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It has been discovered that a mechanical flotation system 10 having only two cells 18, 20 can be nearly as efficient as one
having more cells, yet provide an apparatus with a considerably smaller footprint, S|gn|f|cantly reduced capital and operating
costs, as well as be resistant to floating oll recovery platform wave effects. The dual-cell mechanical flotation system 10 has, In
sequential order, an inlet chamber 16 and two gasification chambers or cells 18, 20, each with at least one gas Iingestion and
mixing mechanism 32, and discharge chamber 24. A common primary skim collection channel 40 atop the partition 44 dividing
the gasification chambers 18, 20 efficiently channels away the bulk of the floating collected matter. A least one baffle 60
depending from the top of the vessel 12 near the primary skim collection channel 40 helps dampen the action of the fluid
containing the suspended matter when the vessel 12 Is affected by wave motion against the floating oll production platform. The
liquid or froth levels 50, 66, and 76 can be intermittently raised for collection or otherwise lowered during periods of excessive
turbulence (e.g. pitch or roll) to prevent clarified liquid from being collected with suspended matter.
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DUAL-CELL MECHANICAL FLOTATION
SYSTEM WITH INTERMITTENT SKRIMMING

Abstract of the Disclosyre

It has been discovered thar a mechanical flotation system 1@ haviiig anly two celis
18, 20 can be nearly as efficient as one having more cells, yer provide an apparaius with a
consyderably smalier footprint, significantly reduced capual and operating costs, as well
s De resisiant 1o floaning il recovery plattorm wave effects The duai-ceil mecharnical
Hatanon svsiem 1 has, 1a sequential order, an inlet chamber 16 and two gasiiication
chumbers or cebis 18, 20, cach with at least one gas ingestion and mixing mechanism 32,
ancd a hischarge chamiber 24 A common pnmary skim collection channcl 40 atop the
partition 44 dividing the gasificanon chambers 18, 20 ethicienily channels away the bulk
of the floaung cotlecied marte; At Jeast one baftle 60 depending trom the 1op of the ves-
ool 12 near the pnimary skun collection channel 40 hielps dampen the action of the thud
contring the susperdded matier when the vessel 12 s affecied by wave motion agamsy
the Noaling o production platform. The hquid or {roth levels 5S4, 66, and 76 can be inrer-
nutently raised for collection or otherwase lowered dunng peniods of excessive jurbu-

lonce (g pitch or reil 1o prevent clantied bquid from being coliectud with suspended
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DUAL-CELYL MECBANICAL FILOTATION
SYSTEM WITH INTERMITTENT SKIMMINC

Field of the Invention
The present inventon relates 1o methods and apparatus for removing suspended
ystter from hiquad, and mose particularly relates, tn one embodiment, to methods and
apparatus for separating suvpended contaminants and/or o1l from water, particularly on
a0 oitshore hydrocarbon recovery platfornmn subject 1o prich asud 1ol

Hackiound of the Invenyon

Mm

i nany ndustnes, inciuding oill, paper and pulp, textiic, elecinieny generaling
and food processing, there 1s an ever-present probiem of contaminaied water as a by-
product of various processes. In particular, water s often used 1 aid in the production of
sit and gas en effshore platforms. This water 15 usually pumped mito @ formation in order
o e able 10 pump ad out As a vesull, the water pecomes containinraied with ol and
cohds encountered inthe tormation, and therefore cannot be disposed of sumply by
duieeiing 1 oto the surrounding water Accordingly, numerous methods and sysiems have

L,
-

beon devised o reduce the contamimant content of this warer 1o a jevel 1har zliows dis-
charew of the water into the sea.

Cine such o system, disclosed in U S Pat No. 4,255,262, comprises g deviee tha
niir s and deperses was i the fonm of fine bubbles 1 hiquid i & tenk m an aliempt (o
remmoye contaninants rem ibe iradid ftowing thraugh the tank. i he gas s induced from
e upeet sewton of the tunh downward into the Liquid in the tank via a dmit tube, The
e CiduClon ey iis a4 |J‘..ﬁ;‘i£Ui: ot e }lqu:;d cuntanied 111 the vesesd e reeyreulated baek
rcueh the idividoa celis 0 Ccompamments using ¢ centritugal puing. The apparatus
uses ah ciccinicatiy-diiven moechanical skimmer assembly, WhiCh soives 1o remove con-
arninani-laden froth that sccumulates above the Liguid level seciion of the tank The 1ank
veviaheadarshaoed,

The above-mentioned desiee saffers trom varioas drawbacks Fao skimmens are
modterate- o el maintenance vems particuias by when used in Corasive environmenis
Sun by BY GAY cncountérad i the n;i~~producing and chemical widustnies Atso the rec-

owssTrgel: 01, Catnol wilnstand pressutes i exeess of o

e vy
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e pet square weh (0.8 k') sntermal. This s particularly disadvamagcuus‘f:,‘;pccmiiy
whete syslem pressures upsucam of the otl/water separator are prevalent or where nox-
v2US OF Iethal gases such as hydrogen sullide are present. Furthermore, the rectangular
ks having the skunmers are {mited in volumenic capactry because fudl withization of
e ank s not allowed. In addinon, although these tanks are descnibed as “gas ughi™, gas
pressures are maintained by continuously veniing 1o the atmosphere, which is a potential-

Iv dangerous practice 1t lethal or tlammable gases are present.

L

LN Pat No 4,964,457, discloses another system {or sepatating suspended matier
from thnd. The device comprises a8 cyhndncal iank having an inlei chamber, a pluralizy
(O of gasthication caambers, and a quiescent outlet chamber. A s« trough s disposed near
he top of the tank, and extends the length of the gasificanion chamibers inro the outler
chamber. Verucal batflzs that separate the individual chambers extend downiwardly and
ere sppeed rrom the bonaen: of the tank, sllowing flud to flow alenyg the bowrom of the
ek from the et chambor 10 the outiet chamber. [ach gasibeation chamber s equipped
15 with an educior noezle assembly positoned centrally in the lower portion thereof The
nozzle assembly provides tor recirculanon of fliid pumped from the outiet chamber
Ir eperason, fluid envers the tank through the mler chamber, passes successively
sis;'uuf;h cacii 0f the gasticaticn chambers, and into the outiet chamicey, witcre a gortion
of the thwd 1s drawn oft 1o be recirculated through the eductor nuzzies. The balance of
20 the processed fluid exiis the outict chamber for further treatment, discharge or storage,
depending upon the appucition The vecirculated fhuid is pumped ihirough the nozzlo
assemnbly, each nozele being fed by 3 common header suppliﬁ‘d DY @ resucanion pumD,
and each nozele being posttioned co-centrically 1n an eductor throai assembly. Each
cauctor throat assembly 15 connected 10 a gas header, supphied by a gas volume i the
35 poper porhion of the ank connnaen 1o the aeration chambers and (e cuider chamber. The
sansage of the ued at high velooty through the nozzles educts gus o the gastiicanon
crambers and the pas 150 1 ihie Quid inthe form of small bubbles The gas bubbles
Codlea! o anedul suspeaded sobd conaminants as ey nse, Qi @ senle ninant aden
the tups of the pasniCation chamnbers.
ki, whnie this device proseis debinte advantages over that disclosed in US Pat No
3055 262 such as the ehiminaaon of the mechanical skimmer and propleins associuzed

orewith e abiiny o operate ot gher internal pressure, and bainr sabizaton of
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availuble tank velume, it sutfers fiom some disudvaniages. For example, flow out of the
rany must be interrupted in order 10 remove the comammani-laden froth trom the 1ank.
Tis cait be disadvantageons when a continuous flow of flutd s desuable. Ao, the skin
rrough extends through the gasitication chambers inio the outlet chamber, wlich permiis
ot 1o sinlbmto the guesesnt cutler chamber and contarmnate the ettluenr. Further-
pore dbwers s no mcans {0l removing contaminants that may sccuimulate at the wp of the
vler chamber, and 00 e Toc venting gas, whiich may have been ensiamedin the infln
=1 whiceh acoumadates in the ey chamber. in addiion, there 15 no means {01 retamime
sas 1 the vessel wher the skim outlet valve 1s opened, creating a potentially dangerous
sitianion if noxious, lethal or Hammable gases are preseni 1 the jank.

Another problem thais often encountered with the baffics terminanng a distance
above the ank bottom 1 that some porhon of mfluent tends 10 pass under the baifics
without bemng direcied 1o 8 eh turbulence area and contacted by gas bubbies

addmonally, the velocny of flown the degasification chamber s relanvely high,
wmch jeads o msetficient finai otli/water separation.

1.8, Pat Noo 4,782 785 relates 1o an induced static flotanen (155 el having 4
ilet chamber. a pluvality of gaxfication chambers, and an outlel chamber Comarminaned
SN BTN the 1aley chambeer, passes through the gasificanion chambers, and exis
theeuph the Gutict chamber Has hubbles a ¢ introduced 1o whe DOLorm of cach gasifics-
fos chan G angd atirget Sy edd contaminanis and/or o1l 3s inc § Plss. A oconlamingn: -
badder frotho lerms athe iop of tive cell, and 15 removed vid 8 hirst shiin ouyte i e Dui-
e chamber A Dguid fevel dispiacement controiley maintains the iovel of thud i e

‘ ~

savi frcanin chambess adiacent and below the top of the nrst SR WOURh, 1he seCcord
3oy troaeh hee vethically adiustaohe 1o account for the ditference o spccilic gravity
N 1‘_}1'! }t{}fii : Eh(“!n::. 't“{\.bl“v(jifls ﬁ-*tq.;*: lJJi-dL/ . I(J “LLOL“I (H { } Y -3r “ 3t dh &w i3 hij
hetween e bguid i the ootler chamber and the gasdicanon Clugabars A s puisihy
duevece narses the-jovel pertodically 1o provide addiional skimumitng Gas s ieircylaied
~ } N - }.9" e ‘ ' " S S, - } > } _.[_;. (k.th“ 1,:4{‘_}{- .\,.Ié’. e g ;, t)""\
ro the wop of the colt Lo raheGacon N0 the DoTtem 6! the pasihicatiun chamber?
Secondary haflles o the casificanon chambers preveat s ypass by the higuud and
vas of the torbadent arcd cresied by the pas flow above the educior ssseurbhies thal deliver
e T et E At amn B o ey 1ng a pair of batties in the ondlet chiambed, the
Iy 3y Ny ;gab!flk.;lhtm Uil t‘i’y USing a pair Ol DA in Dottt namber, the

flued rerenlion BIe 18 ineieas el 1o Purther mprove the ]l{jmw OTRGUTIAN S SEPATATION
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Anomvention related 1o an apparatus for the removal of suspended matler from a
i, such as used for teaiinenst of otl-contaming water 1s disclosed i US. Par. No.
2 986 903 A cvhindnical, honeental vessel 1s divided nto a single gastficanon chamber
by @ pariition that extends through the imenor chamber of the vesset and allows fiuid
communication between the two chambers A hquid to be treated 1s introduced through
distribunion headeris) adjacent a bottom of the vessel and/or an altermanve inley nozzle
which is combined with a gus cductor in order 1o achieve a more ninake mxture of the
cos and liquid The pas eductor has its outlet shightly above the cutler o ihe distribution
headers. The released gas bubbles camy ol and suspended marter towards the uppes
portion of the vesse), from which the froth is collected through a4 pnimasy skim colleciion
rcoph which extends thiough the gasilication chamber and from a verticaliy adjustable
(Bas=d or: specific gravity) secondary skim collecnon funnel 1 the degasitication cham-
ber. Skom collection s accomplished through comrol of the ligand level in the vessel.

N Par Nos 9001 %87 and 3,080,780 also relate 1o an apnaratus for removing
susnended maner from hgud. The apparatus has a single cell veriical cyhindncul hydraul-
Citotation vessel that s provided with a separation wall 10 separzaie a lower gasification
cheamibes frons @ middle degasificetion chamber and an upper gas chamber. A number of
pite: pahive arranseniems ar¢ provided for controlhing skim cotiection intough conirolhing
voinme of hagurd within the vessel and changing the volume of hauid through the use of

de amer which inemiaitently sends signals 10 outlet valves of the skKim collee-

£y

cradiustal
o outiet or of the treated hygud outler. The apparatus provides (or an aliernative
sorangement of roducing hgnd nto the vessel, so as 10 achicve more intimale mixing
1 pas and Bauid mitroduced 1o the vessel.

o would be desitabie 1f an apparatus could be devised 1o overcomie some of the
orehierns in the coaventional sysiems for removing suspended matter rom 4 hquad, par-
donarly m svsteins used on Hoanng ottshore hydrocarbon recovety pistoyms wheqe the
action of e waves upon he apparatus ends 10 canse the suspendad matier o

conldmianele Vhe rerovesed ssader
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suminary of the Invention

Accordingly, 1118 @n abject of the present invention ¢ provide an apparaius for
cerneving suspended maner from a iguid, which apparatus 15 particularly suited 1o be
used on floating ofisheore hydrocarbon recovery platforms

1115 another oblect of the present invennon to provide a two-cell, mechamical,
cvhindrical gas flotabon machine having a reduced footpnint, reduced power requiremcins
and reduced capnai and operating costs that overcomes the adverse wave effects on
ficaung plartomns

In catrviag out these ard other objects of the invention, theie is provided, in one
form, an apparatus for removing suspeaded marter from a iqund, which apparatus
irclades a vesse! for recetving g flow of hiquid havang suspended matter theremn The
vessel has a plurality of paritions sequentally dividing the vessel into an inler chamber,
At seast o trst pusihicanoen charnber and a second gasincanion chamier, and an outles
chamier where cach agjaceqra chamber Huidly commuicates with one another. The
veosel atso has & discharge chamber having a fluid communicanon with the outler

cheinber FPhe apparatus i tades annlet 10 innoduee the flow of hguid o the injet

- e ra

chraper acsd an ouwilet for removing clanfred hguid from the deschavpe chanaber The

anparatis inchudes a mechansin for ingesung and mixing gas 1io the hawd of each

casttiention chamber for oreating a wbblent area and for antracting the suspended master

and foi catrying the suspendad maiten jo an upper pornton of the vessel The interface of
the was and hguid 15 1ermed a hguid tevel or froth level Also nciuded 1s a prinary skim
colleonion Channel extending at ivast paritally along the top of the partititon bevween the

fear egsitication cpamber and the sceond gasification chamber tor collecung suspended

ol

sestten o the upper pornon of both gasification chambers. A controtier 15 present foi

feyuiating the heieht of the gt fevel inresponse w the movemeng ol the vessel The

haia fevel inay e jowered auning iunes of pitctung and solling ot ihe vessel (Causad by

e and rolhne of the Hloanny ottshore hydrocarbon recovery plailorm ) and then

1
-
: e

.Ah!{'~$. ; :
l.j?-.'l,».i}_}‘w1

resved for cotiecony suspended matter. Finally the invention opboenaliy mictudes al ledst
g haftic near the pnimarny ~him collecnion channel to dampen monon of the jigusd

£ % :
S bt B .

covaed by moevesment GF the vessel

W
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Brel Descripuon of the Drawings
The single Fraure is 4 schematce, cross-sectional tlustration of one embodiment
of the duai -celf mechanical tlotarion system of the invennon.
i1 will be appreciated that the Figure 1s a schematic illustration that s not 1o scale

of propoitian o further dlusirate the imporiant parts of the invenaon

Petanied Desenipuon of the Iavennon

The present inveniion wili now be desceribed, by way ot example, and not hinraga-
non, wilh the influent being waier contaminated with o1l and other suspended panticu-
jates 189 1o be understood that the present inventien has utility in numerous applications
i vehach s desivable to separaie suspended maner and/or ol from a haguid, and that the
suspended matnier, the ligud, or both mmay be the desited product of the process

Keferimng now {o the Figure, the system 14 of the epparatus of a peeierred em-
bodunear of the invention imncludes o vessel 12 for recewving a tiow of hiind 14 having
sussended maner mixed therewith, where the vessel 12 in 4 preferred embodiment has a
contnuous cylindnical sidewall and 1s capable of withstanding substuntial niemal pres-
cures as may be encountered when processing produced waler from an oyl well. Vessel 12
3 divided into ananlet chamber 16, at least a first gasitication chamber 14, 4 second gasi-
ficanion charmber 20, and an cutlet chainber 22, where each adjacent chamber can tfluidly
communieate with one anothier, that 1s, that a fluid i one chamder smay How 1o an adja-
cent chamber Vessel 12 also has & discharge chamber 24 that 15 Had communication
26 wi:h outler chamber 22, the fluid communication 26 generally baing a pipe having a
oo 28 g};{;}fn-a, The chambers 16, 18, 20, 22 and 24 are divided by a plurahry of gener

T
ally veracas parutions 42, 44, 46, and 48, respectively. Partunions 47 and 46 extend from
e op of vesiel 12 duwnwa, and are spaced from the botton G vesse: 10 1o allow
lund communication between the adjacent chambers. Parution 44 dividing st snd
socond patilicanon chambers TE aud 200, respectively, oesides bemny spaced hom the
mottom ot vessel 120 adse soacead from the 1op thereo! 10 aliow pas conmuncanion
P e s CHainiers ay wrll ;T‘tair'i.‘ii#a;!l‘: 44 beinp supponed by the Sides OF vessel 12
Pasaion 48 dividiig: outles chammbaer 22 and discharge chambes 24 extonas completey
fore the 100 06 vessel 17 16 the botiom seahng the entire Shcamiference al that pomL,

e = 3 . | T AL PRV . . £ araeB 1™ . g 5 G W BT G A ey el o .
cxce o o Do COMHTINEATLnD JE IR T !c:zgahs O DArihiiogs 42, a4 uhd 46 a7 caloutated

O
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o iz the effect of pressure differential due 10 difterence in flow rates under each
cesnevive sarinon. chud comaumcation 26 coukd be any other switable passageway
having a low control device regutating flow therethrough.
it chamber 16 has an inlet 30 1o introduce the flow of liquid 14 10 the inlet
§  chamber 16 Each gasihcation chamber 18 and 20 has at jeast one mechanmism 32 for
investing and mising gas cn10 Whe igud of each respective gasitication chamber 18, 20
{Or a‘:;t‘almg 4 turbulent arca whore tht 2as arracis the SLlSpt.‘Iidt’:d Fiidiigy ai?‘s{.‘ CRITIES he
syspended marier 0 an upper poreon of the vessel 12 tor each respevctive chiamber 18, 20
Gasanpesing and mpang mechanisms 32, 10 one non-himining embodsment, are prefer-
16 ably tie devices oF U S Pat No. 3,993,563, incorporated by reterence herein, althouch i
vl be appreciated that other devices, includmg but not himited 10, simple aerstors, may
he uscd. Mechamisins 32, such as descnbed in LS. Pat. Ho 2,993,563, raay each include
cne or inare pas drall wbes 10 tanster gas imo the rotor assea:bly o mechamisin 32 fron:
the vapor space in the apper poion of vessel 12, Gas ingesuing and mixing mechanisms
1S 32 may also melude water draft wabes 1o tansfer water into the rater assembhies of
mechanisms 32 exciusrvely trom the bottom of the vessel 12, inclusion of the water draft
rube faciinawes capacity vananons wiihun the same geometry becavise all water thay ensers
the totor assembly s direcied 10 the rotor sicitan from the butom of vessel 12, reducing
fHluid by-pass and short circinuny, of the fluid around the rurbulent arcas. 'The treated
2 effiuent lows oul of vesse: 12 via autiet 34 which may have 8 valve 38 iherein Flow
theougti viessel 12 o mundamed via pumps OF 1Nae SySTtem Prossaoe (g sNOw b
At the 1op of partmon 44 15 a primary skum collection channe! 40 extending at
l-as1 parnally atong the lenpth o the ep of partition 44, beiween first gusinicanion cham-
bor 18 and sceond pasiticaton chamber 20 tor collecung suspendea malier o the uoper
5 poitiony of both pasihicanon Chambers 18, 200 Skim collection chenag G0, oricnied
nornal 10 1he plane o the | oare s generally @ woagh, and s stluszated as having s V-
sirpeed cTOMs-sechion wn the Figure, although other trougit contours and designs (e g U-

Cheosd, fie rwoald b aceepiable Eroth jevel or haguid fevel S os destgned w be right at

é

ap—

cnmer edpe B2 ot channe dir durpge coliccpon of susotided MG 1 e eppSt pnnons
Wy o opsiheaaen chambers T8 and 28 Prunary skem collechor channal 48 revoives con-

ravapani-laden froth produced w e gasttication chambers 18 znd 24, and such noth iy
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rernoved from the channel 30 through a primary skim outlet 34 There may be a skim
auiler 54 on eaher or both sides of channel 40 in the vesse] 12 side walls. The channel 40
may be taxered a1 the betion (¢. £ V- or narrow U- shaped) 1o peraut a benter removal of
ek nmngs trom the chianncl 46 Thie use of a common mamiold 61 channe! 40 for both
pastfication chambers 18 and 20 increases the cfficiency of the apparaius 10 and reduces
the capntal cost of tnereol. An open space 56 1s provided above primary skun coliection
channel 40 10 allow gascous communication between each of the gasificanion chainbers
(4% and 20

There o apnanatty provaded ar least one haffle 60 near primary skim collection
chaniel 40 10 dampen the monen of the hqued 14 caused by movement of sthe vessef 12
such as hay be due 1o the michion of waves against the ﬂoating hydrocarbon reCavery
platform (not shown) Bafties 60 have a lowermaost or distal edge 62. Vesse] 12 may be
corsidered 1o Bave a horizona! plane, which may be parallel 1¢ the top end/or bottom of
e vessael §4 as Lhusirated o the Pipure. 1ohas been discovered thas if the angie A ot 3
lin= between the apper edge 82 of channel 40 and the diswal edge 62 of baffle 60 with
resnect iQ the horizontal plane ol the vessel 12 1s between about 5 and 15° that the
motion of the hagnd 14 wili be dampened while permiting the oil 2ad froth 1o fow over
o channel MY Tiva preterred, nos-lminng embodiment of the invention, this angic A s
about 107

A secandary skim collection channel or bucket 64 having 4 clused botiein, closed
srdies wnd an open top 85 locaied i an gpper portion ol mnlet chamber 16 1 one non-
Hirsnmg crehodimend on parhitior of wall 42, The secondary skam colievaon channel 64
s eesitivned 10 cohiect froth at o fevel 66, which mey e, and s preferably, below teve!
30 . gasthicabion chambers 1 and 240, Secondary skim collecuton cnanaci &4 may also
e topeiea o the DOROM and niay ildve d V-shaped or U-shapead o ress-50Chon, o none
uing embodiments. Secoudary skl collection channel 84 may also reinove Scoth
throwy bt g sscondary skim Gutler 68, There may be ai least one consohidanung coileenon
ey oF e Mk s such @s on the autside of vesse! §2, 00 coamiuincs-

bon wih both prmary sk ouslkes &4 and secondary skim outiet 68 for Gelivering the

coliected suspeaded maticr away Trorn the vessel 12
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A teriiary skim collecen channet 74, wdependent of Both paimary skim collec-
.on channel 40 and secondary skan collechion channel 64, 1s located in the upper portion
of discharge chamber 24 Tertiary skim collection channel 70 may te an “{SF-type”
threaded pipe centrally jocsied i chamber 24 Such & channel may be verncally adjust
able 10 account for the difterence in specific gravity between the iquid in the discharge
coumber 24 and the gasitication chambers 18 and 20 Funther detiails on ine induced s1atic
tromuaen (18F) coilecnion channel may be seen m U.S. Pai. No. 4,782,789, wncorporated
by reference berein. ety skin collection channel 70 may be in communication witi
the consolidating collection channel which collects froth from primary skim outlet S4
and secondary skim outley 68, or may have 1its own coliechion channel or pive for dehiver-
ing Sus‘x‘ndt’d maticr away trom vesse| 12.

Thete may also be present a control mechanism, such as a programmable logic
controdler (PLCY 72 tor conntoliing the hiquid level 1a the Lirst and second gasificaton
chanibers 18, 20, Gy obta:ng level informanon from evel transiiniter (L1 74 and regu-
jac flow through level conred vatve (LCV) 28 whichasan flu:d communication 26
Letween outlet chamber 22 und discharge chamber 24. Level tansmitter 74 may, in one
note- lnmiting embodiment, have 14 sensor posinoned in the opening dencath parinon 44,

Sincdariy, e vontred of Jukd fevel 76 in dischargs chamiber or box 24 15 accom:
chished through PLC 72 by obiauuny level informanon tom 11 78 and regulating tlow
throgzh LOV 36 i outlet 34 The exact nature of the level transmitiers 74 and 78, PLC
s and LOVs 28 and 36 15 not craical and may be conventional 1n the art, however, theyr
implementation i the duai-ceil mechamcal flotation system Of i wnveniton 15 expecied
1 L iDVETIHVE

s nmportant feature of the nvention s inteynsttent shinizaag by rasing the
s level (2 g froth levels o Hluid tevels 30, 76 and/or 66) o1 o1der w romove rhe sus-
pended malter o1 Sk ol foor pegn piich and roli condions oo a toaiiag production
olzitori [Hwill be appreciated that on o floating oftshore hydrocarbon recovery plarform
(o ny Gthel eRVIFORINCRT Suhecl [ eXCESSIVE INOL0NJ 1118 DOIMTIE TO! SXCUSSIVE vy
suct as durime stornis, turticanes @nd other condinons il 1e piaioim may pich

% B .Ii'.‘):.'
'Olr"h ! < k'§$‘}

angfon ol excesstvely By Toxcossively” 18 meant 10 the dettinent & Tha present inethod

ol ctaiying water, Tnal o, quring consequent pitching and/or rolhing ol system (0 some
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clarified waier would be undesirably collected by pnimary skim channel 40, secondary
skim collection channe! 64, andior teriiary skim collection channe! 78, caused by froih
levels or Duid levels 80, 66 and/or 76 splashing over or sloshung over exeessively inio
these channcis. |

This waste of ¢lartfied water may be munimized by controlhing froth levels or
faid levels SO, 66 and/or 76. The control of the height of these levels miay be through
PLO 72 vin 1 OV 28 andror LOV 36 10 response 1o prich and/ot 1ol data collected by
prich and roll sensor schematically tHustrated ar 80 1t will be appreciaied that he exacy
nasure of pitch and roll sensor 80 15 not cntical and may be achieved by vanous angle or
piich sensors conventionally available. I 1s not necessary that prich and rolf sensor 80 be

S S |
£ .oad é

je device, but may b two o1 more devices.

>
LN

it will be appreciated that there are at least two embodimenis of inteimtient or
rociped skamming in contrast fo maintaimng the flad or {roth levels al a constant o)
coasistent heght In one ersbodiment, the froth level 88 may be oncrmally mamtained or
kept 8t 2 hein below the upper edge 52 of pnimary skim celiccnon chizunel 49, and then
peemmittently raised tor colteetion only when piich and roll sensor 88 derecis a suffhicient-
iy stable siuanon, or vessei 12)s suthiciently level. Altematively, e froih level 80 may
he aed il maintaimed or kepr at a height sight at the upper edge 52 of prisnary skam
coliection channel 40 (that 15, always or normally collecting suspended maiter), and then
mrermitently Jowered tor only when piich and ol sensor 36 detects an cxcessive pilch
andar ol siasnon, Lo vesse! 12 4s ondesirably tilted. An @ven more soptusticated con-
ol 72 may operaie between these two embodiments Desirably, PO 70 programined
10 make appPropriate changes n Liguid levels before the pitching or rothay wotion

v owit e ynderstood that rasing froth level St ror eolection of

3 e ’ . . i o - N \. ',‘.'.."
DECGITIOS @R Casive 4Ty

cuspended matter well not be regular of penodie due 10 the unprediciablie and trregular

natare ol wave action on the oftshore plattorm.

S A N £y
)i De aporeciated thar aithough e above discuswion 15 tovused upon hoth

evel U hat conesponding conuderations apply to iroth level 60 i miet Chamber 10

i Hlapd devel 78 11 discharge chamber 24

o & W
tn one ermbodiinent of the mvention, the mechan:cal Horanon svsrein 10 has

Wl deonmn 1RAY 2 only Two passfication cebly, 18 and 20 asifusirated i tne Bigure,

i .
RS .
*Mﬂ'w:ii;'uf-‘n!x'ﬁf r e

{0
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Previeas!y, 10 a systein wiih four ceidls, the retention tume in ¢ach cell or chamber is about
i ranate, and efficrencies of 3% may be obtatned In the present invention, usimng only
iwo gastitcaton chambers or cells and a sesidence tme i each chamber of about 2.0 1o
2 % munutes, the efficiency achieved of about 92% 1s almost as good, but a1 much less
power wlilizavion. That is, with the invennve apparatus, while ctliciency s shightly
reduced, the horsepower requirements are about hall that of & conventionai systerm {since
ardy two pas mgestimg/nixing mechanisms are required instead of four), and the “fool-
prial’” or aica consutied by tie apparatus 1s reduced by nearly halt - an important cansid-
cretion on en offshore o1l plaitorm where space 1S a1 & premium

A opnons! cherares! teed umit {not shown), which 18 8 standard teed aan for dis-
penising a metered aipount of & Holoulant chemical, using a polymer or 4 demulsificr,
o had 14, 1o imitially reat the mfluent for achieving optimium separation of contami-
naids from e water can he provided

Although not shows, valves iay be provided for blowdown of sludge that col-

Mb

levts in the pottom of vessei 120 Also not shown aie optional ganges 1o monnor the
prossure of the effluent and the flow of gas

in the method of the invention, a continuous {low of liqiad 14 having suspended
mnrser nuxed therewtth is innoduced mto wlet chamber 16 through iniet 38 Some sepa-
reeon ot the suspended mater occurs innlet chamber 16 by tloatng 10 the upper poriion
of inlet chamber 16 and floating froth level 66. This froth o1 suspended matter 1s col-
cored i secondary skim collection chamber 64 and passed thiough scconaary skim
autter 65 10 4 consolidating coliscuon chanmel eway from vessel 12 A noted, i one
oo todineni of the invennan, freth levei 66 may be controlled 1n a manney simlar 1o that
o ienh tevel 80 or Hluid Tevel 76 Thar s, during penods of undesirabic or deinmenial
ortch o 1ol fromh fevel 66 ay be lowered below seconaary skim cotlectuon chamber 64
and then ramped up or miermitiently rarsed duning or for collecnon. Controls for

Sy level 86 ate not shown, but would be sitmilar 1o those for controthng frath level
.e.,\,.-&/ b, i ‘

4 or ﬂi.iivd ?vtft {4y

bl 1, ST Comainig? considerable Sllbpcndt:d matier, underiows PRGN 43

i firer and second pasiiicstion chambers 38 and 20 where & flow of gos s introduced

. ~ A S R N TR e - N % YT AR s I R ISR A SEN-TL R 1
e fgant B4 00 the Charmbers By fas ingesting ana mixing motiamims Y2, creaung a

Y
PR NP

Corhgent ores tn the entpey of chambers (8 ana 20, and allowiig 1he pas 1o aliact the

11
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suspe nded maner and carrv i1 to the upper portion of vessel 12 where it floars a1 level §0.
Tris suspended maner s collected 1n primary skim collection channel 40 that extends at
reast partially along the top of paruon 44 between chambers 18 and 20 when froth level
5G 1s ra:sed or ramped for interrmiment coilecuon by PLC 72. The suspended maiter 1s
detivered through primary skun outlet §4 1o the collection channei, which may be the
samne oF different consohdanng collection channed serving secondary skim outlet 68.
bevel 801 penerally expevied 1o be somicwhat higher than level 66 At least one bafile
64l cear the prunary skim coliection channel 40 dampens the modion of the fiuid 14 that
GLO s whea vessel 1s rocked or inoved in response 1o waves hiitiing the hydrocarbor
croduciion plationg.

Fluwd 14, fargely frec of suspeaded matter, next undertlows partition 46 and tlows

o ouliel chamber 22, Passage of the fhid 14 from outler chamber 22 through pipe or

fLhad communicauion 26 1s regulated by level control valve 28 10 response 1o signals from
.00 72 according 1o a softwaré program therein using infonmation rom jevel transmitter
14

The thnd 14 m discharge chamber 24 1s rehieved of the remaining suspendea
miatter by Hoating such matier 1o level 76 where 11 1s collected by eriary skim collection
chacnet 70 Channed 70 may be of an [8F-type that 1s vertically adjustable 10 account for
the ditteréncs i speciie gravity beyween the ligurd 14 10 discharge chamber 24 and the
howd 14 the gasificanion chambers 18 and 20 The rate at which clantfied liquid 1s
anoved o discharge chamber 24 1s regulated by 1LOV 36 m outlet 34 10 response 1o
sehiware progiam commands u the PLO 72 employing data obimined from LT 78, Alter-
nenvely, or e addiion 1o the vernical adyustment of chanuel 78, level 76 may be ramped
o aterimttently controlled py PLC 72 or other means 1o alievnatesv coiiect suspended
matter via channed 78 or maintaim level 76 below chiannel 70 cuning o of cxcessyve
(i 1y GF P

o summanze, advamages of the invention mclude, but are nut Heeessarty hime
e 10 o decriogsed "‘fi)a.:clpr i Cdecieased space FequTemenis ), recuced POWRT regiuire.
menis, redueed c;-ig;):lai Al GPReiatiag cOos1s, and i's'npz‘(wttii [Oéergnee o i'::ii:ilii)s‘r:z WAV
mcten sifeors Phese adventages are achieved through 4 iwo-cell, mechanmical, cylindii-

cal gas Hotaron ST T TEI SR CRT R TIE a;waa‘;’ baftiimg design o IIBNTUZE S iace wave aciion
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Dial and/or intermitient jevel control in some embodiments wall ensure proper rotor
sehmergence of the gas ingesting mechamsm and provide a stable level at the froth
surface 10 aliow controlled skimming and enhanced performance. titiciency s further
mereased by using a common skimming collectnion manifold et channe! between the two
gasitication chambers. Use of draft tubes 1n connection with the gas ingesting and mixing
mechamsins muninuze shorn-circaiting over a wide range of capacities

In the foregomng specificanion, the mvention has been described with reference (o
sprectiic eirbodiments thereof, and has been demonstrated as cilecuve w providing a
mechamcal flotanon system tor removing suspended matier Hom hqauads, However, i
witl be evident that vanous modifications and changes can be made theiato withowt
departing from the broade; spror or seope of the invention as set forth i the appended
claims. Accordingly, the specificanon s 1o be regarded 1 an lustrative rather than a
(esirictive sense. For example. the distances between the panmitions and the volumes of
the varous chambers may ve changed or optimized from that 1liusirated and deseribed,
and even though they were not specifically dentified or tnied 19 a parucular apparars,
would be anticipated 10 be within the scope of this inveniton Similarly, gas inpestion and
g meshawsms, and ievel vansimiting and control devices ditferem from those
Hiastraicd and deseebed hece i wonld be expected to find unhity and be encampassed by
the appended clasms. Fuither, hguaid level control and skimming end coliccting patierns
or protocols different from those esphicitly deseribed here may neverntheless tall within

the scope of the ivention

§3
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we Clain.
An apparatus {or remuving suspended matter from a hiquid, compnsing

[

a)
br)

a vessel for recetving a flow of liquid having suspended matter thesein,

a plurality of partitions sequentially dividing the vessel into an inlet chamber, gt
least a tirst gasificanon chaiuber and a second gasification chamber, and an outlet
chainber, cach adjacent chamber fluidly comnunicating with oae another;

a Jischarge chamber having a fhuid commuamecation with the outler chambey

an slet 1o introduce the flow of hiquid 1nto the inlet chamber,

4 mechamsm for mgesnng and muxing gas 1nto the hgind of eacn gasification
chamnber 1or creatiug a wirbulent area and for attracuing the suspended maiter and
for carrying the suspended maner to an upper portion of the vessel, the imerface
of the gas aad ligdd beog @ hquid level,

a prisnarvy skun coliecten channel extending at least parially aiong the 1op of the
partition between the first gasification chamber and the second gasification
chamber tor collecting suspended matter in the upper portion of hoth gasification
¢hambers;

s confrolier tor reguiating the height of the hquid level in response 10 the
niovement of the veussei; and

an outlet o removing clarified liquid from the discharge chambe:.

The apparatus of clmm | {urther comprising a control mechansm {or controlling the

quesd seved inhe st sind sceond gasification chambers by regalating How through 3

celve in the Dwd communivation benween the outlet chamber and the discharge

Ui,

The upparatis of claim ¢ further comprising a control mechanmsm tor controtling the

hquad tevel 1 the discharge chamber Dy regulating flow throngh a valve in the outlet

from the discharge chambe:

~i-§_§§ tpi)&rdu}& (}f (_‘Eaun ; !1!?"‘1?! i."()mpﬂs‘n:‘:?v

14
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1)} at lzast ene baffle near the primary skun collection channel 10 dampen motion of

the Higuid caused by movement of the vessel.

"The apparatus of claim 4 where the vessel has a horizontal plane and where the baffle
17 extends neavardly o the vessel from an intenor top surtace thereot 10 3 lowermos
distal edge, where a ine berween an upper edge of the nnimary skim collecnion

channel and the distal edge of the baffle )) forms an angle with the harzontal plane of

berween D and |9

An apparaius for removing suspended matter from a hquid, compnising’

3} a vessel for receiving a flow of liquid having suspended mater theein,

by a piurahty of parmons sequentally dividimg the vessel i an ilet chamber, a3
feast a first gasification chamber and a second gasihcation chambeer, and an outler
chainber, each adjaceni chaoiber thundly commumcatag with onc another,

¢) adischarge chamber having & fluid communication with the outlet chambrer,

4} an nlet 1o mtroduce the Now of Liquid mto the 1det chamber,

ei w mechamsm for mpesting and iniximg pas into the hquid of each pasificat.on
chamber 101 cresting a surbulent area and for attracting the suspended inatier and
for carrving the suspended matter 1o an upper porion 0f the vessel, the miertuce
of the gas and liquid bewng a Liguid leve,

) a pranary skun cellection channel extending at least partiaily along the 1op of the
partition between the first gasification chamber and the second gasiiication
chamber for collecting suspended matter in the upper pornion of both gasification
chambers,

2 5 seeoadary skim cetiection channel, independent of the prmary Jhanne! ) ocated
4 e uppeed porhion of the inlet chambes

by g terneny sk collecnon chianncel, independent Of the prunsry and seconGary
chianacls, lacated in the upper partion of the dischaige Charnber,

O s ot Tor removing Clinfied tiquid from the discharge Clisinber

a1 deast ane baffle neer the prusary skim collechion channe! 1o dempen motion of

e tigad caused by movement of the vessel, and

B
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23 L) a contro! mechanism for controthing height of the hquid fevel m response 1o the

2 movement of the vessel

7 ke apparatus of claim 6 further compnising a control mechamsm for contiolling the
hawd tevel an the fiest and second gasification chambers by regulating Now through a
valve in the fluid communication between the outlet chamber and the discharge '

Cnlamber.

8 The apparatus of clairn 6 where the vessel has a honzontal plane and where the baitle
1 extends inwaidly into the vessel from an intenor top sur face thereo! 10 8 lowermost
distal edge, where the hine between an upper edge of the primary sk collecuon
channe! and s dsial edie of the baftle §) forms an angle wath the horizontal plane of

hetween Y and 137

i 9 A method for clanfying Lgeid from suspended maner, the method compasng

J a) providing a vessel having a plurahty of partitions sequentially dividing the vesse
3 nto an inler cnambey al least a fiist gasificanion chamber and 4 sccond
4 casification chamber, and an outlet chamber, each adjacent chamber tladly
§ communicating with one another, and a discharge chamber in Huid
& commynication with the outlet chamber,
7 b)Y introducing a flow of Jiguid having suspended matier into the inlet chambey
8 through an nlet,
G ¢) intraducing a fiow of pas into each of the first and the se ond gasilication
H3 charnhers for creating a arbulent area, and for allowing the gas 1o auract the
?} suspended matted and carey 1110 an upper portion of the vessed, the mterface of
® e zas and Higusd e a higuad level;
= 4} matriaming ihe Bigoid fevel below a proamary skhim cobteanon channc exiending at
| leas: paraily along the (op ot the partinon betwesn the FI0SE patsiticielon cramber
B and the second gasfication chamber
¢ =y fetenmtterady satsine the hguid level and cotlecnng suspended atiar in iha
P orinary sk coileeuon channel; and
| ¥ 5y reinoving clanified pgud from the discnarge chambey

16
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10 The method of ciaim 9 further comprising controlling the hquid level i the tirst and
second pasiiication chambers by regulating flow through a valve in e thuid

communication hetween the outlet chamber and the discharge chamber.

. Tre method of claim 9 further comprising controiting the liquid level in response 1o

e movement o! the vessel

12 The method of clarm 4 further compnsing comrolling the hguid fevel in response 10

the gnich or roll ot the vessel.

i3 The mathed of clamm 9 further compnsing controliing the hiquid fevel in the
dischaiee chamber by regulating flow through a valve i an outlet frora the discharge

charebur,

1g The method of ¢laim 9 further compnsing.
) damprening the motion of the hquid near the primary skin coliection channel with

at teast ore balfle

15 The method of claim 14 where g) dampenimg the mobion of the Liquid near the
> ) e ) X - i . ! o0 SR S , F . A
samary skim collection channel 1s accomplished with ai least one vattle exteading
mwardiy into the vessel fiom an inierior top surface thereot, the batftle having a
iowenmost distal edge, wheie a hine between an ypper edge of the pnmary skun

coliecuion channel and the dista] edge of the baffle, forms an angle with a honizonial

olane of the vessel of between S and 15°.

& The method of claim 2 where the residence ume for each gusilicanen chamber iy

between < O and 2.5 minuies.

: RS . - - P S S PR "'I _— fe s p . T ' i y g N ¢ . .. . . - ., .
¢ The meihod of Clapn Y funther comprising collecung suspenaded mattierin s

secondary skim colledna: channel, independent of the primialy Channed, located in

— el -

|7
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the upper portion of the indet chamber.
15, The method of claim 17 further comprising collecting suspended matier in a lertiary

skim collection chaanel, independent of the prunary and secondary channels, locared

n the upper ponion of the discharge chamber

18
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