factors including, but not limited to, the proportion
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5 in many systens the separator cyclone herein will be
used in conjunction with other separator techni ques

atus. In one non-limting enbodi nent @
W‘Sg@ﬁs@gﬁgian be used as a polishing stage downs?‘l:% %007"015669
froma conventional separation stage such as a
l'iquid-liquid hydrocyclone or conventional dissolved
gas flotation, where contam nants (oil and grease) are

renmoved 10 fromthe produced water prior to release to
the environment. In mature fields, it is common for

such facilities to operate out of specifjicatjan d] to
and typafgbef wntﬂmt@anbndgawaf@ﬁ. ﬁhgtf@%ﬁ@tecﬂmé Feaﬁ@%%’é Jorce
appl%y iﬁ”fﬁbetfy%lcm’rsg thé '&%strb&%é}% arhtiéh bk‘cﬁiéhloﬁ ket the! y

ution envi nment al 'disc

contapinsn{eaeang thel FrcisradNeYaisIRER MATORT 1 S8 SATEn
BRI e PSS il i pidicsont
the Wwetextshay range &ony abautA. 0856 ok Mhd %%ﬂ’”tdf P Hﬁgf‘?'
altergn%ﬂv%l?/ ﬁ'tu é%rﬁ%&ﬂbfd@f { UGT%WWCHean@b@ﬁﬁéﬂtly to

arge capital I nvestnment ssqc*ate

an uwpeh thiesholehbhabewh 0.3% \mlét@s?hﬁ@a&ﬁeﬁlmt'" radyged from
an ez&grzl'ék Q%u;&%céllﬂjlé t@?ﬂf&&a@ﬁoh’%@f igHTd &il B?gﬁéd?:é éroplets

era ces between 20 about
anda;uspeneed@J:dwaﬁemﬁuuta@@gﬁsmuaca%WU%r%l%Pm%f

nec%fbé)éJrL% iliﬁ'l ’%ﬂ tég ?%séu‘?g SRAKISRY cohpresBaid, réBicﬁéb $cin the

n conpari son, prior segaratlo h
cyclbhetrajsch stream.Aspeieg; éhmllﬂrﬁpmaﬂd@t 87 gpRi@Migapts in the

infl u%n"t £ #hd ¥S{a¥r§t§¥‘§%ciéﬁé‘ g\ﬁlli b& et rfaf:iﬁaﬂ@% 'b@r‘tfbbﬁy by

orces e in an 99
d:speemntgasrbunm@s mmd@ﬁtfe ﬁ@nﬁgi@g@rf@m(ﬂﬂs G@9af he

prescs?ﬁéggg éa'%%a{z hidPnén-lintit dﬁg %Eéd’lﬁf@m\wgﬁﬂ? o98flthe

cos es an 1 nproved Tenoval efficrency.
feed Dw}iure\mflthp(watahmlxtém ure of the UCCF unit and the

th
oozt 0 ¥l Bl Brdl il A G1 Ey o bipifiogas e
by thetdesigrser. in ammﬁtmtmawga@&m@mant@ heeURr R Ibseme

genggﬁ oéjﬂ{'%gs uc lﬁda %@aﬂ gi‘BMu@@d (et g aﬁﬁé%@inﬁ partlcular!y

ne or 30 tube, and gt
at orlmjeac tieel eindtaf thaetramﬂ@e mnﬁvsau@ndwm@rmom d@?ﬁé?"y o be low.

m Ry R for A58 s, ok g g may e
aboglhééspsm dandet OBuUMPa)e h@tomeaab@a!ma Jisperserert thg inlet of

the gbggpﬁgp gyépﬂetljﬁgy ki beUb%ré’r‘iéEPﬂf td beé%fur@ @ﬁoé Q:f R®out 3 to

to SpeCI i n advance du
4 psidribboub®1iintahou 28t Rp )X Ja%vgluermmail ﬁ&‘efﬂ?fﬁsﬁﬁfe losses in

el b0 BS 92h site 15 i 0.1 U

[0022] As noted, there may be optionally present between or intermediate
the port introducing the gas into the water and the separator cyclone a
disperser to help assure uniform distribution or dispersion of the gas medium.
The disperser may be any conventional device for increasing the uniform
distribution of gas bubbles in the water.

[0023] In another optional embodiment of the UCCF herein, there is
provided an additional or secondary separator downstream from the overflow
outlet for substantiafly separating the gas from the oil, grease and other
contaminants. It is expected that in most embodiments some water will be
separated out with the gas and contaminants, and that in the secondary
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and type(s) of contamnant in the water, the flow rate
and centrifugal force applied in the cyclone, the
[ eparation proportion of the contamn
W(g?r@ﬁfa&%{)ief factorsIo Ngverthel ess, in order t@@&{u@%}oowmsa@

sonme indication of appropriate gas proportions, the
anount of gas introduced into 6 the water may range

from about 0.05%vol./vol. to about 0.5 vol./vol.;
alternatively, froma | ower threshold of about 0.1%

vol . /vol . |ndependently to an upper threshold of about
0. 3% vol . The d| um i nt roduced om .
sepgialen g1 O TP AES I iats OB SLiSReacRa MaHey ML oW gyt with

the @hteﬂ'feﬁﬁﬁguﬂé@hhansi anrqﬂbéulmsm RERANGS 9 ot nmtet)eﬁ the gas will
our.ces_.lI ncl u

sepidie VarIea TP IOl 0" pPaienipalad yedr mptionally, the

recoveréd gagcrhay b@rrerceene@ﬂ [ t”d’t'ﬁ'ehh{éc@ibﬁ' érﬁ!@ﬁ may
st ream the oil dro s and, ot her

altepaivam %H{%c?qqﬁg%q!, o he aPRro @a%\@rg Ip€®at or cycl one

[002W]| | %thré@e@éli W:tﬁﬂ'@siﬂéétttbqa@ Y1 fya ﬁbﬁﬂﬁhﬁiﬁ@ gas
bubbl es in a noderate centrif Os

exemplany s sygem %aea@rmméor Feraﬁwnsoqpntammawg {e.g. oil,
greé%@ WiigE %d%t'h%?"sh)ﬁ;i@ﬁ&éd Rt 5rofe oba%ewen Qs(ﬁro&ﬂ@ed

water m xture pressure Oop, acCr 0Sss t he
water, 12 e'ﬁmwgat@éwp@@rkamm atsleaggoﬁ@@omamh‘@rﬁé%tr@ﬁéporteﬂ

throﬂgﬂ%“c?ﬁ&ﬁlf hWglib\&@ g%i@l%?'cﬂf@l%heo’fﬁ EFH lﬁFSEucé”é‘ ﬂ'lér%té 8f%5n

applicati n“a typical produced
miet 13 dbae @0 isratraduped wmmeaheldymm ther Wﬁtﬂ*rthtwle ﬁcPQl'f (not

sho%&g}aﬁ@é?m BP%§§§§$&E& Hcfthd n,ggg‘?hgﬁﬁﬁ @Q' tibRafhf

one no mting essurve
preshrd mmcmslmteltbew and g cyeioalaot& axﬁsmmser ealiouiISl@erSe

tho JRE LB BB BeokBiory " hus be des; aned for &
[0028]es T lhre&s@bsmatmfcmﬂ 18 reoeifepthd WatbpdR 24 the cahduit 14 at
the fiel (8 bt Pty NG sh6o Fne ALAE auBle PP rfyerd 2835 #Byotone
to irrfuice (ﬁ}&ldnimllonaﬁ t[\@@aﬁ@e Aftery efiG fohes= Cynlohe 16 has at
oo B Akl R EEETHS o el R o L ] b oo

half@f%@ RO nfarfirHNg Sﬁ!cﬁ as bl @or?@c.ﬁtiﬁs 88 Well 28 an underflow
i bution or dispersion s medi um

The
outlg) 3B SoRmauipoist lesst Iighobie SAETCARAtEEIPoFUCh B via

condigB@asi ng the uniformdistribution of gas bubbles in
the water. 30 [0023f] | n anot her optional enbodi ment of
[00&% u@@mmbmailowe@!b' wates contaiameatheg gontaminants and the

gas%fl f or S ug;@aﬁ%ﬁlgﬁmg gg?g ilrd;é“sb%nﬂﬁf? %ér;'gé‘rﬁat%r 34.
whieh sepgrneéra% eukthe gep&0 ﬁs@m t&\m mmgterlas ﬂ@nt@%’péltthﬂ oil,
arodffont eSO LA OT B A bt o
sepgetonddmyay be equipped wcth a pressure controller 38 on the gas outlet
40 and a flow controller 42 on the oily water outlet 44. These devices help
regulate flow through the system 10. Further, a feve! controller 46 in the
secondary separator 34 may control flow of the water thrdugh conduit 32 at
valve 48, further regulating fiow through the UCCF system 10.

[0027] The UCCF units described herein are expected to be smaller and
lighter than conventional flotation units, with attendant lower costs. Operating
costs are also expected to be lower since throughputs/flow rates are expected
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separator the oil, grease, solids and other suspended
matter will flow out with the water and substantially

ut 95 volume % or nore) of the gas Wpldrmsi007/015669
Wogédag)&%? overhead fromthe oily or contam nated water.

Optionally, the recovered gas may be recycled back to
the injection port, and/or may 5 alternatively be

di scharged into the appropriate vent l|ines. [0024]
Shown in nore detail with respect to FIG 1 is a
non-limting exenplary UCCF system or apparatus 10 for

to be FateY 2B At dvith e Ot Phie PRSI fusdh a6k B8 1o the
highen& Rircé@ eﬁmeymwméﬂdcmﬂ anits apgd anhetheast T@rwnerate the

rangeg g AP B BT AL e o B ARG v LD gt fiat

highet ﬂhr@hghﬁuteﬁ“ﬂscéﬁamﬁes Ifxbrrwélmde@ammtmmeﬂ riﬂl@hehe

core ] ok ol eSO O3 B4 1 o
convérftidﬂaﬁwbrﬂ'ttﬁog:be Eﬂﬁﬁnﬂmh ?ﬁ?ggat\;@qageﬁﬁtﬁ@& ae :&mntz‘ol
e hSySh S LR SR M ol R4t Rl BB
importait tbffﬂnaimaytj;uhﬁfogﬁsaénd Bmtpsnl et 18 at relati veI y high
[0028] ha e URE RIEBATE SethiBrton-ahe TRTIRrRes BRENSfeLEb8d with
referérgtfétfﬁsp&iﬁé @ﬁﬁ)ddeigi;etﬁfﬁs fhereofisdnd l‘sﬁe:??;gﬁ g?lbmﬂﬂfmtl\@in
provigiBErmBIMa AP R TEACY SSBRIRED O reBTR Y gther

SUSP mlléd ﬂﬁatﬁr mge&eﬁicswmgﬂfrem watera@ith whmretrce/cngtaamnants
t a 0

t 30,
oro A HONsbo S R e ol i onances
can Héoﬁia@e’ﬁh@get@t\hﬁtﬁommmgﬁtcﬁnahd brbsdqaspiﬂﬂonayope of the

inverBp A% 584 o5 InRP PR T BB AT IS B8 SHagicatien

" to beGebyrddd B as GlustRitdenatiterithand test@dtivgy seovsee. dfat example,

t ti mbodi
the sagataLFYE QBRe ARBRIoRIS AR Eacy SERHEATON #RY Fopial dayises
may B8 l&!hh@\bbﬁfo&ﬁatﬁﬁlzbha’r@@&heaé||lmstﬁﬁledlaﬂldaiéécvmed and even

thoug}b{}{qryg\lgle?é pgiz sggcé‘caiiy .Jééu\“aé %rr tlglgct:l |r? ta éaf'rtxculg\? system or
apparatus, and would be anticipated to be within the scope of this invention.
For instance, the use of gas injections and gyclones in series would be
expected to find utility and be encompassed by the appended claims, for
instance to more completely remove the contaminants in stages. Ditferent
produced water and other industrial product water, and contaminants other
than those described herein may nevertheless be treated and handled in
other non-restrictive embodiments of the invention.
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regul ate flow through the system 10. Further, a |evel
controller 46 in the secondary separator 34 may
control flow of the water through conduit 32 at 30
val ve 48, further regulating flow through the UCCF
system 10. [0027] The UCCF units described herein are
expected to be snmaller and lighter than conventiona
flotation units, with attendant | ower costs. Operating
costs are al so expected to be | ower since
ClaHpgughput s/ fl ow rates are expected to be faster and
greater with these UCCF units. This is due in |arge
wddkimt o the higher G forces enployed by the UCCF units
and nmet hods. To generate the ranges of G forces
contenpl ated herein, the separator cyclone nust have
hi gher throughputs or capacities for the sane dianeter
1. VeSA&lompdcd Bfllomic TRt MSHrafiRl @tptinpt es better
separation efficiency conpared to conventi ona
technol ogies. Elimnation of the gas-liquid interface

as & sSeRarYl cyolenedpringrakleasione laegentildnletallqastiane y
S I ) I f I liaui
V¥ at ?%%ab?gt% ?ggro\frr% uang s{)}fvp@ ﬂ:ﬁf&%i I ﬁkﬁﬁoﬁag%aesglé?ﬁg

intepface;fandatileast ona dqiidemdudneadingtie dhe atdsastionedanganiial

e v R

gagpparat us for separating oil, grease, solids and other
suspended matter nore efficiently fromwater with
whi ch the contam nants are m xed. However, it will be

evi dent that various nodifications and changes can be
2. madFhehgpatousbl dgith 1 dephet dcorgplisiagat astsmadisperser ri t

. or sappe of Hhe 15 inventjon as set fo[th in the
intgpmertaetha afileast oneesrfoﬁwdgﬁgﬁ,sepﬁ@t%rp% Mecation is to
be regarded in an illustrative rather than a

restrictive sense. For exanple, the separator
3. cy c[Thaapparitapet deains 1 fedberemmprisiag apadditionah gerasatarol

' i Msied f h
Ao B 18 S N RO e FTEE {hoLh they wer e
not specifically identified or tried in a particular
2 I -
i e e e R S T R

opefsted begasniahoac o and abodt gy sones in series would be
expected to find utility and be enconpassed by the
appended clains, for instance to nore conpletely

5. ENV@rhhfet epElbATF ARten hppsaeeomplidiher edpapiteduced
wat er and other jndustrial” product water, and

hydepryslansdirings ehlepstona leagentil daleged deashane Resrdpn ariiet; at
leXEVRE LRALARSY Q@tlét?rglggﬁgerﬁsﬁ%f Qg'ag-'lﬁﬁid htO&Y: at least one liquid

non-restrictive e I'ments of” the 1 nvention.
conduit leading to the at least one tangential inlet, the at least one liquid conduit
comprising at least one port connected to a gas source; at least one disperser
intermediate the at least one port and the separator hydrocyclone; and at least
one additional separator downstream from the overflow outlet adapted to

separate out gas.

6. The apparatus of claim 5 where the separator hydrocyclone is capable of

11



Clains W claim 1. A conpact cyclonic flotation
appar at us conpri sing: a separator cycl one having:
at | east one tangential inlet; at |east one overflow
outlet; at |east one underflow outlet; and an absence
of a gas-liquid interface; and at |east one liquid
conduit leading to the at |east one tangential inlet,
the at least one liquid conduit conprising at | east
one port onnected to a gas source. 2. The apparatus

beigg apegatad W@O%éﬁﬁpgﬁ’ﬁﬁt&? GSeast one di sper ser
internediate the at |east one port and the separator
cyclone. 3. The apparatus of claim1 further

7. C om’fhe gbpayasus efddain pAatherqsanpiising ableast onegasreeiels e

I

froff )RR R Rt QRS U sepafuned Bt SRASHAT 4% Blurcoto

thd&t legst@pe paiied betvveen about 10 and about 30 Gs. 5. A
conpact cyclonic flotation apparatus conprising: a
separator hydrocycl one having: at |east one tangential

8.1 Nl Almetod! f6RA leRRtGRMENY teibVAHE h@bitaahina8BfonDWeter mixed
underfl ow qutlet; an absence of a gas-ljquid

thergyiths eerepriging t:ragﬁpcaﬁ!@glwew %prﬁawa%g at lre@%*danﬁgm?mﬁ@ﬂt
sel@I:tegw ih (7 ngr @Ishﬁk of BlI¢ %reaéehzﬁlc?&uép%ﬁééd ﬁﬁ%teI‘ ' 1ﬁt6 8

con I ng at east ort connected t
seppratayayclone; imtradugistg addeastipep gats;@rto the wates prior éo thﬁa at

| east. o I

seh S8 GHEmEEk BRI e S BRE oAt and

at eaet §drmf\of)mtel cehtanimphefronoatsiepsirsate afithe gaser i6 afirebsence of
agq (il claim5 where the separator hydrocycl one

ag HItE ‘Fe bei ng operated between about 10 and
about 30 Gs. 7. The apparatus of claim5 further

9. e e Spaod epaiRim G Whatsahe of [retespas o e B30 Angabe pileast
sobneofIRe c&ﬁﬁﬁﬁﬁaﬁﬂs I‘&ﬁo@éd fr8APtheQBBaRebil cycldhe tﬂrd@‘h@t%ast

or at least partially renmoving a contarinant from
ongmverfloy seidettindhddicommunspgionsvith the separporcyelgneat er

contai ning at | east one contani nant selected fromthe

group consisting of oil, grease and suspended matter,
10l nt Tha methad af ckhimy&Wwhees theat Iemdtmjmg ofithel vmgt isgnmayad

th { ' t I
fragg B stiengiongy s BiroBaal RefOF FldrSYRRRE Bl oo
coitfuiicalie@ sithsiberepdratdiecyelonieani nant f r om at I east

some of the water 1n an absence of a gas-liquid
i nterface.

11.  The method of claim 8 further comprising dispersing the gas uniformly
into the water intermediate its introduction into the water and the separator

cyclone.

12.  The method of claim 8 further comprising sending al least some of the gas
and at least some of the contaminant to an additional separator and substantially

separating at least some of the gas from the contaminant.

13.  The method of claim 12 further comprising recycling at least a portion of

the substantially separated at least some of the gas to the separator cyclone.
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9. The nmethod of claim8 where the at |east sone of
the gas and the at |east sone of the contam nant is
renoved fromthe separator cyclone through at | east
one overflow outlet in fluid comunication with the
separator cyclone. to. The nethod of claim8 where the
at | east sonme of the water is renoved fromthe
separator cyclone through at | east one underfl ow
outlet in fluid conmunication with the separator
cyclone. ii.The nethod of claim@8 further conprising

1401 STRE $hdtHod BEcIHRA SUihdreraidast Sire bhhenRdter is separated with
internediate its introduction into the water and

h
theeidangisomesféhe es and the affeasteems of e %qrga%i@muwiiﬂg they
ar§§é§§gét§a%rﬁp%ﬂaa&tsoh@?omé%rpf the gas and at

sofre 0 e contam nant to an additi onal
separator and substantially separating at |east sone

10 8 8B B S FOPAARL by 1B BB 80

abpar4d 08. of the substantially separated at |east sone
of the gas to the separator cycl one. 14. The met hod
of claim8 where at | east sonme of the water is

16SePA RERDAMoE Bt et RirtihBRFIMSANE aQbntdifinaas frafthwh e ndiiked

| east sone of the contam nant, when thelé are separat ed
thenewiithy FRMATisings SRNSROFEINGATHRCORIRBY NS aliiSastne copiaipant

B T
sepa;atdrd@%dﬁoqgmi; In;s}lr(ﬁium:g @r']hem onefgas mindhe watdngpr to the
TR 5 LR e G e

sepaasing byrgclohicaiction@f aseesadbon spand ebontgd 6s,at laasbsame

epar at o drocycl Qne; i ntroduci at .| east on as .
of B sl Ak SpE R i cartam Gt A 7St GU9E PO water in
théls§ReAR Mgt clons inlhh bBEdH 4 Jf Ateaslid@idvaiterfaceand

separating by cyclonic action of between about 10 and
about 30 Gs at | east sone of the gas and at | east sone

1707 he Iﬁ&ﬁbergfe@gglgfg;‘&@r@&hé SERAStSONR: @fthb 25% R §F lehst

the separator hyd clone 1 n an absence o
sogesofithe vorkaiminantiacemovad fromhiherseparsdonitydrpayalenisthrough at

le%{f %glg 8&!%1?1&% odt?eqﬁ{l ﬂ%?d'rgorﬂﬁmltng&ftg)gl ghé%eéa f so e

am nant 1s remnove m t he separ at or

hydyeyelonel one t hrough at | east one overflow outlet in
fluid conmmuni cation with the separator hydrocycl one.
18. The nethod of claim 16 where the at | east sone of

18t Ee 'F@Lrﬁéthiolﬁ ofermed \/leﬁég@t%l? Bt ﬁ@ﬂaslromeo@f th]g d\Fa_QgMS remeved
through at | east one underfl|low outlet i ui ) )

frems Fhe FeRagRio0s Aydreacione tapyigh At drashgne Bea%!rf{?%?uﬂet in fluid

communication with the separator hydrocyclone.

19.  The method of claim 16 further comprising sending at least some of the

gas and at least some of the contaminant to an additional separator and

substantially separating at least some of the gas from the contaminant.

20. The method of claim 16 where at least some of the water is separated with
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19. The nmethod of claim 16 further conprising sending
at |l east sone of the gas and at | east sone of the
contami nant to an additional separator and
substantially separating at | east sone of the gas from
the contam nant. 20. The nethod of claim 16 where at

| east sonme of the water is separated with the at

| east some of the gas and the at | east sone of the

cont ani nant,. when t he separ at fromat |eas
thes sypomeof jhe g3s and t)f'le east gome o? ﬂ'le contam%nant lelen they

are separated from at least some of the water.

14



