METHODS AND SYSTEMS FOR TREATI NG WASTEWATER CROSS- REFERENCE TO RELATED
APPLI CATI ONS 5This application clains the benefit of U S. Provisional
Application No. 61/326,428, filed April 21, 2010, titled Bl O SORPTI ON
PROCESS whi ch is incorporated herein by reference for all purposes.
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BACKGROUND OF THE INVENTION
10
1. Field of the Invention
The present invention relates to systems and processes of wastewater
treatment and, in particular, to systems and methods of treating wastewater utilizing
biological sorption, biofilms, anoxic treatment, aerobic treatment, and anaerobic

15 sludge digestion.

2. Description of the Related Art
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
20  used in batch or continuous reactors, teach a wastewater treatment system 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 flow mode.
Sutton, in U.S. Patent Application No. 2008/0223783, teaches a wastewater
treatment system and a method of treating wastewater. The system includes an
25  aerobic membrane bioreactor and an anaerobic digester system connected to receive
wasted solids continuously from the aerobic membrane bioreactor. The system also
returns effluent from the anaerobic digester system continuously to the aerobic

membrane bioreactor.



wast ed solids continuously fromthe aerobic nenbrane bioreactor. The system
al so returns effluent fromthe anaerobic digester systemcontinuously to

t he aerobi c nmenbrane bioreactor. SUVMARY OF THE | NVENTI ON One or
nore aspects of the present disclosure involve enbodinents directed to a
met hod for treating wastewater. The method can conprise providing a
S5wastewater to be treated and denitrifying the wastewater in a first

bi ol ogi cal reactor to produ itrified mxe i quor. The nethod can
al so conprise nitrifying thﬁl?%f@ﬂg{%%ﬁmdféﬂﬂ%ﬁor with a nitrifying
biofilmon a carrier and bi osorbing undesirabl e constituents fromthe

denitrified mxed liquor with a suspended bionmass in a second bi ol ogi cal
reactor. The met®radoraagic aspsets @ gmiesentsigstosareiimglee dmbosimargpdiraciash of t he
nitrified m i i t uc . ids-rich sludge and a
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portion of the nitrifi m X i quor wiith the wastewater. to he treated.

B or mor PPHERE éfep%cwe@ﬁqwe%ﬁ?g@ B P EUTPECAHE NG Bt ed to a 15
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source of a wastewater to be treatéd and a first biological reactor having

an inlet flundgsisblesnneineds dowih deariied vived Higugouitice susperded bigastsewat er .
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tank conprising a bi m carrier, and havin y connected to
the firktx bpooli@gofahd nitréfcitioixed tipeor 126 sdpacit@go paldusod @ilidemnich alnkgeanist r uct ed
and arranged to Lntain.an effluent having a tqtal nityo concentration
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hydraul i ¢ rigfieatin®Bf &lbmBntOf nilr€&s pehRfdr, ARPUEMbiNMEQ RIS oridhL @St evat er
treatnent system can al so conprise a separator having a sludge outlet, an

ef fl uent outiirdied nained vor withthe vestenajerdohpterted downstream of the
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treatment system can also comprise abiological sorption tank comprising a biofilm
carrier, and having an inlet fluidly connected to the first biological reactor, the
20  biological sorption tank constructed and arranged to maintain an effluent having a
total nitrogen concentration of less than about 10 milligrams elemental nitrogen per
liter and a hydraulic retention time of less than about three hours. The wastewater
treatment system can also comprise a separator having a sludge outlet, an effluent
outlet, and an inlet fluidly connected downstream of the biological sorption tank, and
25 asludge recycle line fluidly connecting an outlet of the separator to the source of
wastewater.
One or more further aspects of the present disclosure are directed to a method
of facilitating wastewater treatment in a wastewater treatment system for reducing a
concentration of a nitrogen containing compound from a wastewater. The system has

30  asource of wastewater, an anoxic reactor, an aerobic reactor, a mixed liquor recycle

stream fluidly connecting an outlet of the aerobic reactor to the anoxic reactor, a



stream fluidly connecting an outlet of the aerobic reactor to the anoxic

reactor, a separator, and a sludge recycle streamfluidly connecting an

outl et of the separator to the anoxic reactor. The nethod of facilitating
can conprise introducing a biofilmcarrier into the aerobic reactor, and

fluidly connecting a solids-rich outlet of the separator to an anaerobic

di gester. 50ne or nore further aspects of the present disclosure are

directed to a mathog for treating vvaﬁégmter. .The nethod for treating
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a first biologically treated mxed liquor. T thod for treating

wast ewat er @erer &tte thesrabid rsecten arbiliidly dohedctigg 6 adlidsarcptoutet adfthe he fir st
10bi ol ogi cal.Ly. L1 gat e%a;%%(i{?%i I istgluor and biofilmgrowth in the second

bi ol ogi cal Treactor. a8 Rt NG Tor treati ng wast ewater can al so conprise
separ atisng an efOdeugnioreturthecaspeasstihbbekagidtalosureagtdifected tg4 adihod a

solids-rich sludge and a treated effluent having a total nitrogen
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15  biologically treated sludge.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn to scale. The
20  identical or nearly identical component or feature that is illustrated in various figures
is represented by a like numeral. For purposes of clarity, not every component may
be labeled in every drawing, nor is every component of each embodiment of the
invention shown where illustration is not necessary to allow those of ordinary skill in
the art to understand the invention. In the drawings:
25 FIG. 1 is a flow diagram illustrating a representative treatment system
pertinent to one or more aspects of the invention;
FIG. 2 is a graph of ammonia-nitrogen concentration versus time pertinent to
one or more aspects of the invention;
FIG. 3 is a graph of ammonia-nitrogen concentration versus for a wastewater

30  treatment process;



FIG 3 is a graph of ammoni a-nitrogen concentration versus for a wastewater
30t reat ment process; FIG 4 is a graph of ammoni a-nitrogen
concentration versus tine for a wastewater treatnment process; FIG 5
is a graph of chem cal oxygen demand (COD) concentration versus tine
pertinent to one or nore aspects of the invention; 5FIG 6 is a graph of
COD concentration versus tinme for a wastewater treatnent process; and

FIG 7 is a graph _of COD concentration versus tine for a wastewater
treatment proceddC- 4 5HeE A HHPRSERN PPEEACOECEON NS ENfASpect s and
embodi ment syQfewaktr SreheBNbbORsare directed to systems and nethods of
treating water, wastewater, or sludge to, for exanple, reduce oxygen
demand, such as Hfie5 bsiadrep)i efathemiophery gde demehd((BOD), consrdirriémdersushe wat er

suitable 1 [ 2 Ear uses_or disgharge to the environnent. Further
aspects ofqrﬁ%p$ﬁ§%gcvgﬁ(%gﬁn%%¥?%lH @8”8@ %%}ng the content of nitrogen

cont ai nisng conpaiads is & @aplexdPDeoadenitlich efRRUWRIbENRLREWatéNE Or nore
aspects of the invention relate to wastewater treatnent systenms and mnet hods
of operat i JFFeHRA PLREFSSi #%k i ng thereof. The invention is not limited inits

appl i cation to_ 4he. el fc O0ShLHEkIRAR BRI, ghgapggrent of

conponents, systens, or subsystens set fort erein, and is capabl e of
bei ng pr acttregdgeendprogéssbei ng carried out in various ways. Typically, the
water to be treated, such as wastewater or a wastewater stream contains
waste matter which, in sone cases, can conprise solids and sol uble and

i nsol ublde or gani ¢ and DEX@&EN DEFERENTIAN OPrIiHE INVENTReNarge to the

envi ronnment, such streans may require 25treatnent to decontani nate or at
| east partially render the wastewater streans benign

Aspects and embodiments of this invention are directed to systems and
methods of treating water, wastewater, or sludge to, for example, reduce oxygen
demand, such as the biological oxygen demand (BOD), and render the water suitable

15 for secondary uses or discharge to the environment. Further aspects of the invention
can pertain to reducing the content of nitrogen containing compounds, for example
ammonia from wastewater. One or more aspects of the invention relate to wastewater
treatment systems and methods of operation and facilitating thereof.

The invention is not limited in its application to the details of construction and

20  the arrangement of components, systems, or subsystems set forth herein, and is
capable of being practiced or of being carried out in various ways. Typically, the
water to be treated, such as wastewater or a wastewater stream, contains waste matter
which, in some cases, can comprise solids and soluble and insoluble organic and
inorganic material. Prior to discharge to the environment, such streams may require

25  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, the water can be treated to reduce its chemical oxygen
demand (COD), BOD, nitrogen content, and/or other characteristic such as Giardia
content to within acceptable limits.

30 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



or at least satisfactory for discharge under established regulatory

requi rements or guidelines. For exanple, the water can be treated to reduce
its chem cal oxygen demand (COD), BOD, nitrogen content, and/or other
characteristic such as Gardia content to within acceptable limts. 30Sone
aspects of the invention can involve biologically treating wastewater by
pronoting bacterial digestion of biodegradable material of at |east a
portion of at |east one species in the wastewater. Further aspects of the
i nventi on cl SPEASstR thegvastematari Ryt ashects @t myatipn caelily te eH&FHE on of
converted, &Ia%ﬁ&t%tﬂ%mge&ﬁ&%& éfQJohOer{EB,tcﬁgésﬁlid Hié&g}afdg&s&fatrﬁﬁbﬁmng liquid.

Still further aspects of the invention canrelate to effecting or at |east

facilitati nfeom gueoinigingricuiro il fofthaakpagts dfitloninvénsionast vt eretfsctingt er to
Sbe treat edcsr at E:ilst fac%ﬂgt?r\l/geal%ggc% Sanogméur?l?of gy %r'or%n%g %Qst'ev()é/t?rl ()\/revvartegrr{gVI ng,
converting, and/or recovering ‘one or nore desrred mneral's or conpounds,
for exarspl eye trdatedogen and/ or phosphor ous contai ni ng conpounds, fromthe
wast ewat er. As gi)ed her ei nf the ternms " vva{ er," "wastewater," and
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agricultural sources, as well as mxtures thereof, that typrcally contain
at | east orfhosigeayis campisingrenipesndsofropdhd wesdewaterconpri sed of bi odegr adabl e,
{ norgani ¢ or or ganj gy Bkl 3 W Eh - G e dScaPRned. ol enyer ted by

bi ol ogi cal processes i nto’éenvironnmental 'y benign or at [eas ess

150bj ecltti ormabhefeictompmrnadbe trddied sah as stteaner bodiad @dvataifrah sQ@identidlai n

bi ol ogi cal solids,, inert,. erial.s, oc{%gni c conpounds, l ncl udi n

recal ci t r arfEPHIerk PRRUNigIPRL iiiAbend faiuyal e s prell g I BB gr ade
relative tah@edethaPlygRAIEcHRAIRAUBLS oRSunRilabRSspe@BS bl bMeM, ohpsanci | I ary
treatment operations such as, but not limted to nitrosam nes and endocri ne
di srupt or s.of2ielegiadalle dnqreanie organi¢. ueriwialseuich sanergecoppeseiion, stream or
10 LAty A S B5c I O it diloplhoast ey {1l
or sludgde afbjetiomabl: @mpuonds. sktwatargo be treapheantalorcooper Ebdlogiesl soGdgver sel y,
PO R RIS AR M T R
25treated, thawkd@fzultitgbRiegsiadd @Rti0ORCARSTREIconfodhdVR Wl dshe starting
m xed 11 quocI;)ns(,)t{tuents from ancillary treatment operations such as, but not limited to
nitrosamines and endocrine disruptors.
20 A “solids-lean” or “sludge-lean” sludge, portion, stream, or fluid is typically a
liquid, such as water that has been at least partially treated, having less suspended
solids relative to a starting mixed liquor or sludge after one or more settling or
separation operations. Conversely, a “solids-rich” or “sludge-rich” sludge, portion,
stream, or fluid is typically a liquid, such as water that has been at least partially
25  treated, having a higher solids concentration relative to the starting mixed liquor or
sludge after one or more settling or separation operations. For example, a mixed
liquor having suspended solids can be allowed to promote settling of at least a portion
of the solids suspended therein; the resultant water body, as a consequence of
artificially induced or natural gravitational forces will typically have a lower water
30 layer and an upper water layer, wherein the lower layer has a higher concentration of

solids, relative to the starting mixed liquor and to the upper, solids-lean water layer.



sl udge after one or nore settling or separation operations. For exanple, a
m xed | i quor having suspended solids can be allowed to pronote settling of
at least a portion of the solids suspended therein; the resultant water
body, as a consequence of artificially induced or natural gravitational
forces wll typically have a | ower water 30l ayer and an upper water | ayer,
wherein the | ower | ayer has a higher concentration of solids, relative to
the starting m xed |iquor and to the upper, solids-lean water |ayer.
Further, t Hrder fhessofidsslcanaieier laveswil typically Raye éé‘l"f’%‘f CRAgFBUAHIQNgRfesplids
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| i quor. Separation operations that can be u to effect or pronote
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concent r at | BHIGLT B EANE PIoTeRE hAl Ay TERIEYIRS HioTgesic ok REFRBICEOMPRENGSy eat ed

portion camhane: ﬁd@@m@m%@a*@aom mmearlag&w &mwaalowl@me@ﬁ@ﬁapnts or BOD
or COD content that is below a certain value. In certain exanples, the

treated prdwden tomagsthioyghtherfilierhave an ammmni a concentration of less than
about five m | l' c@%nQ%B%@@ttﬁét étéc{?(gﬁgn Bﬁ& h!a\llet hgﬁazgtgsttl §at ed product

or effluent may have a cohcen on o ess '80 mlligrams
per litler. ploperty relaedos theapecentratidneofipastntar venpyeheniereih s €oos@hpleer ei n can

conpri se one e bl%&ﬂﬁlcalhﬁibaSEd r.non- blolo%lcall - based unit
operatlons t%@@?@ﬂ%c VE B CATRERURONSY njtppgen AEHPING SORRABE &f f ect ed as,
or at | eastB@@ o CIOID Edreht tof iSHREANE BERANAVAINN BlceftsiBAKIBALS, Shestan® t hat
typically include one or nore of pre- 25treatnent, primary treatnent,

secondary tiedichareiluemaydeye e emmagiacorseniaianstilesg than about five
milligrams of elemental nitrogen per liter. The treated product or effluent may have a

20 COD concentration of less than about 80 milligrams per liter.

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-

25  treatment, primary treatment, secondary treatment, and post-treatment or polishing
operations. The treatment facilities that can employ one or more aspects of the
invention can include at least one of the pre-treatment, primary treatment, secondary
treatment, and post-treatment or polishing operations.

Pretreatment systems and operations may remove grit, sand, and gravel.

30  Primary treatment operations or systems can involve at least partial equalization,

neutralization, and/or removal of large insoluble material of the water to be treated



operations. The treatnent facilities that can enploy one or nore aspects of
the invention can include at | east one of the pre-treatnent, primary
treatment, secondary treatnent, and post-treatnment or polishing operations.
Pretreatment systens and operations may renove grit, sand, and gravel.
30Primary treatnent operations or systens can involve at |east parti al
equal i zati on, neutralization, and/or renoval of |arge insoluble nmaterial of

the water to be treated. such as, but not |[imted to fats, oils, and
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ni trifildat iwitizebividgidal poatsseranlisanehoro phosphratousert srrensad poribe ot cal
treatnments that can .be used may include chenm cal oxidation and chemi cal
preci pi t at | BANGBASFAl N Weiet 0 eafdi ncl ude di ssol ved inorganic solids
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el ectrodi alysis. Further treatnent processeS can involve disinfection,

decont ani natdabinenss, chenieelitieatnienis, afd sepaierstysiemporlhe opstéfeaarmt r esi dual
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can be effecte exposur 0 any one or of oxidrzing agents or to

act i ni clsr adindtor phosphiomsemoival. | Yheaied! trlthenselparcai bowses yalyeéndudenat may be
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CMF ( Pr essWissoR@Y infrzantehsolidSrntbvaiSyenbraaged ulttafidtdtion, 8y ted®nosfsl om
Si emens Industry Inc. Qther separators that can be used include filter
presses ancpr@ée,qépthﬂu&és Further treatment processes can involve disinfection,
decontamination or inactivation of at least a portion of any residual microorganisms
20 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 separation systems that may be utilized in some
embodiments of the invention include those employing the CMF-S™ continuous
membrane filtration modules as well as the MEMCOR® CMF (Pressurized) XP, CP,
25  and XS membrane filtration systems, from Siemens Industry Inc. Other separators
that can be used include filter presses and centrifuges.
Some embodiments of the treatment systems of the invention can comprise a
source of a wastewater to be treated and a first biological reactor having an inlet
fluidly connected downstream from the source of the wastewater. The wastewater

30  treatment system can also comprise a biological sorption tank comprising a biofilm

carrier, and having an inlet fluidly connected to the first biological reactor, the



Some enbodi ments of the treatnent systens of the invention can conprise a
source of a wastewater to be treated and a first biological reactor having
an inlet fluidly connected downstream fromthe source of the wastewater

The wast ewat er 30treat ment system can al so conprise a biological sorption
tank conprising a biofilmcarrier, and having an inlet fluidly connected to
the first biological reactor, the biological sorption tank constructed and
arranged to nmaintain an effluent having a total nitrogen concentration of
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retention tt%ﬁ?niﬂ%gén%ﬁcérﬁ%ﬂo@@ﬂ%s thdlf a%%u{jl%ﬁligr-mﬁ ¢ BﬁY‘ﬁitn%g%& péat ment

system can turther conprise a separator having a sludge outl an ef fl uent
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sorption tank, and sludge, recycl.e line fluidly connecting an,outl et of
the. separ ar brorSt il st aEn GRS dedPrator halink o PN BITA RS of ¢ e
met hods 5f oroutlegatd AdinkashRNAEBhed@NdSRT¥REAS 6f Pk 0W16Hied s@phesiagadngr to be
treated and denitrifying the wastewater in a first 10biol ogical reactor to
produce a denideeirsayel e fuifly copusstingmreutiat afdle searrater &othe soH5es @ nitri fyi ng
the denitrifigdd.xed liquor with a nitrifying biofilmon a carrier and

bi osor bi ng undesirabl e constituents fromthe denitrified mxed liquor with
a suspended bi orfes® dmbodinsantoridhdinethodd alreatgorastewaneamettppdecan furt her

conprise separating a firs ortion qf the. nitrified mxedJdiquor in a
separ at or t%o‘ﬁsglgﬁg%asgfwf&gq P ane%cﬁqggfﬂgg‘tgm%%e ‘é{asﬁ?‘%aggfréﬁ aéjﬁtl uent having a
total niot r agelogicaineeiri@biodiced ddn@tsiSied haedah@ut. THE mithdd ghamss of el ement al
nitrogen per liter, and conbining a second portion of the nitrifjied m xed
li quor wi t FOMRESHRisiiingths dengrified pyxes:!iagor with a nitesfying biglsy e A6HEET of t he

met hods f orapliheRbivig WRSHEPRIBhsti A COMM T SEnREAY £iRd 1I{uisieyat er to be
treated, and pronoting denitrification of the wastewater 20in a first

bi ol ogi cal suepgodestbipwmagsrindyewnd bfdlegital kagloogi bamEtrod caafugtientoxedist i quor .
The Mo B P G SR RO AT ARG TR 01 2
in the iSecontdbiicd dgdgeaind a treated effluent having a total nitrogen concentration of less
than about 10 milligrams of elemental nitrogen per liter, and combining a second
portion of the nitrified mixed liquor with the wastewater to be treated.
Other embodiments of the methods for treating wastewater can comprise
providing a wastewater to be treated, and promoting denitrification of the wastewater
20  ina first biological reactor to produce a first biologically treated mixed liquor. The
method for treating wastewater can also comprise promoting biological sorption of
the first biologically treated mixed liquor and biofilm growth in the second biological
reactor. The method for treating wastewater can further comprise separating an
effluent of the second biological reactor to produce a solids-rich sludge and a treated
25  effluent having a total nitrogen concentration of less than about 10 milligrams of
elemental nitrogen per liter, and treating the solids-rich sludge in a third biological
reactor to produce a biologically treated sludge.
One or more further embodiments are directed to a method of facilitating
wastewater treatment in a wastewater treatment system for reducing a concentration
30  ofanitrogen containing compound from a wastewater. The system has a source of

wastewater, an anoxic reactor, an aerobic reactor, a mixed liquor recycle stream



reactor. The method for treating wastewater can further conprise separating
an effluent of the second biological reactor to produce a solids-rich

sl udge and a treated 25effluent having a total nitrogen concentration of

| ess than about 10 milligrans of elemental nitrogen per liter, and treating
the solids-rich sludge in a third biological reactor to produce a
biologically treated sl udge. One or nore further enbodi nents are
directed to_a nethod of facilitating wastewater treatnment in a wastewater
treat nent shudlgprresetingyuutichokihe asrelinreastor bnthgenefic eagipy, pogRAateNt al ni ng

conpound fram,a a aey@% &lream H&dgy&tng%ﬁgég @}1&8 LS REE sgygar%@:ﬁ%%@&ﬁf

anoxi c reactor, i C react I quor stream fI uidly
connecti ng Iaantmut’llhetnediodtdféa@lé:amg qanrcem@tisfr introduch@ eamoﬁinccareamhtmrthe a

separ at or, .a sl udged{]eg cl e stream f(L? ctl xg an outl et of the
separ at or tagro[ ireagial il Puidhyopnecting a sl Eistea? %%h conpri se

i ntroduai nghnaerbb@qug}eg%parrl er into the aerobl c react or, and fluidly
connecting a solids-rich outlet of the separator to an 5anaerobic digester.
Non-1imiting exd¥ridaitpe expmples pleglarifisrs Qoppraeitisthercef Bafcanhgtutiizgd be

el ude. Ul L oo o PR by B R g L B R bof YT e

SPI RACONE( tlimpitadad It}m/\EISIVL&@éC@tﬂI@merlfetrlsammJ tbe SPRAEGNELY )ipftow slubige
larifier, E I f

Verr ane. bi P AE1¢ VBRI 4y 5 e ik s SRR RS ST o e w i

one or 19or eSieadsiIgausay] mos di scl osed herein include, but are not limted
to, the MEMPULSE(t menpbrane hioreactor system the PETRO(tm nenbrane
bi or eact or syst e¥smpizae birrRsrleeMRBB BYSiFRS thitsar g pihizedys peshidagsrgvithe

XPRESS(t M) MBR: hrfra& g s Yisdi SR8 hereShaMe, fbﬁPam: rb@RRS hndust ry 1 nc.

Non-1imiting exanpl es O0f conponents or portions of anaerobic systens that
can be uti |MEMPULSEMenembramy iorsaetbi ?gatreat e TRO PMhaembrsheateectosy st ens

i ncl ude, bus}'st x[nethe(?ltnrr!elr edtl\}? lgrg eéloretaﬁ %’%—?{7 Itlgedif)ﬁﬁ g‘%’SM%?é der system

t he CROMN(r I'sint egr ron sys ges er gas m xi ng
syst em 15t hePdckaget! W sspiwaadr SIOighni, ttesh Sitrgagtlﬁdiusg%ndjol der, the PFT(r) vertical
gui ded di gester _holder, the DUO  DECK(tn) floati gﬁédi est er cov and the

PFT(r) heater amPHERINGEEHRRGRP W@ﬁ&w PY RAFTIS PhiciRISt ¢ e

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, the PFT® spiral
20  guided digester gas holder, the PFT® vertical guided digester holder, the DUO-
DECK™ floating digester cover, and the PFT® heater and heat exchanger system,
from Siemens Industry Inc.
The systems and components of the invention may also provide cost
advantages relative to other wastewater treatment systems through use of biological
25  processes in combination with anaerobic digestion. The wastewater treatment
processes of the present invention can reduce sludge production through the use of
various unit operations including biological processes and recycle streams. The
wastewater treatment processes also overcome some of the technical difficulties
associated with use of anaerobic wastewater treatment processes by, for example,
30 concentrating or strengthening the sludge introduced into the anaerobic digester. The

various processes can also generate methane as a product of the anaerobic digestion



The systens and conponents of the invention nmay al so provi de cost
advantages relative to other wastewater treatnent systens through use of
bi ol ogi cal 25processes in conbination with anaerobic digestion. The

wast ewat er treatnment processes of the present invention can reduce sl udge
production through the use of various unit operations including biological
processes and recycle streans. The wastewater treatnent processes al so

overcone sone of the technical difficulties associated with use of
anaer obi ¢ VASTERATET! (3P S5 LIPS 2B COREY SBYCHN CPigHN gRAAHMENSFOREEFcent r at i ng

or strengt *}%x‘@i&gofttﬂ@céb%g%(blﬂtcérpgélf‘eﬁgceidrﬁxfsﬁ’igtt}ln’beanﬁ&%ﬁfc%ge@teﬂi%%zﬂ- The

various processes can al so generate nethaneas a produ of the anaerobic
di gestion pduredlzsaeratioh@hd oayeehecquitenents, aad tarseompyatvowess.and incocest ai n

enbodi nents, a | ar rtion.of .th and _BOD can be re d ing the
ororonr e e Bop B P Rfahd Bapled RS e BB P IDHREN R AHaRRaH ooent <.

and thus, opesataeerabisligestidndan belirasereibie @DWAL BUD Mehbslngggerduced t hat
can be used_as an_energy source. Additionally 5because anaerobi c digestion
can be used!fdeyEeR e4REPBED in the sludge, the sludge yield can al so

be reduced. The WiRtcWaRE GMRIRAt frb&ALIBA ¥he%§€ﬁ§§€e§1ti9§ Al BsPe@REN

i nvention can al so reduce.the concentration of nitrogen containing
conpounds ithe edrgentrasian el nighi¢ruentaining corepainds i tbe tredtedyeffihentoohideaisa at i on of

OCD and/ or Bl dwk bRl o) Hont-ndR 10 8L\ ALAq IARIRCY, TBAkS of the
present inven i'on, - the Operati ng conditions and paraneters of the system
may be el egttedinhantacithepesent hesnticgtheydemtihg condatoanmdpurimherersof th

bi ol ogi cal reactor. The hydrauylic retention tinme of one or nore hiological
reactors i i@ fwsteeeﬁffm iR “éfﬁﬁcdééf}”edrﬁyﬁf%’glié“d?““&P tigista Ribdagicathe

hydraul i c reh@st iTee niaBlicfctdibh AMYr 6/ o BAE LRI dTBY rd8iosEherd §dichP reduce,
mnimze, or optimze the hydraulic 15retention tinme and to pronote

treat ment onax brerediest apiimizednd optiviziede Thohydaulicagieeitpneih¢ oleht st ream
favi i . e . . ments. th
aving par Bl?lgki%gl rgfc%rkrggot% s%ﬂ:@{ea% :geh(l%éeb hglﬁmlienof%tm%?tgr@ ﬂggxghlg:en S €

hydraulic retefdtion ti an aer obi I'ol ogl ¢al ‘reac e selected
to redulde, mieniion e and t@plontutziecathent oy treavdstesvatee i pioeide tformetrdatedpr ondt e at

JESIRTER KR TR Y T Y N
certain enmbadhi@atis refeh€orihé bf M RSB IRIAI reactor may be selected to
reduce, minimize, or optimize the hydraulic retention time to promote at least one of
biosorption and nitrification. The nitrification may be accomplished at least in part
20 by a consortium of nitrifying bacteria. In certain embodiments, the nitrifying bacteria
may be in the form of a biofilm, or a nitrifying biofilm.

Biofilm may be grown on any suitable carrier or medium for promoting
attachment of microorganisms and growth of the microorganisms and biofilm. The
biofilm carrier may comprise a plurality of similarly shaped components of a suitable

25  size and configuration, and having a suitable surface area to promote the growth of
microorganisms and biofilm on its surface. The biofilm carrier may be one unit, or a
plurality of units that impart a sufficient surface for promoting attachment of
microorganisms and grown of the biofilm. The biofilm carrier may be made of any
material suitable for these intended purposes. In certain examples, the biofilm carrier

30 may be an inert material such as a polymeric material or ceramic material. The
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may be in the formof a biofilm or a nitrifying biofilm Bi of i | m may
be grown on any suitable carrier or mediumfor pronoting attachnment of

m croorgani sms and growth of the m croorgani snms and biofilm The biofilm
carrier may conprise a plurality of simlarly shaped conponents of a

sui tabl e 25si ze and configuration, and having a suitable surface area to
pronote the growth of m croorganisns and biofilmon its surface. The

biofil mcarrier may he one unjt, or a plurality of units that inpart a

suf fici ent RHIMacaEigrdn cotaimenborimants aEMAEHENI MRX Powtiyaisd ssBoRmEClyr own of
the biof il . sHfIPLANaldNGRR oPho il B oBadanRh, any material suitable for

t hese intended purposes. In certain exanples, the biofilmcarrier 30may be
an inert materi alhedifimasrréer polyyoeeupyanpabeiniealf agankcetoantiich g wlrdedl . The
biofil mcargier in certain enbodi nepts of .t he inventiaon be activated
car bon, such lgrég agsrlfat I lg?s ict |69%ageeﬂlr%§? %rg?ifotfrpr%%é}\é? rOfééwt\gg%l ed carbon.

The Dbi of3i | mizegorg@isni¥ayid 6EURwnaRY%uMeU MR c@faiflerhBdthmentt, ahobiofmit i s pl aced
so long as it provides an adeguate surface area for pronotion of growth of
5mi cr oor garfiPEHE TN PORIRYTA0P T o fraoulurrakthe vhlugsof aitinke Kb e ames, t he

bi of i I m cargpi sfoﬁmxaﬁeflcﬁm}vO@Jasyab&@%/@s%%fwu&é%aptfanﬁ.he volume of a tank.

For exanple, the biofilmcarrier may occupy about 66% of the volune of a

t ank. | n doromteast toconawhives) kh@iekerabio prasesses, otfietsipnititfessios andvher ei n

nitrificatign. nitrdfi i i erformed with hydraulic retention
i mes. of ¢ HEREPRURE R AR EEA R Ryl B RTEIR Tl ST 22 o s
one or Ifor eeaftorttRevgenabantfodrragatl PBoiirs Sotetoe iore afthel piekdnt @edmeaer obi c

bi ol ogi cal reactor that faciﬁgj tates assimlation. or biological sorption of

suspended aNHFEF CYt WBF¢RGeRALHGIggiE é??&t%ﬂwifacﬂifa@% SRR A dr aul i ¢

retention tyiggicAfsolRidf of NAPerddefl 8Rd/BOUED vedMURerRINBK neFBediomapts of the
treatnent systenms of the invention can 15conprise collecting and/or

conver t i ng hydrdube seterdion times of tess hrotuechaurs| udge material . For exanpl e,
bi ol ogi cal sorptd an, &ﬁ&%ﬁ}%ﬁg@eﬁé%f@% ﬁ{!gh&%? tdrs (Wtﬁ%l/gl%tgﬁtcgn adsor ption

and absorption processes acil'itate conversion o east a portion
of di ssidl vesngpoise ckdleasngveldlorasnwuspevitdieds seletids té protite andidbe noaterishst ewat er .

In the ads tion process,, ions and nol ecyl es of particles ysically
adher o or BORESREE PHISESHSOM L Bse S ovhe sl it odiibound.  For
exanpl e, thgls@gae Mld DRoPliOE FBSess@that facilitate conversion of at least a portion of
dissolved solids as well as suspended solids in the water or wastewater. In the
adsorption process, ions and molecules of particles physically adhere or bond onto the
20 surface of another molecule or compound. For example, the adsorption process can
comprise attaching compounds or molecules to surfaces of soluble and insoluble
particles in the wastewater to cause them to settle in a downstream clarifier. In
absorption processes, chemical and biochemical reactions can occur in which
compounds or substances in one state are converted into another compound or
25  substance in a different state. For example, compounds in the wastewater can be
converted to another compound, or can be incorporated by or into bacteria for the
purpose of growing new bacteria. Aeration can be provided to the biological sorption
process to mix and to provide an aerobic environment. The retention time in a
biological sorption tank can be between a few minutes and several hours, for
30 example, between about 15 minutes and three hours, more preferably between 30

minutes and two hours. Aeration therein can be effected to provide mixing and
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conprise attachi ng conpounds or nol ecules to surfaces of soluble and

i nsol ubl e particles in the wastewater to cause themto settle in a
downstreamclarifier. 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 25substance 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
bacteria. ABHAR|GH & l%@vapwwaé%ﬁt?%fﬂftﬁ%s Biogrpigite AreQieptioni B process to

m x and to i@kt FUr@s ROV RBRB X on cENBe LEEGE inQfke §ysiBhsi that@

bi ol ogi cal sorption tank can be between a few m nutes and ‘'several hours,

f or 30exanpitidize petereldn traliognt task. ninsame sagpdomsverethh genobic tregineenptaaker abl y
bet ween 30 m e . Qur.s. ration er.ein n he effected to

orovi e m o hateio At S R SaneE R Tub A T Re BT at es

bi osor ptsi on, f| doesthatdses) thearddtmért 5y stént air @RolvE Uit Beratfdne cathatei on or
aggregati on can be eifefted in the %s eps that utilize Sn aer obi c

treat ment t'ZHRYS JRSUPRHET RFLRASAHNE facliiaEe raRiddEE O SEAINEAE tank provi des
subst anti al do¥di@ibhs fo6wHigs Up¥@dFOXKERBId MHerehittenPbRlcpdtmalircgRlPt i ON tank.
5In sonme cases, the treatnment system can involve unit operations that have
vari ous cornBgraorganismsihat pooridgenifaciitaterranerpbie didestiearciieiph, dughetsur n t o st eady
state condifipns . fol.l;0W ng an upset. For exanple, the treatnent system can
circulate mcroorgani sns that provide or facilitate anaerobic digestive
activitl, such dswaeprbogedty belastd thiat yiethdigenwasreptrey hiigsdbyc hetdriaved t hat
met hanogens, were strict anaerobic bacteria that. would die quickly in an
Tor o o envitiarthi sGkB OGS ASpBie etV MAvEI FBIES HONETEN Tnvol vo
treat ment 6086 MmOHe SeRmat 8B msURl gu@g;ﬁérﬁé,Iuan%pe@mspmmh&té her eof

t hat accommpdate or increase the survivability of methanogeni ¢ organi sns.
One advant dbeefshataseqmmodste eracresss dhaniairtivaykiy ofrmegfanegraionraarasins.

appl 1 catl oMddWobHERoloREAK 61 0 (ButhBhAS s @HDYNe Bl ARLAMAIGNRLEREOLIN the
anaerobi c recycle t0 the anoxic-aerobic”process rough the uni que internal
anaer obisc giroddegrdayge heopatofi meftanbgeas thraughah¢ araerabic kebyelatetthanogeni ¢

bacteria return to.the anaerobic, di gest.e her e eedi n he .anaer obi c
i gester wPHEREERAIIRRFE B i W 51! EHe 0l SEGE B SURA on of ¢ he
vi abl e met hagegpasioh Bf thaencAB QI BactirBeshaT to tHdhirRelo8RUE&Stel IBere®O Need for
t he anaerobic,dlggster to have a size and resul tant, hydraulic residence

time or soleing Beanrsrehic disgen withaietheargsnis baetabp o JRBtharogéns ¢ bacteria
popul at | on Joutalién HPREVB1heRACLENS iRt RRLLRT didStel NTIAL RULAUAY known

processes. e concentrati OT Seedl ng net hanogeni C cteria, on a
basi s 60 a reedifitr tlef amaerobwaligrater snisive pipeiadétesaltant hedrawlpuesidénce ieeanaer obi ¢
di gester TeY sbilds32{Etion time to maintain a stable methanogenic bacteria population in the
absence of bacterial seeding, as in previously known processes.
The concentration of seeding methanogenic bacteria, on a basis of a count of
microorganisms, provided at the input of the anaerobic digester may in some
25  embodiments be at least a target percentage, such as about 10% or more, of the
concentration of the methanogenic bacteria present in the anaerobically digested
sludge stream exiting the anaerobic digester. In some embodiments, this percentage
may be, for example, 25% or more, 33% or more, 50% or more, or 75% or more. In
some embodiments, the concentration of methanogenic bacteria provided at the input
30  of'the anaerobic digester may be a substantial fraction of the concentration of the

methanogenic bacteria present in the anaerobically digested sludge stream exiting the
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25enbodi nents be at |east a target percentage, such as about 10% or nore,
of the concentration of the nethanogenic bacteria present in the

anaerobi cal |y digested sludge streamexiting the anaerobic digester. In
sone enbodi nents, this percentage nay be, for exanple, 25% or nore, 33% or
nore, 50%or nore, or 75%or nore. In sone enbodi nents, the concentration
of net hanogeni c bacteria provided at the input 300f the anaerobic digester
nmay be a substantial fraction of the concentration of the nethanogenic
bact eri a pr@égRbicidigesive A fxamsls: eauf §0%ioy B9F%e dbQt dAYer 1 RRP A% ng t he
anaer obi ¢ di;gest &r abbhiR508%3 €, about 10% or nore, about 30% or nore,
about 40% or nore, or about 50% or nore. The anaer obi ¢ di gester of
systens i n accordgroecrobit Higester gfrsgstems in avgpedancsrvithetfie beeseit mvdnigomal | er t han

t hose in previously kn tens. The nethanogeni ¢ Sbacterial seeding of
the anaer ObTe) B JECrarTal La RPEURase st AroRdrgtihy ThareRaidta

di sr upt isonsbaoferitiedingef thbhfacthtIeSiesidt aioPe@ides fbina $dfi@y Excentaggifistanaer obi ¢
di gestion g({,ocess u;f)ggt or faiJure, the anaerobic djgesters, of the

present |y diEEPHIEQ! digdpaspbigdigesiiondeesser [pdkg ernt HaRaaRic 4igsivhi c

di gesters ifofkVhBUS HildB AN 2 SYRIbE T o RRE QLIS Re %ﬁgerﬂ%@ﬁcrb@e@iys@e% anaer obi ¢
di gester wi'th nethanogeni ¢ bacteria would add 10 to"the rateé repl eni shnent

of net hanogeenld rdsavardaster than thhanagrebér dibgsters mauedeustiUienova syliemgr owt h of
t _hese bact Wl ysh Bleers%éd?ta%gﬁgggﬁa%&)btlg] glgéslt . i{heﬂ%hgn%%ﬁéig%a&g?a & ! 8(? Ic
di gester to achieve a sirea concentratli on or netrnanogeni c acfaerl a. The
advant age ab tinekansgashmeat yEinethaaspebie bastetinit e amerdbid deastor due tXed X
QX, -QX,? 15Were 0, - Solids refention tinme in anaerobic digester (days) Xa
= concent r a¥PYH fothq%%gﬁ%?r@g%?@m@@umg {hocFee Bt il e speer oo et
to achieve a desired concentration of methanogenic bacteria.
The advantage of methanogen recycle can be estimated as follow:
XV
0, =——""——5
QX,-0X,
15 Where
6.= Solids retention time in anaerobic digester (days)

Xa = concentration of methanogens

Q = influent and effluent flow rate

X2 = concentration of methanogens in the inlet stream, which is
20 normally considered zero for conventional activated sludge process.

[f about 50% of methanogens survive in the anoxic-aerobic process and
recycled back to the anaerobic digester, the solids retention time of the anaerobic
digester could be doubled, or the size of the anaerobic digester decreased by half. For
example, in previously known systems a hydraulic retention time in an anaerobic

25  digester was in many instances set at between about 20 and about 30 days. With a
treatment system operating in accordance some embodiments of the present
application, this hydraulic retention time may be reduced by about 50% to between
about 10 and about 15 days.

In other embodiments, the seeding of the anaerobic digester with recycled

30  methanogenic bacteria may provide for decreasing the hydraulic residence time of



Xa = concentration of nethanogens in the inlet stream which is 20normally
consi dered zero for conventional activated sludge process. |f about 50% of
nmet hanogens survive in the anoxic-aerobic process and recycled back to the
anaerobi c digester, the solids retention tinme of the anaerobic digester
could be doubl ed, or the size of the anaerobic digester decreased by half.
For exanple, in previously known systens a hydraulic retention tinme in an
anaer obi ¢ 25dj gester was jn many.i nstances set at between about 20 and
about 30 daﬁ;?}é.fj.gemfﬁda* F digesteint Thiy NeuiT Bl int fergeased Qeleditrante e me

embodi ment s;nQhcb4ied Héeﬁ%@ﬂtcag&)@llyio@%th@tmén'@%}y%téﬁi(dfn@iléhé-iﬁ%_{h%ta%hhto& tinme may
be reduced by about 50%to between about 10 and about 15 days.

I n ot her ermdbinvgensgecyched te dwdinagof didestermhpdpobiampti, gestasingwit h recycl ed
30net hanogen| teri Vi d or..decreasing.the h ulic residence
time of sl a&& dt (é‘é‘p?ff“éeg‘ﬁ %ng)g%%y Oﬁ%?ndril%sggégg rd.lre%%fl én%(\)/vlbhﬁ giégers t%% tﬁl Cf%qc?%roﬁﬁaecr eased
cycl e tisme,gredet dppoisurity to desreas e HydeatioRideaanind inthofigtdia dhteat ment
system Increasiqg t he amount  of _met hanogens recycled to the anaerobic

di gester, H)creassicHeshpent canagity e54F S5 anount of net hanogens cont ai ni ng

sl udge directed bk BRbSHiSEHE She bIVRIMAL RIAYIrASIOP LERkAHIy QBRRE LW LY tO
decrease the hydraulic residence tine in the digester and i ncrease the

treat ment cupdieptin kektetinésusly a3 ammonia ogisiizieg andentisivxigiing, biathassbi ol ogi cal
sorption tapyg. Ban™d Rg\geat'ﬂ% laX e?&%i & esvt\értart:{d whticrhI cfah %@\E’ég?&ﬁﬁ’ ggctlﬁ(r) e ( such as
ammoni a oxi di zi ng and ni e oxi I'zi ng DI onass) ch™ can survive the
anaer obli0c diegdid @viramdewh iFohexaapld) aitriBeyioh add baakrifiaatibhean thke placoii C

envi r onnent nitrification and de-nitrification n take pl ace

in the biol tB@F@L%%@%‘Pf%%ﬁﬁlﬁrifﬁﬁ%ﬁ?? iR BE BFieay e RS AT SEY- by t wo
groups of sgr@o_omgraawt@?hsa%@ﬁmms;xjcﬂ AP Ba T RaQAICH ) Z v h RaSfcBl dnindOB) . Whi ch
convert amonia to nitrite), and nitrite-oxidizing bacteria (NOB), which
oxi di ze ni ttpnitEie).enAnitritgrexidippe hacieréa GIQW. gfﬁﬁ&h@tx@g@ﬁd“ B¢ foindtratgeBothes. I n
o 700 L5y LG IRt o e ket lgyp 1 | col o
ar e captour etisdlased hereinl the nitS6paionfbatthea mietimtrdducat toandbagiemniiaawid-l pass out
fromthe bi s(())fp 2N agrik?ovhgr% t keyaarr]e(:j ca% ure {llltthé Ho@ S GNESH tgg %i(f\rif(ljcgaggg E)aegtéria
will pass out from the bio-sorption tank and be sent to an anaerobic digester.
It was previously believed that the strictly anaerobic conditions of the
anaerobic digester would kill the nitrification bacteria. Various aspects of the
20  invention, however, involve treatment systems and subsystems, unit operations, and
components thereof that accommodate or increase the survivability of nitrification
organisms in anaerobic and anoxic conditions that may occur in some biological
nutrient removal processes. Nitrification bacteria which survive the anaerobic
digester and are returned to the aerobic part of the treatment process may enhance the
25 nitrification process performance in ways that can lower capital costs, for example by
providing for a reduced aerobic treatment vessel size and/or reduced aerobic
treatment hydraulic retention time and/or an increased safety factor that would render
the nitrification process more stable in response to disruptions to the treatment
process. Disruptions to the treatment process encompass deviations from desired
30  operating parameters which may be caused by, for example, interruptions in flow of

material through the treatment system or a loss of temperature control at one or more
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It was previously believed that the strictly anaerobic conditions of the
anaerobic digester would kill the nitrification bacteria. Various aspects
of the 20i nvention, however, involve treatnment systens and subsystens, unit
operations, and conponents thereof that accommobdate or increase the
survivability of nitrification organisns in anaerobic and anoxic conditions
that may occur in sone biological nutrient renoval processes. Nitrification
bacteria which survive the anaerobic digester and are returned to the

aer obi ¢ parthitgiperaens ridgrshimal rﬁt%@@gglfwago@ﬁmﬁw phanagmhicdiggsietat i on

process perd(ogfdrﬁ%rlﬁ edsBd W}iécril fhig raluﬁx\@ermd%%é' tfrﬂé inGRS bt rofb%rdlg%?é?pl e by

providing for are uce aero atnent vessel &i'ze and uced
aerobic t reahlnlewbulld)bdraamrm;dlsh@i1éﬂte|aomerbb1nﬂ1$std1/ wercacededwitbasedlegaf et y
factor that uld render th |tr|f|cat|on process nore stable in response
to disruptﬂgﬁgmpnghgsE?ggfﬁﬁﬁ ®rocess. Disruptions to the treatnent

process senconpags cét@ih @ﬂhb&ﬂﬁleiﬁtﬁ omhdesichash, qu@p@tés@@i RAjughehers which may
be caused by, for exanp interruptions in mat er 1 al through t he

t r eat ment se\}lé%rethérgeatex ’6‘%% algp enterbe paaxy Bnk ai'pighe biclogite! rptipsriank uni t
oper ati ons. asy}@c }érsYﬂeé(lﬁlto E%Fs mqge QloM cfal %tﬁ(ﬁ@ggﬁ)?t eria in an anaerobic

di gester could DBe increase ecreasing a raulic residence tinme in the
anaer obi c mlgé's)atecm/dwmnﬁtatmw@ebes a@th@npiop®h®tbtneams heclaaseaaodlbs-tﬁam gester
wer e seededqﬁm aﬁ&f ﬁ nnethnog ns, g i 6 ﬁln certain
enbodi ment LB A THESH @ TGS WS %“5358’810 ' 6uogrﬁ”8‘ﬁ‘e% 4&¥obi ¢

di gest el Woc&icsa)fxﬁﬂntﬁolftsMﬁg ano¥arCalicbkinaddiced a$ heschilobeghr@ltheor ption tank
as a recycle streamto assist in the biological, sorption and/or

ni trificati®ArgéHIkEnr Btigpsip ée@él%gank@ psist ﬁrtb%géaé%ef%ﬁ%éﬁs, such as a

sol i ds-1ean portf %epémeocﬁllneggesoln%%enﬂ?@fratso% csrﬁn%hg c@erﬁ@élﬁk{?&ﬁfatéar

clarifier, or a mixed |iquor 10produced froma polishing u can al so be
|ntroducedf@Qﬁ@nm@@V@h%HStrean1to t he anoxi c tank and/ or the blological

sorption tank tq assi 'nfnodime b A GRLGORNL 1P sseg§§ the mveptlor% %a&cpmp §

enbodi nents, some con |ons can rn Ve them ca
sorpti o nﬁnbﬂagmslmstrea,ﬁogm lendna gonivntos thefsiidge fionedt mmbw@temeﬁs&ateaf t he

I nvention Cg‘lglo%?cnptreatment processes can be used to remove and/or biodegrade undesirable
materials in the water to be treated, for example, organic pollutants. In certain
embodiments, the biological treatment processes can be aerobic biological treatment
processes. Depending on the operating conditions, at least a portion of the organic

20  material in the water to be treated or sludge can be oxidized biologically and
converted to carbon dioxide and water. In certain embodiments, the reduction in
oxygen demand can be as high as about 80-90%. In some embodiments, a portion of
the organic material in the water to be treated or sludge can be reduced only partially
by utilizing a less than sufficient aeration rate or a less than sufficient residence time.

25  For example, the reduction in oxygen demand can be less than 70%, less than 50%,
less than 30%, or less than 10%. The 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 from about 0.2 mg/L to about 5 mg/L, or in some

30  embodiments, from about 1.5 mg/L to about 2.5 mg/L. Retention time in the

biological treatment tanks can be several weeks, or in some embodiments, in a range
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15biologically treating at |l 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 bi ol ogical
treatment processes can be aerobic biological treatnment processes.

Dependi ng on the operating conditions, at |east a portion of the organic
20material in the water to be treated or sludge can be oxidi zed

bi ol ogi cal |8 fEyaRoyhRs P 8BOY Six e ANHINERING EMBAdIMEAISein. 2 tpReecd koM n

enbodi ment Spohket& Mt L hduls.0xygen demand can be as high as about 80-90%
In sonme enbodi nents, a portion of the organic material in the water to be
treated or sl udgencambodimentiuciabe oedtypepaysteras bithbynvantidn e wgmarisessss t han
sufficient aerat iao%lergttber Qr 2 Iwess zﬁgan Vsgtffivcirienst ggsild?ncehtCi me. 25For
exanpl e, t Ra aFaRIE DN GRS Far Bt SAT SIS AT O TAEHAR MO gt S ¢ han
S50% | ess tikaful, 30&products.eEsthishgsterh Oicradiganivdisadan becak@otvh ®ajdegra@dbls! udge can
be aerated and mixed for a period of time in, for, exanple, an open tank
using air dN§teiiRddR hegpsergs gk Grygen ABthip ppackitls digeian Praca: WamY Oi8AiEesses can

be perfor ' IS o f oma 0.2 ng/L
to about %&%lpg@\qeﬂﬁg%%%%%g%gg?%%%ﬂ gf?%(g)trcn bo ffOff.HB nmy %é{q% about 2.5

mg/ L. Ret erantrodl wasige Tihis nrbeespian hoye theladvansegermé ptovidink volump abemesy er al

weeks, or in,sone odi,nent.s,.in.a ra of. fr about one to about six
nour s, and TARSER P ERSEUPT Ry n Rk oot A BEBHE BREEEhout two
hours. 10 methavandridoh dRRIdS rich bidyas tuikblefendnefyredmwtiof. The | nvention can
conprise a system capabl e of breaking down, and/or converting various
materials | WEGOBCHEESIRRracesy SR oMPriss a%f’rr@gﬁxc{rglysw At the iSE’d%E%gn

M cr oor gani jaiisdueadings SRlgidownwhicadaosaaalden MRSIeblkdtgahlt JognabsgrAce of
oxygen. In this anaerobic digestion process, nmany organic nmaterials can be

processed, asgetrohylrglasingd pgper amige asids.and piyragsls. foettainsangergbic and ani nal

waste. This ig{sﬁ?fﬁﬁd%ﬂicgﬁ%riwm@l){@ Qﬁhegé irﬁ{{ﬂx\éhﬁ{ NG, 494U, and mass
reduction o e sludge berng introduced into e system € process can
producelsa ldrmenitaaeedsadicohods bmogﬁnoxdrti@q dibxide inog@ga, aud bajahie atds. €her gy

production. The apaerobi ¢, di gestion process can C rise cteri al

v ol ysi s OMTOHGSPUUE B8 AR uR BEaH 1 e HE R ESELP whi ch can br eak
doyvn i nsol %E@g&ﬁ@ﬁcﬁﬁr@or@ﬂh%ﬁﬁoﬁnréd&@ a@éic%@{dp@ﬂy&{ @AbGde, 08 AydYG@. S, am no
acids, and fatty acids. In certain anaerobic digesters, acldogenic bacteria

can then cofe@pRogenisdactpiit o HethroLensran drangogverhihe carbon dioxide,
hydrogen, ammonia, and organic acids to methane and carbon dioxide. The methane

20 produced from this anaerobic digestion process can be used as an energy source. In
some embodiments, a greater concentration of methanogenic bacteria present in the
anaerobic digester, or a greater amount of methanogenic bacteria recycled into the
anaerobic reactor may result in a greater amount of methane produced.

In certain embodiments, the anaerobic digester is constantly seeded with a

25  consortium of methanogens that reside in the sludge of the treatment process. Certain
slow growing anaerobic bacteria such as acetoclastic methanogens and
hydrogentrophic methanogens can survive in the aerobic environment of the present
invention, and will return to the anaerobic digester allowing the anaerobic digester to
be constantly seeded with a nontrivial level of methanogens. This allows for a more

30 reliable treatment process, and allows for a smoother transition back to a steady state

if a problem, such as a disruption in flow of material, occurs within the system. The
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15car boni ¢ aci ds, al cohols, hydrogen, carbon dioxi de, anmonia, and organic
aci ds. The conpounds converted by the aci dogenic bacteria can be further

di gested by acetogenic m croorgani snms to produce acetic acid, carbon

di oxi de, and hydrogen. Mt hanogeni c bacteria or nethanogens can then
convert the carbon dioxide, hydrogen, ammoni a, and organic acids to nethane
and carbon dioxide. The net hane 20 produced fromthis anaerobic digestion

process can be us as an.ener source. [.n so enbodi nents, a greater
concent r at i 6F'0% Oﬁg? ﬁ%ﬁﬁ’&g)é%h&esg%é‘ﬁaéfr"ils& m%%ﬁ%egﬁhww%wwn Plester,
or a great ahetRiRPISdREd RhOANLARN fghast eria recycled into the anaerobic
reactor may result in a greater anount of nethane produced. In certain

enbodi nent s, t helhanaearolit diggitipagredesy eandowperatetllaytenpentanesdicttieca
25consorti %éfanﬁr‘?§3@'&g§e%ﬂﬁq tiahe & ﬁé&b a%t@ri% Ht‘?ljzse!i‘dggﬁg fhediflf. RhEat MENt
ow omnﬁg arobi c as

process. Certain s ana acteria suc acet odl asti ¢
et hanogensexamglehystrof genspholxhbactene tymacuig eamieaopesating te@pératutdief aer obi ¢

envi ronnment, of th resent invention, and.will return to the anaerobic
di gest er alteBisRgDe AUz 4t b, CWEfla_wafra?p & betEia Y ITAESREF I th a
nontrivial tb@yahtulls ofBERRABPANS 50°Tind BPE ONScdaln dndiaferdOfiRl | abl e
treatnment process, and allows for a snoother transition back to a steady

state if a PeEHNSMAMPSIRSHCawydedictragpabat 2P anrdahoot 35rktte praarote occurs wit hin
the system q Ji g@@ i.C.: ol . as di scussed
above, incfgéggmggggﬁ@ggﬁﬂéghﬁg? ang%ggélH%égqﬁﬁﬁﬁﬁggé%ggﬁbE?c di gester.
The anadr obiperating estimorrpthecessticamdin mparabeid didesteecpdedetwees bet ween 20C

and 75C, depending o he s of bacteria utilized during digestion. For
Sexanpl e, | dDBUGEVShe0d hp T UGG sndR Bicedd Yy sph Gmpedsiey bV

t enper at ur epoedf 15aetween 38kIAYS re?@Gomnfle 4 Dleertthi dngbddnBEND Y LitiBAGE eri a
typically require operatingéhggyeratures of between about 50C and 75C. In

certain entfOyEFdfmAnd cABbY R g tenperature may be between about 25C and
about 35C {0 P GRLENESAANGS, BC LY Kali@hBelssl A NRIPRALLC activity.

Dependi ng on the ot her operating paranete the refention tinme in an
anaer oblisSc dligmstt eray bamedyelet bbakete theabotwae\te he apadedatyauta bialbgiyaldays
retention tji

T NER T T e
be about S5Qffl nitrification tank. Prior to recycling the anaerobically digested sludge into the
wastewater to be treated or to a biological treatment reactor, the anaerobic sludge may
be processed through an aerobic conditioning tank to modify the characteristics of the
20 anaerobically digested sludge.

Some other embodiments of the treatment system can comprise one or more
systems capable of separation processes. The separation processes may separate
certain portion of water to be treated or sludge. The separation processes may be
capable of removing large materials from wastewater, for example, grit, sand, and

25  gravel. Other separations processes can remove large insoluble material of the water
to be treated such as, but not limited to fats, oils, and grease. Other separation
systems may take advantage of the settling characteristics of materials, such as
settleable solids and floating bodies. Various separations may employ unit operations
such as settling tanks, clarifiers, thickeners, and filtration systems.

30 Some other embodiments of the treatment system can comprise one or more

recycle streams that may deliver the output of a first unit operation to the inlet of a
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In certain enbodi nents, the sludge that is processed through the anaerobic
15di gester may be recycled back to the wastewater to be treated or to a

bi ol ogi cal treatenent reactor, such as to the inlet of the anoxic tank or

t he biol ogical sorption and nitrification tank. Prior to recycling the
anaerobi cal ly digested sludge into the wastewater to be treated or to a

bi ol ogi cal treatnent reactor, the anaerobic sludge may be processed through
an aerobic conditioning tank to ?de%y t he characteristi%$ 8f t he

20anaer obi &P Uit GRERERN WPSAyB Of B HESONH OPIaHb dinFEHEIR eBPOLiFENtSy eat nent

system can (GORRphSFon? Heafier R @&V ! SR rdbAPRBLErOf sIS@RARRE LR oPhPCESSES.
The separation processes nay separate certain portion of water to be

treated or astabipelisiihg usiépar ket iceyeiquirto tessiapyt ot ienarnplabifier wfthe enovi ng
| ar ge mat ery; gl & [ QMIRSHEVA] Sher SMEXATPYE: o B hr P ARG op AN, RO Vel
O her separations processes can renove large insoluble materi of the
wat er ta@ beahbeadcgded ticthe &put bftdn dnokic bidtbdied rdaotob.at s, oils, and grease.
Q her separati o&@fsp%stens may, t ake g}dvanta e of the sett]i ngechar_acteri stics

of materials, s Ahes gmbpimsnts of g1 LRIy SYSIERALITETISISF & SRS U

separ at i 0N YRR N iihiililyQRBERR IR 0dcAbRI0 8 88urkd SvdstNePor (Eharifiers,
t hi ckeners, and filtration Systens. 30Sone ot her enbodi nents of the

treat nent dgiegtedmlibapeqroming kieregefer wey hivtagiqally redtdhes wasewmaienttyat may del i ver
th t put gL it ' e 4l f d unit
cr oo SerBul St RSP R Aottt RS

operation uni era al n ertbodi nents, the
out put 10r onfoAowahiaeseahing ardl/ grekt@ting dre msed iggordbgestiag theanabiedg@&hé hi ckener,

or an aerobic polishi unit can_he recycled to the input of the primary

Sl arifier oFItREnEPeIhEERY arRoRTEN PRHEC %R corsEEb EABEUPHERPE { he out put
of an anaergRister Hica@8 UBHNRLAM B HIRGYE@D to the input of an anoxic

bi ol ogi cal reactor. Sonme ot her enbodi nents of the treatnent system

can conprise a Jdqubmeinpiamtliustrrieaen enbedientis agordagrs Wishpereet ed or
connect abl %ﬁé&t%f%{?éjirn.g&t F\ %§Er@m%ﬁ{ sys@mPR Jaﬁ%@tf@f!ﬂ Ifpegeqpencing

bi or eact or y biologically treat the-wastewater by }f)r onot i ng bi osorpti on,
degr adaltsi omonnectabbaeerssingn 106 obweadegrtedabicd. frateepidahge Wil olyl owed tHey

2auenerna Pbr FEER bR ) b Bt SERELTL PR SRAT AL o In°
anaer obi ¢ dh@@sictindnOGHEt QsbrARWSIHIERMkY [MRlidt Bee 68A6{eViological treatment

processes and one or more solids-reducing and solids-collecting systems or processes.
Source 110 of water or wastewater to be treated can be a water collection
20  system from any one or more of a municipality, a residential community, and an
industrial or a commercial facility, and an upstream pre-treatment system, or
combinations thereof. For example, source 110 can be a sedimentation or settling
tank receiving water from a sewer system.
Treatment system 10 can comprise one or more biological treatment reactors
25  ortanks, such as anoxic tank 112 that promotes denitrification of at least a portion of
dissolved and suspended solids contained therein. Anoxic tank 112 can comprise or
is configured to contain a biomass of microorganisms that can metabolize
biodegradable materials in the wastewater to be treated. For example, anoxic tank
112 can comprise or is configured to contain a biomass of microorganisms that
30  processes biodegradable materials in the water to be treated through denitrification

processes that convert nitrogen containing materials, such as nitrates, to nitrogen gas
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FIG 1 exenplarily illustrates an enbodi nent in accordance with sone
aspects of the invention. The treatnent system 10 can be fluidly connected
or 15connectable to a source 110 of water to be treated. In accordance with
any one of the aforenmentioned aspects of the invention, treatnent system 10
can conprise one or nore treatnent unit operations, which may include one
or nore biological treatnent processes and one or nore solids-reducing and

solids-coll ecting systens or processes. Source 110 of water or wastewater
to be treat@®@)-cHi apaxig laRkmagy kegnaipiained At condiiopsio eae &RV BABIor nore of a

muni ci pal i trﬂaml%nérﬁﬁéecﬁr&t&@has@%mb%amﬁﬂgth@lncahrﬂ)@H& fdatedh g @ commerci al

facility, and an upstream pre-treatnment system "or conbinations thereof.
For exanpl elenguiiigagien pie@essan be a sedi nentation or settli ng tank receiving

water froma sewer syst eatment system 10 [i.Se one or nore
bi ol ogi cal trea\tﬁﬁrler?flg)%“égac 3I%p?ggcestaanﬁ§ ]ﬁ(eéﬁ n?);flg(‘:)v % %Ez t hat

pronot es deniréducéd mad mr&mr(hiorablolc%&zﬁl tr@atx}ﬂ@rlittre&tbrgf)r tdhles @dcm@l bamgl@tus pended
sol i ds cont ai ned thfﬁr1 r&l}abAnom c tank 112 can conprjse or i.s configured to

contain a BI3HREEEY B‘i"@’&%ﬁ%&%feg%’@ of ghlept paBBIN2E diss VWA dabl e

material s iggdeN@eNQBHEVREShed Bebf. WiSBLEH- rhPeneXARRN £ carfdMrke bARRk 112 can
conprise or i's configured to contain a biomass of m croorgani sns that

30pr ocessesohfigiedicaatsiea hiamess efinsicioargehismadha eart jogsed biodegradiblehr ough
deni 111 cah | R PLAFERRR 1RO YRl DLLOARN, BROY P DG BLRFeI S, such

as nitrates nit ¥ ned at
condi til@ns dras @mdigodce t(gcf(deﬂaahﬂilrﬁ&aﬂte&ﬂﬁﬂamq&orﬁi)teEbldﬂlm@&sthm‘n the
ni croor gani snme tEat can ate int geni trification process. The

anoxi ¢ t ankK#{¥? ?roeéa‘&l@? V?*H“PE‘H Bk PR GRIBPTISS LB ISHONERUESH be

S5i ntroduced:ohflifa gaﬁagrofma%o%ams&g kiR brocERad BTBdrdd8RIe & a® inki@nks, such
as biological treatnment tank t hat grom)t es aggregation of at Ieast a

portion of ‘tedebedeatahthreishsbsntpidonsd]thekiodenitdableanntetinds: d3inlogBibl ogi cal
treatment t %ﬁn&%fanﬁqw &g{mgd §‘?n;§fse Piscohfi L?QJ {%Q:ohﬁmcﬁ%@gt%c% ﬁr bi omass of
0s0r b a t he

mcroorganlsms at can egra materirals 1 n water to be

treat ed5 Biohpginedslfot prembtiemdt ddacptidd df warbledsianadute maemmosuchias configured

to contain oar'gepniico gcgrrllprgug ! Enl t%E: V\'/[ars]t%%vat%ra (r>]r gtgrntg € trt()i!atgzi ! JBlol lca reatment fhe
tank 114 can also comprise or is configured to contain a nitrifying biofilm for the
promotion of conversion of nitrogen containing compounds, such as ammonia, to
nitrites and nitrates. The biological sorption and nitrification processes may include

20  aeration and mixing to help maintain the aerobic environment within biological

treatment tank 114.

The biological treatment tank 114 produces a nitrified mixed liquor 214 which
can be introduced into a separator such as clarifier 116 to produce a solids-lean
stream 218 and a solids-rich sludge 219. A portion of nitrified mixed liquor 214 may

25  berecycled to the wastewater to be treated or to biological treatment tank 112 by
recycle line 216. The solids-lean stream 218 can be processed further, for example,
to render the at least partially treated water to be suitable for discharge or to a
polishing unit (not shown), to produce treated product or effluent 120, which can be
suitable for other uses.

30 Solids-rich sludge 219 can be divided allowing at least a portion of solids-rich

sludge 220 to be recycled back to source of wastewater to be treated 110, combined
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carrier. For exanple, biological treatnment tank 114 can conprise or is
configured to contain a biomass of m croorgani sns that processes

bi odegradable materials in the water to be treated t hrough absorption of

t he bi odegradabl e materials. Biological treatnment tank 114 can al so
conprise or is configured to contain substances or 15 conpounds for
pronoti.on of adsorption of soluble and insoluble material, such as organic
conmpounds, [n the wastewater or water to be treated. ioIoRica[ t r eat ment

tank 114 cdRSEVED EaMmdresd 8o qng of BIorS bialogirat EratBrtt SAnKS &¢ fitrinity ng bi of i I m

for the projpefaiiofs A ihCRENBESIs9fe@l Nitrogen containing conpounds, such as
ammonia, to nitrites and nitrates. The biol ogical sorption and

nitrification prAddessseportiay of sadidertieh Sl0dgs 2it% cen bafrdrodiisadrig bicdodiedl p mai nt ai n
t he aerobic i t. Wit hin. i i.cal fr t n . The
bio|ogica|‘F%@%ﬁ%§ﬁ¥9?§ﬁ§&§ﬁﬁ%ﬁgggﬁggggiﬂﬁﬁffg%?EJ1%$§é§“%%§ﬁ%%”§14 whi ch
can be isnt ramdimesdbicaityodigessdphrdat 026.SA@brtRs of ke bidlogicallylibeated ghidpduce a

solids-lean stream 218 and sqQlids-rigch sludge 219. A porfion of nitrified
i xed 11 quOTRSEac osHe a5 P 6 b Frovikaraatsle TBBe0 rBated or to

bi ol ogi cal Jor@s srRRd aﬁa&%ﬁic&ﬁ?d%&‘s&cﬁﬁﬁl@ée@%'cé‘@al%—@e redP@eBRUck dSmean stream
218 can be processed further, for exanple, to render the at |east partially

treated watseprce of pestewigteabliOecdrahingdl hetswitheorantradyced ipesd onstormpreini t  (not

shown), to @518&9@3%{:?%& %ﬂk%@%ﬁ%gxag%g%&é&é%%he%@tm%@gﬁgﬂia@hé)e sui tabl e

for other uses: S-TiIC can be Vi ow ng at |east a
porti onlOof ofionds-thé kibloglcallgee2@Dsltdpelye anacotdtatlg digesied klndgoRlcChatas

wast ewater to treated 110, combine herewith, or introduced into one
o rore. bi FOSIAR B 85 Frfi 1R Qeuol B € p PSR!

treat nent sys§RMmM and/or defited EASdnt Bropeiibs Schafackakids Foi &hnpldidage 219 can be
i ntroduced to biological reactor such as an anaerobi c digester 122 to

produce a Hiosiagrfdkg biplogically tepted sludas o thesmacrabiselbobresigd sjudgegest ed sl udge
226. A t.] f i j ' di gest ed
bor tbQfidlcah BE B AL PRI CAL xpseaa%qﬁg%&ggg%%@@%&mo% y diges

sl udge 226 cdn be di spose as a waste s 0. A portion of the
anaer obli>cal day bdbgred e d ps¢dethgein2a 6lowanteadrsopdrgon eqyecdeathigbat& to t he source

O o vt Sl TR BB DS T g DA LR, SOl
system ThendOpodpptximaklyt30e, bf 1t paideainied fleatad sl udge or anaerobically
di gested sludge 226 that is . . . o
Optionally, prior to introducing at least a portion of the solids-rich sludge 219
to the anaerobic digester 122, at least a portion of the solids-rich sludge 219 can be
20  introduced by way of line 222 to a thickener 118 to produce a thickened sludge 228
and a sludge-lean portion 224. The thickened sludge 228 can then be introduced into
the biological reactor or anaerobic digester 122 and the sludge-lean portion 224 can
be recycled back to the source of wastewater 110, combined therewith, or introduced
into one or more biological treatment tanks or other unit operations of the treatment
25  system.
Any portion between zero and 100 percent of the solids-rich sludge 219 can
be recycled back to source of wastewater to be treated 110, combined therewith, or
introduced into one or more biological treatment tanks or other unit operations of the
treatment system, the remainder being directed to the anaerobic digester. In certain

30  examples, the portion introduced into the thickener 118 or the anaerobic digester 122

can be between about two and about twenty percent of the solids-rich sludge 219. In
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recycled can be any portion that is desirable depending on the operating
paraneters of the system and/or desired effluent properties or
characteristics. For exanple, the portion of the biologically treated

sl udge or the anaerobically digested sludge recycled can be sel ected based
on a predetermned flow rate. The recycled portion 15can be based on a
predeterm ned flow rate, or a portion or percentage of a predeterm ned fl ow

rate. For exanple, in certain odi,nents, .t recycl ed. portian may be
Copr oxi mat &GP BoR I et et s GRS b A S pri o
to introduciigerée dne@sbic Aigedet i 2tablbe bbves®hbdis fdur ahd SouddighipeBechp t he
anaerobic digester 122, at |east a portion of the solids-rich sludge 219

can be 20 9y wYdedeh Bydedi%of 1ine 222 to a thickener 118 to produce a
thi ckened sl udgey n?&%é?wéén%%eﬂde@i@ SQI%ﬁt'o‘?%eZ(?ﬁhe Jﬂ@roBﬂgﬁggi:ég%?cﬁl udge

228 can then be introduced Into the l'ogi cal reactor or
di gest e 12dgnd26 ban dadubgecycdmibaplota the soe@ofoeastebater é t§,combinedck to t he

sour ce of stewater 110, conbined therewith, or introduced into one or
nore bi ol ogg%rgwyﬁroéér{t@ﬁ?edtlgﬁt@e8F “@fﬁ?@?loﬁﬁﬂue@h@?ﬁ%@gﬁgr %tgert‘ﬁ‘ét tr eat nent
25system  operatiofNOf tROfidt@Bnt RS theZemOinadthek3QliPREIITlas @fvabfee sol ids-rich

sl udge 219 can be recycled back to source of wastewater to be treated 110,
combi ned t HetdERil 8, Ingertpinexarapled dhs PRIBODIFEYDed t9dhesmrsIobgiastsater.eat ment

tanks or - otdgihitdiderQRRY, 3t R0k ibB@nt afeﬁbfs%lggixat&qgménban&@W nder being
t npl es, t

directed to the anaerobic digester. In certain exa , e portion
i nt roduded dtiegr onit keperativnslod thertreatn@end sy stdne canzdreplien alpgestoemd BpButcan be

bet ween abqut twa and .about t percent . of .t he splids-rich sludge 219.
In other gygrﬁ%lp&cf) &t@ep%’ﬁ?ﬁogﬁglwdlgﬁ%e s%‘l‘qgﬁgg&i grhOthrLféél@pfﬁi’Bh? nt r oduced
into the thegktadeortihGanbe bheveamauobive as grst ebhtlieatdt the bet ween about

four and about eight percent of the solids-rich sludge 219. Any portion
bet ween zeraﬁa%fﬁhfcz%g’dh%ﬁe@émdgﬁfm@-he of the anaerobically digested 5sludge

226 can al so be [f 8&Yfh BhnRAGK tHe Urehfl8 pRAMECE0hn BRHENEES For HiRo1vEQNDI Ned
therewith, or introduced into one or nore biological treatnment tanks or

ot her UAit sopiéyenieph$QJP/BCH totabraitragam patistlamitrogeheontemingwerobedng
di sposed Ofsu asaan‘ﬁ@(%ig, n%t%‘n{t’évj\%?{)&%% orl &hgrq%%l%'ﬁ@%%I?%g@ér%%{:%tl?%e QJe LPN
ste I ne erew , Or

recycled to € SOurc€ o wat er, Co 't roduced
i nt o one orangoneidehtificigihaskctetistiais menvitiiankissitad rifietidrat a desired Ggpel at i ons of

the treatnent system can be between about zero and ahqut n per cent of

t he anaer ol Eﬁﬁ‘gﬁ%a@gﬂ@g‘e& g\ﬁé’@a@%? S Th R FX@Q%}WPLE{@&%@%%@WCI ed

portion canrdardpesdieedevaR@utont 8dEsiRA devdPUicc&itaiid raagé,caegﬂéat&for 1R&r

anaer obj cal | y_dl%ested sludge 226. In certain exan;ip es, the treated product
(&

120 cartpe nesian Greaecrekigally; ticatsid\sbigge 226 can be discharged as waste sludge 130.
In certain embodiments, the treated portion may have a characteristic or

property related to the concentration of particular components therein. For example,
the treated portion can have a concentration of nitrogen containing components or
BOD or COD content that is below a certain value. In certain examples, the treated
25  product or effluent may have an ammonia concentration of less than about five
milligrams of elemental nitrogen per liter. The treated product or effluent may have a
COD concentration of less than about 80 milligrams per liter.
The system 10 can have one or more primary separators. For example, a
primary clarifier (not shown) fluidly connected to a source 110 of water or
30 wastewater to be treated can be utilized to allow settling of at least a portion of

components of the source 110 of water to be treated so that solids-lean wastewater
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15solids content, COD/BOD, total nitrogen, particular nitrogen containing
conpounds such as ammonia, nitrite, or nitrate, 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 treated product
deviates froma desired | evel or acceptable range, a greater or |esser
20portion of anaerobically treated sludge 226 can be di scharged as waste
sl udge 130.¢an be produgedeand;iniyofugerhiods Helaeisal tieganant Bakdd2- pbhe PYR2ay have a

charact eri stih$ie aPsIOPFolYce oRUEHM Radt\GatEQREEN WAL ARy Qéh cRRihdLul ar

conponents therein. For exanple, the treated portion can have a
concent r at i with folivistricb gbrdge 321 @i 332y thidrepethgndgs 288 t@BDintod GED intoranent  t hat

is below a certain.valu lln certain e e e treated %fproduct or
of tuent. ey ohaos Ugkieh oz, nRoGSHd Bord SRR bRy J18 RO HRAH S

m | 1'igras bt caheéeeiliad, ncludagdnt g inlitetl € the Phighaty ephacbrpnoddetiitas ef f | uent
may have azggD concentration of |ess than about 80 m |ligranms per liter.

The syst em ¥ LRAVAAYECBHEN SPeie YHi ey osegdrareyd. For exanple, a
pri mary ¢l ari i ahnd Ghors BoWMBlrdilots Of e GOARREL GGheliQ aaRAMABeRI P WAt er or

30wastewater to be treated can be utilized to"allow settling of at |east a
portion of wompenent & rafrephlishingiundts uing trghtmeat rrpcaseeshecltdiegtbatingto t hat

sol i ds-1 ean. ter. . uced..and jntr ed to .a.biological
t reat ment P@ﬁ@§&§%ﬁﬂ%ﬁgﬂ%ﬁﬂﬁ§§§gégg@%$%8$’%E%QEFég%%?% 82%’%gggﬁﬁds-rich
wast ewaller odidazian oheimddal pryiphstichioarl gepstatiéd dys@ns dhdleting disdvlwddudge 220 or

222 or thickened sludge 228 to be jntroduced into an anaer.objc di gester

122, di scusS8ETf Sﬂ’&gge‘a@f by %ﬁ_fxab%ngwgtr%fﬁgam _Efrv§r38f’s‘flﬁ%5>é‘§f§3tVé)rlr‘_? 5that can
be utilizedadiai&d, bekRerRIdly 9Ot TiehiBd %)&QuétQX)'ﬁ%npﬂh!eGﬁéMr R6R¥oALARg | NCl ude
filters and dissolve air fYotatlon ype units, with or without Qgrit

removal . units canee ¢alivaige o slorE.gopaedony gbe, ohdiselrasgadriieiic systenms as

di scl osed U&&ﬁhgn&ﬁ“ conprise one or nore polishing units using treatnent
processes including, but not limted to biological

nitrifilkati on/ dedwd arirhore attrificat@andnphasgteatilized. dionegdmpleleebivtlal 10oxi dati on,

chem cal precipitatio and s ation systens including dissolved

nor gani ¢ SO HESLAREL i hrar B ToLEHIRYe E RA Tl (IR B v er se osmosi s,

ul travi ol etdisgéddolredkiveQit @b QH & thS ttids-Téaaatresn PloRaME ephfbof rom t he one

or nore pollshlng‘unlts can be delivered to storage, to a secondary use, or
I

di schar ged E@luendrashiemdnifiesion upgoar be mivadrvethslvdderieme phrtignesfeetan be
utilized. Fé%rlea%%?a{l Qe-nfriBtRidh! Re-acration can then be performed to remove at least

20 aportion of nitrogen as a gas. Such variations can reduce or eliminate the use of
external carbon sources.

During operation of the treatment system, one or more target characteristics
can be utilized to regulate one or more operating parameters of any of the unit
operations of the system.

25 A precipitation rector may be included in any of the systems disclosed herein
to precipitate out one or more desired compounds for example, phosphorous and/or
nitrogen from one or more streams from the system.

The precipitation reactor may be utilized to precipitate out phosphorous and/or
nitrogen containing compounds, for example struvite (MgNH4PO4-6H,0), by the

30 addition of precipitating agents, such as a magnesium salt (e.g., magnesium chloride)

in the precipitation reactor in accordance with the reaction below.
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nitrification unit, which can be, for exanple, a noving bed bioreactor, can
be di sposed to receive at |least a portion of the solids-lean streamfrom
the separator. Effluent fromthe nitrification unit can be m xed with
sludge froma clarifier to effect at |least partial de-nitrification.
Re-aeration can then be perfornmed to renove at | east 20a portion of
nitrogen as a gas. Such variations can reduce or elimnate the use of
external carbon sources. During operation of the treatnent system
one or nore target characteristics can be utilized to regulate one or nore

operating paramet egg>of Nafy+00,t hes o L q\@@{]gép@r@h@f the system 25A
precipitation rector may be included in any of the systens disclosed herein

to precipitate out one or nore desired conpounds for exanple, phosphorous

and/or ni trogen | {x SEUE g;%ﬁ;[c&’t‘ion@% gioﬁtdrb%%gﬁef{cﬁagﬁgolgtgﬁze %c?pmat; gdf €ci pitation

reactor may be u reciprtate ou us fand nltrogen
cont ai nisSng mdnmjmdglesﬂumsahxamb@lts& roumlht: @hdspbydiid 6l btrdeh in the t he

30addi ti on of .preci |tat| s a magnesiumsalt (e.qg.
anas up aRFi g Mt Hes DR R e BB Bl B A TSN € he
reaction beels@"i’ertllx%}za"nd"’chtlﬂ'}ﬂd Be Er%%rcul‘f@al’l‘?@sefulp?ecW@@cqﬁﬁag In sone

applications, it would be benef|C|aI to utilize a preC|p|tat|on agent 5Ssuch
as a nagnesnhaml@mqs in Gepresénifgtiomyessd wsing RBINHAGS pHoPsudica Ay limirtyen in the

br eci pi L at | 0 fiAGHaloif A el 0ARwLOE SARNR! £rer@l AT ANROL (Al Struvi te
PR e b v

may be use flertili Zer, us nmay be an agri’cu rally usefu
preci piltlat ere a@ragm@ut@hylvagxaplhas pthmtreu:&mnﬂartyhprepnp&aﬂxrpg lih@tsp}mmus@&ﬁel usi ng

al um num may produce an al um num ph te tate, unsui tabl e
For use s Hprat MRy Brron ARG MG o A bt B s e al |y

val uabl e asotBdrlethbolitnen id @Modh ofRINBKINRIMtAbipheteRROSP O PhisspMite hal,r ON mMaY
produce iron phosEEate which is also unsuitable for use as a fertilizer.

In ot her erl§dd el freypa selidsyearmousiput sireari FOm thtesdptatar doraise Abethet on
phosphat e qﬁ¥hgﬁm9§eC|pltated froma solids-lean output streamfromthe
separator f use in other applications.

15 A pH adjuster, such as ammonium hydroxide, magnesium hydroxide, another

caustic, or an acid may also be added to the solids-lean output stream in the
precipitation reactor to control an Mg>" concentration and/or pH to within desired
ranges.
In some embodiments the precipitation reaction may take place at a

20  temperature in a range of from about 20°C to about 40°C, or in some embodiments
from about 25°C to about 35°C at a pH of between about 6 and about 12, in some
embodiments between about 7.5 and about 11, and in some embodiments, between
about 8.5 and about 10. In some embodiments, after precipitation of struvite the
phosphorous-lean liquid may be recycled back to the activated sludge treatment

25  system. In some embodiments the phosphorous-lean liquid may be pH adjusted to a
pH of, for example, about 7 by the introduction of a pH adjuster, for example, an acid
or a base from a source of pH adjuster prior to being recycled back to the activated
sludge treatment system. In other embodiments, the phosphorous-lean liquid recycled
back to the activated sludge treatment system may be allowed to maintain an alkaline

30  pH, or be pH adjusted to an alkaline pH. The alkalinity may in some embodiments

assist in a nitrification process performed in the activated sludge treatment system.
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15A pH adj uster, such as ammoni um hydr oxi de, magnesi um hydr oxi de, anot her
caustic, or an acid may al so be added to the solids-lean output streamin
the precipitation reactor to control an My2+ concentration and/or pHto

wi thin desired ranges. In sone enbodi nents the precipitation reaction may
take place at a 20 tenperature in a range of from about 20C to about 40C,
or in sone enbodi nents from about 25C to about 35C at a pH of between about

6 and about 12, n sone odi.nent s bet ween about nd apout 11, and in
SR eiior e e 1 ot A A e A R g g e

after preciqidticaha@l ohtah Wbl Qs bi@e BHRSRRATRAWS ph&PRoroli i dor Yo 28 recycl ed
back to the activated sludge treatnent 25system |n sonme enbodi nents the

phosphor ousin [theawelifs-tpan strepaydirstedinadhupreeisitationgegskerofn saner  exanpl e, about 7

by the int rﬁ?i% Frhs, He ﬁ?dg&tat%ﬂgggén?ha fb%d(]?@agng gckch"f‘&netacﬂéga (Bl @ base froma

source of ustér I ng P ecyc to e actlvated sl udge
t r eat nert qﬂ@ﬁﬂmmnkmrnﬁh@mlpﬁhmMUnﬁasdubﬂhasphm&ph@rmusnﬁeanebfqU|d
recycled back ta t treatnent s . be allowed to
o e adsspder b peeedte Setiifauea Bhtes MR SRUT R Sm The

al kalinity meyher emsmeﬁ@bmigﬁwhﬁghas%r%kamﬂeabcsuttmmlga&Itﬁﬁh process
performed in the activated sludge treatnment system The anount of

preci pi t at i SRjchigBpfric reiapf progapjiaEien agant i Moprheyouswy nweaeindheddlisd- based on
an anal ysi s af f.hG £ANGSALEAL I'n%e?fem%&%%rlgkksthﬁpgétgfchﬁhk‘{rﬂgfaﬁo' ” the

solids-lean streamdirected into the precipitation reactor.
enbodi niédnt spay beeaddeéci pi t ati ng agent nmay be added in a st0|ch|onetr|c ratio
t o 5phosphorous .Qr ni.t rogen i ds-1 ean s

t.h
ol Py P e BT B R B bt B SRR e B Bl | T e

sol i ds- | earensigy@amuniplion} dtekeepiodic RRALS, and afb irghict Yhehh@her of shdige exanpl e
about 10% hi gher, than stoichionetric ratio of precipitation agent to

phosphorou§mﬁﬁmﬁ§??%&&%@$%m¥%é“§%9¢@s | ean stream may be added. |n other
enbodi ments, | esg,hBan cgherfiRt Gl @Hﬁ%afé & ré%t 140 11EQ @ﬁﬁnggaéﬂ%% of the The

vari ous systems and fechniques disclosed herein an stgnificantly reduce
ener gy Ebngunpnwmnyﬁ@m EMEnampbwad@neﬁer@yybaﬂuﬁahsﬁt®eﬁuﬁ@rWh@fanDunt of

SLudoe, broduerit SUPLOR AT E YRR AISALE R s P i gD e ca
facilitate © yre u e?ﬁ%% gfsf% Pahet €% "of feﬁ 1% Y7 Eat ment system

For exanpl etempex@mrﬁ, aed/bed dl@ﬁﬂvdde)xggéhfdogbﬁrﬂdtlb@maﬁﬂwﬂﬁn anyr @ftiee @fit recycl e of
the one or nore streg a duration of one or nore residence tines, a
tenperaturé“mﬁﬁﬁpﬁ?ft HPYBEN By gen concentration in a fluid in any of

the unit operat 'm%oﬁ‘tfroﬂelﬂ%a&rr@s?tvﬁ@ﬂ)ts@déﬁt% tilRR BONLERh] &ld/dR¥nsbRSPONd to
signals fromtiners (not shown) and/or sensors
20 (not shown) posmoned at any particular location within the treatment system. For
example, a sensor positioned in the anaerobic reactor may indicate less than optimum
conditions therein. Further, the one or more sensors may monitor one or more
operational parameters such as pressure, temperature, one or more characteristics of
the liquor, and/or one or more characteristics of any of the effluent streams or
25  wastewater stream. 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
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

30 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, or four times the influent flow
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20(not shown) positioned at any particular location wthin the treatnent
system For exanple, a sensor positioned in the anaerobic reactor my

i ndicate | ess than optimum conditions therein. Further, the one or nore
sensors may nonitor one or nore operational paraneters such as pressure,
tenperature, one or nore characteristics of the liquor, and/or one or nore
characteristics of any of the effluent streans or 25wastewater stream

Simlarly, a sensar di.sposed in or otherw se positioned with any of the
Cecycl e 3t rasit i a0 NG 0% fR<Gadt ST ofosEs TeoR e et eIt bel o
or above a wedjused t@ichide @8t of AbR: tarbBecheRRIFSHidsF tH¥Bateh ShtdresRRRd by
generating a control signal causing an increase or decrease in the recycle

flow rate. cPREcksahejess maycyvelee propovticaaly veryingdenslpién flavytates beprent he
pol i shi ng %HQa&a%dei} &Qééte?ﬁnfg]@%&%f&tue%@%t el %Qﬁ%gfa; |ead pRALAYBh G OF the

treatment system For~exanp the target recyc wrate may be a
mul ti pl & ofgxyeergdemaat! of dasthfluenoort watestp bottrefitedir ti nes the influent flow

rate of the inc ng water t e treated. In saome cas .the.solids

i schar ge rat e iy FRr R laE TeBh b T RO S PayeRion

char act er i sirbGge ®lerbdiBe LiieRIVELh MAlBIe mEdeh BF osc@dtionOWhizk RENMRSpdHAYo | NVOI ve
proportionall %/ varying the relative flow rates between the anaerobic

di gest er arfBultiple inpyoipiincrease dherpbhiciencaa thsawastrvater isaistenpastemal |y on the
Soxygen demand oy LhGdifdt hﬂg@%gﬁﬂgfgﬁt@%yglﬁ%g& &Rk %gmputer S stgme system and

controller of one or nore e e Invention provide a versatile
uni t hai ngvinch miapbe foncesipld, a gperatiuoppse e piiercsanh ashpsritis¢dooman ti pl e

inputs to i ffici f the wastewater treatgent system Th
controf | or TG PR T iR:Renp B5EHEY A S oshs il P BeBhostnctr gLt 10 whi ch
may be, forpaekadPheRIST@ BfRERbr, BYHR VHEaSPHRIUD Focsstoh orsny fBsaypased on an

Intel PENTIUMr)-type processor, a Mtaorola PowerPC(r) processor, a
Hewl et t - Padkeseasopal randgpationgheseels ddternagivedyihe peppidpmsiermay Belddsor, or any

other type Bl pla6e3sAn A 1ROARLASLIORLNEEIR cxatplETnG Bl e computer

system nmay incl ude speci al 'y ammed, specl al - purpose hardware, for
exanpl €5 arspegfit integratethcirdBPSETK drconmeltegy ateadedior pualer tr¢ABed) systems.

controllers int e[@lg%gm];)ﬁ)trer é’y‘%%eeﬁ{ cz;nrir?ceia&e or}lte of Ynsotree }r)rr%bessors typically connected
to one or more memory devices, which can comprise, for example, any one or more
of a disk drive memory, a flash memory device, a RAM memory device, or other
device for storing data. The memory may be used for storing programs and data
20  during operation of the system. For example, the memory may be used for storing
historical data relating to the parameters over a period of time, as well as operating
data. Software, including programming code that implements embodiments of the
invention, can be stored on a computer readable and/or writeable nonvolatile
recording medium, and then copied into memory wherein it can then be executed by
25  one or more processors. Such programming code may be written in any of a plurality
of programming languages, for example, Java, Visual Basic, C, C#, or C++, Fortran,
Pascal, Eiffel, Basic, or any of a variety of combinations thereof.
Components of the computer system may be coupled by one or more
interconnection mechanisms, which may include one or more busses, e.g., between
30  components that are integrated within a same device, and/or a network, e.g., between

components that reside on separate discrete devices. The interconnection mechanism
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The conputer system can include one or nore processors typically connected
to one or nore nenory devices, which can conprise, for exanple, any one or
nore of a disk drive nenory, a flash nenory device, a RAM nenory device, or
ot her device for storing data. The nenory may be used for storing prograns
and data 20 during operation of the system For exanple, the nenory may be
used for storing historical data relating to the paraneters over a period
of time, as well as operati.ng data. Software, .includin rogramm ng code
Chat 1 bl eriEiy e RoaMHEHELOG © eh vt A0UR Tarclen e SEbaT bR rpurt e
readabl e angffoniit bLAbLRpNvVOl atile recording medium and then copied
into nmenory wherein it can then be executed by 25 one or nore processors.
Such progr ami nghesemprigy ststenwedntalseringludesgng asimage piputdavicess foif exgmplss anmi ng

| anguages, . i +1, tran, Pascal,
1o Basi RobEHaTRuRe, oK HBURGEAR ccteen i Meclbimdfi SNt e o

t he conput entesfyst dviaerys well eveiel o@ thdiy owtpet dervicay f@ examplecopri@aie on

mechani sns, , whi ¢ i ncl ude gne or re busses, e.q., between
B0c0mponent & el SR et REGaT iR oG (B8 GHee s el G SRt wor k.
e.g., betwegm&emanRes tat hatcohRet Ge compeePakRhtodicdrintintatgyi ces. The

i nterconnecti on nechanism may enabl e conmuni cations, e.g., data and/or

i nstructi onetwerk, Headdition ahafeal Beinaentodbempesverk hatgnay beefogyed henethe
conput er systemreft, gﬁ?r{té‘gﬂtﬂé’?ys%ﬁ? or nore input devices, for exanple, a
all,

keyboard, nouse, trac m crophone, touch screen, and ot her man-machi ne
5i nterfHce devi cezoalngielone asmorseenorodimeres afitthpinveden, theone bomomexanpl e, a
printing device, displa) reen r speaker. In addition, the conputer
System may CBHCEYReURE Brts R R REE e fixioe Sh mOBTHBIPS PR Bbhput er
systemt o aofaRIRhBAidcRRedRr¥RRKd/of Eondsilbhts @RrQf. AfedBtivdlf, efiative to the
network that may be fornmed by one or nore of the conponents of the system

10Accor di ngep¥rofe Beteiey wlsmadonaynRs. of ali phessremppesits iebone or more
| nput devi cem,dmy tb@%b%%n?c%ﬂélgﬁﬁwkﬂ{ thiE83 rbtmmﬁfég% e cmggtfepaf amet ers

of any of the systens disclosed herein and/or c ents ther
Al t er nald vedyytemt Herysewsonre offtbe aiEtve miaygevabpled teeandther cqupnper,systemal | of

t hese conponent s n%Yobe colpnqceatvevq &l?e amcogmmitcati onnnetvvork that is

oper ati vel y'COUBPEE %9 PHE co&r%uf% 15DV AR ARY She %o ifor e of the above
may be coupdogthimcationhBevoriO fauk & koS 2ith Qerntidang Rem¥or bicsigamuni cate with

the conputer system qQver one or, nore conmnuni cation networks. Such a

conf i gur at | FREPFERGHGEcedAPe dsated at f pigaifiga Idispase fam the CUBRMIESYEEMpe | ocat ed

at a signi fi@antidhah §ls_91f§orft6@H&&%d%@%@?i%arﬁﬁ%&e&% a0aY R sgbdyQumany sensor

to be located at a significant distance from any subsystém
20  and/or the controller, while still providing data therebetween. Such communication

mechanisms may be affected by utilizing any suitable technique including but not
limited to those utilizing wireless protocols.
The controller can include one or more computer storage media such as

readable and/or writeable nonvolatile recording medium in which signals can be

25  stored that define a program to be executed by one or more processors. The medium
may, for example, be a disk or flash memory. In typical operation, the one or more
processors can cause data, such as code that implements one or more embodiments of
the invention, to be read from the storage medium into a memory that allows for
faster access to the information by the one or more processors than does medium.

30 Although the computer system is described by way of example as one type of

computer system upon which various aspects of the invention may be practiced, it
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20and/or the controller, while still providing data therebetween. Such
communi cati on nechani sns nay be affected by utilizing any suitable

techni que including but not limted to those utilizing wireless protocols.
The controller can include one or nore conputer storage nedia such as
readabl e and/or writeable nonvolatile recording nmediumin which signals can
be 25stored that define a programto be executed by one or nore processors.
The nedi um may,. for exanple, be a disk or flash nemory., In typical

operati on, Schﬁﬁldc?ﬁ@pwﬁmﬁi&"ﬁ&%%d%\éﬂga%lsc%zhh;egai@ RestedPRAAteddn code t hat

| pl enent s QRGaRL of B Bie 8HRBEENERkR RlexbhiflatingBih Ohdeld rifertRAd from the
storage nediuminto a nenory that allows for faster access to the

i nf or mat i onnpemdntedomefosexsrople, ageperebpwpesetchmpugdexstans dieaentrgidel ethough t he
conput er sy i i g f P £ ut er
cyat em uporHRR s AREBLEATE B e b AL GBS s Mt ERERG °1
shoul d fe agypercirat ededitsatd pogrammvding logio cosirsllet (RILEN dréda ttridatedg

i npl enented in software, or.o conput er system as exenplarily shown.

| ndeed, r at$P8FOWER™; @ﬁ@%ﬁﬁ@ﬂh‘gﬁ? AR0s CI%%%(‘E‘F_O&”@@%&%}F SLAHRSEE conput er
system t hey ek &tof mayWe imBERRARALS seHwa MRk QRS Re:E Rk anyrBY
alternatively be inplemented as a dedicat ed 5system or as a dedicated

pr ogr anmabl @nibgitien gerrof.oF pregxampleCynesyr mere segients ¢fisn atagridom exasbitablest em
Further, it i at o) f Les or aspects of
t he i nvent |%€141%§|§;9B%%F%Pé§n@nr (ggqul %égg%Feté&/g}ngergg{th&aC%gtbgﬁfi rmavare, or any
conbi natd oncontmeuré@tion hath oax ang@he,throngh ore oron@e segelst s of an al gorit hm
executable by a controll.er can be performed in separate c uters, which
can be in 10 COMW%BTVPB‘WWW% Hﬂ%‘t%ﬁlﬁﬁ‘i’émlﬂ‘ﬂ%‘& %c%ﬁ‘@u@gt FETHt wor ks.

In sonme parg pigralil o fRNRRELBRNE fat hRRIGORIEAIaRE 0REBr B6reCBkS B1KtARs b
generate a plurality of output signals that initiates or term nates one or

nore cycl es? BAUGCHGDSICHeagtose fOHEMM: Brtcentreliss ctrogeneraist anoxpyiIsignal he
controller g [ ; t inlet
val ves t hatt %ﬁﬁ?ﬁfgg B@%ﬁn@%egﬁ%ﬁ%ﬁ‘g? It}?ri?)?gld a%nﬁgq%?%t(ﬁznﬁ}gg% I?Secgﬁs%lﬁeeone
sequencling datastonesapieocing battineastoutogbe sfurcwaifevatdérdo betreatedat Bet. The

ot necessargierare 8l B et BroErg Ao LuPIA LBLERER LR PR cyatem of at
| east one seqeendyNGoRatielvareasd Qtiv@eddnilien 37ktax ¥PaNessce to achi eve
or maintain a target dissolved oxygen |evel of, for exanp]e, between about
0.5 and abo§fusPCcRy Joptchygqstor to provide an oxygen source to achieve or maintain a target
dissolved oxygen level of, for example, between about 0.5 and about 2 mg/L.. The
20  controller can thus be configured to facilitate biological sorption phenomena that
aggregates at least a portion of dissolved and suspended solids and/or nitrification.
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
25  terminating output signals and the third output signal can be generated by the
controller to promote withdrawal of any of the supernatant, e.g., by decanting, or
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. The

controller can further generate a sixth output signal that activates, and a seventh

30  output signal that deactivates an aeration system of at least one aerobic treatment tank
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20control l er can thus be configured to facilitate biological sorption
phenonena that aggregates at |east a portion of dissolved and suspended
solids and/or nitrification. The controller can then generate a third
out put signal that pronotes quiescent conditions in at |east one of the
basins that provide settling of at | east a portion of the settleable
conponents. |In sone cases, quiescent conditions can be effected by

25term nati ng out put signals and the third output signal, can be generated
by the conttpgwr?VéﬁtlEP %%_s%hwgw@ﬂa?wém%?tman@@a%ﬂ alﬁg’l‘éféﬁ’é?/%%’tlé}ﬁ%, e.g., by
decanting, & fofekdniiSle HefifteR@b&tOSardhbbite Rggln, after settling. Another
out put si gnaf can then be generated, e.g., a fifth output signal, that

reactivates the Memampwpipslsastawateriwgatownt plants expeciancefdivmpldnilgpaher at e a
si xth out puf,§};gnaj, si)llﬂ@tem?fi% % g?f%i{)?(f}gté@} épg}[a?f%%r RO0KLRYY. ST gnal that

deacti vates an aeration Ssys 1em ne aerobic treatnent tank to
provi de jan deitgéeatoowl 6 evattowaehiren@edrsystan miayi biecané ksgetbleifssolawgtt, oxygen

| evel of, for exanple, 1betcl\z‘:@ﬁn at%glut 0.5 and about .2 lr’g/ L. Many
muni ci pal VEBUERA T Y &t rent™ Pl ARSIl ShE @ A& RRIM T T uent _
variation. dontaHOnecSARREESRNASuenBwRHOSAEDE RAJIAP 85 RAiti @R beontt hblef | cati on-
Sdenitrification of a wastewater treatnment system may becone | ess stable,

for exanpl edyng@gst Jf biegeratpreotayitrifisationctopitrification|feilsrie corfsieonsteavedr renmpvi ng
l ess nitro ; (el 0. 1 . r i ng
eSO AT RSPy LG5 R ey

ni trifilatitbacgenity of  doatsiream hadelabid digestgttoeficently erovs the 60X drci ent

amount of the COD or nitrogen contai.ni,ng conpounds, f.hi. over| oad 10t he
capaci ty o STaBRRS LY BHRESET St £ deyLge GG MEL eidify ikocess t he 00D
or downst r eafopRArce I 1Y HEOERIDE PoceskOr hagtitdtloat RnBifi@fch pBctRe reliability
of the performance of the biosorption process or

nitrificatioRtraesysien thatuses @nlis igetagrenss te sarrdIthakigtospianiad uses on-1ine

i nstrunment sni{rﬁicﬁt‘?éﬂ-ﬁéhlitr'tﬁ@ﬁiowrf?%%e%{li‘%@d and nitrification-denitrification
15Feed k control nm

may be utilized. bac may be utilized in some enbodi ments of

t he contX ol systlerd bak wnirplmeayd@utdized ot ®imeamgadincentaofsloncniOC) nmeter, or a
nitrogen content neter be utilized to re the or T or

i trogen contn AToRrRl Peuli oreef Gatodn O ERiche™ eaimelhsriticat e
downst r eam aétet gy bé titilidel €@k ra@8ICOD bi TAC] @MisygheshteMERolidislea! f | uent
COD or TOC oruni rogen content is at or above a 20t hreshold |evel at which

the treat meHtugY spxewsicaatr ipendpynitianofihreniricptighgenitrification

system. When the effluent COD or TOC or nitrogen content is at or above a

20  threshold level at which the treatment system would efficiently treat the influent
wastewater, the flow rate of at least one of the influent wastewater stream and any
one or more of recycle streams, or a ratio of any one stream to another may be
adjusted. This may be facilitated by for example, utilizing a controller to actuate one
or more valves to adjust the amount of an output of at least one biological reactor or

25  unit operation in the system. When effluent COD or TOC, or nitrogen is at a level
such that the treatment system could efficiently treat wastewater having a higher
COD or TOC level, or nitrogen content, the flow rate of any one of the wastewater
stream and the recycle streams may be adjusted.

Further aspects of the invention can involve or be directed to computer-
30 readable media, or providing computer-readable media, that facilitates the various

features of the treatment approaches described herein.
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wastewater, the flow rate of at |east one of the influent wastewater stream
and any one or nore of recycle streans, or a ratio of any one streamto
anot her may be adjusted. This may be facilitated by for exanple, utilizing
a controller to actuate one or nore valves to adjust the anmobunt of an

out put of at |east one biological reactor or 25unit operation in the
system When effluent COD or TOC, or nitrogen is at a |l evel such that the

treatment syst e coul d ef iciently C{ﬂg@ st ewat er. havi ng a hi gher COD or
TOC | evel, or Olr GXARPIRdht "eor‘il?pu“frﬁéa WGdia @NEPMRHSE IGHEICHPNS he wast ewat er

stream and 1%%&&@3&5@& &h SEIRANE sHRYM BEa astitkbieLthat fdfol e nRERAGES of the

i nvention can involve or be directed to conputer- 30readabl e nedia, or
provi di ng cHRHNE waste\stieraplagvasteaiater tredfarent wyetem; thetmeathadeompaising@se peat ur es of
the treat r

comput or- 1 AR A RS ol bl Bucd s SEATRL Rl
conput ers sycsﬁrenbxolbg&abemtorab Ip&rdubdnatlermemkd mtizeddiquet. Nblek éthdd eatdlsag

wast ewater in a wast r.tre tem the onprisi.ng one or
mor e st eps SRIGEEUTING G LT DR TReRBENL BATE R UORERPL F FHYFRG 1t he
wast evat er dnd bisofbikgSindesifbRUoattudRaesalihd ®nRfifelEekea 1das wih i ed m xed
l'iquor. The method can also conprise nitrifying the denitrified m xed

|i quor wi t FPugpeRiled bipgaassgn gisedonf icdegica! essetor-eFhamethpd exoiuphergompessi r abl e
constituentg i I bi omass in
a second biof {)ré aefﬁl%tlgll&nblji ﬁf@hggﬁ%ﬁg{eh hﬁH(?r l?\ténﬁ&eéhag%ﬁg ?O?éllg%&eipar ating a
first pldrtisohdefich hedgv:lanmaftieetetdmfﬁwdt Havipgortotahnigroge@pama¢roratioooplesduce a

10solids-ri u tre ted uent V|n a otal nitrogen
concent rat 1 G Gt ELE T Rafs o SR taTHiePET s I an Pk SHi1E Sgen per
liter, and g@id ¢¥ thnidifSRIGHRE] PQEJrivaih Bé wbhmabﬁtblbék@@kean xed |iquor with
t he mastemater to bhe treated. In other configurations, the

conput er - r eadabl éowap%f@aﬁt@%ﬁﬁf@@w%fwébFﬁﬁél%%ﬁ@ﬁﬁ%ﬁeam e on a
conput er Sy sLRINiOHs ithpTMHEntBld &f a & ut&%g +Oh 5B 2 RorkryTRe} mgfj%é?forﬁxg gating
wastewater in a wastewater treatnent system the method having one or nore
steps flor tmehod ﬂ@rMGisg me‘eater intaevasesvtatal tt@@tlmnt sylswgi pj‘reowthndﬂgwlmg/vastevvater
to betreatoen(gorandg d%vrytgvlafelrgt trﬂ(g e at er ina first
Beepre P 8‘?%} Str%gep "%i%ed i quor.

bi ol ogi cal re€acto
The met hod W&tewater to be treated, and promoting denitrification of the wastewater in a first

Q?st%water 1l§]1

biological reactor to produce a first biologically treated mixed liquor. The method for
treating wastewater can also comprise promoting biological sorption of the first

20 biologically treated mixed liquor and biofilm growth in the second biological reactor.
The method for treating wastewater can further comprise separating an effluent of the
second biological reactor to produce a solids-rich sludge and a treated effluent having
a total nitrogen concentration of less than about 10 milligrams of elemental nitrogen
per liter, and treating the solids-rich sludge in a third biological reactor to produce a

25  biologically treated sludge.

The function and advantage of these and other embodiments of the 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.

30
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treati ng wastewater can al so conprise pronoting biol ogical sorption of the
first 20 biologically treated m xed liquor and biofilmgrowh in the
second biological reactor. The method for treating wastewater can further
conprise separating an effluent of the second biological reactor to produce
a solids-rich sludge and a treated effluent having a total nitrogen
concentration of |ess than about 10 mlligrans of elenental nitrogen per
liter, and reaHi g the solids-rich sludge in a third biological reactor to
produce a %Bically treated sludge. The function and advant age of

t hese and ot her enbodj nents of the systens and techni ques di scl osed herein
will be nore fulAYMORGEPEOGH NP PsATUE Gl tidizigs teealaens wsterh 40 pothodiing exanpl e
i's intendedribgeil lustrate the benefits of the disclosed treatment approach,
but do not exenplify the full scope thereof. 30 Exanple 1 Anmoni a
renoval Swas neaslueatheutsybtemi iffggomptisesat sopree of yestewatgiOl ldgo bhowated.nTld gure 1.

ST e TN RS AIPLSOE R R R IR R e Lo oS

The source OF Wast ewat er @Iarifier

(not  shown)alloer sttliono e tdabt avhredn @tcoh@asdntSobE §duddt dIfwasenpentles of the
source of mastemater,t? be treated. A solids-|ean wastewater is then
i ntroduced F5358- anthide-leag masteyatet i thenggiediicsd xRk L i lRegoducguor 212

whi ch can begdnfitifofneed 1ig0bo> 2 iagl£de iht &RLEERo Eiarakic&ﬂiléa&ner_@i@kogi cal
treatment tank 114 pronotes biosorption of bi odegradabl e materials in the
deni t ri kG ed! It Beelogiceuisatmandtaak 4 &4 prooratsdsosoipsion ofrbipdesredablendataiials i fi cat i on
of the denitrfi .l l,quor.. T o) .C reat ment. tank 114 produces
a nitrifiedkﬁ%%gﬁﬂvldﬁ%ﬂwgi%uﬁkwgﬁﬂggg%ﬂ%gg%ﬁﬁgﬁggﬁﬁ%a% %Fgg?ﬁ?%?ﬂ116 to
produce a st téstifiedmiséd iapior. 2Mg: HoldgRalsedatraksrt kdnk 1 18 btodigecs2hfirifiddpor ti on of

treated o BEST HiTSdUd O TS ARGRRCAE deraieh) (¢ boyedies PoHusate! The

sol i ds- 1 ean 3hh@aBLRd 8 sdIflsFich@rligd 2D QRBrtRA JMBcGhidigad %{iﬂz&larquep_t jsshing

units 120. The solids-rich sludge 219 is divided allowi ng a

porti onlof i§sicyeled fo thh wabtatater RAQ treated g0 beinjrefvwndd paetoxicdadlo U2y of

wast ewat er IIercpeeTiJerﬁ%F Gfle %&Pdsglganbs%'egtgtflQ%Jé:i?egte%% Bh Lo AN idgwﬁﬁ%iﬁmllz'
polishing units 120.

The solids-rich sludge 219 is divided allowing a portion of solids-rich sludge
220 to be recycled back to source of wastewater to be treated 110 to be introduced

20  into anoxic tank 112.

A portion of the solids-rich sludge 219 can be introduced to an anaerobic
digester 122 to produce an anaerobically digested sludge 226. A portion of the
anaerobically digested sludge 226 is disposed of as a waste sludge 130. A portion of
the anaerobically digested sludge 226 can also be recycled back to the source of

25  wastewater 110 to be introduced into anoxic tank 112.

Prior to introducing at least a portion of the solids-rich sludge 219 to the
anaerobic digester 122, a portion of the solids-rich sludge 219 is introduced by way of
line 222 to a thickener 118 to produce a thickened sludge 228 and a sludge-lean
portion 224. The thickened sludge 228 is introduced into the anaerobic digester 122

30  and the sludge-lean portion 224 is recycled back to the source of wastewater 110, to

be introduced into the anoxic reactor 112.
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A portion of the solids-rich sludge 219 can be introduced to an anaerobic
di gester 122 to produce an anaerobically digested sludge 226. A portion of
t he anaerobically digested sludge 226 is disposed of as a waste sludge 130.
A portion of the anaerobically digested sludge 226 can al so be recycl ed
back to the source of 25wastewater 110 to be introduced into anoxic tank
112. Prior to introducing at least a portion of the solids-rich sludge 219

to the anaerobic. digester 122 ortion of the. splids-rich s|ludge 219 is
| ntroduced by vedUTR (1 Reca53hs Bydaulici et imeL s the miisdaie! ¥ Fhi ckened
sl udge 228 wiflecd aBbHAIRhHBRAnPBE hi@BulZ2dtentBietihBi e BRMo SN G802 281 | S

i ntroduced into the anaerobic digester 122 30and the sl udge-|ean portion

224 is recyiébeivepmetout dhowe source of wastewater 110, to be introduced into

t he anoxi c react . rj LS.:Pr: i.c retention
tinme inxlhe anoQggmﬁéﬁkmiTghﬁgy%é?ﬁiggﬁa g%?gﬁgg&%%ﬁégﬁgﬂ%g%ﬁ%&hidrauIic

retenti on tilde Tha bidigmholeogircale of e potyarerit hdhtértal et vveepieatiout 6@s6ur s. Upon

start-up of this syst a biofilmcarriser. i s added. ta bj o] ogi cal reactor
5110, The HPOIPERECRE Ak 1O Rt 33 oty e e PRI B Bocup! os

about 66% Oferd PerciRlo8 R a@herdbitARKIIcRted BRAEOW BBIcRIbad2toThe urgUtf ace area
for biofilmto grow. Zero percent of the anaerobically digested sludge is

recycl ed bavdstavstarHd0 &pbg BEodicedise tranaric 1epgtor 1% eDuimg Bistadul nt o t he
anoxi c rea E I -:UR; J ihcal l'y di gested
sl udge is F@%%&géa%%kﬁgﬂgy3g§§%§§ﬁ§§§ggfgg¥5%g%%%ﬁ%ﬁ?aaﬁ%ﬂgﬁg to be bound
by theolly, Withig vioslingtode Honad bypperat itngbd leecdsthsttaprraving thewsysteecycl i ng t he

anaer obi cal | y. di gest.ed sl udge,al Jo iofilmto ow,on the biofilm
carrtars vt B5TUER FrabiG Rl St Rart el By P HRYLRYo SRS Bufieh,

appr oxi mat ediyfiith d¥pi@k inf bislogirabeadbcall Wik gesbasthasdyegenwas, recycl ed back
to the source of wast ewat er 110 to be introduced into the anoxic reactor
112. After 2Pgraxgyyclyioke oftheompceliedlly diggsied siidge pas regydedipickiiniceased to
8. 1% of the,anRa’k RRLERALY1 1@ @88 tRfduced into the anoxic reactor 112. After 18 days,

15 at 4.1% recycle, the recycle rate was increased to 8.1% of the anaerobically digested
sludge.

Figure 2 shows the improved nitrogen removal in the effluent stream 218, as
compared to nitrogen removal achieved in a biological treatment process shown in
Figure 3 in which the hydraulic retention time of the aerobic process is in the range of

20  about 4 to 12 hours, and as compared to another process utilizing bio-sorption,
contact stabilization, and anaerobic digestion shown in Figure 4 in which the
hydraulic retention time of the combined bio-soprtion process and contact
stabilization processes is about 2.5 hours. In Figure 2, ammonia-nitrogen levels were
consistently reduced to below 5 ppm, while in Figures 3 and 4, which show the other

25  processes, these low levels of ammonia-nitrogen could not be achieved. It has been
shown that ammonia-nitrogen levels can be consistently reduced below 5 ppm for
over three months.

It was also found, as shown in Figure 5, that in addition to reducing ammonia-
nitrogen levels to below 5 ppm that the COD levels in effluent stream 218 were

30  consistently reduced to below 80 mg/L. This level remained consistent in each of the

wastewater treatment processes tested, as shown in Figures 6 and 7. As with the
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sl udge. Figure 2 shows the inproved nitrogen renoval in the effluent
stream 218, as conpared to nitrogen renoval achieved in a biologica
treatment process shown in Figure 3 in which the hydraulic retention tine
of the aerobic process is in the range of 20about 4 to 12 hours, and as
conpared to another process utilizing bio-sorption, contact stabilization,
and. anaerobi c digestion. shown in Figure 4 in which the hydraulic retention
time of the gongined bio-so rtion process and, contact stabilizatjon
processes i'§IUEHAHrOge cHeloribe PHORESEY SRl e PFeseqiinrition iR FYGEHIHEVEIVES wer e

consi st ent | yopQEEEH theleRELR WranPRMBel B Bl NfFbsHRRe Rodfld. 4, Which show
the ot her 25processes, these | ow | evel s of "anmoni a-ni trogen coul d not be

achi eved. |t hashyeexamplrolemanbizatesthatohe propgss podrsaribashabbee s gffe@eve in
consistently. . ice pm,f 1 hr I Mﬁg so found,
as shown i n@%‘%’r"@ lg?]g?hg&r?%&aaggicﬁ%%\(]? 1:‘:S) nﬁgl %@%P%@&e& it 1r%llc?gen | evel s
to bel oW 5 thge tdhak, dndeit £dWdr dyéiaslid Rtedfibi timathadta@amn?ibBal\waodc-

30consi stently . reduced_ t o bel # This. | evel remained consistent in

ow 80 /L.
each of thePofidpdt Rigatser The theyt hyﬂfaggéé"é%‘of‘é‘ﬁeéﬁf:r SROVEHIRA 49RXKET gur es 6

and 7. As Weldbid M8cess@FLAREs Hickdi2geDsth BY BloviditdoRIPeesrandifidiie present
i nvention can consistently reduce COD levels in the effluent streamto

bel ow 80 ntffdatmeit opwastewsigtee nont hs. Thi s exanpl e denonstrates that

t he process as described above is effective in maintaining | evels of
nitrogen and COD levels in the effluent stream bel ow specific 5target

val ues,10and at a Thoweskilkeddn gelartcwedd enatlilpappdredide thiatheaadanyardmeasral anoxi c-

aerobi c process._.The.sharte Eng hé/.draulic retentiop ti over f:onventional
anoxi - aer GBCOpISEBBALeTBATLRYB SR AETH EoSewPly BREVRAEHE! mor o
ef fective angh®diérs ah®BdnflghRAbARRII RbeBFIBMRS ecifié AfRRsBosFor Wheth the the art

woul d readily appreciate that the various paraneters and configurations
descri bed h¥plems aad methedne! the piseené kesptiaryaye ased- tlihase skétedan thsaetamdlt er s and

confi gurations  Wel §; fleRRNY 24ROt RB o HBGGAE HEn PR HeGRp ARt RlonWakGN t he
0 T ski 17

systens an ds of the present invention are use ose ed in the
art will5 r exogalens,to gre specifibbimbodmasts dedcaibed useing Fooexaompes, thvanskilded i ne
ﬁé?gr Inmagt) ?itnlé}geg%{;%? Ye[céglﬁ%utg\\éﬁatkl? g%‘, errg,%ngl ngggn%%ésftf)e%eoeij:retl)c%grldﬁrr}agr% %hedes cri bed
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
20  claims and equivalents thereto, the disclosed treatment systems and techniques may
be practiced otherwise than as specifically described. For example, although the term
“solids-lean sludge” has been used herein to refer to a 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
25  techniques are directed to each individual feature, system, or method described
herein. In 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

30  improvements will readily occur to those skilled in the art. Such alterations,

modifications, and improvements are intended to be part of this disclosure, and are

32



in the art may recogni ze that the system and conponents thereof, according
to the present invention may further conprise a network of systens or be a
conponent of treatnment system It is, therefore, to be understood that the
f oregoi ng enbodi ments are presented by way of exanple only and that, within
t he scope of the appended 20cl ai s and equi val ents thereto, the disclosed
treatnent systens and techni qgues may be practiced otherw se than as
specifically described. For exanple, although the term"solids-Iean sludge"
has been usiB@nshtaibg within e epiri gdscepagpeithe ingentignodatexampife aPertionipds been
used only foriqd lilisthatd Yk 2188 ehifhd hiodlREd AORARLard Lt Lhe scope of
the clains to a particular separation technique. e present treatnent

syst ens andpR&tibechoh spremimarg cthrifies oed btodogieet korptichi enikdwabothedn othe; syst em
or nethod descrjbed.herein. In addition, any conbination of t or nore
stch T eat ur e B STEEs Brm sBON S4B WulPime B tisfls Qe ifetes hods. are
not nut sal | epdrioPne/sittelpolidhingd @i, Ud@theMrshhdes! ﬁﬁeﬁ@i@g@fe@tfnehhﬂcmyesent

i nvention. . Further, it is to be appreciated various alterations,
nodi fi cati dRY) beamadified ipHBize REREQPATAL any OREOF oBCasnecty of thhByentie; | | ed in
the art. S j LE | ‘ ' L ntended to
be part of R e e e B R b Bk B P
scope of t hxisting &vilitp o cdriseraaphas reactporbiaegicfl rewlor dapableati st ream or t he
sl udge stream can be introduced.to an,upsfreamupit.operaftion, such as a
o immry ol dpprare S kS0 B PR b g B8 A Pipdier Cases,
the soliods-theansgony ddsexiption ahd arasliniges beany poeaindie iy hetdt rgcted to

anot her 5separator, and/or to a polishing unit. In other |nstances, an

exi sting t r@awﬁe?ﬁmftwrﬁwws AaPOYENESi FYaHoRo RS Parslasly HIKYGHsdor at e any

One or nor §eRSRGE: BN frdr I@ﬁarbﬂ&%io‘? thord bid ﬁygiéapre§88f'§ _n?a%lsc%%tili%élfiln_torng at ment

systens can 1 nvolve connecting or configuring an existing facility to

conpri se arpramosireing ehdhe treatmgnbsysteoyi cal react or capabl e of pronoting

bi osorpti on and ;bj ofi h, ,and:an,apnaer obi.c. di, . Acgar di ngly,

10t he foregoing[%gg%P%%%?%%%%ﬁﬁm%Fa§ﬁﬁgs“§r%8 fﬁﬁgyggih%£gﬁﬁ?%eonly.

Furt herlS t hped@pitivhiapdslainm tbhodifyain eigsend dogzaibt by elf doheote Bveptidrdns to the
particularly illustrated representations., For exanple, one o, pore

bi ol ogi cal ﬁyfscsé‘fr&ﬁsorrpa BEotH ¢ PRSUE VRIS HE" B Rt oF TR “b‘_rV{“tCHgCtﬁr eat ment
system Use,ofm@hsh fahelf&hd¥8, SHGR RA8d ndeldiPhs label$ 8RR Fgiish b Eifmentand t he
like in the 15 specification and clainms to nodify an el ement does not by
i tsel f conrf@vagdmpripiningmetiipm yroshes glemest hayingoy yare nemeohis feruspehtheover

anot her Or(ﬁﬁﬁaﬁsﬂPQBEEiﬁ@ﬂﬁﬂ:é&e%@ﬁ&h acts of a nethod are perfornmed, but
are used nerely as ’l'a efs to glstlnguish one el ement having a certain nane

from ari® her el enment having a sane nanme, but for use of the ordinal term

to di stinguish Rpﬁn?éagﬁﬂkﬁ§ 20 What is clainmed is:
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CLAIMS 1. A nethod for treating wastewater conprising: providing a
wastewater to be treated; 5denitrifying the wastewater in a first

bi ol ogi cal reactor to produce a denitrified m xed |iquor; nitrifying
the denitrified mxed liquor with a nitrifying biofilmon a carrier and

bi osor bi ng undesirabl e constituents fromthe denitrified mxed [iquor with
a suspended biomass in a second biological reactor; 1l0Oseparating a first
portion of the nitrified m xed quuqhﬂéﬁﬁg separator to produce a
solids-rich sludge and a treated eff having a total nitrogen
concentratipn of |less than about 10 mlligrans of el enental nitrogen per
liter; and conbi ning a second portion of the nitrified m xed |iquor
with the welnehedder trestipg WaptewategcomBising: The nethod of claim 1, wherein a

hydraul i c reten&%&nﬁggg$ﬁgﬁﬁégﬁgggggﬁgﬁbioIogical reactor is less than

about three hou e aim 2, further conprising treating
at | east5S a port idenitidfyirtghtbe RAselvateisinnifolt bédlogige réastom td priotacelr dehargfiedl

react or tolgro rce a biologically treated sludge. 4. The method of claim
3, further '%ng thickening the at | east a portion of the solids-rich

sl udge to produGgidyihdirekenadiel Hoee igns vathsd Mgg?mgjeama%taﬂ @Prier4piherein
treating the solids-rich sludge in the third biological conprises treating
t he biosorbing undesirable constituents from the denitrified mixed liquor with a
suspended biomass in a second biological reactor;
10 separating a first portion of the nitrified mixed liquor in a separator to produce
a solids-rich sludge and a treated effluent having a total nitrogen concentration of less
than about 10 milligrams of elemental nitrogen per liter; and
combining a second portion of the nitrified mixed liquor with the wastewater
to be treated.
15

2. The method of claim 1, wherein a hydraulic retention time in the second

biological reactor is less than about three hours.

3. The method of claim 2, further comprising treating at least a portion of the
20 solids-rich sludge in a third biological reactor to produce a biologically treated

sludge.

4. The method of claim 3, further comprising thickening the at least a portion of
the solids-rich sludge to produce a thickened sludge and a sludge-lean portion,
25  wherein treating the solids-rich sludge in the third biological comprises treating the

thickened sludge to produce at least a portion of the biologically treated sludge.
5. The method of claim 3, further comprising combining a portion of the

biologically treated sludge with at least one of the wastewater to be treated, the first

30  biological reactor, and the second biological reactor at a predetermined flow rate.
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t hi ckened sludge to produce at |least a portion of the biologically treated
sl udge. 5. The nmethod of claim 3, further conprising conbining a portion
of the biologically treated sludge with at | east one of the wastewater to
be treated, the first 30bi ol ogical reactor, and the second bi ol ogi cal
reactor at a predetermned flowrate. 6.The nethod of claimb5, wherein the
portion of the biologically treated sludge conbined with the at | east one,

of the wast ewat to be t ated, the first. biogl ogi react or nd th
second bi ol dgi c el G M0 BR8N FBP@IOBG&T‘S%@%C%%%F@rsm%ﬁ%d fl ow

rate. 5 7.cohitnedBEide of iesd BB lihe {vaEENREr 16 BERIChSH N8k HifsERbidattal he
wastewater to be treated in a clarifier |ocated upstream of the first

bi ol ogi cal Iﬁ@@i@t ard the gecomhbiokagidabigadpr 6 lapprakimateln e9%@iof thefpeedetasmined ef f | uent
conpri ses £pppni a 10concentration of |ess than about five mlligrams of
el enent al nl%rogen per liter. 9. The nethod of claim8, wherein the
treatedsffluent conprises a chem cal oxygen demand concentration of |ess

t han about 80 ra | i 1510, A wast.ewater treatnment system
conpri si ng: 78a sé'h}f’éfg %‘frgs%fp C\?@é‘%‘t e\‘%ﬁ{h& cqupprsing tegtjpg the Wastewater i e g
b'0|09'03|t&%&ﬁh@ﬁcﬁﬁﬁbﬂﬁcﬁ&imﬁh@&n%kﬂkQHMﬂﬁ&GQ&ﬁR&Quﬂomﬂstrea"1fr0"1the
source of the wastewater; a biological sorption tank conprising a biofilm

carrier, and havi ng an i nl et 20fluidly connected to the first biological

reactor, the bi Oﬂh%%e‘i{?rldtéf%ﬁd%' 1%11%:%%}18%&%& é’@h@xﬁ c%@ﬂf@efs aﬁ%ﬁfﬁ%nﬁ mai nt ai n

an effluent ‘havi ng a ni'tfogen concen ion o ess than about 10

m | |igridns @hempatied oﬁie:tsrtb@mbopeﬁvel milkkgramandf delydalautrogenipet Btat.i on ti ne of

| ess than about three hours; a separator having a sludge outlet,
an effluent outlet, and an inlet fluidly 25connected downstream of the

bi ol ogi cal sor ptTRMmdREHGT B3k 8, wherein the treated effluent comprises a chemical

oxygen demand concentration of less than about 80 milligrams per liter.

15 10. A wastewater treatment system comprising:
a source of a wastewater to be treated;
a first biological reactor having an inlet fluidly connected downstream from
the source of the wastewater;
a biological sorption tank comprising a biofilm carrier, and having an inlet
20 fluidly connected to the first biological reactor, the biological sorption tank
constructed and arranged to maintain an effluent having a total nitrogen concentration
of less than about 10 milligrams elemental nitrogen per liter and a hydraulic retention
time of less than about three hours;
a separator having a sludge outlet, an effluent outlet, and an inlet fluidly
25  connected downstream of the biological sorption tank; and
a sludge recycle line fluidly connecting an outlet of the separator to the source

of wastewater.

11.  The wastewater treatment system of claim 10, further comprising an anaerobic
30  digester having an anaerobically digested sludge outlet and an inlet fluidly connected

to the sludge outlet.



a sludge recycle line fluidly connecting an outlet of the separator to the
source of wastewater. 11. The wastewater treatnent system of claim 10,
further conprising an anaerobi ¢ 30di gester having an anaerobical ly di gested
sl udge outlet and an inlet fluidly connected to the sludge outlet. 12.
The wastewater treatnent systemof claim 11, further conprising a sludge

t hi ckener having an inlet fluidly connected downstream fromthe sl udge
outl et of the 5separator, a thickened sludge outlet fluidly connected to

t he anaerobic digester, and a solids |ean outlet. 13. The wast ewat er
treatnment systemof claim1l, further conprising a mxed |iquor recycle

l'i ne quidIy connecting an outlet of the biological sorption tank to the
10sour ce of lvastBwarasicwater freatmigat sysismefteam 1l r eiathergempsigggasiusige cl ai m 13,

further CO’@L&@&P Haithic Ak ?‘%ﬁ%ﬁ%’}%‘ﬂ%ﬁ%‘%ﬁe% lf't%g}eth%. gﬁ%ﬁ%& Sutlel DL ! Ut dly

connecti ng e anaer obi ca e outl e source of

wast ewatser . sefpiratod, . thithenedabidgnaitker fltideadomredtedstyshemaeiobie] dganet,dndhur t her
conprising a.. IFrifi r located upstream of the first biological reactor.
16. A nethdﬁhg?e?%SWﬁ?tating wast ewater treatment in a wastewater treatnent
20system for reducing a concentration of a nitrogen containing conpound
froma wastewater, the system having a source of wastewater, an anoxic
react or, anl3aer obficcvasieanates freatgend sysldm afglron I elyibprecosintismmarmigedl| y

Ceparator . TRgPHT HECAHAR AFARRDE A SRR B R D dIReARIRNE LERELMEL ot (e

separ atidr twoutchef angrwater. eact or, the method conprising: 25introducing a
biofilmcarrier into the aerobic reactor; and fluidly connecting a
solids-rich outlet of the separator to an anaerobic digester.

14.  The wastewater treatment system of claim 13, further comprising an
anaerobically digested sludge recycle line fluidly connecting the anaerobically
digested sludge outlet to the source of wastewater.

15
15.  The wastewater treatment system of claim 10, further comprising a clarifier

located upstream of the first biological reactor.

16. A method of facilitating wastewater treatment in a wastewater treatment
20 system for reducing a concentration of a nitrogen containing compound from a
wastewater, the system having a source of wastewater, an anoxic reactor, an aerobic
reactor, a mixed liquor recycle stream fluidly connecting an outlet of the aerobic
reactor to the anoxic reactor, a separator, and a sludge recycle stream fluidly
connecting an outlet of the separator to the anoxic reactor, the method comprising:
25 introducing a biofilm carrier into the aerobic reactor; and

fluidly connecting a solids-rich outlet of the separator to an anaerobic digester.
17. The method of claim 16, further comprising fluidly connecting an outlet of the

anaerobic digester to at least one of the source of wastewater, the anoxic reactor, the

30  aerobic reactor, the mixed liquor recycle stream, and the sludge recycle stream.
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17. The method of claim 16, further conprising fluidly connecting an outl et
of the anaerobic digester to at | east one of the source of wastewater, the
anoxi c reactor, the 30aerobic reactor, the m xed |iquor recycle stream and
t he sludge recycle stream 18. The nethod of claim 17, further conprising
fluidly connecting the solids-rich outlet of the separator to a sludge

t hi ckener, and fluidly connecting a thickened sludge outlet fromthe sludge
t hi ckener tQ the_ anaeropic. digester. 519. A neft hod for treating, wastewater
conpri si ng: lg_pr oViimgh %&‘@\9\& éﬁ’t_h?‘bcoﬁé’_“cs}“@a ‘égly Co?necun%&ﬁﬁ% ‘?Sﬁr@j]

deni trifi cajuteiofhe §p8ratRed £WRHEY thicRerr fdnf $luid SbRG¢GRa thRR&HA sIUdge Pr 0duce

a first biologically treated m xed |iquor;, pronoti ng biol ogi ca
sor pti on ofoutlgefrem thy slurdesitiiefanat toyhg anaanob digssisd | i quor and 10bi of i I m
grow h in a second biol ogi cal reactor; separating an effluent of the

second bi ol ogical reactor to produce a solids-rich sludge and a treated
ef f | uentS haM. ng Aantediod|fomtidatingenstewnecthipaisingn of | ess than about 10
mlligrams of elenental nitro nOOlfer liter; and treating the

e
sol i ds-rich sl ud§fiRea ¥asiePachbivrdieldi reactor to produce a

15bi ol ogi cal |y tg@ab@eh &hHbgEtiod Of fHRevAIRLWARE i1Pf fifst BiloBglAl rewbier @i n t he
hydraulic retention tinme in the second biological reactor is |less than

about t hr eePrdise 8 firstdpalogipalyrtegateddnised Bqusirm 20, further conpri si ng

t hi ckeni ng the LAs:rd-ch . 1 1 : a
sl udge- | ean por fp?%rh&%\%%?l’éig%ht% (ragglto}](rzl)aa{eﬁg&gbg 1%@%&@&?%@%@9@%@ ﬁe third
bi ol ogildal Wofifpr greesh racatomigivlhgictlhreackened sl udge to produce at |east a

portion of the biologically treated sl . .2522. The et hod of  cl.aim 21,
Rherern promti R BT SIGReCrs SFBE g PREIRT FRAger By BT ar &ath g Hteat od
m xed | i quodludednddh @bitkdt@renthaymg ARGtk S0 sdht doRetMGhIeh & 1Bds@hdnl dBog@rrier to
the second bi ol ogi cal reactor.
10 milligrams of elemental nitrogen per liter; and
treating the solids-rich sludge in a third biological reactor to produce a

15  biologically treated sludge.

20.  The method of claim 19, wherein the hydraulic retention time in the second

biological reactor is less than about three hours.

20 21.  The method of claim 20, further comprising thickening the solids-rich sludge
to produce a thickened sludge and a sludge-lean portion, wherein treating the solids-
rich sludge in the third biological comprises treating the thickened sludge to produce

at least a portion of the biologically treated sludge.
25 22.  The method of claim 21, wherein promoting biological sorption of the first
biologically treated mixed liquor and biofilm growth comprises introducing a biofilm

carrier to the second biological reactor.

23.  The method of claim 19, further comprising treating the wastewater to be

30  treated in a clarifier located upstream of the first biological reactor.
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23. The nethod of claim 19, further conprising treating the wastewater to be
30treated in a clarifier |ocated upstreamof the first biological reactor.
24. The net hod of claim 19, further conprising introducing a portion of the
biologically treated sludge to at | east one of the wastewater to be
treated, the first biological reactor, the second biol ogical reactor, and
the clarifier at a predetermned flowrate. 5 25. The nethod of claim 24,

wherein the, portion of bi ol ogically treated sludge intrqoduced to the to
at |east or" of }Wénﬂﬁ%{ @ﬁ9t ”%@“F%Eﬁ?gﬁfmf ‘e §F”HW6& cal reactor,

the second Wblekiegit@datddeddeelio atdbdt b rehawhddvlterts baRpAOK iNRG.l Y 50% of
the predetermned flowrate. 10 26. The nethod of claim 19, wherein the

treated ef fhiplopicaldersst deseend hivkagigahreaeias and thetdasiicopt 4 redetermaredabout fi ve
mlligrans glepental nitrogen per liter. 27. The nethod of claim 26,
wherein the treated effluent conprises a chem cal 150xygen denmand
concentriation of less than 80 mlligrans per liter.

25. The method of claim 24, wherein the portion of the biologically treated sludge
introduced to the to at least one of the wastewater to be treated, the first biological
reactor, the second biological reactor, and the clarifier is approximately 50% of the
predetermined flow rate.

10
26.  The method of claim 19, wherein the treated effluent comprises an ammonia

concentration of less than about five milligrams elemental nitrogen per liter.

27.  The method of claim 26, wherein the treated effluent comprises a chemical

15  oxygen demand concentration of less than 80 milligrams per liter.
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