WO 2005/ 002733 PCT/ US2002/ 035757 1 DUAL- CELL MECHANI CAL FLOTATI ON SYSTEM
W TH I NTERM TTENT SKIMM NG Field of the Invention 5 The present invention
rel ates to nethods and apparatus for renoving suspended natter fromliquid,
and nore paW® 2W95/802733 rel ates, in one enbodi ment, to met RSFEURME/3HPDar at us
for separating suspended contam nants and/or oil fromwater, particularly on
an of fshore hydrocarbon recovery platformsubject to pitch and roll. 10
Background of the Invention In many industries, including oil, paper and

pul p, textile, electricity generating and food processing, there is an

ever - present probl em of ] ] ter as by- product of various
processes. In particul ar %&&ﬁﬂfmﬁm ﬁglﬁﬂﬁ? t he production of
oi | and gas on of f shor gyRirgEM SYTEE INVERMBIENT SKIMMING punped into a
formation in order 15 to be able to punp oil out. As a result, the water
becones contami nated with oi| and solids encountered in the fornati on, and
therefore cannot be di sposed of i PdthMverdibPi N9 it into the surroundl ng
wat er. Accordi ngly, nunerous mnet (ens have been devised to
reduce fhe cont'ﬁhéptasemtimattimtrebfestdnhethodstwdappmatukﬁned:mm\hngsmpérﬂw di s-
charge of th v%t todt he se ﬁ such s t&'}@%@'t“' gd ifﬂ U S. Pat.
No. 4,255, 285% iapideahd morep ‘8“‘? ATCARS, g LQPPES 2 the form
of fine bubgp aeﬁus mr Jsdpatahdg suspa;dede&ntamlnaﬁts aid/6mgit fréd wat@purEicutlitanm nant s
fromthe I|qu€cko hrou ?e tank., The ‘?PS i.s induced from the upper
section of a8t AHES ¥y Hlatiorm spljeatdo pRchand olhnk via a draft tube.
The gas induction occurs as a port| on of the liquid contained in the vessel

is recirculated back 25 through the individual cells or conpartnents using a
centrifilgal punp. The appar at uBackgrouad ghtheInvention- al | y- dri ven nechani cal

ski nmer assenbl r - }: &’%?f t b that
accunul at es abo%{/le %Yﬁ} |sgSe|rSd1 ‘ﬁi?lg F o?@&%o%ag)y I{’ gée;h%gﬁ]tfc eg?riae%ﬁ%%gi S

rect angul aandfoag (p_cbceﬁbg thisrp\ie amreveripossent priehlére of ecmtiflm?nated mater asia bpus
part 1 el ar PR VBB brefocs 1 g ER0 bfe it $0ed TR it SIRLESANGRERE o e e
in the oil oﬂraﬁdgmdmg)f&b&emmaﬁmmax&tm usally ﬁhﬁped in®  foematicnniglokder t anks,
by vir tlue O(I bé[ aH) e to p%%rfasgl{ ou(itAs a res&? %]eoxglat\é\# lgerc]:g&gsngon arrrﬁlsmzftleJ wﬂhlo[] ané cess of 2

solids encountered 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 dis-
charge 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 vessel is recirculated back

25  through the individual cells or compartments using a centrifugal pump. The apparatus
uses an electrically-driven mechanical skimmer assembly, which serves to remove con-
taminant-laden froth that accumulates above the liquid level section of the tank. The tank
is rectangular-shaped.

The above-mentioned device suffers from various drawbacks. The skimmers are

30 moderate- to high-maintenance items, particularly when used in cotrosive environments
such as may be encountered in the oil-producing and chemical industries. Also the rec-

tangular tanks, by virtue of their construction, cannot withstand pressures in excess of 2
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WD 2005/ 002733 PCT/ US2002/ 035757 2 oz. per square inch (0.8 kPa) internal.
This is particularly disadvantageous especially where system pressures
upstream of the oil/water separator are preval ent or where nox- ious or

| et hal gasesVORN Y Rydrogen sul fide are present. FurthePRBUS200/p3757
rectangul ar tanks having the skinmmers are limted in volunetric capacity

because fill utilization of 5 the tank is not allowed. In addition, although
t hese tanks are described as "gas tighta, gas pressures are naintai ned by
continuously venting to the atnosphere, which is a potential- |y dangerous

ractice if _|ethal or l. . nt.. L, Pa 4,564, 457,
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fluid is drawn ff. to be recircul ated t h.th ductor. nozzl es. The

el anceltf SERfeion ShuBes o & duressent SR HRer & Sah Sioneh Sebpotinefor

treat nent, b spoFtiaiailt, afidl OX18AM the REER BEIHE GasifiGitioh RBaralRRS intidhb 0tlet The _
recirculated fluid is f)u ed_ t hrough the ,nplziiﬁ!gg assenbl&/ each_nozzl e being
fed by a coamhehYsHica ‘é‘&ﬁ?ﬁ thatseppyaty thedndiyidual ghamberp exipnd doymyvasdly Andioz 2| e
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of the fluid is drawn off to be recirculated through the eductor nozzles. The balance of

20  the processed fluid exits the outlet chamber for further treatment, discharge or storage,

ok

depending upon the application. The recirculated fluid is pumped through the nozzle
assembly, each nozzle being fed by a common header supplied by a recirculation pump,
and each nozzle being positioned co-centrically in an eductor throat assembly. Each
eductor throat assembly is connected to a gas header, supplied by a gas volume in the

25  upper portion of the tank common to the aeration chambers and the outlet chamber. The
passage of the fluid at high velocity through the nozzles educts gas into the gasification
chambers and the gas rises in the fluid in the form of small bubbles. The gas bubbles
collect oil and/or suspended solid contaminants as they rise, forming a contaminant-laden
froth at the top of the gasification chambers.

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

therewith, the ability to operate at higher internal pressure, and better-utilization of
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therewith, the ability to operate at higher internal pressure, and better
utilization of 2 WD 2005/ 002733 PCT/ US2002/ 035757 3 avail abl e tank vol une,
it suffers from sone di sadvantages. For exanple, flow out of the tank nust
be i nterrupt 3P I85/WRW3r to renove the contam nant-| aden fPETAISLA0YAISTIe t ank.
Thi s can be di sadvant ageous when a continuous flow of fluid is desirable.

Al so, the skim trough extends through the gasification chanbers into the
outl et chanber, which permits 5 froth td spill into the quiescent outlet
chanmber and contami nate the effluent. Further- nore, there is no neans for
removi ng cont nanis t hat, agccunul ate at the top of th i nl et chanber,
and no mean%"alﬁl e(?@fﬂf’f"r‘f@“eggg‘?#%frew S dfsa Vé‘“@@%ﬁﬂ%‘é'prﬁx\a'é‘ﬂ’ eﬁoYVr?u{#éh? nfl u-
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U S Pat. 4 782,789 relates to

No. ) : an i nduced.static flotation (1.SF) cell
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del i ver

through the outlet chamber. Gas bubbles are introduced into the bottom of each gasifica-
20  tion chamber and attract suspended contaminants and/or oil as they rise. A contaminant-
laden froth forms at the top of the cell, and is removed via a first skim trough in the out-
let chamber. A liquid level displacement controller maintains the level of fluid in the
gasification chambers adjacent and below the top of the first skim trough, the second
skim trough being vertically adjustable to account for the difference in specific gravity
25  between the liquid in the outlet chamber and the gasification chambers. A timer pulsing
device raises the level periodically to provide additional skimming. Gas is recirculated
from the top of the cell for introduction into the bottom of the gasification chambers.
Secondary baffles in the gasification chambers prevent a bypass by the liquid and
gas of the turbulent area created by the gas flow above the eductor assemblies that deliver
30 the gas into gasification chambers. By using a pair of baffles in the outlet chamber, the

fluid retention time is increased to further improve the liquid/contaminants separation.



30 the gas into gasification chanbers. By using a pair of baffles in the
outl et chanber, the fluid retention tine is increased to further inprove the
| i qui d/ cont ami nant s separ ation. 3 WD 2005/002733 PCT/ US2002/ 035757 4 An
invention reP88R%n apparatus for the removal of suspBREEEMHIBE from a
l'iquid, such as used for treatnent of oil-containing water is disclosed in
US Pat. No. 4,986,903. A cylindrical, horizontal vessel is divided into a
singl e gasification chanber by a partiﬁi on that extends through the
interior chanmber of the vessel and allows fluid 5 comunicati on between the
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wat er . alternative arrangements are provided for controlling skim collection through controlling

volume of liquid within the vessel and changing the volume of liquid through the use of
20  an adjustable timer which intermittently sends signals to outlet valves of the skim collec-

tion outlet or of the treated liquid outlet. The apparatus provides for an alternative

arrangement of introducing 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

25  problems in the conventional systems for removing suspended matter from a liquid, par-

ticularly 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.



4 WD 2005/ 002733 PCT/ US2002/ 035757 5 Summary of the Invention Accordingly,
it is an object of the present invention to provide an apparatus for

renovi ng suspended matter froma |iquid, which apparatus is particularly
suited to beVOJUBAOYHA | oati ng of f shore hydrocar bon recoRGERUPPSHBHSHs. 5 |t
i s anot her object of the present invention to provide a two-cell,

mechani cal, cylindrical gas flotation nmachine having a reduced footprint,
reduced power requirenents and reduced’ capital and operating costs that
overcones the adverse wave effects on floating platfornms. In carrying out

t hese and other objects of the jnventign, there is provided, in one 10
form an apparatus for renpvi ng2BYEYIOJEK Ipyantign from a i quid, which
apparatus i ncl ; YT E HelhY i suspended
matter therein. H;Ql_ﬁogdl‘f}%lg,gii gﬁntggg%g&%ﬁu af?l?i/ﬁgl}d(gl\g? ? i;otviidgﬁi;l agg%gtg%tﬁ? ally

di vi di ng t hememagsspandedmatierifranea ligeidnwhich apparatisds partigulpaly suited4asbé i cat i on

chanber an j #%5 d an outlet chanber, where
each adj acg‘%et%ogﬁgo%ggg ;i l?li.é y é:%%ggggﬁyaﬁaﬁﬁgone anot her. The 15 vessel
al so has a di schas gethehabjberofliepresgntinténtion toecprovide b twd-cell) méchimitdie out | et

chanber. The. apparat us, [.ncludes an.inlet tq.intrqduce the flow.of |iquid
it the i ATIRCR R RO A Vi S ONeR B e vcer PO VRS ERRET  om ¢ he
di scharge @hdrddgéed cIP@al afd BpdratingScobts Elat fRFcotn ¥R ARESEWa N effddgast | ng and

m xing gas into the liquid of each gasification chanber for creating a
turbul ent dloangMefares. attract i ng the suspended matter 20 and for carrying

t he suspended : %?ogﬁr 1 : : At erface of
the gas and Ilggf%%:&lsﬁgﬁ)g?ﬂng a ﬂﬂ%i&’%ﬁgSg{heté‘?%?ef‘gfﬁﬁékee‘\?@F@‘ﬁé@‘f“ﬁm uded is
a primdPy dérmyan epparatus foo remyvingrubpeadedsmatian droat a liguid,iwhieh sgpatatys al ong t he
top of the. Lt . I . i fi i . t he second
gasi ficati (ljlgczillgfi?g%t‘)'ggrgd?g;r yg@%ﬁnggﬁoﬁé&g ben(%“& 5&%@%“9&%%%‘*"333‘& portion
of bot h gasedstidms apluralitpobpartitionk sequentiallyl dividing thy wesshinté an in24 chagbdrat i ng t he
height of the liquid l.evel in response to,the.mvenent of the vessel. The

T quid | evaf teashy Hou e fEstion Humbergng f seeond EEAGRRR FUFHG SRR PHFLof ¢ he
vessel (cayggfiodywhdié badhiadfhceit SharfbdrifRMIPEonmenitdteawitencdnoiRpmehy dr ocar bon

recovery platform and then raised for collecting suspended matter. Finally
t he i nJént ivesselbio hos adisgharge ehagmbsr havingaflyid commupicptionewiththe oule prinary skim

col | ect i on (GHARRETne PR FR:ISHRS bR Paiétio IfhBchdedhd o Of HQMHE Sio e iflRverent  of

the vessel. o
chamber and an outlet for removing clarified liquid from the discharge chamber. The

184Y

apparatus includes a mechanism for ingesting and mixing gas into the liquid of each
gasification chamber for creating a turbulent area and for attracting the suspended matter

20  and for carrying the suspended maiter to an upper portion of the vessel. The interface of
the gas and liquid is termed a liquid level or froth level. Also included is 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 for collecting suspended
matter in the upper portion of both gasification chambers. A controller is present for

25 regulating the height of the liquid level in response to the movement of the vessel. The
liquid level may be lowered during times of pitching and rolling of the vessel (caused by
pitching and rolling of the floating offshore hydrocarbon recovery platform) and then
raised for collecting suspended matter. Finally the invention optionally includes at least
one baffle near the primary skim collection channel to dampen motion of the liquid

30 caused by movement of the vessel.



5 WD 2005/ 002733 PCT/ US2002/ 035757 6 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. It will be
appreci at ed WO2005002833-i gure is a schematic illustration tR¢I(US2802/48%75t1 0 scal e
5 or proportion to further illustrate the inportant parts of the invention.
Detail ed Description of the Invention The present invention wll now be

described, by way of exanple, and not ISimita- tion, with the influent being
wat er contam nated with oil and ot her suspended particu 10 lates. It is to
be understood that the preseﬁt. iavention_has utility in nunerous
applications in which it is HESEHpUONOLMCIBWVING <\ spended matter and/ or

oi I froma |iquindsimdFibivalis 4 Shematis RRBSSL SR iIRisiratidhofloné ¥infedifleno Ot h maY
be the desired product of the process. Referring nowto the Figure, the

system 10 offthe feal-gplh meghanicabflotgtion systepyof dhedpvenhigRi nent of the invention
sysher : > Ot e ) DI t ded
i ncl udes a VesSelyif Rked AEFIH STl 04 rhiiSihubbu BN 1 Sapispende

matter m xed therewt ere the v In a pre odi nent has a
cont i nudusoyrbportien todflrtkérddustrate theranpostantapaeth bthe inventidnst andi ng subst ant i al
internal pres- sures as may be encountered when processing produced water
froman oil well. Vessel 12 is divided into an inlet chanber 16, at |east a
first gasification chanber D&ailed Bescriptibrogfshe Inbéntidohi on chanber 20, and an

outl et chanmber 22, where each agj acent, ch r can_fluidly 20 conmunicate
wi th one anot heﬁ,’e li‘rﬁ%.?f’{’i%‘?nﬁloﬂé(f‘ QO‘fVﬁ’Gidﬁs"Fﬁ‘r’T‘gﬁé“@Mﬁfrﬁﬁ’lmﬂi%\W F‘B@"P‘Fﬁ'o an
adj a- cent tjghandahe inVlRERVeinkvaldreontamnatediiCdiPaioothd 30HRAdedpatthat 1S N

fluid conmunication 26 w tn% outl et chanmber 22, the fluid communication 26

gener allfy Iasnlisdo be yadarsiopdiatthe preseps inventigndas piility maumaerauhanpkicatons 18, 20,
22 and 24 h Mi: ; [l ~ : It i4ions 42,
44, 46, an ‘i‘é’gﬁ }rféésjd;égg??isgq éf}b A%%rslfl %Q{é P%s%?é%%@géyféﬁg rllfélﬁ?l’ %’ﬁﬂ?‘%&{ t%"%]e top of
vessel 12 siopendad chattem thediquids pabathl nfay bertherdesitad rodncbéf the pebssi2 to al | ow
fluid conmuni cagion. bet t j.acent ers. Partiti 44 di vi di ng
first and seco&%‘ggglgi :’s\vgt%l?ebﬁg‘gﬁgh%@g{s}nﬁ@p% a%a,ar S°Bgé¥%q\e/%?‘€,m'besi des

bﬁi ng fSpaCB&}iTnemf&l’&ﬁnvém‘bhmmes ueesgallzfé’r rb&iﬁhgmﬂswaﬂ‘eiq\zidrmeﬁrilnlg t op
thereof to all ow,gas co i cation. between these chanher s well;

Tt Dl5n aipHEEh bR By Woed howem 1 GLepriepad coyopment bssn 45

di vi di ng odgdiboshyiRgicaladandl #idssfpaBle of RARRSdinksuBthftRdfuGRaprat el y  from

the top of vessel 12 to the bottomsealing the entire circunference at that
poi nt , sures as may be encountered when processing produced water from an oil well. Vessel 12

is divided into an inlet chamber 16, at least a first gasification chamber 18, a second gasi-
fication chamber 20, and an outlet chamber 22, where each adjacent chamber can fluidly
20 communicate with one another, that is, that a fluid in one chamber may flow into an adja-
cent chamber. Vessel 12 also has a discharge chamber 24 that is in fluid communication
26 with outlet chamber 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 gener-
ally vertical partitions 42, 44, 46, and 48, respectively. Partitions 42 and 46 exténd from
25  the top of vessel 12 downward, and are spaced from the bottom of vessel 12 to allow
fluid communication between the adjacent chambers. Partition 44 dividing first and
second gasification chambers 18 and 20, respectively, besides being spaced from the
bottom of vessel 12 is also spaced from the top thereof to allow gas communication
between these chambers as well; partition 44 being supported by the sides of vessel 12.
30  Partition 48 dividing outlet chamber 22 and discharge chamber 24 extends completely
from the top of vessel 12 to the bottom sealing the entire circumference at that point,

except for fluid communication 26. The lengths of partitions 42, 44 and 46 are calculated

6



except for fluid comrunication 26. The lengths of partitions 42, 44 and 46
are cal cul ated 6 WD 2005/ 002733 PCT/ US2002/ 035757 7 to mnim ze the ef fect
of pressure differential due to difference in flow rates under
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fluid by-pass and short circuiting of the fluid around the turbulent areas. The treated
20 effluent flows out of vessel 12 via outlet 34 which 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 cham-
ber 18 and second gasification chamber 20 for collecting suspended matter in the upper

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

30  of gasification chambers 18 and 20. Primary skim collection channel 40 receives con-

taminant-laden froth produced in the gasification chambers 18 and 20, and such froth is



30 of gasification chanbers 18 and 20. Primary skimcollection channel 40
recei ves con- tamnant-|laden. froth produced in the gasification chanbers 18
and 20, and such froth is 7 W 2005/002733 PCT/ US2002/ 035757 8 renoved
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common mani fold or channel 40 for both 5 gasifi cation charrbers 18 and 20
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i N comuni Gaotion of the liquid 14 will be dampened 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°.

20 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 one non-
limiting embodiment on partition or wall 42. The secondary skim collection channel 64
is positioned to collect froth at a level 66, which may be, and is preferably, below level
50 in gasification chambers 18 and 20. Secondary skim collection channel 64 may also

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

30 collected suspended matter away from the vessel 12.



tion with both primary skimoutlet 54 and secondary skimoutlet 68 for
delivering the 30 collected suspended matter away fromthe vessel 12. 8 WO
2005/ 002733 PCT/ US2002/ 035757 9 A tertiary skimcollection channel 70,
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art; however, tirRére mayRo¥Ridsaht audnirél rhdtBaisia) suckhd a pRghaihabd logicot ati on
system of the invention is expected  to be i nventive. An i nportant feature

of the invépmtrallsr (PM)H?é?rrﬁmtreﬂmgﬁhﬁlmM@vqﬂn thsfisst and secand gasificRtion | evel
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non-limiting embodiment, have its sensor positioned in the opening beneath partition 44.

Similarly, the control of fluid level 76 in discharge chamber or box 24 is accom-
plished through PLC 72 by obtaining level information from LT 78 and reghlating flow
20  through LCV 36 in outlet 34. The exact nature of the level transmitters 74 and 78, PLC
72 and LCVs 28 and 36 is not critical and may be conventional in the art; however, their
implementation in the dual-cell mechanical flotation system of the invention is expected
to be inventive. | |
An important feature of the invention is intermittent skimming by raising the
25 skim level (e.g froth levels or fluid levels 50, 76 and/or 66) in order to remove the sus-
pended matter or skim oil for high pitch and roll conditions on a floating production
platform. It will be appreciated that on a floating offshore hydrocarbon recovery platform
(or any other environment subject to excessive motion) it is possible for excessive wave
action, such as during storms, hurricanes and other conditions that the platform may pitch
30  and/or roll excessively. By “excessively” is meant to the detriment of the present method

of clarifying water. That is, during consequent pitching and/or rolling of system 10, some



action, such as during storns, hurricanes and other conditions that the
platformmay pitch 30 and/or roll excessively. By "excessively" is neant to
the detrinment of the present method of clarifying water. That is, during
consequent pPYQeWPAR#nd/ or rolling of system 10, sone 9 REBHUR3N308RI57733

PCT/ US2002/ 035757 10 clarified water woul d be undesirably coll ected by
primary ski m channel 40, secondary skimcollection channel 64, and/or
tertiary skimcollection channel 70, cdfised by froth levels or fluid levels
50, 66 and/or 76 spl ashing over or sloshing over excessively into these

channel s. 5 Thi ste clarified . may be mnimz by cqontrolling
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W LT not  beng ettty misedfo h&lfycg?@ﬁ;ﬂ? Wﬂet? gﬁch%arr@lfiééﬁgﬁtﬂ‘)‘?%%g d SuffRgets 2"
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nature of wave action on t ) ! tform It e appreci at ed t hat
al t hough t hestalio viduatios,on yeiselrl 2i is sufficiantésolevgl ohltdrasivily, the froth level S0 may

be normally maintained or kept at a height right at the upper edge 52 of primary skim

collection channel 40 (that is, always or normally collecting suspended matter), and then

20  intermittently lowered for only when pitch and roll sensor 80 detects an excessive pitch
and/or roll situation, i.e. vessel 12 is undesirably tilted. An even more sophisticated con-
trol 72 may operate between these two embodiments. Desirably, PLC 72 is programmed
to make appropriate bhanges in liquid levels before the pitching or rolling motion
becomes excessive. It will be understood that raising froth level 50 for collection of

25  suspended matter will not be regular or periodic due to the unpredictable and irregular
nature of wave action on the offshore platform.

Tt will be appreciated that although the above discussion is focused upon froth

level 50, that corresponding considerations apply to froth level 66 in inlet chamber 16
and fluid level 76 in discharge chamber 24.

30 In one embodiment of the invention, the mechanical flotation syétem 10hasa

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

10



| evel 50, that corresponding considerations apply to froth level 66 in inlet
chanber 16 and fluid level 76 in discharge chanber 24. 30 In one enbodi nent
of the invention, the mechanical flotation system 10 has a dual -cel

desi gn, thatW@200580%738 t wo gasification cells, 18 and 20 RTURMRHBHEEd in
the Figure. 10 WD 2005/002733 PCT/ US2002/ 035757 11 Previously, in a system
with four cells, the retention time in each cell or chanber is about 1

m nute, and efficiencies of 95% may belbbtained. In the present invention,
using only two gasification chanbers or cells and a residence tine in each

chanber of _about, 2.0 t 2. i nut.e t he .eff.icienc hi eved of about 92%
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requi renents are about half that of a conventional system (since only two

gas i ngest Mygasifiertien ehaptbarsios sellsand aresidaneedmp i eash ghyypber ofi phout 38do t he

"foot- pript". I : J u ly half -
an' i mpor t st "SaueE URARERR TR b Bo R Balifost s SOy BRI MR 2 12 ot a
prem und 1@ower witizatomaThat liss mithdhe inverdivaappargtns, wheh effic)encyvs stightlis a st andar d

feed unit for dis- . pensin ] t asfiloccul.ant _chem cal, using
a pol yner G*UE dé‘ﬁ\?g?ﬁ?v&%f qﬂ%@%ﬁtﬁ%&%@%&%ﬂfﬁ%ﬂpﬁ?f:?x()i\i%pbor{as 3t° ”@?3‘“? nf | uent
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provi ded. Although not s val ves may, be provi or bl owdown of sl udge
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gauges to @ﬁnbﬁsﬁaﬁ%ho%aﬁ@uff@mp&h&r%?&&ﬁdeuarﬁgn@aaﬂa.the flow of gas. In the
met hod of the invention, a continuous flow of '|iquid 14 having suspended

mat t er 18 xed t hAneniiena! phemigal fepdumitdnetishown)nwhich dtvasiprdard fed wubfagdist nl et 30.

Sonme sepa- 1'5%1] HSETS . .OC LA l%%m; 16 by
floating tgé]?;% up%érrehgglrotal on ggﬁg\#lﬁ‘iﬁtﬁhﬁuc%hgﬁ%%?b@gngtﬁlaf oatlfr?]%r’froth

| evel 66. Titto Suidrlds to initialy trpat ki flnent ferachisviog bptithwntsephrationsf comtami-y  ski m
col l ecti onpﬁ‘ggggﬁrﬂé%‘?vrﬁgﬂg@% ?Pﬁg‘ﬁdé rough secondary skim outlet 68 to a
consol i dati I a y fromvessel 12. As noted, in one
enboFIi ment 01;] th&hc%ugremt t]m:om frelﬂoetshndya)e]gilroxﬁgedlrfmybllbwdmbi;] slhdl@dhdt(rjaola manner
simlar _to, that r ot eve 0 or ui evel 76. That is, during

peri odd’of I‘iﬁ’Ff'dEé}ler%QHP’é‘ o vegseh 12 ﬁiﬁﬁ‘t’é’F showyn are eptiogpl gayees to magitar ey el 66 may
be | over ed phabpvofsBe eriehtand hd MiGRbE @& | on chamber 64 and then ranped up or

intermttently raised during or for collection. Controls for
In the method of the invention, a continuous flow of liquid 14 having suspended

matter mixed therewith is introdueed into inlet chamber 16 through inlet 30. Some sepa-
ration of the suspended matter occurs in inlet chamber 16 by floating to the upper portion
20  of inlet chamber 16 and floating froth level 66. This froth or suspended matter is col-
lected in secondary skim collection chamber 64 and passed through secondary skim
outlet 68 to a consolidating collection channel away from vessel 12. As noted, in one
embodiment of the invention, froth level 66 may be controlled in a manner similar to that
of froth level 50 or fluid level 76. That is, during periods of undesirable-or detrimental
25  pitch or roll, froth level 66 may be lowered below secondary skim collection chamber 64
and then ramped up or intermittently raised during or for collection. Controls for
changing level 66 are not shown, but would be similar to those for controlling froth level
50 or fluid level 66.
Fluid 14, still containing considerable suspended matter, underflows partition 42
30 into first and second gasification chambers 18 and 20 where a flow of gas is introduced
into the liquid 14 in the chambers by gas ingesting and mixing mechanisms 32, creating a

turbulent area in the entirety of chambers 18 and 20, and allowing the gas to attract the

11



changing | evel 66 are not shown, but would be simlar to those for
controlling froth level 50 or fluid level. 66. Fluid 14, still containing
consi der abl e suspended matter, underflows partition 42 30 into first and
second gasi Ma2e03@a78hanbers 18 and 20 where a flow of g&STSNHPF&RIuced
into the liquid 14 in the chanbers by gas ingesting and m xi ng nmechani sns
32, creating a turbulent area in the entirety of chanbers 18 and 20, and
allowing the gas to attract the 1.1 W0'£005/ 002733 PCT/ US2002/ 035757 12
suspended matter and carry it to the upper portion of vessel 12 where it
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col l ected by t:lr‘ql'g1 ﬁglr‘tf/ l’%%lﬁ}frg«%ﬁ%xcﬁ g%m%tﬁég%%e ﬁio&s}ﬁ @/"?‘7“3 aﬁ%‘;f’% e of an
| SF-type t i outiet vlanthier 22| Rassage o tha Blvil tddfrens outletichdmber 22 tigouglf fipe emce i n

specific gravity between,kthe |i,qui 4 . n di,scharngde. chanmb 24 t he 20
Paut o 14 Ao SRS 26 Rebldh By el dnfyi§B03 785 EAPURE o fingfoph
clarified PLQURAcéording cosudtivare progrinsibbeingsingiafohasatiohdrom leveDivdnsingttkr by LCV
36 in qQutlet 34 in response to software program commands in the PLC 72

enpl _oyilﬂg a‘éta obtained fromLT 78. Alter- natively, or in addition to the
vertical adj ust fEOfyiaf14GRaRMRIrge’Shamb&VA is fldieVeofiRe feRIARAAL sudperidBd €r M ttently

controlled by PLC 72 or other neans to alternately collect suspended
matter by floating such matter to level 76 where it is collected by tertiary skim collection

channel 70. Channel 70 may be of an ISF-type that is vertically adjustable to account for
the difference in specific gravity between the liquid 14 in discharge chamber 24 and the

20 liquid 14 in the gasification chambers 18 and 20. The rate at which clarified liquid is
removed from discharge chamber 24 is regulated by LCV 36 in outlet 34 in response to
software program commands in the PLC 72 employing data obtained from LT 78. Alter-
natively, or in addition to the vertical adjustment of channel 70, level 76 may be ramped
or intermittently controlled by PLC 72 or other means to alternately collect suspended

25  matter via channel 70 or maintain level 76 below channel 70 during periods of excessive
pitch or roll.

To summarize, advantages of the invention include, but are not necessarily lim-
ited to a decreased “footprint” (decreased space requirements), reduced power require-
ments, reduced capital and operating costs, and improved tolerance to platform wave

30  motion effects. These advantages are achieved through a two-cell, mechanical, cylindri-

cal gas flotation machine with a special baffling design to minimize surface wave action.

12



25 matter via channel 70 or maintain |evel 76 bel ow channel 70 during

peri ods of excessive pitch or roll. To summari ze, advantages of the

i nvention include, but are not necessarily Ilim ited to a decreased

"f oot print" WQReeseBEBd space requirenents), reduced powePCIASHMESHent s,
reduced capital and operating costs, and inproved tolerance to platformwave
30 notion effects. These advantages ar ﬁ3aChi eved through a two-cell,

mechani cal, cylindri- cal gas flotation”machine with a special baffling
design to mnimze surface wave action. 12 WD 2005/002733 PCT/ US2002/ 035757
13 Dual an ro bntermf-ren N T I 11l ensure
proper rot ;ﬂrug‘ 4 &E’?ré“r“aéq‘%%"‘?)“f"leﬁ\?ghag@%"%‘ggg’? ?‘Hg‘gﬁn%éﬁggﬁ%ﬁgﬁh&ﬁ\r&&i de a

st abl e | evekbnadrgdnoe of the slis ingestiigmechanisad dndvrevadd & sihble tevekdt i fagthand enhanced

performance. .Efficiency i r.t her i.ncreased usin . comm, Ki mm ng

col | ect i onsmf‘bﬁh’%i"}/ﬂ@i‘?ﬁﬁ% m &\@Qﬁ"{‘%epr‘%mﬁﬁcfi gﬁ?"éﬁ‘“ﬁ%ﬁ fg‘ﬁg‘?fber s. Use
of draft tyRessédbyRipacdonionkifiminpeotiadion Muitbid g cRitthelbetivesh theBghani sns
m ni m ze short-circuiting over a wi de range of capacities. In'the foregoing
speci f i éat genificatine chambers. Use ohdraft eheh inosnectien avithithe,gas dngestingandimaixingpeci f i ¢
enbodi nent cenf . S ORBNS ive in providing a
nmechani cal ﬁ}cF%?@orﬁmggfgﬁgﬁ?e Vi ng ggg%%ﬁgg(ﬁﬁgﬁé%r fromliquids.
However, it 10 Wi the faregaing specificatiom; the dmiention has edn deseribedsvithmdferdmeatpes can be

et on AR A AR B R

¢ ol S . - .
fggflri I C?vg@hargcg ﬁg rﬁome?g | e, fd?%?tﬂ?ﬁmﬁzafggﬁmm& airiil‘;itﬁl l(’gns and t he
vol umedOof Wil Esevg?mghw@vﬁiﬁm@%ﬁwwdeﬁ%g%m W@Fiﬂaﬁr?gm Bin t hat

i | 1'ustrat edesiGhdist ihdttadet SpiAiér sBHRILIOH bR BY seMBdrth iRThe fpRAd cal |y

identified or tried in a particul ar apparatus, . would be antiCipated to be
wi t hi n t he claimp ésceprdinglys therspesificasion isdp b regardpd inamsillugrptive rherdan a ni xi ng
mechani snms i ik b @ﬁ% yol [ om t hose
il lustrat eaesgn .vggéégé'i}%éd rlée’itdrllaasoul SBe_G’gixpdgg?%#ltB??fl r?fﬁé ﬁélﬁﬂlﬁs{ é/fr and be
enconpass e theparionsehambpesmpybeshaiged or eptimized fromithpd ilthsirated and deseribrd, and

ski nmi a | | i . i f t. fromthose

oxcpl 1 citg1 L6 i T8k B 6 e Pl bR RE R il Hlar GBRARCT® e

i nventi on. wbdldl#k anticipated to be within the scope of this invention. Similarly, gas ingestion and

mixing mechanisms, and level transmitting and control devices different from those

illustrated and described herein would be expected to find utility and be encompassed by

the appended claims. Further, liquid level control and skimming and collecting patterns
20  or protocols different from those explicitly described here may nevertheless fall within

the scope of the invention.
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Claimts W Claim 1 1. In an apparatus for renoving suspended nmatter from a
liquid, the apparatus 2 conprising: 3 a) a vessel for receiving a flow of

| i qui d havi ng suspended natter therein; 4 b) a plurality of partitions
sequentially dividing the vessel into an lhlet chanber, at 5 least a first
gasi fication chanber and a second gasification chanber, and an outlet 6
chamber, each adjacent chanber fluidly &J&snicating mﬁth one another; 7 c)
a di scharge chanber having a fluid comrunication with the outlet chanber; 8
d) an inlet to introduce the flow of liquid into the inlet chanber; 9 e) a
mechani sm f oiWé @péxat i ng and m xing gas into the liquid of each gasification
10 chanber for creating a turbulent area and for attracting the suspended

Vessl , the B sERNAY P, ARy ANIRRATE) Matorioph R B0 RCRPBRNEL . ©1" 1)

a primary2ski maaigrdidgi on channel extending at |east partially along the top
of the 14 partltl on be%ween the first ]gasﬁl cation g%(fnber tﬁnd,the second

gasi ficat?on 15 cﬁé(ﬁ?félr of geeebving 2EpYd lighidduriesusRended maer &CUbper portion
of both gasifi ks Fanlif] 21N
clarified liqui PPl o h S s Bfticly )G (B ool QTSR MaRber ot |
appar at us5 f ur t her laastypfiiss gasifice@ioh rhambasand elstc@ndfgosrlﬁcaigml chpinbgr, ahdameiutigit  of

the liquid level i to th t of th .2 Th
appar at ustof ol ai P 6 CHBACEr A hapy Tt fomar ialEA e 0PoBBht  of 1 1 ng

the [liquyd |evgl Idﬁscha@e Ehalﬁtserqaadlng%qnmc&ﬁ@hﬁics@aﬂ Rih eRBshRE Shddber;
regul ating fl ow throug a valve inthe fluid comunication between the

outl et ch&nber &ndniret tdlllstm@pgéle ﬂmaﬁf)lequld Bltoﬂmnbppw@hqns of claimi1
further cgnprisi n ontr nmechani_sm f.or contro |l evel in
the di schir ge. cHaABBEIE) P dgtarig o1 BUF CREGLN eV BB Neach KEAGEPE '+ om
the discharge c hamﬁﬁber ¥br créatinbherusiubeant afed An@ forGittedciing tHelub Peide€ aTaREd &idng:

j) at least one baffle near the prinmary skimcollection channel to danpen
notion ofl the ||<§Qrcanaawg§b%18twyerrﬁ9d@wé f toofn ynper pargiew of the vessel, the interface

12 of the gas and liquid being a liquid level;

13 f) a ﬁrimary skim collection channel extending at least partially along the top of the
14 partition between the first gasification chamber and the second gasification

15 chamber for collecting suspended matter in the upper portion of both gasification
16 chambers; and

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

18  characterized in that the apparatus further comprises:
19 h) a controller for regulating the height of the liquid level in response to the

20 movement of the vessel.

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 discharge

chamber.

3. The apparatus of claim 1 further comprising a control mechanism for controlling the
liquid level in the discharge chamber by regulating flow through a valve in the outlet

from the discharge chamber.



5. The apparatus of claim4 where the vessel has a horizontal plane and
where the baffle |) extends inwardly into the vessel froman interior top
surface thereof to a | owernost distal edﬁi, where a |ine between an upper
edge of the primary skimcollection channel and the distal edge of the
baffle j) forms an angle with the horizontal plane of between 5 and 15. 1
6. I n an appér atlbe aprarateepbelpiny | Swdseeeremrisisgt er froma liquid, the
apparatus 2 co I8l g V, . L Vi i QU Vi ng
topended mat t o FHErEBe Saffh B it b 26RO rel @M Bpehisfidh J1°

di vi di ng t he vessdle liguidcaased by movahaitioéthe vabsel.5 | east a first gasification
chanber and a second gasification chanber, and an 6 outlet chanber, each
adj acent chanber fluidly conmunicating with one another; 7 c¢) a discharge

chanber havi gg i i i i : Y et
to intr oduceg't hgh{7 Ildgévaqag? ngﬂng@ﬁ\mé gb t%gg&;isﬁllr}%ts ggfﬁg%%gglﬁﬂ%nda&}giﬂgmagﬂr[ﬁ for
i ngesting and mjXixtendgasvardyantoltbe vésgeliftbnofin ederiordars surfasathaserf 10 addwerbmst f or
creating a turbylent area and.for attractin he .suspended. natter .and 11
for carrying thglsgqﬂgﬁ%%d" r lr"ﬂeelPet‘fVSe”a?{“ﬂPé’ﬁg?&gﬁ&f?}?e HB?rytSﬁgn\?%‘i UP ¢ he
interface 12 ofhidnel AAstheamtd edsdl 6F thebite ) oAy hslah By lith tAShdrizoatad piaRBOY
skimcol |l ecti on channel extending at |east partially along the top of 14
the partition béttmeenStand 16f.r st gasification chanber and the second
gasification 15 chamber for collecting suspended matter in the upper
portion of both 16 gasification chanbers; 17 g) a secondary skimcollection
channel , | ndgpaRdgnbpahtut A& BhbVREY%usRANEhatter ¥nh @%b tHepbhtatidPPer
portion of the inlet chamber; 19 h) a tertiary skimcol[ection channel,

i ndependeht of domgrimgmary and secondary 20 channels, |ocated in the upper
portion of the dischar chamber: 21 i.). an,outl et for, remvi clarified

l'i quid fr%m t heac;dl"‘é’f:ﬁgg (o875 ﬂo‘gﬁéllﬂﬁl | hav Sflg’a@fle({)wgg%ratg%legl’ near the
prinmary ski mcad)l gghir@iity ofipaieiond SqdenREn dNBEIng Mhefessel Intb g ihleCdhathbeaused by
novenent of the vessel; 24 characterized in that the apparatus further
conprises? 16 25leeyt afissbeasilisatine ehambes and a second gawfiration dhamger, aed an he

Laurd eyel n ¢ SaRAREnbS. LG adf e IOKRIRN A thBGTARh: ofin dGpRRRRT X US

of claim®b further conprising a nechani con
7 ¢) adischarge chamber having a fluid communication with the outlet chamber;
8 d) aninlet to introduce the flow of liquid into the inlet chamber;
9 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
11 for carrying the suspended matter to an upper portion of the vessel, the interface
12 of the gas and liquid being a liquid level;
13 f) a primary skim collection channel extending at least partially along the top of
14 the partition between the first gasification chamber and the second gasification
15 chamber for collecting suspended matter in the upper portion of both
16 gasification chambers;
17 g) asecondary skim collection channel, independent of the primary channel,
18 located in the upper portion of the inlet chamber;
19 h) a tertiary skim collection channel, independent of the primary and secondary
20 channels, located in the upper portion of the discharge chamber;
21 i) an outlet for removing clarified liquid from the discharge chamber; and
22 j) atleast one baffle near the primary skim collection channel to dampen motion of
23 the liquid caused by movement of the vessel;

24  characterized in that the apparatus further comprises:



liquid level in the first and second gasification chanbers by regul ating
flow through a valve in the fluid comuni cation between the outl et chanber
and the discharge chanber. 8. The apparatgus of claim6 where the vessel has
a horizontal plane and where the baffle |) extends inwardly into the vessel
froman interior top surface thereof to a | owernost distal edge, where the

| i ne betyeen an,upper : IR i ect . t he
di Sl ohge of N HECaLF PSSty A RalORE nSfeh bR R 10 i RRRASE (G |

bet ween % and 15. mdv&nedtnfehemidedd for clarifying liquid from suspended
matter, the nmethod conprising: 2 a) providing a vessel having a plurality
of partitions sequentially dividing the 3 vessel into an inlet chanber, at
least a first ogagdfipgadithP6t GRS QRN EoApSEeON Bontlb] RshinigatfboddnebAHgeke and
an outl et chanber, each adjacent chanmber fluidly 5 comunicating wth one
anot her, and a Hiwdheuehin thhdintiand seronil gpsificasion shambere &Y iregvlatingHlavh trengh aet
chanber; 7 b) iptroducing.a f Of . | 1,0 i : i.nto the
i nl et chanber §al¥?"|1rnt)j%§ Eﬁécﬁcqnlrl{ﬁ}é{f"?gtbdnc%%%ﬁnpg%h@ﬁger%}{%gﬁ}ga\%gé@%%@{af Yt o each
of the first an¢hdnfitersecond gasification 10 chanbers for creating a
turbulent area, and for allowing the gas to attract the 11 suspended nmatter
and carry it to an upper portion of the vessel, the interface of 12 the gas
and |'iquid bgi nghaapiattidlot @¥iel 6 whiredhe T@sEtRAL BBEzEMA Pladind Wikyethebatmw a
primary skimcollection channel extending 14 at |east partially along the
top of the partjcxtndpirwesdly inthahg yassel fepars i ingeriar dop B fach et taadpwarmost

second gasi fi cat hanmber and 16 e) removing.clarifie | QUi t he

di schar ge chanbg'ts%?e(igf’ g’ﬁ’ﬁ?eatﬁ? gP‘? Eeet “Fhat Rz ﬁln%e(%rnettl%gr(igf {}{S%E%%O@%C?T%}li ses:
18 f) interm tteinhyl dndithé 8ital bzl dfkd Bhffley)ebrradish anlld atthithohaiwpainpRde of
matter in the 19 primary skimcollection channel. 17 10. The method of
claim9 furtherbewepn pahdgSTontrolling the liquid level in the first and
second gasification chanbers by regulating flow through a valve in the fluid
conmuni cati on between the outl et chanber and the di scharge chanber. 11. The
met hod ofl cl &i rin 9 niatliddfer ckxaifiing Equd foemsuspéddedgndttee, the oethebdl cowglrising:
response 2to t he rmv%rirrilant of the, veSﬁeI

a) providing a vessel having a plurality of partitions sequentially dividing the

3 vessel into an inlet chamber, at least a first gasification chamber and a second

4 gasification chamber, and an outlet chamber, each adjacent chamber fluidly

5 communicating with one another, and a discharge chamber in fluid

6 communication with the outlet chamber;

7 b) introducing a flow of liquid having suspended matter into the inlet chamber

8 through an inlet;

9 c¢) introducing a flow of gas into each of the first and the second gasification
10 chambers for creating a turbulent area, and for allowing the gas to attract the
11 suspended matter and carry it to an upper portion of the vessel, the interface of
12 the gas and liquid being a liquid level;
13 d) maintaining the liquid level below a primary skim collection channel extending
14 at least partially along the top of the partition between the first gasification
15 chamber and the second gasification chamber and
16 e) removing clarified liquid from the discharge chamber;

17  characterized in that the method further comprises:
18 f) intermittently raising the liquid level and collecting suspended matter in the

19 primary skim collection channel.



12. The method of claim9 further conmprising controlling the liquid level in
response to the pitch or roll of the vessel. 13. The nethod of claim?9
further conprising controlling the liquidl7evel in the discharge chanmber by
regulating flow through a valve in an outlet fromthe discharge chamnber.

14. Th th i t Y ; I : i th
aui d near  Thie b Fisalel deldti D e on by S TRER AR IePlRE B ol 1 e
15. The net hod edcoad gasifiddiontraabers bg agpudningdlomherenghi ovalwef inttheflhidqui d near

the primary skimcol]|ectipon channel is acconplished with at |east one
baf fl e ext endi nﬁomWH?%/g‘?theﬁnf @W%%@@W%P%ﬁtgﬁg}sﬁlfaég? ghemiSh surface
thereof, the baffle having a |owernost distal edge, where a |line between an
upper edge of the primary skim collection channel and the distal edge of
the baffle, 1br ifheartlangifelainthfuathehompontgdonpbling thé liqiid leves gelesphsdst ween
5 and 15. 16. The nethod of .claim9 where the residence tine for each

gasi fication ch pvement gEEMGVESSES "0 and 2.5 minutes. 17. The nethod of
claim9 further conprising collecting suspended matter in a secondary skim
col l ection channel, independent of the primary channel, |located in the
upper por ti oh2.of he methadl aficlaimahivether agnprising eaatrabimedhe Bawd devey i igpranee to

conprising collecti. sy ter in a tertiary skimcollection
channel , i ndepeﬁl(fepﬁ{éggfrr?ﬁﬁgf]%rggﬁ%r%§? and secondary channels, located in the
upper portion of the discharge chanber.
13. 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.

14. The method of claim 9 further comprising:
g) dampening the motion of the liquid near the primary skim collection channel with

at least one baffle.

15. The method of claim 14 where g) dampening the motion of the liquid near the
primary skim collection channel is accomplished with at least one baffle extending
inwardly into the vessel from an interior top surface thereof, the baffle having a
lowermost distal edge, where a line between an upper edge of the primary skim
collection channel and the distal edge of the baffle, forms an angle with a

horizontal plane of the vessel of between 5 and 15°.

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

between 2.0 and 2.5 minutes.

17. The method of claim 9 further comprising collecting suspended matter in a
secondary skim collection channel, independent of the primary channel, located in

the upper portion of the inlet chamber,

18. The method of claim 17 further comprising collecting suspended matter in a tertiary
skim collection channel, independent of the primary and secondary channels,

located in the upper portion of the discharge chamber.





