1 FLU D TREATMENT APPARATUS FI ELD OF THE | NVENTI ON The present
invention relates to a fluid treatnent apparatus, and in particul ar, but
not excl usyyedoyassta an apparatus for treating water pr@edusadodnemsa

subt erranean hydr ocarbon bearing for matl on. The present invention al so
relates to a nmethod of treating a f1ui'd. BACKGROUND TO THE | NVENTI ON

The fluids produced from subterranean reserv0| rs are typically a m xture of
oil, water, gas, normally w i In the early stages of
production the fluids may %feﬁigdﬁ%ryﬁ con 2?% ng little or no water,

but as production continues it is normal for greater quantities of water to

be produc s the proportion of water in the produced
fluids caﬁﬁglé%gf%%%} ar%Nﬁ%gm bly around 95% Reservoirs do not always

produce |arge dira rmaehtelsvwhors sfriepin 2 (M Heatmant apparples.<HRdN PREEYRT i on

general |y { pRiC3eRSvEy 16 RR a\ﬁeér@fusﬁérq%mg %tdrﬁb%dﬁéé@ﬁomT&&Bﬂ&Fa@}éa@r Oduced
fromthe reservoir is terned "

d, wat er
be i nj ect &ydma@NROD ﬁ?@‘@l‘f@"’?ﬁpﬁatﬂ@n‘”ﬁeqtt'n"ﬁﬁgprb@m‘ahr%’éﬁﬁqa %Pg % he
envi r onnerizatifgs figyanpl e, in off-shore production areas the water nay be
di scharged into the sea. However, the produced water nust be thoroughly
treated in order to renove substantially all traces of oil and gas prior to
bei ng di s EAOKEROUNMD T TE BYWENTDOMeNt in order to neet extremely strict
environment al ‘rﬁ%hﬁ& 8?5@%&0‘ from subtérﬁng&m’@s%weﬁ % erg% é'lﬂ&tu?@@f ations

t he produced fl ui reservolr 1s init to separate the
sal eabl e oillwatgrdggrmsofmajinmith @ awaniyobedide ’V\ﬁlee‘?aﬂéﬁtﬁ%aﬁﬁpmmv&e t he

separ at edﬂt‘é}@% fla ‘Me'"bry* yel (éélrlnt!ammétnttlel or%nmérnbmq&s&uoﬁbh Goritasd jtid es of oil
and gas and as such i s nor nal 'égr econ aréd?&@at ment to further

" reduce t hBowh s QfaaRicyRNtYes Hﬁ/‘éf?tﬁf: d‘ﬂcﬁg BE N L ArPFER di schar ge

to the enyfwasmite p;lbdudademm@anb@aﬂa gond mdmslbcyrmmndo@s% Reservoid process
known as "flotation si st I f oil and
ot her conf@RPAINTS W?‘iﬁﬁ?gﬁ?%ﬂua%%s Sahg Véhe(’ffthﬂ %% n}%isgﬁg}ago tEOt bubbl es
of gas ar gerepdllydttuesds anthe Waﬁergorpdumdmmcea%s Fieoaatat prodyceotfroar the

est abl i shega}\@ég&e{?%ad .;Hogé%?vvg%elﬁas Fl oatation) a vessel containing a

cont ami nat% e bubbles will to a greater or |esser degree
attach to the Tnprdigednvater maytbsaisissier kacspnetige Tarmatian £ % mambeo t he

surface O&lsérﬁ?gé@gﬁtg e &rRAYhRENt! BeeRishdie o oﬁ»@ﬁor@@?&(acﬁtﬁ%r@éﬂﬂe fater

cont am nant s the upper Iayers of the ter enri che nt am nants.
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In subseqidhbe dissbarged tﬂt%theﬁé‘h LU R (31 tt@ﬁ SWAHE

2009/ 144 44306aT /‘r@?&@% 06h6EL sdosharialie sl araeemcbdeﬂ ad gae pameai edingo separate
cont am nant ef erred t S t

Fl ot ati orf'§ af??éa’f‘ Oy{ 8p%‘}"§?%'89q i og fl st Hrsrhd s?rHt %‘Vﬁ:&wahta'

nuous” pr oc ereis a
cont i nuousgiiatidrew of contam nated water into the ceII "and a conti nual

out 1 ow of “cont Al AAMPHLGIEH opBlRbnsle odub @il fofHihE 3Rrloyer s of the

cell and a continua cont am nant depleted water fromthe
cell at ammwéregtedatg sepagtsl the SRlsabls Waedrias flany theoHstaigrblg waler apdh t he

vessel . Holwels, l%ﬁé'aéepﬁa%e& h@t&omﬂampmw stif | @ated dractdeasarr f ace of
the water to be retained in a froth ﬁ)é bél%:Elther fBrrred at g(ally when

t he cont avenigs of af gndpg%masaqucbﬁ%wﬂr@ PUDIRSh Bt BT %‘?4?@%‘3&5@ %t the
Y"a]EFr _SU'?urﬁrfé?red@sE:e\Mé Ebdcbﬂrmﬁloﬁhmearbcﬁnsctb%mbflﬂe\Mélmetsf'floﬁﬁsedmﬂi@éf dl to the

i nflow n . ant _co na exanpl e droplets of oil, may
not need%ﬁ{;‘ %é“"f?%‘? ”PJS'C @gﬁ%?lﬂ?nmg%ﬁ?gggurface. The contani nants
on the water surbeee knawn be "faationedh dsynmonkarsestty aséishipdhes rertdval oo nost
common be) ng, Wel %o an% {S% Yyalts! Ol ;Q'ﬁ'\ciﬁ@ &W\o?a'ﬁ%fx%ﬁna?guw@s}]oﬁ he

cont ani nant enr|che ayer grefere ows over them or
paddl es @h$ are s‘\weéqapeﬁhéioc@r&t,a'ﬂiﬂm ahFfcatrianiserr W&c%ﬁt@f%!ﬁéﬁd BverS-a weir

which isp %ew%ﬁ 'cs\/as%g&ataldnglatde\ésab&msmrkgeav&h@hima #6@r, iR M@ Of designs

of floatin devices are also kK h have 't he advaoﬂt age that

t hey canbyties wiidos gieater o) 5e8t FeaTes AUaPelCal e e IAiRANG: IS¢ PS
of the afRpREERh &I Heh*RAheaILfase bhivdsvaten lRepg e dalkess the water

depleted of contaminants, and the upper layers of the water enriched with
contaminants, In subsequent discussions, each volume of water to which gas

an either



In I nduced Gas Floatation (I G-) nmethods, gas bubbles are typically added to
the contam nated water by eductors or nechanical mxers. An | GF cell nust
be m xed wo loed/mgst he gas bubbles into intimte cont acPCHEBRP/PEIT

contam nants, such as oil droplets, sg that they can be separated by them
but this m xing has the side effects of making it nore difficult for the
bubbles to rise to the surface, and causing variation in the residence tine
of parcel 5, gfcaiLiqdthtdiafe tR8 8 & sepatiit|Bntuhfhavemageeieirdenrcas atime in
the cel | can pbe eterm ned by the volume of the cell and the water

f1 owr at e, “teomi'efiey ¢n nean that sonme parcels of water pass through the
cell in a nuchrghfihet ddualy bparbtetiSas equéntiedodsoprapess] whegrartherieon, 2 and
conversely sonme parcel s of  water resi i cel l. nuc nger than
the aver aé@r‘tf”é'gﬁ‘gérﬁ]@@’ of ﬁ@tam‘naeted W%reﬁide%ges!sﬁ&l 3%%03 Eg@g%n‘i J);(Llltalil&v ?’ﬁ the cell
t 0 cont actohiBmirgaserrichbd esteaddwedralie rarface legeigos Hhet el agfl B oo of
separation jn t (oF=1 0 i iyamori zont al
vessel s V\/r?f'@ﬁw(?gneac?)rqlaémp%rdé‘:ﬂ%t?g&%%??g@ %I#??ﬁ}azee%is gzwmﬁ%l ly four,
so t hat t leesentiglyaiohstenflpys! BYiBgy vesek he separation is increased. Exanpl es of

known | GF syst E’]‘é BL@Lant#aP $he ¥RRarAREns TRWkd B HS 4urkRd, otaie wdfer2006:10213840,
Us 3, 972, 815, US

647, 069 and US 5, 348, 648 . vertheless, in
some appl refainedins Ntk pihichiis ginegioamed Q%Er a@%}ﬂf‘é‘ﬁ ?’lﬁ%ﬁnf%ﬂn%ﬁ? 7's pé?see%ﬁnom,
whi ch haveg; gheShigiHresohtnt@ebis fohnd bt thepiwatet lsyrfaees oa vétbl the \asbistaece ahd hence

residence tinme, songwhat |arger .fha f [ : |Is of a
tyical | hEP§MeRE d?h%r%rﬁd??g%(a{ I"i}[somﬁa g%@ﬁ I %ﬂg%rnlﬁ gﬁé%ﬁ'éia?‘g af:c}r: shown in
WD 2004/ 132838 drpletiSofmilbay B8 heed to be frothed tokegndieans BUi6E svifree- an | GF uni t
requires the flLujd Lde. Wit hi | bd PEma ekt @0vasiff bci ent to
al low floatati on S?At?ﬁﬁen%ﬁsl gna\rflﬂéa'jt @é%é%gﬁ?%ﬁ%?? ltjéheé’;ng;as. I-{)wever ,y i ncreasi ng
r esi dencemeims tha o nibst semmpn peig weirs fet shahtlvhaiav heiveiersudesRtn theht e whi ch

can be ac 'ee(?lo(é%mghgmr%bﬁcﬁ’é‘d Pafk DhyRr tRfadAfARSAdWY bvar3Béte, BYpadildseasi ng the
size of the uni t

ut this is not desired due to the restricted
avai | abl ewhigaSweph e PRRAITEA 8 EISGCHEED [FVER 015 o el vicn 18 nommaly™, o
desi r abl egdtqyigRAUSSvENRe SRASEsOReEDI £ humpber andiesighghuf flodtingesiimpingnt

installed on offshore platfar a ' e fl:@at ation

ni te haveoBER B ARsOS R WPt [ aepias nbCASY 8o 1BAEL o Wit B

m ni mal plaatior Gotaperating Ko Exelnthiae, either of thet aformegnénnas WO ML 1965

di scl oses_a,vertjcall rranged vessel which receives fluid to be treated
via a tan'agttt?f’ﬁsa%nyaagg?%gﬁgdé% fluid inlet. Arranging the fluid inlet in this
manner est abl ilemwce@%igf:@ﬁt%mt(ﬁf}WWQPW%%P&PWWW&%‘@HVﬁﬂin‘? HOi s al | eged
to assi sty,coaleSEeREE waler Uyl edtolr8s maahinies raireks| | Aat@F icen riust bhe sur face.
The vessef1 may | ncorporate a spi i

_ iral.ling quide vane to enhance fl uid
rot at i on. mixed to bring:theygag PHaR'e% £1q ﬁh”‘@%s%"ﬁ“f&"t%g’é% %ﬁng%mg?r%% sT’“'Sbv':"‘["%ressure to
pernit digs@bMe®, 9aIhAtahey ebiv ee fseparatadebyntitear, Huhdise neixing beediesidas bubbl es
in the zone adj,acent fhe fluid, ] t Mg e nits.
However , gffects 9t f’{ E'ioéen?'w\?g'f ﬁ;ﬂ%}%o?ﬁb%éégtﬂr@%ﬁ&;?&%lj@%@‘tﬁfg Afalggulpg t hen
addi t i onalarigram imahe teaidadcketing of pdreels plivater within the gl Whisothg @pergpg o
di scl oses_a conmpact. _f j ARV ' h itgaMvbder ar r anged
vessel wi" ﬁd%\ﬁg' G ‘%‘bé;@%ig%\égceur%t%rhﬂggi F%ch??eﬁﬁiﬁ%égﬁnggg@f | uird
rot at i on.flowrat&Rhe mixity 4P mehe thab SYBE PATcel qf HatecRass (HRENE &PY ' &r r anged
{1 Ul 0/ SPafQf e dieintin isTRBNRAI! o separai], 6l Conamselfdontk prates. | nt o the

vessel . er techni ques fgr tr&aqt itn fl ui dsaﬁ%/ tt}e use of gas

bubbl es icheRigaEaY sedRl8 the SN IPPHPEERR 'a%%‘éefaqerfe‘ U ¥1%i d to be treated
i s passed t hr gughheggisry ab shavatmixing it dhereet to icontact thecgati bghtiassandn.

Exanpl es of such, techni ques _are di i S 1,3 9 80, 665 and
s, d06 cpainants redugss S SaR1Ge5 ofFuliaiin R 40 ed idr BFeasd BRI O

separ at i Rgsseisl arbr ammatie horiding! deseliowbigh aptirae ysuraiife lofi dés cslH ér at e

gasi fication i fi [ Ieff e iSerbJtgoduced into
t he gasi PPE&L i%g)n a@ﬁgﬁfgé%’ 3’?%1 *ggé’g%gg%ﬁ?%é‘?@%% rg%u atoﬁof?l Io{é%l urd to be
gasi f i ed Examples 3if BinewbelGhe eysterhe ofl djayRs Bt SBAWE ek S8AdST h &S

gasi fi C&%?&ﬂoﬂ'@gﬂ@%s g}lgg-ggg@, UL bt osPancons kidag 648, and the gas eductor 40.
4 t I's anong objects of the present invention to obviate or
mtigate one or nore problens in the prior art. SUMVARY OF THE | NVENTI ON
According to a first aspect of the present invention there is provided a

fluid




treatment apparatus conprising: a fluid vessel; first and second fluid
chanbers defined within the fluid vessel; a fluid inlet for delivering a
fluid to hentmeatued into the first fluid chanber; and CTIGR8W9/061#81 nozzl e
assenbly for providing fluid communication fromthe first fluid chanber to
the second fluid chanber, wherein said nozzle assenbly is adapted to
facilitate mxing of a gas with said fI uid. The at | east one nozzle
assenbly may facilitate entrain t

Al ternatively, %@ i @rfa?me a g{?(%%o %t ?.mgfé Sqaﬁ%gdzqugaag%rgumts ar?ray
facilitat enbw, eﬂirmmhava:emmgfﬂglﬁﬁlgelbwhlééltywly hef saceladlymif: é‘ngé'leﬂc?l ui d.

However, for, brevi 6,!myf i ehel BUCBI R, hall gener al
concept of © srlﬁ'e)'(-’cﬁ\fm;%ggv&lnet Qt 'BF vev?% eaogg% | nteo the fl wadtty% ng
treat ed smatwton@ri@ﬁ:aluw bEX?fé@‘@’r b puep I @H@P%?‘H%ﬁtareﬁﬁwap‘ﬁa us nmay be

adapt ed tQuhkealgad Jnldtugllsgwg@r ning multi pI e corrponent s, which conponents
nmay conprise any one or f F
ample, the 1 s andatpiesaiti9dch ‘i eopIo o i BRI AN BEPRET i Xtur e

exanpl e,
or the likg. 4 ofi | dicidrt Ub Calletvafidzeationayf e aillgpideseracatioecdithe dd%e fluid to

oo ;ﬁggg‘a@ggvert LS BUt e SIS ol ah S rbAeSRE Ml nhle GRaRRAE i th

rate which can be achieved. It may be possible to address this issue by increasing
the size of the IGF unit but this is not desired due to the restricted available space in
conventional production environments.

1t is desirable to reduce the space occupied by, and weight of, equipment
installed on offshore platforms, and for this reason compact fioatation units have
been proposed in the art for treating produced water with minimal plant footprint. For
example, prior art reference WO 02/41965 discloses a vertically arranged vessel
which receives fluid to be treated via a tangentially arranged fluid inlet. Arranging the
fluid inlet in this manner establishes rotation of the fluid within the vessel which is
alleged to assist coalescence of oil and gas bubbles and floatation to the surface.
The vessei may incorporate a spiralling guide vane to enhance fluid rotation.

In WO 02/41965 the vessel is operated at a low pressure to permif dissolved
gas to evolve from the water phase and create gas bubbles in the zone adjacent the
fluid inlet to mimic the effect of IGF units. However, if an insufficient volume of gas is
present in the fluid then additional gas may be added to the fluid.

EP 1 400 492 also discloses a compact floatation unit which comprises a
vertically arranged vessel with one or more tangential fluid inlets to encourage fluid
rotation. In EP 1 400 492 the vessel also includes tangentially arranged fluid/sparge
gas intets. These inlets communicate gassified water into the vessal.

Other techniques for treating fuids by the use of gas bubbles include cascade
floatation techniques, in which fiuid to be treated is passed through eductors into
containers, in a cascading fashion. Examples of such techniques are disclosed in
Us 1,311,818, US 1,380,665 and US 4,408,782,

US 4,986,903 discloses a floatation apparatus for separating ofl from water.
The disclosed apparatus includes separate gasification and degasification chambers.
Gasified ‘water is introduced info the gasification chamber via a gas eductor,
Recirculation of fiuid to be gasified is possible between the degasification chamber
and the gasification chamber through recirculation fine 70 and the gas eductor 40.



therein. The first fluid chanber may therefore define a distribution
chanber and the second chanber nmay define a treatnent chanber. The second
flui d chagjeetossraysde adapted to accommopdate a separ at i BATIGBRHPHEHE1 of t he
fluid therein. The separation treatnment nmay be adapted to effect separation
of conponents of the fluid, such as cbrmponents of different densities,
chem stries, phases or the like. Advantageously, the gas entrained into the

fluid entering the secqond chanber | & SERAENE QR motdre

separ ati on treﬁﬂ%ﬂ?“%&?e%%f‘?gg?%esg’%%{?%ﬁ{?a{l gonbtllsaggpgrr at |Bon treatnent. In one
embodi menpdoinsse@@liof btti d chanber may be adapted to accommodate a
separation treatnent to effect the separation of mneral oil and optionally
gas fromwater, such as water produced from a subterranean hydrocarbon
reservoi r SUMMARY ©OFarHEaH&ENENONt he entrai nment of gas into the fluid
communi cat ed from the,f irsd: debatitdr ahraplogént Mysnass irstre fid pavaed arflugf the oil .
The oil may beAg{qré%ﬁ%gI Llgﬁo,r ,Sgt herwi se collected fromthe surface of the
wat er wi t hieatvehbanpaaiefdcAMRISMSchanber. Additional ly, gas rel eased fromthe
wat er may be cQlyl,aG¢hady: Advant ageously, providing the at |east one
nozzle assenbly to facilifate entrai ; Lotact.he fluid being
treated may el ‘rﬁimsﬁc?%ﬁ*% Lﬁr?rbeeﬁ%ﬂ% Eghgﬁé\;}gggmggtefﬁal pl ant equi pnent ,
such as gassi f haug, intfedatverparaibid odeireatssdnte thamtrst #dd chageberA¥oci at ed
with prior art arrangenent.s. kiR ichRMuBicafior fiem Rresent

i nvention it nﬁ@eﬁsg ‘%3&0#5%@3 to fqlrrl’plrseisuch,ext ernal or additional

equi pent fiuiBghameerto the seched Atid chargberowBerRB AALNEEAMPTPH * 6% Sdapt ed to

communi cat e._f.l.ui d whj tsaadyigbeen mixed with a gas into the second
Prurd chaliapitletnbRb bs 682 v t

e residence tine of. .the fl ui it D) n. cond
chanber may beTtsadessbas EPFﬁlea‘I‘slS?mQHtrﬁyefP?"tF%re trlagggﬂa rp@%}i?%% 'b%g_saﬁeui d, such
as separ ahi@h AHerfzAREIPNANdalohallyN el dtUbak ofibirezzihesesobly roaf faekists r om pri or

i C

art arrangenents 1n which the reside t ,g,g\m;jrqﬁ@{ee
suffici en!gﬂiﬁ%j?é@'}-fqomﬁww&i"ﬁa? very ot 93@%&8 S% ﬁﬁiuﬁ{y %%ﬁ%%ﬂég’; be”ar r anged
verti cal | yresdhisimidrpoURetveniiay tresgsnetal cencrpieiimiyied9as WiBSE BRIVAYY of the

fluid treat ment, apparat us. whi i redPR dd srglamieyt.i n of f shore
appl i cati BE%QE‘SA{PPBB%QY‘F \'égllny,ﬂje%‘%g Sﬁ ?;P&\ﬁ@%;?%%rm@ ) i zontal ly.

ui d vessel maii ng arr.angeﬁwﬂ%[e
Al ternatively Tus téparattshenay bel adegied] taliPahe? aftidnGRYEPES; A PiNe.
The first and Se?\fgo()qﬂicf\|c'di-r%oﬁ&ﬁ&%&%oﬂi@ﬁs&@nﬁéﬁ@&g@dombinbﬁora@i] lmuidat each
ot her witAPAPTRe véssel . ternati vel

. the first 1d ers may
be separ apesep amd @elfsd Vi ¥ hERRAR s@%‘l’.m%goﬂprlgﬁarégr%?%@gowwggi d
chanbers QR B8 ¥EMikipabl thediké.anged within the vessel. That is one chamber
may be at least partjall rran Gl R treatdd e
enbodi ment t heTh§ 'f"?(ﬂ‘i’:‘i’]ﬁmerﬁ%e%egéﬁyﬁ%etgggéﬁuﬁégl Iy arr::fr?qed bove a
portion OfjstiRGieSBIEANI nltatibereco®hfidd whgmeicivith eavaned §ruve ©F R8I of fluid
between the chambers. . ForE W¥ineOd dReBULidroRIMber abdiehef i r st and
~second Chw.%@r%@w%gﬁg%ﬁ% I@gttaerran ed within the vessel. That is,
one chanbesconayghirebartmavedadine pareaimant ¢"ay8inged besi de the ot her chanber.

The apparat us ruRE cRarRsdrtrhdy 08 cadpteti ad deooratmobaast sprarstioal | y
separate the fﬁ%fg%ﬁg second icf,c anmber [ Fa¥edi vide the

flu . _Ih t,]
vessel i ntreataent efaibe Tuifethpraint Tgﬁ&egaée Wdtr?ﬁ%ﬂ?r&i @ﬁg%edrdtsabggﬁe partition may
conprise g plaf AcolipBnbitk@f tige duidasucheasotorapnyesisi efatifferesthdgieitiesuch as

general ly circul ar, annul gr, .squ | big partition
may be se€ifmdied %s?%ﬂé%esmﬁf agé\?dgggt%ﬁkté&cggég%,s(y g:ramggéﬂr‘;{glqge-g wel ding, a

flanged comeget iten sebmid khgmbérniey f enhencse fitict serrgatian. ¢ nidel PR any

sui tabl e conbi nation t : dioh k@Bigay be forned as a single
corrponentEre%?“eﬁ&dpa)b%on?%gr%e%grog {%?%%E)Iig component s grtition may
n

: : h
define a wal | Ipomheoambedimenhda? ysePnNdnBUidr SHaAE" of@h&et PJ%F?“Q d second
chambers. The nactd Li QRamRY, debirie 2 baee 06 wpersatn hstrhinehanbens.
optionally gas from water, such as water produced from & subterranean hydrocarbon

reservoir, In this arrangement the entrainment of gas into the fiuid communicated

from the first fiuid chamber may assist floatation of the oil. The ofl may be skimmed



6 The partition may define an upper region or ceiling of one or both
chanbers. I n one enbodi nent of the present invention the partition may
define a Regenofissifie first chanber and a ceiling of theC¥gaEMEeWaDer .

The at | east one nozzle assenbly may be adapted to extend through the
partition. The at |east one nozzle as‘%enbly may be secured to the partition
such that the partition provi des support for the at |east one nozzle

assenbl he ope nozzl e .a r first
TG con@nPheaess RIRSGTIT IS Itee ShEpral P fRbad AR chafodt, 1 (°
fluid to tn@dﬁ.ﬁmy%sfréigdﬁeﬁlﬁenﬁhesmatdrlmﬁydnecdmda@ed into the first fluid

condui t. The Tyl d bortem m\;}s.{,g fyida aétnor'@%o?ﬁ%%s&@ﬁb@ntoofacﬁsﬁ% first

fluid chamber. ui rovi ded at rai sed
| ocati on ea’lrﬁbmuﬁ tfogas :bms@erfégd @gmgftrqaﬁ@i fﬂﬁys?“fﬁ“ﬁﬁjﬁ dh% HambEre 12 t hi s

arrangerment VL e s %‘Fanlt %ﬁ&%h@ﬂt Qfictt BE gtalsé# s PRKbrTRYImper éﬂrﬁpréshﬁrsﬂOZU e

assenbly £656 operat’t ona I'y'when a predefined head of, fl ui
treat ed |anbrti%h§ﬁt agsecipled withy EWOffqrh?rﬁe'@ﬁﬁﬁﬂﬁr ﬂ%?‘éer’dpr%éj ‘?ﬂq ﬂﬁy assi st

to pe(rjm thﬂ% @reggﬁr Al rtish r:if 'n@ﬂydt?f@dﬁ%ir?ﬂ’e aﬁld:ctilhé@\Huéiamnhmwneemdlﬁduel fir Ist and
second chanbeérs to_be achi eyéed., The, first _flui eptirely
cont ai nedeMiiEHER. ¢ FethepEae theapt @aﬁfaf’f]?/é\o?fe ?@gl qu} bg'ra ¥ %gedo@ the first
fluid C0ndb’rhhuﬁf@éteemtde\mdcfehaﬁranaédyybam ixed wéthse las mto the sqgpad dlid east one
nozzl e asserrbl%f E@Xﬁ;@e %sb nge b%gcoqrwe FquH'ﬁhﬁ%gléonr%d rh@yRermt fluid

comuni cafi@mP as source to a portion t he nozsz
assenbl y. uéem tsbstantaly, aptiehf fomitshtnaihsofs digr 6@‘%%}10% aén%@ﬂi‘fﬁ’ﬁ'@@l Pnto the

fluid bei n ?e&ﬁé'rr GRMTBYorCNBrArRn@As i6 Whichi ned
wi t hin thg %g%s thhe ﬂwd Thgq%rig%e a?' ° OI??SI d wi.thin one or both of the

first andtf@eesd@CElﬂmedm@hé!ﬁ%éﬁ@mm?p %?W&ﬁ'ﬁ{g%ﬁ‘f‘x‘f‘%e second fluid
condui t may defy Jl%ehu% Je%éét%d@%etarwhgéd VertiealigaThkidriaegernegintay asisbice or both

f the fi hanb Th I d
A B A Y R i
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define a fluld QULLSloeQREMM G Difel NETHEEROMhef titintber may be at least
partially arranged beside the other chamber,

The apparatus may comprise a partition adapted to at least partially separate
the first and second fluid chambers. The partition may divide the vessel into at least
the first and second fluid chambers. The partition may comprise a plate or the like,
and may be of any suitable shape, such as generally circular, annular, square,
rectangular or the lke. The partition may be secured to an inner surface of the
vessel, for example by welding, a flanged connection, bofting, interference fitting or
the fike, or any suitable combination thereof.  The partition may be formed as &
single component, or may be formed of multipte components. ‘

The partition may define a wall portion or boundary of one or both of the first
and second chambers. The partition may define a base of one or both chambers.



chanber to permit the gas and fluid m xture to be discharged into said
second chanber. The fluid outlet of the discharge pipe nay be adapted to be
at | east pastoodidsysisubmerged within the fluid being tr@aUEs26000H08 t he
second fluid chanber. The di scharge pi pe nay be arranged to

di scharge fluid into any region of the second chanber. In one enbodi nent,
the di scharge pipe may be arranged to discharge fluid into an outer region
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assenbl i egqdmy Bl AR EmRinBEMAT 6Fld yasCrit argas sBurch & 8gbeibn Petepher al
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which may be_other than circular. 8 .
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comprise gas provided from an externat source. _
The second fluid conduit may be directly coupled io an external gas source,

The second fluid conduit may be entirely contained within the vessel
Alternatively, at least a posﬁbh of the second fluid conduit may. extend externally of
the vessel.

The at least one nozzle assembly may comprise a discharge pipe in fluid
communication with .one or both of the first and second fluid conduits, At least a
portion of the discharge pipe may facilitate mixing or commingling of fluid delivered
via the first fluid conduii with gas delivered via the second fluid conduit. in this
arrangemén’c, turbulence and mixing in the discharge pipe may configure the gas info
small bubbles and cause these bubbles to intimately mix with the fluid from the first



Alternatively, at |least one of the plurality of nozzle assenblies may be
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fluid chawoemthaniat | east one other of the pluralityPoFCRIYIPYUIT
assenblies. For exanple, at |east t of the nozzle assenblies nay conprise
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be provi dq%gcﬁbeeratgbgbé_y or eccentrically of the vessel. A single fluid
passage may be provided, or a pluralit f. Tl ui iJBYA6e Pr ovi ded.
The fluid passageoras %ﬁ?@ﬁ@st"?ﬂy gﬂrraﬁgﬁgr’? Ap ia{)'ﬁl’” @%@ﬁ%ﬁ%ﬁg tIIatePi First and
second chgnherisst ke dhhmber. palssage, wier enfimfratived ey &ewdlisedextf®hdi ng from
a surface of the partjtion. . In j I Bde daft ne an
annul ar reXgnale: ﬁ]et ?Pztzi?eaﬁsﬁ'ﬂ@}esvrv}éﬂ gas%ﬁ%%quﬁg% %‘%%ﬂﬁd@tr tluid chamber,

wher ei N satighaanitbps of givessel, whisapayd atoerteaesiizelaf | uid to be treated from
the vessel fluid inlet. The at |east one nozzle assenbly may be positioned
wi thin the annul ar region.



The first fluid chanber may conprise a distributor assenbly adapted to
receive fluid entering the first chanber via the fluid inlet. The :

di stri but gvo assemlly nay be adapted to di ssipate the nBEEAEBIMOGPLEhe
incomng fluid. The distributor assenbly may be adapted to distribute the
fluid towards the at |east one nozzl € assenbl y while m nimsing turbul ence.
The distributor assenbly may conpri se -a box-shaped structure adapted to

receive fluid fromthe fluid inlet. s UG IdREARYh&EONPri se a
perforated regEafh peadf FTFRGYIEHTAT ??%%X%?Sg??%?o trom sai c]iirgt ruct ure.
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t he secon%ecﬂg@g_gtg,?rghe fluid ports, ENef appacateussseapliéuwiiier reodenpe inaéfeativéecond
fluid outlet adapted to ,ger m'tt ,d!;sﬁﬁhar ge predom nantly of a second fluid
_conponent und ganfiigentheadde reestRiP S anpl e oil. The second fluid outlet may
be positioned witdrhitivelyhest Seasdrmhef bluthe ehwastiberof noaget FreeTRISTH A | Rfi d outl et
may be positioned w thi n | fekicdh Qithia aae drat Maiaheember
al ternati \?Q?R}?dgqb%&’aﬂaﬁg%%&#%,%r%ﬁ?&n&g ‘f*g%dr" regign of the 1 isﬁ chanber,
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utilised. accordancd hvéthsteedwriphty af Hecrarasive fH PRSagANE BP%E'?%‘éeuﬁ; fluid
only fromgthe firstuflais Ghamperpreesondiongl sangsof tin Suidentrigetnt t he
entire voll-i?rreeagf f{deto be treated flows . thr i < TLui.d chanber.
Al't er nat | wetopd filsechgatesh §reyal the Bﬁézﬂ%@?serwé‘ii‘e%eqﬁg ;bﬁéfg@e{ ueidety er‘:’“t'/ﬁeed £1 ui d
from anot fer §OUEEEted in accordaatenwiinctiei crued fflowl withisi g 1acead dichet ween

the first d d fluid ch : X i | en
et cant szt B AT el SR S AT e 0 1

addi ti onaklay Aehi e editginot hesferamtiahdlow patien (Fae rgletinehis BRESAYSZ| e

assenbly may permt . [ & 1,00 @ftoRs ik Wiedfidw e@bo@ntheaigento that fst he f1 uid
being trekt .er'ﬁt?ﬂu%igﬁqpﬁa%?é% e Fluid treat ment agent may conprise a pH
neutral i seamieroccul ent or the like. The at |east one nozzle assenbly may
conprise an e grfefe red velocityl Rin§e YR 38do Bayeleaagtd seintirsihrgireporiessel
containing both the first and second fl ui ha I ] HERY

conpri se af gasogBwinpdsuiEin ty q@ﬁ%f%epv}nqd%%wgﬁggﬁ @Gﬁggﬁpﬁgﬁ{se an opened
vessel , fgL. b&wRme Brddefinecsuslilest hat at | east a portion of the vessel

may be exposed_to ambi ent atnp e : flectd 8 ARRAAL Yshatiry conpri se
athird fiuid EW%@BB?@%@%&P?%@&%‘%‘“@?|%FS cotd Srfl second f] uid

chanber f @itnif Uré herotd eadmbert . ThE udedleglompraneaned TRbHRer FROTEEEEHE 11 uid

chanber | gEn?m}sQefth‘gr& dfdid S GRAMRRINTEYe REcEHO\ChaRBer | aTtad defidisdr one

arrangement may be positioned adjacent a wall surface of the second chamber, The
deflector arrangement may be jocated in the region of the at Eeast one nozzie
assembly. The deflector arrangement may be configured to deflect fiuid which is

incident on a wall surface from the nozzle assembly.
The deflector arrangement may define a continuous barrier to fluid at the

region of interest.  Alternatively, the deflector arrangement may deﬁne_ a



nozzl e assenbly. According to a second aspect of the present invention
there is provided a nethod of treating a fluid, said nethod conprising the
st eps of : vaebdomdagufi rst and second fluid chanbers; delPiCrara2pg/oaiedl uid to
be treated into the first fluid chanber; flow ng the fluid fromthe first
fluid chanber through at |east one nofzl e assenbly adapted to m x gas with
said fluid; and discharging the fluid fromthe at | east one nozzle assenbly

into the second fl uid chapber to be.f rther tr.eat T luid may
be treat edSHOPHIUAYS R&TI8%c HHE Ay RRYEH " %l ggﬁgﬁﬂetskbg{dgtlaﬁgt;eg@ Cﬁwher ei n
the m Xi ngn&f cJIb& oBase wbfidetdr erafgamenti Mihe hen@torlaerasgemm PPRYZGOMPTiBiCi | i t at es

or assists the subsequent -t reatpent f r. A
f1 oat at i orPPEFE5E I’?’éfsﬂ ﬁify ae o?on\[i/"oﬁ' (5)%'5'%% Wﬁe %8 m é lémadé%qp@
The appar afetisctett drtangetento @ee fopmpare W@elﬁtﬁﬁﬁmﬁyn%%/ dﬁféﬁ%'r '%WW%’U an ﬁd%%cor dance

with that SpoaratisibcbhgydideienPRans walatiddadr Rl dednthahper.al i ng said
apparatuséJ eunesogto apply to the net q to the
present aspect To¢ defrstdryenepORNt MBCRE B‘F%dtsﬁbﬁa‘?t}ﬁ“)’@e%ﬁgﬂartl}g ®%he present

i nvention %Amﬂaéesofp&@\ébe&m éndrhiérd memwm arfgrypaniint Mag wapotiigiang: a first

fluid cha a second fluid cha
a[rgned relative to the wall surface of the sécond chamber.

A fluid passage may be provided between the first and second chambers to
permit fluid communication therebetween, preferably in both directions. The fiuid
passage may be contained within the vessel. Alternatively, or additionally, a portion
of the fluid passage may extend externally of the vessel. The fluid passage may be
adapted to permit fluid communication of a gas between the first and second
chambers. In one embodiment the fluid passage may be adapted to permit fluid
communication of a gas from the second fluid chamber into the first fluid chamber.
The gas may comprise gas reEeasecf from a fluid being treated within the second
chamber. Alternatively, or additionatly, the gas may comprise a gas supplied from an
external source. The fluid passage may alternatively, or additionally, be adapted to
communicate a !iquid or solids or the like .between the first and second fluid
chambers.

The fluid passage may be provided centrally or eccentrically of the vessel. A
single fluid passage may be provided, or a plurality of fluid passages may be
provided. The fluid passage may extend through a partition separating the first and
second chambers. The fluid passage may be defined by a wall extending from a
surface of the partition, In this arrangement the wall may define an annular region
with the inner wall surface of the first fiuid chamber, wherein said annular region is
adapted to receive fluid to be treated from the vessel fluid inlet. The at least one
nozzie assembly may be positioned within the annular region.

The first fluid chamber may comprise a distributor assembiy adapted fo
raceive fiuid entering the first chamber via the fluid infet. The distributor assembly
may be adapted to dissipate the momentum of the incoming fluid. The distributor
assembly may be adapted to distribute the fiuid fowards the at least one nozzie
assembly while minimising turbulence. The distributor assembly may comprise a
box-shaped structure adapted to receive fluid from the fiuid inlet. The box-shaped
structure may comprise a perforated region permitting communication of fluid from

said structure,



a fluidinlet for delivering a fluid to be treated into the first fluid
chanber; and at | east one nozzl e assenbly extendi ng between the
first andwaemongfsiui d chanbers for providing fluid coRfifieBeWPPUAS]

t her ebet ween, wherein said nozzle asqﬁnbly is adapted to facilitate m xing
of a gas with said fluid. The 'Tirst and second fluid chanbers may be
provided in a single vessel. The vessel nmay be closed or alternatively may

R e s e ) Raisthasiglorhanber s
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east one ﬁo ﬁseas ey be
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nprising: a fluyidt t t SS d 0 receive
a fluid tembedm’\lee’faﬂ’@dam&'jﬁtp‘é TELICAMELH Ee! ‘rsgrﬂe ' 5;;\’3% G%pw% fb%glgnsi one
nozzl e amﬁggﬁgr A Bflé&ﬁhﬂ%t of weest fihe chipbkrtt,r sathnene ligesis & exadipiehe f 1 ui d
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component of the fluid being treated from a surface thereof. The skimmed
component may comprise oil. A conventional skimming apparatus may be utilised.
The second fiuid chamber may be adapted to receive fluid only from the first
fiuid chamber. Accordingly, in this arrangement the entire volume of fluid to he
treated flows through the first fiuid chamber. Alternatively, the second fluid chamber

may be adapted to receive fluid from another saurce.
Communication of fluid being treated between the first and second fluid

chambers may be achieved exclusively through the at least one nozzle assembiy.
Aliernatively, fluid communication may be additionally achieved by other means.

The at least one nozzle assembly may permit the addition of a fluid treatment
agent into the fluid being treated. For exampie, the fluid treatment agent may
comprise a pH neutraliser, flocculant or the like,

The at least one nozzle assembly may comprise an eductor,

This vessel may comprise a single vessel containing both the first and second
fluid chambers. The vessel may comprise a closed vessel Alternatively, the vessel
rmay comprise an opened vesse!, for example open top, such that af least a portion af

the vessel may be exposed to ambient atmosphere.



This arrangenment may therefore permt a preferred velocity range of fluid
distributed into the second fluid chanber, irrespective of the flow rate of
l i quid int@ tdoendabnst fluid chanber. The first and sec8Ad/GEaY2IMeI03ssenbl i es
may be adapted to facilitate mxing of a gas with said fluid. The first and
second nozzl e assenblies may facili tatle deli very of a gas into said fluid.
Each of the first and second nozzle assenblies may conprise a further fluid
conduit adapted to permt fluid r’rgnﬁn' ! f source to
a portion of tHEeEPELS P&Y ﬁ%’?%%% asstﬁ@%‘%%a'%éraa%gﬁeﬁ ‘%19 g%%\égﬁﬁcrjst and
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first and 558@%}1{9’1@8%'{;%?3@2g%ﬁrgg!bﬁjay arrarrlngaeyd&?% establish rotational

fl ow wi t hinnztihesseddnd chanber It shoul d be understood that although
different aspeGls,QhatiBe sEnepatdspset Aee besenprestiohatereflieatronids! present ed
in relation to one agpect, may be applied.to.one or.nore other aspects. 13
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invention w | gagywdarsti@fciechefiuidbshambers;

delivering a fluid to be treated into the first fluid chamber;
flowing the fluid from the first fluid chamber through at least one nozzle

spects of the present

assembly adapted to mix gas with said fluid; and
discharging the fluid from the at least one nozzle assembly into the second

fluid chamber to be further treated therein.
The fluid may be treated within the second chamber and subseguently

discharged, wherein the mixing of the gas with the fluid in the at least one nozzie
facilitates or assists the subsequent treatment within the second fluid chamber. A
floatation treatment may be provided in the second fluid chamber.

The apparatus utilised to perform the method may be provided in accordance
with that apparatus of the first aspect, and the method of operating said apparatus
shouid be understood to apply to the method according io the present aspect of the
invention. |

According to a third aspect of the present invention there'is provided a fiuid
treatment apparatus comprising: -

a first fiuid chamber,

a second fluid chamber;
a fuid inlet for delivering a fluid to be treated into the first fluid chamber; and

at least one nozzle assembly extending between the first and second fluid
chambers for providing fluid communication therebetween, wherein said nozzle
assembly is adapted to facilitate mixing of & gas with said ﬂuid_.

The first and second fluid chambers may be provided in a singie vessel. The
vessel may be closed or alternatively may be open to atmosphere, Alternatively, the
first and second fluid chambers may be defined in separate vessels. At least one of
the vessels may be closed. At least one of the vessels may be opento atmosphere.

According to a fourth aspect of the present invention there is provided a fluid

treatment apparatus comprising:
a fiuid treatment vessel adapted o receive a fluid to be treated from a fluid

source; and



way of exanple only, with reference to the acconpanying draw ngs,
Figure 1 is a longitudinal cross-sectional view of a fluid treat
appar at uswiozeagtesdance W th an enbodi nent of the presgﬁT/GBﬁQ}’éVr(m%g
2 is a lateral cross sectional vi ew q t he apparatus in the region

upper

apparatus first shown in Figure 1; Figure 4 is a diagramatic
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fiuid treatment vesse

vessel may be entirely used for treating of the fluid. This differs from prior art

arrangements in which gas mixing is performed within the fluid treatment vessel.

According to a fifth aspect of the present invention there is provided a hozzle
arrangement for distributing a fluid to be treated between a first fiuid chamber and a
second fluid chamber, said nozzle arrangement comprising:

a first nozzle assembly comprising & first fiuid conduit extending between the
first and second fiuid chambers, wherein the first fluid conduit comprises a first fluid
port providing communication with the first fluid chamber; and

a second nozzle assembly comprising a second fluid conduit extending

between the first and second fiuid chambers, wherein the second fiuid conduit

comprises a secand fluid port providing communication with the first fluid chamber;

in whi ch:

Fi gure
of an

chanber; Figure 3 is an enlarged view of an inlet region of the

f Figure

ng to one

t he
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wherein the first and second fluid ports are provided a different hesghts:

relative to a base of the first fluid chamber to facilitate operation of the first and

second nozzie assemblies with different head ranges of fluid within said first fluid

chamber. . |
This arrangement may therefore permit a preferred velocity range of fluid

distributed into the second fluid chamber, irrespective of the flow rate of liquid into the
first fluid chamber. | -
The first and second nozzle assembiies may be adapted to facilitate mixing of

a gas with said fluid. The first and second nozzle assemblies may facilitate delivery

of a gas into said fiuid. |
Each of the first and second nozzie assemblies may comprise a further fluid

conduit adapted to permit fluid communication of & gas from a gas source {0 a

portion of the respective nozzle assembly.
Each of the first and second nozzle assemblies may comprise a discharge

pipe defining a fluid outlet opening into the second fluid chamber. The discharge
pipe of the first and second nozzle assemblies may arranged to establish rotational
flow within the second chamber. |

It should be understood that although different aspects of the inventien have

been presented, features presented in retation to one aspect may be applied to one

or more other aspects.



DETAI LED DESCRI PTI ON OF THE DRAW NGS Reference is first made to Figures 1
and 2 of the drawings in which there is shown cross-sectional views of a
fluid tresstomsnyisappar atus, generally identified by ref 8 &GEHIEFal 10, in
accordance with an enbodi nent of the_present invention. The apparatus 10 is
shown in Figure 1 in |ongitudinal crags-section, and in Figure 2 in |lateral
cross-section. The fluid treatnent apparatus 10 may be used in many
applications. However, in the present enbodi nent the apparatus 10 is
utilised to treat water produced froma subterranean reservoir which

conpr i ses BRENDESCREPTVONGR THRORFYEINGES will be described in further detail
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described in further detail bel ow, Once the produced water enters
the | ower chanber 16, the water and oil will naturally begin to separate
with the oil tending to float to the surface of the water. The presence of



A skimming apparatus 44 is provided in an upper region of the |ower chanber
16 and is adapted to skimoil fromthe surface of the water. The ski med
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described with reference to Figure 5, in which the nozzle assenbly 34 is
shown in sectional view. The assenbly 34 conprises a first fluid conduit 72
whi ch ext aveigoppiedidl y and defines a fluid inlet port FAT/GRAGREYSend of
the first conduit is secured to the awr% gl ed di scharge pipe 54. The first
fluid port 74 permts produced water i*n the annul ar region 24 (see Figure
1) toflowinto the first conduit 72 and thus into the discharge pipe 54. A
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second condui t i nes an upper fluid port whi ch opens into the
header regepara®.(see Figure 1). A Iomer end of the second conduit 80 is
open in the regihanosf ofttﬁ@n&kﬁ(ébﬁérﬁlﬁleﬁﬂnewﬁée dddeniBed infurtiee detadbelowf | owi ng

through the first fluid co | I, cause gas ob t.rail fromthe
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into the e resence
this separation effect in that the bubbles adhere fo oil droplets within the water and

assist coalescence and fioatation of the oll. Upen reaching the surface of the water

the gas bubbles will be released into an upper region 90 of the lower chamber 16,
and will subsequently flow into the header region 36 of the upper chamber 14
through. the passage 20. Accordingly, gas released from the produced water may
repienish the header region 36 to maintain a sufficient velume of_ gas for entrainment
into incoming produced water by the nozzle assemblies 34.

The apparatus 10 further comprises a first outlet 38 formed in a lower region
of the lower chamber 16 and adapted to facilitate discharge of treated water. A baffle
40 and vortex breaker 42 are also present within the fower region of the lower
-chamber 16 and are adapted to prevent gas bubbles from being discharged through
the first outlet 38 with the treated water. As shown in Figure 1, the baffie 40 is
positioned concentrically of the vessel 12 and has a diameter which may be
approximately 80 to 85% of the inner diameter of the vessel 12,

A skimming apparatus 44 is provided in an upper region of the lower
chamber 16 and is adapted to skim oil from the surface of the water. The skimmed
ol is discharged through a pipe 46 and ultimately through a second outlet 48 formed
in a side of the vesse! 12 above the location of the partition 18. The vessel 12 is
advantageously maintéined at a pressure siightly above atmospheric to drive the
skimmed oil upwardly through the pipe 46 towards the second outtet 48. The oil may
then be collected and processed as required. In an alternative arrangement, the pipe
46 may extend downwardly from the skimming apparatus 44 and discharge through
-an outlet in a fower region of the vessel 12, for example from a bottom region, below
the baffie 40.

The skimming apparatus 44 is self levelling such that an upper skimming
region 50 is maintained at a predefined position relative to the surface of the water/oil
within the "E.ower chamber 16 to preserve efficient skimming of the oil.

A third outiet 52 is provided in the upper region of the upper chamber 14 and
permits gas within the header region 36 to be discharged from the vessel 12. The



| ower chanber 16. The height of the fluid port 74 of the first fluid
conduit will dictate the head of fluid within the annul ar regi on 24 which
i's requir&d oy 14e nozzl e assenbly 34 to operate. Thi SCHSEPHPIRNE] head
may be varied and pre-sel ected by the provision of an extension pipe 86 of
a required length secured or |ntegraIF§ formed wwth the first fluid conduit
72. The operational head of the nozzle assenblies 34 may be in the region
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i nvention operati ona e eqU|va ent for all nozzle
assenbl|eswﬁwebW¢Ehd@damﬁﬁﬁﬁﬁpwﬁéW&bﬁ&ﬁﬁﬁ 12However, in alternative
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the secondefdritedroahpaigterl6. For exanple, a range of fluid discharge
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An altern a nozzl e asse ch may be utlllsedln
t he appar atdewnwerd vaiesity shorpnanh oFihgUiud to aﬁwt%mmlsﬁ fP”@Eﬁ BbEg flef er ence
to Wmchg ghow made. The assenbly 34a of Figure 6 is simlar to the
assenbly 34 in Figure 5 and as sucggalfd'?k% com nents sharefl i ke reference
nuneral s, fol | O¥EIhNqtHlygliptedy the 0 gd ?’ilae WELEHATyAPERYSSs si i | ar
t o assenbhyamédadfedft rsdake @fc:amprsbwsamrfwmwmhj/ um!téct@namumpema'fatefl ning a
fluid portl_l ﬁ and a second fluid conduit 80a defining a fluid port 82a.
However, ¥H™his embodinent the fluid port 82a of the second fluid conduit
80a opens i nt cRefeteeas Briovegbdntodigyre d&f Medipeingy irovhich theroipsho¥hanber 16.
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produced I'sch %b%o 0;ﬁrl or to being disch rged via an
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I ncr enentskdwbyn Aig0re 1, xsno{shdﬁhenémﬁm‘ét us 110 therefore conprises a vessel
112, which in %%eﬁ'alcé‘ﬁ:%!a'tﬁn rlgip' é’@%@ﬂ b @@ﬁ@éﬁgeﬁm&gé@mﬁ%@Qh@%ﬁwd fluid

charrbers 114, Al Separ at ed part | are defined wthin the
vessel 1bubles ﬁaudascba@gé@r@mwe ‘1°§319r36‘i‘ﬁ’@§ﬁ5 ét i rishg Pith FU A8 second

chanbers C%&atsérﬂl@oﬁ @0 RekEd Eur@%ﬁmﬂhemq&dkﬁ%&bﬁ%&i& thé\sﬁr}nmuﬁb inlet 126
comuni cates produced water into t e{_) é:afgbﬁﬁ{]']? {c} gjdngrallty of
nozzl e asSeRMHY &4 %ﬂaWQHEFW”C%d“% ?)B?WF NSBRATRFER: iR fle pr oduced
wat elr fr@ﬁwlditﬁ;nflbtﬁﬁiBzC(ﬂ&aﬁﬂﬁﬁs Arhvnapydratiiailly irtweed ﬂammdna:hmmeourw@ ghe

nozzl e assemli es a e. ader
region 1 {)TB tOHeth‘F rag{ %q‘la latf%%é%rﬁga%ﬁgure trhzél 0%! 1%’3 %t%ﬁe second
chanber &hEh mmwmm d@m@demtalof it‘ﬁm‘@"‘ammg@mﬁmd tca@ﬁeftms@ provi des a
good m X @fuslind ELRI LAA ln %g\gaﬁaﬁbwm%%dsvw%hgmc@es&rb@dbgp%ﬂeé'tw d prior to

bei ng dISC arged 1nto the seco nber 11



19 The produced fluid may then reside for a period of tinme within
the second chanber 116 such that the gas and oil wthin the water may fl oat
to the suwicemestdsaneof, while the water noves in a genBFHPBYPEPIIL o-ri ght
direction. Perforated baffles 92, pr ferably at |east two, are provided

wi thin the second chanber 116 to suppr7ess backm xi ng of the water.

The treated water with significantly reduced gas and oil content nay be

dlschargedv a fir et ¥, skiugaes from t he
surface ofPHEIRAPH g‘% QH& E‘ n#ﬁ@ bug@%e%%éi%rgﬂgge g’%@@ﬁe‘nﬁﬁ y di schar ged
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descri bed hereln are exenp P

and that i ous, nodi fi be made
thereto wdehﬁ@ﬁdd@bdﬁiaf%eﬁ? Fﬁ”fehé @é@b n9Rgle ?%?@Hg’a%ﬁe%ﬁ? n@% For
exanpl e, fealdibedep! maeas@ém@rm d;d?wp?héa; anfirstefuid |cbmwztahbwbi0hmd8bé8 utilised
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st but PORBT HGBiA Gs e e TR EY 1Rl ey AaRe e e

di schar gediischarge bipe 5de é‘o‘fﬂﬁge I7ﬁ |i5t159(§3h@ﬁ*ﬁ% Fhef st fluideqnopihy2 apg) p@ﬂ”ﬁ"@?

enbodi men | 3 Lm@d'tob@ sen 38dswé Fiyuand) Sdpatding tlem a sour ce
may be di ﬁ’éz%%]gssfen{by?ﬁgﬁgp t eastegir?e nozzlctg assenbly to be discharged

into a fl waertanémﬁbare% Furthernore, in the enbodi nents
descri bed vari %@ 264U B3 a@e{bdcdlm&agessmad ﬁmwvcmiﬂd:tmdwfh!dtaﬂenﬂﬂ nternal |y

of the vessel. S ueggd rely or
at |east HuPYghhe ;»f%ﬁv*arcﬁaﬁ?ﬁlkf?gf e“@@‘gg‘é’?ﬁsﬁp‘?&mgﬁﬁ&%ona Y, the
appar at us gmahichQmehd Bieo thettendet réglm 86 Glearftiaure ddlaptieertand &teiseeotd ui d from

the second '64 gﬁgrﬁih%m he rgétoﬁ gf}&@g@ﬁg@@b@ﬁ@; Fluid com‘rum cated fromthe

second f1l &P anber ¥ rovi ded via at
| east one nOZZﬂ'h!.iSaB’E@ﬂDWtEFﬂOWIﬂQ thropgly Rdyst fudecogddt 12 WilPad8R B35 ed i nt o

the fluidypel mE&%?&r@%Mc&ﬁf ﬁM@Iﬁth@@tt fsbommmhexm@rdaalremueeeanﬂ he vessel
may be opéned to atnosphere. Alth % %ﬁ rp]ozzl | E &gbl 5@& a]h %rranged to
entrain g&Sbaeﬁ@@ﬂvn“éxeldl"mW ‘E@ldﬁﬁhﬂ“g RP&&* TS SPPRIPREY A PR AP AR S ent s at

| east onepiastfiBLIBOERAIE tASWREDHrcR So g hecfm@nttenbugbapeuﬁiat&ga@tmo be

i njected or ot herw 58 delivered into the fluid being treated. 20 CLAIMS:

1. A 1 ui $WeF ERRTRS apparatus conprising: a fluid vessel; first and
second fl uid Cht&)a‘ri&mglﬁ of el fuatipovk 74hiofithe fisstifiuis epnlelt wil dictalRdbehepd ¥e second

];:c u;df fB?gbgﬁNéthé‘ tﬁg%m\&gr tiRCEP ARASS feduirkh G81 k! RU2ziB ORBEMbIY @A thr eat ment
operate. This operational head may be varied and pre-selected by the provision of
an extension pipe 86 of a required length secured or integrally formed with the first
fluid conduit 72. The operational head of the nozzle assemblies 34 may be in the
region of 400-500mm, for example. '

in one embodiment of aspacts of the present invention, the operational head
may be equivalent for all nozzle assemblies 34 provided within the apparatus.
However, in afternative embodiments two or more nozzie assemblies 34 may be
provided with different operational heads by arranging the respective fiuid ports 74 at
different heights, Accordingly, in this arrangement, if the fiuid head or level within the
annular region 24 of the upper chamber 14 begins to drop, for example as a result of
a reduced flow rate through the inlet 26, the nozzle assemblies 34 wili sequentially be
rendered ineffective in accordance with the heights of the respective fluid ports 74
until the flow passing through the reduced number of operating nozzie assemblies 34
into the second chamber 16 matches the flow entering the annular region 24 from the
inlet 26. This arrangement may therefore be-utilised to mainfain a preferred velocity



a fluid inlet for dellverino a fluid to be treated into the first fluid
chanber; and educt or nozzle assenb for providing
fluid commonioexitdesn fromthe first fluid chamber to thg @é&‘ﬁ’gmﬁ“iﬂfﬁ d
chanber, wherein said eductor nozzl ef%sserrbly Is adapted to facilitate

m xing of a gas with said fluid to cormmunicate a m xture of said fluid and
said gas into the second fluid chanber. 2. The fluid treatnent apparatus
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fluid tre&eReR Wierein the at |east one
educt or nlbéweenamwbtbiyoc@m)mﬂh%élsd’l%@%@ﬁﬁWthhﬁlp(HEféﬁ%H?iFesadapt ed to pernit

fluid communi cahialnQlvebriRinid 8] &neake SQUAER 344 @hipre) 08 udlsstie educt or
no=l e v, £ treatnment_ap aratl#ls Stolj: €003 I%‘nned W thin
t he vesselhe apparatus 10 first shown in F;gure 1, i8 shown In ’QU re Pence

now made. The assembly 34a of Figure 6 is similar to the assembly 34 in thure 5
and as such like components share like reference numerals, followed by letter "a’.
As noted, nozzle assembly 34a is similar to assembly 34 and as such comprises a
first fluid conduit 72a defining a fluid port 74a, and a second fluid conduit 80a defining
a fluid port 82a. However, in this embodiment the fluid pbrt 82a of the second fluid
conduit 80a opens into a header region 90 (see Figure 1) of the lower chamber 16.
Thus, gas from the header region 80 may be entrained and mixed with produced
water within a discharge pipe 54a prior to being discharged via an outlet 84a into the
lower chamber 16. Although not iflustrated, the nozzle assemb}y 34a may include an
extension pipe, similar to pipe 86 of the example shown in Figure 5.

A fluid treatment apparatus according to an alternative embodiment of the
present invention will now be described with reference to Figure 7. The fluid
treatment apparatus, generally identified by reference numeral 110, is similar to the
apparatus 10 first shown in Figure 1 and as such like features share like reference
numerals, incremented by 100.

The apparatus 110 therefore comprises a vessel 112, which in this case is
horizontally arranged. First and second fiuid chambers 114, 116 separated by a
partition 118 are defined within the vessel 12. A fiuid passage 120 is provided
between the first and second chambers 114, 116 to permit passage of gas
therebetween. A fluid inlet 126 communicates produced water into the first chamber
1 14, and a plurality of nozzle assemblies 134 are provided to permit communication
of the produced water from the first chamber 114 and into the second chamber 116.
The nozzle assemblies 134 facilitate entrainment of a gas within a header region 136
of the first chamber 114, or a header region 190 of the second chamber 1186, into the
produced water. This arrangement therefore provides a good mix and distribution of
gas bubbles within the produced fiuid prior to being discharged into the second

chamber 116.



B. The fluid treatnment apparatus accorthr to source conprises gas rel eased
fromthe fluid wherein - the gas 9.The fluid treatnent apparatus according
sour ce COR@S +@eB4@AS provi ded externally of the vessel pcT@BENe/0bioai d

treat ment apparatus according to eny ﬁ)éecedi ng claim wherein the at |east

one eductor nozzle assenbly conprises di scharge pipe defining a fluid
outlet crpenino into the second fluid chanber, 15 12, The fluid treatnent

s o okl R B0 5T BTy B bR ol m 10 o
chamber 116 such that the gas and oil within the water may float to the surface
thereof, whiie the water moves in a generally left-to-right direction. Perforated baffles
92, preferably at least two, are provided within the second chamber 116 fo suppress
backmixing of the water.

The treated water with significantly reduced gas and oil content may be
discharged via a first outlet 138. The floating oil may be skimmad from the surface of
the water by a skimming assembly 144 and subsequently discharged via a second
outlet 148. The gas released from the water may be discharged via a third outlet
152,

It should be understood that the embodiments described herein are

exemplary and that various modifications may be made thersto without departing

from the scope of the present invention. For example, features of the present

invention described above may be utilised in circumstances where the first and
second chambers are provided in separate vessels. in this arrangement, the benefits
of the present invention may still be achieved by virtue of passing the produced water
to be treated through the nozzle assemblies such that a good mix and distribution of
bubbles within the water is achieved before being discharged into the second fluid
chamber for treatment. In other embodiments the first chamber may be dispensed
with and fluid from a source may be directly supplied to at least one nozzle assembly

to be discharged into a fluid treatment chamber.
Furthermore, in the embodiments described various conduits and passages

are provided and located intemally of the vessel. However, such conduits and
passages may extend entirely or at least partially externally of the vessel.
Additionally, the apparatus may comprise a third fiuid chamber adapted to
receive fiuid from the second fluid chamber for further treatment.  Fluid
communicaied from the second fluid chamber into the third fluid chamber may be

provided via at least one nozzle assembly.
Further, the gas to be entrained into the fluid being treated may be supplied

from an external source.

The vessel may be opened-io atmosphere.
Although the nozzle assemblies are arranged o enfrain gas into the fluid being
treated, in alternative arrangements at ieast one of the nozzle assemblies may be
adapted to permit gas to be injected or otherwise delivered into the fluid being

freated.



ni apparatus saenblies. y Preceding s 14. The fluid treatnent apparatus
according to the plurality of eductor nozzle assenblies is adapted to
head of fluid within the first fluid chanber than at | east one

be operati
ot her 25eductor nozzie assenblies_ is plurality of The fluid
treatnentl og to any preceding claimher fluidsage between the fiffgtiiahd
second chanbers to permit fi AVENDGED

CLANMS:

1. A vl restment apparatus somorising:

& fluld vesgel
5 first and second fud chambers defined within the fluid vesss!, wherein the

second fluid chamber fs edapted W accommodaie @ floalation separation resimens
of & Auid therein;
& fiuid inist for dellvering & fluid to be treated into the first fluld chamber and
#t leas! ore edyctor noznie assembly for providing fuldd comemunication from
0w the first fluid chamber fo the second fluid shambser, whersin suid eductor narsie
zssembly is sdapied o facliiale mixing of 2 gas with said Buid o communicate =
mixivre of sald Huld and seid gas info the second fuld chamber

2. The fiuid reatment epparatus zocowding o cieim 1, further comprlsing &
15 partidon sdepled to af fees! partially separate the frst and second fuid chambers.
a, The fiuid restment apparstus sccording to clalm 2, whersin the 2t lssst one

sducior nozzis sssembly s sdapied to extend through the partition,

20 4, The fivid trestment spparatus aocording 1o any preceding ciaim, whersin the
gl lsast one eductor nozze assembly somprises e first fluld condult defining & fluld
port sdapted fo permit communication of fuid o be fested from the Frad fuy

charnbar irto the Hrat Huld condult,

Z5 B The fluld restmen apparalus ascording o clabyn 4, whersin the Su port of
the first fluid condult is provided af & raised focation relative to a base region of the

firmt flukd ohembar,

£ The fluld traatment apparatue accurding to dalm 4 or 5, wherein e 2t lsas
A one sducior nozzle assembly comprises & second uid condull adapled o permit
fiuig communicstion of & gee from & gae souree to 8 pottion of the sdudor nozzle

smgembhy

7. The fluld reatment apparatus according o slaim &, wherein the pes sowrce

comprises gor corigined within the vessel,

ek
]



22 15.The fluid treatnent apparatus according to claim 17, wherein the t
passage is defrted by a wall extendingfroma euacethe partition. 20, The

fluid treatment apparatus according to any preceding clef conprising
distributer assenbly adapted to receive fluid entering the first chamgr p

via the fluid in 21. The fluid treatnent apparatus coon:ling to any
preceding ci conprng ona or nore fluixk outlets to permt discharge of

treate conponents thereof fromthe vessel. further 1522.The fluid
I s adapted to recSve

treat ment appara prece second fl ui -g,ha er r
fluid only %Eom ?ﬁh%ﬁf???ﬁéf‘&fﬁ%u% g@ﬁ'gwmf;@ THEY Bat nerittesp draiass accor di ng
to any er ecff@gce compriseqas sgipasad BT fefilid boed Yrytdseat ed between the first arid

second fluid chanbers is achieved exclusively through the at |east one
eductor no=gle. AKSKIDIYoiment zpparetus according to ciaim &, 7 or 8, whereln the ges
& sourse comprisss gas provided externaly of the vassel,

10 The fluld teatment apparaius according to any preceding claim, whersin e
Bl leasl ong educior nozzle assembly comprises e discharge pine desfining = fuig
outiel opening o the second fuld chambes,

10 :
it The fluid reatment apparstus according fo claim 10, when dspandent on any

of ciaims © tv B, whereln of least & portion of the discharge pipe iv configured o
faciiffale mixing of fiuld delivered vis tve first fiuld condull and gae delivered via the
seoond g condult, '

15
14 The fuid tremtmen! apperatus sccording o clalm 18 or 11, whereln the

dizcharge pipe ks amangsd fo establish rotational flow within the second chambar

13, The fiuld restmend apparatus according to any preceding ciaim, comprising 2

20 plurality of sductor nozzle assemblies.

4. The fluid restment apparalve sccorting to claim 13, whaersin at lsest one of
ihe plurality of sdudler nozzie assemblies & adapled © be oparational =t & diferes
head of Thuid within the first fluld chamber than ot lesst one other of the plurality of

28 adeoior nozzle pesembliss.

18 The fuid teatmeni spperstus aocording 1o any preceding claim, further
sumpiising & fuld pessage betwsen the firsl and second chambers 1o permid fuic
sorununisation therebabaaan. '

ag
ii3 The fuid veatment spparatus according to olaim 18, whersin the fuio
pessage s gdepled o permil fuld communiostion of B ges o the second fud
chambar into the firgt fluld chamber,

7o The fuid treetmend apparaiues acoording 1o cleitn 15 or 18, whereln e fuid

pessggs exiends through & partition sepsrating the first and secomd chambers,

Lok
o



24, The fluid treatnent apparatus conprising e deflector arrangenent
position to mnimse forward mxing of a fluid being tre in the second
chanber 23MCSLLP ezzl eassenbh, conprisinga first
fluid conduit extending between the flrst and second fluid chanbem§@$1ip
wherein the first fluid conduit conpkise a first fluid port prcding
comuni cation with the first fluid cha a second & uster nozzle assenbly
conprising a second fluid conduit ig between the first and second fiutd
chambers, wherei'fetihe SeTEoAdT Fraicas| CoWBRDrip se8ina ‘Teodwait thei tlipor t

provi di ng cesmige-dreftiediry rdiltndehiend fonsd sdrlatd oF sBbaghess wWherein the first
and second fluid ports are provided a different heights base
of the firsg_flggd chanmber to fac9itate Qpeﬁation of the first and second
eductor nozZte ASSBHDFFEE=WSMHET #5657 8RE ks Panfesiote prltdnswi thin Sai d
first & @ hielenrdionkehe it theebéd r st and second eduel ar rtol e assenblies are

adapted to facilitate mxing of a gas with said fluid. The nozzl e

ar rangent | cordi Jherein each of .the first and second eductor nozzie
assenbl i es gffg?ﬁh%%éﬁﬁﬁfﬁygﬁﬁﬁﬁﬁﬁfgagﬁﬁgﬁﬁigﬁ%é?ﬁﬁﬁgﬁlﬁ%ﬁr8@Wﬁhnication of
a gar from@ gEFesolif Ceiv G 1EBR B et Trdspretio/be iozdkebassenbl y.

via the fidd inlet,

1
2t The fuld reatmert apparatus sccording fo vy preceding claim, further
compiising one or more fuld oulists to pemmil discharge of frested fuid or
somponenty theres! from the veasel,
18 22, The fluld treatment epparsius scoording to any preceding cleim, whersin e
wecmct fiuld chambar o poeped to recsive Tiuld ondy from the fret uid chember
&3, The fuid trestmeant apparetug according to any preceding olaim, whesein
commurisation of fuid belng bested between Ine firg and second fuid chambens is
20 achisved exciugively through e 2 izes! ong adusior nozxle ampomiby,
24, The fiid trestmen apperalus asccording o sny precading ciaim, further
comprising & deflecior arangement postiioned within the second chamber to aéséai
te minimise forward mising of & Tuld being Trested.
28
25 Amethod of resting & Tuid, seld methed comprising the steps of
gefining first ant sscond fluld shambars;
deftvsting @ fuld to be resied Into the frst fiuld chamber;
flowing the fluid from the firel fivid chamber through a2t leayl vne sducior
30 norzie assembly, wherein the eductor nozzie sesembly fagilizies mixing of & gas
with gaid fluld, and
discharging & mibdure of gaid Tiuid ane said gae from the &t lsest one educior
nozzis apsembly o the zecond Buid chember: and
froating the fluld within the secord chamber by ficaiation seoaeration.
35

28, A nozzle arrangsment for distibuling & Ui 0 be Urested between a firot fuld
chamber and & second fivid chamber, said eductor nozzls arangement comprising:

AMENDED SHEET



78. The nozzl e anangernen and assond eduor nozzle asse outlet opening into
the second fluid chanber. 25 or LI whersi C thscharge pipe be of the first
tad 2S. The nozzle arrancipes of the first and second eductor nozzle -
assenblie flow within the escond chanber. 3C.,.The nozzl e arrangenent
accardinQto claim28 or 2P, wherein.portion of the discharge pWQQQ&@f t he

first and sevond eductor ho configured to iacffitate mxing of flu
delivered via tie: first fluid conduit and gas delivered via the second
AVENDED SHEET & first sductor nozzle assembly comprising @ firet fluid conduit extarging

betwsen the frel and second fluid chambers, whersin the first fivid sondult comprises
a first fiuid poM providing communication with te fred fuje chamber, any
g sesond educlor norzle ascembly comprising = ammé fiuid condult
g exisnding between the {ist and second fiuld chambers, whersin the secong fud
condull comprisss 2 sscond fivic port providing communicetion with the first fule
ehamber;
wherein the firgl and second Jiuld ports ave provided & oifferend heights
refofive to 2 base of the first Tuid chamber fo oliate operation of the firet and
W second eductor nozzle assemblies with different hoad ranges of Buid within said Gt
fiuid chiamber, and wherein the first and seoond eductor nozzie gesemblies are

acamed to facillale miking of & gae with saig faid

27, The nozzis armangemerd sccording to cleim 26, whersin sach of the first are
second educiyr nozzie assemibdies comprises @ futher fiuid condul mdanied to
permit fluld commurication of & grE from & gas soures 10 & porflon of the respective

noezie stsembly.

28, The nozzie arangsment aceording o caim 20 o 27, wherein esch of the fret
and second eductor nozzig assemblize comprises & discharge pipe defining a fiukd

euffel opening into the second fuld chamber,

28, The nozze arangemert according fo clalm 28, wherein the dischamgs pipes

of the first and second sductor nozzle assembiies &' aranged fo agtebish roinlions
26 fiow within the sesond chamber.

3. The nowle arangement according to cieim 28 or 2%, whersin gt lsest =
portien of the discharge plpes of the first end second edudior nozzle assemblies are
wonfigured to {aclilate mixing of fiuio delvered vie the first fluid condult and gas

a0 delvared vig the seoong fiuild congu,
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