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of the Invention The present invention relates to nethods and apparatus for

e erpct mm o et nods. and appa UGN, £ hculmpenamg e "

contam nants and/or oil fromwater, partibcigtarly on an of fshore hydrocarbon
recovery platform Background of the Invention 10 in many industries,
including oil, paper adiJAHCELLIMECHARICAL ELOTATION )STEML i ng and food
processing, there is an ever-present problem of contam nated water as a

by- product of various processes. In particular, water is often used to aid

in the production of oil and gas_on oEfshEre g,l atforns. This water is
rusual |y punped into a formation il € WEREOHhl e to punp oil out. As a
result, the I ' it ' | i ncount er ed
in the for rra\t,\ﬁebﬁpré%eﬁtqﬁg@%rfg&ég%n@%g %Ss%ié@%gg%fﬁ%rgﬁ@ nping it
rinto 5“%@%&%@&‘% MR LigOft Al A8ty paﬁwmawofel%%é@qﬁson%@nﬁa&hméfe&ve

been devi to reduce the contam nant content thid water to a

that al | pighdiisehdagpariiul e sedaeatindtGpehded eantfinangs sudorsyisfrem
disclosed in U S. Pat. No. 4,255,262, conprises a device that m xes and

di sper sewagers pantichlarfyosmanfoffshaee hydvioicagbannracoyenydpiaffaim.ank i n an att enpt
to renmove contam nants fromthe Liquid flowi ng through the tank. The gas is
i nduced fromthe upper section of the tank dowmward into the liquid in the

tank via a draft tube. The gas; i gg'%ﬁi!o[l tﬁgﬁﬁ\rfﬁtﬁﬁ a portion of the liquid
contained in the 25 vessel is ough the i ndividual

cel | g or conpgy LARDYSAWEHBY, & ﬁ&‘ﬂﬁ bl ulp)&eRARA ALLSIMEES an

el ectrically-dri ve2 ]rrechanlg’calc S iém‘re’r sgﬂg?{e)ﬁm)g, -B1\i\hi cﬁ derves to renove

cont am nasterhgigeankr @bl froakssang uhdlaisesm abavieresler prableah dfemitaseeitedn of
the tank. The tank is rectangul ar-shaped. ' WO Il | /90021

PCT/ US| i %1833 & byheodbol ef nerieusopedestesi trepaidubars Watemiyafteowseditawbdcks.
Used i n ToFIeBTCLCBIRDI Gl e 95 OB T LOF el 5! Bite U & 15 Riady pUIEed
R e S M R T 2 R AR
0Z. PEr BAHGHEs EAThintiBatkRah b0LRERBlids #RéSurt8red in the formation, and
therefore cannot be disposed of simply by dumping it into the surrounding water.
Accordingly, numerous methods and systems have been devised to reduce the
contaminant content of this water to a level that allows discharge of the water into
the sea.
20 One such system, disclosed in U.S. Pat. No. 4,255,262, comprises a device
that mixes and disperses gas in the 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 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
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.
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particul arly di sadvant ageous especi ally where system pressures upstream of
the oil/water separator are preval ent or where noxious or |ethal gases such
as hydr ogwe B8uhdZcde are present. Furthernore, the rectangurGrusEnkschavi ng
the skimmers are limted in volunetric capacity because full utilization of
the tank is not allowed. In 10 addition, although these tanks are descri bed
as "gas tight", gas pressures are maintai ned by continuously_venting to the
at nospher e, whiie Rbpee-ngidianed; davice aafigsrfood wrigssidcawbackset hae skimmers

fl ammabl e gases are present. U S. Pat. No. 4, 564, 457 i scl oses anot her
syst em 1A 1BRPAFHET b NS REHaNAE 1M FRRHF T WHEHD Uil IXEOEBRIF | ses a
cylindri . i I . . ity Of jLication

» chanber S&W%&(ﬁgg’a{éﬁggggﬁﬁ%’u?%gbcgﬂgﬁgé’m kﬁ%%‘%&?%‘é‘ a}ngi di sp{oclé\ed near
the top iahubtiest aRko tﬁ@qle@eahgam thArs, | Nakuod thapr eastficeRin @@nab@nber s
into the outlet chanmber. Vertfical baffl'es that separate the individual
chantser swizkbtamd pi@snwas th yxeasd odireos paaredjubre mdhh@. P& pintefnalherHiaisk,
allowing fluid to flow al ong the bottomof the tank fromthe inlet chanber
to the quartisulaty diradvartageachepasiallcubpensyshemtresiweeypsisped af the an
eductor npzzl e assenbl ggFosi tioned ceBt rall IIower portion thereof.
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chanter 8¢ are e kfrplo ) e Beateotf Al A MU SR RARL o
into the;autddeh vRuGRFBeRpaMAEDECARIUL ARiRtid6r fHeiahii is ndk 3ewld fo be

reci rcul ated through the eductor nozzles. The bal ance of the processed
fluid exddditiohe atthbligh tiedwrntaeks hee dbsediheat ad reot tigmtt’, gds pedmugs @e St or age,
dependi ng upon the application. The recirculated fluid is punped through

t he nozzheirdei@tbby cortivhousty yertingiaghe atmbgpherepdiqhl is/pEptetially

PCT/ US(11/ 1833G a comm,? h%ager ngﬁﬁl jed by a recircul ation punp) and each
nozzl e HANESTRYSPFAHET LethabRt i Pblel %7585 2ERIRESEPtt hr oat assenbly. Each

d h | i I i
o e it e R RY o T B Bt R RBE ALy SBERRI BBk AR
the out 'rﬁgtfé%afmrﬂmﬁhenﬁséﬁé@%maﬁée@% ENiadicat tamkgﬁ‘a\}{hﬁé aRiihdet tdnaRHEh ; L ge

nozzl es educts gas Into e gasification chanmbers and the gas rises In
fluilg inm bhﬁ’aii?v af ghsisinatibn khbibilbess, aftka gaseshahbbesetcohdraber.oidl skandi-ongh
suspended solid contam nants as they rise, formng a contam nant-| aden
froth atistdigpased nefarithe tgpf the danlpnarchaxtsnds thewengihtaii thegmasificatipnesent s

definite advantages over that djsclosed i . S. Pat. 10 No. 4, 255,262, such
as the efhambassiipe ghe PH@EHEQ%B}%PEaIV%’RF%%l%ﬂ&ﬁ&hi‘)tr%ﬁﬂaé%e e Hidi g el

therevvitr” } abi Li a I r.l.nter e re n .t er
utilizat$ Ig%sa%fepéﬁjlogv?}. agﬁg{yv%rl'echﬁé? péﬁfg'%s Jfr ?@r@eﬁs g%géo(?rrse% itsaé] </§Htg gﬁg']éa{
For exanp,g td 18W A¥hg @he bBEJRBK tAESANP o ti9s §HIBE EfarhBePtd €he btlcenOVe
the contam nant-laden™froth fromthe tank. This can be di sadvant ageous when

?hrl(?l?ggrtﬁﬁhagﬂbelﬁ Ehowgeadifithtibd chamtesiiy ablippediviith ah keluskbrmpdzzdeighseextblgnds
positioned centrally in the lower portion thereof. The nozzle assembly provides for
recirculation of fluid pumped from the outlet chamber.

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
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gasification chanbers into the outlet chanber, which permts froth to spill
into the qui escent outlet chanber and contam nate the effl uent.

Fur t her noW®) 01t%8e26e i s no nmeans for renoving contam nants tPET/UREYI8336
accunul ate at the top of the inlet chanber, and no neans for venting gas,
whi ch may have been entrained in the 20 influent, which accunulates in the
inlet chanber. in addition, there is no neans for retaini nq as in the
vessel whEAMME@N SRAALOEMARIteARY § defiscptinBPUTR citd RRChNpBteReing | v

et ankBoSHB L -granrBANY HLEn ST ok e tRATDR.d ok FOLA IR oTGe
tankbORIBRREC . fes
ot | uont - PO T, RTERER BRUR Aeitel PRI A s e FIRERRPES 1 gn

t ur bul ensgrepiresf Bt HANERRIRA toyth@aserbtiBRl®ambrs aWll 'the @LERERRGmber. The
PCT/L'SI'11/1833C, Additionally, the velocity of flowin the degasification

-chantfer passage af ithielfluitiiagighnrelobity ehdsighathierrszizidscedeitts gansito ahk/ wat er
separation. U S. Pat. No. 4,782,789 relates to an induced static flotation
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Passes ¢ hioEenbHRB L BeE BB BR sipane R SRS SRk aminiret gn R Sen I e
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chanber a ract suspen contam na and/ ot as ey rise. A

contam nant - | aghe dHiOkByiEeMBsehts HBANTtER VANt s SRE) thatWistidséEPVed pyta a
first skimtrough in the outlet chanber. Aliquid | evel 10 displacenent

contyool | g, 456t N sucheasltagellinthatibuiod the nhdehapdca! fskinaieo and lerob Engs

adj acent and bel ow the top of the first skimtrough) the second skimtrough
bei ng veasspeiatey thdjarsithbihe akilitic kv operateratimghali internahpeessures pagh peteer
gravity between the ljiquid in the outl et chanber and,the gasificatian
ehanber sutlzaRpt Burtitls taebeRme L sterul o, S B iASHREEEES: T pr ovi de
addi ti ong] I_MH Ng. i i t. r - cell for
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baf fl es &&‘Bﬁu nSRE ddFatrbANfrERATREEMIDT BN Fan DDA RAGTRYgd AR Whéetvad and gas

of the tur ent area created by the gas fl ow above the eductar assenblies

t hat1sdel corainddis flas of ftuid gadedirabae avscs hdietskins .tr&ychusitep da timaughahebaf f | es

in the outlet chanber, the fluid retention tinme is increased to further-

i nprove gasfiQion qoambeoninddritharttles spamder owhichnpérnvightriosh te spt Bgottbean
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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 turbutence area and contacted by gas

bubbles,



gasification chanber by a partition that extends through the interior
chanber of the 25 vessel and allows fluid communication between the two
chanber s. wh biirgoted to be treated is introduced through di seecT/iosii/Bese
headers) adjacent a bottom of the vessel and/or an alternative inlet nozzle
which is conbined with a gas eductor in order to achieve a nore intimte

m xture of the gas and liquid. The gas eductor has its 4 WO (11/90021
PCT/ L: S01/ 1833dditinstallgt tisd vgluicity afbidme it ke dethdficafion kbanibst s brittively
headers. The rel eased gas bubbles carry oil and suspended matter towards

t he uppehighbpmhiieh lexdstioansfisiant finadraildwadar s¢paratiobh is col | ected through

a primary skimcollection_trough which extends thrqugh the gasification
chamber and f Hom Raty&or i, ¢S Aslatestn @n Qfﬂﬁ%é %ﬁt@?@ﬁé'apﬂﬁtsF@,Fsﬁﬁtawng
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for renoving suspe matt er I qui e appara s a single cell

ver ti cal clgathbeeh, iagal existihasthdictiid otibt eRarviBaseGat babbies dredutidedcnd tiftoa
separation wall to 10 separate a | ower gasification chanber froma mddle
degasi f i tat bottoohafrbech gasificatioppbamppes aoHattrect suspendisdrcontaminantpat i ve
arrangenent s ariﬁ provi ded for controlljng skimcollectjon throhtg\
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i ntroducin lquid into the vessel, so as to achieve®nore 1 ntinmte m xing
of gas agdjdceftiafdibaiswaneadpiofttaetriiet m@ﬁﬁﬁbu@,tth@oidcdnb%kﬁﬁ&iré@%l Being an
appar atus could be devised to overcone sone of the problens in the
convent i verdicatlysddjostabbe to econintdos kg eiffertnaatin spedificrgravizg bletgaenl the
particularly in systens used on fl oati r]]g of f shore hydrocarbon recovery
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t he suspended tter to contam nate the recovered water. Sunmar f . the
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invention to provide a two-cell,

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

20  liquid/contaminants separation.

An invention related to an apparatus for the removal of suspended matter

from a liquid, such as used for treatment of oil-containing water is disclosed in U.S.
Pat. No. 4,986,903. A cylindrical, horizontal vessel is divided into a single
gasification chamber by a partition that extends through the interior chamber of the

25  vessel and allows fluid communication between the two chambers. A liquid to be
treated is introduced through distribution header(s) adjacent a bottom of the vessel

and/or an alternative inlet nozzle which is combined with a gas eductor in order to

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



mechani cal, cylindrical gas flotation machine having a reduced footprint,
reduced 5 V10 (11/9102C PCTIL" S(11/1R33G power requirenents and reduced
capi tal and @peosmti ng costs that overcones the adverse waveceifacisicon
floating platfornms. In carrying out these and ot her objects of the
invention, there is provided, in one form an apparatus for renoving
suspended matter froma liquid, which 5 apparatus includes a vessel for
receivinguaetsﬁﬂh¢ﬂabbumtmeﬁaﬂﬁh9f§h%déﬁdgdﬁﬁnhﬁédeﬁhéT®¢nemiﬁﬁiS@Ssel has
a pluraljty of partitions sequentially dividi the vessel into an inlet
chanber, H%bheéﬁf%p\i Apd suspRildedoRatish t@WéF&er?‘%alHRP%Y %&W%@i Yassekt i on
chanber, ;and an outl et cha r re each adjacent r.flujdly.

comun ¢ 4088 vt Foufof Fapecee RSB e Buftd: 36T <SIRCRR idyutiss,
havi ng a f - Ui jGad j f

R e e S s A L e PR B Rl e
-and an ogbedEticfigpavitygreebndars! skimf dattectioniudnélriariheheegdis ifedaiogectanavdrer . The
apparatus includes a nechanismfor ingesting and mxing gas into the |liquid
of each B§kisi toldettiamisciraobgrlished thresgh agnteoltafribel lbmtid deeal iartbefvessel.
attracting the suspended matter and for carrying the t5 suspended matter to

an upper port Men 6t tNes. 94197 apd 8, 380:T8felgo splaty tpranapRaraidsmiotol | ect i on
h | t endi t t tially.al the t f th titi t
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chanbers; secondary imcollection chahnel, 1 ndependent of the primary

chanpel , seWirafe h3over besAtedoh thkidhiFRSh adPiddienicahsifiration! @anamperan and
a tertiary skimcollection channel, independent of the primary and

secondar ypptagasetmmibeac at edinbert dfealbppeativp artanganmodnts hee giredbed der chanber .
Finally the invention optionally includes at | east one baffle near the

primary SRIFPEHIE kimiwhleshigntaroug) eepelbingyolwne of lidwéd MWithin dheagsed by
novenent of the vessel. 25 Brief . criptjion of _the Wi, ngs. The single
Foure i ad changhEen vobige o JGui BhaueRith§ass af i Bh TR Bmav it of
t he dual ; - j - i f - f.an. =i
e, dual oLy AERAROL AL 8L b1 AP AR R DB PR Bl ol e
schemmt i erdakbdisiglirt botlet. NTheiappagitus rovidbe fO arPARRATAtIVANatranddhbmMesf
illustrate the inportant parts of the invention. Detail ed Description of
t he | nvemtiraducing liquid into the vessel, so as to achieve more intimate mixing of gas and
liquid introduced into the vessel.
It would be desirable if an apparatus could be devised to overcome some of
the problems in the conventional systems for removing suspended matter from a
20  liquid, particularly in systems used on floating offshore hydrocarbon recovery
platforms where the action of the waves upon the apparatus tends to cause the

suspended matter to contaminate the recovered water,

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



The present invention will now be described, by way of exanple, and not 5
limtation, with the influent being water contam nated with oil and ot her
suspendedwpariticeisl ates. It is to be understood that the prespokiimsyention
has utility in nunmerous applications in which it is desirable to separate
suspended matter and/or oil froma liquid, and that the suspended matter,
the liquid, or both nay be the desired product of the process. 14 Referring
now t o t hewer geqwiremaetssyrst eedumedotapitad aag pwesating 60sta threpeeicemeashedi ment
of the invention includes a vessel ajxf for receiving a flow of liquid 14
havi ng sA9yRIEB&RVERTTRFS ANBAATRR PRS- where the vessel 12 in a preferred

enbodi nent hag_a_contin S i j . Sid . N . :
i thet andi ng- Dubareneit W€ nutthr EQusRLES B Rl o, SRR Peldagyin
processi u i ' I Wi ig. dinydded into
an inlet BE g{rjr@g’r Sﬁgpﬁggﬂ’?gzgq F%rﬁ?\ihpg?ugiaégid}é?c@??%?‘?ﬁgr?#iﬁm?B?Uhgdrgecond
-gasi f§ cahpparathainetided(s vasse! for eublvitg elivoef id)d mnang sespendadjmstet
chanber can fluidly comunicate with one another, that is, that a fluid in
one chanbleereimy The y@ssalthas anplauip diyedft partisiobs sequerstdally dividing shaaeswel into
conmmuni cation 26 with outl et chanber
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the bottom of vesse ow f conmuni cati on

chanper s fluRREbM WAcAofl it tgoliles thanbdeR5The cppdraasiihdlodes aniglbanmber s
18 and 20, respectively, besides being spaced fromthe bottom of vessel 12
i s al so #pacdutef themioweoftloquidhetedte indetathaovbeyamnd amaunict {01 tembengeen
these chanbers as well; partition 44 being_supported by the sides of vessel

12. PgrtFtair'tfh?ddéqldﬁ)fir@i”n@eo‘éﬂﬁyf&rgéfﬁﬁﬁ@er-zﬂ-héracpﬁﬁ:réﬁfaiﬂé@dfﬁérfﬁéizh?ﬂsm |
VO (1] 026G PCT/.U 1833 , ;
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cal cul at omnimzet pressure erential d

di f f e enegspeRdbl ovattat €6 aHNger @fHoN @3 RRE Veyel paNid ticondedhid & pn'mar?/
comuni cation 26 5 could be any other suitabl e passageway having a flow
control dew cellectipr abdamue! fdxoanding rétléastpaintially kétngctisntoy ofl rehpartiion nl et
30 to introduce the flow of liquid 14 to the inlet chanber 1 b. Each

gasi f i caPrbieemsmbErstighsificptian ehamber prdiEhe sprondetasiiitalinmeenabel {fest i ng

15, 20 1 67 i Pfehdfa mthteh g T RS Y R e e R e
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32, pm olsahedln Bié Lppeepbatoienthe ailet pi@hbeaking 4 hertsayisais coflektiGn Pat .
No. 3,993,563, incorporated by reference herein, although it will be

appr eci acbanidaindepleedens ofi€hvé pes)ary roldudicogddytchaonels, dbcagddtio the iuppke
aerators, may be used. Mechanisnms 32, such as described in U S. Pat. No.

3, 993, 5680rti@y obHithdisAbRiggeChRRD @R iBRBY GBS invearion epfdenalyy nchiisrat lga
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i ncl ude \e@a%rg %&g{o ef-r'rgn‘ﬁsoftt‘?ietv@ fer water into the rotor assenblies of 20
c

mechani sins usively fromthe bottomof the vessel 12. Inclusion of
the yater draft tube facilitgiesDeapipkidnyoVidid Btdv@Rss Wi t hin the sane
geonetry because all water that enters the rotor assenbly is directed to
"the rotor suctThesifglefigure ibatscbematicy essselsebtinalridldetiatignfdfuing by- pass and
short circuiting of the fluid around the turbulent areas. The treated

ef f 1 uent eMROREMENE 0bLhe deigkreld neghanial fitatian wystem o6 th@jnveatiena val ve 36
“"therein. Flow through vessel 12 is maintained via punps or




innate system pressure (not shown). At the top of partition 44 is a primary
skimcol l ecti on channel 40 extending at |east partially along the | ength of
the top oWartshtd on 44, between first gasification s ~' RCOURWY BEB2 (

PCT/ L1S111/ 1833G chanber 18 and second gasification chanber 20 for

col l ecting suspended matter in the upper portions of both gasification
chanmbers 18, 20. Skimcollection channel 40) oriented normal to the plane
of the Figurelt¥ilybraparesiated enidihe Faglre is a sahestatin dwstrativavthalisnot to
V-shaped cross-section in_ the Figure | t hough ot her tr.ough 5 contours and
desi gns RIS OT BTORAHRRD tefwther BSIate e aBRRtaBE O3 taras HE BVRIEED | s

designed to be right at umifé'taﬁ(g@% g’ﬁ',ﬂ,ﬁogfgﬁﬂpg"né?\tiOE” mary skim
-col l ection channel 40 recei i = produced in the
gasification gharhessndvantdorWillard, BECRsEABED by wa§BVSAnileMmidaocehannel
40 through a primary skimoutlet 54. There nmay be a Skimoutlet 54 on

-ei thes otinfitdthorgiwlieh the inflaenebeit@ watel QohteminasséwvitiRoRtiathe owabl suspEheed
channel 40 may be tapered on the bottom (e.g. V- or narrow U- shaped) to
perm t apbeitWatasenibialto b widarstongshat tm prescohamvestionthasTidityss of a
common mani fold or channel, 40 f

; . .. bot h, ificati hanb 18 d
i ncr eas e 8UIRECET RRREHSNSI W’Wgﬁgbﬁﬁ%{%s%@ g\%f{rgg%g}é%@ng%é ”éaéﬁ?a{]é‘i’g&fst

£th - _ . . ] . ] .
channel - 20 147 PG RPEG0RS she B e SR SR LRl B RO e the

gasi fi cagggped:EWtsof]@eamgcggz There is provided at | east one baffle 60
near primary skimcollection channel 40 to danpen the notion of the liquid

14 cawsed by Refemegtnod tdhbe FeRse] tH2syssemhi (asf thayahsardugs 6foa phefermid on of
waves agai nst the floating hydrocarbon recoverty pl atform (not shown).

Baf f | es embegirmeat bblke ienton idckides aemgselci2 Ta0evelyy a fwheltigeid 14

consi dergd to have hori zont al

pl ane, . whi ch be parallel to the top
and/ or bBRYBFSHIPGHEd/BasEar 'weéstlhferﬁrvaé*e,r%@@% veRsekil 4 @ Preterhed been

channe " Soogdihehbhar 8 Aol Bidinol i bels b EantiE ey SHBRemERe
hori zont glhgph A&l m?ce.fﬁag g‘r‘@s%ﬁ?és ésﬁmgg b%ﬁélrrc%%ﬂté’t%ﬂ%héw Bﬂﬂcééin?'b%d& ot i on

of the lrquid 14 wl danpene e permtting the oif "and froth to

f | ow pvewatat omhamsl wél, Vazsel 1 gfdivitded. intwoanh iimiet ichgm@ebad] aedasota filke
invention, this angle A is about 10. A secondary skimcollection channel or
bucket 64a%iticdtion shembesd 8potteond gheiieatien dbamdned 28n aogem ausfeti chamivert ed
in an upper portion of inlet ch%nber 16, in 9 1'~"0 111/ 9602G

PCT/ LSU1F4 8936 0 ReChBAIAGERT ChAGDEbaRITHAY Gmpanicate stithpnaanpthes, thafe

d ' l [ | i S. it d | | f
oo, S ARy b R Shaf Bl S8 S ABE Rt b P e 3
chanmber sha8a afithdPse SREDBEARLY thki iR Ui CohRuGianBR2 eOAitABIt R SPahter
tapered on the bottom and nay have a V-shaped 5 or U shaped cross-section,

as npm- | 2P thenuiehderdhienitsiorSes gadatalily Hding aglipetlavipn £hanael théremy al so
renmove froth through a secondary skimoutlet 68. There may be at |east one
consol i daheghaadiered6; o8, 2hathand 24 are dinjded pypepuratityeof generallgverticed on
t he out si de_(_)frgg\lé{iess%{I 12, in conmunication with both primry sk[moHtIet 54
and secoRBEHYOSKEm But4tetangets SESRRAtINGSr-i AT HNTHF PBE OIS BRG s dNRdPPer

away froml V, | 12, tertiary.skimcpllectipn ch | _70 .

ndopenaBhi el B ERYIFTard: ondia oeeRidirBl e RarRE hBeSrETLE alld Duid m

col l ecti LoBetdSeh @ ' wRper ol d e G chamber

24. Tert?glpy S 1%%0#Fgct?%nﬁgﬁgﬁﬁgﬁt %gg%y%epgﬁﬁtﬁéﬁgég@”gi%gﬁ?g%ﬁgaI ly

| ocated jeropdagmeicatibn aumhb@rscwmmto,m;abetwag; begilky bémgaghusd adre the

account for the difference in specific gravity between the liquid in 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



di scharge chanber 24 and the gasification chanbers 18 and 20. Further
details on the induced static flotation collection channel nmay be seen in
U S. Pat. wNpbu1/96n382, 789, incorporated by reference herein. pdeusiisyscski m
col l ection channel 70 may be in conmunication with the consolidating

col I ection channel which collects 20 froth fromprimary skimoutlet 54 and
secondary skimoutlet 68, or may have its own collection channel or pipe
for del i G@npirfebubpandes tomof sessahdy to tbenbpstaalsealing the patimgiraussersnce
present a contraql nechani

LA R T A T T e e
hanb , i ni J (! i . i LT
chamber o8l 31 P A L bt BRSO A SR sl 1 (1

Flui d copfrrarenad i fiosP riies WeBr Bl PspebRTEPAra8oAN FIGidSERangsi GhRINEs 24
Level to wo ol/o?c PCI/USII1/18331~ transmtter 74 may, I n one

“non- 13 m toulg tenbod obleat suitele phisagewag davipesa floaneshtrdl ddecopgnilagngd epeat h
partition 44. Simlarly, the control of fluid Ievel 76 in di scharge chanber
or box 2thdrsthiegshypl i shed t hrough PLC 72 by obtaining |evel informtion

o PO, SRt b 082 42 T il Pl
o LR RS PAER SRk s 2 IRIES e B Sanim 2.
| uent ] o e AREASS S NI o N RO ROk ik ERARBEE O

two gmsi 18,c20 fancreaking,a fffbakuht 20e@asvhicrd Whé igat adtrhbtstthe dosgeridad iagsdrous! y,
in a systemwth for~r cells, the retention tine in each cell or chanber is
about 1 amchgaajesaiid Bfspeoilehaiasterofo abuppay pbgiabohthedessen! fe gaasent

i nvention, using only twy gasificatian chanbers or cells and a residence
time in ESPRCEKARFDAN 1§bggt Gasgngestingsand MIKes, MeFaNisT$ 8£ elicyn@BRNzved

05, ort nidng Rofidtentoataife ng e By PREBLHES TRV ahtd3 568w, Tthe
horSepowcoF%té@ggg%fer%hee%wh Bahbudthat wal béa??é@d&%émg othst em (since

only two gas | naes gl m xi ng nmechani s are requ of four), and
t he 14 ootigvites, "ineludaieBut aos UMBtd, tshapRpaafaabiss m#y b€ dvedd Mechaermisy hal f

- an inportant consideration on an offshore oil platform 20 where space is
at a predd,unchas dgacindedlindhénPellNd.eh89 3568, (it eathowalydewdriecor imora gas
standard feed unit for dispensing a netered anount of a fl occul ant
cheni cal dralis FeRpsatpHRpREI 895 1REOdERUISPH peMBl0h Medhagsi 32 fEpm ineivaPey
treat t hsepaicréfiln %re]tugpoerr p%?gioﬁ\gfrl/%ssoe?tﬁ%s ingesting and mixing mechanisms 32
may also inctude water draft tubes to transfer water into the rotor assemblies of
20  mechanisms 32 exclusively from the bottom of the vessel 12. Inclusion of the water
draft tube facilitates capacity variations within the same geometry because all
water that enters the rotor assembly is directed to the rotor suction from the
bottom of vessel 12, reducing fluid by-pass and short circuiting of the fluid around
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 cotlection channel 40 extending at

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



separation of contam nants fromthe water can be provided. 25 Al though not
shown, val ves may be provided for' bl owlown of sludge that collects in the
bot t om of wewaeb2612. Al so not shown are optional gauges torpamostioNs3tche
pressure of the effluent and the flow of gas. 11 WO 111/9GJ2C

PCT' /USU /1833G In the nethod of the invention, a continuous flow of |iquid
14 having suspended matter m xed therewith is introduced into inlet chanber
16 t hr ougframbélel 8 30d seepid saphifationshambend 0fgs sehaedngraiisrended auiger in

i nl hamb by. fl i th i f.inl b d
B T
seconda’ Jo SIGRESL ISP SRUAR ofhERRREENIPUGRRT 0 S T

14, stilj|caatad 3 PaviRNS VARRER) @rsusRRendadn TRE s Lre URARBE r?%é?atrrbhgi% on 42
into first and second gasification chambers 18 and 20 where a flow of gas

15 106 i ntarmdurseshd desighhiee ki guihdpéd, ete.) heoutd detesceptyblgasrotigesiel B9 iand

m xi ng mechani sns 32, creating a turbulent area in the entirety of chanbers
18 and 2designeel t0 bewighy athensiasdee Sdtefrcvinnehd0s Bepanvskinmaotiectiamd carry
it toth

Suspond e AHEEL €0 TRGeUaR CBRISBNARt IS pEL oA S5l B Ahe GRS KGHADIChgThetar
chanber s 18485 208 sHHA et g RE R <Rk chapPOLd i Bl A AR cii

outlet 54,d4& she Theké %r%} B8 aGRARRE et WA &1 TERYr BE bBElE sidiRERf thasthdll &3 fnt

consol idating collection channel serving secondary Imoutlet 68. Level 50

i s generd yessxlpertieid wallhe Thorhuhad! 40 ghagrbd teerke vl theGotfbml (@agt vose
baffl e 60 near the primary skimcollection channel 40 danpens the notion of
t he fl uinkriawdd thagedssepesmithe hettes semaval pHelikiauniogs fiove dhé shaesgotse to
waves hitting the hydrocarbon productio latform Fluid 14, largely free
of suspehRH5eAE @éiqmrﬁl@i@tmawa%lﬂfqrd;b@nﬁapﬁBtf%hotisgaéhfacqtpmharﬁbférso pad

chanber ., Pass of..the fluid 14 framaqutlet c 2 _through pi pe or
flara cominsressanedu it Bk glidle choplAl i 4 EhrRDEReols Cooivel (™!
responsepest. 9ARIcH T PRCBLSE i Hr&Gass dbBge Pirka @%fka’?croﬁeEEiBH [REhhECLE S
using information fromlevel transmtter 74. Thé fluid 14 in discharge
chantser Qdow gaseduseraineinidativn ermgenngachuspedgdifi@itiar clwmbéats agd 80ch

matter to level 76 where it is collected by tertiary skim
There is provided at least one baffle 60 near primary skim collection channel
40 to dampen the motion of the liquid 14 caused by movement of the vessel 12,
such as may be due to the motion of waves against the floating hydrocarbon
recovery platform (not shown). Bafftes 60 have a lowermost or distal edge 62.

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



12 VI'O 111 /1C 021 PCT/ US111/ 18331~ coll ection channel 70. Channel 70
may be of an | SF-type that is vertically adjustable to account for the

di fferencavéo m/spacific gravity between the liquid 14 in di schasgeisshanber
24 and the liquid 14 in the gasification chanbers 18 and 20. The rate at
which clarified liquid is renoved from di scharge chanber 24 is regul ated by
5 LCV 36 in outlet 34 in response to software program conmands in the PLC
72 enpl ophagodalimitidg ambedirheoinoh pav8tiol @rsvathd? i ée sedvadaygesmof t he
invention include, but are not necessarily limted to a decreased

"f oot pri AeHeqtden chawml tipis positiayer Eneater)t, frotbdalce tevebwér whicumasneatand
reduced capital and gperating c¢osts, and ipproved tolerance to 10 platform
wave. ot Fohedprbisbelpreeke L ingacitisaapn CAERPEGRIE 8 dlgrocsondanesin
mechani cal,, i i cal flotati chi pe, with Cl af £/ ]
et CBbe i DS A L8 AL AR TREIL I, MUl Rl e
-embod§ mep @-magﬁede&w@e&m@%@ Rl GniGHP BRIZENGE AL dhenaasy émlﬂfgcéglé&ion

mechani sm and ovide a stable level at"the froth surface to a

cont r ol | ebarstalrsd mgy ash esmavecfrdtip e foais rens-ond an/Eiiiimncoeiety68 .S Thard ey

increased by using a common skimm ng collection nmanifold or channel between

the two basitfleastt orncenrativatisg codecypn ghannelt (@bgsugh pipamsshedikeli suche afe
over

two Basifipas enmconaitatiss cobieceen shahrelaitesugtn pipemed e
Pange of SRAPAGULHEE O ieStald 2y i EGBR MATISBRER I BLbORHPTIREY SKITBANTEH SAalicheen

demonst r SteneRe? BnEbANGEER D oRhRTig, fu TSt chib B s Dol ey

remoyi ngysdsegRdeg matter fromliquids. However, it will be evident that
various nodifications and changes can be nmade thereto w thout departing

fromthe broadefersipiy skimotolkaopd cfarnkee 70nireirbende@sSosiedtH erfiinary Bkitie
appended cl ai ns. Accordingly, the specification is to be regarded in 25 an

i |1 ust racolection hbanndia® ana ssondary smsesltastidrothasmahpiteis lohatad! Bt theces
e e R e e L
woul o et dH 1ot es CEH ISR Wbt el i Snebe AR

Sco of jeBaH j § PR A0 i : | > i;
PEs ?B{Usﬁabll%%”édcgﬂnt %r”ﬂheadﬁﬂér%xg%ﬁ:degﬁgﬁé gzﬁégﬁtpdoéfw&'e'ﬂgtﬂéeﬁ RligThe

and | eve ransm tting and control fromthose rllustrated
and descdisbrardeedirinmbay2d gndehexpatitetdon ehbimb@rdtd bhd 2 0ardriperenreanpassed

by the appended clains. 14

the induced static flotation coliection 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



WO O/9102G Cains W Caim PCT/USOL/ 18330 1. An apparatus for renoving
suspended matter froma liquid, conprising: a) a vessel for receiving a

fl ow of |wyquilhehmmvi ng suspended matter therein; b) a plurabCtiysafissie
partitions sequentially dividing the vessel into an inlet chanber, at (east
a first gasification chanber and a second gasification chanber, and 5 an
outl et chanber, each adjacent chanber fluidly communicating with one

anot her ; t@NSRIGRE A 4nge 1B RNREN-HAVERG eniadiingnEohdehite SENTH RAsitioraskin

out | et cggrrber'. d).an_jnlet.to introduce the flow of liquid into the inlet
chanber ; 3089?988%%@@% PBFt‘ﬁ]?l'bégti ng and mxing gas into the liquid of

each gasificatj afﬂ?ﬁ f xr i : :
-attracting théingﬂ%%gn@e%d na[’?le&fellﬁ]gq? té‘?‘%aﬁ‘r@x‘?%%ﬁg% gﬁ{st%ée}ncgre}%) Xfrr%{ %Ser to an
upper pogttspRéhddersess eLC 72) byrobtdifme MevdiinfdraldtRet froth ENa8ngld ext endi ng
at least partially along the top of the partition between the first

+gasi fi cateqathgiftoer thandgh heéVs¥¥cionobitle: BhsiThe eaticonatirardfetheflevelcol | ecti ng
suspended matter in the upgerﬁporti on of both gasification chanbers; g) a
secondar {ragrmittest Teand d8, Ehanieand Lavdepeane b 1onot Katisal aad ynashBanel |

I ted in the, ti f the i.n|l et chanber; .h ti Ki n
Locat e, S EABRS BSbL el E SSRTRER e bl BteRtiRit,.

I ted | - t . th ' : , d i tlet f
oces o ey 9Re B A0eflehiecplasbongoctipgiene ond ) o out et for

claim 1l furthefogeRibotimene of RE ilentRAN 2R FiedHahi@@MEdtatibh @?sﬂe‘ﬁﬁbihﬁﬁi d
l evel in the first and second gasification chanbers by regulating flow

t hr ough a dual-cellidesigne thhuisd onpouaigasificatiobeeleet8 thé 20udd tustohaedar thend
the 15 Figure. Previously, in a system with four cells, the retention time in each cell or
chamber is about 1 minute, 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 hatf - 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
demultsifier, 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.

11



VI ~O 1'11/91Q2( di scharge chanber. PCT/L1SQ 1 /I 833C 3. The apparatus of
claim1 further conprising a control mechanismfor controlling the Iiquid

| evel i n weenidicsvhar ge chanber by regul ating fl ow t hrough BCWVERWI8B¥ t he
outlet fromthe discharge chanber. 4. The apparatus of claim1 further
conprising: j) at Least one baffle near the primary skimcollection channel
to danpen notion of the Ii(%ui d caused by novenent of the vessel. 5. The

appar atus of #1 Higinetipe 0é (hadnRILs), anedtipuQys iftynPhlidgihhd han@swher e t he
baffle j) extends inwardly.into the.ve | froman,interior rf

Cher eof | PePENARAaRHBEE Mty APy rinifaREuged Pl DueckEimay (oRupth ity
the pri y | i | il s f f Fil~8 13 o)
Torme an anar iy R AEh e SapRacHIRatie] Bl IR acte 0B Hofiting
appar at ugo tiee uppePgottors uf peetedamBet €6 ahd doaking frotidleve0Bpr iRiingrothra
vessel for receiving a flow of liquid having suspended matter therein; b) a
-pl ur af i t yusplendad rhatitenss cdtpatad iimbésondiavy dikinycoliectias skambat 64 andipdseed
chanber, at least a first gasjfication chanber and a second gasification
chanber , thigygh saronslarny sking akles 68 ek Ror@lidating coblgsbien ghapngl gway from
conmuni cat i nﬁ1z\\;ith one another; c) a discharge chanber having a fluid
conmmuni c3t1°6 i th the outlet chanber; d} an inlet to introduce the fl ow of

nto the || qul 07 eSah e rieto BT 0RRBEh A RSl PRFIONE Rl P

area and4p efitcafitst agti segdohHasiRBEBHHafick €N 8 and Zoowhesad A ¥iow of Bes suspended
matter to an upper portion of the vessel; 16 ~1~0 (11/9602G

PCT/ Us( | inti@BR@dfinta tie tiquid 14 ki the ohdrabeisdry ghaimgebtieg boddnixingt | east
partiall %eiaclhgrqgmtshfz,tcorgating a turbulent area in the entirety of chambers 18 and 20,
and allowing the gas to attract the suspended matter and carry it to the upper
portion of vessel 12 where it floats at level 50. This suspended matter is collected
in primary skim collection channel 40 that extends at least partially along the top of
15  partition 44 between chambers 18 and 20. The suspended matter is delivered
through primary skim 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



of the partition between the first gasification chanber and the second 15
gasi fication chanber for collecting suspended matter in the upper portion
of both gex diivcedsi on chanbers; g) a secondary skim col | ect POrYUshamsesl ,

i ndependent of the primary channel, located in the upper portion of the
inlet chanber; h} a tertiary skimcollection channel, independent of the
primary and secondary 20 channels, located in the upper portion of the

di schar geoltdwidrechannel . ohdretel 70rmaebodaf g ISFaoypéithdt s vartidafly om t he

di scharge chanber; j} at |east one baffle near' the prinmary skimcollection
channel adjugtaiedormsicoont 69 theediffiesenad BaipssitlibgravitydratteanftheHeguie dden:

Si:SCE;r QU ERa 2Py 14 Bebiae AR (oip i GRSfica 9k FORTPAS HhaBaEPei T8 om
cont ol HEE R apr sl I RRBU T ol oS BB et o P ORI ER B

-gasi f4 cal ¢ PReGRIRRISIPI FRPPhRL {dGhrE oM E)I*Ug%#ﬂhccﬂnm%)ﬂ?irﬁ Ehd pec f7hui d

comuni cation between the outlet chanber and the di scharge chanber. 8. The

appar at usmployihaidet® obbained tfhem\t&s&=l has a horizontal plane and where the
baffle j) extends inwardly into the vessel froman interior top surface
thereof to a Towsmarize, sdvantaghjenl thadneentien incledediuiedie o ngsessarddge of

the prinpry skimcollection channgl and the distal edge of the baffle |
for . anDEMEEL R RN ST (Paina SO SPRRGERT SRR 5L S 05 CEh PR b

for clarifyi. iquid.f e 1er h .Sl ng.. a)
B g e L N T e
t he SS i [ heirber i : i fd i er
and 1 177y A Bt TR Ty Fh e e AR e A
an out | efneehamieal,, cytdehicatpactiotatidramaening withi dpedanpafiiligadésign vot h one

anot her, and a di scharge chanber in fluid communication with the outl et
chanber ; miwimine sodface pve adtim. obudli lgueldcontveligp umspendwdimantsevili apsirehe
Inlet chamber throuu%h e ei e ;h as ingesting mechanism and provide a stable level
proper rotor submergence of the gas ingesting p
at the froth surface to allow controlted 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

13



c) introducing a flow of gas into each of the first and the second
gasification 10 chanbers for creating a turbulent area, and for allow ng

t he gas twoaitwemt the suspended matter and carry it to anp@ppsel/ygesst i on of
the vessel; d) collecting suspended matter in a primary skimcollection
channel extending at |east partially along the top of the partition between
the first gasification chanber and the second gasification chanber; ~5 e)
col | ecti withfusipendek ahthieinventians égonldatyy g@kﬁmg&sbﬂohe&fldi roikiog aralanisms,

i ndependent of the prinmary channel, located in the u ortion of the

i nl et ch@rm%éevelftyartsmlrté&g ARg CoNypLAHauiger i arent framt p%e Histiaked@Bdl | ect i on
channel , ;i nd dent of pri r an dar channels ated in the
upper Od%%ﬁ'ﬁpg YN W@“HEEW&PG% e@‘%‘ﬂ%ﬁ u%ﬂ "% t?ee%%rﬂaa%ﬁaﬁ &Ed i qui d
from the, ﬁﬁéﬁﬁifﬁ- fhanber. 10. The nethod of claim9 further conprising
control I quid level in the first and second gasification chanbers
by regulatlng flow through a valve in the fluid communi cation between the
outl et chanber and the di scharge chanber. 11. The nmethod of claim9 further
conprising controlling the liquid |evel in the discharge chanber by
regulating flow through a valve in an outlet fromthe di scharge chanber.

12. The nmethod of claim5 further conprising: ~s VI ~O 01/ 9GL! 2(

PCT/ LI SO / 1833G h) danpening the notion of the liquid near the primary skim
collection channel with at | east one baffle. 13. The nethod of claim 12
where h) danpening the notion of the liquid near the pr;mary skim

col l ection channel is acconplished with at | east one baffle extending
inwardly into the vessel froman interior top surface thereof, the baffle
having a | owernost di stal edge, where a |line between an upper edge of the
primary skimcollection channel and the distal edge of the baffle, forns an
angle with a horizontal plane of the vessel of between 5 and 15. 14. The
met hod of claim9 where the residence tine for each gasification chanber is
between 2.0 and 2.5 m nutes.

14
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zupkf a\ W wal malem] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] c: a] ca] capcrpsa}sadscal cal ¢
a]J ca] ca] c™a] ca] ca] ca] ca] c”*a] ca] ca] cRal WC
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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 outiet chamber and the
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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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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 ftuid 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 angte 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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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:

18



10(s90! 109%& () -, 109%<& ()-*110%<& ()-S)#109%& ()-% 109%<& () -#t 109%<& () - *uxm
bC 10(L10%& ()- 10< 10< 10<: 10%<& ()-sF7109%& () -

3@OY& (NOldidBs () - * DZdEnMbC 10( f#10%& () - S! 109&' () -~ #10P&I /(36198336

109 ()-3 "109% ()-"L10%& ()-Zz}dEnbC 10( f#10%& ()-S! 10%& ()- #109%& ()-9
109 ()-:109% ()- 109 ()- Normal" "Heading 13]c" "Heading 23]c" "Heading
33]c" "Heading 43]c" "Heading 53] c" "Heading 63]c" "Heading 73]c" "Heading
83] c" "Headi)ngaddkaing theematioch dPahadiqphnEantie primary skim collection channel
)619B} KS[ cl mrt f zp} s%2>T"j s2| }Z[\]~_" abcdef (;

SW >1 | #94 *, - 2withcai<teaADPREIGANNE.

WK\ A 6eef i knoprst v wxE{ | v} ~i p/ *Z} ghi j kIl mopgr st uvwxyz{|} ~6Ti mes New
-RomanAri al Couri er New'h Root EntryWrdDocunent >Y

<= aacher e e RRER A e ) SaSeR R R AR PLE ity s 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°.

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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