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The present invention relates to nethods and apparatus for renovingg5UL 2003
suspended matter fromliquid W\m‘\\ﬂw\artl cularly relates, in one

. enbodi ne t hods and aw separating sus‘,r&q,r}gﬁ tam nants

and/ or oinﬁlofoﬁg?%gﬁat er, particul atly~en an of fshore hydr AT glnsg%gcovery

pl atform Background of the Invention 10 15 20 25 In many industries,
including oil, paper and pulp, textile, electricity generating and food

processing, there is %lﬂ.VEELPMQEFRNIﬂLOﬁL AoNEETER nated water as a
by- product of various processes. In particular, water 1s ofte I
in the production of oil and gas on offshore platforns. This wmmmﬂumwﬂm‘mj
usual Iy punped into a formation_ in order to be able to punp oIl "out. a
result, the water becomes cont &igldef Ee lvemtion | and solids encount'®¥d in
the for mal i ony, apdLASHELR5G, RRRBOL REuTtRRAE SHnlatd] R lmBYingluMPi ng i !
into the surrounding water. Accordi ngly, nunerols mnmethods and®systens have
been slevigspdntad maeiee Erom Bqaeian badimdse pak ittty retites, ih dneiodiment, itevel

that allows discharge of the water into the sea. One such sastem di scl osed
in t1.5. nMeshods\id appreB U B sepamping suspenderboontaminmts and/es oBfePdli sper ses

Qont an nAREe PR B Bt F s P elpcRtheB SRR PR The"gae s i nduced
fromthe 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 r&ckarounstefdhpdaventiBAough t he individual cells

or c artnents i rif . T, p u £5. an

el ectricall y-@rmg@n“%@%ﬁ%%%g{mg‘%%ﬂr\?@gg%s@e l@’, Pe\?\(%ﬁ%,heﬁg ?'\%@g to renove
cont am ngaheradifigBnd FEddpriodadsirs entre livdeevartresent peoblemusfdohtifinatart i on of
the tank. The tank is rectangular-shaped. 1 2 8 JUL 2003 WO 01/9602G

PCT/ USO1MWBSS3® arby-Padshict OfrdaiiQussecassssi Heparticalarswatesis ofien vied teraidbacks.

used 1 n SopRRGETEROf aul B TR RS RBSRRES . T Tl Bty flmbet "
oi | - pr odyrongformdtieR abeRY tb BEWbld tsumpPbi Qut.nAs haebinf)aneavatéanks, by

virtue of their construction, cannot 5 w thstand pressures in excess of 2
oz. pér bgeemes sontAminated pith) oil prdsaligds enqeynsered ip dhe formasionyand

i sadvant Agensts SIRRLAUEXoHASY Sint9 LS MRARAYTRS, B BAMAY whls, of ! /et er

separator are preva ere et hal “'gases su as hydrogen

sul fi de aceomirg®gHumdrons Imetiods and isstermne bhanigedradeviisedikd reavdenhet he ski mers
are limted in volunetric capacity because full utilization of the tank is
not al | oweataminantocondent:Gfdhis w@h\éug tevehthat allawr slissharegof the waterdste gas
tight", Qﬁésﬁ]essures are mai ntained by continuously venting to the

at nosphere, lich is a potentially dangerous practice if |ethal or

f 1 ampabl e gas@aeauch gyseaendisclosed. inRS.. PA¥ONo44,369,242,/comipiisek @sdzsicenot her

system f %ats%?xaeg %E‘ii:lnwpselrjsségggg 1endthe form of fine bubbles in liquid in a tank in an
attempt to remove contaminants from the liquid flowing through the tank. The gas
is induced from the upp‘er section of the tank downward into the liquid in theT tank
via a draft tube. The gas induction occurs as a portion of the liquid contained in the
25 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 contaminant-laden froth that accumulates above

the liquid level section of the tank. The tank is rectangular-shaped.



matter fromfluid. The device conprises a cylindrical tank having an inlet
*-chanmber, 15 a plurality of gasification chanbers, and a qui escent dqu Ut 2003
chanmber. A skimtrough is disposed near the top of the tank, and extends
.the | engt lygpdyokdde gasification chanbers into the outl etpEhasthfssse Verti cal
-baffl es that separate the individual chanbers extend downwardly and are
spaced fromthe bottomof the tank, allowing fluid to flow al ong the bottom
of the tank fromthe inlet chanber to the outlet 20 chanber. Each

gasi fi cati on Thasbeve-inentionddupryiceniufferaifromdweioos drasvhaicks. asbe skimmerssi t i oned

centrally in the | ower, portion thereof. The naqzzl e assenbl rovi des for
F eci r cul HES BPd8Tater B HERuPATRGPIARGE At RS RASECWRME NdIeRARed I isBsN i on. f I ui d

enters t Bfvikaitehidlsatpts n@gfg%@g‘ﬁ%urﬁg?émﬁrthe%ﬁﬁgcti@#gﬁ \tficyL L hrough each

of the gasitication Into the ou er, where a
porti on didustred. | Also thes redtangolanttinksp bh eirtiecofr thelratoastradtiooyghnndte educt or
nozzl es. The bal ance of the processed fluid exits the outlet _chanber for

furthér Wdstaheresyirecingxgess 2497 Pehsquage chdP kR drterd. dhliScati on.

bei ng. 1 e Bectiity bsgtient S BUTBGRCR I SRS baiaR s iR iRstiat el [ader
suppl i ed ollywatdreRpaiibedreqreailen, oravtibré ackion9aZlethN oy ROk iab hodegen
co-centrically in an eductor throat assenbl Each eductor throat assenbly

: y. ! .
i s connectiéidetasepresenthEbermargpihe egtangular gerks gvingdhe skiHeersgser porti on

passage. SERET TeyBurl pgfefbballet JOT R ARRA R s 9 s Hor 0BIRE, 1T,

t he gasi fadaridnQrlhbagiEise dltks tahed@asibed 36 Sgastighte, ddsiprdssuresdie f or m of
smal | bubbl es. The gas bubbles collect oil and/or suspended solid
cont ami narRiataired ke gontingously yepiingytatheatmaspheia: whighdna petemiadly t he t op of

the gasif}j i i i j ts definite advant ages
over thatdaﬁgéﬂc?ﬁgEgﬁ%q{?&%gl%%é%gg%s%%pﬁ%gﬁﬂsuch as the elimnation
of the nmechaniycsl pazk NBTE564487 Adisdibseenathep eystémdol Sepaatingdsuspéededdi | ity to
operate at higher internal pressure, and better utilization of avail able

t ank vol umatter fromyfigidy STherdevicesempaissna ¢rindiifaktankdaving aninet chpgRebut  of

t he t.ank i . ed | tQ. e tam,nant - n froth
Fr om'ene AR ghSRER Gheibelt Sl oL ERERt Bt AR o ASH

fluid is isdarposdd mearAhé cop dhhetknim dndoss@géndsxhe neigsth bf chgfadifieatipasi fi cati on
chanbers into the outl et chanber, which Bern‘its froth to spill into the

qui escentChambess ingd shgaytietambsr-aVettigat bafilesdhay spparate the individedle, there
isS no ne [ ] I t of the
i nlet ch?ﬁ%g{b%%nﬁgﬁéc‘) dﬁggﬁgﬁﬁgr%c\?en %ﬁ%%gg K %eﬁ%y@%lﬁevgé%égﬁo%ﬁ% ai ned
in the 2Gluiidftbdow alond tiehbattomrafiltiv ¢ank firornithe inleetharhtzaritertheloutlatidi t i on,
there is no nmeans for retaining gas,in the vessel when the skimoutlet

val vé&0i s dpahel. taeh gasiertionsdrmber i equinpedgeith aa eduetennpzieasseRply ous,
| et hal or fdﬂ@él ' i e 4 hat is
of ten encpoal}lnt ereglle\?mt't%@ﬁ(ta@b%?@fEgﬁ%‘rﬂnqgﬁéadt?i r@@%ﬁé@%ﬁ%ﬁlgygﬁﬁgﬁrhe t ank
bot t om i sretirenlasion®f flatd punped fromftheanitlet ehalabéro pass under the baffles
wi t hout being directed to. a high turbul ence ar e_eﬁ and contacted by gas
In operation, fluid enters the tank through the inlet chamber, passes
successively through each of the gasification chambers, and into the outlet
25 chamber, where a portion of the fluid is drawn off to be recirculated through the
eductor nozzles. The balance of the processed fluid exits the outlet chamber for
further treatment, discharge or storage, depending upon the application. The

recirculated fluid is pumped through the nozzle assembly, each nozzle being fed by



bubbl es. 3 2 B JUL Z003 WO 011 96026 PCT/USOA | 1H336 Additionally, the
“velocity of flowin the degasification chanber is relatively high, @ngggya
| eads to insufficient final oil/water separation. U S. Pat. No. 4, ,

relates t%@g},;dag;u_ced static flotation (I1SF) cell havi n%g‘i‘ﬁmin@n's%fg chanber,
er.

a.plurality of gasification chanbers, and an outlet cha nt am nat ed
liquid enters the inlet chanber, passes through the gasification chanbers,
and exits through the outlet chanber. Gas bubbles are introduced into the
bot t om ofa eawmogdeatercaipplied bhanbeircuatioraptmpcandessharodeld bedmg am nant s
and/or oil as they rise. A contam nant-|laden froth forns at the top of the

r_e| I, daP@%‘éiqnémeﬁff\?ﬁ%ﬁlb[ miaﬂﬁdugtarlﬁb'fqa&agﬁqmb!ly.t ﬁ@clbgliqcé?r %ﬁ‘h‘bfr: dA- h
Gasi 1 catommi 16 EOMEREETENS e MR, Sl BY Bal® vl Ritfe uBbeti m ¢ ough.

Ski m t rough,

t he secombraén of thowgik doamen wethe ardtion athnisdrebhé theooatetothaimiierr Thee
difference in specific gravity between the liquid in the outlet chanber and
the gdsi fRagsgesH thadluik akhigh velogity thigush the aeazlescedustssas intgetheey el

e 00 oot S 8 TR i Bl BB Lo 12

the top he intro 1on 1n ication

chanber s.Theaemibblestwl lbtesil At foh supandéd said @ntahmahsr & thegyied! a bypass
by the liquid and gas of the turbulent area created by the Bas fl ow above

t he eductfermipgseamthminantdadandrothat the dop b thegasifigation icbambers. chanbers. By
using a pair of .baff.les.i.n the outlet chanmber. the flui.d retenti ime is
increased to f 'Fehé}‘s‘ ﬁwﬁ;%erées?rﬁé%%%}c? aa}’%’?%ﬁifé(ﬁ{ H}fﬁt Scéoéﬁgﬂ'épi‘%ﬂa.a An

i nventoi orNg. of, 255061, Gsueh ad BReEdhinatibR bf the meeraall seinasarnsedilemd ter from
a liquid, such as used for treatnent of oil-containing water is disclosed

in U S Rasociaegd theoygtinobe apility to Aperataipt higbern internall pressise| andsbefter ded
into a si . ief i i it n t hrough the
nter or \EHzapER VAR SR RRE R ueR 3l bodP e BlarlRiSA o bet neen
the two chamipessflow dut @ptisk tapk Peust beastdrupsed it dragesebnidvecgh di stribution
headers) adjacent a bottom of the vessel and/or an alternative inlet nozzle

whi ch i s eeopninasttaden frotgdeore doe tank. i Thineanhe disaduentageounwhena@ i nti mat e

m Xt uf.e Oéga%apﬁggﬁfig\g%éld@w&mgﬂg %?éo, %Hgglgi%rtrgt?g% éxttgnéls thrgUg% t‘;'ulé”‘ 2003 WO

O1/96020 gasification chambers into the outlet chamber, which permits froth to spill into the
quiescent outlet chamber and contaminate the effluent. Furthermore, there is no
means for removing contaminants that may accumulate at the top of the inlet
chamber, and no means for venting gas, which may have been entrained in the

20 influent, which accumulates in the inlet chamber. In addition, there is no means for
retaining gas in the vessel when the skim outlet valve is opened, creating a
potentially dangerous situation if noxious, lethal or flammable gases are present in
the tank.

Another problem that is often encountered with the baffles terminating a

25 distance above the tank bottom is that some portion of influent tends to pass under
the baffles without being directed to a high turbulence area and contacted by gas
bubbles.



outlet slightly above the outlet of the distribution headers. The rel eased
~gas bubbles carry oil and suspended matter towards the upper porti od§ofiLtZiel
vessel, fromwhich the froth is collected through a primary skimcollection
- trough whiwg og¥degrds through the gasification chanber apgrfijspirssssvertically
adj ust abl e (based on specific gravity) secondary ski m col irectl on funnel in
t he degasification chanber. Skim collection is acconplished through control
of the liquid level in the vessel. U 'S Pat. Nos. 5,011,597 and 5, 080, 780

al so rel ate tqdiitieHAg] Belelbaty sfelay imthesdippafidasbmetantierfis psativalyi d. The
apparatus has a single cell vertical cylindrical hydraulic flotation vessel
that is prighiiwhighueads ta inwifificient fmal il wates separatipar at e a | ower gasification

chamber from i ddl e, d ifi.cation ch er and.a er S anper. A
nunber’ of al @-%E&@%?%ﬁj&ﬁéﬁ §e%pea%9?@a?5ﬂ°%ﬁ%'¥%ﬁﬁicﬁ q‘é’%l%

col | ecti of {isOM BB A Fmrbl!wgq;f\gakmeﬁi&f chanfBErel anatdn dutldiengmdpeg! and
changi ng the vol une of iquid through the use of an adjustable tinmer which
i nt er A t tG@onthnisaadsigeiderdbs the inlat themiver] paseothrobgh thiei gasifishtiest i on out | et
or of the 15 treated Il.iquid putlet. The arat us, provi des for an

a1 t o nat | SR S roueh the Sberamtag, o bbblEnars teueficedintes 1o

achi eve nietdtfh hBclTbadiichcith HambRAgd hitld! siienaediegtakithhes e vessel.

It would be desirable 1T an apparatus cou vised to overcone sone of
t he probl @b or wiltdsehey nvenicon@misgmtladen froth forms at he teps petdeckllywinder from

a 20" liquid, particularly in syste used on floatjn ff shore hydrocarbon
recovery BI'afo ?W%@FS&S%M% Egp“flﬁéck}m- prhﬂl‘%fiﬁ‘é"eéppar atus tends

to capse 3igﬁa§9§|@ﬁ\f‘9&ﬂad@%ﬁin{aﬂls&ﬂgtlm BRHGidliRENE ﬁ&s‘?ﬂ@c{tf‘dil\ Akers Summary
of the Invention Accordingly, 1t is an object of the present 1nvention to
provi de aadjapgstratdisel@w thetop eiinei fivgt skimpeaudbg theadeicend Skiontraugh being, whi ch
apparatus is suited to b ed on floating. offshore

. particul arl . HS | :
hydr ocar DETEICaRY pdistabie ta grcount for the diffesecer MBeeRt SEVIBHREtHeEE dhe
i nventi on i ol]| mﬁ , herdri & : iLon
machi ne h‘é‘@‘?ﬁgﬁ e eée ¢ obcc??ﬁb? thE g Al chaifbeRiTA BlerdAtyle St 07
PcT/ USO11lik88Ghp devet pedadicalmenprovidedddiitina bskirnayng. Basdn ceapateded figpneost s
t hat overcones t adyver se ve effects on floatjn .atforns. In carrying
Ut t oot APRAHBE CalTBE I egHCH b e am b SR 5 16 B Ui BT 1, on
form an appar f [ e s Is €l B Iifeh 5
apparat us i ncl%géd%@vbggﬁgﬁﬁftg?gfﬂﬁﬁtw ﬁ‘g‘agﬁ %fsgﬁvce{/)fiﬁl i%lljdialégﬁg\q/li"engasuspended
mat t er t hamdgas ofTthe tudndeit dres creapeédibykiie gasdiovpalravietthe resluseaesem blidsy
di viding th ssel. into an _inlet chanber t least a fir asification
chanber aHCARELIE GadrP eatceron pers. BksSh Sl baHenbale wher o
each adj ag@iét et the fiiid réteh@IBRLThE &l iferedbddtoRhaP RhpRNve thee vessel
al so has a di scharge’ chanber having a 10 fluid conmunication with the
out | e20 chhquidr corthmingniaiseparatidnacl udes an inlet to introduce the flow of

liquid into the inlet ch er, and an qutlet for remoying clarified Iiquid
from the di sciih JHeBHaRBAPtea AR ARpAF L 7 the FmRET 8 MEraHF AL

i ngesti ngfffla Mouid)Suaeas LsddGof reatrhént o il corvaing avdebl Kaliicsseahamnsy for
creating a turbulent area and for attracting the suspended matter and for

carryi ng Pab N& 4984:,80% el cytindrinal,thorizaniap pesselgo dividad ioto alsinglessel . Al so

i ncluded are..a primary skimcollectjon cha | e ndi.ng at, | east rtially
l'ong ¢ he epcesfon fTember EA BRUHES b o AE R Prull sBE MePRaf ool anc
the sggondedashhd SRSWONURNBIRRINIERT o tWReh tRGnIYEREsGd. TBEAEE thbet he
upper portion of both gasification chanbers; a secondary skimcollection
channel , itredepeisdetrodeted theoyghidisiriputomhemler(shadiebents Bortbmoafttbe viessel he
upper. por talr18 P orozIn :Ell?eernlatr}\l/ee %nlé:thl’?og?leerv’vhic ngs c%rr%bﬁ‘\rr\éd %&K asglgs @dﬁgtlclrei\r(lz tcolrc?enr to

achieve a more intimate mixture of the gas and liquid. The gas eductor has its



channel, i ndependent of the primary and secondary channels, |ocated m m?

“.upper portion of the discharge chanber. Finally the invention opt i bh

includes at |east one baffle near the primary skimcollection channel to

- - danpen myd Qs the liquid caused by novenent of the yess&insise Brief
"Description of the Drawi ngs The single Figure is a schematiC

cross-sectional illustration of one enbodi nent of the dual-cell nmechanical

flotation systemof the invention. 6 2 8 JUL 2003 WD 01/9G026

PCT/ USQautleg siightty atidve the oatipt et thetdistribbition headdFs.gilihe releasedsgasemat i ¢

illustratj that i.s not to scale or proportion to further illustrate the

i rrporta%t“bgg’lstcé"é!fo“tq{@ ?%%Tﬁfeﬂdﬂ?ttﬂ'e ardythedfper pertinn &ct'i\gwgsqe vention The
present g : | j ] i . ot 5

Pl o Cat T Htpthetrith BRUOSATHLUPE Printaby Wt CULKRAR e 3D, O 1,
suspendesttgmisithughthe gadificdtiont chatber Aae e deftitally dafuspdtae ¢hdsed vnent i on

has utility in nunmerous applications in which it is desirable to separate
suspénd SBeHEEBERVi geemdary skimsellactioniiingel inthe drgasifieationshpebg@ed natt er,
the |Iiqu : . ' (o) : r 0 Referring
now t o té kﬂn ﬁ?gﬁér{g“mﬁ %gxg'?@t]%%gltg%ygﬁ tgg'%@élp%;{ﬁétl@g]&o@%%ﬂﬂ&éggﬁsg enbodi ment
of the i nvenUiQirPatNNbsid;611959RS5ES, 080, 7808!s6 ¢6late td@n apparatusabr | i qui d 14
havi ng suspended matter mxed therewith, where the vessel 12 in a preferred
enbodi neAMoNing syspepded mastar fegmiliggid. cHhe apnasatas hagsadingte ealbwaiticalbof

i t hst DG J e . ‘ d wh
br oceseiny S ARAE Hose b SH ReE R R el PR B S W B i ed 1 o
an il etsephABOENoWE; gaifidatidf ichamblrF fbmifmidd|e debLii ctromdambér aAd @acond
gasification chanber 20, and an outlet chanmber 22, where each adjacent

chanber upRAr gasehiimberohivmbert of altarpativecarsangements angarroyided forat a fluid in

one cha QW | j ¢ e sel . as a

di schar e%grﬁgf%es}%rg%o{lﬁ%(ﬁ’oqaﬁxr&%rﬁcoﬁﬁtg ll&%%ﬁ%&?ﬁﬁ“‘%z ‘%@P?hé gﬁ{;ﬁgt chanber
20 22, tdng dhaHgiflg eRemblieadf Iijuid threedrethal sk dbahndjitableeini@viiigh a val ve 28
therein. The chanbers 16, 18, 20, 22 and 24 are divided br a plurality of
gener al liptey@itteatdy sendssianpisrte auplet yalvesef thgshim gollectigneeutiefairyf theyr titi ons
42 d . t t pgced from

the ot 108 p ORI RS "l bRl PR Hes 4 S HRARR e BRAEERCRRECC0, L0oT:
chanber sntrBanding liquid4dtaithe vibissrgd, $0 asSto aahibve meredntidagamiiing 6f g@rnaehanber s
18 and 20, respectively, besides being spaced fromthe bottom of vessel 12
i s al so lighdd burqdusad inte theyessbr eof to al | ow gas communi cation between

t hese chamben o fde b 4 el i of vessel
12 Part 11 ot WA dpsiaBle i phABpdaehiioll 5L BRRLEt Merddifc SoiERe D,

ext ends the prabl8miih tRO adnvaixiond A 2ms RO et gl Rigidndedmateeefrgmfda om t he top

of vessel 12 to the bottomsealing the entire circunference at that point,
exced® fliRUId, RATHCRIHNIA Syshems Hsedson ftpatingfithrte Bydrpeabph reryen2, 44 and 46
are cal t i1 talg.due to

i £ or ertiatioffs pefl tHeRctfon I ing iafls it RehRHsRLLdnE IS EpsEinnd

communi cakp@itdedtmattootd corieminuge ohdsrcoseriet aiter.passageway having a fl ow

control device regulating flow .
Summary of the Invention

Accordingly, it is an object of the present invention to provide an apparatus
25  for removing suspended matter from a liquid, which apparatus is particularly suited
to be used on floating offshore hydrocarbon recovery platforms.
It is another object of the present invention to provide a two-cell,

mechanical, cylindrical gas flotation machine having a reduced footprint, reduced



t her et hrough. Inlet chanber 16 has an inlet 30 to introduce the flow of

“.liquid 14 to the inlet chanber 16. Each gasification chanber 18 anfl§ 30 1168

at | east one mechanism 32 for ingesting and m xing gas into the liquid of
.each resp i asification chanber 10 18, 20 for cregjd bul ent
-area V\/nerquﬁ)g%égs attracts the suspended matter and cgl%drqlﬂg’gﬂ% %gsuspended
matter to an upper portion of the vessel 12 for each respective chanber 18,
20. Gas ingesting and m xi ng nechani sns 32, in one nonlimting enbodi nent,
are pref powbt yequirerrcats and rexfucet] SapiRdtand Nperading IBstsaBat overcorpes thiced by
reference herein, a}thou h it will be appreciated that other 15 devices,

i ncl udi ngdKeree wave effertsel Heating Mgf@Mser at ors, nay be used. Mechani sns 32,
such as descrj i . ch.d e: or nore
Gas dratttublicafl Sheinesnd bher SbfEces o 1AALEAL therbfs HSGCBAPHTT 7

f r om t he oviagorm,sgreaysparatus fier rgmraingxuspdnded ofati@sfeerh alllquidashichgesti ng and
m Xi ng mechani sns 32 may al so i nclude water draft tubes to transfer water
h

i nto Phe apPBRABEUSIBSWABY p ¥8ssst fyaeerivingAiTavsofauid hpvisg sespgndedmati®e bot t om
f th 12, | ' . ili it
vari a1 ondein e yoAetiasdl o @ty By MRiont Setentlly ol Afg MEIRSGRRAC! [V

assenbl y ahSnidt charhibér, @@ |éd3e arfirsiogasFication @hdrhiben dritca badohagasficaesisel 12,
reducing fluid by-pass and short circui tiagj of the fluid around the
t ur bul entchambek anttiqe qutletichamber,| whaie epchhadiasent demhesleidid2 via outlet 34

i 2 pump SO aiioEp S o atReAs e Verst SR oS RN R Ferhecb B e ' Ton- as

IS aipri FRiY csmtihikion GitiothechatehahBes XTienghigatls ih@adds ddnldtabl y al ong
the length of the top of partition 44, between first gasification 8 2 8

JUL 2003 ivoducedbe ovwolTliqugd integhes dnlehehiaseher B9d ancoutked derregeeyinigi cat i on

charber 20 SAIATEH B% SHSRSLSAIRN. She ol S LHRRcPe AR Dot h

to the plfanmgedtirghdhhiaigegdsSingetheriuld/oftedch @agificatiod ch@nbdrifoptrcatind as
having a V-shaped cross-section in the Fic?ur e, al though other trough 5
cont our s aibwest yra apd for atyragbing dbe suspended matir ane fefc@spingihe. Frot h

cii ol 15TeP Rl HREfersP it Boulln AERESSRRR AR R ARRER pdanlea T e

gasi fi catskipm coltedtivarchanBeledde?ing anidastsalitiallyvalong she espoofethelpaetitibhe channel
40 through a primary skimoutlet 54. There may be a skimoutlet 54 on

ei t her orPabyween thefdst gasificatinnethamber and the sreoid gadficatiorschamhgs . The
h | ; . s
e o O S BRRIHARY I thallP Bhicfonthy nith Bieifieliicipanesfanet) to

common nesecbradatly skimcemleatibn 4Barinet, ibdepgendast 6fi thatpromany chetresl swhithdnd 20

i ncreases the efficiency of the apparatus 10 and reduces, the capital cost
of t R edpcatgd i HisURRSIROTEgN Pgt']@r B&t(ﬁhﬂ“%‘é\?@dﬁrqeﬁ‘ﬁ?w i pOLRAYIOBCt i on

channel 1 . i i
gasi fi ca@ghﬁ%lhg"%&g&fg%zﬁgél?& mer eﬁgh%l&ﬁé@?&@?ﬁgﬁ gﬁ]e iﬂaei‘rf |l e 60

near pri rportios kf thecdistiacte ohambern ridhaldhednvdatips optibaalipinclidesht tdast | i qui d
14 caused by novenment of the vessel 12, such as may be due to the notion of

waves aganehafflaaear g primapdin calesionrdannel ity danpendpotiomet theHismig .
Baffles 6 r.ystal edge 62. 20 Vessel 12 may be

consi dere%u?@ﬁéﬁgkgwﬁggpgghnﬂﬁsg% ane, which may be parallel to the top
and/ az5 bott om of the vessel Biigf Bssciibtiors bf giecBlawindshe Fi gure. It has been

di scovered thathﬁif he angle A of a |ine between the upper edge 52 of
channel 40 andPErtse EBYIS BAseheDate, gassreestiemplillysiraticniane; o t he

hor i t | ' t hat th ti
of the |+ GuDORnE b PREAVTRS mecheb ol HERR e o e B0 i ot h 1o

flow over into channel 40. In a preferred, non limting enbodi mrent of the
invention, this angle A is about 10. A secondary skimcollection channel or
bucket 64 having a cl osed bottom closed sides and an open top is |ocated
in an upper portion of inlet chanber 1@, in 9




2 8 JUL 2003 - WD 01/9602G PCT/ USO / 18336 one non-limting enbodi nent on
“partition or wall 42. The secondary skimcollection channel 64 is TZB JUL 2003
positioned to collect froth at a | evel 66, which nay be, and is preferably,

- .bel ow | ev i gasification chanmbers 18 and 20. Seco j
col l ecti oﬁé%ﬁlg)rq{r)\ieal 64 may al so be tapered on the bottomp‘gﬁg%rlréggsg]ave a

V-shaped 5 or U shaped cross-section, as non-limting enbodi nents.
Secondary skimcol |l ection channel 64 may al so renove froth through a

secondary ski inwilt beapir@cialdtiat iy Figarek al sehshatiodlsomnsioh ithat is Mot to
col I ection channel g.a trou%h, pipe or the like), such as on the outside of
vessel 13caleprgpaprrsiondeifurhes tastharerthg impaitansrarts ofLthedovestiognd secondary

skimoutl et 68 for deliverd Eg‘{:l‘; g' lﬁﬁ g smg .ged matter away from 10
t he vessel 12. Atertiary|j DeseHotiol of the i , I ndependent of both

primary ski m qaklpéichemveRBonakll ABwaRU s eskeat] Bywakefeamidle dridrotchannel
64, is located in the upper portion of discharge chanber 24. Tertiary skim

col | edt i dimitakiomeritly therifluget being watefednparpisateshwith oilyandatheresispen nmber

24. Such a chanpel e vertica adj ust abl e.to, ac nt, for the

i 1t or encBritReS: TR bR Whe Re RELERE fRemub o R imar ge. chanber
24 and t hngasid AsRications anieh ft it dednblto sdparadeais BH Infat€é) drfely o Nduced
static flotation collection channel nay be seen in Pat. No. 4,782,789,

i ncor por aikfomya liedidy and ehatdhesuspemded inatter,sWientiqsid, | asdiot maytenthel 70 nay

be in co ni&at(ihé)n wﬁ:h t he consolidating collection channel which
col | ect s ORI BIOAUF 8Fths PYREPS™ ski m outl et 54 and secondary skim outlet 68,

or meyy have i fRaf&iig helW @Fthk Fiourbaihaalstem ‘Fﬂ@ﬁtﬁe%ppﬁﬁ‘dthyﬁ éP%féH&Hended
matter away fromveSsel 12. There may al so be present a control nechani sm

such as crphatimentrabthe invgitionciooluded & gess¢PL2or 72cdiving ediow of liguid he | i qui d
| evel in the first d second 25 qgasification chanhers 18 0 y obtai ni ng
evel | nitEMEHSRPERO T Soam e AR e ST 1 YRRl 2 BRATEPHRS T 1 o
through |&yeddisent had a ¢ahtifudus EYlindifealitiélall Snd 15 dapHbié STOWIRLRA ARG ON 26

bet ween outl et chanber 22 and di scharge chanber 24. Level 10 Z 8 JUL 2003

WO 01/ 9GORbstRANfAUBLAIN2BRES Uresismiy beengauniered whengprecessingipradudedg
Smi 151 yateh ey b BN VPReCt] Bobrceskhieh ag QR A S anab it 25U 24 i s
acconpl i shefichfioR ¢BimBe182 QtordEaifddbN dfiber 2D CAERAA BltIét @anmblr78 and 5
regul ating fl ow through LAV 36 in outlet 34. The exact nature of the |evel
transmi t t &, sviee gach adjacentahagnbergan Gvisdly goramyiniete withanegniotherathatnd may
be is, that a fluid in one chamber may flow into an adjacent chamber. Vessel 12 also
has a discharge chamber 24 that is in fluid communication 26 with outlet chamber
20 22, the fluid communication 26 generally being a pipe having a valve 28 therein.
The chambers 16, 18, 20, 22 and 24 are divided by a plurality of generally 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
25 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



conventional in the art; however, their inplenentation in the dual-cell
“pmechanical flotation system of the invention is expected to be inv@dtjlielll)
In one enbodi nent of the invention, the mechanical flotation system 10 has
- 10 a dual vpebip@ssi gn, that is, onI y two gasification ceplhfso8ssgnd 20 as
illustrated in the Figure. Previously, in a systemwth four cells, the
retention tine in each cell or chanber is about 1 mnute, and efficiencies
of 95% may be obtained. In the present invention, using only two

gasi f i catdogmpletehnirerms the tapeafivessehi2 fo thesbetéamasenlingtherensiie sirewmferencef

s good. BifebeobFeBE o EonFpRan R, Fidendths SpthcRR e Ent ve
appar at ussndy are &iédl&’de@%hinﬁnﬁé kS Bff¥ct SIpbieadre Bitferéfist Anews’
requirenents are about half that of a conventional system (since only two

gas [ ngeschffagafmexn rﬂkgawmmmdarsael'r respedtiver paititios: #hudd cbmfumidatioartd t he

"footprint ar ea consu the a rat is reduced by nearly half -

an |m§ort9§’Hl£ b RO QUTSK D GrPAAR B PERBAES 81w ontia evise FmROB Atk | 5 at
a prem urg, honal chemical feed unit (not shown), which is a standard
feed unit ‘faor pen5| ng a netered amount of a floccul ant chem cal, using a

pol ynmer or a dﬂl&ulclsarhbe:r 16 hag an ihlanlao td4ntroducenihiei fidw yf ligquédt! 4ttbehe m'ﬁlletlent
for achi eyi 0 ratlo conta nts fromthe vvater ran be
provi ded.© \f‘ﬁg‘%ﬁfﬁ [%‘? ?‘? evé§ %@}O%S@F&Aseeae MechaisMdtwn of
sl udge t

opti onal %Fl%ﬂégﬂnﬁ‘%éﬁ%hﬁﬁgﬁaﬁ@?{)ﬂi%p%%ﬁ? S&mﬂég?{é'{v%%ht& ‘ﬁg%@&?}f‘ﬂarﬂ)ow of
gas. 10l 182 2B fakkreading DriflleEes wiRere the0dat bl actsIthe simpenddédmdtiadr t he,

invention, a caontinuous flow of |liquid 14 havi ng suspended matter m xed
t her ewi t FANAsCarries Hhg suspendadMAtieRto ¥hepRREPOrEOR Af ng\f?sﬁﬂétfoe@ac%me

separati | oating
to the ug%e&é gfglrgfclhgﬁﬁ%fq ?%Féé%ﬁ?f%&ﬁ& &'4 og{:qaﬁg rot r?‘ﬁré%)é 366 Thi s
froth or limikirgpenbediment,t ae prefecailly ehetdaeincex of dLHnkketr Posk,983,6568) ecti on

chamber 64 and pa ed hr ough seconpdary skinoutlet 68 to a consolidatin
Conoet | SRcORarian by sl Erde et althaish il pe APprasiTten thek RtRPh: n °

consi u ref nt and
secongﬁgam eéatﬁf&girycﬂa eét;q{nfé&gﬁg SZA&ﬁﬁgg{ogg ?—héyv}/) %égasm?al’laé%hsntroduced
i nt o t he 337, guchlad desaribeden dhsarRaér ido.3;993 563, ny@s eaahgndode oheionghareaani sns
creat a turbul e ar ea the entir of anbers. 18 and 20, and

21 ovi ng G Gaes 18 oo aps Wﬁ%%@s@r@éaﬂﬁﬁ%’qfépeéﬁawwwomt 3RE upper
portion ofpa¥essale rfioh b {ds0a12. ad iRl Ehing And Hikhe SRERERA It ter s
col l ected |n primary s |mcol ecti1on chann that eXtends at | east

parti al | ynay aksg in¢lgde oyaterf drast tplaes fa tramsfﬂzlwbmrmrthehratdnemmmarm 20. The

del [ K 54
coi | o211 JRCHATIES 52 RF A Vet oL e PRt b PP el ereBng o e foter
col | ecti Od‘raF@ﬁJb@q'acﬁﬁéﬁé's %p&&@%ﬁaﬁxnmtmrpwelssheeg%ode%ecéesel gugenerally

expected to be sonewhat higher than |evel 66. At I'east One baffle 60 near
the pri nawgrterlthm enflerette r@nomasmym@rdmgeqshe hetonmsidtion fofmtthe fluid 14

t2 get hat OCCt om o vesse\ﬁisreducmg fRncs( dpgsrs and ort c1rcu1t1rPg oq‘stﬁe fluicWjl roundhI tting

the turbulent areas. The treated effluent flows out of vessel 12 via outlet 34 which

25 may have a valve 36 therein. Flow through vessel 12 is maintained via pumps or
innate system pressure (not shown).
At the top of partition 44 is a primary skim collection channel 40 extending at

least partially along the length of the top of partition 44, between first gasification



hydr ocar bon production platform Fluid 14, largely free of suspended
“matter, next underflows partition 46 and flows into outlet chanber 782JUL 2003
Passage of the fluid 14 fromoutl et chanmber 22 through pipe or fluid

- -comuni cat‘{,@@lg?ﬁ%6i s regulated by level control valve 28Phglugé/15§§ponse to
si-gnal s from PLC 72 according to a software programtheréin using

information fromlevel transmtter 74. The fluid 14 in discharge chanber 24
is relieved of the remaining suspended matter by floating such matter to

| evel 76 chhmber 118 and secdridegasifidatign tieamber30 ok icatlding sRspendletl n240@8r WO

01/ 96026 PCT/ USO01/ 18336 _col | ection channel 70._ Channel 70 may be of an

| SF-t ype thRAPPESPYEIoNs OhPPY) gagificatian chambers d8oh Skipy cqllestignchaprglce i n

i o 748 pheIENReR epahdtl el Rl fRR RBBATIRES [ 27 1

clarifi edilgtested as havingaweshaped trsts settisrOm thbaFes, Athdush lotiged t&b@{‘n by 5 LCV
36 in outlet 34 in response to software program commands in the PLC 72
enpl oyi ngoakauss apd drsigds (erpi-Epped, etto) Wo j aceeptableantratie tevet 50 e

Foot pr i MesBFRt S5 bedii 25 Bl o RA 3 Eheadel rbben FofebtBREH T oront <.
reduced GhRhAéll40a@eelNBSEGtaMthaRetdden fAdtH prodiicedaas th@E@iﬁf&tﬁ)nt&a%é?k atform
wave notion effects. These advantages are achi eved through a two-cell,

nmechani cdi® anehaq, madisbeh frgtls istremored framderchasneli 40rthsougbechrimanasiimi ng

design to mni.m surfage ve actian. Dual |eyel control in s
enbodi .rrerﬁuéle\%islq]t Z'g‘.r?gﬁpbay eomg?mrodﬁl%lt%gt?ﬂrﬁ%éﬁﬁéoﬁ"fS‘&?Feo%ggnf‘?‘nlg‘ggﬁ ng
mechaii sthanessel 9 s \altst atHecchafiva@l 409hay Be th<rbd off Whé B6&oO(edd. P Vor
controll ed skinm ng and enhanced performance. 15 Efficiency is further

i ncr easedapewidi shppeds berpermmis kibehtien geroovalex skionmingnfrowl theawhaoheldtkl  bet ween
the two sification chanber Use of d t tybes.in connection wth the
gas inges 5 eﬁ& ‘Fﬁ@lﬁ“ﬂa n}%\&fﬁ%?rsﬁ?nﬂgln{ﬁo.fg.ogh%z}spjjcglnped:ﬂ?mhsrsow?n wi de
range of papedatésthe dfficiehéy H0MRGPPALLED BT hid FfuicOihel dipital¥&dttdfon has been
described with 20 reference to specific enbodi nents thereof, and has been

denonst r 2heteohs Asfgnantspeee ph isgrrevided above pramperskim icoledian ¢channsl40 &9n f or

var  olte Oy EREBL Ak hicahBThkb e on I Byricabiol rrwB 85801 ng

fromthe broadgerssipgrovided as ko biffle d0meanbHATANAskiMEtolleltibh chnddie
appended clains. Accordingly, the specification is to be regarded in 25 an

i |1 ust rat40/® dampry thenmatian pethe qdd J4 causeddy rrovenesiimiitbe vessel #i2,st ances
bet ween th rtiflo t he. . of var i h may be
changed o (E%%? iﬁréyz%edaﬁ? ?@r]ng}eh'ﬁgt@{'ﬂ’ﬁgﬁ%t%”g%gﬁH‘eg%%%ﬁ%dﬁ'g? &%ﬁ%&}aven t hough
they wer ereaoiers pefdrne glot thovientidffledo®@havie a Rivdrmogt dradibtaC slige 6ApPpar at us,
woul d be anticipated to bhe 13 .
20 Vessel 12 may be considered to have a horizontal plane, which may be parallel to
the top and/or bottom of the vessel 12 as illustrated in the Figure. It has been
discovered that if the angle A of a line between the upper edge 52 of channel 40
and the distal edge 62 of baffle 60 with respect to the horizontal plane of the vessel
12 is between about 5 and 15° that the motion of the liquid 14 will be dampened
25 while permitting the oil and froth to flow over into channel 40. In a preferred, non-
limiting embodiment of the invention, this angle A is about 10°.

A secondary skim collection channel or bucket 64 having a closed bottom,

closed sides and an open top is located in an upper portion of inlet chamber 16, in



2 B JUL 2003 WO 011 96026 PCT/USO /18336 within the scope of this
“dnvention. Simlarly, gas ingestion and m xi ng nechani sns, and | evggdu“_ 200
transmtting and control devices different fromthose illustrated an

-descri bedwigsdksaswoul d be expected to find utility and Reyedhsrapassed by
‘the appended clains. Z4 2 8 JUL 2003 WD 01/96026 PCT/ USO /18336 Cl ains W
Claim 1. An apparatus for renoving suspended matter froma |iquid,
conprising: a) a vessel for receiving a flow of |iquid having suspended
matt er t bee abn-linbizing epibodimhérttyonafartitioh ior watl#2s etheesecorddry skihvi di ng t he
vessel into an inlet chanber, at least a first asificaéj on chanber and a
second g&ellgqtion shaanelhdisepsitigned & sellestirath a&ﬁgﬁ‘@éﬁé’ which ey Beettd chanber

Fluid eoliar@abh ket tev e B 2P TEEhn cilpferty 8 4h 8 SEORIRR OB LCE Tre
flow of kb@dtsbn FHaRnéles By also BRarbefed & tha HEeAREM & MalyMave A0LsHaped and
m xi ng gas into the liquid of each gasification 10 chanber for creating a

t ur bu$ enor Hrshaped drdsesectian; as npmrdintitiog smbpdinrnds. ndgaocadaryiifim solleelioryi ng t he

suspended, matter, to an upper rtihon of th essel; f pri ki m
col l ecti Sha iﬁﬁé?ayeaf%ﬁ%ﬁ%vﬁ fic?thl tgg%t{gﬂﬁaéetcﬁﬁqry%@po%bt}ettfpg ' t-lc-)l;r@é%‘ e
partiti opekel¥mednkkenddlidatin @&iédtfbﬂtdhﬁﬁnélgamgh,amﬁeToh@hé ARy dudibas
gasi fication chanber for colTecting suspended matter in the upper portion

of both gagheicutsideal vassehids in capmanisatiohwithbosthipimaoy pldax owitetciantkl |

i nd d f ' h l.. | d,i h ' f th
ot cnansiant o GuulR et 5 IR ton RS Eb e LplaHind et B Bha Rl (e
primpy gpsvegeondary 20 channels, located in the upper portion of the

di scharge chanber; and i) an outlet for removing clarified liquid fromthe
di schar ge chattertiarg skitheoligspion ahasnel70¢ ingiependent of heth pimpn skimg a cont r ol

rechant o108 SRl h0%d B ohi ik By Fhcrloh hllnddals 1BAskea T AR
upper portion of discharge chamber 24. Tertiary skim collection channel 70 may be
a threaded pipe centrally located in chamber 24. Such a channel may be vertically
15 adjustable to account for the difference in specific gravity betWeen the liguid in the
discharge chamber 24 and the gasification chambers 18 and 20. Further details on
the induced static flotation collection channel may be seen in U.S. Pat. No.
4,782,789, incorporated by reference herein. Tertiary skim collection channel 70
may be in communication with the consolidating collection channel which collects
20 froth from primary skim outlet 54 and secondary skim outlet 68, or may have its
own collection channel or pipe for delivering suspended matter away from vessel
12.
There may also be present a control mechanism, such as a programmable
logic controller (PLC) 72 for controlling the liquid level in the first and second
25 gasification chambers 18, 20, by obtaining level information from level transmitter
(LT) 74 and regulating flow through level control valve (LCV) 28 which is in fluid

communication 26 between outlet chamber 22 and discharge chamber 24. Level

10



through a valve in the fluid communication between the outl et chanber and
the 1S 2 8 JUL 2003 wo ol i ~~02s di scharge chanber. PCT/ U80111833233}UP.TZU@
apparatus of claim1l further conprising a control nechanismfor controlling

~.the liqui be in the discharge chanber by regulatin ough a
‘valve in ‘?ngﬁ%ﬁﬁtﬁ et fromthe discharge chanber. 4. Thegg%}ggwé]tts% of claiml

further conprising: j) at |east one baffle near the primary skimcoll ection
channel to danpen notion of the |iquid caused by novenent of the vessel. 5.
The appatrahansities 7dIrsayyid onb aoe-lintiting embedintens, kavedts semsbepositiaied iand wher e
t he baffleé{; extends inwardly into the vessel froman interior top surface
t her eof th§ CPangghensath AttIoN4ddge, where a |ine between an upper edge of

h ' | I ' ; ' baffle j
Formb on angra i PR P SOANEVATE 1 aRclias Shafifotbol2hi>e, ) )

appar at ugcdofipliskediroggsRISPEN B dbtaving level pfortndtioaurém LTOT8Mridsi ng: a) a
vessel for receivi naga flow of |i cuji d havi ng suspended matter therein; b) a
o

pl ur & i t segetatingritaw thyadghskeNiéhin endst i ving exgct peture sk the teweb an i nl et

hanber , | fi i fi cati hanb d.. d i ficati
Chamber  rahmERRE 78 abd 28 RRAT A BCUOR AP E ot BfluBalarelmEy B ot O
comuni cedrivegtivhdl in emearNRbNEVer, Beidinfh| &SRB/ M BHEP8al Y A8ciAnidati d

comuni cation with the outlet chanber; d) an inlet to introduce the flow of
liqui d i floationesystemeef thigdnyrntiondy expastethttbeinveativé.ngest i ng and m xi ng gas

into the liquid of ck sification 10, ,chanqer. f reating a,turbul ent
area and forqgtqngzieé?e?aor@??ﬁteoshgdéﬁeg'ggnh%}etrgga‘ifr%ca?glpg%%%SQ’iS%é“t1§| aguspended
nmatt gyt @ dasl-edlP@Esidy thatoR, ilyitve gusifietion déils, 18afd Iblas ANRBra¥ed fA th 96026
PCT/ TJSA /18336 f) a primary skimcollection channel extending at |east

parti al | jighreanBreviedistyoin asystera vith taur cells, tbe vetentiomsime inseachaasiliarcat i on
chamber &”a%éﬁs §§glﬂnfjminute, and efficiencies of 95% may be obtained. In the present
invention, using only two gasification chambers or cells and a residence time in each
chamber of about 2.0 to 2.5 minutes, the efficiency achieved of about 92% is almost
15 as good, but at much less power utilization. That is, with the inventive apparatus,
while efficiency is slightly reduced, the horsepower requirements are about half
that of a conventional system (since only two gas ingesting/mixing mechanisms are
required instead of four), and the "“footprint” or area consumed by the apparatus is
reduced by nearly half - an important consideration on an offshore oil platform
20  where space is at a premium.
An optional chemical feed unit (not shown), which is a standard feed unit for
dispensing a metered amount of a flocculant chemical, using a polymer or a
demulsifier, into fluid 14, to initially treat the influent for achieving optimum
separation of contaminants from the water can be provided.
25 Although not shown, valves may be provided for blowdown of sludge that
collects in the bottom of vessel 12. Also not shown are optional gauges to monitor

the pressure of the effluent and the flow of gas.
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15 gasification chanmber for collecting suspended matter in the upper
“portion of both gasification chambers; g) a secondary skim col | ecf@adl 2003
channel , independent of the primary channel, located in the upper portion
of the inkgd o er; h) a tertiary skimcollection chappglused-@sigrendent of
the primary and secondary 2a channels, |ocated in the upper portion of the
di scharge chanber; i) an outlet for renoving clarified liquid fromthe

di scharge chanber; j) at |east one baffle near the primary skimcollection
channel to daripée methahobthet ineeritiogyadontinsed flow abliquidrid hafinghe vessel ;
and k) a control nechanismfor controlling the |jquid |level in the

di schar gé”éﬁ’%ﬂ?ﬁgrmafﬁe'b?“’feéb‘imeé‘?"f‘ﬁb‘sf"P%WQC%F’(}G%“L&\FQPU‘Q‘*Y ho tiveughiinlet from
t he disc g . T ﬁm ' f L Skhng a
control %hg%rlﬁgm g‘?t‘%r(‘)%{ %EIhﬁS g tEZﬁﬁ%ﬁch&ﬁl—s‘;‘ibe l@itrﬁH%rhggﬁér@Fﬁg%@hgecond
gasi f i cattocthealppebportidnyofriatetichtmber 1d awl flbatingofitoth deatlve®. | Thit freth bui d
communi cati on between the outl et chanber and the discharge chanber. 8. The
appar a ussuspended matgeniscotiected 10 secapdaryssking caiestiihehambar $dandrassickre t he
baffle j) | [ i 0 | | face

t her eof t%j?ésﬁ?‘gg\%g?#;as S@H?%{P&tgéa%%% ﬁé?géatt&{g’ {Hlll%gt]gﬁlcﬁge@%{ %‘tHQ’EB%ﬁ edge of
t he pri mayags@ikizon col | ection channel and the distal edge of the baffle | )

fornms an angle with the horizontal plane of between 5 and 15. 9. A nethod
for clarifyi nfWiddd: atif containispe rafle suspende@ mastarondyipWE PRFiLION)
provi di ng,.a; I i e al i rtitd eqguent | di vi di ng

t he vesse?f}n\régzﬁ%nan?%\égma%%b%}%héﬁgﬁngérssﬁ% aaq‘di irog?ﬁa%sa} ﬁ:gvgé)tfiﬁgén%chanber and

a 17 10 2 #HtrbdutedPOS tNiQUIdOBIOR Gh&EHA kS b} @3S thgestmghDmptifig cat i on
chanmber, and an outlet chanber, each adjacent chanmber 5 fluidly

comuni cafieplpniinehdZrseating h surbulent akpadn $be aptjecty 19h ebembens 18 andd0,

conmmuni caj | P ; | | I I qui d
havi ng suéﬂpﬁﬁg&fh%%?g?soﬁ%t?atcﬁw é?"%ﬁa’ﬁ%%%%ﬁ%%ﬁﬂat% tﬁ%"lugﬁerl C)

i ntroduci pgrtianfdf vessel 12atheraitrlacht leleltdte This sispanded hattee edullected
gasification 10 chanbers for creating a turbulent area, and for allow ng

the gas t® RiMarckin kellectipeeinanclif that exteade at lepst partigllyalangsbe teRef i on of
e nEF il SSRRS ORISR (A Jn i G oo on
t he fir st tigesgl pombnoskim outlet 54 to the collection channel, which may be the same or
different consolidating collection channel serving secondary skim outlet 68. Level
50 is generally expected to be somewhat higher than level 66. At least one baffle
60 near the primary skim collection channel 40 dampens the motion of the fluid 14
20 that occurs when vessel is rocked or moved in response to waves hitting the
hydrocarbon production platform.
Fluid 14, largely free of suspended matter, next underflows partition 46 and
flows into outlet chamber 22, Passage of the fluid 14 from outlet chamber 22
through pipe or fluid communication 26 is regulated by level control valve 28 in
25 response to signals from PLC 72 according to a software program therein using
information from level transmitter 74.
The fluid 14 in discharge chamber 24 is relieved of the remaining suspended

matter by floating such matter to level 76 where it is collected by tertiary skim

12



cﬁanber and the second gasification chanmber; 15 e) collecting suspended

.matter in a secondary skimcollection channel, independent of the 7mr JUreygl

‘channel, located in the upper portion of the inlet chanber; f) collecting

-suspendedygRib@is i N a tertiary skimcollection channel 3&&@&%&3‘26“ of the
“primary and secondary channels; |located in the upper 20 portion of the

di scharge chanber; and g) renoving clarified liquid fromthe discharge
chanber. 10. The nmethod of claim9 further conprising controlling the

li qui d | @tektibn chivnel i70s tChanaelFeanadb@aban (SFatyberhatisnbricallpy regul ating
flow through a valve in the fluid comunication between the outlet chanber
and t he afljsshblede angawmicior the differencedn speritie gtavity begween thediquidigdinsi ng

I1ing the |igui i di scharge ch b Lating fl
i ough SEargEeamsy 24 e Puld B8 GREBHAFREOT RS 14594 TH: hoo o
clai m S fpe kb @hichodRffied NguidiSremded froim disRarge cHénBéA 293 EpiefddIsp 1l 18336

h) danpeni ng the notion of the liquid near the primary skimcoll ection
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mechanical, cylindrical gas flotation machine with a special baffling design to
minimize surface wave action. Dual level control in some embodiments will ensure
proper rotor submergence of the gas ingesting mechanism and provide a stable level
at the froth surface to allow controlled skimming and enhanced performance.

15 Efficiency is further increased by using a common skimming collection manifold or
channel between the two gasification chambers. Use of draft tubes in connection
with the gas ingesting and mixing mechanisms minimize short-circuiting over a wide
range of capacities.

In the foregoing specification, the invention has been described with

20 reference to specific embodiments thereof, and has been demonstrated as effective
in providing a mechanical flotation system for removing suspended matter from
liquids. However, it will be evident that various modifications and changes can be
made thereto without departing from the broader spirit or scope of the invention as
set forth in the appended claims. Accordingly, the specification is to be regarded in

25 anillustrative rather than a restrictive sense. For example, the distances between
the partitions and the volumes of the various chambers may be changed or
optimized from that illustrated and described, and even though they were not

specifically identified or tried in a particular apparatus, would be anticipated to be
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another;
¢) a discharge chamber having a fluid communication with the outlet chamber;
d) an inlet to introduce the flow of liquid into the inlet chamber;
e) a mechanism for ingesting and mixing gas into the liquid of each gasification
10 chamber for creating a turbulent area and for attracting the suspended
matter and for carrying the suspended matter to an upper portion of the
vessel;
f) a primary skim collection channel extending at least partially along the top
of the partition between the first gasification chamber and the second
15 gasification chamber for collecting suspended matter in the upper portion of
both gasification chambers;
g) a secondary 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
20 channels, located in the upper portion of the discharge chamber; and

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

2. 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
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baffle j) extends inwardly into the véssel from an interior top su ace thereo to

a lowermost distal edge, where a line between an upper edge of the primary
skim collection channel and the distal edge of the baffle j) forms an angle with

the horizontal plane of between 5 and 15°,

6. An apparatus for removing suspended matter from a liquid, comprising:
a) a vessel for receiving a flow of liquid having suspended matter therein;
b) a plurality of partitions sequentially dividing the vessel into an inlet chamber,
at least a first gasification chamber and a second gasification chamber, and
5 an outlet chamber, each adjacent chamber fluidly communicating with one
another;
¢) a discharge chamber having a fluid communication with the outlet chamber;
d) aninlet to'introduce the flow of liquid into the inlet chamber;
e) a mechanism for ingesting and mixing gas into the liquid of each gasification
10 chamber for creating a turbulent area and for attracting the suspended
matter and for carrying the suspended matter to an upper portion of the

vessel;
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channels, located in the upper portion of the discharge chamber;

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

j) at least one baffle near the primary skim collection channel to dampen
motion of the liquid caused by movement of the vessel; and

k) a control mechanism for controlling the liquid level in the discharge chamber

25 by regulating flow through a valve in the outlet from the discharge chamber..

7. The apparatus of claim 6 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.

8. The apparatus of claim 6 where the vessel has a horizontal plane and where the
baffle j) extends inwardly into the vessel from an interior top surface thereof to
a lowermost distal edge, where the line between an upper edge of the primary
skim collection channel and the distal edge of the baffle j) forms an angle with

the horizontal plane of between 5 and 15°,

9. A method for clarifying liquid from suspended matter, the method comprising:
a) providing a vessel having a plurality of partitions sequentially dividing the

vessel into an inlet chamber, at least a first gasification chamber and a
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the suspended matter and carry it to an upper portion of the vessel;

d) collecting suspended matter in 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;

15 e) collecting suspended matter in a secondary skim collection channel,
independent of the primary channel, located in the upper portion of the inlet
chamber;

f) collecting suspended matter in a tertiary skim collection channel,
independent of the primary and secondary channels, located in the upper

20 portion of the discharge chamber; and

g) removing clarified liquid from the discharge chamber.

10. The method of claim 9 further comprising 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.
11. The method of claim 9 further comprising controlling the liquid level in the

discharge chamber by regulating flow through a valve in an outlet from the

discharge chamber.

12. The method of claim 5 further comprising:
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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°.

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

is between 2.0 and 2.5 minutes.
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