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microorganisms for life-sustaining processes (¢.g. growth, reproduction, digestion,
movement, etc.). The activated sludge process preferably occurs in an aerobic
environment where oxygen is consumed during the utilization and degradation of
organic materials and by-products of carbon dioxide and water are formed.

[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



determ nes the requirenents for the design of the
aeration system [0005] The activated sludge process
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| ex@lligna@fd hiRPeot@n3@RQ abMakedMItdlcfor biomass) are aerated in a basin
or tank. After a sufficient aeration period, the flocculent activated sludge solids
are separated from 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



di ssol ved oxygen level at about 1 to 3 ng/L, a solids
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feet and a Recycle Ratio of between about 0.5 to 1.50.
oxygen level at about 1 to 3 mg/L, a high solids retention time of 20 to 30 days.

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
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time of 3 to 10 days. The Covered Basin-HPO process is also characterized by
hydraulic retention time of only 1 to 3 hours, a Food to Microorganism ratio of
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 also be characterized as a method of treating
wastewater comprising the steps of: (i) receiving an influent stream of wastewater
into a mixed liquor in an uncovered activated sludge basin; (ii) introducing
oxygen to the mixed liquor in the activated sludge basin to produce euoxic
conditions in the activated sludge basin; (iii) passing a portion of the mixed liquor
in the activated sludge basin through a separator to separate activated sludge and
produce an effluent stream and a activated sludge stream; and (iv) recycling a
portion of the activated sludge stream to the activated sludge basin to produce a

mixed liquor having a solids loading of between about 3000 mg and about 10000
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characteristics of prior art wastewater treatment systems against the wastewater

treatment process in accordance with the presently disclosed embodiments;

[0023] Fig. 4 is another chart that comparatively depicts selected operating
characteristics of prior art wastewater treatment systems against the wastewater
treatment process in accordance with the presently disclosed embodiments;

[0024] 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;

[0025] Fig. 6 is yet another chart that depicts solids retention time against excess

sludge production for conventional activated sludge wastewater treatment systems
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added to the aeration basin, by suitable means such as a high purity oxygen
acration system (17). Any type of high purity oxygen contacting equipment and
supply systems can be used although an I-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
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dewatering (29) steps such as centrifugation or filtration to reduce the volume,

forming a final waste solids stream (30) for final disposal. Final disposal can be a
variety of operations, such as landfill, land application to farms as fertilizer, or
incineration.

[0031] The present embodiment of the wastewater treatment system and method
is characterized by high dissolved oxygen levels in the aeration basin, which
produces a well-aerated biomass floc having superior settling characteristics and a

reduced volume of excess sludge. Preferably, the dissolved oxygen levels in the
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therein, high rate aeration activated sludge process 57, covered basin high-purity
oxygen activated sludge process 59, and the present high dissolved oxygen and
high solids activated sludge process 60. Likewise, Fig. 4 depicts the dissolved
oxygen level against the solids retention time of the same prior art wastewater

treatment systems against the present high dissolved oxygen and high solids

activated sludge process 60.
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t treatne
P’ BnT AR SR SRR Bl o B TR BB 2 power and

capital costs and otherwise contribute to performance problems. See, for example,

prior art treatises ‘“Design of Municipal Wastewater Treatment Plants”, Water
Environment Federation MOP 8 (1998); “Evaluation of Feasibility of Methods to
Minimize Biomass Production from Biotreatment,” H. David Stensel and Stuart
E. Strand, (2004); and “Aecration: Principles and Practice,” James A. Mueller,
William C. Boyle and H. Johannes Popel, (2002).

[0036] In covered basin high purity oxygen wastewater treatment systems, the
mixing of oxygen within the covered basin and the oxygen transfer efficiency
therein are markedly different than the present system and method. Moreover, the
headspace above the surface of the mixed liquor in a covered basin system

typically has a carbon dioxide concentration between 2% - 11% which is very
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[0039] With the foregoing in mind, the success of the activated sludge process
depends on the functioning of organisms known as aecrobic heterotrophs,
particularly those which grow and thrive when freely suspended in the
wastewater. Aerobic heterotrophs take complex organic molecules such as those
responsible for the contamination of the wastewater, and convert these molecules
either into cell mass or into carbon dioxide and water. These organisms are

adapted to thrive in environmental conditions found in aqueous natural

environments or euoxic conditions.
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reductions in excess sludge production.

e three to

[0042] In addition to improving sludge settling and reducing sludge yield,
operating the aeration basin in euoxic conditions provides further benefits
including: optimization of the growth and activity of nitrifiers, thus enhancing the
conversion of ammonia to nitrate; and promotion of the growth and activity of
higher life forms of micro-organisms, such as protozoa, which act as predators
and consume additional excess sludge.

[0043] Contrary to conventional thinking, higher levels of dissolved oxygen in the
acration basin do not translate to significant increases power costs. Rather,

maintaining the aeration basin at cuoxic conditions is very practical and casily
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[0045] It is well known in the art that operating an activated sludge basin with
long sludge age or increased solids retention time results in a reduction in the
yield of waste sludge. SRT levels may be increased by either increasing total
acration basin volume or by increasing the activated sludge basin mixed liquor
suspended solids (MLSS) level. Increasing basin volume, however, increases the
capital cost and land arca required for the aecration basin, and may not be a
practical solution for an existing wastewater plant or facility. Increasing MLSS
level normally reduces the efficiency of conventional acration systems, so that

additional aeration equipment may be needed and associated power costs increase.
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renp of,.the contam nants in the wastewater. The

de¥it %%ﬁ aéﬁl?ﬁo%lei‘fr%e&ca%cﬁést ewat er treatnment operation

| S|goMB] SRSt YwagEwakr t gnd R AEVEInvRRRRd 60 ¢ Efe-
the de15| rgd \Fverm‘iv/a ' ]%1 IEBO) hwl ggnd nn| trogen. d?l?l[“ -mix
| t agtvated| dludgaguncdssestuse aarSRT I@étab@pelr &t b dgysfor basms at warm
activat basi.n on

RS i Be st ol e Tpb e PEed R chig i old
I NtehfjRratingd o afsuvasdBplstcUsiicabRl. |TNehiSsdiB Yy and method,
i ncreased by either increasing total aeration basin
vohemievesr insicapesc thea8RMgby Hacrgeting dhe My dgeclbabi the present
m n d ner
pagbodsfheans SO PEpreribh ool Hgh TG gL BlR? Bty
| abetwateabdie uildyshndot0 tie, asd afill @forb ds¢fBrabBNbktweyh Blgdut 12
be a practlcal sol ution for _an existing wastewater

pl &S a9 3Palays i This ncrgesedhSR A gnsausaas dhcagropdh argl mgintenance of
redyggs &10&5@%%{)&15%(2;?%]? Qb ftf&nﬁl‘?&l)!o %ﬁllsn?se{na[ﬂeoﬁbtwateg sludge
m

systens, so t tio aeration equi pnent
neb&kétd ancacagocitatied potieslatyspedatocy eageniSnsp Itkyat consume
SS | evel s al so ui.re

r easi nor mal |
. n stelp M@%%&@P&ﬂ% ifwheéaﬁ‘é%rw Whi Ehesipyludge and

I e i CoSliifid H0R LS Eﬁﬂﬂeﬁtathro%%ﬁ *c§ns%ﬂff3t169 e fihandc ar ea
for the additional or |arger secondary clarifiers. The

pr 4L The ohnge Iocﬁéélds%ysmlm\ed dm anh pardithler aprdicdtion is determined

r s.th in tio nd eves
bl e B MRy BT 51 R e of e
r e&uﬁﬁéeda%%ﬂﬁﬂlgD nehafdctc@is@EC YachidDell iyt Ndditatcdd diectid@61@llevels  of
clarifier capaci t3/
dissolved oxygen as described above. MLSS in the range of 3,000 to 10,000
mg/L, more typically in the range of 5,000 to 8,000 mg/L, optimizes the existing
clarifier loading in most applications under the enhanced or high dissolved

oxygen conditions.

Additional System Performance Characteristics

[0048] Additional factors used in the design of activated sludge wastewater
treatment systems include proper sizing and capacity of secondary clarifiers in
view of the settling properties of the sludge. Settling properties of the sludge are

often characterized by parameters known as sludge volume index (SVI) and the
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[ 0046] Mbst wastewater plants enpl oying conventi onal

or conplete-m x activated sludge processes use an SRT
wW@tooah2ast2 1 to 5 days for basins at warm t enpePEr/US288/064986

and up to about 15 days for activated sludge basins at

cold tenperatures to insure conplete nitrification.

The present system and net hod, however, increases the

SRT by increasing the MLSS |evel. In the present

aﬂgl?tgal ngt%ﬂrge e?céﬁﬁsﬁ?%gnﬁggoﬁ/ b%ﬁ%ggs%gd t lg gl? Sf SVI

andncsmghér valiee opISY essahlily |dvet Wapirca bmuﬁeﬁ&ed@mlcammﬁﬁte to
days. This increased SRT encourages the growth_ and
naf/qweé FaPIERd COFLS T ARFTRASES me?aspé%bgm aé‘t‘?xéﬁméfd?géﬁ?ét ilg has been

m férCQ &ﬁ@ﬁa% n&tﬂlﬁ téh%rﬂ%fetrisﬁ@st of Jgje U&Qc?g basi BerOlted bgt solids

aeratt asi n, Ftic y predatory organisns t
c om;amlen haher MUS(Sph:lvels kmmit disdodved eqgiendctas futhihéie activated

tions in exc d inproved clarjficatiaon
of 559 BERESS A SGG et ﬁ%@?&ﬁolsgwﬂ iacipT gacd frogierpetivated
Thﬁuﬁ ?l%cgsfs Me’ésﬁc%ﬂ@ﬁ&w&lgﬂ* ’ Wetpﬁﬁ&lfcﬁl'rﬂeﬁf Federation Manual
applictation is determ ned by optim zing the solids

| oaPragti¢edNe. Hd)- §x(i2§f)6)|)g cl ar| fier, taking advantage of

h nced chatr stl .CS achi b .

o oEILARSGRaIF bt el SR HROLSH UEE BRPDISTa&els and high
de&@ﬁdl@@ﬁo@@@ﬂ geveM- 82 SVI he 1$ARGENOpreSordYUcb&ribkd, P& water
ng/ L, nore typi caIIy in the range of 5,000 to 8,000

mgiTEatmep $yivicER 8Tet IMprevadsevicR ghas Pt 4rf aetivagngdiludgel proerss based

a pWaﬁt&%tjero g‘g%tﬁl%gP gysklgﬁgs %gi&%g%\%tmee%ﬁg&n?él? ?&lr/]egggalues of SVI

oxygen conditl ons

Chmdahtghéir shlues of @@%&indﬁﬂdydle shalke fraatdtations edsuitnint dthanced
desi of activated s| udge wast ewat er treatnen

sysiding cnpraeigaEicsy dpkle k ezlpwgoawareé abralikely rgpee 'of V1 and ISV

S egﬁﬂ&aéfysl&dﬁrﬂrﬁéegiﬁﬂub% é’dng@ﬁtfgnaf Q:%Vﬁt%ﬁtsldd@g glroocfesst ?%ealnst the

properties I'i'ng propertre
sl B¥fend A8V ofatien of mhrdgetpmqezsed thythe arghndtsehsdkoxggen asd high

slu%gvolumem o?ih(SVI) and theinitial settling
vePGEs system e mgfhadne 5| udge to be processed. Lower
va|geeh) Phe PH RO chivehdteny ¥ l%ﬁ@ HEh IIRY aﬁfélSHlléh KBldOR&Ivated

required clarif er areas, which translate to | ower
caaud@ prwsisscals ﬁon @pelagels with empatintlgd Rolidsaretantipgttimgy in a

sk el LD RSB e s
Volumetric Loading as used in conventional activated sludge systems, namely a
hydraulic residence time in the range of about 4 to 8 hours. As Fig. 5 graphically
depicts, the prior art activated sludge processes such as Conventional/Complete-
Mix, Covered Basin, and Extended Acration form a common operating line (62)
characterizing the relationship between hydraulic residence times and solids
retention times. In contrast, the presently disclosed embodiments of the High DO
and High Solids activated sludge process extends the system operation away from
this typical operating line and toward much higher values of solids retention times
for equivalent or comparable values of hydraulic residence times. Such
distinctive operating characteristic is achieved by increasing MLSS levels without

overloading clarifier capacity, though the mechanism of enhanced settling at high
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retention time, MSS |evels and dissol ved oxygen
levels within the activated sludge process as well as

wo b@oygse2 of bi ol ogi cal reactor used in the acRCWHS®AS/064986
sl udge process. (See "Clarif er Design," Water
Envi ronnent Federation Manual of Practice No. FD- 8,
(2006)). [0049] As a result of the high solids
retention time, high M.SS | evels and hi gh di ssol ved
(0D | evel s he SV d V.of t [ t
GBSl b BB, BF HERFRS
ovekidehe fheols batwecdtibbwiad edlS howdgand heepfiralsedetween 4 to
wast ewat er treatnment systens, Such inProverrents nanel y
| ofdPuipayifagasghe grafersgranpe RE polids|risation timey/ipgween about 7

re [ ty i ed
R R S A L A T Y S
|i 85Y] Eange sbfdgS\firoduntioh S} Vad,ussgaferalyukigevipto cleslsed with

in _a conventional activated sludge pr.ocess ai nst the .
svinciing 39 g sy gy Qer_ﬁ?ts@ dadkig n HRBCKiigriong Solids
gol hid® SYRLAM é@féle%%l ﬁl‘ﬂgs and/or a

di ?e‘%éﬂt%ﬁ%rﬁé%&ﬁﬁio%lgy li‘&rgfi}e \
[ 0050] The preferred enbodi nent” of” t he Hi gh an
Hi tprgeSosindwolaiei \asireiths Ipnehgetlpdisclessl eabadsmeuts of the High DO

oS B LSRR R LR T

si piddatichCtY ¥ atis dichilevslne ShasicahaRby Ridgk Ged@didh @pasilities is

used in conventional activated sludge systens, nanely

a hkaly atiripetabledp demeactdisie ¢ffect ﬁéh@gﬁ@@swﬂvwem Igvgls and

8 r.Si: i r i LG pr.i: or

aCFlfég as?lé((ijﬁze]téglggté tlglrlegcagl@ggxgzgllsE%/%(fjgoglk/l%rgorgaﬁgm ali® ern%ﬁotyed by

Cothegrrtdeansysicoo ipheah&-cndlaycddoy esredntBasl activardd sludge process.

Ext ended Aeration forma comon gperating |line (62)

chbipictodr he1n PEIRENE efharackiishes obethfieBiFsHY analan @nd method

r eédtﬂ’ﬁ&ﬁ@ td ﬂ'@@erﬁpgﬁf Wagt% sflﬁgg g%ﬂdﬁﬁ%&ﬂ ke coﬂsfén‘%ionalfl1 activated
scl as enbodi nents of the

contrast, the presently di

| .
a}r}é\? eoc}‘ hydraulic

Hi gihdgaracdsddi vgith Seimikis hpdhihatesidesdettdge process
extends the system operation away fromthis typical
operating line and toward ruch hi gher val ues of solids
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W I O@nPVeT T oadi ng
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Though I g
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0 settyhLng at nigh
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I PYR TS hoyy | Narcate

above, 4t_'rke prefer

ed Tange_ 93

h Y Ro e 'Concentration (%)

0.5-15

1.5-3.0

Yobs, (2 TSS/g BODr)

0.5-1.0

0.3-0.7

Table 1. Operating Characteristics of Activated Sludge Wastewater Treatment Processes

Retrofit of Activated Sludge Wastewater Treatment Systems

[0052] The preferred procedure for implementing the present wastewater

treatment system and method in existing air-based activated sludge wastewater

plants invention includes t

he following steps:

[0053] Convert the air-based aeration system in the activated sludge basin from

an air-based system, such as compressed air/fine bubble diffusers or mechanical

surface aerators, to a high purity oxygen system, such as an I-SO, MVO, or

Mixflo system available from Praxair, Inc. Operate the wastewater treatment plant
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residence tinmes i s between about 2 to 12 hours and

nore preferably between 4 to 8 hours whereas the
wee@beraer range of solids retention tinmes i s PEI/VEMNS/064986

about 7 and 40 days and nore preferably between about

12 and 30 days. [0051] Excess sl udge production or

YObs, is generally known to decline with increasing

solids retention tine as depicted in Fig 6. However,

| Ongth*;ﬂ? rlgulpu% et | f :Y‘étg‘f o} sglgdstl g a1¥c} dﬁ?&fv deoxylgen levels

C
d ires Bnd arg e’ H

vohuﬂﬁnﬂkﬁne@oﬁ$@xﬁm&@eﬁghm d|sclosed enbodlnents of
the ngh DO and Hi gh Solids activated sludge process,

#efradyally é@@ﬁ%aé? dlp %?E@]e?f/é]dSOJ;YWd@P@’EW ey ﬂi]&ft pgfyated sludge
(YQ ﬁe%@f &S%gﬁat% @}:ﬂg gglb%wg& Y5 Gid/PMo 15 mg/L

capa |t|es is”l eto t e synergistic
ef 61ealtoumf0 0 ghes0 dives cnha/emi samyagﬁm vabwe!| $handctebghin dissolved
solids retention tines a d | ower %F{to M.cr oor gani sm

; aPFECBSY Ty Pyt He 51 LReYORGUTOM (e Ubpen (e Secondary

e ”H'aﬁﬁ&d YR MY ARE SRR oG 3k EekisingdIg R QGRS arca.
Each of these operating characteristics of the present

sy &R Gnatlupky odcasomt the B SS teyelain thy aativhicdisbidge bovas.tBhis is

o BB R0l PR PR ohe SEMRALEET 8 cwas)
Taph® ahd @E&Elﬁglrﬁgrecﬂﬁﬂg’&teﬁftingt th@ssesatmemy | Jaifed B Hlgeeturn

Wast ewat er Treat ment Processes Retrofit of Activated
SI wgete@aslvégeatl@ﬁ whisht r@m:lesytgt x5 2qtops] styRge basin thereby

?Jag ?g tff{ Ee%ef o thteemlgﬁg&] utlag Erj)gﬁn prlﬁgrgégi%the MLSS

ment sys In exi

alkwbﬁﬂﬁﬂmﬁ@ik%@kﬁ@hﬁbﬂﬁ@ﬁmM@ﬁmﬁmater plants invention
i ncl udes the follow ng steps: [0053].Convert the
ai F05akEantBIatq dpcrespst eimmainteie thee disselved axyagydevel in the

bagi a{eaoghgggél g&li%‘rll ??%ﬁéj caysit ed%hdﬁfdﬁg‘ vﬁfn gﬁ"‘?g@gﬁ RFLSS level.

air/fine users or ani ca
aemo centirtue iacrbasyly her MLESdrya dry consbBmyg wasth actsvagd sludge

O, or Mxflo stem avail able fro axa
| n@te R Aoyl shdbinfalr uflP@%bﬂ?smndawa@mﬁ?rhsqhﬂé handling
hi Q(thsf}h!ﬁl{ isyregéﬁég%ﬂh&ﬁ% SMc8lrsS Ab ithS ap RS Y sABY margins. The

di ssol ved oxy l evels used i'n the previous operating
r esficardary 0% ercssddiadiawlmgw CoRARENtt mepteécr@blyoﬁeterrmned using

et D BT R g EnRER ™l HERR SRR P monty

t ouskd 03¢ boint analysis. With the higher dissolved oxygen conditions, it will be
found that the secondary clarifier can handle a higher inlet MLSS concentration
for the same volumetric flow.
[0057] As the sludge microbiology adjusts to the new operating conditions,
continue monitoring and adjustment of MLSS level, sludge settling properties,
and clarifier operating conditions, until steady operation is reached. The new
preferred operating point will be characterized by higher dissolved oxygen levels
in the range of between about 5 mg/L to 15 mg/L, extended solids retention time
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.
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or about 0.50 - 1.50 tines the air saturation val ue.
This increase in dissolved oxygen | evel inproves the

W@ 2aowio293e2 properti es of the sludge in the secoPCED$2008/064986
clarifier, allow ng higher solids loading in the
existing clarif er surface area. [0055] G adually
increase in the M.SS level in the activated sl udge
basin. This is preferably acconplished through
geﬁi‘bgﬂ fe/f]on?[forhtégh SF Slt\ﬁS%p]:e!Vé/lgta? qxze%ll ell'lsdt%g svs\glsv)eii ro‘%.t genafégel in

i Fecti ng nore- sl udge exitihg the secondary clar er

t othicheratieoh basin agd kasap@amstersdged in e atinedicr@ayel eStht Present
the activated sludge basin thereby increasing the MSS
| eVaHCVHCE fsatmant wasten- s Suelyautonuitis, confiel eedeiablyr gaverns the
ML V, I Wl t [ j [ :
Loosa T CERe D de raE 3Ean OGmagh Ay ebE Gl sffngin the
oxgigerivdde veygdnn ldvhe imchée wirkieel shngdget bpsmnmatodtfieln addition,

euoxi ¢ conditions wi.th the higher MSS | evel .. Al so,
colPPHeRNS ks & gﬁé‘gliﬂﬂ@t %@é Rebs S%9n<@6>htﬁ?aarfiqr rid the total
veaglsgertfel! HBHE%eve! YIS SRLRIADEMSIHT JuACToHAbSEh and control
sludge rate until the secondary clarifier

sopietigaliipigdvérngtheompstatian nf theseeadetyedarsdiendludng oéntrol of the
Lot i,at f et ins., The. .
S oRR G Ao R B 3G &t SRk s 19 fingagn the MLSS

pr RN ek DI JdetREIiIRGL BSinng tIRXdSHré RGBIES! udge settling
tests and clarif er anal ysis nmethods such as the

commonly used state point analysis. Wth the higher

di I I & , It will be found that the
selgﬁi%lﬁg d Aﬁ&ﬁgh% g%dle a higher inlet MSS
CO[008A} TainiN nber tot Rg. Sartkere ok widthi € highopurify08%yflen Akration
the sl udge m crobiol ogy adjusts to the new operat i)'r\;g 100
g5 LUV

coRtaT g, IdBRPTHER SrRRdIBRNTRY B Asa)VAST HEHMeBE S
| e)‘;@'seens{hg%gtf (}ﬁ@g}yslténQ %&ﬁ%ﬁ & fidef YssefHb ?b?ﬁé\fi}lg bn anchor ring

operating conditions, unt steady operation

r ed@hechichl e plhaeed i eheaatieated pdudeei taginpor mtravibh Ibakie 106 of a
characteri zed bﬁ hi he{ di ssol ved ox en.IevEIﬁ La LQF

r aWGECBRCHBEAIBERT YT | &) g/1he Prosens apRjjption e e within the
SOhdfifor BABNTDORs hiniEh BStdBSReRRAKEd fiqday ?2@,"{?@%91& having a
days, higher M.SS levels up to a maxi num | evel of
absusperndd060lidryantanhon He arder af3080 myl/u dy E0WRgh g Lardektending in

T T NN I R

I Ntube 110 preferably has circumferential openings 122 located below the top
surface 124 of the high-solids content mixed liquor 120 in the aeration basin 106.
Baffles 126 are equilaterally spaced and symmetrically positioned around the
openings 122 which are proximate to the entrance 128 to the draft tube 110.
Additional baffles 126 can be located proximate the exit 129 of the draft tube 110.
A helical impeller 130 is disposed within the draft tube 110 and generally
comprises one or more blades 132 that are affixed to the impeller shaft 134 for
rotation with the impeller shaft 134 by motor 136, which is preferably placed on
top of the float assembly 102.
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the aeration basin are key paraneters used in the

automatic control of the present wastewater treatnent
w@ymverm31Such automatic control preferably govRCTES1008064986

oxygen supply or aeration systemto nmatch oxygen

demand and mai ntain the dissol ved oxygen |evel in the

desired range at optinmumcosts. In addition,

nonitoring the sludge blanket | evel in the secondary

¢ ?0'6@]61’1%56 ﬁ}ﬂ? ris gap? to (%'ri'lveptﬁngrg?ellse? shag‘tslgéf" e(i nlt rngve the

ondary e uen uch

pr Béed ahh;gau eMehimshe Mafiapes ato omn anov&Inkk%rdS aﬁem)arc)f arrow 138.
clarif er i1ncluding control of the waste activat

s| lbgeowaee gélﬁdwr%rtetﬁr@blﬁcw%wé drerege theagas tl’élet 40 which

ma §t t I

ot IRk E B8 Mgt Y il 18 ELHEEHSE S HOAR.RATI 110

S}/Rhﬁfﬁu[la@@ﬁgjf tHe hrghr@hdmmmttmtﬁnged Tiquoth E}(boamrﬁzksoa/vresalt of a

ur | oxygen, aeratio ed in the ent

el TS B are, s a3f, ﬁeiﬁhesweém ; dognward

Sef‘d?cé BENR Mgh SORsSoRtAIiRG] HERR lfQoflhocﬁé d@a?ﬁﬁ%@ll)iolozgs the

havi ng an anchor ring 104 which is placed in an

acmixealt lagios iviti gras balshles s eamdafmm thaoexsti 1291gBhoflragt tube 110, a
wast. eggt er treatment system.? r esent

apfi’rl% £ Yoowme Pﬁéeﬂ FeGUCY W Xteﬂ ’rﬁl“% Lﬂ) ﬁarVé? 6%“%5‘&?%0%%501%‘1
| SoRygth @Jhn@@dtécﬂthﬁcﬁfgh%?bmﬁg@(m hdafltRrentrdfbe WBRIFEAM tibe 110.

having a suspended solids content on the order of 3000
rTg[Q96 bTh@)e@I@lh@gﬂ@ debirce napdigl ¢learancgdiwgendhe tip of the impeller

S I S
Eﬁﬁ% %ﬁ)& %h]m[e afk{ll?]t (Eijb(grg% 1t@1§ p?e 'e\lrélé %?%b]]g{atsh% rqaﬁ Elearance 18
CI legsithhe e Buatko ofpehilNgs ihpelldraiahack el ravvctpaefctady the radial
surface 124 of the hiah sqolids content m xed |iquor

120/cimnemuilbes ket Ban Blsk ot trrsmmsiey diagctens Wiea uled with high-
eqgild t@*@énlt %n&@@clﬁﬁfgrbq mﬁ%ﬁ%fa’t&aﬁé AmBRS %ﬂﬂlﬁgﬁ(ﬁé the close

aroun e openi ngs are proxi nat
enamranpemeiP8f the intpelldr B3¢ withbde 1dt6riorAddil taf aha drdfafubeeld 0 or
e | ocated rOXI te the exit the draft

126 129
tuB@eﬁEﬁﬁoﬁi\Y‘WE}l? SUp Pli"?ptg’fl S0 B lglg%ﬁrg% TGRS ipjaphieve the

Sptthaf dx zig@[b BulthO sBRU; GBPEIA, h)(m@l?rrﬂ%hﬁ 83 MARCta03. 0%8 This
blades 132%that are affixed to the’inpeller shaft 13

f oeptinoized behblewizh dlStré)utlmp ef theroxggarf gas mﬂllrbslleﬁmglowllﬂs eontent
NN GG KIS RYIN NG -
I nplgila@dly sdyafting 18 Aighbllcl ls bidiBsoRdexlyhen.
[0062] A more detailed discussion of the preferred high purity oxygen aeration
system and the reasons for its effectiveness are set forth in United States patent
application serial number 11/602519 filed November 21, 2006, the disclosure of
which is hereby incorporated by reference.
[0063] In view of the fact that the present system and method employs a source of
oxygen for use with the high purity oxygen aeration system, it is further
contemplated to combine the present system and method with related technologies
involving oxygen including: ozonation of sludge in the return activated sludge
line or similar secondary application of ozone; oxygenation of the high viscous

materials in an aerobic digestor. Similarly, since the present system and method
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liquid and gas wthin the draft tube 110 in a downward
direction of arrow 138. The oxygen gas is preferably

WO paopoehieed t hrough the gas inlet 140 which di BCTTHR2908064986
t he oxygen gas proximate the entrance 128 of the draft
tube 110. Recircul ation of the high solids content
m xed |iquor 120 occurs as a result of a mechani cal
agitation within the draft tube 110 and the
ggﬁ rr{‘:fl% rﬁq?( egl Fe thneJ\éAtI?trnge f%‘tr%?gﬁoxy&e fwlk}%lll the isgéwe}i%r ttr%aément

mi fﬂadt Im ququali tdmtegﬁqﬁa@dh@hrﬁsgrm th¢ paised sfygteﬂm dndemékbd with
129 of the draft tube 110, a. suitable vol une of
r effladed ﬁ@hﬂolﬁg%édnmlwgrdq@trl%vpﬁ gn dBprectgaded gludge basin or

di $5Q¥EGk- H%Mgg%oh%aé Qeéhgg%ctlmf%c%f gr%glﬁd'\g_ﬁxel&%g t&EX e the

the entrance aft t ube
| r‘rmed;dlea‘d dx’iy(geld &fvehmstha actadicl slelge dasin betviehwaexic tcheditions in

el |l er_bl ade ndteinterir 1. of ..
B¢ phBEeth abpiia Bieai St ot e Chiac] auor and
| e%xﬁ@éﬁhdﬁfon@%ﬁing% @f g%egﬁllaf)oﬁtr@ﬁ) mgnglol em lg@f %‘S@%&f per liter
and nore preferably the radial clearance w ess

t hahmigedysigfort he sunip ebhemptitechembpdimaht rtheigeekipicohditions are

gﬂf%? .m xed Ilqvgtge of t%Wastewatnarit.
or %eptl’] GAHBR, PYRECR VEEEr PE ROt I e more
I MaglabRr fd3Gedicéd shl'&i%el Poghidtn Wwed |syetbmt Bperdtiad teflitibey, as

110 or_ ot her hydrodynam c structure tends to inpart
hi gereribechleaseing or ces” to achi eve the optimal oxygen

d
Uy Ei SR ST S e
OXy@ﬁiﬁte@a&ud@etHﬁBm fnbelvhisgiregningdtic dasih émo drpedity ol yedtions.

enhances the mass transfer efficiency of the aeration
pr bereatignyl; sfbar] aeEdigntis ARCHPPIRAICE HB ONE RF engrepections of the

di gagl %%e? )ﬁ()[jﬁgﬁl s I%xLe ]tgeﬂa‘legara‘i iRl Fegelg lirp g&&‘ﬁ%’e@tﬁb&t@ ‘while

the preferre purity oxygen aeration system
t hhlghqambymxﬁgﬂn acrstiomf ifseintdmma@dsinaae&c&:dtsettdmtsmf the basin.

es. patent, application ser nunber
1 PG B RGU Y uce Sy ery! S ErRipscost but il
V\’hhéhli'ede§ tﬁéqlgrbMLSm@{léle@éc%%V@Yoﬂg%f §d1f9 ‘f&ent[&tQQl?i& aﬂd‘reduced
view of the Tact that the Eresent syst em and

enphgy sludgs as nrc@e@refougxg@n ¢cbmemtssdeapmh¢dtahevm| gh

Co ML PR ER BT S e "Bl b B sy bl vsed

W Hvhcrcetiat akddedifned @Qiods or more sections are maintained in anoxic
conditions to facilitate de-nitrification processes, or in anacrobic conditions for
biological phosphorus removal, while euoxic conditions are maintained in other
sections to reduced overall sludge production and improve the system operating

efficiency and costs.

Industrial Applicability

[0066] The presently disclosed system and method minimizes the operating cost
of the activated sludge process in wastewater treatment while enhancing system
productivity and avoiding capital costs associated with expansion of basin arca

and/or clarifier capacity. Prior art open-basin wastewater treatment systems and
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i nvol vi ng oxygen i ncluding: ozonation of sludge in the

return activated sludge l[ine or simlar secondary
wappbiozeti on of ozone; oxygenation of the hi ghP@I/E82908064986

materials in an aerobic digestor. Simlarly, since the

present system and net hodfurther contenplate the

active control of oxygen within the wastewater

treatnent plant, it is equally contenplated to

t e ]i_? %(%gloggg IOIElr Oq \e/:ﬁ%nn%}/ %ﬁ%a&if%ﬁ] dn %O\Y?rocr?st%’\gh qulgfleclloase cgntrol of

aCthe\{ﬁiselife&bbtﬂg@ leasls at thic Hi@paiatievdendtetdatyf toC@bin@iin acrobic
basins. One such propased nethod woul d be to cycle the

di Swiitieng (bSyye ﬁng/le\r@ 3-0 metlhe Adbpughyeragatine ensts asqigied with
beﬁéﬁﬁi‘ﬁ? %HQ’&Hsgooga‘P g 'vJalst‘%rk?quQ a?@ﬁﬂﬁla?ﬁn g@ B28HkoR costs,
g to g ng o i qu d

oxygen per Mter of m xe or an
anaxpﬂsingiyq}md:am&p'timizaa'ng ehag fnob dteve dullyabxploitdl & minitmoze the
of ox r literr. of mxed liquor. In such

coﬁ’tn% Pt SRPFRCCSYECYoxi ¢ condi tions are
Su[godh| & h@itige-thé LEd bF aRilityedr B p;ﬁﬁ'ﬁys owgé'neﬁe?aﬁdﬁesystems to

euoxi ¢ conditi ons are nore ‘suitable for reduced sl ud ge
pr odintiin oplativay dget @natt@pecmatsu lﬂge@fgﬁuz@deh@tythe ase of high purity

descri bed ereintﬂ% %} dther contem& b
ar PRFGANETH L O FYYHPS dB U %ﬁe oD YaNIg £0B IPR%S é’ét 0, gpgyy basin
sl ydBatclasivigh NvehtvRns el egadd N Ideerbastdysi Blu@g@ yield and
plurality of sections. Conventional air-based aeration

| scarFrspesbingasladed dispasel costs hes Botdstatelorsbesn fulilﬁeutuia@ﬂn
t °[dﬁ%§ﬁsﬁ&e pptl M3 V\%egf %ﬁ&%ﬁsn cl)&ﬁﬁ&nsaﬁsﬂé% %?gaer a?ls o\%e(lilgsolved

I N SucC sec ons purl
| nedygear atddhigh &ﬂ{decteedltmcttmw@s f&f tdthe d@@snﬁl.mmlzaumh and
staged basi n approach naﬁ reduce the overall system
op@%pé@lﬁ%@ncqisthe BRffucaes pf highusiie OXy e #RTEIPIMYSENSeRfE process

I?&m v 1e cﬁr}ﬂﬁﬁerél%l h&%ﬁfs %ﬂ‘&éﬁﬁ‘le%ﬁd@%aé&duﬁ% benefits

as in the preferre
desmdr cd&enheﬂ:hﬂj\advat[t@@ ShaySunchudeu(i} lm]brevsd sgeingaharaceristics of
mul ti pl e section basin could al so be ed where the
m XB¢E Waﬂbﬁ%e aﬁra&}ﬂ%%e,srm ﬁ%ﬁr&r@%i et %V%Pﬁ@lé%ﬂﬁw Pygen;

angyi ©aoARSy tibRNSol @ dodGithideicSe dRsvRicH rleél§ 8t 'd%@olved oxygen
processes, Or in anaerobic conditions for biologica

phusp gl pu@mvmgenwatwnemwms dondictlieedssladge handling and
LNt al ect i 0 S to

e bR S T of B SRR Sp RN i) B plan

ange£MShS capacity per unit volume of aeration basin; (v) minimal capital
investment due to smaller basin requirements, no need for membrane separation,
and ability to easily retrofit existing wastewater treatment operations; (vi) reduced
need to re-aerate or post-acrate the effluent as the effluent of the present system
and method is already euoxic or well oxygenated; (vii) increased capability for
nitrification due to higher solids retention time; (viii) increased capability for
removal of complex organic contaminants due to higher solids retention time; and

(ix) increased stability to shock loads.
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Industrial Applicability [0066] The presently
di scl osed system and nethod m nimzes the operating

W@ /02312 he acti vated sl udge process in wast eRer/E82008/064986
treatment whil e enhancing system productivity and
avoi di ng capital costs associated wi th expansi on of
basin area and/or clarifier capacity. Prior art
open basi n mastemater treat ment systens andprocesses

or 8oERinh 3t BWAdhe P 28R 3 S BR0E] (58 he bt B Rventon

m thusupfol @ieel 5 spae@s sm ym&tﬁodlmﬂoﬂttab naoaleat@bl ﬂudge treatment of
conditions (i.e to 3.0 ng/L). Althoug
OpBRHEVHET @é@gshlag slé‘é*?l%ltoéddlwoll‘f?dh%fﬂep rgeether aﬂ@p@@m sludge
of ; MEAFHA tFadidds/oR F%h%omié &ntéh ilBRYe MG thGn ek Qﬁ‘{)a?&i sludge
costs, surprising process optim zation has not been
fubzisj/n eWthileithedntemtlmlrhemmedlndieseduh[asolﬁeeaedatmbnd Bpndneans of

%gg%.promgs cost 0067] In add| i on, use

ifici ¢ ymBpdimeyty pali1 RN AR @9@% {igfmerous

mhﬂﬁﬁicﬁtl&?sl ald Ylﬁlllé’tlanV%aﬁelSeatrﬂa‘ae 8245 bl Stho6KCAANEE & the art
but the use of high purity oxygen aeration systens in
sehebogddappemat firery tho rscnnel antheohveationpersehfmimin the claims or
activ. tedéﬁLygﬁg trea in order to | ower excess
s| tREHECPR At dpaieria A% %ﬁﬁlng sl udge di sposal costs
has not heretofore been fully utilized. [0068] Such
optim zation of process conditions using high |evels
of dissol ved oxygen and high solids retention tines
for total cost mnimzation and exploitation of the
i nfluence of high purity oxygen aeration systens on
process operation yields nunerous benefits and
commer ci al advantages. Such benefits and comrerci a
advant ages may include: (i) inproved settling
characteristics of sludge when the aeration basin is
operated at el evated | evels of dissolved oxygen; (ii)
reasonably | ow power costs to achieve el evated | evels
of di ssol ved oxygen using high purity oxygen aeration
systens; (iii) reduced sludge handling and di sposa
costs as a result of reduced excess sludge production;
(iv) increase plant treatnent capacity per unit volune
of aeration basin; (v) mninmal capital investnent due
to smaller basin requirenents, no need for nenbrane
separation, and ability to easily retrofit existing
wast ewat er treatnment operations; (vi) reduced
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need to re-aerate or post-aerate the effluent as the
effluent of the present system and nethod is al ready

we@ewiz9302 wel | oxygenated; (vii) increased capeliUbi008/064986

for nitrification due to higher solids retention tine;
(viii) increased capability for renoval of conplex
organi ¢ contam nants due to higher solids retention
time; and (ix) increased stability to shock

| oads. [ 0069] From the foreggi it should be

appreci ated that the presengi£%§ention thus provides a
syWarisadmagtidiod for the activated sludge treat nent

of wastewater usjng high | evels of dissolved oxygen

t obetirasthod phireatigr vastsagéer camgrsing hastersoand/ or  hi gh

sol i ds tent, d Wele e . act]
Sl udge Kook Bt BRI Bt R iR ATy ered
beenivdedchidgedadiy, neans of specific enbodi nents and

processes gssoci ated therew th, nunerous nodifications
and var }néaOﬁBﬁgg GALEIE ﬂﬂ&d@lXFﬁ BineTah B Ksged skt B
thgrodlide MokRQUhdFBRAIH thBGctivaM dltcpagRe of the
invention as set forth in the clainms or sacrificing

al | it sprsaingrei peirticrdefahe agesl. [@ual msthilaetivaies! sthdpicrbesinitlyough

1. A t hod of t ti t t i.Si th
st BAPABHOT P STRATYF ARGt Y i 87 PrUE BB R g and a

M ¥@HalcddGUAGe kilcanh saacovered activated sl udge basin;
introducingfoxygen to the mxed liquor in the
I

act i vat egydingdgrorbes phthe gctpragasirdedgs sirim te Bdictiyaebslpdee
th [ S i.0; ' - '

I AR R T R T B
s ep@raati aboiitd 08ePalgadfeugrehdstbdotids ptrutigeofanide ligasice an
effluent stream and a activated sl udge stream and
recycling a portion of the activated sludge streamto

the act irkakethoalotdaenasheh YIS RLBI LR b AHS
having a s%ﬁﬁls(ﬁoaﬁPng éﬁmgetmegﬂ a gufﬂgggqub anéle
abourted10000inthe oftivatesiphnite daso furdsr pemptisds entrafucmgoaggen
liquor. 2. The nethqd of cl.ai wherei n the step o
i n%_rraa@&eﬁgm&ﬁg} Garor BV #%gv]&ﬁﬂxaaale‘mne rané)e_ Hoetween
achioiRt esh 36 UaR, JrakBed pEriRGTOFEARRY figRs, | Nt roduci ng
oxygen
3. The method of claim 1 wherein the step of passing a portion of the mixed
liquor in the activated sludge basin through a separator further comprises
removing a portion of the mixed liquor to a clarifier and separating sludge from

the mixed liquor in the clarifier to produce an effluent stream and a activated

sludge stream.
4. The method of claim 1 wherein the step of recycling a portion of the activated
sludge stream to the activated sludge basin further produces a mixed liquor having

a solids retention time of between about 7 days and about 40 days.

5. The method of claim 1 wherein the average hydraulic residence time is

between about 2 hours to about 12 hours.
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to produce a m xed |iquor having a dissol ved oxygen

I evel in the range of between about 5 ng to 15 ng of
wo@eogeee3per |iter of mxed |iquor. 3. The net hBCI/U§2008/064986

claim1 wherein the step of passing a portion of the

m xed liquor in the activated sludge basin through a

separator further conprises renoving a portion of the

m xed liquor to a clarifier and separating sludge from

the mxed liquor in the clarifier to produce an

effluent streamand a activated sludge stream 4. The

meb h@de aletioldafdlalmsheliatin thdebsstvep shildge @Cisibagvedn about 0.3

portion qof the activated sludge streamto the

acgiaistie 8- 7syraag ef toid ispsoepdedyoiidp peaier o BAR tawevedquor

having a solids retention tine of between about 7 days

and about 40 days. 5. The nethod of claim1l wherein

t he. dtemadwdvfdiaaml2i whareinithiesiodgd iase siglgb &b lneennddoaft

2 hours to aggut 2 hours. 6. The nethod of claim5

whBFEr Mt 3B &% ed sl udge yiel d is between about 0.3

grans to 0.7 grans of total suspended solids per gram

of BOD renoved. 7. The nethod of claim2 wherein the

s| 8ddbe hathod oflclray e windreinghd slddge ol abenitielentthnpwtlody of

to 70 8 ThE qsﬂrqd og claim 2 wherein the sludge has

anSieRiet an B IR P BPYeity of greater than about 3

feet per hour. 9. The nethod of claimlwherein the

activated sludge basin conprises a plurality of .

selt Thamethed of skeimtlepheeinithe acdiyater nrdes haem corprises g plurality

o10) i i 0 L hd r - .of . . .

bt i5AER, And OB b o Firler DR S i ucing i

ON&t®6nd® rRo@fof thtebRASdcbti@B Ght ditfodudg highepuriy begbeafinto one

claim1 wherein the activated sludge basin conprises a

pl O @Pyeraf thy basiricsclors- and t he step of introduci ng

oxygen further conprises introducing high purity

oxygen into |less than all of the basin sections. 11.

Thé&0.mEbdrmethofl of tlairm] Ivlieueih ier activatpd slsidggbdshecatmpenh

ozonatjng.a portiaon of the recycled slu . 12. The
meP i l%gf cueny apdthg %tﬁ%Pfe @&ﬁﬁ%l&g wgvgeﬂgg*ﬁieéﬁgmslf@es

introducing high purity oxygen into less than all of the basin sections.

11. The method of claim 1 further comprising the step of ozonating a portion of

the recycled sludge.

12. The method of claim 1 further comprising the steps of:

separating solids from the stream of wastewater in a primary clarifier prior
to receiving the stream in the activated sludge basin;

receiving the separated solids and a portion of the separated activated
sludge in an acrobic digestor; and

oxygenating the separated solids and separated activated sludge in the

aerobic digestor.
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separating solids fromthe streamof wastewater in a
primary clarif er prior to receiving the streamin the
w@einezserl sl udge basin; receiving the separ at BCI/E810081664986
and a portion of the separated activated sludge in an
aerobi c digestor; and oxygenating the separated solids
and separated activated sludge in the aerobic
di gestor. 13. The nmethod of claim 1l wherein the step of
i ntxoducin X n_tq .the mx [ N th .
et A Bed 0 ln Rl e R BBt e st e
OX NGt igas aptioatedrElléed hisinehitthaneenpefsed draft tube and
i mpel | er assenbly subnmersed in the mxed_|iquor in the
act i vat edfrejuGigoxyad) gps PagTIMatS the chtrracapk e draft tybendand
ox Rt = . .
e MR In R G PP B R LR hin
t ube anagititiegtle mixdd sigodbrvad cayygewithinbihd émfthabd toglisalve a

aver age di.aneter of .between out 0, 3. n .0 nm
wi PRt npﬂ@ecﬂxag?n gaFpRLO t%%@l@ﬁl&ﬁa? mtﬁ@rtr[;n%@ragw g epte

M ¥ efsdohdd Oy &ch Bl %ﬁ@ihg%ﬁi 2088 LUBRERS of Bt et Bout 0.3 mm
activated sludge basin. 14. A rre%hod of treating

wast e nen votmpthesirafgtubheanstt eps of : receiving a stream
of wastewater.into a mxed l.iguor in an uncpvered

oct vat SebFinsdhEalyfhaEs midt sy Sad DrdinoRETiafg bubbles
m ¥eslthleiadtiRdted Sluddicvagiit | vat ed sl udge basin to produce
euoxi c conditions in the activated sludge basin;

removing a portion of the mxed liquor to a clarif er

A R R N R

act i vat adeisingdgareatnr avdstodattr 96 YuahixBd ligudrdh kh @icddered
the activated sludge streamto the activated sl udge
bad§tiyated spidgabesna ni xed |i quor having a solids

retenti gRklLaE %J&fﬁh% tﬂe&ﬁ%@a Illﬁ@é’rsig tHeactiVEd (REPOGhS to

claim 14 vvhere% e ste troduci ng oxygen-to t
m pedutd epoarc donditioes acthe eethvatbdslluddgdakasi n f urt her
conpri Slree%loiv?&gr a? gour%iog %f %3{%3& {i((])uor to a clarifier and separating sludge
from the mixed liquor in the clarifier to produce an effluent stream and a activated
sludge stream; and
recycling a portion of the activated sludge stream to the activated sludge

basin to produce a mixed liquor having a solids retention time greater than 7 days.

15. The method of claim 14 wherein the step of introducing oxygen to the mixed
liquor in the activated sludge basin further comprises introducing oxygen to
produce a mixed liquor having a dissolved oxygen level in the range of between

about 5 mg to 15 mg of oxygen per liter of mixed liquor.

16. The method of claim 14 wherein the step of recycling a portion of the
activated sludge stream further comprises recycling a portion of the activated
sludge stream to the activated sludge basin to produce a mixed liquor having a

solids retention time of between about 7 days to about 40 days.
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produce a m xed |iquor having a dissolved oxygen | evel
in the range of between about 5 ng to 15 ng of oxygen
w@eroeeser of m xed liquor. 16. The net hod of PBCHUM0081064986
wherein the step of recycling a portion of the
activated sludge stream further conprises recycling a
portion of the activated sludge streamto the
activated sludge basin to produce a m xed |iquor
having a solids retention tine of between about 7 days
to about 40 days.17. The nmethod of claim 14 wherein
t he7 sTrRPmethot @€ ¥lakrh Ng whepsn tHetepadf redieliag b ipyaiodd  the
sludge streamto the activated sl udge basin further

pr diyeted shidae sisepn fofhe pethaqdridudge dapin darthes Rendugesor mixed
Dol BR300 ARG kI8 5 BRI e o

cl aisperiiéd whkidsgien litdnef earerddipiohydr aul i ¢ resi dence tine
IS between about 2 hours to about 12 hours. 19. The
met hod of claim 18 wherein the observed sludge yield

| S1DeTNeRRtHRRBYEIafn 34 WIRMEN IR Qerhe@haMBuld rsREAle time is
suspended solids per gram of BOD renbved. 20. The
mebétpdemibanit dihourb4o hbeutHémhousnpri si ng t he step of
ozonating a portion of the recycled sludge. 2 1. The

nmet hod of claim 14 further conprising the steps of:
separ ahd MmPthdaloif dRirh 118 M HeAEn Blor Raeved sass |FWaLtie betivdeabout
primary clarif er prior to receiving the streamin the

acf Ppragtos). dgensydptal susperslied seliflsiee ceapel BOPdcaer¢dis
and a portion of the separated activated sludge in an

aer obi c digestor; and oxygenating the separated solids
ang.sepamathed ofclainy at éaktisdr e d@Pribing thest@esfzbobating a portion of
digfstor.ZZ. The nethod of claim 14 wherein the step

of edesysiedesiuigeoxygen to the mixed liquor in the
activated sludge basin further conprises: introducing
oxygen gas proximate the entrance of a draft tube and

i el The mathedpbkhirs Ul fertise domprising thu stgd dfi quor in the

activated sl.udge,. in, agitating the m.xed.liquaqr . and .
oxygen Wp@mﬂﬁggﬂéc%ﬁ‘?% the %rﬁ@ntocﬁ _V&Sgegvar%n apﬁw& il prior
the QXNGBP A rchAliA thEtivhX@dludbdbRin,Wi thin the draft
tube and cCreate
receiving the separated solids and a portion of the separated activated
sludge in an acrobic digestor; and
oxygenating the separated solids and separated activated sludge in the

aerobic digestor.
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undi ssol ved oxygen bubbl es havi ng an average di aneter
of between about 0.3 mmand 2.0 mnmw thin the draft

wo awe/2emnzl di schar gi ng the oxygenated m xed | i PUDUSZN081064986
undi ssol ved gas bubbles into the activated sl udge
basin. 23. A nmethod of enhanci ng wastewater treatnent
operations conprising the steps of: introducing
suppl enent al oxygen to an uncovered activated sl udge
basin to produce a dissolved oxygen |level in the range
of between about 5 ng to 15 ng of oxygen per liter of

m XBdThé gdthod ofBRirh @ Yeerdif ticstdpvatiftodictdgsyben toe mixed
activated sl udge basin tojgroduce a.  solids | oading of
betigiedin Hsqstivaobeludes bast fypBeR corpydes ny of suspended

solids Qﬁt?oducfn ?fé H"%e?%joqoilhﬁlréotﬁe cfancEoFEURAGUBE and

enhanci ng wast at'ment” operations conprising
t hﬁnlﬁﬁllepa‘»sserﬁlblyl snbmerbad imye snipgd leqmmﬁrathecmy@&m glodgerbasin;

uncovered actlvated udge basin to pr
di ssol vty funm lxégi‘ﬂ“‘i’rrﬁ Ay BehyEh leftﬁ%gﬁaﬁé@?ﬁ Qisbsplvs a
MO pd@iofk of TR &g é}f(é/&%ﬂtoﬂﬁé midddal ql}llef withih€fe fa@URbe arftfGeate

recycllng actlvated sludge to the activated sl udge
basmdlsspbzedrwmg@ bubkles bhiidg an evengd damticnef bétwbet shwah0.3 mm

abou ({2 6 1th1n theb(f)a% tu% anadys'

discharging the oxygenated mixed liquor and undissolved gas bubbles

into the activated sludge basin.

23. A method of enhancing wastewater treatment operations comprising the
steps of:

introducing supplemental oxygen to an uncovered activated sludge basin
to produce a dissolved oxygen level in the range of between about 5 mg to 15 mg
of oxygen per liter of mixed liquor; and

recycling activated sludge to the activated sludge basin to produce a solids
loading of between about 3000 mg and about 10000 mg of suspended solids per

liter of mixed liquor.

24. A method of enhancing wastewater treatment operations comprising the
steps of:

introducing supplemental oxygen to an uncovered activated sludge basin
to produce a dissolved oxygen level in the range of between about 5 mg to 15 mg
of oxygen per liter of mixed liquor; and

recycling activated sludge to the activated sludge basin to maintain a

solids retention time of between about 7 days to about 40 days.
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