HYBRI D AEROBI C AND ANAEROBI C WASTEWATER AND SLUDGE TREATMENT SYSTEMS AND
METHODS BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to systens and processes of wastewater 20 treatnent and,
in particular, to systens and nethods of treating wastewater utilizing

bi ol ogi cal sorption, aerobic treatnent, anaerobic sludge digestion,
sequenci ng batch reactors with nmenbrane filtration systens. 2. Description

of the Related mwamﬁmma&mmmmgﬁwnm@m%@@g ag9. which is
g

i ncorporated herein by reference for all purposes, includi ut not
linited to sequences or s B&@BM’HHQ&SCh or continuous
reactors, teach a wastewater treatnent system and net hod of controlling the
treatment system A control system can sequence and supervise treatnment
steps in a batch fl ow node of operation or a continuous 30 fl ow node.
Sutton, in U S. Patent Application No. 2008/ 0223783, teaches a wastewater
treatnent systemand a nethod of treating wastewater. The system includes
an aerobi c nmenbrane bi oreactor and an anaerobi c di gester system connected
to receive wasted solids continuously fromthe aerobic nenbrane bioreactor.
The system al so returns effluent fromthe anaerobic digester system
continuously to the aerobic nenbrane bioreactor. 5

BACKGROUND OF THE INVENTION

1. Field of the Invention
| The present invention relates to systems and processes of wastewater
20  treatment and, in particular, to systems and methods of treating wastewater
utilizing biological sorption, aerobic weatment, anaerobic sludge digestion,

sequencing batch reactors with membrane filtration systems.

2. Description of the Related Art
25 Pilgram et al., in U.S. Patent No. 6,383,389, which is incorporated herein
by reference for all purposes, including but not limited to sequences or stages that
can be useci in batch or continuous reactors, teach a wastewater treatment systerm
and method of controlling the treatment system. A control system can sequence
and supervise treatment steps in a batch flow mode of operation or a continuous
30 flow mode.
Sutton, in U.S. Patent Application No. 2008/0223783, teaches a

wastewater treatment system and a method of treating wastewater, The system
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SUMVARY OF THE | NVENTI ON One or nore aspects of the present

di scl osure involve enbodi nents directed to a process for treating

wast ewat er and sludge. The process can 10 conprise providing a wastewat er
to be treated; pronoting biological sorption of the wastewater to be
treated to produce a first mxed liquor; producing a solids-rich sludge and
a solids-lean portion fromthe m xed |iquor; aerobically treating a first
portion of the solids-rich sludge to produce an at |east partially

aer obi cal | includes be derobicdgembmnea dicoédcom] dny adiagasbbiodigseeswiemporti on of the
solids-rich sludge 15tp produce an anaerobhically di gested sludge; conbining
at | east aSHUPEEERC Feetvravasted selids C‘H&F‘PP%IV@C’% BEORIQ MembEeed sl udge
with the e : ey ion of the
anaer obi cgllgléy}/&\g%ég‘th %gyés?%ﬁéaﬁgsg) V\nﬁtg%S %ﬂgm\f\tggatﬂé\g\ﬂ/ae%ra Ql{oglcgcgé%srtée%as? ge)téltn One or
nmor e f urt hemtiasipedy $o die actubipmesbrdnediisiehaeur e are directed to a 20 process
for treating wastewater conprising providing a wastewater streamto be
treated, introducing the wastewater streaminto a biological sorption tank
to produce a first mxed |$ONOARY &R FTHETNVEIHEON the m xed liquor stream
into a separator to produce a solids-rich streamand a solids-|lean stream
introducing at least a portion of the solids-rich streaminto an aerobic

treating tank t roduce an 25 | east partiall. erobjcally treated sludge
stream intr odugnﬁﬁ’r?ﬂm? 8%’&”25&??6?]?’ief‘ﬁ?t@fsc{oﬁ‘éreé%\_'cfa}&%grpb‘&(ﬁ“éfseam into an
anaer obi ¢ dir@ted © a procéss PSGEtAR VIRV dlsludgl] TRE bRIEeSI dadge st ream
introducing at |least a portion of the at |east partially aerobically

t reat el s| CRIBRrIS previdingd wastewatgr 1 begireaigd: peerpetingbiplagical sorgtiomof oduci ng at
| east a pogli ' [ r.e i nto the

bi o1 o, cal TCEmRtarks 16 b AR b BRldute e HhE Balid ot bR NP ¢ e |
present di dch sisdgeamt #salidsdedregbrtion fronntieanixtd tiqidre adrobiohlly ¥sathip £Lonpri si ng
a source oI_ a wastewater to bﬁ reated; a biological sorption tank having
a sor pti onFARRTHOM Ahe §akidariehs ¢e BEpduge am @t legh pagially aetbicRllyt evat er; a
separ at or frédﬂédﬂ!;Md%@\éhﬂ&oﬁicﬁ?ﬁéirggétﬁfg d ;T»Hcghd bbitiof oy t&gsﬁgag&igg lslﬂgig_est ream

fromthe biological sorption tan a sludge outl et, | ean

out | et 15 antogupéudecan anagiohinally digekted alidgg; ecombieinglst keastenporiinh of thelani dly 5

connect ed I outlet, and an at |east partially
aer obi cal | %9%2%@@% F%bg‘%%fyggﬁa?ee Sql?ﬁ%.?l ‘gﬁﬁl}ﬁj&‘ﬁ‘\%&gf%ﬁf t?%)etq?é‘%go&bﬂ[i on tank
i nl et; andcanbiaimedtddrsca fogiontof tharxdderbicllgidigsiedrshidak efitt dhyi dl y connect ed

downstream fromthe sludge outlet, and a digested sludge outlet fluidly
connect ed WREEVRERIDE ¥¥eSorption tank inlet. 100ne or nore further

aspects of the pneehiordhiflePaielisVrandbletGhtOficiRu are directed to a
20  process for treating wastewater comprising providing a wastewater stream to be
treated; introducing the wastewater stream into a biological sorption tank to
produce a first mixed liquor stream; introducing the mixed liquor stream into a
separator to produce a solids-rich stream and a solids-lean stream; introducing at
least a portion of the solids-rich stream into an aerobic treating tank to produce an
25  atleast partially aerobically treated sludge stream; introducing at least a portion of
the solids-rich stream into an anaerobic digester to produce an anaerobically
digested sludge stream; introducing at least a portion of the at least partially
aerobically treated sludge stream into the biological sorption tank; and introducing
at least a portion of the anaerobically digested sludge stream into the biological
30  sorption tank.
One or more further aspects of the present disclosure are directed to a

wastewater treatment system comprising a source of a wastewater to be treated; a



wast ewat er treatnent system conprising a source of wastewater to be
treated; a sequencing batch reactor having a basin with a basin inlet
fluidly connectable to the source of the wastewater, an aeration system a
sl udge collection systemwith a sludge outlet, and a decanting systemwth
a supernatant outlet; an anaerobic 15di gester having a digester inlet
fluidly connectabl e dowmmstream fromthe sludge outlet, and a di gested

sl udge outlet fluidly connectable to the basin inlet; and a controller

conf i gur ed bislogieaisoftonaahlt hatin®y kdiptios takahlet NatdPEaveses «d thei d
communi cati on between the basin inlet and the source of wastewater, and a

second si giavrce Rhthegrasigvipter; pisepadaton nidhy baminga sensratewinlet Avidly udge out | et

d the 20d|] | > f h t f th t
G scl osur o o et adfHef from e e (Pedon ik S)uiRRRE R b aing &

source of waldivahentlétpabgerbbieatcatnend tAnkHaQBiglal ack SRR Milet fl@dry f 1 ui dl'y
connected to the source of wastewater to be treated, the first treatnment

train conmprPenstieddownsgeam dran fegiledpecanler ané e at lsast @artielly 28robicalyt he gr oup
consi sting t&%tcﬁ%l%??ﬁga' fﬁn{llg/rac%%lﬁ%ciu‘éf@ t@% %&r}'gfé?lé EAkLRE: 288 g?nggae%%lg ¢

reactor; an anaer I ges ownstre rom
sol i ds-ri chiigeater badng heigesfer ifle: fhiidlyaginaedted deahstiain fidaitht sladgt a di gest ed

anaerobi ¢ sl ydge recycle. ljne fluid]y, connecting a digested s|udge outl et
of the anaQPﬂﬁﬁgéﬂéPé&ft&l shyflge aﬁﬁ'?t?d%@lyaipn@w@wsrreﬁgpf dissomtiandgile al
reactor. 3@fae or nore further aspects of the present disclosure are

directed to a nethod of facilitating wastewater treatnent in a wastewater
treat mddt syst er@ieorimerefutthe aspeatadf the patsemtridisdosrearaiditactad td 2ast one

bi ol ogi cal reactor selected. fromthe group caqnsisting of an anaerobic
react or, an’ aﬁ%&a?eg @8%‘&?’?5??5‘%8&05}?“3@3 oblpqeé’gé‘fﬁf'e.waﬁ%éoh%ffﬁ%tﬂ “hn conpri se
fluidly copeqrinting batchQbddisr Havidy Obidsieivitla Habi iRicO QM dnnkE@BleTBNt train
upstream of an inlet of an anaerobic digester; and fluidly connecting a

di gest ed slthfatpuresafithe wastewnier. arpsrasionsysie e 8 shdge peliacionsysterB ayith ol et of

the at | eashq@l 8ulliOhfl 88lanfif R HRim Wi Hipbiatdat Blid N nalidhaORAW NGS The

acconpanyi ng draw ngs are not rawm to scal €. e
15  digester having a digester inlet fluidly connectable downstream from the sludge

outlet, and a digested sludge outlet fluidly connectable to the basin inlet; and a
controller configured to generate a first output signal that provides fluid
communication between the basin inlet and the source of wastewater, and a
second signal that provides fluid communication between the sludge outlet and the

20  digester inlet.

One or more further aspects of the present disclosure are directed to a

wastewater treatiment system comprising a source of wastewater to be treated; a
biotogical treatment train fluidly connected to the source of wastewater to be
treated, the first treatment train comprising at least one biological reactor selected

25  from the group consisting of an anaerobic reactor, an anoxic reactor, and an
aerobic reactor; an anaerobic digester fluidly connected downstream from a
solids-rich waste outlet of the biological treatment train; and a digested anaerobic
sludge recycle line fluidly connecting a digested sludge outlet of the anaerobic
digester and an inlet of the at least one biological reactor.

30 One or more further aSpects of the present disclosure are directed to a
method of facilitating wastewater treatment in a wastewater treatment system

having a biological treatment train with at least one biological reactor selected



10 identical or nearly identical conponent or feature that is illustrated
in various figures is represented by a |ike nuneral. For purposes of
clarity, not every conponent may be | abeled in every drawing, nor is every

conponent of each enbodi nent of the invention shown where illustration is
not necessary to allow those of ordinary skill in the art to understand the
i nvention. In the drawings: 15FIG 1 is a flow diagramillustrating a

representative treatnent systempertinent to one or nore aspects of the
i nvent i on; from thelgr@ip @nisitiag bf anvatheaghiamatlolr st andkic@a@on hid kn
representative. treat t syitem pertinent to one or nore aspects of the
i nvent i on; 2€rodIC reactor. mgthpd can cogprises Byalyrronpeciing aalider righ ehHetr

represent abj R ﬁiasl@gcmatg@mstmmghp&ﬁwﬁ%le& B 8 EndolIPhihedERGRA S of the

i nventi on; FI 4 1s a graph”of energy galn trom ne e production
rel ative t fuidipcameating afligested shtdgd oatlerdgehed prembic Jigesteigsigarhloé anaer obi ¢
di gester for .@?treﬁt nt s sherln pertinent to one or nore aspects of the

i nvent i dn; 2EEet of figat e@ﬁ&éﬁ IHogIeal 48K ener gy reduction versus percent
activated 25 sludge entering the anaerobic digester for a treatnent system
pertinent to one or nore aspects of the invention; FIG 6 is a graph
of net energy gain ver SRIEFIIESGRIBEON QOFSHHE IDRWWRIGSri ng t he anaerobic
digester for a treatnment systempertinent to one or nore aspects of the
invention; 30FIG 7 is a graph of percentage of the COD renoval by

anaer obi ¢ di gestTge acauafshayRY ddwvildRI6SCRdt idehidPbyt FhWwddss@M eriang the
anaer obi c dl gester for a freatment system pertinent to one or nore aspects

of t hel® nvidentiga or nearly identiqgl gomponent ar fratiph that issilluggatey inevationer sus per cent
return actj I a robic di.gester for a treatnent
B SpLARe By AR OE Rl SE 2

system pertFnent t r’ mor e aspe FI G
9 is a procespoddnomagibedateied inl evety dfaivitge, aboishetry epigshRnl Gitdavle 5 treat ment

syst em pertine lt t (t) ne . or nore aspects pf t he i.nvention. DETAI LED
DESCR! PTI CRPBRAIgE! PRIEAeaRomshewh wher AgRTationds Rathesassaey @adlogis and
met hods  of tHos€at brathaA5I8N1in the art to understand the invention. In the drawings:
15 FIG. 1 is a flow diagram illustrating a representative treatment system
pertinent to one or more aspects of the invention;

FIG. 2 is a flow diagram illustrating another representative treatment
system pertinent to one or more aspects of the invention;

FIG. 3 is a flow diagram illustrating another representative treatment

20  system pertinent to one or more aspects of the invention;

FIG. 4 is a graph of energy gain from methane production relative to the
amount of activated sludge (percent) entering the anaerobic digester for a
treatment system pertinent to one or more aspects of the invention;

FIG.5is a graph of aeration energy reduction versus percent activated

25  sludge entering the anaerobic digester for a treatment system pertinent o one or
more aspects of the invention;

FIG. 6 is a graph of net energy gain versus percent activated sludge
entering the anaerobic digester for a treatment system pertinent to one or more
aspects of the invention;

30 FIG. 7 is a graph of percentage of the COD removal by anaerobic digester
energy versus percent activated sludge entering the anaerobic digester for a

treatment system pertinent to one or more aspects of the invention;



10 wastewater or sludge to, for exanple, reduce oxygen demand, such as the
bi ol ogi cal oxygen demand (BOD), and render the water suitable for secondary
uses or discharge to the environment. One or nore aspects of the invention
relate to wastewater treatnent systens and net hods of operation and
facilitating thereof. Further aspects can pertain to generating, or
collecting a byproduct such as an off- 15 gas and utilizing the byproduct
as a fuel source for one or nore unit operations of the treatnment system
The invention i FIGo8 i$ a graphdfistudigt Fickd perisaaparcant tuinatidtetedisi@gof
construction and {he arrangenent of conponents, systens, or sugsystems set
forth her eicReriRgdhs anactbipfligeser f98atEpaRed SYSEH PFINSAL I9InePreaerei ed out in
various Waygnectydt thidvéntidfeouat er to be treated, such as wastewater or a
wast ewat er 2% stream contdins waste matter which, in sone cases, can
conpri se sol i ds EHfd9soh phicessdfislv idkgpdm bilestatigaaicthandpicsangari ¢ materi al .
Pri or tg di schar%e to the environnent, such streaps may require treatnent
to decont afiCAYPYL SYSICH PPEEEPL 1900 o Qre AapRetsy ofithe INYg8E@Wat er streanms beni gn
or at least satisfactory for discharge under established regulatory

requi renents or guidelines. For exanple, 25 the water can be treated to
reduce its BOD or ot HETAHERODESCRIFHIONOF BESE GNYENEIQMNt ent to wit hin
acceptable limts. Some aspects of the invention can involve
biologically treating wastewater by pronoting bacterial digestion of

bi odegradabl e nefR¢ ingbnt®n i8dire@B8 to SydAahd bt mehodd of 8@ g UMReSPECI €S 1N the
wast ewat er. Further aspects of the i'nvention can relate §0 to effecting or
at | ead® f aastawaigrion gludep . dot examyfle.gednceroxygen dimgarsk sethbissblegr aded sol i d

material fp . 1N j e d. Still further . ts of .the invention
can relat é)?%élg%foggg‘%lﬁg&g?&a{ﬂ(ﬁgg’satndfr%%‘%qr iﬂfea‘f"?tﬁbsq}%g%g%ﬁ&ecgﬁd%unt of

sol i ds fr ons¢sher discht@eab die environmehh €Oh® ¥EMbLORpe&s 6f HRGhAhtioA réluet ens and
met hods for treating water to, for exanple, reduce oxygen demand, such as

the bi ol ogi'® &SGR pisE HegEmaheystasmppndmaheds Reopaeiancad fasiitasingdberaefd ( COD)
and render gipgeMRpEsts Si pif of géngfﬁﬁn%ggﬁgﬁeﬁﬁfg;% Bg%r%éafgﬁ&@ss ofthe

envi ronnent. One Or nore aspect ent l'ate 10 wast ewat er
treat mbht £pserdutilizing thethypasiusf aop fredsowne fdrene of mofhenit opantiomsofi s not
limted ingt |ication.to the.details of ,constryction and th

arr angenent’% eag%fg}%tosﬁgtﬁfr% ?né%‘tv%%?“ ISPOEEB%S?@%%& g’tcatf"?)‘? f‘:hthiéieﬁglﬁei n, and
i s capabl e oftohgiudgopiRTthe @8EnSEmeit dTRbAGPoRE!S, sGéle@Eorl AbYAIIAUS: WaY'S .
Typically, the water to be treated, such as wastewater or ‘a wastewater
stream cobeil Rereitaandisrpelde ohbping pragiced ppoichaing cardad ovbimprarions sol i ds and

sol ubl e and,gasepility, A0RAIE (08118 90 b WALELAAL or Pl Qleukirdi schar ge to
the environment, "Such’’streans may require treatnent” to decontair nate or at
| east 28pastreah] gontaimdieastt hatteasvh@hairesonsd ¢csesyeabennpriseodoliat ahgast

;3} :jzr f‘ﬁ;g%@g&%@;ﬁ%@ rlg %rg%?lgjcez{nde i%%?g%{csgaetgrigl?%%o?ttg El%gctrla?rgg Itor tehré‘ent s o

environment, such streams may require treatment to decontaminate or at least
partially render the wastewater streams benign or at least satisfactory for
discharge under established regulatory requirements or guidelines. For example,

25  the water can be treated to reduce its BOD or other characteristic such as Giardia
content to within acceptable limits.

Some aspects of the invention can involve biologically treating wastewater

by promoting bacterial digestion of biodegradable material of at least a portion of
at least one species in the wastewater. Further aspects of the invention can relate

30  toeffecting or at least facilitating separation of converted, digested biodegraded

solid material from the entraining liquid. Still further aspects of the invention can



the wastewater can be treated to reduce its COD or BOD to within acceptable
limts. Some aspects of the invention can involve biologically treating
wast ewat er 20 by pronoting bacterial digestion of biodegradable material of
at | east one species in the wastewater. Further aspects of the invention
can relate to effecting or at least facilitating separation of converted,
di gested bi odegraded solid material fromthe entraining liquid. Still
further aspects of the invention can relate to effecting or at | east
facilitati rgateesuffectihgar ankastthcitifatinglredigidg anarhdunt \waséiRisdtan the25As used
herein, the terns "water," "wastewater," and "wastewater stream’ refer to
wat er to b¥aFEWAE] such as streams or bodies of water fromresidential,
conmer ci al, or Ff‘ﬁ@'i[ﬁ&eﬂ%n is &pﬁ%%ﬁrtbﬁkiteﬁg%c?ﬂ{cﬂfbﬁ%?Wt?éatiﬁg'dfafeqﬁ fap well as
m xtures thereof, that typically contain at Teast one undesirable species,
or pol | ut aatample/mpediceskygén beraaed saciadd tie biclogigaixggar danganBOD)at eri al s
whi ch can be, 30 deconposed or converted by biol ogical processes into

envi roémn?%ﬁaﬁf’ i O&geatderr@aé&Cpé})sma%iee‘é%rittﬁ%%Sw&}%%tﬂﬁds. The wat er

to be tr eaEc%n&%&@@& diéHNan[ to lﬂilé)éxﬁglicﬁ?f{epﬁ qﬂ)hé’?r mbféea[shﬁédngf heal S, organic

conpounds, 1 ncl ng recalcitrant or a class of conpo at are
di fficult imvebtionsdatedewasgtabtereedtment systenty apdmcthodengfapedioas wel | as

tit f acil lary treatment . . . but not Iimted
Como tr oonterete TuRavention Itk SER i SBpRsetiSage MeciBiot "por tion 1o
typically m@t@mcﬁwmthbmnm%@@emﬁe&ﬁ sPNiEh&tdr $BbdyStemssbAfdinng M xed

liquor after one or nore sett| or separation operations. Conversely, a
"sol i db0 r i bereinsand isecapeble pp beiag Ipyactised pr pbdingicarripd ghidn varipigways.

concentration r iMe to the.starting mxed |iquor after one . or nore
Cotting or SepdrBiopF, e whli S hEtbuRd. Joii 56 walidylr BLA HanBRfie?] TP
suspended s@éanlSconinddeasid mawedyhieh PinGoaieasa] tdn d@nmiseablidieast a portion
of the solids suspended 10 therein; the resultant water body,

< ) A , . 3 as a
consequencéelgblegndiipsolyble przapisanddaorganiaanaerial- Srigyia dischared 1orthe ces wil |
typically Qﬁmlﬁn&ﬁy@&h YRl s m%eapnésig{e?gese@ag@néﬁ%t leaferein the

| oner | ayer has a higher concentration o ative to the starting
m xed 13 qupartialiy renslet He waspovaterstilerohs berign onat kenstlsagisactofuiot her, t he

solids-lean.water layer w.l.| typically have | ower, concentration of solids
15suspended St PR AT Erablissd B FErLTegP PG ok B e o O B HBPCs epar at § on
oper at i ons tieaRasdiEwWatNEnfel tidatdd 8 RedieRisQUUDRT BTD $6 Wil 4dceprableudge and the
solids-lean portion. A "treated" portion is typically water having

| ess undesiiflilt e species or pollutants relative to a starting "solids-Ilean"

portion after o %%n{%rasP@Jt?oit e Zr%\}@ﬁ%n %%ﬁ ir@%ﬁ%ﬁélﬁg%ﬁﬁ? 8 adlBl fer

bi ol ogi cal or separatfon operations.
20 by promoting bacterial digestion of biodegradable material of at least one species

in the wastewater. Further aspects of the invention can relate to effecting or at
least facilitating separation of converted, digested biodegraded solid material from
the entraining liquid. Still further aspects of the invention can relate to effecting
or at least facilitating reducing an amount of solids from the wastewater.

EL AR 19

25 As used herein, the terms “water,” “wastewater,” and “wastewater stream”
refer to water to be treated such as streams or bodies of water from residential,
commercial, or municipal, industrial, and agricultural sources, as well as mixtures
thereof, that typically contain at least one undesirable species, or pollutant,
comprised of biodegradable, inorganic or organic, materials which can be

30  decomposed or converted by biological processes into environmentally benign or
at least less objectionable compounds. The water to be treated can also contain

biological solids, inert materials, organic compounds, including recaicitrant or a



portion having undesirabl e species such as sol uble inorganic or organic
conpounds can be introduced to a nenbrane filtration device or a nenbrane
bi oreactor that nay retain the inorganic or organic conpounds on a first
side of a filter as a "second m xed liquor,” while allow ng the "treated"

portion to pass 25through the filter. One or nore of the inventive
systens di sclosed herein can conprise one or nore biologically-based or
non- bi ol ogi cal | y-based unit operations. The systens and techni ques of the

i nventi on €4ass becesmpeunds dhaiare Gffieult foduedegrasiegeltive tootherafrgade ont ami nat i on
or treatnent ns tvpj.cal | v include qne or nore.of pre- 30

t r eat nent, QBF‘&’?’%E@@* %Sr‘}écgf#e%qvnghtggg%ﬁﬂ)ﬁ ?ﬁlﬁﬂgﬁéﬂ?‘? L SREFAHBLY g-)utcgélﬁl’?tf%nt or

pol i shing epelialiieas nitfodhhhiRs and BRldcRadiRiitofsaci | i ties that can enploy one
or nore aspects of the invention can include at |east one of the

pre-treatment, phisalidj-leantaonion is typictliiwnter having trshsuspendedsobids t r eat ment
or_pol 1511 500 LA Ly mised B AlIF ShEBLLGRYSIENE oPABRBRR 0N MY

renove grit, sand, rave Imary or systens can

i nvol ve at dpegsionpalbhwdrseby|uctisbdd-HioHn sibdgreis typitdigabitorhavatita Righeemoval  of
| arge insoluble material of the water to be treated such as, but not
limted to SPHEsConsentationglaive iside stasdngmaxaddiques Allerang o5 mara s¢itlingeat ment

oper ati ons . ' t ' .sett | eabl e
Cort ds ana 7 PR SRR Rof SR SR RaBb] BdnERllB o8RBT ' T ks
Primary cl aanbeallewadijo premdis sdtiding df at kagar @irdors of ihd soliddsSepadddr y

treat t unit. operations or tens can involve biglogical treatnment such
as tho @ t ﬁQTIeWBWeJQ?WIWEWﬁWGB§X‘§Y’BF SFRUCUFRYT %&Hftléﬁ‘?@ ’&F‘“"a"'_dc‘Efnsort i um of
m Cr oor ganinafifrall RaditatioRAStordda wiilt ?ﬂiMale@'a)’lE@eP{va&Pfh!Ef incﬁrp\?ﬁ%ggd abl e

material such as, but not limted to sugar, fat, organic nolec and
conpounds tWaigr leyarawbergin e yower ldyerdrad aibigheh eongentration ofcrelids.gelative

15advant ag of .the invepntion can.utjilize biologiLcal processes
and Syst omtO i FRREE RSB ublts apf VS e het Vg leph Sty SsP o blifterniiBor o i n
the wat er tsolilielean @ait@daydradtl tigiediyBivc 206wRPtoiBhRgidRTsalilons or systenms

can include biological treatnments, chem cal treatnents, and separation
syst end?d TﬁESH?BQ? Tthegein fel@five to the starting mixed liquor. Other separation

operations can involve filtration to produce the solids-rich sludge and the solids-
lean portion.

A “treated” portion is typically water having less undesirable species or
pollutants relative to a starting “solids-lean” portion after one or more treatment

20  stages, such as one or more biological or separation operations. A “‘solids-lean”
portion having undesirable species such as soluble inorganic or organic
compounds can be introduced to a membrane filtration device or a membrane
bioreactor that may retain the inorganic or organic compounds on a first side of a
filter as a “second mixed liquor,” while allowing the “treated” portion to pass

25  through the filter.

One or more of the inventive systems disclosed herein can comprise one or
more biologically-based or non-biologically-based unit operations. The systems
and techniques of the invention can be effected as, or at least as a portion, of
decontamination or treatment systems that typically include one or more of pre-

30 treatment, primary treatment, secondary treatment, and post-treatment or polishing

operations. Further, the treatment facilities that can employ one or more aspects



20 operations may include processes that involve biol ogical
nitrification/denitrification and phosphorus renoval. Chem cal treatnents
that can be used nmay include chem cal oxidation and chem cal precipitation.
Separ ation systens can include dissolved inorganic solids renoval by .ion
exchange, ultrafiltration, reverse osnosis, or electrodialysis. Further
treat nent 25processes can involve disinfection, decontam nation or

i nactivation of at |least a portion of any residual m croorgani sns by

chemni cal oof theysientibn naainsludeck leaxtone of thapeHrdaaneitpprimany teatraédtect ed by
exposure to any one or nore of oxidizing agents or to actinic radiation.
Commer ci al F§FO8 VIt%BfI“ée“Fiqnfir%’ﬁ‘g?ﬁtg‘)?g‘t@rﬁpl’ghlﬁg OREAPMIABS-uti | i zed in sone

enmbodi nent s of i i i 3 i STm

conti nuous nerrb?gﬁrghﬁ{ﬁ% S?‘lg}g%%n% %ﬁs&ggﬁ?ﬁéﬁﬁé g?%,es%%@%%ﬁ\o)é.m

( Pr essur i zBdmaPredifencoprXionsenbysems Earl invalve anleastytaetial eqdalizati@i,enmens

Wat er Technol ogies Corp. O her separators that can_he used include filter
presses’ ant® e gRs o removal @fgﬁégeéﬁﬁﬂﬂﬁ’lﬁé?ﬁt%“@ﬁaﬁewit?et&t%mm@yst ens of
the invent L 43290t HOFRAERE t@_fa?é?lé‘iig,earﬁfg[r&‘ﬁé.t %?%&e&ﬁn&ﬁ ahd pALRE, a

bi ol ogi cal sorption tank having a sorption 5 tank inlet fluidly connected
t o the soutlresmgit opesatigms meyacecombihed torrentove suctspgtesa®s asfvellle | nventi on can

al so conpri separ at flLuidly havin eparator .inlet flui.

connect ed %&%@t‘ﬁi’r%’i sﬁp‘gﬁo?tﬁrég g?%?soﬁp‘igg(’@&’fepﬁ%‘ﬁs pughas r%gssfﬁ“ﬁc‘fb‘gll( utlet,
and a sol i Bma@pflaffiéds Shay D RiliZe8ab B8Akate ¥SUARMS of the invention can
further conprise an aerobic treatnent tank having an aerobic tank inlet

f1 ui dl 0 connect Secondatydrgpémentunit onsrations o FYptRyes eantingelve hipdogiealat | east
tiall ' . t. £ i q): ted to th
o ot fon ¢ SEdfHRhFaich s HGSEER IR erbibY Bibiornids it CRIBREHEC © 1€

addi ti onal tgnsogivm bSmia@oo@anisne s at Bageaitliyhsdidigrecordiogeat er inlet fluidly
connected downstream fromthe sludge qutlet, and di gest ed. sl udge out | et
fluidly cofiRues ‘éﬁﬁ%%@@ﬁ%ﬁ‘ Ut it 1 Aear ﬁi’ﬂgmima}mkeﬁi ting
exanmpl es Ofndédhpdinfs fﬁaa?%reﬁ%”ﬂ?%)ﬁ%&ﬁ dbRSAERT hE RlerC a8 sHiyk! 1 z€d in one or

nore configurations o e present treatnent systens includes but is not
li mteld t oadviataErsRENG 0B OhysREBh ER viiizabiplagical SRICBASONETIYstepis ow

sl udge bl apk Larifier, Rl MFL circular clarifie and.the TRANS- FLO(r)
ol ar 1 or ke B Lotk Ratt S pinel ki fpRHalisbr a4 B of cact or
(MBR) systeamed.hat can be utilized in accordance with one or nore

configurations disclosed herein_.include, but are not limted to, the
MEMPULSETm nenbF SHaTSHmBeR £ tPSPS@S}% CRFFALPIOIPETRIE cARErdeiolggsabact or

Phckaged VESt Dua B A R Oy e, R AR PR Cor p.

Non- | i 2 t i aperatiensphasinofude prgeses ttisat amvades biobopicabf t he anaer obi c
nitrification/denitrification and phosphorus removal. Chemical treatments that
can be used may include chemical oxidation and chemical precipitation.
Separation systems can include dissolved inorganic solids removal by ion
exchange, ultrafiltration, reverse osmosis, or electrodialysis. Further treatment

25  processes can involve disinfection,r decontamination or inactivation of at least a

portion of any residual microorganisms by chemical or physical means. For
example, disinfection can be effected by exposure to any one or more of oxidizing
agents or to actinic radiation. Commercially available filtration systems that may
be utilized in some embodiments of the invention include those employing the

30 CMF-S™ continuous membrane filtration modules as well as the MEMCOR®

CMF (Pressurized) XP, CP, and XS membrane filtration systems, from Siemens



systens that can be utilized in one or nore configurations of the

wast ewat er systens include, but are not limted to, the DYSTORO di gester
gas hol der system the CROAN(r) disintegration system the PEARTHO di gester
gas m xing system 30 the PFT(r) spiral guided digester gas hol der, the
PET(r) vertical guided digester holder, the DUODECKTM fl oati ng di gester
cover, the PET(r) heater and heat exchanger system from Sienens Water
Technol ogi es Corp. One or nore enbodi nents pertinent to sone
aspects of Wiger Tenhanlogts (Cap. Otleylseparatoreihbssatberustd aaduderfiites padssan
conprising a,source of wastewater to be treated and a sequencing batch

r eact or ha\?Pﬁfje"é“ﬁ%f"n with a basin inlet fluidly connectable to the source

of the vast ewat Qo AmALRAEhQSf BTG LIS BRORVERIdUln BYRpAGR Vi th 2

sl udge outlet, and a decanting systemw a supernatant outl et
wast ewat er atsoert v masewates o batreatktd,; biolgidab sorprioataak habing adogenher havi ng

a digester inle | uj dl'y connect,abl e downstream fro he sl udge outlet, and
a di ges% edt@kda_tféhBﬁftlY‘é mF’FE?B(ﬁ? WQMF@&@B‘T waieWelRe HasHFAIMfet, and a

control | er sGaahk 8EMednt<ntidRRak s cBrmiphisSh st RbL ﬂﬁHW‘ﬁéviﬁ%‘@&anga@é/ﬂ des fluid
comuni cati on 10 between the basin inlet and the sodrce o stewat er, and

a second sigjaefiuidlyatonpeated dewnstiaaimifromrthe hiokegi¢ad sotpsionsank, alklmdgé udge out | et

and the di er inlet In.still further empodi nents of.the

avent o, Soies il Rstidseen ewiets dhEbeamehE ki Re meRHoR sipRroe

provi di ng @oMpsiteRibbic Aredtndrt @RkEhvARtaid4RHBIE itk iRic@ FIALHIF adnneedt | on of
the wastewater to be treated to produce a first mxed liquor. 15 The net hod

and t edtini dowasiszam fremy the shudee Audetnand an adeast parpiplly eetobisgliy iagfed
solids-ric i Ay f. ] i r, and
aer obi cal | glu?%gg??%gﬁgdl icf’gb&géofr{(ﬁg% S‘%—?{l%g&g cl)fﬂlgénsr}%e%%atéﬁgtaggégkh g’ pr oduce
an at | eastof fiarihivaltion cas ndditioahllycdmpradecth Mhaedbic digessadranihgpodipéster of t he
solids-rich sl di gested to produce an

d b bi cal |
anaer obi calfpgt ﬁ?lggfsq%ggeﬁ% 88@%“%4%’0&@?%86 sidee ppfletcita digedtedsiudsare

| nventi on GAfledYAly/dBRREAEd GATRET GOMbELDAnRinbeast a portion of the at
re

§
| east partially aerobically ated sludge wth the wastewater to be

treated? and corfimiimifing edagydes of ghoifidrpar afmpdrentsribencobihetdanybedi gest ed

sl udge with..t.he, er to.be treated. ln.still further e i ments of
The Prvent Paie RSP chinaioriate prtod entme Sy FEBER Conpr i oe
provi di ng aunisiceliaiied 16 tHecRNVIRER® FLOCE€UARIRIER fydi@dutkng the wast ewat er
streamintqg_a biol o&ri cal _sorption tank to produce a first mxed |iquor

stream ThePMRORSINERRIEY pudeeblapketalarifian R IO @pircilas slagidispand e
[ nt roduct ngd bRARSEAOE AYffic: HoAASIchidn? WS ePA bR G-gpoduce

solids-rich streamand a solids-lean stream d techni ques of
t he i n¥enti on Membrane bioreactor (MBR) systems that can be utilized in accordance
with one or more configurations disclosed herein include, but are not limited to,
the MEMPULSE™ membrane bioreactor system, the PETRO™ membrane
bioreactor system, the Immersed Membrane Bioreactor System, and the
XPRESS™ MBR Packaged Wastewater system, from Siemens Water
25  Technologies Corp.

Non-limiting examples of components or portions of the anaerobic
systems that can be utilized in one or more configurations of the wastewater
systems Include, but are not limited to, the DYSTOR® digester gas holder system,

-the CROWN® disintegration system, the PEARTH® digester gas mixing system,
30  the PFT® spiral guided digester gas holder, the PFT® vertical guided digester
holder, the DUO-DECK™ floating digester cover, the PFT® heater and heat

exchanger system, from Siemens Water Technologies Corp.
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30 may even further conprise introducing at |east a portion of the
solids-rich streaminto an aerobic treating tank to produce an at | east
partially aerobically treated stream Even further, the nethod and

techni ques of the invention can conprise at |east a portion of the
solids-rich streaminto an anaerobic digester to produce an anaerobically
di gested sludge stream Still further, the nethod and techni ques of the

i nvention can conprise introducing at |east a portion of the at | east
partial |y aer obi@md brymbreamhisndliméntd pertienedsomdtagpdcheofithe ighGa caor pti on
tank, and i.ntroducing 5at |east a portion of the anaerobically digested
sl udge strdBWIVERY aﬁt%@’ affir HIeRiEneDh FYSSHR SPpHSing geource of wastewagsr torhe e

enbodi ment s agkitd.A8l ﬁ%r@ . I t.]QR; [ ve a
wast ewat er treat rren{k%gé/és?ltce céﬁ@?@%ﬁggén%gg?%@%@ %/\t/ga{sg{rg%atgrﬁ Yc@g be treated
and a bi ol cgnozditatile eathesotrct ohithe Wasuveltsr, aio asredéresysteon tawtudgeur ce of 10

wast ewat.er tﬁFbe treated, The first treatnent train can _ conprise at |east

one bi oP ogi CaFCHRPGM with astudge cptieh fHE2 §PSNPnE BYNIR Mt BiPcERiathaer obi c
reactor, amABRXTie WERIGHREr u@d@ﬂgmy@ﬁﬁp&incalgoe&ﬁ]hﬁ[se Jgﬁa&??i&%&gonnect ed

treatment systemcan al so conprise”an anaerobic di gester
downst r eamifavimg adigesitérdalet fluidlpcirinettable dowmstrean fginctile sludeatonteat, and ai n and

di gest ed ic, sl le line 15f1uidl. ti di gest ed

21 tdge out INBEHA e AR A BT Fonbertable A Masin et B0 K4R0RBHEY eadt one

bi ol ogi cal d’oﬁﬁ%ﬁl@ﬂ 10 héhepdtt klfirflbuthir sighab@ai providss ﬂﬁid&ﬁ‘mhﬁi{x%ﬁﬁt%xp”, the
0

met hod and techni ques of the invention can conprise a nethod
faci | i 8t i hgtwresttbobasin inletamd temsovree of wastewsten and a secondwignabihet em havi ng a

bi ol 0gi cal o ARLIG obf At 1Bkl FARE o8B, ARl A Gl SRgL T se! ect ed

fromthe group consrsting of an anaéero ctor, and

an aerobi ¢ reactlarstill Theherenitoditais edtherihémtibh thd netganarckEitGqees of
solids-rich outlet of the bjological treatment train upstream of an inlet
of an anaerBhiNYepliQfecAnsompLisg PIPVidiaR R WAL th e dregicd ot prompiege out | et

of the anaQﬁ&B'g{éa@;oﬁg_g{ne&f tHP 3/ab@ @M o Ok attSlo &Bd‘%&ﬁ]ﬁ&x hfast ﬁ@ﬁﬁ'ﬁay al 50

bi ol ogi cal reactor. The systens and0 conponent’s o e 1 nventi
provi déScoskhegasthod anbischeiiats ofghe nventier candfurtboatcenpriseqaodmimg sy st ens

t hr ough us i0l.0gical , prgcesses in conbi pati.on.wth anaerobic

di gesti on. esﬁ‘ﬁéés"%%@%%&%‘% and ??@%ﬁﬁ'ﬁ'ﬁ?ﬂ 9%1882@5"@?1?%8(1 miggfeﬁ{l ATORIS% N can
reduce sl udgatipg adigtpoedod 6 Be gblidshiechgad &Y to \padduRd n Wl idastQRefialy ons

i ncl udi ng bi ol gogi cal processes and recycle 30 streans. The wastewat er

treatment pREVESEYArcsdsluiesomeiccanfbonioniaf e sdidpitchIsludeeCre bR t i es
2o 2% by 05 AR LR LB BLSSTRRR
20  and techniques of the invention can even further comprise combining at least a
portion of the at least partially acrobically treated sludge with the wastewater to be
treated, and combining at least a portion of the anaerobically digested sludge with
the wastewater to be treated.
In still further embodiments of the invention, the method and techniques of
25  the invention can comprise providing a wastewater stream to be treated, and
introducing the wastewater stream into a biological sorption tank to produce a first
mixed liquor streamn. The method and techniques of the invention can also
comprise introducing the mixed liquor stream into a separator to produce a solids-
rich stream and a solids-lean stream. The method and techniques of the invention
30  may even further comprise introducing at least a portion of the solids-rich stream

into an aerobic treating tank to produce an at least partially aerobically treated

stream. Even further, the method and techniques of the invention can comprise at
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anaerobic digester. Additionally, costs associated with use of a
conventional aerobic stabilization unit are typically reduced because | ess
aeration would typically be required in the aerobic processes due to the
use of the anaerobic digester and various recycle streans. This process can
al so generate nethane as a 5 product of the anaerobic digestion process,

whi ch can be used as an energy source. In certain enbodinents, a |large
portion of .the chem cal oxx en_demand (COD) and_ bi ol ogi cal oxygen demand
(BOD) can B2t a@0CR qidhaep %ﬁélcaﬁéréa@bn@ ag; agagrphic digasies te produeeiate t he

aeration a I do ik tl .and kncrease
Fhe mount Sperueaty BEAULE SRR SredlCsiMincRREE B SAhoidiPs of 07 o

Addi ti onal Ithe hweatimecaar@aiprise inteidueBigi @ feasi 4 portien o8 8@ d RakeshiaA1COD and BOD
in the sl ud%e .the system sl udge )é{l eld can al so be reduced. I

g an ¢ 2 ) . n
contrast té& Nitregied sludgs sieam datgihe bislagicah serpiier tanksand inpduging he
sl udge st abj |4 i 1 r i i ihi.zation tanks
with ret§en'?1|!t g)ér?g l?%?r(ggo%ﬁ fgl%fafggv&ﬁg%?jsl?g%%ﬁtggéﬁgg% V\ki/iejéekgrl %&%H{aenﬂdglto %aﬂours, one
or nore of stfttive tpdesent treatnment systens can utilize a plurality of
sub-trains and gpne or _nore sorption systens that facilitate assimlation or

bi ol ogi cal sor ptTEIRUE HEENE RELGFIP SeBIePeRe Heidhe tventigngatexanpl e, .
the vari ousnvoled §Was@Adtel %&m&v&@ﬂh%sﬂngﬁﬁq Asbiicl of MsRYRR L SgE0US! Y
provi de wastewater treatnment by utilizing a %I urality of sub-tralns that

have vari edreatedraadaibdolbgizdi treptmentt thdin $inidly adpmmected th ehessoar@@faj ority of the

t ti | | bi cal |y digested, and d
rain A0t Rl e FeaB S 1B B Are R St ot e (bt Bt e
typically oidlygipalreacidd stlxeddoRbimahd ¥roupahasindor@nRAsM6BIcBad6F, ahi C

activity for less than full conversion or consunption of all oxygen demand.
Vari ous coRfP¥Greacisnansk an apgobie seasiar. Jyetveasteveatar trerimént sysiomicds alsoqui ds

separators . - . i jrepents. .Thus, in -sone
cases. one CoPBlist Hf MBIl EAES e IR BB dob B E B o iR,
sol i ds-ri clugetrefahsbiobogiel treemicnd train akiea digeni@t aefobihiQudgdretyéde Nige Sone

ot her odj ments of the treatnent syste of the _ invention can_conprise
col | ec??ﬁg%y GPRRESHOS F’tdilg?éte\‘)ig?f‘f%ﬁé){ﬂﬁ‘t &f‘h%?‘éaef@l‘ﬁfj@&ﬂ@’éa@ 4} Wit 30

mat eri al . Tﬁ@athé@kggésiaiog&qpéa{cgﬂ_ process can conprise both adsorption and
absorption processes that facilitate conversion of at |east a portion of

di ssol ved sol i ddng8ll fther gmbodimenisiefiths dhyeasionrihe nethosk and techniassefiat er. | n
e s LR om0 AP R RSB PA T, 2
adsor pt i on waseeass treatment systern having a biological treatment train with at least one
20  biological reactor selected from the group consisting of an anaerobic reactor, an
anoxic reactor, and an aerobic reactor. The method can comprise fluidly
connecting a solids-rich outlet of the biological treatment train upstream of an
inlet of an anaerobic digester, and fluidly connecting a digested sludge outlet of
the anaerobic digester upstream of an inlet of the at least one biological reactor.
25 The systems and components of the invention may also provide cost
advantages relative to other wastewater treatment systems through use of
biological processes in combination with anaerobic digestion. The wastewater
treatment process of the present invention can reduce sludge pfoduction through
the use of various unit operations including biological processes and recycle
30  streams. The wastewater treatment process also overcomes some of the technical

difficulties associated with use of anaerobic wastewater treatment processes, by,

for example, concentrating or strengthening the sludge introduced into the
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can conprise attachi ng conpounds or nolecules to surfaces of soluble and

I nsol ubl e particles in the wastewater to cause themto settle in a
downstream 5clarifier. In absorption processes, chem cal and bi ochem cal
reactions can occur in which conpounds or substances in one state are
converted into anot her conpound or “substance in a different state. For
exanpl e, conpounds in the wastewater can be converted to another conpound,
or can be incorporated by or into bacteria for the purpose of growi ng new
bacteri a. ApaaebicHligesierbadgditionaldsdostd associatesl with ueyblcatonyentptriabn process to

mx and to _provi .an .aerobi c environnent .. The retention ti in a

bi ol ogi cal ag%’g’b“tggﬁ%ﬁ%ﬁw_“&gﬁfﬁmwﬁucﬁdPs‘a@“ﬁ? Fﬁﬁ? BRIy hours, for
exanpl e, bejpeary Beyirdd MahdhdebRprodidsds\ie otHeSuse BPHR Rasbslabl y bet ween
thirty mnutes and one hour. Aeration therein can be effected to provide

m xi ng and diggister andhvanipusaeayslecstesammisy dipseprocesh gan flae igknerate ezethdfelasacul at i on.
Further.fl occul ation or regation can be.effected jn the systens that
utili ze5 an paoerug ?%:t F rag%qr%gtdxg%g“%q pqorchsowﬁlcﬁacgg;)? uﬁ%‘é/\%ﬁlaé]r?nef e aer obi c
treat ment taike plipdr@seBbiEiRAtsl &ldrye pbitioh b t chealive dx Peendfmdnat 0 t he

bi ol ogi cal sorption_ tank. In sone cases, the treatnent system can involve

uni t oper af¢ WY anddiolpgicel Xogen femandHaB) eanberedysadrusinashararasobinat
facilitategiapjd ThEWLRH rée%céhf‘eaa%i‘at?otn%‘a]o&&g&l ltelgﬁﬂémfe&k,' Mg an upset. For
exanple, the&treatnent systemcan circul at& m Croorgani sns at provide or
facilitat e opaatonbogts,ding ésdréase tcarnvait\of methane praduted dixe dambanhsed dshe

bi ol ogi cal sorption tanpﬁ’igs, co sb?antly seeded with nitrification bacteria
(such 48 aRRSArEYSRIGE igitionally beqaueearaerehis diggstnmowikis ussdite Fedvgs 25
survive th 4TS ;.64 | : to the

aer obi c engggﬁﬁng?}gﬁﬁggﬁg%1 %gg%%ﬁydgg?f‘%%c%ﬁgﬁgggﬁa?% ‘i cation can

t ake pl ace in tHe cbitodsoty camivestoomal comtattstdbilization pracasses.evlizoeintbat s of the
i nvention, sludge, processed through an .aerqgbic ireatnment, and/or an

anaer obi c af“é‘é%?%PﬁWﬁS}°‘b1S§’8fft8ﬁP%¢Jﬂ’t?Pég‘b‘FSfugé? F}é{“h&gﬁl?ﬂ ¥Bks ¥Rk as a recycle
stream t o a&shtsdn fifed Hfa RivohaG: Salh axbebWEdi drRnAt@6 8DERS ondb@brdXsocessed
streans, such as a solids-lean portion or a sludge-lean portion exiting a
t hi ckeher & PresRTt freatimenpsystems saactilizg agHuphpRf sal-UraipsmdonssIfimeEng uni t
can al so be,j : e st : ' ' tion tank
o assi ot TaTRe Sp G U (R bR R bR O <OlgRol s Eocl D | 00
conf i gur at iand¥er deroliverl mlatesialsh diur eahhplef theivarived gdtesar gidi techniekani sns.

5Sone enbo ir’antg of.the treatnment, processes of the i nvegt [ QE‘I can
isciosed herein can advantageously provide wastewater tréatment by utilizing a

plurality of sub-trains that have varied hydraulic loadings. A first train can have a
20  majority of the return activated sludge, preferably anaerobically digested, and
second train having fraction of the activated sludge aerobically treated, typically
only partially aerobically treated by exposure to aerobic activity for less than full
conversion or consumption of all oxygen demand. Various configuration of the
present systems can utilize solids/liquids separators that further reduce the capital
25  requirements. Thus, in some cases, one or more separators can be utilized to
separate sludge or solids-rich streams to be treated in one or more of the sub-
trains.
Some other embodiments of the treatment systems of the invention can
comprise collecting and/or converting various materials to produce a sludge
30 matenial. The biological sorption process can comprise both adsorption and
absorption processes that facilitate conversion of at least a portion of dissolved

solids as well as suspended solids in the water or wastewater. In the adsorption
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conprise biologically treating at |east a portion of the sludge fromthe
wastewater to be treated. Biological treatnent processes can be used to
renove and/ or bi odegrade undesirable materials in the water to be treated,
for exanple organic pollutants. In certain enbodi nents, the biol ogical
treatment processes can be 10 aerobic biological treatnent processes.
Dependi ng on the operating conditions, at |east a portion of the organic
material in the water to be treated or slugﬁe can be oxidi zed biologically

and conver tRERFEE® ipny Bwhngleexlesial particlamplysicafly adberear hovdpwgithent s, the
ecucti on 11 Gy AT A0 RoP S BRI P Y ST

enbodi nent s, e a portion o gani c naterial r1n

15t reat ed @ansbiggise awathiigy Joashonads ofinplepalet tadurfactyofloldblgimy a | ess than
sufficient aeration rate or a less than sufficient residence tinme. For

exanpl e, t HEsAlRRlG paftislesiin thacyeap aieniarauscahedo setdls in RdAWREKEAM ess t han
50% |egs tc'?eﬂ'{}"he:f‘o fa O{étf\o%sprbgéigeslg%r%ilcgﬁ ER]?%EJ)&IH@?&{] ¥ea%{i§1r#|seé’arn cur
e (6] e ess an

enbodi nment s, reduc n i n oxygen denand can 4 and nore

pr ef er abl y ibethiclecomganutis Or Sf%anocesahauit sG6 arEkendteddh@ranbthebe treated or
sl udge can be aerat ed and m'xegiff}or a period of tinme in, for exanple, an
open tank (FSMPGUAS Pr Hbstagee 2 diffeseitt stals sSForgxamples compowyisdmthet ¢ eat nent

processes i 1 I f 0.2
oL to 5 oY BB Rl HOMEr bR, Y A o e ¢ he

aer obi ¢ t r antorhenterin fokthe purfvse sEgwmdhg neelbacteriar Aepatisheanbt provideda r ange of

one to,R5 si aur s nd _even nore preferably,.in a range af one to two
nour s. 16 b tng igleRicof Sirmle Brofpeeyin Bk B dmaividsan wabig PR T et | on can
conprise a mestemishaklif aQﬁoiB%i@@lksloE‘ﬂi&Pt\éﬂk BREIHOBerGRBY 8§ Fdv REnYRE hitH'S
materials into other, nore useful, end products. In this system

m cr oor ganiasify hours, beleiampbivbelyesaagpudars minwgsanddwoihourshmoapsence of
oxygen. In g&r&e&b@ﬂ@&@%pﬁ ﬁ}u‘ﬂr %ﬁﬁtb?&cﬁgneoﬁ%?e%seratﬁ%?r%{ W JRLEG @l s can
7 Usuch as Wwast e c 0 6

be process paper, grass i ppi ngs, od, ‘sewage, and

ani mal wastte proMidesmining esd niagiaih e aatbhintmdonaifenpttoy fadiligieyol ume and mass
reductign (ﬁ%t‘ﬂe.sl gg bg_j&ng introduced into the _system The process
producd? a REERAten-Jhrther tosrulatio prregrsaatiopicay ie cected By bespvtedper gy
product i on.thathei1ia8 a8 a&Bbkc hG8sh 1Blk. PIAGHRSCSE) hGREW: B aBRBIELT | 2l

hydrol ysis of the sludge being introduced into the digester. This can break
down i nsol tsiatment ganki propidey surstansiald ald sheodisdedieddryges intatle Wolggics] ani no
aci ds, and ng_p[%tﬁk){mﬁ(ci ds. In certain anaerobic digesters, acidogenic
bacteria can en convert these materials into carbonic acids, alcohols,

hydrogen, car borndomicdess, tietRainient 3Psteid@a Mh I AChEES oprACoRANRQANE S

conver E’?.Sd Q/%rigl?g co%%gg%go%rgﬁ%ro%?ggnﬂrhsa th%? ir']acibl?tate rapid return to steady state
conditions following an upset. For example, the treatment system can circulate
microorganisms that provide or facilitate anaerobic digestive activity. In certain
embodiments, the biological sorption tank is constantly seeded with nitrification
bacteria (such as ammonia oxidizing and nitrite oxidizing biomass) which can

25  survive the anaerobic digester and which can be recycled back to the aerobic

environment. For example, nitrification and de-nitrification can take place in the
biological sorption tank. In certain embodiments of the invention, sludge
processed through an aerobic treatment and/or an anaerobic digester may also
enter the biological sorption tank as a recycle stream to assist in the biological

30  sorption processes. Other processed streams, such as a solids-lean portion or a

sludge-lean portion exiting a thickener or clarifier, or a mixed liquor produced
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further digested by acetogenic m croorgani sns to produce acetic acid,
carbon di oxi de, and hydrogen. Met hanogenic bacteria or nmethanogens can then
convert 10 the carbon di oxi de, hydrogen, ammobnia, and organic acids to

nmet hane and car bon di oxi de. The net hane produced fromthis anaerobic

di gestion process can be used as an energy source. In certain enbodi nents,
the anaerobic digester is constantly seed with a consortium of nethanogens
that reside in the sludge of the treatment process. Certain slow grow ng
anaer obi ¢ Frast @pelishinginibeansaden brintrotieedias aret yekmepanstodhe binjelgicajent r ophi ¢

met hanogens _can survive.in the.aerobjc environment of the present
i nventi on, S%rﬁgogfqnf(\{?&f%%tﬁn%Qﬁf‘ﬁ@ggﬁgm%‘?%m&fﬁgést er allow ng the anaerobic
digester to be ¢pp@kARisky, soRRUBHRBIMNOM BRNhTdIVE herhiBNIB) lfa@flitﬁf%& hanogens.

This allows for a nore reliable treatnent process, and allows for a
snmoot her t PABYPR MgAhPUEYRS.t 0 a steady state if a problemoccurs within the

system.20The a r obi ngi stiQn .process _can be erated at tenperatures
bot weerd 20C and SIBE CHReSERETR g it feEne peactiie SEMEIPYPU R 2ed dur i ng
di gesti on. chapriesioRgRally$RaGhg HESR Iag:lomolnﬁnhegmagé FrohCiak Waste@dtdrr es
operating tenperatures between about 20C and 45C, while thernophilic

bact eri a t {pbeHead.  Biplegieal dipatmant processep eambe nsed taremayerashorabout 50C and
75C. In ce ' ' > r ' .Ure can be
ot veen aboseeBuRE BAfERkinaiEt IR LGS GEY RRHA BuhBREERY| 2

t her nophi | pollaahts.y ir yertaie pabddingne) thdokigival repieent progespey aintdeer s, t he
retention tirgg in an apaerobic di gest;g can, be between seven and fifty days

retent 19n #FRBIC biglasical weaimenkpragisyes, deensaning ontBe APEAENg FRNditonsadls
ret ent i o JeakFa pdidlof 8 1Rl o RiTD AR brPthe Wifler BB G or ARAKY @8NS0 dermmnd

can be 50% In certarn e I ments, e sludge that I's processed
t hr ough t hexaliredbodlpgicaliiy et esnviergd becarbaydicedichad water. dncemdiet of a

bi ol ogi cal _sorptio rocess. Prior to, recyclin he anaer obi | y digested
ol udge | nt STBREISRE: B R iogrip oRueerotaEL s kAR B 5 ey he
processed TNsGHYEmBadiaRheDIHe L uHlbh bPtheld@Baié Mardmll fythkRen&hamact eri stics

of the anaerobically digested sludge. In certain enbodinents, the

anaer ob? calEjted pptladagican beggduepshomdy partisBy by ayitiping ajassidhany syffigiest n| et of
t he aer obi . 1ok ST TR 1 he |l gds-1 -entering
t he aer obi ger%glgﬁdr%ﬁ{ a %egﬁ E.fah%u tggs&ééﬂ n%tg H}e]{ré' e%gg?%grr‘\et’ géor?é%ﬁtll?eat ment
syst em canogygrprdesmindren be laws tleansiidh dass thapslbfoeless thae 38Fator ta3s rancesses.

The separatjgn processes may separate certain portion of ter to be
T oD o RS 8 R PG EL AL b B Sl B hnd o
be less than 8%, and more preferably between about 0.08% to about 6%. The

20  water to be treated or sludge can be aerated and mixed for a period of time in, for
example, an open tank using air diffusers or aerators. Aerobic biological
treatment processes can be performed to provide a dissolved oxygen content of
0.2 mg/L to 5 mg/L,, more preferably 1.5 mg/L to 2.5 mg/L.. Retention time in the
acrobic treatment tank can be several weeks, more preferably, in a range of one to

25  six hours, and even more preferably, in a range of one to two hours.

Some embodiments of the treatment systems of the invention can comprise
a system capable of breaking down and/or converting various materials into other,
more useful, end products. In this system, microorganisms can break down
biodegradable material in the absence of oxygen. In this anaerobic digestion

30  process, many organic materials can be processed, such as waste paper, grass
clippings, food, sewage, and animal waste. This process has the advantage of

providing volume and mass reduction of the sludge being introduced into the
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10 may be capable of renoving large materials fromwastewater, for exanple,
grit, sand, and gravel. Qher separations processes can renove | arge

i nsoluble material of the water to be treated such as, but not |limted to
fats, oils, and grease. O her separation systens may take advantage of the
settling characteristics of materials; such as settleable solids and
floating bodies. Various separations may enpl oy 15unit operations such as
settling tanks, clarifiers, thickeners, and filtration systens. Sone
ot her enbodiyseent sThefprbdegs proziateeninethaad and cahor dipideschdiegamssuiable recycl e
streans that may deliver the output of a first unit operation to the inlet
of a secondCLFRYEHPOHEE VN ThFsnaeroniGHisEHIONMIPesss canrapynisg bACteRdlodi ment s,

t he out put ' i | [ f ge

thi ciener, 30SSoPABSIARE befledRhBlcd flo MRy BBt er, TGl e W D00t o

t he pri nar yingilable brganicgpolyiersuch agcabbhwgivatps intmsugards amino axfidse and

enbodi nents, the oufput of an anaerobic digester can be recycled to the

i nput of t HAMREFSY GEFB HERTO RS S RERBIC haRisDaCHR FIES CORVErhe

treat ment SysdeqHAERMls ﬁﬁ@EHb%ﬁic%cﬁﬁQM@&%lﬂ%gﬁ%g@ﬂ, daB5H A16x88 fmindnill Ui dl'y
connected to a source of wastewater to be 25treated. The sequenci ng

bi or eact or amdyorgani¢ agdls alheycampminds henveatsd ddbeacidygepicdmoteriagaddgr adat i on
or conversi of ,.bi radabl e. material .. foll owed b ett.ling and/ or
Gecant | ng. tHED, et BPRRsRisTicRonBariaht s TR Seconlt as.ibde ©
sequenci ng digigh, dn@adGHRIzeh.aMdIRarlogehid lbictefi BEfileffinbferd RaR ARAICRYV& di gest er
| ocated downstream fromthe reactor. 30FIG 1 exenplarily illustrates an

embodi et the carben diexirlee hydrogen smmenipandoranie peids pmphprsmandrepsbar eat ment
syst em 10 Ccﬁ%fiﬁg.nfrhyh%l%nnggﬁajmﬁﬁﬂoﬂ{ th?soﬂﬁ&ffob?cfﬁgesggg%ré E{%agln%eé?scﬁf wat er

to be treate accorda any one o enen aspects of
t he invent iasmn enegytsoert. fiyséredin ¢thbodimams]itd R@cmbic digesi@rie conseaitlyent uni t

oper ati ons, ich may include ope or re biological treatnent processes
ahd one or S BB s BRI aEca g esideg Masc ey <yt Bt |
processes. RS QU Ceeddfl sRiw Eﬁ)tvfﬁﬁg bRadEbik HaALAS sedsRecMaier col I ection

system from any one or nore of a municipality, a residential community, and
an i nddst r i methapoggng andierdsogantiogbicl inethanegeds ean syyvive émthegerohic eat nent

' h { I -
e OSSR RPN 68 SRR S,

system or GofBhhald
sedi nentation or set ank recervi water froma s
10Tr eat mental®ydhgethe kolacrabicliggstdr 36 be Rensiintiiyeeddd with gineatrividingtel on t anks
methanogens. This allows for a more reliable treatment process, and allows for a
smoother transition back to a steady state if a problem occurs within the system.
20 The anaerobic digestion process can be operated at temperatures between
20°C and 75°C, depending on the types of bacteria utilized during digestion. For
example, use of mesophilic bacteria typically requires operating temperatures
between about 20°C and 45°C, while thermophilic bacteria typically require
operating temperatures of between about 50°C and 75°C. In certain embodiments,
25  the preferred operating temperature can be between about 25°C and 35°C to
promote mesophilic activity rather than thermophilic activity. Depending on the
other operating parameters, the retention time in an anaerobic digester can be
between seven and fifty days retention time, and more preferably between fifteen
and thirty days retention time. In certain embodiments, the reduction in oxygen
30  demand can be 50%.

In certain embodiments, the sludge that is processed through the anaerobic

digester may be recycled back to an inlet of a biological sorption process. Prior to
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112 that pronote aggregation at |east a portion of dissolved and suspended
solids. Biological sorption tank 112 can conprise or is configured to
contain a biomass of m croorgani sns that can netabolize bi odegradabl e
materials in the water to be treated. For exanple, biological sorption tank
112 can conprise or is configured 15to contain a biomass of m croorgani sns
t hat process bi odegradable materials in the water to be treated through
absorption of the biodegradable materials. Biological sorption tank 112 can
al so conpr ir&S§chhg itk dmastobdll e digested Qidge Mnts uhstialvgRral Syrpanpoeuads for
pronotion of adsorption of soluble and insoluble material, such as organic
conpounds, theanageobigsudgamay be prasessed tygpghnan aerppicicopdition fangdass nay

i ncl ude aeratj: ] X1 t e i [ r obi jronment within

bi ol ogi cal ng%drlg{lpggg%rgérf }]%%5.0%& Mc@%ﬁ%gidg%e}ggggﬁ%ggby?%d 112 produces

first m xednlbogiients, 1ke phieaibicdly digestadtshaibears alpd be fecselpdbadkao theich as

clarifier 114 to produce solids-lean stream 214 and solids-rich sludge 216.

Sol i ds-? eannlst oidherpsrohicdeprimpent sadclocombing With dhe soligs-rish sludgp eatering 1 ender

the at | easf. RAL iE"i’rlelat)fnén"tE‘a%ked wat er suitable for discharge in a polishing
te

unit 118 to produce trea product 120, which can be suitable for other
uses, and al so @&a®caher embeiimbintg b theXZétmedit sybtemecanwenipeisy ohedr back to

source of wastewater 1168 %ol ids-rich slud 216 can be divided allow ng at
| east a pomYIESYHFMS GrRAhle ofAEParALion PIOgasEs-2 TS $PALALOR PICASFESIAY treat ed i n

aer obi ¢ 1 I ea5iRELehfibonddh SAEOBAMLA: IAR! THRbp@AISh fiBEAtCal |y

treated stream 224. At |east partially aerobically treated stream 224 can

be rec¥@l edndysdmkcapablemiirgroving lwige swidrials frombeastewsiere tbrexamplec griti ned
therewith, or.in rodui:eg into other unit operati onj of .th? bgreaLmeEt
system sandyandl gravel. \OMer SengrAtaPSs PEICENES S PRV Tdaee M RIs M3 r oduced
t o anaer obigg tiH @@et &) beltdeatddsueh Q8 Ui nenBeied i fild, wilsl Maiede SOdgge 226. A
portion of 5 anaerobically digested sludge 226 can be di sposed of as waste

sl udge 130 .sScpargiion syskenes mantake a8y auageof dhe seitling chpisgisaisoosgidagierddls.o be

recycled b e 0, i r ew r

i nt roduced%?n %)é)%et%[ﬁéé?}feusr?ﬁps %%%frlg%@cﬁ?‘gso 0 't%e {rea rr%trrilc?gs@ t%a 10%pti onal |y,

prior 16 i mnitagecitiogs aichl ®asttligg @aaks,ichnifls, sikka®sy, aodh fittadgesy2dms10 to
portion of solids-rich.slud 216 can be

anaer obi ¢ di gester 1%%1, at clgﬁaSt a ge
introduced to a it ﬁ’e‘?mti_ MERLS S e EeRtmept{ySieohean CYRRIGE °228" and a

sl udge | eann@erédyRR #Rdms Tt ivel e RiRR 31 & Fistlunfbpefatiof it aiduced into
anaerobi c digestér 122 and sl udge-|ean portion 232 can be recycl ed back to

source of it ebmsespnd 10it operehdmapstreaay @ihe Airstodn Fertaindumbediniants thet her uni t
operations O%Eﬁutt Ic’f;r%rrg 5 %ﬁae orl)t'c a?g%{té},%rrpacgobic diAQQ/ 8{‘,) grshl o tl%&&éﬁ%? N4 O and 100
I'ds st udge el uce

percent of s -Tic can NEF D nt'o aerdbi ¢ treat nent
tank 1206, tabebicpdlishilgyulitiandedetritdd the ilpre ofithaqiriirg clhirf@sbethe | n
certain exanples, the portion introduced into thickener 124 qr anaerobic

di gest er 1PPlggicaksorpigniant HRiher smbodimgniswbg Pt OE ama3srolig) i ds-

digester can be recycled to the input of the aerobic treatment tank.
Some other embodiments of the treatment system can comprise a
sequencing batch reactor that is fluidly connected to a source of wastewater to be
25 weated. The sequencing bioreactor may biologically treat the wastewater by
promoting degradation or conversion of biodegradable material, followed by
settling and/or decanting the mixed liquor comprising the converted material. The
sequencing batch reactor can be fluidly connected to an anaerobic digester located
downstream from the reactor.
30 FIG. 1 exemplarily illustrates an embodiment in accordance with some
aspects of the invention. The treatment system 10 can be fluidly connected or

connectable to a source 110 of water to be treated. In accordance with any one of
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20rich sludge 216. In certain exanples, treated product 120 can be
noni tored for dissolved solids content, COD/BOD, or other identified
characteristics. If the level of any one identified characteristic is not
within a desired range or at a desired |evel, adjustnents can be nade to
the treatnent system For exanple, if the COD of the 25treated product
deviates froma desired level, a greater or |esser portion of anaerobically
treated sludge 226 can be di scharged as waste sl udge 130. FIG 2
exenpl ari | yhe dformnendinesd aspetisef tenipwehtinen treatmeatsysteda h@ eamedrhprisene aspect s
of the invention. The treatnent system 30 can. be fl uidl co%?cte to a
Sour co 310 3BF RIS IEEISEL PPLAPIEOTsn R P IR IROT OB PO ABIRHCA he 30

af or enent i REEnG @eﬁ?&&e@ bind Bfe bPMBRY ddPis-rEd tsoRYs i@Medthgcan conprise

one or nore treatnent unit operations, which y include one or nore

bi ol ogi cal systemabnpricegsepcesses and one or nore solids-reducing and

solids-col |l ecti SYS or _prqcesses,. Syst 30 can have one or
Tore pronary. sepRROHD SrpgHeEe Ha B e br At JELT ARFROR SRR BPPL dl y
connect ed ta@ydné BHifkRe SAPmRANiIRNRY, A RsiBniidl 8aMmBfinA§ k! LlinHEdtilZRd to al | ow
settling of at |least a portion of conponents of source 310 of water to be

treated soconmersiel fadility.cmd anupsieoite pre-geatmeansystenpas ¢ambinatings i nt r oduced

Sol i o 1 olNIES: duseapmbf Snfieht e Al o huS e BRGSO
sl udge 416 vater fiddrelasaedr Sysudge 428 to be introduced into an anaerobic

di gester 10 322, discussed in nore detail below The separators of the
syst emlPhat can Beatment syséan 10 san gapEseRne ¢rgnoeihiplogigat wrptn tanksar y

separator, 145Gy} o+;éeta%%§eg§g% ?ﬂg??sglgﬁ)%n%r{ of d‘%té’?‘;éﬂ%%d.tsﬁp%%ﬁﬂp% % dSv;W' th or

wi thout grit renova wast ewa
i nt r oduced Biologidal sdrpgorc einkd2 phn oomba ko3t 2obfigyred ducentdin adtiomassed | i quor

412 which can be separated in epar.ati o 5such as clarifier, 314, to
or odlce. S0l ARSI HeLmaa e presg P e ol an AXGVALEE I b | ean
stream 414 t&a&db%%%ﬁ% ,ea]jiofdgictah@csx}mt)manﬁmm comptiSs bt Blc¥nBEured

) or e, ne

posttreatnment train wt r ‘exanp mbrane bi oreactor 318 to produce
t r eat edSpr delgenta@obiphiashofcaurroerzanisma has pfasessotindegradable magesialsdnd ni xed

[ duor 422 RE QSR LOARIOLANR DR R bR OBl o Dok o be
i nt r oduced Biological freptivintankapercah ko oafpristier isropatigred s yeiteim
substances or compounds for promotion of adsorption of soluble and insoluble
material, such as organic compounds, in the wastewater. The biological sorption
20  process may include aeration and mixing to help maintain the aerobic
environment within biological sorption tank 112.
Biological sorption tank 112 produces first mixed liquor 212 which can be
introduced into a separator such as clarifier 114 to produce solids-lean stream 214
and solids-rich sludge 216. Solids-lean stream 214 can be processed further, for
25 example, to render the at least partially treated water suitable for discharge in a
polishing unit 118 to produce treated product 120, which can be suitable for other
uses, and also a second mixed liquor 222, which can be recycled back to source of
wastewater 110.
Solids-rich sludge 216 can be divided allowing at least a portion of solids-
30 rich sludge 216 to be aerobically treated in aerobic treatment tank 116 to produce
an at least partially aerobically treated stream 224. At least partially aerobically

treated stream 224 can be recycled back to source of wastewater to be treated 110,

17



Solids-rich stream 416 can be divided allowng at |east a portion of
solids-rich stream 416 to be aerobically treated in aerobic treatnent tank
316 to produce at least partially aerobically treated stream 424. At | east
partially aerobically 25 treated stream 424 can be recycl ed back to be
conbi ned with solids-Iean wastewater 411. At | east a portion of
solids-rich sludge 416 can be introduced to anaerobic digester 322 to
produce anaerobi cally digested sludge 426. A portion of anaerobically

di gest ed slcuddened2berewith e idirsthasd dntofotles uné Dperatbodofeeth8 88atrknBO porti on of
anaerobi cal |y digested sludge 426 can al so be recycl ed back to be conbi ned
With soIid§Y¥Pﬂge sludge 416 to be introduced to aerobic treatment tank
316. Priqr i i R j 3 LesEhieh sl udge
416 to anaerobi ¢ drsLa PRIy SoE L SRRl 2R PRI Bltodce Rl HRINE ! Ldge 416
can be i nt dighsted22 o prlodedecammercbvallydigestedishelge R26k dnpattieh ofige 428 and

sl udge Lean porijion 432. Thicke sl.udge 42 an the e i.ntroduced into
anaer obtc &Pg“éﬁé{ﬁfﬂ% ge%%agﬁgq gan hey SRﬂ?F‘?Pﬁ?ﬁ Wage glﬁﬂg%ﬁ(i'e‘gycl ed back
to be conbijaathnbiddasebicaly h%@&e&@ﬁfdﬁ&‘@ﬁ@ tarfdido be recycled badOid dfcebet ween

zero and including 100 percent of solids-rich sludgé 416 can be introduced

i nt o aer obiof wastesates 110,t comibigabtherevdth, entitrodueedsetarhel yrdcepsdatiomstofie
anaer obi ¢ g%g{erstter. In _certain exanples, the portion introduced into 10
t hi ckener 3%ATEFTSESEPSBY ¢ di gester 322 can be between about 2 and 20

percent of sol i d3ptidnaly, Pritd a6 iftdRucing at WAk LHEE6R oNSVIRMGIch shudperdticon of
solids-rich sludge 416 can be discharged as waste sludge 330. I'n

cert ai ADexdprpnassobie dizgster 134 abllnast ppuien el plidsginh shpdee F1&capbssol ved sol i ds
font _ j e« P t f
Coone i dentiteoed fla BickEhe ERNV bdite HIBIRBAR hildeoe i o ool OF 1Y

desired | eypektiora2j2STiieknad skladgd 228raglethien bt srddueed inem bngeystie digektor-
exanple, if the COD of treated oduct differs froma desired |evel, a
greater or hzéﬁgﬁi“ﬁﬁ?{l‘fa&d’o&l‘o% ?%'gt?ecr&ﬂ"i}e‘ﬂ;%tgé%qcﬁ& Faq3¥AEn be
di schar ged 138, ¥&abifeSthdaa i3 f%?lintfaﬁl%c&{ infPb@iePhdif bpdradds U drdAmean be

utilized. For exanple, a biofilm20 nitrification unit, which can be a
movi ng 1bed sigstomeact or, can be di sposed to receive at |east a portion of the

solids-lean streamfromthe separator ffluent from | tyif ion unit
can be i xed i CALPAGs o shf PRI 0ol El sl Mo ol A S B

de-nitrifi datrbdiuted Reo agiobic tedatigan thitie 11 &) ehdiiaidee being dirbRdeo &ie | east a
portion of nitrogen as a_gas Such variations, can reduce or,  elimnate the
use of 25 cnpaphiydigestesoin eeilpirgxamples, the portion introduced into thickener 124

or anaerobic digester 122 can be between about two and twenty percent of solids-
20  rich sludge 216.

In certain examples, treated product 120 can be monitored for dissolved
solids content, COD/BOD, or other identified characteristics. If the level of any
one identified characteristic is not within a desired range or at a desired level,
adjustments can be made to the treatment system. For example, if the COD of the

25  treated product deviates from a desired level, a greater or lesser portion of
anaerobically treated sludge 226 can be discharged as waste sludge 130.

FIG. 2 exemplarily illustrates another embodiment in accordance with
some aspects of the invention. The treatment system 30 can be fluidly connected
to a source 310 of water to be treated. In accordance with any one of the

30  aforementioned aspects of the invention, treatment system 30 can comprise one or

more treatment unit operations, which may include one or more biological
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FIG 3 exemplarily illustrates another enbodi ment in accordance with sone
aspects of the invention. The treatnent system 50 can be fluidly connected
or connectable to a source 510 of water to be treated. In accordance with
any one of the aforenmentioned aspects of the invention, treatnent system 50
can conprise 30 one or nore treatnment unit operations, which may include
one or nore biological treatnment processes and one or nore solids-reducing
and solids-collecting systens or processes. Optional primry
clarifier Bdhtment poecefieniand pneonmeot sdidstrediminpeatdsvlids-tollesting spst&ibd of
water to be treated. Primary clarifier 511 typically produces solids-I|ean
wast ewat er BPIOER ¥ sol i ds-rich wastewater 613. At |east a portion of

sol i ds-I| ean Vst Guene i i n equenci ng
batch reactors 57512, B%ﬁ%ﬁ%ﬁgrﬁ& re t 3étrrzgcr)1§' ;Ft"g%’é‘@alﬁ %e per f or med.
For exanpl erirsaywbandiendl biunshy cemertd t6 32ovmn 300 ef atateritmbotreated caror e st ages

to treat the er _or.wastewater to be treated in a desired ner.
SequencPng BARE ENPIRT SeTBRsk 7t lsdsnsriR af GomBeasetrce P tei ve t he
wat er to beyitteRitRdrdafcdBotRMseBdR kaniwhstwatdrfl 15098 proticédansd typically
referred to 10 as a FILL stage. The FILL stage can be perforned in aerated,

fan]?f(i c or dnodised & bislpgigal a@fpévgmrd?%ﬂ?arﬂf@@y@mmqfﬁéhsa? fsepmdabt y, Lhe )
oactor 518 EhioS R SblsS AT fsbm 4l U i b B R R T e

can be si zgfhdge 4160 Hibikhea sRidgp 408 kélBe thrRRSbdERtdMtliridbic digefed i on time
and to accommodate the volune and 15incomng flow rate of water to be

treat ed0 wWid. dkenssedinmere degailalewn I hsaepiatoesef tbe spiom that sen beast
partially Ncit€d ; ﬂu&ﬂgﬁ;ﬁ@ﬁ&ﬁﬁmﬁgﬁwgggg?ﬁﬁ%&ﬁgwﬁfcﬁuﬂfe fRfegs SR DS

operated to tavor bactérial neta af “converts or treats at
| east a pordissotveddir fiotadegtypdabite wigh or withoutrgra rereoeaid st age, which is

typically referrgd.to as a REACT stage, The 20 R t age, .which can be
bertor et 1 oneSQlid-faf BesiebateEeaT & pically bl e ol SRR at e ¢ o
per f or m ot hghk PIPRAKSSToe FHYCHIRE 1Rfusk 292 GAhlchSAh Vel sBParMeA ¢£ & S65aratidh, SONE
cases, however, biol ogical sorption may have been or be conpleted in the

FI LL stl&ge.su¥ines Aanfier Zida teprodncsheoliserieay simammdeandzolidbirich skdge ¢idns by
i nt roducin ; href arahl i r e I Y ources 25

t hr ough ae?saog {&)cé)%gf{r?rlasr# 0 @4;%583#5%3%%3%# {uﬁggx}’ ?%uec’)(r. pﬁi%éﬁ%t?ilg.{:y&?r ﬁr?t??e REACT
st ages, Wwhitadatraent tizén wéthf foir eRanplepmeambanmd WoreaétoeB 18 teprblilde sdargl and/ or

after the DECANT _stage, can be performed for a period sufficient to pronote
at | east pd}’f’ﬁ‘%‘_3§ﬁt’8’g‘é‘§‘r‘é?&dﬁsﬁﬁa%‘P far Oﬁ‘lé’é’éﬁesc&r{;’é?%‘? BieddlpuRr éé by

bi ol ogi cal 1gERicH Abm I¥mttaRHibRAcoY RS hebL rdc9ciel BaE & Rashin and
absorption of suspended particles and 30 soluble material. For exanple,

aerati @6 camitlbeolpisrlear wesiewitendibh cagombrdi therewytbtoz mtroducekindasitar t o creat e
aerobic condi.tion idation of ammnia to nitrate by

di | st.to{.%cili atr§ O
nitrificatith HEELEPT 8 NI AIPUSHEE" preferably further provides air _
rel eased t hr oughSalRIsaidhQstream HoQladl bRfdivided aR6wRingQil Y64 pontiag ofksliddubbl es in
amounts sufficient to induce mxing of the |iquor within the basin of
sequenci ng rich stream 416 to be acrobically treated in aerobic treatment tank 316 to produce
at least partially aerobically treated stream 424. At least partially aerobically
25  treated stream 424 can be recycled back to be combined with solids-lean
wastewater 411.
At least a portion of solids-rich sludge 416 can be introduced to anaerobic
digester 322 to produce anaerobically digested sludge 426. A portion of
anaerobically digested sludge 426 can be disposed of as waste sludge 330. A
30  portion of anaerobically digested sludge 426 can also be recycled back to be
combined with sclids-ridge sludge 416 to be introduced to aerobic treatment tank

316.
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batch reactor 512. Alternatively, or in conjunction wth the aeration

i nduced phenonena, m xing can also be effected by a m xer, such as an

i mpeller, which 5 nay be advantageous when m xing is desired w thout
introducing air into the liquor. The one or nore REACT stages is not
limted to the use of air and any source of oxygen that provides a target
di ssol ved oxygen concentration in the |liquor can be utilized for each or
any of the one or nore of REACT stages. The one or nore REACT stages can

i ncl ude an aer afriontsinagducng atleast pypodien ofsolidd riab shidgeAl Gtoaggmetdbat occur s
at sone perjod after the aeratiopn stage A SETTLE stagge typically

fol | ows t hEESEef dofsit ARATYPR 8 S,Oi’rﬁlﬁ'glcbgﬁl‘td%e@ércﬁ? P6 St O xi ng st ages
to create gHLEREFSI4 &%Qaﬁdeqnﬁémtsnﬁig'e%s%d'sﬁﬁgé 1énRRkidyB20f the bi onass
inthe liquor to settl'e to forma supernatant, a solids-lean |iquor and a
sol i ds- ri cWhimkestdsigdge 438aranhidobe inlredseedantocnaercbicihgesthr3dgiaod of the 15
SETTLE stage ,may vary.and depend on, sgveral .factors .ingcludi.n but not

it b 1 o SoEe Al POl SRR Rt b S ER S feant

conposi ti og,a0fwal2e 491 omass. Sol i ds-1ean |iquor 614 can then be

wi t hdrawn or decanted in a DECANT stage and can be further treated in, for
exanpl e, in pol Aty pagtiom betwse 8 zeratanil deleding 200 percentoof sotids-rieh sludes ed sl udge

can be wt awn, t hr ough ni f.aol nd. dir d r -1 reat nent by
vari ous bi g?@@?’bgﬁ 1%031@%%@8? 5 Olb‘f’ e%‘f%eé'@ #%%C%lgé%]t%%%%& ga&j\{e“}l%ast a portion
of the sol discted edithelah8eobie Migdstn. Decomtdimex ek portion thieRMcédinv@r i ous

ot her bi ol ogi cal grocesses, for exanpl e, aerobic treatnent or anaerobic

di gest 1@n Ynokengy s2pranaerabic digeser Ja7canrberheiweansabont2 and LQ aerceryrof

solids-lea gy 6 . [HwA a decanting
ystem i n PSRt TAdoRletaRiet o, PRiBE BP Lol A e, 1
decant er o#r16kambedistiaped s waeé sludpe F3@onstructed to have apertures that

do not or at |east reduces the likelihood,.of turbulent conditions that

i sturb the. set i SeFSBERaRPIeP PSR PR GANPE RUFFSRERC BT SEHLYER | de- | ean
super nat ante}i d0ARdnLEOBYBOD, BRYhBEidRRifid@ drictéritics AFdh &R EINSF dnfpSt ances
sequenci ng batch reactor 612 waits to receive influent to be treated. In
sore i B8t awoeientifipd chara¢feristimis npbwithisra desitied iranger @hpdpdregdevedr ned in nore
t han one st . F I ' | i gds-r] l. can be
per f or ned 3?}81:2%%6"? & é%tnl?‘f'&enté)vﬁs'% grg%ﬁggp%’eﬁ?%'aggﬁééa?%éé’tlﬁgg? e%sft age. Thus,

t he i nvent in@atedPiodirt Qiffes froecth dasired ekl tahaaateher Issgupncenof st ages

present ed herein. .
anaerobically treated sludge 426 can be discharged as waste shudge 330.

One or more nitrification units can be utilized. For example, a bicfilm
20 nitrification unit, which can be a moving bed bioreactor, can be disposed to
receive at least a portion of the solids-lean stream from the separator. Effluent
from the nitrification unit can be mixed with sludge from a clarifier to effect at
least partial de-nitrification. Re-aeration can then be performed to remove at least
a portion of nitrogen as a gas. Such variations can reduce or eliminate the use of
25  external carbon sources.

FIG. 3 exemplarily illustrates another embodiment in accordance with
some aspects of the invention. The treatment system 50 can be fluidly connected
or connectable to a source 510 of water to be treated. In accordance with any one
of the aforementioned aspects of the invention, treatment system 50 can comprise

30 one or more treatment unit operations, which may include one or more biological
treatment processes and one or more solids-reducing and solids-collecting systems

Or processes.
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5 Further, any or nore stages can be omtted or conbined. For exanple, in
sone cases, the REACT stage can be perforned during the FILL stage thereby

conmbi ning or extending the duration of the REACT stage. The
OWNI FLONr) sequencing batch reactor system from Si emens Water Technol ogi es
Corp., is an exanple of a cormmercially available treatnent system 10 that

can conprise the biological train used to effect biological nutrient
renoval in accordance with sonme aspects of the invention. Further aspects
of the inventi o®piagalpriayelarifeer $y & cambe Hulneersasd gr sennpsadladp any of

ot 6 aon. SRl MR Bledleatd) bhiman i s dumicall/ dodides sgudé 200,

sone advaniq@gemisewabioln adRrelidaiioh Mstéwher 60RSARMast #istios 8fisRI¥e: ng bat ch
reactor systenms may be utilized. Such constant |evel biological conversion

syst ems nmjcardNasMEES U4 [opn be ntreiced B0 PIG PHBPTY SPARAFERE Patdteesstoont r ol of
the ovegal l{4r t e reduci i fl yctuations or
vari ati %ns5 %r\?lﬁegggo%mnﬁs%%{?&eoé‘%h? ?Wern a%?%ﬂg‘%‘?gpa‘*?@ g@g& Eﬁ%ﬁaé&rpq%dvant ages can,
in sone cas&fuenciagbaeh bRt e ah opetcalnkio? aidre BtagesioIrcalthearateven
elimnate the need for such unit operations, which reduces the overall

treat nent SBRERVAHIGNG eatedhin 2 desised Mandgii r enent s. Sequenci ng t he
vari ous stages - f.ack i 4 zi : | ers 534
operatively couglggléfgt %%éﬂo%%gfg%%ﬁ%énﬁﬁ g{lg%ﬂrggg%@r@%%@kpri mary

clarifier 9%hiertpbé irshited froonsdursd 810 inha fifse stage) wiich isSPgicaliynetfanaicoobi ¢

25di gesf er 52 One or sensors are ically utilized in or with the
one. ori r 85 Bt Létﬁg‘?'aﬁghg‘loﬁtag%&%%wrﬁﬁdﬁa%_é‘&'_@t #hox49 20 provide an
i ndi cati on.gmbRRAALRGEE Srhelliafd Qhotib@osdiAbss. qﬁrefé?zﬂﬂy,ltthé’fhffbfenp&%?ﬁﬁ%s during

the treatment processes. For exanple, one or nore’ |evel indicators (not
shown) can tigatediisiptrederedrintorpebisisdiseqiensang fleateh regctond Eh threugh ere 12 and

configured to transm.t to.one ot re.3Qcontroller 34 are sentation of
The 1 Lot a e beRR ik BaOR Friee B R FaRR <o bk S1ede e BRSO
t he si gnal pravedeh dattell hetiaulie reBRticH tifo hfd SEAOIBnodReN®E dbRindshdsend

control signals to any of the conponents of primary clarifier 511,
pol i shithg d#fioming BowgteQfaratpifolwitiealssla. and anaer obi ¢ di gester 522, or

ot her conponent %Vh&&he%éﬁﬂ%ﬁe%@hggﬁe'aﬁ;g rbAdisH 442 i@‘é@ieaﬁfﬁaﬂiéﬂryg;ﬁlléd“ t he

basin, as neasured by the one vel 1 ndicators, "cont er 534 can
gener at e awd thereafienisequencimgtiragth shgnad12 cancre ererated or favbmbactdrdes an i nl et
valve flui %llééabio?ig lagtg‘jrip)gthat converts or treats at least a portion of biodegradable
material in a second stage, which is typically referred to as a REACT stage. The
20  REACT stage, which can be performed in one or more discrete steps or stages,
can also be operated to perform other processes, such as biological sorption
processes. In some cases, however, biological sorption may have been or be
completed in the FILL stage. The REACT stage can be performed under aerobic
conditions by introducing oxygen, preferably as air, from one or more air sources
25  through aeration manifold submerged in the liquor. The one or more REACT
stages, which can be performed, for example, after the FILL stage and/or after the
DECANT stage, can be performed for a period sufficient to promote at least
partial biodegradation or at least converston, such as by biological sorption, for a
period sufficient to promote adsorption and absorption of suspended particles and
30  soluble material. For example, aeration can be performed through an aeration

system in the basin to create aerobic conditions to facilitate oxidation of ammeonia

to nitrate by nitrification bacteria. An air source preferably further provides air
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5 source 510 and the basin of sequencing batch reactor 512. Controller 534
typically further generates the control signals that initiates and

term nates the stages of one or nore sequencing batch reactors 512. For
exanpl e, controller 534 can generate and transmt a control signal to
energi ze or de-energize the air source for sequencing batch reactor 512.
10Sol i ds-| ean stream 614 decanted from sequencing batch reactor 512 can be
further treated in a polishing treatnment system For exanple, one or nore
conf i gur at iroleasedfthrongh aeratemmanifeldsufahe actitsa] systeeh drcaiebybbdesinconpri se one

| i shi i.ts 518 using. treatnent pr. i ncl udi ng, but not
Vi ted to BIpEREssions Mdues Jiris i Fotor PAGET BE O3 FAGLIHEIES r emoval
chem cal 13pichdeidies12C aErEalvely, 98 iPESHEA®BN WAhe QBAf8E iRfcsy St ens

i ncluding di ssolved inorganic scolids refoval by ion exchange,
ul trafil tr;hienemenseniziog cas alseibs effigrted dyiaohixer, sueh 2t anoimpeler, which

el ectrodi al ysis. J{reated pr.oduct .520 can be. delivered.to.storage or
secondaSy u&s{ ,é%?dvgpf’:ag?loé‘rsMW@XE%IS&W‘?{QWH&?&.mm? ucing air info lids-rich

sl udge 616 1%0r.0Ehd stid diehore FOEAS Tethded isitA intifeliGo ehellfBlof hirkdd agp t O produce
anaerobi cally digested stream 626. During operation of the treatnent

system ondobiceppeygearharevidese tasgat disselyed anygsa qgneenteaggn intheegul at e one
or nore op i i i system A
portion of q@%&%ﬁ%@@ﬁ%@ﬁ@ﬁ% ?itetg%%gﬁgptntgﬁ@ e ré%e%fsttgﬂ e conbi ned

W t h sour cenefor wast REMNCET sthgesuantincladesh adfticibstage 8 d stpalagade- wast ewat er
611. A _portion of anaerobically digested stream 626 can al so be di scarded

f r om sy8t e ACHHORSIAZE L33k ocquss glesomsopsrindatiey theeralionsiagent r oduci ng at | east a
. o ; prot |
portion of soll %Sﬁmﬁ%t%ggp%%@y Y&l&tﬁﬁé preﬁsé%ggéﬂaﬁﬁnﬁgﬁlogﬁhl east a

portion of solids-rich sl can be introduced to at ener 524 to
produce a tshimgiosrmad/os husige s628s uncreste sjuiedepnt ceaditia®s thatr allownatd&st aThi ckened

sl udge 628 can t e introduced into anaerobic digester 52 nd

o1 udge- | earbonyt e BEstalh e Tiliel Bl ST BTN o SubgRich Qb Bl er 510,
sol i ds- | eanigyas iV @sdids&ich orGRHRE N8fer bBRMENE shiperfdtantN tTH GueRTbnl dFttke Ot her
unit operations of the treatnent system he various systens and

it
t echni ddes Sdibsiage may apiy andrileppiahpr severl fyctprsducludiagdivg poc bimiladpt i on, or
even provi dg tﬁg?er”rggyne{rata&doﬁﬁém&ﬂ%ﬁntang AR TR and QbmPbiAgSoPiRduced during

wast ewat er treat
biomass.

Solids-lean liquor 614 can then be withdrawn or decanted in a DECANT

stage and can be further treated in, for example, in polishing unit 518. At least a

20  portion of the settled sludge can be withdrawn through a manifold and directed to
further treatment by various biological processes or disinfection treatments. At
least a portion of the solids-rich stream 616 can be withdrawn and introduced to
various other biological processes, for example, aerobic treatment or anaerobic
digestion 522. Withdrawal or decanting of the treated effluent or solids-lean

25  liquor 614 can preferably be performed utilizing a decanting system in the basin
and typically having a floating solids-exciuding decanter or skimmer that is
preferably constructed to have apertures that do not or at least reduces the
likelihood of turbulent conditions that disturb the settled solids-rich layer during
withdrawal of the solids-lean supernatant.

30 An IDLE stage may be optionally included during instances sequencing

batch reactor 612 waits to receive influent to be treated.
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O her unit operations such as filters and strainers may al so be utilized.
Further, a controller can facilitate or regul ate the operating paraneters
of the treatnent system For exanple, a controller nay be configured to
adjust a rate of recycle of the one or nore streans, a duration of one or
nore residence times, a 10 tenperature, a dissolved oxygen concentration in
a fluid in any of the unit operations of the treatnent system The
controller may respond to signals fromtiners (not shown) and or sensors
(not shown) posi In sonwdnstencesyanyafithe finstiohoeractivitiescambaperfermeddat ment .
system For_ex | e sensor posjtioned i.n the, anaerobic..reactor may

i ndi cate 1§“P'éeglgg? ﬂ%%&%%ﬁ’i rﬂfrﬁxg’gﬁlﬁ H‘%’ﬁga“flﬂ%ﬁ f%?ncli—l'tﬁl'fcfg@rqmtcﬁg Sne or nore
SENsors Maypdiitie@ duAng tH seRAE stAPEARWER AR Huley deBAIe sfgsUTHudshedr essur e,
tenperature, one or nore characteristics of the |liquor, and/or one or nore
char act er i sinvefiascag g psdcticed iredthetiban thet sequense oSstagesapresentes heaginor

di sposed i n-0 therw se sitioned w.th an f the recycl.e.streans can
provi degan rii:unrg-fega{h on o regé%\g?so?ﬁnr 5% UﬁgroéS%(mg{n,e dbgfn(')% “38 5806ve a
desired or daégdic RBACT stipe a8k pelfothedBiriid e RIEERaRd tiutelggener ating a
control signal .causing an i1ncrease or _decrease in the recycle flowrate.
The target GoseBiaing oregigndingdheduratien af thedREAGESHEEr om t he pol i shi ng

sub-train may beTﬁ%@ﬁPﬁ%ﬁ_ftO% uQRﬁﬁgieaLt{Bﬁ r@&[&{é@ét%yf?{)m@?&nér{s%& nt

system For exanp arget recyc oW ra e a nul'tiple of,
e.g., at | bsthndblugicsiCoes., istaneexanipleieid catbmetodallyr avadalslé tiehendnneysemqg wat er

to be treated. In soneg cases, the solids discharge.rate pay be adjusted to
achi evéoonéga?cwe?%?&&blemw&ﬁrw@s we t_g ogit wwmﬁf & her
control  SChRuBrdiRYe With SbME aBpeRBYf the RRlehdo AEMHHRY adde@is /1R inVBnddOW I at es
bet ween t he anaerobi c digester and the aerobic treatnent tank based at

| east partimhy ytibre thhsysisms end thethmdd disclashd by afiy abQalltharpwaddralltharhe

treated. 30The.s and. co LLer ar, r nbodi ts of the
nvent i on FROVIiY S TRPNGH B TR 1t hot At oA ek Bhet Bt i on.
whi ch can rigsp@othiédhditintbyRtRrémBUIiddea, idid KBaAtaEEusTEdLfds PaAYinklg t he
wast ewat er treatnment system The controller may be irrRI enent ed usi ng

one or lRor eocoRpanideve pequengingihatdh magionwystemsy may hetilizeds Syshepatatiur pose

conputer s .0 aﬁ{\gg P PoRSRSOor, a
Mot or ol a Pg\%g?%&’lﬁ’?ﬁgf%@g’gg}"?ﬂékﬁgﬁ %flth\gac g%&okly%%(vrg? processor, a
Sun U t r aSPARBOVId proosse seargl aftheaoeral] breatnteppeysienoby pedcapsory or

EE I RN AT N R T

appl i cat i OnFERRE ialiv4hidddt @5H,3h §6me cheel| ded(AThEkizeof e/ EaRHIIZEfén laRkgnded for
wat er treatnent systems. The corrput er syst em can i ncl ude one or nore

procesS8r s RYERlimnatgtheasad fersych oniswpetions varieeredigesdbe prassll which can
conprise, ft?éau%ﬁ'@k}i%m f%@?prﬂlggm%a rl?ec@x{i:ﬁﬁueg{ sk drive nmenmory, a flash
Nenory r

menory device, a evi ce, or er device for stori ng data. The
nmenory is typi cabéquenaiag theovarkingktages piagedamliard Waithizng omgorapereat i on of
the system For exanpl e, e menory may be used for storing historical data

th

relating t cCfRlsEPLapPerativelyouglegde opg opmore sraucREng BatGR F¢ackys aher at i ng
data. Softwgke. Jhehkidisig RS Exddidd udilB £ MBALS di ments of
t he invent Y@Jri], mg)an be st o’r@ggg% a ég%pafj?gr r@%%%@ éﬁ?or ae\%rail?ltgeabl e
nonvol &5i | edigester ¥2n Omesdtiroone sancbrs Arertypigpily atilizeddo prr @dthi the oneremmoye wher ei n
it can then he executed by one or re processors., Such . programm ng code
my Do wr | DEBRORARY copedierine SeichyeatOr EERIRAT G 3 SHECEEOST T or exanmpl e,
20 Java, Vigiapdctdnbik of tte stded or Bonditidn of PfdcERBs diTRELRE trefthdi prodBags C.
COBAL, or any of a variety of conbinations thereof.

For example, one or more level indicators (not shown) can be disposed in the

basin of sequencing batch reactor 512 and configured to transmit to one or more

30  controllers 534 a representation of the liquid level contained within the basin.
Controller 534 can, based on the signals received from the one or more sensors,

generate and send control signals to any of the components of primary clarifier
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Conmponents of the conputer system may be coupl ed by one or nore

i nterconnecti on nechani sns, which may include one or nore busses, e.g.,

bet ween conponents that are integrated within a sane device, and/or a
network, 25 e.g., between conponents that reside on separate discrete

devi ces. The interconnection mechanismtypically enabl es comruni cations,
e.g., data, instructions, to be exchanged between conponents of the system
The conputer system can al so i nclude one or nore input devices, for

exanpl e, a HNdypaishing wouSk, thickenkigaidi; 524, @and phasrehic digester 822, @ewtheand ot her

man- 30 machi ne interface devices.as.well as one.or. npre out put devi ces,
for exampl EOMPOBFRts: FALSHEMRIE! 2 Biahdijd seLesndien iofBeRasim ' addi t 1 on.
the conput gheAURMYY HB¥nE B B e PAGnGiCatdRY, BontRiIRE 534 85n bdiRtar€@Rd CONnect the
conputer systemto’a comunication network, in addition or as an

al t er nat i vdransmitreeconttoheighalithan acmgtop ¢hat ghasesiarbiples valve flupdly ésoddtinghe
conponepts of t syste . Accor dj to on r..nore. e di rents of the
i nventi gn, sPnggﬁg %‘a ﬂf‘%ﬁ”’é“ﬂ%ﬂ“%ﬁ&: %TWCEOHSF%dgo téﬁgeégggfor neasuri ng
any one or t?ﬁlf:@llﬁﬁ.ﬁﬁﬁ?fg@ﬂe?at@i the TBAkrSINidhl MMl Riiti L MANSMifated BiecOf .
Alternatively, the sensors, the netering valves and/or punps, or all of

these conpatrses of Aug ob@oraequencing haschareasior il % Aiarsxamploweritralisnd3s s
operativel y afei%ﬁﬁér%% :}&% t}ﬁgnﬁoan&?&%f si%?s@tts Theddi¥ o ﬁs-eﬁgrgg%%&ﬁe of sbiige above

may be coup‘i 0 anhother conputer s em of ®conponen communicate with

t he conput gbr sifiefcingbetch egeta@51apre 10 comuni cati on networks. Such a
configuration permts any sensor or signal-generating device to be |ocated

at a sil§ni fi cantSHidsriantEremypl4 dreanisapiame soqupasiagbakbreactor 1182aRy sensor
to be ocalgngludud A %dlféﬁﬂlgitfnggﬁ'héﬂ%?st&ﬁﬁ) B XarfiplSYR! Gihgiad/ or t he

controller, e sti rovi ata“t her ebet wee Such conmmuni cati on
nmechani sns coafighmtiah$ efthe drebymant sy stans disaloyedhireialviae comphsd gueeorl 5i ncl udi ng

but not limted to, those ili.zing wireless protocpls . The controller
can incl udemBWé’ogﬁs?Wﬁr“é“tég%H%g "'g?[ﬁ?%gr%#él [ ngybut B‘%{:c}é{m-[%f%?nd/ or

writeabl e rygnvelal hingfiéRoA/EhRAIER bR phodptdiis h@Ral, sh&arabe stored that
define a programto be executed by one or nore processors._ The nedi um may,

for exddpl eoxidusion, ehespicalrpre¢ipisatione prsd separationysysiens ingheding dispolvede 20 one or
nmore proces : (S ..one or nore
enbodi nent slﬁgﬁg%flﬁgs%}lggﬁ?vgg?’ﬁog %%H?[g%dﬁﬁg%r%& {}ﬁ}é" gétq;gésgggglkgﬁi uminto a
menory t hatulahvioks rddditidnast electemtiglgsist Frddned profloctiidOicambbyeliveeedite or nore

processors than does di um Al t hough th?eh corTPut er systemis described by
way of exarpP@Egsr ran W@S%S’rgfsc%r%ﬁ%f eSPABHTEBon whi ch vari ous aspects

of the inventionsyms-f& Qﬁ@gfeté1%%%_Hetfuﬁhauﬁxacéa_@e@immfhﬁ&ioaicqﬂgésffatszahe

invention is not limted to being inplenented in software, or on the
conput €0 sytetpsedurs aprerppically tigesthdwimeamh §déed, rat her than inpl emented on,

for exanple, a og{gLal,RYfROSPHEURHEGE SHERBRe SNRofAligeP! ' o
characteristics can be utilized to regulate one or more operating parameters of any
of the unit operations of the system. A portion of anaerobically digested stream
626 can be recycled to be combined with source of wastewater to be treated 510

25  or solids-lean wastewater 611. A portion of anaerobically digested stream 626
can also be discarded from system 50 as waste sludge.

Optionally, prior to introducing at least a portion of solids-rich studge 616
to anaerobic digester 522, at least a portion of solids-rich sludge 616 can be
introduced to a thickener 524 to produce a thickened sludge 628 and a sludge lean

30 portion 632, Thickened sludge 628 can then be introduced into anaerobic digester

522 and sludge-lean portion 632 can be recycled back to source of wastewater
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or conponents or subsections thereof, may alternatively be inplenmented as a
30 dedicated system or as a dedi cated programmble | ogic controller (PLC
or in a distributed control system Further, it should be appreciated that
one or nore features or aspects of the invention may be inplenented in
software, hardware or firmmare, or any conbination thereof. For exanple,
one or nore segnents of an al gorithm executable by controller 114 can be
performed in separate conputers, which in turn, can be communi cation

t hr ough oné’ 18k sqtislsdedrewariewater fhl, sombinedtherevithy ordpisodiasd inte othesanit

controller %%&tggsﬁpm‘eit%g{[ggmtsﬁstgl%enerat e a plurality of output signals

that initiates Or Cerii Nates oNe-of nore cycles or stages of the sequencing

batch reactor. Fpiie exupkgsterhdend @ohhighdsedisdlaseddRigh siesighifietitput si gnal
that actuates one or nore inlet valves that fluidly connects one or nore

basi ns of tRAUGRENEELYQONSGHBPLERY 98 A¥sHRfoME eherEyagidbilse eduprths gmauat of wat er
to be tBeat&%}udgggyrfﬁ@ééabﬁ%w%ﬁgw Qgﬂe%%%{ate a second output 10 signal
= but not né , C

that préferably ssarily oses the valve and, activates an
aerati on syst em Ofheahinit opahticizasusk gsifieds2gd BahmbrsrAMCAIO6 be Qtilizedvi de an
oxygen source to, for exanple, a target dissolved oxygen |level, e.g., about
bet ween 0.5 and PUrF§HI2 C@H@llewﬁawilgate ensceilatfsths OPeiGHAE BBt aci | i tat e

bi ol 0gi cal §OtBkkRA: ANRID IRl A4GHREALSRTbe LERMuE ROUILY AL

di ssol ved and suspended so er can en generate a third
out put si grlredyvst ofthe pnt esmyis Bremen; a doradioh iof ose bnmate legidstceaimenh t he
basi ns hhat rovi de s&tti ng, of at | eas settl eable

t a portjon.of th
compondit <. CHROBHHE A dSLVel PReeR sRRceRBAERT I BI0AR 2B% OEHE AR ted by

term nat i nghREHtiME of thi@tAdafméaitdyitB@. t hird out put signal can be generated by
the controll'er to pronote w thdrawal of any of the supernatant, e.g., by

decanting, or 20Bes ¢apsrotiecinap ersppohto signalsirobugingrs (aptshowapand Ohg. Anot her

out put sig e ner at . fif 1 l.gnal, that
reacti vat egg%b%o(eiggjeoﬁgﬁ%% ps%%/lsqfoen a?gny Eargﬁ?l?‘ﬂleorc 5%@%3@#@%% trf% +1t einLvent i on can
i nvol ve or dyetedh. rigateg@mplz, 6 08mxel positietdibltbe Btrébic Macor maydhdigate
conputer-readabl e nedia, that facilitates the various features of the

treat ment dFPrBAE ARETBSORBions Higrenn FugBet theegng 5| mBore SERSOEGRBYIL er - r eadabl e
medi a can caEpikdrhe op dre 6piARSnal parameters such as pressure, temperature, one or

more characteristics of the liquor, and/or one or more characteristics of any of the
effluent streams. Similarly, a sensor disposed in or otherwise positioned with any
of the recycle streams can provide an indication of a flow rate thereof at, below, or

20  above a desired or target rate. The controller may then respond by generating a
control signal causing an increase or decrease in the recycle flow rate. The target
recycle flow rate of the mixed liquor from the polishing sub-train may be
dependent on an operating parameter of the treatment system. For example, the
target recycle flow rate may be a multiple of, e.g., at least two times, the influent

25  flow rate of the incoming water to be treated. In some cases, the solids discharge
rate may be adjusted to achieve one or more target characteristics of the treated
water. Other control scheme may involve proportionally varying the relative flow
rates between the anaerobic digester and the aerobic treatment tank based at least
partially on the oxygen demand of the influent or water to be treated.

30 The system and controller of one or more embodiments of the invention
provide a versatile unit having multiple modes of operation, which can respond to

multiple inputs to increase the efficiency of the wastewater treatment system.
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i npl enentabl e on a conputer systemor a controller that perforns a nethod
of treating wastewater in a wastewater treatnent system the nethod
conprising one or nore steps of providing a wastewater to be treated,
pronoti ng biol ogi cal sorption of the wastewater to be treated to produce a
first mxed liquor, producing 30 a solids-rich sludge and a solids-I|ean
portion fromthe mxed liquor, aerobically treating a first portion of the
solids-rich sludge to produce an at |east partially aerobically treated

sl udge, anaer obieldositroll€rasiy voindplemensd ugiag bheor aforé bempabd Yetemsr i ch

sl udge to produce an =aerobically digested sludge, conmbining at | east a

portion of Vhigh E1RYDEOr cxaIrPlead BSnesd rpasa coPRicE sediasshosedised omin he

‘ ¢ o~ .
anaer obi calf BENTIORE Sl on s M8 B PP pRREP R Bk . et hod
can furt hePackap PASRISO®RGtetdstE, & Ban UisaBRARCE procadsog geatpotheoigpee a

t hi ckened sl udge and a s]udge-lean portion and_ conbining at |east a portion
of the 3| uderysssser goeembinalipn thergof. Rasmaielyy the copwuisr S¥stem MGher ei n

anaer obi cal; | [ Ty JAS! - $9¢ L. dSdid sl udge
conpri ses é}r‘%‘é‘?‘loﬂ’u%gféflpg"l’ gest1 ﬁg%tc ePEJmBE?(gngd S ’ugllgéeﬁtﬁyl%%gduce at | east
a portion abpliteioarspecifibiiegdaeddiigai t{ASIC) ardgatrollérs imendeddocematef ur t her

conprise 1Q aerobi cal I%/ treating at least a portion of the solids-Iean
portion to YRR EYHe P-cat ed product and a second nixed |iquor. The method

can further conpres@niidtispies @h ihQadd ot GiGhbleQRodssdri ypragignd mi xed
| iquor with the wastewater "to be treated. The nmethod can furfher conprise

aer obi dfl | ywonnessed egngtor mxaes memqry deviges, gthichheansgomeprisei foakkample ganst ed

ludge with the fi ' f the solids-rich slud d h
east par t 12801 e 8t B4R slkerd PR BS bR Sl s meBER e Compr 1 <o

produci ng alesik] siSothérclevieToeneiing daad The aRindly i Spitalif @& eforingom t he
wast ewater to be treated, and wherein pronoting biological sorption of at
| east a porpgamsRnd datadisingnrewsiop of e sypier: diPresamples s PeBABLIPAY

bi ol ogi cal | idss ] 2 i rst
i ied | quar VR ng oAy (bt o s 15 e DAL LB B DHES D
sol i ds-15earaspaik asqiperating datareSufrveare, ibclodimgprogramitieg veddihdt imgrehents her
conprise separating t wast ewater to be.treated into ol i.ds-1ean
wast ewat er eg'ﬁﬁ’%éfng%is Pgﬁ‘-erlp‘éer??\ﬂﬁs?%%‘?rf’dBpgﬁﬁﬂpﬁlﬁﬂﬁ%‘?‘g&i a(flg‘forsor ption of
the sol i ds-JgREbléadhevateredRdRERiEemAdnd 18as typicaligidopia il théodyl st m xed
| i quor; and anaer obi cal | g digesting the solids-rich wastewater with the

®

25second povherein ibfantthen Bopxegyted RIPNS QIdRYRIC PEOISFEIYCRUIHRICBTIEERBEI cal | y
2ot B Al S SN AR It Sap oL or
conput @) syavarvisual BasienCr k| er C+hdiorpen,fRasead, Biffeb B, AIOBARatn ang
VRSt el er L e S o bhations Bteot SYStem the method
Components of the computer system may be coupled by cone or more
interconnection mechanisms, which may include one or more busses, e.g.,
between components that are integrated within a same device, and/or a network,
25 e.g., between components that reside on separate discrete devices. The
interconnection mechanism typically enables communications, €.g., data,
instructions, to be exchanged between components of the system.
The computer system can also include one or more input devices, for
example, a keyboard, mouse, trackball, microphone, touch screen, and other man-
30 machine interface devices as well as one or more output devices, for example, a
printing device, display screen, or speaker. In addition, the computer system may

contain one or more interfaces that can connect the computer system to a
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30 having one or nore steps for treating wastewater conprising providing a
wast ewater streamto be treated, introducing the wastewater streaminto a
bi ol ogi cal sorption tank to produce a first mxed |iquor stream
introducing the mxed liquor streaminto a separator to produce a
solids-rich streamand a solids-lean stream introducing at |east a portion
of the solids-rich streaminto an aerobic treating tank to produce an at

| east partially aerobically treated sludge stream introducing at |east a
portion of cohenagtdtbs-neivwedrks i aldmiomerasan altermetivbiocthdingevadr that ma§ pr oduce

an anaer obi.cal | i gested slu stream introducing at |east a portion of
the at | eaﬁeatjﬁgﬁfqd%f?v e Cimsio ‘%%‘F 90'11?%[&%"0&&‘%@6&“%1 reaminto the

bi ol ogi cal sor pt AQRrdial ko o6t mbid @ebHdimentsbf thBaRverfioROhE IR oP inokd1€
—aerobical |y digested $ludge streaminto the biological sorption tank. The

met hod can ifpetidezices ovapinaede semsers her measvsng amy onioinnre paramhetastofa porti on
of the golids-ri stream.into sl t hickener to 10 produce a thickened
ol udge. St SR L aEoRes Tadrdn RS s e teAe0eors B PBGEENg at | oast
a portion efa;\telaan@/_@}E@kﬁpg,lo@mzsif&m%bmb@g@ﬂs ﬁﬂ%ﬁé@@h&cﬁﬂd&@%’f er conprises

i ntroduci ng the thickened sludge streaminto the anaerobic digester to

produce t heosyBrygation nepwerkdbatiis @perativejk ceumediia the gomplter sysigmhdnycases,
. Teci : i . ‘
bvpr sga kR RSP S B HHT AR PR S e 28R, £

conpri ses ucl ng tewa ream to into a primry

separ at or toomponeirtae camafinichte withhhaemhpued Steqi swrBnabdndrsol | ds- 1 ean
wast ewater stream and introducing the solids-lean wastewater streaminto
t he bi dPogieMmeHsaiongstwerkr. SEcthA sonfaguratn parmis apy s@uor ptighalst ream The

met hod can rgeﬂéfagﬁ% dEABPLd %&&% 8&5’% %ﬂgﬁﬁxcﬁ%&?ﬁée@%&kﬁé‘c&{)?@ﬁ@%‘@%ﬁ%st ream

into the anaero digester to uce at l[east a por
anaer obi caldnf/agtiafewtapy sehsod gebs taceghat T kigniferhiodiseace fromtdngrsubgysem se

i ntroduci I t tion of the. bi cal | y di ted slud t
nt ot he adral i saouPRe R prir b s pereBasi s SURR | on of the at
l'east particahiiufedidni hélhaiisiis@ad el S \SutiRang adhsuitBldeehiqp further

conprise introducing the solids-l'ean stream fromthe separator into a
menbr adé@ 25n¢ludinghut pet linfikd tpethpsautdiging wirelsss preeplsi se i ntroduci ng at

least a portion égﬁl&oﬁ@ﬂ éaﬂ%ﬁ%}ﬁ&é‘oﬁé BF@H}é &Erg:uli’%} s@&ﬁg@{n‘édﬁ%iﬂ??& ng system

to produce a treated stream and a second m Xe quor©stream and
i nt r oduci ngeadablecaglforavpealile aonodlatileeesediag dnadinmmdn ihietogigsdls earbel nt o t he

bi ol ogi cal sorptio ank. The method can.further conprise cgollecting an
off-gas fr oﬁﬁ?fP‘ﬂglaéH%gé?eo%Pr@gm‘ﬁé% E%F{‘“PFFB Byrqne L e rPﬁn‘?‘ieéﬁ%ﬁ % net hane.

The functi qRedfh rﬂgw&t@aﬁlp@é,ﬂemeﬁ% aNasthGho§ MR pIBA topeRhioh\Be SY St €NB

and techni ques disclosed hérein w be more fully understood fromthe
exanpl @0bel@.or Thase Prickssm epnesenspiaa, sych as eodtcbattiopl¢nenss pne er mhee benefits

of the disc) nt. approach, b do,not exe %.if. he full scope
Cher oo - 5 cEanpt B e AR AR peid b or B Rl Emebioty ot oy
numer i cal | ytha alleha fonasten fcdek @ tie Mfofiaicartysihe Whe of morg pfRe&orsAlan
illustrated, the proposed treatnent
does medium.
Although the computer system is described by way of example as one type
25  of computer system upon which various aspects of the invention may be practiced,
it should be appreciated that the invention is not limited to being implemented in
software, or on the computer system as exemplarily shown. Indeed, rather than
implemented on, for example, a general purpose computer system, the controller,
or components or subsections thereof, may alternatively be implemented as a
30  dedicated system or as a dedicated programmable logic controller (PLC) or in a
distributed control system. Further, it should be appreciated that one or more

features or aspects of the invention may be implemented in software, hardware or
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10 system was considered to have a primary clarifier 711 fluidly connected
to the influent or source of wastewater to be treated. Primary clarifier
was considered to produce a solids | ean wastewater stream and a solids rich
wast ewat er stream The solids | ean wastewater was considered to be

I ntroduced into a biological sorption tank 712 to produce a m xed |iquor,
and the solids rich wastewater stream was 15considered to be introduced

i nto an anaerobic digester 722. The m xed |iquor from biol ogical sorption

t ank 712 wdsmeous,icda@ngdombinaton teraxfu dedexample,coneepanaert segridnts pbapr oduce a

sol i ds | ean, stream whi s to be fyurther treated in a menbrane
bi or eact or AEHHHY C§F‘ﬂ’(ﬁéﬂcg§l’c8’éﬁﬁ?l? Idgﬁd? f PEFOIIFS 18 SERATAIC SR PUE e

| ntroduced yritiirprubl, 489B bhinfliaRHiod Hrobh BOSnetbkkened sl udge and a

solids-lean sludge. 20 Another portion of the sludge was considered to be
i ntroduced i nt o Insome patiicolar esxbodanents, dinkcont®llencaprhedionigareddo | east
partial Ly aerob treated sludge,whi ch was recxcled and treated in

i [ R h
bi ol ogi 2l EEBFAE LRt SEquipuLsignals thal WA (NIGES PR BPTeThe ¢ hi ckened

sl udge was c?}@l@fs‘ beghgs drehd@quBidifg BAEH réddicR, For SRRYPIORKE cAhlRft 85n 722 tO
produce biologically digested sludge, of which a portion 25was recycled to

be at | eastgenperpte 4l qujpuisignel Bal agtuateeendcer moretinlehvalues thabifiwidlyl 6, and

anot her port] of the di L | u ' | wast e 730.
The. tr eat menbRyEbns i@t REF PE e et L S B R B ot o
sof twar e, [EBiice @Bwated$s BE troited. irhe contedllerichPthef@bi¢tate aldbeord oipat i on runs

were perforped such that 2 to 20 percent of the solids-rich sludge 816
exi t i ng030 stanal dappretarahly hutaoppegesiarily, closgs thegiaheande a¢tivaiasiadkener 724 and

ultimately ag%ghgpgt&nﬁf%?&%g%[%gs%guencfnébatch re¥RbeR! rmﬁgﬁ%éigé\?%st evat er

concentrations were use I mu I ons; and det al
st oi chi onetsoyrce so,| fos¢xthple, altatgee diksolved dayden ldvel,Ragy, Alsitt betxteen 0.5

ot o oy S U RIRL ! e SRRt 08, BALATEL Shalr 41
phenomena that aggregates at least a portion of dissolved and suspended solids.

15  The controller can then generate a third output signal that promotes quiescent
conditions in at least one of the basins that provide settling of at least a portion of
the settleable components. In some cases, quiescent conditions can be effected by
terminating output signais and the third output signal can be generated by the
controller to promote withdrawal of any of the supernatant, e.g., by decanting, or

20 solids-rich portions in the basin, after settling. Another output signal can then be
generated, e.g., a fifth output signal, that reactivates the aeration system.

Further aspects of the invention can involve or be directed to computer-
readable media, or providing computer-readable media, that facilitates the various
features of the treatment approaches described herein.

25 For example, the computer-readable media can comprise instructions
implementable on a computer system or a controller that performs a method of
treating wastewater in a wastewater treatment system, the method comprising one
or more steps of providing a wastewater to be treated, promoting biological
sorption of the wastewater to be treated to produce a first mixed liquor, producing

30  asolids-rich sludge and a solids-lean portion from the mixed liquor, acrobically
treating a first portion of the solids-rich sludge to produce an at least partially

aerobically treated sludge, anaerobically digesting a second portion of the solids-
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600 Total Kjeldahl Nitrogen [ng/L] 50 TSS [ng/L] 280 Fbs - Readily

bi odegradabl e (i ncluding Acetate) [gCOD/g of total COD] 0.1600 Fac -

Acet at e[ gCOD/ g of readily biodegradable COD] 0.1500 Fxsp - Non-col | oi dal

sl ow y bi odegradable [gCOD g of slowy degradable COD] anbo Pus -

Unbi odegr adabl e sol ubl e[ gCOD/ g of total COD] 0.0500 Pup - Unbi odegradabl e
particul ate[gCOD/ g of total COD] 0.1300 Fna - Ammoni a[ gNH3- N/ gT1CN] 0. 6600

rich sludge to produce an anaerobically digested sludge, combining at least a
portion of the at least partially aerobically treated sludge with the wastewater to be
treated, and combining at least a portion of the anaerobically digested sludge with
the wastewater to be treated. The method can further comprise thickening the
5  solids-rich sludge to produce a thickened sludge and a sludge-lean portion and

combining at least a portion of the sludge-lean portion with the wastewater to be
treated, wherein anaerobically digesting the second portion of the solids-rich
sludge comprises anaerobically digesting the thickened sludge to produce at least
a portion of the anaerobically digested sludge. The method can further comprise

10  aerobically treating at least a portion of the solids-lean portion to produce a treated
product and a second mixed liquor. The method can further comprise combining
at least a portion of the second mixed liquor with the wastewater to be treated.
The method can further comprise acrobically treating at least a portion of the
anaerobically digested sludge with the first portidn of the solids-rich sludge to

15  produce the at least partially aerobically treated sludge. The method can further
comprise producing a solids-rich wastewater and a solids-lean wastewater from
the wastewater to be treated, and wherein promoting biological sorption of at least
a portion of the wastewater to be treated comprises promoting biological sorption
of the solids-lean wastewater to produce the first mixed liquor. The method can

20  further comprise introducing the solids-lean portion into a membrane bioreactor.
The method can further comprise separating the wastewater to be treated into a
solids-lean wastewater and a solids-rich wastewater, promoting biological
sorption of the solids-lean wastewater to produce at least a portion of the first
mixed liquor; and anaerobically digesting the solids-rich wastewater with the

25  second portion of the solids-rich sludge to produce the anaerobically digested
sludge and an off-gas comprising methane.

In other configurations, the computer-readable media can comprise

instructions implementable on a computer system or a controller that performs a
method of treating wastewater in a wastewater treatment system, the method

30  having one or more steps for treating wastewater comprising providing a
wastewater stream to be treated, introducing the wastewater stream into a

biological sorption tank to produce a first mixed liquor stream, introducing the
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Fnox -

Particul ate organic nitrogen[gNNg Organic N 0.5000 Fnus -

Sol ubl e

unbi odegr adabl e TKN gN gTI CN] 0. 0200 FupN - N:. COD ratio for unbi odegradabl e

part.

COoD

ratio for
Non- pol y--P heterotrophs[gCOD g of total COD] 0.0001 FZbm - Anoxi c net hanol
utilizers[gCOD g of total COD] 0.0001 Fzaob - Ammoni a oxi di zers[ gCOD g of

t ot al

COD)

10

15

20

25

30

[ gN gCOD] 0. 0350 Fpo4 - Phosphat e[ gPO4- P/ gTP] 0.5000 FupP -
i nfl uent unbi odegradabl e part. COD [gP/gCOD] 0.0110 FzZbh -

0. 0001 Fznob - Nitrite oxidizers[gCOD g of total COD]
mixed liquor stream into a separator to produce a solids-rich stream and a solids-

lean stream, introducing at least a portion of the solids-rich stream into an aerobic
treating tank to produce an at least partially aerobically treated sludge stream,
introducing at least a portion of the solids-rich stream into an anaerobic digester to
produce an anaerobically digested sludge stream, introducing at least a portion of
the at least partially aerobically treated sludge stream into the biological sorption
tank, and introducing at least a portion of the anaerobically digested sludge stream
into the biological sorption tank. The method can further comprise, in some cases,
introducing at least a portion of the solids-rich stream into a sludge thickener to
produce a thickened sludge stream and a sludge-lean stream. In some cases,
introducing at least a portion of the solids-rich stream into an anaerobic digester
comprises introducing the thickened sludge stream into the anaerobic digester to
produce the anaerobically digested sludge stream. In still further cases,
introducing the wastewater stream into the biological sorption tank comprises
introducing the wastewater stream to be treated into a primary separator to
produce a solids-rich wastewater stream and a solids-lean wastewater stream, and
introducing the solids-lean wastewater stream into the biological sorption tank to
produce the first mixed liquor stream. The method can further comprise
introducing the solids-rich wastewater stream into the anaerobic digester to
produce at least a portion of the anaerobically digested sludge stream. The
method can further comprise introducing at least a portion of the anaerobically
digested sludge stream into the aerobic treating tank to produce at least a portion
of the at least partially aerobically treated sludge stream. The method can further
comprise introducing the solids-lean stream from the separator into a membrane
bioreactor. The method can further comprise introducing at least a portion of the
solids-lean stream into an aerobic polishing system to produce a treated stream
and a second mixed liquor stream, and introducing at least a portion of the second
mixed liquor stream into the biological sorption tank. The method can further
comprise collecting an off-gas from the anaerobic digester, the off-gas comprising

methane,

30
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0. 0001 Fzanob - Anaerobic amoni a oxidizers [gCOD/ g of total COD] um FZbp
- PAGs[gCOD/ g of total COD] 0.0001 FZbpa - Propionic acetoggns[gCO) g of
total COD] 0.0001 Fzbam - Acetocl astic net hanogens[gCOD/ g of total COD]
0. 0001 FzZbhm - H2-utilizing methanogens[gCOD/ g of total COD] 0.0001
The follow ng operating paraneters of the nmain unit processes were assuned.
10 Primary clarifier60% TSS renoval Sl udge thickener80% TSS renpval Tot al
RAS fl owl00% of jnfluent flo Bi ol ogi cal sorption tank500 wi th DO set
poi nt gf 2 rr(;g /L ’f’he ljunct?on and a\lﬁvantage otgthese and other embodiments of Hl%

systems and techniques disclosed herein will be more fully understood from the

example below. The following example is intended to illustrate the benefits of the

disclosed treatment approach, but do not exemplify the full scope thereof.

Example 1

Erergy gain and sludge yield were estimated by numerically simulating
the treatment system shown in Figure 9. As illustrated, the proposed treatment

10 system was considered to have a primary clarifier 711 fluidly connected to the
influent or source of wastewater to be treated. Primary clarifier was considered to
produce a solids lean wastewater stream and a solids rich wastewater stream. The
solids lean wastewater was considered to be introduced into a biological sorption
tank 712 to produce a mixed liquor, and the solids rich wastewater stream was

15  considered to be introduced into an anaerobic digester 722. The mixed liquor
from biological sorption tank 712 was considered to be introduced into a separator
714 to produce a solids lean stream which was to be further treated in a membrane
bioreactor, and a sludge stream. A portion of the sludge was to be introduced into
a sludge thickener 724 to produce a thickened sludgé and a solids-lean sludge.

20 Another portion of the sludge was considered to be introduced into an aerobic
treatment tank 716 to produce an at least partially aerobically treated sludge which
was recycled and treated in biological sorption tank 712, with the solids lean
wastewater. The thickened sludge was considered to be introduced into an
anaerobic digester 722 to produce biologically digested sludge, of which a portion

25  wasrecycled to be at least partially acrobically treated in treatment tank 716, and
another portion of the digested sludge was discharged as solids waste 730.

The treatment system was numerically simulated using BIOWIN
simulation software, EnviroSim Associates Ltd., Ontario, Canada. The simulation
runs were performed such that 2 to 20 percent of the solids-rich sludge 816 exiting

30  the separator or clarifier 714 was directed to thickener 724 and ultimately

anaerobic digester 722.
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Aerobic stabilization tank600 n8 with DO set point of 2 ng/L Anaerobic

di gester: 2900 nB The foll owi ng assunptions were nmade for the energy bal ance
calculations. 5 The energy content of CH4 is 35846 kJ/nB (at OC and 1 atmn
(Tchobanogl ous et al., Wastewater Engi neering Treatnent and Reuse, Metcalf
& Eddy 2004) Aeration energy efficiency in the biological sorption tank
and aerobic treatnent tank would be 1.52 kg 02/ KWh (Tchobanogl ous et

10Wast ewat er Engi neering Treatnment and Reuse, Metcalf & Eddy 2004) M xing
energy for the a"ryakzabwaﬁe\datgesmwcnmidmme@sed(far divsnBulations; ahd TSS
concentrati,on..i n_anaerobi c di %ster Jea ﬁ@g 40 graml L (Tchobanogl ous
ot al . VaSEEled B RAYPEST SREaRrR e Al de, Netcalf & Eddy 2004)

15Downst ream nenbrane filtration air scouring and filtration energy would

be 0.2 kwh of at & { ori ng
woul d § Wﬁ%ﬁﬂ%@ﬁi%ﬁmgﬁl § o G ﬁ"g’fjo gr%fﬁerl ngl%nL anaer obi ¢
di gest er eat ed ‘hout heat exchange to recover

ener gy. 20 When—29%of —t-hereturn arﬂ- vat-ed—sd ||r~|nn / RAS ept-ers
anaer obi (‘_‘FAPWJ@WJW iﬂ@ﬁ] all the digester effluent is f d hp Q,DQQH t of
the syst diial G@Bilmedel i vat ed sl udge 730, and no anaerdbic sP®ige ig to be
recycl ed |t KjgldahbNoggenl[mgdrlpt i on tank 712. The mi nijmum RA® ent erli ng
anaer obi q TBQpagR) 722 appears to be about 25 2% The peg@li ct ed ener gy
gai n fromymt hapedily Blddesradible GRERBHIRA®RREQY reductiorf, net energy Jgain,
per cent agg.@DI/BSf ¢@mpval by anaerobic digester anqg sl ulldé®iel d are
shown in %a@sz AgetEB SfeCOD/g of readily biodegradable COD] 0.1500

Fxsp — Non-colloidal slowly biodegradable : 0.7500

fgCOD/g of slowly degradable COD] )

Fus - Unbiodegradable soluble [gCOD/g of total COD] 0.0500

Fup - Unbiodegradable particulate [gCOD/g of total COD] 0.1300

Fna - Ammonia [gNH3-N/gTKN] 0.6600

Fnox — Particulate organic nitrogen [gN/g Organic NJ 0.5000

Fnus — Soluble unbiodegradable TKN [gN/gTKN] 0.0200

FupN - N:COD ratio for unbiodegradable part. COD 0.0350

[gN/gCOD] i

Fpo4 — Phosphate  [gPO4-P/gTP] 0.5000

FupP — P:COD ratio for influent unbiodegradable part. COD 0.0110

[gP/gCOD] )

FZbh — Non-poly-P heterotrophs [gCOD/g of total COD] 0.0001

FZbm - Anoxic methanol utilizers [gCOD/g of total COD] 0.0001

Fzaob — Ammonia oxidizers [gCOD/g of total COD] 0.0001

Fznob - Nitrite oxidizers [gCOD/g of total COD] 0.0001

Fzamob - Anaerobic ammonia oxidizers 0.0001

[gCOD/g of total COD] )

FZbp - PAOs [gCOD/g of total COD] 0.0001

FZbpa — Propionic acetogens [gCOD/g of total COD] 0.0001

Fzbam - Acetoclastic methanogens [gCOD/g of total COD] 0.0001

FZbhm - H2-utilizing methanogens [gCOD/g of total COD] 0.0001

The following operating parameters of the main unit processes were

assumed.
10 » Primary clarifier 60% TSS removal
. Sludge thickener 80% TSS removal
. Total RAS flow 100% of influent flow
. Biological sorption tank 500 m® with DO set point of 2 mg/L
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30When 20% of RAS enters anaerobic digester 722, the simulation software
generated the foll ow ng data: influent into primary clarifier 711: 6000
kg COD/day settled materials of out primary clarifier 711: 2273 kg COD/ day
ef fl uent out of secondary clarifier 714 to MBR 718: 1022 kg COD/ day
solids-lean portion out of sludge thickener 724: 2205 kg COD/day 5

t hi ckened portion into anaerobic digester 722: 8119 kg COD/ day

ef fluent out of anaerobic digester 722: 7045 kg COD/day ef fl uent out
of anaer obicc di gésobic spddlizaton@k730: 11160 g coth B serpeinspidge/ket ent i on
time in anaerobi¢ digester 722 woul d be %g% 16.1 10 days and the TSS
concentrati®n i nFEHEHIEES B gest er 722 "he 40763 ny/L. The aerobic
sludge retention tinme, or M.SS inventory in biological sorption tank 712
and aerobic treatnent tank 716 relative to a 20% RAS nass fl ow rate woul d
be 0.7 days. TheThofoibwi@assemptians woglmadsdfosdhenpigy bafangagalculations.

(6000-1110-1022),.,. 15COD r enoval r.o anaerqbi ¢ .di gester 722 woul d be
3347 kgCoD per WW?@e%?igmﬁgg%élg'?ma(aﬁi)egiat?géd’t‘% nmoval rate of 87%
(3347/3868) . (Tcﬁ@gﬁt%gﬁm&?@azr BRME 0P i Sinb&ink3Phestndnb Bn@REAd, ON ener gy

u

consunption is | ow, probabl’y still enoltgh to mx the tanks.
Metcalf & Eddy 2004)
. Aeration energy efficiency in the biological sorption tank and aerobic

treatment tank would be 1.52 kg O»/KWh (Tchobanoglous et al.,

10 Wastewater Engineering Treatment and Reuse, Mezcalf & Eddy 2004)

. Mixing energy for the anaerobic digester would be 0.008 KW/m® when the
TSS concentration in anaerobic digester is less than 40 gram/L
(Tchobanoglous et al., Wastewater Engineering Treatment and Reuse,
Metcalf & Eddy 2004)

15 e Downstream membrane filtration air scouring and filtration energy would
be 0.2 kwh/m> of effluent, and the O, transfer from the MBR air scoring
would be enough for nitrification

. The mixed liquor entering the anaerobic digester will be heated from 20°C
to 35°C, without heat exchange to recover energy.

20
When 2% of the return activated sludge (RAS) enters anaerobic digester

722, all the digester effluent is to be wasted out of the system as waste activated

sludge 730, and no anaerobic sludge is to be recycled back to biological sorption
tank 712. The minimum RAS entering anaerobic digester 722 appears to be about

25 2%.

The predicted energy gain from methane production, aeration energy
reduction, net energy gain, percentage of the COD removal by anaerobic digester

and sludge yield are shown in FIGS. 4 to 8.

30 When 20% of RAS enters anaerobic digester 722, the simulation software

generated the following data:
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20About 87% of the COD renoval woul d occur when 20% of RAS enters anaerobic
di gester. Thus, about 20% or |less, of the RAS can be introduced into the
anaerobi c digester to provide significant COD renoval . When nore

sl udge goes through anaerobic digester 722, the aerobic activity decreases
(see FIG 5). Wen about 20% RAS enters anaerobi c digester 25722, the
oxygen utilization rate (OUR) in biological sorption tank 712 and aerobic
treatment tank 716 woul d be 21 ng02/L per hour and 22 ng02/L per hour,
respectiveley. Alinfloenghn@@yinoiry chafiRnsl oe0a kg GCOdMdaer obi ¢ treat nent tank,
t he COD reduction te in that tank appears_t | ow,. The COD mass fl ow

di agram at* t he ¥H irf‘?tﬁﬁﬂalﬁf’?%%%ary Eile H’rzz&?i gi?%’ag SARE”Y entering the

anaer obi ¢ ¢ gest ' [ : ' RCER ein
kgCOD/ day. %E?%ﬁ??og%?%ﬁflﬁbgﬁ%?ﬁ@%y e'rea i@e‘ng?] erns of

i ncreased net hanslidstkangduitos bl shidgdickentt PM: V2203 kpeCOBAdayabout 5% to
about 8% RAS anaerobical ly digested, which can avoid ca%i tal expenditures

associ afed *i t h thigkgeednnatominte arficgrhic digesisr 6348k kg COD/dashe results al so
show t hat exi sti st ter treatnment..fachlifi n be nodified or
retrofitted to ieﬁgép%ngga"&ﬁré’%bcr‘% glﬂﬁﬁhﬁ%@é@?gy of the systens 5 and
techni ques «i scl&ragshthat 6f dhabRbld @igéstdl el 10al AZ 7706 U0ed KBTRHBXayat € and

reduced anount of sludge. Those skilled in the art would readily appreciate
that the various paraneters and configurations described herein are neant

to be exenplary d.10 that .actual. paraneters an onf i gurati Wil |
depend upon the @B%%?‘?%%“%BB?? é%ilgﬁn?%?b\%ﬁiﬂ%eﬁ%f ﬂ%fwgi‘gﬁ%&’éwg? t hods of

t he pra@gentdayuedtte s Sédiceiition Th asferstic|digdter 722 ROulT be #0763 hgeogni ze, or
be able to ascertain using no nore than routine exg)gl nment ati on, nmany

equi val ents to tHee apeis slideeraagiondine aiddbss ugninsy & biolagial exanpl e,

those skil 's%%;dé{ﬁ thhle7 A d!@oﬂi@%&ﬁisﬁ?t&nﬂ@%ﬁ@ﬁtiﬁé’&}f%%‘"ﬁl@s hasgonponent s
t hereof, accdrding to the present 1nvention nay further conprise a network
of syst ens ftow bae woolhpoh@dhysof treat nent system is, therefore, to be

It
under stood that j.he for i ng emnbod| nen e_presen f exanple
only and that, ehﬁow?pﬁgg§ed’g?)v S’Pulcﬂﬁe é\%ﬁ#ﬁig@q{a@f @%‘%@%ﬁ?‘&il ents
theretqs the di scOpsemholilaRidiBRtheSHReRIFc AestETIMvarRDMBY 78 vpct | ced
ot herwi se than as 20 specifically described. For exanple, although the term

" super nat amet dpa & aens Uded’ M it predicedaemoyalsapanf &7 33976868, the term
has been used on rehl J I I : limt the
scope of the cl aé%%’gﬁocgbﬁgﬁlw%u %@dggg?‘zﬁ%‘%% gé‘hﬁiegﬁrqu%ﬁ%ng%)snent

treat ment sSybiverisit prubablychitlieguegh armixdiheeasikad t o each individual feature,
system or nethod described herein. In

20 About 87% of the COD removal would occur when 20% of RAS enters
anaerobic digester. Thus, about 20%, or less, of the RAS can be introduced into
the anaerobic digester to provide significant COD removal.

When more sludge goes through anaerobic digester 722, the aerobic
activity decreases (see FIG. 5). When about 20% RAS enters anaerobic digester

25 722, the oxygen utilization rate (OUR) in bioclogical sorption tank 712 and aerobic
treatment tank 716 would be 21 mgO,/L per hour and 22 mgO,/L per hour,
respectively. Although 80% of the RAS goes through aerobic treatment tank, the
COD reduction rate in that tank appears to be fow. The COD mass flow diagram
at the condition of 20% of return activated sludge entering the anaerobic digester

30 isshown in FIG. 9, with COD mass flow rate in kgCOD/day.

Further, potential benefits may be realized in terms of increased methane

and reduced sludge production with between about 5% to about 8% RAS
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25 addition, any conbination of two or nore such features, systens or

nmet hods, if such features, systens or nethods are not nutually

i nconsistent, is included within the scope of the present invention.
Further, it is to be appreciated various alterations, nodifications, and

I mprovenents wll readily occur to those skilled in the art. Such
alterations, 30 nodifications, and inprovenents are intended to be part of
this disclosure, and are intended to be within the spirit and scope of the

i nvention. dn@érobicallpdies@dPOhich @in 8¥oid ohpit ek p&rltlivtdsessociited With tdrgelge
stream can be introduced to an upstreamunit operation, such as a primry
clarifier, %pergbls HEEOAProcssIept i on tank, or both. In other cases, the

sol ids | eans poriop. gt ACIHAPCh SR PRI A8 £aRDS: dLfife! 88 de0 anot her

separator and/or to a polTshing uni ances, an éxisting

treat ment fracdified vr rasofived i@ thcbippfatt Onelbt mbzevaiousRsgicposfahesyiymone or
nore 5aspects of the invention. Thus, in sone cases, the treatnent systens

can i nvél venddsgtwiques disslosedhgreigupiticgt watep at a radyged energy 1e at¢l conpri se an
aer obi c di gr@&ﬁc%&arr%hkf?f‘%ué%e.w th a biological sorption tank, and an
. Ac

aerobic treatnent tan rdingly, the foregoing description and draw ngs
are by way of exanple only. Further, the depictions in the drawi ngs do not
limt the invent,’l, the 10 particularly illustrated representations.

ons f
For exanple, one Rgse stilied in heggt wayldreadiy, ; rerigie that the Yarpay | n one or nore
trains of the,hisAlaARNonBYHhETs J&36ridd HdhR re8hiiTH b%‘éﬁ&n?%ff dd st "

"second, " "third," and the li1ke in the specification and c nms to nodify
an el edént thHasstuab padametars ahd cadignoitionamill gdepend wpon the spasifence, or order of

are port or fEBtcisR 3 BRipkdhe e SRCmEtiedh o s Grept MUEFQERE ement
havi ng a ceTHoak Rkilledn fHeQii WIDicb&snifd, OFBS hblRavy abe rAirswik: Naflre thdh for use
of the ordinal-term_ to distinguish the elenents. Wat is clained is:
routine experimentation, many equivalents to the specific embodiments described
herein. For example, those skilled in the art may recognize that the system, and
15 components thereof, according to the present invention may further comprise a
network of systems or be a component of treatment system. It is, therefore, to be
understood that the foregoing embodiments are presented by way of example only
and that, within the scope of the appended claims and equivalents thereto, the
disclosed treatment systems and techniques may be practiced otherwise than as
20  specifically described. For example, although the term “supernatant” has been
used herein to refer to separation product, the term has been used only for
illustrative purposes and its use does not limit the scope of the claims to a
particular separation technique. The present treatment systems and techniques are
directed to each individual feature, system, or method described herein. In
25  addition, any combination of two or more such features, systems or methods, if
such features, systems or methods are not mutually inconsistent, is included
within the scope of the present invention.
Further, it is to be appreciated various alterations, modifications, and
improvements will readily occur to those skilled in the art. Such alterations,
30  modifications, and improvements are intended to be part of this disclosure, and are
intended to be within the spirit and scope of the invention. For example, a portion

of solids-rich stream or the sludge stream can be introduced to an upstream unit
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CLAIMS 1. A process for treating wastewater conprising: providing a
wastewater to be treated; 5pronoting biological sorption of the wastewater
to be treated to produce a first mxed |iquor; producing a solids-rich

sl udge and a solids-lean portion fromthe m xed |iquor;

aerobically treating a first portion of the solids-rich sludge to produce
an at 10l east partially aerobically treated sludge; anaerobically digesting
a second portion of the solids-rich sludge to produce an anaerobically

di gest ed slopggion, such as g giishany glaridier, oz adiolagigalrsorptionoank. s bath. | Iaast

artiall robically treated sludge with the wastewater, to be treated; and
D conti n not el ¥ sbhgRSs SoroR B e e Feal TGOt Bretiaioa v i 1
the wast ewahethet Sepafardr @dsido a%;_olil'ﬂﬂﬁ% RARC BPSthef inSlantdy, dn efitidgrer
conpri si ng: t hi ckening the solids-rich sludge to produce a

t hi ckened dregtpentdsility may b¢ owgddiddganmtibier of ionorparaie any one @ombieni ng at | east
a portign Qi CoAhYAARMESENM TR i Qndtdsls, ML AR R Bk Rind Qn MvdiSat ed.
connecting or configuring an existing facility to comprise an aerobic digester,
optionally with a biological sorption tank, and an aerobic treatment tank.
Accordingly, the foregoing description and drawings are by way of example only.
Further, the depictions in the drawings do not limit the inventions to the
10 particularly illustrated representations. For example, one or more biological
reactors may be utilized in one or more trains of the treatment system.
Use of ordinal terms such as “first,” “second,” “third,” and the like in the
specification and claims to modify an element does not by itself connote any
priority, precedence, or order of one element over another or the temporal order in
15  which acts of a method are performed, but are used merely as labels to distinguish
one element having a certain name from another element having a same name, but

for use of the ordinal term, to distinguish the elements.

What is claimed is:
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wher ei n anaerobically digesting the second portion of the solids-rich

sl udge conprises anaerobically digesting the thickened sludge to produce at
| east 25 a portion of the anaerobically digested sludge. 3. The process of
claim1l1, further conprising aerobically treating at |east a portion of the
solids-lean portion to produce a treated product and a second m xed |iquor.
30 4. The process of claim3, further conprising conbining at |east a
portion of the second m xed liquor with the wastewater to be treated. 5.
The process of claim1, further conffk8iIM§ aerobically treating at |east a
portion of the anaerobically digested sludge with the first portion of the
solids-rich sludge to produce the at | east partially aerobically treated

sludge. 5 6. Thg pRsc@sLHSs nehtifd Waltewatet béhp@dingonpri si ng producing a
solids-rich wastewater and a solids-lean wastewater fromthe wastewater to
be treated, and Mpeddign weasewaentp be Géalefical sorption of at |least a portion

of the stewater to.he,treated ¢ ri.Ses. pr.o i i_ol ogi cal rption of
Che sol Pda- I ean MOLBUREpISEA o ARG pRESTRA Phet diPloiibeddd ' 71,
process of fak@iniRed lighuf;t her conprising introducing the solids-lean portion
into a nmenbrane bioreactor. 158. The process of claim11, further conprising:
separating the viefusing esolids-mich slpdge e 3 saligsdeandnartien frepnthgaairedhat er and a
solids-ri Chi‘{%ﬁt ewat er ; pronoting bi ol ogi cal sorption of the
solids-Ilean Stewater to produce at least a portion of the first m xed

| i quor; and 20anmesbailyakdayingiagast partioh bétieablidsrich slhdgast prodb@randtt h t he
second portion of, the s Haﬂs-ri C | udge to produce the anaerobically

di gest 88 s|'eRRyBa Y&ﬁ“’g Ly fea 281 ng met hane. 9. A process for treating

wast ewat er Conprimk@icallyRig¥lifk A%e@niGRtEuPsahe SSNRARH Qulg dor eat ed;
produce an anaerobically digested sludge;
combining at least a portion of the at least partially aerobically treated
shludge with the wastewater to be treated; and
15 combining at least a portion of the anaerobically digested sludge with the

wastewater to be treated.

2. The process of claim 1, further comprising:
thickening the solids-rich sludge to produce a thickened sludge and a
20  sludge-lean portion; and
combining at least a portion of the sludge-lean portion with the wastewater
to be treated,
wherein anaerobically digesting the second portion of the solids-rich
sludge comprises anaerobically digesting the thickened sludge to produce at least

25  aportion of the anaerobically digested sludge.

3. The process of claim 1, further comprising aerobically treating at least a
portion of the solids-lean portion to produce a treated product and a second mixed
liquor.

30
4. The process of claim 3, further comprising combining at least a portion of

the second mixed liquor with the wastewater to be treated.
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i ntroducing the wastewater streaminto a biological sorption tank to
produce a first mxed |iquor stream i ntroducing the m xed |iquor
streaminto a separator to produce a solids-rich streamand a solids-Iean
stream 30introducing at |east a portion of the solids-rich streamingp an
aerobic treating tank to produce an at |east partially aerobically treated

sl udge stream introducing at least a portion of the solids-rich
streaminto an anaerobi c digester to produce an anaerobically digested
sl udge stream introducing at | east a portion of the at |east

partially r obiﬁsécérxcésg g@{ﬂgﬂnsﬂ Hﬁigl%r ?‘il’%ﬁg%{bé ?%rgbfgcﬂﬁa)égie Ilno it(f@alst gor ption

tank; and 5intro ng at [east’a por ro 'y dri gest ed

sl udge st r gmmiomdiHtht headsotdbaly digéstabsipdgeowith @itktirst pordiOn of iR spligsgisk Of
claim?9, fur@er conprising introducing at |east a portion of the

sol i ds-ri cHludgedarfadicethy agi%éfd@“t‘ﬁ%*@éﬁ'@?ﬂ%“?ﬁ*%ﬁ}ﬁ‘égea t hi ckened sl udge
stream 40 and a sludge-lean stream 11. The process of claim 10, wherein
introducing at | east a portion of the solids-rich streaminto an anaerobic
di gest er cdnpri sBe pmeasediiclaing 11 fethehcakpnsdg ptaddgimg atsotidsrricht o t he

anaerobi c digester tq praduce the anaerobically digested 15sl udge stream
12. The pr o‘%%éeswaé‘?r o é’isﬁﬁgs,' W&%qut?{tff%ﬁlé‘? wétw%em&%meé\sa%@ ream i nto
t he bi ol ogiifdrein Préthb@iy bidlgiaPSRHLISR Sf hﬂEﬁéﬂ‘Ag)%h% dfithe VASEGURL BS bSt r€am to

be treated into a primary s€parator to produce a solids-rich wastewater
st r eam and tegated| dogpriseOprosmtingdin! egiatlsorptioneatithe soldistledr watiewatgr tohe

sol i ds+|,ea t er streaminto the biological sorption tank to produce
the fi rlét ré\@%cﬁﬁ\%ﬁgﬁngzﬁﬂglé oL 13, The process of claim 12, thither

conprising introducing the solids-rich wastewater streaminto the anaerobic
digester tq produce at |least a portion of the 25anaerobically digested
sl udge stream kbe progess ot ¢aisr 4, brther eomprising inradpeing thgemlidsilean i nt r oduci ng

at | east aéﬂ)&&{ FelaR 9[}16“?)?31@%8&9&5 ally digested sludge .streaminto the
to pr ’

aerobic tréating tan oduce at' |l east a portion of the at |east
partially aerobically treated sludge stream 30

15 8. The process of claim 1, further comprising:
separating the wastewater to be treated into a solids-lean wastewater and a
solids-rich wastewater;
promoting biological sorption of the solids-lean wastewater to produce at
- least a portion of the first mixed liquor; and
20 anaerobically digesting the solids-rich wastewater with the second portion
of the solids-rich sludge to produce the anaerobically digested sludge and an off-

gas comprising methane.

9. A process for treating wastewater comprising:
25 providing a wastewater stream to be treated;
introducing the wastewater stream into a biological sorption tank to
produce a first mixed liquor stream;
introducing the mixed liquor stream into a separator to produce a solids-
rich stream and a solids-lean stream;
30 introducing at least a portion of the solids-rich stream into an aerobic

treating tank to produce an at least partially aerobically treated sludge stream;

N
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15. The process of claim9, further conprising introducing the solids-I|ean
stream fromthe separator into a nenbrane bioreactor. 16. The
process of claim9, further conprising: introducing at |east a
portion of the solids-lean streaminto an aerobic polishing systemto
produce a treated stream and a second m xed |iquor stream 5 and
introducing at least a portion of the second m xed |liquor streaminto the
bi ol ogi cal sorption tank. 17. The process of claim9, further

conpri si ng col | datrpdiringatdesst g pertiancef the, solids-righesireat iptoinggngerebic t he

of f-gas co 1.Si . 8. tewater treatnent system
corrp?i Si ng!ﬁ?%sé%ﬁ?giéﬁ?fg? ggt? \Aa%agf%%%lﬂé’rdlg‘%t%\,}ga?&%ea t%a‘;n’ a bi ol ogi cal
sorption tank havirogudng airlpist @poftedikofi thé af lehdt paepyeemnenli¢drebRdl5 t he

source of the wastewater; . _a separator fluidly having a separator
inlet flui dlydeesHruRiRg thehiskesicah somtiontamkeard ol ogi cal sorption tank, a

sludge qutlet, & e t X . i re nt tank
havi ng gn aer ob?lgg’?gl}l%?% %ﬁqg%slt ? I%gftg#y&ﬁ%% Aet eb C%Q’m‘nﬁgés?%asﬁﬁlégeosﬁe e sl udge
out | et, andnanrthabidlegiedl spationaidky aerobically treated 20sl udge outl et
fluidly connected to the sorption tank inlet; and an anaerobic

di gester having a digester inlet fluidly connected downstream fromthe

sl udge outlgi, angk sroblsI®pEREn 3! HAGR: Bk ﬁ&iné'iﬁ&éﬁu%in%%@%ﬁﬁﬁggﬂgpﬁgream of

the sorption tank inlet. 2519. The wastewater _treat nefit syste aim 18,
further cortbe slidserich stteanigata hslodgmthickiener topraduchiackiekenedishidee streatind| y
connected downstream fromthe sludge outlet, a thickened sludge outl et

f1 uidl scorﬁ?gg’tsi‘&%?g]gﬂm’bf the digester inlet, and a sludge-lean outl et
fluidly connected upstream of the sorption tank inlet. 30 20. The wast ewat er
treatnment systemof claim18, wherein the anaerobic digester is fluidly
connect ed udst r eBip BFPcashef slerptllowhergitkininedueing lat lsagjia noméomefthbi ¢ t r eat nent

tank. solids-rich stream into an anaerobic digester comprises introducing the thickened

sludge stream inte the anaerobic digester to produce the anaerobically digested

15  sludge stream.

12. The process of claim 9, wherein introducing the wastewater stream into the

biological sorption tank comprises introducing the wastewater stream to be treated

into a primary separator to produce a solids-rich wastewater stream and a solids-
20  lean wastewater stream, and introducing the solids-lean wastewater stream into

the biological sorption tank to produce the first mixed liquor stream.

13. The process of claim 12, further comprising introducing the solids-rich
wastewater stream into the anaerobic digester to produce at least a portion of the

25  anaerobically digested sludge stream.

14.  The process of claim 13, further comprising introducing at least a portion

of the anaerobically digested sludge stream into the aerobic treating tank to

produce at least a portion of the at least partially aerobically treated sludge stream.
30

15. The process of claim 9, further comprising introducing the solids-lean

stream from the separator into a membrane bioreactor.
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21. The wastewater treatnment systemof claim 18, further conprising a
primary separator having a primary separator inlet fluidly connected to the
source of wastewater to be treated, a solids-lean wastewater outlet fluidly
connected 5Supstream of the sorption tank inlet. 22. The wastewater
treatnment system of claim21l, wherein the primary separator further
conprises a solids-rich wastewater outlet fluidly connected upstream of the
digester inlet. 10 23. The wastewater treatnment system of claim 18,
further conprising an aerobic polishing unit fluidly connected downstream
fromthe salids-}].ean OUthft of tEe sg aratar. 15 24. The wast ewat er

treatnent syst en BrPIREsH QF Skm Oy furthef CUBRETNEi ng a ni xed |iquor recycle

line fluidly conpgedicits ANk pdid ofthesARKIBILstRAM B APadidthit and the
sorption tank inlet. . 25. ‘Fhe wast ewat er treatnment system of claim 18,
further corpotiskinggysiernoo produce ndrebicd saan and filse¢anidymixed iguomtiredmpnst r eam
fromthg s\%§ rat or. 26. A wastewater treatnent system conprising: a
source of tewater to be treated; a sequencing batch reactor having a

basin with a bashftodudi® affibast dlpyrion FIROELLAD BxEPLIGINR sEOMh GRo@e t he
wast ewat er, an aeration system a sludge collection systemw th a sludge

outl et, andigjogicabspting BYkt em with a supernatant outlet; an
anaerobi ¢ digester having a digester inlet fluidly connectabl e downstream
fromthe sludge outlet, and a digested sludge outlet fluidly 30connectable

to the basill.i nl'Eie precuds af claith 90filrther eomprisitig edlldctinganFRES feorhithiest out put
si gnal éhat provides fluid comruni cation between the basin inlet and the
sour ce 18f \#aseraRisidigestesniye if-gas comprising methane.

18. A wastewater treatment system comprising:
a source of a wastewater to be treated;
a biological sorption tank having a sorption tank inlet fluidly connected to
15  the source of the wastewater;
a separator fluidly having a separator inlet fluidly connected downstream
from the biological sorption tank, a sludge outlet, and a solids-lean outlet;
an aerobic treatment tank having an aerobic tank inlet fluidly connected
downstream from the sludge outlet, and an at least partiaily aerobically treated
20 sludge outlet fluidly connected to the sorption tank inlet; and
an anaerobic digester having a digester inlet fluidly connected downstream
from the sludge outlet, and a digested sludge outlet fluidly connected upstream of

the sorption tank inlet.

25 19.  The wastewater treatment system of claim 18, further comprising a sludge
thickener having a thickener inlet fluidly connected downstream from the sludge
outlet, a thickened sludge outlet fluidly connected upstream of the digester inlet,

and a sludge-lean outlet fluidly connected upstream of the sorption tank infet.

30 20. The wastewater treatment system of claim 18, wherein the anaerobic
digester is fluidly connected upstream of the sorption tank inlet through the

aerobic treatment tank.
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second signal that provides fluid conmunication between the sludge outl et

and the digester inlet. 27. The wastewater treatnent system of claim 26,
wherein the controller is 5further configured to generate a third out put
signal that activates the aeration system 28. The wastewater treatnment

system of claim 27, wherein the controller is further configured to
generate a fourth output signal that pronpotes quiescent 10 conditions in
t he sequencing batch reactor after activation of the aeration system 29.
The wastewater treatnent system of claim28, wherein the controller is

further conf,igur erate a fifth qutput.si | that. activates the
decanting s 1St enﬁ] %f‘%%sﬁeq’g%{elﬁretf%ﬁ?ﬁnﬁ%t YHE™ %@).fuucljgﬁl %%tf%@‘?“s‘??gﬁé‘ﬁ“%ﬁ 30. The
wast evat er grirgay Jegdraidybivene @bprielany BepafatoMvRRE Blulilly BenifeoRt® tHetouice furt her
configured to generate a sixth output signal that activates the aeration

syst em af t &f Wpsieaataritp he trheted; 4 salidsdegnivasigwatar outlzo flgidiypennggiedenat er

tr eat negt l.aim 2 further conprising a nmenbrane bioreactor
fluidl ygcoﬁ%g%%%?femggg S OPSE% If“?eot'm t he supernatant outlet. 32. The

wast ewat er treatnent systemof claim26, further conprising an aerobic
polishing unit fluidly connectabl e downstream from the supernatant outlet.
33. The wastewatBi¢ Vistewaighireaipentsysem of daim ok whegginls PABARY i sing a

primary Se{%‘gp;ﬁ%% Al B?rlngrsl RALGHAQ rich W detevidrdh ikt ﬁﬁg’}gﬁnﬂgct&@ the source

of wast ewa and a so -I'ean wastewat er outl et connectable to
t he basi n iupsetam oBtheigestemdtletvat er treat nent system of claim 33, wherein
the pri B‘ary separator further conprises a solids-rich wastewater outl et
fluidl )} connectable to the digester inlet. 5 35. The wast ewat er treatnent

system of cizai MBAR wiskw e rSRARRE S/staeh 8f Qhint98, further comprising an
aerobic polishing unit fluidly connected downstream from the solids-lean outlet of

the separator.

15 24. The wastewater treatment system of claim 23, further comprising a mixed
liquor recycle line fluidly connecting an outlet of the aerobic polishing unit and

the sorption tank inlet.

25. The wastewater treatment system of claim 18, further comprising a

20  membrane bioreactor fluidly connected downstream from the separator.

26. A wastewater treatment system comprising:
a source of wastewater to be treated;
a sequencing batch reactor having a basin with a basin inlet fluidly
25  connectable to the source of the wastewater, an aeration system, a sludge
collection system with a sludge outlet, and a decanting system with a supernatant
outlet;
an anaerobic digester having a digester inlet fluidly connectable
downstream from the sludge outlet, and a digested sludge outlet fluidly
30 comnnectable to the basin inlet; and
a controller configured to generate a first output signal that provides fluid

communication between the basin inlet and the source of wastewater, and a
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t hi ckener fluidly connectable downstream fromthe sludge outlet, the sludge
t hi ckener having a thickened sludge outlet fluidly connectable to the
digester inlet, and a sludge-lean outlet fluidly connectabl e upstream of
the basin inlet. 10 36. A wastewater treatnent system conprising: a source
of wastewater to be treated; a biological treatnent train fluidly
connected to the source of wastewater, - to be treated, the first treatnent

train conprisin | east | ogi cal reactor selected fromthe group
O o b g T e Ol 0 0

reactor;  dicesterdfiecenNaerobi c digester fluidly connected downstream from a
sol i ds- rlch ste outlet of the biological treatnent train; and a
di gest ed anaerobic sl udge recycle line fluidly connecting a digested sludge
outlet of t eroblc di ester and an inlet_of the at |east one

bi ol ogi cal “or ea oy asteviate Ef?i’émﬁﬁtsstyé%ﬁ’t‘éfrc AR FBIreiB JRg eantsflerisai m 36,
further sconghé d&ﬁ%ux%ﬁ@@?@ﬁé?&te Qac}ﬁr&‘gu%ﬂt blghﬂt thit! aH‘Il (§¥S &8'&%&% {?d downstr eam

fromthe at | east one biological react a so S-ric utlet fluidly
connect ed wystermeam of an inlet 25of the anaerobic digester. 38. The

wast ewat er treatnent systemof claim36, wherein the at |east one

bi ol ogi cal reactor conprises at |east one sequenci ng batch reactor. 30

39. The wastxanat €Thd woAsWRB tréat bRy ent bR S7, WiEdiRShe ERRNESISNY 2
primary separator having a separator inlet fluidly connected to the source

of wast ewdtethernonfiguied|to gendratan fmah owpuesigual thasprémoted hyiesmnhect abl e to
the b 0) f | t t { t t
Che D230 " bilor A TROHE 5y 25 S PRAREL IR R

| east one bi ol ogi cal react or selected fromthe group consisting of an

anaerobi c reactqor, an anoxic reactor, and an aerobic reactor, the method
conpri si ng: 29" The wastewater treatment system of claim 28, wherein the controller is

further configured to generate a fifth output signal that activates the decanting
system after generating the fourth output signal.

15
30. The wastewater treatment system of claim 29, wherein the controller is
further configured to generate a sixth output signal that activates the aeration

system after generating the fifth output signal.

20 31.  The wastewater treatment system of claim 26, further comprising a

membrane bioreactor fluidly connectable downstream from the supemnatant outlet.

32.  The wastewater treatment system of claim 26, further comprising an
aerobic polishing unit fluidly connectable downstream from the supernatant outlet.
25
33.  The wastewater treatment system of claim 26, further comprising a
primary separator having a separator inlet fluidly connected to the source of
wastewater, and a solids-lean wastewater outlet fluidly connectable to the basin
inlet.
30
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fluidly connecting a solids-rich outlet of the biological treatnent train
upstream of an inlet of an anaerobic digester; and 10fluidly connecting a
di gested sludge outl et of the anaerobic digester upstream of an inlet of
the at | east one biological reactor. 41. The nethod of claim40, wherein
the at | east one biological reactor conprises a sequencing batch reactor.
42. The nethod of claim40, wherein the biological treatnent train further

conprises a separator fluidly connectable downstreanfromthe at | east one
bi ol ogi cal Heact bk Wasewalehlpament yawihel ¢lpan 33 wheseipjteppomanet fluidly

connect ed ts%gmf‘or!fﬂﬂtl?ér c?{‘ng?igs?sy?%bglﬁ%é c. Cw%iteg'?a%rﬁc{ulﬂg% ﬂ@ly@&a@&%ﬁ% of claim

40, further Conpri sing I'ng an o a primary clarifier
upst r eam ofthedidesteeinlaf the at | east one bi ol ogi cal reactor.

5 35.  The wastewater treatment system of claim 26, further comprising a sludge
thickener fluidly connectable downstream from the sludge outlet, the sludge
thickener having a thickened sludge outlet fluidly connectable to the digester inlet,

and a sludge-lean outlet fluidly connectable upstream of the basin inlet.

10 36. A wastewater treatment system comprising:

a source of wastewater to be treated;

a biclogical treatment train fluidly connected to the source of wastewater - -
to be treated, the first treatment train comprising at least one biological reactor -
selected from the group consisting of an anaerobic reactor, an anoxic reactor, and

15  an aerobic reactor;

an anaerobic digester fluidly connected downstream from a solids-rich
waste outlet of the biological treatment train; and

a digested anaerobic sludge recycle line fluidly connecting a digested
sludge outlet of the anaerobic digester and an inlet of the at least one biological

20  reactor.

37. The wastewater treatment system of claim 36, further comprising a
separator having an inlet fluidly connected downstream from the at least one
biological reactor, and a solids-rich outlet fluidly connected upstream of an inlet

25  of the anaerobic digester.

38. The wastewater treatment system of claim 36, wherein the at least one

biological reactor comprises at least one sequencing batch reactor.

30 39.  The wastewater treatment system of claim 36, further comprising a

primary separator having a separator inlet fluidly connected to the source of
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wastewater and a solids-lean wastewater outlet fluidly connectable to the basin

inlet.

40. A method of facilitating wastewater treatment in a wastewater treatment
system having a biological treatment train with at least one biological reactor
selected from the group consisting of an anaerobic reactor, an anoxic reactor, and
an aerobic reactor, the method comprising:

fluidly connecting a solids-rich outlet of the biclogical treatment train
upstream of an inlet of an anaerobic digester; and

fluidly connecting a digested sludge outlet of the anaerobic digester

upstream of an inlet of the at least one biological reactor.

41. The method of claim 40, wherein the at least one biological reactor

comprises a sequencing batch reactor.

42, The method of claim 40, wherein the biological treatment train further
comprises a separator fluidly connectable downstream-from the at least one
biological reactor, the separator having the solids-rich outlet fluidly connected to

the inlet of the anaerobic digester.

43. The method of claim 40, further comprising fluidly connecting an outlet of

a primary clarifier upstream of an inlet of the at least one biological reactor.
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