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A process known as “flotation” in commonly used to assist in the removal of
oil and other contaminants from water. The principle of flotation is that bubbles of
gas are introduced into (e.g., Induced Gas Floatation) or are established in (e.g.,
Dissolved Gas Floatation) a vessel containing a contaminated water, in which the
bubbles will to a greater or lesser degree attach to the contaminants, such as oil
droplets, and drag them to the surface of the water, leaving the bulk of 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
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contaminants reduces the efficiency of separation in the cell. For this reason IGF
vessels are commonly horizontal vessels which contain a plurality of IGF cells in
series, typically four, so that the overall efficiency of the separation is increased.
Examples of known IGF systems of this type are shown in US 4,564,457, US
2006/0213840, US 3,972,815, US 3,647,069 and US 5,348,648.
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charﬁ;g r4‘7’986,903 discloses a floatation apparatus for separating oil from water.
The disclosed apparatus includes separate gasification and degasification chambers.
Gasified water is introduced into the gasification chamber via a gas eductor.
Recirculation of fluid to be gasified is possible between the degasification chamber
and the gasification chamber through recirculation line 70 and the gas eductor 40.
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In one embodiment the second fluid chamber may be adapted to
accommodate a separation treatment to effect the separation of mineral oil and
optionally gas from water, such as water produced from a subterranean hydrocarbon
reservoir. In this arrangement the entrainment of gas into the fluid communicated

from the first fluid chamber may assist floatation of the oil. The oil may be skimmed
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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.
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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 conduit with gas delivered via the second fluid conduit. In this
arrangement, turbulence and mixing in the discharge pipe may configure the gas into
small bubbles and cause these bubbles to intimately mix with the fluid from the first



the vessel. The at |east one nozzle assenbly may

conprise a discharge pipe in fluid conmunication with
W@p@In444itbt h of the first and second fluid conell/GB20091001031

| east a portion of the discharge pipe may facilitate

m xi ng or conmingling of fldid delivered via the first

fluid conduit with gas delivered via the second fluid

conduit. In this arrangenent, turbulence a

chamberi AoRarNgi (e NPasS ePMblY Bay reellyas @i '@ﬂéﬂg second

chQMBQﬂ RRicRREntamMe Ll bR aBle M BB P gb@buméﬁdj sObsequkhtluid
e fluid fromthe firstchanber. Accordingly, the

treﬁB'ﬁ”ltén theserpNd chatgPiel i ver a fluid into the second

Chamrdlwa¢§e PRt by Hefind aviud aﬁklst dp@img it itteen s@dond fluid
as bubbl es T or subseqﬁwﬂt fl UI e t

chRbanip SRETIbANG SHRCATS JUHATHBITD: BebsalrehaioeHans Faidisgeond

ch@ﬁbéuet memm@g:quatt of tHeedisernngs ;f;beu miaycb@raaepteuaonm at tleast
t he mi, Xt

patiiy A e g G Thi fetagRated MR dnkssreotiue s
may Tihe cﬁﬁfh@t?ﬁjplb@ i R arr@rRy toalidtchladr?le%ﬂ#guhtmargemglon of the

db t t d f
SoEpnGBRTBShe 18 Lo SPBRUeRE ey ek Rk R CBe amabéd to
dmi%hé@b&rugﬁmfd ah dutenﬂeguoamétrreﬁ@ﬁcond chamber. second chanber.
n qne ment e dis r
Lo TREFETBEed B ke e cSrer e O 418, BSLAREfG o be
disthengbéﬂntom@sd:l:cmdhz’aaglbelpmmpredytebamed idiratte. tThiparangement

S BBl e R VLB . 1

onar ¢rabgtiment theagliseesges pipeomay thebhirghgeal for e$teblts®drotatlond flow
wi ttl(g\o Psr?\émﬂ%ctl] 'Fﬁ%mg? Si’Fﬁctgtnogw L Ich %M&épl}sggd 9§§tt|ve to a central
axizséfahe isebonad thamberal RditbtwmaMﬂbM \Mlthﬂh ¢hes e@cmmd fiuiich afember may
Rot at.i | At t .
o< 5B ST LR I8 53Ol R RAat I  8  prfero
maovietrtent ﬁfhgeaS dobbles fithind theh divise beingy tragtedl s preferghtial motion of
cohBFATET TR BBl QAR of 45 O hibletaE e
THel rotating dlowgmay eapreess forvedrd mnmgaqf tmﬁatreaiﬁd dpidclewptsiseat @utlet
(i. 8 g{%l;]rgatu dgﬁrﬁg’g%jbfsktgg E@Eﬁbérug? 'tr%Qf%d?f ert}ﬁa BISIH the residence

ating"f y suppress
tmia)ahsmbdtlcm xing of the treated fluid tovvards an outl et

' e
t r eat ed@ W{.}EG %m@ﬁﬁgt’ r(tés,1| f&éﬂn Eéérglk??érrr‘%ged relative to a
cediraltaxishoft thersecamechiinenage disoharareRird &ayg ekfigusly arranged

to (dlscﬂa{%e @ﬂa Ri6 34 ght)ekgé%@rpgﬁ%e’ 8e&ndVéhantbe, Q%Haa'egusly to

e secon di scharge pip
initige i rgtasiopalafiowarvgiin saidcjeseRdrdfambeli dThenf’@déﬁfg%Lﬂ'R:er may be

adfaﬁ%'dq‘a dffcnhide fﬁxmfﬁj? ﬁﬁ?@@él’w c%ﬂméﬁigﬁtﬂ%b)’patrhﬁ%to a central

tiate rotationa thin said second
axiEhef dhe cesP fvich shamberh endd ApsesPneovalpayh sergRoRaNt i which is
pe%éntalc@l;é‘r'té $he &%t% iali¥ (FQ! P@Hﬁal‘%@'acé?rcleswﬂ@bmdn@in ddindiding

central axis e second fluid chanber, and a second

withdhe ¥eesel é@?ﬁﬁbﬁé‘ﬁl Wm chis

The apparatus may comprise a plurality of nozzle assemblies. At least one of
the plurality of nozzle assemblies may be similar to the at least one nozzle assembly
described above.

The nozzle assemblies may be arranged in an annular configuration relative
to the first fluid chamber. However, other configurations may be utilised. For
example, the nozzle assemblies may be arranged to generally conform to the outer
peripheral shape of the vessel, which may be other than circular.
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minimise forward mixing of fluid within the second chamber. The deflector
arrangement may be positioned adjacent a wall surface of the second chamber. The
deflector arrangement may be located in the region of the at least one nozzle
assembly. The deflector arrangement may be configured to deflect fluid 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
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may be adapted to dissipate the momentum of the incoming fluid. The distributor
assembly may be adapted to distribute the fluid towards the at least one nozzle
assembly while minimising turbulence. The distributor assembly may comprise a
box-shaped structure adapted to receive fluid from the fluid inlet. The box-shaped
structure may comprise a perforated region permitting communication of fluid from
said structure.
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adehf $ito the fluid being treated. For example, 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
may comprise an opened vessel, for example open top, such that at least a portion of
the vessel may be exposed to ambient atmosphere.
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entire volune of fluid to be treated flows through the
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assembly is adapted to facilitate mixing of a gas with said fluid.

The first and second fluid chambers may be provided in a single 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 open to atmosphere.

According to a fourth aspect of the present invention there is provided a fluid
treatment apparatus comprising:

a fluid treatment vessel adapted to receive a fluid to be treated from a fluid

source; and
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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 invention have
been presented, features presented in relation to one aspect may be applied to one
or more other aspects.
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shown cross-sectional views of a fluid treatment apparatus, generally identified by
reference numeral 10, in accordance with an embodiment of the present invention.
The apparatus 10 is shown in Figure 1 in longitudinal craoss-section, and in Figure 2
in lateral cross-section. The fluid treatment apparatus 10 may be used in many
applications. However, in the present embodiment the apparatus 10 is utilised to
treat water produced from a subterranean reservoir which comprises quantities of ail
and gas. As will be described in further detail below, the apparatus 10 is adapted to
separate the oil and gas from the produced water by floatation separation. The
apparatus 10 may therefore be described as a Compact Floatation Unit (CFU).
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12 which defines therein a first or upper fluid chamber 14 and a second or lower fluid
chamber 16. The upper and lower fluid chambers are separated by a partition 18
secured to an inner wall surface of the vessel 12. The partition defines a base of the

upper chamber 14 and a ceiling of the lower chamber 16.
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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 lower chamber 16 to preserve efficient skimming of the oil.

A third outlet 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
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Circulation loop 60 makes sure the flow on the liquid surface is towards the skimming
assembly 44, so that separated oil 64 may be carried in this direction. A longitudinal
circulation loop 66 (loop 2) is driven by radially inward flow in the liquid boundary
layer 68 on the baffle 40. Circulation loop 66 captures the small gas bubbles 70
which have downward trajectories out of the main water flow and carries these
towards the centre and then upwardly towards the surface, to be captured by
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rendered ineffective in accordance with the heights of the respective fluid ports 74
until the flow passing through the reduced number of operating nozzle 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 maintain a preferred velocity



82 whi ch opens into the header region 36 (see Figure
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As noted, nozzle assenbly 34a is simlar to assenbly

34 and as such conprises a first fluid conduit 72a
waledoonisagt a fluid port 74a, and a second fl ui dPCDOB0H/001031

80a defining a fluid port 82a. However, in this
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The vessel may be opened to atmosphere.
Although the nozzle assemblies are arranged to entrain gas into the fluid being
treated, in alternative arrangements at least one of the nozzle assemblies may be
adapted to permit gas to be injected or otherwise delivered into the fluid being
treated.



It should be understood that the enbodi nents descri bed

herein are exenplary and that various nodifications
worgaponetddiade t heret o wi t hout departing from t heCEHGEp®W/001031

of the present invention. FQr exanple, features of the

present invention described AUbove may be utilised in

ci rcunst ances where the first and second chanbers are
C@@ﬁé#ded in separate vessels. In this arrangenent, the

‘its of the present invention may still be
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are arranged to entrain gas into the fluid being
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Nozzl e a5s e perm t 8
a b@“ﬂtlm adanter t@ratdﬁaﬁépwt@'él RParate ﬁfajﬁrstrﬁrw &eﬁenql flyifl ghambers.
being treated. CLAIMS: 1. A fluid treatnent appar at us

conpri si ng a fluid vessel; first and second fluid
5.chanbes Buiddreatieent aPpaiatis aecording &p glaisy d) wharein thiecat least one

n ﬁie%ss&ﬁ%lﬂ@'a&é(&ééi Rexderdd M‘r&hg‘h‘lhé’sar‘tnﬁ&@t ed into the
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7. The fluid treatment apparatus according to claim 6, wherein the fluid port of
the first fluid conduit is provided at a raised location relative to a base region of the

first fluid chamber.

8. The fluid treatment apparatus according to claim 6 or 7, wherein the at least
one nozzle assembly comprises a second fluid conduit adapted to permit fluid
communication of a gas from a gas source to a portion of the nozzle assembly.

9. The fluid treatment apparatus according to claim 8, wherein the gas source

comprises gas contained within the vessel.



3. The fluid treatnent apparatus according to claim1

or 2, wherein the second fluid chanber is adapted to
woWotkedat e a separation treatnent of the fl uP@I/GB2009/001031

therein. 4. The fluid treatnent apparatus according to

claim1, 2 or 3, further cofprising a partition

adapted to at (east partially separate the first and

second fluid chanmbers. 5. The fluid treatnent

apparatus according to claim4, wherein the at | east

10ne Thg AL eeamht f)algalb@rgméae:ﬁcefulrtgatcemaaﬁos tohrgowwer%uhahe gas
artition | r L ar.at us accordi ng
S({‘)Jécea?ﬂmﬁﬂsgégaﬁﬁ egﬁegiufmm %ﬁ?@ epg]ggg 91 east one
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sduideDcdrhigridels Igaik prdvitded exterdaliytof the velisel. f | ui d t r eat ment
apparatus according to claim®6, wherein the fluid port
of the first fluid conduit is provided at a raised
14. OcaTHlé)ﬂUId ettatmma amamtmor@m tmany ptelsedihg rciimf whemin the
chanber . d_treat ment a rd
atcRapte opeaie Sserihroo il T ci@PBRleChHE Mgl E dg Bute
opEdiNY intkeahe aesawifuitl ¢hamrcondui t adapted to perm t
fluid communi cation of a gas froma gas source to a
portion of the nozzle assenbly. 9. The fluid treatnent
13ppaTis fsidadvzatmdninappacates acear8ingvip edfaiinn12, W@eg%is the wischarge
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wherei n the gas source conprises gas reI eased fromthe
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ploralifyrdf seszlgassgmiligeded external |y of the vessel. 12.
The fluid treatnent apparatus according to any
preceding claim wherein the at |east one nozzle
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nt apparatus according to claiml
fluigh evitbimtherfisstafiuid e a@berptl"ﬁa atsle%ﬁir%ﬁg@ae& of f@§tl%lw1al'f¥r9f nozzle
5 s%ﬂ)ﬁ tonal flow wi thin the second chanber: 14. The
o‘ treatment apparatus according to any preceding
cI al m conprising a plurality of nozzle assenblies.

615 The uldivdatrh &Rt SRRkataP RRCAHY ?&%Sldbr%edlﬁ’g Cdlaﬁmmfurther

14, wherein at |east one of the plurality of nozz

compsising pdiid passagpiheivesy the f&ﬁ%ﬁ%ﬁ SeeRnd gtaﬂépea% fq BF"éWf fluid

Cmgmg&hgnlt%,@byv@ghn the first fluid chanber than at
| east one other of the plurality of nozzle assenblies.

16. The fluid treatment apparatus according to any

1Pr ecerle Nl ltrafherttUbbiREtuS OfGUordih quclélhw@ rma?agethe fluid
bet ween the first apnd second chap ? to pfe }‘ i d
passage is adapted to permit fluid communicatio a gas fr e second fluid

chamber into the first fluid chamber.

18.  The fluid treatment apparatus according to claim 16 or 17, wherein the fluid
passage extends through a partition separating the first and second chambers.

19. The fluid treatment apparatus according to claim 18, wherein the fluid
passage is defined by a wall extending from a surface of the partition.



conmuni cation therebetween. 17. The fluid treatnent

apparatus according to claim 16, wherein the fluid
w@aweagr4i s adapted to permt fluid conmuni cat POFIG82008/001031

gas fromthe second fluid chanber into the first fluid

chanber. 18. The fluid treal?ent apparat us according

to claim16 or 17, wherein the fluid passage extends

t hrough a part ition separatin

he f
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extending froma surface of the partition.20. The

fluid treatnent apparatus according to claim 19,
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the first chanber via the fluid inlet. 22. The fluid
treatment apparatus according to any preceding claim
24 ur t iy floiMicathetd apparatus naecerdinguisl amyt pretedihg qaimii further
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cc&@wfedtsrtgetfeofﬁmyxmémdl.ng claim vvher ei n the second
fluid chanber is adapted to receive fluid only from
the first fluid chanber. 24. The fluid treatnent
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through the at |east one nozzle assenbly. 25. The
2% i 1he 1GR RERGRTAREAS 26680100800, PRRteBREC AN Sunerein
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idlefeaafolMubedh el s dne hehde ABERRY. 0Tl T s ng
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toﬁﬁg% ﬁuféé@?m rlix Sof‘e('fFuPi Sdhdrddy d; and discharging
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the second fluid chanmber to be further treated
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2SRy &EDred ol hiklgab With@aid fluid; and
discharging the fluid from the at least one nozzle assembly into the second
fluid chamber to be further treated therein.

27. A nozzle arrangement for distributing a fluid o be treated between a first fluid
chamber and a second fiuid chamber, said nozzle arrangement comprising:

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



port providing comunication with the first fluid
chanber; anda second nozzle assenbly conprising a
W@ awond4itl ui d conduit extendi ng between the fiPGCT/GBAWY/001031
second fluid chanbers, wherein the second fluid
conduit conprises a second fdduid port providing
communi cation with the first fluid chanber; wherein
the first and second fluid ports are prOV|ded a
di f f &r EPRONFeNBFAIS 3s8Pmblyveoneyising s secastd finig eondyit extending
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second nozzl e assenblies with di fferent ran

cpnptisesa@ $9RoRd dlidpart previding sommyigatien withghe first flyid sharaber,;

ar r appersi th GRer thll%et‘,@nc? Figid"bers aY@GHr&h&le& féedffferérﬁ heights
assenblies are ada t ed facil

Rere S base ot he (ol G GhATERLLo st conséatiancof the first and

se¢drNARNEsRAAMEE Vit Hiffe@nBhBad fangesreuid tWidird séuatﬁrst fluid
cgnd second nozzle assenblies facilitate delivery of

89t o said fluid. 30. The nozzle arrangenent
accor di ng to any of clains 26 to 28, wherein each of

F ﬁ_ nd second nozzl e assenblies conpris
urt TP TOFIF FrEBRATIPR SHeapie S Gk wherpei the irst and second

noHIgBsEeaalie® Bredddahth® fhtitBledniEmg of QWaeSyithGsai AL i on
of the respective nozzle assenbly. 3 1. The nozzle

arrangenent according to any of clains 26 to 29,
20her The nezad antingdraedt dcsbraamctos@sionzly, Mawtbia tAs SiRBhi @8cond

onprise r [ defipin fluid outl et

n%ﬁ??ﬁ?& sqq?%gﬂcﬂgaq g%@‘ﬁ@y $‘Ie%9%s ‘E‘R)asfﬂgb%ﬁu‘dSZ The nozzle
arrangenent accor d| ng to claim30, wherein the

i sc i e first ands cond Z .
3ot e, PiSndimird Becorf 2By PERRRG A FEAL wherein each o
thei firéti and $sxosd coade cdsaemblies comprises a further fluid conduit adapted to
permit fluid communication of a gas from a gas source to a portion of the respective
nozzle assembly.

31. The nozzle arrangement according to any of claims 26 to 29, wherein each of
the first and second nozzle assemblies comprises a discharge pipe defining a fluid
outlet opening into the second fluid chamber.

32.  The nozzle arrangement according to claim 30, wherein the discharge pipes
of the first and second nozzle assemblies are arranged to establish rotational flow
within the second chamber.



