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[0004] An activated sludge process is characterized by the suspension of micro-
organisms in the wastewater, a mixture referred to as the mixed liquor. Activated
sludge processes are designed based on the suspended solids within the mixed
liquor (MLSS) and the organic loading of the wastewater, as represented by the
biochemical oxygen demand (BOD) and/or chemical oxygen demand (COD). The

MLSS represents the quantity of microorganisms involved in the treatment of the



[ 0005] The activated sludge process is preferably used

as part of an overall wastewater treatnent process or
wayEve3iwhi ch i ncludes a primary treatnment of PENES2008/064979

wast ewater for the renoval of particulate solids prior

to the use of activated sludge as a further treatnent

process to renove suspended and di ssol ved organic

solids. Aprimary clarifier is typically used for such

bul k p 0 [ pri

el BpBHRRT i 0 skelih ol I ke, PR g Wptcaty

t hécterddiheretht reqsur’eﬁemts gethe Hesi@no@e aéruteh Ha&InD or tank
where the activated sludge process is initiated, as
de 905 hEhe aqtivaseds sdeainrostss df mrefamblys siag: pbRarofniy syerall

i %ﬁéw%f Eﬂe&ﬂw&?@ro%gsrsa(;ﬂ epﬁéﬂggl%%cﬁ%er eﬁ‘?rrgé t‘?ea%rnent of

secondary clari r or se
m theoodsgavitanier wic tentolvel of paiaarlhxe dobdgpmérctontat @sd af sctivated

settl e out hi s separation of sludge pro s.cl ea .
watlefdgo?s %fqﬁxﬁéﬁﬁatﬂﬁ%ﬂm@sdﬁ@ E@ﬂo‘f%gﬁﬂ%ﬁ 3@8 s, 01%5 organic
r egfnl\a@ a{frﬂflé{jy cbﬁ%@ id @pl@my sehgsasen bl dhashal ged.

To control thé biological process, a portion of the
s| [(Wg6] Afiat pseaty eatwenthd thoirtfwmiofo seharatamdidapye particulate

clarifi e retyrned t t he activated sl ud basin ..
antP S o e TBent &5 fieB S5uEtp 4 saton BSL Op ko Ty ated
sl yudgg: ploceRn fiditiafed! b @Esctib&RINTRIOke détall RGP @t hRion or
aerobi c digester or other solids handling process

(tmlmdehqqu ex@gmtl@rquglonelpa@m) 18 {e@g@qc} by accondary clarifier or
% tﬁ&agrhgl%t ch%fglécsr &’%QI%SI%E %&ﬁﬁeﬁ* Q(? ed'm%%éc materials
acll vare

acc ro-organi sns

sI seﬂ@@ o0f. MiiosFRSItioar & sedgt paddutesaclbaswiteobr téfbent which is
After a sufficient aeratlon eriod, the floccul ent
acPitntusdesireiebtosismoys hy Bagtetin el yubssAUERY discharged. To

Wasd MR RS blﬂbgiﬂcaﬁ oeedar H oﬂrdffth Elud%@ﬁm? Lé?ﬂé fd &19 bottom of

wast ewat er ormard furt r eat nent
di tehacgelary’clpofitn aon retﬁrrteheo theaadtivited slidge foﬁd;lmwné laybgon is

is. returned to the aerati.on in for with the
pr flivedsyd 1 el Pnirtie ﬁftwaée(f a@dg%érrﬁarg arrf1 er treatment, for

r eBBInHIO G0 Sh URgid %llﬁ@%?e(q bt RBII& %Qﬂcﬁldga?fﬂcbﬁg (thickening,
portion of the treatnent plant. Typically, the

cod@@ﬂmmunaw)actlvated sl udge systen1operates at M.SS

| UBYLEY angtitvehfodlSRgRer e PrdteRanflipRTy Kiflgy and

onhitlimmatdd thivrélaynistshyetivawd dud@t @Bib@ass) lafPadhtca®Utbasin
4 to 8 hours, a Food to M croorganisnrati o of about

0. or tapkoAfter a syficignbtagiagion patphgheflogedent azovated glpdge solids
po%d§ep§g?ecp Sfom the wastewater in a secondary clarifier. The clarified

wastewater flows forward for further treatment or discharge. A portion of the
clarifier underflow sludge is returned to the aeration basin for mixing with the
primary-treated influent to the basin and the remaining sludge is wasted to the
sludge handling portion of the treatment plant. Typically, the conventional
activated sludge system operates at MLSS levels of 1500 to 3000 mg/L. with a
dissolved oxygen level at about 1 to 3 mg/L, a solids retention time of only 5 to 15

days, a hydraulic retention time of about 4 to 8 hours, a Food to Microorganism



day per 1000 cubic feet and a recycle ratio of between

about 0.25 to 0.75 [0008] In the conpletely-m xed
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recycled sludge are introduced uniformy through the

aeration tank. This allows for uniform oxygen demand

t hroughout the aeration tank and adds operati onal
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The extended aeration process is also characterized by a very long hydraulic
retention time of about 18 to 36 hours, a low Food to Microorganism ratio of
about 0.05 to 0.15, a low Volumetric Loading of about 10 to 25 pounds of BOD
per day per 1000 cubic feet and a Recycle Ratio of between about 0.5 to 1.50.
[0010] The closed-loop reactor, also known as an oxidation ditch, is a form of the
extended aeration process. In an oxidation ditch process, the wastewater is
propelled around a large area, oval racetrack-configured basin by mechanical

acrator/mixing devices located at one or more points along the basin. These

devices typically are either brush aecrators, surface acrators or jet aerators. The



aerator/ m xing devices |ocated at one or nore points

al ong the basin. These devices typically are either
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about 0.25 to 1.00, a high Volumetric Loading of about 100 to 200 pounds of
BOD/day per 1000 cubic feet and a Recycle Ratio of between about 0.25 to 0.50.

[0013] Many of the activated sludge processes, described above, produce large
amounts of waste sludge that require further treatment and disposal. Treatment
and disposal of excess sludge from wastewater treatment plants typically account
for between about 25-65% of the total plant operation cost. The economic
significance of this problem is increasing, due to more stringent regulations and

rising disposal costs.
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Summary of the Invention

[0017] The present invention may be characterized as a wastewater treatment
system comprising (i) an uncovered activated sludge basin adapted to receive
activated sludge and an influent of wastewater; (ii) an oxygenation system
adapted to introduce oxygen to the mixed liquor in the activated sludge basin; (iii)
a clarifier coupled to the activated sludge basin and adapted to separating the
sludge from the mixed liquor received from the activated sludge basin to produce
an cffluent; and (iv) an activated sludge line adapted to remove separated sludge
from the clarifier. The salient operating characteristics of the wastewater
treatment system are that the mixed liquor in the activated sludge basin has a

solids loading of between about 3000 mg and about 10000 mg of suspended solids
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[0023] Fig. 5 is a chart that depicts solids retention time against hydraulic
retention times for prior art wastewater treatment systems in comparison to the
present wastewater treatment system and method;

[0024] Fig. 6 is yet another chart that depicts solids retention time against excess
sludge production for conventional activated sludge wastewater treatment systems
in comparison to the present activated sludge wastewater treatment system and
method; and

[0025] Fig. 7 is an illustration of the preferred embodiment of the high purity

acration system suitable for use with the present invention.
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- i nel udi f. .MVO .
AT ERTo NPT B Py gk o PR Ry P gigoment and
W §pput sykeda@ EdmBe LisMiltHd@gh an 1-SO contactor, available from Praxair

Inc., is particularly well-suited for the present system and method. However,

other types of high purity oxygen systems, including a Mixflo system or MVO
contactor available from Praxair, Inc. may be used without departing from the
scope of the present system and method for wastewater treatment. The present
activated sludge process occurs in an open or uncovered basin, preferably with a
cross-flow of oxygen that promotes removal of carbon dioxide, maintains the
desired pH level in the aeration basin and maximizes oxygen transfer efficiency.

[0028] Secondary separation employs a secondary clarifier (18), where gravity
settling is used to separate the biosolids or “activated sludge” (20) from the

secondary effluent or treated water (19). Most of the settled solids (20) recovered
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P The pppsens embogdimeiorshg westcwpier eaimenksystem and method
U gal e R4 tb%l%ﬂddigg%ﬁ\tyadoxygen levels in the aeration basin, which

produces a well-acrated biomass floc having superior settling characteristics and a
reduced volume of excess sludge. Preferably, the dissolved oxygen levels in the
acration basin or activated sludge basin are in the cuoxic range, or well-
oxygenated range, which is typically found in healthy natural water bodies.

[0031] In addition, present embodiment of the wastewater treatment system and
method is also characterized by an average sludge retention time in excess of 7
days, and more preferably in the range of between about 7 days to 40 days, and
still more preferably in the range of between about 12 days to 30 days. The
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[0033] Conventional activated sludge processes typically maintain the dissolved

oxygen level in the aeration basin in the range of 0.5 — 3.0 mg/L, with a dissolved
oxygen level of about 2.0 mg/L under average conditions and a dissolved oxygen
level of about 0.5 mg/L under peak load. It is commonly understood that in order
to maintain aerobic conditions in the activated sludge floc a dissolved oxygen
concentration between 0.2 mg/L and 1.5 mg/L, typically 0.5 — 0.7 mg/L, is
desirable. At the lower organic loads of conventional activated sludge plants the

rate of diffusion of organics into the floc is limiting as long as the dissolved
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[ 0033] Conventional activated sludge processes

W@ o023y mai ntain the di ssol ved oxygen | evel PEIUS1988/064979
aeration basin in the range of 0.5 - 3.0 ng/L, with a
di ssol ved oxygen | evel of about 2.0 ng/L under average
condi tions and a dissol ved oxygen | evel of about 0.5
ng/ L under peak load. It is commonly understood that
gg?’%&gﬁ g%veg llSE%alntté}lPegdegja g?llscgg cgf]\aalael %rglslal yc%strtllcr:neateidr 45 aba about 0.5

betngden th szet's&/v&atéindea]tm'énﬂ@&itemﬁ yx@h@& Ihlthﬁbaﬁon 1@ d’esured the
ng/L, is desirable. At the | ower organic | oads
coﬁww’mdowg%@w%tré@@l19 dbeagiivatedsslydes haameofcﬁfoout 0.5 mg/L

d' fof psi 3“9%)% Qe 8@&%{13 C&ged s rﬁa{}%nﬁ %ﬁss!oneh' &g% gvé}g ranging as

l ong a oxygen | eve mal n
a hightak d dl my/dl toe]lowsualffey fc&sjrganm ﬂd)chskoa&ibout 0.5 ng/ L.

t t t oAt )
o lREL R, e AERITRaT oscien Coneartst hEhPRY Hazer type
aC@v‘aé’t@'@v@t@r SHHEES %%fa'ﬁoﬁg @0 WPor OurP aGtQ‘éalte(f @luagé p‘?@fc'&s based

are typically used maxi mum di ssol ved oxyge
| ewetewatan gr:zrtgleatssmtegrts easplthsae oy uset @ la @WoéVddLﬁﬁygﬁn levels

for ani ¢ shoc 0034] Wth th f
o R Srre et nof TR R Bt A ) S TS SRl fsolved

Wa§iy@éﬂt Shch ERMEE e BREUIALHIQES oxFdda aBf ielvedhl disadvantageous

actlvated sl udge process based wastewat er treatnent

syat sieh desrgsicyels ofialiygvedioxygmn e brvasdtookgigaye power and
! L
SR BT PO S AR A oo

e| pt\i@t ad taredss isighl 68 Mutﬁidpzﬂxwaﬁwafee Treoent BRints”, Water
di sadvant ageous as such el evated | evels of dissolv

ed
oxjgeronRneat FadqraiagMQP § AEP8%s Eabiepn ah Heastpl lttyaqf Methods to
¢ o%ﬁ nﬁ%j B%;I?!?a%lé \f@rg‘&lC%SHtF{ 'nl? lﬁtl&retaﬁnaﬁr”fl?r gg?llﬁgsetgnsel and Stuart

lor art
" DEs Sg‘ﬁlnd:)f(20([m); ancDaAeﬁA&ShEVBh&ﬁpléEr exad l?ﬁntlceﬂ’ dmiss' A. Mueller,
Wat er . Enyi ronnment Federation MOP 8 (1998); "Eval uation

of WG bi Boxly 2pd Hvithesees RapeM A0 ze Bi onass
Pr Rﬁlﬂgf P @oxfe'i&frba%n?th O%ﬁgvﬁ@tgtn(g(yggh w%fé'\xgte?tt?éﬁﬁﬁéntasggtems the

Stuart” E. Strand Aeration: Princ
anthiEngeificxggén Jatimes th. cdvieedd! easin ¥ild theaoxy@en Btﬁplsér alﬁfﬁimency

H. .Johannes 1£ 5& 0035] In covered ba

PP Bih Bk e i e AT S5 S Biane BHiE. MpSing the

of hMYERE WMol BitRe shFa&O¥LRd nhasd 'quﬁ&d i ﬁec&%Y&leBa51n system

transfer efficiency
typically has a carbon dioxide concentration between 2% - 11% which is very
much greater than the carbon dioxide concentration in a standard atmosphere
above an open basin system. This excess carbon dioxide within the covered basin
system leads to a build-up of carbonic acid in the mixed liquor, lowering pH of
the mixed liquor and inhibiting certain types of microbial activity in the basin.
[0036] The present embodiment of the activated sludge process based wastewater
treatment system preferably maintains the dissolved oxygen level at cuoxic

conditions, and more preferably at dissolved oxygen levels in the activated sludge

basin or aeration basin of about 5 and 15 mg of oxygen per liter of mixed liquor.
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when freely suspended in the wastewater. Aerobic
he¢wiEnmMsphor CaREC €oPliens. or gani ¢ ol ecul es such as

t hﬂﬁ)§9] Dissolved oxygen levels which are lower than euoxic conditions likely
cause stress to such aquatic organisms. Clearly, the dissolved oxygen levels
normally employed in most conventional activated sludge basins (i.e. 0.5 mg/L to
2.0 mg/L) are severely hypoxic and very likely to cause stress and sub-optimal
performance of the desired aquatic organisms. The natural aquatic organisms
responsible for the performance of the activated sludge process will likely operate
in an optimum manner when the level of dissolved oxygen is maintained in the
euoxic range. Maintaining the activated sludge basin or aeration basin in the

cuoxic range both optimizes the performance of the system for contaminant

11



responsi bl e for the contam nation of the wastewater,
and convert these nolecules either into cell mass or
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decay coefficient, whic l'ows for further reductions
i nakgwsems hddigenacnchsesludge. [ 0041] In addition to

i | sl udge settling.and r%%%p'n sl.ud ield, .
opBZE] e B Ehlor L Rufie B BB Gen in he
pr gathiikes bhsth t fiemoban@fiates td RipniRbaRg in@@dskdMpodler Wds®f Rather,
the growmh and activity of nitrifiers, thus enhan0|q? )
t heaintaining the aeration basin at euoxic conditions is very practical and easily
achieved in open basins with high purity oxygen aeration. The higher mass
transfer rates of oxygen into liquid when using pure oxygen means that very little
additional aeration energy is needed to increase the dissolved oxygen level from
the conventional 1.0 mg/L to 2.0 mg/L using air to the present euoxic levels (i.c.
5.0 mg/L to 15.0 mg/L) using high purity oxygen. For example, to increase the
dissolved oxygen level from 2.0 mg/L to 5.0 mg/L using with air and fine bubble
diffusers requires about 83% increase in acration power. The same increase of the

dissolved oxygen level from 2.0 mg/L (using air) to the minimum 5.0 mg/L (using

high purity oxygen) requires only about 8% more aeration power. As indicated
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conversion of amonia to nitrate; and pronotion of the
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predators and consunme additional excess sludge. [0042]
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renoval of the cont’am nants in the wastewater. The
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activated sludge basin with | ong sl udge age or

i ne¢dtensd a@@n@ru@qmml@ﬁtmadrbetneﬁéed wslAssasiqted POWREQB!S insrcase.
' nSFI*quy increasing MLSS levels also normally require increasing secondary

clarifier capacity, which may require additional capital costs and more land areca
for the additional or larger secondary clarifiers. The presently disclosed system,
on the other hand, overcomes these operating limitations and achieves extended
SRT without increasing basin volume, without reduced aeration efficiency, and
without additional clarifier capacity.

[0045] Most wastewater plants employing conventional or complete-mix
activated sludge processes use an SRT of about 1 to 5 days for basins at warm

temperatures and up to about 15 days for activated sludge basins at cold
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yield of waste sludge. SRT |levels may be increased by
either increasing total aeration basin volune or by

WO p@peasing the acti vated sl udge basin m xed |PQLUB2008/064979
suspended solids (M.SS) |evel. Increasing basin
vol une, however, increases the capital cost and | and
area required for the aeration basin, and may not be a
practical solution for an existing mastemater pl ant or
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M_GBbedpsnls tbfr SKThéy peaferpbly eggitel ﬂiaﬁCF é’é‘%n@lds@@&‘n @Egigrably

cl \

oo EbGREPENndlD BTN CERMGE pREBleblPARlrcon about 12

|ad@ﬁﬁmdéﬁmhﬁﬁr?mshﬂf&ﬁt@SRTeﬁhﬂnﬂﬁﬂ$@ﬂ@byﬂdmmtmmm&mmweof

system an the other over.cones these erati

1 pirBeie ﬁ%fsmap%le%%\? @q@%& eRUEa-osseRIsRY Hofte SN udge
| NGEBRASHNJacP@RInN BAGIY "?amwm? UbrdSRAHE € fgéﬁ%ﬁk' Pkt consurne
efficiency, and w thout additional clarifier capacit

[Oberta]otmplm: hmetrewakegdlngl tontfertiearp Faslypctnensc amv@n@ssoalatige and

or. co X. ac t ed, sl udge ess use an SRT

o i A o B R T LS SR ST B BB o
Fb(m] TRe 8@y tof Mwwﬁlpfd%d &€ hhy phiidulst WSlIR RS isNfetdnined
dtenperatures to insure conplete nitrification. The

pr by entimizng t sakids lnedingdo thonesiéng clrmidere tikeng adventggrof the

th vel nt.
n%ﬁ}gﬁrre nt GR?% %#C%sﬁ S |c1)$sefe“1 gtrugt%hy tg'r ea Vglre%t hglﬁo i dalye/\ée,ls of
andissoval ptyicarabdagcliidvatane abduss 7inday sasgedo 8,0das ,10,000

and stlll nore preferably between about 12 days and 30
daie/L.mers typiesl B’a © gREC N4 S0 M0 s QWtUPi“Z&ﬁ ¢he existing
"ﬁ&l@l}lﬁ&a%%n%f it iRt & ghé’ﬁfo?@ i letl?et e n%gd a(ﬂuﬁ'l%h Cdissolved
m cro-organi Sms in thg activated sludge basin
aeomgeoohdisoms, particularly predatory organisns that
consune heterotrophic bacteria, |leading to further
reductions in excess sludge and inproved clarification

of AgfifdoHaNy stch! PUenfapASORRLSRE fine floe. [0046]
The range of MSS enployed i n any particul ar

ap H]M@hﬁiddiﬁionsl trstoes mispedn bijre dbmgm of pgtivdte] shidgedsvastewater

| oadi h t d
t nECUa, el HE. Y| ke Bhibe Rl erb @R CH, SEUEA] Oirflrs i
el eNat sfthe satthinigPprop @i of thé sIhdSs O st thgPiyEetlesS the sludge are

descri bed above. SS in the range of 000 to 10, 000
often characterized by parameters known as sludge volume index (SVI) and the

initial settling velocity (ISV) of the sludge to be processed. Lower values of SVI
and higher values of ISV result in lower required clarifier areas, which translate to
lower capital costs or increases in capacity for an existing clarifier. It has been
recognized that settling characteristics of the sludge are affected by solids
retention time, MLSS levels and dissolved oxygen levels within the activated
sludge process as well as the type of biological reactor used in the activated
sludge process. (See “Clarifier Design,” Water Environment Federation Manual

of Practice No. FD-8, (2006)).
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ng/ L, nore typically in the range of 5,000 to 8,000

nmg/ L, optimzes the existing clarifier |oading in nost
wa@ppbizeti ons under the enhanced or hi gh di ssoP@EUS2008/064979

oxygen conditions. Additional System Performance

Characteristics [0047] Additional factors used in the

desi gn of activated sludge wastewater treatnent

systens include proper sizing and capacity of

;regﬁ) fl 3 S? rg ult | u%h soh(% feln‘u&n i Mé'ht lplgéso Fveil% and high

sl ddggvar exyeth e@zeom SV ERhE ESIV Iy tlﬁmpramﬁl@rc&s&mwwmewater
sl udge vol une i ndex (SVI) and the initial settllng

velleRmept sty agsrinkeved| Qigy dha prigearp pefbstededudacoriagess based
valy&swats ﬁ&h ROsyUGNer syl i I&&@Eos%‘}nehé ndnfct '16wér”va'hfé‘§’%ff SVI

required c |er ar eas, transl ate
camd hlgheostlacoof INCradsesydla shmigacnohpenftmﬁom mesakl mt ¢nthgnced

clarifie It .has ni zed that .settling

ch3fthiRE SPREFeHYICSS @ﬁ@ igéaﬁéogwareéﬁheekkeﬁ}ﬂ radggeé)é SVdgnd ISV
r ey antd @F’slﬁdgg%roé@s% 1hedvﬁn$etﬁﬂﬁaﬁéc$§fgﬂeﬁ %ﬁld%&f)ﬁ?c@ss agalnst the
| evel s within'the activated sludge process as wel

t h8VI ype IBY wiwsk of |Sbailge meeesssod inglee high dlmlwdtoxvactednd high
slu gl ﬁgoceai &5@? "Clarifier Design," Wter

EntA PSR q on Manual of Practice No. FD- 8,
(2(0aY) ThOYPEErrds cmbbesitnt oBfthé HEghib & Helsh Solids activated

retention time, high M.SS | evel s and hi gh di ssol ved
oxsiyese Progetsscalls Her Sueratiprl wWith/apfexicnded selidsntetaption time in a

d
SRt RPN S Ry AT A0 RN St b

wavbringites Loadiag wenbeds nsé@ventichdt hctivmwﬁ@\hmrﬂystemaﬁﬁdnyely a
| ower val ues of SVI. and hlgher val ues of 1SV an
r ebydpdicsiesidgeedne gribe s1n26 0T rR 14 oiharhafte Etg 5 graphically

IS iegéedlétg,gthg gﬁroia%ltt %Chvs’é}téc? §lug&€ o%es%ep gcﬂvﬁsc@mﬁt‘?&lﬂ/ ﬁ% glete-

y range and | al ues udge processe
i nMax,cOowoeett Basia| arﬁcExtvmieddAahmxdgﬁ)rmraoccﬁsmoa@@emng fline (62)

SVI, and | SV val ues .of . sl ud rocessed in, the hi
di SRS lgf‘eﬁelampsmpgﬁ CReh ey et iiiee 3dand solids

[ O%&ﬂtloﬁtﬂﬁn&r eh e5miedt %ﬁ@ﬂ@béﬁﬁ tgiRlostd @mb'b&ﬂw@@ Ak High DO

H gh Solids activated sludge process cal
opardatlighrSalids Iacta\rat@t@@dmmomds xtendsghe sistsrtamm 0p¢rﬁteon awvay from

< T apraforAingd o de Sl G S P SLBARR genion times

usest bduitQomest | @ndaratd i vadlegdos IHydeRI1isY BkRikBee NRAMB! Y Such

2 distinctive operating characteristic is achieved by increasing MLSS levels without
overloading clarifier capacity, though the mechanism of enhanced settling at high
dissolved oxygen levels. As indicated above, the preferred range of hydraulic
residence times is between about 2 to 12 hours and more preferably between 4 to
8 hours whereas the preferred range of solids retention times is between about 7
and 40 days and more preferably between about 12 and 30 days.
[0050] Excess sludge production or Yous, is generally known to decline with
increasing solids retention time as depicted in Fig. 6. However, long solids

retention time traditionally required a high hydraulic residence times and/or a

large basin volume. Using the presently disclosed embodiments of the High DO
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hydraulic residence tinme in the range of about 4 to 8

hours. As Fig. 5 graphically depicts, the prior art
w@ewnezsed sl udge processes such as PCT/US2008/064979
Conventi onal / Conpl ete- M x, Covered Basin, and

Ext ended Aeration forma common operating line (62)
characterizing the relationship between hydraulic
resi dence tinmes and solids retention tines. In

con t, ot .e |y disclaose di nen h

o BB AT e B SEBEL THPABA B0 s
exp@ddsidnhey gy sit erhiepear. atSuoh cah@iced rstgt Medudiippi cphbilities is
operating |line and toward. much hi%her val ues of solids

r ebiksly ifBHb R o fthy SsTaistie dfrct 8F Niedaipdissabysd Qryegdevsts and
hy C . g ey o .

R Splifs R A s TS MGk B SierDGiehfifmBRS Siplhed by
Wi thequrtscav gyrstona dianghatl canpldyeelr byc eqpaventional hétowagda dlindee process.
mechani sm of enhanced ,settljng at. high dissol ved

ox @f@h O e\Pgtes OPREtIN of REACIS U P8 , the pRrepyi s Bisteay angdngisthod

of ciEh@kd fn 6RIMIRNES Waki@BRIdLS pRRLVEAIhAP B8tV eRtid il ddivated

hours and nore preferably between 4 to 8 hours

wher eas

t heluggeafrecasees widngeinofar bpdriadsc residemteitome.t i nes i s
bet ween about 7 and 40 days and nore preferably

bet ween about 12 and 30 days.
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arnced §B gq)gfa

syner gi st
and high solids retention times and | ower Food to

M grgo ganismratio

= THble 1 Pbpéérﬁ‘tg%‘ﬁeﬂgta%ﬂgfﬁﬁk g%%drti*%

ed sﬁfi%e'ew

I SSO

t

5) Slt‘g'\&pélr %I‘ﬁ"a{efr\llegllf ]§I'OC€S SCS

d oxygen

he present system

t haflIHAT ALAVASO 2allARe VEIHMENET JRAMCREPYSINSd sl udge
PT ARBE P ThEAGR R et dORETSH 1iRPIGRANAGt B Frikht Qlastewat
thgmgrgsen?&%ysfén?E%% nethodlg%ntriﬁuge fb%gn oveﬁgﬁwaer

| otweatmeais $ystest wold)enghad uc txistmg hiadbasonactivhticd rshildge wastewater

actj vated sl ud rqc es.with a simlar hydraulic
- oab S it fip iy s TS Rislerng  char act er1 st cs of
Actio%2f ednwirtggeiNeatbe

_ WetaBlbn B&g&hr{ﬁ Mhe BERGRYSESdge basin from
Retrofit of Activated Sl udge st ewat er Treat nent

Sysi endapgigslent sactp pefemprescgrapdieubebodiffusers or mechanical

: nPdr?ace acrat

mentin

s,t poe a %Eﬁ'

ent. wast ewat e

purity oXygen sys[ern, such as an I-SO, MVO, or

Mixflo system available from Praxair, Inc. Operate the wastewater treatment plant

with the high purity oxygen system at solids loading and dissolved oxygen levels

used in the previous operating regime.

[0053] Gradually increase the level of dissolved oxygen in the activated sludge

basin to the well-oxygenated or euoxic range, between about 5 mg/L to 15 mg/L

or about 0.50 — 1.50 times the air saturation value.

This increase in dissolved

oxygen level improves the settling properties of the sludge in the secondary

clarifier, allowing higher solids loading in the existing clarifier surface area.

16



treatnment system and nethod in existing air-based
activated sludge wastewater plants invention includes

w0 @3 owi ng steps: [0052] Convert the air-bBESEUS2008/064979
aeration systemin the activated sludge basin from an
ai r-based system such as conpressed air/fine bubble
di ffusers or nechani cal surface aerators, to a high
purity oxygen system such as an |1-SO, MO, or Mxflo

Sy@%a]a?irﬁugﬁxz éfcrefarse? i am(]?é;/\% %er\]fle]? %Ceﬁﬁ%pur Iutlz'ige basm ThlS is

Sypie@itulily as@impslihtd aﬁbm wadctdjnS@ﬂ)ﬂhv &(Zhs@(a)b@@ﬁleh auﬁgs (WAS)
used in the previous operating regine.
G Biiand ydirgsdipg ggerct ﬁlédgf‘e@émnsf th@. %?@611%&3 Cé%gfgf‘éntq fhe return

th Y d a h y
cus e A At ARARRES byfe" Fal p IRRE R thereby
O En@reasﬂlg 30 MIGSS ldvhkimite ®avatedsiudpe badine Indibasng the MLSS

rease in dissolv en ] evel inproves the

se ef’F]I 3P 1BFspss ey laweé o8|tfRfge in the secondary

cl fyoisE| ebntidie! %Mlﬁé}eameg&e rrna?&laindﬁlel ﬁﬁ%l'{}gd 'd?(y%@l? level in the
existing clarifier surface area.[0054] G aduall

y
i nedtyated $lmdgehbadin 88 the wadxic rpomﬁléloas;twmattl@d h@h@d@éLSS level.

r e porri B BTREhE Mo PRIy ORG AR pefareg s

di FRE hhd eetir RtiShtod @ﬁdg% rdt RELT e s%&ﬁma@aéunﬁ&agdmmandlmg
to the return activated sludge |line which recycles to

t h@%@ﬂmt/wtl@élc®ﬂwd§@1%§f ROYIRR IR biye pIEPRIEST eiwrreamnss The
t t |
I\/L%% Pdé%%l Jl?nﬁe‘i 3’1%%%81 %gnstse ﬂt Is l}&?%rﬁl?sro gc%n%nlrﬂrged using

al'so |ncreases

[ O%Etlngcﬁlﬂidgemﬂ&hﬁgxelsﬂ@ Ghe ateifer amysﬂi ﬂﬂethotm euctli aSSIiJé ¥y&fmonly
xygen level in the activated sludge basin at th

o UBSEACS24 RENn PBHESlyi WHD thah igherépso eé@XWé%PondAul% it will be
CofHuhH lfﬁat_tﬂ& rsi%ﬁﬂe?g é}lﬁﬁiel}/lt:@f? hla @l Iggh&qﬂlte{ MLSSngoncentratlon

wast e acti vat e rate an return activated
slﬁﬁgbamnuawohnnmhcfhafsecondary clarifier

oo [ﬁﬂgél R? 2 £ hggdé-%g ]r:]n(sg% [Sﬁlg[]oegy; %}J éstetg C ne %a ?I?f‘gve rOI?E‘gltlng conditions,

S e&ﬁﬁfﬁﬁé Ynéliking i 6 RPhdafSnchGnUILgRoIcansiidgé @Ettl‘n% properties,
preferably determ ned using existing sludgé settling

t esitds clanéice Iom'rammgpomhmryis ugtiirstedyd sperefedn wsretahlmd The new
sed. st at ana{ S h the h
i EB A AR aR b B B R hERRietong by My BN A e fovs
S eOMhe dsinpedfaictdcarabeats Randke 18 np/Dh&teridall 861iddsSRntion time
concentration for the same volunetric flow
between about 7 days and 40 days, higher MLSS levels up to a maximum level of
about 10000 mg/L in the activated sludge basin and reduced waste sludge
production.
[0057] Monitoring of the MLSS levels as well as the dissolved oxygen level in
the aeration basin are key parameters used in the automatic control of the present
wastewater treatment system. Such automatic control preferably governs the
oxygen supply or aeration system to match oxygen demand and maintain the
dissolved oxygen level in the desired range at optimum costs. In addition,

monitoring the sludge blanket level in the secondary clarifier and the total

suspended solids level in the secondary effluent. Such monitoring and control
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[ 0056] As the sludge m crobiology adjusts to the new

operating conditions, continue nonitoring and
wa@eajoaeeasent of M.SS | evel, sludge settling proPEr/UB®E8/064979

and clarifier operating conditions, until steady

operation is reached. The new preferred operating

point will be characterized by higher dissolved oxygen

| evel s in the range of between about 5 ng/L to 15

gg rLefergb y BVGJQ Oﬁglsaﬁog ¢ ﬁﬁ§§8?ondaliy clatljr%e;\tlv“?ﬁ"clu(ﬁgg gcgntrol of the

I ewe&,te @én\ammlucﬂgéqa@ alﬂg/réxunnadtﬂvetea@mdgataeel tcsinuﬂmn the MLSS
basin and reduced waste sl udge production. [0057]

Molsvels it Hig astivatebsiigsdasiaas (e desirgiangeas t he di ssol ved
oxygen level in the aeration basin are key paraneters
used in the automatic control of the present
waHlighwiray Oxiyeat Aentios ggttetrm Such aut omati c contro

D BB T S50, e 2 HES: SUBRRY S Seen sraon
d' s°'y°s9e!n¥ ﬁged%ytﬁg @rés@ﬁ’teémﬂdahrh&ﬁ end %Qe&z@t‘%ﬁ %eabeﬁpgyswloo

costs. In addition, nonitoring the sludge bl anket
| edelscémthereen, dbe syttan ynadides jaf il et asmdlbdm ¢03 ba\ahg an anchor ring

oL it RO AR A A8 il SOTRESBORT te Sekiog asin T of o

of whitewster eedakit $@m fooe rIn'tH&bﬂé@’éﬂﬁ gp}ﬂﬁﬁﬁbl@'th@fl §iB8&vithin the
waste activated sludge rate and return actlvate%

s| gdgfeony basén {86 amp digh policheoniergnixed diqyor A2Q.Hepically having a

ac d i ah .
YOI AR Byl IA BERLETL (ERRHLED rine i
Fi g dolenwhlhiedr&ntﬁloﬁffﬂimﬂﬁ fl‘tiag Bsspinblyt 10200 gkl agdeatl0oMhe draft
systen1used in the present enbodi nent of the

wa g whkle proferably st cisgpantarpntploopsmdngse by’ tI‘PFé‘Feéil heloyhthe top
S iiAgl t

;Y R 28 Rl i o R cofRAPARCS 11der PV T ie 30rapE BRk 106,
or BaﬁTeat h%namaaluﬂatbmﬂyoipaaed/\mad ewanertritallgapositined yegdenh the

100. Ln t esent ap lication, the liquid within the
e b e i g P &8 et ot Ol fefl 0 110,

i ﬂH@ﬁloﬂ@lQ)afﬂééplQ%%lah Ye ‘[&\é’[e’agx@mﬁfd%ﬁﬁ@ deid 1 3obf t‘ﬂ% draft tube 110.
content on the order of 300 /L to 10000 nyg/L.

ExfAeheliqaly 1mmeléerdb$ﬁ1mrd@spo$qdem i ¢ire fdradimtulive 110 cad generally

nol 110, .The draf
or T ER A 9o eb ety Sl R OB g8 BobmpdfBE ok 134 for
betqamidnheith ez Siellacshali2iB40dy fbrhnizghwaRhiiglpref@ablgHlaced on

m xed |iquor 120 in the aeration basi n 106.
top of the float assembly 102.

[0059] The motor is adapted to drive the impeller shaft 134 and in turn move the
liquid and gas within the draft tube 110 in a downward direction of arrow 138.
The oxygen gas is preferably introduced through the gas inlet 140 which
discharges the oxygen gas proximate the entrance 128 of the draft tube 110.
Recirculation of the high solids content mixed liquor 120 occurs as a result of a
mechanical agitation within the draft tube 110 and the corresponding downward
force of the high solids content mixed liquor 120 in the draft tube 110. As the
mixed liquor with gas bubbles is ¢jected from the exit 129 of the draft tube 110, a
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Baffl es 126 are equil aterally spaced and symmetrically
posi ti oned around the openings 122 which are proxi mate
WO 000/z93ent r ance 128 to the draft tube 110. AdJPET/US298$/064979

baffl es 126 can be | ocated proximte the exit 129 of

the draft tube 110. A helical inpeller 130 is disposed

within the draft tube 110 and generally conprises one

or nore bl ades 132 that are affixed to the inpeller
1{ab%:3\gohfn§?r] of Eetp‘rflatcegl rélrxaegltI{?]%oT acelc]la\%}\g ?qﬁle %}asst (])]f clP ¥solved

f I @;aygea$§mgbdt¢d thfbl;gh[o@@&ﬁks Flmnmtmrent@n@dla@toe’dratfmube 110.

drlve the inmpeller shaft 134 and in turn nove th

i L9681 dhe H@%‘élet‘/\nl%(?ﬂi?ﬁﬁeﬁé radigk ¢glearggs betpeenihgtip eﬁﬂwameﬂer
d 13 |
I pRGe hfg£ c}%t ﬁ?errfog)\% @f drzﬁefu&f( ?_E%? mbl?hﬁ%etfaﬁ F‘Ple)france 18

i ntrod rough t e gas In |sc ar ges
t hizsothygen cqad tpowe<hathithe 1mbelleﬁfr¢ha"rwereanﬁ2rﬁomfpr¢fambm tht tradial

tube 110. Ci culat| of. the high solijds_conten
mi aleafameqwgf a oty 5 BLo RE the Py digmets” W ER A Evith high-

agidial| Qi trhixRd tRRIoATAT Wik aldOr@nbehih §1I3phcat10n, the close
correspondi ng downward force of the high solids

C omrmgemwtxeﬂthleu igpstler] P3P lwmtht the intcrétt Wtalll kmé tllq drafiagibe hld 0 or

r wi.th S bub es. i s m t he
12@t S hy Ot SiGR e GomRnhER etmOmie 16 afffbte the
epptasaBRenbyssle lsizd L@imﬂlaibnh ANMBY HRIE0FBSH @f 3.0 mm. This
dlssolved oxygen i s ingested through openi ngs 122 near

t heptepzedhebla sige distrihugipr of hs@xyaa 450080 thethégh solids content
' an%L IH&O%O rqgal ﬁbe]an{ %9"[921 s%k ee%ﬁ@lgﬁcﬁr k&?t HES r%[{&% process

tipo e | nmpe ade an e 1 nterior vval

dr altiimaltdlP ecshiltidg uIPh@fhelrlabélyofdlbgl‘veﬁobx@gemI earance is
| ess than or e% to one-half the |%Eeller di anet er
an H06b1 & mPEst dg %a!ﬂdydlﬁwmpwf dhe preferahbigh\yurity paygegsacration

%@teh? gs a4 He LSS THEN gff‘ecgiv%ff@sg e soi6Rh Y5 €5hitth Idtates patent

content m xed [iquor of a wastewater
tremﬂmumnl&pplnmmbmohU6@hﬂ9dHa$ébammhﬂgéhémﬂ6dmewhebaneof
ngﬁr 130 with the |nt?r|or wal |l of the draft tube
11 l%tl?{@]i’y RS OPGERITHN LSt ure tends to i npart

Ei’ﬁ%ﬁ] sh&al Jf Qﬁecﬁ& the: (RS Bi8UR s&ﬁ@m%ﬁﬁ h%o%ﬁ@% a source of
bubbl e size distribution, nanely about 0.3 mmto 3.

mmoxyRen s fos pasenivitad theu bighe peiitye omwnr Adyatioromygemt h@ 1s further

er e IRAL i D Bt SRR BT Wi B PiRfosic

pr ﬁﬁf@ﬁﬁnglbiygmtlﬁb]ﬁd gs ghdriafign o simc@Bem th@\f&hﬁl @dtivated sludge
di ssol ved oxy 61] A nore detail ed discussion of

t hbng pfeﬁlgplraé@ecmnéhrypempﬂlp@thyx(yfg@q@nge@@tge@ﬁlon of the high viscous

materials in an aerobic digestor. Similarly, since the present system and method
further contemplate the active control of oxygen within the wastewater treatment
plant, it is equally contemplated to integrate the present system and method with
related technologies involving de-nitrification in the activated sludge basin or
separate de-nitrification basins. One such proposed method would be to cycle the
dissolved oxygen level in the activated sludge basin between euoxic conditions in
range of between about 5 mg to 15 mg of oxygen per liter of mixed liquor and
anoxic conditions in range of between about 0.0 mg to 0.2 mg of oxygen per liter

of mixed liquor. In such contemplated embodiment, the anoxic conditions are
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system and the reasons for its effectiveness are set
forth in United States patent application seria

W eeobe2931l/ 602519 fil ed Novenber 21, 2006, thePCT/US2008/064979
di scl osure of which is hereby incorporated by
reference. [0062] In view of the fact that the present
system and net hod enpl oys a source of oxygen for use
with the high purity oxygen aeration system it is
f ur b %gfe 13%9 (ﬁe 1 nféa%;gil PR osl'éP wrlleeg as nt\l/lglr \e}l%%l%t COSIYd%tEO%m a%e more

| nﬁhtadlertgr re@a@erdadlmdge p@cﬁdlfehuldglﬁi $yf8tehh@pd’rﬁlﬂgrd’fﬁaeﬁdy\[ ated
sludge line or sim]ar secondary application of ozone;
ox[A9BARFIher o pontpraplatcgh apragatT el e iftidycing grygen into the

58%&%%&&%%‘& in_inyoivk QLY atﬁl'gqt & btaﬂﬁ_l%ef'gﬂrralﬁ%’ %tfsgetlons
and net Ur t Rer Cont enpl at e ot he active CONtTo

ox(ﬁgmnwmnill anr-bzhsed wRstiends emcot*psc&aﬁedﬁntonpl anmorel gectisns of the
o STt e S hearate dhe, Prasent, SURLEM, whie

depfgh tdurfy 6R%E@Nadritidnh8 iA&drh¥@tadin S hdaa slgét%tﬁ S the basin.
separate de-nitrification basins. One such proposed

mebuddsteged| tdsibeppwacly olag reduse dicseairalbsy stony gperating/etst but still
the acti ate e hasi n, bet en e xi ¢ condition
RS R UB R M BRS R SRS W SRS e R, BiBreduced

I i tvvﬁﬁte Qfudpe, &@%ihb%ﬂé’férr@d‘@in@&ﬁ?ﬁbﬁts CRRéliBddamsvd.n range
of between about ng to 0.2 of oxygen per liter

of [M004kdusli quidinle stags hepincnmeiiplasecgion rssiai erad alsphe used
an%él% ﬁl% I}Eédo Iﬁa]tl(ﬂ’; ?I? l{)ln% agll %101‘8 rsegt?ongl Inre Inafﬁ%lhé)({] m anox1c

purposes euoxi ¢ conditron

Sutdraitiensfto rfaclﬁdm;a: géelnatiticlgRnprockssdsi @n i radaesmt: &hditions for
operating efficiency,. [0063] Further contenplated
ar Pig RhQSPHPTUS rfﬁmemlc wﬁ@}e SX9¥eronditigny pe @einfajpdgy other

S| k’éiﬂﬁnsbﬂasfe ubdVRlYg ﬁﬁ%eegr%nh&ﬂ)nteﬁﬂ Bﬁ%&b fnaty g%tr@%lt operating

plurality of sections. tion ase i'on
i seffreocpendtasts. i n one or nore sections of the basin

teiﬁigiégémagggﬂh%ed oxygen | evel at noderate |evels

i nl ile high purity oxygen aeration is

| NERBRPTARE EEEsérﬁlyS&E&%eﬁds SRfl é&%eﬁ%dtnﬁiﬁln%@s‘ the opef%%@ cost
staged basin approach may reduce the overall system

ope Hei ao;gwa:t@@ts udge pgtcp$5| inggntevaser nrmnhmtg\hhllkﬂ_@&ahemelssstem
eve retenti on

DRI R BB ht B E e s, i AR LTS 6F Basin arca

de&r&f/d)rbﬁéinﬁé)%égam{yooﬁ‘ﬂdr aptl6penblsin Whecwitdhed@Shisydfems and
mul tiple section basin could al so be used where the

m Riegesseyfashs PRy swemvimiziieacsaléqn ovscraaost thequshelase ¢ontiol of
an%'(ﬁssolved oxygen levels at the minimum levels necessary to maintain acrobic

conditions (i.e. 0.5 mg/L to 3.0 mg/L). Although operating costs associated with
handling and disposal of waste sludge are similar in magnitude to aeration costs,
surprisingly process optimization has not been fully exploited to minimize the
sum of aeration and sludge processing costs.

[0066] In addition, the use of ability of high purity oxygen aeration systems to
maintain relatively low aeration costs is recognized, but the use of high purity

oxygen acration systems in selected operating conditions of an open basin
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conditions to facilitate de-nitrification processes,
or in anaerobic conditions for biological phosphorus
WO 2099024311 whi | e euoxi c conditions are mai nt ai NRAI/US2008/064979
ot her sections to reduced overall sludge production
and i nprove the system operating efficiency and costs.
I ndustrial Applicability [0065] The presently
di scl osed system and net hod m ni m zes the operating
co t t s] ud pr.ocess. in t r.
Cr B Ried 2 o R g Bl BT BN G B SNERE vietd an
aveoreispendiapslidde digsissl ss has adtedrabfobe Rocpanisy olizd.
basin_area and/or clarifier ca aC|ty Prior art

optSEbSG qeisnEgbet Pt tpr@é»@»hém digonst wae high |svels eafsdigsolved
fOS@ ANhYd gl IL&' S 2k GhtRy QN RG] Cé%?tt hidifid8on and
control “of the dissolv oxygen levels at the

m etpieimtioewd] the mebeasani high pmltyltoaygenamaihjmsystems on process
conditions (j.e. 0.5 /L. to Al t hough
opgpem%w%t@r%ﬁg%%&gwg R g VAHEERT ssbapenctits
of 4RSI EmStcid gﬁvﬁ{t@gé'rﬁﬂﬁ ﬁi’bldd@ TRERbHVEE sét@m@ecrh@fa'cféﬁstlcs of
costs, surprisingly process optim zation has not been

f u$lh9geewb¢mihte @dration risin i§ orEratbd atsejma@fd lamlat)f dinscdvad oxygen;

I t
o U PR E AT G Furirt /o e el bHTS Y HERUVED oxyeen
”Hh:ﬂﬁ%llhﬁlglf gliat 1\yl gﬁn' tRAr Alstedly; (ABt R dbded’ 860N h&ARMing and
but the use o purity oxygen aeration systens in
Sed]éﬁQS@HCQﬁEﬁe@tSaﬁt rquglt ebrulue¢berscst slaggedpeduction; (iv) increase plant

b d d
o505} 13hEH, hH95, L ATHIED L0888 MG cor

cogivesthst Mt tohweiaticd bavie rdapéBmbrks) Yo tédd foz ﬁibm‘t{r@t&ﬁ%baratlon
Such qptim zatjon of process conditions using

hi g
| el Dby taicadly EeligRyyes Vet i RreaEny §Pfirétt“§}§t (Véhreduced
ti &3 thak- a&%eabr ﬁs%taﬁ enﬂhg‘eﬁiﬂén? Bs ﬁ{édefﬁﬁﬁit%'ftﬂ% gt%getﬁfsystem
the 1 nfluence of purity oxygen aeration syst
onarpi octed 1e|cauhleaiy oupxyd et dellmuygemisd, lﬁem)efnct@sahohpablhty for
comrer

come C|aI van uch benefits an al
ad¥ éﬂgﬁgdg)h%e r)e e ‘H(bq, hyestet gg]t tllnFlﬁffed capablhty for

c h%ﬁﬁita%f &ﬁl‘l}ﬂ@x Slgasic %gﬂﬁm\{%ﬁ dRao %?gh%l; bQashaghtbd §me; and
operated at el evated | evel s of dissolved oxygen; (ii)

r eéispimatshscd|seabilppeshosbdeasist o achi eve el evated | evel s

o WBREP TRt o, B BTy 3588 o

coamg ASvRles esWhtte@df an®dueREd efeeehs sdivage fu@LUGich@Rnt of
(iv) increase plant
wastewater using high levels of dissolved oxygen together with high sludge

retention times and/or high solids content in the aeration basin or activated sludge
basin. While the invention herein disclosed has been described by means of
specific  embodiments and processes associated therewith, numerous
modifications and variations can be made thereto by those skilled in the art
without departing from the scope of the invention as set forth in the claims or

sacrificing all its material advantages.
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treatnment capacity per unit volunme of aeration basin;
(v) mnimal capital investnent due to smaller basin

w0 e@aiesnent s, no need for menbrane separati onPCEOB2008/064979
ability to easily retrofit existing wastewater
treatnment operations; (vi) reduced need to re-aerate
or post-aerate the effluent as the effluent of the
present system and nmethod is already euoxic or well
oxygenat ed; (vii) increasedcﬁﬁagbility for
nitrification due to higher=sortrds retention tine;
( ViWHa} isidifnedsseed capability for renoval of conpl ex
organi ¢ contam nants due to higher solids retention
ti e MHEYEIK) IG2HBSE AXEIMSPABIPNEY t o shock | oads.
[ 0068] Ef oiRolBRdheH e e l%asiﬁhl‘a%tgd g)ere@@% £&1vate8Q1u ge
that the present I nventiomrthus provides a system an
metibdstfaam dfheasaotdtarad gitld h udgel iqueat ment  of
wast ewat er using high I evel 5 of dissaol.ved oxygen
t oget hef mgﬁnﬁ%@w tﬁﬁl&gdépﬁeaﬁ%wwshcqhla%gu%taf&?‘ésge%oghe

SO} €9l 1GRBE Bithe h&tivaBR ARIALLQR, basi n or activated
sl udge basin. Wile the invention herein disclosed has

been deschiifiedflgicaliynnsupdéd opbe adtivated shulge s gndhadhpted to

rocesses associ ated. t herew t. nuner,.ous nodj.fi cations
P B P AR BT he et B s B Sing iRl 2R
t hfodrthe Witdddiuof @PRbEhdGhinfoFmRN:dscope of the
invention as set forth in the clainms or sacrificing

al | it sampgteaied(sludge dine seppdeddiogharelannfier andgidapted teeigmose

1. t Fﬁ% . System conprising: an
un%%@eredﬁgg??%gﬁggﬁ% u éé basi n adapted to receive

act i vat etlciinutlg enigdlliguos i @@ acfatdbstiduweiasin Hao a yolidsdoading
m xed |iquQr; an oxygenation system adapte

pted to .
i P Rrdved 3ogh3 M9 me gndakaye A09Q) maef pysperfcdisglidsypar fiter of
t he act S I hip .1 '
ol Q8 g Heing AR O (S Bakh sRlet bERER v
r eceygee levickmdhe rapgo of bétercerd alomt 5Strietoc] Samg of exyged pt bwr of
for.segarating the sludge fromthe mxed |liquor to
pr BYXFO AT ef f | uent ; and an activated sl udge |ine
coupled to the clarif er and adapted to renove

separated sludge fromthe clarif er;
2. The system of claim 1 wherein the activated sludge line is a return activated

sludge line adapted to recycle a portion of the separated sludge from the clarifier
to the activated sludge basin and the activated sludge basin has a solids retention

time between about 7 days to 40 days.

3. The system of claim 1 wherein the average hydraulic residence time is between

about 2 hours to 12 hours.

4. The system of claim 3 wherein the observed sludge yield is between about 0.3

grams to 0.7 grams of total suspended solids per gram of BOD removed.
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wherein the mxed liquor in the activated sl udge basin

has a solids | oading of between about 3000 ng and
wW@k@an29B0000 ng of suspended solids per |iter PET/BB20081064979

liquor, and the mxed liquor in the activated sl udge

basi n has a di ssol ved oxygen |l evel in the range of

bet ween about 5 ng to 15 ng of oxygen per liter of

m xed liquor. 2. The systemof claim1l wherein the

activated sludge line is a return activated sl udge

line adapted to recycle a portion of the separated

sl 8dgRe fyseom bhelaieh afirthee cotpriting: acti vat ed sl udge

basi n and .t he activated sludge basin has a solids .

r et ent i dATIRRECIpEHGIBPoatsbuRsTryany f theagtivgedislydge psinplapted

Sysi -al ' ge hydraulic

r eg)i %E?]Ig{ee Stglhgrgem)é t@%%&e&%ﬁo%ﬁ%&%&’%&?our s to 12 hours.

4. The saysdrebicdigestoandapBdibeceive thtiecpabsar sodids Soudte

2 BB LA R S PR oo et r D ST e s e
of ligd.ahn 1 further conprising: a primary clarifier

di sposed upstream of the activated sludge basin

adapt edwhoregethapaygensodn sistehr vradepted ot fuethen afygenate the
wast ewat er ;. .an_aer obi i gestgr adapted to receive the
separbruroLigf M PRi ST s SRR TR " and o
portion of the separated sludge fromthe activated

sl udge line; and wherein the oxygenation systemis
adapt belsyseer af elpen | oshgrpim Hicoxy penasiep aywere durghsr cei@pasey:
separ at Iy r.oBi [ .
oyor em ariri gt Tpbd e ARG RRSH R tedyinf
f undtihvatedghiipt bags;and draft tube and inpeller assenbly
subnmersed in the m xed liquor in the activated sl udge
basi n: HREFCUNBE draft uhe gt wanelleygscrably 15 agsrqddp ingest oxygen

gﬁ@%&ﬁh&e itl}% eﬁhﬂgﬁ%e& tﬁ@dﬂagtgﬁl% dRRANDER pBFt%io'i“%eeo;{%/fQ%tl jnto the

rance o raft tube, dissolve a portion
oxygrend liqubowithin the Rt thbg woratamrtdisolveth exylreafttubblgbbaving an

creat e undi ssol ved oxygen bbl es vi ng ap avera

di &YFESST i Enlpantanionl (_85 @rﬁﬁ?%% ramoa'r%m_ fedhe

ggggg%fﬁ%l@% gﬂfedqm%@a GHishked ghi Bilesand undi ssol ved
u )

ﬁquor in the
m

7. The system of claim 2 further comprising an ozonation system adapted for

ozonating a portion of the recycled sludge.

8. The system of claim 1 wherein the sludge has a sludge volume index of

between about 30 to 70 .....

9. The system of claim 1 wherein the sludge has an initial settling velocity of

greater than about 3 feet per hour.
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7. The systemof claim2 further conprising an
ozonati on system adapted for ozonating a portion of
wo b@ozsyrl ed sl udge. 8. The system of cl ai m 1PGHTER®0$1064979
t he sl udge has a sludge vol une i ndex of between about
30 to 70 9. The system of claim 1l wherein the sl udge
has an initial settling velocity of greater than about
3 feet per hour.10. A wastewater treatnment system

coppr | SI ngewa?er tf'leagn(?en?r sgerﬁgsdmgﬁglgg sl udge basin

adaptede recerve ac e and a stream of

wast ewahetindo@eitt abtivaled Vi@ Vakigudipte@ o R¥ygen@lvard sludge
system adapted to i ntroduce high purity oxygen to the
actidAaEdmsefutRE Yt yickd rra¥¢¢ll<@wror ot her separ at or

iyt i Cal by COURIR o dA6icBTI LV ltids, PASH B

adapted to recelve m xe I quor t ere
er agivaetiibrdgs bpan;at or adapted for separating the

sl udge from.the nj xed |iqugr.to. prodyce an effl uen
and act f G488 & (%ﬁéep% ¢ uidisally soupled e detigelfigindee
I pRif Pl Bfteli % Fé@@w@ @k d liglor AN FSRVAE BlaREES (Ytaétﬁ&

sludge fromthe clarif er to the activated sl udge
basdiparataedeptich fqrmepea@mngvtat' elidg¢ rdgethé mixdddiquas tosmatere an

treat nent .s a |IdS retention tinme greater
t h§ uﬁﬂﬁﬁp ¥§H§§%QQ m xed |iquor in the

activat seet@ﬂnta@geat@caﬁumgén@& @uflcd $Otheadhrey a8 rdcoMBlactivited
range of between about 5 ng to 15 ng of oxygen per

| i sledgofromithedatifiefiethe aptivatyhaludgabasimiof clai m 10

wh :
e S L R S L
abgylids l&@t@:ﬁmﬁﬂn@ Qreﬁtéﬁ fandbeutsiodays Snd) e rthikt@ Hqir mr'thee d
l'iquor. stem of claim10 wherein the so

i ds
r e@%wﬁeérslngﬁéaslg pet Newivedyectyleygli rangeeh ée&we&@ about 5
: erein the average
hyﬁééﬁﬁﬁén esfﬁ% g&??%gﬁﬁg&g%%&%%ﬁ about 2 hours to
12 hours. 14. The system of claim 13 wherein the

Ob?? ¥1$ed syss!‘,elflrgjgfe CIX \(5j whgreglet \év%lelge(fal%)uuotr in the activated sludge basin

has a solids loading of between about 3000 mg and about 10000 mg of suspended

solids per liter of mixed liquor.

12. The system of claim 10 wherein the solids retention time is between about 7

days to about 40 days.

13. The system of claim 10 wherein the average hydraulic residence time is

between about 2 hours to 12 hours.

14. The system of claim 13 wherein the observed sludge yield is between about

0.3 grams to 0.7 grams of total suspended solids per gram of BOD removed.
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0.3 grans to 0.7 grans of total suspended solids per

gram of BOD renoved. 15. The system of claim 10 further
w@vposing: a primary clarifier disposed upstPEEOSINS/064979

the activated sludge basin adapted to separate solids

fromthe stream of wastewater; an aerobic digestor

adapted to receive the separated solids fromthe

primary clarifier and a portion of the separated

sludge fromthe activated sludge line; and wherein the

oxygenation systemis adapted to further oxygenate the

separ ahesyssal oltidaiant) flrthdgeompridifye aer obi ¢ di gestor.

16. The system of _claim 10 wherein the oxygenation,

syst em f aFipRer clapigsdispesed wsgeap of fhf@étla%? plHheq hasin adapted

aSRATR A WRIERSFdnd rdafifoMiafdydidiuor in the

activ udge basin; and wherein the draft tube and

i mpel | ean arselamdigesuos aduj)aq:aittededem thge@araﬂn@gndans from the
pr oxi mat e entrance t he dr 9 &1 I ssol ve
|’ff1’L1?b

poPHMBR g {H&ndRPGELPn; {8 R Rt e
dr ghd. shgbe, create undi ssol ved oxygen bubbl es having
an average di ameter of between about 0.3 nmand 2.0
mm andwltrsohthe geygehetiaxyyysmatsadaptik tdfukthepuany gamede the

undi ssol ve as bl.e The system of claim 10
S RE P Al Mt e e b mdapt ed T or
ozonating a portion of the recycled sludge. 18. The

system of claim 10 wherein the activated sludge basin
f ut@-hEhe sotapr plsdaimpl Gvhergin thy osygenaden Hrtemafdtheneomprises:

e ot of T SR T B BlscFRIPRSRS: B G Hiar e

puaativytted&wgabaﬁﬂamdon in one or nore of the basi n
sections, The system of c¢laim 10 whe
act i vat @aer@lm@s ér%ta%lbﬁal%ﬁﬂ?gﬁr %Sé%b%ie%daateﬁi ta rl%gqsft gxygen

RRAhHORR ANl RX¥IRNAL ﬁﬁséﬁééﬁ ioﬂcolf%e R’%blggll%o the

pupl ty oxygen aeration system adap te or oxyge
| essxddHapuonivithoftht Hefirabd, mreza&cundmelvad) oxyeendsibbleshavring an

treat menf. system co r|S|n activat ed ebS|n
addpt & ‘{l%fn t@%%tirgﬁéw%%b\?‘é‘t aa@é ORigp %P‘gfhlﬁ 11X
wagteaited nﬁ)@ed)’ﬁcﬁllogal?d ﬁﬂdf%@ldeh%ﬂ%ubb@é% oxygenati on
syst'em adapted to vary the oxygen introduced to the

17. The system of claim 10 further comprising an ozonation system adapted for

ozonating a portion of the recycled sludge.

18. The system of claim 10 wherein the activated sludge basin further comprises
a plurality of sections and the oxygenation system further comprises air-based
acration in one or more of the basin sections and high purity oxygen aeration in

one or more of the basin sections.
19. The system of claim 10 wherein the activated sludge basin further comprises

a plurality of sections and the oxygenation system includes high purity oxygen

acration system adapted for oxygenation less than all of the basin sections.
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activated sludge basin; a separator fluidically
coupled to the activated sludge basin and adapted to

wo eelrsin xed |iquor therefrom the separat or PEEHR10081064979
for separating the sludge fromthe mxed liquor to
produce an effluent; and an activated sludge |ine
coupled to the separator and adapted to renove
separated sludge; wherein the mxed |iquor in the
activated sludge basin has a solids |oading of between
about 3000 nmg and about 10000 ng of suspended solids

pepo.l iA ebstofvatdl t@Ambhtpyotm @atristhg: di ssol ved oxygen
| evel in the actlvated sIu%&s basin that cycles
bet weenabidRRECdsBgr brdnadanted ghgeisrachtini shdapyda sream

"0of QudkEy1B: Bl AXYHRPRud ter of mixed |iquor and

anox! ¢ condi ti'ons in Fange of between about 0.0 ng to

0.2 ng ai oxyeegaivnpgste ddaptedfio maryelsk dxyguointroduced to the
activated sludge basin;

a separator fluidically coupled to the activated sludge basin and adapted to
receive mixed liquor therefrom, the separator adapted for separating the sludge
from the mixed liquor to produce an effluent; and

an activated sludge line coupled to the separator and adapted to remove
separated sludge;

wherein the mixed liquor in the activated sludge basin has a solids loading
of between about 3000 mg and about 10000 mg of suspended solids per liter of
mixed liquor, and the dissolved oxygen level in the activated sludge basin that
cycles between euoxic conditions in range of between about 5 mg to 15 mg of

oxygen per liter of mixed liquor and anoxic conditions in range of between about

0.0 mg to 0.2 mg of oxygen per liter of mixed liquor.
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