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Bl OREACTOR SYSTEM FOR MULTI - STAGE BI OLOG CAL
WASTEWATER TREATMENT FI ELD AND BACKGROUND OF THE
wo D0IERI440N The present invention relates to bipdDgi20ed001332
wast ewat er treatment systems, and nore particularly,
to a bioreactor systemfor nulti-stage biological
wast epabRIE ACEOREYS TEMEORMENA-STAGE BIOLGHGIGAE
successi ons and trophic hydrobionts chains. It is
known that a spatWalSTEWATERAIREATMBN
m croorgani sm chai n provi des conditions at which
| arger organi sms consune snaller ones. Such a spati al
N cessi i "G for
2% B Pt OEe: by—Treans ye h aerobi c and
ppe ! g;?ﬂegexﬁ%ﬁ%ﬁtf&d Rl tFIHE6RI@RR SEvatdh eeagsettisysfems, and
suc succession Is an increased efficiency of
mor@l PERRTIAY, to entbierhctandsysterad fare dnujtiestage \bielogical wastewater
surplus biomass. Such purification processes are. . .
treatmentabased am Ispatiald SHEROrEAFAS| FAFEETPRY ARds {TORkC hydrobionts
b even those containing high levels of organic and ’
chaifjor ganic i mpurities. Characteristically, systens for

y\la t . i i . i | . .
3] SEGF0 HEE  S1 evcp e st v
con@{1RRIsORt Cwhitht $argBAcdtghhishachasume nmalierdenmen t Such a spatial

. contro_l | ed air supply that maintains the oxygen |evel
micheagenisfrosudcessian tforrns p heisist fos prriicstiogapsessen Ry means of both

aer;b?ig;gg%p%%gagﬁéﬁiegm@&rg%#gﬁ i { 1?3:5}9{1: 2)?%585 3 succession
. require : , i
is aPﬁﬂFﬁ?&F?{ge{f&é&%é{g s,lgg%%ﬁ&%! ?r%%?ﬁ?rft%f@é& ﬁcﬁ?\%gt&ggﬁﬁw of surplus

biofHabdl ISR OfidepRIcaiRs| e animbRufdrsbeth domestisand industrial
l?‘{jat neegolglg?%f ul rrglﬁ{ toring due to sudden changes in
wadlbwiRss dveacthose aontalingdiighy lewds aifi avganickansk mesgatis impurities.

S: S{Bga})r;gtegigﬁesg, éﬁ?tggﬁs\éﬁegrr @Vpé?g%l/qtg{ gregt,)l(;g@eprﬁ] %Ily\r:tgg%g microorganism

bi oreact ars using fixed sub ' o
chains mfﬁ%ﬁreﬁio@? m%ﬁ}%wéggg?kﬁgﬁ%lg%&%faﬁf gﬁzleeg%ﬂ?]]cyumts. Each
bioPdadgsed ﬁ%vf‘cf&ﬁe%ﬁhv§ cBHirbAEP a9 sip1yBREs maintains the oxygen level

needed for the activity of the microorganisms and enhances the biomass exchange.

Prior art bioreactors suffer from various drawbacks. Trickling filters require a
large space, generate secondary pollution including bad odors, and attract flies.
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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t herefore, demandi ng periodic cleaning or replacing of
the submerged biomass. These prior art fixed submerged
whemmeerIbi or eact ors require many bi oreact or s ROI/H2e5/001332

the loading low to naintain the purification
efficiency. Consequently thesewastewater-treating

wast{e%kér Lfd Ciﬁﬁlgd%mmfésfde?ﬂé&ﬁﬁfreﬂﬁéﬁttmbhﬁmlng,o & oontrol oHflow and

['ow an and are expensive to install, operate
loadaast s eXpzhsivelth &stﬂat@ﬂathkandmmﬁalmlo to Lunt
descri bes a wastewater treat mé , ystem havin

satkS RatentiNg. rh085.0i18) togh vl dscy F‘na %tegséa&%s?ggtglent system

desi ned to oId

S T T Y p—
dem@?gp{opﬂﬁdt e%f@ﬁb&ggﬁgﬁrallto%n %ﬁ§@t@bam@ﬁgmnme biological

81 to Kuriyam,

medd8fGS bR 1B estiapaiver ther calseof opqram«mm t hat incl udes
a substrate designed to contain the m croorgan

pl U8 .Rayemf Nﬂer#ﬂéél,ﬂgyl A0 sKosivama, balt @bt e@espglhes 4 Wastewater

BRE T EE R TRERERERLE I T -
plurgﬂ%fsto gglcg%lge di ecﬁ 04 Brafds! &N s} n%'l%d‘)ffof h&astewater to pass

e ditticulty in nt ai ni ng and/ or

therétﬁ%tfg}i ngl“ﬁé“‘ﬁ!&hhb&l oPaslapbinkiois dredte?, ibthit qurlid elh&mm the Lunt
., describes the arrangenent of atgl ural it

devicecdtigratthe emidntatsorabf ehmaubstgilte& end dertopi diffienl lfl maintaining
anaerobi ¢ action. Wile Nielson indicates that it is
and/@@é@lﬁ@%mgth@naddress pl uggl ng probl errB the techni que

011 SRR PSS BB QRPBRES 0 ngcmentof o

plur 11ﬁ/2 of %Ije%tlge%t': Hafors e‘sllteféﬁatmgt gofDasrdbie t6/3@acrobic action. While

terin t hrough whi ch™t he wast ewat er passes and
Nlelgﬁh(iﬁdﬂcﬁtélsltﬂﬁlsxtsy ppceskartyetddidugessopluggingrproblems, the technique for

i ol ogi cal medium The device has r at he
dou:gam ISO’GL@WﬁthIg\‘dG eodapprarsta be less tgﬁ% GP@Pi‘?tS]g'g‘lr#‘th’é’F
Tes; Eaat At 4%225{1‘%0‘)%@% b A EE i Hisg,of a,flfering bed

throtulgﬁ vgl&%ﬁltﬁé ﬁas%% bh§ 'vﬁﬁcﬁ'iﬁclﬁ&é’éléd@%ri @edlﬁng to suspend

a Cos tenance operation Pat ent

the DlogicAPheditin tphé\/ﬂ&hea ayis desthet besipiexmsireulatien process in order
treatment plant having a final filter made of .a sheet

to epfsud akaning dfi¢hes beddingf apd sle nvicrabesy appisdderies tmay experlence
additional kinds of clogging problems, and the disclosed bedding particles are
required to go through a costly maintenance operation.

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,
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itself so as to form passageways designed for mnicrobe
gromh. Wiile this design may increase the surface
war@soangy therefore, the dwell tine avail abl erdDIL2005001332
m crobial action, it is likely that plugging wll
occur as the passageway fills with dead m crobes over
theré ré’s‘%ﬂﬂsozg fp%blurmf plile SHATER the PasOT 40y tvabieoselatst build up on the
or multi-stage biological wastewater
surfzidee@f menmaea eorodst micrpbegy u@sba)a peliutartseand digy suctysolids do not

d of
i Lo She RBenaL b ke e he MeR SRS 2 8ol BESRE rapped

bi ol ogi cal there r
ot o p L SR IR, RSB P I oBlipatcgfificanty
redu&gse ﬂ{%acthwggf %gsm gh%g?%@\’%gt;gélflgtﬁﬁts?gh% gﬁlbg'iﬁglggr}?gof underlying
actitdtibiobeeakiai o lozated belstvetie, surfiacesof this maesorfeonsequently, the
trapped at or near the surface of mass. This

acce%naggn {xﬁf pollutant \Iﬁ:ﬂ@’ spusade bwd@écrgﬁa APEFSLig; i, comgrpised, and
e pa

B
necegg%r&l i g er Bl lg%esq%%tahhgll er CRASRIGEMI ithant\b@uld otherwme be

on o ut ant ay caused by m crobe

requiR@EShi &et So CATBLALTITSE this apidgpiigeqor f tooreguibarty gheanh ghe clogged
nmass i s reduced and nay even be stopped. It is

systleimerefoLe necessary to either build a substantially

arger bi oreact

aﬂxer@mhﬁ?%ﬁséé recp S AR B ¢ & P UGG Giebiy pdvantageous.
to }@vg %qfégcgtla %Srg%ﬂf £6t mggtag¥%18{8§lgﬂ e%&sgtb@)a}fé?e&@eﬁﬁ{eﬁt that is
rob @ RNt FGERYSE, difh (ggé“f@ o@eﬁt@flﬁﬁfdc@ptlblﬁstbqﬂuggmg, and inexpensive to

mul t1 st age bi ol 0gi cal “wastewater treatnent that is
instalbapdtma#nthief ficient, sinple to operate, insusceptible
to pluggi ng, and inexpensive to install and naintain.
SUMVARY OF THE INVENTI ON According to the teachings of
Aer e is provided a nmultiple
of ot o f0£ m crobi ol ogi cal treatnment
r in®eh
Iea one ht?éﬁf é}]?fl # bﬁgﬁs E)?té )F{gt e f%@@tﬁs:ﬂ%laﬁzﬁ?damultlple

sta"g%ﬂﬁbfda@to’ﬂ sySten IfonfrHotobésingical maﬁmntsufpwmtcwagr the bioreactor
bi omass growt h, the substrate includin a)
system including: at least one highly-flexible substra%e for prov1d1ng a superficial

environment conducive for supporting biomass growth, the substrate including: (a) a
large 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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| arge plurality of threads, the threads disposed in a
general ly Iongitudinal direction and including a

w@bkaosab44by of synthetic filanents, and (b) at PeRHL20658MD1332
cross-support el ements di sposed across and associ at ed
with the plurality of threads , so as to provide

S“RB@&HiJgg{o ang g&ﬁ?&%ﬁu@&?ﬁﬁt@t &stHbed peeferted entterdiments, the
openings defined by (i) adjacent threads of the
aspebi¥afiddce@s®d00i tb ladj acent cross-support el enents of

the el enents, h [ [
Achocatifg tostllRumer fener st IEEOALEET ] erbodtinents, the
referred odi ts,, th . '
B T A
esCri @ i : .
oD Y PP TR AL TS s se ekt 0
lengttlexttBRsi B8 D ihdReledtsas ¢ hesh @G YD %t he aspect
ratio exceeds 2000 to 1. According to still further
}‘ eAhuar)]ﬁBng to stikd fusber fdasirep infhe deserivng mﬁé?&??i&&%mem& the
engt h extensi f the.th [ e is i .
dvead B B s e o B RISy S o
eaturesg in the d ' : mbodi
polyEgRpeaRy B S Preae deREE BN ke ge of 00%
t °A§§§{%dé§§ 95l Trther Karbres finithd@escribetpreferted ¢thbodiments, the

des preferred enbodi nents, the threads inc| U(Le
at leatt theAGbsoseppyhtlentents areteoverl clewleats iatermiayen vrh the threads.

gro I sti f '
c é%gofdoiggléé sﬁﬁ?@%gpé?e'.ayrﬁ?é% o b gt BreeRpreRetp{ Ripodiments, the
eatures in t d i bed -

wovgp plaments e Bfie o8- gt 5Pe PERLTRIE S BRASIREIR, SO the group

conf B APHRAALAE pp DRy s iy

. u descri bed preferred
enbediopERk So stiltefurtiee featbestntthe idesdrilid preféreed embadiments, the
synthetic nmaterial selected fromthe gro onsi stin
crossfsuppbstaiementsformpnangleneith sespeet Bsde thigad, in a rangs of 30° to
°polyester. According to still further features in the
90°descri bed preferred enbodi nents, the cross-support

ielne ccf%tgﬁéléog}maggﬂ}%gg%sg).ecf’viotfhth’éeﬁ&%ﬁt fitvenfi@dnt tHeg@ds, provided a
multiple stage bioreactor system for microbiological treatment of wastewater, the
bioreactor system including: at least one substrate for providing 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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According to another aspect of the present invention
there is provided a multiple stage bioreactor system
wo or6sapobi ol ogi cal treatment of wastewater, PEEIL2005001332
bi oreactor systemincluding: at |east one substrate
forﬁpr;(;/! ding a _supe;%fi cial environment conducive for
suppoting bibrh wih CeRRST the BEbsitHied hialieg tehddinedudi lurali
ppaﬂ agge p?gl}r Flty of threads, the thre%\ds disp?ggédﬁig?p ”
of senfietier Alamentgndiet sibstratesdbeingt juastaposedi inhy aubstantéally parallel
wo cross-support el enments disposed acro and, .
manass wdthatespeati toneacheother raithinythes bioprastits ?53%)“ gir gupply manifold

for g Pemie BRJP G St BT ERGo R eting A HIpfA P Of diffusing
elen;c’pg)t ss,tﬁ%g%?ﬁrglf:& 5%%1@%‘@ t Bbn 8Pt BeWPusiNeCREMERS Pasitioned with

e present 1 nvention there is

respREOYd 4RE sabsivatti BhiRiled agectbithatetet air syest end fdiffuses through the
m crobi ol ogi cal treatnment of wastewater, the

lam1piao :rsagslrates,smd svhereiol thei diffusang felerments e Hughen posjtioned with

resp'slc”:tcrq“alg'set” Bhueabapt sooeaensuch fird BEding Gy gHERE &controlled
ral i.ty of substr bundl - i .

hydlgp ngmig ; {;&;c%lpﬂsi mvﬁgmﬁnsu 4 t?%{% feir) Etégg%ﬁtﬁdg%ijangodynamlc

circRiaBBRSi88 Shhctcened W a lieasvbistitptresghbyinded by eadspper level
mg] uafen%a pl uralitytg{)f synthetigﬁfilgo\rrents, th}:e P
thatenaBles & emabeiongetilevhahe dadinan subsitates, andiboungded by a lower level

paral l el manner with respect {o each oth it hi h

thatbprowédest @ pre-deteramned |m1§g55myieﬁ§ﬁi oqv&ﬂpﬁt;e’ f’¥m¥l$ed}l toughout the
connecting to an air source, the manifold including a

sub¥f3iESl ity of diffusing el enents, for forced risi nggand

\(/jv: I/%&%ir&%gg{o Eﬂn[th?]ﬁ peatiiekf 1S k0 deb@iBud prdafesedi @nbddiments, the

. res to the substrate bundles such that the
sub&trite Hunbke Bildsplist beesedmhadingint tdlemeémtriofahe diffesingekements, and
anpl_ vvher.el n the diffusing elenents are further
wharesi theodi€fiisizigt elemenproate q%@p@wé bstaatially Qpposiipde @lasge face of
such that the rising of air creates a controlled
theﬁ‘]‘éﬁ{@él%am c circulation within the bioreactor, the

gﬁgéé%'gﬁ%z@yﬁgf;ﬂg | G2k d LIl Ak RRcHBEd Breferred embodiments, the

I near velocity range bounded by an

sin#l@@ﬁBstkﬁE%hnHEﬂhcﬁlﬂébQQé 1bi sihs subsirses. t 1 e on the
am nar substrates, and bounded by a | ower |eyel that

pr oecteding po atilefurthernfedturesiimihe] dsseribed RrotarTeshpmbodiments,
fror?ux%gson 8t Iz)rfotlfll%hglijgstrtaltqe% %Jebﬁttuztg}t)gsséd between adjacent elements of the
diffusing 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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According to further features in the described
preferred enbodi ments, the substrate bundle is
wolc@posad bet ween adj acent el enents of the di fPaEINg05/001332
el enents, and wherein the diffusing elements are
di sposed substantially opposite to a large face of the
su écbgdigg 10 %@ﬁ%ﬁﬂg@g féAufekiihlthé detditeds preferrab embodiments, the
deScribed~preferred enbodi ments, the single substrate
difrisingl dempgisuste sfubthen pbeitished heithbulsspecattesthe Adbeldy f substrates
to still further features in the describe ref rregl
sucle titd i majer sfreAmonh Gxygsnscattainte Hgwish Haws dogyn, through clearances

j uxt aposed bet ween j acent i i

berbanahpeent ALCUFUFTRS 16 PR FeraPT R § Boft Rl ik eRprRecor.
degg{do?@ﬂg%esfﬁw fitfhef ?@ﬁg}&qﬂttﬁe Jes@edl prefdred etddediments, the
su rates are | uxtaposed between adjacent el ements of

thral€ 2tk idhspoise@ i8] 2 pemdrally Aongituidingl tivestion, | arfdumthieesin each of the

features in the described preferred emhodi nents, th
substratta foxthéreincbedest dideasts s FFF@SQUBE%?;SGIQEB“E ﬁiésposeg across and

b ' .
e e
assé%%hp%h{egag,teﬁu?\é@%fén 'the E%s%%ﬁﬁbh@&n@ﬁﬁfﬁé IRMeitioned so as to

stance betweeh the substratés and a

ARRPHIBIIGRS flohieoPihRreRtéWitek behedenerhe sabstenes. 80 cm 5o
as to achieve the controll ed hydrodynam c

b Y P HG hay DV

plural it f substr.at '

Dbl IR B b Bl e rofrnce
a H e . . .

SRR ERAER S MRS RIEge el e dravngs in ol

it AC 6PEdbAahAtahs tpakticiflawst shewif ezt by ewayi of ehamplssand fugpurposes of

‘ prefgerrepl enmbodi nents, the threads are disposed jn a .

lgsmatred Hischiua o dhe arcleiedcamBRImGNS BhSRGPIEERE gtion only.

the substrates further jncludes .
ar;gir ?ﬁ:s[:rﬁggg in @% ﬁ@,lﬁesgf ch%ag]gd\%h%{r g:@élghlgﬁ atgsboecfhaet rélgst useful
e t 3 "
ar@uﬁﬁ‘g}ly \llrgcire%atﬁé& lcﬁoéggle?t;&g ?22@? g?@ct?p;l? ;ﬁrﬁ?edg‘gg’éﬁggld aspects of the
in‘g’gﬁt;i&gi.n T hi§ @B ErdS Ui @ttt mplt eisErnbde aoestposistiughadl gletails of the

invention in more detail than is necessary for a fundamental understanding of the

invention, the description taken with the drawings making apparent to those skilled
in the art how the several forms of the invention may be embodied in practice.

In the drawings:

Figure 1 shows a multi-stage biological activated bioreactor system for
wastewater treatment 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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effect turbulent flow of the wastewater between the
substrates. BRI EF DESCRI PTI ON OF THE DRAWNGS The
WO pwenéd4en i s herein described, by way of exanpCEIMH001332

with reference to the acconpanying draw ngs. Wth
specific reference now to the drawings in detail, it
! SF%‘F@??IQ st?aﬁé@ ey dRaBYAdnicatifusivinwithin dyiovayctof, according
exa e an or purposes of illustrative discussion of

to tHefrefefigvargidnernbodi nents of the present invention
only, and are presented in the cause of providing what
is believed to be the nost useful and readily

. . this regard,
no t I s t: | C .
Rt P oy Ty o oon el

ﬁxeﬁ%%ﬁ@?é@'subﬁﬂﬁwtf@ﬂ dhé bimhagshe Theveiotréastor syséem is robust and
Qescr_lp ion taken with the draw ngs neking apparent to
effi¢ibot sirsjdelto eperate.tand faghlyw@wl&q@gtlg]@vt@ Neg188ms of the

I nvention [ [ '

i KRGS R 1o e ST RAentpEfie 1Rt i etail it is to be

activ | OF S ibga i
undfStoai ot Pley PR, B EETREA NS hAloatipRGHdTERS details of
congwmf aRddnRbhaahSerRbR 0F; thEi genpoRants et forthe ivitber following

of a substrate for bi omass buildup; Figure 2b sho a
desérigtion agi fitusifatéd gini then draiving.wo Taw Aweantios s (vapeBls of other

Figure 2c schematically, descrjhes the cross-supp o, it i

251 o, it is to be

emby} dm@ntsSon ot beingRMCHFdh ot ARkl 0 YA QY FY it

andFi gur i]lustrates it ' ' '
undgystnnd et e Phib e RY e eIt E ERRI e Choreil A fffthe purpose

Bt RETERRED EMBODI ME

Of#ﬁéﬁ%?%rg@% |nverlr11t|8 iﬂ-ghg}%és%ggdk;%oﬁeact or system forNTS

t 1 e pnoipRs e eperation g the spdemudneordjod tedbe pregeat invention

for the biomass. The bioreactor systemjs robust and .
magpflid bewert undensisied wthopelertnee nihaidghvipes n%‘&fg é‘t%ﬁ‘atﬁcﬁP‘é’Pa“ymg
d tQ plugging. Before explaining at |east one enbodi ment
eSEFPHPR i nvention in detail, it is to be

Referring now to the drawings, Figure 1 shows a multi-stage biological

DESREAE 6, Rk RE N EenfoDRCHiANFS, and

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. Secondary air lines 14 deliver air to manifolds 20,
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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understood that the invention is not linmted inits
application to the details of construction and the
waremangapent of the conponents set forth in theCT/IL2005001332
foll owing description or illustrated in the draw ng.
The invention is capable of other enbodinents or of
Wateehfd Waset Waes, 04, pan60,6d990) and YaMaeds, Jmysal ¢f Eeymentation
it is to be understood that the phraseol ogy. and_ . .
Tecxémmgy,olsagp. &P dPaa). hartarnfrpm p¥pesshe PoERiEeohpiomass on the
escription and shoul d not. be regarded, as,lim tigfng: :
soppering el OB SUBRGRD AL FIORT Gropre Ly LR BRI of ffling biomass
to t r ' [ t Rl | i
Consplshyd PFES 1, EFES 08 FRINIT Sy B A e SR HOf feal with

impﬁﬁﬁ&gk}% hPdrodRRARIds JTghe bisreactbise drawi ngs, Figure 1
sho a nulti-stage biological activated bioreactor .
sy §i eharp0Coritoast washepeive art, rosgt aapaet bhdprsseripRivERfion focuses

?ﬁééﬁ;{e%&'ﬂ@ praige, B EReORAnt;S P biargstpr abs Hsdering now to
) al.i t Si i A i R
Figs it A{hSHd SREERIEE SemBRSTE2, e abb URAE aldeity so as to

proiy S’Pbgﬂeéctéh hrd Phid- N8 UFRME REWhSAPei 1Rfuid hecarxiedapwards by

required I n each bioreactor 40 by secondary air |ines
the #4ingrulr blistsles.val ves 16. These air flows are controll ed

according to the oxygen_ denand in each specific e -
bi dtwhedyname, c1ge&@mwyhg1 bior¢aedar zil 1 iened by posifjoning each

__mani f i . .
iTTBGRAETER 45 WHEHOPErS Sshrist A o RE R HiajS sBBER of liquid
ﬂoxgsleﬁlpgﬁ%% ecfiftﬁtsihggiﬂ??leﬁlf O BBivdnSIR6 SRbYRYRE Y ki HEmediately

reans Vi a using elenents 22 (shown in Figure

surrdlind @efrasiaklefememsy2e nFhis hatsesrgphydrodynamit ¢ifadation 25 around the
el enents are superior in treating ability and treatin
top edfff subistrateg 10 andcdowenthrengh the xcg@arB@%PSpg@tV@§§.su%5trateg 10, and

Fi xed- bed. processes,, as. djscl.osed, for, ex I P
thrasgheto TR IS 107D P oRg ot RIS i o B h G 8 fpioreactor 40
Mast ter O ( J -
g Yl 50 sl gl QR SN o pr
detéﬁ@%@ﬁ‘fiﬁﬁﬁhﬁﬁle@@@ﬂb%éﬁfis kiepivass tiroudipus ypipstratént0, and such
nmedi a or substrates and from excessive sl oughi ng of
thaf @el limgir hietoitysof Hguisefowing yp from diffusing ejements2desasufficiently
mainly with this proble ancL,do not deal with . .
low to avoid turbulence and to allow biomass to séttle so as to achieve optimal
buildup on substrates 10.

It has been found that in order to achieve the inventive hydrodynamic
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 40, the distance between

adjacent substrates 10, and wastewater and air flows.
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i nprovi ng the hydrodynam cs of the bioreactors. In

sharp contrast to the prior art, one aspect of the
wEe@sest4o4 nventi on focuses on, and appreci abl yPCT/1L.2005/001332

i mproves, the hydrodynam cs of bioreactor 40.

Referring now to Figure 3, air diffused fromdiffusing

el R/gﬁms?a tfelafRntabysteti 16ATisvedmitivoysiyofat with wastewater, or
oduce, Tn bioreactor 40, an "air-lift" effect in

part%lggﬂlieattbd} I_vt/agtﬁw;vjzdeﬁ, vizarlel 26 whichrid digppsedén an gippgr Bast of a first
) es. rodynami.c citcul ati i thin. bi
51dew~g}11ﬁ%&i0§\ﬁerateuy 1B The ﬁffif&%égléﬁgha st H’é’?l%é)cﬁgﬁf Blpyddetors 40
respect .to substra C i t
ovelfoss G5BT ol BFRERNSE pHuRled ik SoEh OLIRAM ot an
oppB%’YPe 58?%;51% ﬁﬁst }orehdbr, Witk Gbspeet ¥ mletr26d nintidriyyshagfiluent of
el enen . I's causes a hydrodynami ¢ circul ation 25
the ade@bpd bltgedcter off bidredctatsest0LGveafiowsoten, the hthjrdyhbiprractor  of
~ clearances between substrates 10. and through g mi d31
blorggqom46ﬂh®ughtd1$ﬁ1@rgﬁmmrén9@,2- BB?‘%lggﬁ 3@ 36‘5 % (as well
i or.eactor 40.. Thi dr,odynani ¢ td.er : ;
o hgabryntnet A ST s R pd vio
m niL.opum o i | i g r eq
st L e b L 8 S g idmens, witin coch
bioﬂeh%&‘QOﬂ ow ng up fromdiffusing elenment 22 is
sufficiently lowto avoid turbul ence and to all ow .
bi gﬂ?slseettexi wgtetrl roduceskistdischergas Sompyyistamn 190ivig gptiethd4. which
. Substrates 10. It has been foun at in order t
is dg@ﬁﬁ%@/gl %rhEPIP"ﬁ.\%‘ﬁTt ‘Pﬁ%sw&aé&%ﬂﬂ}% circul ation pgt tern
eserd be ere : rs
e R PR NG el R st e M 10 fo
bio@ & TAMAEnOf SAbk@atk410 Pise eloabe,y lanminkfjesyrahetic dilté tmaterial for
, nore Breferably in the range of 3 to 8, and npst
suppbRings bibkyass Frowttd. SAbistrate ddamhich asrmally hgs arkgight ¢f 1.5 to 4.5
apparent to one skilled in the art ci rcul

m, anvidtle of ddtaiddne @ngl raorhi@lgxqg§ qfpenly L%TBQ ﬁ 0 gpmy; m?]&:ig]gg éci)r?gitudinal
thregdh b he e PUSTRG SERanon LOSY 300 dhoiE Thd pRereLirEy 20po 400 drex.
e FAPAER, YA ST gt b0 et provie
an sbédE@Fadlarea ok roatasvat@wthand ai r

; l(egrmlﬁyieg/gsl fﬁtﬂ:c,tsitm?gsesgxtc;{a?g;tl I’;I;r(]it hg dS'Eo(?grgthle?'Ob)i/ Sa (Szlcl)‘lghi qur% Se{* Yof cross-
support elements 52, typically disposed in transverse fashion with respect to threads
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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partially-treated wastewater, via inlet 26, which is

di sposed in an upper part of a first sidewall 28 of
wey®sem4400. The effluent fromthe first bioremct/mroed001332

bi oreactors 40 overflows into an adjacent bioreactor

t hrough di scharge opening 30, |ocated at an opposite
to pElotearpbubdtetés. r Sonbequenslyt e bimdssrleaspmuchtless fitmtsupport, and
26. Simlarly, the effluent of the second_bi oreactor
biomsshidup onbichcadeiorplBREINgs- LIS SN HEURbAREBFaSH

bi .40 i : e
opahiags Petria n 35 Spearianon 208 naRE A S Hyohan afows, the
tem\?vif"?%léct QLAOT r TR 925 L AP b e BeReREBI ARl thedividRBSHTan opening

respect to one another so as to mnim ze

foriab@ by adjdceni thregisiBlemahadjacenit ichoss-appbrtidlementst S indOsubstrate.
The treated water produced is dischar stem

df
1$@msasm%dré_cl§mnlt?vﬁ2 arc pdvantageously I%;Zk@ﬁ Qﬁgbﬁequo, so as to
*of a sec 46. Ref [ [ .
I'eStpliCb lyyaéerzgﬂivg s@ E\é\%@e@l Ewt@?osgarl ng{rgt%%vef(gogs'f gﬁéﬁpgﬁ%&gure 2b.
ThLEu IiI%ng&l oPYRs tl%ﬁ;&rlﬂowscl?arﬁﬁeﬁgﬁc 'o?"sﬁrﬁﬁ'[art %XﬁEHﬁE kife inventive
PIrter materr a or supporting biomass grow h.

systerP s él@drsct_éﬁzemifyw tuBuIERk flow asgime i Gbtwedn Jubstrates 10, which
4.5 m awdth of 1 to 2 m and a thickness of only 2

enhrmcéls&hmgp{ygm bupidy nleeded fardiiomiass grosdlis 50, having a
t g”ﬁ%&;@zﬁi exennin; of eq g ootrsassasll i SHASEAE 70,68 also been
a 0.t fil. . ' .

N INUNRTIN e A

heré‘iheinaﬁl%ogﬂe@iﬁ&t%daﬁkﬂiﬁ thO QLiARS sdeyion thaRKbllcwsTbde tefm "length

crosssupport elenents 52, typically disposed in
extérstnEViefas tb ashtionexprebseddaereentpbetiveendbe kngtiEafla section of a
cross-support elenent 52 is preferably a_stri

substrafiecheiween adiasentocioss-SepPt §leaerith (hgaotignye Bk red B average
t . . i i .

o SR BT OE 0 OV B A o W

whiﬁ:ﬁg@?}tg@eﬂg? ﬁgeﬁggsroepité/d bﬁc}:tr{)]%-ﬁg)ﬁg?ﬂhel%&eﬁ@ & m%rtbpr?félhand at the

he ratio o to the wdth o
botidiE cAESHT Bleesibegste, and id which:(3) aine substenté Yerigthlll ys 0.45 meters,
about 1:1. By sharp contrast, the ratio of )
and (2) the average length of the threads is 0.5 meters, the length extension would be
equal to 100%0.45/0.5, or 90%.

The length extension of substrate 10 typically exceeds 80%, preferably lies

within a range of 85% to 98%, more preferably, within a range of 90% to 95%, and
most preferably, within a range of 92% 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 carryover as sloughing
from former bioreactors of the multi-stage system.

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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20

the length to the wdth of the openings forned by
threads 50 and strips 52, according to the present
WO moenés4on, is greater than 1:50, preferably grEELI2005/001332
than 1:200, nore preferably, greater than 1:500 and
even nore preferably, greater than 1:2000. Inventive
TheUBRidrateSistdht Satdials xhbleN®ng-tehaxfddrie duthbildty imrtye aqueous
openings wth respectto prior-art substrates. i
medfRens adiilenthlejt, ldvhehtinkage propestieieHowethe fitish Gigppek the time of
and bi omass buil d-up - whi f&gl Eads to uggi ng ~ tends
installationy fatiricctgnsiop cfsupsiraies 1AL Q8 PEEKREYE n i n t he
specificati nd i n.the cl ai ect.| t AW, 50t
t &é( pical mpuég.}g:@gf’nr aeir}ﬁSIenFI&S er&sfst% g“rlgfnslt%é%eP {Aog{%%@ﬁ eactlvated
L 4t ' il Sfemdvidedad) abdal.
was{eﬁ’%%é&&g@a@%e%ﬁ%l%%figgéﬁ% p?l?glgg?gﬁﬂgg%rt el emrents 52 in a
substrate. Cross-support elenents 52 are
advant ageo hi cke han thread Q—so—as—10
F ¢gblel CPuMAtaliod Egficiédcipef welenltiBtageBiddgiwabActivated
10, as shown in Figure 2b. Thus, instead of the
| ami nar fl ow char aWMastd YMater Dieapnewsr - art syst ens,
\/ 1) 2 aYan aka a ava A = = oo

Bislgpival OXye
ele

t he

paranouTyz4, TP ance i n
i | d-up. Agsé’segﬂ? ferein in

e —specTiTcation and Tn Thi Clalns sgg¢4 oggdghat
A lows, the term"length ektension" refers to a
JiPR! GreaRgPressed in percent§ between 93% -11@03th of a
section of a substrate between adjacent cross-support
ind the av@P%ge99¥ngt h of

In a sustrate in which the threads are associ ated by
cross-support elenments at the top end and at the
bott om end of the substrate, a

.. and i, ich (1) the _. :
sudthaugh [t gnrentien; hgsy e%tcgqsgrilggmlng 55)1(13(1%8586 e‘r’vétéle specific
| engt h of . the.threads i : , -engt I
el SEBRPRBE PR TSR ppnb e s
j i ' ihOthie Y. C Aldeprainglgedisis intended t
wrb i el B s bty cedanangdsmndsd o

embrRE® allr fichr Atiryativdst hodificataomgeanaf vaiatians detdalhmgthin the spirit

nost preferably, within a range of 92%.and 95% W #thin
andt bgmpna@pmwfré\ﬁ;gggp@xdedhglaimg All puéohcatlons, f)atents and patent

applications 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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| engt h extension, adjacent threads 50 have a suitable
flexibility, with respect to one another, so as to
wenabbetsgont rol | ed bi omass bui |l dup on subst r at BGT/IIR005/001332

Consequently, sloughing is greatly reduced and

sl oughing of falling biomass as a result of excessive
vﬂﬂA@”@ﬂ?ﬁﬁJngbqu is avoided, as well as excessive

bi omass | oadi ng of down stream bi oreactors due to

excessi ve biomass carryover as sloughing from fornmer

bi oreactors of the multi-st e reads 5 nd
1 ohomulie stas tgorarr e EhprraheTsical feigent of Wastewater,
terials such as gol yam de, pol ypropyl ene,

the bl%ﬁeag@f FYHRESCPBPYEEBer, or any conbi nation
r 36V 8rsupbsicaladvar t conducive
s DSl g o i o

for su%b(bﬂtﬁlgtﬂisiﬂasé grovethy smklagbstpatepnmludm:g al l ow the initial
, at the tine of |nstallat|on brig.tens ono

s(ast rat lesgel (pluenlify Qféhéfradéad sarg, spufisppscd j1gna generally
f f L t b

lswetudinel Sredionan moudbiA Ol %ﬁ?ﬁ Pt qidhits,  end

agbé 0 pr Qtvlegﬁbdt\@]cr-[)@? lsﬁ?%ort Aldhaigidiesed ﬁ&ﬁﬁ!‘) A8 dRgsciated

descr I'n con ction wth'specific

ewndi8 Pleralife of threads ,iso &vtalendvidbauppartyfor and loosely
alternatives, nodifications and variations will be

apgsacidd sdid thieeds skilled in the art. Accordi ngly, it
is intended to agorace all such alternatives,
whepgigiopermessledingA®Yvari ations that fall within the

SPIrit Iongaj%ggqﬁﬁfsﬁg% shiaGnARRENRA Clai ms. AVl

public nd patent applications

rrent' oagd | Adfalerst cs[e@scs ¢lementsnsf dadd BlgménSs, Pat ent
05, 010, 4, 165, 2 4,279,753, 4,521,311, and

havéaﬁ%@pdb?@aﬂ@emdmdrr%5\0tcnd:or porated in their entirety
by reference into the specification, to the sane
extent as if each individual publication, patent or

R R e e O

addition, citation or identification of any reference
inthis appllcatlon shal | not be construed as an

3. agieYior@actonaystencdf ¢leinelewherdis savdeadspatt ratiaexpe¢dsr500 to 1.
art to the present invention. WHAT IS CLAIMED IS: 1. A
nultlple stage bioreactor system for m crobiologica

4, cg atrhrlr«gq%tﬁﬁt%fr s%‘tg}neo Cleim 2t AReRliR SR gs%fectsﬁ’f’%ee@i]ceeds 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,

and cross-linked polyester.

12



at |l east one highly-flexible substrate for providing a

superficial environnment conducive for supporting

whrmieeagr om h, said substrate including: (a)peEr/i20ga01332

plurality of threads, said threads disposed in a

general ly longitudinal direction and including a

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

cross-support elements di sposed across and associ at ed
8. Wihd tHadedctor usyatdm yofotlaimr aséhereigosaid atolgasioveecross-support

support for and | oosely associ.ate said,threads,
elemgnés aevoyineIgRENEINS @ VEY With Sﬁéjtﬁf&éﬂ% t hr eads of

said threads, and (ii) adjacent cross-support elenents

of said elenments, have an aspect ratio exceeding 50 to

1 ' } YRRt ewhefeit kaidWwdvenlements idalude at least
- agkﬁ%g%0¥?§%tpg%§§g£01§%§g’to 1. 3. The bioreactor .
one SYiitRB1Of nedtatiah Isclodtat efronsatht agept casistingx afeqwlyamide,

500 to 1. 4. The bioreactor systemof claim2, wherein
polypedpylenpend aress-bnksdpelyestotoo to 1. 5. The bi oreactor

systemof claiml1l, wherein a | ength extension of said

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

6 | 0 ' hdbrb 8leghents form an
T e E RS e Tt
angleOwdh%espect 16 Sailithreads;tiara rapge ef30f tch@i.m 1, wherein

said threads include at |east one synthetic materi al

selected fromthe group consisting of polyam de,

pol ypr opyl ene, and cross-1inked polyester, 8. .Th
1. Dot BHGTe SsconbIgreastan yHteiyndye; FaRpipapthE patment of

WO .CI 0SS .woven el enents
wasfeﬁsfaé? : eeﬁlsoéﬁ)cﬁe;‘é%ﬁgge%p@é@ . The bioreactor system
at 18hstChAk MBhIYIRKRIIE SiisttawoVBR Wloetding Sai iglefieiahtenvironment
l'east one synthetic material selected fromthe group
condwuisé $61 audtunhtigro b ancdbes, said/ prosprateme|udingt
cross-1linked polyester. 10. The bioreactor.system o

c(@i m a largealetality of threadss said fhrseds disposethis?  GERPIANY

longitudinal direction, and
(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%.

13



angle, with respect to said threads, in a range of 30
to 90. 11. A nultiple stage bioreactor system for
won@sobi4el ogi cal treatnment of wastewater, the PCT/IL2005001332
bi oreactor system conprising: at |east one
hi ghly-flexible substrate for providing a superficial
14. eTHe HaGYEREOr 6Piteinco Velainen 2cwhertimbpeming$ definedbys,
sai d substrate including: éa) a large plurality of
(i) t hdjpaeist, theeidd of lsaidathiscads #pdsed in a general Iy

| ongi tudi nal di t
(i1) caéwéegtwkgg?%u@rogﬁ@h%ﬂ&ﬁ gjg%%‘gglegbﬁggsgngmgssom at ed
hav i dsPett b B et 200 101 00 20 ard threads

wherein a length extension of said threads in said
substrate is in a range of 80%to 98% 12. The

15. biTbedroteactos ggstem of cleimildy whereim saidiaspeetiratip exgegds 500 to 1.
extension is in a range of 85%to 95% 13. The
bi oreactor system of claim 11, wherein said length

i on s in,a rgn O 5
16. bﬁ%ﬂﬁn%‘&){‘i;rc cgzssyfgerw% ?158 g@ﬁe\%ﬁ% 5@1%4%15%1?? r%gclude at least one
synfRbcNaSePYl séledte8BrSncibl drbhf easiofing df polyure ahoropylene,
Y ?1%]) %tacent Cross- suppogrrt lg | emrent sgof q)sa*t%tral gilégrgemj)s Py

and Y- nmkasp@lgt:steau o exceeding 200 to 1. 15. The

bi oreactor system of claim 14, wherein said aspect

rlatl o exceeds 500 to 1. 16. The bioreactor system of

cl ai

1, . wh d.th
17. ot Rl 867 aPIEBARRE o8 ToBmIPhe TRV EERa! offfament of
d i nked
e BB b g M B A P eact or Eyst em for
at léﬁs@bﬁ@ereﬂdtéﬂincﬂucﬁﬁgﬁent of wastewater, the

| Ir(g)r Egﬁatn gedsﬁl?étefr{])rcggglrvllsgl re]lgstreézltm Ioefazftt leggtepglltl%lgalfr}t?erated
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,
()  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 controlled hydrodynamic
circulation within said bioreactor, and

wherein said controlled hydrodynamic circulation is characterized by a linear

14



(a) a feed inlet for receiving a streamof at | east

partially-untreated wastewater; (b) a plurality of
waenipshsabe bundl es, each bundl e of said substretBEIL2005/001332

bundl es including a plurality of |am nar,

hi ghl y-fl exi bl e substrates for supporting bi omass )
vel@igWdhgeelbomded baiah sppet leatk shaiaariabiest biomaaks to settle on said

including a plurality of synthetic filanments, said .
lamindyssubatrateshane pquasded fus adopisr dexelbthas prowidey a pre-determined

. paral ] el nne ith respect .to. eagh pther, wthin
mingEpgh 5} Bhevalably exYeRR Broveholh FIa R ERY for
fluidly connecting to an air source, said manifold
including a plurality of diffusing elenents, for
18. T aHeedidrb&dtos sye@ntlidff vsian19f wieteinsai bunkdlef ofisagl bundles is
el ements positioned with respect to said substrate i .
dispused| leswser adjdvant skeimends of rsagk oiffnging elements, apdovherein said
said | am nar substrates, and rein said diffusin :
diffupiage plesneate arer ﬁE?Seﬁo§P?§t%WgJ&quﬂ?°F Sgect I%Sg%aﬁ%ae of said
lurality of substrates such that said rising of air
U es a control | ed hydrodynam c circul ati on within
sai d bioreactor, and wherein said controlled
hydrodynam c circulation is characterized by a
19.! iMeabivedactirt systean o€ claomnblk dviremnsaip pinglée bundletingludes 2 to 12
enabl es bionmass to settle on said | am nar substrates,
of sardisubstnatksd by a | ower |evel that provides a
pre-determ ned mnimum | evel of avail able oxygen
t hroughout said substrates. 18. The bi oreactor system
of ] i i | if IResf $aid substrates are
20-di2@o§83%%°§ rmgekﬁérgd‘}fa%aél%qgi SRl BOBE 40 ng
juxBipesENbetwendhdjdtehe Rt doLiidid diffimgng letemgerits. ar e
di sposed substantially opposite to a | arge face of
said substrates. 19. The bioreactor system of claim

SEACEERE TR TGN T P —

jux%‘azn’os\ew Sét%&ile%nfarcﬁggeﬁt ERnfen®d of&id dStRsihE A &Reits

sub

22. The bioreactor system of 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 system of claim 17, wherein said diffusing elements are further
positioned with respect to said plurality of substrates such that a 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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j uxt aposed between adj acent el enents of said diffusing

el ements. 21. The bioreactor systemof claim17,
wob@ces4a9from 4 to 7 of said substrates are jurtBpESEH01332

bet ween adj acent elenents of said diffusing el ements.

22. The bioreactor systemof claim17, wherein a .
25. diTtabhioecdeedrmeystern adfl chiimf U2 mfpeedinnsaid sheeads sae adisposed in a

substrates is between 183ﬁ?d,30 cn So.as.to acﬁée%e includ
generally longitudinalediresiong ap avhezein; gagh of spishsubstratepurther includes

at IBegBun S vCont e DeRisnidpostls Atos: uid §5RRGRed with said
plurdliff 6AGHds! S0 g%agw&& rBfor GAY 1665 atdcadisidahreads,
fl'ed” hydro

said contro dynam c circul ation. 24. The

and i lesreRCcsa0d crossisappoift etdraents hie pusitioredise as to dffe¢tusitujent flow
el ements are further positioned with respect to said

of tind wastemtajerdfetwaers saidisebstsateh t hat a maj or stream of
oxygen-containing liquid fl ows down, through
cl earances between adj acent substrates of said
substrates, towards a bottom of said bioreactor. 25.
The bi oreactor systemof claim17, wherein said
threads are disposed in a generally |ongitudina
direction, and wherein each of said substrates further
i ncludes at | east two cross-support elenents, disposed
across and associated with said plurality of threads,
so as to provide support for and | oosely associate
said threads, and wherein said cross-support elenents
are positioned so as to effect turbulent flow of the
wast ewat er between sai d substrates.
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