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WD 2005/ 002733 PCT/ US2002/ 035757 1 DUAL- CELL
MECHANI CAL FLOTATI ON  SYSTEM W TH | NTERM TTENT

werosbNG Fi el d of the Invention 5 The presenpCT/US2002/035757
invention relates to nmethods and apparatus for
renovi ng suspended matter fromliquid, and nore
particularly relates, in one enbodi nent, to nethods
and apparatus for separating suspended contam nants
and/or oil fromwater, particularly on an offshore

hydr ocar bonDUQCLO@EI)L DIMHAM@&EFEUTA‘DI(DM ch and

roll. round of the Il nvention In
i ndust r| e ﬁ?cMu g@&ﬁ&%m\éextl l e,

electr|C|ty generatlng and food processing, there is
an ever-present problemof contam nated water as a by-
product of various ielded#wsinvémioparticul ar, water is

n_use ion of _oil and %as o

o TR e iy Refi el e P SndhR B A58 s bt 15 miea S

matté fkéth Mhidond Mol Feticuldly 018, AR dntboldifidht %lméth!&ds aﬁa
a result, the water beconmes contam nated with oil

appagys (95 separdingsespeadadrronrainassrend/efroil fiom water pmjpelarly on
t th
an oﬁ%p@f%dg&a%o?ﬂ%cc’ r}géla&‘brgxlpjsr%?% to nﬁl‘tgﬂpén'a%fl into e

surro wat er . cor nerous net hods and
systens have been devi sed to reduce the contam nant

content of this m&“-ﬁﬂ?@ﬁéﬁé&—% al l ows dis-
charge of the wat One such system
d ,

| BGhaSAHdhsRidd, §chﬁ?&g mNiba éi'aﬁé? lg)a?e)mféotgﬁﬁﬂr?ﬂ? %@nefratmg

devicethat m xes and erse s In
and fopd prasassinge dlermlsmn@uerdprswnapmhlﬂm phoantarsinatedmataras a by-

prod iRV GGR HATA8 dhheh i s s 3N el B B8 BitRgtion of

oil anf gdstom dffshéredbanforus dThis tvater Reusubpipeinpddl thtvea foamlstiv B @der
qu?ft t ube. %‘ﬂt asi ?llpjctlon occurs as .a portion of

to beyable toumnPik oMt A5 A &csultntbe petes deeames confagrinated watheul and

solid® @Eéi)ﬁ@rédlh%’@ﬁrﬁxgﬁoﬂ A Vi gﬁ@}e GfihdtheUispo QiR By
using a centrifugal punp. e apparatus  uses an

dumpihg ditinfodh¢ Swradniing nvamchamrdmglyskummeus asthedbhyd systeinsthave
aden froth

been SELN T io Pl TR G Rioah AT OB et R AR ppdows dis-

chardedtithe WaRr irdd bhe ses. I ect angul ar-shaped. The
above- nti oned device suffers from vari ous drawbacks.

THEnSRIChTETgM o igolossd inblefe Fat- &o. #25R126R- spantisenadewce that
i B B O et (BB R BGOSR gt o
remogt comamdaoisripratic lcchmdrﬂowingl thobugh thegsnk. Aths @ag hench@ed from
the upper section of the tank downward into the liquid in the tank via a draft tube. The
gas induction occurs as a portion of the liquid contained in the vessel is recirculated back
through the individual cells or compartments using a centrifugal pump. The apparatus
uses an electrically-driven mechanical skimmer assembly, which serves to remove con-
taminant-laden froth that accumulates abeve the liquid level section of the tank. The tank
is rectangular-shaped.

The above-mentioned device suffers from various drawbacks. The skimmers are
moderate- to high-maintenance items, particularly when used in cotrosive environments
such as may be encountered in the oil-producing and chemical industries. Also the rec-

tangular tanks, by virtue of their construction, cannot withstand pressures in excess of 2
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tangul ar tanks, by virtue of their construction,
cannot withstand pressures in excess of 2 1 WO
WQee5/0002¥33 PCT/ US2002/ 035757 2 0z. per squaP€T/Usmi2/035757

(0.8 kPa) internal. This is particularly
di sadvant ageous especially where system pressures
upstream of the oil/water geparator are preval ent or
where nox- ious or |ethal gases such as hydrogen
sulfide are present. Furthernore, the rectangul ar

oz. ptesaaretinsh (OB k) istkinahdihss iaperticularly eldsadvan%tge(IMSp?eaial]y
capacity becaus full ut|h| zation of

IS
wherg s} 4o ATesPHCSBRATER ! 1R QiH G SeEder P ESRIEREDT Wierd fbx-

ious JERMal Bads ﬁ%h ECLN dx"og&muiﬁd@ﬁ% rgr&éﬁs?hﬁl%?m@fee the rectangular
mai nt al ned ycotlnuous enting to the at nospher e,

tankS/\lllava:l‘rg the slanpmre atei lahited ip v@lm@%no oapagity bedagee full utiization of

R T S e

press%k’@&@@ﬂﬁﬁltﬂﬂéd B conltih@aisly vinting T&ﬁxedx&ﬁbqﬂieﬁowmchses patential-
cylindrical tank having an inlet chanber, a plurality
ly dangerpps praetiqe; i kethad ar gh@ﬁﬁb}e§as%§r?de gregeitescent out | et

h
B L I
fromdﬂl&d’bﬁr@davrm@otripesm ¢yénndnczﬂ amikdmvmgantmbach&nd:fet |agdurality

t t di
of eAbiiIBR By eEr OGP VHAOL Ao SRENE. B oI FPayh islisposed near
the tBﬁ‘Bf(the @Adko %@&(téﬂd&'tﬂe fefothl 0P el R atifrecR@ibeaying the betlet

k fromthe inlet chanber to the outlet chanber.

chanﬁgm: WV eptisalfbiaffiasithat seprsaid dhe indivadyal plisarbersexjgnd-doxppwardly and
t

v i AR AE, RN RSO A o o

tank fiwin thedhletctaaiticoto the obrtleti odiambmp EdcH gasifidation obamhlaxr is eqmpped

withgopsiperogleapantly pastensticseGal Cinios vk R tipprh i the

nozz@{]asjs ﬁb@%ﬁb\ﬁﬂéﬁ%f fé@lrélﬂﬁt‘m%fsﬂulé @Gm:pé‘(‘l frof e BilldtR@hamber.

where a portion uid is drawn off to
belr mﬂratmml, fuidcentans thedgank th@uebl mlm iglet nbazznb@spasaﬂséuccesmvely

f t
oo QL0558 DR BR3EE B S AB Bl o
of thégnRed b dr@wal pelo bb eeoamnlateﬁamtoagh thErEeluctec nd)zziflsaijbéldmm @f
the mgq:q%e?figd%glrtsgt gg he hglg & gﬁlﬁ%{ p’g ?s@har}ge or s?orage
depernﬁﬁ{gr \%Hh d éﬁﬂ)h@éﬁﬂi’l Thé %1@@1‘5&&1’%& {s%ulﬁﬁieﬁ%ﬂé@@i ihb %Bﬁﬂe

trical I'n an eductor throat assenbly.
assemdblyc each ltdzzbehen@sfséhb hgoinmandeadartsupplied by agrﬁglrmmpump,

o PR P o R
educ%'xt thedat 6438MBRYis cditRctedas & g@@h&.ﬁeﬁ bepplied bl agas hd)lghhe in the

velocity through the nozzles, educts gas Into
uppgyRortiareefithe ik CRemes e thireratios ham wbeRad ﬂierPlF‘ﬁbC‘ﬁ“Ehe& The

passafe bfthe FRId Bt MgV ditytHBE R fhe nbAcY&RICRUABIAS the gasification
chambers and the gas rises in the fluid in the form of small bubbles. The gas bubbles

collect oil and/or suspended solid contaminants as they rise, forming a contaminant-laden
froth at the top of the gasification chambers.

While this device presents definite advantages over that disclosed in U.S. Pat. No.
4,255,262, such as the elimination of the mechanical skimmer and problems associated

therewith, the ability to operate at higher internal pressure, and better utilization of
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collect oil and/or suspended solid contam nants as
they rise, formng a contam nant-laden froth at the
wo ops06278he gasificati on chanbers. 30 Wil e t hPGT/US0OTE35757
presents definite advantages over that disclosed in
U S. Pat. No. 4,255,262, such as the elimnation of
t he mechani cal ski mrer and3probl ens associ at ed
therewith, the ability to operate at higher internal
pressure, and better utilization of 2 WO 2005/002733
availRSIE A0 3bsiBTers Bom\samk alidadvantages.\For exanples flew bhesfshe

o TV LS £ SO LU O
ThlS%Qlli] baflsR@Rhd g@&%ﬂvﬁe&loal dontih@g0steRRy Biaﬂﬁhd is Jé@irﬁbl@ Q@Is@ &he skim

I sadvant ageous when a conti nuous fl ow of uid is

trougls@qtermlb trougli the gasifieatisiiohambers ih t@@léh?@ the@l}glﬁch Rermits

rouf i B R ERRTESU R i A6 g TRyt By

moreé; H@di’@%f noAeang doit I@ﬁ‘lfoﬂﬁige;ohfamlﬁ%ﬁftd thetihay Ewuhhﬂt?l atnthe ep of the
there i s no neans_for-enmoving .cont ts that .

inletghamhen apbnemepneof wt%!g gk Vg Y ﬁawgbma entrajRed e influ-

ent, Wﬁﬂ:?s'dc&%?l}ﬁ%mﬂ ¢ uﬂvﬁ ﬁﬁk{: o tlbﬁ\fﬁerg"i’seﬁb ﬁ@ﬁrfs%ﬂ%@ammg
I'n the rnflu- ent, a

ccunu ates In the inl
gas inhherbesel whenalkdikimaruflet vadveeis opened, ereating # mtemte’dlwdangﬁgous

. gas.i.n the ves when, t he skim out | et e

stu 3R bR GreltL o SABORR S 1P DL P B 1 L uat f on
| f ARGHePpBbIchEMABEs ofien EheiiiER EwHR BRSHaHE tBfEiaRg 4 distance
the tank. Another problemthat is often encount er ed

abovgj thetank botemtis thet sQERGPITHER ﬁ@lnﬂu@iﬁémfﬁd@ pPasgpder the baffles
w1th5%1€$%&&@dﬁ5 t}ng ugtgﬂ@nc@ dal A0 c%tabt@g 'by g% b S t 0

er t out bel ng cte
h| glditionblly, dinceslauiyafdlosy indin dﬁ:gastﬂichi}orgd&mbﬂbislrelatwely high,

| f fl th
Wm@g@%fisltg?%&fy%?f‘tgﬁ‘a 54 e§¥‘? Bre4fon, o) Iynm gﬁ 15 whi ch
| e@dg Fta@’ Ncp %WS@'?%P‘%@[%&E ki 1n@hééd’k@dt@rﬂ&@cﬂﬂf(@$lr)%ll hbviRg an

relates to an i nduced static-
mletfdhanm:, arph(rhlggz)ofge:nﬁcenw.chgrnbws gnd| aatouglpighsmber. &ontammated

ool ot AL S RS S 0 U s i

throGgtade @ﬁtleﬂ&fhﬁ&ﬁ&r Eas bulgjliest atre ;nganitr;iluéetd:mto tha bgtg?mm each gasifica-
exits rou t tlet cha er S es

fon AT D8 AR BISPRISH SOR BTGRP G TR 1S oA Epigminant-

ladefi %@Q R %@'th%tt&;s §the SHIZ AR ‘i’@l‘éﬁﬁﬁ@& fm) ARt siqﬁ'iﬂfu@ﬁ nPth'e out-

A contam nant - laden. froth forns at the
let chapbert Atliqmct el digplabeinent eomiroler Wpintaans t?m: savebofi fhuid in the

s QRS S SR ot REV oL FUGh. pe s

skmh &o&élﬁbelﬂ;,aﬁérﬁbﬂ@'tdd tabise caund dirabediffeasnde bﬁipemificfgeavny

top of the first s rough, the_secon . .
betweeg the liquid in the outlet cham%er an% the gas(laﬁcatlon cﬁambers. A timer pulsing

device raises the level periodically to provide additional skimming. Gas is recirculated
from the top of the cell for introduction into the bottom of the gasification chambers.
Secondary baffles in the gasification chambers prevent a bypass by the liquid and
gas of the turbulent area created by the gas flow above the eductor assemblies that deliver
the gas into gasification chambers. By using a pair of baffles in the outlet chamber, the

fluid retention time is increased to further improve the liquid/contaminants separation.
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ski mtrough being vertically adjustable to account for
the difference in specific gravity 25 between the

wo p@gioek78h t he outl et chanber and the gasifi cap€DOS2002/035757
chanbers. A tiner pulsing device raises the |evel
periodically to provide additional skimmng. Gas is
recirculated fromthe top4of the cell for
i ntroduction into the bottom of the gasification
chanbers. Secondary baffles in the gasification
c hanteseation mtaed tocanappamtusfyr thheerhovpl bfiswspended amtief from a

ok s B S Sk AR o

4,938 2@3 fA Efﬂdd%alcﬁ&%%fa? ve§¥l iy aivm&danﬁad Jin@E ghafiddivs chiinber
e outlet chanmber, the fluid retention tine is

by a pam:meam exignds thravgh theniptesipe chaveber jof thearesssh @mﬁlmﬁ%wd
comPRRIEH R e SRR FRuELL PERERR Rty

distribuspe heleidr(Spdd z&i‘enf 4 bottom of theweshel andddy sasilioswtvd milet nozzle

treatnent of oil - ntalnln rr is disclosed in
which is pbineg with.a @98 edusger n ATy (7 s mowavﬁ%tﬁtwture of the

gas a\éﬁslﬁﬁ d. The %hé’ écﬂﬁﬁ)a rhBd B @uﬂ% %lﬁlg%ébé He Bl LrIRAdREHution

artition t t exten e interior
headetsaﬂfhe releied gos bobbles baranoil alhd smperfded nghtiSr t;mmdmhc appeun

.bet ween th e treat .
portioRof B estt L R gt Bt i el e inldheh & szl Siul fotlgetion
trou@PivhRMeRfeni@rotRh IR oAMbaE0n Sandbdr ahd &ohvevdrtibally adjustable

nozzle which is conbined with a gas eductor |n order

(basechomenercHireraviiyd secondary shimpcoHogtion Bingel infle degasifigaipn cham-
ber. Fhl%'l:(q elcépﬁ 15%5%8913_?}%? ?hrE éotn?iro ﬂg 1§ﬁ1d' E\t@lluy HRRRYEL.

e ou of t eas e
gaB] Sab INm ﬁ,ﬂl 1,§9Dadd H080, Mmm@de foedrt appatatwsafiodsnidveng

h f [ h he. f.r.
susppledpitiss B Ui, e abpprminy b sieefh el ebite] Binafifg hyfreut-
ic ﬂ(‘!‘@ﬁ&t‘ve%@ﬁ&ﬁﬁs ]ISI’B{IHH& %t‘hrheseﬁé’rﬁhé‘)ﬁ Gall k@ epa RRd™® Riwek Bdsification

froma vertically adjustable based on specific
changpenfiony 3 middle dagasificslipmelembes enqi ah UPReA a3 chambeR e number of

C
altergxg g\%ﬁéplfangﬁfnéﬁg ﬁl%gﬁlg'%d%%fn %«;ﬁ?ﬁ?#ﬂlﬁl Jo'll a:inlstg/oggh ic:(r)]ntrolhng
voluhlfm)f\lﬁpliﬁe\tvuhlu Ki &5 vﬁaﬂ andxlohangﬁ}oojh& Vﬁlﬁihea]f dhqﬁid)‘ﬁﬁzugﬁ (ﬂleduse of
al so, re|l ate to an apparatus, for renpvi 15 spende
an agjgpinble Trpcs i <G s csimals S autid Yapvee p AR RR ccllec-
tion \’)ﬁflét' draky J@Cﬁéa&félrlkg\ ot reHel apphﬁtxfs'p%@&és%r HEARBhathBAL

rovi sep aration wal to separate a |OMBY
arrawmefnt QﬁﬂIlTOdUCIEg]hqmé tmtb therveasel sodlISéo adveysimore antingate mixing

hanber. A nunber of
Ofg%ﬁ ‘f’\rllgr §‘ﬂ“fe§ﬁ‘8t§r¥%%\fe§'se re provided for controlling
sk IItL\W@lQH Ee @Eihfhbldl ifiae ra(ttmttdtﬂ)dl bdi] deyisedab Umfcalﬁe lsd)lﬁel bfithe
w thin the vesse an t he me o [
problgipoighe porvendenal ﬁywsa@ K %weeqdlﬁﬁgra frem & iduid, par-
tlcufgw’?ﬁ @s&&ﬂﬂsw of FRGEnSiEMBlShyldfo@konGbcot@hMasisinstiiere the

m col
action of the waves upon the apparatus tends to cause the suspended matter to

contaminate the recovered water.
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tion outlet or of the treated Iiquid outlet. The
apparatus provides for an alternative arrangenent of
WO ndosoodred ng |iquid into the vessel, so as to BChUSWe2/035757
nore intimate mxing of gas and |iquid introduced
into the vessel. It would be desirable if an apparatus
coul d be devised to overcone sone of the 25 problens
in the conventional systens for renoving suspended
matter froma liquid, par- ticularly in systens used
on floating offshos@mhyﬁV@pﬂéhﬁ@nﬁ@povery pl atforns
where the action. o he waves upon the apparat us
t eherordipglyail tean ohiecd eéﬁvérmwnmw@mt @ PEQY)] Fpperatusier

remo%ﬁm%e%ﬂ?d%ﬁér frém Wﬁc&&pie s &)%Qral?ﬁé Pﬁ%&?@ﬂg %ge%ég tbé

e Inventi
used«»h ﬂdaenpbﬁ‘sim hydwmlbomcm\ccrjpplatfoﬂns an appar at us f or

vin en %(? rratt froma oia ? . L
ol Aot DB s et Rrevided te et dnechanica
cylmﬁh@zﬁtgaﬁ‘ ﬂoﬁﬁf)ﬁ RALRing Yx%ﬁg BhQRRed SRR YreRhRHBWEE reqﬁlréltﬂems

I's anot her object of present invention to provid
and nadtuwd%pﬂtal andr@pmtnmmsts th@thﬁmmee the aglyerse M@m@ff@ms on
foat B Etre having a reduced footprint, reduced power
aP’e;ch? ®Ments and reduced capital and operating costs

t Nt cagry BigulBfesd ARl asrasbicetyeithe BiveRdrs tiRre isforoddéd) th one
platforns. I n carrying out thesg and. . ot her opbj ects of
Form, e PR fo5 FEmeving ispendgd sratigelom mlighd. wiieh pepargtusn

mchﬁ@@g (/@stsé'lsfof" Riceiv BIFRVIIRR oBHSRE ‘Egﬁﬁ% Bﬁsﬁkﬁdedfrﬁ&f@r Fndrbifl Ui h

whi ch appar at us i ncl udes " a vess receil vi ng a
vesséllhana piurality of gartitivnssgqeensially didding theevesseh énte am inldtobamber,

vessel, ha .pluralit of aritin sequent i al,l
st 173 Tt g Pealet dhek sehOid et R TR SRR P qupe,
chanttek; Sﬁh@@éﬁdﬂ a@ljﬁcb@t&hﬁﬁ%@ﬂﬁd@%ﬁnﬁﬁ@@éﬁhﬁl@ﬁhé drfoflidr OThe
cha and an outlet chanber, where each_ adjacent

vess@ Iﬁéﬁ?ﬂ@ﬁ afdisghangy chasban hrvag adlud commyaicatien Wih themylet 5
chanY&lc‘ Sfle a@;%?ﬁt&%cl?%&taﬁ%ﬂ@f QSnfr MEE ?ﬁrﬁoﬂ@\%' #E%ﬁdflﬁ&i ik inlet

onmmuni ion W out | et arat us
channtm hodl ass ouattet ifor retnovimgicharified lhqmd ﬂlmnftheodvsmifarga aipamben fhe

t he in et nber and an.outlet.for remving .
opPoEHIGH PP e 4 AR B atth STAPYEE B ERS Mapid of each
gasiffARiBh @hatAbdriTe} ¢8R gt tNRAMNGN heodah@ forl SH@RSnG Mtk @BPended matter
m xing gas into the liquid of each gasification

and fon gansepg thersuspeaged mgtter to ap wopemorigreef theyessely The interface of
e
collectes ehann&'lmctemlﬁng’zﬁémst ptially along the top of the partition between the
first gasification chamber and the second gasification chamber for collecting suspended
matter in the upper portion of both gasification chambers. A controller is present for
regulating the height of the liquid level in response to the movement of the vessel. The
liquid level may be lowered during times of pitching and rolling of the vessel (caused by
pitching and rolling of the floating offshore hydrocarbon recovery platform) and then
raised for collecting suspended matter. Finally the invention optionally includes at least
one baffle near the primary skim collection channel to dampen motion of the liquid

caused by movement of the vessel.
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the gas and liquid is ternmed a liquid level or froth
level. Also included is a primary skim collection

wae b@sned73ext endi ng at | east partially al ong t heCT/Ug200£/035757
the partition between the first gasification chanber
and the second gasification chanber for collecting
suspended nmatter in the upper portion of both
gasi fication chanbers. A controller is present for 25
regul ating the height of the liquid Ilevel in response
to the anenentEmkahaxhﬁ$aafﬂwIMawthguid | evel may

be]é%:mf\rllequ% ﬁggd&urflsg ch ’i’h&r‘? %f:qﬁgr:wggl ﬁ@’aqﬁ ort clﬁggem fodgmhs‘:nt
of thé Hﬁ’aﬁlcbﬂ %&B&rﬁm 'fl‘?)td%bﬂ%?ﬁé’fh*b@'ﬂlé BeRhy platform and
then raised for collecting suspended matter. Finally

t Hewillhbe aprresiated thap Hhel Higure aca sehematie illustigtion thakis paf ol seale

t o danpen
or o Rfigh SR It B BB B FREDRELO R of 't he
vessel . 5 WD 2005/ 002733 PCT/ U82002/ 035757 6 Brief
Descri ption of the Dr awi n%s The si ngI e Figure is a
schematic, crofétailed Deseriptionof thg Inxention of one
nﬁ%dl? Jnh% %f t4
syste r@?e?\ gﬁtll nver11t| onh&?étgc Hﬁ%gwag%%?g%@t@e Ot hrmta
tion, tv\h’é th glﬂuentl twing watheemtdreinatet wathr @it amhothebraﬂuspemdecbpamou-

ates 1 e e B BB iRt bl Blatol pppipons

in wiith it h@désﬁmgettd) mpaaﬁ@s@p@ﬁaa&nan@v eid/bradil fbinla 1AM, RA that the
descri bed, )g&ltglp and not limta- tion,

suspegidedh maker, ﬂ?ﬁlllq}lé‘i\t()f b@thﬁg desirrdampdnet efithgipropess. |

{
e P g RAEE FRAr Bl Gl ' St Tppaldd O elRfre gm-
bodimeimnteyf mesina@moinagﬂiédma veksel W gc;:rhe«tdmlng ? diesi 6fa|k,liu&1 _lcghaving
ratesuse e tter and/ or_oi rqom i.qui d,
suspeRdd malier mieed ¢ %gwgﬂad@&rﬁﬁwgﬁse thin apﬁgﬁr@% capbbgent has a
contlﬂﬁd(ustb?hh&}?ca@ Siabwalal] RLHEIbIOET Jvﬁﬁstﬁfd%‘ges%%staﬁﬁl ¢fitbfrPpres-

“now td the Figure, the system 10 of appar at us of a
suresmsemaefrhesmcetmtergd ovhen mocmﬁsmgwwwémat@rrfrom eh odowlla Vessel 12

is and G BloqBo s oAk Il eis B it chefer)BL Erbopd Bas-

ficatioR cBarBb& 20 feTaresiRd thier D2 Swhere @adh AWKt chibBAEdncRlidly
sidewal | and is capabl e of wthstandi ng substanti al

commpiegth a¥ithmeqnother, dint iss theh g flyed iarns gheebaranahBew into an adja-
cent Qﬂa T Sy 4y ]HQ%%%Q \Qﬁstoﬁ{lrgé CR{th fg'dlatvx*@{n ﬂm%( %&ﬁﬁlunilc%tlon
I nl et

I'vided into an nber
26 wgh:euﬂe:tcchamber 2h dretfbrid E8pmmanatiom6 gamrall;fbem@ a pipe having a

valvéj£§a fgggxﬂ ﬁggperé Ag M gbdq%p Z%rare (?iIVlCWZﬁ) pﬁuraﬂty of gener-

ally vertical partitions 42, 44, 46, and 48, respectively. Partitions 42 and 46 extend from

the top of vessel 12 downward, and are spaced from the bottom of vessel 12 to allow
fluid communication between the adjacent chambers. Partition 44 dividing first and
second gasification chambers 18 and 20, respectively, besides being spaced from the
bottom of vessel 12 is also spaced from the top thereof to allow gas communication
between these chambers as well; partition 44 being supported by the sides of vessel 12.
Partition 48 dividing outlet chamber 22 and discharge chamber 24 extends completely
from the top of vessel 12 to the bottom sealing the entire circumference at that point,

except for fluid communication 26. The lengths of partitions 42, 44 and 46 are calculated
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20 conmuni cate with one another, that is, that a fluid
in one chanber may flow into an adja- cent chanber.
wWems®h273P al so has a di scharge chanber 24 thapCT/8S1002/035757

fluid conmunication 26 with outlet chanber 22, the
fluid conmuni cation 26 generally being a pipe having a
val ve 28 therein. The chamgyers 16, 18, 20, 22 and 24
are divided by a plurality of gener- ally vertical
partitions 42, 44, 46, and 48, respectively.

to miRamize thoeféect 8f presburtdifeteatial dl.reamdﬁlierem ih flowatitey @Adetleach
12 dompar%l ignd are.s ac§g fromthe ttaom of vessel

Tesperlive Bargifipg, flu |°8¥"d’n sevigibessy S‘EIF?@ CRASEAREYYRY

hav:&h&‘ﬂ@@'rc%ntrﬁ%ebic@r&fhlél f‘”ﬂo‘(ﬂf fﬂef@hx{)h&ﬁt and second

ga3| i cation nber s respectively, besides
belntgy cwab@dﬁrhaa an et 3(btotmm¢dme theefbove bf ti@uid 44 46 the inlet

h 0 as co ni cation

obar B §6 &och BENBOTiohriBan DL B tnai b s nsh g ki g2 o

ingeSinpRAd higinkyad Mt ﬁxledﬁ;%ldikff e‘dﬁ’iﬁﬁbecl@e g@ﬁ?ﬁfoﬁ'cﬁhﬁﬁeﬁ@ 20
di viding outl et chanber 22 and di scharge chanb

for cesptingay @rb@ﬁw] aseawhere thegnspigactsape syspordedanattep an@ carnes the
suspQﬂE&% Ff?)l dfxﬂgulpgﬂg or20l bf ﬁe%gs‘ép%ﬁ)r E&e e%gect a&gﬁn%e t18 20.

except onmuni cat 1 on
Gas ingedting |andh mud;ﬁg ndbéhaisn4 82, dn ene ﬁéxﬁﬁhﬁtglbrﬁbd@nem are prefer-

aby SRV BAROZ T T NG 385% S5 frcmeratsd o s S hskhpush
will bd %réc@ét@&tﬂdf‘gtﬁér @@?J& ih&1BafRE by ﬁ‘ot@ﬁ'ﬁﬁédttb oﬁ'?mp@ dérHors, may

conmuni cati on coul d be any ot her sul
be qudslsfa@}ms 3r2aWthlS desdribed UDHtSr Bht. dkva,@QS 6é@,uhat eaog include
an.in

one ot A ERSRALSRS et G or) Besnmnf P pBorghiis3 from
the vﬁlbtﬁrrs‘p@"e ik Ghe dppehp@tish bf cakélan. ChamestinkdnandxR@ MakaMbms

| east ~.one mechani sm 32 for ingesting and m xi ng gas

32 mapplgo incdude; wateiiratt tubge fo ransfie sYateranigabe raterassenblies of
mecf?&ﬂ%ﬂﬁ%ﬁ kBrusivBly @b 1 oAbkl \oF Re Lé&tfs%iti'zeﬂ}c fo%aofvéﬁeewsﬁr draft

e gas attracts the suspende er an carr es
tube fasdpatasieapanity vaiativos withinthe sameo gctdnmtrﬂfeca&se allessel thdﬁenters

oo SR S o LIS
ﬂuld%!'ygnaﬁsr @idehort @iraftivg bf‘ﬁle%‘(& %ﬁnd’fhe%rb@en? eas. PI"Be treateﬁ

93, 563, mcorgorate by reference herein, althou
effluent floggs|out %veami A@ vizeuslet 34 ahichiay have i vabe, 36 thereind iFthv

throu%EtVﬁﬁgf li %féﬁgmteg ‘v1a§5s 'Egdessog L rgage s%%%h{_p §¥sug¢a ot 551\}9
3, AORe SG30f puryticnadhis Iarjﬁimaﬂjé skxﬁf@ll@étlmkﬁnﬁﬂstﬂcﬂkﬁd‘nﬁmg at
transfer gelw the rotaor assenbly of
least Rkl AL 95 PG of Hhedon SEpAT G g Hohveemdirgygheification cham-
er 1935 L3058 i GO PABRCBE A A g g

ani s
portions df] rbaﬂsgasrﬁoaamechamhems 18;20r Sitior codissidorbitiaasel @), oriented

normal to the plane of the Figure is generally a trough, and is illustrated as having a V-
shaped cross-section in the Figure, although other trough contours and designs (e.g. U-
shaped, etc.) would be acceptable. Froth level or liquid level 50 is designed to be right at
upper edge 52 of channel 40 during collection of suspended matter in the upper portions
of gasification chambers 18 and 20. Primary skim collection channel 40 receives con-

taminant-laden froth produced in the gasification chambers 18 and 20, and such froth is
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mechani sms 32 exclusively fromthe bottom of the
vessel 12. Inclusion of the water draft tube

wo awsl017a3 es capacity variations within the saP@T/US2002/035757
geonetry because all water that enters the rotor
assenbly is directed to the rotor suction fromthe
bott om of vessel 12, reducisng fluid by-pass and short
circuiting of the fluid around the turbul ent areas.
The treated 20 effluent flows out of vessel 12 via

remavet] lfiom 8¢ chimneh 40y olghveepramemyl skiam 36tl¢tidr There n’r‘dydw a skim

R A RN O
may# ‘ﬂ)é tap%re‘& i ﬂh%bﬁfmﬁ ‘(é g1 VDJ)II B &l E‘&Deﬂ) p@ﬁm@%’t%@ﬁé}' B@oval of

| east partially along the [eng h of
Skqu@arlgﬂ fromrihejchanpeltdfe Ehe fiserafia agm;ndin mamfoid or hbarmebfw fot oth

e S T8 b RSB0 Pl SObAED ) Pod recuces
the dgpﬁalfcbaaifltmecﬁmﬁbpéﬁ sph8e 58 & ;]ar&ﬁldea aiSdvie gk 29 siGAcMRbtion

oriented normal to the ane of the Figure is
Changélrf@rfawll O WLaEIQY GRAMNHIREFatign bﬁwgm easheaf thesgasification ghambers

18 asfa@ped cross-section in the Figure, although other

trough contours and desi gns (e.g. U shaped, etc.)
wolihete ieo@mmeldy phivededfat kit dnebaffledd0 hdae piithatyeskéth cBledtidn

ht d 52 of ch | 40
charggh(Hg P dis BN ohe NEAd chubaas Tavomeat pijpevesse 12,
suchFh@ rnidy%sdué @ fe lﬁ&%rf 6&9&\/‘eﬁ9 A ijéeﬂéatlﬁg %z@x%gar‘ggn recovery

Primary skimcollection ¢ 40 rec es Cco
platformim rshOWIa)danﬂes 60 hays mhxmuiostmrtiiml gdgé 62.0&ssedl2 may be

con R854 S A 2 B e oo

the velsenBhs diAstthediighe Rigatd. MY bski Msevetcdtinads thElaﬁglﬁ ABYa
skim out|let 54 on either or both sides of
line gﬁyﬁmhw@wrﬁdgﬁ 82 pEglpaneld0 anddhe distal ngﬂﬁ%ofdméﬂm@ with

respdff o B8 AT el AR A T i Bann ¥t SRR sel e o

motibRef e anRl 144ill Hehaa e@fwhle %@ﬁﬁ&[h%;(ﬁé‘ bfiahd fr%fh to flow over
channel 40 for both gasi fication chanbers 18 and 20

into chpapel A0 In 2 mefated; pershimjiing empbnsimpptf she javaigioanthis angle A is
abou!'t?g(uces the capital cost of thereof. An open space 56
I'S provi ded above primary skimcollection channel 40

t 0OAGktNdagakan ¢sllatishehamel bosuchet ERRiRartloeld Uol&@m closed
gasj fication chanmbers 18 and 20. There Is optionally

Sldesp%r@\ﬁnd@en 18D 15 dqegteddn an FRPITIRETtE: ofdalet phanther J6.sikione non-
i 58 AR 00 0 BRE R, D TROSRP e o

is po&ﬁlonmftohﬁlldchtefrdtb at zhkvﬁltﬁﬂ, ovhichfmayeiwe and aireftably) 8elow level
|atform (not shown)

50 ingrRPioabohoelamire 1 STl SESau s calecbag drmel Yhmesiso
be tapredBY tREbottom and may have a V-shaped or U-shaped cross-section, as non-
limiting embodiments. Secondary skim collection channel 64 may also remove froth
through a secondary skim outlet 68. There may be at least one consolidating collection
channel (a trough, pipe or the like), such as on the outside of vessel 12, in communica-
tion with both primary skim outlet 54 and secondary skim outlet 68 for delivering the

collected suspended matter away from the vessel 12.
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consi dered to have a horizontal plane, which may be
parallel to the top and/or bottom of the vessel 12 as
w0 kdoamoa7at ed in the Figure. It has been di scoveP€PRUS100Z035757

if the angle A of a 15 line between the upper edge 52

of channel 40 and the distal edge 62 of baffle 60 wth

respect to the horizontal plane of the vessel 12 is

bet ween about 5 and 15 that the notion of the liquid

14 will be danpened while permitting the oil and froth

t oAftégiaryaskén colledtionchammee0,4Adependent pf Béthpriathry sigm collec-

limting enbodi nent of the invention, this angle Ais .
tion ghssnel 4Dmndsgeondawyshita splection shansiel €415 lgated ime|upger portion

t
o UG U, Ty NS By TP
threm:lbdlpmerceﬂiﬁallyl locaiedinruhambei 24. tSuoiya ehdrod] mey be vertically adjust-

able B Honthe ditsbadtin spsis oy pubest (gt i5dhe Seharee
chanﬁﬁr ZMV'EM? ﬁxe@%ﬁ@ﬁmt?dlﬁnib@rsg’se&‘nﬁrZGbFIYrthe'? ﬂlstﬁi’lé bﬁ"fﬂ%' indiRid static
asification chanbers 18 and 20. Second arg skim

Rotation (881 ¢ sallectomeinenelcnaisced 25 P Neag B8 Soneaiporacd

by reftbh MR, el Rotle R by LBy R R commuition yi

the oshsdndﬁmhg &dlletitn eaanglelhibiftcoTRytsF @R fio@Prvi@arfy'skimh outlet 54
through a secondary skimoutlet 68. There nay be at

and segandanpsamaitlsh b8, oh man faraits @wn coliection shanae! ?Tdi’lW wuggliver-
ing s@é@ﬁ?@dmﬁﬁ@r Jwas/?)om such @s on the outside of vessel

conmuni ca- tion with both primry skimoutl et
54Therd nwycdsodar preshi acanital etecBéhisroy sudie bs & pragrgnmblele 36pic

oot 355 33555l nadBo g J6L i 8 Bl B 6GRg bagficprion
chan%H ﬁ;:tznqsy SRARNR 1eved infoRsRRATERR levef tr&mhhnémww and regu-

ski'm col 1 6c- tion channel 40 and secondary skim
lating flowetbraugh leyishensiol gatye (1LY bdhwbighiinin fhed apperunisetion 36

betwgﬁ%ﬂlhtzeﬁ Q%ﬁfﬁ?& ch?rgg }?aynébe?’&}i lgo?vg %rg;ln%ﬁ i4o may, in one

non-umﬁtﬁﬂgaéﬂabbdlmeat Balelits sehvanbeditidtkd 11$lﬂ€efbp&nﬁlgaf¢ﬁ@lth pRYitibe 44.
verti ég ﬁ@adj ust 5 able to accognt for the difference
i nSigpEElys the coplol of kb lexglerd inlschargaichamperiondox 24 is accom-

phsh% g&ggﬁrg%g ‘?E %?ft&gfanﬁﬂ RRE hRAEmdAGh frbﬁgﬁl“ 98 aﬁci@@ﬁﬁﬁﬁw 8w

etal S on the I nduced static
throﬁghdt(%\‘v' B6mn ()mﬁlimcﬂhd @i wure Mthedbvmnmlttsw and 78, BLC

72 oL oVARY o MR et R Rk B Rohl R i however, ther

nnpl@ﬂ@ﬁﬂdﬁbr?ﬂﬁh@ GuaW'-deh méc'ﬂ@nlﬁé-lffﬁﬁéti(ﬂlastykteﬂl ¢TThd RGEARIA is expected
channel which collects froth fromprimry skimoutl et

to besigpvargivand secondary skimoutlet 68, or may have its

O\Aﬁn‘i&lpl)ﬁgﬁtlfgﬂur%rb?% hvélﬁwﬂ'l?ﬁltérﬁﬁttgﬁ lsfc%ﬁmng by raising the

skim level (e.g. froth levels or fluid levels 50, 76 and/or 66) in order to remove the sus-

pended matter or skim oil for high pitch and roll conditions on a floating production
platform. It will be appreciated that on a floating offshore hydrocarbon recovery platform
(or any other environment subject to excessive motion) it is possible for excessive wave
action, such as during storms, hurricanes and other conditions that the platform may pitch
and/or roll excessively. By “excessively” is meant to the detriment of the present method

of clarifying water. That is, during consequent pitching and/or rolling of system 10, some
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i ng suspended matter away from vessel 12. There may

al so be present a control nechanism such as a
w@e@giemnbl e [ ogic controller (PLC) 72 for PCT/US2002/035757

controlling the liquid level in the first and second

gasification chanbers 18, 20, by obtaining |evel

information fromlevel tramsmtter (LT) 74 and regu 15

lating flow through | evel control valve (LCV) 28 which

is in fluid conmunication 26 between outlet chanber

clanﬂé’d aar Woﬁlﬂlﬁlﬂﬂeﬂi’ﬁbmﬂle%d bl @viedary slamsohahiied ﬂ07s4:cﬂf&161y
one non-limting enbodi ment, have_ its, sens

sklmwélrcfetqu»fféanm% 6 and/sp dertingy sé;gn@allmﬁa chinneb70.gaused by froth
level§'ogprgﬁf Ik¥els g@ 6 H}orr % BSHIJI%{)\?C%’ ﬁgglgktﬁ&go%ﬁ gt%&ggﬁ/%m

er or 'S ac
thesethtaanels.ng | evel | nf ormation fromLT 78 and regul ati ng
fl 20 t u L i,n outl et X nat.ur e
ot THisaRia Tl o BLbe A tinireg B cpedtyse BRfh BRL6r
ﬂmdzlgvefwsh 36 ahd/of 96, THel dohfol ofétﬁ@l héBit dT8hdae 'I‘é&z@l%hh@ﬂ@é thtdugh
the art; however, their inplenentation in the

PLC Jdaia bV 28-andleahiCa536 il IssRAnED 9 Ritehtaadfopfolt ‘ﬂf?fa colasted ton
e O A

naturfofplichah@ i schsor@0 i§ hditdhiticalMldnar be dcdhieted By eﬁﬁotﬁ(&ngle or
76 and/or 66) in order to renove the sus-

pitchysenpars cmvegmnﬁllbjuawaliaé}e Hi i Rotecessasyibatmsich a@% mﬂ semeRTHo be
a sinBl% @Bvick gt/ gﬂ% r@rt%%m‘?? deRbatform It will be

appreci at e oat1 ng of fshore hydrocarbon

r etoullrbg appmtiatadrthat(there a_rwatdd:dsemcembadmmam bf sudajrati¢nt or
rarmy R oGl B gt R TS oF e B B Saaptor”
consfRH héikRD tn SiAdmBJBem Bt IFoth By 50 ﬁqs@béﬁoxﬂwy@ﬁaxﬁ@ided or |

excessi'vel y. By "excessively" is meant to th

kept@be heighirheloy thfmoppr edgei2 ofpringey slam Qs)lﬂaﬁbtl(fnthﬁgnﬁhéﬂeand then

By D SRR B S S NS A AL e

ly stdfle sibuatioh ] L@&ey?t 4 is}mffiooﬁbrbl@ lbl\mﬁiefsli;cfrﬁeh{(v)tly(; (He: flﬁﬁh &sleb§0 may
rinmary .ski mchannel 4 skim ectlon,

be n@w%wévalet&meg oa ke ot 8 PF’ig’é\‘r jeid ﬁg fhecpprreder 4 of REmAB Skim

colle?:go Eﬂiﬁ@m(p(ff helt 'i@taﬂvayk %Yﬁ(l)x?n cbl léﬂtﬁll 5§ h&ecﬁgatté} and then

ashi ng over or s oshi ng OV excessli
mterrmttcntlytlhwsled doromtevben pitdiharsl rel sewsoo 80 dd:tacts fin exiceaat@pltch

nimzed cont.,r ol f.r levels or. .fluid
and/ PR Tuigh. B i) b S3mesmbling, 8 e P whispiad Con-
trol ’mﬁﬁg ob&k‘t@'b‘éﬁﬁ@)& th&etiWb @ﬁmbdmféha@ Psivdbdy, PEE 2Bis prsbrhimed
6 in response todpltch and/or roll data collected
to mpke appropriate changes in liquid levels before the pitching or rolling motion
becomes excessive. It will be understood that raising froth level 50 for collection of
suspended matter will not be regular or periodic due to the unpredictable and irregular
nature of wave action on the offshore platform.
It will be appreciated that although the above discussion is focused upon froth
level 50, that corresponding considerations apply to froth level 66 in inlet chamber 16
and fluid level 76 in discharge chamber 24.
In one embodiment of the invention, the mechanical flotation syétem 10 has a

dual-cell design, that is, only two gasification cells, 18 and 20 as illustrated in the Figure.

10
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pitch and roll sensor schematically illustrated at 80.
It will be appreciated that the exact nature of pitch
wa@e@s0ad7B3 sensor 80 is not critical and may bePeUHS®OB5757

by various angle or 10 pitch sensors conventionally

available. It is not necessary that pitch and roll

sensor 80 be a single device, but may be two or nore

devices. It will be appreciated that there are at

| east two enbodi nents of intermttent or ranped
Prevﬁ)ki'slgmmmg;y'stemaoilﬂt fous bell@t}m&bi&hﬁd)milmg i bachfdelliod chamberas fbout

iR SRS OLO ot oy B S a1, B eHraF fryeRon, using only
two %gﬂ%ﬂbx{@?&nﬁfers orlcBl1K 8 2 AlsiRnbLii @B in Q&MQ:‘%&E% dﬂ%@ﬁt 2.0to

rimary skimcollection channel ,
2.5 mihutas, thmfé“ucmnt:y achi¢wedod pbad %%lsabmsé@s gfaml bui aj mméﬁess

o TR SR R e
redudddt ﬂfeﬂﬁtde}j@\k/ar, redpiiferhdn®d die |aBMﬁ|haﬁ’@hmY a cbﬁveﬁmbﬂaﬂsﬂzstem (since

mai nt ai ned or kept at a heig %%ht at_the up fg
only §30 ggs lsgq’»SHﬁg/yﬂgmgrwecéémﬁle&ﬁliedﬁqla Angeadad fevraeand the oot-

print® loWQﬁég 89ﬁsuﬂf%’d:$ lhy Wka{t\?ﬁ&gérlglgé#‘ﬁ?ﬁ%ﬁq} zﬁt e'ir{sﬁﬁpo Hfj%ogsid-

t hen nternftte or on
erat:omblh as effsimre 8l plimﬁoantvdlemwamssm; ppeempivirch  an d/ or roll

t] [ desi f abl
s BEE U T b iy o i
penshtavaelrddReaint ¥a ﬂﬂmwnmmcalf)@ﬁw apblymePbta Z&giﬂ&ﬁer

Erorarmed to make app riate changesmllq
into luiddids toyiaitiatly tieakthpil inh r gphiping PPEMHBLSERATabRt ofRogtami-

nantfﬁgﬁ%ﬁéﬁlg}eoh&n%\% ?@dunderst ood that raising froth

ron of 25 suspended matter w ||
noAlthenghawt kleowm valves ma;d be priwidedddot blewdown efl slatigdihet col-

rre ul ve action on t he offshore
leCtSﬁ’Pgt favewef ﬁ b@s‘éﬂ%‘rsga BAEOR0RAL &“BFHQ@HOIFW@‘ ¢

pres@POYELE LARIABIRILE Bohasspagd upon froth level 50, that
correspondi ng considerations apply to froth |evel 66

i nini the atethoidantites inyenticana) comtm\ldust Bowlof figuidd %wmgwnded

mat GRS tnckcwint B ihPo it HED Bt TR 16 AR R 36 BondcWEpa-

ratloﬁQ}S tenuspdnaéd maﬁeﬁdourstlid\@l@&ﬁlhﬁlb@ﬁlﬂ Bnfleinago tHeQippBeportion
O-as illustrated in th eFlg 10 WO 2005/ 002733
of mh@vhansimdé/aeé tlpatmg frothpeve) 6 ulé,hly frothorgusgeadedvngfters col-

lected%' E%c%ﬁgiﬁ ikl'irpgol e%?x@r% C'ft(ilrﬁ% #bgﬁnd asgé'cﬁgift&% e@cfndg fif

I Cl en I es A) nay
outla‘n I68 & aecnsolidatingecofie@fanthanml anhy flom wssald2ohs yoted vm one

embg(gg}lq];t Y éh@, gag/e)gtp(%a E}? legél er{g;ys@a%)%%ﬂrgc? E{Sg Slgﬁxgertsm to that
of fr@tfhflé\%'l S%)é ﬂﬁﬁgggéf @8, Phat 20 AUEin@BAIA oA LARS e 0F8QHmental
pltch or roll froth level 66 may be lowered below secondary skim collection chamber 64
and then ramped up or intermittently raised during or for collection. Controls for
changing level 66 are not shown, but would be similar to those for controlling froth level
50 or fluid level 66.

Fluid 14, still containing considerable suspended matter, underflows partition 42
into first and second gasification chambers 18 and 20 where a flow of gas is introduced
into the liquid 14 in the chambers by gas ingesting and mixing mechanisms 32, creating a

turbulent area in the entirety of chambers 18 and 20, and allowing the gas to attract the
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5 power utilization. That is, with the inventive
apparatus, while efficiency is slightly reduced, the
whersepyser requi renments are about half that oPCHUS2002/035757
conventional system (since only tw gas
I ngesting/ m xing mechani sns are required instead of
four), and the "foot- printtZ or area consuned by the
apparatus is reduced by nearly half - an inportant
consid- eration on an offshore oil platform where
susperpigd endtier and carprietu thewpid pérticnpdfivessel 12 Waeiedeflodftegdevel 50.

i L e e ek s
least ﬁiﬂll@l%longliﬁé g oF pRAHHONRIS HeFwendRIM #;)iﬁ‘sflh%’r'l%i 20\WHeR froth level
[ u 14, to initially treat the influe

50 lsaeﬁ%qr rﬁgﬂpsétfq’rnmwmmat elfeotioroly Rlo® 72rThe sua;mled nmtter is

b T
samd (&Q:hﬂ"eneﬂt ddﬁ@olhﬁhh@ odldctive eBAInellrvify §QoR@ iy §Bﬁié‘6ht&% 68.

ggﬁs i onal au es to nonitor the preSsure
Levepp§ Js gepera haxmq%edftp Swserneybal higher tha lenst ho A tdeast hue baffle

havi .
60 YR 8 OBLEIUD LD o b1
occuisrwlen ehselrizaockisd drmmved fin tesp@ise $@wa&sr1”&ttﬁa% fige hyd@ddafibn

rod i & uspended matter occurs in inlet chanber 16 by
P ‘F‘HS’&WSO "o the upper portion 20 of inlet chanber 16

anufd Pﬁldr@él?r freebh sdsﬁé’rﬁied %ﬁe?@eﬂ e c{%fﬂbv%r oqﬂ?t‘ﬂti&?@ﬁ% flows

matter 1S CcO lected in second ary sKkimec

into Qletrpkamigi 23 Rpsprps of thet finid i d Hrosecuatted ahgmlsdrlzmthmuglh pipe or

ﬂmd@gm&xﬂn?cfngg |1§ 1%?518{%% bp{cf%vE coq?pg 6’5(’:1 Y %gﬁtm Ba,qug gft(g s?lg]nals from
PLC Fhuesrdiag to 4 ssftvwark @redrarf ChofEin ubﬁF GRRakh &l dneforh '1‘6\%1 transmitter
manner simlar to that of froth 'evel 50 or fluid

74 |evel 76. That is, during periods of undesirable or

defyd g tlalm d%éha?%é nffer E&’ sjmll%\fe(atolf’ ﬂlxeer\égqlgm%&é%%eed

| ower ed bel ow sec ary skimcollection
matteg iyl floating suwhpeatten o eveli 16t weliare ittlet?dllejctdd&iy&adla@mrﬁ@onéctxon

oSO B T A v Al At e
the dfﬁ'&*érfc@ lih spr@ifid @hvityl R¥®en RO llgﬁldfll‘tl‘ih glsjcﬁz\?gé ahaqnxgrietr glrl Yhe the

still containi'ng consid | e suspende
hquldj%mﬁw gosifigadionichamherd 38 agd 20.rithe rhieras whinicclarefieatiduid is

remo; f;ré o e Q&e %Fﬁ‘ﬂ?ﬁ%rﬁ 11ge§u§gepi% Il\f]@?ﬁg ng ﬂgqll[c% gfl Bcigﬁ%ézglgsio

soﬁwaregﬁegnangcc&ndaﬁdsxn 10 mmemﬁmilr% ateﬁmﬁhéd‘ﬂoﬁi LT 78, Alter-
area_.in the entiret nbers 18 and 20,

nat“’%lﬁ’oordp P@&Wﬂ tq the vgHicak %Silllﬂm?l&@lf Chfméle!ﬂ‘l Isvel 76 0By o278 Acd
or 1nt€£ﬂ—1/ttH§%Q&?t{tx%ﬁ§5 5}7 PLEZ? or other means to alternately collect suspended

matter via channel 70 or maintain level 76 below channel 70 during periods of excessive ‘

pitch or roll.

To summarize, advantages of the invention include, but are not necessarily lim-
ited to a decreased “footprint™ (decreased space requirements), reduced power require-
ments, reduced capital and operating costs, and improved tolerance to platform wave
motion effects. These advantages are achieved through a two-cell, mechanical, cylindri-

cal gas flotation machine with a special baffling design to minimize surface wave action.
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suspended matter and carry it to the upper portion of

vessel 12 where it floats at |evel 50. This suspended
worios®0278% col l ected in primary skimcoll ecti onCTOsz0B035757

40 that extends at |east partially along the top of

partition 44 between chanbers 18 and 20 when froth

level 50 is raised or ranpgégd for intermttent

collection by PLC 72. The suspended natter is 5

delivered through primary skimoutlet 54 to the
Duakanid/asdnicunitiohtalavaicontrlii homrapmbedintvats wsidinamsare proper rotor

subrsi s 37 eGP TR C et EarSge p SRBEerIA e Trom
smfmm@ﬁlﬂ@d cbmrdl%d%ﬁ anb'eﬁﬁ@foe& B&forhﬁ‘ﬂ@é Hificiefly it $@dler

. one paffle 60 near the primary skimcollection

increageth %@PSIW ERIABER S mn@n&@pllmoafmamld ¢ongheniel bcmn the two
gam@&a‘ﬁ%%h%ﬁ&s V(?s%sb?l dSrbag %%%ngécggﬁﬁglt {7‘ g%ef?lg(f%gf?lg iemixing

waves hitting the droca
meclfamﬂmb mﬁumizarsgexit-yzlrémaﬁg Of'erSiLWlfde mﬂgﬁ offehaRftiesnext

fl.ows art|t on 46 into outl et chanber
oo SEgRE el ieafo TS TRt bepdesehbrtuith perence to
specIﬁU OLAiIRERS tHRFeoff dndilds AR RrA R a L5l Fivh ﬁgﬁo@ F‘ﬁ%ﬁ
| evel control valve 28 in response to Si r
mec}PLn@aii flottien pysieny fargemovgiog supendqdrmogiten rﬁmm19qmd$1 Hmevgr it
will ?@ Eﬂﬁ&gtﬂ'éag %gx?&%%{%cﬁﬁg IOthg ? gﬁ%%% (&1}&% ngz?'de tggreto wf#hout

departmgaﬁmnm@ !m)sqt& splieid or Gt of the)Mnidn€ioh b8 gt For@in e h§fentod

is.collected by tertiary skim

|
Cla‘"%so ﬁ%ﬁ%ffif”@ e‘lﬂﬁRﬁﬂéFaﬁnﬁ 1 ghbmeenrded imayiliyefrasiveanther than a
restricﬁge 5ade HobakarhSle YBE Hisfaﬂhésybe@\%éﬁsth@g& Fitibfs ﬁ}%ﬁtﬁy %lu ea of

the difference in specitic gravit
the vgmomﬁphgn@gﬁan@ebmnwormtlmzbcﬁﬂmn At lllhmtra‘wéd h4d Idaschbed

1 The rat t. h
and 85 B8 DR B0 POt i v dfed Rl itelar dgerass
woulkii)eraﬁgculpatl‘eéfdo by withivi tB6 sdope 08 tHiSinverktidn) sm%m,n ) 1'hgest10n and
re programconmmands in the PLC 72 enpl oyi ng

m1x1%{n§ s and eyeltpnsiytiipg anqqmtr@édcyvlcqs dlﬁfwemcfmm [thme

o e BELGEALG b 0 AP 9 Y S
the appemécd pleims Furthai liguiddevel yommll bt sklmmp@mﬁﬁbm&mgﬁpdt%fns

or prifeBois AR i s Ets s remay Bl thges an within

the s&opeTitheziaveradwant ages of the invention include, but
are not necessarily lim ited to a decreased
"footprint" (decreased space requirenents), reduced
power require- ments, reduced capital and operating
costs, and inproved tol erance to platformwave 30
notion effects. These advant ages are achi eved t hrough
a two-cell, nechanical, cylindri- cal gas flotation
machine with a special baffling design to m nimze
surface wave acti on.

13



O 0 9 O B W N e

bt et e e ek med ke el
00 ~I N b b LN = O

12 WO 2005/ 002733 PCT/ US2002/ 035757 13 Dual and/or
intermttent |evel control in sone enbodi nents wll

WE@n®Eane7ps oper rotor subnergence of the gas i POgEPES2002035757

mechani sm and provide a stable level at the froth
surface to allow controll ed ski nm ng and enhanced
performance. Efficiency is urther increased by using
a comon skimm ng collection mani fold or channe
between the two 5 gasification chanbers. Use of draft
tubes in connection w th €hengas i ngesti ng and m xi ng
mechani sms m nim ze short-circuiting over a wi de range
of capacities. In the foregoing specification, the

We Chv@nt i on has been described with reference to

1.

speC|f|c enbodi nents thereof, and has been
e Annsatisios germeving suspended Hilaﬁep from alligujd acompeisivani cal

D) BB HE 4 Abw pE RN BUSHRROR PRt Hherpius

o d iplurality iof partitiods saagadly davidiag tiedgsdl REb ah tniv dARMEY, at
de rt| fro t.ne broader spirit or _scope of

t he
A Bt epsilication ghamber and Hée%?aé gAviBeRtcpIchpmber, and an outlet
Ac eRARbd? géa)éh alifd€eri Eﬁ&hﬁér?ﬁﬁdl? Romfnftafifie Wrdnd %ﬁ%¢18r, an

illustrative rather th estrictive’ sense.
@xadprharge panhies haviog s fliéd evremunioatieawith theansletcitnttee,

£t h d
Yot TS 48 i MR B P et deitbod. 15 and
@v e mdchaiigh fémayesnag endMixifP 844 ihtcikb hlhiuidQﬁ'éEéH sRffi@fion
tr|ed|napart|cular appar at us, be anti ci pat ed

t oChAsnREr £of; cheating aée@akené preg gnd fqrwmlng the sgiprnded matter and
ga

0 o iR (R ARhdeB B TERIRE! fon BLMe VPG Mo ipteptoce
i | plithe gas andl ligqudd beisg riliged lbealei n woul d be expect ed to

11 P R SRRTRIER e R DS BPR e som

COpareitibh Betweah tRr st ch9ifiRhtic el SndlintlseldRaly a§1?9§ﬂ
those ex licitly described here may nevert hel™ess

er fersole@ipg sespenfied matkerrin itheippespution ©ﬁB¢th@2§lﬁﬁatlon
PCQ’M%%%QSOZ/OBS?S? 14 Clains W Caim | |. An
apparatu$ for renoving suspended matter froma liquid,
g3 owrporiteilieg for 2e@ilating\ths heiphtf ofithe kaped WveDinaefgoave ©fthe
|I%UId havi sus en ed matter therein;
ovement of the vess

h) an outlet for removing clarified liquid from the discharge chamber.

The apparatus of claim 1 further comprising a control mechanism for controlling the
liquid level in the first and second gasification chambers by regulating flow through a
valve in the fluid communication between the outlet chamber and the discharge

chamber.

The appargtus of claim 1 further comprising a control mechanism for controlling the
liquid leve! in the discharge chamber by regulating flow through a valve in the outlet

from the discharge chamber.

4. The apparatus of claim 1 further comprising;
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3 b) aplurality of partitions sequentially dividing
the vessel into an inlet chanber, at 4 |least a first

w@a®s00a3 i on chanber and a second gasi fi cati oPCT/US2002/035757

chanber, and an outlet 5 chanber, each adjacent

chanber fluidly conmunicating with one another; 6 c) a
di scharge chanber having aifluid communication with

the outlet chanber; 7 d) an inlet to introduce the
flowof liquid into the inlet chanber; 8 e) a

JeaiHaast one bafilleinnayabe prigagrakimicellegiopahanmed to danepni motich of

of ch.gasification 9 chanber for creating a
tutrh[e?ﬁ}qglh(?gaé'?eéiabyawﬂv%‘?mgf a’lﬁé’@fﬁe&g t he suspended matter
and 10 for carrying the suspended nmatter to an upper

1portion of the vessel, the interface 1 | of the gas
heappaigtus of BlaitA ¢ vshere theiviessebbasi a horizontal plape amchwhers thatbatfle

. N ann ' . af. t partially al.on
SRR BB AVl LR kS0 SRR kb 0% 80mos
dg’;iﬁdieﬁ'g@awhemma ﬁfl?memm upgee egﬁd«iﬂ’tﬁe geitatfy ﬂ(@%icenecli‘bn
anber . for.. ect suspended matter .in_the upper
cFAET 610 GF cialivafs et B batROHIonDS o ustbavits the heriggi plane of
RS dgrisbor regul ating the height of the liquid
l evel in response to the 17 novenent of the vessel;

and 18 h) an outlet for renoving clarified liquid from

the di scharge chanber. 2. The apparatus of claim1l
. 4’1&%@?“5%5%"?%9@“5@6@ Pagrter e 1igkd. COMPESIALT ol | i ng

ah N@vedstiGbl fctiQ¥Rla fidw bPBqlid ‘h§{]in§§&§ §§(fe‘a'}g?tﬁa?ﬁiefré1 ation
chanbers by reqgul ating _f?ow thr ugﬁ a valve in the
by %P@rﬂiﬁwﬁ%mraﬁ@nsm@qmm}éﬁdmmeg thetviessel inbmarbiniet@haimbéreat
C

di . e, apparatus.of. claim1
£ PR S SRR charher i £RABAEhatieRip e Resthi, aid am ptet
t hehamiberjeach ddiaeint chmnttiee fldidhclwn@anichaEd®Ith Be another;
e (lil.l ﬂé%ng fl %W hr.oug]q a valve in the outlet from
o} b e hgmbEr s Maid comnpissionruieh b opfietiokamber;
dfg’g# 1%%6%%%%%%&%19 ﬂggﬂt}‘}‘)lﬁ‘gd%ﬁg)gtégﬂg%tg&ggﬂ; e near the
ehrd maehanis for degebtong andmixirggee Iirfxtbd)}rl]aim[m' ié of ?a:ami g@ﬁiﬁgition
t I qQuj aused. by .nmovenment t he.vessel. 5, The
L SRAHRER o R oy etraiin 8 Susmmmdecmiiteqind
pl fonearaying tHestspehBel Mafidri6 an upp pofiiiisof tHé“@ésgéq th Mtrface

the, vessel from.an interior top surface thereof to a
| Fhdhsgasiand 1{qu53 being a liquid level; P

f) a primary skim collection channel extending at least partially along the top of the
partition between the first gasification chamber and the second pasification
chamber for collecting suspended matter in the upper portion of both gasification
chambers;

g) asecondary skim collection channel, independent of the primary channel, located
in the upper portion of the inlet chamber;

h) a tertiary skim collection channel, independent of the primary and secondary
channels, located in the upper portion of the discharge chamber;

i) an outlet for removing clarified liquid from the discharge chamber;

j) atleast one baffle near the primary skim collection channel to dampen motion of

the liquid caused by movement of the vessel; and
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. Hmethoddpr Jarilying liawd fremousprided metter, the met

di stal edge, where a |Iine between an upper edge of the
primary skimcollection channel and the distal edge

weboosloae7baf fl e j) fornms an angle with the horieonUst002/035757

pl ane of between 5 and 15. 1 6. An apparatus for
renovi ng suspended matter froma liquid, conprising: 7
a) a vessel for receiving asgflow of Iiquid having
suspended natter therein; 3 b) a plurality of
partitions sequentially dividing the vessel into an
k)nk evntodl andvhanismatfodcdneraliingeheight of thgdigufd lead] i resphraatie the
and a seco %ﬁgasification chanber, and an outlet 5
chﬁWB@W?“ég Yd%cent chanmber fluidly communicating
with one another; 6 c) a discharge chanber having a
fluid conmuni cation with the outlet chanber; 7 d) an

. Thel appatatysiof claird wdferthé¢recorppisingfa dontjal me¢hanisnt foe comttadting the

s e hani sm.f or. i ngesti an I X[4N as
R RS Pret G BReLaR S hion S0P T o RNethe b fiBien o
vahedh ithegflid combitn@ation betdveai thef qitlebéHabet htDthb @B charge
Cilaasended matter and 10 for carrying the suspended

€ to an upper portion of the vessel, the
interface 11 of the gas and liquid being a |iquid
level; 12 f) a primary skimcollection channel

. Bhetappatiatug ofitlaine ssvhepatteiabdey ha ingizohtal plape aid wWhere tSbaffle

partiti.on tween the first si.ficatiqn amber and
ifRge ‘%&8\4{6‘%@5@?‘% e xpelirag apianeop avf?%f&ﬁﬁgeeﬁetﬁﬁowennost
distsinape ashei@itiedineibbtvdea aHRpBEr & bf 1 pRimd?P5hm collection
Cg\a3| fication 15 chanbers; 16 g) a secondary skim

amebard the disieliedes of tha gafledd&wmis en angle with the hgrizontal plane of

l.qcated 17 in the upper portion of the inlet
b%ﬂﬁ%@?r%ndllggh) a tertiary skimcollection channel,

i ndependent of the primary and secondary 19 channel s,
| ocated in the upper portion of the discha&ge chanber ;
hod dorhpasing: he

[ : ; j)1:at ol e ffl e.near .1he
o) PRy IR me & it of bEflon® BB Sy Fesse
2 2intdvan Inlejwhambaustdehsby finst\gesificationfchhimbenvarisadecomnd 15
WD _2005/.002733 PCT/ .US2002/ 035757 16 23 k) .a contro
meERANPUAT PR AT S q“ﬁa{ Hergr cath %ﬁ%cerl? %ha*inﬁver Botiy
| NcorgmpRasEnd With bfe antdhdfOMRIEAScHatget dh8mBESHTluid 7 The
apparatus of claim6 further conprising a control

meeEMHBIRat Qs with Hierastlet ehgmbes

b) introducing a flow of liquid having suspended matter into the inlet chamber
through an inlet;

c¢) introducing a flow of gas into each of the first and the second gasification |
chambers for creating a turbulent area, and for allowing the gas to atiract the
suspended matter and carry it to an upper portion of the vessel, the interface of
the gas and liquid being a liquid level;

d) maintaining the liquid level below a primary skim collection channel extending at
least partially along the top of the partition between the first gasification chamber
and the second gasification chamber

e) intermittently raising the liquid level and collecting suspended matter in the
primary skim collection channel; and

f) removing clarified liquid from the discharge chamber.
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liquid level in the first and second gasification

chanbers by regulating flow through a valve in the
wo bassdozasmuni cati on bet ween the outl et chanberCEHOS200he35757

di scharge chanber. 8. The apparatus of claim®6 where

the vessel has a horizontal plane and where the baffle

j) extends inwardly into tite vessel froman interior

top surface thereof to a | owernost distal edge, where

the |ine between an upper edge of the primary skim

col l ection channel and the distal edge of the baffl e

wi th the horlz ta ane
EPg the MUFCWWE} ip they firgt and

sééo%@@ﬂﬁ@ﬁfb%e&kaﬁ%ﬁ%g’wéd"ﬁlﬂﬁ? Vathd W the f1aik
providing a vessel Vi N ural 1ty of parti t| ons
cemguminatian bgtwsew thii auglet d@mbess@i the Jischarge ammbrret
chanber, at least a first gasification chanber and a
second 4 gasi fication chanber, and an outl et chanber,
‘Hachethdd af €8im © ff&mmfcofnﬁﬂmﬂg Eontﬁ;lﬁﬁ)gl’tﬂémc?ﬁi letél ﬂﬂi\ﬂrésbonse to
one anot her, and a di scharge chanber luid
theomavemeiof #1¢ Vakseh the outlet chanber: 7 b)

introducing a flow of Iiquid having suspended mat t er
into the inlet chanber 8 through an inlet; 9 c)

12. Thet metiud bfigiaan Plfonharfcompsising tontesitihg tife liguél leveldh response to

13.

t he seco sification 10 chanbers for creating a

thept &?88@5 g for allowing the gas to attract

t he 11 suspended matter and carry it to an upper

ﬁli?ﬁrj;rxl on of the vessel, the interface of 12 the gas
pihgd ioticlpin ﬁg‘u@hqrucqmpasmsvemﬁolhsg the liguichlew¢lrin Mg t he

AP hEYEL O SLAR I TREB S E AT Pl
chaﬁbebrtl on between the f| rst gasi f| cati on chanber 15

and the second gasification chanber 1.6 e)
intermttently raising the liquid I evel and collecting

14. ?ﬁ@;ﬁ@tﬁ@&@f@iﬁhﬁ9fﬁ1hﬁhrtc6ﬁ1pn}17x primary skim collection

15. The method o

c hannel ; and f) renoving clarlfled liquid fromthe
th mﬁb@n of thedion@ 00 8reqor8g skim collection channel with

PCT/ 757 17 10. The nethod of claim?9
1#12 &e%r%qﬁ?m ng controlling the Iiquid Ievel in the

f| rst and second gasification chambers by regul ating

flow thro glh a_valve in the flujid
claim 14 where g) dampening the motion of the liquid near the

primary skim collection channel is accomplished with at least one baffle extending
inwardly into the vessel from an interior top surface thereof, the baffle having a
lowermost distal edge, where a line between an upper edge of the primary skim
collection channel and the distal edge of the baffle, forms an angle with a horizontal

plane of the vessel of between 5 and 15°.

16. The method of claim 9 where the residence time for each gasification chamber is

between 2.0 and 2.5 minutes.

17. The method of claim 9 further comprising collecting suspended matter in a

secondary skim collection channel, independent of the primary channel, located in
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conmuni cati on between the outlet chanber and the
di scharge chanber. 11. The nethod of claim9 further
W@ owps/003B830g controlling the liquid | evel in reREDISHL/35757
t he nmovenent of the vessel. 12. The nethod of claim?9
further conprising controlling the liquid level in
response to the pitch or ygoll of the vessel. 13. The
nmet hod of claim9 further conprising controlling the
liquid level in the discharge chanber by regul ating
thel et furog6f the fbtwhainbean outl et from the di scharge
chanber. 14. The method of claim9 further conprising:
g) danpening the notion of the Iiquid near the primry
teRia
N b e e T T
skifn ¢dﬂecﬂmrq¢hadne1emdemdméentmfrthmrynw|ami sesiondary ichannels, located

channel is.ac at | east one baffle
"bﬁb?é‘ﬁﬂ‘?rr@m‘?qﬁﬁﬂgﬂ?a?%ge gy}aﬂg’e{/essel froman interior

top surface thereof, the baffle having a | owernost

di stal edge, where a |line between an upper edge of the
primary skim collection channel and the distal edge
of the baffle, forns an angle with a horizontal plane
of the vessel of between 5 and 156 . 16. The nethod
of claim9 where the residence tinme for each
gasification chanber is between 2.0 and 2.5 m nut es.
17. The method of claim9 further conprising
col l ecting suspended matter in a secondary skim

coll ection channel, independent of the primary
channel, located in 17 WO 2005/ 002733

PCT/ US2002/ 035757 18 the upper portion of the inlet
chanmber. 18. The nethod of claim 17 further conprising
coll ecting suspended matter in a tertiary skim -

col | ection channel, independent of the primary and
secondary channels, located in the upper portion of

t he di scharge chanber. 18
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