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WD 2006/ 064494 PCT/ | L2005/ 001332 BI OREACTOR SYSTEM

FOR MULTI - STAGE Bl OLOd CAL WASTEWATER TREATMENT FI ELD
AND BACKGROUND OF THE | NVENTI ON 5 The present

j ' relates to biological wastewater t
‘%@g@g’%?ﬂand nore particularly, to a bi breal{:(ﬁglﬁ‘%g}mn”
system for nulti-stage biol ogi cal wastewater

and 1 TOSHRIEA T Ro B SHEM FOREME T ST AR RIOKEREIE

spatial l'y segregaya®trWAYER TREAPVENT sm chai n
provides 10 conditions at which larger organisms

consune snuller ones. Such a. spatial mcroorgani sm
succeSS|on forns a b. ' ati on processes by
1- DrANEY B RQL} destruction of
téfls, and
S%@hfﬁ@%ﬁl%%ﬁrf%?*‘tﬁ ‘a@%%g?n A R
m(;r@dyﬁﬁ@}ulgﬂfmttd; ty wéresubplsystenblfomsln-&gﬂh biological wastewater
purification processes are suitable for é éh bi
treatuerit nbased r o |spatial EHerOREAARISEIS SYEKESTPRS @d oifPRIYR; yfiroblonts
hi gh I evel s of organic and inorganic inpurities.
ch racteristically, systems for wastewater treatnent
by RRtHoynMhaE 8 ¥peEdlly §@gr§%b@éd7&opli\1©| iftteodrgaismodhairs provides
havi ng nodul ar spati al” aerobi c and anaerobic units.
cofditions bitowhinht dargers qngmmwmwme aswakerr eneed apeh a spatial

miEIORGANS GFGERIOR Te o GaFY dofab AR PSRy eahs'BE both
aelitd mar%éa mbacisﬁugﬁol CEFﬁcr%{nt aRisise aAteresulb of heh of sSuebession

vari ous Tr Iters require a |arge
is af akceeasgd Bﬁicﬁémy&ﬂ‘dnadmmcqiardaunemdrﬁcmd@c gehqusmgity of surplus

RN SN ST e o
W nﬁea{rag?rél n Hgﬁgié ?éﬁ%ﬂﬂ?h%ﬁ@ga§ dfrbrgélﬁg%ﬁ ih&RdhRGimpurities.

|nc

ioreactors are nore
co ”@%ﬁiactéﬁ@ﬂ@a&@f systhay far ﬁaﬂmﬁas tresteent bp twphict microorganism
mechani cal 25 probl ens. is known that bioreactor.
chaipis ngclﬁde(wrwm hgesg bnmssnagalamw i Anger %r Each

| ow bi onass, i.Ngs I
biespauL R BaNAerbgh o ol SRy Ao HABEn Rt oxyeen level
negﬁéd R :R:ltﬁﬁ? lof theHhidk aGikRG a8l chikhcasedigadss exchange.
. bronass. heSe prior art fixed subnerged_bi gmass

bi oPgiac hﬂrbsomeqmsrwf&alﬁpnbvmmréwbaﬂél@ kbrigkling fHiges require 2
lareaaggceneyete rtepndary polluioR inchidif 630 Sddrk, bl Bract fies.

* Activated sludge processes generate large amounts of biomass that need careful
- monitoring due to sudden changes in biomass loading and plugging. Rotational
bioreactors are more compact, however, they are expensive and prone to mechanical

- problems.

It is known that bioreactors using fixed submerged biomass usually perform

~well at low biomass loadings, but are easily plugged by excessive buildup of biomass,

therefore, demanding periodic cleaning or replacing of the submerged biomass.

' These prior art fixed submerged biomass bioreactors require many bioreactors to keep

the loading low to maintain the purification efficiency. Consequently these
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WO 2006/ 064494 PCTI | L2005/ 001332 wastewater-treating
facilities demand frequent nonitoring, good control of
flow and | oad, and are expensive to install, operate
jntain. U S. Patent No. 4,005,010 to
Vglggog“ 42% a wastewater treatnent system habﬂyﬂlté'lﬁ@g/ﬁms”
sacks containing a biological nmedium The sacks are
apparently desi gned to.hol d, the.m.crobes '
waglhalgrisetng fudlives fand, iPgisgh mORBHREo o] Eard of flow and
| AR | N 5 aY i@, cour se of
1“@;%?&; |§%P%. .oﬁg%tgﬂrlf?g%o. 4,165,281 to Kuriyanma, et

al . U.Slemmenthgs. 4006916vatlamt deseritasentwasiestaten treaiment system
i ncludes a substrate desj ?ned to cont ai
G

th
having rweshy sacksneontaining @ Biofegjcals mgdim.c o thg %cgwggoapparenﬂy

oA R L A 578 BB i
medfing isptohe Wél@g'%iﬁgtd@@r theRburséef bperatidnie to the

orientation of The substrates and to the difficulty in
mai UtSi Ratengt NodAd6528p| toikigivamam eluab, deaerdbrs o wastewater

4,279,753 to Ni el son toal., . ' . - .
weifpieqt etaan haginguaey i eefty gp EfElY Al iggograanisms. A
pluﬁﬁtﬁrrﬂ LM IO B GREAD stbbtPat@N 3T Ad¥ignedC ToO wasWdter to pass

i el son I ndicates that it is necessary to address
thepd:th@@l ghgl Whe)bikglihoo% o€ plugging @gg&a@eln indiin @nifothag in the Lunt

relative cruyde an ears to be,less t . .
devighust @ frechiaiaianeof Hecsitpist @ ando tie SHATcyNY ip maintaining

. I teaches the use of a filtering bed
m‘?ﬁf%@}ﬂ%ﬁiﬁ}@g "t he wast ewat er passes and whi ch incl udes

SuppE. tPAaddiveg4,209 963 pe MNielsbheetoalgl degeribés thedireangeiigat of a
devi ce has a rather conplex recirculation progess in Whil
plusalitgrofreatenh saactors plerApting &om Rerabiyty ARacIAbic getion. While

NS Frsng AT heSER o SRS BUFGugRiphicharne e o
dof@'sbii€ tedstivRI crude aHll hpbatPodse ledl thbg Bompletely leyfective.

i ntenance operation. U S. Patent No. 5,221,470 t? )
M KUt Batetg Ne. ©521,31 Wie Fuoks, ¢t al.y teechesntheppsgref a filtering bed

i Phsh 5 Br B B 05k g Pspena
the{ lﬂPS e?ﬁﬁgﬁﬁ‘ﬁ.yﬁhéj@e‘irii&r}?ég al18theft6mPRSY r@Eipvidon/ Yiocess in order

sign may I ncrease the surface area and, i
to ehairefoloaning b tiwbedding and dhainiiatibesf oFhipidsvisisi mpy experience

i ol el AT B s

redf o 0 SRR B ton B e b or svstem 1or

U.S. Patent No. 5,221,470 to McKinney describes a wastewater treatment plant

having a final filter made of a sheet of plastic. The sheet of plastic is wrapped about

itself so as to form passageways designed for microbe growth. While this design may
increase the surface area and, therefore, the dwell time available for microbial action,
it is likely that plugging will occur as the passageway fills with dead microbes over a
period of time.

In summary, prior-art bioreactor systems for multi-stage biological wastewater
treatment are often plagued by inefficiency over a period of operation. When the

wastewater to be treated requires the use of a considerable amount of biological mass,

2
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30 treatnment are often plagued by inefficiency over a

period of operation. Wen the wastewater to be

treated requires the use of a considerabl e anount of
flagal mass, 2 WO 2006/ 064494 PCT/ 1L20

‘ﬁgedrﬂg results a problem of plugging of the ?rié'rgﬂ}oig/gmssz

vvaste solids build up on the surface of the nass,

oG Ml Rl TR BT ML, 3 R 0 g o

ﬁd& g%ﬁe&@dm b thisrobbs i ]g@ﬁ%%ollﬁﬁﬁt%eﬂld die, suchrmﬂs do not
e surface of the mass. This pluggi ng or blockln

alvidys fathso the lotidn otk ioscachomtank. tinstepdithaagh %Qcc@mectﬁapped

ot Gical 1o e 06 HiaRstay A gg@t&h@f@%‘%% B sy siyticantly
reduldEs E%}Z&glﬁg%ﬁﬁhlsﬁbs Bng Rby %@Iﬁlrcﬁ@h' tUtuihﬂérlymg

ecay crobe oS conpr om sed
acti@ ﬁﬁcrﬁb@/\tﬂahhmlgitatddebam\ssthe surfecuof maamSmﬁoamueb@y, the

stopped. It is therefore necessary to ejther bui d, and
aceslasatiomiof a:lqllytanarcgéay [sPesed X &lcqﬂrl?r:tmgﬁ%wwurpqgnpromlse an
r W r g c fo
we %@ W ﬁtﬁg 1{) ﬁrsar ycetk:1 Inaéjgn 2%9%31% %dyspe%]%érefore

ne@%@ir? th Eltﬁé}%?ﬁicﬁ ﬁlb@taﬁﬂ@l%gmge&‘ d)lcfreaﬂoxf it thandvould otheiwlise be
be highly advantageous to have a bioreactor s

ste
requinedsrn Drder sigeadsionnb Gorc Hhis wRaEEgtQsT 1O Fe&}!fﬁ]é’nd ejclogged
robust and efficient, sinple to operate, insusceptible
Syst%mpl uggi ng, and inexpensive to 15 install and
t ﬁ%@‘]"q rE¥oghtied nbbEN 6 Ackeildibechiphlytddeantageous
eac :

I'ngs of the present i nvention there-is provi ded a
to Mdbé iapbiereastoageysteno femotultistagesbiohogienl wastewaten gafmeat that is
treatment .of wastewater, the bio fIE@Ct or

rolnist R PHi<ni SRS o BRBals GIPSRePiBG B EGE: 15 Gofpgsive to
1n§£IB%1%&jlﬁ1gﬂxtﬁ superficial environnment conducive for
u

rting Bi omass growt h, the substrate including:
(a) a large plurality of threads, the threads

di sposed in a generally longitudinal direction and
Mﬂ:ﬂm&éﬁ synthetic filanents, and (b)
east S
o SRS R GRS e SR G PRESE hogaR muliple

sthfe BRrBdce HBtept! W&Oﬁﬁcrﬁ&bl 1 |t1Q@ﬁl@énﬂ o&’ssm\mte: theebioreactor

threads, wheérei n openi i ned by (i) adjagent
systerz dnisludingt bt least onel éuggrdmﬂeethq sulftrate fir prowdmg a superficial

elgéﬁiﬁqesr’{tj 251;1%}%% ngﬂhéorggg ﬁaaaniasg lg?owfﬂt fhe Jﬁ%\éﬁatgnncludmg (a) a
Jarge plurality of threads, the threads disposed in a generally longitudinal direction

and including a plurality of synthetic filaments, and (b) at least two cross-support

" elements disposed across and associated with the plurality of threads , so as to

provide support for and loosely associate the threads, wherein openings defined by

(i) adjacent threads of the threads, and (ii) adjacent cross-support elements of the

- elements, have an aspect ratio exceeding 50 to 1.

According to further features in the described preferred embodiments, the

aspect ratio exceeds 200 to 1.
According to still further features in the described preferred embodiments, the

aspect ratio exceeds 500 to 1.
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According to further features in the descri bed
preferred enbodi nents, the aspect ratio exceeds 200
to 1. 30 According to still further features in the

i preferred enbodi nents, the aspect [
v@‘i%@é’%%oo to 1. 3 WD 2006/ 064494 PCT/1L200%‘§18‘H‘§’§’£°1332
According to still further features in the described

Fo Acconbag aR] foaher, Frre p O petcuirpl pRefEiEd Bffodbhthis, the

_aspggﬁgﬁjég,?%eggg@@{oep enbodi nents, the I|ength extension

reads 1 n the substrate is in a range of 80%
t 0 A&%rding A6 still dinfert featuidsl ih theideseeibed gaefierred empodiipents, the

descri bed preferred _enbodinents,.the le e i
lengih RIS ATAHS tireads i e, HAGEAEH BOVAPEE SAS0ToAS VM ng
to stillk. further.feat is '
B o6 M e gl S, e
len%?‘lrgx%%idﬁ Jrahe tiraddsSe res taade OF 0094 toed56.0up consi sti ng
po

yam de, pol ypropyl ene, and cross-1|jnked ]
pol Aewrding 10 clildunheri featuees i8ithe Heyaaibed grefemsd srbodiments, the

oo B A IR0 0 s o
POI%&H%%BQXE{;H.P?’E%%; and GEQLIIAG fody&tdrl | further features

preferred enbodi ments, the woven .
el eNentrding nolstilfuether! featstesdnahe dasanded prefstred iembodiments, the

selected fromthe group consisting, of. pol yam de,
at 151 9 Gi55H-EMBROrhAIBTIERSGSe WPRE BB raBieEpovaEbilf the threads.
- Accpr i i i il rfé8 fibodadents, th
pr e‘géér%rr &ekgggﬁb?ggiﬂlrr{émn%ﬂs)f,‘e&tﬁﬁées ’B?rﬁ%ggﬁﬂjggcgr ?ﬁel enment s o, T
wol/&f ¥léferf® dheludwi gt Hedst sgrec syrithetidh enaténiaasiectedy feom athgegroup

of 30 to 900Q. According to another a(fBﬁﬁ(t of the
consisting of pplyaatide. pelymranacnes apd GroSer F#Fhl e stage

%%e ac @é’tg%/sﬁg%‘gﬁgﬁ el SEORI BL ﬁgg&?dedtﬂr@ﬁ%iﬁnr&gqﬂ?ﬁltimems, the

bi"0reactor systeminc :
crob Q8 IpoR Qe RiEiS trodh Gn hAslepwaiireipest @ thoplerchds imb range of 30° to
envi rponment conducive for culturation of mcrobes, the
90%ubstrate including: (a) a large plurality of

Itgrn‘gggqsﬁ@iintﬁgfo %Phﬁr’tg‘g‘?féﬁﬁé"% pOEﬁﬁ‘l%( igl%:sgqtgﬁ@géﬁ&% ﬁerc is provided a
muﬁ@ﬁ%}%&pﬁgﬁacﬁh%ﬁm 6t SHE%BILISEKES Fe@ttnasfonaatwater, the

urality of threads, so as to proyjde )
bioseipmar tystan anéidingsel Jemb surs avbstrate fonr rauiling a superficial

environment conducive for culturation of microbes, the substrate including: (a) a

large plurality of threads, the threads disposed in a generally longitudinal direction,
and (b) at least two cross-support elements disposed across and associated with the
plurality of threads, so as to provide support for and loosely associate the threads,

wherein a length extension of the threads in the substrate is in a range of 80% to

98%.

According to yet another aspect of the present invention there is provided a
multiple stage bioreactor system for microbiological treatment of wastewater, the
bioreactor system including: at least one bioreactor including: (a) a feed inlet for

receiving a stream of at least partially-untreated wastewater; (b) a plurality of

substrate bundles, each bundle including a plurality of laminar substrates for
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25 wherein a |length extension of the threads in the
substrate is in a range of 80%to 98% According to
yet another aspect of the present invention there is

wWo Db Gk mul tiple stage bioreactor Sysw”ﬂ&‘?}hoosmomn
m cr obi ol ogi cal treatnent of wastewater, the

bi-oreactor systemincluding: at |east one bioreactor
includi.ng: (a feed inl et .for A [ Vi : .
suggorige pgdiass Blewithe ) o ko Btes HeViBg QikhdtpBlodiee™ Phucalicy
id § S bd ing| subiseaitiatly ngarallel
of BB oy b e ot gttt o
maRAO6WERE 44ShecPETéddho@ihen, 0dillea 2he bigpgastari () an @inwyrply manifold

torhationgesing: 4 i 3ough, B SR IERER orliyof diffusing
bst t i i . i - Lo " . h
R ORI Tt G PRERACA, BodBRiABAGhints poiconed wi

res?@& B ecatk@ite bmdlan @ich thapphey airensesomi diffases through the

luidly connecting to an air source, the jfold.. .
lanhinet selistrgtes, pidivehereip the t};fﬁmlggiql,s%grngn@aéﬁm?r positioned with

forced rising and dif i i |
respReriarine Aerof Bhatbued UPh et il of ey U8plaP o contolled
hy@%ﬁ?ﬁ?ﬁics Yibulkhiah Widimi ther bsasaan] thef fosaaslledr bydrbdynamic
the” lam nar substrates, and wherein the diffusing
cirelletiem bsing charfagterized byaslindas velpoiy range beyded bycan peper level

thqg :egéﬁlgs;lgén}%g%?o? %%qtlégltl W@%ﬁﬁ# tt{:js? r%ﬁéni oe(rellf %?Jil Eclywﬁer level
that Hﬁo@}i@g ﬁg;ﬁ&—%terﬁﬁ}?ehdcﬁﬁﬁiﬁﬁﬁﬂl &l RANSFBI dxyken throughout the

ci‘rcul’atron belrng characterized by a linear velocity
substfage. bounded by an upper | evel that enabl es bi omass

to settle on the | am nar substrates, ,and_.bou de%ﬁﬁ a,[S th
| owdecqrding to iprkerpfeginrefedn 4he 5?:@3{6& PN ﬁ'pen » Lhe
| [ Of 4 j.

subafi ISR £ bORUERE AdlaSe b icis b the ABEREUMRents, and

wHi&h ehe enfiRiHposbn@ntssare disposcbsubistantialdy epporitdl to 4 karge face of
di sposed between adj acent el enents of the diffusing

theedubsteatess, and wherein the diffusing el enents are

O REESARABSA et ROPT B AR imenss, e
singﬁdﬂgé&& inagdlcRAEhess B ENGOEE SEkdnatest he  single

strate bundle includes 2 to 12 of the substrates. _
20 Acconditigntp s6il sfiirther featungs rin ftha tdesersbednprefarred embodiments,

described preferred embodi . from3 {
froghia o 64 B SIPRREED QRed PEPIREn PSR b esfie Mlorpeity of the

diftﬁﬁk%g elements.

According to still further features in the described preferred embodiments,
from 4 ‘to 7 of the substrates are juxtaposed between adjacent elements of the
diffusing elements.

According to still further features in the described preferred embodiments, the
distance between the diffusing elements and the substrates is between 10 and 30 cm,

" so as to achieve the controlled hydrodynamic circulation.

According to still further features in the described preferred embodiments, the
distance between the substrates and a bottom of the bioreactor is between 50 and 80

cm, so as to achieve the controlled hydrodynamic circulation.
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di ffusing el enents. According to still further

features in the described preferred enbodi nents, from
4 to 7 of the substrates are juxtaposed between
WolbREeAkese! eMents of the 25 diffusing el engﬁtﬁﬂ 05/001332
According to still further features in the escrl2 ed
preferred enbodi nents, the distance between the

di ffusi el e S .an tJeRtAd ofiments, the
and%"’gﬁig tossgﬁlg@uﬁh r g%%%%??‘%&%%nt r d? Fe ©
di@ﬂﬁ%’ QeaRAtCael iftHer poSifiondE adthdiespedt do sthe Iglurkilityt bEsubstrates
eatures in the described preferred enbodi nents,

h
sud0 thoit 8 neajorestieamieloxytgen-conksning diguidafiews dawny ‘éﬁth fﬁﬁ%rances
bi t is bet 50, 8 .hi
bepwencaero S BEHEA g Aaa s (ran 1 BTt oy ittt
Zoo?éoggrﬁﬁiﬁttopﬁf 2P Eéa%%@@ P theAfec@istidnstefedredt drhbodiments, the
er e

fur ures int escri bed preferred .
{heado diendispesed tiher derfdrally hapgithdinahdyection, fandtwherein each of the

* subsiotes Reten meipiss Pk P8 B HERCR SRRFHEr QORI r0ss and

[l ows, do ! C ! yeeeaslippeeintor and loosel
asyQfiated ﬂ@gﬁﬁ B{@%ﬁguﬁsﬁé\%@sﬁaga@r%@ a bottom of the Y
asBicitE Al BFeadd, ARCAhelenytHecrodsi-duppbrtreldments et posioried so as to

the described preferred enmbodi ments, the threads are

 efftictimddentiflovactjhaavastawaterdisgveaidia subsiatssct i on, and

wherein each of the substrates further includes at
| east two cross-support el enents, disposed across and

BRESPOE’CRIPTIGN G eHE DRAWINGSf threads, so as to
—prwrgm—_t—r_ppor or and [oosely associate the |
t hr b Snvenion\ib derim desozibed ol wen i exemplepplys itk reference to
positioned, so, as. to 10 effect turbul ent .fl .t he: .
thiatcompearIng s Uit peet e Eronproy (puEafhERin detal
£ TR oo 1o o s s o

inetapadiscagish afilrgprefattdedembedinfents ofther present avention only,

the drawings in detail, 15 it is stressed, hat the
apdrar¢ presented dm dhthcause oglprwélgm(gf WEWe e\équ{q @ﬁ: the most useful

[ ROSRSOferdd I i i Ofnd BSndpRiakasmetts of the
a@ﬂﬂ%@ﬁ%ﬁ?@“‘%@@é&g‘ﬁ’?\@n& ﬁﬁ% ent @gens %I}lcf Y, gnd arlzé%
iRUSBA! efh tHis trbgardauseattdmptr iovinddego whaty stsudfedal aletalls of the

to be the nost useful and readily under SE?ZOd : £ th
inesmtion in imercodetath hapr ismcpssesy Kich ungdersianding of the
Sl e S, W R s B G o s
in the art how the several forms of the invention may be embodied in practice.

In the drawings:

Figure 1 shows a muilti-stage biological activated bioreactor system for
wastewater freatment based on spatial microorganisms successions and trophic
hydrobionts chains;

Figure 2a is a side view of a substrate for biomass buildup;

‘Figure 2b shows a flow regime of liquid within two adjacent substrates;

Figure 2c schematically describes the cross-support elements interwoven with

 threads of the substrates, and
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20 invention in nore detail than is necessary for a
fundanent al understanding of the invention, the
description taken with the draw ngs naki ng apparent to
Wity 1 ed in the art how the several fogdg,ofshéiSs,
I nvention may be enbodied in practice. In the

drawi ngs: Figure 1 shows a nulti-stage biol ogi cal

| :. '-?ft .i\éﬁ{? il@é@%tgggrﬁoiyﬁg%%%mié Qlrculdtion BithfYebRireactor, according

al m Croorgani sns successi ons

to BRGrédefPiiventidhydr obi onts chains; Figure 2a is a side
view of a substrate for biomass buil dup; Figure 2b

shows a flow regine of liquid within two adj acent
L gure enRti ca _§cribesthe

SCPIE TGN QE J B pRERERREL LI e 30 threads of
t hergd Bgésél{i’tlt fenflf i6 aVRorddeRh A4yt fiiGEEAn20 VbR WhES 2 using
Fi gure I'TTustrates the hydrodynam c circulation

fixeil tsubierzeli substeateo for decbiotiasyg The bieecastarszystem is robust and
I nvention. DESCRI PTI ON .THE PEEEE%RLFD EMBODI MENTS 5
effimentpgimplato ApstAleEng ALy Angysern PG, £ or

tr eﬁ%@g@%%@?ﬁ%aest gﬁé B3 boflinnf of H@Tﬁ{r&ﬁﬁ)ﬁiﬁ%&dﬁﬁgﬁﬁ to be

for oreactor systemis robust an

un8érkio6 eRht td IVeRtibA BPRs@Alimitednih s gipplicationitoethei Béteils of
to plugging. -Before explaining at |east qne . .
comstivotiomemd e atrengemantt ofothe gompergnts set Ipdhiiy fhe following

d t ood,,t he j i.Qn i . L i
desi R oy aHoted,df it ArhHER. | T ileiohy s cHpdtiE of, other
en?bflﬁﬁkgﬁg@f‘&f 8éinkRa@REAGASed 6t Inovdriduk wdyBe Also, it is to be
fol l'ow ng

descrrption or illustrated in the draw ng.
undérstood tkatttho phiasealagyn bhd teayminelpgy emplaysdiheseings der He purpose
bei ng .practiced,or carried out. i.n various ways. Al so,
of descriptipn, ShQ}ﬂi@l@P‘é’i’Wga‘E‘ﬁgtﬁS ﬁlﬂﬂﬁ%r aseol ogy and
t er4, nals r & e ls§stbRY adchRlim ¢ reSént invention
R e R R R R

~ makhbe [Yettoe upldastoaddwitheveirence of thddrasyisge and cher aticempanying

to the present invention nmay be better understood
desgriptioBef erence to the draw ngs. and the accompanying
- desgription. i t e 196 GS sl GWee Biological
Shoneteg ton 5o e’ BRI, (RahAS 1URM9° iR Biologi
activated bioreactor system 100 for wastewater treatment based on spatial

. microorganisms successions.and trophic hydrobionts chains. Multi-stage bioreactor

system 100 includes a‘plurality (six are shown) of associated bioreactors 40.

Air supply header 12, connected to an air supply source (not shown in the

_ drawing) supplies the oxygen required in each bioreactor 40 by secondary air lines 14

and check valves 16. These air flows are controlled according to the oxygen demand

in each specific bioreactor 40. Secondéry air lines 14 deliver air to manifolds 29,

disposed near or at a bottom 18 of each bioreactor 40. Manifolds 20 divide the air

supply into yet smaller streams, from which emerge upward-flowing air streams via

diffusing elements 22 (shown in Figure 3).

Generally, systems that employ such diffusing elements are superior in treating
ability and treating efficiency to a conventional fixed-bed process. Fixed-bed

processes, as disclosed, for example, in Sadao Kojima, Yosui To Haisui, Industrial
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activated bioreactor system 100 for wastewater
treatnent based on spatial 20 m croorganisns
successi ons-and trophi c hydrobi onts chains.
%Eﬁokmélhﬁge bi oreactor system 100 incl udes FCT/L2005/001332
plurality (six are shown) of associated bioreactors
40. Air supply header 12, connected to an air supply
: | | tation
WHBRAF AR AR B, 085 1Srapiaoy, suRel) sarkirugen

secondary air |ines

- TekBnolagyl §3)as k876a(1998), Ifuffef femm exicessiveoolgging of biomass on the

control |l ed according to the oxygen deimn .25 ir}. ach, .
suppsting i redin resbsates gind SEeRN ERECSSIES SIQUERING 94 a‘iﬁﬂgv mass.
ir t i f ol 0 ' ! : . .
CBptalTERARokE 3Ot SSRGS roBlen? o b B WBal it
imPRRRhY theHy@rothamid| dfehe Biot&atss. from whi ch energe

upward-fl owi ng air streanms via diffusing el ements 22
( shtmshdrp cBntyastdo 3he pdonertapng aspept obthe present dppgmdipn focuses
such diff.using el enment re superiqgn.in treai
o 54 BRRyCHRY M gi g e PP ISR <ot ERIBHORRY-oRfereite now to
ifirged e, ' PF PRECHL a dell F6loBBLdo as t
Flédgré%gxaglﬁgﬂfgée?n agao Ko ?%gl,en%{)sui To tHgi sSi, ] Rf o as to
prédudesinriicleactr ¥) R00H-HB7 dffdctCWhidiethesiquid B3arristepwards by
and Waste Water, 14, p. 960, (1972) and Y. Maeda,
thegsipg air tybblegy nent ati on  Technol ogy, 53, p. 875
(19 . I i i T :
Z]@%Iﬁoggg%fcf clfc,ru?;g]ognx&ﬁlﬁﬁ {Ge5Lt0040 ﬂ;gagﬁ;ev*éﬂ% itRAing each

t he ng nedi or substrates an rom cessi ve

 diffhding bieR@no 2 fvall ig3gedtito sabstratesQinsetithat 4 ynajqr steamaof liquid

systens deal mainly with this probl emband do _not deal ..
lows p SrompsliBUing elpchl A2 yesR S0 RO RS0 Bak tgmediately

In_s contrast 4,0 -h ri - eqk: of
sl oL R RSl 22 B eREbOE 19l R R ioaS founa
top %Frsﬁﬂﬁlsdtest e, Jﬁddd&ﬁﬂ,nﬁ%?x Bk deRERRstrwééh substrates 10, and
Referring nowto Figure 3, air diffused from

thidugh ashidgleetegimoSsubstratedwadle 9% towansls boftemot8 o bigseaggor 40.
uce, in bi oreac$or 40, an Ial r-1if

to, pro "ceffect i
ﬂmlafﬁrqq%aa% BPagems ca by A VAR NS Yb;?‘m%ﬁ% 511;1?&51%{9% pre-

i il bidubstrates 10, and such
oy L g Rt R ehbit Wbstates 10, and suc
thatithé linearovebdoityeottli@izd Wiowing ep fieon diffusing stement: 22 i9 sufficiently

such that a major streamof liquid flows up.fro .
lowi ot @it JuimlRs angotor BlQRORHS 1 setleaca® 1o Achigve optimal

b ] rround di ffusing el ement 22. This
buggﬁgégg&hé&fsg@ynam c-circulation 25 around the 15 top

of 16UfSt b@neFoudddl thadirmder tdr shigvet tle dhemtizachpdrodynamic

bet ween substrates 10, an

_ d
~ circulation pattern described hereinabove, the number of substrates 10 between

adjacent diffusing elements 22 should be in the range of 2 to 14, preferably in the
range of 2 to 12, more preferably in the range of 3 to 8, and most preferably, 5 or 6.
Additionally, as will be readily apparent to one skilled in the art, the circulation
is influenced and controlled by the number of diffusing elements 22, the distance
between them, the distance between diffusing elements 22 and the lower edge of

substrates 10, the number of substrates 10 in bioreactors 490, the distance between

adjacent substrates 10, and wastewater and air flows.
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15
" m} Hevidthi 61 1o Qrmaande thickneisosfeerdy ¢ to 1Q miny inedirdes longitudinal

20

25

t hrough a m ddl e regi on of substrate bundle 90,

towards bottom 18 of bioreactor 40. This hydrodynam c

pattern can be advantageously controlled such that a
SsosBkGhar M ned m ni num | evel of oxygen is '

t rou/g(ﬁout substrates 10, and such that thﬁ#’ﬂn“g@sﬂomz

velocity of liquid flowng up fromdiffusing el enent

22 ok ChEnL ! i\l k& GRtA Whstcvater, or

a1 Mies koot SR 100 1€ ¥Bhnddeely RELRaLE

pabtiillyCtrentnw b hten tves inlé. 26, twhiels ishdigpostd imain uppér pant of a first
ordér to achieve the inventive hydrodén_am' C .

sidewatl 28 of systaatl0@r nTheeehuent fomethsi tirshbigseactareofbigeractors 40

oBngHE SEERRe IRt SR TR o

opgpﬁge%?%é gﬂﬂg ri]g;& broreBctdr wilPfe8p &t €6 alleiley Sithifade, thendBuent of

, most preferably, 5 or -6. Additionally,
thassesbitd Bierenetarli ofy biqretenst 46 oover8owri o dhe j thindh igreactor of
control.l e

bisreaniers 491 theh clgres RFBIECS b st e Eeuned o da g well

‘ ! t 5™ _ -

A

re?cé):bﬁ td oheandfhet Bo isofoemddintise 4Rorticiveniting tpirnemiess weighin each
a

_ dj acent substrates 10, and wastewater and air
bidreaster 48 WO 2006/ 064494 PCT/ 1L2005/ 001332 Ml ti - st age

erag gﬁg@;&%& e%gé% l?Cgiifl%/ 8@%&1?&@&5“’%@%} fgr)(; Uia outlet I4g’t which

afed was via in

is @fposeldiift Bn uppét prRasTRsecondsidewpdepart of a first
siaeval | 28 of system 100. The effluent fromthe first
bi oReferting nofv 1y Sigswe 2oy Figiwe 28visrg idasview: ¢f arpubstrate 10 for

vinghac Bl SRS gp T 0T PSS SRS, sl o
su%&erﬁg% ggﬁg&g_g}&ﬂhﬂ' Siibstfte 1O, W hieh |n)brmﬁlgehﬁ 4 et 00f.5 to 4.5

ior eactor of bioreactors 40 overflows to

mn%éﬁaCQo?ﬁagsmgge@eS%ﬂ%ég@ Qe B00380 3RS0 hRP BBy 20020 dtex.
e HRAT ST WEIRLG ki B At 300 IPEOAR SO0 amERERAS provide

anRRBARER Rariiéd Atk f dbdinask@rbwil. eact or 40. The treated
wat er produced is discharged fromsystem 1

out Mreads, S0narecassoigtedi asbdeld Fogediet Bypars 5 lﬁ“glfb_ea of cross-
o35 g CRE iy FEP G BVEAE P G e e
50. Each cross-support element 52 is preferably a strip having a width of 2 to 10 cm,
and is advantageously formed of interwoven cross threads 80 as shown in Figure 2c,
The distance between cross-support elements 52 is at least 20 cm, and
preferably, 20 to 50 cm.
In prior-art mesh substrates, the ratio of the length to the width of the mesh

~ openings is 1:1 to 1:3 and more typically, about 1:1. By sharp contrast, the ratio of
the length to the width of the openings formed by threads 50 and strips 52, according

to the present invention, is greater than 1:50, preferably greater than 1:200, more
preferably, greater than 1:500 and even more preferably, greater than 1:2000.

Inventive substrate 10 is thus extremely flexible and has large openings with respect
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bi omass bui |l dup. Substrate 10 is a | oose, |am nar,
synthetic filter material for 15 supporting biomass
growt h. Substrate 10, which normally has a hei ght of

WO 200b/64042 1N, @ Wdth of 1 to 2 in, and a thi

of only 2 to 10 mm includes |ongitudinal t P@g@@gﬁggn
having a linear density of 100 to 500 dtex, and

| .toﬁfrﬁfr%tafﬂh\éu@@@ {rdEfhedtI9X the Hioflasd RisearlcR QedsStirm support, and

typi cal ly made up of "about 200 to about 500 fil anents

~ bibinass trildvimte which leadsitoqrugging Feiendsiosignibeansiyatessase.

gr oyt h. Threads 50 .are.associated .and hel.d toget her
By A4S Bied Bertimigans spociiseasn Siibb e WRBResrcUoB3RA Tollohs, the

i «dis i . it ¢ .
P 0|l BESNEH 5, 58 O My 5935 penin

fophed by adjayent tlatadsBthand adjacenterdbdisgiport dleméifts SBin aanbistrate.
i s advant ageously formed of int erwov&)énc cross thr aga
80 S<OSSHURACTE §lementy &2 are advaptageishhbickse eads 30, so as to

GI. - t S. i .

R A e ety S e S
THRE ifsfdall ofothe tIB@inR NGW dhardchegistit Gf privi-did Syst@ad) the inventive
openings is 1:1 to 1:3 and nore typically, about 1:1. .
syﬂynsisa%pra@@mzﬁéwa turbuleat flowgegimendd beivsen substrates 10, which

i dth_of th [ f d by th ds 50 d st
enbances phe ey SURRY pHeioHoE Bimasn gtithon, is greater
t ha'fcﬂesé 1etbth RkRhSLAYMhE VeI threads 0 20%ubsiafeL16Gas also been

preferabl’y, greater than 1:500 and even nore
fopudfoceadl paramoesttimportance i #0diing optimehbiowass bividd-upt és used

el SRR o BB AR08 155 e

Ll n -at I ' :
ool RTS8 B SRR REBUERY Kooy AR o of s
subffdks béteveph Wditicatt cross-apperttalerngni(Liin Aighry g carmbthe. average

As used herein _in the specification and in the, clains A
lengtla tof dhe tthrgeds HHmming thathsectipnr By Xayeek cxamplgy it aribstrate in

o e e R M0 SRR AR Bt ol o e
bofbRSETESHPHR fubSir AEEME irP¥hidh @) Sk SiHsahR: length L is 0.45 meters,
Cross-support elenments 52 are advants\&‘e:ousl t hi cker

and i(Anthe verage lagth ebthesthraads sl f miatersydie dength gwtengion would be
bet ' QS substrates 10, as shown in Figure
eq‘?g.tgﬁ_ﬁﬁ*ﬁf%/bggf’%g@%of the laninar flow characteristic
of Tkl Rhg ;éexéé%s?&? 58 subStatk rl‘ﬂeﬁgiiééﬂy SUSE@TBOT, preferably lies

characteri y a turbulent fl'ow régi ne 70 between

| withikp atramgecsf 8% toltigdh, mofe prfmablgswithm Drangenf 90ty 95%, and

needed for hioma ro .
most preferably, w?tlh?n a?‘g’ng% 0%2@6 and 95%. Within these narrow ranges of the

length extension, adjacent threads 50 have a suitable flexibility, with respect to one
another, so as to enable controlled biomass buildup on substrates 10.

Consequently, sloughing is greatly reduced and sloughing of falling biomass as

~ a result of excessive biomass buildup is avoided, as well as excessive biomass

loading of down stream bioreactors due to excessive biomass cartyover as sloughirig

from former bioreactors of the multi-stage systeﬁn.
Threads 50 and cross threads 80 are preferably made of synthetic materials such

as polyamide, polypropylene, cross-linked polyester, or any combination thereof.

10
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The |l ength extension of the vertical threads 50 in
substrate 10 has al so been found to be of paranount

i mportance in attaining optimal biomss build-up. As

W6 Sfberodddai N in the specification and in thep &@26%/001332
section that follows, the term"length extension
refers to a rati o, expressed in percent, between the

- Thg$ o%atkr%s@taﬁte ﬁfa'té}ﬂil ﬁéﬁmﬁ l?éﬁt{ %l?rnjb%h%ﬂﬁ?raﬁ'i gfeeBueous

SS-suppor igure 2

me‘ﬂﬁﬁﬁa@mlehﬁéiﬂtl@wca‘hrihh@d propartiesfaitow tige iital Gectdtahe time of
By way of exanple, in a substrate in (¥,h| ch the

msmilaaam)sfabne tg;gmfespbsjra@@s 10 toche RIGPAS¥PE: el ement s at

an yp end f:‘l ?a% eté%gil%%lg ?fn ?gﬂaﬁlhk{tgge Sgﬁgcggi@?he’actiyated

wagﬁwate% treaﬁﬂ&t (s?étexhhﬁ' R/ e g iheReibh dpﬁohﬁietifiﬁ qabk 1.s

neters, the |ength extension woul 20 equal to
100*0 45/0 5 or 90% The length extension of ‘ .

wi wnlem*mﬁ'mgeomﬁfﬁﬁeﬁqymfgeMulmwg iflogignl ACtivatedi
a range of 90%to % eferably, within a
|range of 92%and Qgéége\ﬁﬁfﬂomg{ narrow ranges of

T@&useq)eaa@usbmm(rﬂssg of f’llng bi ofiAe- 9% a resul

of excessjye hi omass huuldu.

Cqrryovet JI ng 10
: |ti-stage §y%gé 30

80 are. Bow.egggjgl y made o
Qo] -.-

pol yester, or any co olnatlon ther eof .
10 WO 2006/ 064494 PCT/JL2005/ 001332 These
wat er-resi stant materials enable o g- tern1fabn

duréliholﬂgly they ipvntiogy BatdechredisGrpedn EOVHRTHON Siigh specific
Tﬁ}o“ ng}?sgetpﬁrsep |e|rltta|tl?e 2 rﬁ&%ngv%hta € Ie tél?érn tiveS; 'mBdificlfons and

bric ion of substrates 10

vatiidiR WAESS Apysiflent kb Rhése! sklld fnl hiataronAetdrdirigtyicit ésiménded to

a nulti-stage biological activated _5 wastewater
embrmtaibmchsglwmv@ﬁ, mh@lﬁpﬁfe@émnd viréations that fall pyighinfbe spirit

Ta | e catl on Eff

e stagss ob; B caprenteds laifhy oM bR, Baees and patent
apﬂiﬁo%ﬁbﬁ? Mentioned in this specification, including U.S. Patent Nos. 4,005,010,
4,165,281, 4,279,753, 4,521,311, and 5,221,470, are herein incorporated in their
entirety by reference into the specification, to the same extent as if each individual

publication, patent or patent application was specifically and individually indicated to

" be incorporated herein by reference. In addition, citation or identification of any

reference in this application shall not be construed as an admission that such

reference is available as prior art to the present invention.
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Bi ol ogi cal Oxygen Demand (BOD) 97% 99. 5% Cheni cal
Oxygen Demand (COD) 85% 95% Total Suspended Soli ds
(TSS) 95% 97% NH4* 90% 99% O | & G ease 95% 100%

wobs@enadss 80% 95% Al though the invention RS6R 001332
described in conjunction with specific 10 enbodi nents

thereof, it is evident that many alternatives,
i CEAR [@nd variations will be apparent to
ose skillTed 1n the art. Accordingly, it is intended
to enbrace all such alternatives, nodifications and
variations that fall within_ the spir.i and

it, br oad
1. scépruliple stazepiosragtr sypigmmior microbiplpgicelireatment of wastewater,
atent s d . applications nentioned in this
the @B@@F f@%??%ﬁ,gﬁl%ﬁ%ﬁngdi ng U S. Patent Nos. 4, 005, 010,
at !e%§ che Highig Flexilfle 3ultrab3for pr&idinglalsuperficis, @Rdrofitnt esmeducive

erein incorporated in their entirety by reference
for suppartingdicepassigtowty said supsralhinchigg ext ent as if each

PR L BB BB O 5514 Bty
| NEALRAJiIRAIGH GBS i RIEAE h PRIty OF spadiketié Blhments, and

citation or identification of any” reference in this
apfb)i caitilenst shaktosseuppmet clenentsulispased acroasimid assoniated

el T, SRS 150 e Bt 6 oty
PC;E/S&&%Q%deR{‘IE:’ﬁg WHAT IS CLAIMED IS: 1. Amultiple

stage bioreactor 'system for m crobiol ogical treatnent

wl:@feiﬂ\/@pé:ﬁﬂ@stﬁﬁnedtﬂfye bi or eact or system conprising: at
| east one highly-f|lexible substrate for providing a

super f i@ al agisgentdhreads okspiditheeads, anbr supporting

bi omass,..gr owt.h id s ' FNG: a large

pl ur al |S(P$ mad*aﬁ?it%&gs’s—sggﬁ éﬁ{% Le?%éggsg‘})ﬁggd;%grggﬂ?sh a
ha€eALspetdratib eREHeti@ Jtrlo Wi rection and including a

plurality of synthetic filanments, and (b) at |east

two cross-support el ements di sposed across and

2. 250 et svilen e, Sckip LigAlpEd fio 728026610 1.

t hr eads,

3. The bioreactor system of claim 1, wherein said aspecf ratio exceeds 500 to 1.
4, The bioreactor system of claim 2, wherein said aspect ratio exceeds 2000 to 1.

5.  The bioreactor system of claim 1, wherein a length extension of said threads in

said substrate is in a range of 80% to 98%.

6.  The bioreactor system of claim 5, wherein said length extension of said threads

is in a range of 90% to 95%.

7. The bioreactor system of claim 1, wherein said threads include at least one
~ synthetic material selected from the group consisting of polyamide, polypropylene, - E

and cross-linked polyester.

12




wher ei n openi ngs defined by (i) adjacent threads of
said threads, and (ii) adjacent cross-support elenents
of said elenments, have an aspect rati o exceedi ng 50

W@zﬂom&am—rhe bi oreactor system of claim1l, \’%,Ief/ﬁ%bsmonsz

sal d aspect ratio exceeds 200 to 1. 3. The oreact or
systemof claiml1l, wherein said aspect rati o exceeds
500 to 1. 4. The bioreactor systemof claim 2,
wherei n said aspect rati o exceeds 2000 to 1. 5. The
8. bi Dh@a6dresctsy SyREmObS clathn,1whedei gaid at leastytvo cross-support
extension of said threads in_ _ said substrate is in a
elementgeare woyenelamagsntawore withsakbibregds syst em of cl ai m
5, wherein said | ength extension of said threads is
in a range of 90%to 95% 7. The bioreactor system of

9. C! Phdhibreath sHBmSHH Jail8 Siskteinnaldweva elb@ants indlade at least
synthetic matérial selected fromthe group consisting

onef symthgtioni meteripb| sebecterl/| from, thangrauposeonsistingdof polyamide,
131?3' yester. (gZ V\Dﬁégq%G/ q64494 PCT/ 1 L2005/ 001332 8. The
PORPERY A Co ARG (LOB Y RY¥EHF1, wherein said at |east
two cross-support elenments are woven el ements
interwoven with said threads. 9. The bi oreactor system

100f Thé BiomaStorwhstesi of daiird]1 woherinedaghensssuppottelements form an
| east one synthetic material sel gctg& fromthe group
§2 e,

anglenwith £espgctdp spidl theeads dn a rapge of il and
cross-1linked polyester. 10. The bi oreactor system of
claim1, wherein said cross-support elenments form an

11anal Qmulﬁ&»ld1 JtESeP Ebibrdabrod akghtéinr odlsmidrobdlogicyle tehtrBént of
to 90. 11. A nultiple stage bioreactor systemfor
wasficwvatd] b bigreagton systenneqmpfinginvast ewat er, t he

I oreact Qc em,.conprising: at | t.o . :
at lrigh g astl Ee g vparaer B BioviftB o APetisiny payisgnment
coﬁdﬁé'iJeOf%gE{ﬁ&uraﬁ@ﬁ‘ BPfitBbds05ail dlibitFadd ineMudifg: m cr obes,
sal d substrate including: (a) a large plurality of
t hfad adsa lasgei plutaliteafithreids,paikdiréads dispesest iala ygenerally
longjtudinal direction, and (b) at |east two
10”@‘88@"@ Yfl. @%nent s di sposed across and associ at ed

| (b)  at least two cross-support elements disposed across and associated
with said plurality of threads, so as to provide support for and loosely associate

said threads,

wherein a length extension of said threads in said substrate is in a range of 80% to

98%. .

12. The bioreactor system of claim 11, wherein said length extension is in a range

of 85% to 95%.

'13. The bioreactor system of claim 11, wherein said length extension is in a range

of 90% to 95%.
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"with said plurality of threads, so as to provide
support for and | oosely associate said threads,
wherein a I ength extension of said threads in said

wobskhadss i s in a range of 80%to 98% 12.
bi oreactor systemof claim 11, wherein said %2?{’5’"‘"332

extension is in a range of 85%to 95% 13. The

o . : : .
1401 ThERFIrict VSR Of clgin?il 21 \%ﬂereﬁ{tgiegjé%s %I%gxﬂ% BROt

extension 1s rn a range of 90%
(120Q6ja0ft 4réadd G shiPOcde@Ad32 14. The bi or eact or

_system of claim12, wherein openi ngs defined by: (i)
(iydpdigeent CrOspSHPROTb FlemsnEs qu;g)éiafggmggta, (ii) adjacent
ClOSS- rt Egg}; said elenents, have an
hagg%g%ﬁeggfaﬁgegg e og%go%b to 1. 15. The bioreactor
systemof claim 14, wherein said aspect rati o exceeds
500 to 1. 16. The bioreactor systemof claiml1l,
15nh@he bivreactet systeanekclpine | hasherein saidsaspeefaatia greasds L0 to 1.

material selected fromthe group consisting of
pol yam de, pol ypropyl ene, and cross-1linked pol yester.

161 7 Thé Hidtlehdtht @)rs%érﬁgﬂ' il S8CHREresY Si@Nhfeads include at least one
m crobi ol ogi cal treatnment of wastewater, the

syhihetie aciterial syketied foamythé group: conaisting aftpolyramide.opaspropylene,
includijng, (a) a feed inlet for receiving a stream of

angcresg @@‘%BPE’FWT-y-untreat ed wastewater; (b) . a
plurality of substrate bundles, each bundle of said
substrate bundles including a plurality of |am nar,

17hi ghl muftipii sthge sbivstéacaire syftem  foupmaictobigjogicehaigeatment  of
growm h, each of said substrates having threads :

wasteavater, fig botspelpRYSIgM 6PMBYiSIBet i ¢ fil aments, said

ubst r at. ] - Uxt aposed in a substantially
at eé‘fé?'}eg?lg%ﬁﬁﬁtgg\l/ﬁ%r espect to each other, wthin
safg) bi pFEAr it for Gecéling 4 sGednl of ﬂalehsftglbai’tiﬁ@y-untreatcd

fluidly connecting to an air source, sai
wastewater;

(b) . a plurality of substrate bundles, each bundle of said substrate
bundles including a plurality of laminar, highly-flexible substrates for
supporting biomass growth, each of said substrates having threads
including a plurality of synthetic filaments, said substrates being
juxtaposed in a substantially parallel manner with respect to each other,
within said bioreactor,

.- (c) an air supply manifold for fluidly connecting to an air source, said
manifold including a plurality of diffusing elements, for forced rising and
diffusion of air, said diffusing elements positioned with respect to said

‘substrate bundles such that said air rises and diffuses through said

_ laminar substrates, ‘
and wherein said diffusing elements are further positioned with respect to said

- plurality of substrates such that said rising of air creates a controlied hydrodynamic

- circulation within said bioreactor, and

wherein said controlled hydrodynamic circulation is characterized by a linear

14




mani fold including a plurality of diffusing el ements,

for forced rising and diffusion of air, said

di ffusing el ements positioned with respect to said
wobikhaks bundl es such that said air rises aﬂgr

di ffuses through said |am nar substrates, an ﬂL(g)rS/g?lﬁsz

said diffusing elements are further positioned with
ve!&%ngeﬁhgé BobAAH bP!dif appck el HHDShANELBiomED thhttle on said

said risSing of ait creates a controlled hydrodynamc
lamimnac substrates, wintHbounded dyba dowercltese] theh provides arpreaietermined

contral | ed hydrodynam c circul ation i's characteri zed
migymum leyel of availablgrxygsn thongont seith ubsEyes-001332

vel ocity range bounded by an upper |evel that enables

bi omass to settle on said |amnar substrates, and
1oandesiofyctar | gk |ofvehint N, whagindesbendle of said bundles is

pre-determined mninumlevel of available oxyg

. n . .
dispesed gaoveensadiarest slementscaf said diffysing; %ﬁ@ﬁ*@ﬁo?ﬂfi%ﬁéﬁﬁl said

L S e e S

suBkE@Nts, and wherein said diffusing elenments are
di sposed substantially opposite to a |arge face of
said substrates. 19. The bioreactor systemof claim

LB e 4 LS55 e s 2 o 12

: from3 to 8 of said substrates are
Oﬂ%élgtsyg%ge%fbetv\een adj acent el enments of said diffusing

el ements. 21. The bioreactor systemof claim17,
~ _wherein from4 to 7 of ,said substrates ar j uxt aposed
20p o iThe dipraRGtaL BYstena | 1o tWISESIR @mﬁugq ggféﬁﬁrﬁlﬁﬁé@teg are
. ' C -G | adem): ein a
sufiigskd SR @R By SURGATLE i PR A RSEE " 7
substrates is between 10 and 30 cm so as to achieve
said controlled hydrodynam c circul atjon.

23. Th
21bi The dtareactersyistam of claimi Iy, whereindramn Eiogtsaiﬁlo%l%mates are
. bet i d_substr at d. : i d
jupfnsen beBreh e eys 3R teid RRIALE R, i eve

said controlled hydrodynam c circulation. 24. The

bi oreactor systemof claim17, wherein said diffusi n_% .
22¢| &he bicreanter $yistanhof claim 17, wherein a distance between said diffusing

elements and said substrates is between 10 and 30 cm, so as to achieve said

controlled hydrodynamic circulation.

23. The bioreactor system of claim 17, wherein a distance between said substrates
and a bottom of said bioreactor is between 50 and 80 cm, so as to achieve said

controlled hydrodynamic circulation.

24. The bioreactor éystem of claim 17, wherein said diffusing elements are further
positioned with respect to said plurality of substrates such that 2 major stream of
 oxygen-containing liquid flows down, through clearances between adjacent

substrates of said substrates, towards a bottom of said bioreactor.
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positioned with respect to said plurality of
substrates such that a nmajor stream of
oxygen-containing liquid fl ows down, through
wo SREaAeRS between adj acent substrates of Sty 0esm001332
substrates, towards a bottom of said bioreactor. 15 WO
2006/ 064494 PCT/ 1L.2005/ 001332 25. The bi oreactor
255y The BisKeatbisyitdh, ofbRIR 17, Seheteinhsaid dbreads atk sifspoest in a
ina generally longitudinal direction, and wherein_
geperally dongitmidinad divectiont and whereieeachref satbsbstiates Sydher ingludes

o R TR s i, BRI BGRB8 s
plmﬁfﬁg{egpsa %gg% icgﬁn%%idé SBBPGE ifGH #ndSiobskly heseamits saidfideads,

-support” el enents are positioned so
and sviepein fshidadrodssuippbre etendntanare glositioaedves ae toatfdect abwusahlow
sai d substrates. 16 W) 2006/ 064494 PCT/ 1L2005/ 001332
of e waatewter betwierassaid subSFBEESpy t he | nternational Bureau
on 22 Novenber 2006 (22.11.06) 1. A bioreactor system
for m crobiological treatnent of waste-water, the
bi oreactor system conprising: at |east one bioreactor
including: (1) a feed inlet for receiving a stream of
at | east partially-untreated wastewater; (I1) at
| east one bundle having at |east two flexible
substrates, disposed wthin said bioreactor, said
substrates disposed within said at |east one bundl e,
for providing a superficial environment conducive for
supporting bionmass growth, said substrates
respectively including: (a) a large plurality of
t hreads, said threads being generally disposed in a
given direction, each of said threads including a
plurality of filanments, and (b) at |east two spaced
apart cross-support elenents di sposed across said
threads, in angular relationship with said given

16




direction, and associated with said plurality of

threads, so as to provide support for, and | oose
waeesatMon of , adj acent threads of said thrREHB.2005/001332

bet ween sai d el enent, wherdi’n openi ngs defined by (1)

adj acent threads of SEVMENDEDPACKSAIM™MSI (2) adj acent

cr ogseeiuabby thednteraatisnAfBwRhd ol 22MedVetmber 2086 (21 1.06)
aspect ratio exceeding 50 to 1, and (IIl) an alr
n

< : ¢ > ti .
L. A SRR e lcbiibBell CORIER SO Padaral, B Blgrdidor
systedi emhprigieg:of air, said diffusing elenments positioned
with respect to said at | east one bundle such that
at lezzRiak Biokeacwi idcligigg:i n sai d at | east one bundl e,
wherein said diffusing elenents are further positioned
W i regpred iRt I8t Geivih@as kot oo unddast pasllliyhaitroated
rish&igwekrai r creates a controlled hydrodynanic
circulation within said bioreactor, and wherein said

by ' pEkaSDCePbRRTLEERL oF eclh bt eRiths SRGLAK,) dBfsad
© VRithis s Horehriph e ssh UGS R Sirpth A A0 on¥de,
anfer poviding bysugenfigiob envisormenthepndpeivg i foe suppeydes, biomass
S Usrbiwgh,aald substim&iregectively gendiggrand i n sai d
bi oreactor. 2. The bioreactor systemof claim1,
wher ei n(®) ak darzepplotalitat ofo tlesaise deid2 Gicads being AMERDERD
fgl EET %ﬁéﬂ&nl&gﬁ‘&@s&%&nﬂgéﬁgﬁ%ﬂ:ﬁﬁ% vvhgfe' n sa ét

; i [ : [ al d -
aspect ﬂ%@ﬁé@é’é’%‘s‘% to|l. 4. The bioreactor

¢ [ ai . : .

system EHI)_ & %@TEE’ i e ﬁ@'cf’os@-%ﬂ%ﬁﬁ} reé?é&fgéﬁtseé&iaﬁé’eﬁ

2000 to or.eaéet o s¥te ﬁ .|m:lé,[n .

wher ei naCtis, oA LIPS B RIS FIQERsbim, Hlly S, £hem,
| engt h dixectios; el pssogatedrngish chidspharalisy 98 dhiregds, Fheas to
bi or eachrkidydbpor S, @h@liwﬁsé,aswbﬁﬁ%hrbﬁa@; cdnt Migredds of

0

ext ensi | %to 95% The
bi oreac%%?héidggg%?ﬂgﬁgie%frﬁé wherei n said threads
i ncl Udewﬁérehﬁ%hin%gﬁeﬁﬂrpﬂg:’]eti c material selected from

t he group consisting of yani de, pol ypropyl ene,
(1) adjacent threads of said threads, and
(2) adjacent cross-support elements of said elements,

have an aspect ratio exceeding 50 to 1, and

(UL  an air supply manifold for fluidly commecting a source of air with a
plurality of diffusing elements for forced discharge of air, said diffusing
elements positioned with respect to said at least one bundle such that said air
diffuses in said at least one bundle,

wherein said diffusing elements are further positioned with respect to said at least one
bundle such that rising of air creates a controlled hydrodynamic circulation within
said bioreactor,

and wherein said controlled hydrodynamic circulation is characterized by a linear
velocity range bounded by an upper level that epables biomass to seftle on said
substrates, and bounded by a lower level that provides oxygen sufficient to meet an
oxygen demand in said bioreactor.

2 The bioreactor system of claim 1, wherein said aspect ratio exceeds 20010 1.

AMENDED SHEET (ARTICLE 19)



and cross-1linked polyester. 8. The bioreactor system
of claim1, wherein said at | east two cross-support
WRRe#nt484 ar e woven el ements interwoven with STAL2005/001332
threads. 9. The bioreactor 18ystem of claim$8, wherein
said woven el enents include at |east one synthetic
mat er i sel ected fromt roup ¢ SI stl ng of
3. pol V& @éeact%ayweﬁmg TR EREEE mtarsserdsedDdp 1.
10. The_ bioreactor systemof claim1, wherein said
4. cr o¥Be bigmssior sEeReRElsim dr Whersin saifpseect Fatia paceeds @000 te 1.
said threads, in a range of 30 to 90. 1li. The
5. bi o’ﬂ“habiomac@sy@mof iTgrwhereiih ovigin sad isabstrates cwwid threads
n e fl es i ncludes at | east
havc\ﬁ? %%ﬁ @E&%%?éng%&gowgg??& es. 12. The bi oreaetor
systemof claim 11, wherein a particular diffusing
6. el eFambioggactos systerplof chaidt 3 volferelnfspiddergih ekignsing ds insa range
°ff§%sﬁb ed between said at |east two bundles of
B each of said bundles having an end
substrat e d| Sposed proximally to said particular

7. di f The bipgeastasfypen ofidping HatVhgrain ﬁeérﬁheﬂds inglnde #t)1g9 one
wvaESEReR i OSE g B S8 ot ptpropyiene

andadrogsalinked polyested.n a S|ngle bundl e of said bundles is
di sposed betmeen adjacent el enents of said diffusing
g, €l ef'ﬁé“b cﬁsefnd1 nblotts b8 8'165% oD @b&-support
dlspose subst ntlal y opposite to a |large face of
elergenig areswdram-dereents inENoRR witisaidtveadscLE 19) WO
2006/ 064494 PCT/1L2005/001332 19 14. The bi oreactor

9. SYSTRIhRfredetcR sgﬂst%m 9 Slafh 8, avﬁa:&ﬂl RIPWOE eRmcnd thehide at
| east one bundl e includes to 12 of said substrates.

least soneT (§a0lbpide angiersl ge}eqteinfaqm cihsi gorp Gpnsisiing of gelypmide,
€ j uxtaposed between
POI%%DQ%IQ %QH??OS%B% %&i%gﬁ%s of said diffusi ng

el enents. 16. The bioreactor systemof claim1
10. V\,heTléq bw:qaeﬁer gystesn of glpina 3; Wherginseidrass-sppport plemeatiiogy an

ngiﬁ I ﬂ f said diffusing

- g e enen g @ ﬂﬁ%{i{iﬁ%g%r ogggtfeofngcgf claim1l,
wherein a di stance en sai c d| ffusing

1. andTieablarosgts ST o8 PLaHBch ESHALL G0 A Los Qqﬁeb@crsﬁf%gfs flggible

sub@EAtbENBImAd & 16RDM W PbdrRtks of ﬂexﬂ:le Substrates.

12.  The bioreactor system of claim 11, wherein a particnlar diffusing element of
-said plurality of diffusing elements is positioned between said af least two buandies of
subsirates, each of said bundles having an end substrate disposed proximally to said
particular diffusing element, such that a stream of liquid flows between said end
substrates to effect said bydrodynamic cireulation.

13. The bioreactor gyster of claim 11, wherein a single bundle of said bundles is
disposed between adjacent ¢lements of sald diffusing clements, and wherein said
diffusing elements are disposed substantially opposite to a large face of said
- substrates.
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hydrodynam c circul ation. 18. The bi oreactor system of
claim1l, wherein a distance between said substrates
W R6H649% t om of said bioreactor is between 5FGEA2¢5/001332
cm so as to achieve said 1%ontrolled hydrodynamic
circulation. 19. The bioreactor systemof claiml, )
14.whe e higeiofordivittosifidipial brvgherein asinglaburiide of said at least one

Sitd i3 h-re said plurality of
b ueoléafi}@?sg‘gm\é\%%%fStahdzglggé%%s?eam of oxygen- cont ai ni ng

l'iquid flows down, through clearances between adjacent
15. sub&the Siersacter syatet: ofclpion Lawberein orrdite & ob sridswbdrates are

oSS B i BB br e b flghipam ©
wherein said substrates are disposed in a

16. subJihe Aiorgsater sysicm pleflaimm hnwhesgin Fomek el of sgid sybsirates are

_ . ; L i oal

et g8 AL SHRLAR o el Bl

17.7 ookt Hobfherl oy G b e Phipklle pelia suld aiftusing

elerpais aad $aid sulistretat dsbetweet Hivatded( crf) sb)asao ablgenst saidheontrolled

bundl e, havi ng, at | east two flexible substrates,
hydﬁ‘?‘&ﬂﬁ@é‘bl"m%ﬂ&wpn sai d bioreactor, said substrates

di sposed within said at | east one bundle, for
18. pr ohedbiogpastos aysterh iof ickdimel wreosinendistemschetiedn $add substrates

and;g R O g0 MBRRar Tl Biabienbol Slrat phshie b sefierpyed
conBO0&d DRI Shalid bk, 001332 20 (a) a large

plurality of threads, said threads being generally

i . ! oo
19. 7 noPfifidisaiof sAgkR e BT oIBR8 il BchdBhSRE funher
positivacs pdttetspieatd said pheralitypeiogubstedtesmmmhsthali 5 posanl of oxygen-

T TAC TN TN R e

" sub&thatdd) iRasHEs 2 Potem éfjsai@BﬁYéa@ﬁ)r,Sﬂi@lf@Eés pet in ¢ by @@APnamic

assocCi ation of, adjacent threads o
circulation.

20.  The bioreactor systemn of claiw 1, whesein said substrates are disposed in a
substantially parallel manner with respect to each other.

- 21. A bioreacior system for microbiological treaiment of wastewater, the

bioreactor system comprising:
at 1east one bioreactor including:

O a feed inlet for receiving a siream of at least partially-untreated
wastewater;

(ID  at least one bundle having at least two flexible substrates, disposed
within said bioreactor, said substrates disposed within said at least one bundle,
for providing a superficial enviromment conducive for supporting biomass
growth, said substrates respectively including:
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sai d threads between said elenment, and (ill) an air
upply manifold for fluidly connectl ng a source of air
WQAZBW%‘M%I urality of diffusing elements for fRELHEHZ0S5/001332
di scharge of air, said difflsing elements positioned
with respect to said at |east one bundl e such that
sai d ai r (2)daf fangee plurality adt threadseseid dreadsubding, generally
wher ei N giagpdsed Inf B ml ai:@ﬁaﬁ,t Sachr 6f katdtieddp esdiidiaged

i th t bundl h t hat
\rN;si néezg’ﬁ%%]%é’%ifﬁg"ﬂfg%‘ a c‘gﬁfrololngd h%rogyﬁg(r:n c :
circul ati aEé @w E@ vf?;ga{rf%kgr upftt UM m}%‘séh

troll t h t
ot ol o e Sl S ol

that enaldiregiani @nﬁgsswfeﬁewthesabhp@aaw of ibmeedntsesas to
and boun §ﬁﬂf1dby sﬁppbﬁvfaf aZndVedset d%@dmaﬂfonvcbfd adjatosyt gRads of

sufflc:le tv@ééns% nd in said _
bi oreactor and erein, wt |n sal d substrates, said

threads have a | ength extension in a range of 80%to
980/&IIT22 amw pipphemenideld sy dlwidlpconnasting 2 soupprepbp with a
S al Gitfoeingi elombts | for Fofcad Glischafge8o/mirp sBiAYdiffusing

gafggéext@%ﬁﬁ%ww 61l &ty BERE R g
b| 0

bcfnech“&f“ﬁ? 21 V\herel n openi ngs defi ned
[
wh@rémascag% %hf@:rgiggs ?%ﬁ%ért@ "fgyl%he‘? ﬁ?@’%‘?‘f \gglﬁ g%g]a&rig s&lﬂ at least ome
burld@v suchnthat pising, ofadir orcaes eedintplizd &yﬂmdmamivaﬁmla@mzﬁrhm
éf T%ﬁ%?E 19) WD 2006/ 064494 PCT11L2005/ 001332 21 25.
Sai Feact or system of claim 24, wherein said aspect
rati o exceeds 500 to 1. 26. The bioreactor system of
andcvhereis? :aaldvmmﬂnd dydrpdyranaigdciraulationde cheractesized bies linear

et Do holBhEL 1) o0 GheC !l AL S AURCE WUt 09 co

Subp@wsg ﬁnﬂ rbouﬂ&ed Bha lbiver aelt that wsidesrbﬁjrgaﬁl suffividdt, to meet an

wherein c{g,nce bet ween sai d diffusing
oxygen deman msal 1oxeactor,

and wherein, within said substrates, said threads have a length extension in 2 range of
80% to 98%.

22.  The bioreactor system of claim, 21, wherein said length extension is in a range
of 85% to 95%.

23.  The bioreactor gystem of claim 21, wherein said length extension is in a range
of 90% to 95%.

24.  The bioreactor system of ¢laim 21 wherein openings defined by:
@) adjacent threads of said threads and

(i) adjacent cross-support elements of said elemenis,
have an aspect ratio exceeding 200to 1.
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el ements and said substrates is between 10 and 30 cm

so as to achieve said controlled hydrodynam c
Wgiz0gai44%40on. 28. The bi oreactor system of cl aiP@TL2005/001332

wherei n a di stance between Haid substrates and a

bottom of said bioreactor is between 50 and 80 cm _so
23as whe hiomasios syderg of claim 24} whereinsaidepectmiiio exceeds 500 to 1.

circulation. 29. The bioreactor system of claim 21,
26PN i5Rh o fllfddls - :

o TR blof byt of Sisfn e Mifrdlh ol bl fuctude et least one
syathetic matasil sdetfed Kem ghes proupracafisting of pelyamidenipolypgopylene,
1O ¢ , through cl earances between adj acent

anéhﬁ%%%g%%@ﬂ%ly&gcid substrates, towards a bottom of
sai d_bi oreactor, and takes part in said hydrodynam c
27¢i r dibe dipgpctonyystemhel daism 8hcwherolys distinet bewarmsad diffusing
1 t f
cloHRBIIR R Sl e tal T 30 S to WRIGH SRR Glprotes
hyd&redyamicaeitowiatibn.sai d plurality of threads, so as to
provi de support for and | oosely associate said
28! N 986 BioreRASH YR UAR 21, DGR 3R
positi oned SO as tofg: ec?l’t u@g%f%nt 6vl\?%hg {&%@is@ﬁa@trates
andvasheiione of ssist hioesrconiid tetwsior 50 asd SAVENDED aSHBEEEhieve said

RSl B V' 10 of the POT.  anendrent

of the above-identified patent application in the
29-abo%e.hm¢ﬂsﬁori8§stpmmm£ , ywhersde sad diffustupeeloments gret further

: - J1]- it hou rejpudi c
osfdHofiwitn 1e4 R St ARIRY B TRGratls dloh e b t6F oxpgen-
cordainitg 1squd ﬂDWISdeFm tﬂmghﬂédamﬁbew&hmgjaicﬁlg,submaﬁés of said

alia, .origjin ai d.and 17, Figyre and t.he .
Subﬁé@ts%i tg?@ﬂistﬂzl?&fgmsﬁggqlﬁ ibRoresip aPd Takss paridn |smqwalmcb'ﬁamw
circndaggegen sufficient to nmeet an oxygen demand in said

bi oreactor” is drawn from page 7, Janes 24-25. Anmended

cl aj 5 and 6 _draw support. fromorigin cl ai ,
30,5 T Dloriikiors e of (B, o1, ot pelly R, o5 Pubedsy, nthor
incladgustdedst #Rd cidis-supRsslbmbae, diSpdsed across and associated with said
plurality of threads, so as to provide support for and loogely associate said threads,

COMT

e

and wherein said cross-support elements are positioned so as fo effect turbulent flow
of the wastewater between said substrates.
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Amended clains 13-19 draw support fromoriginal clains
18-24. Anended claim 20 draws support, inter alia,

WO eendi064494i nal claim 1. Anmended claim 21 dr aRCTRRMS001332
fromthe instant Specifica2on, inter alia, original
clainms 11 and 17, Figure 3 and the associ ated text.
Specific support for the limtation "oxygen
sufficient. to nmeet an REMGRAREESEND in said
bi'oreactor"” is drawn frompage 7, lines 24-25. Anended
clainms 22-23 draw support fromoriginal clains 12-13.
AnepRdgtat] & mridiediaos el PO, athexdment ¢f thel atsdva-idehtified
Amended claim 25 draws support fromoriginal claim

P D oo P el e

2 R rend e s 1. 58 LSAT11-3% are made without prejudice,

New claims 26-30 have been added.

Amended claim 1 draws support from the instant Specification, inter
alia, original claims 1 and 17, Figure 3 and the associated text. Specific
support for the limitation “oxygen sufficient to meet an oXygen demand in said
bioreactor” is drawn from page ;7, lines 24-25.

Amended claims 5 and 6 draw support from original claims 5, 6 and 12.

Amended claims 11 and 12 draw support from Figure 3 anci the
associated text.

Amended claims 13-19 draw support from original claims 18-24.

Amended claim 20 draws support, inter alia, from original claim 1.

Amended claim 21 draws support from the instant Specification, inter
alia, original claims 11 and 17, Figure 3 and the associated text, Speciﬁc
support for the limitation “oxygen sufficient to meet an oxygen demand in said
bioreactor” is drawn from page 7, lines 24-25.

Amended claims 22-23 draw support from original claims 12-13.

Amended claim 24 draws supportt from original claim 14.

Amended c¢laim 25 draws support from original claim 15.

- New claim 26 draws suppotrt from original claim 16.

New claims 27-30 draw support from original claims 22-25.
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