SYSTEM FOR ACTI VATED SLUDGE WASTEWATER TREATMENT W TH HI GH DI SSOLVED
OXYGEN LEVELS Field of the Invention [0001] The present invention
rel ates toweadMWeds1and systens for wast ewat er treat nentPCVEh2IN80&979
particularly, to the efficient operation of an activated sl udge

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

wast ewat er . MwsHiNFEReACTYRS TEDEI @ DGE S84 SEINW ATHREMEEA ERMFENIY WIEH! he
activated sludge processes have been devel oped over the years with
each of the different systéns Mgl IR L. EVEO oper at i ng
characteristics and different benefits. Fig. | is a table that
depicts the operating characteristics of nost types of wastewater
treatment arrangenents enpl oyi ng activated sludge process. Each of

t hese wastewater treatnent systens are sunmarized in the paragraphs
that follow [FX¥)d@3afthelevadionvat ed sl udge process is a biologica

wast ewat er treat met hod, i n whi ch car bonaceous, organi ¢ matter of
wnst ovat or 1 o TIE e Ay R S e POROR Ft SULEH frmgasevas
processes (€. geat@cfMill mbRAaA G I[y%, thél e RSt BporatiBAVEST RN ctivabE sthdgeThe
activated sludge process preferab %Voccurs i n an aerobic environnent

wher e oxygen MasteyASUREEMent sysign i@ high Ipyoksafidissolypdionegt-adat i on of
organic materials and by-products of carbon dioxide and water are
formed. [0004] An activated sludge process is characterized by the
suspensi on ofﬂﬁﬂﬁnnnnganisns in the mastemater a mxture referred to
as the m xed I ctlv ted d re_desi d on
the suspended WP MosGRUERIERL SR RE-P e BRRRp RS F5 PRG35

| oadi ng of t herosesitevater coaamirpisdoanthe dvabiywhier Mmdﬁaemnmawa@mmgeﬂ

demand (BOD) and/ or em cal ox COD). The M.SS represents
e ety BPaRh e B0 o R Sl Dloiesit s BNE DOAE GERoRe

over the years with each of the different systems demonstrating different

CE !.:L.L.J_

operating characteristics and different benefits. Fig. [ 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 thc aeration basin, while the organic | oading
typically determ nes the requirenents for the design of the aeration
system [ O0¥03PuymaEslact i vat ed sl udge process i s preferadlGI/UReE/ 6479
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
treatnent process to renove suspended and di ssolved organic solids. A
primary clari bighic atyiRisCl it MsRehn§ Basig UeRiIO WK oS8RRT BLERD thHCAR]
After primary treatnent of the influent to separate and renbve
particul at e s@piednines therqayremenis for therdgaipn gbtie agratiosysleMat i on basi n or
tank where th iy at u 1 Sod 0t f rd in
nore detail hZ?@?L?H?'ﬁgg\éag‘%duglgg%eoggeﬁsﬁ?g ffﬁgh%’lrg%gﬁatslﬁa} '? E%ﬁade‘}r%gd?]i on
basin is receiwastdwhigr fcgmenipracaps of aystdni,erhich irwbides h rpgimagn kreatwhet of
flocs of mcroorganisne with their adsorhed or.ganic terials sefttle
out - Thi 5 sepuiar Fon gy B} I gbmeil of PR PIGERF SRRt cn
is often furt bmtgd iecafiethet Peat@om \peodesy toframotagkmhided aniddissobae guenic y

di scharged. To control the hiologica I OCEess, ortion of the

sl udge that s&Udse/3ipare chgtierd @fcahﬁgseélé@bw&]éﬁ?&é?%qnﬂ‘er are
returned to tl[mmaphﬁ\éa%ma@lﬂéd%nbaﬁthe iﬁﬂﬁntato%@lfatrat@@nd fentbive PRARMIaRS
part of a waste activated sludge streamfor further treatnent, for
exanpl e to a adidsbihe inflpas tsetheppenb it an agiglipny basimpidiank grhgicolbe getivated
(thi ckening, deual lok0is Sliiadd, ok WTed Ty AcSOBUENLLARA TRCLINRES

sl udge process the prinary e uent and acclimated m cro-organi sns
(activated sl odgel bquobicaitmg $he acreticre batireds feneimedohp ianscoondagnklariBfrt@ar a
suf ficient aer 1jn0rt" e‘rv'hord t‘h% fl occgll ent atgltﬂlva,tqe,d s# udge sqlidﬁ
are separ at ed P BT VRAE TQUGTapicoRTEnEI it QI gdsarbeq piganic pperials

gl ar ihf i ed wastataber 'lﬁllgs(w?affaﬁ?ﬂv@f ?luﬂgd‘ pi%:;l(t;lﬁ?e:fala‘.flea'iw I’v&ﬁ%’r’ﬁi’rﬁfﬂ@&’nt which hs

i scharge. A portjon of the clarifier_ unde ow s|udge is . returped to
the aeration BEH firderireas tﬂgﬂWW%@%W%%}ﬁ%%ﬂ%@tw%h@mf 8

the basin andc4fi@l iRNGHB:RA p%éégg@. postioNesTiRAs ot st sehidde end e 410
portion of the treatnment plant. Typically, the conventional activated

sl udge syst enh§pepanday carfigr &5 feayraddo diie aotigaed sludggsingynd apartiorgis

di ssol ved oxy : .. at I : i L ent j.on. .ti

of “onl y 5 o 15Posad o€ pafh o2 Mbte AcyialHitee Bndl KSR RLERLA AR FIF
hours, a Foodetampi4 do corgabicsdngesadri ar ofhealsolids BarRllitg Pockss &thickening,
Vol unetric Lo éji r%%. of tagout 20 to 40 pounds BOD per day per 1000
cubic feet and™% &gy%f:" rati o of between about 0.25 to 0.75 [0008]

I n the conpl ef(d0y} M ¥ecbnaeitiovall eclivaleddgadger pRess, the Ndrirkent cMaGi eadt er
and the recycl ed sludge are introduced yniformy through the aeration
tank. This al FGvE™ 3@@?&1@6%@@@%@%@ ‘lr[ﬂ“?fﬁ%j AIE 2EHIEIdR A2 8N
tank and addsqopgkahi@nakuribidl dekdion WABHd, the Abéditnd Q&%wh%ﬁﬂ@c solids
Aeration tine ranges between 3 and 6 hours. Recirculation ratios in a
conpl et el y- mi &&dsappeatadmiian |the ayrgewricomnse sesonddty éardient Thahdarified
conpl et e- m X i t ti.slighthy hi SS
ovel o than camoraneHoRt Jiam I GIMARERRT R BHES ARl ol oy
si mi |l ar di ssotlefieroxdgelow gudde mtretmbedtto the ecr@iampbadsinafod nsivingdeith the
retention tine.of 5 to 15.days. .Because of the .enhanced.treatpen
Capabi 111 es BiemereBAgnaiRY it RaERi Sihe iR phoge s MR R e
requires an agtétd amdlinfepdfion offlyitle ataticniReflant TYpPicdily ethef conidntiodalt O
5 hours. The typical Food to Mcroorganism ratig 1s about 0.2 to 0.6,

a Vol umetric téiaedgludee s operates al YH-S3dovelepf dalP 19e000ng/Lovith @
feet and a Regﬁﬁﬁl\eed%?%éh 19$e|1 Q@Eb\ﬁﬁ’mo%%g&ggscﬁés Eé?er&iog_tim%%]éll\{%qaded

aeration activated sludge plants are deSigned to provide a our
aeration peri daysf ohydrawlicoeiganerctimoaflebes 40b 8 lewiss, & Hand 25 Mieraorgsgnism
bi ochem cal oxygen demand per 1,000 cubic feet of aeration tank



[ 0010] The cl osed-1oop reactor, also known as an oxidation ditch, is
a formof the extended aeration process. In an oxidation ditch
process, tWe2Mde¥Water is propelled around a | arge ar @&1/UPIHB/A64979
racetrack-configured basin by mechani cal aerator/ m xi ng devices

| ocated at one or nore points along the basin. These devices
typically are either brush aerators, surface aerators or jet
aerators. The velocity in the basin is designed to be between 0.8

and 1.2 feet p&iosreeaRd.2 M) alVd@néthe Lexdignskatoaenab hoFaom{d@ms et he
oxidation ditch process typically operates at MSS | evel s of 3008 to

6000 ng/ L wi t HaaperdROQrubioieqlemd ergeysls rpiéq el betyeengbpt 028 19 8.78 ngy/L, a

hi gh sol i ds r ej@g rlpﬂﬂekhﬂa{ﬁe@fy.ﬁﬁ&gﬁﬁgzak@ s giﬁ{%c&@yiaﬂueﬂ?%la%gt@lt AN

ditch process Is also c acteri z y a ve ong hydraulic
retention ti mheofecpdberlisludga ere3dittaduned , unafoffolydthtamgM the eeagemitadn Maisi o
of about 0.05 1o 0..30 | ow Vol unetri.c. Loadi ng,.of about 5 to 30
pounds of BODap%WS é ry u%@?mi(%bgegu ?n&ar\‘degfm“zﬁgla&aﬂﬁe%?%qo@ ﬁg{(l %nd;adds
about 0. 75 t ooperhtibnal Qelilify Whaphtréatihe shakabidsnAaGtiow dinedasdes dgeveen 3
process typical operates at hi gher M.SS | evels of 4000 to 10000
mg/L but wit _ha%fl ¢ Bvﬁag%%?%wndg &h @ CRPBIFICF MEI5E gyt ! @nﬁ@?rg, A
nore conventi @nako pelckls ThetoOMpleRMnixl ABivALd 3ukBe dFhthperatbhQt Rligily
rate aeration process is also characterized by hydraulic retention

time of only higher MLASUewls thanicgrverbon! systaonse ixmitelnt 390 et 4090gng/L

eDout, 0,00 RO, Lo s sl PR RO

bet ween about ofl5 @0 ahda. Because of the enhanced treatment capabilities of the complete
mix activated sludge process, it requires an aeration time or a Hydraulic Retention
Time of only 3 to 5 hours. The typical Food to Microorganism ratio is about 0.2
to 0.6, a Volumetric Loading of about 50 to 120 BOD per day per 1000 cubic feet
and a Recycle Ratio of between about 0.25 to 1.0
[0009] Extended acration activated sludge plants are designed to provide a 24-
hour acration period for low organic loadings of less than 25 pounds biochemical
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 acration 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 acration 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 closcd-loop rcactor, 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 aerators. The



[0012] The Covered Basin - Hi gh Purity Oxygen (HPO) activated sludge
process is characterized as a system such as a UNOXTm or QOASES Tm
system thWoO 28ep4128818 a covered basin and direct i nject iRST/URINBIOEHITY
purity oxygen in the mxed |iquor within the covered basin to achieve
hi gher di ssol ved oxygen rates of between about 2 to 20 ng/L. The
covered basin systens typically operates at noderate M.SS | evel s of
2000 to 5000 ng/L and a very short solids retention tinme of 3 to 10
days. The COV%%@quﬁﬁh@béﬂF&s%ngﬁﬁ&o b b@lveén @B%ﬁ@@@%dt?@ldscgé‘nd Much
hydraulic retention time of only 1 to 3 hours, a Food

M croorgani s mhﬂ@tﬂiﬁ’o@@‘fnda%éﬂﬂﬁ@ mscqse) the ggdationtdigh PusesnBpicrly ersaRieng

2 oo 00,0108 A g AR 00 o

activated sl udge ibrm@/bsgelsgh d@sﬂsrmt@adorabmeqf tedwc &0 laad g6 daysuntle of
wast e sl udge that ire rth and. di sposal ..

hna i sposa SreagRE e Fatt 1 ke, CERHETE &7 W vk I B E RN
typically aCCmufetoffabﬁutkS&b\Bﬁelﬂuﬁb@Hbocﬂﬂé Mﬁ%o@éantshﬁrah@bﬁhbdﬁ’c a5 to 0.30,
operation cost. The econonic si g ifi cancep@ﬁgu@ﬁoo robI em.js

i ncreasi ng, dédoVoY HBMETSt[adpe arb@@fu‘f ® rBQP 5T dre pes 1§00

costs. [001/&Lb1€>sée$5ﬂcrm&%1@mﬁoBpﬁboq@@bs Ro1Lye.th the renoval of
sl udge include transporting the slud ge to landfills, utilization of

sl udge for | ah#ldppighcests mratcmn 2AGIvRtE |studga|prqya$8p@s@gﬂy aprfates at higher
I nci neration ghéé‘% E‘é‘i’ Boo ltdql@ﬂym%%u? th §lol¢\q8f§so$' &%gén Ilegel of

landfills is elnggase out applcatlon

becom ng nor e abdutildd Byng’bgunateedntantipnad velitls retentiondimmerftSatb lamidydﬁe'ﬁiet h

ri sks due to hoge

el nerati on SRS guRiALbrok LA SR ERE D At RS ERe LS YR o

air pol | ution2hazakdiss, alhigh Feod h)ewlﬁcewlgmﬁﬁyanoemamanmmcall S0padighost

i ssues associ at ?d wi.th sol i ds. handl i ng@ and di spgsal , ‘iﬂdl s benefi CI al
PE

to ninimze tNORRRIHEowingRl abaw 190 (R §W0soyairt BGIA] ﬂeé\‘/\%l)(oé%“

Lreat ment proggesd o KEPREDCAIABR bERIOS aiRB1 olafld She above- descr i bed
wast ewat er treat nent oper ations is electrical MB]OV\BI’ Current aeration

systens used (M13hEhekarased B@selat Hright Pysite Rxsgany(biPOA lapijvatedusige procaisr e
than 50% of the.oyeral, rL.d '%5 sPc%Y"esrucff%@S&‘W(bﬁm oF’Q_‘g)@é SOS{ S4B Shat
ue ctricity-ratés, and

i ncreasing su stantia oraldly rising ele
many el ectri ccpolugs ambvdri:ct bazg M\,cbret:mngaetmdof/\high @umyeuxygmatthennxed

pl ants for po sible electric r. demand r ction

Theretore | nEnuh infincBt ofrBS HFtindBCRiiF difet FRDel.aRtsth, Pies: thent
pl ant oper aL [ ngw@ashlsout Drtolmhng/tdU'I:l%dcrﬁr@iée'tidﬁmh%@ﬁ?mﬂ%y@fjﬂlydbm&ﬁfh
costs together r cos vin u of the |Invention
[0017] The pr &% e lﬁ&gﬁtwﬁs %fﬂ%eéo%m R 24 ackoss Sapriaplida peieion
treat ment Syshﬁl'g‘df@%rl'(}sda?rg (rh% C%Oex’édi‘@‘aﬁﬁf}ﬂfb ?chbéé% ado %wga&ul@a%w
adapted to receive activafed sl udge and an influent of wastewater;

(ii) an oxygehmrmdw r§§®§ﬂ@h’ﬂ@de§)ﬁ@éﬂ kto eréde@ocbwyl&moqrgammraﬁo@d
l'i quor ! nt he dl @d Lédﬁigh Q)gﬂrﬁenaé fLoﬁam% 0?' dtfl'O lto %91)'%5&&13 dat

t he actlvateds aS| 0 separating hes e from
the m xed Ii qBﬁ)tD/dzgqer veed cfubmrfmttlaed a&cm&dlosjfﬂ»dg\eeﬂnalmmow)tqﬁ 6eluce

ceparateq i ulBast bBhy BhRoreky Ref S dedriERessry St B AiiEygrodcs firg
characteri sti gso@fts bheanesheyaiher rdpie@ iRt trsymeRnandr@spohal rempitxed

liquor in the activated sludge basin has a solids |oading of between
about 3000 ngaihéispasy Rl cxersedludgs Bem svisisentse Healpentgdants 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.



per liter of mxed liquor, and the m xed liquor in the activated

sl udge basin has a dissolved oxygen |evel in the range of between
about 5 ngWoGwER#I1 of oxygen per liter of m xed |i quorPCI/US2008/064979
Alternatively, the salient operating characteristics of the

wast ewat er treatnment systemare that the mxed liquor in the
activated sludge basin has a solids retention tine of greater than
about 7 days and the mxed liquor in the activated sludge basin has a

di ssol ved oxquu? e¥Rting méhedsr agacaingboimean aheihl JfMBuiQ ke 15
ng of oxygen per l[iter of mxed |liquor. Brief Description of the

i
Drawi ntzs [ GB1gpPrtingebaskies %@nﬁl&ﬂtiﬁw@e%ﬁmg%ﬁm@gq apphigation or
advant ages of i.n i i L D
T Pourae o IALE oA AR N ot TR SRR oo d
conj unct i on widishogahen fleidfdlai isgbadngawhargd , outtvexdeland dpplice@ipn Rifgsludgei & a

table that depicts the typical eratin ar anet er,s, of,.prj.or . art
activated sl udsonnPorestdibondil rethal ahiingrond pRat s dheo
schemat i ¢ r eppatheginatndioxficompomatsiiy dleathdpa sLikemaise intine@atiomsishdysisem
i ncorporating an enbodi nent of . the present ?ste@Ean prgcess; [0[1021]
Fig. 3 is a cARPENEE RBHEQART PUSFs #aisnial ik BpIBHI0B agads- dPvanp the

characteristi @@gu&ftor?,r érﬁrﬁroﬁ;h&nt_ﬁ@%ﬁ@‘é@ét%su&df eabABRE WS h@ﬁkﬁin@séndt he
wast ewat er treatnment process in accordance with the presently

di scl osed enmb8upesehtikts JepdfEm! tepunimize e apeuie! expess sludggproduced in a

conparativel y depl et sysehgihadeQperating characteristics of prior art
wast ewat er treatnment systens agai nst the wastewater treatnent process

i n accor dance [#ilfhAnéibepriagentdogt dins theo sbdveddsodheade ntastewh®028¢atiieny. 5
is a chart t hatergt?d%iscit‘ S, sc%ciatis et e\r%té‘i{ront t ir,crirte agai st Qﬁdf aul ‘ité:water
retention tinBg Tor prior art PRast ewater ty e}ﬁnrr%ﬁf RS
conpari son t otrtitmen plsgn ttyplasiy eraplesint icRAtiERNI0% WS tieNbandll prRbhp6kcr
consumption. Power costs are increasing substantially due to rapidly rising
clectricity rates, and many clectric power utilitics have targeted wastcwater
treatment plants for possible electric power demand reductions.
[0016] Therefore, there is a significant nced 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 be characterized as a wastewater treatment
system comprising (i) an uncovered activated sludge basin adapted to receive
activated sludge and an influent of wastewater; (ii) an oxygenation system
adapted to introduce oxygen to the mixed liquor in the activated sludge basin; (iii)
a clarifier coupled to the activated sludge basin and adapted to separating the
sludge from the mixed liquor received from the activated sludge basin to produce
an effluent; and (iv) an activated sludge line adapted to remove separated sludge
from the clarifier. The salient operating characteristics of the wastewater
treatment system are that the mixed liquor in the activated sludge basin has a

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



[0024] Fig. 6 is yet another chart that depicts solids retention tine
agai nst excess sludge production for conventional activated sl udge
wast ewat er MOr28eieHl systens i n conparison to the presdiT/iEzoispetvad
sl udge wastewat er treatnent system and nethod; and [0025] Fig. 7 is
an illustration of the preferred enbodi mrent of the high purity
aeration systemsuitable for use with the present invention.

Detail ed Description [ 0026] Turning now to Fig. 2, there is shown a
schemati c bl ogkr HicA8f AMcANiqRoMast BWatigdd Ilicl:| ﬂrﬂﬁ@ﬁctﬁ‘a%ﬂtslud ¢ basin has a
incorporating the present enbodi ment of e activated sludge process.
In prinary tréasehed oxyzendevel inthe mage ohhsvenmelaut 6y ta §5 sufesyeen to
sol1drliauld %Pﬁt@%&f@ﬁe@ §iQ66S 2 Rmaft ) (A LR oLkl ddc'f'e%sh& e
primary clarifier to'renove easily separa

sl udge (23). 'Waetepfaierrmeymsm sybeemmase thet th@rlblxnédlqmlt m tbﬁstcavaacﬂ sludzgeed

sludge (22) for .further. tr ment t dls
Sepaatoty) Tisi s fio R R predlY 1R bR A Ry B TR
stage, subst ai tt@lakttvatedetudpt bpdf hiscadisdobred rody@aswey irsthé dngel oﬁl@dttvé&
flows to the s condaré tbgeat ment . st age. 5:1002 ondary t r eat ment
stage conpri s@8O% RN rabowt | PRIy &R ditss ‘élH‘Efndary

separation. The activated sludge process occurs in an open or

uncovered aeration basin (14g wher e biol ogical activity consunes the

cont am nant s iBai S fit awi . Generally, an open basin neans

aeration basi it h
; [[‘&01%E%Le %gmvets #Pé LR I ﬂlec% PRfRed Und aa%@ﬁg?ﬁeﬁgnﬁﬂgg %%)s\%t

the anbient a her e or w thout’ an ent¢l osi ng
provi de the oxxyvgetmmerdtlbd rhcye apmqmt rfaton ohre fotidwiret adoot idstailaf d¢sheption

bi osol i ds, our ce of QX% dded,to.the ,aer.ation
basin, by sui ?1-;5 > YESSRIS Zfﬁ gtloél ‘ﬁ’%weg‘t}f“{‘% Gaviper WA on system
(17). Any typegooad) mgghn 1§>urtalil<y X MgREs aRNtypicill dp@ratigy ipRaBRtcradihriod RR! Y

systens can be us%g fl th ou h an |-SO contactor, available from
Praxair |nc., 8F4[E4StH S%Wé*r?‘ij"t‘éﬁet@“%‘iﬁ‘?ﬂ@%?mor the present system and
met hod. Howevgmzopt: b i§ ¥Re&ntic E‘éﬁ&c@t‘dﬁé& b!f AYGE B8 Yk Whtcr tr&ﬁﬂneﬁl ng
a Mxflo system or O contactor avail fromPraxair, Inc. may be
used wit hout @@mmcw@omﬁmmm prabegtiim pied 06fhemﬁ@elpirsw@man@y@p@m and

met hod for wa reatne ct £ g es
occurs in an i@g\gﬁg u%lcgsver ecglltd aﬂgﬁ 96&%?%“5 I dcénf%t %@:@%Sgpcﬂt%%
oxygen that priarotesticeobpadr af wasic\bmr maummlesystems Agansn shet Wwestchegdrr ed

pH l evel in the aeration basin,and maxi m zes, o tr fer

BFti ol ency | B69BEhSuRG A Ut wiR e Refisn oy YOS etRRPS S ar 11 er
(18), where gremeef ylgsenﬁd aighdrS cHaste that Qoﬁ@ﬂaﬂi&ﬂ)ﬁ depietsbicdealdi eisergiing
"activated sludge" romthe secondary effluent or treated water

(19). Most of Clﬂgﬁ@t‘%{lfﬁ %'ffdpré%l Frywagtower WY Systen agatpst é@cﬂﬁiﬁ%’wﬁ
clarifier ar etréﬁ&@ﬁﬁﬁé’ce&ﬁn&@&r@ﬁ%@wﬂﬁﬂqe%@éeﬂtl})’&@cl&ié@ cRBbMhRpACt | vat ed
Sludge line (21) to provide the biological activity needed for
adequat e tr eat®¥@al FigASsitap | dertpdet demctofsolidre reentionatiel againptdbydraulic

wast o act i vat G4 TEPhameS (o Pt Bhilnller REBER el FRIRAREH Al

and di sposal pmmaawateﬂﬁmtmérmyqtanedldmaethmd or effluent (19) from

the secondary 8 t on to one or nore

tort ary o reatdiedl b St ihobet A LR Aghds SN adoioR Pk psfnsl ot
di si nfecti on, sigfgd}R6ducBh edrlc@ﬂvcaﬁo&oamiv@@a bIQB% d Ref@dter tReMINLsystems
di scharge as fi naI treated effl uent 9] A variety of waste

sol i ds handl i ngcoamﬂa%tsb@apr%@ﬁ@tr%ﬁlvaﬁ% swasﬁ b'ésta\g@ar treptingrd 5y steipeand
separat ed sol jfdgolinpyhe Waste Activated Sludge line (22). Typical
post separation operations include gravity settli ng or thickening
(26) to increldskFig Zdbiaddlletntienct tdic prilmed ewhodisedt o thediigiy purtits

total volume Elecl)"atpoen sy&reﬁl@gltabtl 0"13"%1seedw1tﬂrt%|e%1ke%g ?mv%htlilqlge (26) together



100301 The present enbodi ment of the wastewater treatnent system and
met hod i s characterized by high dissol ved oxygen |levels in the
aeration bWOI2A%0aKlth produces a wel | -aerat ed bi onass fHCHOSRANAOGHGTY
superior settling characteristics and a reduced vol une of excess

sl udge. Preferably, the dissolved oxygen levels in the aeration basin
or activated sludge basin are in the euoxic range, or well-oxygenated
range, which is typically found in healthy natural water bodies.
100311 In addition, present enbodi nent of the wastewater treatnent
system and nethod is al so _characterized by an average sl udge
retention ti mietledDeserdption 7 days, and nore preferably in the range

of betueen abgwirey TN Ay 40 FARYS Ak Slobhl o WieFaRE §lcRL 3 l%agﬂé Reihe

range of between about 12 days to 30 days. exten _
retention ti meestewateningaimenttiptant, whcokpordimghhegresent @ntaldsnatt ofithe sofiwaed

oxygen reduce he excess sl ud ield.  For conparison poses w.th
eheorior ar t e RS RS el inRef yrobd In PR SRR T DB §Rectle
characteri sti essodid/lightl @paasdi peySiamurhds geivitp dettlinglin d@rinaod clhtificr

M cro-organismyratio of 0.05 to 0.3 BOD M.VSS, Dis % Oxygen | evel
' the act 1 vt SriEge B RPORoD S e anPEBEDEISEE bt PRy PP D
Vol unetric Lo%grb@ BbaRe With?RadiOackidbreP QHALS (225 fBHAXRE tred@YenD & nk00
cubic feet; M.SS level in the activated sl udge basin of between about

3000 and 1000be frgatpbpnd disposed sqpaately. iThe Reimant ¢ffenti(hd witingdhgpdmary
about 2 to 12 f : : Siovdd @
Recycl e Rati ong%h%lztt%ghﬁig tgllljt%rl lg'fge&%? %X‘ES@%%F@S%&‘?%E?ISC‘ Q%Hi@, flo
conpar at i vel ythdepiontsrytiieatntinsgadeved oxygen | evel agai nst the M.SS

| evel of prio wast ewat ey treatment systens inst ;the presently
di sel osed waot WAt SORELtsEnerh PRLE o RIS B R ML Thndro o8BS B
and M.SS are s&ondury GepastivnentThHenadtivaedt i shadge dpistesd g crsomess dpdn or
conplete m x activated §LudgleeiH ro ?gs 3, ex ended ageration and

oxi dat i on di t BREOYBRERy AFTBLOTS | o (170 cutde s bistoeiea efIVHY RPN B
aeration acti vaitafinaltydote pﬁiﬁ&ﬁﬁ?d@zls)c QLR Ay basdpan Dh@h nRERd dc¥ation
oxygen activated sludge process 59, and the present high dissol ved

oxygen and hi Binsofhatisaracubsiantially sprfilglo (sreroEs sexelange i with the, armhignt 4
depicts the dhﬁa%%ﬁé?éjw%w\%ﬂhéﬂﬁ'cn&&%@ h@eﬁs rbvqgc {hE b&Plten Hedc ™

il :
of the sane prior art wastewater treat ntds st'e agal ns
present high @irgsypiaech axd/genbalmd bi gl Bablids aawtice atf ectygdnughgg10) is

process 60. Di |y xvgen.Level s .[0033] Conventiopal activated
Bl e procestdEE g e FHHST LR R sulBRoPbat e . Boh RERLAYER, he
aeration basi geritiont dystemaige Aofy 9pdof Bigh piEfyloxyged bortadiihg sqhip@entaxygen
| evel of about 2 0 /L under average condjtions and i ssol ved .
oxygen | evel %Ppg’b%’lﬁ mg a0 ﬂﬁ/‘ﬁe‘x ﬁ@g’éﬂ”%é‘%ﬂ%%&@?wqt‘?r’ e g‘ﬁ'r%’rﬂ’ ;’raxw
under st ood t hgfc,ii§ pafidElharly QvdlBduitt @iy ARk §RRAI hiORRtbd. tH&vever
activated slugge floc a di ssol ved oxygen concéntration between 0.2

my/ L and 1.5 @eLiypesypf kigh pyrity. gxygerpsyptamy includingde dixde ystennor MEO

of i 17 et o STUArD Ay IERTHGH' bARRL BEUREPLE R WARR Reflte 1R 2" ©

di ssol ved scope of the present system and method for wastewater treatment. The present
activated sludge process occurs in an open or uncovered basin, preferably with a
cross-flow of oxygen that promotes removal of carbon dioxide, maintains the
desired pH level in the aeration basin and maximizes oxygen transfer efficiency.
[0028] Seccondary separation employs a secondary clarifier (18), where gravity
settling 15 used to separate the biosolids or “activated sludge” (20) from the

secondary effluent or treated water (19). Most of the settled solids (20) recovered



oxygen |l evel is maintained above a critical value, usually estimated
as about 0.5 ng/L. In wastewater treatnent systens where
nitrificatworroeg2asi red, the di ssol ved oxygen concent F&IIBRY8HNMIThe
activated sludge basin of about 0.5 ng/L to 2.5 ng/L are typically
used wi th maxi num di ssol ved oxygen | evels ranging as high as 4.0 ng/L
to allow a buffer for organic shock |oads. [0034] Wth the exception
of selected covered basin high purity oxygen type wastewater

treat nent opefpkhOB&onddd iR add bet@Gibd @R aShiidl0Bad QLLHR DR&BM
wast ewat er treatnment systens enphasi ze the use of | ow di ssol ved

oxygen | evel s AsHtated Sdes Hae(2dhér provida thyr bipksiceleastivinresded for pdequate

el evated |evelg,f.,dig %LlYe?goﬁ’l)égg?ﬂrg %ia Cole PRYSLEH J'lﬁﬁg{h? e%ess %ludge

di ssol ved oxygen are viewed as di sadvant ageous as

| evel s of di sgoiwtkan txygen, meerb@redmd W&sta marveadesltpigwéwﬁa?ﬁdmca(&)t al

costs and other co i but rfor nce praobl a.oee, for
oxanp o pr 1 ofrdusf P ofithérehinB b BT PO REGBER \ILF stasgy vl or
Tr eat ment Pl aeffiient (V0 fe6m Efe\/sleéd)ﬂﬁ@rﬁlarﬁ“&d €I8atis RefelbR) Bnt(cbAB8he or more
"Eval uation of Feasibility of th dﬁ to M ni 'lze .Bi opmss Production
from Biotreat HREHRTY treimepiSiges § g}c ary 13513%% "E“O‘St‘{’m?fgmoeze‘bﬂ‘)“‘
and "Aerati Onae&ﬁdﬂ&'c@hﬁ&aﬁ&ﬂth@fe@ﬁ%ﬁ% d1so$§ﬂ§€§s final Megkd effluedi(h4)i am C.
Boyl e and H Johannes P8pel, (2002) éOOSS In covered basin high
purity oxygen (@8t dwariely of W@a&eﬁems hapdlingnand dispesahpRiraiipns magbpgeed to
within the COE@%&%Q St d%ﬂd%ﬂlethgw&?@AEﬁ\%%fﬁﬁd flﬁdec(gﬁj‘ci‘{;ﬁ)!}g BLe"

are markedly fere an the present systema ver,
t he headspace sqiarawlen toheratscmsf iacledofravite setilgdr thighaving (263 toz: mcee"ae@ the

P19 whi ch 1 0GR G Bab ARNib e OB FRDRSHnE T b8 Rl 18R

concentr at i onThidkénedt didlRr R6RttoRSI R izh ab@\partanlmpecmcbaﬁepﬁra&msamﬂg
Thi s excess car.bon di oxide wthin theﬁicovered basin % m_| eads to a
bui | d-up of cBFBER; Eeapen Gn thepebsireated 11y iagrobic) Funaor arefeﬂrv Ry oppgen

m xed |iquor aidntdahbdbbit ngotegﬂz:ﬁlafdactbﬁspﬁﬁ Qbcstbe (@D & r@mbd \ﬂxé ¥olid?
the basin. [0036] The present enbodi nent of the activated sl udge

process basedcoman @fidheratte shidaehy caywrieng iids aralsitherrrasthang ascattioe

di ssol ved oxy eyel a o [ p t
di ssol ved oxygﬁgld}: %[ S Jlfhn tgaéblglc |\gvg%déd§bgﬁud%§fi tgg?aglyoﬁlﬁ&acgé(gq?%lﬁ&

basi n of aboutlevatamg (£3) stgpfuchasgentrifiegation befiliofiomitx ealuke gwovalume,

[ 0037] Wwater odLes d lev of. dj ssol ved.. o in.the
Fange. of - aboutoa & ik SR S Bk sl PSR Rl e Pk
hypoxi a whi chvaransf opurstins,osiglyandduddll, lahtapslicanet @sfanhd Bs fenieles, @f
di ssol ved oxygen in the range of about 0.2 to 2.0 ng/L are

char act eri zed™§¥'¢@80%r el y hypoxic, and water bodies w th dissol ved

oxygen level s d@@b]olf\h@ﬁ@é&lt anl?odiﬁéﬂrt FFtRe (veiteRHeraR@¥h&t WHGH oI 8lR%hod

‘W t hout oxygen".  Conversely, water bodies wi th dissolved oxygen

| evel s above ishehascieriged Oy duglo Aissavadeorniger devsisatnl theiagradine d9sinovhgho
ng/ L at about t reQXi

par poses of ¢ Froatees SRl RHARFHRSERE LBl curlEl oo PR Ksice sl

shal | refer tmdmmiero@mmﬁ@qcmqrsgldge s?cdfareldydkygmmlv@\mdygembaclq in the

saturation aga| t nospher.ic air., For wastewater treatnent
operati ons, SUBRIC BT SHesed i Lioesrin, fe Patito B tHEF Sy
bet ween about ogofatédraff) Which iSGpicalylforie nthcalehy satdrhiewatéd tedrkved
oxygen | evel rreasur ed in the aeratign basin at tenperature T ; and

Dosat is the [083Llsk) addiiopxpigesnt pabedimgnt %faFPWV&EtFU%Fe]i feakmpm Sypem; ad g r
at tenperatur ﬁleﬂiod id Qgégﬂary&érrkea '11@ FnOfBaeL ngdécnrefgnﬁgn nHeqn YELEep 70f

t he activated sludge process pehds on The tunctioning of organisns
known as aer Oﬂ)ﬂl}’@, h@treo@tpr@“pwbl,y lpahet fapgé af bgtwednodwuivhidays tgr‘@wldamohnd

thrive when frgely SUSPERGST e Ge WRENR Shoul S L1 AL HoRNS



renoval and in terns of the sludge settling properties. This
preferred range of dissolved oxygen level in the aeration basin is
bet ween abW&Otz0®/@931Yy/ L and about 15.0 ng/L to opti m ze BEATUSHBEMEE Of
t he aquatic organi sns. [0040] Activated sludge from aerati on basins
havi ng a di ssol ved oxygen | evel above 5.0 ng/L tend to denonstrate or
exhi bit enhanced settling characteristics. The enhanced settling
characteristics of the activated sludge, nanely the three to five
times increasexichdedahidet Rdentish @edck Yn cotljlmeiod Wah BHeas gt V8IS bewabidved
treatment process to operate at or near the maxi mum | oad capacity of
t he secondary o8YgsRiredusessthe precspplydee Wsldgdiar peiprarisompepescs wWithihg piien so
freely allow Lic, QX0 il th iR ANl Ahe bl chbeie R BORYAER
avai |l abl e for endogenous respiration of the mcro-organisnms even In
the center of sysanfandc methoil sinhlade tFrodefof dicroedrgimen gake ng 088 to 0.3

apparent endo coefficie i.ch_all for,further
et ons | SENINA FEE DiostRED DSk avel By athaRURuRe pit pfween

i nprovi ng sl udpsitSed 15 imgPenlidr; Naduadtrig Lsiditoel apbed 20, to OPEp@inds gf BOD
aeration basin ip euoxic conditio royides further bepefit

i ncludi ng: opPFrtaYdrt 6¢‘P00‘T‘lglc éetg#@%ﬁﬁe‘%w §Etaft\‘/‘iafe§ SEHdgT'\ i ?ﬁsléert‘:g?en

t hus enhanci nﬂbéﬁ@p@?ﬂidelml)@ﬁxgq;er RPN dali@ RRtdnfigh ?im@é}%eﬂﬁééfmﬁélﬁa of
the growth and activity of higher life forns of mcro-organisns, such

as protozoa, thi%hoysandgopr ergferablis beiweercd asd fdonddind vRasyclodaipsof
sl udge. [0042},. (ROt LW obiL@myentional thinking, higher |evels of
di ssol ved oxygen 1 n the aeration basin do not translate to

si gni ficant i 33hEes3 ponparatowht depidRathhdissolved oxygemicme aghiestalesr MILISSNn
basin at euoxic condi.tions is ver ractical and. easily achieved i,n
open basi ns iR 1 grorat b BudSh beRnRRL s s S kS, 0sds
transfer rat esagbwansygemméndheockdsq RadgsdtdmlissslvEDopAdEE aayIUSE afeshidsn
that very little additional, aerabili&%n energy is needed.to [ncre sqe_ t he
di ssol ved oxy§8ncanygadiongl, ativieg Suuleg dHeseshal. fommplRy) mix 6ctéf.at§dn§v ge
using air to pRReRIBSERtndRY Axlafiod BYEHBddtion Ritch aBivaRdLsidd@e bRoPssBBAL,)
using high purity oxygen. For exanple, to increase the dissolved

oxygen | evel fhegiih high refy acratignsictivatigy dludgsipiesesi 1 cavaredabagint higle-pwiiib| e

di ffusers reqyi.te : 0.1 : i L.OR: RO _

i ncrease of tﬁgggﬁélg%%\%dy‘g&@ﬁﬁ&?%g%ldn? rtgcenf’ %Eddl?% Lm%égﬂc%-gﬁggt?')r%td o]

tpe i ni num Shighrsglids {ativatag slidghpaesstap. obijgeisy, igqtidegsss o gismbadt

et ati onsyet eioel WEL pef PRl BenicBoiEnr eyl it arln SNAE

approachi ng hypement gystinshiggihse t@Xpeseno miiht dinsidved ox8/geD@MDBEAT salids. 0)

cannot be achieved w th conveg ional air-based aeration systens, but
G\é\t}%’%@nprﬂ?etjﬁ é;

are easily achfige urity oxygen aeration systems. Solids
Retention Tinme (SRT) and M xed Li quor Suspended Solids (M.SS)

Dissolved Oxygen Levels

[0033] Conventional activated sludge processes typically maintain the dissolved
oxygen level in the aeration basin in the range of 0.5 — 3.0 mg/L, with a dissolved
oxygen level of about 2.0 mg/L under average conditions and a dissolved oxygen
level of about 0.5 mg/L under peak load. It is commonly understood that in order
to maintain aerobic conditions in the activated sludge floc a dissolved oxygen
concentration between 0.2 mg/L and 1.5 mg/L, typically 0.5 — 0.7 mg/L, is
desirable. At the lower organic loads of conventional activated sludge plants the

rate of diffusion of organics into the floc is limiting as long as the dissolved



[0043] Solids Retention Tinme (SRT) is equivalent to the nean cel
residence tinme in days of biological organisns in the activated

sl udge syswerteid?3ls commonly referred to as sl udge ag@CTSRIVIBEGTRE
of the initial paraneters specified for a wastewater process design,
and is often chosen to provide adequate treatnent of the wastewater
or renoval of the contami nants in the wastewater. The desired SRT

| evel for a wastewater treatnent operation is typically set at the

m ni mum | evel creedaevd & nBstaiRd tabsyde siiti @ vAISS M@y st aO5hdut 8r5d
nitrogen. [0044] It is well known in the art that operating an
activat ed sl udifElbadi vasiepater JrRgadny diyyslory evisre | HEkisglinag iss gpsigd, the
retention ting; I i L VA, : I .
SRT 1 evel's my B hepabl b iibh el AetaRanileD Loy O Sbohe Do B
vol ume or by itm@baes] g tybisalicesed atithdnstimdgealifsalyed oxnyger deviels garging as
suspended sol i d SS) L l.evel . L ngreasing.basin, vol ume, however,

i ncreases thehgiﬁgygpné%g?a@%ﬁaPﬁﬁﬁggﬁ%ggy%§ﬁ$gg§8%or the aeration
basi n, and may003d} With ehepsxeestioaadf sldctelli @vededrbasin ldxh purifygoash eyt er
plant or facility. Increasing M.SS | evel  nornal| rquﬁgs t he

ef ficiency of “egRVaHt gptEIen, Apeiticas, Dyciriatairt Sped: STuEg, pPETS based

aeration equi RRBRalPMcRRNaSHeEs BRPLASI AR Bdcest 1BRVEIs0ISES bydeRIERRS €.
Simply i ncreamgg_ M.SS |l evel § al so nornmally require increasin
S

: g
secondary cl aeid disgousagsarpetajion whihehwapeap ates plant at eleited lonads of dissolead
costs and nor d S : 0
clarifrors, TROERCSEUFRCT b GHbiER oo AR SRR AR o
over cones t hese sugheslaateddevdlndf dissobred amgeraahibeliesd ex tirenched pSKIt and
wi t hout increa,si.{)P b ‘s‘ig ﬁ@' UITe ?i.thout rfedqced a at,i%% fffi,ci ncy,
and wi t hout a1 @} SIRI*E CHIETYPEForElAE PRIOTRBLE PORISEE- Sas L RETHS
pl ants enpl oypfigr &@nxeatides CMabigo lof QouRtipdleWakiswaet Tratresht Planek)e Water
processes use_an SRT of about 1 to 5 days for basins at. warm
t enper at ures ERBrAREbIEdsERlOn MOK & 5480 " Inetuatian el @pindigeotisthads tat
col d_tenper ahizd BidnSHPRAGGIER R HAbiSlhiR At Wavid Bl 8REBhuart

system and net hod, however, increases the SAT by increasing
| evel . | n theEpbStewht2¥Hhodidnterationh eP8RIplessansy Biaetice] Jpmgs éatMuellehan

7 days, and r-a. preferabl n ays and 40 days, and
still nore p?g\(lglraa ?y]?‘%?@ E\‘/\%ie}?%é)é\%ﬁl?s %%%gg%pézgnd 30 days. This

i ncreased SRT[M36plr egesdt lweingtighviphrignekygen mactoaniee troftmantngysend] ther se
popul ati on of aqguati.c m cro-argani sns jn the tivated slud hasi n
or acrat i on bESPRE Oh AR BuM NPy R RGP b Fb e T ETh RS A Y
het er ot r ophi ctiRagh &einfurkddepdEB@nt tQar theHheent sQHsE bhORSthbd BXERSEr, the

sl udge and i rrgroved clarrfication of effluent through consunption of
fine floc. [O0bEfrappabpendl Brfact 9f theprisgdedangy Bny cpuired dagimsystem
application i (Wap T L4S9o] 0qgiNGprit.R it

exi sting clar ﬁp ?(%p;? htElrl aE%gB%gé@%%%%{c%dglﬁg bgﬁhggﬁ?éid ggt/ ﬁg %utrclfgP © b&y
char act eri st i owclagatey gblarh theetachamt digxide woréeptraticen il 8 sthdatil s¢wbspbere

oxygen as des%dv@%ﬁ ﬁg&%’a%iél s%?x%si@b%eﬁﬁ%sf; 3%6%81'];?61%‘3?&%1{ fRe %&/e?e%qﬁgi‘ﬂl L,

nore typically in range-o optimzes 't

exi sting cl ar sfstedt ldadatd Npuilduproséarbgnid addti diesnivad Gqudrhlewerih@pled or

high dissol Ve&e%xgde Hqu%(rjgr(ljcl 1'[11111%{%151@ certain types of microbial activity in the basin.
[0036] The present embodiment of the activated sludge process based wastewater
treatment system preferably maintains the dissolved oxygen level at euoxic
conditions, and more preferably at dissolved oxygen levels in the activated sludge

basin or aeration basin of about 5 and 15 mg of oxygen per liter of mixed liquor.
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Addi tional System Performance Characteristics [0047] Additional
factors used in the design of activated sludge wastewater treatnent
systens i ndORde/BPPdper sizing and capacity of secondar WQIVEBIeN | n
view of the settling properties of the sludge. Settling properties of
the sludge are often characterized by paraneters known as sl udge

vol une index (SV1) and the initial settling velocity (I1SV) of the
sludge to be processed. Lower values of SVI and higher val ues of 1SV
resul't in | owgpoI7eaizitérckbdidsakith kQfuc@ RASts oMHiGHIlvEd dReIAL M 11 ThAWEsT
capital costs or increases in capacity for an existing clarifier. It
has been recoghutdd tohhl maadhare ahpredieiizad aepyifring Jropt hynexiaswhiglymeapse
af fected by sal]j 0 I VLR : L

| evel s within 'P {illde&g% \@%{%dedﬂg{ﬂh{j%gl pr ocelésﬁeysgdsﬁi\l/\%‘F1 ?edggﬁ%%{eﬂlﬁ g%%ﬁ%%?p
bi ol ogi cal reabowr0.2ised.0i mgilhaeabtiavtated | sedgelypgnpomssand( Bater bodies
"Clarifier Desi.gn,. t.er Environ t Federgajion Manual of Practice
No. FD 8. ( 2006 dissol ool BBy ¢50F e o Eredendis dhidon
time, high M S&ahewelinuaotydahyCodiasady, wederdoripe withedissbBed bRhgzeb\Wveitnd
| SV of the pr esent Li%/ descri bed wast ewat EﬁrJ treat rrené systemaaéé .

i nproved over 2PWE 1B PBSARFAIOR VRIuG QF BepcEr IR X fse 0E 29 B S AR Vit er
treat ment syshRMBrmeadUselolR @VSIRHx§ it Yok QUBos4IF RS afflicaitn, aed
hi gher val ues of 1SV and recycle sl u%ge concentration result in
enhanced set t t§raigewtin gt aell saxygenatefty hall refe (towateprantemingh dissalked| y

range of SV : ed. '

et vat ed sl udaEp osohE il HABRBHREATAE Ll heP sORUARL 1B Rn
processed i n bheatwngheutixgs odnd@bne ey e whamdhairaglo sfo(ld@E(Dks) Bnbewmetn
met hod. [0049]. The nreferr enbodj ment. of, the H gh DO and Hi gh

Sol 15 ast 1 vacbar Oyl b doas EROUFE B, R ug, Bubhai onyich KT b¥turtde
sol i ds ret ent iiDfhe herdBon busih ot egRradire IheWE DI, isahS Diskd¥&d oMitchevel at
mai ntai ning simlar activated sludge basin Volunetric Loading as used
in conventi ondfAET PATBEPSFRYEYRREHET Tnanel y a hydraul i c

resi dence ti n?OU_BB{ Wi ha8ReMhg AP AMd, 4hd SucBecBUM B adafc Gludge process
graphically depicts, the prror art activated sludge processés such as
Convent i onal / denepiietaamthe, famtieniag Hagrganismadkioyine i etbrolde diciesefrdpds.m a
comon oper at | i ) Aar riz -1 he.rel at ,onshi t. ]
hydraulic r es#’%gﬁ%:%l itir}(gs? é{ﬁb s%ﬁ\’gsé@e?%ﬂ{ci g’rllmt?i ﬁgeés%}o ﬁfj@gg rlﬁ\tlgtﬁ{a

t he present| ywdstsehtos édranbbdentopts talfc ¢omepldd gigadOnahatulds gichSal thaks

activated sl udge process, extends the stem operation a frgmthis
Cypi cal oper aft RYHITG " S P ONAD o QL enT S ARy ot e Sl
retention ti meshdr Gitoedplli Madsestt infy cbep dioallkeeardakates TheRystgatidrhe are
resi dence ti me%;p Such ?li Stinctive operﬁti ng_ Characteristic is

achi eved by i AtAPESsithgNESST Epurumsiahiandidory |foued g aaueppy jnapural
capacity, thodghrohRendBelaRtSIhGtiognhanced settling at high dissol ved
oxygen |evels. As indicated above, the preferred range of hydraulic
resi dence ti mE¥3PkDissalyigcepxyggndevels which 2rgtnyres thandeupsicecqndéfoas disely
between 4 to e S e ge. .of- iyd i.on
Cimes 15 ber welie apa e bR ey Bk 1P el SRl b Bkl
about 12 and 8@mnddy smp[dyed (] mest cesenténati gaivpted dludgé basimsr(i./ O meh. to

general ly kno to,.decline th increasin olids retentign time as
depi cted in PPy MEL) BRASVEED RBRECASGY PETRIR FORC SRRE e A6h-PRGRAL | y
required a hi ghfdindi@ubf ther RSirdenfatié biRgisad/ The Rath@l 8guallaDrghnisms
vol une. Using the presently disclosed enbodi nents of the H gh DO and
Hi gh Solids abspepstbdyios thegigeomaperakthe actiyated shudanprocess pal likely gpaaieved

sl udge producy Qﬁo,at%ﬂhﬁ)majnﬁcxaaﬂ?ﬁkineﬂﬁé(I‘evelsb‘fcﬁiss%marb%‘;g‘erﬁs%&aﬁx@dﬂHPIhieO“
capabilities 1s litkely attributable to the synergistic eftfect of

hi gher di ssol vedioxpgenMaieaiisg dhd atiivgted sdldgdshasiat emadrdiont basesinathd
over Food t o M.6r 081 0aRks ThEALL ITRLANEHLY of B BIRSEH: SYRhATANaN
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Operating Characteristic Conventional Activated Sludge Process High

DO & Hi gh Solids Activated Sludge Process SvI 100 - 150 30 - 70
WO 2009/029311 PCT/US2008/064979

removal and in terms of the sludge settling propertics. This preferred range of
dissolved oxygen level in the aeration basin 1s between about 5.0 mg/L and about
15.0 mg/L to optimize performance of the aquatic organisms.

[0040] Activated sludge from aeration basins having a dissolved oxygen level
above 5.0 mg/L tend to demonstrate or exhibit enhanced settling characteristics.
The enhanced settling characteristics of the activated sludge, namely the three to
five times increase in settling velocity, allow the present wastewater treatment
process to operate at or near the maximum load capacity of the secondary
clarifiers. Dissolved oxygen levels above 5.0 mg/L also freely allow the oxygen to
fully penetrate the floc, making oxygen available for endogenous respiration of
the micro-organisms even in the center of the floc. This has the effect of
increasing the apparent endogenous decay coefficient, which allows for further
reductions in excess sludge production.

[0041] In addition to improving sludge seftling and reducing sludge yield,
opcrating thc acration basin in cuoxic conditions provides further bencefits
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.

[0042] Contrary to conventional thinking, higher levels of dissolved oxygen in the
aeration basin do not translate to significant increases power costs. Rather,
maintaining the aeration basin at euoxic conditions is very practical and easily
achieved in open basins with high purity oxygen aeration. The higher mass
transfer rates of oxygen into liquid when using pure oxygen means that very little
additional aeration energy is needed to increase the dissolved oxygen level from
the conventional 1.0 mg/L to 2.0 mg/L using air to the present euoxic levels (i.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 aeration power. The same increase of the
dissolved oxygen level from 2.0 mg/L (using air) to the minimum 5.0 mg/L (using

high purity oxygen) requires only about 8% more aeration power. As indicated
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ISV (ft/hr) -1-3 -2-8 F/M (kg BOD'kg MLVSS) 0.2 - 0.6 < 0.1 - 0.3

HRT (hours) 4 - 8
WO 2009/029311 PCT/US2008/064979

above, a high purity oxygen aeration system is preferred as the dissolved oxygen
levels approaching hyperoxic or high euoxic conditions (i.e. DO/DOgar > 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)

[0043] 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.

[0044] It is well known in the art that operating an activated sludge basin with
long sludge age or incrcased solids retention time results in a reduction in the
yield of waste sludge. SRT levels may be increased by either increasing total
acration basin volumc or by incrcasing 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.
Simply increasing MLSS levels also normally require increasing secondary
clarifier capacity, which may require additional capital costs and more land arca
for the additional or larger secondary clarifiers. The presently disclosed system,
on the other hand, overcomes these operating limitations and achieves extended
SRT without increasing basin volume, without reduced aeration efficiency, and
without additional clarifier capacity.

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

temperatures and up to about 15 days for activated sludge basins at cold
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2-12 Recycle Concentration (% 0.5- 1.5 1.5 - 3.0 rob" (g TSS/ g

BODr) 0.5- 1.0 0.3- 0.7
WO 2009/029311 PCT/US2008/064979

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, leading to' further reductions in excess sludge and
improved clarification of effluent through consumption of fine floc.

[0046] 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
clarificr loading in most applications under the cnhanced or high dissolved

oxygen conditions.

Additional System Performance Characteristics
[0047] 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
initial settling velocity (ISV) of the sludge to be processed. Lower values of SVI
and higher values of ISV result in lower required clarifier areas, which translate to
lower capital costs or increases in capacity for an existing clarifier. It has been
recognized that settling characteristics of the sludge are affected by solids
rctention time, MLSS Icvels and dissolved oxygen levels within the activated
sludge process as well as the type of biological reactor used in the activated
sludge process. (See “Clarifier Design,” Water Environment Federation Manual

of Practice No. FD-8, (2006)).
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Table 1. Operating Characteristics of Activated Sludge Wast ewat er
Treatment Processes Retrofit of Activated Sl udge Wastewat er Treat nent
Syst ens [ OO92PBRE1pbr ef erred procedure for inplenmenti ndCTHES2WBO6ETH
wast ewat er treatnment systemand nmethod in existing air-based
activated sludge wastewater plants invention includes the follow ng
steps: [0052] Convert the air-based aeration systemin the activated
sl udge basin froman air-based system such as conpressed air/fine

bubbl e di f f usgemEspAsnBCRANGTHBE hiUroAELrARiah @i, high MLEE GRcldWhi high
oxygen system _such as an_ I-SO O or Mxflo system avail able from

WV
Praxair, |nc. dipelvet exyer lanalse baavdrand F8¥%ohhn prsteatly dascribed Wastevajer
purity Oxygen S¥sfeMdlenSQtli groNQ@gbé}Qh@gfg%lgélé saviRd lsfﬁéﬁ?ﬁ%c&%%keﬁ

used in the previous ‘operating regine. 1 G adua crease the
| evel of di ssolastedtatox irepmentrsystims.aSuéhy mpmpovesientigunighsiowet valodseof SVI
wel | - oxygenat ed, or oxic I et n ut 5 nodl to 15 ng/ L ar
about 0 S0 1o BiarBt s BFREP un b EGcERLRAS Khncialion 1fyc B, Bk

di ssol ved oxygeatlingeWahcterigpicaVvEsblé hdehat donipags iedjfletst iaege of S¥IhaddBudge

in the secondary clarifier, allow ng higher solids |oading in.th
exi st g of ar PHLEY Oides i 2 e poeaorel siaied SupdraadSe ot e
M.SS | evel i nSW%n@QSVW@h@ﬂpﬁélﬂﬂ’%ep@&%seﬂ-inTﬁe Righ Yid6108ELbAReN and high
acconpl i shed through reduction of the waste activated sludge (WA

rate and dir eselidsgysitm andmadeé exiting the secondary clarifier to the
return activa Le e Y, IR . e
basi n ther ebyﬁ?ﬂgfglﬁ%ﬁ%&%ﬂ;ﬁp&%ﬂ ?Ig\elogl tﬁ{e %ﬁgl&ug)éagl? ?ﬁ%’é\éﬂs@%ég@%‘%
basi n. | ncreasludge ptocesvc88s Favereragion ovitinen eaededt frdids ottend®nr tghem iaon

time. [0055] Conti.nue.t.g increase or naintain the dissolved oxygen
level in the ENerolebdind? o BEE whls FRRhe sifer skfrred Sloeg Rasmy | o

hi gher M.SS | &¢timetrd BEeadingomt isadién casemttdiangetiviied Mulge 5ewels, Rymely a
controlling ste actiyated sl.udge rat nd retyrn activated sl udge
ot nti 1ot BB T R f T 8810 B AP it e ARG

reached adher h§fets, Ghe pAM SLactivatcl RRIABP ProRBNsbsAdueh 2 T8 hYeniBAAICREplcldre
secondary clarifier solids-handli n(quconst raint is preferably

det er mi ned usMig exvesadi Bagins pudifetendadi Aeraféon Pams coRma eperating dine (62)
The. b gher i SEaTua Bser ORar onucR Taah SRRl (IRE MH Souddrth
secondary cl ardténtien tiows hosvdirest.ahd pgkatly idmcosed\dn8®dooemteritthatlighDOor
the same vol ugrlle& lr-ﬂg% Sfolligglv 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
dissolved oxygen levels. As indicated above, the preferred range of hydraulic
residence times is between about 2 to 12 hours and more preferably between 4 to
8 hours whereas the preferred range of solids retention times is between about 7
and 40 days and more preferably between about 12 and 30 days.
[0050] Excess sludge production or Ygbs, 1$ generally known to decline with
increasing solids retention time as depicted in Fig. 6. However, long solids
retention time traditionally required a high hydraulic residence times and/or a

large basin volume. Using the presently disclosed embodiments of the High DO
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[ 0056] As the sludge mcrobiology adjusts to the new operating
conditions, continue nonitoring and adjustnment of MSS |evel, sludge
settling pVoORes¥2gd1l and clarifier operating conditi onPCTiReBIGIERdY
operation is reached. The new preferred operating point will be
characterized by higher dissolved oxygen |levels in the range of

bet ween about 5 ng/L to 15 ny/L, extended solids retention tine

bet ween about 7 days and 40 days, higher MSS | evels up to a nmaxi num

I evel of aboutand PRGOS lactivhtddnBudas protadse s bstkad alige cll\if&jtéﬂ GHeveesugRd |

wast e sludge production. [0057] Monitoring of the SS |l evel s_ as wel

as the di ssol PeMughigigEtred dy @phieyedt nRuchenhEncsn sbiss nedicton ggpabilities is
parameters US%@el&r&tt}iﬂﬁta@MQ "t]%ts{yﬁerg@{?é Efﬁ%ct Qf h%gﬁ@r Fs%ﬁ,%ﬁtoxy%eﬁtl &ld

tr eat nent syst em Suc automatrc ontro prerera y gove S the
oxygen suppl y high ssEdsaitdtantios yigiee and dwenFobd txyligroordarism datmndnmeyedttyi n
t he di ssol ved, oxvaen, | evel .,in the desired range a ti costs. In
nddi t1 on. monttoR Tt pRtE el die BrRiRed 67 b B Hiond] adPhlslSMuEr otess
clarifier andBatie dfothale spapnpdetarsatrsiss lofvidk pisdnhaysenoadiamyethod

ef fluent. Such mapitoring and control referably, governs. the .
oper at 1 on of WSS G Lol AV BT YASE SR GencHE AT R GRiopH et
activated sl udpggd poessd@vithed diiardftitaviBé REidehdedme. rate to maintain
the MLSS levels In the activated sludge basin at the desire range
H gh Purity Oxygen Aeration System [00581 Turning now to Fig. 7,

there is shoyy R T ErRE G OXY JETICHRGRonT SY S| LR DErs Hiah S0 ds

present enmbodi ment of the wastewgfifiieddiGik FRitbss SY AktVBici i udgbPrBgN
therein, the[gygreminctudes a f1oatl |@ssegdl y 102 havi gy _ajy anchnor

ring 104 whi gV gyl aced 1 n an activargd3sSIudge pasin orzagration
basin 106 of [@NASHYBKEVLVESAT MENT JYSTIEM 100, [N Thecpiepgnt

application, "GR§ (hdflyi 0 W Thi N[ The aer@rd on basijn 106 1§ _gpyhigh solid
content m xedRrEdG@onckaiation ¥R Cal Y @i g a susjpended 5al{gis contjent
on the or der# §f,., SPP8EfB0b)T 0 10000 ng/sly EXTendi|ng i n g dgyyvard

orientation fHQRLYNEd kAT ChaRRERIRs Bf AR afed SISV slowh B Breakmbht Profises
draft tube 110 preferably has circunferential openings 122 | ocated

bel ow the top surface 124 of the high-solids content mixed |iquor 120
n the aerati gibasirhchOfics 8] BadeReAeafUId LA Iy spaced and
symmetrical | y"posTt] ch are proxi mate
to the entran@51P8hd grefamedir mbteduneb dorl ithplefakdiing othal plesdnt | esstévBiercan
be located proximate the exit 129.of the draft tupe 11Q. A helical
Crel Lo 130 PETFRCHSER §76 REHOR AL ot S-ABsd Frov i yRep Qe
conpri ses onepRhtsi®leatid AdladeskB2iollbRingateps:af fi xed to the inpeller
shaft 134 for rotation with the inpeller shaft 134 by nptor 136

which i's pref BBl Gomiescbe 2bmharedpeniop e dihearcsiuted yiuderbasotien:

The notor is %@@Hﬁa@&dtsﬁst%' ¥iRhtaBRomBREdck &/ BRI LEIAMRRE dnbdihficqTOVE
the liquid and gas within the draft tube 110 in a downward direction
of arrow 138. sUFfage griptfeh tgass high prisy erzgsnysysiemy cuelc et an Hr¥ugH Vitheorgas

inlet 140 whi ' S [ 28
of the draft vRED SAGH AERHE R BER, HRE QRS L Gyl SRR BARE T
| i quor 120 ocweithshealsigh puritywixygaf systeimnene balitds deddirpginti atigsolvedvotyigen ldvhig
draft tube 110 gnd . the correspondi ng downward force of the high

sol i ds cont entSHi%Eg PFSERIBPPIIG 158K Ke draft tube 110. As the mi xed

i g uor1 1\(,)“ th gpmshugkidesly mcRhRCthetevkl eMiikidved dxlygd Bk atiaiddr Mdee
t ube , a
basin to the well-oxygenated or euoxic range, between about 5 mg/L to 15 mg/L

or about .50 — 1.50 times the air saturation value. This increase in dissolved
oxygen level improves the settling properties of the sludge in the secondary

clarifier, allowing higher solids loading in the existing clarifier surface area.
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sui tabl e vol une of replacenent m xed |iquor 120 havi ng sone nass of
di ssol ved oxygen is ingested through openings 122 near the entrance
128 of dr aWo 2e93110. [0060] The inpeller 130 defi nes FECTYEHAIRI064979
cl earance between the tip of the inpeller blade and the interior wall
of draft tube 110. Preferably, the radial clearance is |l ess than or
equal to one-half the inpeller dianeter and nore preferably the

radi al clearance wll be less than 10 % of the inpeller dianeter.
When used wi t hod%49 Grembilg hcfadt g Mc MILIS tevil FURY adBivvated m&%e@é{@ﬁlel"his is

treatment applicatjon, the close arrangenent of the inpeller 130 with
the interior weaferably aperamplishgd thraugh radvgties olothp avasts gt wigthendgs (WAS)
structure tendg.tfq fRALhe L& EXitirO fHe® SecbMaRF U LNRY k1 GnORL R
oxygen bubbl e s?ze di st rli _ut{?on,u%gnelil gglbout C0_. 3??]ana:tlol Ié 0 mMm TIELFS
optim zed bublsttévagidz dudges fing bubiclorreafcles hie ey emivaigd ssiwdgehbasin Weer¢hiygh
solids content_ m xe i nhances._th nsfer efficie of
The aerat i on SFOREEE ot PHAS BRI WIS o s TRiRet BREP Plsvdpbh fp ks

di ssol ved oxygesnl alfdidbtisedthenolidsdetatidnaingi scussi on of the preferred
hi gh purity o aeration,systemand the regsons for its .

ef fect i venbss BHa] CORIINS, ton ichaesiof dastatety gl eyl Qpponcirflofh the
serial number adik/aRQA28@sel bdspdatNesedidRic dohditidRGvitht the Hhbise | MESS Gewi.
which is hereby incorporated by reference. [0062] In view of the fact
that the preséhio, sginamingiepsiattho Hllapplersi dycostolliag westeoelivpief sludgeuse
wi th the high_.puci YA 18dola Q) ! Lt Al 3o .
cont enpl at ed tr oyco&nﬁﬁiu%é tg ﬁ%t%lre%g& et gﬁ/bsﬁtﬁ eﬁ%mégﬁé %%r?h%%{%pg ﬂldrseqag%lglg

t echnol ogi es kensohmi sgeashyd edhering afdionge, to zlnapprapmiatsfsafsityitigeginsn Thee
return activated sludge.dine.or.simlar secondary.appligcation,of.
bone: oxygenstoBir-or s R lthe YonRRRTSPLYRRE ' GRlmfR Yine
di gestor. Si nmekistidgysiudyicBetdinghestpamiseatiics ysdlwie matodseiubioss thy comebnly

contenpl ate the active control _of ox n wthin the wastewater .
treatnent plaHted $4i Pkt SISyV@Wﬁg‘éﬁ%ﬁ%f_t %SO_F@Q iomsfeegrcgtl%ﬁ?we vl dent
system and nmethad tidttihc §R@balagdclhREONRAh 0gh@S al HIMRL VIRAMLSS concentration
de-nitrification in the activated sludge basin or separate

de-ni trifi cat Fsthouserslungié daren proposed method woul d be to cycle
the di ssol ved@XsORY the\fligh tniRBidAGL YBLEL 3! HAGR P ARAindCLHRRns,
euoxi c conditions in range-of Between about ng to ng ~of oxygen
per liter of pintede maitoringael adjostinentcohMiliSSolreelj sludgngptliog plypetiesn
about 0.0 ny to, Q. 2 of .oxygen..per |li.ter of nmixed.iguor such
contenpi at ed &baanEne e SRELPE colibfbrnuRiEl fitkBe, ol B
de-nitrifi cat peferzdropestsg pbier @Asbd dharacteaxédhychigiértdigolsedoeygenierels
suitable for reduced sl.udge producti a systemoperating . .
efficiency, . 111@66@1@6 eh beert o §ﬁq§9§€<¢3§j mﬁ%ﬁéﬁﬁ@%@ﬁé% rq?%f%awe@ ng
oxygen into thawdéddneat BdayslaHdlgae dBAS hiphtMOKY €3 RAHAF ARt &vBRsT N
into a plurality of sections. Conventional air-based aeration is

i ncor por at ed RePUHNO0RE mglkeinsthet aivatedslydge bmsiai and sedueesh waple sludge

di ssol ved oxygl%guét{%ﬁ_el at noderate |evels in such sections while high
purity oxygen aeration is incorporated in selected sections of the
basi n. . Such|[W6Agednibasignofapp Miskhlenely as edllcs thddissnrerdaddygey kivelnm
operating cosf, but .still achieves the high SS | evel s .t hi eve
Tonger ool | datiedbiith b gt ik aMomiligeshub oPR prien
preferred enmbaditeRats red@sar syareh. alsavie aufpBA6d Jcoius! hprofstdbiypbevesisage
basin or nultiple section basin could al so be use V\:hﬁl’e the m xed
liquor in one®BiEcHHRPIE QEtAHHEN Sy HeTHP palrh eavseH ‘g‘ﬁ%@ @nd gadrRInoRE t o
facilitate degRidivddl beakh ABvdPriACHE SRIired Farlgh ﬁn%ﬁfn%% CoSONEH Li@ASY,f or
bi ol ogi cal phosphorus renoval, while euoxicC conditions are naintai ned
in other scctmgnsoring thedsledas blaeles|lpved|indge sgeandamt clonfiemand ther tofad

the system opg.ating &hdd flaNGYnaNGoRRR} SemlAAUSLE | AlnidRR LSRRG
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[0066] In addition, the use of ability of high purity oxygen aeration
systens to maintain relatively | ow aeration costs is recogni zed, but
t he use of WRI2§W/W@PHIty oxygen aeration systens in sel edt@dBHBAGINg
conditions of an open basin activated sludge treatnment in order to
| ower excess sludge yield and correspondi ng sl udge di sposal costs has
not heretofore been fully utilized. [0067] Such optim zation of
process conditions using high I evels of dissolved oxygen and high

sol i ds ret ent ipedfcrbblffRsvdrRd the @p@htuﬁﬁ&tthd@cemhmatrmr adathdemeogirbiadeien
of the influence of high purity oxygen aeration systens oOn process

operation yi eMistegaiudge fif pRETHITE 26tbieE SEIJES Tasipamrialgiisthe SIS
benefits and &@E‘?ﬁﬂe%n@a‘?éﬂas'ﬂ}d%g%ésum%hé ggg{rggﬁge(l ) inproved settling

characteristics of sludge when~the aeration I'n is operated at
el evated | evel s of dissolved oxygen; (ii) reasonably |ow power costs

to achi eve el ey tlg I%vel ) gf t(iiclms§ol ved oxygen using high purity
oxygen aerat i m&sys%mlg%—n—f—retyuted sl udge handl i ng and di sposal
costs as a re$alss] mﬁnﬁ@dtmedo@{ge%thsieudgﬁowhaduﬁgﬂu Puiity (dxygen agitRase
plant treatnment aeration basin;

acit unit.v \Y;
Pl | canit A Dag i Pt Cab TRt e ST L AEREN S e d

for menbrane agRa&aihbRM, tRNFsRR intlulest OfQAbdeMbIyet (20 avingenl shchdtSing
wast ewat er treat ment operatl ons; (vi) reduced nccd to re-aerate or

post - aerat e t e afiighyisnplaged hen eethatsdntiudee hasia o aesetinn bapint &0k aha
method is alr %Q}fwgtb‘ffféa‘fma{t 8 érh lgefyﬁletﬂﬁér%gentﬁ fcatldnnﬁ{eQQlﬁﬁqvlthm the

capability for nitri |cat|on srefentlontlrre
(viii) incr eas@‘dtmam&n 106 15 brghrsehd)\scalhtemtfmmodrbheoc b&Ogammally havmg a

cont am nants due t er SO|I |nc eased
SoRbET Eant S SitBalda SRR Tond s iR bk e H0R o T 10806 ) A PEHGER
appreci ated t habwhherdpfreﬁtefi&n framem flean asd@mswplroa\u ﬁlesaﬂatulseysmerrhaaﬁﬁ
nmet hod for the_ act.ivat e.treatment of .was ter hi gh

| evel s of di sE”(]J?Fv]Eel ﬁag&rﬁw%ww HP?@W%@V@%@ iﬁiwgﬂwt ORes
and_/ or high 5§llrfa@§lgﬁﬂfﬁﬂhl%ﬂsohh@ccﬂlﬂnﬂﬂn&ﬂl a8 1200k tRcCickMhedsig l1bglge
basin. Wiile the invention herein disclosed has been described b

neans of specPrifles d@pcde wandateralhy spaced é§§ symgsisailnpesitionsdr Eqind the
numerous nmodi f1eations Jady ‘é@é j{;%&hf?sﬂé BIE24 *&?pﬁt ﬁreﬁymﬁé‘%@

skilled in the art® w thout rting romt e scope o i nventi on
as set forth Alddlttlheal(bhﬁflesréZtﬁ)caMdmaltqdmxwgmaleltha st lr?.ﬁtoértheadraft tube 110.

advant ages. 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.

[0059] The motor is adapted to drive the impeiler shaft 134 and in turn move the
liquid and gas within the draft tube 110 in a downward direction of arrow 138.
The oxygen gas is preferably introduced through the gas inlet 140 which
discharges the oxygen gas proximate the entrance 128 of the draft tube 110,
Recirculation of the high solids content mixed liquor 120 occurs as a result of a
mechanical agitation within the draft tube 110 and the corresponding downward
force of the high solids content mixed liquor 120 in the draft tube 110. As the
mixed liquor with gas bubbles is ejected from the exit 129 of the draft tube 110, a
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What is claimed is: 1. A wastewater treatnment system conprising: an
uncovered activated sludge basin adapted to receive activated sl udge
and a stre¥@2099/R8Hlewater to yield a mxed |iquor; an RSEESHBOGHR
system adapted to introduce high purity oxygen to the mxed liquor in
t he uncovered activated sludge basin; a clarifier fluidically coupled
to the uncovered activated sludge basin and adapted to receive m xed
| i quor therefrom the clarifier adapted for separating the sludge

from the ni xedukdiasluh® oPfepueBerd Midd hdiOR 20 RithgAbntChis aF dtbsiladge
line coupled to the clarifier and adapted to renove separated sl udge

fromthe clarioRYE0is ipgesiet troug opRmied 172 Bens hei sniranes 1ap ebdiaft depe 110.
activated sl ug%ﬁﬁiﬂp@ﬁb P SRS ﬁosdyﬁhgslsa f’a@ﬁﬂjbl@&filﬁe DREFMEAR ¢ d&f}%%ie Eahg%ﬂem

and about 100 of suspended solids per er of m xed q ~and
the nixed |i qibadeiand theeinienionwel of deadt ubatl €U Stafergldy bs iravis sodeazance is
di ssol ved OXyQ&Q ﬂ‘{a %?lec;(dai]tolt @n%-l{a?fqgeeiérg)gelll?re&i%&nr a%lao otre Erc@at?\tlaiéSraﬁgl of
oxygen per litéer of mXxed 1iquor. : e systemof clFaim erern
t he acti vat ed ckhndgewlli teelesssthan i@ Vusfithaahpellat diamster dghet used vadalpgied
to recycle a partion, of the separated sludge fromthe clarifier to
t he uncover ed sglkctsi ety @F%é@gﬁag’{ A ‘ﬁ?lsée“ﬁ%eé W%%ra@ﬂﬁ%?@ﬂlvﬁ}eeﬁose

sl udge basi n hagng@nesd biige iRHERL 10 Withe igkMBERaBBOUe Fraflaye 11 4O
days. 3. The systemof claim 1l wherein the average hydraulic

resi dence ti methies hissodaricapigture tenge fos inrertilishes shepr forges tprashisys them
of claim3 V"h%]fn%lﬂ c;xf}ﬁerppl?o%'ievﬁge Fistifl8fory nBlyBly! sbotEd 1R t@E. 0 This
grans to 0.7 grans of "total suspended solids per gram of renoved.
5. The syst emepfimigkdbyhble dizerdisigbutmnrmpbtiesixpgen gas prthivethg high aslidsicentent

di sposed upstr f the.uncovered activate | udg sin. adapted to
separate soli 312 rglﬂ%“%rh(gnhél?cr%gatme orgd&'\%atté nés%gteerl;le% gfe?%bf'%m@‘?ngg’g’t%?b
adapt ed to reakinweely heulsiepar ldgied [selsiofldisfalwmh dxlpgenpr i mary clarifier

and a portion of the separated.sludge fromthe activated sludge |ine;

and wher ei n th@’ﬁéig}g@ﬂ%fe&??e@g‘ ‘é‘}ﬂ‘}gs"ffé[?l%ﬁfe dred l$mpvw_§roxas§%%ﬁﬁt°§

the separ at edsys@in 88d BRGcHBAATRIBERLEAEEss afe S0 CorBLODhi€eddStBI8S hAtnt

6. A wastewater treatnent system conpri Si T\g): an uncovered acti vated
v

sl udge basin aRMisEEN feHak wagheyd 15023 Wofiled Novemkps 24nd0%%. dierdisgiasyre of
wast ewat er tOwlﬁic‘ﬁ'iQh@cl%?iﬁ&ﬂ Jh QN 8L ref@l, @Xygenat i on system adapted to
i ntroduce high purity xygelr)1 to the mxed liquor in the uncovered
activated sl utiéZbhusview ohthd fect that thb ercserd sysiprbhdmethed employs s somerafed
in the mxed |]j rein the i vat.ed s]udge basin; a clarifi.er
1l dial 1y cBbRcRr g5t g Rabs Ve bt a8t-E ol fion ylehlt ¢f pgner
recei ve m xedcdntemysisted toadoatbimnthe plesent byatdnt arel mabepivakl rdlaed eetpiaidsng
t he sl udge fromfvhe m xed.liquor to prod 'C&Fq an.effluent; and

[

a
activated sl ulyBVMEnEYEFU P18 FFHEEH dg¢ i, fhe woBun eelyaied g‘é‘?ﬁ?ve

separat ed sl udgeof 5igfilat fRofdad¥ bpjIRbtoMPESRLE, &Jlgfgeﬁjﬁa@af kﬂequ%ﬁ visBoushe
uncovered activated sludge basin has a solids [o6adi ng of befween

about 3000 nymaitdalibear agrobioatisngions Sinitagantiaes BepTeent sritem jppd megpd

m xed |1 quor, RiNgh SREoiPiate thel dcYOForluB1 bGyEBE ANRI-EHle ALY bLethifoC

basin has a dissol ved oxygen level 1n the range of %etmeen about ny

to 15 ng of oRrkuert ipequally cemtemplated e chtédrata dins prasedt syiseneiml mbtbodimitht

tube and inpeller, assenbl.y i s adapted to j.ngest, the. high purity.

oxygen pr oxi rr{sf#azedt %gﬁ%oﬁglénggo%fngt %ém(t:f r"fg(i‘alm'? llfbtg}e %‘i%é’%%?\?&‘%&e 6’81)‘/%06 n

of the oxygensdpaiat dchetrificuifich baisis.0Onwkidhiplopobel Hehbd woulde t6 il fic

[ I I havi i

undi ssol ved Oéi%;/s% vrédl%l){?genelgvel ?IY tIhQ%ct?vnate%vs?urd%g%as?rll l?g\‘irtegnr euoxic conditions in
range of between about 5 mg to 15 mg of oxygen per liter of mixed liquor and
anoxic conditions in range of between about 0.0 mg to 0.2 mg of oxygen per liter

of mixed liquor. In such contemplated embodiment, the anoxic conditions are
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of between about 0.3 mmand 2.0 nm and di scharge the oxygenated

m xed |iquor and undi ssol ved gas bubbles. 7. The systemof claim?2
further coWPrZP&¥u3®p1hn ozonati on system adapt ed for ozoR&{Hg008/064978
portion of the recycled sludge. 8. The systemof claim1l wherein the
settling properties of the sludge separated fromthe mxed liquor in
the clarifier are characterized by a sludge vol une i ndex of between
about 30 to 70. 9. The systemof claim1l wherein the sludge
separated froguitdbe Frx@chilrifftd@en pipbfe WhetEdsf thereubAs @AditiBhd bRl more
settling velocity of greater than about 3 feet per hour. 10. A

wast ewat er tr é@ﬁy%ﬁor Egluged Hudapprodustiog and py st orreativd cHrisngat ed sl udge

basi n adapt ed [60253, BaRheY e cAHLAMALS R B @ TidHI &R Ky ShBVR LT
to yield a m xed liquor; an Qxygenatl on system adapted t 0”1 ntroduce

hi gh purity oxgtgatedtsdudehdasin geegtlingathe dasih indge herslity; ofsections.
clarifier or her .. I 1 di cal c l.ed th ncover
activated sl uc?fég‘? ngélgﬁaaéﬁcfgéddga%?ﬂéo& {%om% e %rlgtlé'g llﬁ‘iO)I(lé%r Ir?oqeﬁg?&]t her gﬂlreom
the clarifi er basin tat keep tixafigobtd oxada pdvedatinardemeplavas inngch hetisdsudge

fromthe m xed. |liquor to produce.an effluent and activated sl.udge;
vt i nE Bigh Hk g e GRetr MO Bt 't ooBES SrPR PoMedE:
recycl e acti vaugdstsdeddgsin bpmoachhBayClediidelth@bvekall dybRmaspetaviag eskt shiigue

basi n; wherein the activated sludge in the wastewater treatnent
system has a 8918 heaigh i8R lorledo aehicredonsensoliduisiution imgpad educadne
m xed 1i quor hﬂst%?@\c}%kf}%@ﬂﬁﬁ@ e&%?%@%&ﬂnﬁh& &@@ga%gv@as an average

di ssol ved oxygen In range of between abou g to 15 ng of
oxygen per | i {¢64bBuaki meliple sfegsr basinl ¢r mTlples yestiemmbedin cbelid mlsbObarhigadei n
the mxed liquer ip.th ncover.ed activated sludg i.n. has a solids
[ oading of bettieentenBfictSHRHT I “uRGOLIRHE S 4 BhdnefincunRe
sol i ds per |i tetdittdns rd Xeudlithte qigatitrificdtfon Jiloesssassbem afacwbii condionhésrei n

the solids retentiop i i s between.about. 7 days to about. 40, days.

13, The syst oPREIS BRPIB AR Y our Sgutigr e MAc e Warlle

time is betweggtighottrcdudd® bk srall Qulige PRMG&Ion and improve the system opcrating
efficiency and costs.

Industrial Applicability

[0065] 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
processes focus only on minimizing aeration power cost through close control of
the dissolved oxygen levels at the minimum levels necessary to maintain aerobic
conditions (i.e. 0.5 mg/L to 3.0 mg/L). Although operating costs associated with
handling and disposal of waste sludge are similar in magnitude to aeration costs,
surprisingly process optimization has not been fully exploited to minimize the
sum of acration and sludgc proccssing costs.

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

oxygen aeration systems in selected operating conditions of an open basin
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14. The system of claim 13 wherein the observed sludge yield is

bet ween about 0.3 grans to 0.7 grans of total suspended solids per
gram of BO®Or2gwdegsdl 15. The system of cl aim 10 furt heACTASAEBIGIOTHY:
a primary clarifier disposed upstream of the uncovered activated

sl udge basin adapted to separate solids fromthe stream of

wast ewat er; an aerobi c digestor adapted to receive the separated
solids fromthe primary clarifier and a portion of the separated

sl udge from t heigedd walagdl abdddem lih NeidcAnd WhedreicReddesIIpLOSRAL | 81U
systemis adapted to further oxygenate the separated solids and

sl udge i n t he ceesppRdingisludastdsiposal ¢gpts hpp gotdigsatedpredicer fdlymtilisedaher ei n
t he oxygenati ] I T r af i r
assenbl v subra st Sral ppthiith SRR Sl Aile bR 3Gt TR
sl udge basi n; oaygtnwhed ehiph t dodidsirrafentiort tbecsahat itotplelcbsr massesstiby arsl

adapted to ingest. ox roxi mate.the entrance of the draft tube

G eboive o portmtietior e BIDLNR o e DY o RruBevdlinh b rrotes
draft tube, copatonpidids SRkt sy afdl bth@srchid\atiRghtaaes. 2 BaEABénefits

di aneter of between about 0.3 mmand 2.0 mm and di scharge the .
oxygenat ed m e C?mﬁ%}al 4AYRniAgES @ébFﬂFé‘Hieg& “BIﬂBB‘?de“se.t"l‘n&‘?l?araFF%‘SESﬁs‘%fem

of claim 10 fyfiBeHhGOMPLESIAOLHART i€ Opahite® Bt GH3ERT RESH®BIo A oxygen;,
ozonating a portion of the recycled sludge. 18. The system of claim
hedr

10 wherei n t héiuisewneedowaomencests il asisye lsleyiad flevetshrfr dissolved iosraena

plurality of i : 0 ati S t i.S

ai r-based aer gﬁ:ﬁ%ﬁ%p%{ﬁ %’&g%éé&g %ﬁg&gégiﬁ%%gaé%tg (Iﬂ glr}l?%%ng@{n ha%%
purity oxygendaposal casts dsra ronidt afiredreed exofesd diwigoaseducsas t(ivp nercasd@antThe
system of cl ai i

further conpr Ifrénzgélgﬁy\gi%ﬁ%ﬁiI%egelﬁ#tngg]\éﬁggﬁ% %gl%; .'}’/‘?hgag%‘ii@gﬁ’il"?%il %?E‘Tlem

i ncl udes hi ghirgstinkyt Qe SMmaR@tAbh QB SRR raRl g6k hembRxy gparatiban

| ess than all of the basin sections. . )
and ability to easily retrofit existing wastewater treatment operations; (vi) reduced
need to rc-aerate or post-aerate the effluent as the effluent of the present system
and method is already cuoxic or well oxygenated; (vii) increased capability for
nitrification due to higher solids rctention time; (viii) increased capability for
removal of complex organic contaminants due to higher solids retention time; and
(ix) increased stability to shock loads.
[0068] From the foregoing, it should be appreciated that the present invention
thus provides a system and method for the activated sludge treatment of
wastewater using high levels of dissolved oxygen together with high sludge
retention times and/or high solids content in the aeration basin or activated sludge
basin, While the invention herein disclosed has been described by means of
specific ~embodiments and processes associated therewith, numerous
modifications and variations can be made thereto by those skilled in the art

without departing from the scope of the invention as set forth in the claims or

sacrificing all its material advantages.
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20. A wastewater treatnent system conprising: an uncovered activated
sl udge basin adapted to receive activated sludge and a stream of
wastewater to yield a m xed liquor; an oxygenation system adapted to
vary the oxygen introduced to the uncovered activated sludge basin; a
separator fluidically coupled to the activated sludge basin and
adapted to receive mxed |iquor therefrom the separator adapted for
separating the sludge fromthe m xed |iquor to produce an effl uent;
and anVeétis ¢laimediss| udge |ine coupled to the separator and adapted to
renmove separat ed sludge; wherein the mxed liquor in the uncovered
act i vat ethwsshdidge tRawient HasEmaomplisingsan LHaslend abifval2e sNERMaaP Sdibted GOR TR
and abouf, . 100018y o1 e%mscimﬂsﬂ 5ab g aprq{egllihlltlcﬁfanch dEhRA ststdhiapted 6!
t he dlssofve pXyden [eve I n.t e actkvate sduq%e §q5|nbt at cy | es
bet wee MTRHISENIEN PRI PHERHS (T PSTIO0P o 6RERY Aneied SU0RS PPa™ Fo b of
oxygen flydically ceupted ¢ thejupeayered getispted plereg skt Anddwisd o ser8IvE MiXed fger of
bet weetheadiout, the.c@rifigy atiapt@l f2r segarefingdieydaige frem the roised oot redudeiag@biuent;
and an activated sludge line coupled to the clarifier and adapted to remove separated sludge from the
clarifier; wherein the mixed liquor in the uncovered activated sludge basin has a solids loading of
between about 3000 mg and about 10000 mg of suspended solids per liter of mixed liquor, and the
mixed liquor in the uncovered activated sludge basin has a dissolved oxygen level in the range of

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

2. The system of claim 1 wherein the activated sludge line is a return activated sludge line adapted to
recycle a portion of the separated sludge from the clarifier to the uncovered activated sludge basin and
the uncovered activated sludge basin has a solids retention time between about 7 days to 40 days.

3. The system of claim 1 wherein the average hydraulic residence time is between about 2 hours to 12
hours.

4. The system of claim 3 wherein the observed sludge yield is between about 0.3 grams to 0.7 grams of
total suspended solids per gram of BOD removed.

5. The system of claim 1 further comprising: a primary clarifier disposed upstream of the uncovered
activated sludge basin adapted to separate salids from the stream of wastewater; an aerobic digestor
adapted to receive the separated solids from the primary clarifier and a portion of the separated sludge
from the activated sludge line; and wherein the oxygenation system is adapted to further oxygenate the
separated solids and separated sludge in the aerobic digestor.

6. A wastewater treatment system comprising: an uncovered activated sludge basin adapted to receive
activated sludge and a stream of wastewater to yield a mixed liquor; an oxygenation system adapted to
introduce high purity oxygen to the mixed liquor in the uncovered activated sludge basin; a draft tube
and impeller assembly submersed in the mixed liquor in the activated sludge basin; a clarifier fluidically
coupled to the activated sludge basin and adapted to receive mixed liquor therefrom, the clarifier
adapted for separating the sludge from the mixed liquor to produce an effluent; and an activated sludge
line coupled to the clarifier and adapted to remove separated sludge from the clarifier; wherein the
mixed liquor in the uncovered activated sludge basin has a solids loading of hetween about 3000 mg and
about 10000 mg of suspended solids per liter of mixed liquor, and the mixed liquor in the uncovered
activated sfudge basin has a dissolved oxygen level in the range of between about 5 mg to 15 mg of
oxygen per liter of mixed liguor; and wherein the draft tube and impeller assembly is adapted to ingest
the high purity oxygen proximate the entrance of the draft tube, dissclve a portion of the oxygen into
the mixed liguor within the draft tube, create undissolved oxygen bubbles having an average diameter
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of between about 0.3 mm and 2.0 mm, and discharge the oxygenated mixed liquor and undissolved gas
bubbles.

7. The system of claim 2 further comprising an ozonation system adapted for ozonating a portion of the
recycled sludge.

8. The system of claim 1 wherein the settling properties of the sludge separated from the mixed liquor in
the clarifier are characterized by a sludge volume index of between about 30 to 70.

9. The system of claim 1 wherein the sludge separated from the mixed liquor in the clarifier has an initial
settling velocity of greater than about 3 feet per hour.

10. A wastewater treatment system comprising: an uncovered activated sludge basin adapted to receive
activated sludge and a stream of wastewater to yield a mixed liquor; an oxygenation system adapted to
introduce high purity oxygen to the uncovered activated sludge basin; a clarifier or other separator
fluidically coupled to the uncovered activated sludge basin and adapted to receive mixed liquor
therefrom, the clarifier or other separator adapted for separating the sludge from the mixed liquor to
produce an effluent and activated sludge; and a return activated sludge line coupled to the clarifier and
recycle activated sludge from the clarifier to the activated sludge basin; wherein the activated sludge in
the wastewater treatment system has a solids retention time greater than about 7 days and the mixed
liquor in the uncovered activated sludge basin has an average dissolved oxygen level in range of
between about 5 mg to 15 mg of oxygen per liter of mixed liquor.

11. The system of claim 10 wherein the mixed liquor in the uncovered activated sludge basin has a solids
loading of between about 3000 mg and about 10000 mg of suspended solids per liter of mixed liquor.

12. The system of claim 10 wherein the solids retention time is between about 7 days to about 40 days.

13. The system of claim 10 wherein the average hydraulic residence time is between about 2 hours to 12
hours.

14, The system of claim 13 wherein the observed sludge yield is between about 0.3 grams to 0.7 grams
of total suspended solids per gram of BOD removed.

15, The system of claim 10 further comprising: a primary clarifier disposed upstream of the uncovered
activated sludge basin adapted to separate solids from the stream of wastewater; an aerobic digestor
adapted to receive the separated solids from the primary clarifier and a portion of the separated sludge
from the activated sludge line; and wherein the oxygenation system is adapted to further oxygenate the
separated solids and sludge in the aerobic digestor.

16. The system of claim 10 wherein the oxygenation system further comprises: a draft tube and impeller
assembly submersed in the mixed liquor in the uncovered activated sludge basin; and wherein the draft
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tube and impeller assembly is adapted to ingest oxygen proximate the entrance of the draft tube,
dissolve a portion of the oxygen into the mixed liquor within the draft tube, create undissolved oxygen
bubbles having an average diameter of between about 0.3 mm and 2.0 mm, and discharge the
oxygenated mixed liguor and undissolved gas bubbles.

17. The system of claim 10 further comprising an ozonation system adapted for ozonating a portion of
the recycled sludge.

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

19. The system of claim 10 wherein the uncovered activated sludge basin further comprises a plurality of
sections and the oxygenation system includes high purity oxygen aeration system adapted for
oxygenation less than all of the basin sections.

20. A wastewater treatment system comprising: an uncovered activated sludge basin adapted to receive
activated sludge and a stream of wastewater to yield a mixed liquor; an oxygenation system adapted to
vary the oxygen introduced to the uncovered activated sludge basin; a separator fluidically coupled to
the activated sludge basin and adapted to receive mixed liquor therefrom, the separator adapted for
separating the sludge from the mixed liquor to produce an effluent; and an activated sludge line coupled
to the separator and adapted to remove separated sludge; wherein the mixed liquor in the uncovered
activated sludge basin has a solids loading of between about 3000 mg and about 10000 mg of
suspended solids per liter of mixed liguor, and the dissolved oxygen level in the activated sludge basin
that cycles between euoxic conditions in range of between about 5 mg ta 15 mg of oxygen per liter of
mixed liquor and anoxic cenditions in range of between about 0.0 mg to 0.2 mg of oxygen per liter of
mixed liguor.
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