SUSPENDED MEDI A MEMBRANE BI OLOG CAL REACTOR SYSTEM AND PROCESS | NCLUDI NG
SUSPENSI ON SYSTEM RELATED APPLI CATI ONS [01] This application clains the
benefit oWoWofd/14R6@vi si onal Patent Application No. 61/ 22¢TaB00miosssd4 July 8,
2009, and U. S. Provisional Patent Application No. 61/186,983 filed on June
15, 2009, the disclosures of which are hereby incorporated by reference in
their entireties. BACKGROUND OF THE | NVENTION Field of the Invention [02]
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BACKGROUND OF THE INVENTION

Field of the Invention

[02] This invention relates to wastewater treatment systems and methods.

Description of Related Art

[03] Effective handling of domestic sewage and industrial wastewater is an extremely
important aspect of increasing the quality of life and conservation of clean water. The
problems associated with simply discharging wastewater in water sources such as rivers,
lakes and oceans, the standard practice up until about a half century ago, are apparent -
the biological and chemical wastes create hazards to all life forms including the spread of
infectious diseases and exposure to carcinogenic chemicals. Therefore, wastewater
treatment processes have evolved into systems ranging from the ubiquitous municipal
wastewater treatment facilities, where sanitary wastewater from domestic populations is
cleaned, to specialized industrial wastewater treatment processes, where specific
pollutants in wastewater from various industrial applications must be addressed.

[04] Biologically refractory and biologically inhibitory organic and inorganic
compounds are present in certain industrial and sanitary wastewater streams to be treated.

Various attempts have been made to address treatment of such biologically refractory and



conpounds are present in certain industrial and sanitary wastewater streans
to be treated. Various attenpts have been made to address treatnent of such
bi ol ogi cavbyoroefsramat ory andbi ol ogi cal ly inhibitory conpecmds201@¢®sscad n t ypes
of known treatnent include use of powdered activated carbon to adsorb and
subsequently renove biologically refractory and biologically inhibitory
organi ¢ conpounds. [05] Nonethel ess, a need exists to treat wastewater

cont ai ni bi ol ogically refractory. and biologically inhibito organi ¢ and
por gani EokGiaUEARS DS ETP RS By B S S TER wells uter ed
activated carbon and ot her existing technol ogies. SUMVARY OF THE | NVENTI ON
[06] | n BREdrerhaci®/aifd earbefe topdspsh ané rebwaremtysrenaye hiplpeisailv efrastaes to a

system and nmethod of treating wastewater. [07] In accordance with one or
nor e enbadi brelogsally mhibitoventgaor coslpatieds. t 0 a wast ewat er treat nent system
conprising a biological reactor having a separation subsystem a suspension

system ajid] 2 Neihhaes, QRRE@EXIRG (6 heWastdWaes epatialigfloRdRaN s redctsy
constructed and arranged to maintain adsorbent nmaterial in the biological

reactor wd Bidtoditafdidyitsey 'orgﬂﬁc SHEPADLRR SHEPSMUL SviRRsk (diQaeshd et he
bi ol ogi cal reactor "and i s constructed and arranged to nai ntal n adsor bent

material _in.suspension with mxed |liqupr. T nenbr.an rating systemis
ocat cd HOWIAE! ST bieane B Gt et B SRR SRk anc
arranged_to rgceive treated m xed liquor fromthe biological reactor and

discharg%U]é(l QHQTH%FN¥§N310PO8] I n accordance with one or nore

enbodi nents, the suspensi on system conprises a gas lift suspension system
The gas 1061t Busgsersshenwihgmerargaereiondiodiecrs. the aneniereraites to @ gpgem
positioned in the biological reactor and a gas conduit having one or nore
aper t ur eand method of treating wastewater.

[07] In accordance with one or more embodiments, the invention relates to a

wastewater treatment system comprising a biological reactor having a separation

subsystem, a suspension system and a membrane operating system. The separation

subsystem is constructed and arranged to maintain adsorbent material in the biological

reactor with a mixed liquor. The suspension system is positioned in the biological reactor

and is constructed and arranged to maintain adsorbent material in suspension with mixed

liquor. The membrane operating system is located downstream of the biological reactor

and is constructed and arranged to receive treated mixed liquor from the biological

reactor and discharge a membrane permeate.

[08] In accordance with one or more embodiments, the suspension system comprises a

gas lift suspension system. The gas lift suspension system can include at least one draft

tube positioned in the biological reactor and a gas conduit having one or more apertures

positioned and dimensioned to direct gas to an inlet end of the draft tube. The gas lift

suspension system can alternatively include at least one draft trough positioned in the



positi oned and di nensioned to direct gas to an inlet end of the draft tube.
The gas |ift suspension systemcan alternatively include at |east one draft
trough posotomvigm®eitn t hebi ol ogi cal reactor and a gas comdWiuS201@vssg4 one or
nore apertures positioned and di mensioned to direct gas to a | ower portion
of the draft trough. [09] In accordance with one or nore enbodi nents, the
suspensi on system conprises a jet suspension system [10] In accordance
with one .or nore enbodi ments, the.separation subsystem i ncl udes SGreen
posi 11 onddiogicab el M9 Gt SFhEORIU BRI P el M PEtYrer PoSERBraRde wi t h
one or nore enbodi nents, the separation subsystemincludes a settling zone
| ocat ed Pimsrpigaedtordigciogas|tep lgrerneaian of|thyfiaH|troughct or . The settling zone
can include a first baffle and a second baffl e positioned and di nensi oned
to defi n®9% gl msaenicezwitle ongrommorhenrelimdgerthe sispaeti@r syatensepapratees from
m xed |iquor and settles into the mxed liquor in a |lower portion of the

bi ol ogi ct suspatici systeti.t her, the settling zone can include a screen or a
weir positioned proximate the outlet of the biological reactor. [12] In

accor dang@) W i, 2BRIafle WRA ©nE PR IBRbSdincRR, IHRERIrhRSh LBk Ak&R itQudds

wast ewat er “treatnent systemin which a source of adsorbent” materi al

| nt roduct | op, ARRAIALYS L GRMHALSRILS0, Wk, the biol ogical reactor. In
addi ti on? >A°EEnsHI° TS Y cOnst Fudt €d "an arranged to neasure a paraneter of
t he syst Further, a controller is in electronic comunication with the
sensor aHd] pr Bgicanitarce Bith R8¢ PLECTHEMPRH SRS GFSCRATALRY SUba%ET™ SFFlYdes
measur ed paraneter of the system The neasured paraneter can be the
concent r as¢tdimgofongdecatad proximaie derusiehphty Welepsahwsectorhdhasettlgrzdnacl ude
removing at |east a portion of the adsorbent material fromthe biol ogical
react or , canihchle adfirsndaffle and a second baffle positioned and dimensioned to define a

quiescent zone in which the adsorbent material separates from mixed liquor and settles
into the mixed liquor in a lower portion of the biological reactor. Further, the settling
zone can include a screen or a weir positioned proximate the outlet of the biological
reactor.

[12] In accordance with one or more embodiments, the invention relates to a
wastewater treatment system in which a source of adsorbent material introduction
apparatus in communication with the biological reactor. In addition, a sensor is
constructed and arranged to measure a parameter of the system. Further, a controller is in
electronic communication with the sensor and programmed to instruct performance of an
act based on the measured parameter of the system. The measured parameter can be the
concentration of one or more predetermined compounds. The act can include removing
at least a portion of the adsorbent material from the biological reactor, and/or adding

adsorbent material to the biological reactor.



adsorbent material to the biological reactor.[13] In accordance with one or
nore enbodi nents, the invention relates to a wastewater treatnent system
for treatwogowasgtr®swat er. The system i ncl udes a bi ol ogi caCTriSaeo886wi t h a
wastewater inlet, a mxed |iquor outlet, and a separati on subsystem
associated wth the mxed liquor outlet. The system al so includes a
suspensi on system for adsorbent material positioned in the biological

react or, d menbr ane operating system | qcated downstream of the

b1 o 0g1 HRTr ofic AErNHIE G B oIt THR FTRog Gt CAN PO IE Rt hE i xed

|l iquor outlet, and a treated effluent outlet. [14] In accordance with one
or nore WAKOUIARHERMeRheysieAy ENttIesHNg avagterdter o The pysfemsiaciudes @ bioAegieay

wast ewat er. The process includes introducing mxed |liquor into a biological
r eact or ; repctbr odticiangasesaebaret, manexedalliquont outldie abd ol egpacaionr sdsysoemwi t h
the m xed |iquor; suspending the adsorbent material in the m xed |iquor
using a gasciatdlGAth GPEhiREY Nigusiondict.i TRS sthah dNoRludeAdS¢HRhIION sPdtem
contam nants fromthe m xed |liquor by the adsorbent material; and passing
an ef 1| UgRtadld1Blnd Ha@HBSh AR iX (¢ BRIQficAISRIGERha BhEihAlne [dRMhbe

bi ol ogi cal reactor to a nbrane operating system whil e maintaining

adsor beng S en% I’oi z%led i cri]o trE]s reatl)rinOI ?ghl%albiorlgalgzglogéac[o]fana Slt Ll lm Oltnlf'e r inaS uelat S,
embodi meht’s," and advan ages of” t hese e%%nplary aspé%P% and enbodi nents, are
di scussed in detail below  Myreover, it is to be understood that both the

f or egoi NEPTRHIBFHERT WD %dn%%@hﬂw WP g tarreayestqulsti on are nerely
illustrative exanples of various aspects and enbodi nents, and are intended
t o provi dé] anlnoasspidarge with fomgeswerk efbodinpiés; shealmdemiepnt igkatgsato Uy progesd
character of the clainmed aspects and enbodi nents. The acconpanyi ng draw ngs
are incl fodedatine paagwater.i Thaipitocassiindludasdn@odutiighaixed nideosinana bivgogéalt he
various aspects and enbodi nents, and are incorporated in

reactor; introducing adsorbent material into the biological reactor with the mixed liquor;
suspending the adsorbent material in the mixed liquor using a gas, under operating
conditions that promote adsorption of contaminants from the mixed liquor by the
adsorbent material; and passing an effluent that is substantially free of adsorbent material
from the biological reactor to a membrane operating system while maintaining adsorbent
material in the biological reactor.

[15]  Still other aspects, embodiments, and advantages of these exemplary aspects and
embodiments, are discussed in detail below. Moreover, it is to be understood that both the
foregoing information and the following detailed description are merely illustrative
examples of various aspects and embodiments, and are intended to provide an overview
or framework for understanding the nature and character of the claimed aspects and
embodiments. The accompanying drawings are included to provide illustration and a
further understanding of the various aspects and embodiments, and are incorporated in

and constitute a part of this specification. The drawings, together with the remainder of



and constitute a part of this specification. The draw ngs, together with
the remai nder ofthe specification, serve to explain principles and

oper at i onsoabhiwtamedescri bed and cl ai ned aspects and enb@dirnsreis/ 38Rl EF
DESCRI PTI ON OF THE DRAW NGS [ 16] The invention will be described in further
detail below and with reference to the attached drawi ngs all of which
describe or relate to apparatus, systens and net hods of the present
invention. In.the figures, i.ch.are not intended_.to be drawn to .scale,
cnch i nitE AP Rufi P PrfiEler Bp PRt Sir e e
represented by a like nunmeral. In the figures: [17] FIG 1 is a schematic
di agr am #¥Pegfs prchepBeBmBNtS| ogi cal reactor system using a biol ogi cal reactor
whi ch contains one or nore zones with adsorbent nmaterial in suspension;
[18] FIG 2 is a schematic diagram of an enbodi nent of a systemfor
treatment of wastewater using adsorbent material in a biological reactor
upst r eanBRIERDBSORIBETEO O @ET BHEMRAWINERY [19] FIG 3 is a schematic diagram
of a second enbodi nent of a systemsimlar to that shown in FIG 2 which

i ncl udesuﬂ)deﬁé [ivEh SR HANHE QB ibe2H ffithG détail BeRwSGIEWRA rrethagtAMm: Of

anot her enbodi ment 1 n I ch adsorbent material Is maintalined I n suspension

in only rti.on.of bi ol ogi cal .reactor tank: [21] FIG 5 is a schematic
o agr ain SR ARG 8L ERE oS B b Bt Eaer il HBaTRS
mul tiple sections that includes an anoxi c zone;[22] FI 6 is schematic
di agr am BF PAFSCRGEN €1l Inéﬁ%g‘é}l’f?é’n‘f’ﬁiﬁgiaﬁ'gn% igkepless 100‘?6 &amnot@ise P $%Bct or s

in which adsorbent material is maintained in suspension in only one of the
bi ol ogi csimilaee@upinent that is illustrated in various figures is represented by a like numeral. In

the figures:

[17] FIG. 1 is a schematic diagram of a membrane biological reactor system using a
biological reactor which contains one or more zones with adsorbent material in
suspension;

[18] FIG. 2 is a schematic diagram of an embodiment of a system for treatment of
wastewater using adsorbent material in a biological reactor upstream of a membrane
operating system;

[19] FIG. 3 is a schematic diagram of a second embodiment of a system similar to that
shown in FIG. 2 which includes a denitrification zone;

[20] FIG. 4 is a schematic diagram of another embodiment in which adsorbent material
is maintained in suspension in only a portion of a biological reactor tank;

[21] FIG. 5 is a schematic diagram of a further embodiment of a biological reactor

divided into multiple sections that includes an anoxic zone;



[23] FIGs. 7 and FIG 8 are enbodi nents of biological reactor systens
depicting a jet suspension systemfor suspension of adsorbent material in
m xed |ioworp1fR4d64Fl Gs. 9 and 10 are alternative enbodiPagnuisgolof3dsisol ogi ca
reactor systens depicting a jet suspension system for suspension of
adsorbent material in mxed liquor, in which mxed |iquor taken froma
source that has had adsorbent material renoved; [25] FIG 1 1 is an
alternat] e dj ment icti ] ens system f.or sus en i on of
Bsor bert2ohat BREdh 5 A VSR A0 bf onritE Roas ST RARE 4 S E Aby
circulated through the jet nozzle; [26] FIG 12 is a further enbodi nent of
a bi ol ogbiekazicebisasiors igayllieh adsgrbgniymateripkis MR RS oW sBYAstoaH rBlYAE WL de
circulation to maintain adsorbent material in suspension; [27] FIGs. 13A
and 13B tedidlogitdeeactrkodi nents depicting a settling zone; [28] FIG 14 is
a chart depicting feed COD concentration (in mlligrans per liter), and the
remai ni nR3gf f FI®NYT 26OPIGOR aRUniRIdiBaEs (ABIORPIGE Rad@eSy®imd &pidinggh fal ), at
various stages of biological acclinmation in a mermbrane biological reactor

system iu%?&nslz hGysttm fof s &%Wa‘d%%&ﬁt%&t@ﬁ&l'ﬂﬂn@dl o?”bOd' ment of a Jet
nozzl e of the type used |R an exanpl e denDnstratlng use of a jet suspension

system g g] f} sch tlc il (ﬁratlo f an systemconfiguration
used in 2% th@ré;L a earreel n: F?i]veﬁrﬁ)o erllté % CH OIO%IC ef)eia% r N Stsugpenm on
of adsor bent naterlal under certain nozzle throat velocities and | i quid

Flow r at GPISZAGFERAPHBETHEER 5P IBHS 4T g REN T ERET I8 it Heiogy St em
configuration of FIG 16; [32] FIGs. 18 and 19 depict top and sectional
vi ews of Wéwb@mméhqwr@akebifmr@g sewre thablasdiad adsgybay ehtdrial rameovegdst em
configuration of FIG 16;
[25] FIG. 11 is an alternative embodiment depicting a jet suspension system for
suspension of adsorbent material in mixed liquor in which adsorbent material is not
circulated through the jet nozzle;
[26] FIG. 12 is a further embodiment of a biological reactor depicting a gas lift
suspension system to provide circulation to maintain adsorbent material in suspension;
[27] FIGs. 13A and 13B are further embodiments depicting a settling zone;
[28] FIG. 14 is a chart depicting feed COD concentration (in milligrams per liter), and
the remaining effluent COD concentrations (as percentages of the original), at various
stages of biological acclimation in a membrane biological reactor system;
[29] FIG. 15 is a schematic illustration of an embodiment of a jet nozzle of the type
used in an example demonstrating use of a jet suspension system;

[30] FIG. 16 is a schematic illustration of an system configuration used in another

example herein;



[33] FIG 20 is a chart depicting attrition as a function of run tine for
various types of adsorbent material in another exanple herein using a gas
lift suspeoom4zyestem [34] FIG 2 1 depicts a top andPaTdseioossshs vi ew of
an enbodi ment of a biol ogical reactor using a gas |lift suspension system
[35] FIG 22 is a schematic illustration of flow patterns using the gas
lift suspension systemof FIG 21; [36] FIG 23 depicts a top and a

sectiona ie f_an e iment of a bio | react anot her

cont | gur B} ontl: 1754 ERR Peetnzywadhsiinaas SHaiBen: S ppo el ngwedig 25
depict top, side sectional and end sectional views of enbodi nents of

bi ol ogi c@roat glocisies apd iliqgidy2ew safss eoAdtPiglRed pedes vafiogatsst gomditions yeinsi on
systens. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 38] As used herein,

" bi ol ogi talsystemebndgtration efdiipolfds” refer to those types of cheni cal oxygen
demand (" COD') conpounds (organic and/or inorganic) in wastewater that are
di fficul 3210 BicY agi gal 1y depieatopdamn sekienal CAB QoF @ehbotiinfentd 6f BiQEGed) SNs.
The "biologically refractory conpounds” can have varyi ng degrees of

refractokxaog%%g; dﬁﬁgﬁ;%@@ﬁgx%>?hmﬁggoﬁpkghz refractory to those that are
hi ghly refractory 39] "Brologrca Iy |nh|b|tory conpounds" refer to t hose

conpound and i hor. siewat e hat i.nhi bi t
bi ol ogi C 9@;1)23)& Icozr1]rt 8? 1ct1 n[{rct ]as ug t%)ognI % a ft())lr IVamous t?/i%es of

easy-t o- drgest si npl e or nrcs uch as human and anrnal wast e, food waste,
and i norﬁdaf'ﬁfbégt MGE R SN ARROTHIE P TBROSHIEGr& SRSRASOBIBYERds. [ 41] " COD'
or "Chem cal (¥ gen Demand, " refers to a neasure of the capacity of

[34] FIG. 21 depicts a top and a sectional view of an embodiment of a biological

reactor using a gas lift suspension system;

[35] FIG. 22 is a schematic illustration of flow patterns using the gas lift suspension
system of FIG. 21;

[36] FIG. 23 depicts a top and a sectional view of an embodiment of a biological
reactor using another configuration of a gas lift suspension systems; and

[37] FIGs. 24 and 25 depict top, side sectional and end sectional views of
embodiments of biological reactors using various configurations of gas lift suspension
systems.

DETAILED DESCRIPTION OF THE INVENTION

[38] As used herein, “biologically refractory compounds” refer to those types of
chemical oxygen demand (“COD”) compounds (organic and/or inorganic) in wastewater
that are difficult to biologically break down when contacted with micro-organisms. The
"biologically refractory compounds" can have varying degrees of refractory, ranging

from those that are mildly refractory to those that are highly refractory.



water to consunme oxygen during a chemcal reaction that results in the

oxi dati on (deconposition) of organic matter and the oxidation of inorganic
chem cal sweueotv/@z9eanmoni a and nitrite. COD neasurenent POTIUSA@D/038644
biologically labile, biologically inhibitory and biologically refractory
conpounds. [42] "M xed |iquor suspended solids,” or "MSS," neans m crobes
and ot her substances, both dissol ved and suspended, present in wastewater

being tr ed;."m xed l.iguor volatile suspended solids," or "MVSS, " neans
Che act1 G0) m gl iy i ederibanads MG Porom s TPHatE REioted

m xture of wastewater and M.SS. [43] "Adsorbent"” or "adsorbent material s"
as used Her®BNE) Hewpsewier Bat inbibe the bigloginal decompopilian ®EPc€Hr bon, i ncl udi ng
granul ar activated carbon that has been treated to provide affinity to

pr edet er @i0hed Bilobgiady lspkdimeansmatytedigestosingle omapmusdsh i hnohah anbe
present in the wastewater that is to be treated; granular iron-based
conpoundsnim@l Gvastel O @aktde af®TRAEARIES ; sul N N hin6nik €FidN Shosphétods-Bindl ar

al um no-silicate conposites. [44] "Substantially free" or "substantially
prevent ed)hdunhihie context of describing the presence of adsorbent material
in effluent passing fromone section of a systemto another, e.g., froma

bi ol ogi cgl,,re I, captaini Sus ded adsprbent material to_a rane
oper ati i Ly et B SrEaT T AR GRBE 8B lh  Jent eV El
passi ngto the nenbrane operating sy ten1to an ampunt that does not.
adver sel Y2&F flg cOnsyRe (QyErts iqUEng 4 icBgRiFabreacHan tanbFeahRks fiR | the AEGHOPr ocess
therein. For instance, in certain enbodi nents, "substantially free" or
" subst antdeedrpospran et eganic ghattes and thet eiiditivg eff inosgasic ghaicalgoushyasvol une
of the predeterm ned anbunt of adsorbent material to be used in a given
syst em warhimoniat hed hiitoiteogi COID meastement imhelesr bintgéably olabidg, Chioldggadyi on
zones, in further enbodiments, at |east about 90% by volume and in stil
further prhpEiyRAtSoREIcally refractory compounds.

[42] “Mixed liquor suspended solids,” or “MLSS,” means microbes and other

substances, both dissolved and suspended, present in wastewater being treated; “mixed

liquor volatile suspended solids,” or “MLVSS,” means the active microbes in the MLSS;

and “mixed liquor” means the combined mixture of wastewater and MLSS.

[43] ““Adsorbent” or “adsorbent materials” as used herein means one or more of

granular activated carbon, including granular activated carbon that has been treated to

provide affinity to predetermined chemical species, metals or other compounds found to

be present in the wastewater that is to be treated; granular iron-based compounds, e.g.,

iron oxide composites; synthetic resins; and granular alumino-silicate composites.

[44]  “Substantially free” or “substantially prevented” in the context of describing the

presence of adsorbent material in effluent passing from one section of a system to

another, e.g., from a biological reactor containing suspended adsorbent material to a

membrane operating system, refers to limiting the amount of adsorbent material passing



| east about 95% by volune, and in yet still further enbodi nents at | east

about 99% by vol une. However, it will be appreciated by one of ordinary
skill in wbeoart47ased upon the teachings herein that tResTaSpaEnossstages are
nmerely illustrative, and can vary depending on factors including but not

limted to the type of nenbrane(s) used and their resistance to abrasion,
the requisite effluent quality, the predeterm ned anount of adsorbent

material tq be used in a given system and other factors. [45]_Thi

"vent Loff 1 GEMBER oohed s DO & tr lP oGy ePeRe Sy ROTY. e
"Wastewater” as used herein, defines any water to be treated such as

surf ace Kawesie cffian@f \ihe srembipp Hltsfiod Dreess WpstiBwalf @rintapge ihgesaini al |
agricultural and munici pal sources, having pollutants of biodegradable
mat er i al emborbmgatsi Gpbstatsialle foelani ‘eubsanpdlngsvaspibeerofo beingg deleastposed
by bacteria, biologically refractory conpounds, and/or biologically

i nhi bi t og6ue 80P BINESUME o MeNGeddddrtnihdiea@fil evad Ribednt BatdiRNo 15y Sde@lih a[ 46]
Wast ewat er fromindustrial and runicipal sources typically contains

bi ol ogi Cglveﬁ QA de s rwidtRe tﬂ@ﬁ%ﬁo&%ﬁ SLc A O@Qﬂlergﬁ&iﬁG&olo%ﬂa&ﬂ feding Ringlagi cal ly
gically inhibitory and

inhibitory and refractory organics. Exanples of biol
refracto Qrgani cs y_incl ude etic organic ,cal s uch. a
pal yol ectt i PaPeelalRYm e dRRuailt SR T L LR heatiy e
refractory organj i ncl ude polychl orinated bi phenyl s, pol ycyclic aromatic
hydr ocar BEMSEORor 3B MY AT N Bkl Buidice Eripodamatpl ek bR iRreay
di benzof urans. Endocrine disrupting conpounds are also a class of
bi ol ogi cedlpge; diavivenriy wahde ngpiesiotedry eregeinirdmanhsidh e die it beset uponnone
systens in organisns and are found in the environnent. Exanples of
endocr i néedteachipgd mgretonpautdse | peedendges adrk ymplegnallutigtivsuald aannearyl phenol
used for removing oil as well as natural hornones and synthetic steroids
found i ndGRALIHAGRREIYRIncISHUED bBSndk TmbBre@Sth tREiyBk of BRILPAR(s) used and their
resistance to abrasion, the requisite effluent quality, the predetermined amount of
adsorbent material to be used in a given system, and other factors.
[45] This invention in directed to wastewater treatment systems and methods.
“Wastewater” as used herein, defines any water to be treated such as surface water,
ground water, and a stream of wastewater from industrial, agricultural and municipal
sources, having pollutants of biodegradable material, inorganic, labile organic
compounds capable of being decomposed by bacteria, biologically refractory compounds,
and/or biologically inhibitory compounds, flowing into the wastewater treatment system.
[46] Wastewater from industrial and municipal sources typically contains biological
solids, and inert material and organics, including biologically inhibitory and refractory
organics. Examples of biologically inhibitory and refractory organics may include

synthetic organic chemicals, such as polyelectrolyte treatment chemicals. Other

biologically inhibitory and refractory organics include polychlorinated biphenyls,



testosterone, ethynyl estradiol. [47] O her exanples of wastewaters to be
treated include: high strength wastewater; | ow strength wastewater; and

| eachat e Woemo/amnahi | | s. Waters may al so be treated to PEFISR010I0BI63ES.

O her exanpl es of pollutants in wastewater include: flanme retardants,

sol vents, stabilizers, polychlorinated biphenyls (PCBs); dioxins; furans;
pol ynucl ear aronmatic conpounds (Phws) phar maceuti cal s, petrol eum

etrochemni_ cal oducI etroche b ucts; eIIuI osphqr ous;
P osphor BUS e BB HyBhien Ry 2ons BloPiRh SRt S i ins e B R RRE L o

t hose derived fron1or used to produce fertilizers, pesticides, and

her bi ci déienzofigpnapasEedastiap disRIing FesINoVAls A% aimniacFlgay ofobiplegicalliy al so
contain trace constituent conpounds that originate during the water

t r eat mneninhpritocesisd exichcane osganssquianly kyn difedti flounbn¢ eystamoueorgamamplagd of
trace constituents introduced during the water treatnent process include

ni t r osam@eBund UE fheaénviNoRhdeh Q'S BRlafPle R Wi @t oine NIMAptivh b6k p s Beclugd: eased
fromproprietary cationic and anionic resins. [49] In general, wastewater

treat menfyd; ﬁéﬂo'htcé %%c}&’ 3¢ th'ylPhé’ﬁ'o? ubddeRt ?&ﬂ&wﬁ% d9eR WAl 94 faralAbihoRQ t hat
it may be safely rel eased I'mto bodies of water such as |akes, rivers, and

Streans. Fc)f ess/e hFl %tero g‘@r{dt arny %ne[rac ﬁlx;efseasglgl? nt p1|7at§] S[radlo ?rone
pr elim nar yt ea ase I'n i C ani cal means are use tO Ierfove

| ar ge ob ects iar screens), and a sand or grit channel where sand,
grit andegpﬁﬁeﬁeégkﬁﬁ’eﬁgﬁﬁﬁ treatment systems also include a prinmary stage
where certain fats, greases and oils float to the surface for skimmng, and
heavi er Haﬂld@ﬂ§eﬁﬁmepkbofN@thmﬁﬁhﬁ>hhﬂfdﬁéleﬁmkeémﬁhﬂﬁvgﬂréﬁﬂewamm an
aerobi c or anaerobic digester to digest biomss and reduce the |evels of

bi ol ogi clw stdrighs wastewater; and leachate from landfills. Waters may also be treated to

remove viruses. Other examples of pollutants in wastewater include: flame retardants,
solvents, stabilizers, polychlorinated biphenyls (PCBs); dioxins; furans; polynuclear
aromatic compounds (PNAs); pharmaceuticals, petroleum; petrochemical products;
petrochemical byproducts; cellulose; phosphorous; phosphorous compounds and
derivatives; and agricultural chemicals such as those derived from or used to produce
fertilizers, pesticides, and herbicides.

[48] Wastewater from industrial and municipal sources may also contain trace
constituent compounds that originate during the water treatment process and are
subsequently difficult to remove. Examples of trace constituents introduced during the
water treatment process include nitrosamines, such as N-nitrosodimethylamine (NDMA)
which may be released from proprietary cationic and anionic resins.

[49] In general, wastewater treatment facilities use multiple treatment stages to clean
water so that it may be safely released into bodies of water such as lakes, rivers, and

streams. Presently, many sanitary sewage treatment plants include a preliminary
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[50] After prelimnary and/or primary treatnment, the wastewater is then
sent to a secondary biological activated sludge treatnent phase. Biol ogical
t r eat mentwof20meareswat er is widely practiced. WAst ewat er PC3/USoomomsdoy4 t r eat ed
with waste activated sludge, in which biological solids are acted upon by
bacteria within a treatnent tank. Activated sludge processes involve
aerobic biological treatnent in an aeration tank, typically followed by a
clarifier/settling tank. Settled sludge is recycled hack to the aeration
Cank 1 n°BFREET e Ao R BGEEEET Gord T O S S L1 e
concentration to digest the contam nants. Sonme alternatives avail able for

di sposal scifensy @ad @ $8né .ok grif glanngl yhere sppgypait apd stange setle: FpverBatMENti ted to
i ncineration, disposal in a landfill, or use as fertilizer if there are no
t oxi ¢ cosypEnenilse ifdhide & prinkvey atigatwiome carnkin farn, grepgenaclood aflnatng Gas such
as air or pure oxygen is added to the m xed liquor. The oxygen fromthe air
i's typi calfage lfSﬁ@kilﬁMnf&qE,e aBRGkgvita sdltsbieplco @ € byttanx] ahd ard Bgbseq@atliyC
conpounds that are either dissolved or carried in suspension within the

wast ewat @éatéda ﬁfi an %EI%IbR:gbIC erlae%icd af .th@r itoS d%%?ci lﬁ@ﬁllays Srﬂﬁrédﬁ&e%ﬁe EQ@ITS of

oxi dation nethod avail able to renove organi c pollutants and sonme 1 norganic
conpoundgm(§%% sﬁ%sannnnia and phosphorous conpounds, from wastewater and
is the HDS{ dé1y used treatnment system for wastewater contam nated with
bi ol ogical |y treatabl e organj cconpounds. WAstewaters that contain conpounds
entirel y%Pési 8 talhPr@?%mB?réfd@‘é’é‘?pr%‘i’nﬁliYoPf?atBﬁeB‘i’ dbf CESIVAARS bER S cBBounds,
and/ or biolo icaLlﬁ)refraqtory conpounds may not be treated adequately by a
convent i saeandasy npibglsiabl asgivetadl sludgeeviegatmentr ghaseent Bojagiean trfHmsat cdnpounds
can only be acted upon by the bacteria only during a hydraulic retention
time w tWwastewatbr Bawidenht phatided. Béastagetet ixecdiydbalyl reatadetvehtware ddtiveted s
generally insufficient for biological oxidation of sufficient biologically

sludge, in which biological solids are acted upon by bacteria within a treatment tank.

Activated sludge processes involve aerobic biological treatment in an aeration tank,

typically followed by a clarifier/settling tank. Settled sludge is recycled back to the

aeration tank in order to maintain an adequate mixed liquor suspended solids

concentration to digest the contaminants. Some alternatives available for disposal of

excess bio-solids, e.g., sludge, include but are not limited to incineration, disposal in a

landfill, or use as fertilizer if there are no toxic components.

[51] In the aeration tank, an oxygen-containing gas such as air or pure oxygen is added

to the mixed liquor. The oxygen from the air is typically used by the bacteria to

biologically oxidize the organic compounds that are either dissolved or carried in

suspension within the wastewater feed. Biological oxidation is typically the lowest cost

oxidation method available to remove organic pollutants and some inorganic compounds,

such as ammonia and phosphorous compounds, from wastewater and is the most widely

used treatment system for wastewater contaminated with biologically treatable organic
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i nhi bitory conmpounds and/or biologically refractory conpounds, it is likely
that sonme of these recal citrant conpounds may not be treated or destroyed
and can pae0tiimegh a treatment process unchanged or omCY/Usarioadohy
treated prior to discharge in either an effluent or excess residual sludge.
[52] The m xed liquor effluent fromthe aeration tank typically enters a
clarifier/settling tank where sludge, including concentrated m xed |iquor
suspended soligs, settles b ravity.. Excess bjomass .is wasted, i.e.,

di schar geRIPUgde ¢ - Wasisvaat ol comfijay SPMPRULSY BT He TRUBE WP ePloind
econom ¢ needs, sone biol ogical oxidation systens use a different treatnent
met hod téﬁwm@e%om,hél%gmﬁv f BiRitoRe (RIRRAEAAY en&PF | Diekgicaliye refractory
clarifier/settling tank can be replaced with a nenbrane operating system
or anot hermpmintls opey atatohe suchedsadaquitedgoby ed/ ¢andarteshahi simpleobatlogenldevi ce
can be used. The liquid effluent fromthe clarifier/settling tank,

oper at i NgagysiteMredtmehtSSeleMe dTiRdse cobmPbaids@an daKi Beadted epdey thditsekanged or
given further treatnent prior to discharge. The solids that are renoved

fromt heom@ﬁngiamralﬁfcere{e%ﬂﬁ Mgt banie ufhRhi ekt aBkaas {h%t}igrﬂfhu%t i vat ed

sludge for " further treatnment and 1n order to retain an adequat

concent r%‘: énl 1&6‘ ?ifmeblasCte(ralgr!aﬁ !irrllsuF Iic%enstyfg} §1§1 ?(%.T%E(ﬁig{igrll af sﬁic}ew Es)io{o?ggcl‘all[l?

activated sludge 1S Periodicallyrenmve omthis recycle T'ine “n"order to

control the concentration ofgbfcteria in the mxed |liqu 53] One recent
10

t he quor. [
advance PPHICGRVEHTPBRAD apHaLBiere A pirgir e e srmRauRcwatie rIkely dBRieme I ant
technology includes the addition of powdered activated carbon particles to
t he m xediesq tpgaleitranh coinpdwngis ady neteba freated or lcstseyed andi dainzpasg tiyowglered
activated carbon, the organics can be adsorbed onto the activated carbon
and r emairéatmedthprocéseuricheddetent odlangardidly aedydlpaiol ite diehengeiiarcithermant hat 1 s
simlar to the sludge residence tine and therefore

effluent or excess residual sludge.

[52] The mixed liquor effluent from the aeration tank typically enters a

clarifier/settling tank where sludge, including concentrated mixed liquor suspended

solids, settles by gravity. Excess biomass is wasted, i.e., discharged, to off-site disposal.

However, based on the wastewater and economic needs, some biological oxidation

systems use a different treatment method to remove the solids from the wastewater

effluent. The clarifier/settling tank can be replaced with a membrane operating system,

or another unit operation such as a dissolved/induced air flotation device can be used.

The liquid effluent from the clarifier/settling tank, operating system or dissolved air

flotation device is either discharged or given further treatment prior to discharge. The

solids that are removed from the mixed liquor are returned to the aeration tank as return

activated sludge for further treatment and in order to retain an adequate concentration of

bacteria in the system. Some portion of this return activated sludge is periodically
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undergo both adsorptive and biological treatnents that result in enhanced
renmoval of certain biologically inhibitory or refractory conpounds. In

t hese prowesswsi47®mert ai n organi ¢ and i norgani ¢ conpound®Cans2@ipssesal | y
adsorbed to the surface of the powdered activated carbon particles. [54]
Powder ed activated carbon has been used in conventional biol ogical

treat nent plants because of its ability to adsorb biologically inhibitory

and bi ol ogi c racto y conpo her e rovi di ng effluent with
oo CoRtEs Aabus SrORRLE FERRA fhewtt iy BiEHtHorphsied Bobfvat ed
carbon in the m xed |iquor provides a nunber of operational benefits. The
car bon pP&EddEgorhe advant ages of a suspended nedi a biol ogi cal treatnent
system whi ch include increased pollutant renoval and increased tol erance to
upset colddit i Ons reckddiatvamaalih convdntiopdr indnstahll bwkogidaé veisehwagir aedalngent
inhibitory and biologically refractory conpounds to adsorb onto the surface

of the C?lﬁb@ﬂ:cﬁtﬁtﬂogy) iReudeX RS @ddition t dtep i @D Mcthvatedac&b@niphiticdRt boytheonger
period of time than in a conventional biological treatment system thereby

provi di nﬂmp‘ﬁrlﬁfu'of SrSbiBl r%?cral hCathRAL }I)I%Eesgesf ﬁtﬁﬁﬂlcé f)d\yﬂe?éﬁsﬁﬁ%tey&%b%ﬁr fagn al so

allows for the evol ution of speC|f c strains bacteria that are nore
capabl e of di estln i_nhi bit terla The
fact that' gfnllle%ar gdsgr%ggr? I nuous y tér(de%ayi(;:'?n %ch f%kau% %’atﬁ ol thgerrcg I o#ﬁatnank W th
the return actlvated sl.u t he sl udge residence time, neans that

t he bact &Fiahydal WF?@“B?\“ Pisedi ginHa B o syideareydanag .ﬂmet iy theredetRi ¢

conpounds adsorbed onto the surface of the carbon for a period of tine
| onger t Wadergcheothyatlsaptive agdttaelogisal treatments thiterepild in ghlaniced reraevad et
system This process also results in biological regeneration of the carbon
and al | ovestairh®éiddagibdly imibiempwe sfigoofy campbynd3Dr & bhask q@beakdsy cemndinbi t ory
and biologically refractory conpounds than it could in a sinple packed bed
carbon fgleh@E af¥ StRpANNESHp ML GredihSSically adsorbed to the surface of the powdered
activated carbon particles.
[54] Powdered activated carbon has been used in conventional biological treatment
plants because of its ability to adsorb biologically inhibitory and biologically refractory
compounds, thereby providing an effluent with lower concentrations of these pollutants.
Inclusion of powdered activated carbon in the mixed liquor provides a number of
operational benefits. The carbon provides the advantages of a suspended media
biological treatment system which include increased pollutant removal and increased
tolerance to upset conditions. Additionally, the carbon allows the biologically inhibitory
and biologically refractory compounds to adsorb onto the surface of the carbon and to be
exposed to the biology for a significantly longer period of time than in a conventional
biological treatment system, thereby providing benefits similar to that of a fixed film

system. The carbon also allows for the evolution of specific strains of bacteria that are

more capable of digesting the biologically inhibitory organic materials. The fact that the
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require frequent replacenment or costly physical regeneration of the carbon
once the adsorption capacity of the carbon is exhausted. The carbon in the
m xed |i ogwonrowa7®iso adsorb certain conmpounds and t her eCorisS2@oosscde an
effluent that is free of or hasw a substantially reduced concentration of
conpounds that are not treatable by conventional biological oxidation or
otherwi se entirely resistant to bi o-deconposition. One exanple of a known

powder actjvated carbaon sys is offered b ie s Water .Technol ogi es
Ctor ¢ e b B RO GRUE e B i e GHEU Y BB O FOFHA<Hr SrogREet or owt b
and adsorption of organic and inorgani c conpounds occurs on the activated
car bon i Fe-pdwdehdeyrpjidenssttime Birawy gt she dlarigsajany watk o8 ddigesiingd@et i on,

t he powdered activated carbon is discharged fromthe treatnment process with
t he r enobialogafallpiigsbitergorganic aerspquntihedefigadeontd ¢hecomface ohitheycartepl faced. [ 56]
Increasingly, sanitary wastewater is being treated using nenbrane

bi ol ogi cpdriodeat tigfe Iegbnaaagthe MWr@hicolidtefitfon HRleOVReheebiolaedill teHaahédty, a
smal | er physical footprint (nore wastewater can be treated per unit area),

i ncreased, .ol eTRRGES MBS Rldits in”ﬂ%BBchQl @BLderdton! & (RE LLBSS altPhitb v OmE " eat
wast ewat €rs and a variety of other operational advantages. For exanple,

wast evat ef.e cont al . ng. hLah g otal. i ssolyedusplids,can exbenl ece.
settlingprobl ens in a conventional clarifier/settlTng tank ahd requtres

significantly nore difficultto- operate solids separation devic such as a
di ssol vetPBRunes dragiif 6?P1§é%é€n61t@ RapkRd Rpdrrard ﬂitf‘dsswé%waachsvg@ﬁi Aso

However, while menbrane biol ogical reactors elimnate the settling problens
exper i encgdirvftedquentaiepfacemg¢nieen Fostly plamicak yegeaprgtion [oéythe foaenperesethe
probl ens of nmenbrane fouling and foam ng that do not occur in conventional
syst ens aBbipgioalcapdcityeif she ddebdar Brexhfuostdd. Mbhen@ybdieint the ntiesliliquodfcan also
extra-cel lular polymeric conpounds that result fromthe break-down of the
bi ol ogi cadsott EQtahPcBBmpbihdshfdNih¥Rebre provide an effluent that is free of or hasw a
substantially reduced concentration of compounds that are not treatable by conventional
biological oxidation or otherwise entirely resistant to bio-decomposition. One example
of a known powder activated carbon system is offered by Siemens Water Technologies
under the trademark “PACT®.”
[55] However, because both biological growth and adsorption of organic and inorganic
compounds occurs on the activated carbon in powder form, wasting of excess solids is
required. In addition, the powdered activated carbon is discharged from the treatment
process with the removal of biosolids and must, therefore, be continually replaced.
[56] Increasingly, sanitary wastewater is being treated using membrane biological
reactor technology, which offers improved effluent quality, a smaller physical footprint
(more wastewater can be treated per unit area), increased tolerance to upsets, improved

ability to process hard-to-treat wastewaters and a variety of other operational advantages.

For example, wastewaters containing high total dissolved solids can experience settling
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| i quor suspended solids, accunulation of organic materials such as oils, or
by scaling by inorganic materials. [57] In addition, to date, nenbrane

bi ol ogi cavonewctsores have not been utilized comrerci al | yPairtus2q@omnsssned
activated carbon addition. There has been sonme use of powdered activated
carbon in surface water treatment systens that utilize menbranes for
filtration. However, it has been reported that these surface water

treat nent stenms usin rane nd wder ed .act i vat ed . car bon. .have

br bl ereP PRI RG I BOAT B AAHEE e oA e TS Fis6r b Hianent | y
pl uggi ng and/or fouling the nenbranes. %ﬁgi | ndustrial wastewater that nust
be treat ©PRsFARFolids sapBiaYy ¢aicsp sudiasa dpsodvedaichletadondgvicopispmpenties s,

whi ch can contain emnul sified hydrocarbons. O ly wastewaters can cone froma
vari ety gflids rdmstvali gsteimc|Hiaveygr,stvbd¢ nsangbrahal i alogivdl ndagorsi @sningteetiie cal
processing industries, autonotive industries, laundry industries, and crude

oi | produgding prablemp eixipeti@ied reith Rladiel/adiBler fagls . syd8md] grysses pReMe, a
certain amount of nonemnulsified oils and ot her hydrocarbons nmay be renoved

in prim %bfehﬁ%ﬁ?ﬁ&hbﬁh@%ﬁﬁ%sand%%&% taghb M9t 8kdus iﬁ“c%n@éﬁitiﬂﬂﬁ%gfrst%&@‘ the

top. However, biological secondary wastewater processes are genérally
enpl oyed to r ve t remai npng oils fro stewater . typically the
G S50l vt Snd AT si £ShOBT o O PRERY iy TeBtort Cy BUE: pRfca
hydr ocarbons remai ning after primary treatnent can_ include luﬁéicants,
cut ting FITHUBS {4 So; kamethe diitkedasyy S o BSMEIH 14 fyasoIn i, MRSF osene,
jet fuel, and the like. These hydrocarbons typically must be renoved prior
t o di schhqupe sufpendrs sedideractywnglatipie ok prgianisrimatpiiale sugheasgalsodr bhecalilng &y in t he
industrial process. In addition to governnental regulations and ecol ogi cal
concer nsinogfahicahg&atials.enoval of the remai ni ng hydrocarbons al so has
benefits, as adequately treated wastewater nay be used in nmany industri al
[57] In addition, to date, membrane biological reactors have not been utilized
commercially with powdered activated carbon addition. There has been some use of
powdered activated carbon in surface water treatment systems that utilize membranes for
filtration. However, it has been reported that these surface water treatment systems using
membranes and powdered activated carbon have problems with the carbon abrading the
membranes and the carbon permanently plugging and/or fouling the membranes.
[58] Industrial wastewater that must be treated prior to discharge or reuse often include
oily wastewaters, which can contain emulsified hydrocarbons. Oily wastewaters can
come from a variety of industries including steel and aluminum industries, chemical
processing industries, automotive industries, laundry industries, and crude oil production
and petroleum refining industries. As discussed above, a certain amount of non-
emulsified oils and other hydrocarbons may be removed in primary treatment processes,

where floating oils are skimmed from the top. However, biological secondary

wastewater processes are generally employed to remove the remaining oils from
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processes and elimnate raw water treatnment costs and reduce regul atory

di scharge concerns. [59] O her types of wastewater that nust be treated

i ncl udes worhemi4n®ied process water from ot her industri @CTaSoTe®H3834 such as
manuf acturi ng of pharnmaceuticals, various goods, agricultural products
(e.qg., fertilizers, pesticides, herbicides), and paper processing, as well
as nedi cal wastewater. [60] Commerci al deploynent of menbr ane bi ol ogi cal

reactors in the trea t of oily/indust |aI ter has .been very sl ow
Lo Gever BBREHFRIPGIE B R b HAh CB B e TRugBPBE i T HOBEN hnd

chem cal fouling of the nenbranes. Testing of |ndustr|aI/0|I wast ewat er
treated TrPigalioWprcarhonyirgnygingaattey Paistasy tsaiicnl cybméw@duhrewtsmc@wné ar bon
added to the m xed liquor indicated the sanme treatnent advantages as

obser vedfliids,canygrtsconate bilgldigyeloals, pastisndkemsede; gafmdindshis tibersThesel udi ng
powdered activated carbon. It was also noted that the advantages of using a

menbr anehﬂmr@da@lgjr@aiypmﬁgtmﬁstcsen r8ind GedB Phibe U ddisdiavey ef ,th@ WwiteeiMy- thei de
conpari son of nenbrane biol ogical reactors with and without the addition of

powder ede A6 lhMRhEes CHLANLE GRS 1R HHudiAlprbO8s TRIIAMS B & VRfInGRkal" €act or

W th pomdered activated carbon provided tr atnentadvantages as conpared to

t he nenbranF ol o |cq reactors W hou actl %ﬂ car bon. fqpltlo ally,
u at1%ns iin £CO glca NCerns,. ICIC ova I} Graal{nng ocarbons
the nmenbt™ i‘'ol"ogrcar=react or Wi fe>Carbon’ & n sTvery

difficult t te because of dis olved organi cs and extra ceIIuIar

pol ymer i 8s¢ GRES BUPHHYatehe RIS ruITEvatFeRY By Pifft MeMageiBiis{idlt ed
that while the addition of powdered activated carbon provided a very viable
bi ol ogi crilocessst enhitediminate apwepRtes yistagmentt ¢nstsc ard aedusa dreghlatoge | descbaigous
effect of a significant anount of abrasion to and non-reversible fouling of
t he nenbcaress. Thi s abrasi on and non-reversible fouling was

[59] Other types of wastewater that must be treated includes contaminated process
water from other industrial processes such as manufacturing of pharmaceuticals, various
goods, agricultural products (e.g., fertilizers, pesticides, herbicides), and paper
processing, as well as medical wastewater.

[60] Commercial deployment of membrane biological reactors in the treatment of
oily/industrial wastewater has been very slow to develop, mainly due to maintenance
problems associated with oil and chemical fouling of the membranes. Testing of
industrial/oily wastewater treated in a membrane biological reactor having powdered
activated carbon added to the mixed liquor indicated the same treatment advantages as
observed in conventional biological wastewater treatment systems including powdered
activated carbon. It was also noted that the advantages of using a membrane biological
reactor can also achieved. However, a side-by-side comparison of membrane biological
reactors with and without the addition of powdered activated carbon demonstrated that

the membrane biological reactor with powdered activated carbon provided treatment
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significant enough to result in this systembeing very costly to operate,
because of the significantly decreased |ife expectancy of the nenbranes and
menbr ane wbearingehr equency. [61] The systens and net ho@#sTafS201l003%Hesent

i nvention overcone the deleterious effects of using powldered activated
carbon , while providing the same and additional advantages. [62] Referring
to FIG 1, a wastewater treatnent system 100 is schematically depicted

i ncl udi ng, a bi ol ogi cal act or tem 1 stream of a ne aag 19 erating
system 1 an‘iaﬁe c ¥y TAMFT % Hlen@ﬁ% rang;byg B%IFfﬁarFaﬁl%réc‘Y%‘P“éﬁ%tE@ﬁ‘? §2°%"hel udes
a single biological reactor vessel. In additional enbodi nents, biol ogical
react or Agditienslhnzhe meqriiare Rigdegiead| ieagiolomithpel Bigi eabor addition Wass¥&Ys, one
bi ol ogi cal reactor vessel divided into separate sections, or a pIurallty of
bi ol ogi cdilffieudetotoperatedssalss of dissoleed alghnio$ anwhéxaia acﬁulabpolglmﬁdedrnpourmis
separate sections. The individual reactor vessels or segregated sections

are genefoalihy thef@embehnt9 hEeging Asthel Alea@inc@dted aBst Whille ZGRESIdiGAH 1019
wast ewat er treat nent oper ations accordi ng to the pr esent inventi on,

adsor be”@oxﬂ&’ér@d 'a@hva%écp%grb‘(‘ﬁnt oVideli O3 QBRANiHIE 1616 1@@1‘ Pfa@de&z@ér tfba%HérRe”Si on

in all of the biol ogl cal reaction zones or a subs the total nunber
of bi ol ogj ¢ gact ne, oper ting syst
i nt a nEACELIEE ShbP PR MR o TR D ER éﬁ?taﬁgﬂu%n? ﬁS"‘B&aéwgrto e of
the separation s b ,te descri bed here| n. An i nfl uent
106 can BRAO-TNERS ?‘%@mgggﬁli“‘amﬁﬁ RREY L PEADRSHR %‘Vs@@nﬁ“ﬁrsiﬁf‘eﬁ
screening system or as a direct flow of previously untreated Wastewater.
| n furt hegni@advdinaegit & rashlé ip fifib geviem\iegteeveay epstéit teaparatosbesansepef the
previously treated wastewater, e.g., an effluent fromone or nore upstream
bi ol ogi csipnifieatclyoscreasad| lifdi agpebtahcynaif themieathrines a@idohieentharel opheiak
reactors, anoxic bi ol ogi cal

frequency.

er stream

[61] The systems and methods of the present invention overcome the deleterious
effects of using powdered activated carbon , while providing the same and additional
advantages.

[62] Referring to FIG. 1, a wastewater treatment system 100 is schematically depicted
including a biological reactor system 102 upstream of a membrane operating system 104.
In certain embodiments, biological reactor system 102 includes a single biological reactor
vessel. In additional embodiments, biological reactor system 102 includes a plurality of
biological reactor vessels, one biological reactor vessel divided into separate sections, or
a plurality of biological reactor vessels some or all of which can be divided into separate
sections. The individual reactor vessels or segregated sections are generally referred to
herein as biological reaction zones. During wastewater treatment operations according to
the present invention, adsorbent material along with micro-organisms are maintained in

suspension in all of the biological reaction zones or a subset of the total number of
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reactors, continuous flow reactors, sequencing batch reactors, or any
nunber of other types of biological treatnent systens capabl e of
bi ol ogi cavbyotegradi ng organi ¢ and in certain enbodi mfenPESTASAVO0I0BSBAGaNi C
conpounds. [63] The biological reactor(s) and/or certain biological reactor
zones can be various types of biological reactors, including but not
limted to aerobic biological reactors, anoxic biological reactors,
continuous, fl ow reactors, sequencing batch reactors, tricklLing .filters, or
any numbPlogieaby KaRIONy gBkesor bio BEPRERS PRSTENCYSFR i daRynEsH
bi ol ogi cal |l y degrading organic and in certain enbodi nents sone inorganic
conmpoundsibsfagigily ﬁie%ega@so nt plgeerty] ysipgioaglor moae b esIePaisEPd PURYERIS
bi ol ogi cal reactor zones used herein can be of any size or shape suitable
t 0 suspedaicabisiodrent Amtrdhieal wastewede streatn H06 gdnt e tnhredgaed genms iagmirsyrst em
For exanple, the vessel may have a cross sectional area of any shape, such
as Ci r cutréftme® byspinh,C@lprelGfinanescré@GiARGHE, OF adny diredteisl ait srladjpaslyl n sonme
enbodi ments, the vessel may be constructed or nodified in order to pronote
sul t abl euﬁfé%&@%ds%a@ér. qlhﬁlfﬁl@?%@@(ﬂhle%:[ e 'ir?fiuen{ @és]te\%tg stl?eaﬁlcfv%r@h 'bEal | Y
depicts the process flow of a wastewater treatnent system 200 for producing
a treated ol |yent, Aaxid,geduced. congent rabi 88 ook Bl obadlefkldooical
IabiIe,bPoVogl aFiy refya %oryﬁgbloFoglca I"y" '’nhibi orypanéW%r organi ¢ and
i norgani ¢ conpqunds, that are entirely resistant to biological . )
deconposicefiBh: 1agutiag Boonejeli@iad 119 deneliciRiQlogicR 135kt alNoxEadideeied2 and a
menbr ane operating system 204. Biol ogical reactor 202 includes an inlet 206
for receicgétnty, waritraas dlovarmdcians, caquearing Jgitdhoreagtosse v ragy nynefef [ofj@thert hat
has been biologically treated, including mxed |liquor volatile suspended
sol i ds awgéoof hickexcal itgumtent tspstéhe capbter ainbiobpéradil | degrasiyst engnii0hnd[i66] The
bi ol ogi cal reactor 202 includes a distributed nass of porous 236 adsorbent
certain embodiments some inorganic compounds.

[63] The biological reactor(s) and/or certain biological reactor zones can be various
types of biological reactors, including but not limited to aerobic biological reactors,
anoxic biological reactors, continuous flow reactors, sequencing batch reactors, trickling
filters, or any number of other types of biological treatment systems capable of
biologically degrading organic and in certain embodiments some inorganic compounds.
[64] In addition, the biological reactor(s) and/or certain biological reactor zones used
herein can be of any size or shape suitable to suspend adsorbent material in conjunction
with the suspension system. For example, the vessel may have a cross sectional area of
any shape, such as circular, elliptical, square, rectangle, or any irregular shape. In some
embodiments, the vessel may be constructed or modified in order to promote suitable
suspension of the adsorbent material.

[65] FIG. 2 schematically depicts the process flow of a wastewater treatment system

200 for producing a treated effluent having reduced concentrations of biologically labile,
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material 234, and an effective anmount of one or nobre m cro-organi sns 238,
that are both adhered to the adsorbent material and free-floating and

separ at e Wwoemowtameadsor bent material in the m xed |i quoPCTfuseo1a0886mg ON
biologically labile and certain biologically refractory and/or biologically
i nhi bitory conpounds in the m xed |liquor. The adsorbent material adsorption
sites, including the outer surface of the adsorbent granules or particles,

and the wall .syrfaces of res 236,.initially serve as adsorption sites for
The bi ol Bplaiilly RS, bBRGYS SahbyOR e TGRS SO GETSr EOTPRHIS: £ ory
and/ or organic and inorganic conpounds that are entirely resistant to

bi ol ogi cARt decHHiFdS Fesistt ¢ hickerical [dseompasétiail obxstam 28 Lomgalbaichidesdsor bed
on the adsorption sites of the adsorbent material. This allows for higher
di gest i obiologwal seapfor P2t aidna Imeoitogiecapdratimgesystat 304. dhidlogicabraakogi20al | y

i nhi bitory conmpounds wi thout requiring proportionally |onger hydraulic
retenti omchids®sn 8kl D6UIHRCEIRIRN AR vdiéEme, andhiglet 208 e diRBhrgimpogAuERI L ai n
biologically refractory and/or biologically inhibitory conmpounds are

ret ai nedthfapﬁasq?é&?ﬂgﬁ%i&(ﬁ ithQt%dpifncltuh Rited hﬁu@r%@eftﬁ@ms DRE8'shRds antfrch are
isolated or retained n the biological reactors. [67] EEneraIIy,

bi ol ogi cally .l abil e co unds and. certain,j,norganics wll be digested

rel ati ve]inilx%il}} uﬁf’flo glr?dnn%ﬁbera%en?%eé%ﬂgysy%tﬁmtr%dél m cro-organi sns that are not
adhered t o theadsorbent materjal, i.e., the free floating nicrao-organi sns
in the ni®¢d Thf‘qﬁwﬂqgl@érr%q{ ?é)?nlaslﬁé?ﬁ 8 distichuied H&%Pgaﬂ@eg 2é§ad?qﬂa?njani cs
that are entirely resistant to biol ogical deconposition and very refractory
bi ol ogi cekteyiak 214 and an yifediye Bimsuogeiceiel oy merhinbFtoorrgaenpddhdkatwird bothenai n
adsorbed on the adsorbent material or nay be adsorbed and/or absorbed by
free-fl| oadhereg to dleogdsoedentrmiageriadl andnfrédiBloataacimal éparaté)ftdnmabelagsorbdrese

nondi gesti bl e conpounds will concentrate on the adsorbent to the point

wher e t hgafeghl acareRixeallidudt RESeHNEBH BMbIbbicRBy 1BHUI hatdet@inmBbMeddalyt he
ef fl uent at an acceptabl e

refractory and/or biologically inhibitory compounds in the mixed liquor. The adsorbent

material adsorption sites, including the outer surface of the adsorbent granules or
particles, and the wall surfaces of pores 236, initially serve as adsorption sites for the
biologically labile, biologically refractory, biologically inhibitory and/or organic and
inorganic compounds that are entirely resistant to biological decomposition. In addition,
micro-organisms 238 can be adsorbed on the adsorption sites of the adsorbent material.
This allows for higher digestion levels of certain biologically refractory and/or
biologically inhibitory compounds without requiring proportionally longer hydraulic
retention times and sludge retention times, due to the fact those certain biologically
refractory and/or biologically inhibitory compounds are retained for extended periods of
time on the adsorbent material, which are isolated or retained in the biological reactors.

[67] Generally, biologically labile compounds and certain inorganics will be digested

relatively quickly and predominantly by the micro-organisms that are not adhered to the
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| evel of adsorptive capacity. As the adsorbent material remains in the
system according to the present invention, mcro-organi sns grow and are
ret ai ned wo 20tver4zabgor bent naterial, generally | ong enougbTius2meade4down at
| east certain biologically refractory and/or biologically inhibitory
conpounds in the particular influent wastewater, which have been
concentrated on the adsorbent material. In addition, while not wshing to
be bound theory,. jt is, believed that m cro-orgapi sns n eveptually
ovolve | Bt sk piriad St ROt PR g hmg B MBELI0uRy 58P eak
down the hard-to-treat conpounds in the particular influent wastewater.
Over addfAmpavsntstinghading @yganigeged aporgayes that gesy entyplywssikiant ¢ bighogienl
adsorbent material having certain biologically refractory and/ or

bi ol ogi cadcoynpiosiipivi andr yery anfyactoys biokogiwillyt @imetdry and Heolsyistlminttibi¢ory

m cro-organi sns having a high degree of specificity becone second, third,
and hi ghesmgeings atill @8Baint JAS6BEY oh NEE edsirltgit inh@drial oF nGasy adsertedagiegirade at
| east certain of the specific biologically refractory and/or biologically

| nhi bi t ofp AR ﬂgé-ﬂBMC% Bi%?og@%?%ﬁd?éridl Nn URE rQRIrlsE Ul Alinlai{, UsBk Y&ast evat er

as the system bécones acclimated. This is depicted by the step change in

resi d.ual dicf%b?ee%o%}pelq dg" wFith n:lc':{c1 trzwgl (():h tﬁfr:]oa ofbe tI (%(t) t%fe fpel(ralfj SR e Lration
(in mllTgrans per lolltler) of bl ol ogi carfly refractory and B ol%gl ca Fy

i nhi bi tory conpounds, and the remai ning effl uent concentrations (as

per cent atfELCHPCRIRE i PEIRBENT Wikl beyigApibesk tosmapgean dhe eihenilcd!) In3crRiAPISt a
menbr ane bi ol ogi cal reactor systemw th adsorbent material added, i.e.,

st age A lemeltofiagsrpfive eapadisor Berihe adsotenhmalesiahrpaieadns igtthg ey m kegordisgdur i ng
the acclimation period, and stage Cthat is after acclimtion. [68] Various
i nf | uent towdet ewasrer mvedivonbenidef-oi@heikins | groee hhdiane nethineends tikendfdrbéml t o
the biology that occurs in the biological reactor 202. Further, certain

i nfluent m%ﬁﬁpj\c’r&h&ﬁﬁy G&l BRXBhPD bremelswhhatlest ReRxXa asiSloyRhNy 36k &kdiyOF

caustic. Accordingly, as will be
and/or biologically inhibitory compounds in the particular influent wastewater, which
have been concentrated on the adsorbent material. In addition, while not wishing to be
bound by theory, it is believed that micro-organisms can eventually evolve into mature
strains with specific acclimation necessary to break down the hard-to-treat compounds in
the particular influent wastewater. Over additional time, e.g., several days to several
weeks, in which adsorbent material having certain biologically refractory and/or
biologically inhibitory compounds is maintained in the system, the micro-organisms
having a high degree of specificity become second, third, and higher generations, thereby
increasing their efficacy to biodegrade at least certain of the specific biologically
refractory and/or biologically inhibitory compounds that are present in the particular
influent wastewater as the system becomes acclimated. This is depicted by the step

change in residual COD depicted in FIG. 14, which shows a plot of feed concentration (in

milligrams per liter) of biologically refractory and biologically inhibitory compounds,
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apparent to a person having ordinary skill in the art, phosphorus,

nitrogen, and pH adjustnent materials or chem cals can be added to maintain
optimal rwOrDBEvt479%6at i os and pH | evel s for the biol ogi calPCiritdSeo1ansse44

associ ated activity, including biological oxidation, in the reactor 202.
[69] Effluent fromthe biological reactor 202 is introduced via a
separation subsystem 222 to an inlet 210 of the nenbrane operating system

204. Thi;ﬁéqgnsferned ﬁ%xed Ii%yorp havi ng been trfgﬁed.Ln iolqgica

react or thej WMATHRE SHEYCRF CPNFPEBIYY QaPOFHBRESHRE &9 SIEPRY thEXHBYbr ane
operating system 204, the wastewater passes through one or nore

m crof i | #p&es| ofn ther agdlimagion| ot pamewRrane npiplogical reac&reiptea | Witth adsabersr
mnimzing the need for clarification and/or tertiary filtration. Menbrane
per neat emaieriel addedgué.dstapath fhas sebefoter alsgtvehhmateeinbrsamidsd . 2stfige Bsthaliischar ged
fromthe nenbrane operating system 204 via an outlet 212. Menbrane

ret ent at @uririg tBe ac$i@latids pbfiedNahlietabt Ol thgiic afterra@AGh@ion202 ef fuent, incl uding
activated sludge, is returned to the biological reactor 202 via a return

acti vat eﬂSSTl quﬁodsi iggggljf%vastkmlersipﬁrﬁe c?c@i%%pﬁf"éer%t Rlides Bé&?ﬂcfamﬁ) the

bi ol ogi cal "reactor 202, e.g., granular activated carbon that is no |onger
ef f .eCt v 1010%y%gz§toor tc):{lrrgginctﬁg tt)?b%ﬁgqug?rg C (%Jrc 2|".3‘SF1(1:r%{ t,acl:err]tta?nom %gr?tdsgsr‘g%;%z{tgrlsy
resi stan b1"0-deconpost t1 o, biroTogically refractory conpolunds and
bi ol ogically inhjbjtory conmpounds, can be renoved via a m xed |i r waste
di schar gepBte DGIeHTls (Y BPoPBETLE RERi BF cowac. AARSEBEbut et 1RP8 can
al so be connected to the return pipe 214 to divert sone or all the return
act i vat eappstantide ¥ perseit dpwvisal ordfngry iskidlt mnthe, art.oplvsphoros, niregouratdneat i on
of the m xed liquor and/or culture. Sludge is discharged fromthe apparatus
w t h t headjasinentambievials et chbmigh cnere added ne meases dpinideupEnniatischend t he
m xed | iquor solids concentration is so high that it disrupts the operation
of the pH levels for the biological life and associated activity, including biological oxidation, in

the reactor 202.

[69] Effluent from the biological reactor 202 is introduced via a separation subsystem

222 to an inlet 210 of the membrane operating system 204. This transferred mixed

liquor, having been treated in biological reactor 202, is substantially free of adsorbent

material. In the membrane operating system 204, the wastewater passes through one or

more microfiltration or ultra-filtration membranes, thereby eliminating or minimizing the

need for clarification and/or tertiary filtration. Membrane permeate, i.e., liquid that

passes through the membranes 240, is discharged from the membrane operating system

204 via an outlet 212. Membrane retentate, i.e., solids from the biological reactor 202

effluent, including activated sludge, is returned to the biological reactor 202 via a return

activated sludge line 214.

[70] Spent adsorbent material from the biological reactor 202, e.g., granular activated

carbon that is no longer effective in adsorbing contaminants such as certain compounds
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particul ar menbrane biol ogical reactor system In addition, the m xed

| i qguor waste discharge port 216 can be used to renobve a portion of the
adsor bentwoabsrisades t her eby renovi ng sone portion of thecChiusbagiosssid y
refractory conmpounds, biologically inhibitory conmpounds, and/or organic and
i norgani c conpounds that are entirely resistant to biol ogi cal

deconposition, rather than fromthe return activated sludge line with the
wast e activated sludge, resylting i.n a l.omer concentration of these

bi ol ogi cHIIYYr dPisitiion) LRTIRISIE o Biglogknlly FFCIY oFgmBawSSuiaY,

and/ or organic and inorganic conpounds that are entirely resistant to

bi ol ogi chiPlagiaBrpdypiteryrompounds, grs papyevesnya a wied liuabPaseidieagei n t he
menbr ane bi ol ogi cal reactor. An equivalent quantity of fresh or regenerated
adsor benport@t@pf the welogivel maded20. 71 wastprogtletrd ifaray adwor wesrinngctechdlY e
separation system 220 can be provi ded upstream of the inlet 206 of the

bi ol ogi cakurh @aet Y t3Q2vertTddinge il thekdt@n)acEo4teeRudg ANA(PbsasePAmBianed) Syst em
can include a dissolved air floatation system a coarse screen or a
combi nat jsogftlol e BRMIR O BEmREEiHHA#hdof ERRRERHIHRV S e
separating suspended matter of the type known in the art.” Optionally, the
prel i m nary, geneening Aadforseparalion ust em.220, can e, old minated, or

ot her types © e |n¥hary YRt TRENT CudVh eglnaylge P UdEdP A en ing on
the particul ar wastewater being treated, [72] |In order to prevent at |east
a mgj ori ¥ Do HEIUaH SoF Be RICRAR Il S@shlgﬁir%lﬁﬁ drifigpiigthe RPersionr dn@e
operating system 204 and causi ng undesirabl e abrasion and/or fouling of the
menbr aneparigdar gwprraiei bielogides yeactan 93@nt.s Iprasditdwd thaagisebWquol wapeG. 2,

t he separation subsystem 222 is |ocated proximate the outlet of the

bi ol ogi caikclaegcp@t 2202an HowBv@ g rdnoveed paitionarfirbel iadmnbayt nidieideparcdli on
subsystem 222 can be positioned in a separate vessel downstream of the

bi ol 0gi crindvaaCiRke FQBon bNHRI BibBEicaRP SofrdchRy S68RP6@ds OBiologically inhibitory

compounds, and/or organic and inorganic compounds that are entirely resistant to
biological decomposition, rather than from the return activated sludge line with the waste
activated sludge, resulting in a lower concentration of these biologically refractory
compounds, biologically inhibitory compounds, and/or organic and inorganic compounds
that are entirely resistant to biological decomposition in the discharge and a more stable
biomass in the membrane biological reactor. An equivalent quantity of fresh or
regenerated adsorbent material can be added.

[71] A preliminary screening and/or separation system 220 can be provided upstream
of the inlet 206 of the biological reactor 202. This preliminary screening and/or
separation system can include a dissolved air floatation system, a coarse screen or a
combination of these and/or other preliminary treatment devices for separating suspended

matter of the type known in the art. Optionally, the preliminary screening and/or
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subsystem 222 incl udes suitabl e apparatus and/or structures for preventing
contact between at |least a majority of the adsorbent 234 and t he nenbranes
240 i n t worembhsagse oper ati ng system 204. Separati on sulp€y4aiSeomd28s4€an
conprise one or nore of a screening apparatus, a settling zone, and/or
ot her suitable separation apparatus. [73] Suitable types of screens or
screeni ng apparatus for use in certain enbodi nents of the present invention

i ncl ude wedge wire s ens tal or plastic apertured plates, or.woven

f abri cs, PATEGR P CaD Cop oF FLRalst bt iveRs Slaprallmasn gErmeht SiseSus
angles including vertically oriented, horizontally oriented, or at any

angl e t h@apbet d, Japendjpg pe thecppiéailarerastewagm bgigitigatedcr eeni ng appar at us
can be enployed such as a rotating drum screen, vibrating screen or other
movi ng siF2¢eningdappgratensat least gemgorty, of flior adsysdeenmateriabtidciorh lketesigpar at i on
subsystem 222 is a screening apparatus, the nmesh size is smaller than the

bot t om | iheirherfbrahd6p&hitiBC tysieen J0ABKD CadingP@idekiedtte ShiasioRfand/bBe fadingrdrent
material that is being used. [74] O her types of separation subsystens can

al so be ﬂh%%ﬁeﬂlﬂrah&eza’ﬁ(ﬁl%@%ﬁ_ﬁﬁ&ﬂs%?&yﬁt&@ is3RoRbLET NALINGS, LPFIQr 2] fhe
conbi nation W th, a scéreening apparatus. Forinstance, as further described

bel ow, a sett.ling zone . rovided, in whjch sor hent .mat ri?(lr)] settles
by or avi 19 b SRR Z7in B BeE bbb SOUR v R iRk BAT e
previ ous]y descri bed. enbodi nents, separation subsystens can i_l’lC|clilde a

centri f uAV ¥ stlerad GPOHPHAGCIAEI AU AIE MY FE &2 20N tHePsIhoBs A
aerated grit chanber, a floatation system (such as induced gas flotation or
di ssol vestpgat) vessdl domimeiredon ofuthealpplogalizeactor 8P2.Obn eihril dage, thy sdparation
conbination with the separation subsystem 222 proxi nate the outl et of
bi ol ogi calbsyeant 212 202ydea seg@blcabpparatsubay/ot esmucaresbéorppevedeg beaitween
between at least a majority of the adsorbent 234 and the membranes 240 in the membrane
operating system 204. Separation subsystem 222 can comprise one or more of a
screening apparatus, a settling zone, and/or other suitable separation apparatus.
[73] Suitable types of screens or screening apparatus for use in certain embodiments of
the present invention include wedge wire screens, metal or plastic apertured plates, or
woven fabrics, in cylindrical or flat configurations and arranged at various angles
including vertically oriented, horizontally oriented, or at any angle therebetween. In
further embodiments, an active screening apparatus can be employed such as a rotating
drum screen, vibrating screen or other moving screening apparatus. In general, for
systems in which the separation subsystem 222 is a screening apparatus, the mesh size is
smaller than the bottom limit of the effective granule or particle size of the adsorbent
material that is being used.

[74] Other types of separation subsystems can also be used in the separation

subsystem, as alternatives to, or in combination with, a screening apparatus. For
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bi ol ogi cal reactor 202 and the nmenbrane operating system 204 (not shown).
This alternative or an additional separation subsystem can be the sane as
or differwotosgi4s®par ati on subsystem 222, in type and/ oPCuiusee1siosss44 For

i nstance, in certain enbodinents, a settling zone, a clarifier, a
hydrocycl one separator, a centrifuge, or a conbination of these can be
provided as a distinct unit operation between biol ogical reactor 202 and

nbr ane, ti tem 204, [77] Note that th t] bsyst em 222
s i ant P Brieact FOWEY BFCBPE) Bl ‘pHBsses ot HRSEVEUR: TrbB PAIPR T o

original dinmension to the nenbrane operating system In certain preferred
enbodi mewesTiak éles by Lratiiyon subsyst em 222 prevents substantially all of the
adsorbent material 234 from passage to the nenbrane operating system 204.
However , [78Ulir i Ing abiperatvé oembddimbetssyst @m Qbfynctian | e pewvseslyofdesdrtbedt i on of
t he adsorbent material, including inter-granule collisions, shearing,

ci rcul at é@bodi®en8Ol ddpata@ibs Ghbgs@MY| @anWihdlude ShalcMfiigal Okydi@di Ne.g.,

equi pnent, can cause particles to be created that are too small to be

eff ecti V@&oéﬁl&%ﬂ@éﬁtﬁ?u%& drhfe ﬁE@aE@B&QQd%‘P?M%ﬁ@ £#atalibn ?ﬁs@&ﬁ (&en

mnimze the detrinment to the nernbranes a oss of adsorbe material to

wasting, _cert ai nenﬁg%hggg}&isi ncl.ude a separation sulgssyst em 222 that is

capabl e %%m%?cee\c}ér%%l ng passagseOIY)efd alsj)ogf Qi lfléqq“ﬁln POt t he adsor bent
material 234 within about 70 to. about 80 percent of its Qqriginal dinension.
The accefffabl Qpb@“ra@én%gbcqr@‘alaetﬂqrbwiwh% AP 1o RN SAThraRS PER IBaIF W
determ ned by a person havi ng ordinary skill in the art, for instance,
based onouflet efobiohigicabvighdion i26%. a| feppiation edbexsiavh dan bhereNigeshdeoreenesul ts
in an increase in the particles passing through the screening system the
menbr anebiolugidal exqeesri 207 and rhe easelslamdboasiadng sTtes, 2@ ¢osit sHoem@f | Thianal ysi s
can be used to determ ne what is an acceptabl e percentage reduction of
adsor benfjditRel @ aPagd@doR dePSratosuSfys@RY asi 8p BOda¥ent sakifferent as

separation subsystem 222, in type and/or dimension. For instance, in certain

embodiments, a settling zone, a clarifier, a hydrocyclone separator, a centrifuge, or a

combination of these can be provided as a distinct unit operation between biological

reactor 202 and membrane operating system 204.

[77] Note that the separation subsystem 222 is highly effective for preventing passage

of adsorbent material in its original dimension to the membrane operating system. In

certain preferred embodiments, the separation subsystem 222 prevents substantially all of

the adsorbent material 234 from passage to the membrane operating system 204.

However, during operation of the system 200, various causes of attrition of the adsorbent

material, including inter-granule collisions, shearing, circulation, or collisions of granules

within stationary or moving equipment, can cause particles to be created that are too

small to be effectively retained with the separation subsystem 222. In order to minimize

the detriment to the membranes and loss of adsorbent material to wasting, certain
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repl acenent of the nenbranes as conpared to the costs associated with
adsorbent material that m nimzes breakage, and handling and operati onal
costs asswoi2atoed7agdt h a separati on subsystem capabl e of pprasenbiossp4passage
of particles nmuch smaller than the original adsorbent nmaterial granules or
particles. In addition, in certain enbodi nents, sone degree of

inter-granul e coIIisions or collisions of granules W thin stationary or

nmovi ng eqa%gﬂe S|rable t stri 5% ﬁess b| S fromthe out

sur f aces® ntaa%c Y ean%epﬁfé{%l?? SYSW@]Z 8 arté%?f’é’& ?é?&?%?geﬂasﬁ%%?é) | i quor
effluent from the biol ogical reactor 202 can be unped or flow by gravity

( dependi fiys@ntialhealekthgpdegrbenanyiarial 234  veithis yb@lén?io torpbeut ${bPereeHs oA ns
operating system 204. In a systemusing an external separation subsystem
(not shoomgdinalthmenppar dfhesaccsptplrle fpercabtage cwlnttigumetic Suignat Haenadaamabent
material separated fromthe m xed |iquor passing through an external fine

SCreen Obe gepahiat®bysapenst eavingl drdinkyy ghiRvihtiie RAC Ko Mb@néd)dalidob®ghcal
reactor 202. [79] Adsorbent material such as granular activated carbon,

€. 9., SUtdabhye BYBadhl eff he LAITR if! HE HmPlsiAFSQUREM MBhEEAR! in HRD be

added to the wastewater at varrous pornts I nthe system 200, e.g., froma
source 229 adsor bent nat r|a

can be i P& f g‘gs(%lnét%Erou lrlr%le SCI'CCI’II Agsst mom IE%IBEI’B.H%WEI exé)gsence 1acirease

of e I ons ¢ an
For instance, gﬁorbent nat rial can b added to the f edstreanrdomnstream

of the pREPSAR-ndAYS ScrAEAFIE t§9§@’%§n¢?‘? € pgeqyto deteyaung yRanse accepipblgnal |y,
or in conbination, adsorbent material can be added directly to the
bi ol ogi cpdrcansagst iSAUDR qfi adsorbentomateriahbagd ). the igostertt atirpsiembodieventual,
adsorbent material can be introduced via the return activated sludge |ine
214 (e. grepladconaiti ofh tiz3@embries addecdrhpared tenthe dios®nissociated owith hdsadbaitr abl e
to add the adsorbent material upstreamof the prelimnary screening system
220 material that minimizes breakage, and handling and operational costs associated with a
separation subsystem capable of preventing passage of particles much smaller than the
original adsorbent material granules or particles. In addition, in certain embodiments,
some degree of inter-granule collisions, or collisions of granules within stationary or
moving equipment, is desirable to strip excess biomass from the outer surfaces of the
adsorbent material.
[78] Screened or separated mixed liquor effluent from the biological reactor 202 can
be pumped or flow by gravity (depending on the design of the particular system) into the
membrane operating system 204. In a system using an external separation subsystem
(not shown), the apparatus is preferably configured such that adsorbent material separated
from the mixed liquor passing through an external fine screen or separator subsystem
falls by gravity back into the biological reactor 202.

[79] Adsorbent material such as granular activated carbon, e.g., suitably pre-wetted to

form a slurry of adsorbent material, can be added to the wastewater at various points in
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(e.g., location 230d), where the prelimnary screening system 220 is

desi gned specifically for this application by including screening that

al | ows t woadrorient material to pass through and into Prh@/usabogicsal
reactor 202. M xed |liquor passes through the separation subsystem 222 and
t he adsorbent material is substantially prevented from passing into the
menbr ane operating system 204 with the m xed |iquor suspended solids. [80]
As the adsor bent terial remains j.n the systemand is exposed

st ovar OF 050 PUhes TORLR QARG 230t ot Eey MR R s oo8 B B0t 1y

i nhi bi tor con?ounds and/ or organic and inorgani c conpounds that are

ent i r el yadsediest aateriabedy bt Hyjodatedo cogp sneiedacatiopsa3er 280p, $i0ctang/or
adsorbent material will beconme ineffective for treating the constituents,
i.e., th230dddor pistane.capabettyndetal eas bs addeldits thei flebdstresm|dowinstreanhdiyther
concentration of these constituents entering the nmenbrane operating system
204, whepeliheyy RasenihHkeuan 120eeFemoEARAS230andOpliendlys ohat gedbiution,t he
menbrane effluent 212. In addition, adsorbent material can becone

i nef f ect i 6 -HIHE nfa®rfP2hh 1R Ydeh cﬁfbﬁlgﬁb Ghe Q)%l)ﬂéi@&lcf@wog 992 a('f'g/, Qbcation

extracel lul ar polyneric substances. Is layer~of coating can reach |evels

I
where | tz@ib‘i" K, (t:er}%ilp(rg{n%ogi#e%% A4 hAST SO B EYERL $ AGRESP I CInePh 29! cal Ty
ref ract ofy, “bi ol ogi cal'TyIrnhi DIt ory and/ of "of gahi ¢ and | nor gani'c comnpounds

that are entirely resistant to bi ol ogical deconpositian, and consequently
pr event s2A86H L idsR e i 61 tl%caB?lbgéé‘E)ad%ﬂ Adstonah <sdotinete b6t HEnt s of

the present invention, this coating can be renoved by a shearing action
pr oducedddsyrablago add theradsorbert amitend upsiraaleolsthe pralimisyyhscigsnioglsyiten gas
bet ween adsorbent material granules suspended in the m xed |Iiquor or
shear i ng(efgricegioas0d), atheck the plrelisnispensicomngRgitan 200 vedmipned kpdelficatiglsor bent
material. [81] Wien adsorbent nmaterial has lost all or a portion of its
ef fi cacyfdy qrnsr@gu@@tnﬁ bhen@idihy 88ee SRR GRAt JIRMWSOMe QldsbibOhtogh @Al ¥ pass
0

refractory, biologically inhibitory and/or organic

through and into the biological reactor 202. Mixed liquor passes through the separation
subsystem 222 and the adsorbent material is substantially prevented from passing into the
membrane operating system 204 with the mixed liquor suspended solids.

[80] As the adsorbent material remains in the system and is exposed to wastewater
constituents including biologically refractory, biologically inhibitory compounds and/or
organic and inorganic compounds that are entirely resistant to biological decomposition,
some or all of the adsorbent material will become ineffective for treating the constituents,
i.e., the adsorption capacity decreases. This will result in a higher concentration of these
constituents entering the membrane operating system 204, where they pass through the
membranes, and are discharged with the membrane effluent 212. In addition, adsorbent
material can become ineffective due to coating with bacteria, polysaccharides and/or

extracellular polymeric substances. This layer of coating can reach levels where it blocks

the pore sites and thereby prevents access for biologically refractory, biologically
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and inorganic conmpounds that are entirely resistant to bi ol ogi cal
deconposition, a portion of the adsorbent material can be wasted via waste
port 216,we.2010/14864di schargi ng a portion of the m xed | PGEAIS2€TI0/08%8HNi ng
adsorbent material dispersed therein. [82] Additional fresh or regenerated
adsorbent material can be introduced into the system as described above,
vi a adsorbent material introduction apparatus 229 and/or at one or nore
suitabl e addition |ocations,. The inlet wastewater and the effl uent

wast ewat 936‘@3 VBHY SR BHLERTSARIC CORP 4R /tg?‘t TRy irﬁs%%lﬁﬁBlLlﬂPgoglcal
concentrations, can be nonitored to determ ne when the adsorbent materi al
and its greeBpEHIMNdoFOaGUENilY Rrenenty adserptionadeippibits diedegradatio edn

ef fectiveness. A plot of the difference between the inlet and effluent COD
di vi ded tprtaithenbodieentCOD tlzopresmt rmeventoon, whib koghngwaghedeaabvdédsys a sheating
efficacy of the adsorbent material in the mxed liquor. The sane type of

pl ot canadd@nysedice® bytitet HmbilREMEdHARGARIif the Bfrvedh, wARAS icbNisins beeves)St em
The amount of COD renoved fromthe feed stream can provide an indication of
t he_ r _el alds¥fheAMMURta P rafhied ngsl[pgﬁ’deldﬁn red ﬁﬂ“fédolﬁ(ﬁio?%g/sﬂéarig b8 §&bliYted

i nhi bitory organic conmpounds that are being renoved fromthe wastewater
feed. As_the operators of the em.devel op.experiencewith treating a

par 1 cut 31T SOPEE SiPo et it 78 MiTy T i ne when thi s ratto

i ndi cate point at which there is a need to reppve_a portion of the

adsor bent! it erﬁ%a%?q{b%én%?r&l@g? ¢t all @z dersrtiophal ftepifikee for duckne thesh
adsorbent material. The systemls required efficiency will be regained for

t he conpdiilvers eanaentetion tif dliolgeisally yetrastarsicbiotagicably dhlbigitery dnd/¢merighiicor y
and/or entirely resistant to bio-deconposition, for instance, to produce an
ef f | uent addhiabrgasicicompouipdsi tamcee stirblyregith@tto biolsgepl deempusiionSappitiong and
anal ysis of the effluent for concentrations of specific organic and

i nor gani &f e ABNBGS nfadddialbHOLDR adSE diatvasiei Rt Mg e gsniifhbictRLY p&kiohhe

adsorbent material and its

of the mixed liquor containing adsorbent material dispersed therein.

[82] Additional fresh or regenerated adsorbent material can be introduced into the
system, as described above, via adsorbent material introduction apparatus 229 and/or at
one or more suitable addition locations. The inlet wastewater and the effluent wastewater
COD compound concentrations and/or inorganic compound concentrations, can be
monitored to determine when the adsorbent material and its accompanying biomass in the
system have experienced reduced effectiveness. A plot of the difference between the
inlet and effluent COD divided by the inlet COD concentration will show gradual loss of
the efficacy of the adsorbent material in the mixed liquor. The same type of plot can be
used to monitor the inorganic removal capacity of the system. The amount of COD
removed from the feed stream can provide an indication of the relative amount of
biologically refractory and/or biologically inhibitory organic compounds that are being

removed from the wastewater feed. As the operators of the system develop experience
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acconpanyi ng biomass in the m xed |iquor has been reduced and parti al

repl acenment should be initiated. [83] The operator of a nenbrane bi ol ogi cal
react or swetermv@@®4according to the invention can begi npcefiSaciomgsesone of

t he adsorbent material when the effluent concentrations of specific organic
or inorganic conpounds start to approach the facility' s permtted

di scharge concentrations for these conpounds. The all owed di scharge

concentratjons .are typically limted by the facility's.pernmt, for .

ot ancen ith R R pBEIR, WaHEMRst: GAa1ViHor P 15SBHAT gaeR i R on
System (NPDES) permit programthat is regulated by the United States

Envi r onnidicates prieid @f WgwhAb%rﬁ éya negd terpapvesy pPItigp of dipadseibar mafEsialiin a
particular state or nation. As operators gain experience in operating this
syst em wihebidlbgical rpartdr andIreplacvais vethetesh adsdnesnt matdriabe Thb bystano s aeruied pat e
when to commence repl acenent of adsorbent material. Wen the operator

det er m nefictehay whe Rf re@agd 9br tihe ashsspubent thamtaes | Bbloandlly t &fi@coeefIpanyi ng
bi omass is approaching an inability to achieve the requisite effluent

concent r@ibio%&\%ggtiﬁﬁ’ﬂbit MBor Eﬁﬁe@?f&ﬁ{anwtﬂiﬁge&fm}ﬁ%&%ﬁ,s & QUBRS, that i's

performed b Ing return activated sludge fromline 218 cancease and the
excess bj qnmass ag&lthetha{:co.rrpan |lﬂgcads%r bent. material | st ?d fr8mthe

S
bi ol ogi cRPVEH SHUSERNG B st poret W gAY, FRSIHE S S e B4 Wested i s
determ ned. by whtgt i regéji red to maintain the m xed |liquor suspended
sol i ds wimahH $hi8e GHt1E M GIREFAtTagNT ahtReCHitsr OB MEC Bad tRYGIHT CHBRB K e
bi ol ogi cal reactor system After replacenent of a portion of the adsorbent
mat er i al cant hlsoebé | upedt toj deteuming owden fficdsy opehat asisonbentd enaserial nandwiiet her
the requisite contam nant renoval efficiency has been restored. Additional
r epl acenarbmpanyibe bimaas ds theatdeed hgsa@dhanbeepardided qnexppetidlerplcerh@d] | n
sone enbodi nents, the system and/or individual apparatus of the system can
should be initiated.
[83] The operator of a membrane biological reactor system 200 according to the
invention can begin replacing some of the adsorbent material when the effluent
concentrations of specific organic or inorganic compounds start to approach the facility’s
permitted discharge concentrations for these compounds. The allowed discharge
concentrations are typically limited by the facility’s permit, for instance, as determined
by the National Pollutant Discharge Elimination System (NPDES) permit program that is
regulated by the United States Environmental Protection Agency, or other similar
regulating body in a particular state or nation. As operators gain experience in operating
this system with their particular wastewater, they will be able to anticipate when to
commence replacement of adsorbent material. When the operator determines that the
efficacy of the adsorbent material and its accompanying biomass is approaching an

inability to achieve the requisite effluent concentration of pollutants, the normal wasting

of excess biomass that is performed by wasting return activated sludge from line 218 can
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include a controller to nonitor and adjust the systemas desired. A
controller can direct any of the paranmeters within the system dependi ng
upon t he wexnreed7®per ati ng condi ti ons, which may, for eramrfiSeqiobssehased on
governnental regul ations regarding effluent streanms. The controller can
adj ust or regul ate val ves, feeders or punps associated with each potenti al
fl ow based upon one or nore signals generated by sensors or tiners

posi tioned wi cpl n the é}lstem or L}nndl vi dual . appar %t us. cont eﬁlg can
al so adj %F@fe B PEgirat 9npretnd %é&‘é%f%PaB?/mé S%tSIB%tF’a tiela Wastert 1eye
potential flow based upon one or nore si %nal S generat ed by sensors or
timers, (B eiRlogiral eeackora2@heid master phd10f orfhexappiing dnmaisiiak avasted déwnwar d
trend in a characteristic or property of the system over a predeterm ned
peri od odettimmeed Bowhetxiampiuereddo semsaimn the maxedeliquon emipesdademinds suithgether at e a
signal indicating that the concentration of pollutants such as biologically
refract osptire@iARpPeR@se ringel giteapdiicilihnebeiny HelopRuN@actoRBhtdi. oarounds
entirely resistant to bio-deconposition has reached a predeternined val ue

or tr endre})férceﬂl&gﬂ &@5' gtl(hlh 8t tﬁé" stg%n't ?ﬂa%nalt ﬁﬁr ﬁ?ﬁﬁeﬁtr fsgﬁgﬁlltd}gd Cl))?ethe

controller to performsone act upstreamfrom downstream from at the

sensor. TiSioR%t aSAMuiolHAR. A QU8R IRLS,Oh LeIRY) nARdsOLbent, It erl al
from t he® ologi ca Feact iRy et regenerated BBt Waleri al

to the bi oI ogi cal .reactor, adding. a different type of adsorbent material,
adj ust i n{FStrSw tditiens RRLACEER AN b T8 of BEder RSO BroRFHPEE SKRFTISAER her

apparatus within the system redirecting flow of the feed inlet or inlet to
anot her Egpar bt spsnagmbodimenys, %19§B’Etﬂmt9€ljldg>r sndivisyel appakatusaef] the tsystgmedan f | ow
wi thin the biological reactor, adjusting residence tine within the

bi ol ogi cakludeacivatrolber tomhmﬁtoapnxaa@jhusthe ayderadf dsditedg A eomesiki eaedaed/ or pH
within the biological reactor or other apparatus. One or nore sensors can

be utilizBobfitRe PAratelehs WK AREsREenBERNGRP AP He REir&d sRMIeRbndii8nsy st em

to provide an indication or
which may, for example, be based on governmental regulations regarding effluent
streams. The controller can adjust or regulate valves, feeders or pumps associated with
each potential flow based upon one or more signals generated by sensors or timers
positioned within the system or individual apparatus. The controller can also adjust or
regulate valves, feeders or pumps associated with each potential flow based upon one or
more signals generated by sensors or timers, which indicate a specific trend, for example
an upward or downward trend in a characteristic or property of the system over a
predetermined period of time. For example, a sensor in an effluent stream can generate a
signal indicating that the concentration of pollutants such as biologically refractory
compounds, biologically inhibitory compounds, and or compounds entirely resistant to
bio-decomposition has reached a predetermined value or trend, or indicating that the

COD level, thereby triggering the controller to perform some act upstream from,

downstream from, or at the sensor. This act can include any one or more of removing
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characteristic of the state or condition of any one or nore processes being
performed in the system [85] The system and controller of one or nore
enbodi merwe 20fo/thws4i nventi on provi de a versatile unit hagirng2emlossepd e nodes
of operation, which can respond to nmultiple inputs to increase the
efficiency of the wastewater treatnent systemof the present invention. The
controller can be inplenented using one or nore conputer systens which can

be, for exanple, a eral - pyrpose .conputer...Alternatively, the c ut er
oyt em cSHvoTRB e Epdtinal 1S oG driraror: e np i s €O R or
exanpl e, an‘q&glicationspecific integrated circuit (ASIC) or controllers

i nt endedmpisFialyettbe biolegi¢akuenctasyaddangsa difigeint Typs of dparbet nafeiadmdigstinencl ude
one or nore processors typically connected to one or nore nenory devices,
whi ch caflowardphd sesteivater e tirpgbe] indatyor onlet Gr anthreg apparatudivekhia theveysteenory, a
flash nenory device, a RAM nenory device, or other device for storing data.

The nendfefire&ingyfbw afl tie YsRinf@rorsinks ith Anptheg hjgBataneitial ehediikiengtoper ati on
of the system For exanple, the nenory can be used for storing historical

data rel QB{I%I%Q difk, LARSRRE HFRAET Vit 8 thAbRESHQH Bfctdr! TBusidy WRlden@Sri@Rer ating

data. Software, i ncluding progranm ng code that 1| nplerents enbodi ments of

the inventjon an be stored on.a conputer readabl.e and/or. witeabl

nonvol at P10 tecRRR b haF G Bl ARERA G, LR Pl i WY e ei
it can then,bﬁ %x?cut?d by one or nore processors. Such programrn ng code
can be wWVitRIAC Sractproyr grhar japRargius.p B anMPHigsonsiiy 4y RS Udkized In

conbi nations thereof. [87] Conponents of the conputer system can be coupl ed
by one o¢r wishéhd pnceptmeneapiasHusTec zamsmy, tholysem damreviéd aelendsgpsionrormor e
busses, e.g., between conponents that are integrated within a sane devi ce,
and/ or achaedoteriskic o€ tig:. statbet werdition of any one or more processes being performed in

the system.

[85] The system and controller of one or more embodiments of the invention provide a
versatile unit having multiple modes of operation, which can respond to multiple inputs
to increase the efficiency of the wastewater treatment system of the present invention.
The controller can be implemented using one or more computer systems which can be,
for example, a general-purpose computer. Alternatively, the computer system can
include specially-programmed, special-purpose hardware, for example, an application-
specific integrated circuit (ASIC) or controllers intended for water treatment systems.

[86] The computer system can include one or more processors 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 is typically used for storing programs and data during
operation of the system. For example, the memory can be used for storing historical data

relating to the parameters over a period of time, as well as operating data. Software,
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conponents that reside on separate discrete devices. The interconnection
mechani smtypically enabl es conmuni cations, e.g., data, instructions,
exchangedwbebwedmoedonponent s of the system [88] The comrpliiuszoi9p3tesdm can
al so include one or nore input devices, for exanple, a keyboard, nouse,

t rackbal
devi ces
devi ce,
contain

conmuni cati on networKk,

can be f

According to one or nore enbodi ments of the invention, the one or nore

|, m crophone, touch screen, and other man-machine interface

as well as one or nore output devices, for exanple, a printing

to be

di spl ay screen, or aker. In additipn, th onput er system can
BB RReETRNg, fE et HaPIeREAS CORPRETER ol BT et iogy EXbdft o a

HPIPE PNLY QAR reagatde and/phwritcslsdrpanelatilsfreeqidingymedipm, pgbhen

in addition or as an alternative to the network that

i nput detypreBy capied mtd uderosemhores ft oan theadarekeqtainlyy ameorgnopreceparanet er s

of system and/or conponents thereof. Alternatively, one or nore of the

Sensors,

val ves or volunetric feeders,

SihRSgrafimifg bede @AHRANGRINSH @hy bhe pRia{te 6T piofdniflingJar b dsiong

can be connected to a commruni cati on network

that is gpgsiatdelyer&upl ed to the conputersystem Any one or nore of the
above can be coupled to another conputer system or conmponent to communi cate

With theGOMDULEL SYS! SIn Quer. N, OF MIDLE COMNI Cat).gn netyor ks, Such a

confi gur

at a significant distance fromthe conp

on pe S any sensort or $ignhal -'gener a

to be | ol4reRIngetion g}@ghfiﬂrl%%m\vhi&hsqaan%ﬁadﬁo?ﬁeaﬁp Naef5 s Y& Em Sah d PEVEERe

er, while still providing data therebetween. Such conmunication
mechani semnpaxntsethatf frecniedrayd within 2 ispge avyiceuindal @ neteetiki ¢ge bewedeadi ng

controll

but not

limted to those utilizing wireless protocols.
components that reside on separate discrete devices. The interconnection mechanism

typically enables communications, e.g., data, instructions, to be exchanged between
components of the system.

[88] The computer system can also include one or more input devices, for example, a
keyboard, mouse, trackball, microphone, touch screen, and other man-machine interface
devices as well as one or more output devices, for example, a printing device, display
screen, or speaker. In addition, the computer system can contain one or more interfaces
that can connect the computer system to a communication network, in addition or as an
alternative to the network that can be formed by one or more of the components of the
system.

[89] According to one or more embodiments of the invention, the one or more input
devices can include sensors for measuring any one or more parameters of system and/or
components thereof. Alternatively, one or more of the sensors, pumps, or other
components of the system, including metering valves or volumetric feeders, can be

connected to a communication network that is operatively coupled to the computer
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[ 90] Al'though the conputer systemis described by way of exanple as one
type of conputer system upon which various aspects of the invention can be
practi cedyvoizpigiaostd be appreciated that the invention PPETruskotiosscie€d t o
being inplemented in software, or on the conputer system as exenplarily
shown. I ndeed, rather than inplenented on, for exanple, a general purpose
conputer system the controller, or conponents or subsections thereof, can

alternativel e i npl enent e as dedi cat ed tem gr as a dedi cated

o ogr anmBBIEY 1 QY TEGRUTOR 0 BPese g ShesurlieCler stties GORBHEr oYy <t erm
Further, it should be appreciated that one or nore features or aspects of

t he i nvefAMRANCREIY WEMHfEerEHtdle CAMBYET fisfen ONMelr Red énYie OPHMAFAEIoNor any
conbi nati on thereof. For exanple, one or nore segnents of an al gorithm
execut abha@wbiksa Swiht 2 ebhfeguratam benper fnyr sepdon or sieparg@heragogrdetiee $o bahi ch in
turn, can be in comunication through one or nore networks. [91] In sone

enbodi MeRrksed @NE sighifTRfEdi @M@ Sm Cacdifputeicdy@adardlord Qeat idnentdiobghout  of
the system 200, which are in comunication with a manual operator or an

aut omat e gont gl si%ﬁﬁﬁ%aﬁm diQad PGBy Gib3idiR NG/ RE e5RurdRY! WhAdkhgn in

aprogrammabl e 1 ogi€ controlled nenbrane biol ogi cal reactor system In one
enbodlnentvkﬁyséen1§po incl ude control |l er 205, whi ch caqmb%fa%%¥§U|table

pr ogr ammed’ of ?ca?%@e%%ﬁ%ut ?Csﬁ%P%%P”ﬁﬁﬁtnthaH% Y iDut ed*¢ontr o
system The concentration of certain organic_and/ or |norgani.c conpounds can
be neasub@tFiag APheuiiRHBrEHE BfelslitHY SYstenliBitPd jenhowr Blkting HErLess| uent
fromoutlet 208 of the biological reactor 202, as indicated by dotted |line
connect i piegocbt ween the control ler 205 and both the effluent [ine 212 and
the intermediate effluent |ine between outlet 208 and inlet 210. In another
enbodi mef)] t Athewhcthntdoatpuen sgitemoisadekdribedrigamwhg of expopleds afe gipheit
property or characteristic of the

computer system upon which various aspects of the invention can be practiced, it should

be appreciated that the invention is not limited to being implemented in software, or on

the computer system as exemplarily shown. Indeed, rather than implemented on, for

example, a general purpose computer system, the controller, or components or

subsections thereof, can alternatively be implemented as a dedicated system or as a

dedicated programmable logic controller (PLC) or in a distributed control system.

Further, it should be appreciated that one or more features or aspects of the invention can

be implemented in software, hardware or firmware, or any combination thereof. For

example, one or more segments of an algorithm executable by a controller can be

performed in separate computers, which in turn, can be in communication through one or

more networks.

[91] In some embodiments, one or more sensors can be included at locations

throughout of the system 200, which are in communication with a manual operator or an

automated control system to implement a suitable process modification in a
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system may be neasured at one or nore of inlets 201, 206, or 210. Sensors
known to those of ordinary skill in the art of process control apparatus
can i ncl waio 20tvog®ebased on | aser-induced fl uorescence oPCIB2@DI088646eNSOr
suitable for in situ real time nmonitoring of the concentration of organic
or inorganic conpounds in the effluent or other property or characteristic
of the system Sensors that nay be used include subnersible sensors for use
in oil-in-water surenmen fluorescence for ion, such
as envi r BieEtTRalE fre %O%WQ?CYW Tt AT SRyt WA Tsd R BF EMPRTBbur o
Germany). The _sensors may conprise | enses which are coated or otherw se
treated $¥tepr 2Ybincluges 3 F@ﬁttolhehao%wbwhtca@be A8y Pyifglegprogiammadrtdedicaigls on
the | enses. Wien one or nore sensors in the systemgenerate a signal that

t he concemipwti eystanfi, 8h€, ar dstribuedgemitol aysttor Theocgmantcatoonpbeadsnexceeds
a predetermned concentration, the control systemcan inplenment a

responsi ¥igac ah@or mganwc@n@unaﬁbérebe‘ geghackatakd membednelopertiap watemact i on,
including but not limted to renoving adsorbent material via waste

di schar g@fﬂBQﬂttm%Jo@ thSeriuBaH f?&lh%qtlayw%oéfttﬁ@'bion ca@?&%?tz'oQ“és iRglyegDyt he
controller 205 an the waste di scharge port ); adding HEMIOF reggnerated

adsor ben t{ncait néé:ltlansa BICS[OI’ beﬁlte cma‘%ro erg.JOBI ntgrbtoﬁl t%t Ie?frl]uegp fi c? { eor at

one of tHe ofwecopoca rons (as In |ca ["I'ne conne n<Chet ween
the controller, 205 _and the adsorbent naterlgﬁzlntroductlon apparatéf 229);

addi ng a"HiFPeRET TEgE NG oekeres At 2Grat ek gt 21 %o dh ARG PRI E
retention tinme;, nodifying the biological characteristics such as S|nple
carbon feuderteationi drelyilg anganms conpeuids iy Eheysprapertys or Aharaggetiicagfdther pH
adj ust ment chemi cals; and/or other nodifications as descri bed above or that
w || be appareny Heontdsasd afonercdinm@e yof Skiets| 201N 206G eorad 10. $hRdrs Mabentthat
while the controller 205 and the adsorbent material introduction

those of ordinary skill in the art of process control apparatus can include those based on

laser-induced fluorescence or any other sensor suitable for in situ real time monitoring of

the concentration of organic or inorganic compounds in the effluent or other property or

characteristic of the system. Sensors that may be used include submersible sensors for

use in oil-in-water measurement which use UV fluorescence for detection, such as

enviroFlu-HC sensors available from TriOS Optical Sensors (Oldenburg, Germany). The

sensors may comprise lenses which are coated or otherwise treated to prevent or limit the

amount of fouling or film that occurs on the lenses. When one or more sensors in the

system generate a signal that the concentration of one or more organic and/or inorganic

compounds exceeds a predetermined concentration, the control system can implement a

responsive action such as a suitable feedback action or feedforward action, including but

not limited to removing adsorbent material via waste discharge port 216 (as indicated by

dotted line connections between the controller 205 and the waste discharge port 216);

adding new or regenerated adsorbent material via adsorbent material introduction
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apparatus 229 are shown only with respect to FIG 2, it is intended that
these features and the various feedback and feedforward capabilities can be
i ncor por aveaoio4aaey of the systens descri bed herein. | npraddistéion3scihe
controller 205 can be electronically connected to other conponents such as
a wastewater feed punp and the suspension system 232. [93] After the m xed
liquor is aerated and treated by t he adsorbent material in the bi ol ogi cal
reactor 202, rocessed S t rou h se ration. subsystem
055°" andimaiatyral B Feae of P taribriings Spergieaing Oy Stsrd Bon bt a1 y
free of adsorbent mat eri al . The separatron subsy sten1222 prevents adsorbent
mat er i al between pags spEpllent )5t prd rﬂ&ﬂnﬁ%ﬁhﬁ%geatatlalnglt@%ttm apppratgy 22

mai nt ai ni ng the adsorbent material in the biological reactor 202, or

ot her wi saldings trdefencof typh eof neelstibamtemeiea nla tmaortfysys thenh Ziddylict feeenen himlt:; and
system of the present invention mnimzes or elimnates the |ikelihood of
foul i ng mpdifging aly BididgicaDthdrieriEiad kheasapapRidar®nIYsd &N hRRkofFamkmanes by
t he adsorbent material. [94] The nmenbrane operating system 204 contains

filterin to r er n the
m xed Irgbgﬁmy%??%§ﬂﬁﬁgmraw%b %gr%%?%gqgﬁs nﬁg%% %g§n$%§nt?ﬁghe3§?%ent

L{)fjlmo;[/vht?mgl Srcgtzla‘oc ts?aés rdési'c%grea_ OE%VC érguziut @Iebe %)?fgl%enm t%hse & orgmary sktlE n tfhor m of

|gura ons, nown to
t hose of ordrnary skill in the art, are typically very expensive and it is
highly d¥irable to protect them from damage in order to naxinize their
useful life. In the nmethod and system of the present invention, the life of

t he menb92hesNpie thae olpker ghd wgnisglir e?AX andk the eadseibenid sehteril niotrodussion
separation subsystem 222 substantially reduces or elimnates entry of the

adsor benippasdtey 128] ars dedwasnlg mathulespecaot FlGated iciardnded thanthecr featayesanbder

solid granules and particles, into the nenbrane operating system 204.
the various feedback and feedforward capabilities can be incorporated in any of the
systems described herein. In addition, the controller 205 can be electronically connected
to other components such as a wastewater feed pump and the suspension system 232.
[93] After the mixed liquor is aerated and treated by the adsorbent material in the
biological reactor 202, the processed mixed liquor passes through separation subsystem
222, and is transferred to the membrane operating system 204 substantially free of
adsorbent material. The separation subsystem 222 prevents adsorbent material from
passing into the membrane operating system 204. By maintaining the adsorbent material
in the biological reactor 202, or otherwise upstream of the membrane operating system
204, the method and system of the present invention minimizes or eliminates the
likelihood of fouling and/or abrasion of the membrane operating system tank membranes
by the adsorbent material.

[94] The membrane operating system 204 contains filtering membranes 240 to filter

the biomass and any other solids in the mixed liquor in the membrane operating system
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[95] Qutlet 212 transports filtered effluent fromthe nmenbrane operating
systemtank 204. Return activated sludge |line 214 transports a return

acti vat edwesl20og7stir eam from t he nmenbrane operati ng systPemiusank/ 024344t o t he
bi ol ogi cal reactor 202 for further use in processing of the wastewater
feedstream Excess sludge is wasted fromthe systemusing waste |line 218 as
in a conventional nenbrane biol ogical reactor system [96] In systens in

1B 09178k £201 1y B S 2015 DEEEL S, BUED 20, S CaiLon onk

apparatus or mechanical m xing system can be used to nmaintain the adsor bent
mat er i al inj the ée@peﬁbpw fikgr gearrangs @riother geitade condtairations) Bws kparndas

addi ti onal enbodi ments of the present invention include alternative or
suppl enethbsd ofsurdpansskolh irafhp artabiestypicalsy sdrg rxRSRiveaindai inthaghhy tiéserabldsor bent
material in suspension. [97] Maintaining the relatively |arge granul es of

adsor benprofet @fenfllfroni dsmege s ber ty Plakahizy hafukdfeSlieONE dRrablhed rmge
energy than a prior art systemnot using the adsorbent material, or that

enpl Oys Véﬂ?[)?qlegﬁgéeﬁ@fn%gnt?cﬁf l?l%”hfe%ﬁ& l?&'n%%es 19%@9;}/&_ te?xf ta‘dﬁ' ng

granul es "of adsorbent materi al according to the presen |on |ncI ud| ng

I ncr eased I’a%end gme:Ie e sgpat(%f%tlocnosmn %552 set)ngm 1all lieﬁﬁée%@{ efn nattgszelnr
obvi at i ng t e nee or f ream rea n out wel gns any ncrease

in energy. consunption for operating the system [98] The suspenS| on system
232 in cr s AISOFRSEH AT wht%egrape%ﬁfﬂtatﬁﬁeﬁt 81h anyen peLthshesodf mor e

of jet mxing, nmechanical mxing, jet aeration, coarse bubble aeration, and
ot her tygteeulet anfbpstiaeles dito dre mpmbene pEﬁ@iH@mS}tS@Hn&@‘ht ain the adsor bent
material 234 in suspension while mnimzing attrition of the adsorbent
mat er i al [9834. Op8&]2 I2nraepdrad filteadeffluernirsm thé nedmiannd opdratalg peenodinkf ti me
in which the adsorbent
204. Return activated sludge line 214 transports a return activated sludge stream from
the membrane operating system tank 204 to the biological reactor 202 for further use in
processing of the wastewater feedstream. Excess sludge is wasted from the system using
waste line 218 as in a conventional membrane biological reactor system.
[96] In systems in which biological reactor 202 is an aerobic reactor such as an
aeration tank and the micro-organisms are aerobic micro-organisms, an air diffusion
apparatus or mechanical mixing system can be used to maintain the adsorbent material in
suspension. As described in further detail below, various additional embodiments of the
present invention include alternative or supplemental suspension apparatus or system 232
to maintain the adsorbent material in suspension.
[97] Maintaining the relatively large granules of adsorbent material in suspension
typically requires considerable more energy than a prior art system not using the

adsorbent material, or that employs powdered activated carbon. Nonetheless, the

advantages of using granules of adsorbent material according to the present invention,
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material 234 is within the biological reactor 202 and sone granul e breakage
occurs, e.g., sone of the rough and/or protruding surfaces of the adsorbent
mat eri al WB40twwade4of f and becones powder, fines, needl esTars2ablosscssnal | er
particul ates, the adsorbent material 234 maintained in suspension by the

j et suspension system 232 stabilizes, whereby little or no further breakage
or degradation in size occurs. [100] In additional enbodinents of the

pr esent an ntion, prjior to introduction of adsor terial .i.nto the
ytem it BifeaPed: Bte e kbl cPORREI6 RN My DaeyramiPe e
portions of the adsorbent material, thereby nlnlnlzlng creation of fines
and ot hepbyigfingsthe ased faynwrther deyssiean decai gt auteeths Ny ingrease I8 SPEIEHt e and
can abrade the nmenbranes. Preconditioning can occur with or prior to

pr e- wet t cangymbpaon fonspanteg thersystermui t abl e condi ti oni ng apparatus such as a
wet or dry particle tunbler. [101] The concentration of adsorbent material
in the n9ged ThelyMpehsiopapaeml 232 deteeitdth nesbdianests uPoRe tpreseaPabichiién, syst em
parameters and wastewater to treat the particular conbination of

bi ol 0gi gk X r el BCHRY AN WixRieOlHAGhEALAY miARE Plet %Yau%ﬁgé&rﬁje @LbhIROT gani ¢
conpounds to nmeet a facility's dlscharge reqU|re nts. estlng has

I ndi cat egdt qat Oﬁgro%flfl:rngrpes n? 1ca| 9 O IS%,a CI’IrSeO%CtOOII:nal am tﬁle aﬁEOI'B
i ndustri ael m >’<e I guor suspen ed sol I dS CcO 1 on a norma range

for the part.icul ar nenbrane bi ol ogi.cal reactor confl uratlon | oyed) and
an' adsor Bat LR SHIPCRH AR SAKF SHINBHZIng GRS Ogihs AIAPIA B i-car bon,
about 20@6i0f the total m xed Ilquor‘sqsgended sol i ds concentration) mas
adequat e[990 rbnesrtrin kmbpdivieog aékt yn rigifinkpergady ol fiteoin Whish dhe @dbdrpent
i nhi bitory organic conpounds present in the wastewater feed w thout
cr eat i ngmhetihi 283 prvabiie s Wologitel wacterPihghdsysicepmise treakhghedtcurs, e.g.,
concentrations of adsorbent material can be added to provide an additional
mar gi n ofongabethy rdGAl Mdlor PFOARRSS: PGBEsSoftthahd eMentnaRYRE234 break off and
becomes powder, fines, needles or other smaller particulates, the adsorbent material 234
maintained in suspension by the jet suspension system 232 stabilizes, whereby little or no
further breakage or degradation in size occurs.
[100] In additional embodiments of the present invention, prior to introduction of
adsorbent material into the system, the material can be preconditioned by removing easy-
to-break portions of the adsorbent material, thereby minimizing creation of fines and
other undesirable smaller particles that are difficult to separate and can abrade the
membranes. Preconditioning can occur with or prior to pre-wetting, for instance, in a
suitable conditioning apparatus such as a wet or dry particle tumbler.
[101] The concentration of adsorbent material in the mixed liquor is generally
determined based upon the specific system parameters and wastewater to treat the

particular combination of biologically refractory and/or biologically inhibitory organic or

inorganic compounds to meet a facility’s discharge requirements. Testing has indicated
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hi gher than normal effluent concentrations of biologically refractory
conpounds, biologically inhibitory conpounds, and/or organic or inorganic
conpoundswenbiwwlyssr esi stant to bi ol ogi cal deconpositi oRCTNS2@o0BssE4 t hi s

addi ti onal adsorbent material will result in increased screening and/or
settling requirenments. The | owest concentration of adsorbent material that
can be utilized and still achieve the required effluent quality can be

enpirically determ ned, ,base on a desired margin of safet gai nst

o bcese B ePSuEhat MEMbARE ool Resth rieacl e orRA i Cu A I aBH Bpr i at e
for the particular system and process. [102] The present invention using
adsor bentuspgided isalids foseendafppfing nasemal mAage Bﬁéliieaﬁrg@ﬂ%fy@?@hiaﬂlaﬂ?l@l‘?g}%édsor b
organic and inorganic materials (biologically refractory, biologically

i nhi bi t oregctor cohfigumiise)enggdowed) | andls ab cadspenidendtaral acswspenided snediaa

menbr ane bi ol ogi cal reactor is applicable for a variety of different

confi gur gah@as activat@deirboNof ¥Mfuk Q0% $EPealotdMikey iIkpsr RBgpeAdEiosdIRisused to
mai ntai n the adsorbent material in the biological reactor. It will be

appr eci al SlefadAIP v ALY rakbld tlMbbREIANY LARLEN HRIGbioRERLATS W I |

have different econom c benefits based on the individual characteristics of
t he WaStl% I ti Sy AN Czlmltchceong e(%inﬁn meﬁteinttﬂe faas&:i | itetryfeié \x;[it%obte crient% a%ol ?’d' [ 103]
The fact OFS PRaPEFE COMTGHT B TS Briogute St mare Y e8]t et "tondi t Fons
i nclude the type of adsqorbent material, including its size, shape,
har dnes sProBlsals; 1 t8e §irawIeg Sysisat piacn g lighereconcigianens of adsprbppigptghal seer
suspensi on needs for granule suspension in the mxed liquor, i.e., to
mai nt ai nbe #rsled tapigvide aacddifipnalonargimodsatesy agasiss peogesdipaeisl it coulé causeeen bar
spaci ng or opening size and hole configuration, the concentration of
adsor benhigh&at efianalnoimalt b&flughx ednédngpatons tolfiebiotigiaiiyr atftaotorof cdnfunidxed
l'iquor volatile suspended solids, the total concentration of mxed |iquor
suspendegioffidafl§ . inhibfoFyRlcbMpOlindsN@nd Rt WirBarAE tdrVabRSAn! U8€Bounds entirely
resistant to biological decomposition. Note that this additional adsorbent material will
result in increased screening and/or settling requirements. The lowest concentration of
adsorbent material that can be utilized and still achieve the required effluent quality can
be empirically determined, based upon a desired margin of safety against process upsets
that is based on experience or otherwise deemed appropriate for the particular system and
process.
[102] The present invention using adsorbent material upstream of a membrane operating
system tank to adsorb organic and inorganic materials (biologically refractory,
biologically inhibitory or otherwise) as well as to provide for a suspended media
membrane biological reactor is applicable for a variety of different configurations. In

addition, various separation devices may also be used to maintain the adsorbent material

in the biological reactor. It will be appreciated by one of ordinary skill in the art that
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flow rate divided by the flowrate of the mxed |iquor entering the

menbr ane operating systemtank, the hydraulic retention tinme and the sl udge
retenti orwOi20®/14T9si4s opti m zati on provi des adsorpti on ofPCTarseoposicion of
the biologically refractory conpounds, easy to degrade biol ogi cal oxygen
demand conpounds (BOD5), biologically inhibitory conpounds, organic or

i norgani ¢ conpounds entirely resistant to biol ogi cal deconposition, and
extra-cel l.ul ar pol yneri. ubstances by the adsopbent terjal .suc S

o anul ar SEET Al Ba BN S JURIEE FPTPES TRt Pty on [ Heai NG er
benefit of the apparatus of the present invention is providing sites to

whi ch t heharacarstiey offhe siasteater prd the xegdon whersrthaiasisn isda b§éﬂs|“f4igdcan adher e.
Thi s aspect of the process produces a mxed liquor volatile suspended
sol i ds sHi08hnThdttctorsthatare centadlled taprbdues optireattrentment sondsponsdudothapset
conditions and all ows enhanced bi odegradati on of the organics present in
the wast @Eatoe d@sb&RmRased, ineludifpois Gizénikhpe, Rednevalspetitakhaiy esidinged
menbr ane bi ol ogi cal reactor operated with simlar hydraulic retention tines

and sl udgg, rr@zﬁlﬁ'ﬂ%ei AP rlWTBS other %ﬁ’s;f)%ﬁﬁor?fneéﬂscfroil‘;g%ﬁ?é‘ LiEBnsidtS i fhel Afked
0 0 t

por espaces, on the surface, t he adsorbe materfal serves as a source
of seed pacteria in.the event of an upstream proces set resulting in the
oss of D st e pRil TR ERh R oGP HRARERT BARRRRCBRR, Rl B,
liquor. In the event of a thermal_ or toxic chem cal shock to the system
whi ch woth3aingion CEBHISHET BRfaPole yerisEai MeiticatRIadeR &f HisperePrEialdBie of
the mcro-organisns within the pore spaces or on the surface can survive,
t hus onl theamikedgyawnthe fondsatrateionidhg mixeddiquer nelsele suspgndesl sobidpahewtalo
conventional systens w thout adsorbent. For instance, in systens where the
bact er i acinsemesiophiflmixed tlkgeoasspeiiedtsolidy) tid taviv dare rérant artivatedisiviiga t he
pore sites to survive in the event of thernal shock due to increased
t enper at #5@ ratel k@BES By thdf1SWSHhRNE WO BT €ed g1 IP GBI dhd embrane operating
system tank, the hydraulic retention time and the sludge retention time. This
optimization provides adsorption of some portion of the biologically refractory
compounds, easy to degrade biological oxygen demand compounds (BODs), biologically
inhibitory compounds, organic or inorganic compounds entirely resistant to biological
decomposition, and extra-cellular polymeric substances by the adsorbent material such as
granular activated carbon suspended in the mixed liquor.
[104] Another benefit of the apparatus of the present invention is providing sites to
which the micro-organisms in the mixed liquor suspended solids can adhere. This aspect
of the process produces a mixed liquor volatile suspended solids stream that is more
stable and resilient in its response to upset conditions and allows enhanced
biodegradation of the organics present in the wastewater as compared to a non-granular

activated carbon enhanced membrane biological reactor operated with similar hydraulic

retention times and sludge retention times. A source of micro-organisms inside the pore
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t hermophi lic, the adsorbent allows sonme bacteria within the pore sites to
survive in the event of thermal shock due to decreased tenperature. In both
of these wonRowmrences, the tinme required for the cult uPes/useomwmsmac! i mat e
can be greatly reduced. In addition, in the event of a system shock that
termnates all or a portion of the m cro-organi sm popul ation, the presence
of adsorbent material allows for continued operation, in which |abile,
refractory, and inhibitory _contamnants c be adsor bed ile the .

i o o or ST oAt Reagh o I Ba e 8 A doaPH oGS DEERr S Bsul ¢ i n
a nore rapid acclimation of the m xed liquor to the wastewater feed, reduce
foul i ng &F eved rERpIPakeE) PESCISHsef B ting By A desstad so@e oA thoyigble micked
concentrations and flow rate, produce a sludge that can be dewatered nore
qui ckl y wighimismas lflesgnofrey imtieuniaed higtorn singhs eent b ahbardiak or sxit dreneédfll uent
having a | ower concentration of organic and inorganic inpurities than can

be obt ai grdk ft6 @B gysedNVeRich Gitadld, TR Iddh ddRiohholyeghBaterh@Red drtadp padtatials. [ 106]
The use of an adsorbent such as granul ar activated carbon in place of

powder eds et by Ak &ficRRALRAR B i\r&ﬂﬁ?@fﬂ%spér%%&%%f BRnd QAR RARH A, ARSI ON

that have been identified as a probl'emih powdered activated carbon

manbr aneo qi %l ﬁrgétf:o?il ofrt g‘ (%é[:coor Sryt t?nslt iisn gé ele 07]as '(A:dot Bgrlég Qo tcgeve%%gnﬁfsygtlér?‘lrs]u' ar
acti vat ed ¢ar BIn ' place of po &t B AdtY VA c8EPESY o 7°46ds “hot>YUSE  car bon

as efficiepntly on a weight basis, the system and pethod of the present
| nvent | ONIIBHSSIGRAIICRY |y 45r B0BRECs iRt Sl thate HEt PTG i A1BRRNIFT-o
entering the nmenbrane operating systemthereby mnimzing or elimnating
t he |i kekdshdeat e adlomaspinsnbagtediafvothin iy pefre sites tonswyivgnadhe aieat pinthasnalof t he
reduced adsorption efficiency as a result of using granular activated
car bon ishopkade of ipawsied ednpetaturat edilearifonindo@senmOtwhere the bacteria is
thermophilic, the adsorbent allows some bacteria within the pore sites to survive in the
event of thermal shock due to decreased temperature. In both of these circumstances, the
time required for the cultures to re-acclimate can be greatly reduced. In addition, in the
event of a system shock that terminates all or a portion of the micro-organism population,
the presence of adsorbent material allows for continued operation, in which labile,
refractory, and inhibitory contaminants can be adsorbed while the micro-organism
population is adjusted.
[105] The various benefits result in a more rapid acclimation of the mixed liquor to the
wastewater feed, reduce fouling of the membranes, an improved tolerance to variations in
feed concentrations and flow rate, produce a sludge that can be dewatered more quickly
with a less oily nature that is easier to handle, and an effluent having a lower

concentration of organic and inorganic impurities than can be obtained from a

conventional membrane biological reactor apparatus.
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however, significantly inpact the efficacy of the overall activated

car bon- enhanced nenbrane bi ol ogi cal reactor apparatus. [108] Testing has

i ndi cat edwOhato/uhss4pri nci pal nechani sm of renpval of cerCaius2mi0oOBSHgd cal |y

i nhibitory organics and/or biologically refractory conpounds is related to
an increase in the residence tinme that the biologically refractory and

bi ol ogically inhibitory conpounds are exposed to the mcro-organisns in the
powder ed i yated carbo nhanced apparatus. M cro-organi s in the m xed
" quor vERaL i Y CirsfeiaatroRan Henai umpte BiYHS CAaeB D EHE: PaPBPAEFSsuch  as
granul ar activated carbon have a | onger period of tine to digest these
certai n ¥tiopisdi eubory chigfinaies dhey manebranco [fogingapnd/of mhrasionothpt g@%o‘i’ﬂ%s.

I ncreased residence tine for biodegradati on has been shown to be a major
fact or inentfikdchng piobleco e growdatadoactivhted ecarleom nizndirowi bmlldgical etacdesory and
bi ol ogi cally inhibitory conmpounds in the nenbrane biol ogical reactor

ef fl uenttesiaipd the hi gheradsorption efficiency of the powdered activated
carbon is not required to achieve the desired results. [109] G anul ar

activat efo9 rRRHoJ%Bh%e%Eb&\?\%@%BISB&Qa%@rﬁ&?irpk%é’g}f deRACIQHvaRRGr f OF B

as wel | or better than a powdered activated carbon enhanced nmenbrane
bi ol ogi C(?‘Arb(%’)neg Cets%rot ot C%H)Q)%na%le ci;[:nQFy Iy \él%ét a];sisblth%l s&gtl l’%a%lnlﬁiyt{létﬁgcli 8¢ tthgr y
conpounds, "Dl ol'6gically 1 nhi"bitory ‘conpourds, conmpounds at are entirely
resistant to biol ogical deconposition, and extra-cellul ar pol yneri
CompoundRIESoRt S eEg ARSENGATY PEVEHP b eSRYlr a5 ke BRTEHP BRIV TR | ¢ er ed
or otherw se separated fromthe m xed |iquor that enters the menbrane
oper at i ngieBpEne wpetatiRg systenT terelhyrmiimizingrertcliovoumg thh&keliwod gf ebrasipowder ed
activated carbon can be elimnated or significantly reduced by enpl oying
gr anul ar amictdwiag ed thamizotbranesacTlor tapace ofitlidhrddheedotidssgnioni effieiehdyons a
result of using granular activated carbon in place of powdered activated carbon does not,
however, significantly impact the efficacy of the overall activated carbon-enhanced
membrane biological reactor apparatus.
[108] Testing has indicated that the principal mechanism of removal of certain
biologically inhibitory organics and/or biologically refractory compounds is related to an
increase in the residence time that the biologically refractory and biologically inhibitory
compounds are exposed to the micro-organisms in the powdered activated carbon
enhanced apparatus. Micro-organisms in the mixed liquor volatile suspended solids
adsorbed on the adsorbent material such as granular activated carbon have a longer
period of time to digest these certain biologically refractory and biologically inhibitory
compounds. Increased residence time for biodegradation has been shown to be a major

factor in reducing the concentration of certain biologically refractory and biologically

inhibitory compounds in the membrane biological reactor effluent, and the higher
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[ 110] While the use of the powdered activated carbon particles in a
menbr ane bi ol ogi cal reactor has denonstrated sone of the sane advant ages
descri bedwabkowel4fwn t he granul ar activated carbon syst erCTiuseo10b3ssnyed
menbrane abrasion fromthe powlered activated carbon particles in the
menbrane operating systemtank(s) is unacceptable since the nenbrane's

useful |life can be reduced to an unacceptable level, e.g., significantly

| ess than,a typical. nenbrane warranty. Since the cost of fhe nbr anes

r opr esent o R GHiriERSno! 5t RIAF G AL Ao G FOloRe Bt o PAHE SoiTSl ogi cal
reactor system an extension of their useful life is an inportant factor in

t he oper@si'A¢resBYt of the menbrane operating system [Il1] FIG 3 shows an
alternative enbodi mrent of a nmenbrane biol ogi cal reactor system 300 t hat
utili zes[189bi Glamglac adctidetad t carthorc ant i 20 wabperaatisted . m@nhene dpelogmhl zedtor

bi ol ogi cal or chem cal treatnent systens required by a specific influent
wast ewat pdrfal & selibei MeEPeHaat &howiletdde askat@maboi hahpiRkaentmbivent i on

generally shown with respect to FIG 2, as will be apparent to a person
havi ng 0519%10%}%)/ rekdedd id r&nhﬂﬁi@ the Tg‘ﬁo%b&d'bf@@icﬂf Ffacto '&)ﬂiﬂdﬁhh?;r to
the enbodineént of FIG 2, wth the addition of an anoxic (1ow oxygen

concentrat an apg‘%%bﬁg’%y- cénggqgl?lﬁs,ec%bn‘f’pd&u%s”%saﬁ ng! Sl teSlafll! (f Bistodici e, ©F
vessel, a siInpl e organi’c carbon ’source, such as netHanol” or the by ochem cal
oxygen demand caontent of tg& wast ewater itself, g&ovides faor the |
consunpt FEAMBYSIHPBI Wi HR-CoY YRt URBCTGEUTRMALEr A50960F SVt BdiEets 7ht o t he
anoxi ¢ zone 331, which is in fluid communication with the biological
react or 302n bontfesthichyfieisd oheterwing separdted3Baqm g anizedoliquer Zien@ssithean
include a m xer and/or an aeration device (not shown). In enbodi nents
her ei n | memdbianh oparadeg aydtan tadkyi)c heabus e, thithe cdisselainvuathgothy gewdered
concentration is controlled to maintain anoxic conditions. Effluent from
the bi ol giveRl &8t ein H2elifinatdr 8dUGEAHiMh@y deduced by employing granular
activated carbon in accordance with the present invention.
[110] While the use of the powdered activated carbon particles in a membrane
biological reactor has demonstrated some of the same advantages described above for the
granular activated carbon system, the observed membrane abrasion from the powdered
activated carbon particles in the membrane operating system tank(s) is unacceptable since
the membrane’s useful life can be reduced to an unacceptable level, e.g., significantly
less than a typical membrane warranty. Since the cost of the membranes represents a
significant portion of the total cost of a membrane biological reactor system, an extension
of their useful life is an important factor in the operating cost of the membrane operating
system.
[111] FIG. 3 shows an alternative embodiment of a membrane biological reactor system

300 that utilizes a biological denitrification operation. Other specialized biological or

chemical treatment systems required by a specific influent wastewater can also be
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separati on subsystem 322 to an inlet 310 of the nenbrane operating system
304. In the nenbrane operating system 304, the wastewater passes through
one or nowe 2miwcwedeil tration or ultra-filtrati on nenbranesT/ush@osbsss4
elimnating or mnimzing the need for clarification and/or tertiary
filtration. Menbrane perneate, i.e., liquid that passes through the

menbr anes 340, is discharged fromthe nenbrane operating system 304 via an
outlet 312. Menbrane retentate, i.e,, solids fr n1hhe bi.ol ogi cal ctor
302 of 1 BENPOTHSHIUAR AR T i RES] Rigetion eneiallyshetin itk REPEhind K2 one
331 via a return activated sludge |ine 314. Spent adsorbent material from
t he bi ol dgiscuill beapragnt 302 reawpnpwvingngydea@ry plelldn hsad |Thgearbogdigent of

di scharge port 316 of the biological reactor 302. A waste outlet 318 can
al so be Elhrestiedlar ¢o theentbetlument pf pEG. 21 Avithgheladdetion stomenokicaldw biyeenet ur n
activated sludge for disposal, for instance, to control the concentration
of the ngopeentldti@dPEo@nsl0r Iicthetdniddinidis ReseBOuding U@ anWas z8ndlbs ¢hrakIga port
316 can al so be usedto renpve a portion of the adsorbent material. An

equi val eﬂhg%%fgahfc)/ca%oﬁ KEfe, Ofuch SREREHAHAAHROp BEm TR G;Eyeg%h fedfanhe
added. [112] As in the systemdescribed in FIG 2, there are multiple

| ocatl ON o éntv@itl(l:h ¢ g{g z?tdrs T gegﬁ t ngtse oir le §03 %un%a 10rp g g)g(gieglczgloort z;] sy Stem
In a pre?erre& enbdd FEAE, "Hds A Dent’ Mat &r FArt TR A4 ded ars's | eEl o 3300
that preyents passage into anoxic zone 331. [113] FIG 4 is a schemtic
depi cti ol Bralhaber pigdisRArodle ERHOU AT IS 1ol SHSSETHENEEOT. o
system 100 shown in FIG 1. In system 400, a biological reactor 402 is
di vi ded with lag biotdggnaberactor 02gpntpiping adsetbennmad2lal Hn dlpoRigxicezage 33dsi ng a
baffl e wall 403. A nenbrane operating system 404 is positioned downstream
of bi ol oginciatludeacmixer 40&0or pd héidatidheehiye (@atl showh).on beibutdierenzomesindd2a and
402b is engineered to provide a flowin the downstreamdirection. This can
be acconphichhedadiytisipadiguisabdeansheaiddoMed oxygen concentration is controlled to
maintain anoxic conditions. Effluent from the biological reactor 302 is introduced via a
separation subsystem 322 to an inlet 310 of the membrane operating system 304. In the
membrane operating system 304, the wastewater passes through one or more
microfiltration or ultra-filtration membranes, thereby eliminating or minimizing the need
for clarification and/or tertiary filtration. Membrane permeate, i.e., liquid that passes
through the membranes 340, is discharged from the membrane operating system 304 via
an outlet 312. Membrane retentate, i.e., solids from the biological reactor 302 effluent,
including activated sludge, is returned to the anoxic zone 331 via a return activated
sludge line 314. Spent adsorbent material from the biological reactor 302 can be
removed via a mixed liquor waste discharge port 316 of the biological reactor 302. A
waste outlet 318 can also be connected to the return pipe 314 to divert some or all the

return activated sludge for disposal, for instance, to control the concentration of the

mixed liquor and/or culture. The mixed liquor waste discharge port 316 can also be used
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apparatus including, but not limted to an overflow weir, subnerged
orifices, and/or various distribution piping arrangenents, for the purpose
of nai nt avoi20Y/PoSt i ve separati on between zones 402a amdTAG2M0a88544 O

mai ntai n adsorbent material 434 only in zone 402b. These vari ous
configurations can al so be designed so as to control the rate of flow

bet ween zones 402a and 402b Furt her specific arrangenents are not
illustrated as these.w own to one of, ordi.n ski

1157 Dol et SRS Ohdts ATTCIBHE et S \r C@iir Beih Go8ts of S bdticed
into the biological reactor 402, and in particular to the first zone 402a
of the bﬁ@ﬂ@ﬁﬂ@éﬁ¢%@§@f6@w@@bxmﬂ§fﬂé§id|scussed above, it will be apparent
to a person having ordinary skill in the art, phosphorus, nitrogen, and pH
adjustneﬁﬂZhaAeﬁmdksgm&mcﬂenibad$n6@@.bemaddﬂﬂIh@ﬁphnnuabns@pmmnmhhnutrient
ratios and pH levels for the biological |ife and associated activity,

i ncl udi ngisbiteho@hteahl 334 datbe @dded 0 thgysteint. St 2Zr8R 148 2@bodie@ntiags@b@itgani sms
inthe first zone 402a are capable of breaking down at |east a portion of

the bi ol ﬁ’igfeﬁgﬂ lsﬁdé&lbdt aQO&l@ﬂaf’l@@f) tgllaeerm gz?sgaée 1Hf60arno§i‘é%ﬁ@g?ﬁ solids. The
sinple carbon, i.e., biologically I onpoun s, In the mxed Iiquor

d f ood f V\at t
LT ART SR BB bl R SO  BP A P T

can be t n° 2ohe* a toPevove sUB e b|o oglcally
| abil e content of the m xed Ilquor&%ﬁsgended SO|IdS in cert

enbodi meft 8¢ Bt ta witepy [iheopmgp syt - cdhieleiteloragpA i ed
l'i quor suspended solids can be retained for passage into the biolo %;cal
react i ondixtsied on@aiitioned b tipdnsastipns 4iacindt49ab.oi. ol vang abhifle wdl #@3.cont ent
of the m xed |iquor suspended solids is reduced in zone 402a to a |evel
t hat is Ansathbiant epdrating whteincd(Ent pysigonpdaiolvnlireano obbighigicahsackomi@l.r eam one
or nore controls are inplemented to naintain an effective concentration of
a n cr o- AnapNTHEOh I ROEicSN GBtwRAZbAGW0RR hid U8 RendRuast & pmvhicol g8k cal

in the downstream direction. This can be accomplished by configurations and/or

apparatus including, but not limited to an overflow weir, submerged orifices, and/or

various distribution piping arrangements, for the purpose of maintaining positive

separation between zones 402a and 402b and to maintain adsorbent material 434 only in

zone 402b. These various configurations can also be designed so as to control the rate of

flow between zones 402a and 402b. Further specific arrangements are not illustrated as

these will be known to one of ordinary skill in the art.

[115] During operation, an influent wastewater stream 406 is introduced into the

biological reactor 402, and in particular to the first zone 402a of the biological reactor

402. As was discussed above, it will be apparent to a person having ordinary skill in the

art, phosphorus, nitrogen, and pH adjustment materials or chemicals can be added to

maintain optimal nutrient ratios and pH levels for the biological life and associated

activity, including biological oxidation, in the first zone 402a. The micro-organisms in
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reacti on zone 402b. This control can be, for instance, based on the
residence tine of wastewater in the upstream zone 402a, passing a

sl i pst reawpabioumrseeat ed i nfl uent wastewat er directly toPChaS2a003860Lb,
controlling the return activated sludge, introducing nmethanol or other

si npl e carbon food source for the m cro-organisns, or provide intermttent
aeration in zone 402a, or other nethods that pronote a healthy biomass in

zone 402b. [ 116] Adsorbent terjal 434 is i ntained in.suspension in
o) 01 <0k HEGEIE A e oDl 0P A2 ot Demiaroh SappaP Bt e BS Ok e can
i ncl ude one or nore of the suspension systens described herein, e.g., as
shown i nlabilgsontent of thegmixpg liqyon suspengipd splids; heheesiaplsl cagbmer@i biolagicalyy
sui tabl e conventional apparatus for circulating air, liquid or a

conbi nat labile obmadundanth thequixdd lifhes susponied pblidn sdrvapparfadbdi soume fodibe but
are not limted to, air diffusion bubblers, paddles, mxers, surface

aer at or Smidro-Qudailisest CWhabwitgr SdRStre Adin0ioReMHLH &S redicie ki tially QN &fOf
ordinary skill in the art. It should be appreciated that, while in certain

enbodi ”Eiﬁtesbibfogic%ugel%iaiﬁ@%ﬁteﬁto_ofl%‘?e ixEP ARMASE Qs RRRA JbIK, 432 i AWiANE _
relatively [ ow enefrgy consunption to maintain the adsorbent material 434 in

suspensi on uch as those scribed..in conjuncti wth EF G, 7 8 9 10,
17 Por 19S5 gl o e bhesicnl TR ol bE s b T il
using less efficient apparatus are also sujitable, as the overal] valune of
the zoneSAEBLCHN ORi FEIUATE HORRISIBENM Greiber pialoziah ThREoNH &0 4RI ndll i n
suspension is only a portion of the total volune of the biological reactor
402. [1167t]1b¢xh@@ntee1niwgwls dghabalpgnally bbdm cprent of das imikeshdiguomsusgetdedn 402b
to substantially prevent passage of adsorbent material 434 to the nenbrane
oper at i ngpligly $¢ mauddddin done d624 & M leepbdi vEN{ETiciantsordi@sientipatippbalmics-added
only at |ocation 430b, i.e.,

organisms downstream, one or more controls are implemented to maintain an effective

concentration of a micro-organism food source, particularly in the downstream biological

reaction zone 402b. This control can be, for instance, based on the residence time of

wastewater in the upstream zone 402a, passing a slipstream of untreated influent

wastewater directly to the zone 402b, controlling the return activated sludge, introducing

methanol or other simple carbon food source for the micro-organisms, or provide

intermittent aeration in zone 402a, or other methods that promote a healthy biomass in

zone 402b.

[116] Adsorbent material 434 is maintained in suspension in biological reaction zone

402b using a suspension apparatus 432, which can include one or more of the suspension

systems described herein, e.g., as shown in FIGs. 7, 8, 9, 10, 11 or 12, in the examples

herein, or any suitable conventional apparatus for circulating air, liquid or a combination

of air and liquid. These conventional apparatus include, but are not limited to, air

diffusion bubblers, paddles, mixers, surface aerators, liquid circulating pumps, and others
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corresponding to zone 402b. [118] Note that while system 400 is shown with
one substantially adsorbent-free biol ogical reactor zone, and one zone
cont ai ni \yoadmorleat material 434, it will be appreci at @edThs2a00385f4

ordinary skill in the art that a fewer or a greater nunber of zones of each
type can be enployed. The concentration of adsorbent material 434 in
section 402b can be the sane concentrati on as enployed, e.g., in the system

of FIG 1], a hi her ancentration c be used ndi on the
nast evad Gt eiigpraars gt ordey Fil Ak ook heRE b Srgg vl g hiadon L1
can be forned in various confi uratlons For |nstance in a prismatic

bi ol ogi cgrtapegmpetimentsidt isadgsiablp (tp ge Kt PPeBAN BEPHRIEY |4é%dlaa@gd§1§tltfﬁé wi dt h
of the tank to divide it into zones. In a cylindrical tank, for exanple, a
partiti olownendrgyx amsomppprove dedntais the @Hembgnt onatgfial rdak imahk;sensiengsqchas radii,
can be provided that formtwo or nore sectors.[120] By havi ng adsor bent

mat eri al thokd Medchibeden fdoRfhctidoMag FREs. reas;t9,010, ZION&ror2, ZN@SExdrhgle ogi cal |y
| abi | e conpounds can be treated in the upstream section w thout adsorbent

mat er i al pangyBence m gstolﬁf‘er %%dﬁrﬁerﬁé’%@ﬁ@%éshgfﬁféﬁwg]%ﬂétugma}e%ls@' in

the m xed liquor of th orbent-free zones“of system 4 his al so
permts d o nt of col on m cr rgani s at_.ca i od de at
| east ceruttélllgn g”gl} e(r:%ll Ivglﬁlgneef%/fa ot ye(fﬁgﬁ vg?hm oqlg%l ca lilenl n ebmig'?il
conmpounds t hat cannot be bi ol ogi.cal ]y deconpgsed by the tra nal
mi cr oor gAMPSIFEMERENGIONI YSRIEPISE 1t AN HePAUPSE PELIR SEEPIIRY Wt by ﬁ%@og%t em It
w il also be a(g)prem ated by one of ordinary skill in the art that a system
si milar reactey4dZem 400 can be provi ded according to the present invention
usi ng separate tanks rather than divided sections of a biological reactor,
as shown[ldZheAwsdcieeaingipeparatidnGsystem d22 & pasidinedtin cectivh 402%itdadbsaaniailpns of a
bi ol ogi cal reactor and separate vessels.

prevent passage of adsorbent material 434 to the membrane operating system 404. In

certain embodiments, adsorbent material is added only at location 430b, i.e.,

corresponding to zone 402b.

[118] Note that while system 400 is shown with one substantially adsorbent-free

biological reactor zone, and one zone containing adsorbent material 434, it will be

appreciated by one of ordinary skill in the art that a fewer or a greater number of zones of

each type can be employed. The concentration of adsorbent material 434 in section 402b

can be the same concentration as employed, e.g., in the system of FIG. 1, or a higher or

lower concentration can be used depending on the wastewater being treated.

[119] In addition, the biological reactor zones can be formed in various configurations.

For instance, in a prismatic biological reactor tank, a partition wall can be provided

across the width of the tank to divide it into zones. In a cylindrical tank, for example, a

partition wall can be provided as a chord, or plural walls, e.g., as radii, can be provided

that form two or more sectors.
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[121] Still referring to FIG 4, effluent fromthe biological reaction zone
402b is introduced via the screening/separation system422 to an inlet 410
of the newbrarel4ogper ati ng system 404. I n the nenbrane operAatS2019/038631 em 404,
t he wast ewat er passes through one or nore mcrofiltration or
ultra-filtration nmenbranes 440, and nenbrane perneate is discharged via an
outlet 412 while nenbrane retentate, including activated sludge, is
returned t he .bi ol ogi cal reaction. zon 02a via.a . return activated sl udge
| Fho 4741129 585 18k el ERE HHhL; e FPBRP IR BRSHPE a6 RNFon zons
402b can be renoved periodically via a m xed |iquor waste di scharge port
416. A wkistagically ll2hilescrgnpoandafaiobs Brediedh He eatpstrean wectiost Hithrw drarhedd
sludge line 414 to divert sone or all the return activated sludge for

di sposal mafeanl andsteaccwjthow thomedad sispend hredsirbatt norterct it the nmixededquarquor
and/or culture. The m xed |iquor waste discharge port 416 can al so be used

t 0 renpver the ROYIrbdRPice ZBResaASOBANMOONEHEY A18d perAVits RIgvidl¥gheittof guadnlytof of
fresh or regenerated adsorbent material can be added. [123] FIG 5 shows a

system 5&9:&—%@%%@ 8o Scah Nb R LG Tt Sléz{gt | @FtafnO bﬁﬂ&éi&iﬁg4f@racf@r§ hn@/or
bi ol ogi cal reactor 502 that is divided into nultipl®e zones 502a and 502b,

and i ncludes. a,.bi o ical denitrifijcatio t hat .i s,inteqgrated with the
bi ol ogi cAPRIANY AN RS cqmipginds tHat kanfh Be Belodically “deepupried Bt deq.

e.g., a location 530b, and is maintained in suspension in zone 502b_and not
| nt 7 oducKHIoaY HIAORREIRMS Lo EXG 1 SifcuBSAn FAIY AR GENET T Brm t he
bi ol ogi cal reaction zone 502b is introduced via the screening/separation
syst em 5®#1 pleo hpappieeiated by oo of hedipsyriskidne tapat dial agydsmtsenil804g systemt he
menbr ane operating system 504, the wastewater passes through one or nore
m crof i | 40Catdnobe providet raaedrdinigrtatth® pres@niinanesn ddilg saprdatremiksanthepthianeat e i s
di schar ged
divided sections of a biological reactor, as shown schematically in FIG. 6, or a
combination of divided sections of a biological reactor and separate vessels.
[121] Still referring to FIG. 4, effluent from the biological reaction zone 402b is
introduced via the screening/separation system 422 to an inlet 410 of the membrane
operating system 404. In the membrane operating system 404, the wastewater passes
through one or more microfiltration or ultra-filtration membranes 440, and membrane
permeate is discharged via an outlet 412 while membrane retentate, including activated
sludge, is returned to the biological reaction zone 402a via a return activated sludge line
414.
[122] Spent adsorbent material from the biological reaction zone 402b can be removed
periodically via a mixed liquor waste discharge port 416. A waste outlet 418 can also be
connected to the return activated sludge line 414 to divert some or all the return activated

sludge for disposal, for instance, to control the concentration of the mixed liquor and/or

culture. The mixed liquor waste discharge port 416 can also be used to remove a portion
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via an outlet 512 while nenbrane retentate, including activated sludge, is
returned to the anoxic zone 531 via a return activated sludge |ine 514.

[ 125] SpewoO 20dgardsent naterial fromthe biol ogical reacPcoruSszan®3sdLb can
be renoved periodically via a mxed |iquor waste di scharge port 516. A
waste outlet 518 can al so be connected to the return activated sludge |ine
514 to divert sone or all the return activated sludge for disposal, for

i nstance, .to control the. concentration of the_.nm xed |iquor and/or. culture.
The m xedf MeGHBPIaFAL PGHial e Hh GAURBER STRERRTATSE WelEuubdIEsD HEHBTE o
portion of the adsorbent material. An equivalent quantity of fresh or

r egener af8riabwatsaddedmat eri al can be added. [126] Under certain
operational conditions, it nay be necessary to introduce a sinple organic
car bon sd28teFIG dchowrs avgittrarddD thay opbrateamox nanzars@nilacoagserst400i with bhe
denitrification process. Alternatively, the biological oxygen demand

content Bibldehal FABRSOR \WRL: &4 divatedtiffl altiple ney b0 idies0mec ess aickudeoad
source for consunption by biological organisns. [127] In further

enbodi megh&yei@N dANMAGHED IR (ALY iQ8nPEANLAsEh ARWSIJRAMdaPRY spROVIR)miRf zone
502b, or between zones 502a and 502b~ In either cage, it wll likely be

he. anoxt B UAER, Bl Bh RN TR LR adGRRNT H RGP hP RS T BbaRA "
50, o SRS et Bl Pl b 2 AL BT o,
usi ng separate biological reactors rather than divided sections of a
bi ol ogi cHR4} eBtusnt faems wbislobieamticaciony zone FP@Bb 65 wiroduesdnbiinaticon of
di vi ded sections of a biological reactor and separate reactors.
screening/separation system 522 to an inlet 510 of the membrane operating system 504.
In the membrane operating system 504, the wastewater passes through one or more
microfiltration or ultra-filtration membranes 540, and membrane permeate is discharged
via an outlet 512 while membrane retentate, including activated sludge, is returned to the
anoxic zone 531 via a return activated sludge line 514.
[125] Spent adsorbent material from the biological reaction zone 502b can be removed
periodically via a mixed liquor waste discharge port 516. A waste outlet 518 can also be
connected to the return activated sludge line 514 to divert some or all the return activated
sludge for disposal, for instance, to control the concentration of the mixed liquor and/or
culture. The mixed liquor waste discharge port 516 can also be used to remove a portion
of the adsorbent material. An equivalent quantity of fresh or regenerated adsorbent
material can be added.
[126] Under certain operational conditions, it may be necessary to introduce a simple

organic carbon source, such as methanol to the anoxic zone, to assist with the

denitrification process. Alternatively, the biological oxygen demand content of the raw

47



[129] FIG 6 is a schematic depiction of another enbodi nent of a water
treatnent system 600. In system 600, a series of biological reactors are
provi ded,woneloudir9eg a first biol ogical reactor 602a thatrCrassubosssatial |y
free of adsorbent material, and a second bi ol ogi cal reactor 602b that
contains a suspension of adsorbent material 634 that can be added, e.g.,
one or both of l|ocations 630a and 630b A nmenbrane operating system 604 IS

posi ti oned downst ream of 1b| ol ogigc react or éa and 02b The sec%
bi ol ogi cHPSIFEHEL SR 6PIAACPTY sBF‘éeé?ﬁr)ﬁgf/%Q patats PF SYBIERRES2 OF
positioned in section 602b to substantially prevent passage of adsor bent
mat er i al bipkpgiqaboigapmane operating system 604. [130] The hydraulic flow

bet ween reactors 602a and 602b is engineered to provide a flowin the
dovvnst r ed27Hi efurtherenpdimaents,canmnasisgobe ndn peaprevidad dowhytrdam @onshodG2b,

[ ,to prevent backflow of adsorbent material fromreactor 602b to reactor

602a angf £mB 50eb,de egitRf z6Resa5)2h @n€ 802H.0ln dither Eat it Gl fikawbeekvdedyzones
602a and 602b. [131] During operation, an influent wastewater stream 606 is

intr Oduc@)dad'drétf%octl Q@ur@é RJrQEhs%?A tloﬁ%ztb%logggl%r M&ﬁ@m%&%%ﬁﬁode% tat%‘?stf Irst

bi ol ogi cal reactor 602a are c reak ng down at |east a portion of
t he bi ol Oﬁh?ﬁilcﬁéﬁ tn%catlo% %mc'nounds contained in the mxed |iquor suspended
sol i ds. e Si rrp e organi ¢S I'n the m xed |iquor suspended solids serve as a

f ood sour f or m cro-organj sns. The partially-treated wastewater is
passed v liglsomnhta?@d# PHTRS edo]%P%f'gP%%thr}a@éﬂ?lBﬁn ét%t thebp tsysaqmylmli%reat ed

wast ewat er fromthe biological reactor 602a can also be gravity-fed to the
bi ol ogi ctel sysseet Y0 6@RIbe provpiedsaatorinptthethe nrasent KNAtiod wshies seprasie ng
ordinary skill in the art. [132] WAastewater can be treated in the first
bi ol ogi chibloggattredct@®2attied themodieidsdibstanisi af ldy badlbgiodl tdaetobi ad aybwal |y
| abi | e conpounds of the m xed |iquor suspended
schematically in FIG. 6, or a combination of divided sections of a biological reactor and
separate reactors.
[129] FIG. 6 is a schematic depiction of another embodiment of a water treatment
system 600. In system 600, a series of biological reactors are provided, including a first
biological reactor 602a that is substantially free of adsorbent material, and a second
biological reactor 602b that contains a suspension of adsorbent material 634 that can be
added, e.g., one or both of locations 630a and 630b. A membrane operating system 604
is positioned downstream of biological reactor 602a and 602b. The second biological
reactor 602b includes a screening/separation system 622 is positioned in section 602b to
substantially prevent passage of adsorbent material to the membrane operating system
604.

[130] The hydraulic flow between reactors 602a and 602b is engineered to provide a

flow in the downstream direction to maintain adsorbent material only in zone 602b, i.e.,
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solids, or, in certain enbodinents, a portion of the biologically labile
conpounds contained in the m xed |iquor suspended solids can be retained
for passawe 20mi@74che second bi ol ogi cal reactor 602b. | nPemusSAI0®BR634 | N

whi ch the biologically |abile conpounds contained in the m xed |iquor
suspended solids is reduced in the first biological reactor 602a to a |evel
that is insufficient to efficiently support mcro organi sns downstream one

or nore control re inpl nted ta intain ffectiv oncentration of
2 m o o- GrRSHS Rrskbiie Shueentape il o eaater SR8 ot PO BAGEBAF cal
reactor 602b. This control can be, for instance, based on the residence
time of Jesanedae at toenirakthg sase pEHEAY Bebresgizents ¢BaerdPOBB2a, passing a
slipstreamof untreated influent wastewater directly to the biological
react or B02b, Doong rapetatiog, theinfle¢nir wagewatart ettesh udlige s imtadodedciimg tmet hanol
or other sinple carbon food source for the mcro organi sns, or other

sui t abl ebibretthardicr 602E diiraaghnddhd @Mhe fils3BlolAerofndr 60k afd @lpa®id4 i s
mai ntai ned in suspension in the biological reactor 602b using a suspension

appar at ugg lﬁ@%«m%’ﬁb\gﬂ aPl%Qst'a%rH&l‘?oPﬂE@ b%loé’f?a{l?y 1%11& Hﬁn%&h%ﬁ? @ér%?i'ﬂe& ¥othens

descri bed herel g., as shown in In the

exarrpl esm%? dqlqubr sp&itd scl)jlllés bJ#h% Scl:l’g Vegéa;n?crgqn Jlaép &ed ulslorfs%;%n 1% qlf’%itl ng
air, li qul a conpinatron’ of al r ese COI’]V | ona

apparatus |nclud§) but ar not limted to, air diffusion bubblers, paddles,
T xors, ST ate WO, for o i PRt ng! Hsu RSl Y MLt Sar o
known to one of ordinary skill in the art. It shoul d be appreciated that,
whi | e i npasead v gordiioel) ienthe bialogical deasitari2k. tPartipdle-tecatpdsipasitesiader fagpar at us
632 having relatively | ow energy consunption to maintain the adsorbent
mat er i al therbislogieehsdaotor 90¢ Ramldohbs grad@tgded hedhd bidedi¢dineidtan6dd, rorFl Gs.
7, 8 9, 10, 1 1 or 12, or in Exanple 3, Exanple 4, or Exanple 5, other
enmbodi Mepdssedisy fbed B s Rhblvab ellse ADAARE Bidusarpkia1Igh §R Sui table, as the
[132] Wastewater can be treated in the first biological reactor 602a to remove
substantially all of the biologically labile compounds of the mixed liquor suspended
solids, or, in certain embodiments, a portion of the biologically labile compounds
contained in the mixed liquor suspended solids can be retained for passage into the
second biological reactor 602b. In embodiments in which the biologically labile
compounds contained in the mixed liquor suspended solids is reduced in the first
biological reactor 602a to a level that is insufficient to efficiently support micro-
organisms downstream, one or more controls are implemented to maintain an effective
concentration of a micro-organism food source, particularly in the downstream biological
reactor 602b. This control can be, for instance, based on the residence time of

wastewater in the upstream biological reactor 602a, passing a slipstream of untreated

influent wastewater directly to the biological reactor 602b, controlling the return
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overall volune of the zone 602b is only a portion of the total conbined

vol unme of the biological reactors 602a and 602b. [134] The

screeni ngweepariarisdan system 622 is positioned in biol ogiPcalusSe@ansssns 602b t o
substantially prevent passage of adsorbent material 634 to the nenbrane
operating system604. In certain instances, adsorbent material 634 is added
only to the biological reactor 602b, e.g., at |l ocation 630a associated with

the conduit 6Q7, or directly into the biological reactor 602b_ (location
6300 1 St a2 SradiE iy rBot e ot St robnt T BIITor LS E et r ed,
e.g., to forma slurry, prior to introduction into the biol ogical reactor
602b. [ 13FRameme qripsher writdble isodhaskop dfoswaldagHomi t h one substantially
adsor bent-free biol ogical reactor, and one bi ol ogi cal reactor containing
adsor benkl3dht Adscaben Bahterial 694 id mbigtaqdrie ciseadobin hadidbgicrldeararnyo03ki | | i n
the art that a fewer or a greater nunber of biological reactors, or

sect i onsugig bi Rkpgisoal appareisos®, Whickaah ihdlid 6ad oben&aifoye duspdasion
concentration of adsorbent material in biological reactor 602b can be the

sare Cong)’t%f&tfﬂsadés%eashe%m,l é).%.,eQS slovéh in Fﬂ}st beS,Sg,st? M CB(r 15', & th11:1ex9ﬁ1p?e_sh! gher

concentrdtion can be used, dépending on factors including but not [inted
to t he. Cﬂargi"raicgrerr{ Sstui' C@l %fo td H%ra%i z?‘rlalu\étfgrec?‘ }c%ij (e %Ereﬂaﬁigrortaocob iﬁa’ﬁ%gt ed in
b|olog|céT PeRcar 6826, ?ﬁ f y RaV|ng adSorbEat et eri®Ar Oh y inthe
final biological reactor, biologically |abile conpounds can be treated in
the. upst Pleath BROIBf cal e FORUHEn Bt Hes Skt CHAREr el TR SOpak i t s
devel opnent of a colony of mcro-organisns that can bi odegrade the
bi ol ogi cdifffugion dupllersopdddbrsgaiesyrsuilgtaceaemnoiqué cisgwitong wanpsyaskotbiersed by
the traditional mcroorgani sns that woul d exist in the upstream sections of
t hi s systhamrelkinownltb oaé 96 otakenaap gkidicinaheart. byt ioealddie apekicitasd/thakiwlileiin t he
art that a systemsimlar to system
certain embodiments it is desirable to use a suspension apparatus 632 having relatively
low energy consumption to maintain the adsorbent material in suspension, such as those
described in conjunction with FIGs. 7, 8, 9, 10, 11 or 12, or in Example 3, Example 4, or
Example 5, other embodiments using less efficient apparatus are also suitable, as the
overall volume of the zone 602b is only a portion of the total combined volume of the
biological reactors 602a and 602b.
[134] The screening/separation system 622 is positioned in biological reactor 602b to
substantially prevent passage of adsorbent material 634 to the membrane operating
system 604. In certain instances, adsorbent material 634 is added only to the biological
reactor 602b, e.g., at location 630a associated with the conduit 607, or directly into the
biological reactor 602b (location 630b). In certain preferred embodiments, adsorbent

material is pre-wetted, e.g., to form a slurry, prior to introduction into the biological

reactor 602b.
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600 can be provided according to the present invention using divided
sections of a biological reactor rather than separate biological reactors,
as shown wohematiwal |y in FIG 4, or a conbination of dip¢irdsdoismssesons of a
bi ol ogi cal reactor and separate reactors. [137] Still referring to FIG 6,
effluent fromthe biological reactor 602b is introduced via the
screening/separation system 622 to an inlet 610 of the menbr ane operating
system 6 ane tin s stem 604, evat er asses
Tt ough BE! ool el REI PR sk ot SPOVE (VAR s FE B e AL TL TR0, and
menbrane perneate is discharged via an outlet 612 while nenbrane retentate,
i ncl udi ngjokpetqal/ kpaelar.snd @ge biolegigad repctas gortainingeadspidepignetarialiS4ctt avilldo2a vi a
a return activated sludge line 614.[138] Spent adsorbent material fromthe
bi ol ogi cglpreceded by GG2bf catindg skahowable per thadiacizhey oviaa geeater xauahber qpiior
wast e di scharge port 616. A waste outlet 618 can al so be connected to the
return pbipkefchfrdabroth, ¥LEdctioMNE! K6logichl feh@ofsebifah el caatbe dnfllasdge Ther

di sposal, for instance, to control the concentration of the mxed |iquor

and/ or Cé’clntcyﬁtﬁxtlo[llgp]ad%gﬁtr N vl @10'13 it Fh&Br (702b8 can belct)hear%gml'l

vari ous alternatlve enbodi nent s are shomn including a jet suspension system

in which m q uaQr |n8Iud|n Fﬂ? NLVS and adsorbent di spersed
in el ratlofl § P i} e s em 3 T]h OF. a her oncentration can be
therein i's circulate r'ou Y622 105 GEELF At oN provi des for

intimte m xing of adsor ent nd t he nlxed i uor and al so pr.ovi des
U bul enEt SEREnGIRE AP S1cd ot uda&&g bigishimifed do s shareiirir ot S oret B cal
reactor. The turbul ence can be |ocalized turbulence, e.g., proximte the
nozzl e ot¢dtedwastewmaisl tadpedigiediimpiodogical sdacion§0s. t he f1 ui d exiti ng the jet
nozzle. In FIGs. 7, 8 and 11, solid black el enents represent adsorbent
mat er i al [136hdBi rhaemigl afsotbenearateelabmaht i rrepfied esidlogical ecaotogabiotigicatly
bi omass. [140] FIG 7 schematically depicts a suspension apparatus 732
W thin a1abji®lceb6@ids can be treated in the upstream biological reactor without adsorbent

material. This permits development of a colony of micro-organisms that can biodegrade

the biologically refractory organisms that cannot be biologically oxidized by the

traditional microorganisms that would exist in the upstream sections of this system. It

will also be appreciated by one of ordinary skill in the art that a system similar to system

600 can be provided according to the present invention using divided sections of a

biological reactor rather than separate biological reactors, as shown schematically in FIG.

4, or a combination of divided sections of a biological reactor and separate reactors.

[137] Still referring to FIG. 6, effluent from the biological reactor 602b is introduced

via the screening/separation system 622 to an inlet 610 of the membrane operating

system 604. In the membrane operating system 604, the wastewater passes through one

or more microfiltration or ultra-filtration membranes 640, and membrane permeate is

discharged via an outlet 612 while membrane retentate, including activated sludge, is

returned to the biological reactor 602a via a return activated sludge line 614.
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reactor 702 (a portion of which is showm in the figure for clarity of
exposition). The suspensi on apparatus 732 conprises a jet nozzle 744
fluidy cwonememeto a punp 748 and a source 760 of gasPCThS:2¢gqam3ssan be an
oxygen-containing gas in the case of an aerobic biological reactor 702, or
a gas free of oxygen or substantially free of oxygen in the case of an
anaer obi ¢ bi ol ogical reactor 702. [141] The configuration showmn in FIG 7,

and in certain additional enbodinnent escribed in copnjunction with FIGs.
89" andia8l Sedit SRR YRITGI T Tor D RetcAnCE T AU BBnETS oy st om
that is commercially available from Si enens Water Technol ogi es of

Rot hschi Piodigaly gifsi prixeddiguonyvage djseharge pait Doh gyw&tﬁr@u@%tréqﬁwg@ alse bgepl oyed
for one ornore of the systens shown with respect to FIGs. 8, 9 and 10. For

i nst ance¢omacteduis tixy sttemspipadlldde,divart sane onall the netued attovatgdesludger fori on
systens that are comercially avail able from Fl ui dyne Corporation of Cedar

Fall's, | @¥posal /B indthuite HpSdoRi¥sl BE chasaitaion YaBSRetEdIRubSanddAuItard M xi ng
Systens Inc. of Dayton, Chio, USA. [142] Note that ile the systens

describ eﬁSbF r ﬁéi@rr‘mgt d%bn%?ﬁl?ﬁcg F16Q 'F,I 8?@; 14 an@:1 1,9varijo%s aﬁ%at:l‘velerﬂﬁ&ﬁﬁl%flﬂsy

depict a punp outsi e biological reactor tank, a person having
ordinary_skill i.n the art will appreciate that one,or npj.e al so
e pos L e HlrlERsr lotdons R} SR R ot ORL rRRER S Telibu R gRMESS o o
i deor ogtside,of a head tank to maintajn
, i

punps can be positjoned i nsi
posi t i veh&iRg ﬁ%anSpla@é]adMﬁ%dﬁl%PF@ﬁ thewsin ds eiRdIAed theonehqbist PP47d hRiFei n

wth respect to FIGs. 7, 8, 9, 10 and 11 general ly show, for purposes of
i 11 ustratirayationipeoddes fos iptanatporzing qhdke adsonkeat prd theemizied ligypc ahd psact or
tank, in certain enbodinments a portion of the jet nozzle(s) can be
posi ti onpdvilkt sirtelende thhtembinadiogihe aldsorbact tiosudpandion w the tdblokrealstecadthei r
outlet orifice(s) located in the biological reactor tank.
The turbulence can be localized turbulence, e.g., proximate the nozzle orifice, causing
swirling and rolling of the fluid exiting the jet nozzle. In FIGs. 7, 8 and 11, solid black
elements represent adsorbent material, and irregular linear elements represent micro-
organisms or biomass.
[140] FIG. 7 schematically depicts a suspension apparatus 732 within a biological
reactor 702 (a portion of which is shown in the figure for clarity of exposition). The
suspension apparatus 732 comprises a jet nozzle 744 fluidly connected to a pump 748 and
a source 760 of gas. The gas can be an oxygen-containing gas in the case of an aerobic
biological reactor 702, or a gas free of oxygen or substantially free of oxygen in the case
of an anaerobic biological reactor 702.
[141] The configuration shown in FIG. 7, and in certain additional embodiments
described in conjunction with FIGs. 8, 9 and 10, can be deployed using, for instance, the

Vari Cant® system that is commercially available from Siemens Water Technologies of

Rothschild, Wisconsin, USA. Other jet aeration systems can also be deployed for one or
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[ 144] The jet nozzle 744 liquid inlet 746 and outlet orifice 764, and the
punp apparatus 748 inlet 752 and outlet 754, are dinensioned and confi gured
to all owwassage7si adsorbent material and MSS, i ncl udiPag/usk048838644
Accordingly, a mxture of m xed |iquor, including M.SS and M.VSS, and
adsorbent material is drawn froman outlet 750 of the biological reactor
702 into an inlet 752 of the punp apparatus 748 through a |ine 751. The

m xture i s pugped out of the appar S 748 via an outlet 754, through
2 Line. 788aAg T paterscotel e GERHCT B0 6 0) Hie b altCRiBHASF- SHIRMwi se i n
fluid conmmunication with the jet nozzle 744.[145] Sinultaneously, gas 760

i s di rectemshinsligh. brhare7gat llh@n@dg@s ¢tnpesations gysterpe ghad) argi eomercigtlbier wi se
in fluid communi cation with the jet nozzle 744 and is directed to a m xing
chanber #6fablehgom Fluidpnpa@dipoeticni ofp&lets Kolld, ViewandrSyy, Kd.at Resternxed st ream
of m xed liquor and di spersed adsorbent material in the direction of the
nozzl e outdombt, Masédchseft6A)S AN dEMPANES tht@aSIncMd XL thi, @6, @94, di sper sed
adsorbent material pass through a throat 768 having decreasing cross-

secti ona143] eRolen& WHileaht s ARdd ddstibéd }{elrél}’l"wiidﬂegw&% HI0S. ¥&,9C1 6 YankiS
764. The c

increased, and out of the outlet orifice onbi ned stream of gas,
I quid, ?P%ege%hg Raf 'aC]'fn?n%%fo%rt el ukly. gaters the biolqgical . re %51%% 702,
and t he sol granut es “of "atdsorbent mat eri remal N in suspensi on under

continuous_ operation due to the liquid turbulence in the biological reactor
702. [ 148TIMREY i iRghhath i sAPECiae’ Uik GPREF TeRiDAURIR AN GO LT gioE al
reactor is shown including a jet suspension system In particular, a
bi ol ogi cibide edcthortad(®. i Incfurdies embpimesiss paa oF amers y3n @820 pesitiiiedg a j et
nozzl e 844 having at |east an outlet orifice 864 |ocated in the biol ogical
react or BBefoobuside ofihdtadgnkioedinkdinpodititrasuctign.adsor bent mat eri al
di spersed therein. The jet nozzle 844 is fluidly connected to a punp 848 to
[143] In addition, while the systems described herein with respect to FIGs. 7, 8, 9, 10
and 11 generally show, for purposes of illustration, the entire jet nozzle positioned in the
biological reactor tank, in certain embodiments a portion of the jet nozzle(s) can be
positioned outside of the biological reactor tank, with at least their outlet orifice(s)
located in the biological reactor tank.
[144] The jet nozzle 744 liquid inlet 746 and outlet orifice 764, and the pump apparatus
748 inlet 752 and outlet 754, are dimensioned and configured to allow passage of
adsorbent material and MLSS, including MLVSS. Accordingly, a mixture of mixed
liquor, including MLSS and MLVSS, and adsorbent material is drawn from an outlet 750
of the biological reactor 702 into an inlet 752 of the pump apparatus 748 through a line
751. The mixture is pumped out of the pump apparatus 748 via an outlet 754, through a

line 755 and directed to a liquid inlet 746 integral with or otherwise in fluid

communication with the jet nozzle 744.
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circulate m xed |iquor having adsorbent material dispersed therein to
create turbul ence that maintains the adsorbent material in suspension. Any
j et m xerwoproamegs4or ot her devi ce capabl e of directi ngramwSdiwobssagi ng t he
m xed |iquor having adsorbent material dispersed therein wthout requiring
a gas inlet can be used as the jet nozzle 844 as will be appreciated by one
having ordinary skill in the art. [147] In aerobic biological reactors 802,

a source oxygen-cont ai ni as. is also provided (not sho ,. such as a
Convent Bl CSTRERELT o 8o ditrted g g TEGin B ebn e SR out | o
orifice 864 of the jet nozzle 844, and the inlet 852 and outlet 854 of the
punp app#ithtaiotergisedndlyd pepmsiuendon vt 81sf ichupede /64 and dwdpegedée 2of
adsorbent material and m xed |iquor suspended solids, including mxed

| i quor sogpexndeunbeol7a6.i Wiers glexgdsnds Aod ampantsghytiveaeneigyt tartke oifixadi skeaimlaf quor ,

i ncluding M.SS and M.VSS, and adsorbent material is drawn from an outl et

850 of tmexedilRjuoghtidispeae!0KorBe@ rhatt@aliinkiet difkBowbf thegoprlBRuaARRIREUS 848
through a line 851. The m xture is punped out of the punp apparatus 848 via

outlet 8o THE eUGday :ghéi)gmgé’ﬁ 1806k did &ﬁé&&dt RsGrbehh@ribknb KL (3461 Bt egr al

with or otherwmse 1n f 0 nication wth the jet nozzle 844." The jet

nozzl e 844 ;i % des throat portion 868 having decr.easi Cross-,. sectional
ar ea i Sieg B8 HFGRe Brer e PRon ST e dEXAPGaRE R HORL A 300 48Gr ana
adsorbent material exiting an outlet orifice 264. [ 149]. Referring generally
Lo Pl Gs, VEOCB0ISABreTed: A14 el (RFeowiebaHFREod aims SBAIR] NETEUPhgTs | et
suspensi on systemin which mxed |liquor and/or return activated sludge is
ci r cul at kgnidhparshigolid ppesiclasofordesully ehiotst thadeiolagenat reagtasr 7Q4), .antthths solid
circulation provides for intimate m xing of the adsorbent material and the
m xed | i guouleabf hdworiout heterad rérhanjirtsuspengibe undardcaakiaooraperaiea dudrtbul ence
that mai ntains the adsorbent nmaterial in suspension

the liquid turbulence in the biological reactor 702.

[146] Referring now to FIG. 8, another embodiment of a biological reactor is shown

including a jet suspension system. In particular, a biological reactor 802 includes a jet

suspension system 832 including a jet nozzle 844 having at least an outlet orifice 8§64

located in the biological reactor 802 for circulating mixed liquor having adsorbent

material dispersed therein. The jet nozzle 844 is fluidly connected to a pump 848 to

circulate mixed liquor having adsorbent material dispersed therein to create turbulence

that maintains the adsorbent material in suspension. Any jet mixer, sprayer or other

device capable of directing and discharging the mixed liquor having adsorbent material

dispersed therein without requiring a gas inlet can be used as the jet nozzle 844 as will be

appreciated by one having ordinary skill in the art.

[147] In aerobic biological reactors 802, a source of oxygen-containing gas is also

provided (not shown), such as a conventional air diffusion apparatus.
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wi thin the biological reactor. The turbul ence can be | ocalized turbul ence,
e.g., proximate the nozzle orifice, causing swrling and rolling of the
fluid exiwDngioheeiet nozzle. [150] FIG 9 schematical | pCaasen3844

wast ewat er treatnment system 900 including a suspension apparatus 932 within
a biological reactor 902 and upstream of a nenbrane operating system 904.
The suspensi on apparatus 932 conprises a jet nozzle 944 fluidly connected

to a pu 48 _and a saour 960 of coppresse as. Th te 00 i udes a
sor ceni nAREoaRS R R ST A oh SRS RS S 20T BB T e Bt 5%
majority of adsorbent material, for instance, at the outlet 908 of the

bi ol ogi c#ld peditSHd gothe gunmp pppajatee S8 preeHBsasipRgst and gpndesrred guatows dr awn
fromthe effluent of the biological reactor 902 into an inlet 952 of the
punp apppassigesf adSorbént ourgdriad endimikel Wiy s@spendadsetids, nndodidg intix@7Rqucs

bet ween the outlet 908 of the biological reactor 902 and the inlet 910 of

t he nmenbsRpendep&bRtilNGIiFY.S AbdABE]y, lanmB@dt of eliréd Bl dinbREAInS, MLSE Who
activated sludge is drawn froma conduit 914 fromthe nenbrane operating

system 90f V94 Qnd bR 2AP a1 khgaw kS SPSutRE s3(6r Y BRIGRPALIH: s§48. I n

further enbodinents, a conbined streamof effluent from thhe biol ogical

reactor 902. eturn activated e fromt nbr ane _oper at i system

004 15 ubgnidonat e whBTE: R BRRa MR TR A SRt e Y o

the effluent and/or the rgturn activated sl dgg S (f)(itilrrped out  of the punp
Bt P &

appar at us 998 PRABAYAIA 3 Hin BBlst Bt PPt aBc Y PAEY Bigr al
wWth or otherwise in fluid communication with the jet nozzle 944. In
conj unct $4nintegarprids se dthgasis® 601lhisl gimeeniedionhwishidite jef nezzd6844.oThe grds i nl et
integral with or otherwse in fluid communication with the jet nozzle 944
and i s dhoztt 844 ticladesi X tHrgatcratibe 868 Gtyinghédceedsingeorpsnastionud arepar &s
notive energy to the mxed liquor in the direction of the nozzle outlet
orifice @&ttion of fluid flow to increase velocity of mixed liquor and adsorbent material exiting
an outlet orifice §64.
[149] Referring generally to FIGs. 9, 10 and 11, alternative embodiments are shown
including a jet suspension system in which mixed liquor and/or return activated sludge is
circulated through a jet nozzle without adsorbent material. This circulation provides for
intimate mixing of the adsorbent material and the mixed liquor at the outlet of the jet
nozzle, and also provides turbulence that maintains the adsorbent material in suspension
within the biological reactor. The turbulence can be localized turbulence, e.g., proximate
the nozzle orifice, causing swirling and rolling of the fluid exiting the jet nozzle.
[150] FIG. 9 schematically depicts a wastewater treatment system 900 including a
suspension apparatus 932 within a biological reactor 902 and upstream of a membrane

operating system 904. The suspension apparatus 932 comprises a jet nozzle 944 fluidly

connected to a pump 948 and a source 960 of compressed gas.
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The expanded gas and m xed |iquor pass through a throat 968 having
decreasing crosssectional area in a direction of fluid flow, in which the
vel ocity we 2oreemsed, and out of the outlet orifice 962&CTNiseoi00884ned
streamof gas and liquid forcefully enters the biological reactor 902, and
the solid granules of adsorbent material remain in suspension under

conti nuous operation due to turbulence in the biological reactor 902.[152]

FIG 10, schematjcally depicts .anot her. enbodi t of a wastewater treatnent
system Th Whloho(Eutelinst B srruibe Seto o) Sy armTBa0 R PFIGL> BShEneiil: on
apparatus 1032 within a biological reactor 1002 and upstream of a menbrane
oper at i nigasfyas majarity @4 adspybens yaatengls ponjtargey gedeaoulter 8% oh ghe Spaegedlon
system 1022 whi ch prevents passage of at least a nmpjority of adsorbent

mat er i al teaftor 90hst ance, at the outlet 1008 of the biological reactor 1002.
The suspension apparatus includes a jet nozzle 1044 fluidly connected to a

punp 104851P Bi degtdinddrEbddiests | hixd@Niqher is destefrbuir dekfnesat st biasgtal ns the
adsorbent in suspension. In aerobic biological reactors 1002, a source of

oxygencophabPiond if@Sad &l 5 Br %Yénglg@p gﬂﬁgraﬁﬂ?gﬁ(}) thr SN ARlufls ©9BVERS,1 onal

air diffusion apparatus or any nu ot her devices that can transfer

oxygen into the mx Liguor as woul (gg rent. to_one or,di na ski |

T The apbeimEsluitd iy iR e R G ERP Bt Rekfi B G ot

system 900 shown and described with respect to Fl 9 above. Accordingly,
B &g b

g
in certa BTN ORFFILEE Vgt N APdiRANH < ERRACHBCTES FPYBhTCtaR et he
bi ol ogi cal reactor 1002 into an inlet 1052 of the punp apparatus 1048
t hr ough doedgtuistdsawip fzm 3 gPaduinkbt &om demsembran@gperpéngssisigare A04 hieo dine| et
1008 of the biological reactor 1002 and the inlet 1010 of the nenbrane
oper at i ng7(sinsd ér k20452 bof ttedglinhp apy@iratesTh4’li irefirther e@bodimeat b ¢ambthes| udge
is drawn froma conduit 1014 from the menbrane operating system 1004 into
l'ine 107Qrdaft 6f éffiRehtrth tAOBR1&icdl H8actor 902 and return activated sludge from the
membrane operating system 904 is used as the liquid providing circulation to the pump.
Liquid from the effluent and/or the return activated sludge is pumped out of the pump
apparatus 948 through a line 955 and directed to a liquid inlet integral with or otherwise
in fluid communication with the jet nozzle 944. In conjunction, compressed gas 960 is
directed through line 961 to a gas inlet integral with or otherwise in fluid communication
with the jet nozzle 944 and is directed to a mixing chamber 966, where it expands and
imparts motive energy to the mixed liquor in the direction of the nozzle outlet orifice 964.
The expanded gas and mixed liquor pass through a throat 968 having decreasing cross-
sectional area in a direction of fluid flow, in which the velocity is increased, and out of
the outlet orifice 964. The combined stream of gas and liquid forcefully enters the

biological reactor 902, and the solid granules of adsorbent material remain in suspension

under continuous operation due to turbulence in the biological reactor 902.
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punp apparatus 1048. In further enbodi nents, a conbined stream of effl uent
fromthe biological reactor 1002 and return activated sludge fromthe

menbr ane wpenani4ngp4syst em 1004 is used as the liquid preeirdiSagomssesul ati on
to the punp. [154] Liquid fromthe effluent and/or the return activated

sl udge i s punped out of the punp apparatus 1048 through a |ine 1055 and
directed to a liquid inlet integral with orotherwise in fluid comunication

ith thej d|i t h a throat 1068
havi ng. as7kabRhol € otemaically BT e S BERTRER i oot OV D, i

which the velocity is increased, and out of the outlet orifice 1064. The
i quid stHsEam lflo‘t‘féé‘h wqtsye%mretrgatmﬁ@t BisInD gi0RRI ineludrst & SURIOTION ARFARWE sol i d
granul es of adsorbent material remain in suspension under continuous

oper at i ol0Ruwithim & brddogiericeadtor 10 badupgieoal of eavtobrai®OBerafidd 5ystém
certain enmbodinents of systems 900 and 1000, it can be necessary to design

t he hydr gog4i cThefsyétha BY0Ht @BNEes tamafeehliﬁg/sélb@wldnamtdnh 0oy RyHikte pRuvemsi S
equal to, or greater than the overall ow rate through the system i.e.,

represen a%gagl%yof Lbgafd! aOPHaJ oﬁtfofoﬁfdsgﬂ%@nﬂ rﬂgtlsﬁﬁn For WGancd 029 Qh@&ﬁhett hgogbf thuent
912, 101 [7156] FI G 1 schematically depicts a suspen5|on apparatus 1132

wi thi n A i %9 Iré:a%][or ]t%%ﬁt thejl'.%lg)s%elgswno Orﬁarzﬂus 1nch‘1lg?: a Je e\g'@plrl rhulcﬂe figure

for clarﬂpygg? exXposi t10n) suspe ion appara is€sYa j et
nozzle 1144 fluidly conpected to a punp 1148 and a source 1160 of gas. The
gas can wnaﬁe%méwnﬁ)om% tﬁ.muaafsmwdtlwoea% Eregic WHPURICHIIY ABRESI cal

reactor 1102, or a gas free of oxygen or substantially free of oxygen in
t he casethofadserbentaarsabpansionol logieseliic bedegior! reaqers [00873 spwrcoof loaygant 50 of
t he bi ol ogical reactor 1102 includes a screening apparatus 1170 which
pr event scqassiagegsf isahlsb e@stidad n@poshdwn )ofsuald 8r Hewhvemioasl air. difusipnay
nozzle 1172
apparatus or any number of other devices that can transfer oxygen into the mixed liquor
as would be apparent to one of ordinary skill in the art.
[153] The liquid flow in system 1000 is similar to that of system 900 shown and
described with respect to FIG. 9 above. Accordingly, in certain embodiments, mixed
liquor is drawn from the effluent of the biological reactor 1002 into an inlet 1052 of the
pump apparatus 1048 through conduits 1072, 1070, wherein conduit 1072 is between the
outlet 1008 of the biological reactor 1002 and the inlet 1010 of the membrane operating
system 1004. In additional embodiments, return activated sludge is drawn from a conduit
1014 from the membrane operating system 1004 into line 1070 into the inlet 1052 of the
pump apparatus 1048. In further embodiments, a combined stream of effluent from the
biological reactor 1002 and return activated sludge from the membrane operating system
1004 is used as the liquid providing circulation to the pump.

[154] Liquid from the effluent and/or the return activated sludge is pumped out of the

pump apparatus 1048 through a line 1055 and directed to a liquid inlet integral with or
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or other suitable apparatus is provided to renove build-up fromthe
screeni ng apparatus 1170. Spay nozzle 1172 can direct gas and/or liquid to
cl ear thewecorwerivwg apparatus. In certain enbodi nents (ROT/Gshaw}gedspray
nozzl e 1172 can be connected to a punp and/or the source 1160 of conpressed
gas, to provide pressurized fluid to clear the screening apparatus 1170. In
addi ti onal enbodi nents, the spray nozzle 1172 can be eli m nated,
forinstance, .when_.the screeni hg apparatus 1170 | act.ive .screeni ng
devi ce SUGRAE B ABHS M RREHIPTOR RS 1§ 2Ekat 4 oblah FUxes g der st
adsorbent material . 5158],Accordingly, m xed |iquor, including M.SS and
MLVSS, tHaugha QiessdHef haying deqreasingfcrasssEmany aseatie pidiectian of A flovom t he
outl et 1150 of the biological reactor 1102 into an inlet 1152 of the punp
appar at us WhidB thehvaogty ia ihdramsed, 15, ouvlof ¢lek duthptiorifics 1QampEle bauidofreathe punp
apparatus 1148 via an outlet 1154, through a line 1155 and directed to a
liquid i foredfullyldfiers TheBioBgion tdacer 1000 andiifesdlid dritilel FoaBAIBERahdtamalW t h
the jet nozzle 1144. In conjunction, conpressed gas 1160 is directed
thr OUQ_h fehﬂl?n I QdspeRsitn Gager Bbiftinuddo8 érgﬁﬁgﬁﬁé tWtﬁﬂ%u%c@ﬁt@%%ﬁﬁoéi&lf l'ui d
communi cation with the jet nozzle 1145 and is directed to a m xi ng chanber
1166, mh&&& }@(ﬁ%pands and inparts notive energy to the mxed liquor in the
%e'nozzle outlet orifice 1164. The expanded gas and m xed

direction o
decreasing cross-sectiopal area in
90Dy ticdn b

| i quor through a throat 1168 havin
a 3i rec'to ﬁ§§1 of ?qrt%iruem eiments Qiyatpmp r?@gxﬁé‘ﬁ yitican g diegessdy o4k 2But  of

the outlet orifice 1164. The conbi ned stream of gas and liquid forcefully
enters tthe hyiloube efdhe pystarm gp thiat 0=, flawmente Hooedl thd pymaris Fewnl o, cadswtdsent
material remain in suspension under continuous operation due to turbul ence
in the bihah oy oadrall et eite HiBRgh [HikSSktehn ieertpiesenesbbylitrefibs rafe dthihe
wast ewat er treatnment system descri bed herein, the systemincludes a gas
lift suspensh@NeSYRicamih sus®w180Mari se one or nore draft tubes

[156] FIG. 11 schematically depicts a suspension apparatus 1132 within a biological

reactor 1102 (a portion of which is shown in the figure for clarity of exposition). The

suspension apparatus 1132 comprises a jet nozzle 1144 fluidly connected to a pump 1148

and a source 1160 of gas. The gas can be an oxygen-containing gas in the case of an

aerobic biological reactor 1102, or a gas free of oxygen or substantially free of oxygen in

the case of an anaerobic biological reactor 1102.

[157] An outlet 1150 of the biological reactor 1102 includes a screening apparatus 1170

which prevents passage of at least a majority of adsorbent material. A spray nozzle 1172

or other suitable apparatus is provided to remove build-up from the screening apparatus

1170. Spay nozzle 1172 can direct gas and/or liquid to clear the screening apparatus. In

certain embodiments (not shown), spray nozzle 1172 can be connected to a pump and/or

the source 1160 of compressed gas, to provide pressurized fluid to clear the screening

apparatus 1170. In additional embodiments, the spray nozzle 1172 can be eliminated, for
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or one or nore other configurations. The one or nore draft tubes may be

si zed and shaped for a desired application and volune of a vessel, such as
a bi ol ogiwel2orogiaceedr or ot her apparatus, to perfor m onePOI/UsR018/088644
suspendi ng the adsorbent material, maintaining the adsorbent material in
suspensi on, m xing the adsorbent material throughout the vessel, and
aerating the environnent of the vessel, which may incl udeaerobic

m croorgani sns. The gas |ift suspensi system may be.const.ructed of

Var i ous SHZBE. A HAREE RS EPPAIT LI L) BEALAGHE S niE BRHCS 84ef® fint o
which it is placed. The gas |ift suspension system nmay conprise one or nore
draft tufsEyypersen piothe dkoihap pisventy Beidenp phadgertent %ilﬁteﬁﬂgorbent material is
incorporated into the wastewater treatnent system As used herein, a "draft
t ube" maMSBE Actarthieglyr nokéddigson uodludieg MLSHnd LIS S isisdestaitlallyopen at
bot h ends whi ch when positioned in a vessel provides a passageway for fluid

fl ow andfre@yf hdwolbede nB@driall iPdiatvinCirem Shis PEIG1 1a50 of Ahe BXodsEN € redche 1908pensi on
of adsorbent material and related solids in a wastewater or m xed |iquor

Wi th airer,other 1§88 of hiJeGQJmJ f&?;é%aﬁé 11 14805 UBY aPEnC OISL T NAKES hglflolai@y

material suitable for a particu purpose as long as it I s abrasion

resistant, resist t o _wast ewat e onent t typi cal conditions for
et ovat BpeRa A Sl BERhD | 1 RBT AR A Fes P LSS SR Rt and
around the draft tube, For exanple, the draft tube nmay be fornmed of the
sane mat SFecid g HRd PuciddrC apte ngé of SHiTEYISH N ﬁ?lﬁé&ommﬁmaéwnaﬁal thess

expensive materials, such as plastics, including fiberglass reinforced
pl ast i csiet pedzjesi A lotvooungieor, Po@presead gasrop ¢s dirdeeeddthadughtlingel lehyo be
preformed for insertion into the vessel, or manufactured as part of the
vessel . &8 iskechl5& inegenl afith drudaleermiyy ib €luitbsirngmenicitoon eith dfel jbt warzleelltd
systenms. The gas lift suspension systemnmay be supported on a wall of the
vessel , @{d Wayefi8d &IPRHiheehdbed 1068 LWaBrP Ak pafls @hd thiarts motive energy to
the mixed liquor in the direction of the nozzle outlet orifice 1164. The expanded gas and
mixed liquor pass through a throat 1168 having decreasing cross-sectional area in a
direction of fluid flow, in which the velocity is increased, and out of the outlet orifice
1164. The combined stream of gas and liquid forcefully enters the biological reactor
1102, and the solid granules of adsorbent material remain in suspension under continuous
operation due to turbulence in the biological reactor 1102.
[159] In certain embodiments of the wastewater treatment system described herein, the
system includes a gas lift suspension system which may comprise one or more draft tubes
or one or more other configurations. The one or more draft tubes may be sized and
shaped for a desired application and volume of a vessel, such as a biological reactor or
other apparatus, to perform one or more of suspending the adsorbent material,

maintaining the adsorbent material in suspension, mixing the adsorbent material

throughout the vessel, and aerating the environment of the vessel, which may include
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vessel so long as it allows for flow through and around the draft tube.
Alternatively, the gas |ift suspension system nmay be supported by an

addi t i onavo=bruarene constructed and arranged to retai nPamdSeusPsssd4 t he one
or nore draft tubes within the vessel. [161] An individual draft tube may
be sized and shaped according to a desired application, such as to suspend
an adsorbent material within the vessel and/or to operatewithin a
preselecteq?tine peri od fgﬁ %ge@?tion. The draft tﬁfe n%élakgo be. si zed and
shaped t & PVHVTIGEOLEGESS dbe 28Y It BFPAGIVVPGH WY MerFoPREdehrt VAips t o
adequately suspend the adsorbent material within the vessel or to aerate

t he envi Higtndtshapestised, e & sizerprd ghage 06 dhegeessqliinto whish éinisiphasedy dihem

vol une may be provided by a single draft tube or by nultiple draft tubes
havi ng agdsolifalsuspehsine sgstbist mny icahipyise qualor tnoort igafd éshies gubsivioherhavithi a
particular ratio of gas |ift suspension systemvolune to vessel volunme my
be sel ect@ckltida WhiMi 4 20bdial mBeis4 €k Sinedrpeifatddn Bt disd e tvafsRttesatradnt Wi t hi n
the draft tube. An individual draft tube nay have a cross sectional area of
any Shap?yste?rﬂcgseh%e& Ih_EI%HL eA_r‘fdrﬁ{t ltﬁb@"n?&%) be ALY & o%@ﬂtﬁi&ﬂlr@ haPihe YR¥ or

i rregul ar shape. The i1 ndividual draft "tube may have any overal? shape, such
as conical , rectangul ar ylindrical .. ln one enbodinent, the .draft tube
'S 2 oyl atrer LS So8h by BhER it PR L Y ekeb i Se 8 Sg .

wi dt h, and hei ght, may ﬁe sel ected ﬁo provi de opti mal suspension of the
adsor benPaSHEERY {Pr i idhilaw tand s dsfudergrid aginly SUsPRRYeR- AT S¥ARRIET BS of
draft tube length to draft tube width or dianeter may be selected to

achi eve yspénsein efiaspenheitonatefialtand reldedsbbdt innmawestewidtenprt mixedtliguoveglel . The
draft tube may be conprised of two opposed sidewalls within a vessel in a
const r uciir onothef@sred to as a "trough.” One or both ends of the draft tube
may be constructed and arranged to assist flow of adsorbent nmaterial into

and/ or odig0Pf Thd@rafiltahe mhBEcordsiicteX 8N yemateN§l SiitdBle V& d paticiBaf fursdseend of

the draft tube may include one or nore openings
as long as it is abrasion resistant, resistant to wastewater components at typical conditions
for wastewater treatment, and able to withstand turbulent flows through and around the
draft tube. For example, the draft tube may be formed of the same material as the vessel
or may be formed of other lighter and less expensive materials, such as plastics, including
fiberglass reinforced plastics, polyvinyl chloride (PVC), or acrylic. The draft tube may
be preformed for insertion into the vessel, or manufactured as part of the vessel. As such,
the draft tube may be designed to retrofit current systems. The gas lift suspension system
may be supported on a wall of the vessel, or may be supported by a bottom portion of the
vessel so long as it allows for flow through and around the draft tube. Alternatively, the
gas lift suspension system may be supported by an additional structure constructed and
arranged to retain and suspend the one or more draft tubes within the vessel.

[161] An individual draft tube may be sized and shaped according to a desired

application, such as to suspend an adsorbent material within the vessel and/or to operate
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form ng passageways to all ow sone of the adsorbent material, wastewater, or
ot her contents of the vessel that are |ocated at or near the first end of

t he dr af twoubm/ameent er or exit through the sidewal |l of pCinasdeiafossssabe. The
openings form ng the passageways may have any shape to allow for sufficient
suspensi on of the adsorbent material within the vessel. For exanple,

openi ngs may be triangul ar, square, sem circular or have anirregul ar shape.

Mul tiple passage s may be ideptical to e anpt her and uniformy

posi {1 on¥lNEeDRS ket ¥as PiRd BY PRENAPar e (BE H6° BTG PEEER Bt e 11 ow
of adsorbent material in the draft tube. [162] The one or nore draft tubes
may be p®B¥Ped nravide agleyired lev et agitareat Vihinghe diaft tupetoadeguatelysusneng as

t hey provi de adequat e suspensi on of the adsorbent material within the

vessel . theradeocherplnagterdal sviftgh ¢hedveabdl o iy ecmaythe botireommsuht o6the Wmssghodihei oned
centrally in relation to the vessel sidewalls. Simlarly, nultiple draft

tubes i nd&ired REd BftwasabioBYstOA Vohita® May Heqsibiidened afindd@didfi @Bedr bp a
uniformpattern in relation to the vessel sidewalls. Miltiple draft tubes

in asi “&hﬁirp\feeél%ﬁ' tuBEYhaviiH a RRAA dMthe BEb s8R Eqlal 118 (HOULITEY b1uFHOSE
sectional area. For exanpl™e, a single vessel Tay conprise cylindrical,

coni cal and rect n%%ll arhfgraft t.ubes, of va%ltg helgt andyﬁ%os%C?e%%lonal

articular ratio: a suspension system yolu €8SE1 volume 1m € S€
area. | nPOne enBodrment | 3 PELeet y RAVE a s FaF " Pube “Cént ral | y

posi ti oned havi ng first cross sectional area and a pluraljty of second
draft tubB¥poentrbHsaenRianRidht “dorerbmategal WahiP by dpbiads ARINRYIdK cach of
the second draft tubes has a second cross sectional area smaller than the
first crésd wbetmonhivear ezoss| wgchensd ega efrbodishanst sueh vesgetlahadliptigal.ural ity
of identical draft tubes. In yet another enbodinent, a first draft tube may
be posi t squasd rastdnialen onasecendlatstafpt. Thbéndividudlkirst b eiyterve any beehidt t ons
of the draft tubes nay be aligned with each other, or may be off-set from
one anot {ifibe, such as conical, rectangular and cylindrical. In one embodiment, the draft tube is a

cylinder. The overall dimensions of the draft tube, such as length, width, and height, may

be selected to provide optimal suspension of the adsorbent material within the vessel.

For example, particular ratios of draft tube length to draft tube width or diameter may be

selected to achieve optimal suspension of the adsorbent material within the vessel. The

draft tube may be comprised of two opposed sidewalls within a vessel in a construction

referred to as a “trough.” One or both ends of the draft tube may be constructed and

arranged to assist flow of adsorbent material into and/or out of the draft tube. For

example, the side wall at a first end of the draft tube may include one or more openings

forming passageways to allow some of the adsorbent material, wastewater, or other

contents of the vessel that are located at or near the first end of the draft tube to enter or

exit through the sidewall of the draft tube. The openings forming the passageways may

have any shape to allow for sufficient suspension of the adsorbent material within the

vessel. For example, openings may be triangular, square, semicircular or have an
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[ 163] I n another enbodinent, the draft tube may include a baffle to pronote
t he suspensi on of adsorbent material. The baffle may have any size and
shape suiwabkbw®/fsewe4a particul ar draft tube. For exanpl epPChash@biobss4say be a
plate suitably positioned on an inner surface of the draft tube or a
cylinder positioned in the draft tube. In one enbodinent, the baffle may be
a solid or hollow cylinder centrally positioned wthin thedraft tube. In
anot her enbodi nment affle may be skj hat is Sltl at. a first
ond or SERGHA" SRtPeor ATt Paysara P Aty P bleatied) o roge quBRT Fd S  on
system The baffle may be constructed of the sane material as the draft

t ube, orPeSitENEH @bap thﬁsﬁrétr ¢ngl of Fgtdipl tebmpnequslly distiiRuteHiovs 9f pdsben
system [164] The vessel into which the draft tube may be placed nay be of
any si zemoterigshapke duaftttalid. e t o suspend adsorbent nmaterial in conjunction
with the gas |ift suspension system For exanple, the vessel may have a
Cross segi6Rpndhe aficed @brealtyft SIHRP enayBeIdsADNEd hCatyasnitalelk lodatios }lithirsgear e,
rectangle, or any irregular shape. In sonme enbodinments, the vessel may be
const 1 uct&deiQp 1RAL 1) Prélik dfiqub@ AL toﬁ Fuhd ARbAea SRR Rand mEhe
adsorbent materi a ertaln enbodi ments the vessel may be constructed
or nDdlfled t |nclud Qns_at ase.of the v to pronote
Che movelei: dieaaetiPhe TR SR eEdRar ot e SRR P me LEuE G Sy Lt om
The sl ope portlons may . be ny angle relative to the base of the vessel
to pr ormlfega tiogve Menyesy Stwaﬁasgwymy, et aRle gt Bhey @s? viRge gassel may be
suspensi on system [165] Referring nowto FIG 12, an exanple of a gas lift
suspensi @hdepiyt positioR8P of pesitigricdtiaip mnigmadaitarn éntelationde ithel vassel sigepelsi on

wi thin a vessel such as biological reactor 1202 is schematically depicted
accor di nplultiple dexfetwbedinnesitigle Ivesdel @ay 12yt nebd aod B idehtdi id solueeree edsk
bubbl es of gas, small solid elenents or dots represent adsorbent

sectional area. For example, a single vessel may comprise cylindrical, conical and
rectangular draft tubes of varying height and cross sectional area. In one embodiment, a
vessel may have a first draft tube centrally positioned having a first cross sectional area
and a plurality of second draft tubes positioned adjacent to the side wall of vessel in
which each of the second draft tubes has a second cross sectional area smaller than the
first cross sectional area. In another embodiment, a vessel has a plurality of identical
draft tubes. In yet another embodiment, a first draft tube may be positioned within a
second draft tube. In this embodiment, the bottoms of the draft tubes may be aligned
with each other, or may be off-set from one another.

[163] In another embodiment, the draft tube may include a baffle to promote the
suspension of adsorbent material. The baffle may have any size and shape suitable for a
particular draft tube. For example the baffle may be a plate suitably positioned on an
inner surface of the draft tube or a cylinder positioned in the draft tube. In one

embodiment, the baffle may be a solid or hollow cylinder centrally positioned within the
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material and irregular linear elenents represent m cro-organi sns or

bi omass. The gas lift suspension system 1232 includes one or nore draft

t ubes 129%0coniisgened, positioned and di mensi oned to faeciriusatie/oBsefit i ng of
adsorbent material and maintaining the adsorbent material in suspension, as
descri bed above. Gas enters through a gas conduit 1290 and is directed into
a bottom portion of the draft tube(s) 1292 via distribution nozzles

ordi ffuser 91, In certain. alternative enbodi nents,.gas. can be directed
"hto 1 heTGHGm Pt o coroRaE f DoIRBEE pe 1255 Pbi FOIEIFSE E ihe. gas
conduit 1290 rather than, or in conjunction with, the distribution nozzles
or di ffuguka seoapd engtiof o er mpgsrdrals fehes in theges BE rupensipp pysgrreedhe hatélet he
vessel or biological reactor 1202 at the designated |ocation(s) in a nmanner
si m | ar ey &econstsetdduifithe sainé fnasera] aatc deft v, bot Wiffigest maariglethafisoxygen
or other gas for support of the m cro-organi smadhered to the adsorbent

mat er i al camshtibepaitatie susgmibheyadaor bent material in the mxed |iquor, and
as a source of lift force for maintaining the adsorbent nmaterial and

bi omass {1g4pUPREOSLANNIWHLR thi BlaROL6@Ina RGN 1R0be baRRGLE GH Rl ¢ he

gas provides upward I1ft as a result o ts being contained I1n the draft
t ubes 1292, t he gas.bubbles rise inside of . dratt tubes. thev cause
an- upvir o #PuP CRRETD g TRkl B BRrE e bt b nteii YR T e
notive faorce used to draw the m xed |iquor and adsor bent naéerial t hr ough
the tubeSOLEAMAS the ¥esa B2% 13feh ST STHOPHA ¢ Ak THIPEAICR i3 CHFYRT-on
provi des adequate |lift in the draft tubes to keep the contents of the tank
suf fi ci edtip§cabgiaqnaeedcauglp, armay in¢gulasshape. Ay some gabodivwnts, Hhetvesichmay s
mnimzed or elimnated. [166] In addition, the arrangenent of FIG 12
pr ovi desbadegptiated mrxnndifiad dn sirgg@ens pomon shitailgrudpeading lof thesds@abartgy
requirenents as conpared to other mxing and suspension systens. For
exanmpl e, mhidgia NBY @¥talieHbsBRehtQr thd vBRE! M e bastRMUZFInbdifidd & Hlcp@kcal

sloped portions at the base of the vessel to promote the movement of adsorbent material

toward the gas lift suspension system. The sloped portions may be at any angle relative

to the base of the vessel to promote movement of the adsorbent material towards the gas

lift suspension system.

[165] Referring now to FIG. 12, an example of a gas lift suspension system 1232 for

maintaining adsorbent material in suspension within a vessel such as biological reactor

1202 is schematically depicted according to one embodiment. In FIG. 12, circular

elements represent bubbles of gas, small solid elements or dots represent adsorbent

material and irregular linear elements represent micro-organisms or biomass. The gas lift

suspension system 1232 includes one or more draft tubes 1292 configured, positioned

and dimensioned to facilitate lifting of adsorbent material and maintaining the adsorbent

material in suspension, as described above. Gas enters through a gas conduit 1290 and is

directed into a bottom portion of the draft tube(s) 1292 via distribution nozzles or

63



reactor 1202 using adsorbent material can be as | ow as one-tenth of the
energy required with alternative suspension systens and may only require

t he gas rwoessamysiior t he biol ogi cal system [167] Al theaghuskéne/ogms4s | ift
suspensi on system 1232 is shown and described in the context of a plurality
of draft tubes configured and positioned proximate a source of

gas, alternative structures can be enpl oyed, such as one or nore troughs
within a _hiological reactor, or.other suitable structure that oduces the
gas |1 1t SONEOTebn HESER BlEAEG AnDoiIFR S oI . Pe (Rt PR PO REFOM: 1 ovs
shown in FIG 12 are nmerely illustrative of one possible way in which fluid
fl ows thPYtighetithe draftdyka(om 29 ida aegpbres inghe gat rndyiridRBreher hantfdnsyst em
i ncluding the size and shape of the vessel, the size, shape and nunber of
draft t ubmegyncéno vaih; tiel distribati@ nezztes for wiftusessyl 201 oW hiehpas tigm torelugtyl208m i n
any nunber of ways. [168] FIGs. 13A and 13B show additional enbodi nents of

t he preseiitbd inwddidedIntoBO K eRERdH Higlogicaklehdtbn Q2(R0stehd 3&lgraseddop@ichiHn of a
separation subsystem In FIGs. 13A and 13B, solid black el enments represent

adsor benf, R &3] milf9 al OARIBLTYLe LIRSS, 28 SHBRL Goth GPLESHRE oFbEyRnYrgani sns
or biomass. A biological reactor 1302 conprises an inlet 1306 for receiving

wast eW.at gt ert 9 sb ort gl? %E)retdota t% an rgyotrI eti rr]f 3acc)i erfeldutiod é:cfg(r)]rnb%g‘} %%tf;[n%l aange mbr ane
oper at i ng Sy St (AP Ehdwn)". THHE ST ng Z6he °13822°R1G " "HGUT é8Cent
zone, is proximate the outlet 1308 and is generally defined by _baffles 1380
Znd 13813 PRRICHOREE BOSTIbROLETANE GF el B, 19 34 werccaiadl (365 (ot er i al
away fromthe settling zone 1382. The conbined m xture of liquid and
adsor benmainggieing dhe pdrarbent oveseripl @nd hadrise in38¢peseivn [ieghe Biokngical weastirence
due to the jet aeration or other suspension systemin the biological
react or 132 Inpastidadirathieigak pyovided wpedrd lifttake setlt ofi ingbadoneontd8ed inAtisor bent

draft tubes 1292. As the gas bubbles rise inside of the draft tubes, they cause an upward

flow that provides suction on the bottom of the tube. This is the motive force used to

draw the mixed liquor and adsorbent material through the tubes and lift it into suspension

in the tank. The gas circulation provides adequate lift in the draft tubes to keep the

contents of the tank sufficiently agitated such that the settling of adsorbent material is

minimized or eliminated.

[166] In addition, the arrangement of FIG. 12 provides adequate mixing and suspension

with significantly less energy requirements as compared to other mixing and suspension

systems. For example, the energy required for a gas lift system 1232 in a biological

reactor 1202 using adsorbent material can be as low as one-tenth of the energy required

with alternative suspension systems and may only require the gas necessary for the

biological system.

[167] Although the gas lift suspension system 1232 is shown and described in the

context of a plurality of draft tubes configured and positioned proximate a source of gas,
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material having a greater density than the suspended bi ol ogi cal solids
settles, and as it |leaves the settling zone 1382, is returned to suspension
by the tuwbubmma®eaut si de of the settling zone 1382 cau®e€u/usgoiiosscss
suspensi on system As shown in FIG 13A, a screening apparatus 1322 is al so
provi ded proxi mate the outlet 1308. The quantity of adsorbent bl ocked by
the screening apparatus 1322 is mnimzed due to the adjacent settling
zonel382. In certain preferred enbodi nents, screening, a ratys 1322 is

o nceq vl OHaRP Bh 5 CRMTE. Sich Byl e’ B oA o
sufficient to ensure that nost of the adsorbent material wll

separ at efed&pr: (o8 otheppritahle shugEe thaRiedudss ther gaslift phepemeron descrikedabpve.
Consequently, the screening apparatus 1322 will receive fewer adsorbent
parti cl eAddioodllyc abd dirpcticmat aabivy shdiverie Fl&.t He ascmeshy silwstagee afidne

accel erate plugging/fouling of the screen. Wen screening systens are used
i n conbi pakiben wiyt h Bafifd elsy stians ,thﬂb’a%hdwt ugei H8lehQuindndep@idgint bal thef the
screen wll be greatly reduced, as will the frequency of screen cleaning.

[ 169] HOMGEY L terd &f the sgs%}ﬁ,eﬂglluafn%dthé Q&E ahd skffel ! the %EQ&Q{HE%'{%? shag)lgeand
screeni ng apparatus 1322 can be“eli mnated altogether. The use of baffles
around the outl.e 8 of the.aeration tank reduces th 1 X1 ener gy
par t ed gy0ehed S SRs et 45 5L Al Y HERCRO LR R M2 1 e
of turbul ence and rising air bubbles, so that the denser adsorbent granules
can sepal¥tRerOf §i%¥the mixed liquor prior to its exiting the tank by way of
the effluent |aunderers. The baffling systemallows the dense adsorbent

mat er i al [168] sEl§zr alt3d fandm 3th ehaivxaddlifiongli smbogdinenss aff thaeprssame invensiondi rect s
the m xed |iquor back into the m xing zone in the aeration tank. [170]

Al t er nat in¢erpsaitink iangttion eorey X8 B avpdrtidmof & eegaraioagubaistene abit BiGsat 2Aal so
contenpl ated. For exanple, any of the previously-nentioned screens can be

used, Orand@MB, solid black elements represent adsorbent material, and irregular linear elements
represent micro-organisms or biomass. A biological reactor 1302 comprises an inlet
1306 for receiving wastewater to be treated and an outlet 1308 fluidly connected to a
membrane operating system (not shown). The settling zone 1382, e.g., a quiescent zone,
is proximate the outlet 1308 and is generally defined by baffles 1380 and 1381, which are
positioned and dimensioned to direct adsorbent material away from the settling zone
1382. The combined mixture of liquid and adsorbent material that flows over baffle 1380
settles, since turbulence due to the jet aeration or other suspension system in the
biological reactor 1302 is substantially reduced in the settling zone 1382. Adsorbent
material having a greater density than the suspended biological solids settles, and as it
leaves the settling zone 1382, is returned to suspension by the turbulence outside of the
settling zone 1382 caused by the suspension system. As shown in FIG. 13A, a screening
apparatus 1322 is also provided proximate the outlet 1308. The quantity of adsorbent

blocked by the screening apparatus 1322 is minimized due to the adjacent settling zone
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described in further detail below, a weir can be used instead of screening
apparatus 1322. [171] The settling zone in conbination with shearing action
provi ded WQ 2p1vmgireg, m xi ng or jet aeration allows the adsarshent3seat eri al

t hat has had the excess bi omass sheared therefromto settle in an area

w t hout m xi ng. The adsorbent material wll settle to the bottomof this
area and re-enter the mxed liquor.[172] FIG 13B shows another enbodi nent

of a settlj-ng zone. having a i.r 1323. Low densit Lomass overflo t he
oei t 15obmdn SRRl SR GPRRAIY Ao BaEShF pete

qui escent zone, it mxes with the agitated contents of the tank including
m xed | i epiBe sEtiepexdedistapge emdhe baldlss thadis sefifigions tq pusyipsthehaest of thea] | n
enbodi ments of the present invention including a settling zone having an
adsor bengdspeteer naferinasitlbsephsiciwttipelrporthe mixeel pot befdicsit heaches thostregmn
advant ageously be | ocated proximate the settling zone. This allows the

wast e adgeiidegidntiyRtherst@knin® apparh@F0SBT Wi kdceivaifen & st ehepmiats whichi xed
liquor. [174] Useful adsorbent nmaterials for the present invention include

various LypepoRhiSy Bafige § U5k BReAGhIA sl GRIRGR. JibeARETIHbA T anul ar

activated carbons are very effective, since the size nge and-densities of
the granul es c%gmye sel ected to enabl e thelrbﬁ%jggtl nBaB#Q%?Qedet r.m ned
y e

portion %?ﬁ?he y§&é%¥%%%gfﬁg?g fn%ﬁ%%%é%fpa prévént Fom 8u|ing
e R SNEEHERLT SRRCTE RE
inter-granule collision, the granular activated carbon can be produced from
wood, cossoernicledpiigasse, sawdust, peat, pul p-mll waste, or other
cel l ul ose-based materials. One suitable exanple is MeadWestvaco Nuchar(r)
ggr?eg?yﬂbg]anWaah,héshnsmﬁﬁawdﬁhﬁ4nxmﬁﬁnebmséﬁmmm,ﬂhemmﬁﬁngSppmdamd Si eve

1322 can be eliminated altogether. The use of baffles around the outlet 1308 of the

aeration tank reduces the mixing energy imparted by the suspension apparatus and leaves

the settling zone 1382 free of turbulence and rising air bubbles, so that the denser

adsorbent granules can separate from the mixed liquor prior to its exiting the tank by way

of the effluent launderers. The baffling system allows the dense adsorbent material to

separate from the mixed liquor, while at the same time, directs the mixed liquor back into

the mixing zone in the aeration tank.

[170] Alternative settling zone systems within the biological reactor are also

contemplated. For example, any of the previously-mentioned screens can be used, or, as

described in further detail below, a weir can be used instead of screening apparatus 1322.

[171] The settling zone in combination with shearing action provided by pumping,

mixing or jet aeration allows the adsorbent material that has had the excess biomass

sheared therefrom to settle in an area without mixing. The adsorbent material will settle

to the bottom of this area and re-enter the mixed liquor.
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[176] In additional enbodi nents, particularly those in which shearing
action is provided by turbulence and/or inter-granule collisions in a punp
and/ or | evonomzi4®e4use of adsorbent nmaterial (s) havi ng RCghseoloassbaess

val ues are desirable. For instance, granular activated carbons derived from
bi tumen or coal -based materials are effective. In a particul ar enbodi nent,
the granul ar activated carbon is derived fromlignite. [177] Carbon

mat eri al n b rov nDd fled th a tre rocess
) or - si12ef o HapaBy R B REH s Reimetiat A ey it vk SbERT S bpcr es
and/or metals in the mastemater For instance, in wastewaters having a

rel at i vell§ishy gipmasy everdpwirdhe ey, 1338 and dle adsophsint pastiesof At ASORRRSG BERPAL

material preferably includes granular activated carbon inpregnated with
pot assi uontioddhcdguiescestudoherit mixdsevitl theagmend somads of thentprlegrhided mpedi es can
be provided to target specific netals, other inorganic conpounds and/or

or gani ¢ BQUERSupended sbhidd ald a6k @i tdgns gbent can be a material other
than activated carbon. For instance, iron-based conpounds or synthetic

resins Cﬁﬁggelnuéﬁgo&lﬁlehﬂeo@%%%@%tt iFRE6h 3hSiudA \%Ozp%etﬁfn &Oﬂglﬁgltahon wi th

ot her adsorbent materials, e.g., in conbination nul ar actt vat ed

car bon. Fd‘ér} h%{ 1,’[11atter1a q %{jsgl(lja{r%ee o tnﬁt Ga aste dS scﬁar [Poathcaaﬂ a Cz&r{tz\{ aég)gqu %ar bon
t hat targe certain I"nOF JAnT ¢ conﬁb nasor onpounds
can be used. For |nstance i n wastewat ers havi ng relatlvely hi gh | evel s of

i ron andiPttedragdRatetheateting zone byt alawsfhg Wélstﬁo%lﬁ?@ewt H@aqﬁlak Fise a

granul ar manganese dioxide filtering nedia. In wastewaters having arsenic,
at | east remoyed whda nofinmipag sgveyddehmuxeddiquenpri se granul ar i ron oxi de
conposites. In wastewaters including |ead or heavy netals, at |east a
porti on [df74] hEseds addoestint aaneridi< [foid éhegpi@milt ainveaition include Ivadatb e typesqdsi t es.
carbons, such as activated carbon. In particular, granular activated carbons are very
effective, since the size range and densities of the granules can be selected to enable their
retention in a predetermined portion of the system and thereby substantially prevent them
from fouling and/or abrading the membranes.
[175] In systems in which the granular activated carbon is not subjected to significant
shearing forces and/or inter-granule collision, the granular activated carbon can be
produced from wood, coconut, bagasse, sawdust, peat, pulp-mill waste, or other
cellulose-based materials. One suitable example is MeadWestvaco Nuchar® WV B
having nominal mesh sizes of 14 x 35 (based on the U.S. Standard Sieve Series).
[176] In additional embodiments, particularly those in which shearing action is provided
by turbulence and/or inter-granule collisions in a pump and/or jet nozzle, use of adsorbent
material(s) having higher hardness values are desirable. For instance, granular activated

carbons derived from bitumen or coal-based materials are effective. In a particular

embodiment, the granular activated carbon is derived from lignite.
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[179] In one enbodi nent, the adsorbent material can be sel ected based upon
a desired specific gravity range. In order to nmaintain the adsorbent

mat eri al WO 28ugpgeI8i on Wit hi n accept abl e energy consunp®PCon/secasi3seanges,
specific gravity ranges relatively close to that of the wastewater are
desirable. On the other hand, in enbodinents in which separation is based
at least in part on settling of the material, higher specific gravities

aresui t ahl n_general., the ecific gravity is preferabl reat er than
Sbout 10971 CREPEITAEesan 6 Db Ry ReE it A O b Pe] TRETG v 1y
is greater than about 1.10 in water at 20Q0C. A suitable upper limt for the
speci f i cPigeesyiang/or speqigs hgrebyinioddmsdinnERNKY tolseiiin zhelquaﬁ Spegiesrangfor2coC.

[ 180] Therefore, the adsorbent material having a specific gravity range is
sel ect edmehiscin the owmisestes.ufbi oisante, Suspersiagns badng heelefigle hgbflevadiognt
contact with the wastewater and its contam nants. In addition, in certain

enbodi nefkfury, 8 BRAChTpaitign af the h&RERnP MeMEEESpSEritl¢i Rbludse tokdniung
characteristics for subsequent renoval of the adsorbent naterial fromthe

vast ewat gliivafed cfafﬂohhﬁfpr@grmféqi ﬁ%{‘gémsﬁlﬁh QS&iHQ Br QD te(af-ﬁgfe %éthﬁngra%wotry of

t he adsorbent material I"s based on m nim zation of e energy required to
mai nt ai n. t he adsor bent suspensi-on. [,18 Furt her nor e

: impregna edtspec1 s.can teeprrio aild dpo AL RLSPARIfR met{ﬂs other jnorgagic com (’)ur;[drs]e

desired a SO% en I’TB.FGI’I al, SYJC‘FI as arPuf;ar actrva ed c§rlbon, as a
har dness | evel that m ninmzes creation of fines and other particul ates due
to inter YA ATERUGFINRIWBAS and ot her process effects. [182] The size of the
adsorbent material that the separation subsystemis designed to retain and
t her eby P78l eht addigompabe ageorbentoante aemdiera eothgethan japgvassds cahois kot i mi zed
to mnimze the anbunt of adsorbent material and fines entering the
menbr aneinepacat irngbssys t @mpolinds efrosyathetioeresiak hath dadussy siemefadidident
invention mnimzes abrasion and

materials, alone or in combination with other adsorbent materials, e.g., in combination

with granular activated carbon. Further, treated adsorbent materials other than activated

carbon that target certain metals, other inorganic compounds or organic compounds can

be used. For instance, in wastewaters having relatively high levels of iron and/or

manganese, at least a portion of the adsorbent can comprise a granular manganese

dioxide filtering media. In wastewaters having arsenic, at least a portion of the adsorbent

can comprise granular iron oxide composites. In wastewaters including lead or heavy

metals, at least a portion of the adsorbent can include granular alumino-silicate

composites.

[179] In one embodiment, the adsorbent material can be selected based upon a desired

specific gravity range. In order to maintain the adsorbent material in suspension within

acceptable energy consumption/cost ranges, specific gravity ranges relatively close to

that of the wastewater are desirable. On the other hand, in embodiments in which

separation is based at least in part on settling of the material, higher specific gravities are
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fouling by carbon granules or other granular materials inpinging on the
menbranes, while still providing the operational advantages associated with
t he use ovoadmonmbmat naterial including activated car bolrCT[US3@B/0SRsit abl e
granul e sizes for the adsorbent material are selected to conplenent the

sel ect ed screening/separation nethods, and the needs of the particul ar

wast ewat er beingtreated. In certain preferred enbodi nents, the bottomlimt
of effective granule size of. .the adsorbent material is selegted such that
't can estiRPls 1B SERsTal HiEworifiG R If PGP AL PRk aRt PR HE He

menbr ane_ operating system tank](15) in which the menbranes are |ocated. In
gener al , 2Q°ke lBfqeeatn qpebagimeni.dhe ppesifiss craviey Boxeateyehan ARQUSH; 18] infyggerathot t om
limt of about 0.3 mllineters, where greater than about 99.5 wei ght % of

t he adsoR®é€nt Ansmiiteblealppeslimitoive thehgpebidict aviky ¥ {7 cqtasd emabdiynenty abguta | ower
limt of about 0.3 mllineters to an upper limt of about 2.4 mllimeters
(correspogdimgatepat20vesh size 50 to a nmesh size 8, based on United States
Standard Sieve Series), where greater than 99.5 wei ght % of the adsorbent
mat eri al i irt D O R k tal ed
b el At 3R R o B e R P B i g
to a nmesh size to a nesh si 14, based gn the i t.ed States Standard

S eve  sebruF atr st RS Prand Trdiian RB6% hah i vk BE RS R N
material is within the |ower and upper limt. It has been denonstrated that
a granul SA"RRAYLEt 4B 84 BB TIPS e e PET e EHANUIABES PRYIEP about
0.5 mllineters to about 0.6 mllinmeters can be easily and efficiently

scr eenedsutfiomtt seeling ghara¢tpiiiss fou subsequent reatsivel slefharadsorbentayatesh fremd such
effective sizes, in granular activated carbon of suitable densities, also
can econtriveatelyitede Inrhurthbacmbeliments sefrerisn ofithe EYAMRL ESvity of the adsorbent

material is based on minimization of the energy required to maintain the adsorbent
material in suspension.

[181] Furthermore, the desired adsorbent material, such as granular activated carbon,
has a hardness level that minimizes creation of fines and other particulates due to inter-
granule collisions and other process effects.

[182] The size of the adsorbent material that the separation subsystem is designed to
retain and thereby prevent its passage into the membrane operating system is optimized
to minimize the amount of adsorbent material and fines entering the membrane operating
system. Therefore, the method and system of the invention minimizes abrasion and
fouling by carbon granules or other granular materials impinging on the membranes,
while still providing the operational advantages associated with the use of adsorbent
material including activated carbon.

[183] Suitable granule sizes for the adsorbent material are selected to complement the

selected screening/separation methods, and the needs of the particular wastewater being
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[ 184] The present invention will now be illustrated by the foll ow ng
non-limting exanples. Exanple 1 [185] A pilot scale programmable |ogic

cont r ol | edloreribra9se bi ol ogi cal reactor system (Petro(tnpPCVRR2M0/088644)ni t

avai l abl e from Si enens Water Technol ogi es, Rothschild, Wsconsin, USA)
having an aeration tank with an anoxic section, with an capacity of
approximately 3,785 liters (1) (1,000 gallons (gal)) and a nenbrane
operating system equival.ent, to a.comerci al nbr ane bi ol ogi cal reactor
oot om Mo BT PR B TSR HRRHPET HBe SRR R AL EF O AESb SHe ddt  § on
described in the present invention. A wedge wre screen was situated at the
i nl et of thg adserpenthaaterialan selseted dueh hal it Gagurssily peserieed diom thenflewt to t he
menbrane operating system [186] A base synthetic feedstock included water
havi ng t méxeddiduvowienigriog e miemdtane mpeoiting rsgstainctanlkieor gawhichtht rembrd@sgr ans
per liter (g/1l) (48 ounces per cubic foot (o0z/cf)) of sodium acetate; 16

g/ 1 (16 @2/i6datedofInalehyakiiee Efaceiob gradQletide ¢2@e @ddwbont afatdiRll Ran®bottdm9 9/ 1
(1.0 oz/cf) of anmoni um hydroxi de; and 0.89 g/1 (0.89 oz/cf) of phosphoric

aci d.  The,Ararombi™ Bydnaxiee @H&e%@aﬁ@‘tﬂﬁﬁ Gbéfiod %Elghts%uéfcﬁé i oper

nutrient balance for the bacteria“mthin the nenbrané& biological reactor

system [187], A s I st.ewat.er.. m Xt ur, s. prepar.ed hayi hi
concent r TGS o RBBRo iy Rkt s raretetitly RSB EEREREJIELI 15 MR B ory
or gani ¢ conpounds. Speci fi cal I% t he sﬁ\rrpl e wast ewat er m xture, caontained

fol | owi ngiBIsEEsh oY HRPRS BT BioBP Yo migneicss (eouresnapdgde drmesnsizggdal | y
i nhi bitory organi c conpounds: 90 mlli grams per liter (ng/1) (0.09 ounces
per cubie m%thIZ@o&/‘i@fsérgp of URDTA:Stges hiandardraens paates).iwhare @oags thaty 89.p of
di -n-butyl phthalate, 120 ng/1 (0.12 oz/cf) of 2,4-dinitrophenol, 2 1 ng/l
(0. 021 owkigh) % of the adsorbent material is within the lower and upper limit; and in certain
preferred embodiments about 0.3 millimeters to about 1.4 millimeters (corresponding to a
mesh size 50 to a mesh size 14, based on the United States Standard Sieve Series) where
greater than about 99.5 weight % of the adsorbent material is within the lower and upper
limit. It has been demonstrated that a granular activated carbon with a minimum
effective granule size of about 0.5 millimeters to about 0.6 millimeters can be easily and
efficiently screened from the mixed liquor with a suitable separation system, and such

effective sizes, in granular activated carbon of suitable densities, also can economically

be maintained in suspension.

EXAMPLES
[184] The present invention will now be illustrated by the following non-limiting

examples.
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of 2,4-dinitrotoluene and 75 ng/1 of nethyl tert-butyl ether. The m xture
was fed to the anoxic tank.[188] The nenbrane bi ol ogical reactor was first
oper at ed wothout47granul ar acti vated carbon to obtain a pasaise1e/03d6i4 was
determ ned that prior to the addition of granular activated carbon, only
about 92% of the biologically refractory or biologically inhibitory organic
chem cal oxygen demand (COD) conpounds in the effluent were renoved, after
alongp r| 0 ?f bi o-acclimation such that the nmenbrane biol ogical reactor
was full mat ed, thus allow ng about 8% of these conmpounds (neasured
as COD) to _pass into the effluent). [189] To determ ne the efficacy of

gr anul ar [l§éf Pl seade progranygage é?%%oqt led pmbyaprc iglqeésa) yeagtoagy&tvaco
Nuchar (r) W/ B having nom nal mesh sizes of 14 x 35 (based on U S. Standard
Si eve SefHege)™ WdBRadtded Unit tvwelahker &bimoiSidreans Watkrt Fechnblogess, Rogpklildig ai r
to the aeration tank was adjusted to feed 2124 standard liters per mnute

(sl m (7%iscohsin( 8SANhaving dhgera@sratanRnwitiaak anvkit hettigh, @XELeS capdcitprodvi ded
to maintain the granul ar activated carbon in suspension. The anount of

gr anul ar c t
per cent ﬁ%*ﬁ@%%ﬁ??%ﬁfs?@ﬂﬁi%@ﬁ %13’%3 Sﬁﬁ@éﬁﬁafﬁ%ﬁﬁf oBe iy Sfud?
determ ned.t et% t0 ?pl’ooxrlng;%ﬁ]g rane 10 1(ca1 re s s& 190#/ LS ific
of the l\ﬁ%@ he torar rane opera? ﬁg sys éf i fl
concentration was | ess than 4% f#her ef ore achi eving. greater than 96%
renpval MCOBMIBY B IGFIPUIAEACEYA RS Gargen Bﬂ%tle@.desfﬂrub iith H}ebwrﬁﬁny YRR
conpounds that were neasured as COD. FIG 14 is a chart depicting feed
concent r At wesdge(Whie sged) wob sbirabdgi dwl inlet oéfar oo that aadstpired oukashliquer

i nhi bi tory conpounds, and the remaining effluent concentrations (as

per cent afyes thé adrhorotanlgtanhk Imendirancespeaitimgsyagas of bi ol ogi cal acclimation

&cl i mation

[186] A base synthetic feedstock included water having the following concentrations of
organic/inorganic matter: 48 grams per liter (g/l) (48 ounces per cubic foot (oz/cf)) of
sodium acetate; 16 g/l (16 oz/cf) of ethylene glycol; 29 g/l (29 oz/cf) of methanol; 1.9 g/l
(1.0 oz/cf) of ammonium hydroxide; and 0.89 g/l (0.89 oz/cf) of phosphoric acid. The
ammonium hydroxide and phosphoric acid were sources for proper nutrient balance for
the bacteria within the membrane biological reactor system.

[187] A sample wastewater mixture was prepared having high concentrations of
biologically refractory and/or biologically inhibitory organic compounds. Specifically,
the sample wastewater mixture contained following concentrations of biologically
refractory and/or biologically inhibitory organic compounds: 90 milligrams per liter
(mg/1) (0.09 ounces per cubic foot (oz/cf) of EDTA; 30 milligrams per liter (0.03 oz/cf)
of di-n-butyl phthalate, 120 mg/1 (0.12 oz/cf) of 2,4-dinitrophenol, 21 mg/l (0.021 oz/cf)
of 2,4-dinitrotoluene and 75 mg/l of methyl tert-butyl ether. The mixture was fed to the

anoxic tank.
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of a menbrane biological reactor system In particular, FIG 14 shows the
conpari son between the effluent concentrations prior to addition of

gr anul ar wotbwaem4car bon (stageA), during the accli mat iPOm/UserioosBeist age
B), and after acclimation (stage B). Once granul ar activated carbon was
added to the system there was a very significant initial drop in effluent
COD concentration, which is not shown in FIG 14 as the adsorption capacity

of the g I activate arb n was exhausted in | ess than one day. The
oyst om HER s Pl Aenbihec el b et gt BhespoR L hal e S Tvars peitai i g
after treatnent. This represented a period in which the adsorptive capacity
of the ceirbrihtaabtaxphasting. akidvashdeteinneds §1apmrioheo @heapddiden At wramaiasd
carbon started working to digest the biologically inhibitory organic
conpoundsctivhiatl carboe, ordgsbow 286 ofXDB.bidbgieallyt fedrab@cy er bialdgew yrenHibikdry
established onto the surface of the granular activated carbon, as was

conf i r megkowhit Rhémical e6lgeR deiihd ASODPeoRYedidstin ee effihiént m&metdntcsveaf afédi
attached gromth/frxed filmsystem becane apparent. The residua

concentr 9%% péribd Qtebf%f a{clcﬁﬁl'aﬁoﬁi rsﬁ)ﬁpﬁﬂt R heRDrdRafo bl rdabr f vﬁagn ggo:; for a

concentrati providing a renmoval efficiency of greater
hi ghly con |caII refr tor Qgg cal
|nh|brtoryﬁg?%ghﬁgsgéﬁ%nﬁn Out?%é) PO?% an bg Pm?ﬁéoof t he
invention elimnates the plugging and abrasron of the menbr anes by keepi ng
the car b0f SHHENBf t he menbrane operating system tank(s). By using |arger
si zed carbon granul es, carbon granul e screening and/or separation is
possi bl e[18%h Thaletrmise Henefficadyeof granilap sactivased ceibga, 880G lgeanpolgierléd
activated carbon prevents its effective filtration fromthe m xed |iquor.
Exampl e Qur{ct92]z)) dbadeatrwicp dNiichai®e Vs dnsingmatiahlemieds sizewwef d4pedbor ned
using a 2000 mililiter

(based on U.S. Standard Sieve Series) was added to the aeration tank and the blower

supplying air to the aeration tank was adjusted to feed 2124 standard liters per minute

(slm) (75 scfm (scfm)) to the aeration tank, with the excess air provided to maintain the

granular activated carbon in suspension. The amount of granular activated carbon added

to the aeration tank was based on 20 percent of the mixed liquor suspended solids in the

unit, which was determined to be approximately 5000 mg/1 (5 oz/cf).

[190] After acclimation of the MLVSS, the total membrane operating system effluent

COD concentration was less than 4%, therefore achieving greater than 96% removal of

biologically refractory or biologically inhibitory organic compounds that were measured

as COD. FIG. 14 is a chart depicting feed concentration (in mg/l) of biologically

refractory and biologically inhibitory compounds, and the remaining effluent

concentrations (as percentages of the original), at various stages of biological acclimation

of a membrane biological reactor system. In particular, FIG. 14 shows the comparison

between the effluent concentrations prior to addition of granular activated carbon (stage
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graduated cylinder having a rotaneter connected to a source of conpressed
air and a tube fromthe outlet of the rotaneter to a tube that reached to

t he bott owoahiovtamegr aduat edcyl i nder. 20 g (0.7 oz) of trcrasgélop3ssnd ed
granul ar activated carbon were placed in the cylinder. Roomtenperature
distilled water was al so added to the cylinder wetting the particles. The
contents of the cylinder were mxed with a spatula to suspend the entire
contents,and remmve ai.r hubbl es 193] A r s added to the tube {n the

ool ey ARt i Ber bRt i FERne)r A dTEn PrET el Bas i adtiEnd  t he
air flow was recorded. The airflow was increased until approxi mately 50% of
t he sol i #gnylar actiigtodetienn pphaddpduioohe shgeangi “af acerporRniesal Bt on t he
bottom of the cylinder) and the airflow was recorded. Airflow was again

i ncr easedropnhidffladnt ((PDtdvecgptanioh,awhiabtis wat etbvornmbBHG wWeE as tiepatsdgdiion The
final airflow was recorded. The results are shown in Table 1.[194] The

anount ofapesiey @thé efinlae detivatcRiuspndyishhpaidd ial1es thaiCiRaned TAS syRuER
particles were suspended. Based upon these results, the air requirenents

For suspgafdispgiipedratt it GRhuAg e ¥RiEdne A0NOEHEs fahfikingled: Lifaiengbout
7,080 to about 8,500 sImper 1,000 liters of reactor volume (about 250 to

about 300, 960Dl SO0 LHRL G G! AL TR OO WPl D OMRALI 8GN the
i ndustry SR L e'fiorpsuspen i'ng bio o%ﬁgal RS ¢S Wi THaY grand1a ed
activated carbon about 850 sImper 1,000 liters of reactor volune (30 scfm

per 1, 008" CiPBRY B8R eagBRayJrlivigd cpRonalartEguiPiaede Yi8°SudBend t he
granul ated activated carbon and the biol ogical solids was determ ned to be

up to 10bilogicsllyrishibeery grdanty eompenmide thafamsee bighbired disfEUBer Afestdm t han
that to suspend the biological solids alone and to provide the required
oxygen fbactdriaotegmadatly establshadne el d9fate Af gieaptahalar activiakalt egdb@garabon
suspension pilot unit was prepared, utilizing a verti cal
was confirmed with an electron microscope evaluation, the benefits of an attached
growth/fixed film system became apparent. The residual COD concentration in the
effluent dropped to less than 4% of the feed COD concentration, providing a COD
removal efficiency of greater than 96% for a highly concentrated feed of biologically
refractory or biologically inhibitory organic compounds.
[191] Use of the method and apparatus of the invention eliminates the plugging and
abrasion of the membranes by keeping the carbon out of the membrane operating system
tank(s). By using larger sized carbon granules, carbon granule screening and/or
separation is possible. On the other hand, the small particle size of the powdered
activated carbon prevents its effective filtration from the mixed liquor.
Example 2
[192] Laboratory particle suspension scale tests were performed using a 2000 milliliter

graduated cylinder having a rotameter connected to a source of compressed air and a tube

from the outlet of the rotameter to a tube that reached to the bottom of the graduated
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cylindrical tank having a diameter of 1.83 neters (m (6 feet (ft)) and a
wat er depth of 2.59 m (8.5 ft). One eductor jet nozzle from Si enens Water
Technol ogve=0(0Rardsgchi | d, W sconsin, USA) was i nstal | edPCinrusegil/oass4out er
wal | of the tank at a distance of 43.5 centineters (cm (17.125 inches
(in)) fromthe tank floor. The nozzle, shown in FIG 15, was directed
hori zontal |y towards the center of the tank. A 50 ng/1 concentration of

granul ar _activ d rbon, Mead t vaco Nuchar B 14X35/ Wod, . wa

Tt oducetinir o€ a0 T aRk of (PrEREh IR FRTI Fo R tecarben e PRESd Hod1
systemincluded a jet nozzle 1544 which conprised a fluid inlet 1546, a
conpr ess@dingpy Rapiat tempetuse disiHed wtarestwapsdso aqdedity tha swliler mstingnthet 1546
to a mxing chanber 1566. Conpressed air also entered m xi ng chanber 1566
wher e i t pexganddte andentypdthedylader gyret mixedevifh aispatulastotshepeai therpanded, t he
m xture of fluid and air passed to a nozzle throat 1568 where velocity of

t he m Xt ¢gmeentsidaasedle aif babblkdli d contai ning air exited nozzle 1544 through
outlet 1564 into the tank. [197] Tests were conducted with various |iquid
fllow rat G93And;COMPLARS 0l iRl fibl Lol fiBer diifitbelid QNS nBRaRCkil QRSO
liters per mnute (I'pm to 757 I pm (140 gallons per mnute (gpm to 200
gpm while conpressed air flowrates ranged fr,omOQ.to 850 .slm (30 fm
ook A el PP ERA T s @rolokE S sRATHEE GHR aPak®FR R Rt "hso
slm (30 scfm. resulted in suspension of the activated carbon, while air
flows of am&%lgaaf?fs( aﬁé%sef e solifls| wes TeRIOEL 40 BB i9g1PuBt of kARt i vat ed
carbon on the bottomof the tank. Simlarly, at a liquid flowrate of 644

| pm ( 170regpuRing oarthaibettemont thatcylindergsad shampifov sefsnecordeds| tAaeflaw was
suspensi on of the activated carbon, while an air flow rate of 425 slm (15
scfm anskaire$icréssdiluhed all rofstae t dramdarobctivhedacibomaivas sagrelded. orTheh@nddot t om
of the tank. Increasing the

airflow was recorded. The results are shown in Table 1.

Table 1
Carbon Air flow in slm Air flow in slm Air flow in slm
(scfm) for minimal (scfm) for 50% (scfm) for 100%
suspension, per ft* | suspension, per ft* | suspension, per ft*
of cross-sectional of cross-sectional of cross-sectional
area area area
Norit Darco 2.83 (0.10) 127.4 (4.5) 254.9 (9.0)
MRX/Coal
Norit GAC1240 5.38 (0.19) 135.9 (4.8) 254.9 (9.0)
Plus/Bituminous
Norit Petrodarco 1.70 (0.06) 85.0 (3.0) 169.9 (6.0)
8X30 Lignite
Calgon Filtrasorg 1.70 (0.06) 135.9 (4.8) 220.9 (7.8)
400 Bituminous
Westates Aquacarb 2.27 (0.08) 85.0 (3.0) 169.9 (6.0)
1240/bituminous
Jacobi Aquasorb 1.42 (0.05) 85.0 (3.0) 169.9 (6.0)
1000/Bitumnous
Res Kem 4.25 (0.15) 240.7 (8.5) 339.8 (12.0)
CK1240/coal
Mead Westvaco 1.70 (0.06) 51.0 (1.8) 93.4 (3.3)
Nuchar WVB
14X35/Wood
Mead Westvaco 1.70 (0.06) 68.0 (2.4) 93.4 (3.3)
Aquaguard
12X40/Wood
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liquid flowto 700 | pm (185 gpm) resulted in suspension of the activated
carbon at a reduced air flowrate of 425 sIm (15 scfm). [199] Increasing
t he fl owwet2eloofs74éhe | i qui d through the nozzle from 644 PCo/URR@olopseu{ 170 to
185 gpm, an increase of |ess than 10% reduced the consunption of air by
50% as conpared to the air required by a coarse bubble diffuser system As
such, the jet suspension systemsignificantly reduced the consunption of
conpressed air, and therefore the energy costs associated with the use of

conpr ess ([ Q0 cond cl ed. to determ ne the
11 cacyligel' The EBIRLSY consEr s BTopentptRe R BRIt Batd, 5 B0 ar bon
and to dennnstrate structures for mnimzing passage of granul ar activated
car bon pBFtiFles were ysReREeHeRBEd HBQN HrEsSGreddhin gkeraérarﬁﬂ%lf%?%m% fospeiPsRdipgasyst em
A cylindrical tank and a jet m x nozzle were used to denonstrate that jet
m xi ng cguhdacdsstntedcaan averasticviataddocke bt JoHiHl et diopt 8\API buispari xi ng
liquid and gas flow rates were evaluated. [201] As illustrated in FIGs. 16,
18 and 1900@ litat offirkacigy aduaki @rond@sdl © dedd 308 sscimgteal 1l@d cubia f&it off oot

di ameter, 9,085 1(2,400 gal) steel tank 1602 filled with about 7,570

1(about %a&@pvgl%ln)e) Ofin tbmb &M, HRPINWS! sthilafd F@Veabpeading2Q8io tgicﬁl §dds

exanpl e, wood-based Mead stvaco Nuchar(r) W/- B granul ar activated carbon

and coal ; Rﬁé&éri}ﬁﬂdt&d RanGRarhRX g4 R hi0sahEds SRIACH, Wotufne Sﬁﬁpegﬁgd

ut|I|2|ng a | m X1 ng nozzle 1n a cy ri‘cal "tank at various

as fIOM/rates ad.Nuchar (r ul ar actlva d carbo ad a
dpect 11 cgan 4 O0F Cl\f/glf feh Ob PSS V\@ugﬁeg i ¢eirqn tt%rsgsrz%ﬂo@a 5y
and is typically relatively softer than coal based granul ar activated

carbon; gRaulpgd @eliyaedvrd abtndhe piodegicat seflidpasydegrrmined tgfg ugrio 10 times

greater, using a simple coarse bubble diffuser system, than that to suspend the biological
solids alone and to provide the required oxygen for biodegradation.

Example 3

[195] A granular activated carbon suspension pilot unit was prepared, utilizing a vertical
cylindrical tank having a diameter of 1.83 meters (m) (6 feet (ft)) and a water depth of
2.59 m (8.5 ft). One eductor jet nozzle from Siemens Water Technologies (Rothschild,
Wisconsin, USA) was installed through an outer wall of the tank at a distance of 43.5
centimeters (cm) (17.125 inches (in)) from the tank floor. The nozzle, shown in FIG. 15,
was directed horizontally towards the center of the tank. A 50 mg/l concentration of
granular activated carbon, Mead Westvaco Nuchar WVB 14X35/Wood, was introduced
into the tank.

[196] As depicted in FIG. 15, the jet nozzle system included a jet nozzle 1544 which
comprised a fluid inlet 1546, a compressed air inlet 1558 and an outlet 1564. Fluid
passed from inlet 1546 to a mixing chamber 1566. Compressed air also entered mixing

chamber 1566 where it expanded and imparted energy to the fluid. As the air expanded,
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effective size of 0.7 mllimeters (0.028 in). [203] Approximtely 50 ng/1l
(0.05 oz/cf) of wood-based granul ar activated carbon was added to the

wat er. Thwol2ow/aoseent rati on of granul ar activated car bh@oTAES2010988$44 O
permt viewing of the mxing profile in the tank using a subnersible video
canera. Table 2 bel ow shows the range of test conditions used. Table 2:
Test conditions for granular activated carbon jet suspension[204] Water was

fed to the nozzle.gf. jet mxing/aeration aer 644 . di pu 1648 and
Compr assB8 BRRroA6 i e P PO DG BEED r TS N KLt By F oo
1649 and 1661 controll ed the speed of the pu and bl ower notors,

r espect i erepseda| Thefjuidjcepigine eraxited npzrde P%éiggwgb@wfl@ééw #ite ghe tankypgnet i c
flow nmeter in the discharge line of the disc punp 1648 nonitored the liquid
fl ow. ThH9%pe€ebtofvercheonsluotedr withtvariowasiqpidofdow traer aindt @nipressed rirf flow. [ 205]
Referring to FIG 17, the throat velocity of the jet nozzle was cal cul ated
at each hes! IGeudiffowanadditd fRIMBGBE diterepaudidube(Iphiitd 57 lp@ IuatRllofspeghown, a
m ni num throat velocity of approximtely 10.4 neters per second (34 feet

per secopth,Bpnf)§d ‘ngrj %grr?t) %11;@1% Qioﬁ%?es%rg?} Ab& r3is Pﬁ?é& ABm o §50 WRQdpbased

granul ar activated c his velocity can be correlated to the specific
gravity &Q%>naxinun1particle size of the granul ar activated carbon. [206]
At the coinetion of the testing with the wood-based granul ar activated

car bon, tank was drained, cleaned and refilled with ter and

appr oxi rrétgg] ygSéhﬁﬁ%dlf?%’f ratpaf 3Py écgpgpaﬁmlaﬂoycr@rev%fﬁgﬁ S0 fms
added. Based on a simlar series of tests, it was observed that the jet
aer at or wagltegbheuspenpran of icactiveted saden, whidnm air dlowacfidZatstd (Easdfon angd

suspensi on.
less resulted in deposition of the activated carbon on the bottom of the tank. Similarly, at

a liquid flow rate of 644 lpm (170 gpm) , an air flow rate of 850 slm (30 scfm) resulted in
suspension of the activated carbon, while an air flow rate of 425 slm (15 scfm) and less
resulted in settling of the activated carbon on the bottom of the tank. Increasing the
liquid flow to 700 Ipm (185 gpm) resulted in suspension of the activated carbon at a
reduced air flow rate of 425 slm (15 scfm.).

[199] Increasing the flow rate of the liquid through the nozzle from 644 to 700 lpm (170
to 185 gpm), an increase of less than 10%, reduced the consumption of air by 50% as
compared to the air required by a coarse bubble diffuser system. As such, the jet
suspension system significantly reduced the consumption of compressed air, and
therefore the energy costs associated with the use of compressed air.

Example 4

[200] Example 4 was conducted to determine the efficacy of jet nozzle to perform
suspension of granular activated carbon and to demonstrate structures for minimizing

passage of granular activated carbon particles to the membranes of a downstream
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[207] Since it is necessary to substantially prevent the granular activated
carbon particles fromreaching the nenbranes of a downstream nenbrane
oper at i ngweystoerysa sl otted screen with 0.38 nillineter POpas2igs3teas
positioned at the outlet of the aeration/reactor tank, so that any granul ar
activated carbon particles that are broken down during the jet aeration

circul ati on to particles having a dianmeter less than 0.38 mllinmeter(0.015
in) wll sthrouhthe Screen, l opi n mto enter the nmenbrane
opbr at | HERRY VB S08] S acids L BB oSG st & pARFoE e e et g a

screen on the suction side of the jet punp in the aeration/reactor tank

usi ng a ¢unsEatstthatdefenixingecouldgsuspaig granulayigetivatedifahecoreplgiel YaoYarePual | ow
the granul ar activated carbon to settle before it reached the screen. [209]
I n the fmobgbg tigsitl andgas fled eates weretegaliht€d. 18, a vertical baffle 1894 was
used to create a near quiescent zone in the aeration tank 1802. The baffle
ext ended201 prag.ifdstidd2in’ FIGRb@Yagtdirl bt gen @ixiidigerh@siknéolabose wahe wat er
level. In this configuration, the screen 1822 was a wedge wire screen and

was mouniednoeay 5 §19?oc§tQﬂarﬁ?éte1t 5%8%'@26{?5&1%&98%1’{1@1@2 fRAULTIEhNRESFot 0 be

pul led fromthe bottomof the't 180 rough the 1 ow turbul encé zone

bef ore |{ %Czhh&%c%ail) of%(i eregﬂpﬁ)lSZ toa gﬁlrescent zone was sized at 40-50%
h .

greater cul'a Iow OF the unit so that the upwar d
velocity | ess than the settl] vel ocity of the granul ar actj vat ed

car bon. * BYRT ¢ I 1 iscaAmPlu et dise Ued Sriatt %lch%r@e“géﬁ FPpyar agiyateghi ch i s
dependent upon the specific gravity of the particles, nust be greater than
t he upwasatbarepiest co3l:-bafise Noas tDareesy MREr gronwed agibiated qaileonc wafe- prpenledr anul ar
activated for which the calculated settling rate is 1.8 nmeters per second.

Assum ngutilizige 4 jeowiking hbezlein esdmdticd and ativhrivelighid@ellgdsdldweraads. Thast 0. 39
n2 (4.2 ft2), to keep the

Mead Nuchar® WV-B granular activated carbon had a specific gravity of 1.1, an

effective size of 0.6 millimeters (0.024 in), and is typically relatively softer than coal-

based granular activated carbon; the Darco® MRX had a specific gravity of 1.5 and an

effective size of 0.7 millimeters (0.028 in).

[203] Approximately 50 mg/1 (0.05 oz/cf) of wood-based granular activated carbon was

added to the water. The low concentration of granular activated carbon was used to

permit viewing of the mixing profile in the tank using a submersible video camera. Table

2 below shows the range of test conditions used.

Table 2: Test conditions for granular activated carbon jet suspension

Condition Liquid Rate, lpm (gpm) Air Rate, slm (scfm)
1 530 (140) 0O
2 587 (155) 425 (15)
3 644 (170) 850 (30)
4 700 (185) 425 (15)
5 757 (200) 0O
6 644 (170) 425 (15)
7 700 (185) 0O
8 700 (185) 850 (30)
9 644 (170) 0O
10 587 (155) 850 (30)
11 587 (155) 0O
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upward velocity | ow enough to allow the granular activated carbon to
settle. The actual cross- sectional area of the zone was 0.73 n2 (7.8 ft2)

[ 210] Svolzbiwmfenring to FIG 18, nozzle 1844 of tankPC@0R20l0m886wes used
to feed the punp was | ocated approximately 15.2 cm (6 in) fromthe tank
floor. Polyvinyl chloride pipe was attached to nozzle 1844 using a rubber
boot so that a wedge wire screen 1822coul d be suspended near the top of the
tank and in fluid comunication with the outlet 1808. The wedge wi re screen
was 8.9 cm (3.5 1in) in dianeter, 0.91 m (3 ft) long and had 0.38 mllineter
(0.015 i KP4 p‘évrﬁt%g\gas {eéltf]thfrwgmmf def lﬂl@gtlg/a%{gﬂ%ﬁ%@f d@Ahibyrdisc RumBr 1 ow
of 700 Ipm (185 gpm and an air flow of 419 sIm (14.8 scfm for a run tine
of appr oki4¥atnsl gomprebrgdrair was angrtad o iblewerdl @8r b¥arislde friguerayedtivn t he
fl oor of the tank under the quiescent zone with |ess granul ar activated
carbon st649 andh 1565 pensbiddd ithe theedt off B¢l pumip powdt bloweofmdths, traspkctively,
Gccasionally, a swirling action would occur on the floor below the

qui esceni|iAARE a@NSnRATEr BE rdd ?@ctgfeef&ld Rfesa M@l Ty RReRr WHlediilgaGar ri ed
upwar ds toward the screen. 12] When the punp and bl ower were turned off,

a porti Og?ef%f{ edl&r ﬁﬂgﬁ %4@%&&&&8 eﬁdtpg?{ 9‘21”ﬂ6\i)atTh e Sﬁﬁ{étblé?\@e} &%%oﬁgr een

fluffed i cat adhere e screen;
renalnln% ranular]actlvatﬁd carbon was eaS|Iy reaned with a |ight
br ushi ng™2] PPBYIRBHP thSR) H3YFI G 19, the second test was conducted using a

tank 1902, vertical baffle 1994, nozzle 1944, and screen 1922 in fluid
comuni cROFbnReferngaie 19Gt 11t thegbmativelesisi ohibe jaintpzplssias wiradntedipseasht i al | y

identically to equivalent el enents described with respect to FIG 18. In
addi t i ontestacaelttomdarizh pidtted 188 vibs ligosl flownatt. atAsashosng lhemofimdf bedbaw t he
vertical baffle 1994 to dissipate the upward fl ow. The qui escent zone
velocity of approximately 10.4 meters per second (34 feet per second) was required to
achieve complete suspension of the wood-based granular activated carbon. This velocity
can be correlated to the specific gravity and maximum particle size of the granular
activated carbon.
[206] At the completion of the testing with the wood-based granular activated carbon,
the tank was drained, cleaned and refilled with water and approximately 50 mg/l of the
coal-based granular activated carbon was added. Based on a similar series of tests, it was
observed that the jet aerator was able to maintain the denser granular activated carbon in
suspension.
[207] Since it is necessary to substantially prevent the granular activated carbon
particles from reaching the membranes of a downstream membrane operating system, a
slotted screen with 0.38 millimeter openings was positioned at the outlet of the

aeration/reactor tank, so that any granular activated carbon particles that are broken down

during the jet aeration circulation to particles having a diameter less than 0.38 millimeter
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provi ded a means for mnimzing the anmount of granular activated carbon
that reached the screen. Either a nmechanical w per or back-flushing pul se
of wat er w0 2aiwi4c®n be used to di sl odge any granul ar actrcratsedooasshon t hat
may accumul ate on the screen over tine. Exanple 5 [214] Exanple 5 was
conducted to denonstrate the effectiveness of air |ift punp systenms using
draft tube and trough mxing to efficiently suspend the sanme wood- based and

coal - bas rapnul.ar activated carbon materials used jn Ex le 4. .

o nars o SRR bed i Eh e ARE aHEN el JRRT S ER s eiatgts
Attrition was nmeasured using both the wood-based granul ar activated carbon
and coal S¥s&8ed granul ar activated carbon of Exanple 4; the mxing test used
t he hi gher density coal -based granul ar activated carbon. [215] The test

dat a est R0B] shedlditiat, tgo dastsl weregetfowatd placiag moswracarmnbibe susparndddof thedr af t
tubes and draft troughs in both cylindrical and rectangul ar tanks using air

rates coppagiualy en ttRe tRRsOnrEQW T Rk t @isat ghidsdehOlz68d, Cidd., hesder af iGN 1N
such tanks. The data al so shows that at a constant air flowrate, a |arger

di amet er 4 alfce! hRewbsId MR BE k@M actifaty erbiRld &iadpable it WenddmEer ms of

novi ng the granul ar activated carbon fromthe surrounding area on the fl oor
of the tsa%:rgfl:(nand into suspension. [216] In order to determ ne the extent of
gr anul ar Activated carbon attrition, a 0.31 m (12 in) dianeter, 3.7 m (12

foot) hi ection of acrylic pipe s filled to 2.3 m (92 in) with 150 1
(5.3 gal %8? bedirst ot apdspisgne( 8 1675 o velhsal badlisu) S s ise I SEotAr bon
was added to provide a concentration of approxi mately one wei ght percent. A
pol yvi ny# nedlquidsent gppeinhthe iangtian tinknid0dr Tk taftie ent¢szdifrgm Dédgn (2 fom (3
in) was secured in the center of the 0.31 m (12 in) diameter pipe to serve
as the damivt thaibettonfrotitheslank so neAsUhe Mete? . 1&4].cin (hid conf)guritipin, the streBncm
(0.75 in) wide were provided in the bottom of the tubing

1822 was a wedge wire screen and was mounted near the top of the quiescent zone which

required water to be pulled from the bottom of the tank 1802 through the low turbulence

zone before it reached the screen 1822. The quiescent zone was sized at 40-50% greater

than the calculated plug flow of the unit so that the upward velocity was less than the

settling velocity of the granular activated carbon. For this configuration to be effective,

the settling rate, which is dependent upon the specific gravity of the particles, must be

greater than the upward velocity. The tests were performed using the coal-based granular

activated for which the calculated settling rate is 1.8 meters per second. Assuming plug

flow in the quiescent zone, it would need to be at least 0.39 m* (4.2 ft*), to keep the

upward velocity low enough to allow the granular activated carbon to settle. The actual

cross-sectional area of the zone was 0.73 m* (7.8 ft%).

[210] Still referring to FIG. 18, nozzle 1844 of tank 1802 that was used to feed the

pump was located approximately 15.2 cm (6 in) from the tank floor. Polyvinyl chloride

pipe was attached to nozzle 1844 using a rubber boot so that a wedge wire screen 1822
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for passage of the granular activated carbon and water and a 1.9 cm (0.75
in) in nozzle was placed in the center of the draft tube.[217] Air was

i ntroducesiovow/hes4nozzl e at a rate of 2,831 standard | pCeErs2@en3ssaur (100
standard cubic feet per hour), which was equival ent to about 300 sl m per
1000 liters of water (300 scfm per 1000 cubic feet of water). This
relatively high air flow rate was chosen to produce nore turbul ent m xing

t han woul d expected in a full-scale operation in order to. determne
breri orpud e SRR eer 4 et 56 BeR e op HaibPoRMuaiearen Yah i ve bef or o
the first sanple was taken. [21%9 Attrition was measured during the test by
taki ng gt¥l$. s hge gfire ssecopatasrS-2md (§PdRLInadiargeter. Prlan (2 &Y hove addwdt he top
of the acrylic pipe and pouring the sanple through a 20 nesh screen. The
sol i ds t 638 npHssad (Ol oughpehiegscr een and whi ch were assuned to have
resulted fromattrition were collected, dried and wei ghed. [219] The

resul ts |2nd] cahemitii@test R @nanetb@tviBaiwaat fsly 6aTEPPNaLIBSighgAnd ah eirwas
greater for the wood-based granul ar activated carbon (W-B) than the

coal - basggl, gransikaf %1@58? YRS 87 1Gah R SMBRoxiii L1 83RuAAYS aREIaLREN A ON,

approximately 10% attrition of the wood-based granul ar activated carbon and

about 5% abLr Ll ORoleaNene B BARE, A ANl AL ARLLNALEC CALBOD WS,
obser ved™ 9 the prd@ iTe"of Phe ThvEnt 'on I'n wor Ki'ng Bidredst o ¥t hi s
anount of attrition wyuld be nmade up thr?u h solids was iQ? durinp nor mal
oper at i offtiyptetligargn g cHPepyigR 4L e tripiqnb oartiod 4frtBadanke WesatipiglVare

summarized in FIG 20. The plot also shows the y-intercept values and R2
val ues fovirlsieapdmndwiildeegeur ogrtbs slapn betay yke quicoreneaene dad aometof the20]
Draft tube(s) of various configurations and variabl es such as the nunber of
draft tupasyladasivaedeabdbn woaldbadadri¢dinsy frd oviahethesticom of t he tank and the
draft tube dianeter

[212] When the pump and blower were turned off, a portion of the granular activated

carbon that was present on the screen fluffed off indicating it was not strongly adhered to

the screen; the remaining granular activated carbon was easily removed with a light

brushing.

[213] Referring to FIG. 19, the second test was conducted using a tank 1902, vertical

baffle 1994, nozzle 1944, and screen 1922 in fluid communication with an outlet 1902

dimensioned and positioned substantially identically to equivalent elements described

with respect to FIG. 18. In addition, a second baffle 1993 was positioned at an angle of

45° below the vertical baffle 1994 to dissipate the upward flow. The quiescent zone

provided a means for minimizing the amount of granular activated carbon that reached

the screen. Either a mechanical wiper or back-flushing pulse of water or air can be used

to dislodge any granular activated carbon that may accumulate on the screen over time.

80



were tested and shown to effect performance.[221] In one configuration, and
referring to FIG 21, a single 0.3 m (12 in) dianeter, 1.5 m (5 ft) high
draft tub®02080214n%3 pl aced in the center of 1.8 m (6 ftpcCaitsaemssstank 2102
and positioned above the bottom of the tank on | egs 2195. The tank 2102 was
filled wth approximately 6,435 1 (1,700 gal) of water to a water level L
and sufficient coal -based granul ar activated carbon (400-1,200 g (14.1-42.3
0z)) added tol ermt unai ded view ng and recording of the m xing

char act eﬁ?‘—@?—@g Air was supplied by a 2.54 cm ( 1 in) dianeter polyvinyl
chl oride course bubble diffuser pipe 2190 that passed through the draft

t ube wal I214hdEx#HnRln harpsseandpgied Fo2damansirpigt e qitectiveness of dilia kit BRMAo| es
drilled through its top surface. The air flow rate was varied from 141 sl m
(5 scf n sysend2&ing dnafttbbe afdriroughnaixihe tadefficendyg sDpead Weesanticheobbbie of t he
tank and draft tube was either 8.3 cm (3.25 in) or 1.9 cm (0.75 in). [222]
As used il €RNBRRUI RimuMtdetilites cB®Oh @Sat@iald @SdSin KxagpleamCylimpaed] aagne” i s
the area of the tank floor around the draft tube which was free of granul ar
activat e&c&ﬁé@%mﬂ%&ﬂe usdd mri99§9(§n\f%‘Hratti%ﬁ_§. Wiikihod B&s Hedbdred P&ai tioned
8.3 cm (3.2571n) above the tank floor,” the 1 nmpact zone was |arger than when
the draff tube was,paesitioned 1,9 e¢m (0,75 i bove.the .t ank fl oor, . other
cond! 1} ofts BarhEEh Bl Xt S B Seltbe TR bRk ES seeBh s L ne
draft tube and the tank floor for prevailing conditions can be determ ned
by rout i FEABRIEEF NTERiXHE Bt Psqdztéa}ng%ef JISH e PRI RCE KU e FBIOR. of ai r
added did not double the size of the inpact zone. At 425 sIm (15 scfn) with
a gap bel2lébnThhiest dasoestarighelt thiat granbler adtiveted carhopFapHeispypended inngralit zone
of approximately 7 1 cm (28 in) in dianeter, i.e., 20 cm (8 in) beyond the
out si de whakd anfl dila& doaglis irulbeth watingdiaduced rencguwas thiles luaihgesit ifatgpact
zone

comparable to those required to sustain biological respiration in such tanks. The data
also shows that at a constant air flow rate, a larger diameter draft tube is more efficient
than a smaller draft tube in terms of moving the granular activated carbon from the
surrounding area on the floor of the tank and into suspension.

[216] In order to determine the extent of granular activated carbon attrition, a 0.31 m
(12 in) diameter, 3.7 m (12 foot) high section of acrylic pipe was filled to 2.3 m (92 in)
with 150 1 (5.3 gal) of water, and 1,500 g (53 oz) of dry granular activated carbon was
added to provide a concentration of approximately one weight percent. A polyvinyl
chloride pipe having a diameter of 2.1 m (82 in) long, 7 cm (3 in) was secured in the
center of the 0.31 m (12 in) diameter pipe to serve as the draft tube. Four slots measuring
2.54 cm (1 in) high by 1.9 em (0.75 in) wide were provided in the bottom of the tubing
for passage of the granular activated carbon and water and a 1.9 cm (0.75 in) in nozzle

was placed in the center of the draft tube.
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observed.[225] In an effort to expand the size of the inpact zone using the
sane anount of air, the configuration shown in FIG 2 1 was nodified by
addi ti on w0 20108147964 or fl ange extendi ng horizontal |y fr@crTtuseoloosgeam of the
draft tube which increased the overall diameter of the draft tube and skirt
to 71 cm(28 in). Al other conditions were the sane as descri bed above.
The air flow rate was varied between 141 sl m (5 scfn) and 425 sl m (15

2oL AR B gRRE S AL 15 6 SR PRLEOR T e ot

increased to 112 cm (44 in), i.e., 20 cm (8 in) beyond the outer edge of
the ski r#tandagd gybigifeet par Bousy, wizish Hameguizalsar ig) aboys 3@ MFnPeidl Q08 1iarsi Q%‘pact
zone of 71 cm (28 in) with the sane air rate without the skirt. The inpact
zone waswatec (H¥sedmi perpl06p aubicofieet of whter)si This otlatihady dkglr bir T[22 7te Thasse
draft tube configurations produced a flow pattern that is illustrated in

FIG 22 ¢hvsehiogirod@kenordf@bsleapandadihgn auldte agbitv@irdfgiidarparaiodr awn
down and inwardly toward the inlet 2296 of draft tube 2290. Stagnant

regions argqdt $0 dRREREMRIN NTH Guid vas[ABYked !B Rix Ht HfpfoGXAR G0 2

smal | er di aneter and shorter draft tube was positioned inside a [-arger

draft tube 6 in length vmththelnner draft tube
nount ed apﬂﬁlrt%s%e?roarfgﬁfen@rf fvés tai<S;I}from t he bottom of the tank and the

outer dr be positioned 22 9 cm (9 in) gher than the jnner draft
t ube. @35 VKHWO% oo Tl BBt et (RO £ BOPLEO P CHET 283 om (6
in) inner draft tube to create a 7 1 cm (28 in) dianeter skirt. Plastic
sheet i ngeiaaglanaativeted ¢atbon fiee thegor aigbe afrylin@ipskandtpoaritg the samplesthrdugh
approximately 12.7 cm (5 in) up the exterior surface of the 15.3 cm (6 in)
di amet era A0 afesh screen. The solids that passed through the screen and which were assumed to
have resulted from attrition were collected, dried and weighed.
[219] The results indicated that the granular activated carbon attrition rate was greater
for the wood-based granular activated carbon (WV-B) than the coal-based granular
activated carbon (MRX). After 30 days of operation, approximately 10% attrition of the
wood-based granular activated carbon and about 5% attrition of the coal-based granular
activated carbon was observed. In the practice of the invention in a working bioreactor,
this amount of attrition would be made up through solids wasting during normal
operation of the biological process. The results from the testing are summarized in FIG.
20. The plot also shows the y-intercept values and R* values for standard linear
regression analysis for each data set.
[220] Draft tube(s) of various configurations and variables such as the number of draft

tubes, distance of the draft tube from the bottom of the tank and the draft tube diameter

were tested and shown to effect performance.

82



tube to forman inclined surface, or ranp. The nodified draft tube was
pl aced in thecenter of the 1.82 m (6 foot) dianeter tank; the air rate was
vari ed bewvoeer/adphisl m (5 scfm and 425 sl m (15 scfm. [pezaAjS20iee3ssencentric
t ube produced an inpact zone of approximately 112 cm (44 in), which was
conparable to that of a single draft tube with a 71 cm (28 in) dianeter
flange skirt. In both confi gurati ons, the inpact zone was approximately 112

cm (44 i [ draft t confl ion. o |ed by
Fepl aci nie2heficons eofieayh i peetias T Rik ﬁbﬁné@tnhé\ﬂaaet% cm (6
in) dianeter draft tube. The air row rate was again varied from1141 sl m (5
scfn) anét @2 highfrafigube K2 wanhplageseindpaesig delt 96 fithdiameter &kt l02he t ank
and the draft tube was tested at 8.3 cm(3.25 in) and 6.4 cm (2.5 in).

[ 231] Thand msildnsd eboviehibs bottas p§ thertaiilcan gs £h2ft. Bhevank a1 0(bwas filléhwitbpaci ng
from8.3 cm(3.25 in) and 6.4 cm (2.5 in) did not significantly change the

di anet er agfrodibRtdlyTpASH 120760 @aDWTdvithetot dbater [ARRIL hd wofiiohidedanbigease in
the air flowrate did not double the size of the inpact zone. The condition

that pr O%t’dﬁt?tgr R ateB GARN (hU(P@%OZgO@@ Wes3 425 &hda (o%ﬁerﬁt%fﬁﬁald@dtd”'e\%ngpace of

8.3 cm(3.25 in) between the floor and draft t ube. 'S conflguratl
created an, i t hat s a |nd ter,
om (8 |n3ndbéeyorndn% R0, i Ring "SRR O AiF s B 85 AP BB e
above te

di anet er ’F’ﬁfelf PPBB’Q“Y hﬁ%ﬁ?%ﬂ?@ﬁ@@ g%”é%s%‘%%d%@@ t?ffgl?at@?eeéinﬁf‘l’f?grha £i vat ed
carbon than a smaller draft tube within the ranges and sizes tested. It
appear s 4t tubmallt sndnwbich hadaeveraliBd mdlimgtep ¢0.4 8 ui)r ddmetsr hioles ahidled uspend
t he granul ar activated carbon in a 1.82 m (6

through its top surface. The air flow rate was varied from 141 slm (5§ scfm) to 425 slm

(15 scfm), and the distance D between the bottom of the tank and draft tube was either

8.3cm (3.251in) or 1.9 cm (0.75 in).

[222] As used in connection with this series of tests, the term “impact zone” is the area

of the tank floor around the draft tube which was free of granular activated carbon.

[223] It was observed that with the draft tube positioned 8.3 cm (3.25 in) above the tank

floor, the impact zone was larger than when the draft tube was positioned 1.9 cm (0.75

in) above the tank floor, other conditions being the same. The optimum distance between

the bottom of the draft tube and the tank floor for prevailing conditions can be

determined by routine experimentation.

[224] A two-fold increase in the amount of air added did not double the size of the

impact zone. At 425 slm (15 scfm) with a gap between the floor and draft tube of 8.3 cm

(3.25 in), an impact zone of approximately 71 cm (28 in) in diameter, i.e., 20 cm (8 in)

beyond the outside wall of the draft tube, was produced and was the largest impact zone

observed.
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foot) dianmeter tank. Although increasing the air rate did increase the rate
of m xing andthe size of the inpact zone up to a point, doubling the air
rate di d wotzotodiiée t he i npact zone. The tank floor in ROTAISR®0/038644
approximately 20 cm (8 in) beyond the periphery of the draft tube, with or
wi thout a skirt or flange, was consistently cleared of granular activated
carbon. Alternative constructions and/or supplenental m xi ng devices can be
enpl oyed 4,0, the tank to pus he granul.ar activated carbon toward. the draft
Cube ) me) oBra &6 ek sh st HEMe Bhoe Rt b8, Dot arabn tfto Fi o
23, three evenly spaced 12 in diameter draft tubes 2392 were placed in a
tank 230%eatnifigiatipeshpynelic Kt AbrvasomorHied: e additivarofor skiitierdiiamee t ube
would be 0.61 m (24 in) fromthe center of the tank, with a distance of
appr oxi netteddm® h8dzant4lly2from) ther mrnonh ef ¢lentimft ofbetw@cklrisdreasedbbs overatthe t ank
wal | . Each draft tube was suspended approximately 7 cm (3 in) off the tank
floor. [@dkkteAof thaadaffideQindlskirstePpl éd28 t)eaghomedddndititne weks deghme i n

di anet er pol yvinyl chloride pipes, each provided with two 3.2 mllineter

(0. 125 i p)qhiohigss abb0E T AL 1180 raR VoM FeEd bRrveh 14TsBR (9fscﬁrh_eanqr4éf5tsh{1Ubes
was 453 sIlm (16 scfm. [236] In order to supplenent the m Xing and novenent
of the gh§nuh§{ activated carbon outside of the inpact zones that forned
directly dfacent to the three draft tubes, a water distribution system of
2.54 cm (.1 in) polyvinyl chloride pipe with holes s fabrijicated for

pl acerrenlfﬂﬁh b trersen Be 10ing Ak idreaeoiie 8t BF id\lpﬁéﬂlbéﬁﬁjr BRIt ¥Fy 32 cm
(7 in) apart on alternating sides of the pipe so that the water woul d be

di r ect edsizoofathd smpis P oFhaimpacuBngrigisancrgsed ito Wbk codpplin)ete.t & emes
distribution systemat 53 | pm (14 gpn) by a centrifugal punp froma

separ at einpat gindsho vageedprcbf e ykitt) igntadndite ofi2S san i éh gefFnBnds dosparedltogous to
the return water fromthe nenbrane operating systemtank in a nenbrane

E;grk e ?g t ?’{1 iéﬁpéé{ £iRe oA 73RE0PNY iRPHITL BRdaMRlaYiSaamtoRt RAKirheTRd @ypaef zokat er

was increased in proportion to the size of the skirt.

[227] These draft tube configurations produced a flow pattern that is illustrated in FIG.
22 in which water and suspended granular activated carbon are drawn down and inwardly
toward the inlet 2296 of draft tube 2290. Stagnant regions are also represented in FIG.
22.

[228] In a further example, a smaller diameter and shorter draft tube was positioned
inside a larger draft tube, both being 1.82 m (6 ft) in length with the inner draft tube
mounted approximately 7.6 cm (3 in) from the bottom of the tank and the outer draft tube
positioned 22.9 cm (9 in) higher than the inner draft tube. A polyvinyl chloride sheet
extended from the bottom of the 15.3 cm (6 in) inner draft tube to create a 71 cm (28 in)
diameter skirt. Plastic sheeting was attached to the top edge of the skirt and at a position

approximately 12.7 cm (5 in) up the exterior surface of the 15.3 cm (6 in) diameter draft

tube to form an inclined surface, or ramp. The modified draft tube was placed in the
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storage tank and a screen was used to retain granular activated carbon in
the test tank.[237] It was observed that each draft tube cleared an area
ext endi ngvAQom4(B4i n) beyond the outside wall of the dreafftustalom3ssad t hat
each hole in the water distributor systemcleared an area 31-41 cm (12-16
in) long and 20-31 cm (8-12 in) wide. In the areas in between the inpact
zones of the draft tubes and water distributors, sonme granular activated

carbon settle 0 e tank floor, but did slowmy nove into t [ t zones
ehere i ¢oaige b ad 26 Mort gl ST IR s A R boEeh 19 TRdSwat or
distribution system the holes in the water distributor pipes were oriented
to cause“ﬁﬁ%am%f%}ﬂ@ﬂééﬁ@@@ed to mx the tank in a circular pattern. [239]
Al'l other conditions including the spacing of the water distributor piping,
air fl ow228} eTlndonwanteic thboprodatal avemepacheosaneappsoxdestety hEYN cmn(4dannect i on
with the three 3 1 cm (12 in) dianeter 9 1 cm (36 in) high draft tube in

whi ch newhicaRveas@RaipatabROos i St digllel ERfivabe vithasT lagld eDs W) idiandttivfldnget he
tank. [240] The results fromthis test indicated that each draft tube

cl eared %t?ﬁrﬁ@otﬁ%gﬁlﬁﬁjrﬁﬂ)lgpthgﬁlé&t L he Qé'syzgn@%;&ﬁﬁteﬂpfﬁ Qg (¥edh). of the draft

tube. Additionally, e water w was effective at” m xing the granul ar

activate rhon i circul ar. pa The buid d.up_ qf .gran i vat ed
carbon {(130he Besel uf e iAok LR L midied s By e R St
tube in the center of the tank jnstead of three draft tubes arqund the

peri met et) djaseqr araft fybe v ripely %Srﬁa%még Anliapetacpifdeted Hisrdoiovadeni xed
to the top of the water level in the tank even when the |l ength of the draft
t ubes waway eghit gficdrisom 1592 skan(¥ edm) and ¢S slm (IdmicfiBB and fhe sndeing ibetvegeny

using water distributors to add return liquid to the bottom of the tank was
ef f ect i véretbottomve thé eanyirad itha drafictuby atae destaalr i3 amoGrixd. inYasd 6dudrh ihbe dr af t
tubes were placed inside of the tank, the size of the inpact zone around
each drafyt ube was equivalent to the size of the inpact zone observed
around a single draft tube,

[231] The results of these tests indicated that a variation in the spacing from 8.3 cm
(3.25 in) and 6.4 cm (2.5 in) did not significantly change the diameter of the impact zone
around the tube.

[232] A two-fold increase in the air flow rate did not double the size of the impact zone.
The condition that produced the largest impact zone was 425 slm (15 scfm) with a space
of 8.3 cm (3.25 in) between the floor and draft tube. This configuration created an
impact zone that was approximately 56 cm (22 in) in diameter, 20 cm (8 in) beyond the
outside wall of the draft tube.

[233] Based on the above tests, it can be concluded that for a given air rate, a larger
diameter draft tube is more effective in suspending the granular activated carbon than a
smaller draft tube within the ranges and sizes tested. It appears that more than one draft
tube would be required to mix and suspend the granular activated carbon in a 1.82 m (6

foot) diameter tank. Although increasing the air rate did increase the rate of mixing and
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i.e., 20 cm (8 in) beyond the outer wall of the draft tube. [242] In

anot her configuration, and referring to FIG 24, and for conparison of the
m xi ng chaioaetoerirsii cs with those of the circul ar tank, PaTrusee@osgehar t ank
2402 was provided that was 0.91 m(3 ft) wide, 2.1 m(7 ft) long and 2.7 m
(9 ft) deep, and was filled with 2.4 m(8 ft) of water. The bl ower, bl ower
notor, and flow neter was set up and operated as di scussed above. [243] As

shown in FIG 24 the outside 3 1.cm .in) of the.tank floor 2405 was

sl oped a@eé}?efﬁéﬁlee”%ﬁacéé?nevﬂﬂ Ot Pryat 8%@}“@&@? ﬁlrﬁétSrﬁhCEiB?te‘?%lb%e‘zrﬁ‘e {9PHE t he
angle at which the 8r anul ar activated carbon commenced to slide in an
aqueous &M ridsriamk flogmia apgremepsoxdmatehe 2@ can(Snig) heyond dhgipaiphepeciyanul ar
activated carbon to be directed towards the draft tube inlets. [244] Three
3 1 cm (d2ftitmhe, ciitinetvathodt akkirttarlls g 482 copasthntly deaed (Bgranwpr hitiyhtednd
supported approximately 12.7 cm (5 in) off of the bottomof the tank, were

evenly spabafl ARE@SGvd mshadticak QR&Er peIldrdhtaimixiig daides 240 Be eAployedcm (3
in) dianeter air pipe 2490 having drilled openings was positioned bel ow the

draft tup&ge [k b phdadt %ainﬂar tivalel caftlofl t&\bgrdQE@&Itaftttﬁ'll}Eeﬁlsp\é.btazoth%s?e coarse

bubbl e diffusers. The a ow rate was varied from221 sim (7.8 scfm to

o2 o) M e SRR P Bhlne 6 EILED (BRLDRNAG At yaTRctori Y

m xed at e alr rates ’enpl oye n the range. er the air

rate, the nore vigorous the mxing flow,  and the less tinme the granular
activat e a@ﬁ%&ﬁf? Bibat 2%%? BRet lﬂéCﬁ%I 86t tagk %éﬁ% afl‘gﬁ?&ur@uﬁoi Gagh &ther aadhati on,

granul ar activated carbon was observed to be present throughout all depths

of the ttnlkefternefeach darfotubervadhbe §ufrlani(@h in)dram whe ¢entasfod thmigak.nsith o FI G
25, a tank 2502 was
distance of approximately 0.31 m (12 in) from the center of the draft tubes to the tank

wall. Each draft tube was suspended approximately 7 cm (3 in) off the tank floor.

[235] Air was uniformly supplied to each draft tube through 1 in diameter polyvinyl
chloride pipes, each provided with two 3.2 millimeter (0.125 in) holes. The total air
provided to all three of the draft tubes was 453 slm (16 scfm).

[236] In order to supplement the mixing and movement of the granular activated carbon
outside of the impact zones that formed directly adjacent to the three draft tubes, a water
distribution system of 2.54 cm (1 in) polyvinyl chloride pipe with holes was fabricated
for placement in the bottom of the tank. Holes were drilled approximately 32 cm (7 in)
apart on alternating sides of the pipe so that the water would be directed towards the floor
at a 45° angle. Water was supplied to the distribution system at 53 lpm (14 gpm) by a
centrifugal pump from a separate water storage and recycling tank. This arrangement is
analogous to the return water from the membrane operating system tank in a membrane
bioreactor system. A second pump and valve controlled the flow of water back to the

storage tank and a screen was used to retain granular activated carbon in the test tank.
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provi ded having sloping walls and diffuser described above in connection
wth FIG 24, with the addition of two parallel baffles 2597 that were 6 1
cm (24 i nyohgh47spaced 3 1 cm (12 in) apart and positi @oeaSE01H/0838M4 2. 5 i n)
above the tank floor to forma "draft trough” 2592. The air flow rate

t hrough pi pe 2590 was varied from90.6 sIm (3.2 scfm to 331.3 sIm (11.7
scfm. It was observed that the granular activated carbon was m xed and

suspende I air rate reater than 141.6 slm fm, .an
Thofeas: AT ks Sy Sousrdl hd piTedERaEe s T ciey SrRBa e P e of
mxing. [247] In a further test in which the tank floor and diffuser

conf i gur eyoBhgheusutsideqwall jof dhe dgaft febet agk Shagsachy hplednyihe Wateisgisetbuies F| G

24 and 25, without a draft trough or draft tubes, it was found that at even
1133 sl mysth slehum)l ,ant drexr 81-Wdscnv i B3-bé yn)l less andhaA-3108% @8- 12he) gudenulnathe
activated carbon in suspension, indicating that the presence of the trough

i's a veryresd igiWetwedeanhe fndsicOsonel of the deiTeruby¥s &id WeteLAiktrHUERE RSO Froifuldrhe
granul ar activated carbon. [248] In another test configuration, the

di st ance,dif, ol tdafhdnt Rl et @nil RS of, RN U VRS LSRR the! i!?n}?acl A58

aeration basin, it would be economcally beneficial to be abl'e to space the
t roughs a8q£t aasl«gﬂnf mgu%&%gces A test was perforned to determ ne the
ef ficacy Vo exY en i ng he pacing between troughs to 2.1 m(7 ft). To
determn hIS % e@confl ﬁratlon descrlbed above and with re e%t to

Ut ohg Bt

Fi gur e 283Bhsi bIETEHIY0Pt e BT SAHICUIPRGY SoMs AN D1 Yo FERBTIONSY al | ed
that extended 9 1 cm (36 in) fromeach end of the tank. [249] A coarse
bubbl e dpipeuwete opgstefl abriusathedvisgr dipdhiargeddo nitpehedagk mid dijopkr @attqro. 125 i n)
di anmeter holes evenly spaced along the 9 1 cm (36 in) of a 7.6 cm (3 in)
di anmet er P3Py vAtythes leboditiokes ipcipding The spicingfdfake watee disathuvarpigdg faiofflow64 sl m
(5.8 scfm to 402 sIm(14.2 scfm.

rate and water flow rate were the same as described in connection with the three 31 cm

(12 in) diameter 91 cm (36 in) high draft tube in which membrane operating system

return water was added uniformly to the tank.

[240] The results from this test indicated that each draft tube cleared an area extending

20 cm (8 in) beyond the outside wall of the draft tube. Additionally, the water flow was

effective at mixing the granular activated carbon in a circular pattern. The build up of

granular activated carbon in the center of the tank can be eliminated by placing one draft

tube in the center of the tank instead of three draft tubes around the perimeter.

[241] It was observed that granular activated carbon was mixed to the top of the water

level in the tank even when the length of the draft tubes was reduced from 152 cm (60 in)

to 91 cm (36 in). Additionally, using water distributors to add return liquid to the bottom

of the tank was effective to move the granular activated carbon around. When multiple

draft tubes were placed inside of the tank, the size of the impact zone around each draft
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[ 250] The bubbl e diffuser was placed in the center of the tank. A trough
was created between the two sloping tank walls around the diffuser pipe

usi ng twowpanwl/i4edesbaf fl es that were 9 1 c¢cm (36 in) | on®@CTAIS2I10MBL624 | n)

hi gh, spaced 3 1 cm (12 in) apart and 6.4 cm (2.5 in) above the tank fl oor.
[251] It was observed that the granul ar activated carbon was m xed and
suspended wel|l over the entire air rate range. The granul ar activated

carbon was swept do the slope. and into the draft trough. which.indicated
Chat ¢ nelBpath RgUBRThls TEGUGH BOdmEseols cper B Pt - h 30
sl oped f] oor between them [252] Testing as descri bed above indicated that
t he dr af te-t2Gbeghs dedeyendike ogige wall of the daaft &bspendi ng t he granul ar acti vat ed
carbon in the 0.91 m(3 foot) wide, 2.1 m (7 foot) long by 2.4 m (8 foot)
vol ume of24%ht br anmshargecamfigQrasbopad fdfenngapr K. 124 had fex temdatsohramhthe
vertical outside walls toward the draft trough. [253] Additional tests were

per f or meghixigg RYaRCRridtic®Mv(tBOGthbsk) of ARY clre@big fankS adgsinbiiad taHko L e0Wivial
different configurations of the tank floor to further optimze the

ener gyef Li,ClRBthRSI 4T TRRER FP wiSRENHh {1R) BR8Nl 7 3Ftd HRbed Gaaher. The

configurations i1ncluded renoving the sloped fFoor entirely, sloping the
floor fr h ut si de | to e.frou and reducing the . angle from30 to
150 h g R B0 2L B S ok TR Rl o R e b B F ok M A S bR 51

each end of the tank to 3 1 cm (12 in) on each end while maintaining the 30
angl e. | MIRRFFATDOR, discupedab@ifs perforned in which the tank was confi gured
wth tw 9 1 cm (36 in) long troughs at each end of the tank w thout a
sl opedf | B3] An skarenhinofIG. Rése cotsidegir e i( Bhi) vhéhedank flpowd0atveaswéepedar i ed
between 141 sIm (5 scfnm) to 425 sIm (15 scfm. [254] Two draft troughs were
i nst al | est na&e bf 80 wdficlahad pelicaeclydicenrleteamined Thdetth©ugdls at which the

granular activated carbon commenced to slide in an aqueous environment. The 30° angle

of the sloping wall caused the granular activated carbon to be directed towards the draft

tube inlets.

[244] Three 31 cm (12 in) diameter draft tubes 2492, each 91 cm (36 in) high and

supported approximately 12.7 cm (5 in) off of the bottom of the tank, were evenly spaced

across the non-sloped portion of the tank 2402. A 7.6 cm (3 in) diameter air pipe 2490

having drilled openings was positioned below the draft tubes for introduction of air into

the draft tubes via three coarse bubble diffusers. The air flow rate was varied from 221

slm (7.8 scfm) to 512 slm (18.1 scfm).

[245] The granular activated carbon was satisfactorily mixed at all of the air rates

employed in the range. The higher the air rate, the more vigorous the mixing flow, and

the less time the granular activated carbon remained on the floor of the tank. During air

addition, granular activated carbon was observed to be present throughout all depths of

the tank.
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were created by placing a 9 1 cm (36 in) coarse bubble diffuser at each end
of the tank. The diffuser was fabricated from7.6 cm (3 in) polyvinyl

chl ori de wopeldiavieng 5 evenly spaced 3.2 mllineter (0. P2%/US2)10/0886e%.
Approxi mately 20 cm (8 in) away fromthe wall, i.e., 6 in fromthe center
of the diffuser, a 9 1 cm (36 in) long and 6 1 cm (24 in) high baffle plate
was nounted approximately 5.1 cm (2 in) off the tank floor. [255] Fromthe

testing s perforped i.n the rect ular pilo | e aeratjon tank, it
wns oboel 9Bl PhiatEnnienite Ga BTt eaoR SreiE. § M asoSasn hi gh
draft tubes over the diffuser suspended the granul ar activated carbon at

ai r rat eBropisieddaning siopsngrvals anck dyfusgidlescariped |ahpyam ennpgtionwife FEF. 24.hi s
configuration could result in the formati on of stagnant zones near the
suppor t swithdhd alditiom dowmograsllef baffies 2#kthatRhvare iohgna(22.if) mngh.7sphomit 31 ¢rong

draft trough in the center of the tank and sloping the floors at a 30 angle

produced(iphay :tdnd poskioned 8Ans U5 pensdiboie ee tilenNbdan fagh hVat@dusahbon in
the tank at air rates above 141 sIm (5 scfm. Further testing indicated

that adegyat eryd i gy GaR tfﬂ%ugl{l)hi?e n8d0 Wak Ratilerahadd o LhPHORNS 93¢ 8g 9P to

2.1 m(7 ft) apart. [256] In above-described configurations using draft
t ubes, ther pear.ed,.to be a di.m ni shing return Erom jncreasing.the air
rate. | moPLodr POCTRe 1 Pas S ortnt, B ASaCiR Ml b VR gl Gl e
of the inpact zone. I—%wever, doubljng the air_rate did not double the
mpact ZBHBSO T hAs AR Aitgiss erierbhl th GEIm (Li5Em PR ATESITG (B A e
approximately 20 cm (8 in) beyond the outside edge of the tube. Beyond this
regi on, Wubpreheho alm (Sowhn) iicsdasy the rathef matiegi al in the tank was required
to nmove the granul aractivated carbon on the tank floor toward and into the
draft tupd7] npacfurhenest i wiaitle thedasit floduindatiffayes cemfigpastionsedkre aleadeadnpl i sh
this mxing. [257] G anul ar activated carbon was suspended at all depths of
the tankioayesihiRberited with respect to FIG. 24 and 25, without a draft trough or draft tubes,

it was found that at even 1133 slm (40 scfm), there was visibly less than 10% of the

granular activated carbon in suspension, indicating that the presence of the trough is a

very significant factor in the energy-efficient suspension of the granular activated carbon.

[248] In another test configuration, the distance from the tank walls to the trough was

increased. In a large aeration basin, it would be economically beneficial to be able to

space the troughs apart at greater distances. A test was performed to determine the

efficacy of extending the spacing between troughs to 2.1 m (7 ft). To determine this, the

configuration described above and with respect to Figure 25 was rotated 90° in the tank.

Two 30° sloping walls were installed that extended 91 cm (36 in) from each end of the

tank.

[249] A coarse bubble diffuser was fabricated by drilling nine 3.2 millimeter (0.125 in)

diameter holes evenly spaced along the 91 cm (36 in) of a 7.6 cm (3 in) diameter
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| ength of the draft tube was reduced from152 cm (60 in) to 9 1 cm (36 in).
Sl oping the floor of the tank at a 30 angle towards the draft tubes or
troughs pwovoues7®a ef fecti ve net hod of circul ating t hepgrarsadianissss i vat ed
carbon. The use of draft troughs and a sl oped floor provided conplete

m xi ng of the granular activated carbon in the rectangul ar shaped tank and
was | ess susceptible to formation of stagnant zones than using draft tubes.
The draft trough was effective.at lifting. nul ctivated carhon off of
The ¢ ankPa BV ChsiER b “Eieaiinal eordratufd BRRLBH SO KHRLO AN he
trough, the mxing created by the coarse bubble diffusers was sufficient to
i ft theldrasslinar activated carbon to the top of the tank. Test results
indicated that utilizing a 30 sloped surface allowed the center of the

t roughs R60beThpbhemde diffusen (7s plapedapathe cented ofj theathek. $pacigigwanyrebed

possi ble. Exanple 6 [258] A wastewater treatnment system designed

subst ant balvksh the t&%ﬂbflﬁ@ GEnkMvhlls @Id@n@ thdTBITRIs@HIPE BB S 00pard] ke bafflegnt i on
descri bed above and illustrated in the figures conprises a first biological
r eact o, 13Ndled HEGARSE B 9R06EAn 161 Pign! fiated FELUALS i BONLAE caCLpvat ed
carbon positioned downstream of the firSt Diological reactor. A nmenbrane
oper at i n% ?s% t Oneeit epa(r)ﬂs(iﬂtoiooned downstream of the biological reactors.

Qper ati ona garame er'd“s0Ch as flow rates, residence tines, tenperature, pH
| evel s, and. apount of granul ar activated carpon present in the systemare
adj ust edl%il i Hevsiobyerxeshint thsesanul agiyaiericAr et Pot %%F@e%ndasﬁap%%%wal%
acceptabl e | evel s of biological oxygen demand and chem cal oxygen denand
conmpoundsevesha enige tahieratyrgngen The graulef petivatad carhban Wl pweentidom speeen t he
first reactor and the second reactor is controlled to provide a flowin the
downst r eam thta éetdrafin t@ngh whidghaindicated thitehgkparingast the tttoughecbudtdbbap tbn t he
second reactor. [259] During operation, a wastewater streamis introduced

into thesfin 8t ftbhgkogite 8B0° sloped floor between them.

[252] Testing as described above indicated that the draft trough design was successful at
suspending the granular activated carbon in the 0.91 m (3 foot) wide, 2.1 m (7 foot) long
by 2.4 m (8 foot) volume of water using a 30° sloped floor or wall that extended from the
vertical outside walls toward the draft trough.

[253] Additional tests were performed using a 91 cm (36 in) long trough as described
above with different configurations of the tank floor to further optimize the energy-
efficient performance to suspend the granular activated carbon. The configurations
included removing the sloped floor entirely, sloping the floor from the outside wall to the
trough and reducing the angle from 30° to 15°, and decreasing the length of the sloped
floor from 91 cm (36 in) on each end of the tank to 31 cm (12 in) on each end while
maintaining the 30° angle. In addition, a test was performed in which the tank was

configured with two 91 cm (36 in) long troughs at each end of the tank without a sloped
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reactor. Phosphorus, nitrogen, and/or pH adjustnent materials are added as
needed to maintain optimal nutrient ratios and pH levels in the first
react or. wbeoryarw4or gani sns in the first reactor are capahiseoiof3ssneaki ng
down at |east a portion of the biologically labile organics in the

wast ewat er and reduce the biol ogi cal oxygen demand conpounds in the
effluent to an accept abl e I evel. The second bi ol ogi cal reactor which

cont ai ns.the gran activ ted car on| used to tre t he | ogically
ref ractofla BB PEeoBip T atnds T Tiie iskbim e ahd f elEe ¢ he
chem cal gen demand conmpounds in the effluent to an acceptable |evel.

[ 260] Th%?f g&}ﬁﬂ%ﬁlma(éﬁﬁ‘?fm)ed carbon is maintained in suspension in the
second reactor using a suspension system A screen is positioned in the
second r&di ofwodrafairongis werhastulad panschogmerod hipilgt sorstientaskibshamouglsl y free
of granul ar activated carbon. The granul ar activated carbon is added to the

second r faet@at@s bNPRARG, a based(3BNnPeodragbddile OXiga atdatBLd antheahign cal
oxygen demand conpounds neasured in the effluent. [261] Effluent fromthe

second 1 ERCkRfuskiSwhHHAGHES frohP7 6 (1 mlﬁﬁ%ﬁdd@%lﬁé’eﬁéﬁﬁg 3l flyPassi ng

through the screen. I'n the nmenbrane oper system 't treated

h
WERORE T R i O ef*gﬁlio%r%“’fgf?fé?b%% 5 %ﬁ%&iy@ﬁfeﬁaﬁe
1 t at | udi t ted sl b t d t th
feactor b '63% o P Gt i th ATBree Iau%llg%ml | fan] Bl a?lép@nf?mgziam high

activated carbon fromthe second biol ogical reactor is renoved periodically
t hr ough baffie plate Wasmonnted sprromiingétind decnp 64 n) o thatmk fleat-1 et is al so
connected to the return activated sludge line to divert sone or all of the
return aRSsyaFeth gleuekgiag ftiatt wais ppfsahed inahe raesingnlae pildtxcalontiadbn tdnk, it
concentration of conponents in the

was observed that adding three 31 cm (12 in) diameter, 91 cm (36 in) high draft tubes

over the diffuser suspended the granular activated carbon at air rates between 227 slm (8

scfm) and 510 slm (18 scfm). However, this configuration could result in the formation

of stagnant zones near the supports and in the corners of the tank. Placing a 2.1 m (7

foot) long draft trough in the center of the tank and sloping the floors at a 30° angle

produced thoroughly mixing and suspension of granular activated carbon in the tank at

air rates above 141 slm (5 scfm). Further testing indicated that adequate mixing can be

obtained with the draft troughs spaced up to 2.1 m (7 ft) apart.

[256] In the above-described configurations using draft tubes, there appeared to be a

diminishing return from increasing the air rate. Increasing the air rate did increase the

rate of mixing and the size of the impact zone. However, doubling the air rate did not

double the impact zone. The impact zone for each draft tube appeared to extend

approximately 20 cm (8 in) beyond the outside edge of the tube. Beyond this region,

supplemental local mixing of the material in the tank was required to move the granular
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reactor. [263] The systemincludes a controller to nonitor and adjust the
system as desired. The controller directs any of the paranmeters within the
syst em dewending7easpon t he desired operating conditions &ou/useslionasbsqual ity
of the effluent streans. The controller adjusts or regul ates val ves,
feeders or punps associated with each potential flow, based upon one or
nore signals generated by sensors or tiners positioned within the system
or based upon an_ upward or downward trend in characteristic or propert

; R oete dhus i WBlskeor

of the s§dtawdame PP "HWFPeﬁlegié SPCOMPRFONCTHY sor

generates a_signal that can indicate that the concentration of pollutants
such as ®ipBibgHpPEaYstam was peedite aggomptishithis Mixisggani ¢ and i nor gani ¢ conmpounds
has reached a predeterm ned value or trend, which triggers the controller
t o initiRS&] aGomutae spovatkdicpriporedes srspemied aacll idepthsip$ theetamk £vemnyvhehothast r eam
from or at the sensor. This action can include any one or nore of adding

gr anul ar leagthi ofab&dra€dibO Wak Gedubed B/l D &al(60 @acb On,cna By g Sldpidd @eent
type of adsorbent material, adjusting flow of the wastewater to a reactor

Wi Ehi Nt {8 SHShe Mk’ £ 3(??4ni§[@t_owa¥l}’é’ e d}ﬂ?tu%%ﬁ%ﬁ@fs_ﬁrQYiaes%PEﬁ&%an“k

within the system adjusting air ow wthin a biological reactor,
adj usti n&e{h%aio ence. ti

me, Wi thin a biological reactor, .and. adjustin
e ot DFUORt ot Phiek aT, tr e d 3 o TBF v 563 Ak P
achi eve the predeterm ned | evels of biological oxygen demand and chem cal
oxygen dURBE B RECUTRISCITIP TR U SEI M EraPHe 7oV 8Ed AHAOR Bt URA T B s
areoperated with their own hydraulic residence tines. The hydraulic
r esi denc#hapedrgandf andhwas ilgss tsugasatible dorfdrmatinat of stagiraat vandsebar aisidgt &nfti ne t he
optimumratio of first reactor hydraulic residence tinme to second reactor
hydr aul | mbeesThedaé tidugh. wakhefecovaht lifyidp gudnutarraesvadahcebsn nff odfthd aksyst em
shoul d be equal to, or less than a standard single biol ogical
floor. Once the granular activated carbon was lifted above the trough, the mixing created
by the coarse bubble diffusers was sufficient to lift the granular activated carbon to the
top of the tank. Test results indicated that utilizing a 30° sloped surface allowed the
center of the troughs to be spaced 2.1 m (7 ft) apart, and greater spacing may be possible.
Example 6
[258] A wastewater treatment system designed substantially in accordance with one or
more embodiments of the invention described above and illustrated in the figures
comprises a first biological reactor, and a second biological reactor that includes granular
activated carbon positioned downstream of the first biological reactor. A membrane
operating system 1is positioned downstream of the biological reactors. Operational
parameters such as flow rates, residence times, temperature, pH levels, and amount of
granular activated carbon present in the system are adjusted to identify conditions for

optimum performance, and provide acceptable levels of biological oxygen demand and

chemical oxygen demand compounds exiting the system in the effluent. The hydraulic
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reactor, e.g., between about 8 and 12 hours. In a preferred node of
operation, the first reactor will have a hydraulic residence tine of

bet ween awoubiosishsur s and about 8 hours, while the secomdTrsSaciwossews | | have
a hydraulic residence tinme of about 4 hours. Cenearlly the hydraulic
residence time of the first reactor wll be |onger than the hydraulic

resi dence tine of the second reactor; however, the relative ti rres will vary

dependi ng_on the t of wast ewat er ing treated he h Si dence
Lime. andteREepTes FoEaErearor ﬁfédv@wm?ﬁé?%%%aowﬂa&%m i i 08 o

each reactor in accordance with standard practices in the art. The effl uent
from t hedayrsisansivsoiien B tpaupentainihe BeplsanctyRipgcartge i e Sé@ﬁ?ﬁde?ﬂ@r by at

| east about 10% when conpared with the effluent froma standard single

bi ol ogi cR591 eRoting .opActipt.i enaddteyatémstaeapr ef emtrasticehiiudi theenfirst bivdogical
regeneration of the granular activated carbon is acconplished through use

of this gy&bemMPh Bﬁis,eni?ro%&@ﬂnd/brq&{\@ juStene nfysfa@mt addedrud ak&leaabi vat ed
sl udge treat nent |l owned by a conbi ned activated sl udge/ granul ar activated

carbon tpeatig %#)tu\?ﬁfsmﬁﬁglﬁtrﬁff&st & ﬁ%%ﬁsﬁleﬂqc fitddirSactd?S ITHVBRICRE BIngﬁl'gﬁlg to

determ ne the erfectiveness of us g granu ar activated carbon®n a

bi ol ogi cal the sec nd ta act ar) wnst r.ea i 0l qgi cal
reactor W Eh ol 3 rQCra(ét(ﬁula%ler CRETT VAL ed Hé“l’* (éo‘ﬁm(aftlkr:s?a Oétéoen p}eg%:et glroijogl ggG] The

first stage reactor was a 4 liter (1. 0&‘? nkt cont ai ned |y
act i vat edods BREGRICS 0 1 s uBIsT andyislugs Jepei §XM%%H§W§@H‘£H“ YI0F | ow
rate of 370 cnB/mn (23in3/mn). The second stage reactor was a 3 liter
(0. 79 gathp afimdattthan aseentablndevehctTheasesand bisdegicad ndacsorcwhich mpgtaghsgthanul ar
activated carbon (AquaCarb(r) Carbon of Sienens Water Technol ogies Corp.).
The gr angilaanlagaadtivigidechrioar Bousetiad t@alUths. bislogicdhy defiesdry sindebiofint8bixor30. The
concentration of granular activated carbon in the second stage reactor was
20 g/1 compounds in the wastewater and reduces the chemical oxygen demand compounds in
the effluent to an acceptable level.
[260] The granular activated carbon is maintained in suspension in the second reactor
using a suspension system. A screen is positioned in the second reactor to maintain the
membrane operating system substantially free of granular activated carbon. The granular
activated carbon is added to the second reactor as needed, based on biological oxygen
demand and chemical oxygen demand compounds measured in the effluent.
[261] Effluent from the second reactor is introduced to the membrane operating system
after passing through the screen. In the membrane operating system, the treated
wastewater will pass through one or more membranes. The membrane permeate will be
discharged through an outlet of the membrane operating system. The retentate, including

activated sludge, will be returned to the first reactor through a return activated sludge

line.

93



(20 oz/cf). A draft tube conprising 5.1 cm (2 inches) dianeter PVC piping
was set up in the second stage reactor having a dianeter of 12.7 cm (5

i nches) twoOrmioaden t he granul ar activated carbon i n sugpEnsean/0sdcth an air
flowrate of 368 sIm (13 scfn). The m xed |iquor suspended solids
concentration in the first stage reactor was about 3,470 ng/1 (3.5 oz/cf)
whi |l e the concentrati on in the second stage reactor was about 16,300 ng/1
(16.3 oz The aullcr tention ti of first stage reactqr was
Sbout 6 VG sSEa ertie iyt gary Giep et oFE ofimed drolbi s ieabRt s g8 e cact o
was about 8 hours for a total systemhydraulic tinme of about 14 hours.

[267] Theersgicallpn tigesizh peraiced ger sasie dochasges porthe Aveaggeoutleeds also
concentration of soluble COD entering the first stage reactor was 130 ng/1l
(0. 13 oz¢aipctadith theeemvre nagatedalludge din€@D doencenteo atdlbof @f rethm &fivhteént of
the first stage reactor was 70 ng/ 1 (0.07 oz/cf) and was the feed for the
second s{lage f@adibgysal, oL idt@icage sohidll e GdRcannRGEtdfatiibneRAsdred i n the
effluent of the second stage reactor was 62 ng/1 ((.062 oz/cf). This
greater t.hap,10% reduction in soluble COD by the second stage reactor
denonstrates the utility of processi ng wastewater in a system having a

i st b B3l BT ShuTeRsoRt P RafiR e B LR SR O TP ey

first bi i cal reactor W granu ar her
aspects of the invention described herein, i ncI udi ng separ atl on subsyst em
in the seddiRdcstugds prvel dic pHameise withiy the rﬁwtalﬁedf‘cpﬁaﬁ%ag RGN 455

downstream of thesecond stage reactor, are applicable to the appar at us
descr i be@pdratingrrogdisioanprddasgedghiliy ef thefeéibudny etreansat Pherronopllaxadivsteter |
[ 269] The nmet hod and apparatus of the present invention have been descri bed
above angbgiilates velvas, tfegleecbrgruaws ngsciaraweirte eachpotintib cdw dasedwpdn dre cappar ent
to those of ordinary
more signals generated by sensors or timers positioned within the system, or based upon
an upward or downward trend in a characteristic or property of the system monitored
over a predetermined period of time. The sensor generates a signal that can indicate that
the concentration of pollutants such as biologically refractory/inhibitory organic and
inorganic compounds has reached a predetermined value or trend, which triggers the
controller to initiate a corresponding predetermined action upstream from, downstream
from, or at the sensor. This action can include any one or more of adding granular
activated carbon to the biological reactor, adding a different type of adsorbent material,
adjusting flow of the wastewater to a reactor within the system, redirecting flow of the
wastewater to a storage tank within the system, adjusting air flow within a biological
reactor, adjusting residence time within a biological reactor, and adjusting temperature
and/or pH within a biological reactor.

[264] In order to achieve the predetermined levels of biological oxygen demand and

chemical oxygen demand compounds in the effluent, the first and second reactors are
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skill in the art and the scope of protection for the invention is to be
defined by the clains that follow Clains 1. A wastewater treatnent system
for treatwogowagt®swat er conprising: a biological reactoPCEaspriossssgs a
separation subsystem constructed and arranged to naintai n adsorbent

material in the biological reactor with a m xed |iquor; a suspension system
positioned in the biological reactor, the suspension system constructed and
arranged to

ANy S I A A Rt e R SRR R

reactor that is constructed and arranged to receive treated m xed |iquor

fr om t hefiist Gn@giced Feagorpareamarieft & iateyBing the ndiytamen gatoredt fdtst peactpie

wast ewat er treatnment systemof claim1l, wherein the suspension system
conpr i sebydnagmsreidéricesugspeneronl systoehydraulicTirsideast tenat ¢he tatddtydendicsyst em
of claim2, wherein the gas |lift suspension system conprises at |east one

draft tuReide® tih®BLthel systeheshbulal tegiqeal tof 8AREOhaARGtdGRISsifABBWI6gibaVi Ng
one or nore apertures positioned and dinensioned to direct gas to an inlet

end OT t ﬂﬁctgf, %f. é ﬁéﬂ@@cn @bouT@_ean‘ﬁalszt ﬁc‘ﬁﬁ'g.ef‘[n %&?f’fgggdq h10§1¥ %tf % I%IiOIil tﬁé 'f'?rs%

wherein the gas 1ift suspension system co at [ east one draft trough

positioned in t bi o] ogi cal r.eactor a as_.co it hayi e or nore
Bper ¢ ur o oqsani} B BB R el 0y B LS by AR B0 o
the draft trough.5. The wastewater treatnent systemof claim4, wherein the
draft tr¥bghtiesceudrerrionwia haxe p yralig faselengroline Ph FouRe Ctﬁ“%?rﬁéji cal
reactor.

the hydraulic residence time of the first reactor will be longer than the hydraulic

residence time of the second reactor; however, the relative times will vary depending on
the type of wastewater being treated. The hydraulic residence time and the flow rates of
the system are used to determine the size of each reactor in accordance with standard
practices in the art. The effluent from the system should be lower in chemical oxygen
demand compounds by at least about 10% when compared with the effluent from a
standard single biological reactor. Additionally, in a preferred embodiment, the
regeneration of the granular activated carbon is accomplished through use of this system.
Example 7

[265] A bench scale system to simulate activated sludge treatment followed by a
combined activated sludge/granular activated carbon treatment was constructed and
tested. This test was performed to determine the effectiveness of using granular activated
carbon in a biological reactor (the second stage reactor) downstream of a biological
reactor without granular activated carbon (first stage reactor).

[266] The first stage reactor was a 4 liter (1.06 gal) tank that contained only activated

sludge. A fine bubble air diffuser was used having an air flow rate of 370 cm’/min (23
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6. The wastewater treatnent systemof claim1l, wherein the suspension
system conprises a jet suspension system 7. The wastewater treatnent
syst em ofwol2aiom41964wher ei n t he separati on subsystem i nclPCUias2@05386e€n
positioned at an outlet of the biological reactor. 8 The wastewater
treatment systemof claim1l, wherein the separation subsystemincludes a
settling zone | ocated proxi mate the outlet of the biological reactor. 9.
The wast ewat.er treatnment system of claj.m erei he set.tljng zone
Conpr et min] L HPRY sradt drastos o act Bt (020 goh it Rotiate ke FnERBned to
define a qui escent zone in which the adsorbent nmaterial separates from
m xed | i fudge amda ewat based granplyr a¢ivatadycatpon (HaurCarR®@Larboiet oWy t he
bi ol ogi cal reactor. 10. The wastewater treatnment systemof claim8, further
conpri si hegchaokgres €vorposThe pnedapiowatedicerbohdadatl.8t stafdathmelh skogf &al
reactor. 11. The wastewater treatnment systemof claim@8, further conprising
a weir paGi ThoBdeRtAbhBizeanule aisatet cabfort il@hdicebagiead reb@deivas 2081 The
wast ewat er treatnment systemof claiml, further conprising a source of
adsor benpoRBf& | @ldréfMdi)QQHﬁlﬁ)hQiﬂ% 3PP&ah ¥4 %hésg dr AR p@éip‘éﬁﬁ%‘&’a& Qettdgem

o asure

bi ol ogi cal reactor; a sensor conhstructed and arranged

paraneter of the, syste and a control in el.egtronic .c nication with
e soncior SprobSuatyCls flie A BRRherot Fha kR Sofoish ol AT SREbE

measured paraneter of the system 13, The was ter treatnent system of
cl ai m 122CXAEH CRFPORHE SHEREEHPR OV ifh kALY Fae Pﬁgggél%éiﬁt s onsrgHeE or

nore predeterm ned conpounds. 14. The wastewater treatnent system of claim
12, wher kquprishependad sobidp cprpestration in the first stage reactor was about 3,470 mg/1 (3.5

oz/cf) while the concentration in the second stage reactor was about 16,300 mg/l (16.3
oz/cf). The hydraulic retention time of the first stage reactor was about 6 hours and the
hydraulic retention time of the second stage reactor was about 8 hours for a total system
hydraulic time of about 14 hours.

[267] The system was operated for over 30 days. The average feed concentration of
soluble COD entering the first stage reactor was 130 mg/l (0.13 oz/cf) and the average
soluble COD concentration of the effluent of the first stage reactor was 70 mg/1 (0.07
oz/cf) and was the feed for the second stage reactor. The average soluble COD
concentration measured in the effluent of the second stage reactor was 62 mg/l ((.062
oz/cf). This greater than 10% reduction in soluble COD by the second stage reactor
demonstrates the utility of processing wastewater in a system having a biological reactor
containing granular activated carbon downstream of a first biological reactor without
granular activated carbon.

[268] Other aspects of the invention described herein, including a separation subsystem

in the second stage reactor and use of a membrane operating system downstream of the
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removing at |east a portion of the adsorbent material fromthe biol ogical
reactor. 15. The wastewater treatnent systemof claim 12, wherein the act
conpri se wodnrgi4awgor bent material to the biol ogi cal re&CTars2010638644

wast ewat er treatnent systemfor treating wastewater conprising: a

bi ol ogi cal reactor with a wastewater inlet, a m xed |liquor outlet, and a
separati on subsystem associated with the m xed |iquor outlet; a suspension
system for adsor bent naterig%<ﬁpsih%oned in the.biolg&ical reactgr; a

menbr ane>6PYY HRENTAEYE AERRSEAt B H HSARBIPRSACKEILER &N BYSPEGIRalC 304 Eor
havingan inlet in fluid conmunication with the m xed |liquor outlet, and a
treat ed efdctiyefeatagnt etwastewatqrhe wast ewat er treat nent system of clai m 16,
wherein the suspension system conprises a gas |ift suspension system 18.
The wast P68} eThd metiodend agpesitesviothe pleaerhid@ntivh bae reeh descsibsp elmsicand sy st em
conprises a jet suspension system 19. A process for treating wastewater
conpri si fngthe iaftheéHed Wih Wihghi K@sbvier, JHEdifitatiods avilli kel gplafedl td @RGE OF ordiMryoduci ng
adsorbent material into the biological reactor with the m xed |iquor;

SUus pen_dl 881 tirhﬁl_eaaﬁjtsé?lrdQEQEcdﬁgto? fRetiol @ ﬁrﬁ\?&‘EQOﬁ it P d_éﬁh&gbflﬂﬁﬁaim'énde_r
operating conditions that pronote adsorption of contamnants fromthe m xed
| i quor b&mfﬁﬁoadsorbent material; and passing an effluent that is
substantial Iy Viee of adsorbent material fromthe bi ol ogi cal reactor to a
menbrane operating system whil e naintaini ng adsorbent materi al
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CLAIMS
What is claimed is:
1. A wastewater treatment system comprising:

a biological reactor comprising a separation subsystem constructed and arranged to
maintain adsorbent material in the biological reactor with a mixed liquor;

a suspension system positioned in the biological reactor, the suspension system
constructed and arranged o maintain adsorbent material in suspension with the mixed liquor;
and

a membrane operating system located downstream of the biological reactor that is
constructed and arranged to receive treated mixed liquor from the biological reactor and

discharge a membrane permeate.

2. The wastewater treatment system of claim 1, wherein the biological reactor further
comprises a distributed mass of porous adsorbent material having an adsorptive capacity for
adsorption of biologically refractory compounds and biologically inhibitory compounds, and
capacity for micro-organisms adhered to the adsorbent material, wherein the combined

adsorbent material characteristics results in biological regeneration of the adsorbent material.
3. The wastewater treatment system of claim 2, wherein the biological reactor further
comprises a waste discharge port constructed and arranged to remove a portion of the mass of

adsorbent material from the biological reactor.

4. The wastewater treatment system of any of claims 1-3, wherein the membrane

operating system located downstream of the biological reactor is constructed and arranged
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to receive treated mixed liquor that is substantially free of adsorbent material
from the biological reactor,

discharge a membrane permeate as the treated effluent, and

is in fluid communication with the biological reactor to recycle at least a

portion of membrane retentate including activated sludge to the biological reactor.

5. The wastewater treatment system of claim 2, further comprising an adsorbent material
input location at one or more positions selected from the group consisting of

upstream of the biological reactor,

in direct communication with the biological reactor, and

in communication with the activated sludge stream that is recycled from the

membrane operating system.

6. The wastewater treatment system of any of claims 2-5, wherein the adsorbent material
is selected from the group consisting of granular activated carbon, granular iron-based
compounds, granular manganese-based compounds, granular alumino-silicate composites,

synthetic resins and combinations of at least one of the foregoing adsorbent materials.

7. The system of any of claims 2-5, wherein the adsorbent material comprises granular

activated carbon.

8. The system of claim 7, wherein the granular activated carbon is treated to provide
affinity to predetermined chemical species, metals or other compounds found to be present in

the wastewater that is to be treated.
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9. The system of claim 7 wherein the adsorbent material further includes one or more of
additional adsorbent materials selected from the group consisting of granular iron-based
compounds, granular manganese-based compounds, granular alumino-silicate composites and

synthetic resins.

10. The system of any of claims 2-9, wherein the adsorbent material has an effective
bottom limit granule size of at least 0.3 millimeters, wherein greater than about 99.5

weight % of the adsorbent material is above the bottom limit.

11.  The wastewater treatment system as in any of claims 1-10, wherein the suspension

system comprises a gas lift suspension system.

12.  The wastewater treatment system of claim 11, wherein the gas lift suspension system
comprises at least one draft tube positioned in the biological reactor and a gas conduit having
one or more apertures positioned and dimensioned to direct gas to an inlet end of the draft

tube.

13.  The wastewater treatment system of claim 11, wherein the gas lift suspension system
comprises at least one draft trough positioned in the biological reactor and a gas conduit
having one or more apertures positioned and dimensioned to direct gas to a lower portion of

the draft trough.

14.  The wastewater treatment system of claim 13, wherein the draft trough is formed by a

pair of baffles positioned in the biological reactor.
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15.  The wastewater treatment system as in any of claims 1-10, wherein the suspension

system comprises a jet suspension system.

16.  The wastewater treatment system as in any of claims 1-10, wherein the separation

subsystem includes a screen positioned at an outlet of the biological reactor.

17.  The wastewater treatment system as in any of claims 1-10, wherein the separation

subsystem includes a settling zone located proximate the outlet of the biological reactor.

18.  The wastewater treatment system of claim 17, wherein the settling zone comprises a
first baffle and a second baffle positioned and dimensioned to define a quiescent zone in
which the adsorbent material separates from mixed liquor and settles into the mixed liquor in

a lower portion of the biological reactor.

19.  The wastewater treatment system of claim 17 or 18, further comprising a screen

positioned proximate the outlet of the biological reactor.

20.  The wastewater treatment system of claim 17 or 18, further comprising a weir

positioned proximate the outlet of the biological reactor.

21.  The wastewater treatment system as in any of claims 1-20, further comprising:
an adsorbent material introduction apparatus in communication with the biological

reactor;

a sensor constructed and arranged to measure a parameter of the system; and
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a controller in electronic communication with the sensor programmed to instruct

performance of an act based on the measured parameter of the system.

22.  The wastewater treatment system of claim 21, wherein the measured parameter is the

concentration of one or more predetermined compounds.

23.  The wastewater treatment system of claim 21, wherein the act comprises removing at

least a portion of the adsorbent material from the biological reactor.

24, The wastewater treatment system of claim 21, wherein the act comprises adding

adsorbent material to the biological reactor.

25. A wastewater treatment system comprising:
a biological reactor with a wastewater inlet, a mixed liquor outlet, and a separation
subsystem associated with the mixed liquor outlet;
a suspension system for adsorbent material positioned in the biological reactor;
a membrane operating system located downstream of the biological reactor having
an inlet in fluid communication with the mixed liquor outlet, and

a treated effluent outlet.

26.  The wastewater treatment system of claim 25, wherein the biclogical reactor further
includes a distributed mass of porous adsorbent material having an adsorptive capacity for
adsorption of biologically refractory compounds and biologically inhibitory compounds, and
capacity for micro-organisms adhered to the adsorbent material, wherein the combined

adsorbent material characteristics results in biological regeneration of the adsorbent material.
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27.  The wastewater freatment system of claims 25 or 26, wherein the separation
subsystem associated with the mixed liquor outlet is constructed and arranged to maintain the

adsorbent material in the biological reactor with a mixed liquor.

28.  The wastewater treatment system of claim 26 or 27, wherein the biological reactor
further includes a waste discharge port constructed and arranged to remove a portion of the

mass of adsorbent material from the biological reactor.

29.  The wastewater treatment system of any of claims 25-28, wherein the a treated
effluent outlet of the membrane operating system is for discharging membrane permeate as
treated effluent; and membrane operating system further includes an activated sludge outlet
for discharging membrane retentate and being in fluid communication with the biological
reactor to recycle at least a portion of membrane retentate including activated sludge to the

biological reactor.

30.  The wastewater freatment system of any of claims 26-29, further comprising an
adsorbent material input location at one or more positions selected from the group consisting
of

upstream of the biological reactor,

in direct communication with the biological reactor, and

in communication with the activated sludge stream that is recycled from the

membrane operating system.
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31.  The wastewater treatment system of any of claims 26-30, wherein the adsorbent
material is selected from the group consisting of granular activated carbon, granular iron-
based compounds, granular manganese-based compounds, granular alumino-silicate
composites, synthetic resins and combinations of at least one of the foregoing adsorbent

materials.

32.  The system of any of claims 26-30, wherein the adsorbent material comprises

granular activated carbon.

33.  The system of claim 33, wherein the granular activated carbon is treated to provide
affinity to predetermined chemical species, metals or other compounds found to be present in

the wastewater that is to be treated.

34.  The system of claim 33 wherein the adsorbent material further includes one or more
of additional adsorbent materials selected from the group consisting of granular iron-based
compounds, granular manganese-based compounds, granular alumino-silicate composites and

synthetic resins.
35.  The system of any of claims 26-34, wherein the adsorbent material has an effective
bottom limit granule size of at least 0.3 millimeters, wherein greater than about 99.5

weight % of the adsorbent material is above the bottom limit.

36.  The wastewater treatment system as in any of claims 25-35, wherein the suspension

system comprises a gas lift suspension system.
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37. The wastewater treatment system of claim 36, wherein the gas lift suspension system
comprises at least one draft tube positioned in the biological reactor and a gas conduit having
one or more apertures positioned and dimensioned to direct gas to an inlet end of the draft

tube.

38. The wastewater treatment system of claim 36, wherein the gas lift suspension system
comprises at least one draft trough positioned in the biological reactor and a gas conduit
having one or more apertures positioned and dimensioned to direct gas to a lower portion of

the draft trough.

39.  The wastewater treatment system of claim 38, wherein the draft trough is formed by a

pair of baffles positioned in the biological reactor.

40.  The wastewater treatment system as in any of claims 25-35, wherein the suspension

system comprises a jet suspension system.

41.  The wastewater freatment system of any of claims 25-40, wherein the separation

subsystem includes a screen positioned at an outlet of the biological reactor.

42.  The wastewater treatment system of any of claims 25-40, wherein the separation

subsystem includes a settling zone located proximate the outlet of the biological reactor.

43.  The wastewater treatment system of claim 42, wherein the settling zone comprises a

first baffle and a second baffle positioned and dimensioned to define a quiescent zone in
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which the adsorbent material separates from mixed liquor and settles into the mixed liquor in

a lower portion of the biological reactor.

44.  The wastewater treatment system of claim 42 or 43, further comprising a screen

positioned proximate the outlet of the biological reactor.

45.  The wastewater treatment system of claim 42 or 43, further comprising a weir

positioned proximate the outlet of the biological reactor.

46.  The wastewater treatment system of any of claims 25-45, further comprising:

an adsorbent material introduction apparatus in communication with the biological
reactor;

a sensor constructed and arranged to measure a parameter of the system; and

a controller in electronic communication with the sensor programmed to instruct

performance of an act based on the measured parameter of the system.

47.  The wastewater treatment system of claim 46, wherein the measured parameter is the

concentration of one or more predetermined compounds.

48.  The wastewater treatment system of claim 46, wherein the act comprises removing at

least a portion of the adsorbent material from the biological reactor.

49.  The wastewater treatment system of claim 46, wherein the act comprises adding

adsorbent material to the biological reactor.
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50. A process for treating wastewater comprising:

introducing mixed liquor into a biological reactor;

introducing porous adsorbent material into the biological reactor with the mixed
liquor;

suspending the adsorbent material in the mixed liquor using a gas, under operating
conditions that promote adsorption of contaminants from the mixed liquor by the adsorbent
material; and

passing an effluent that is substantially free of adsorbent material from the biological
reactor to a membrane operating system while maintaining adsorbent material in the

biological reactor.

51.  The process of claim 50, wherein introduction of porous adsorbent material into the
biological reactor provides a distributed mass of adsorbent material, the adsorbent material
having an adsorptive capacity for adsorption of biologically refractory compounds and/or
biologically inhibitory compounds, and capacity for micro-organisms adhered to the
adsorbent material, wherein the combined adsorbent material characteristics results in

biological regeneration of the adsorbent material.

52.  The process of claim 51, wherein the contaminants in the mixed liquor are

biologically refractory compounds and/or biologically inhibitory compounds.
53.  The process of any of claims 50-52, further comprising;

discharging membrane permeate from the membrane operating system as treated

wastewater; and
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returning at least a portion of membrane retentate as activated sludge to the biological

reactor.

54.  The process of any of claims 50-53, wherein the adsorbent material is selected from
the group consisting of granular activated carbon, granular iron-based compounds, granular
manganese-based compounds, granular alumino-silicate composites, synthetic resins and

combinations of at least one of the foregoing adsorbent materials.

55.  The process of any of claims 50-53, wherein the adsorbent material comprises

granular activated carbon,

56.  The process of claim 55, wherein the granular activated carbon is treated to provide
affinity to predetermined chemical species, metals or other compounds found to be present in

the wastewater that is to be treated.

57.  The process of claim 55 wherein the adsorbent material further includes one or more
of additional adsorbent materials selected from the group consisting of granular iron-based
compounds, granular manganese-based compounds, granular alumino-silicate composites and

synthetic resins.

58.  The process of any of claims 50-57, wherein the adsorbent material has an effective

bottom limit granule size of at least 0.3 millimeters, wherein greater than about 99.5

weight % of the adsorbent material is above the bottom limit.
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59. The process of any of claims 50-58, wherein liquid is circulated in the biological

reactor to promote the suspension of the adsorbent material.

60.  The process of any of claims 50-59 further comprising removing a portion of
adsorbent material from the biological reactor when the efficacy of the adsorbent material is
reduced to a predetermined level, and introducing additional adsorbent material having a

greater efficacy in the biological reactor.
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