METHOD FOR ACTI VATED SLUDGE WASTEWATER TREATMENT W TH HI GH DI SSCLVED
OXYGEN LEVELS Field of the Invention [0001] The present invention
rel ates t VEeIHEES1and systens for wastewater treat mentPCEAS2MBPe986
particularly, to the efficient operation of an activated sl udge

wast ewat er treatnment systemw th high | evels of dissolved oxygen.
Background [0002] Mbst conventional wastewater treatnent plants use
an activated sludge process to renove contam nants fromthe

wast ewat er. MMBTHODFORACTIAS TEDHIEID GE ¢8A SERW ASTHRETREAEMHNY WIGHt he
activated sl udge processes _ha he years with
each of the different systels—deron 4 DX GENLEVEL operating
characteristics and different beneflts Fig. 1 is a table that
depicts the operating characteristics of nost types of wastewater

treatment arrangenents enploying activated sludge process. Each of

t hese vvastewalié_m.r_mmo ystens are summari zed in the paragraphs

that foll ow. The o
@g{aggk{xe R;Eeis%ﬁ fn%htt@ﬁ l?%ggt% RERGES §nd§ e Ay %{Ee;klrlat%rf

wast ewater tr carbonaceous ganl C
wast ewat er i stregnsotmed hyremagicobrlgati thersfffc@nt bpdraicustaai astinged sludge

processes (e.g. growh e ucti.on, .di gestion venent, etc.). The
activated sl ug'ﬁétgﬁ?t&té@smﬁﬁéﬁfs %Bﬁ‘@h&’gﬁ% ‘?fjrfi%&ﬁlvgg?%?% envi r onnent
where oxygen is consumed during the utilization and degradation of
organic materials and by-products of carbon dioxide and water are
formed. [0004Bagkergend vated sludge process is characterized by the
suspensi on of r§gos| %Q%Hv%ﬁ%nhﬁw%&&v%ﬁr%&ﬁr lafts 'Eké”ah”a%ﬁ&a@éfdeﬁlﬁé‘é&
as the m xed Ilquor Activated sl udge processes are desi gned based on
t he suspended pPywkisds ramaviicantameants Xeseh thie quasieweler. Slﬁ)in)adndfetemewmtgaa’wrc

domana”(HeD)  SRToP eheea ol ohE SARRER SRt AT LR SRR

t he quantity oferniter gearganiisreach v othy edifferent Bestéme alenendtradhg tdifferent

operating characteristics and different benefits. Fig. 1 is a table that depicts the
operating characteristics of most types of wastewater treatment arrangements
employing activated sludge process. Each of these wastewater treatment systems
are summarized in the paragraphs that follow.

[0003] The activated sludge process is a biological wastewater treatment method
in which carbonaceous organic matter of wastewater is consumed by
microorganisms for life-sustaining processes (e.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



organic materials in the aeration basin, while the organic | oading
typically determ nes the requirenents for the design of the aeration
system [ OVO3909PEB1Zct i vat ed sl udge process i s preferafICF/US2W80E486
part of an overall wastewater treatmnment process or system which
includes a primary treatnent of the wastewater for the renoval of
particulate solids prior to the use of activated sludge as a further
treatment process to renpve suspended and di ssolved organic solids. A

primary clari btfhici Satehipls Cial thyg ats@idnf Bdsing Ushildo ek opepar Bhdigg t006]
After primary treatnent of the |nfluent to separate and renove

particul ate s@ftfFaanestheredpirsys fof thedgagn ofthe a‘tr%)tloélrﬁy%‘iﬂatl on basin or
tank where thegsi THéifa@t@/aﬁa'dUQQ@gepﬁl%&%Ss eﬂeﬁblty' g s Pt desardvaggd in
more detail herein. The solution or mxed |iquor exiting the aeration
basin is receweaviyr aeamedmiasys ef ayskani.evhigr inshdes ﬂrpgmtaankeatmh@tr@f

fl ocs of mcrqar L. terial Ie
out . Thi s separationhr ) 13 stRGi) af EEEHRE AT S R 3P
is often furt kledgd amfueﬁlezttmealtreern\peodemm"frerho‘kmm@ndai anﬁdmab&éqmntcl y
di scharged. To control the hj.ol.ogica ess, orti on of the

al udge thai seUiFa e SBBEEUNTar A B Sa Rk Py RSP er are
returned to tEOSEARveH@Hars tied@enbasing ief@dneoRepdratdAnd fenthive pasRMlaRS
part of a waste activated sludge streamfor further treatnment, for
exanpl e to a &dishihe Tefiluget tseihernpenin an agiglionibasHapidinkg/hsteobe agtivated
(thickening, deual Fiobdd is Bhifudd, oL UAEDed T fofOBUENhERRR! TRELRRoSt

sl udge process the primary effl'uent and acclimated m cro-organi sns
(activated sl ouggd bttu0b|e@1ﬁmg§)w asreticrebatireds feacimedhhgianscopndegniklaridrt@r a
sufficient aer e fl T olid
are separate q° hng]t%n%é&%%g oct,s rmclpo%? dnlgl’éléon tﬁellaiq%grbgﬁl‘l Hrqﬁ%c %hatenaﬁ
clarified wasmﬂ\abetr Tﬁﬁwmaﬂaﬁomf dlutigs pfddtl&d@&ﬂea]i’ rveadrnendffladnt which is

di schar ge. A of the clarifier nder'fIO\gt Eud e is.r tur(Perd to
the aeration BYrtr‘?ﬁt i RGCRP YA mEL BRqiersy §dksubsed "d‘tllyr‘liﬁc st

the basin andc&ml FRNEHIB L8 lﬁb&@ga postiodasTtR sih@oct the: s'é{tnédg%m%hi&g
portion of the treatnent plant. pically, the conventional activated

sl udge syst enfispesaiday Qi a5 qeé%quto dhe aatigeted sludgrobasiggnd awpqriomy s

di ssol ved oxyg | ot o2l Quat I

of only 5 to 1%9%%%3@ pg ?/ dr %}eca(}rﬂe% g%g%i%e tsﬁ%%poéldﬁlbrﬁﬁt Egat't}ngﬁ e
hours, a Food ezmﬂ% do oo rgahics thgestet po odfer ablodst h@ndPing gproceds (d[nckenmg,
Vol unet ric Logg gout 20 to 40 pounds BOD per day per 1000
cubic feet and a re ctIc rati o of between about 0.25 to 0.75 [0008]

I n the conpl e{@0y} M xeconaehtional echx&tdddgedga:r PRRSS, the n@ﬂmaptemaaitemt er
and the recycl ed sludge are i.ntroduced |for e aeration
Cank. Thi o ai PO TG P GRHTB Sar e qr%@%o b G
tank and addsoppekahienakytRRi iérzltibn%ﬁﬂd&h@@lbbdﬁ%n% Q&Wﬁte’d%ﬂ%e solids
Aeration tinme ranges between 3 and 6 hours. Recirculation ratios in a
conpl et el y- mi RiEd sepetesimiign |the amsteviatasnins g sesonday péardient Thahdarified
conpl ete-m x 3gotibvateAosh Y9988 YSt £/ @ t t SS
| evel s than con%/entlEonoﬁg syst g?ms(§r faypl&g %&gtc%dé%%hl%p 50%%{ &H‘ﬁ{ ﬂ\)c{lll_t h
simlar di ssoblaeﬂeromgdgé‘mw elvdge ot retubmdtto the aerstmrgbasuaﬁm rmainlgdslth the
retention tine.of 5 t

t h
capabi 1111 es BRIPHATE BRROia o (ORI Gilie P TuRRARERE ot WA R e
requires an aslagd (hﬁlndling‘Ep(ﬁflola dflydie aﬂxﬂaltxﬁcrﬁelﬂaﬁt Il@plcﬂlﬁethef codRttiodalt O

5 hours. The t Food to M croor r ut 0.2 to 0.6,
a Vol unetric Eégzafeﬁ@ wiee SpE operates @ gg@“sségﬁ % ?dé@) S/ZICWB]P@
feet and a RegygdieedRalben lﬁelﬁﬁéﬁbﬁﬁﬂt@ﬂ%, Qs@ﬁistr&eﬁlﬁog time of only 5 to 15

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



[ 0009] Extended aeration activated sludge plants are designed to
provi de a 24- hour aeration period for |ow organic |oadings of |ess
t han 25 poMAa3898eBthem cal oxygen demand per 1, 000 cubiPETUS2408/864986
aeration tank volunme. This approach requires the use of very large
basi ns which increases the aeration tinme and associ ated aeration
power costs. Typically, the extended aeration activated sludge
process operates at M.SS | evel s of 3000 to 6000 ng/L with a | ow

di ssol ved oxygei dfas&lt 0t o utvdiurh@rid Loaikg offabBhtdD t5ab |pdl$ndrs oI héron
time of 20 to 30 days. The extended aerati ogn process is

char act eri zed 4ByPg 1\¥)%Q i olsEt 399 drate ec,ra%@féwfwe@ﬁ apeuid- 2éfto Qﬂéut 18 to

36 hours, a l a0 iy i t 0 g o
| ow Vol unetri g(ml?ggdl ﬁ@gr?(blﬁg%ﬁ%ﬂ%g atétga aEZég Shfoal%ﬁgr&pﬁu%fcl%n glragtgw e]léld

ay per
1000 cubic fedtc mwarcled Rodycle Rapd@edfunbfembeﬁhrwlgbuhe @e@n@m temksthls
[0010] The cl Qﬁ(?\gs lf(gr nlfgr%lCtogg%enahgrganﬁna}Wu ?Butaﬂleox ?L?O Ih adds
e a t C

a formof the exte rocess an oxi
process, the wastiwat enbiliy wh@peéalueg shsohuingtisa Akarige tlafeeange@\baiween 3

racetrack-confi ed si n by nmechani cal ator/m xin evic

| ooat ed ar - onehel by RGP AP Ggh £ ramBEERATEA ok yf EeS Fom 50
typically ar et@nsm@ércbﬁtwhe 2BhpleRBix Sdivhiag Q1ALE BYMS Pbrajellat sh%hﬂ
aerators. The velocity in the basin is designed to be between g

and 1.2 feet piheskiSRdeveltitiun cprentionel sysianddrpicdly 2 2690 pr H08s8e/Lt he

oxi dation di t%J”‘thl%ErﬁfPa?%%s«SNPd 5,@) b 1906k %&ﬁﬁ 1% 3'§4rg§§ah@¥cﬁ ds ré%éntl%?(?igl
6000 ng/L with a [ow di ssol ved oxygen I evel abou

hi gh solids reférieilddays. r@ecgﬁsem,fttbseeﬂlan@damdﬁmt dwblhtﬁﬁﬁef tbx |Cdlapie‘®n
di tch process n]u? F&w%%d%ﬁ?g?%llogr I Zle l%qlg ¥es%n gl’dy hX glrgarauflc Retenti n

retention time 0 OrS croorganismra
of about 0. 05 Tirae 6f &y 3ao ISGWuMOITUﬂEypflbal Fbﬂdidj M@:r@drgﬁb@mt‘atﬁ it aba3d 0. 2

pounds of BQCD, per d e 0 ic feet Recycl e | 0. of
Bbout 0. 75 1 o't CPubetic krgieraeiuigl i [HEaRER: dout Pkt e
process typi Cahd yROBRIAH LD AbctiicahSiouM.25td eyel s of 4000 to 10000
ng/L but with a | ow di ssol ved oxygen | evel of about Ito 3 ng/L, a

more convent i SH490T Estended seeationtachvrted phadest planty grel desigagd to Treaidsi -
rate aerationpproeessy, s /P 16N 8faft §5ddaRd oPYest ¥R 35 bt ds BiRRLHRA

time of only
oxygen demand per 1,000 cubic feet of acration tank volume. This approach

requires the use of very large basins which increases the aeration time and
associated aeration power costs. Typically, the extended aeration activated sludge
process operates at MLSS levels of 3000 to 6000 mg/L with a low dissolved
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 recactor, 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
aerator/mixing devices located at one or more points along the basin. These

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



2 to 4 hours, a high Food to Mcroorganismratio of about 0.40 to
1.50, a high Volunetric Loadi ng of about 100 to 1000 pounds of BUD
per day peVOROB®2BIbic feet and a hi gh Recycle Rati o ofPCF8iSaemic4assout
1.0 and 5.0. [0012] The Covered Basin - H gh Purity Oxygen (HPO
activated sludge process is characterized as a system such as a
UNOXTM or QASESTM system that enploys a covered basin and direct
injection of high purity oxygen in the mxed liquor within the
covered basi nvtlciachi ey Bashi igdediordd 36 B¢ YadeaXY gand 1 ates pof schaiinvedich
about 2 to 20 ng/L. The covered basin systens t.g/gi cally operates at
moder at e M_SSlike (s &t@edpppianraesd thypridaing dich erspesshppicallyopnegpies
retention timg of S8 1R 14 388y & @b%&g,\e@fheéilo%fgawéﬁ’%x AGERFat ot SO
characterized by hydraulic retention tine of only 1 to 3 hours, a
Food to M crodr@ahimgfr athigh sdlidgbeigntion fgetef et@egn &0 hingBOVbiysinethei ¢

Loadi ng of ab 0, unds of D/ er 1000 cubi.c feet and
= Recyel o Rat otk R ARRP RIS iRl B i IR RN et Bl
activat ed sl udige gfrnbaessess hdescs Foeitoaowergapisattade of afoge.afaunBss, of
wast e sludge that require further. treatne and, di al . Treat t
and di sposal Spm@x%@g@et?ﬂ}d’ﬁgm\gr"é rﬁtbﬁ\}éts{ éQNg{) &punds of AR pep day per 1609
typical ly acceusit fdeoindeR W9€8 RABOBE abdat §3940f 56.he total plant
operation cost. The econom c _significance of this problemis

i ncreasi ng, dd®1dbHigy Bt peptiRyeftivetad sludes orrscsnaPIcRlsl ARcraiEs pobigher
costs. [0014}d gLL09f r j '

sl udge i ncl ude trans%grg)t Fﬁ%@?ﬂgo@lgu%%gq%% gl\rll\%;ﬁ Pfsgg"l}r’ﬁ%r?‘@%‘% %fg%l %ff
sl udge for | asboudppid B eeg/k.onmere cagydnbonal selids rgfamtpogioss, ofdnid 10 days. The

i nci neration t he sl . ln.many.reqgi ons,.. sl ud di. sposal i
landfills is Ié%‘lﬁ%%%'&ﬁ%ﬁf%’aﬁw s g et by i R GHIGR Teiof only
becom ng nor e2sb rdi lodulryy artegiuFadeth Micrpsreaesh revof dpoeatako and, haaht h

ri sks due to hogen nd toxic ds in the sludge. Likew se,

i nci neration %E@%Qfggoaﬁiéngaﬁa@‘ﬁelm%g r@&%@%og;}@g ﬁ?%%@r?@%l%t%lﬁ’cci al
air pol | uti onrhazar fsich RIS cleR At begkbahiduy].08Rysbonment al , and cost
i ssues associated w tﬁ sol i ds handl i ng and di sgosal , It is beneficial

to mninize tH91ZhdEouredRessssHigh gy Py Q) petivajpslstludga peqcess
treatment prog 001 il i ™ g%gm i-hed
wast ewat er tr gﬁ?ﬁﬂe%%ggég%gﬁ]g%@’sﬁgb %t%?ﬁ?kpo&g? rr e%g%gl{értgfﬁi on
systens used empleasteweatred basmeatdndirect picanors of kigh patityyoxyepr eskamixmr e

t han 50% of t veral | . pl ant wer consumpti.qn. Power costs are

i ncreasi ng su@gltlogn‘fvl{t%fll ?/19 ue %%ra api i %/C?nre’lggihﬁ%leéldéséw'?% OFJEP LS ofang
many el ectri cbposer abtut Rithid@smpyay eThacqeicdbavasiyawat efypicileabpeeits at

pl ants for possible e tri r de d reductions. [0016 )
Ther ef or e, thg}ogeria? Iﬁljl“ggdﬁ\' %%ﬁ%@eﬁﬁ{%‘}g/g&ﬂ @Wﬁ%?%féﬁd%tr?t@&%%nt
pl ant operati BgheCISt® 10NdQY9MhE edveed Baghirgieo RanelsiinglsgRFaditspRady
costs together with power cost savings. Summary of the Invention

[0017] The pr &x&nelic isiraien Bhe phpnk 5& bdoenat Heedid Medoaganasomeatioodf of
treating wast gyat & sCcQMPHd, S gh t%@ulﬁétﬁpiogaiF% OF kb S®b b P90 Hunds of

i nfluent stream of wastewater “Iinto a m xe gquor 1 n an uncover edp
activated sl utgd/asien;10q0 qupici fa¢traod a RieogloRatgperf betveehebavit R84 td 0.GUor

in the activa dge.basin to.praduce euoxic conditions i.n the
activated sl uyglg3f)%féfl Of e jivared §[u§§e 8"BoPtY gﬁsc&ge(f ARV RGeS GiRsy
in the activatedus} ufigestbakidge that eqgie duriRpatanest ind EgRsdl atTcatment
activated sl udr%g and produce an effluent stream and a activated

sl udge st r eanfIGHPERAL cxesy Sufgrgiiom yEsieiaisr Gratorat piants Uatcaly sqcamye

stream to thef@chdtwadnedbouk UB0EsMasH thel Bt CHetibh X8, IThAUQLndAN NY
a solids |oading of between about 3000 ng and about 10000
significance of this problem is increasing, due to more stringent regulations and

rising disposal costs.



ng of suspended solids per liter of mxed Iiquor or a solids
retention time of greater than about 7 days or both.. [0018] In

anot her aspeerI/ieH3e2 i nventi on may be characteri zed as XCHAISAWY VP86
enhanci ng wastewat er treatnment operations conprising the steps of

i ntroduci ng suppl enental 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 mxed |Iiquor and recycling

activated sl uggadf Bxistig; agdthoRt & SbdBgewnBsim k@ndaDMICSludes Ghdltte
| oadi ng of between about 3000 n% and about. 10000 ng of suspended

sol i ds per |i ti@pspgrtingthe gludggytpolandiills gtiligatipn of sludes &irjlard prlisatanoey
time of bet wegR;aMi plrfdd%s ah® idRIiof Grd@Y SudBt | Bf ! QARag
the Draw ngs ['619 .Tﬁéngovg aﬁd otﬁgr aspecfgg feéﬁﬁﬁisgﬁanh zg
advant ages of dishesapriedlewdfills nig ebrtingo phesiet | oup eandolaad agppheatinn ¢fr gndgehe

foll owi ng, no i.led Crint.i her . t i .

conj unction mﬁgﬁgﬁﬁgh?gi$%§§Hﬁb§%8&#H%€%“ﬁ%§?8@%&§?%6§%fhﬁvg*sf“?? a
tabl e t hat depatbdgent hmd toyjei coalpoapBri@thentndgar hiketvae sinaherptionosf shrdige is
activated sludge wastewater treatnent systens; 021], Fi g. S
schemati c repﬁg§§ﬂ?§Pﬁdﬁnﬁ?sﬁﬂ QHFP?%@B%“RQ§F%RA@%FmTWﬁﬂgﬁeﬁPe§9§Fem
i ncor por at i ng r@leoelivihie@hl, bhe cP§tESRBE aSYshRm vifd sdide aRESling] £{322]
Fig. 3 is a chart that conparatively depicts selected operating .

char act eri st i €pepl gf isdengficial i stivphzcethe megptirxcesy Studgs PEgasadsit 2t he

wast ewat er treatERhk: PLARERHrdcBssaccordance with the presently
di scl osed enbodi nents;
[0015] Another major cost in the above-described wastewater treatment

operations is electrical power. Current aeration systems used in wastewater
treatment plants typically represent more than 50% of the overall plant power
consumption. Power costs are increasing substantially due to rapidly rising
clectricity rates, and many clectric power utilitics have targeted wastewater
treatment plants for possible electric power demand reductions.

[0016] Thercfore, there is a significant need to reduce wastewater treatment plant
operating costs through reduced solids handling and disposal costs together with

power cost savings.

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 scparate 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



[0023] Fig. 4 is another chart that conparatively depicts selected
operating characteristics of prior art wastewater treatnment systens
agai nst t NOB9{02%d4% er treat nent process in accor dance Pail{Uy2q0p/g64986
presently disclosed enbodi ments; [0024] Fig. 5 is a chart that
depicts solids retention tine against hydraulic retention tines for
prior art wastewater treatnment systens in conparison to the present
wast ewat er treatnment system and nethod; [0025] Fig. 6 is yet another

chart that depigCbSsiptrdds sbldsefrilng &fi McAJRUASbr EXERE&ScENHEYBme of
production for conventjonal_ activated sludge wastewater treatnent

systens in c&FpiF heBAbew 71dre gibetent activated sl udge wast ewat er

treatment sysy@TSpNHaREI0L, c‘%nfﬂe i8026bn Fhr bef chatra@Btidel ! ddst 'h%?ﬂognof()f
the preferred enbodi ment of t e high purity aeration system suitab

for use with ehkanpingsentewaiw diseiment opsttns sdmpaseg ithst sters of mtroducmg

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 or to maintain a solids retention time

of between about 7 days to about 40 days.

Brief Description of the Drawings
[0019] The above and other aspects, features, and advantages of the present

invention will be more apparent from the following, more detailed description
thereof, presented in conjunction with the following drawings, wherein:

[0020] Fig. 1 is a table that depicts the typical operating parameters of prior art
activated sludge wastewater treatment systems;

[0021] Fig. 2 is a schematic representation of an activated wastewater treatment
system incorporating an embodiment of the present system and process;

[0022] Fig. 3 is a 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;

[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



[ 00271 Turning nowto Fig. 2, there is shown a schematic bl ock

di agram of a wastewater treatnment plant, incorporating the present
enbodi nentwotiwhm3ect i vat ed sl udge process. | n primaryPCTRALM0EOM4986
stage, influent wastewater (lI1) is subjected to solid/liquid
separation processes, such as gravity settling in a primary clarifier
(12), to renove easily separated solids as primary sludge (23). The
primary solids may be conmbined with waste activated sludge (22) for
further treat IBRmpaPkod BY th!aﬁ)résreﬁtaﬁc%Qat@@Qlqué RASEHaSCRAALR! sterhNd
primary effluent (13) exiting the primary treatnent stage,

subst anti al | ymethed; asd particul ate and easily settled solids, flows to
t he secondary mept. . S r : . .
conprises t he[@gg ﬁ:/lg? st Zafnﬁtggsga%(?rgégléhse @%%Hggg}o{nr? glr%%hgggglrg gﬁgygﬁymﬁlhe
activat ed sl udgetiqrsgystesisutaddefos usewaintho pencainwnt@ver ed aerati on
basin (14) where biological activity consunes the contam nants in the
m xed |iquor (15). Cenerally, an open basin neans aeration basins

t hat are subspapiileaiDeyerfita t 0 gaseous exchange with the ambi ent
at nosphere with or WI'[F:OU'[ an_encl osi ng huilding. To %rovi de the
i

oxygen needed 87! Teapier ey &h Fignd- Mrabothiosm oecheratihPisk diaggm gf a
source of OXYQRRe@aAS: frchherd: Plal @%@rﬁo?atﬁ?@h@ﬁéé%i QbR of DY aSilatcAD! €

means such as a high purity oxygen aeration system (17). Any type of
hi gh purity oxipdenprocass.abt primpre (eiipivei stagn dnfigpipvstenesdr dhb ig subjdsted

used al t hough, ap,l 2t 0 i I pro 1 i
particul arly \t/\(/)e llﬂéﬁ%dg%gér%%ﬁ rgce%%’eg,s%%? agggatggg:sgi{r@é?r{éta I]i)(rjlg’.% %l\%gg%rr ,
ot her types of12)jtgherparei cayilyoscygend syl esprimbrycludge (@) aTh xihaysylsdsem
R I R SRR T R
wast evat er tr @aiBBd andlfSpdREESPRtatchE The priafrS bLER (P3)O&aHS tRE ftlingryl N
an open or uncovered basin, preferably with a cross-flow of oxygen

t hat pronot es EEmsYaitagst subsiapERly dresxaf particwaiernpdichslyrsaéled selidsedopHo

| evel in the %&@&Jnﬂ@rﬁféﬁ@n&nﬁ& Jraxi m zes oxygen transfer efficiency.

[ 0029] Secondary separation enploys a secondary clarifier (18), where
gravity sett!| i[H38] Scaesdaty ticrataquarstige cohmpribisotol dctivatert studge ipveatssdand

sl udge” (20) fromthe secondary effluent or treated water (19). Mst
o e surt] et BRSPS Sthre R oo, BRERG o Bl b Pdpen B2

returned to thecaerdt iaontib@sbasinvi @43 hehfet biclodedl | vaiveg Sbudges!| ihre
(21) to provide the biol q]%l cal «l’;\cti vi%)y eeded for aqjeguate .
treatment. A SHEFPEAN3AR fOR*6E e8RS (SHpdr By sH) FReE, PaeB BT S FHY The

excess sl udge pgdi@iiuti fret ABsRASIIR, opde t6 SFMRNRE MicBarie Wsth €thAC hinidhted
Sl udge (WAS) line (22) and sent to further handling and di sposal

operations. THENQSPRAre Pt @r wathewt agrenelpsingibyitdingl gho prpyis thioxyernoiraendy
clarifier (18)] é@%ﬁ&ﬁ&ﬁ?%ﬁet%ﬁ&n O llchiBRFAIOTs TR SEOGLA Yas (16035

treatment stages ch may include tration, di ,
post - aer at i on addedconth rratdtion takier by fspitdbdd orcensd bbb hear gdighspdrity alxygen

treated effluent. (25 0] A vari.ety of. waste solids handlin nd
di sposal oper gfria%%nss 631}[ g)g]’)%'us@'dtyll% of ﬁle%‘tputn%O’éyégﬁrércg%%cgmgoﬁq}l@%n e|nnant€%ihe
Wast e Acti vat aapphy wghgand tanebe( @2y .altlyyphcal 1-PO son@aeparaatiiabie Hperfttaons
i nclude gravity settling or tEi ck nfj ngl(ZG%ﬂnto i ncre(?se the solids
content of thdi%tPricaRdlYy W -&wﬁg PhEe BEERt SBiemand eds yHpweyer
treated. Thickeped et udapn(REly bogeh @?Jteﬂ#,tiﬁblﬁdiﬁg RaViixk6 Wyatd o NIvos

Separated during primary treatnent can then be treated in anaerobic
or, nore pref cpaibitgr exeylaldn feonh Bricel Wer Bisy depised vgihew| dapadiag drosn ther

di gestion <27)scaa)% mﬁya‘)ﬁes&ﬂ% a%iﬁga HARS LR Phste Rr MRS1ENS HAYR Nt
converting solids intoert ef” et hane or carbon di oxi de gas. e
remai ni ng wastetiwuddi digige p8)cetsygicwalih yn apaesrgmederddhimising preéarany math(a29)
steps such as centrifugation or filtration to reduce the vol une,



[0033] Fig. 3 conparatively depicts the dissolved oxygen | evel

agai nst the M.SS | evel of prior art wastewater treatnent systens
agai nst t hwopnmseysity di scl osed wastewater treatnent procdassBeanges
of dissol ved oxygen and MLSS are shown for conventional activated

sl udge process 51, conplete m x activated sludge process 53, extended
aeration and oxidation ditch activated sludge processes 55, therein,
hi gh rate aeration activated sludge process 57, covered basin
high-purity oxyge ﬁo@%ﬂ &ﬁfg@ﬁi i gﬂ&ﬁo@g 0G5S 5P carB dﬁd}?dep&r%ﬁahs igh
di ssol ved oxygen and high~ solids activated sludge process .

Li kewi se, Fi gdesiredepilevd it the a@tﬁ@@obwwndwgmmwegeraga@sﬁqs@fﬁt:hecy
solids retenti i t J [ atnen

syst ens againgﬁﬁ?hegﬁ?gég%ggﬁﬁgﬁgﬁﬁ{g) 5£m%g eﬁwgi (%&) eﬂﬁgéyﬁy
activated sl udgdingriocsss t®G@epardde 350 Ibioedh@«ytgm@tlmwe b]ﬁidge[”OQfBﬂ]from the

Conventional activyated. sl udge proces icall i nt.ain the

di ssol ved oxygjfécr‘?n%( BV &R ‘F%@a%gl’”’éﬁrzlr?ﬁbm tlah %/t}’i‘gadrsahg%&@ regovgreds o
ng/L, wWith a i $s0kasadex eifict QVe ket@he @O Uhe 3eIQt16m/D§-anW€iﬁﬁheaVﬁét§ﬁle
conditions and a dissol ved Oé% en |level of about 0.5 ng/L under peak

load. It is cowhbHed Sludaehng Gddta pravide ﬁh%bla@gwﬁloacrmmhv%ﬁdﬁd furagpquate
condi tions inuhe actA ¥1ﬁ51?éil n@?ﬁfdﬂ %g tHe! SQ}?&T&?(@&&@Q | ¥& gflfﬁ”ﬁé’ %%%xces% slgdge

concentration between typic
ng/ L, is desi gabitkin K h:ahla aro\mnomdgama éVdStiaﬁlstwfedﬁWﬂger(WzbSﬁdine (22)

actlvated sl ud nt he. r di.f fusi on_of organi
floc is limti %g Sgnstatlo %ﬁher hefnﬁ 1§%|ag%01%>8%? Ofera S5 qu Cfan ﬁ%l natt
above a criti e&luema(llstfrorushbadeb()hde@tdlﬁﬁ’teedl@Ss Iﬁbféthibl}&eﬁt d’fgﬁblone bﬂmore
wast ewat er treatnment systens \r/@?}r tl‘lflCtIgBrISdSI% t he
di ssol ved oxy§GeH¥ SHeBIR} 88 ichansyenebids Blirgpy, g, oppost-

about 0.5 ng/ laeﬂa@o@@&omr{auaﬁ &eiexsplb%lré &‘isdh‘é%@ amm tF¥Re%d BEeAl (3501 ved
oxygen | evel s rangl ng as to allow a buffer for

organi ¢ shock (#6344, vap@tvssf]wmw@@d@ng ridgtispesal gperaians dnaydreaisedito
basi n high p“"tx'c&&’th@’%ﬁ?a’é o4 Yo%8s W&E%@ hifat %8% @%I ?g;ticalt St
r tr stens

prior art activated ge process base wast ewat
enphasi ze t he semeatioh dpemtidissmolude grayky geuﬂlﬂgewfeﬂls:kanug (B6s coumcagpse the
operation of t t elev

oxygen. Such SPEVACBAT) Suar ST anL sy BH bR aPE Giop bl ag et

di sadvant ageoUshickencdusiidgl €3t egeth@veits e ity eolidXygeantdr Guring
believed to increase power an ital costs qat\)nd ot herwi se contribute

to perfor manc &TPRBbiTeentgan. tﬂ%gg ERARD e anq5Fqby oty Ppore PEekgrpliy Hxyeen

" Design of Minjeinbal aé%@ﬁcemro call FQ@IoPEMr Flodtba’ (t27)/\% §EduehVih¢ QBRBRNt
Federation MOP 8 (1998); "Evaluation of Feasibility of Methods to

M ni m ze Bi omgeRerasdhe tasis sudgenbB; @W@&l@gwﬁqhds "intp), €itfrer ngthSeeprisedrbaand

St t E. St 4

Janes A Miel PRd Ry AThE el el ST POSP GRS oRIRGH (Bfiter

[ 00 ?6] I nt ﬁ oV @reatees 1229) lstegh smm as';] senoiygreion \msfﬂtga/tﬁmetp redlsgtﬂf[mmlume
systenms, the mixi.n oxygen,. in cover.e n.an xygen
Cranster effi crase Pra N B! bR o AT Rttt iitn ipet bra ey
system and nmetvhgey oMopaat@rs, sichesheadsipeme apbostioh e ftk faadatibiert fie

m xed |iquor in_a covered basin systemtypically has a carbon di oxi de
concentrat i on "WHIGRER 2% - 11% which is very

[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-acrated biomass floc having superior settling characteristics and a

reduced volume of excess sludge. Preferably, the dissolved oxygen levels in the



much greater than the carbon dioxide concentration in a standard

at nosphere above an open basin system This excess carbon di oxide

wi thin theygawenedibasin systemleads to a buil d-up of pegniRejaksesdss d
in the mxed liquor, lowering pH of the m xed |iquor and inhibiting
certain types of microbial activity in the basin. [0037] The present
enbodi mrent of the activated sludge process based wastewater treatnent
system preferably maintains the dissolved oxygen | evel at euoxic
condi ti ons, ef e i.ssol ved oxygen |evels in
activated sl uég% agasﬁlli or égfgrgg%? gstr%uq% Pih of “abou e 5'%h4 ri%gemj)r ‘F’gh'
oxygen per | i beygeodtedriaxngs vdhuahu@rypldaﬂja&&hd\ﬁalﬁ@tthﬂomﬂuﬁswmbxttkbdt@duced

| evel s of dissgl 0 en, in th about 2.0 to 5.0

are character f@égfﬁg C@ﬁ?’fnepfeﬁed‘t PF’%H‘E gto%oée W*@Wa“r‘?ﬁgﬁ@mﬂ&nﬁé@% and
oxygenated". Wattd ibamb @Barwétérizcl @YeinSavefaglismagd V&&tl@fﬂ.ﬁ%ﬂn'e&césg%f 7
range of about 0.2 to 2.0 ng/L are characterized as severely hypoxic,

and wat er bodf®s. Wt RO elSTAPEINGRY Eaae PEbevscbahawi alsputo 49 dayimpmd
are ternmed an V.

bodies with d?‘?@%?@?@ i tg%mer%@gl{%ove t eabé)}lrp?géit% 5?gdtlgon aﬁlfjhee or
general ly in exeeisd SblﬂgQrdD%nngﬁ Limas lra@mumciicﬁﬁwiﬂaﬂe higherrizdelhppdisskied or
VST YTk e RN 00365 0l LT FRPLURRL b g s L TR
oxygen | evel sme@stersﬁtumramzed iRgad. rlstheaithmwlhﬁm IcBar@dtérlstlEtObf ma@t@mt er
treatment operations, XI C. conle{O gns xi st when the r of

(D0)/ (D0. 1) S ¥R e mEDet meo8t Fogd ao Micrp: QEERNISHH Jaih Ps08he

' Di ssol ved OXBQEIMLW DiReS Y eklyddh ]Eé%l ﬁetﬁ@aét%teaaﬁluge @ésu{ @m%&hur e
T : and DO't is the 'Dissol ved oxygen | evel at saturafion in

at nospheri c apbouhf ta Ehpemsr lifes VplumqiopBogding efiebewicOfte | 2yprungs pTBEPNd,
the success 0} g @PEOO‘O%@Q S PP SSRLQE 6! Q&R%{%ﬂ%l ag e b of between
functioning o aﬁ)nl sns known as aerobi c terot roﬁlh par icularly
t hose which galzmmt AP 4nkrli00€0 migear fitee dlyyirailis Betwdmh Timet dfdeinast ebat ar .

Aer obi ¢ het er ot hs t e Cco anlc no ul es suc t
responsi bl e fgor {%)E [{(mﬁ{cnpr{:g%%aﬁ)lyo ‘fvﬁeél 4\1/\/5%4 g&ﬁ?%’r andy gc%f(nglga%to of
t hese nol ecul Bs:weedzkbentmmtm(nﬁ | mass or into car bon d| oXi de and
wat er. These ST are ada d.to thrive in enV| r onnment

condi ti ons foﬁwg nggﬁ%%atﬁ’é&ff fetsethe Aisemehraeey lexd gepipst he MLss

conditions. [QO48H plRirSs0 W@t@w&éﬂ/ggﬁmleﬁvﬁllst%m‘é"ygﬁlﬂstaﬂh@ PrQWRly bRABsed
euoxi c conditions Ilkely cause stress to 'such aquatic organi sns.

Clearly, the HegeBdgccagneyercrsy dasgeser wissolyedonyigey anl MhSHwpes shown
conventional ggt I A / re
severely hypoxi céo\zglgé gg?y&ﬂlggte{?%d? a{)JCsegs 55 '([P T g%@&allﬁdﬁl%u %Ctg]f} I n%‘% dg%
per f oi mance oproctse Sdesitensldd acranon endoxgdatios nbtch Attevatedtsirdat pagusts 65,

or gani snms respansi per.f nce of the activated sl udge

process will [KEP 5? %brg]?aet‘eéaqﬁoﬁ | Vag%itnq‘l’ff%pﬁ%cﬁ??e% » WRERSG PR IE%P‘%B"V

di ssol ved oxyggrgen SictikRtaat ‘amdge%rbdéﬂ b® @uakd prekedid Gesh d&bﬁ/’é&loﬁy%@ dnfe
tion basin in the euoxic ran

activated slug1 g g |n or ge{ug

optimzes the % PO e G pludpe Peges O flokewishit e %Q?ﬁ‘“?é‘%\%@"éﬂm‘&ﬁd
in terms of tbgsshuddeasis hdehiRE OREKHIn e ShiR ARRT Gk af m'a%t&f
di ssol ved oxygen level 1n the aeration basin is between about 5.

my/ L and aboutrca®ey sygiemst agapst ihei presqpe highr dasndesdodxybe aad agh eohds
organisnms. [0 dge from aeration basins having a

di ssol ved oxygcle%gghcé\\g/%w%%ggcgé&o ng/L tend to denonstrate or exhibit
enhanced settling characteristics. The enhanced settling
characteristics of the activated sludge, nanely the three to five
times increase in settling velocity, allow the present wastewater
treatment process to operate at or near the maxi mum | oad capacity of
the secondary clarifiers. D ssolved oxygen | evels above 5.0 ng/L al so



[0043] Contrary to conventional thinking, higher |evels of dissolved
oxygen in the aeration basin do not translate to significant

i ncr eases wowew/nenst S. Rat her, maintaining the aerati opclhasbids/ads9ss
euoxic conditions is very practical and easily achieved in open
basins with high purity oxygen aeration. The higher mass transfer
rates of oxygen into |iquid when using pure oxygen neans that very
little additional aeration energy is needed to increase the dissolved

oxygen | evel . nventional 1.0 ng/L to 2.0 ng/L using air to
t he present efﬂl&mVte O Q&E. 5.0 ng/L to 15.0 ng/L) using high
purity oxygen[00Bdl Cexanpde] attivatedcieigs eridesed hypsally edhiroxiy gken disereld
from2.0 ng/L to 5.0 /L using w.th air and_fine, hubble diffuser
Fequi res about* B Rt BT hn Bis ier o STha Bk Sy s SR
the di ssol vedogypegedvel evgouf 7.0Mgl Undd/alerbgtsiongitidhs ind OdibddevedionlFeam
5.0 ng/L (using high purity oxygen) requires only about 8% nore
aeration powetcvelf gbaefirmed- méakéoa%i ghis sammoplygindeisirod Sreh i QAer

systemis pretehf6fhiRSeloBR Gnashy G RXNg6Red %M@%é BPR' A GM@%x¥gen
DO DOsAT be

hyper oxi ¢ or high euoxic conditions (i1.e > 1.0) canno

achi eved wi t hcemavteiiondrravecai 9.2 bagddansed 4t mgfl, stypicellys 0.5but0. ameg/eassi | y

e (oRT) andouins o P EmO RN Wil PRk TR 8"

Ret enti on Ti meat¢ SRE)ffistonesfubrgatienintd chet flec nehmitdgl ds loag iaselnc distalvee 1 n

days of bi ol ogi cal .organi sns. i he activated sludge system and
Commonly 1 of oPFEANIBAE TBF (it Ahe's SRIFE Hite UoHR Ry Fapbout 03
paraneters speg/fieth faktedaldpstamainelsyREMS 85ker aSirgidaticAn s d&si@f ek
chosen to provide adequate treatnent of the wastewater or renoval of
the cont am nafisgolvH eeehadceitrtiens nTthe agfbgted elpdgrbatin b pbaupP-Sgme/L

wast ewater tr 1. i Aol | 1.Ai ; el
needed to insﬁf%g?ﬂ%Lgés¥Fgggﬁg%%yg%q%%%%ﬁ%fﬁ%%%fag% %?%@%ge%ﬁkf%
[0045] It is WwahlasKkfongLitealidvea dnffertfhraareopestack mgdan acti vat ed sl udge
basin wth |l o udge e,0r_increase ids r ntion 1i results
h 8" reduct | ol ¢ ne YATC G AT 3T TR S Lai® bERL T By 5

i ncreased by ejpehessteivatr @astimagt dpetasibnsg eregiriop art hatsvacdwdl dgaproeesstysed

i ncreasing the activated slud%e basi nix&% qu,or us e&ded S IiFs
(M.SS) | evel . “NEVRES MU T HCWS CHREASIZR SN Y¥r Ot 'PHHEALES OXFREN CRE IS al
cost and | andafd 8RcduRsbd dpRehtibRof tlRewARNakdr Plarab blvat@NvaRYT BRIoING a
practical solution for an existing wastewater plant or facility.

| ncreasi ng M.S5y4c8y Sicheleyaiad loveleefidisselved exegenard wengd ssfdisadrapidserwsnal
aeration syst g%, cpSdeahAlicAddbt 1ioRMeaaRy Bl 88 RANETE HordRY pheagRded

and associ ate power costs | Nncrease.
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 “Acration: Principles and Practice,” James A. Mueller,
William C. Boyle and H. Johannes Pépel, (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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Sinmply increasing MLSS | evel s also normally require increasing
secondary clarifier capacity, which may require additional capital
costs and worevlanitk area for the additional or |arger ecaRodsVc4986
clarifiers. The presently disclosed system on the other hand,
overcones these operating limtations and achi eves extended SR

Wi t hout increasing basin volunme, w thout reduced aeration efficiency,
and wi thout additional clarifier capacity. [0046] Mst wastewater

pl ants enpl oyi 1,0nal (ofe? te-m tjvat

D onesscr” uouh SHNETRPIR, fly CRIRE Sl 85 8 Slagllfner

t enper at ures abecup opm bﬂsomyst&ﬁ Cfalj@sexbms cabbn rlmkteld vathudihye C@%@dl’iﬁlsmt

col d tenperatur nitrification, The

cystem and. metroR Hguiys PEIFREPL SuEu Y ity SR unus PG ERetilss
level. In thetmrrms%hq@mﬁxdinﬁmmn,g cehgin Bfgles bSmidkhig nablity iffRbSA. than
7 days, and nore Er ef erably between about 7 days and 40 days, and

still more pré&4087 Ebi/prsm\ap%@ﬂ}tof i agydchHdzsorersysbasadastewater
increased SRl 4GAGQAKT e tHEAbOMRINARE MR BEEMUACExREn a8 dio¥Rr Se
popul ation of aquatic mcro-organisns in the activat'ed sludge basin
or aeration bagidationgaandineqrt ardfgral;iy eddissorvgd oxygenilevets in et acbvriedistedge
het er ot r ophi c ri

sl udge and i nggs%?/zédﬁ{ek grrl:bgl ca ?;8%950%&1 ltjnﬁ% tﬁg’gﬁr“% erggﬁlz%(ggﬁﬁon of
fine floc. [0QD3B] Werradge vath Mdﬁ&delﬁpélmbédlssaﬂvai’lyxmntmcuhb aange of
application is, d rmned by optim the Q|I | oadi n

ol sting o ar ARERY Ga fig buAdnr s EerBr bhoeBAns SoauRGeKE ig: mecns
characteri sti egndRebtygyefedy VeltaRURE witUXkis®t dls@d{%cﬁox@&exﬂh&ﬁ@ﬂaﬂ@&b
oxygen as descrl bed above. MLSS in the range of 3,000 to 10,000 no/L,
more typi cal | $oquh Ohio 24rmaelore shuadenssd gs Govershy/ypoapt andi weer bcnié%
exi sting clar Whealséo%él&ggennlem§tbe§.%5$&@wpﬁfg/xy@f&e{en&lgte 2£RRAQERY OF
hi gh di ssol ved oxygen condrtions tional System Performance

Char act er i st i owany D048t Adin'l. Sleaverseds tvorte bedisd wiith disselvdéskypen dévels
activated s! udes RS LR AL] VAL P BB HE TROSH U85 PE R Shoit 640
and capacity o Secondar Parityers i'eW of e settlin
properties of atehemsddud@emxﬁeirt"bveigaxpgampeﬂ’f iRes pofpotdsef $llmdgﬂlcat[cm dfet en

characterized b ar amet ers known a e.vol unme i ndex. (SVI

e o 2 it P B ban (O palit St el fo cfiert dopainineniibedld
Lower val ues @kysWllcv@nthdal @h@htipphda@st Hnokshérit @8UI Hor iwhsleQURF trEfRHT €d
clarifier areas, which translate to | ower capital costs or increases

in capacity f OPCTAHPIS PUOKIch OTEIIONG it When thin Eatinefn( DU hidz bt Hiean
settling char %ﬁ&l‘?b'S@ttia %ﬁouﬁ’fl sohgdSHHLIB AL %@*ﬁ&%k@&’ 9?' eﬁ%deiﬂﬁleasu ed
retention tine evel s and di ssol veg oxygen | eve S W th B

activated sl udyte pcr@m@smsat W@mera@ge il hemdmat @fthblmmg{edakygeed@\tebat

used in the acatl{n)é1 tnel%a usd 8. PLogess ngtue Clarlfler Design," Water
Envi ronment F&4&rat’ on hual- 0 a%etl ce . FD-8, (2006)).

[0039] With the foregomg in mind, the success of the activated sludge process
depends on the functioning of organisms known as aerobic 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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[0049] As a result of the high solids retention tinme, high MSS

| evel s and hi gh dissol ved oxygen | evels, the SVI and ISV of the
present | y wWeemwjiobsih wast ewat er treatnent system are i npceMgdo8vawsst he
prior art activated sludge process based wastewater treatnent
systens. Such inprovenents nanely | ower values of SVI and hi gher

val ues of 1SV and recycle sludge concentration result in enhanced
settling characteristics. Table 1 bel ow conpares the |ikely range of
SVI and ISV v f r [ i Qnal act |

ol udge.pr ocesIHIEPRs Hh S GARIGH By Pe B A P o RIS,

t he hi gh di ssohusedtossy gepuchnaubiigrsalsids Csaasly £ theadidsoiet hadged 00561

The preferred enbodi nent of the Hi gh DO and Hi Solids actjyvated

sl udge proces §O%?1V§quqyegﬂ)‘b?lﬁfti CBHQW{I{’Wl ﬁﬁtlvégfigﬂ’&gﬁlb?g}si s q’%‘ﬁ“@ f%n
tinme in a rang® ap/1abedteviRly BypdRicdaMSveryikél§ (Rt airtisngd Subiobahal
activated sludge basin Volunetric Loading as used in conventional
activated sl udtgéorsyatces thendased, aguatg remsms. r 8aq BRHEE 2094%E qrerrisms
range of aboufresf}o I8N UY Sorfofifarfch Of R G BRI Shed Egr&%'vﬁhﬁi’ke%‘%eﬁ&' or
art activated s ucfge processes such as Conventl on |/ Conpl eteM X,
Cover ed Basi njn andpiErtmmiedeAwhert thoriefed oidasdminenygopsrmeinfaget iim¢he
(62) character]j zj. t he i i.R.:het h ayl i . eS| ce
{imbs and- sol Fur St My fhB R B Al M8 LGl B bR G o

di scl osed enbedxienigeoboth ptikligh tRO parfornidngh oBahd dgstan tfov abeemslanidge

process extends the system operation a fromthis_ typical operating
i ne and t owar SR RNh FyHERS DafGeLidse SSRInEdEOPeEtEn T Prsied 1AgRe of
equi val ent  or JGeSTPET dben abIUL SheOderdtibelbadh isCoct e ABHRES ¢ B SandABETK
di stinctive operati ng{hchar_act eristic is achieved by increasing MESS

| evel s wi t hout!d Qv daentigize pefarmpege of Ag@retis orgidliph t he nechani sm
of enhanced s | . I LSS A : el: [Wale)! d
above, the pr ?de“rl lr ggtlfalé%&;gggge ﬁg)/%r %{ﬁ{ﬁg Br%%?glg\r,l%g\ét élhﬁsé)gélasd)@g%rs\eﬁgﬁl

about 2 to 12 abowurs0 angdl newdeopleambeastaty gr dxbibieahanret octdingolpricishsiceas

the preferred. fange aof, sol.ids, retent.io L nmes | ween about, 7 and
20 days. and. mars reb S B EAERUEER b TBRale] SERAT5BeB BE e B
Excess sl udge fipe oihuwstin@basorin ¥eftisng vdodgneia@al lthe ke wastedetet imament h

increasing solids retention tinme as depicted fgn Figﬁ. . 6. I—%wever, | ong
sol i ds retent PERCY e P74 11 GnBFdr yhe dbiiPel '92hich °Hy difalhei econdary
residence ti Mgy i&BM/ Diss@vddadxgBePREdINaBOIE §ITBng/ LB drebRaulIBHaBEstylo¥n to
di scl osed enbodi nents of the H gh DO and Hi BE@SOI i ds activated sl udge

process, a betfelbr panstipte dixpet ctridns exxee axtilshigelop eripgenqus nespyraiing of s
achi eved. Suchye i&@%@%nﬁhﬁd%nriﬁd#{‘étde%lf R okt 1 fis ! tRis '&hg%'fﬁéct of

attributable to the synergistic effect o i gher dissol ved oxygen
| evel s and hi gicresingdbe rppasent icodogenomssdeamd coadfipent Fabigh tadlows for further

M croorgani smratio enpl aye t he present systemthan that enpl oyed
by convent i oné?(ﬁlﬁé I}S\}ng’écﬁxssﬁq‘ﬁpt%gm P%@O&S. Each of these operating

characteri sti ¢eodaf It hddipivesenim@ysihgnahadyd setihgdindortndibutstidpe deld,
overall lower waste s|udge production than conventi Oncfd ac [ vgt ee?
sl udge procesS8ERE (1% ETEHPT SRy Y SUPTIT GPBSTERN OB {CHe! i e PERY iy
Characteri sti nGmyendptanakionet inkatReh ShalfdRitPoPRi@SF ers, 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 euoxic conditions is very practical and easily
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H gh DO & Hi gh Solids Activated Sludge Process SVI 100 - 150 30 - 70
ISV (ft/hr) - 1 - 3 -2-8
WO 2009/029312 PCT/US2008/064986

achieved in open basins with high purity oxygen acration. 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 cuoxic levels (i.e.
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
above, a high purity oxygen aeration system is preferred as the dissolved oxygen
levels approaching hyperoxic or high euoxic conditions (i.e. DO/DOgat > 1.0)
cannot be achieved with conventional air-based aeration systems, but are easily

achieved with high purity oxygen aeration systems.

Solids Retention Time (SRT) and Mixed Liquor Suspended Solids (MLSS)

[0044] Solids Retention Time (SRT) is equivalent to the mean cell residence time
in days of biological organisms in the activated sludge system and is commonly
referred to as sludge age. SRT is one of the initial parameters specified for a
wastewater process design, and is often chosen to provide adequate treatment of
the wastewater or removal of the contaminants in the wastewater. The desired
SRT level for a wastewater treatment operation is typically set at the minimum
level needed to insure the desired removal of BOD, COD, and nitrogen.

[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 area required for the aeration basin, and may not be a
practical solution for an existing wastewater plant or facility. Increasing MLSS
level normally reduces the efficiency of conventional aeration systems, so that

additional aeration equipment may be needed and associated power costs increase.
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FIM (kg BOD'kg MLVSS) 0.2 - 0.6 <0.1 - 0.3 HRT (hours) 4 - 8 2-12
Recycl e Concentration (%9 0.5- 1.5
WO 2009/029312 PCT/US2008/064986

Simply increasing MLSS levels also normally require increasing sccondary
clarifier capacity, which may require additional capital costs and more land area
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 acration efficiency, and
without additional clarifier capacity.

[0046] 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
temperatures to insure complete nitrification. The present system and method,
however, increases the SRT by increasing the MLSS level. In the present
embodiment, the SRT is preferably greater than 7 days, and more preferably
between about 7 days and 40 days, and still more preferably between about 12
days and 30 days. This increased SRT encourages the growth and maintenance of
a more diverse population of aquatic micro-organisms in the activated sludge
basin or aeration basin, particularly predatory organisms that consume
heterotrophic bacteria, lcading to further reductions in cxcess sludge and
improved clarification of effluent through consumption of fine floc.

[0047] The range of MLSS employed in any particular application is determined
by optimizing the solids loading to the existing clarifier, taking advantage of the
enhanced settling characteristics achieved by elevated “euoxic” levels of
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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1.5 - 3.0 Yob" (ig TSS/g BODr) 0.5 - 1.0 0.3 -0.7 Table 1.
Operating Characteristics of Activated Sl udge Wastewat er Treat nent
Processes weobiwfpdz1of Activated Sl udge Wast ewat er Tr eatpoenis200y/64468%6
[ 0052] The preferred procedure for inplenenting the present

wast ewat er treatnment system and nethod in existing air-based
activated sludge wastewater plants invention includes the follow ng
steps: [0053] Convert the air-based aeration systemin the activated

ol age bast n OIS BeIdR0 BV KPR UGDL AR CRIRN 358 gvﬁhé! didA

bubbl e diffusers or chan ace era h purit

oxygen syste rrancshlglnerazaluamﬁ ISSQesulMO]ovaar réduxed olasﬁstaeemsavmﬂl ahllséltef toom

Praxair, Inc. lo e?rcgpfal cos?s or %%r%\eli\slaeg i cgﬂagl?y ﬁ% an £<1s%ng 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)).
[0049] As a result of the high solids retention time, high MLSS levels and high
dissolved oxygen levels, the SVI and ISV of the presently described wastewater
treatment system are improved over the prior art activated sludge process based
wastewater treatment systems. Such improvements namely lower values of SVI
and higher values of ISV and recycle sludge concentration result in enhanced
settling characteristics. Table 1 below compares the likely range of SVI and ISV
values of sludge processed in a conventional activated sludge process against the
SVI and ISV values of sludge processed in the high dissolved oxygen and high
solids system and method.
[0050] The preferred embodiment of the High DO and High Solids activated
sludge process calls for operation with an extended solids retention time in a
range of about 12 to 30 days, while maintaining similar activated sludge basin
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 Aeration 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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with the high purity oxygen system at solids | oading and di ssol ved
oxygen |l evels used in the previous operating reginme. [0054] G adually
i ncrease twe 2b®@weds1pf di ssol ved oxygen in the activat edcalusdgsodiasi n
to the well-oxygenated or euoxic range, between about 5 ng/L to 15
mg/ L or about 0.50 - 1.50 tinmes the air saturation value. This

i ncrease in dissolved oxygen | evel inproves the settling properties
of the sludge in the secondary clarifier, allow ng higher solids

| oadi ng in the:.existing.charifi st ac - F :

i ncrease in tﬁggﬂtééﬁﬁgﬁﬁﬂg%#~tﬁé“3@%%@5?@3&3?53%§9§§iF§§@$ﬁ?@h¥gw
pref erabl y acconshestirecs i heiowgh abed ¢t il dhows abhmowastierabtt baratad! to

sl udge (WAS) rate and directi re sl.u exiting the.secaondar
clarrier tp EHOTParEr i dBS Pl Felts o A e R pEF e £ e
activated sl udgesbasisand herehylcabbr Rastongbdid 2MhSS0 igpel in the
activated sludge basin. ]Jncreasjing the M.SS | evel al so increases the
solids retentil¥PU Exess phgssPra8yRian ok Yo Sn8TEREE HiowiaiondsiAc fHE
di ssol ved oxyggReaky&olilld rdiéifioRCirhy @k dpitlHdaeripasi NH&Y et eloRY QYlid:
conditions with the higher M.SS |l evel. Al so, continue increasing the
M.SS | evel by réonondimg trgdiasally mwaviradar dizhshyfygbicrigsigengp dinpastandipr a
activated slu e L : i f1er: i ] HRg
constrai nt isﬁgg%éﬁéhvaﬁﬁgrF%g@tgfﬁggﬂﬁgéfﬁ%g&%%@ﬁgggg%%gﬁgggm%ngty
mar gi ns. The sed tiigha$olids laetivafddestudge ipratssshabettar tigincapsttedadnerved sludge
preferably determ ned . using _existi | udge settling tests anpd. . .

Pl ar i1 or anaPineieriena® afipets "Pied Shiieahioy et ad e EeriBies is
anal ysi s. Wt hiktlpethibghee 6 iesghsedtioxfgens Gipned dibvnsd oxlgem lkveldgnd
found that the secgndary clarifier can_handl e a higher inlet NLS%
concent r at i on Dfersofifipretentian figiey apd fwer Frodio Magysarpaniem r4l drRiensd by

m crobi ol ogy @ﬂiﬂé&ﬁt&8&%@@mﬂ%ﬂh@9§h@&iBﬁc&ﬁ@ﬂ&hhpaﬁh@QQ@Eh@yﬁnqm&
nonitoring and adjustrient of M.SS [evel,” sl udge settling properties,
and clarifi er Fogerdt thasy operdiing sheractemtics oft dadyresspersasteonans method
reached. The . e [ i ]k C i

i gher i ssol VR BS SoRT FEUEREH B IR ARl Ml horful ARV ARLRH' £
to 15 ny/L, exhdpdpdcsedsivdth # emdatliydrautic neidomdevien about 7 days and
40 days, higher M.SS levels up to a maxi num | evel of about 10000 ngy/L
in the activated sludge basin and reduced waste sludge production.
[ 0058] Moni t Qropegatii dhaeacldkisite | evel Gomentidal as | NEigh DEB&IHIGOSONY J
| evel in the|aeration basin ar
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sludge rate tao ; : vat ed sl udge basin
at the desire[§@29ghe preferred procedure for implementing the present wastewater

CHRIQ

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

plants invention includes the 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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High Purity Oxygen Aeration System [0059] Turning nowto Fig. 7,
there is shown a high purity oxygen aeration systemused in the
present enbodimeniziof the wastewater treatnent system »OOusABS/6EEH
therein, the systemincludes a float assenbly 102 havi ng an anchor
ring 104 which is placed in an activated sludge basin or aeration
basin 106 of a wastewater treatnent system 100. In the present
application, the liquid within the aeration basin 106 is a high solid

on the or der S goNeE AP e o KRR B RO S S POk

orientation fnmdunﬂepfrémtso@srsemg)ﬂegmiboz is a draft tube 110 The

bt ow © ot op! WaPF G PO B i Gh S BT BREBhE e (ea LB 20

in the aerati ssibasths wkltoxyBafafi@s cddbc ange, 8@t deatabsials mg/iptaqedn@znd
symmetrically positioned around the openings 122 which are, proxi mate
to the entranfe28®8 039 t Ae0dimgst the giesataaiion Agdiet | HaMBRPT Medissddean
be | ocated prgxjdrmtieyd Nepfxks tﬂ@@et@lfn @;{é‘t’ie%f &f 1dbgudblOin tﬁef‘s@&dn@l@x‘y
inpel ler 130 is disposed within the tube 110 and generally
conpri ses oneCbﬁﬁmﬁl@mh&b@berﬁgm&lhﬁln%méh%lﬁlﬁtwé@lamﬁelt wefapqged. | er

shaft 134 for

which is pref édroggf?kap %11 eé@rg’%@ﬁ %'t}{%?t{;%fev oa% a]acglfs}aet%?{{@%%mﬁ?’?x%go]

The notor is @dﬁq:mﬂyl atc@nqmsh/eel thh;agh mnbbﬂxcmrofsthafwtastéaduwmﬂi dludge U Sov e
the liquid an nthed 1 n ogn]farggrectlon

of arrow 138. SV\%) %é%or?§ Efeé‘rl %’IW? ic &dTPRY U {F¥ T gas
inlet 140 whi @&'twdteﬂckladi@eﬁné hauaws@/megacs ﬂlléoéfdtﬂ&fe@ ity ehdsma figeeby 28

of the draft tube 110. Recircul ation of the high solids content m xed

i quor 120 ocdlsresiag the MISH levadrin gheracdivatad eblrigt‘aawrat iwa\mﬂg iR ML
draft tube 11Q..ang.4 Hf’re&%fh%%&%%t@ﬂm%qwrd force of the high
sol i ds content mxed1 iquor 120 in the draft tube 110. As the m xed
l i quor with ga@)SﬁhEbnteswl ® @jcewsedr fmantainhéheedissolMelo onygen higvelr af the
tube 110, a s s 0 p I v
some mass of drbantvulfts SEisnt: BERABSE R bS ity 5SS,
t he entrance 12&, oi)ntdmaflmcréasing tﬁéLMLE{&)Iaﬁél]byTMtro]mtngaete aBatetbfludges a

radi al cl earance between the of the el |l er, bl d and.fhe .
oeri or val | S antf s ttitod yBasirate b IR Ser e o epding <
| ess than or eguahint @ ei@edalerinheof RRL BthdiidtRte ARGy MAFEns. The
preferably the radial clearance will be |ess than 10 % of the

i mpel | er di amstcopdary@erifies ewligh-handhipg Hoagraintsiscpisfeatly Mcteayined (qisse of
a wast ewat er e APRICBLL Ak cidififr GhARES ALKSOSERAL 8 Token

i npel l er 130 \%\nh% eglent erlgor wal Co t aft tube 110 orcoot hgry
hydr odynami ¢ ssadutate peint mwt & lthnqba&ltghhtl djbrotved loamgenf oondisions, ¢ widlhiceve
the optimal o bl e

A I R B S R R R %%”‘?eﬁ%the*i%‘%fg%%n%n
wi thin the hi gdsrts@%alnii&odlmrﬂtﬁmﬂom xed |iquor enhances the nmass
transfer efficgj t he aeratlo rocess uI |matel resultin

i aher 1 evel s TR Stop vtieg Bl BB o Tt A1 e pad

of the prefergginik GhorPiefihg ¥n@MiBSHeALHAMIFS RYS! SH@nshtiing p["@)%ﬁﬁ@s
for its effectiveness are set forth in United States pat ent

appl i cati on sérd glarifighpesrating godRipos, fyntip gepdy episeionois reghed, Thpeaew
disclosure of whic dtp%aﬁﬁé g@mt WERE PRLALET DYy ﬁgtﬁgr(ﬁ&%ﬁwd LQABRT el
vi ew of the fgct that the present system and nhet enpl oys a source
?f o>r<]ygen for nul@e mgemftbhbv;gngbmpﬁrmg/y t@)l?g@ﬂ%t@ﬂttbfjvl@yseﬁ@gmnltmel S
urt her conte ated t onbi t.he nd et ho
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of ozone; oxygenation of the high viscous materials in an aerobic
production.
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[ 0064] Further contenplated arrangenents of introduci ng oxygen into
the activated sludge basin involve segregating the basin into a

pl urality wé 20@0tdzons. Conventional air-based aerati onpc$/uS2008/064986
incorporated in one or nore sections of the basin to keep the

di ssol ved oxygen | evel at noderate levels in such sections while high
purity oxygen aeration is incorporated in selected sections of the
basin. . Such staged basin approach nmay reduce the overall system

onger S0l i ds MAPENPh kg b EXEESS SRR hTalil e BSLRed QoE Rl

preferred enbd@kwﬂmbsba@mm@d&be&a&bGMEmﬁﬁmﬂﬁﬁpu@umhcnmﬁtﬂpfémstagm

basin or nmultiple section basi the m

l'i quor in one“%ﬁBWﬂ?rlfg%?F S %#ﬁPﬁ?gwwga‘”ﬂ“gnﬁﬁﬁ%ﬁﬁbﬁav?? ﬁ? to
facilitate deofydehidupglatdroRriofesEMAS Mhtch DxffaeiaRing @andhihiadnshef or
bi ol ogi cal phosphorus renpval , while euoxic conditions are naintained
in other sect FipRIvadoox¥gnClEYE! oifeths) flesipd digepitopRIERY B Foslid 1t REfiGoR
the system Op%fo%bﬂﬂ% il slﬁag‘en@béneadle%zslhsthel g&@&ﬁtafy @ianﬁapbﬁ&@te kdeh1y

[ 0066] The presently disclosed system and net hod m nim zes

oper ati ng cossuspéndedesolidt levelt mdths |saehgdayrdesns Purhvwneniowag eﬁmd control
treatment whi L. 6nansidg &Y SHEMAAAMOLLSlb ARl AiDgofRRIF fle
costs associa expansi o asin are For ¢ Pler
capacity. Prl@myamunm&ﬂmhmgsrmemm&ﬁﬂmma@nmkdehﬁgenm:mymhmamwmﬂﬂﬂss
processes focus only on.m aer wer cost through cl ose
control of th mﬂsé%%P@gﬁmggfg@ﬁ B%W%Wéﬁ%%”Fﬁgmﬁ?nlnunllevels
necessary to naintain aerobic conditions (i.e. 0.5 ng/L to 3.0 ng/L).
Al t hough operating costs aSSOC|ated wi th handling and di sposal of
wast e sl udge &¥% Oxyeq BYRIY§EEl t 0 aeration costs, surprisingly
process opti M #RY] ¢ 6\9tt tﬁ N7 FkleYis€hBhAl £ Byt Wb FCadrifonSUM
of aeration aA@g 1udge p?OCGgSI g costs1S %10 67] ﬁ% @gg?tlg% %he SSe
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relatively | O\Q(s a&l a&llcl%m %98} %tc%nsmglgg S ntlgaqusch% Id}ehalﬂlén% an@fl&m'l
purity oxygen aeration Sy St in’se oper ai dit1'6ns of an
open basin acﬂDwaﬂﬁdlﬁdpmgﬂ mraahnmmnahﬂuaﬁdwmmtarmanm,&mﬁeﬁmsgfmdge
yi el d and corres ondln slud e dhﬁ@ f costs has not gretof or.e been
Tully Utili2edSPOHEETREREN SERET P Galh BA PBrorg AR aton BRAIEIGHE G g

hi gh | evels ohediiss Bés‘{r? doengyzg a1xhaddd RbabntSalxed Sigh&t et Itﬁﬁbau¥ ﬂiﬁﬁm% aQr
total cost mnimzation and exploitation of the i nfl uence o

purity oxygengﬁﬁﬂ%Kﬂéﬁh@V@ﬂ@ﬁ%nﬁmeEﬁﬁb@g@ogﬁé¥hﬁ1HW09ﬁ€ﬂésEﬁﬁW%¥%E%
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advant ages nmay I nc X I nproved settl characteristics of
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di ssol ved oxygen; ower. cost achj.ev ted
| evel s of di sg%r?%db%éfé 'SO Syﬁon?%nt li)nu\{,\%thq‘18§<y nq}éee?eé t%ogﬁgag}ngpgrrs
(iii) reduced mfﬂsdgl%haﬁdiqunzgeranyzl sﬂacsﬁ(mlalsyﬁmﬁcaﬂﬁ mqnueﬁeuﬂl aromid the
reduced excess sl.udg

production; . (iv) ipcrease
capacity per (RPY %o Q@rﬁ?ﬁ aé%rpéﬁxl“%ﬁeﬁﬁé ?1ent(ax?)°e ’}‘ gﬁ%ﬁ ttug? 110.

i nvest ment  dueddRionAEab®ss 1088hbd 1BEHEd SERRIaE thé‘@xmﬁ@)d)fftl@édrﬁﬁlﬁhfeﬂﬂﬂ
separation, and ability to easily retrofit eX|st|n? wast ewat er

treat ment operatebred impelior ¥3discaispared dvitten rtee deafa eolfmpé%ck sersralbe
the ef fluent %ém?rti's%s %Fé bH G Blfadct, hFB(Z ?t)sfﬁé"affﬁééﬁtt@ g&tsjﬂgﬁ 1h2 for

al ready euoxic o oxygenat e I Nncrease 1ty
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capability for of ¢ I X organi ¢ contam nants due to higher
solids retentﬁg’%qg%@@naﬁﬁ Fgﬁ‘ﬁlncreased stability to shock | oads.
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[0069] Fromthe foregoing, it should be appreciated that the present
i nvention thus provides a systemand nethod for the activated sl udge

treat nent wo w@sbeyat er using high | evel s of dissol ved pexig8is/ 64986
together with high sludge retention times and/or high solids content

in the aeration basin or activated sludge basin. Wile the invention
herei n di scl osed has been descri bed by neans of specific enbodi nents
and processes associ ated therewith, nunerous nodifications and

vari at I ons Caﬁ?@ﬁbﬁ?%o&)?? C{ t€9¥05 t%c?rlﬁgellcrg}l ﬁf t[]aﬁdar U{I\?{’MgltOQ‘i?g\ s

departing fro e i hvent i on
or sacrifici ngiqaildlandtgas wather thaldrefdudatiages a doGChabidSdibadn bBaI@dnallBEd

is: 1. Ane d of treati.n wat er, c ising the step

receiving a sﬁgsa%ys?n \%ﬁ%tl%%é? Slia%ﬁnf%mﬂu‘ﬁg%‘ig}‘q r&3°n "’iﬁﬁ @c&@éﬁhed
activated sl udgenhdasithe oxPidnOgiCHGinAXY BRNerdt@ndch®29ToR &k hiafiURbe i1t he
uncovered activated sl udg@ basin to produce euoxic conditions in the

uncover ed act Reeif@dption of fre gk pejids contentygixed hguer IB8racrwn adp rewé afiaxed
liquor in thenug v §%taﬁﬁﬁ l\xétﬂnefﬂe 08B lagg afld Eﬂ%rc%ﬂgieboﬁdlﬁg RBLALSM O

separ ate activate uage an roduce an e uent stream a
activat ed sl udgec sf thedngh sohids content mixed liquor 120 in the draft tube 110. As the

mixed liquor with gas bubbles is ejected from the exit 129 of the draft tube 110, a
suitable volume of replacement mixed liquor 120 having some mass of dissolved
oxygen is ingested through openings 122 near the entrance 128 of draft tube 110.
[0061] The impeller 130 defines a radial clearance between the tip of the impeller
blade and the interior wall of draft tube 110. Preferably, the radial clearance is
less than or equal to one-half the impeller diameter and more preferably the radial
clearance will be less than 10 % of the impeller diameter. When used with high-
solids content mixed liquor of a wastewater treatment application, the close
arrangement of the impeller 130 with the interior wall of the draft tube 110 or
other hydrodynamic structure tends to impart higher shear forces to achicve the
optimal oxygen bubble size distribution, namely about 0.3 mm to 3.0 mm. This
optimized bubble size distribution of the oxygen gas within the high solids content
mixed liquor enhances the mass transfer efficiency of the aeration process
ultimately resulting in higher levels of dissolved oxygen.

[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 acration 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 acrobic digestor. Similarly, since the present system and method
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recycling a portion of the activated sludge streamto the uncovered
activated sludge basin to produce a m xed |iquor having a solids

| oadi ng ofwbetosweasiabout 3000 ng and about 10000 ny of Psw4jsensiedse
solids per liter of mxed liquor. 2. The method of claim 1l wherein
the step of introducing oxygen to the mxed liquor in the uncovered
activated sludge basin further conprises introducing oxygen to
produce a m xed |iquor having an average di ssol ved oxygen |evel in

the range of %ﬁ&%@@&n&ﬁ&&%tﬁ:&ﬁv&@m&ﬁﬂ@§o£§cﬁ&MﬂﬁP&@Q&m&h&@fu&%nahxed
liquor. 3. The nethod of claim2 wherein f%e step of renoving a

portion of thelam, e chidyseniempiates tanefesretcebic a@sﬁnt/a:t@m shdjpgdod agihn
h h t d
through a Sep?éa i frtecEH&B & u%ﬁ@@ ?}g—ﬁléu{ ﬁ%ig%}éh '}1? gfr?ne ?ﬁtfvta{egnsl dfgie ﬁ&%n”&rxe

liquor to a c ier and sepa e m xe
the clari f ier sd:pnarqnsr drelnmd‘lcanoreba‘s[meﬁhlesua‘}qanpaad:lmthodmOlukﬂieetd cyctlejdge

por tion of ¢ nACHITIURVER Lrdaecb i viea ShEByeh strtaieryipedn

sl udge basin fanpt bebeweod dsks 5&n§ﬂté< esl mhg Wyg&@jﬁéﬂﬂeﬁoﬁﬁ[ﬂedﬁlquor and
retention tine of between about days and about 4Q days. 5. The

met hod of cl aPPR™C sditionn iy %%Qfé?%@nﬁwt&n Mg 9 leraéﬁ%wg%ﬁer. [iger
bet ween about o2 yhur Squlof. aRUWeL écgnéh%létéd emBoditef:, MR M%coéonﬁltﬁhﬁ‘al%7

wherein the observed sludge yield i s between about 0.3 grams to O.
granms of t ot abuitthplmdiscnisidichigg pepogss amhcodas BOD cuexiowedditions7 areTinere

syetem o, f A 0,58 AR IREILER SrellE, HHIRG o

sl udge volunemmmﬂmdmwametmeen about 30 to 70.
[0064] Further contemplated arrangements of introducing oxygen into the
activated sludge basin involve segregating the basin into a plurality of sections.
Conventional air-based aeration is incorporated in one or more sections of the
basin to kecp the dissolved oxygen level at moderate levels in such scections while
high purity oxygen aeration is incorporated in selected sections of the basin. .
Such staged basin approach may reduce the overall system operating cost but still
achieves the high MLSS levels to achieve longer solids retention time and reduced
waste sludge, as in the preferred embodiments, described above.
[0065] Such multiple stage basin or multiple section basin could also be used
where the mixed liquor in one 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 area

and/or clarifier capacity. Prior art open-basin wastewater treatment systems and
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8. The system of claim 3 wherein the sludge separated fromthe m xed
liquor in the clarifier has an initial settling velocity of greater
t han aboutw@ 26@ae3per hour. 9. The nethod of claim 1 RGEUSRISDEHES6
uncovered activated sludge basin conprises a plurality of uncovered
sections and the step of introducing oxygen further conprises
introducing air into one or nore of the uncovered basin sections and
i ntroducing high purity oxygen into one or nore of the basin

sections. 10 pro-EBﬁ_esnﬁ)Eﬁ'so&ﬂffon %iﬁ’qirrﬂhﬂ% whehid podhRosNERUS! 88scdhirypdred

sl udge basin coegrl ses a plurality of uncovered sections and the step
of i ntroduci ngheadispgbrd priygeRdevebsorphd Bavmpmtlpsdrdcatatyi tg maifpip tagrobic
oxygen into | ] . al f ot er i ti . e
met hod of cl a?‘?r?di (?%R}tﬁedrs glg/nlb%?%?ng tﬁéﬁ%?g%%oé&%g ncgt&?%gsogé%gr‘ﬂﬂon
of the recycl éehdingdge dispdsdl ofThstadtdgschrofinglanimmagrfitud¢ hezergmmmobts,i ng
t he steps of: .. separati solids fr t he stream of wastewater
in o primary SPRRFPERIBRoPPBESEei T rb WPy ST o HE e Ve ed
activated sl udge obagitivn and sludgd poedsvingigostdie separated solids and a
portion of the se in an aerobic digestor; and

oxygenating t ;{,@6;2@&?@‘3%@?% Fa iy gggi%atw%em?ataeﬁﬂg@ SYEES 19

the aerobic din@@&fdiRMrelatively low aeration costs is recognized, but the use of high purity
oxygen aeration systems in selected operating conditions of an open basin
activated sludge treatment in order to lower excess sludge yield and
corresponding sludge disposal costs has not heretofore been fully utilized.
[0068] Such optimization of process conditions using high levels of dissolved
oxygen and high solids retention times for total cost minimization and
exploitation of the influence of high purity oxygen aeration systems on process
operation yields numerous benefits and commercial advantages. Such benefits
and commercial advantages may include: (i) improved settling characteristics of
sludge when the aeration basin is operated at elevated levels of dissolved oxygen;
(i1) reasonably low power costs to achieve elevated levels of dissolved oxygen
using high purity oxygen aeration systems; (iii) reduced sludge handling and
disposal costs as a result of reduced excess sludge production; (iv) increase plant
treatment 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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13. The method of claim 1l wherein the step of introducing oxygen to
the m xed liquor in the uncovered activated sludge basin further
conpri ses:WO0 2009/0293f r oduci ng oxygen gas proxi mate the @0TAANYSI@PS6a
draft tube and inpeller assenbly subnersed in the mxed liquor in the
uncovered activated sludge basin; agitating the m xed |iquor
and oxygen within the draft tube to dissolve a portion of the oxygen
gas into the mxed [iquor within the draft tube and create

undi ssol ved oxo@9NFRUPBIceRrdddMigNg Abul ot @IMBhE theOfreRBE WRERON
about 0.3 nn1§¥% g 0_nn1mjf%?ngihéﬁg?gyﬁyﬁgﬁg?iand queﬁﬁigﬁﬁafbing
t he oxygenat ethusi Rewides gueysteahdndnaicthed| ipe dheaastipaierh|shxige riregtmens of
uncover ed act Lyaketes LIS AANRY ofldissddiPbNOE: Qbed Pt Gigh sludge
wast ewat er conprising t steps of: recei vi'ng a §tream o

wast ewat er i ntraergionitixed ahd/quinph solidamontergov greadraion basat echcsbateygudge

basin; 1 ntroduci.n n.to the, mxed. li r i.n the uncovered
netivated b uioun oY IED et aTetie et Roh R BER S D etfed
activated sl udgrifltaskembodiments I &A@V prgcasdq3or ddsedlated  tthe@ewitty € dminhdiolar
to aclarifier and separating sludge fromthe mxed |iquor in the
clarifier to m@&f}a@fﬁnﬁ@f FATTHEARS S8 b AR GNSTROaRY (thas SR dagae art
stream without departing from the scope of the invention as set forth in the claims or

sacrificing all its material advantages.
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and recycling a portion of the activated sludge streamto the
uncovered activated sludge basin to produce a m xed |iquor having a
solids retention tinme of between about 7 days to about 40 days. 15.
The nethod of claim 14 wherein the step of introducing oxygen to the
m xed liquor in the uncovered actiy | udge basin further
conprises introduci ng oxygen to pro(%l'g@ig m xed |iquor having an

aver ag®hdi sshim@lds:oxygen | evel in the range of between about 5 ng to
15 nmg of oxygen per liter of mxed liquor. 16. The nmethod of claim
14 wherein the step of recycling a portion of the activated sludge
streamit o t Aendinclef erathgacticwatecnplisidg thelseeps of: f urt her produces a

m xed | iquor having a salids |oadjng of. hetween abaout 3000 n -
Zbout 1000076 T 5F " St ot Run Tl ekt RRLISGR il A8 besi
The net hod aitrodhciignoxydenoehe inixetl Higuaviartagenchyaedadtivated elsdgbesia td ipmeuce
i S between ab&yt 2 tlgurs to abouf lﬁdhobur.s_. 18. The method of claim
17 whePEXNF CREIEHIBMSSFCYFTE e Wice PYI$E 8t ween about 0.3 grams to

0. 7hg(r]I an? O;f)as'éiﬁg al postispentie dnisal ligisor pe thegtmove@éd BODatee Rdgd basinl throubhex
met hod of claim 14 further. conprisi t he _step of ozonatin ortion
of  t he SPRRIE [LEFPERIFAG edalaa g medihin e SHITGY Syt i Aythapd Sl sfeam

conpri ghdig the steps of: separating solids fromthe stream of
wastewater in a primr larifier prior to receiving the streamin
t he uncover @ﬂ}’%’@g ia\pgftié% og th&@%v wlge stream to the uncoveged activatecf ﬁu ge basin to

produce a mixed liquor having a solids loading of between about 3000 mg and about 10000 mg of

suspended solids per liter of mixed liquor.

2. The method of claim 1 wherein the step of introducing oxygen to the mixed liquor in the
uncovered activated sludge basin further comprises introducing oxygen to produce a mixed liquor
having an average dissolved oxygen level in the range of between about 5 mg to 15 mg of oxygen per

liter of mixed liquor.

3. The method of claim 2 wherein the step of removing a portion of the mixed liquor in the
uncovered 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 an activated sludge stream.
4. The method of claim 1 wherein the step of recycling a portion of the activated sludge stream
to the uncovered 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.

6. The method of claim 5 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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receiving the separated solids and a portion of the separated
activated sludge in an aerobic digestor; and oxygenating the
separated solids and separated activated sludge in the aerobic
digestor. 21. The nethod of claim 14 wherein the step of introducing

oxygen 7.t 0t JPE& sg;'s?él%q)f Iclaﬂ}ll 9 rwlfeﬂ:'b& tlﬂg Séﬁrﬂlﬁg yx%égqesa&tthé/ ﬁﬁc@g séda q]%%r&?ﬁlle Thixed
further conpri ses: i ntroduci ng oxygen gas proximate the entrance
of a dHhafor irt thbelanfi areghetatterized s e slvklge wlbneinded fibatwebeaboukddo [7D.quor

in the uncovered activated sludge basin; agitating the m xed

I iquor and oxygen within the draft tube to dissolve a portion of the
oxygen8gas T gystehefriaied whegiothe wddeispparhiel floratie mivdkliquodinghedsréfier has

di | ved . bubb havi di f b
about 0t SRS BT et et B PerBe ana - © ai sonar gi ng

t he oxygenated m xed |iquor and undi ssol ved gas bubbles into the
f enhancin

uncovered a 1Eivathg(ﬂ | udge basin. 22. A methaod .

waist ewdt er  {PCRONEHET B at Fora Hs PPt g i L @ogEomprts a plurlity of
uncovered sections and the step of introducing oxygen further comprises introducing air into one or
more of the uncovered basin sections and introducing high purity oxygen into one or more of the

basin sections.

10. The method of claim 1 wherein the uncovered activated sludge basin comprises a plurality of
uncovered sections and the step of introducing oxygen further comprises introducing high purity

oxygen into less than all of the uncovered 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 uncovered activated sludge basin;

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

oxygenating the separated solids and separated activated sludge in the aerobic digestor.

13. The method of claim 1 wherein the step of introducing oxygen to the mixed liquor in the
uncovered activated sludge basin further comprises:

introducing oxygen gas proximate the entrance of a draft tube and impeller assembly
submersed in the mixed liquor in the uncovered activated sludge basin;

agitating the mixed liquor and oxygen within the draft tube to dissolve a portion of the
oxygen gas into the mixed liquor within the draft tube and create undissolved oxygen bubbles having

an average diameter of between about 0.3 mm and 2.0 mm within the draft tube; and
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i ntroduci ng suppl enental 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 xed |liquor; and
recycling activated sludge to the uncovered activated sludge basin to

produce a sgl i 0
of suspend egi éhgf%’ sﬁg e ?%e%tgﬁr) %&eﬁ]& 9;?{1: ‘&gdgsggv% %ﬁn‘%bgrrig%) ﬁ{ct)% 1‘h((:')'z“‘f oV Bed
enhancadiyated sitiégeatasin. t r eat ment operations conprising the steps of:

i ntroduci ng suppl enental oxygen to an uncovered activated sl udge
basin to produce a dissolved oxygen |level in the range of between
about 94.ngy Aandtmdad tredting xwagewatpedonipritiag thefsteps ofed | 1 quor; and
recycling acti.va ed activated

Ty m b R & e P R RV LER: B e R e neRS B8

days. introducing oxygen to the mixed liquor in the uncovered activated sludge basin to produce
euoxic conditions in the uncovered activated sludge basin;
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 an activated sludge stream;
and recycling a portion of the activated sludge stream to the uncovered activated sludge basin

to produce a mixed liquor having a solids retention time of between about 7 days to about 40 days.

15. The method of claim 14 wherein the step of introducing oxygen to the mixed liquor in the
uncovered activated sludge basin further comprises introducing oxygen to produce a mixed liquor
having an average 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
to the uncovered activated sludge basin further produces a mixed liquor having a solids loading of

between about 3000 mg and about 10000 mg of suspended solids per liter of mixed liquor.

17. The method of claim 14 wherein the average hydraulic residence time is between about 2

hours to about 12 hours.

18. The method of claim 17 wherein the observed sludge yield is between about 0.3 grams to 0.7

grams of total suspended solids per gram of BOD removed.

19. The method of claim 14 further comprising the step of ozonating a portion of the recycled
sludge.

20. The method of claim 14 further comprising the steps of:

separating solids from the stream of wastewater in a primary clarifier prior to receiving the

stream in the uncovered activated sludge basin;
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receiving the separated solids and a portion of the separated activated sludge in an aerobic
digestor; and

oxygenating the separated solids and separated activated sludge in the aerobic digestor.

21. The method of claim 14 wherein the step of introducing oxygen to the mixed liquor in the
uncovered activated sludge basin further comprises:

introducing oxygen gas proximate the entrance of a draft tube and impeller assembly
submersed in the mixed liquor in the uncovered activated sludge basin;

agitating the mixed liquor and oxygen within the draft tube to dissolve a portion of the
oxygen gas into the mixed liquor within the draft tube and create undissolved oxygen bubbles having
an average diameter of between about 0.3 mm and 2.0 mm within the draft tube; and

discharging the oxygenated mixed liquor and undissolved gas bubbles into the uncovered

activated sludge basin.

22. 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 uncovered 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.

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 uncovered activated sludge basin to maintain a solids

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