WO 01/ 32562 PCT/ AU0O0O/ 01331 -1- TITLE Inprovenents in flotation/
fractionation systens for treating liquids and in separation of liquids to-
be treated thereby FIELD OF THE INVENTION 5 This invention relates to an

i mproved cQpd bidased’ F angenent for flotation/fractionati onpeysinmesi
incorporating a reactor vessel and a paryicle separator therefor. The

I nvention has particular, but not exclusive, utility as a protein skimrer
to suppl enment the treat ment of | i qgui d containing biomss and waste from
aquatic species within a holding tank. TIBLEhr oughout t he speci fication,

unl ess the context requires otherw se, the word "conprise" or variations
such as "conprises" or "conprising", will be understood to inply the

i ncl usi on of Imprevementsi in cliiptationvfraptionationt systemgefer Hraatingt liquids eard uldi on of
any other in r BACKGROUND ART 15 The use of
flotati on/fré PX\?‘E‘H@%@&%&W ﬁegﬁb%?%tl ng a reactor vessel to function
as what is commnly termed "a protein skimer" is known in the art of :
treating water for sustaining aggapiGSE INVENTIORe! di ng tanks. An exanple
of one form of pr ot ei n ski mrer —'Usenérertﬁtcﬁ'em described in US patent
4,834,872. This 'type of protein skimrer provides for the after treatnent
of I'i qui dsci TNl alriBnfish t NSKRST AYON aRY FRFHYEAY Edntidl t NaRii@RRerandfo

renovi ng residual biomass and nitrite to the extent that : 1t'-can be -fed
back into anfifgiRiviraghopatiomsysters fneomarating: & tfeactpr yigsaelwasd t akeartielgr
treatment. Vddeshtof '?I‘\é?efo‘?rg’hgfmwrﬁ A HasS rﬂHﬁér 'b% ‘?{Oi: eéigfu‘é?vef %ht UsfaWi th
smal l er types of aquaria, due e Co exit esi gn, 'S not

sui t abl e f or Ploteiatskitgmen kp supplement; theatreatment ofrﬂsmdfcqntqmng bl@maas &vdar e

i nvol ved 25, \k ng tanks for aquatic species.
Thi s Sheet Has tEeen E%'g‘ﬁ %&b{éﬁpﬁﬁr{é‘b&ﬁp&%ﬂ{ 111 1111 WD 01/ 32562
PCT/ AUOO' 01331 -2 In Iarger tank systens, a sinpler formof protein

ski mer  desi YRroughatiti theZ&sbcifRatiéi tnless the context requires otherwise, the word
“comprise” or variations such as “comprises” or “comprising”, will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of
any other integer.or group of integers.

BACKGROUND ART

15 The use of flotation/fractionation systems incorporating a reactor vessel to
function as what is commonly termed “a protein skimmer” is known in the art of
treating water for sustaining aquatic species in holding tanks. An example of one
form of protein skimmer used in the art is described in US patent 4,834,872. This
type of protein skimmer provides for the after treatment of liquid circulated

20 therethrough by charging |t with ‘oxygen and removnng re5|dual biomass and nitrite
o to the extent that it can be fed back into an aquanum or the Ilke from which-the
liquid was taken for treatment. Whilst this form of protein skimmer is effectlve for

use with smaller types of aquaria, due to the complexity of its design, it is not
suitable for treating comparatively large volumes of liquid, such as are involved

25 with the operating of large holding tanks for aquatic species.
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ef fectiveness. Two exanples of prior art systens used in |larger tank
systens ‘are schematically shown in Figures 1 A and 1 B of the draw ngs.
Figure 1A shows a protein skimrer design involving the use of a single punp
11, 5 whiGhopiHsiee |iquid via an inlet 13 froma hol di ng teerubde13dhe
outlet 17 of the punp 11 directs liquidia a convolved pipe arrangenent
19 into a nmain fractionation colum 21 of a reactor vessel 23, at an

internedi ate rpﬁ%ér‘tﬁk aiéiﬁ%ler-m‘?ngf téth SRINTRETEdYsights UiRRIdORF 8o&ts 2
venturi 25 in Seiies tHerewt I njecting an ozone/ oxygen m x via an

inlet line 2¢ﬁ¢¢tb'ﬁnasscd'mleﬁi°§mfo@ systemstuser dovargeniepk siatepspare
arr angenent {a‘?e(;ﬁ&ib%ﬁﬁaﬁakﬁbhhp&%st1')?aﬁd qg%w&;a% ol um 21. The reactor

vessel 23 inc es an’ aggregatron chanb surnounting the fractionation
colum 21 for collecting foamgenerated by the injection of the liquid

entrai ned w Fﬁbdr@%%%@isﬂb&ﬁﬁ skiffmér d%éndﬂ fvbRihg thé%%&'o?ﬂﬁﬁi Sg?élpﬁﬁipufm 21
and the perneation of liquid wthin the colum wth rising bubbl es of

thi s gasedus which pyraps liguid Mia ap lpliebé3a‘nom@ boldingctesly 11507hﬁé)lﬂ9§é7cﬁf thee
fractionatio R ¥: from
t he reactoere sgrmd%ém ({returae;\%{b%{’o t l{)chdl ng Qern?{nttlS 1 o (?egt%lﬁbed
in US patent fmcmwatlgnzcolwmmea‘ arl@ammehﬂé rﬂttaratletennednatealppwgn by

t he oxi di zi n%é;g%lgrﬁ% -@{1 % ﬁg a%ﬂﬁ@'ﬁ ﬁﬁcg'%?#ﬁé%a%@éﬂs% nggﬂlil?]r[e%ﬁh 20

fractionation co any resid
resul t ant f feminjecting anl ozonke/oxygendnixiWa aolinletlired27from a commmﬁcbmurcen

Sharber 2 o0, ARSI neChobi e s, HGROGARNChio B Baeibhelin
resi dencyI ti wolumevedl. oThei tpafc?brvwee*.seh 23le|ncludestam awegatimncbhlamtielrpﬁet ant
L0 onL ot LSl A R b SRS, Ban Spodl By e
t he reactor vugectioh. of hthepliquid léntrdined aivftlecm okend/bxygenaigas omik iinto dhe

t hrough the_ve tur| 25 and the a unt f 0 o e nd. x en as dr awn
into the ||(5racﬁo ﬁ? be perpeq Qgt%f iqpidw U%‘g lésmg

venturi, {8$e bgbbiet e:f th|§ gaéubus\mﬂdur@ A owtke? meaarﬂus%hﬂeaeawtﬁd*ﬁselatﬁé awn
|ntotheflo urther the 30 faster there?A%%nt fl de0W|Htothe
fractionati ogaé’g H"'Q“ Zihio FneeNecthe lower dreal ﬁ'QWO gframdhen ¢ he

fraCthﬂathﬁe@tﬁbNﬁ%eelTiB?arﬂinh .tqatwaolmﬁghamﬁbe This Sheet Has Been
Repl aced ~I | ~~I

As described in US patent 4,834,872, nitrites are reduced and nitrates neutralized
by the oxidizing effect of the ozone/oxygen gas mix bubbling through the

20 fractionation column 21 and any residual biomass is adsorbed to the resultant
foam floated and ultimately collected within the aggregation chamber 29.

The throughput of liquid through the reactor vessel 23 is determined by the control
of the pump 11. The throughput effects the residency time level of liquid within the
reactor vessel and is important to control to ensure that sufficient time is allowed
25 for liquid to be eradicated of nitrites, nitrates and biomass whilst it is resident
within the reactor vessel. The pump 11 also affects the flow rate of liquid through
the venturi 25 and hence the amount of ozone and oxygen gas drawn into the
liquid flow. Essentially, the faster the flow through the venturi, the greater is the
volume of ozone and oxygen gas that is drawn into the flow. Furthermore, the
30 faster the resultant fluid flow into the fractionation column 21 is, the greater is the
turbidity caused within the fractionation column. The amount of gas within the
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WO 01/ 32562 PCT/ AU00/ 01331 -3 reactor vessel 23 determnes the head .
pressure of the columm and hence the resultant level of liquid within the
fractionation colum 21. Accordingly, it is desirable to nmaxim ze the flow
rate of |wewisksshir ough the venturi 25 as the venturi i pcraveeeadll y
restricts flowin any event. It is alsogdesirable to fix the |evel of
liquid 5 within the reactor vessel 23 so that its surface is just below the

junction belgubh vebdet z‘sraatehﬁma& itRe r@abtﬂmss%}e B %hée f&l@aﬂ dNdriee hBamber
29. This faciljtates gre gation of foamw thin the aggre atlon

chanmber 29 RaWt %ég!el @f tiquid swithia thet fragtignation: cpluqnm c21urmo@aa Itylsdur i ng
the treat nEﬂBS!rEBI@%'%h@%E 'le@wtr%i%Pfe‘Il i hfl\ Rf]éﬁl?urigstag%e %h’tﬁﬁs with

this systemis that I' S not possl 0 contto operation of the
punp 11 i n iptingicalby r@&lﬁmﬂ@wam annﬁvenfe itda elsecdesirableripl fncetmselgveipf iliguidar e

optimel | ¥ Sgknin ?r?é’ﬁe%k:ﬁir g&g&%% 4d thiaf |t§‘§8ﬁ§c°e6‘ié§|fx§tcbe?éiﬂﬁé u%EﬁorPﬂétﬁ{éEFéer and

not anot her |n or I eve optinmum operating e ency o)
syst em Forthextactivrationtaelurnn 21 sandethieraggregation chambiep 89t Mhisffacilitatesttbe of t he

l'iquid thro ﬁgny A ey

I ntroduced é’ﬁ?%g%l{c}ﬁ of wétgﬁﬁlo'n%%ggpeﬁa%%Ehérngelr‘%ﬁoér‘rﬁ@éé’é A5 on %ﬁddg qT otation
pur poses, ttoilesenliguid esnecessarily duringgthp dteabeentdractiondtiostfloatafionipeodessel  of
liquid within the fractionation colum reducing. This is due to an

i ncrease in the head E)ressure of the reactor vessel provided by a direct
i ncrease i nAtiiebleax that @risgs yithothis gystemuist that it is dnoj possible thicantreldhect i on

1 1 quing | Gibich] Sttnd BB H11R aHBARK Sotharlals b Hrrieferk rucEld by ow the

20 junction ween t actionation colum ggregat i on chanber

29, resul taepptimally sel gseerially whan ibis necgssaty mawystarwp@'en@;ertamd nghs i x
and not al laﬁchertllt?ﬁfJé??tf'h ?@%&H\H&nhﬁggﬁnﬁ%ﬁm g %fh%% ferfld9r €gati on

chanber. To optina I qui iquidin the
reactor vessel needs to be at a naxinmum 25 Conversely, nmaximsing the

level of |ipg &dﬁldl@'\ﬂhéﬁﬂ i$ Basitadle tbeﬁr%ﬁlk‘mz”étﬂeeﬂ&# 'i'été dfhﬁe lifli@hroagle of
liquid entering the fractionatjon colum 21 to be reduced to an extent

that the rateoVemtugadstte maxmige; the; yelume M@sedl?!ﬂgs intrrdused ginte d8& ur e of

liqui d qEhefgianatith sblumis 24 fier bs.\é%bntéhdrﬂ&&ﬂonTBuébosamevseha rRSUkGS i n
reduced turbidity and aeration o ozone and oxygen gas to

proper | y t r#wughput beiggiteo iﬂﬁttﬁ@r@ﬁrﬂwﬁlq\’ﬂgu'&hwﬂ@@ ithe Hagtionatien ses,
due to the ragthhaPhisd$aU8a8%n Merease in the head pressure of the reactor vessel
provided by a direct increase in the ratio of gas to liquid within the vessel. This
reduction in liquid level will cause the surface of the liquid to fall well below the
20 junction between the fractionation column 21 and the aggregation chamber 29,
resulting in a reduced volume of liquid being treated by the gas mix and not all of
the foam being able to be collected in the aggregation chamber. To optimally
treat the liquid, the height of liquid in the reactor vessel needs to be at a

maximum.

25 Conversely, maximising the level of liquid within the reactor vessel 23 requires the
flow rate of liquid entering the fractionation column 21 to be reduced to an extent
that the ratio of gas to liquid in the column reduces the head pressure of liquid
therein and allows the level to rise. This, however, results in reduced turbidity and
aeration of the liquid with ozone and oxygen gas to properly treat the liquid

30 therein, although residency time increases, due to the resultant decrease in
throughput.
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t hroughput. This Sheet Has Been Replaced Il Il “huH T WO

01/ 32562 PCT/ AUOO 01331 -4 Although a reasonabl e conpromi se may be able to
be achi eved, the problemis exacerbated further by the fact that the
degree of fv@@mmg,;zt hat occurs to allow adsorption of bioresavomoBziam and
thus lifting of the sanme out from sol ut o is dependent upon the anount
of protein containing the nitrites and nitrates In the 5 liquid. The nore

protein therﬁlth&:dﬂ"atréé’sdnﬁﬁlé' '%d?'ﬁleo bleSto! B 4cHibRld, & Brobién i9e
of P‘Béu &ﬂg

fracti oned and floated out more foamthére Is generat ed.
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di r:ation
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ef f ecti ng t hdependent upen the: acwunof pm‘teierwmammg tluﬁf nltnitqalamdvmmauea ln rilae
t
Leacur 58 SHuidorne B B BherBls I fhe'indihing o fror ik tffi igtedds (1S
col um. Thi sbefrctiemed andaﬂdatedmﬂof thet Irmnththéenmres‘bammtberejlsgeglgratmmr:s| n
Fi 113 b n t he
Deattr 25, "t ABelihe WelR YR I fia 8 AfbdpREAR B tquale shafss adnd S .
dit screte r ectkge;hdl?hg tamkpl §) @nd itatally i hdaﬁendvrng?fe)tshbaip:eraénorlua émnnde‘r)]?m mg%'él?ﬁ .
ITS Own u 1.S econ
oo o PR nepd . diSege Bi Boritel iRe Purn, SMadiRe REREPBIt Bid FRRC beand
pﬁ rrpI det Ie|r0mf mdrbg ﬁrlecnrf Ilqaitdﬁmﬂ'fn tHetrelotof bésmg% A¥icu) cMﬁl!ﬂélluflthe?ﬁnvaFaie e tnlce
t he eve (0] | I N [ ea esse en
of the throub%@?h Rg%é%mntyﬁ $n %ﬁﬁ{ tq’ﬁ@'%@ﬂﬂéﬁ'eﬁ"egpfp pﬁnp

11 i s connectmfedigmhhe fractionation coI urm 21 at an internedi ate Iocation
36 along the colum to directly inject liquid to be treated therein. Thus
the rate of flow of this punp 11 determ nes the throughput and hence

resi dency ti ibisgiroblequisceddréssed it itliee proteihakimmes design sha\'imTlIiFlg“weH&w ation

Fr oot onat | off KIS coBvaes bip? ATBRORRGN (o IHaHLRG i VERrLER Ay of 8 i0etond
15 side of the pipe circuit and creating a discrete recirculation pipe circuit 33
incorporating the same, which has its own pump 35. This second pump 35
operates quite independently of the main inlet pump 11 that controls throughput,
so that control of the second pump determines the flow rate of liquid through the
venturi 25 and hence the level of liquid within the reactor vessel 23, quite
20 independently of the throughput.

As shown in the drawing, the outlet 17 of the first pump 11 is connected to the
fractionation column 21 at an intermediate location 36 along the column to directly
inject liquid to be treated therein. Thus the rate of flow of this pump 11 determines
the throughput and hence residency time of liquid within the reactor vessel 23.
25 The recirculation pipe circuit 33 has an inlet 37 connected proximate to the base
of the fractionation column 21 to extract liquid therefrom and supply the second
pump 35. The outlet 39 of the second pump 35 is connected to the convoived pipe
arrangement 19 incorporating the venturi 25. The outlet of the venturi 25 injects
liquid into the fractionation column 21 at an intermediate, albeit lower, location 41
30 than location 36, where the outlet 17 from the first pump 11 injects liquid into the
column. This allows the untreated liquid delivered via the first pump 11 to be
permeated by the rising gas mix injected from the outlet of the venturi 25 at
I —
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punp 35. The outlet 39 of the second punp 35 is connected to the convol ved
pi pe arrangenment 19 incorporating the venturi 25. The outlet of the
venturi 25 injects liquid into the fractionation colum 21 at an

i nt er mrediwbausdkPeit |ower, |ocation 41 30 than | ocati opcBAyOMM¥de t he
outlet 17 fromthe first punp 11 injectss- liquid into the colum. This
allows the untreated liquid delivered via the first punp 11 to be

per meat ed Kyeati6N 44) mba%sa@ﬂaermmw Withie thd £dliinh 6 eRlARG cotitadtibetwesr uri 25
at Thi s Sheet Has Been Rep aced I'IT1TLY 111 FTTLETTEIT LT V\Fh 1/3 562

pCT/ ALJOOr m%éqwd and gastmisn 1he, repmﬂ%tmslwﬁeh@% tig @ddgd ganefit thatdt col urm
to enhance jgq aeé fri of |.auw WlﬁMhﬁ%a&bKvesE@P sreﬁﬁtdtély' |oﬂhé)n

circuit has t ene It t hat I NCreases resi ency tinme of

liquid wit rspaed rcé theaurw Weskhe ou@@pmpattﬂl 5 @pnmw@ed dpdbe base:oltheunp 11.
qne outl et gichSnatibn' P 33 Gb Felmlofe tRGIRARRIC frohl the rohbRF ye8d Ea0ne O urm

21 to renove treate fomethe reactbro ve return it to
t he hol di ngemankt01$ehéld!wtaa\ké5val ves 43 and 45 are provided on the nmain
inlet 13 and outlet 31 pipes, respectively, to allow for adjustnent of

t hroughput. Wi | st thls dual punp protein skinmrer design superior to the
previ ous sigwdatenalyas A3 %ﬁfe pravided gfithgymainyiaiat 1dand Q}E'ﬁfg‘gp P&F:

paranmeters gﬁj ﬁ%&lﬁ%@aﬁaﬁw&&us‘%@ﬁ@éf%mu&ﬁﬂmc' ency, it is not as cost

effective as oes require a second punp, which is not inexpensive. In
addition, it does require bal ancing by continual adjustnment of the flow

rate val vesyhist #§is duBEpaipiprotein ﬁumhmdbfdésigﬂus(tupeﬁdm o ﬂhbeprewousl singlegi ven
t hat the anmount of foQa r.oduced thr& essaré/ to ad § orb 15.bi onass

t her et 010 i PUTRETRMIN gllPwipg independe PRFAMEIEIS0 3ChiavE MAFYTY rent
via the fl Qpefiting effdierRy, ;t ONEN A8 cosildfﬁﬁﬁ\ie}’aﬁftfd@ék%cithfe)u@bmﬁd plwnp,ch i s

preferred to, be maximsed., In bot these protein ski, r desij t he
inlet 13 fMiigh F%“HBI“EG’?P&"?‘&%k"‘le B‘Fr’rﬁl QESc frgtga'%’fc'% %W%ﬁfpe The

pi pe_si mpl aghiatmant SR8 Wr&éw% s tHé optiludh Wivehoniiglie witkirditheg t ank
or within a Skimrer chanber into which |II%UId from.t he hol di r%g tdanh)flows

to be drawFolungin givrRn thatithe ameynt 4f feam. Preducest Hialils necessary
15 biomass thereto, is dependent on the amount of protein in the liquid. Adjustment

via the flow rate valves, however, directly affects throughput, which is preferred to

be maximised.

in both of these protein skimmer designs, the inlet 13 from the holding tank 15
normally consists of a suction pipe. The pipe simply has an open end disposed
© 20 directly within the holding tank or within a skimmer chamber into which liquid from
the holding tank flows to be drawn from the tank for treatment. The protein
skimmer is normally intended to supplement a primary filtering or treatment
process for liquid within the holding tank, such as a biofilter and simply draws
liquid from the same source as the primary filtering or treatment process, without
25 any preliminary filtering or separation stage. Consequently, the protein skimmer
can receive large biomass particles, which can be difficult for it to adsorb and float
out of the system. This places an extra burden on the efficacy of the protein
skimmer and in balancing the system to work efficiently to reduce or remove
nitrites and nitrates manifesting themselves as protein at the moleculiar level, as
30 well as removing suspended solids and solids from the liquid by flotation.
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skinmrer is normally intended to supplenent a primary filtering or treatnent
process for liquid within the holding tank, such as a biofilter and sinply
draws liquid fromthe sane source as the primary filtering or treatnent
process, wwdoid2s@5 any prel:imnary filtering or separati (CTHAUANE133]
Consequently, the protein skimer can rgceive |arge biomass particles,
which can be difficult for it to adsorb and float out of the system This
pl aces an extra burden on thpsdiOSBRE OF THEEINWRNTION Skimmer and in

bal ancing the systemto work efficiently to reduce or renmove nitrites and
nitrates mani festing thenselves as protein at the nolecular level, as 30

1L 25 oI Imetofote sl iy rin i (g .
S eet S e ce

T AUCO, 0138310 5 SpleEaRIRECHaTatRE SYRERTR ETIre (cosh Aitamvecend et

aspect of thmaphestah prior &R sistemsOf B iipdasiireinbBfory described. control of a

flotation/fractionation systemin a nore cost effective and efficient

manner than prior art systens of the type as herei nbefore described. 5 It
I s an obj &ct ltols amabjext cfsarothero@spdut of theeptesent inviention tto provide der ftlke t he

prelimnary separation of parficles ftroma liquid. to facilitate its . further
DT eat mene by Bl S8pdAeH oL bRES o & Javigds srcilipiedfs hrlSatment by
accor dance watflotatioa/fiaghieedtionfsystem o sthénineans.enti on, there is provided an

i nprovenent in a fractionationtflotation system for renoving waste such as

10 biosolids, nitrates or nitrites froma |liquid containing sane
conpri si ng: n faccardanceawithnorenlaspest of theapreagnfr ingenticn, tbémniseprovigedoamt i ng

the f ti i : N i | nl,et inletti | i iLd
e i ar g MeRlemt 1T sciofitofimblnh, S8R, feh rerinind Wihe' b %38 i ng
_the [ qui1@ t biosaligs, tll(;'trat_eisqo'r mitrM$meanﬂquiggmhtahkg isame“mna)_rk?ig: tah

t t . ucl] n a SucC as | r 0OX en 0J, ozon 1.1l 0O,, e
iquid | mediARIANGHan ol 4 helt pogrsdefin tharBber fuimoyating g Faciagtion,
col um: foarrcﬁlugga@ iliqadnelhmsmgmseﬁrr mirfgmm?idod:dr&ﬁmgt tiet vastet itneod tflﬁéam_ g
a regati on er.. an I qul ou e neans, utl.e I N reat, ul
P e basTantonation E8fumn: b Bwaps fompumping e Jiwe dhiawoR the Haui dniet,

means; gas injecting means for injecting a waste reducing gas such as air,

15 oxygen or ozone into the liquid immediately prior to inletting the same into the
fractionation column; foam extracting means to extract foam collected within the
foam aggregation chamber; and liquid outlet means for outletting treated liquid
from the base of the fractionation column; the improvement residing in:-

the liquid inlet means being divided into:

20 (a) a first liquid inlet for inletting liquid containing waste at an intermediate
location along the axial extent of said fractionation column, said first liquid
inlet having a flow regulator to control the flow rate of liquid being inlet into
the column thereby; and

(b) a second liquid inlet for simuitaneously inletting the liquid containing waste

25 at an intermediate, albeit lower, location along the axial extent of said
fractionation column than said first liquid inlet, said second liguid inlet

having said gas injecting means disposed in series therein for injecting
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the liquid inlet neans being divided Into: 20 (a) a first liquid inlet for
insetting |iquid containing waste at an intermediate |ocation along the ~
axi al extent of said fractionation colum, said first liquid inlet having
a flow regylpimE: to control the flowrate of |iquid bei pgriobemizstnto the

colum thereby; and (b) a second liquiggdnlet for sinultaneously inletting
the liquid containing waste 25 at an internediate, albeit |ower, |ocation

al ong the axial gyt %steofre&@d.ﬁq ges Gt ORRY u@u.dc@fum 'sB@sha aiclid ket | i qui d

inlet, said second Ii havi ng sai as injecting neans di sposed
in series ther enrwne@atqlmpl&rtto inetiing §alsﬁé'\§thlﬂ-§éid Béétlpnaélpn&els@n,l LIE T~ 11
WO 01/ 32562 PCT/ AUOO’ 01331 -7 said waste reducing gas into the liquid of

t he second | i qui | et inmediat riofr to inletting sane within said
fracti onat WHEreiR L V's'oﬂWéP'é'Fr?ﬁﬁﬁﬁ‘%‘?"&lieEP{ﬁ?‘gBHWP@%?ﬂsgr the outlet of said

Burrp nmeans; and wherein liquid within said fractionation colum is able to

e nmai ntai ne t an, 0 mum,l.ev to_en e.f vin S sor bed

Cheret ot o288 epA dovin By s ionate Foilfuris. 705 1 B apit R R ¢

g Sig gl \e,:; g éoatﬁnggﬁrﬁ:;&ééﬁggmg Mnﬁo\lxﬁymg?\vm a@svnt hlseebmmtt f () fcﬁagg'egtatetmlstald/\her eby
| in roat o e venturi to

per meat e afg9%oR el‘ﬂycﬁgp B%?ﬁ'ﬂﬁ?ﬂ alfst e passing through the

venturi. 10 Preferably, the waste reducing gas is a mx of oxygen and

ot ovi ded oo 08 Ui a8 a8 Fopibes Al Suhoreby Sald Rastd 10121 ©

bi osol i ds, reducirgt gas isodrawntiniot the throzinof the qemtdn to peaneatecarshaeratestheg a

fractionat i.on/f | t fractionation colum; a foam

aggregati orll' ‘éﬂgﬂﬁ{?ﬁ" iqﬁp%lérsﬂagﬁbg@ﬁgﬂé%a}e ‘?}Onat i on colum; foam

extracting means to extract foamcollected within the foam aggr egati on

chanber o adletela, SheibdtS redRANPadte b it dicgidid, |1 auid 1 rom the

base of racti’ onation colu onprising: inletting liquid
contai ning waste under pressure into the fractionation colum at first and

second i nt ¢y BBSHrahkce W bhoMer hEubt of Y BreBetARVeIttion] thers Repradided an
" improved method for controlling the removal of waste such as biosolids, nitrates
or nitrites from a liquid containing same using a fractionation/flotation system
comprising: a fractionation column; a foam aggregation chamber surmounting the
15 fractionation column; foam extracting means to extract foam collected within the
foam aggregation chamber; and liquid outlet means for outletting treated liquid

from the base of the fractionation column; the method comprising:

inletting liquid containing waste under pressure into the fractionation column at
first and second intermediate locations from a common source, the second
20 location being lower than the first location;

injecting a waste reducing gas such as air, oxygen or ozone into the liquid
immediately prior to inletting the same into the fractionation column at the

second intermediate location; and

regulating the flow of liquid being inlet at the first intermediate location to
25 maintain the liquid within the fractionation column at an optimum level for
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20 location being |ower than the first |ocation; injecting a waste reducing
gas such as air, oxygen or ozone into the liquid inmediately prior to
inletting the same into the fractionation colunm at the second

i nt er medi atwobn32862 on; and regul ating the flow of liquid reTagodoi3st at the
first intermediate location'to 25 maint-@+ the liquid within the
fractionation colum at an optinmumlevel for This Sheet Has Been Repl aced

LEEEEEETTT 1] lehbblNg RanBRmGRY Resie/ddsorisBhireto o ag aftdinfthe BgGiegatién Wast e
adsor bed theret B9 egate in the aggregation anber. Preferably, the
wast e reduci ng 53@ P& a m x of oxygen and ozone. In accordance with a

further aspect of the present |nvent|on there is provi ded an 5 apparatus

for separati [ e var mass or specific
gravity corrp'rgFésflf”lr?gi:]m’| g‘nec\g b r%#%%@éss#g W@‘yo IPRYPRY an 7908 eading wall with
a primary lip for | IC]UI d containing said particles to flow over into said
passageway;

said primr y‘rf%ﬁ&rd qU| mlj\ﬁrov %&aﬁgﬁ%@&?‘“ H‘VB @%Q@égq%y%e&%ﬂd (c)
a base cl 8si apparaisbior tsspa@tms diquidpeartainingaparticles eofatarging rmass quispedifiowi ng

into the pas ﬁ*@g said primary lip to fill the sanme and flow out
over the secg'%ga y I'Inﬁ}‘gm?'l ow diverting neans di sposed in said passageway

for diverting the liquid flow therein to create a convol ving recircul ating

portion of | amgRadloddaAyy %ﬁew&? h?hﬁ%ﬂ%‘) 9'155& %ll ey ﬁrﬁﬁﬂjrﬁgrfo

liquid within the passageway extra |on mea trac IC]UId
cont ai ni ng par Fpﬁiaégng)ﬁalld(ﬂﬁéﬂdﬁa?sﬂw ovep inte Sﬂid magway;r(b) aitradiihgwalhi n

d | |
of waste Lot aiedRBhayiptdigie Wher (e 80 primétGr T R by 8 85nd, ' °°
Pref er ablP, saioyt of said paseageway; amb(lcisa(baapclosm the boﬁmnlqisaqdlqassages/m;eed in
paral | el ‘and spaghghiE th&liy il A iRt tAE pa8SHeWay dVRF s& ! HMard lip 10\ Fi B | S

and base
same and flow out over the secondary lip;

flow diverting means disposed in said passageway for diverting the liquid flow
therein to create a convolving recirculating portion of laminar flow and a
15 discharging portion of laminar flow of liquid within the passageway; and

liquid extraction means to extract liquid containing particles of lower mass or
specific gravity entrained within said recirculating portion therefrom, leaving

liquid containing particles of waste to flow out of said passageway and over
the secondary lip.

20 Preferably, said flow diverting means comprises a circular pipe disposed in
parallel and spaced relationship to the longitudinal extent of the walls and base.

Preferably, said liquid extracting means comprises a plurality of rectilinearly

aligned holes disposed axially along the suction pipe at spaced apart locations

and suction means to apply a negative pressure to the inside of the circular pipe
25 to draw liquid from said recirculating portion.
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Preferably, said liquid extracting nmeans conprises a plurality of
rectilinearly aligned holes disposed axially along the suction pipe at
spaced apart | ocations and suction neans to apply a negative pressure to
the insi dgo@lsiske circular pipe 25 to draw liquid from perdussmsaicul ati ng
portion. This Sheet Has Been Replaced ~gz-~~~~ LI1lII1 11l 11l Il WO

01/ 32562 PCT/ AU0O0O/ 01331 -9 Preferably, the prefilter includes a solids

extracting preisbly) 2He pretitet rlh@l&desC@fsbl?dg Ie&ﬁa&the erienddhadng | &Y ikt ext r act
solids retained therein. Preferably, sal extraction neans is

u
connect ed tcgnfreptingithe caggading ﬂ%&?’@ﬁ?&t Mﬁﬁﬂ'gbw itherelfy st em for renovi ng
waste including said particles entrained 5 within the extracted liquid
t herefrom Pref r abl algfractlonatlon/flotatlo y,st efined in
any one of H -eéélﬁfl ﬁ'g (SaUpcioly eans, g sepRng g’?ﬁ a8 # dance

wWith a fUrtffé%f‘oﬁaﬂiéﬁﬁlbtéﬁbnfsbﬁteﬁfféﬁ?éiﬁovm?’%éfeqnclﬁdﬁﬁg eaidq:emads dmehmed met hod
for separating liquid containing particles of varying mass or specific 10

gravity @or\’ﬂh%ﬂhﬁgﬁ"tr@%ééﬂwﬁd eefBM containing said particles over a
primary lip into a passageway; diverting the flow of the liquid within the

Bnd o a SelRIPIErARY e erronRationbiation pistem 1a,4% aBRer o B bl e i ng

part icles Cﬁre&dﬂﬁ@jaﬂﬁé&& dfthe peseht inveritiovi ty ent rained 15 within said
recirculating portion therefrom and discharging Iiquid containing

particles of higher nmass or specific gravity entrained within said
di schar gi ndnmascondanceowith G fusthet appant af ¢henpresest insentioncther isyprovided BRI EF

dosion for "opPR BT Roew e Ui efhiafirtf paichs o SaRIgS ride %“%ﬂ?gg%ﬁpk“‘”“

i nl et; ¥ guwravityREonsprisingchemati c drawi ng of anot her known design for:
protei n skimrer which is characterised by a dual punp arrangenent and

recirculation circuit; Figure 2 is a perspectlve view of a tank system for
aquat i c speci eascading hqund containing said particles over a primary lip into a passageway;,

diverting the flow of the liquid within the passageway to create a convolving
recirculating portion of laminar flow and a discharging portion of laminar flow;

extracting liquid containing particles of lower mass or specific gravity entrained
15 within said recirculating portion therefrom; and

discharging liquid containing particles of higher mass or specific gravity
entrained within salid discharging portion out of said passageway over a
secondary lip.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Figure 1A is a schematic drawing of a known design for a protein skimmer which
is characterised by a single pump and inlet;

Figure 1B is a schematic drawing of another known design for a protein skimmer
which is characterised by a dual pump arrangement and recirculation circuit;

Figure 2 is a perspective view of a tank system for aquatic species;
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This Sheet Has Been Replaced 1111111112121 1111 111 1117 WO 01/ 32562

PCT/ AUOO 01331 -10- Figure 3 is a plan view of Figure 2; Figure 4 is an
end el evation of the tank system shown in Figures 2 and 3, taken fromthe
servi ces englogindsge tank and show ng the pl unbi ng arrangemperiavobonse

pi ping for the protein skimrer and tank.qgstem generally in schematic form
S Figure 5 is a cross-sectional view of the tank systemtaken al ong section
B-B of Fi gupRyude 3fid 8'pidh Gelof Eidur@2s- sectional view of the particle
separator; Figure 7 I's a schematlc di agram showi ng the principle of
operation of the inproved protein skinrer design utilising the invention,

and 10 Fi gur Fighré % i8ancerid edestion mefmﬁmgﬁ%%owmt@?mélﬁ aﬁa‘fs &RehON i N
accordance w th the enbodi nent. BEST OR CARR

| NVENTI ON Th&oBRte srrvges gpd of the fank anst Shqv\enm the plumhing @rraeg@mm@f thet n
reference topigigifer e protein Skimhé fdtahk Syt edlide ly lﬁssﬁ@]ﬁ‘éiﬁce@ n a tank
system f or aquatlc 15 species that is su f|C|ent y'large to efficiently
handl e vol unes of fish on a relatively large scale for confrercial purposes.
The tank $ysFigure$ isuberoasiseatidnal ¥RWCoHf thedank BydtoM ARG afohatsettion B-B of
correspondi ng | nt Sr nati onal Patent Application PCT/AUOQ 00800, which is
|ncorporated n by reference. As shown in Figures 2 to 5, the tank
system 101 conprises a Iarge nai n tank 111 20 that is divided into a

hol di ng tank n'ean are 17 b an i nner partition 113.
A pair of rﬁﬁ%%q%g%réf r’(be‘"bﬁ aﬁﬁth QTand 119b is provi ded
so that one buffer tank is d| sposed on elther Iongl tudinal side of the main

tank 111. Th?r#ﬁ%é? 2%’ iéo é%tlé r@%@%ﬁ? sﬂovrm' nt e Y|h8‘§E 3f %em%p Hﬁﬂ% aend

t hereof, whic ates mai n op nponents
These [ ncI udé’npl'DMe@P&ﬁ@BtSkmemrquismdﬁemmﬁdﬂ,hﬂdl (11l 1o 1l IHe. 5

10 Figure 8 is an exploded view of the actual protein skimmer design in accordance
with the embodiment.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

The best mode for carrying out the invention is described with reference to
Figures 2 to 8, wherein the invention is embodied in a tank system for aquatic

15 species that is sufficiently large to efficiently handle volumes of fish on a relatively
large scale for commercial purposes. The tank system is substantially described
in the applicant's corresponding International Patent Application
PCT/AU00/00800, which is incorporated herein by reference.

As shown in Figures 2 to 5, the tank system 101 comprises a large main tank 111

20 that is divided into a holding tank 115 and a filtering means area 117 by an inner
partition 113. A pair of longitudinally extending buffer tanks 119a and 119b is
provided so that one buffer tank is disposed on either longitudinal side of the main
tank 111.

The tank system 101 includes a main services area 103 at one end thereof, which
25 accommodates the main operating components of the tank. These include:
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WD 01/32562 PCT/ AUOQ 01331 -11- a pair of main punps 121 a and 121 b i
connected by a network of pipes on the inlet side to the respective buffer
tanks 11 9a and 11 9b and the filtering nmeans area 117, and by

corresponwd]g,sﬁﬁpes on the outlet side to the nmain tankp¢thvod®nss
recircul ating uid throughout the nmaigqtank 111 via the buffer tanks and

5 filtering neans; a supplenentary filtering nmeans in the formof a

o Ki ' : ; . ; :
Po treat | 'uf 5o ST mall e 1278 andCf218 coffidted Bl H Aol BibE0Gh W, 2oL
i s connect ed inlehside tadhe tespestivelbyifet Cankst1d9a and citiBbrandithe filteringxiheans i qui d

W h T uid oulieR: 7 B b eomPoeatirt BReqaln SBIGIRines e b WIS LT TS ' 75,
di schar gi ng ofoenecircatiting fieid thasughout the maire tariknt Bl viacthedhuffer ligmkshangr ot ei n
ski rrrrerngluri ng flotation//fractionation process; a fluid cooler neans in

the forn?of rEHNGEMCRASon systemincluding a cooler or 15 evaporative coil
175 di sposed in the discharge chanber 155, a condenser (not shown) and a

conpr essor .(n t X . ' opmr .1 i | d to an
out |l et pipe 1%@"6&%%%@?5? 'ﬂg?rgﬁ;m?hés @of@oﬁﬁﬁ%ft%é&%tsg%dﬂ% ?rr%g]a%é'r?ea 117.
The mai n punpeorigtisesya foami flotationfinastiofidtionesydtem to teatdigliek containingavastal | 20
the mai n t anfien 7 tiocella, et 85% Pt areHeh e 4 et Pum 195 Ton 115
mai nt ai Ns seprasiction pipe 141 ofeniiquid andpartitle sepaditorgl27ank 115 and t he
filtering nmeans area 117 and has a tank di scharge neans surnounted

t hereon. The tank di scharge neans incorporates the liquid and 25 particle
separ at 9¢ 27a didgchartgei chaimbibe <158, whiches \suppliediwitta flaidcdoullet Foontharproteip  129b

over which liguid fl . el gui ' . Se t ates

| i qui d cont ai %ﬁ'ﬁg’%‘ eV'%]i;P't?l%:qegyp%egie%Jgﬁﬁﬁhﬁ%@"@h@hgs%doéﬁéﬁ %IB I C
gravity of téutrgheed intd te wBier\byrthaeroteirt skimmer rdarigg fietetion//Mastibnatiort ai ni ng
relatively Iogvmggssss_ (o] S Thi s Sheet Has Been Repl aced

o a fluid cooler means in the form of refrigeration system including a cooler or
16 evaporative coil 175 disposed in the discharge chamber 155, a condenser (not
shown) and a compressor (not shown); and ' '

e an air compressor 156 which is connected to an outlet pipe 159 disposed
along the bottom of the filtering means area 117.

The main pumps 121, protein skimmer 125 and fluid cooler means are all
20 disposed at one end of the system 101, adjacent to the end wall 111a of the main
tank, in a separate services compartment.

The inner partition 113 maintains separation of the contents of the holding tank
115 and the filtering meahs area 117 and has a tank discharge means
surmounted thereon. The tank discharge means incorporates the liquid and
25 particle separator 127, which includes a primary lip 129a and a secondary lip
129b over which liquid flows. The liquid and particle separator 127 separates
liquid containing waste particles dependent upon the mass or specific gravity of
the particles. By virtue of this arrangement liquid containing relatively low mass or
[ —
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1212 111u1a11 1211l 1 WO 01/ 32562 PCT/ AUOO 01331 -12 specific gravity
may be treated by the protein skimrer 125 and liquid containing particles
with a higher mass or specific gravity may be passed through the tank

di scharge npggfs8&d over to .the main filtering neans 117. pthyaveepssat or 127
will be described in nore detail |ater, 45 _Thus the tank di scharge neans
effectively provides a knife edge by virtue of the primary lip 129a over

127 Lo di rectPRS gy ridhnd uRRRCH) R protdi sRiffrier, 126 BHE holiCetRAng,
L il g ?r ij plg rr;ammclﬁse\wtnamlgmret:\asmer smﬁmawltyirpambetpaaaw through tmhmésdl .
d:og posed Pn tdﬂ%héé ﬁr{é@@éﬂ&ﬁ?ﬁ@ g‘rh%fi'&'aggé%{snlﬁ{jvm e? eglgtgértl&ﬁic’:zgﬂl@ﬂistl ng
of a bi omass bealescriledip monewdetait latée. of bi obal Il s within which active

bacteria may grow. The bacteria feeds on and thus cleans water and fluid
fl ow ng throﬂ%g the biofilter of ammonia and nitrite, which is excreted by

the shel | f5 siThgs the tank distharge meanswifectiviely providesna Bnifé edge by virtusodftheg

Fanct i on- 1 or PREGdPe) 26h oval it Sl iy BRRl@Cind & bEdidiRar Ao CRdA] ], "
when |ive sp?hrpﬂgi%slthe semaramsea tomeleidﬂuld tor efther thgqsetHn shbmbrmﬁrﬁicr)]nﬂrne e

roa 117 1s SBRRE arhB b 801 I SU e ShophOal R arehEnl8 Vot er

123 to al | owshapeduprertdripiraysi48. cascade over the primary lip 129a. Thus,

t he di scharge neans relies upon discharging water 123 fromthe hol ding tank

115 in a continuous flow fromthe top of the holding tank 115, imedi ately
adj acent 1@ thiteringrmeens,in the foprpofer biofiten 13k isidisposed)in theaarea Nw The

descri bing t I'b‘?og*t ?‘r‘:kﬂlsadginB%tde‘él é&&*?étﬁpﬁf atidmals E%?ngﬁé gl rhumﬁﬁe??

in 25 Figure raw ngs he sepa or conprises an el ongate
passageway 1:b:mbaﬂew|thmd~rmwacu|\@m¢guamaygm haV| ng the primary lip 129a
di sposed at the top thereof, a trailing wall 137 having the secondary lip

129b di sposed_at the top thereof and a base 139 closing the bottom of the
passageway t dherbastesiaifrads pa@nd thus cleans water and fluid flowing through the biofilter

of ammonia and nitrite, which is excreted by the shelifish or other aquatic animals

15 contained within the holding tank. Thus, the biofilter 131 performs an important

- filtering and cleansing function for the water 123 contained within the holding tank
portion 115 when live shellfish is disposed therein.

In the present embodiment the continuous flow of water from the holding tank 115
to the filtering means area 117 is provided by filling the holding tank with sufficient

20 water 123 to allow it to continuously cascade over the primary lip 129a. Thus, the
discharge means relies upon discharging water 123 from the holding tank 115 in a
continuous flow from the top of the holding tank 115, immediately adjacent to the
primary lip 129a of the tank discharge means.

Now describing the liquid and particle separator 127 in more detail, as shown in
25 Figure 6 of the drawings, the separator comprises an elongated passageway 133
defined by a ieading wall 136 having the primary lip 129a disposed at the top
thereof, a trailing wall 137 having the secondary lip 129b disposed at the top
thereof and a base 139 closing the bottom of the passageway to enable the liquid

S

e
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This Sheet Has Been Replaced "I111I111 1111111 ~~~ Ilillll WO 01/32562
PCT/ AU00/ 01331 -13 flowing into the passageway over said primary |ip 129a
to fill the same and flow out over the secondary lip 129b. The suction

pi pe 141 ofsssepsed within the passageway 133 in paral petagdshissapaced

rel ationship to the longitudinal extenzof the walls 135 137 and the base
5 I1I39132| oser to the base and the trailing wall 137 than the to the |eading
wa [ : r and
Fanct i ons. a8 pasehaekly dlep Sairhdnie 2l AN s SR4 087 Ton
means. Theo@l axer thesacondaryllip 128bovi ded by the shape and positioning of the
pi pe within the passageway 133. The |iquid and particle extraction, on the
ot her hand, is provided b{ a series of 10 rectilinearly aligned holes 143
di sposed thalsuyt!@n Bing 14t ipidisposad within the Aassgaaway F‘é@df‘l?ﬂ@ lled Ahds yct i on

means provg dbrlélattlaﬁstﬁ;?”fd iHealbﬁgumml%n&%fﬁ%ﬁuéwsw%?taﬁﬁhsr&%%ure to

the inside of the circ draw I n romthe passageway. The
ho: lesléAS'ﬁB 432 dosssde the basez thﬂ trallmg wall 1975687111@ f@dhﬁﬁ@ﬁﬂ'"@%‘"t"%@ | eadi ng
wa a _ f 15

appr oxi mat gﬂd fﬂlﬁ'%ﬁé;e%zrg t ngb&eérjf‘lpﬁgs &%QLe'Apgrs?lg% Is%%f@gﬁfunﬁﬁ suct | on plope 141

relative t diveﬂmgvmeans anttia iguid and particle extractippmeans Thesfiawidiyersion isi n
and a di <RI MleRBying fishe it by ot ppsiiffie doBaddmaynisd BT 1 v
seloa{ at i onllmildfannl/vpeﬂlstenextaadti;mabhoﬂus bir'thandnus @rcmdedmbyha 2gries odfol i ds of
rel ati V8l
(oL Yo Y R o8 AR 114 Pl bt #3020 o
H OoW. . O11I:neatmm§ hhd suction emears piowidied ooy ﬂndnmlllarryghmmprﬂa& tdmawlyl ads wil |
irip or oy Radate SERERE Mo Yisad vt RY HirghiBF oSS RESRY i 'Buiioiioin 0 ' °
Ir gvver nwlanpassatgpe;teyleme boleyi14g are IdisppSed dmﬁuet halfoaf the \pipe: t41 cmfmrmhg

circul a i 0 Ni
in the rech}ec {"Qﬁ’éalpié‘?PBﬂﬂﬂﬁheer'évﬁere t e ?tqtgltﬁ'%:rga%l?ﬁ%n én@llet Iiefs143

15 approximately 45° from the vertical.

The positioning of the suction pipe 141 relative fo the walls and base of the -
passageway 133 is important in diverting flow into a convolving recirculating
portion 145 of laminar flow and a discharging portion 147 of laminar flow within
the passageway. This separation of flow essentially allows liquid entrained with

20 Dbiosolids of relatively high mass or specific gravity to be diverted around the rear
of the suction pipe 141 and into the discharging portion 147 of the laminar flow.
Once in this portion of the flow, these higher mass biosolids will flow out of the
passageway 133 and over the secondary lip 129b into the drip tray 149. On the
other hand, liquid entrained with biosolids of a lower mass or specific gravity will

25 tend to be diverted into the recirculating portion 145 of flow, where the positioning
of the holes 143 in the recirculating portion of the flow, extracts this liquid with its
entrained biosolids and waste from the passageway 133 and directs it to the
protein skimmer 125.

The spacing of the holes 143 is relatively close, for example, at 50 millimetre
30 intervals at the end of the pipe 141 farthest from the services end 103 of the tank
system, and gradually increasing in spacing to, for example 200 millimetres apart
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entrained biosolids and waste fromthe passageway 133 and directs it to the
protein ski mer 125. The spacing of the holes 143 is relatively close, for
exanple, at 50 millimetre 30 intervals at the end of the pipe 141 farthest

fromthe se‘w ? nd 103 of the tank system and gradualgefddaesnasi ng in
spacing to 0 exarrpl e 2000 milli rretresC@)art This. Sheet Has Been Repl aced

111111111121111111111211111 WO 01/ 32562 PCI/ AU00/ 01331 -14 at.the proxi mal
end of the pi S e t y of
on of 41 Dkl B o i, 88, R0 e F99ckE i, POLCTHY el NAbE 343
gg?engl ng u gmtpldallyeof)agtamtgmtq% hgﬁmea'es, Itdw&Veea:lvaf thes? Idlmagpthmmmayevpm, at grt

esired,to achi eyed a ar 0 atl e _shec a
is 5 accormﬂﬁ%ﬁ%ﬁ" %H@ it ﬁ(ﬁp égﬂﬁﬂ“gﬁ%e s?PaFE gf)osed
I medi a;ely &&lﬁ;de:td bep atchtbve? ahd.the’ panﬁbﬂlar fthep c;ft aﬁuatib)fl%p?ﬁbs Cl_hat |§I_ )
accomodates a re ace er e mat (not shown erein. e
upper drip t PS5PM gd?t?gﬂ‘ﬁ’gﬁ,\@ﬁrmﬂﬁz%“?ﬁﬁ the anterior side of the 'v' is
contiguous with the posterior side of the secondary lip 129b, whereby the
10 extractin ortion of,othe.lanm pnar flo t C .
secondary i 3“35% 'Eﬂ?’ 'If2t7t '3 dﬂ&&°se§§a'“g}?&'ﬁ'e'¥ﬁd“%§ﬁ{‘é’ @3 %ﬁﬁ%@%?g&gﬂggp t he
pozt eL i or of trtahemgswhmhm;arﬂmquaté?é?b replaceable Water p&m@abmjmabmmybwﬂ) mat
and the ante or SI t.ra

e 1493 .of t The, pa 133 e tray
149 are supp S bt Aun by 0% Bvsitionsy B et e Sedcn i dl Bt ingte Y o1,
transversel YCélﬁtiyﬂxobbaﬂkmﬁh@fpddté’ndrl h‘uerommmaénﬂr?auplmb widreby the
cross-brace 108 1.s fixed a%ﬂ‘ﬁ% end art|t|8n 113 gnd at the ther

end to tWe S¥FAAHNG;RASIOHP Mg ?"Hé’ ® taioRdes pverrine pegPNdane

cross-brace 3Q§ ont&tﬁ@h‘ldtC%@%hé’wﬁ%h?ﬂé@oﬁ%@ﬁraﬁlﬁngbafthQQm%tdrﬁﬁb@fﬂw| ar
recess adj acent to the partition 113 seat the passageway 133 therein

and a ' v- shafecondapelip 128b iforms adlapwhich gurmennts the, ratAnd ths yytedaresidg ace,

closer to thqsgidphe@dy. 111 a to seat the upper tray 149 therein. The
protein skinmrer 125 is'part of a separate treatnent circuit for the liquid
to supplenent the filtering function of the biofiiter 131. Moreover, the
protein The passageway 133 and the tray 149 are supported in position by a plurality of

15 cross-braces 108 which transversely span the top of the filtering means area 117.
Each cross-brace 108 is fixed at one end to the partition 113 and at the other end
to the outer side wall 111a of the maintank 111. The top of each cross-brace 108
is particularly configured so as to define a rectangular recess adjacent to the
partition 113 to seat the passageway 133 therein and a ‘v-shape’ recess

20 intermediate the remaining portion of the brace, closer to the side wall 111a to
seat the upper tray 149 therein.

The protein skimmer 125 is part of a separate treatment circuit for the liquid to
supplement the filtering function of the biofilter 131. Moreover, the protein
skimmer 125 functions to remove waste material such as suspended biosolids,

25 nitrates and nitrites from the holding tank. This waste is created by shelifish
excrement, parts or the like, and is in solution such as protein as well as in
suspension. The protein skimmer thus performs a supplementary filtering and
cleansing action to the biofilter.

The protein skimmer 125 operates by sucking liquid and waste particles from the
30 passageway 133 via the suction pipe 141 and an inlet line 151 connected thereto,
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skimrer 125 functions to renove waste material such as suspended bi osolids,
25 nitrates and nitrites fromthe holding tank. This waste is created by
shel | fish excrenment, parts or the like, and is. in solution such as

protein agoWphdkeas i N suspension. The protein skimer pdpisuisfzer s a
suppl enentary filtering and cleansinggction to the biofilter. The protein

ski mrer 125 operates by sucking liquid and waste particles fromthe 3

0
a4 . C bt ine 1 q
Fhor eto, Yoo ik AR 105, 38 3Gl pedéhbeR TR Il colirid vpdiel,
31/ 325gzdnbvnmm_wla liquid tinjet mpansxiol aanepcmmsselsjs&jsommis!nm_agyl ot
escri pea. it O I
reans o aradentse? ol Tl AliIR) B n IRZeTnef ik HES, " ©
sur nount ediigud ininjepied withi amozdrenbed oxggEn gas anix|anguwastestoi neduce addwi t h an

d . { | itrit
ozane, 280, AAHARES 99 i ARE AR EoBonle S PHmBeE S BERYPAR 3 e L1 1S
I Ihqlrjr{) d i 21:5 farmmeatttﬁgtgasf b diquidcinﬁeﬂalc_artd_bm!ﬂbakeﬂeoﬂf }ﬂ'ﬂdhd:ﬁllgcled wmygrthgat i on

anmber 1 n. thi,s man Jdiaquid is fractionate e
Croated i1 adracdeh ool Bae, s, rdther, the a0 s MBRITREE b B E® 152a
f1 (r) 0 _r|1_1h\gh$ (r) thl;]eeitEd :ie;qid gravitated tb the Hnﬂtdm?ﬂhagrdcﬂukad tllonaa:oatn?]ﬁ ?Maafromlt\?dﬁette rrga_ns :

cont ai n{r aine rotein and solids at is collected in

the ager chinehiedia e POkl 376 vBiatitehe sBlm MRshR ouc et pipe 157
periodically for subsequent disposal. The injection of ozone through the
wat t : Aat | I nacti ' t al
provi dag o o EBhERil e 8RBy picof pRF odifg HBF Te BileBledl 7 gLl 10,
be har nf ul aggregationachamiber 53bcis aautle\niai afoamastitied pipec 15D petibdicallyefoent

enbodi ment _| h Lgul ar arrangenent of the liquid inlet nmeans between
t he punp 1ﬂb§§§hﬁt%§pﬁ§bt i onation colum 153a. The liquid inlet neans

essentially conprises a branching circuit connected to an outlet line 159

fromthe py@ hiietion Né efhrdl hoc Spét f v 20 161
and is connect.'e%lé%'%a-gbffsidrigbél %ha‘]iﬂdg‘eith?et _%ana&6Wn%%?H§€%ghg ﬂécﬁﬁl d inlet
line 165 flotaticn/isaighatinn niepessThidt se pravidesna diltedrw ahuitrates and Bitrites qui d

cont ai RisN Y YfA%hEwater, which can be harmful to the aquatic species.

An important aspect of the present embodiment is the particular arrangement of
the liquid inlet means between the pump 105 and the fractionation column 1563a.
The liquid inlet means essentially comprises a branching circuit connected to an
outlet line 159 from the pump 105. This outlet line includes a flow regulator valve
20 161 and is connected to a first liquid inlet line 163 and a second liquid inlet line
165 via a coupling 167. The outlet lines 163 and 165 inlet liquid containing waste
at intermediate locations along the axial extent of the fractionation column 153a.
The intermediate location 163a for the first liquid inlet line163 is at a higher
position than the intermediate location 165a for the second liquid inlet line 165.

25 Flow control valves 191 are connected to each of the branches of the branching
circuit so that a flow regulator valve 191a is provided along the inlet line 163, and
a flow regulator valve 191b is provided along the inlet line 165, in addition to the
flow regulator valve 161 of the outlet 159 of the auxiliary pump 105.
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at internediate | ocations along the axial extent of the fractionation
colum 153a. The internediate |location 163a for the first liquid inlet
linel63 is at a higher position than the internmediate [ocation 165a for

t he second woguszséi nl et |ine 165. 25 Flow control val ves RETAHWIBZhnect ed
to each of the branches of the branchi ng166| rcuit. so that a flow regul ator
val ve 191a is provided along the inlet |line 163, ‘and a flow r egul at or

val ve 191b i Agasdnjedmg meangint the form of a vemtari 168 js incomddited into the inlet liné | ow

regul at or vaI t he out 59 of th uxi i ar Sheet
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einle i ne r jntroducin educi.n ch i.n the
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containing waste, imediately prior to entering the fractionation colum

153a at t ate lLacation l165a. 5 T

protein s mibh QUEDEoS! F DTS, KrPRer P3dies A, ilet Hipg 73 Mbich If

ou;I | g_t of theoiﬁrliebtéd tmm‘el %utletof thmfréﬂibnatwmnblmmm pradrriaﬁe twthe bdtoreof

an irects treate uid.to. .t arge cha 55, | pe

173 is al so &ﬂ‘%‘? Bd\ﬁ/qu’ﬁ Jr%&ﬁ!ﬂ'd ?ﬁi&\? &ig?@%&ﬁ%fné 15519 Lﬁ%ﬁﬁﬁ t he

outlet flow1g8 ié bisbprovided With & cartiol galaén@s el axmantlmatd oacrtﬂ\trfobtheensutlegas es

en_intr uce in ter duri

ch as ozone 10 _.and th
T o ot ony o1 Sow o Ahia Ba de seetorsgin eplicnh 1534 gnd i Vent isas Suth Bs 95are 155,
The di st &g ergd bkpgerPitrbdcedlintcctheWarer dmn‘gqhémmwfnabﬁbﬁammﬁr&@s@eant or

vessel into the top of the dischar chanber sho i schar ge
chanber 155 iit§ Vﬁﬁys%oglﬁddﬁ?hqr% ba %GT 18Re WGF% 'ﬁsa?l '&%rﬂ'p?o the

services ar e@ls‘éﬁgrgégfﬂuiﬁ‘%ﬁﬂﬁér Fb%c{dr%sgeltﬁﬂfd(tﬁeotdwéf Wdl?&héi'gég:hbﬁiﬂér An

i mportant feature of this arrangenment of the liquid inlet neans is that the
| evel of thd5Bi ﬁ%show.tmemrsqnérgee@mmer\méémpaﬁed/a? the-gnd, olibe hwlding

adj ustment o g f b @ hput ,
the latter bfé?ﬁn%ﬁ{etaejr‘é‘r%eﬁtgygﬁt Qérv%g%ﬁanr%é %ggg nd t tﬁ%@‘ﬁ%’%ﬁ?*?aﬁg 161

and contrti WaldingtapR. This enabl es 20 the pressure head within the reactor
vessel 153 to be varied so as to determine the level that |iquid reposes

within the colum, which is ?re_ferablg/ j ust bel ow. t he
An important feature of this arrangement of the liquid mlet means is that the level

of the liquid within the reactor vessel can virtually be set by adjustment of the flow
regulator 191a alone, without effecting throughput, the latter being determined by
the pump speed and the regulator valve 161 and control valve 193. This enables

20 the pressure head within the reactor vessel 153 to be varied so as to determine
the level that liquid reposes within thé column, which is preferably just below the
junction between the fractionation column 153a and the aggregation chamber
153b, without having to alter the throughput.

It should be appreciated that the scope of the present invention is not limited to

25 the specific embodiment described herein. Fro example the invention may have
utility in altemnative liquid treatment arrangements, where it is desirable to provide
a separation of liquid depending on the relative mass or specific gravity of
particles contained therein, or where a flotation/fractionation process is used to
treat liquid containing solids and waste.

30
This Sheet Has Been Replaced

(AT




junction between the fractionation colum 153a and the aggregation chanber
153b, w thout havi ngpt @ .ak8cel R lacet;nlroughput It should be appreciated that
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system for renidd Masles oM hfries fn:m\ ciiqh cofitalr Tn%r o&hgﬁ%iﬁgs al fom a

l'iquid containing same conpri sing rac lonati o
aggr egat i on dmtmatloaurq@lumn i rey ioam 5aggragatiamaa;hambaro|surm9uratlng| dbed inl et

means fe@r inl C tion
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gas injecti ngwas@mtoftbue fraq:tnatmg calumers t pump erdeamsngptgaampmhﬂm ligid, oxygen

or ozone int di r|or to th

fractionati Oﬁhrgg&lar}hgul Eim #" $+ n% %tfr@omfghgi? Qﬁ?‘t’tﬁl'ga%ﬁ&%?%gc? ed ©

wi t Ihi n the f mednchggggasgamcén?s ainaoxygen oanzio:?e im:]o tl}edlquideinmedlaﬁe!y prior to

outletting tr ui romthe base o e actlo n_c t he

| mpr ovenent I"ﬁgﬁ'ﬂg r*b 5. HEO Eﬁag{??rpﬁ%gp HRY: gxﬁ's‘%,n%eﬁ\egﬂ%jgn (c) a

1; i5r Ist hoqui d eixtr_bettfo%mrccllad:ted m:mm ﬂh'ecf?ém'i agylefga'tmnmgamt eamltl:qaid outletr (rjre]gl ate
ocation along the a ext t of sai racti.gna um, sai i rst

Ut il ednaS g ouBaigH, el iauh rord the heRE of A raciaRe BBYM i o °

bei ng inl et ithé Pnprovementiresidingver eby; and (d) a second liquid inlet for

simultaneously inletting the [iquid containing waste

the liquid inlet means being divided into:

(c) a first liquid inlet for inletting liquid containing waste at an intermediate
15 location along the axial extent of said fractionation column, said first liquid
inlet héving a flow regulaiof to control the flow rate of liquid being inlet into

_ the column thereby; and

(d) a second liquid inlet for simultaneously inletting the liquid containing waste

at an intermediate, albeit lower, location along the axial extent of said

20 fractionation column than said first liquid inlet, said second liquid inlet

having said gas injecting means disposed in series therein for injecting

said waste reducing gas into the liquid of the second liquid inlet
immediately prior to inletting same within said fractionation column;

wherein the division occurs after the outlet of said pump means;

25 and wherein liquid within said fractionation column is able to be maintained at
an optimum level to enable foam having waste adsorbed thereto to aggregate
in said aggregation chamber by controliing said regulator.
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at an internedi ate,” albert—tower,—+oeation along the axial extent of said.
20 fractionation col sSE) aﬁlsal d fi rst liquid inlet, said second |iquid

i nl et having said gas dlsposed in series therein for
i njecting wabIkest e “ nto the lIiquid of thePSEANRYOL i d
inlet imediately pr| g sat®-within said fractionation

col umm; wherein the di VI sion occurs after the outlet of said punp neans; 25
and wherein i o inprovéments as cldimedt inoclaim o witdreimnsaid gds injeciingemeans

mai ntai ned at an gptimum | eve e .foam havin ste .a

thereto to aggF@ﬁ‘Rf' spﬁ/egg é‘if&&é ﬁb‘ﬁﬂﬂerﬁﬁwg 9?9 Lsomﬁ'pyv& 'P&’@ Bﬁﬁ%&t
regul ator. , ~. of ie Mehturi td\péimheate and adkité thddiqLidHesnigininy Rapteapaskivd
01/32562 | 1111111 VI PCT/AU00/ 01331 IIIIII|IIIII -18 2. An mprovemant

as clained I n &rarghthe vgndirhi n said gas Injecting nmeans conprises a
vent uri V\/nereby said waste reducing gas is drawn into the throat of the

venturi pr ate and aerate the liquid, containin st e .pasgil rough
Uhe vent ul | 55 R Inroysmetth s SRmen el ° 2 ok s assB et b,
wast e reduc1 ng iganix bfoygenandfozonggen and ozone. 4. An inproved nethod for
controlling the renoval of waste such as biosolids, nitrates or nitrites

froma liquid containing sane using a fractionation/flotation system
conpri sing: 4. fArairhproved inmthm)lformuntmllmgatheaggloegamﬁ wastesucheas biosolids,

he . f f
ool oot ed ui ¢ s of Bitiles 3rk 8R! cdrRaibg Sardt L P A FabinpRofiibdoh | 0o
out Ihetjt ing t rea:tye«éni |a¢mmtsfngoml ftfi'aetigmatmn;)boluhm fa eto?moag%negatlmlahamber h;a
t ho risin i.nletting,.liqui ontaj nin e under nt o
The 1 actitPL: Ryifoyitherhs febuohalitn cighh toaht arqting B Lo fboh o
}‘ rornt a conmon sc?uécted witivin $ee oz abgc@auon chaimber;| Ak liquid autieh endanssfor t
ocation; injecting a.wa reduc as S s air.. oxygen e,into
the Iiquid J| MP&‘P&*&#M@HW%’" ﬁsﬁgé*(i\q% féﬁﬂ*@%"ﬂi‘&%ﬁw'q{‘% qﬁ% tion

colum at the comprising:

inletting liquid containing waste under pressure into the fractionation column at
15 first and second intermediate locations from a common source, the second
location being lower than the first location;

injecting a waste reducing gas such as air, oxygen or ozone into the liquid
immediately prior to inletting the same into the fractionation column at the
second intermediate location; and

20 regulating the flow of liquid beiﬁg inlet at the first intermediate location to
maintain the liquid within the fractionation column at an optimum level for
enabling foam having waste adsorbed thereto to aggregate in the aggregation
chamber.

5. An improved method as claimed in claim 4, wherein said waste reducing gas is
25 a mix of oxygen and ozone.

6. An apparatus for separating liquid containing particles of varying mass or

I

specific gravity comprising:




second i nt er medi am—%O_regul ating the flow of |iquid being

inlet at the first m;,glreg%glﬁte | ocation to mintain the liquid within the
fractionation colum ddevel for enabling foam having waste
adsor bed wbei/sisee t 0 mmm , e aggregati on chanbpcT/ABoo/edssti npr oved
method as clained in ei n i d waste reducing gas is 25 a mx
of oxygen and ozone. 6. An apparatus for separating l'iquid containing

particl es of ah3loH mdm Badhd:i(8) 8 leadingywalPwith lip forliqlid! huh
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| eadi ng wal | wintdacanddry 'lfBrdiSpbb@d deer'théWSeﬂd pﬁﬁﬁrﬁfd}'liﬁi}ldsté ifdwieVeriapdes to
fl ow over Into said paSsageway ﬁﬁa trail w th secondary |ip

di sposed | ow@kt ofifigid agﬁsagﬁwamny (e bawqpans %1& b@wrwésalaﬁasswauf sal d
passageway; ﬂﬂﬁ@ i pRARRP

enabl e }(Qﬁe I ?&qg?édﬂ% Fﬁé’@i‘ﬁg t%ﬂ@*‘%&%"%&%feés’gl Q pri %Wl I p to fill
the sane an@ame(ﬁnddlﬂNWéWetWG %@@@#amhy lip; flow diverting nmeans

di sposed in said passageway for diverting the liquid flow therein to
create a convol ving recirculati

ortlon of | am_nar, flow an
di schargi ng Heyidivting megns HE‘P"?&) SRid PASRAIGWAY er; divertag H&%@%My and 10

liquid extragidrem fEParsatd @ eshvolitg Irbslrbufhting NbeHtion W IBAIRArcAe #ild hower
mass or specific gravity entrained within said recircul ating portion

t heref rom | 8isghaging FPQﬂS‘P"HOdeW!ﬂﬁ" flowef figvid withinsthgpagsagewayoahd ow out of

sai d passageway and over the secondary lip. 7. An apparatus as clainmed in
cIa|m6 vvherelg Iowd|¥ert|nc(i; %

liquid ex ractlon means to extract liquid containing particles of lower mass or

specific gravity entrained within said recirculating portion therefrom, leaving

liguid containing particles of waste to flow out of said passageway and over

the secondary lip.

7. An apparatus as claimed in claim 6, wherein said flow diverting means
16 comprises a circular pipe disposed in parallel and spaced relationship to the
longitudinal extent of the walls and base.

8. An apparatus as claimed in claim 7, wherein said circular pipe is disposed
closer to the base and the trailing wall than to the leading wall and the lips.

9. An apparatus as claimed in claim 7 or 8, wherein said liquid extracting means

20 comprises a plurality of.rectilinearly aligned holes disposed axially along the
suction pipe at spaced apart locations and suction means to apply a negative
pressure to the inside of the circular pipe to draw liquid from said recirculating

portion.

10.An apparatus as claimed in claim 9, wherein said holes are disposed in the
25 half of the pipe confronting the leading wall to repose in the recirculating

portion of the liquid within the passageway.
—_—
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15 conprises a circul ar pipe disposed in parallel and spaced relationship
to the ’longitudinal Bt Sabk HafBetd¥@epdil s and base. 8. An apparatus as
claimed in claim7, wh il ular pipe is disposed closer to the
base and t i@ 611338621 Ng iﬂﬂlﬂlmﬂﬂfm BFe | eadi ng wal | and t heT/AUgEI3Y. An
apparatus as clained i _ , wpgein saird |iquid extracting neans
20 conprises a plurality of rectilinearly aligned holes disposed axially
along the suCAhQippatatss aé cRiMed dh et 10, aitiréifRaid Roles Weé idisposea s tHed
apply a negative pressure to the_inside of the circular pipe to draw
liquid from saFEPQ’él’:‘?F@%P Q"ibalfBBV\eiRjPﬁ- 10. An apparatus as clained in
claim9, wherein said holes are disposed in the 25 half of the pipe

confronting | eadi wal |, o repose ip, the recirculatin ortign of the
Ut 0 i ¢ hi 17 R cARbacats A gaintad, T Sim 1. Whetelt isrk hoies e Shsediebe.
Has Been Repl aggstodididiy 385freml the véRicaPCT/ AUCO/ 01331 1111111111111 [
111 11 11. An apparatus as clainmed in claim10, wherein said holes are
di sposed in the wupper quartile of said half of the pipe. 12. An apparatus
Z; ;:l ai rreﬁ im.Ahaéﬂlba}artgs\gerA@aimeaaird angl ek ch}irﬁ_scfs Zta_om,d vmereinpsfai@niqmgi ely
romthe vertical. .An appar at as cl.ai . in_any .of clains to
15, Wher ein SaPUrdghPaNS i PaRRCIRY todin ENetor B RRIOTRISTPENRN PYRET 10T o
fractionation/ tdrdvirtgd Wasty FcRilirfgOSaid e @ntamed Withih WS Retracted ligdld i cl es
entrained within the extracted I'i qui therefrom 14. An apparatus as
claimed in cl ath@ref®Myherein said fractionation/flotation 10 systemis as
claimed in any one of clains 1 to 3. 15. An apparatus as clained in any one
of clains 6 14, wherein sai.d secondary,.lip di.rects di schar liquid to
o (F1tering TEahsapAtiSts, B SimeR" Beh 19y, bliefeif i HecRSnetiiatc
filteringoneansystemds bé efaihéd in anylohe’ofataihed foB. separating |iquid
containing particles of varying mass or specific 15 gravity conprising:
cascading liquid containing said particles over a primary lip into a
passageway; 15.An apparatus as claimed in any one of claims 6 to 14, wherein said secondary

lip directs discharged liquid to a ﬂlteﬁﬁg means.
16.An apparatus as claimed in claim 15, wherein said filtering means is a biofilter.

17.A method for separating quuid' cbntainihg .particles of varying mass or specific
15 gravity comprising:

cascading liquid containing said particles over a primary lip into a passageway;

diverting the flow of the liquid within the passageway to create a convolving
recirculating portion of laminar flow and a discharging portion of laminar flow;

extracting liquid containing particles of lower mass or specific gravity entrained
20 within said recirculating portion therefrom; and

discharging liguid containing particles of higher mass or specific gravity
enfrained within said discharging portion out of said passageway over a
secondary lip. '
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diverting the flow of the liquid within the passageway to create a
convolving recirculating portion of Iam nar flow and a di schargi ng portion
of lam nar flow, extracting liquid containing particles of |ower mass or
speci fi c woaysisgz entrained 20 within said recircul ati ngcpauvboassit herefrom
and di scharging liquid containing partgql es of higher mass or specific
gravity entrained within said discharging portion out of said passageway
over a se ' . ; : ' 562
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of waste such as biosolids, 5 nitrates or nitrites froma liquid
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reference to > acconpanyi ng draw ngs as appropri ate. od for
separ ating | FERAYiROS@heRPEPHRIeparti cl es of varying nass or specific gravity
substantially as herein described with reference to the acconpanying
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specific gravity substantially as herein described with reference to the
10 accompanying drawings as appropriate.

21.A method for separating liquid containing particles of varying mass or specific
gravity substantially as herein described with reference to the accompanying
drawings as appropriate.
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