SUSPENDED MEDI A MEMBRANE Bl OLOG CAL REACTOR SYSTEM AND PROCESS | NCLUDI NG
MULTI PLE Bl OLOG CAL REACTOR ZONES RELATED APPLI CATIONS [01] This

appl i cat iwo 20l0i4nwot he benefit of U.S. Provisional PateRrCTASpéionatesson No.
61/ 224,000 filed July 8, 2009, and U.S. Provisional Patent Application No.
61/ 186,983 filed on June 15, 2009, the disclosures of which are hereby

i ncorporated by reference in their entireties. BACKGRQJND OF THE | NVENTI ON
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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 cavbyoreefsreret ory andbi ol ogi cal ly inhibitory conpeamds201@@ssead 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] Nonet hel ess, a need exists to treat wastewater

containl bi ol o refractory and bi ol ogi.cal |y inhibitory organic and
Por gani EOlGHAUEAREDU TP RS Ry 8% S JEP T ARER el hnter ed
activated carbon and ot her existing technol ogi es. SUMVARY OF THE | NVENTI ON
[06] | n BREdThACE G eprbeie topdsesh and robwiarembysremaye hiplpgiseilprctrastdves to a
system and nmethod of treating wastewater. [07] In accordance with one or
nor e enbadi bielogsally hibitoventgaoie coslpateds. t 0 a wast ewat er treat nent system
for treating wastewater. The systemincludes a first biological reaction
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and treaf,{ B il Wﬁﬁl?J tory N aﬁﬁ&%’ﬂ@ b d&'aﬁ | Céth Ju%@gtwl%u%%@dbé}ﬁ%# es a

separation subs n1an s c nstructe arr nged to receive effluent

fronlthe first b| reactj.o ensi.on, system for adsorbent
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zone and é#é%PE&FQaH&NENQFPQMged to receive treated wastewater fromthe

second bi ol ogi cal reaction zone and di scharge a nenbrane perneate. [08] In
accor dank®] wi Inhacgneslanee with eone rdsguonrembodiménss. fthe gtvebiiol oditenfo 2 egdthon zone
and the second biol ogical reaction zone are segregated sections of the sanme
vessel . and method of treating wastewater.

[07] In accordance with one or more embodiments, the invention relates to a
wastewater treatment system for treating wastewater. The system includes a first
biological reaction zone, a second biological reaction zone and a membrane operating
system. The first biological reaction zone is constructed and arranged to receive and treat
the wastewater. The second biological reaction zone includes a separation subsystem and
is constructed and arranged to receive effluent from the first biological reaction zone. A
suspension system for adsorbent material is provided in the second biological reaction
zone. The membrane operating system is located downstream of the second biological
reaction zone and is constructed and arranged to receive treated wastewater from the
second biological reaction zone and discharge a membrane permeate.

[08] In accordance with one or more embodiments, the first biological reaction zone
and the second biological reaction zone are segregated sections of the same vessel.

[09] In accordance with one or more embodiments, the first biological reaction zone

and the second biological reaction zone are located in separate vessels.



[09] In accordance with one or nore enbodi nents, the first biological
reaction zone and the second biol ogical reaction zone are located in
separ at e wo2es/74700] | n accordance with one or nore enpodiusees3seshe
suspensi on system conprises a gas |ift suspension system The gas lift
suspensi on system can include at | east one draft tube positioned in the
second biological reaction zone and a gas conduit having one or nore
apertureﬁg?os ggd and. di nensi oned t rech as to an inlet end of the
draft tu aC@ apqer ity agf‘p%@%nﬂg‘g}?ﬂ@ﬁﬁlt&é SPEIFS:H%{‘[ OB CIPRIGHE at

| east one draft trough positioned in the second biological reaction zone
and a gagsdhoNpPEnSRIVS S %n@h@ga%ﬁtéu@s@w@w@é@%@@m trchile it dgeat eNenAli oned
to direct gas to a |ower portion of the draft trough. [11] In accordance
wi t h onetube positienahinotie rvecting, bitlegicsluspetitsi nmesangdt ;e gascampduit d@ving gnetor
suspension system [12] In accordance with one or nore enbodi ments, the

separ at | @BreSapRe ek @akitibadddRISdimefi6RRINo RS $aNeEn alle@dhdasftch@tragfubhie
second bi ol ogical reaction zone. [13] In accordance with one or nore

enbodi Mefpfs, r%aé Nt SERRMETHh O séHP%Xﬁtaq{E}ﬂaﬁ%lgdﬁéhﬂesﬁt Teh§tNGn AR tﬂﬁghed_
proxi mate t outl et of the second bIO|OgI reaction zone. The séttling
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separates from m xed Qr and settles |nto he m xed |iq | ower
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por ti on YRer{UFRs PORIGPREH 2 dimentiensd to difpeiigar fo 4 fpaves BpRiON IR ‘ncl ude a
screen or a weir positioned proximate the outlet of the second bi ol ogi cal

react i onlldbneln geeajdange widle onelanmerantrabpdomentsrthersyspersitrogisipanednprisge a
invention relates to a wastewater treatnent systemin which a source of
adsor benjet smpersial systetn. oduct i on apparatus in communi cation with the second
bi ol ogi cal reaction zone. In addition, a
[12] In accordance with one or more embodiments, the separation subsystem includes
a screen positioned at an outlet of the second biological reaction zone.
[13] In accordance with one or more embodiments, the separation subsystem includes
a settling zone located proximate the outlet of the second biological reaction zone. The
settling zone can include 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. Further, the
settling zone can include a screen or a weir positioned proximate the outlet of the second
biological reaction zone.
[14] 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 second biological reaction zone. 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



sensor is constructed and arranged to neasure a paraneter of the system
Further, a controller is in electronic communication with the sensor and

pr ogr ammeswioto10/1eewuct per f or mance of an act based on t heCrassuoms8sp@r amet er
of the system The neasured paraneter can be the concentration of one or
nore predeterm ned conpounds. The act can include renoving at |east a
portion of the adsorbent material fromthe second biol ogical reaction zone,

and/ or adding adsorbent material to the second bi.ol ogi cal reaction zone.
[15] | n BRLMaRcicR! W off e BF hroMEs RitbATARAES O (he XS iPbn Pl s fo a
wast ewat er treatnent systemfor treating wastewater. The systemincl udes a
first biPHgPlearan be e RCUABIREOR HFiog 0a MMS Pesdsicamined| comparedsa The at zone

m xed |iquor outlet. The system al so i ncludes a second bi ol ogi cal reaction
zone haveéangirgludiexechavinguet ldast etpdriorf lofii the cororbentcahiconl Wonh theheedondst zone
m xed |iquor outlet, a suspension systemfor adsorbent material, a second

zone m xBidldgicilQeactidh| ine, aldfoR a8ERAT /lsb®RNS WD B QD) A6 SREbdf Bblyditd the
second zone m xed liquor outlet. The system further includes a nmenbrane
oper ati ng.systoml ocated downstream of the second biol ogical reaction zone
having an inlet 1n fluid comunication with the second zone m xed |iquor

outl et, a,. treated efleent outlet. k&ph.ln ac%prdance Wi t.-h, one or nore
. ﬁl? accordance . wit orre or mpre enibodiments, . the {nvent on_relates, to a
enbodi ne , Fhe invention relates 1o a process’for treating wastewater.

The process includes introducing mxed |iquor into a first biol ogi.cal
react i on"V2BfEAEL UFBIHINA YHER &Y HFAEE PRYEYRCT palhi iysttHe ISt éd lhitxed
|l iquor to a second biological reaction zone;, suspending adsorbent materi al
in the tbickgidl rdagideh Eorgulaving a mipstesates nelebiunsd o dirgadone eriged bauargnulet.t he
action of suspension operating under conditions that pronote adsorption of
cont am n@m system hlse afchdiesh xecbnlibiplogicdneidiien zone having a mixed liquor inlet in
fluid communication with the first zone mixed liquor outlet, a suspension system for
adsorbent material, a second zone mixed liquor outlet, and a separation subsystem
associated with the second zone mixed liquor outlet. The system further includes a
membrane operating system located downstream of the second biological reaction zone
having an inlet in fluid communication with the second zone mixed liquor outlet, and a
treated effluent outlet.
[16] In accordance with one or more embodiments, the invention relates to a process
for treating wastewater. The process includes introducing mixed liquor into a first
biological reaction zone to form a treated mixed liquor; passing the treated mixed liquor
to a second biological reaction zone; suspending adsorbent material in the treated mixed
liquor of the second biological reaction zone, the action of suspension operating under

conditions that promote adsorption of contaminants in treated mixed liquor on the

adsorbent material; and passing an effluent that is substantially free of adsorbent material



adsorbent material; and passing an effluent that is substantially free of
adsorbent nmaterial fromthe second biol ogical reaction zone to a nenbrane
oper at i ngweystoerravhi | e nai nt ai ni ng adsorbent nmaterial i RCThS2610088680

bi ol ogi cal reaction zone. [17] Still other aspects, enbodinents, and

advant ages of these exenplary aspects and enbodi nents, are discussed in
detail bel ow. Moreover, is to be understood that both t he foregoing

i nformat jon and thedfol pg det ai | ed descrlﬁﬁ;on are nerel il tratlve
exanpl es"8f Vér o8 aRpeEtel R UL EWih s MRy 8P?rﬁt“é%1cf’éf “Flo ¥y 8w de an

overview or framework for understanding the nature and character of the

cl ai med %@&tl@gaﬁwr@%mt%ht@hewnégt%%eawwgowew ngs are included to
provide illustration and a further understanding of the various aspects and
enbodi meld7$, anld othee aspecior pobatimdntisnamsinal ventagtsi ¢fitheseaxpaptarpfiispebissind
specification. The draw ngs, together with the remainder of the

speci f i cahb&imes®r At disBus¥PInaddfaiPhdlowe | Moesvand i9ReFatidensddfthithwtd@scri bed
and cl ai ned aspects and enbodi nents. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 18]

The inv eﬂ)tréé?)'ﬁlg’\‘lﬂﬂmgﬁlo%e §1‘ft{ 'tllPee ‘iiol'ldlyﬁlg r de'?ﬁfedd@es@flétlcgle lafewnﬁ%i Wi digEer ence

to the attached draw ngs all of whic descrlbe or rel ate to appar at us,

systerms ang, fethods. of aspects%t SbaLRENtL a0 L0l fLauras,, Whieh are not

rawn SE31%8¢ “8ae 18T conponen i ¢ NTUEY r at ed
in various _figures is represented by a | i ke nuneral. In the flgures [ 19]

FIG 1i¥ ﬁaeewe%fqrcultﬁeas&n&mgofheanattérﬁb%%eh%%tro@ﬁ thel clpigmed: #Peey SPdm usi ng

a biol ogical reactor which contains one or nore zones W th adsorbent
mat er i al ethbodmepiendherc¢aopanging, diawingsaars dhelngad to dievideaiivsfrateon aidbedi ment
of a systemfor treatnent of wastewater using adsorbent material in a
bi ol ogi chirtheeaedeostandisd v &am wirioas AEpdarsaan® embodiments, and are incorporated in
and constitute a part of this specification. The drawings, together with the remainder of

the specification, serve to explain principles and operations of the described and claimed

aspects and embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[18] The invention will be described in further detail below and with reference to the
attached drawings all of which describe or relate to apparatus, systems and methods of
the present invention. In the figures, which are not intended to be drawn to scale, each
similar component that is illustrated in various figures is represented by a like numeral. In
the figures:

[19] 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;



operating system [21] FIG 3 is a schematic diagramof a second enbodi nent
of a systemsimlar to that shown in FIG 2 which includes a

deni trifiwatoo4zone; [22] FIG 4 is a schematic di agr amCofUSanoobssso

enbodi nent in which adsorbent material is maintained in suspension in only
a portion of a biological reactor tank; [23] FIG 5 is a schematic diagram
of a further enbodi nent of a biological reactor divided into nultiple

sections at _j ncl udes an anoxi c zone; [24] .FIG is a schematic di.agram
of o addMl § oFle i barHEH LSO et FEEbYeS! of agRed e RbRS A an ch
adsorbent material is maintained in suspension in only one of the

bi ol ogi cupPstewafet gpige adsegpent| materizl fng hiplagicg rpaetor ypefRape At & BEMBIWEogi cal
react or systens depicting a jet suspension system for suspension of

adsor benoparatingrdystemi; n m xed |iquor; [26] FIGs. 9 and 10 are alternative
enbodi ments of biol ogical reactor systens depicting a jet suspension system

for susp@isi oRI®f3 gdseRdienic diadremnidla seford ot@sbdihEMQIT a syftemhiGhatoxed | i quor
taken froma source that has had adsorbent nmaterial renoved; [27] FIG 1 1

is an al GRLAAHING. WARS ifBNHe IRt FBLid dofk; Suspension system for
suspensi on of adsorbent material 1n mxed [1quor in which adsorbent

mat eri al (4l4$ NEL~ Gi.rcul.ated through.the |et .nozzle; 8 FIGP 2 1.5.
Fur ther. BAboal et Sk s pfasor pine SR fefinih Bt indilensi on
systemto provjde circul ation io mai.ntain adsorbent material in suspension;
[29] FI GSMaRAINgd in JUSRENSQN in 9npHRPOrEA® SH HeYEFX NG a settling zone;
[30] FIG_ 14 is a chart depicting feed COD concentration (in mlligranms per
liter), BAd tH&.reiai sehagnasicfdisgram dCoDfwdee embodimem of (sabiogiaabmtagtpes of
the original), at various

divided into multiple sections that includes an anoxic zone;

[24] FIG. 6 is a schematic diagram of an additional embodiment using a series of

biological reactors in which adsorbent material is maintained in suspension in only one of

the biological reactors;

[25] FIGs. 7 and FIG. 8 are embodiments of biological reactor systems depicting a jet

suspension system for suspension of adsorbent material in mixed liquor;

[26] FIGs. 9 and 10 are alternative embodiments of biological reactor systems

depicting a jet suspension system for suspension of adsorbent material in mixed liquor, in

which mixed liquor taken from a source that has had adsorbent material removed;

[27] 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;

[28] 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;

[29] FIGs. 13A and 13B are further embodiments depicting a settling zone;



stages of biological acclimation in a nmenbrane biol ogical reactor system
[31]] FIG 15 is a schematic illustration of an enbodi nent of a jet nozzle
of the tywewored747n an exanpl e denonstrating use of a j @CTAISIEO38660
system [32] FIG 16 is a schematic illustration of an system configuration
used in another exanple herein; [33] FIG 17 is a chart depicting
suspensi on of adsorbent material under certain nozzle throat velocities and

liquid f r as determ.ned un arious test conditions using,the
syatem cbils oBiii o e SR gzic ST Peacita it FeGtamarer 185 i
sectional views of enbodinents of biological reactors enployed in the

syst em cOSfE@anHY efflugpt FPB casentragimns gasgperpgntages Hf theyorigdiapi at vaipus
attrition as a function of run time for various types of adsorbent naterial
i N anot hgngesxébplegite nedlima®inng a anauagatd Hivlogirspeastoosyseypst em [36] FIG 2 1
depicts a top and a sectional view of an enbodi nent of a biol ogical reactor

using a ga$ | FiG. 1SUspeaskanicaienion &7in Ehbodigni 6f & j&GReABIdf Ghe type
illustration of flow patterns using the gas |ift suspension system of FIG

21; [ 38] udehGh arf SxAGAL BLRofubARe BRbLA BEGLARRN syieN: of an enbodi ment of a
bi ol ogi cal reactor 'using anoth%r configuration of a gas |ift suspension

syst ens; d ].F1Gs. 24 and.25 depi to si de.sectional, and end
et tonth i oS b aaPuRraR Gt SRR sERRESUT I AT
configurations of gas |ift suspension systens. DETAI LED DESCRI PTI ON OF THE

| NVENTI ORYUY hossingsed herein, "biologically refractory compounds” refer to

t hose types of
E’)S] FIG. 17 is a chart depicting suspension of adsorbent material under certain nozzle

throat velocities and liquid flow rates as determined under various test conditions using
the system configuration of FIG. 16;

[34] FIGs. 18 and 19 depict top and sectional views of embodiments of biological
reactors employed in the system configuration of FIG. 16;

[35] FIG. 20 is a chart depicting attrition as a function of run time for various types of
adsorbent material in another example herein using a gas lift suspension system;

[36] FIG. 21 depicts a top and a sectional view of an embodiment of a biological
reactor using a gas lift suspension system;

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

[38] 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

[39] 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.



chem cal oxygen demand (" COD') conpounds (organic and/or inorganic) in
wastewater that are difficult to biologically break down when contacted

wi th mcrweenganriwms. The "biologically refractory conpeamds20ioasschayve
varyi ng degrees of refractory, ranging fromthose that are mldly
refractory to those that are highly refractory. [41] "Biologically

i nhi bitory conpounds” refer to those conpounds (organic and/ or inorganic)
in waste r i, nhi hi i L econposi tion process. [42]
"Biologiﬁ@hﬁgL* S et ¥§§§%f§§§§hf@9gi§@i?g’sinp|e organi cs such as human
and ani mal waste, food waste, and inorganics, such as amoni a and

phosphor 9% - bAs etse¢ diepain diologiesly "refopstoryy compiidg alreiex o ehope hee,of ref ers
to a nmeasure of the capacity of water to consunme oxygen during a chem ca

r eact i onchelnatal raggdnt denandt(HEOBX) danmpoumdf deganip asidtor amygofic)an geasiesvarmsit t er
and the oxidation of inorganic chem cals such as ammonia and nitrite. COD
measur engat are RigifiddR $o Bl LG rEdk dii vBen bbeth@ed Gathlitickdbigahis@ky Tagd
biologically refractory conmpounds. [44] "M xed |iquor suspended solids," or
"MSS, " B8 ich'lf rr&%%o %n%ﬁﬁ&s"s%sﬁﬂcgﬁyingoé régsséfoféﬁ%gto?ﬁdraﬁ%iﬁgended1
present in stewat er being treated; "m xed’liquor volatile suspended
solids, " .or . M o s the active mcrohes.in the MSS, and "m xed
Tquort TS EE s B roiehre P e BIERY MhiTi'ss.” (5] » Adsorbent”
or "adsorpent nmaterials" as used herein neans one or nore of granul ar

acti vat e[ﬁiar b%lﬁiogm Vuahlﬁgorgr%%ﬂoamd%\chf%&oefao%ea?%mnﬁat@%a@ct?@éﬁ)rt r eat ed
to provide affinity to predeterm ned chem cal species, netals or other
conpoundigofganied it whsie patestat inhibittthebintpgicahdecompobision ipgocess. be t r eat ed;
granul ar iron-based conmpounds, e.g., iron oxide conposites; synthetic
resins; pi2Yl grRinldgarallgllabsilelionsdnsi casy-6-aigaPOSintpds organics such as human and

2
7
=

animal waste, food waste, and inorganics, such as ammonia and phosphorous-based
compounds.

[43] “COD” or “Chemical Oxygen Demand,” refers to a measure of the capacity of
water to consume oxygen during a chemical reaction that results in the oxidation
(decomposition) of organic matter and the oxidation of inorganic chemicals such as
ammonia and nitrite. COD measurement includes biologically labile, biologically
inhibitory and biologically refractory compounds.

[44] “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.

[45] “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



[46] "Substantially free" or "substantially prevented" in the context of
descri bing the presence of adsorbent material in effluent passing from one
section ovoaogy™rem to another, e.g., from a biol ogi cal pceaskann/088s5¢ ai ni ng
suspended adsorbent material to a nenbrane operating system refers to
limting the amount of adsorbent material passing to the nenbrane operating
systemto an anount that does not adversely effect the requisite efficacy
of the nenbrane filtration process therein. For instance, in certain
embodi ment BIESeI i 48, HASEY pig! 1AL B foche REqiES S O RHEY SRPBAINGSeF &rs ¢ o
retaining at | east about 80% by vol une of the predeterm ned anmount of
adsor benEomaxide FnpesitetSyybedc feping: aid\esnudar Huningistlifiale QOREOBISt ogi cal
reactor or one or nore biological reaction zones, in further enbodi nents,
at | east [48bout SOigdanilly dleatrer asudbstantiaglyi prevdnted’he theododit o escrding hast
about 95% by volune, and in yet still further enbodinments at |east about
99% by v%ﬂesam@ dfoxBy@ent hiataMal lin kgflapprpcding ebndyYoneneceén OF di Batam ski |1 in
the art based upon the teachings herein that these percentages are nerely

1T ustragdofig, @%g fr & %{droéi@ﬂ%gét&gc&ﬂaihﬁag QsPerdaG! dddd B PkiheRAt ( LM t ed
to the type of nbrane(s) used and thelir fesistance to abrasion, the

requisitgleLfluent ualitt%(llél %Q%%ggﬁdg%ﬁg@%gg%wgpgf%#fﬁ%ﬁggaghggﬁ%ggateriaI

mbrang operatling sys g :
to be usegllna |vengs§/s m (0] 1S 1 nv IO%II’]

directed to wastewater treatnent systens and net hods. "Wastewater" as used
herei n, @eﬁen@grf@Wem%ﬁeé%ﬂntgossﬁ@n% @ et hthals dag Pefcadwraehr cgiolifd

wat er, and a stream of wastewater fromindustrial, agricultural and

muni ci pafequisiie cEtcach@fithy npottirgncafittetion mwpesde dreaciabl kornmstendgealin cemgngani c,
| abi | e or gani cconpounds capabl e of being deconposed by bacteri a,

bi ol ogi cahbydimeits AGUDStyntRINPEEN A8 ; ‘subnahoallyboprelaged akteys tondetaiih@nyleast
conpounds, flowing into the wastewater treatnent system [48] Wastewater
from i ndysdut Bde BNHIIME bE HRYre KAMTERS I RUNE BF hds oAt Blal$iaPiPbOGH8 h a

given system within the biological reactor or one or more biological reaction zones, in
further embodiments, at least about 90% by volume and in still further embodiments at
least about 95% by volume, and in yet still further embodiments at least about 99% by
volume. However, it will be appreciated by one of ordinary skill in the art based upon
the teachings herein that these percentages are merely illustrative, and can vary
depending on factors including but not limited to the type of membrane(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.

[47] 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



solids, and inert material and organics, including biologically inhibitory
and refractory organics. Exanples of biologically inhibitory and refractory
or gani cs wayoiniararde synt hetic organi c chem cals, such asTasbyelosssse ol yt e
treatment chemcals. O her biologically inhibitory and refractory organics
i ncl ude pol ychl ori nated bi phenyls, polycyclic aromati c hydrocarbons,

pol ychl ori nat ed di benzo- p-di oxin, and polychlorinated di benzof ur ans.

Endocrine disrypting, c ounds are SO a i cal i nhi bitory
and ref st ILtisatiect SR chowitar paceCroh nned sy Dt GRPR SR Ghe. and
are found in the environnment. Exanples of endocrine disrupti conpounds

i ncl ude: asVeyhioiRgisally whibiep:eerarRouwEn I osHBRBItO d@éﬁaﬁe@rawrréf%wwg syftdmas wel |
as natural hornones and synthetic steroids found in contraceptives, such as
17- b- est M&8#li oWasesttcorfmm tiebtsosi end meyniapilysopicee sypiedlyotaont§id9pichdien
exanpl es of wastewaters to be treated include: high strength wastewater;

| ow streqgids, wRStemah@esialadid dreasbatigclidiabiaogitaly mhidiehid REyacedrs0 be
treated to renove viruses. O her exanples of pollutants in wastewater

i ncl ude: o LhAEe retAdants b1§19 1%91@ %nhlﬁltt@r?méﬂdz%f?acto‘? '&glﬂh&f 'rrﬁl?t gl phenyl s

(PCBs) ; d|0X|ns furans; pol yhucl'ear aromatic conpoun

phar mac e%J L the 1c ar%tc 8 malspeshé Ocafge mﬂ eleﬁt[r)olggu reat’me%?t %?nqg
bypr oduct>s, ose; osphorous BROESROT ous "conpounds ™ an vatlves

and agrlcultur chenlcals such as those derivyed from or d produce
fertili z‘élpkoglcaﬁgt OISy Al TREIBPIYI QERANfAS0[NOWKSt SARCBOTIPREE PRAGDIT] al - and

muni ci pal sources may al so contain trace constituent conpounds that

or i gi nat polgenciiagrantsiciytdracatboastpebichlopineicd sitbeanut paliexisind @glyshtoripagif f i cul t

to renove. Exanpl es of trace constituents introduced during the water

t r eat mnendibpizof@sss. i NEhdideinai dik@peng nesposudd ags dboniat clasoaif neiblygiaiiyne

( NDVA)
inhibitory and refractory organics which can affect hormone systems in organisms and
are found in the environment. Examples of endocrine disrupting compounds include:
alkylphenolics, such as nonylphenol used for removing oil as well as natural hormones
and synthetic steroids found in contraceptives, such as 17-b-estradiol, estrone,
testosterone, ethynyl estradiol.
[49] Other examples of wastewaters to be treated include: high strength wastewater;
low strength 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.
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whi ch may be rel eased fromproprietary cationic and anionic resins. [51] In
general, wastewater treatnent facilities use nultiple treatnent stages to
cl ean watwo 200/t4hed it nay be safely rel eased i nto bodi esTafS2evasseseuch as
| akes, rivers, and streans. Presently, many sanitary sewage treatnent
plants include a prelimnary treatnent phase in which nmechanical neans are
used to renove |arge objects (e.g., bar screens) and a sand or grit
channel and, t and sto es settle. Sonme treatnent systens al so
Cnetude OB PRERGSardlobmnareSal S T GRussss Tkt 1< Eo ¢ he
surface for sklnnln and heavier solids settle to the bottom and are
subs eque@ﬂqsytu?meﬁﬁ@HOmWSaHﬂaae?rtgmaée churiggatheopiater dirgpemierlr PEQSesi g8t aBi omass
and reduce the levels of biological solids. [52] After prelimnary and/or
primary subsedueethy diffibdt wastnewat dixangpl¢shentraentonstituents evondesdydiping tgi cal
activated sludge treatnent phase. Biological treatnent of wastewater is

wi dely piaet ie@thenVist@Mai@idd SitreQmBe, Yudt sanatdirwotimsagh@irciNDM1gd
sl udge, in which biological solids are acted upon by bacteria within a

treat mengpj-f r%/l.*;%%le!s%tdefﬂ)rﬁ E}Hi')%taﬁ)y LRSS MY RsAEr ODI ¢ Dbi ol ogi cal

treatnment 1n ann aeration ta typically followed by a clarlfler/settllng

tank. Se :l]ed%lyel‘rll(g?ﬁ | Ssté e ¥ trea(gmer?t flz<1c1rh918s asee l%eftl tle geatmen sta es fean
mai nt ai n-"a e%] I quor suspended soO concen | On 0 di gest

t he contam nants. .Sone aIt rnatj ves avall bIe for dIS 0s of excess
bi o- sol | Yater 8o ghat i mayhe safely|rgigasediptoabliciop! Maler sueh %?ﬁkﬁ%.rh\@%tainen
disposal in a landfill, or use as fertlllzer if there are no toxic

conponenﬂgmnﬁssﬁ%@ﬁnﬂhenaeya$m6WWtaw%geaﬁe@nygbmﬂ%mmﬂmﬂn¢hg.ga@ném@h as air
or pure oxygen is added to the m xed liquor. The oxygen fromthe air is
t ypi cal | yeamsient fhasé ive whanht @edhanical Meadsoge aadd yo exice 2ergk lodjeorsg@ry.char
conpounds that are either dissolved or carried in
screens), and a sand or grit channel where sand, grit and stones settle. Some treatment
systems also include a primary stage where certain fats, greases and oils float to the
surface for skimming, and heavier solids settle to the bottom, and are subsequently
treated in an aerobic or anaerobic digester to digest biomass and reduce the levels of
biological solids.
[52] After preliminary and/or primary treatment, the wastewater is then sent to a
secondary biological activated sludge treatment phase. Biological treatment of
wastewater is widely practiced. Wastewater is commonly treated with waste activated
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
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suspension within the wastewater feed. Biological oxidation is typically
the | owest cost oxidation nethod available to renove organic pollutants and
sone i noryanoo/@mrpounds, such as amoni a and phosphor oRETASAPOMBSES) from
wastewater and is the nost widely used treatnent system for wastewater
contam nated with biologically treatable organic conmpounds. Wastewaters
that contain conpounds entirely resistant to bi odeconposition, biologically

i nhi bitory conpounds, and/or biolpgically refractory.conpounds not be

L r oat ed SEVAPSP YOy & Stirentaufia e P L BHES S0 HiC: Bnap el Tt foat mant
system These conpounds can only be acted upon by the bacteria only during
a hydr aulapgfill.cr aisg potsrttlizgpif\iharp pis 19 toxisgompatetank. Because the hydraul ic
retention tinme is generally insufficient for biological oxidation of

suf fi ci ef®] bi bl tbgheratiéry tank inboxygenycouajpoigrghs seeiddsorir di pirogkyeahliyaddefir act ory
conpounds, it is likely that some of these recalcitrant conpounds may not

be treat@dier miedt iqued TR okggenPadSm tHY QWdR tfpitilBausRNby RhOGRASErikinchanged
or only partially treated prior to discharge In either an effluent or

excess fﬁ%io%lkt%llys&éi&h%-thé %kanwecom G 116 Ofre &ifhbM &0 fvEO Bt B iRt | ON

tank typically enters a clarifier/settling tank where sludge, 1 ncluding

concentrated m xed |iguor suspended solids, settles b LtY. cess
o ormss Tesusbyanti ¢ VayPURRERGE, BPeER oBfdorR el Mo TI TS oo

on the wastewat er and econom c needs, SO bi ol ogi cal . oxi dati onsystens use
a di f f er ¥HEAHREhRN EVAHBPII 'TBO YEEYHC PRRIEHH PO STRG MO GetstRANA B r
effluent. The clarifier/settling tank can be replaced with a menbrane
oper at i ngicByps tagymong archphdrehorgns eoropeyngds. isem syaskevaser andiis §glwesd MWidelMced ai r
flotation device can be used. The liquid effluent fromthe
clarifi etijedatdatrhéry siystatn, foo pessaivang dygihenated wdihssiologgdllgitreatabtet aifighwin devi ce
is either discharged or given further treatnent prior to discharge. The
compounds. Wastewaters that contain compounds entirely resistant to bio-
decomposition, biologically inhibitory compounds, and/or biologically refractory
compounds may not be treated adequately by a conventional simple biological
wastewater treatment system. These compounds can only be acted upon by the bacteria
only during a hydraulic retention time within a treatment tank. Because the hydraulic
retention time is generally insufficient for biological oxidation of sufficient biologically
inhibitory compounds and/or biologically refractory compounds, it is likely that some of
these recalcitrant compounds may not be treated or destroyed and can pass through a
treatment process unchanged or only partially treated prior to discharge in either an
effluent or excess residual sludge.
[54] 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
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solids that are renmoved fromthe m xed liquor are returned to the aeration
tank as return activated sludge for further treatnment and in order to
retai n arwadeguareoconcentrati on of bacteria in the sysPEemUSSo®3§s60ti on of
this return activated sludge is periodically removed fromthis recycle line
in order to control the concentration of bacteria in the mxed |liquor. [55]
One recent advance in conventional industrial biological wastewater

t reat ment Flant tegpﬁolo i ncl ude Epe addi tiogn gﬁdggmdeﬁﬁd acti vat ed
carbon pRY BY £ SHHE HIRYEAPT GifstoC th r%ﬁl%weo&ec 108 TEUR R VIS8 ses
utilizing powdered activated carbon, the organics can be adsorbed onto the
act i vat eeftlegnth otheadlerificassgitiingrapkican ppacplacedtwishe npIpN AR PPeatHidyyAient. ¢
retention tinme that is simlar to the sludge residence tine and therefore
under go btttz smitpepevaioandichias|aodis edvedfindadedent HSothhat deeseikcan ba usethanced
removal of certain biologically inhibitory or refractory conpounds. In

these progesigeR cfReiafromoh@adhefi@ndttinotginiopeaONPAYREn ar isphys el | y
adsorbed to the surface of the powdered activated carbon particles. [56]

Powder ednaghiby athd: fs%@i@f‘dﬂ@lﬁrg&g% %1_%@1{’ fulrfhef BEYERh| PHQII t00di QdHABeC AMThe

treatment plants because of ity to adsorb biologically inhibitory
and bi ol ogicall ¥ r%‘}r{o‘%gé fiot &%%’ﬁc‘ﬁ&‘ﬁgu?} € re 91%168 [ QW NG AN, & %.s' e o h
| ower concentrations o ese pollutdnts. nclusiron of powdered actl vat ed
carbon in the nm xed quUﬁr provi des .a nunber ofoper%tional benefjts. The
carbon prEVAEdsise [dVEREEGREMEH RIBSFERJREPHB AN 2O B 0GR AHoB A nent
system whi ch include increased pollutant renoval and increased tolerance to
upset cobagiariaoins thepgigien. orginhgy portive efarthoretaln asikyatedeslivigsl vgpaiddically
inhibitory and biologically refractory conpounds to adsorb onto the surface
of the canbhead diugn tids becyekplgeth didet e chritall alyy coHmen@atiingoli baceaiat inytheonger
period of tinme than in a conventi onal

mixed liquor.

[S5] One recent advance in conventional industrial biological wastewater treatment

plant technology includes the addition of powdered activated carbon particles to the

mixed liquor. In biological treatment processes utilizing powdered activated carbon, the

organics can be adsorbed onto the activated carbon and remain within the treatment tank

for a hydraulic retention time that is similar to the sludge residence time and therefore

undergo both adsorptive and biological treatments that result in enhanced removal of

certain biologically inhibitory or refractory compounds. In these processes, certain

organic and inorganic compounds are physically adsorbed to the surface of the powdered

activated carbon particles.

[S6] 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
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bi ol ogi cal treatnent system thereby providing benefits simlar to that of
a fixed filmsystem The carbon also allows for the evolution of specific
strai ns ovohraowwré7a that are nore capabl e of digesting trhe/ustabosgesal |y
inhibitory organic materials. The fact that the carbon is continuously
recycled back to the aeration tank with the return activated sludge, i.e.,
t he sl udge resi dence time, nmeans that the bacteria can work on digesting

t he bi ol ogi cal | b|t anic c unds adsorbed onto the su face of
the car bomeramal beitiog Shé: FHEST iaRe M SPrE S dup | Tttt TEHC s e of
t he bi ol ogical treatnment system This process also results in bi oI ogi cal

r egener abiPkRicat tiep@cas syemawhich| ingde fibmeased MoHutapt Faneyab a8d gAseaseant | y
nore biologically inhibitory and biologically refractory conpounds than it
coul d i ntofersicapd eppacketitibed Addibomllyi theearteonsilews wid tiklogmally istikicoryequi r e
frequent replacement or costly physical regeneration of the carbon once the

adsor pt i il igRa’ially réfactdie c6AbHAMsitS agoiRusbaRe sukhiRe ofkHArhdh dndao mexed
l'i quor can also adsorb certain conpounds and therefore provide an effl uent

that is é)ﬁ)eogecp{o 0 HABY PorSHRBhARLAR) 1oh Ele?éiﬁﬁidotc%%ﬂ&r{ At & @BnnriGRPOUNdS

that are t treatabl e y con ent i onal ogi cal oxidation or otherw se
entirel Y BSt S

I f
act i vat et °¢: §rcﬁ& %eatmetn er’r¥ s(%e rg%gigrtglw gie ﬂleﬁ? F O qlf 5 %CCP?YI\ger t he

on sys errens ogl es un
trademark " PACT£1 wever because bat h hi. oI 0g |caI grom h and
adsor pt i B8t & @a%rbena aH?lﬁWﬁgfawhe B IHBS Al SPRR G PETBNOf HE R NotiBg
carbon in powder form wasting of excess solids is required. In addition,
t he powdeoesdcapalle whdesstere thobidlegidilycinhibefery dugame mipdeniale alrefact hrokess wit h
the renoval of biosolids and nust, therefore, be continually replaced. [58]
| ncr easi awgboh issantinmnylywesickddiaek td the hedatign tankatidothe s¢tag dveniedriadge,
bi ol ogi cal reactor technology, which offers inproved effluent quality, a
smal | er physhe udbOQbHANRE time, means that the bacteria can work on digesting the
biologically inhibitory organic compounds adsorbed onto the surface of the carbon for a
period of time longer than the hydraulic detention time of the biological treatment
system. This process also results in biological regeneration of the carbon and allows the
carbon to remove significantly more biologically inhibitory and biologically refractory
compounds than it could in a simple packed bed carbon filter system which would also
require frequent replacement or costly physical regeneration of the carbon once the
adsorption capacity of the carbon is exhausted. The carbon in the mixed liquor can also
adsorb certain compounds and therefore 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®.”
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(nmore wastewater can be treated per unit area), increased tolerance to
upsets, inproved ability to process hard-to-treat wastewaters and a variety
of ot her wpensri4zvial advant ages. For exanpl e, wast ewat eP€TASRA1QI08868¢ hi gh
total dissolved solids can experience settling problens in a conventional
clarifier/settling tank and requires significantly nore difficultto-
operate solids separation devices such as a dissolved air flotation device

or sone er _solids renoval, syste However, . whil e nbr ane hi ol ogi cal
eact or sl nRREETT ST Dr BT O e ERhAd PG ST dane and InSredftc
clarifier/settling tank systens, they often present problens of menbrane
foul i ng eePFuHEanPEYrt RAtthg actiygtedgaehan inrpadvsiey dof. orasting & eaeass gelidhgls
clarifiers. Menbrane fouling may be the result of extra-cellular polyneric
conpoundsquinat. fresdditiod, rthenpbivdeted emkivaiedwearbbn tih disbharpaytronl theitfeatthertns in
the m xed |iquor suspended solids, accunul ation of organic materials such

as 0il's, petesdyvidC@t kdigoRY of Bios@RIBafd FREE fieddfSre, bOSIntinbalddebplicen, to date,
menbr ane bi ol ogi cal reactors have not been utilized commercially with

pouder edisgg | Kelathn6R! AN di At THEEEN HaRaRECH AP TR ENObiAMER e

activated carbon 1n"surface water treatnent systens that utilize Tenbranes
for filtrati oéchrll—gi\évev been ed that these surface vat er

er.. 1t.has report ;

tr eat ent 8 YL PSR ngiehBrSRem RS e dt=het s yPER RRoh Fhul®
problenms with the carbon abrading the mgrrbr anes and the carbon permanently
pl uggi ng B/ GBI PG HY CHEPAHRETAST AME SIS 60T AHEUSIT ISP DAL nAEFO*Aat nust
be treated prior to discharge or reuse often include oily wastewaters,
whi ch cagbiliorip @rereenhdrditd-treat Wastvoders baths vadgty wf wist epernieensl edvantgae from a
variety of industries including steel and al um numindustries, chem cal
processi Ry ¢xadipdd, waBgwasut oomthining hiphlusthlr diesylvddasohids yan axpesientcessttliapd crude
oi | production and petroleumrefining industries. As discussed above, a
certain Bk iRh cBAN@IBhAictdrBR/settling tank and requires significantly more difficult-

to-operate solids separation devices such as a dissolved air flotation device or some other

solids removal system. However, while membrane biological reactors eliminate the

settling problems experienced with clarifier/settling tank systems, they often present

problems of membrane fouling and foaming that do not occur in conventional systems

using clarifiers. Membrane fouling may be the result of extra-cellular polymeric

compounds that result from the break-down of the biological life forms in the mixed

liquor suspended solids, accumulation of organic materials such as oils, or by scaling by

inorganic materials.

[59] 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
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oi |l s and ot her hydrocarbons may be renoved in primary treatnent processes,
where floating oils are skinmed fromthe top. However, biological secondary
wast ewat ewopnocgs®wes are generally enpl oyed to renove tRETMASA®I00O83880 Oi | S
fromwastewater, typically the dissolved and enmulsified oils, though sone
free oil may exist. Typical hydrocarbons remaining after primary treatnent
can include lubricants, cutting quids tars, grease, crude oils, diesel
oils, gasoline, kerosene, jet f the li ke. Thes dr oc bons

Cypt car' JeIETBE BreOah Bt i G GRS PR B CaIPon Aot
environment or reuse of the water in the industrial process. In addition to
gover nneReabrangyiIceihe 6Adon REMERER by PaRing gAdeF Fylingthe memhraneenoval of the
remai ni ng hydrocarbons al so has benefits, as adequately treated wastewater
may be ukb@ll | mdostnyl wastkevedtern that rpm&bbes;rswsdaﬂdr ©l disthmat ©r rame whtremctudeat nent
costs and reduce regul atory di scharge concerns. [61] O her types of

wast evat gily taglewdtesd, Wiech rcedtcefltaim emuiefedCRydracirbiaise dOPK Os858y M@t &fanf r om
ot her |ndustr|al processes such as nmanufacturing of pharmaceutical s,

various goeds.onAqribidly UF dhaRERAUGHEAIOE: s@eel A8 filhiAG SnduRERE Gﬂeﬂﬁéal
her bi ci des), and paper processing, as well as nedical wastewater.[62]

g?ln;r?:’ ﬁhﬁr%{:essi%lg ﬂﬁms ries %utomngxée BI%USQI‘I ?gln(c:ify indfié Pl:e]sg{/: I(:Inud%hel prPguc Hgn: OOf

Fia een véry S op,
nalntenance problens assoclated with and chem cal foullng of t he

menbr ane¥'d PESRIPHY BHNIRARAUPTES/ of' ARsTvA . 1 G TR frbitane
bi ol ogi cal reactor having powdered activated carbon added to the m xed
| i quor i ¢iditlsidied @ils had othee hydioaarhemt may bartrages iaprivise tigatehanh prosassent i onal
bi ol ogi cal wastewater treatnent systens including powdered activated
carbon. Wwhemasloai®o oilet #d tlhiaimddhéroatvihat @ges Boéwersirndidogiedtbrkaneadary
bi ol ogi cal
wastewater processes are generally employed to remove the remaining oils from
wastewater, typically the dissolved and emulsified oils, though some free oil may exist.
Typical hydrocarbons remaining after primary treatment can include lubricants, cutting
fluids, tars, grease, crude oils, diesel oils, gasoline, kerosene, jet fuel, and the like. These
hydrocarbons typically must be removed prior to discharge of the water into the
environment or reuse of the water in the industrial process. In addition to governmental
regulations and ecological concerns, efficient removal of the remaining hydrocarbons
also has benefits, as adequately treated wastewater may be used in many industrial
processes and eliminate raw water treatment costs and reduce regulatory discharge
concerns.
[61] 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.
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reactor can al so achi eved. However, a side-by- side conparison of nenbrane
bi ol ogi cal reactors with and without the addition of powdered activated
carbon dewonstwiared t hat t he nmenbrane bi ol ogi cal react oPChitskopoH6s ed
activated carbon provided treatnment advantages as conpared to the nmenbrane
bi ol ogi cal reactors w thout activated carbon. Additionally, the nenbrane
bi ol ogi cal reactor w thout the carbon addition was very difficult to

operate ause of dissolved or 9a ni c ra cellular polyneric

b boundlba ou pgrersi” ARl eGBIg oEisal FeRsHn gt 1B GHTOTTE Wi 1 e

t he addition of powdered actlvated carbon provi ded a very viabl e bi ol ogi cal
wast ewat eify/indegfipeyasteyatee A Pern vy bdew Hadlevplerderaid e dugie neFipigpancef a
significant anmount of abrasion to and non-reversible fouling of the

menbr aneproblEnissasabeiasd owithndl nod-dhemeradi tbhiend otil thegnevabragegni Fasgagmtofenough
toresult in this systembeing very costly to operate, because of the

si gni fi caabitpaldanr easedater iRaRIpACE angybrade b f@ﬁé@ﬂ@shm@g pewaERae
cl eaning frequency. [63] The systens and net hods of the present invention

overco maaéﬂ@@te@ %laﬁ)to‘ﬁrddggé t& ft}{eeﬁﬁx%dqqd udP ﬁﬂ@ca@&f’@@ rsﬁﬁile atFéatrﬂéHt QaQV&ﬁﬁ 9 Mg 11 Wh ile

provi di ng the sane and addltlonal vant ages. 64] Referring to
wast ewat gf. 1 1.§al %%Ht en 1"11 glca %vaét%%{mttr'e% me dapheted, dineludhn ”
b|olog|ca reac 6 strean1o rane operati %5 gys en1104

In certain enbodlnents b|oIo |cal actor sy st m 102 i nc| udes. a single
bi ol ogi cAtivagd cagony & ¥ap alsp r‘iloaf&dn’“ﬁ‘i ‘gﬁéﬂV@rﬁfGa PhEMPE 2 BFBPEEE @%ﬂloar@éct or

system 102 includes a plurality of biological reactor vessels, one

bi ol ogi cehctpreut dpo eduswd. diavated a ndobyeidarcampagsnt ¢gfagnembrane éwgb@gmél ity of

bi ol ogi cal reactor vessels sone or all of which can be divided into

separ at erea@otsi witk .and kethondihei diditionr efapdvaderake saphedafarisaglegatsaaes eledti ons

are generally referred to
the membrane biological reactor with powdered activated carbon provided treatment
advantages as compared to the membrane biological reactors without activated carbon.
Additionally, the membrane biological reactor without the carbon addition was very
difficult to operate because of dissolved organics and extra cellular polymeric compounds
fouling the membranes. Testing further demonstrated that while the addition of
powdered activated carbon provided a very viable biological wastewater treatment
system, the carbon had the deleterious effect of a significant amount of abrasion to and
non-reversible fouling of the membranes. This abrasion and non-reversible fouling was
significant enough to result in this system being very costly to operate, because of the
significantly decreased life expectancy of the membranes and membrane cleaning
frequency.
[63] The systems and methods of the present invention overcome the deleterious

effects of using powdered activated carbon , while providing the same and additional

advantages.
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herein as biological reaction zones. During wastewater treatnent operations
according to the present invention, adsorbent material along with

m cr o- or gMl0I281M614297@ nai nt ai ned i n suspension in all of wPhe/Uuscabogicsal
reacti on zones or a subset of the total nunber of biological reaction
zones. The nmenbrane operating system 104 is nai ntai ned substantially free
of adsorbent nmaterial using one or nore of the separation subsystens

Seser) By L YT P B S SE P SoR B, ghesd, o

flow of previously untreated wastewater. In further enbodinments, the

i nf | uent INgAsinaRbiglogical rasten B tem h0D BPSHCaN] B ISNyMbiaa PRYAURG WA 04 e. g.

an effluent fromone or nore upstream biol ogi cal reactors, including but
not | i m nextrthm ceradlionentkibddlogicdataat@asystoms] 02ancduies abdimglogiort@icai ezctaor s,
continuous flow reactors, sequencing batch reactors, or any nunber of other

types of vdsal qglaa@lltlohﬂ%@iﬁmnﬁerﬁs/&ﬁ@aglcaaa@@blesy@fenblm pE@ivea h phdeayadi ng
organic and in certain embodi ments some inorgani c conpounds. [65] The

bi ol ogi C&legﬁ%ﬁ’éﬁE&ﬁ VeRPN/ 8{6 %610 %ﬁ'af‘rela&tgf Q&S iviE@ GOk eﬁa?ﬁ@%e&l%ﬁs ke

various typés of blologlca reactors, including but not Timted to aerobic

blologlcal S bi ql ogi ca ct.Qr.s nuous -f.l ow reactors,
scquonci G BATERT PRIRdOR Laeiol Bl i ERE en L AR oo SPRFET) Do
of bi ol ogi cal treatnent ﬁystens capabl e of b|oIo gically deqradlng organic

and i n oBFEN BHOBEI LI SCShRe h T are i eaBHpBUIRS A1q BB UEIE B, ¢ he
bi ol ogi cal reactor(s) and/or certain biological reactor zones used her ei n
can be ofergimpas didlegiorl redesipe zeugdst ABIrmgtverstansitrs ittatiernd pherationseaceedalg tbn
conjunction with the suspension system For exanple, the vessel may have a
Cross seteippesaht mvedicnf adyvybesioapeeriad utingasitic nricutaganiehd aptingiatajinedguar e,
rectangle, or any irregular shape. In some enbodiments, the vessel may be
const r uct@ferRfon A i@ dhé MiAbHEAl feQetRnOPBHeE oW t@RbE€of the total number of
biological reaction zones. The membrane operating system 104 is maintained
substantially free of adsorbent material using one or more of the separation subsystems
described herein. An influent wastewater stream 106 can be introduced from a primary
treatment system, a preliminary screening system, or as a direct flow of previously
untreated wastewater. In further embodiments, the influent wastewater stream 106 can be
previously treated wastewater, e.g., an effluent from one or more upstream biological
reactors, including but not limited to aerobic biological reactors, anoxic biological
reactors, continuous flow reactors, sequencing batch reactors, or any number of other
types of biological treatment systems capable of biologically degrading organic and in
certain embodiments some inorganic compounds.
[65] 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

18



suspensi on of the adsorbent material. [67] FIG 2 schematically depicts the
process flow of a wastewater treatnent system 200 for producing a treated
ef fl uent Wwavorgl4regduced concentrati ons of biol ogically Ipabiusegiobssssogi cal |y
refractory, biologically inhibitory and/ or organic and inorganic conpounds
that are entirely resistant to biol ogi cal deconposition. System 200
general ly includes a biological reactor 202 and a nenbrane operating system
204. Biol.ogical reactor 202 includes an inlet 206 for receivin st.ewat er
Ak B s g LR R e M
treated, including m xed Iiquor volatile suspended solids and/or m xed

|i quor, Pislagiralldagypding osgradicaandiy cerjain embodimenfseRMeTRr2pRis cogpPedldsy eact or
202 includes a distributed nass of porous 236 adsorbent material 234, and
an ef f ect66Ve bnamditiono ftheohielogicabroraetonis ¢ piod/or craniis hi®l @3] redett zanes et h
adhered to the adsorbent material and free-floating and separate fromthe
adsor benkersmtaanibalofiafytshe oriskast duiitgblerte shpendalidonigen® maiirdll @gtsdhicdtiohabi | e
and certain biologicarly refractory and/ or biologically inhibitory
_Corrpou_nd§zith fhd g{ﬁ éﬂsﬂﬁldsPJsﬂeHH Ofor él;éaﬁlp?éi S gé%g'él Iﬁ@ f?a[v'eaal cr@ggsé&t%ﬂ_a? Dred! dr€S.

i ncl udi ng the ouPer surface of the adsorbent granules or particles, and the
wal I sur z];nacs %1 f(:) fs Ozr1e§irc2 %e?r iiniiézilal IuXreS eercya% es ofa gSO{’r&t qu%? sﬁi teeSInfsco)r e
thebiologPEa Py Mabitt & B of o |ca1$§ Fef5El ory, "blo §g|ca.ﬂ§'inh|%ltory
and/ or organj.c and i norgani c conpounds that are entirely resistant to

bi ol ogi cHPPYERERFoLL YS! MY BRigPRsiyRied Arcpedifeg dnicsti o gomaly Wéablgsor bed
on the adsorption sites of the adsorbent material. This allows for higher
di gest i osuspenseinsofdhe adsprbghtmpietihlogi cal |y refractory and/ or biol ogically

i nhi bitory conmpounds wi thout requiring proportionally |onger hydraulic
retenti ofe7] i nBEKG.anschemadgalyr &ipiond thenprbecase slowdoea wastehater achtnidnosegstaer t ai n
biologically refractory and/or biologically inhibitory conpounds are

ret ai neddmfor rdROHEh B&HKdOLH St having reduced concentrations of biologically labile,
biologically refractory, biologically inhibitory and/or organic and inorganic compounds
that are entirely resistant to biological decomposition. System 200 generally includes a
biological reactor 202 and a membrane operating system 204. Biological reactor 202
includes an inlet 206 for receiving wastewater and an outlet 208 for discharging effluent
that has been biologically treated, including mixed liquor volatile suspended solids and/or
mixed liquor, to the membrane operating system 204.
[68] The biological reactor 202 includes a distributed mass of porous 236 adsorbent
material 234, and an effective amount of one or more micro-organisms 238, that are both
adhered to the adsorbent material and free-floating and separate from the adsorbent
material in the mixed liquor, for acting on biologically labile and certain biologically
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
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time on the adsorbent material, which are isolated or retained in the

bi ol ogi cal reactors. [69] Cenerally, biologically |abile conpounds and
certain iworgemiscgowi | | be digested relatively quickly aoa/gsc@dossssant |y by
the m cro-organi sns that are not adhered to the adsorbent material, i.e.,
the free floating mcro-organisns in the mxed liquor. Certain conponents

i ncl udi ng organics and inorganics that are entirely resistant to bi ol ogical
deconposjtion and very .refractory biologically refractory and bi.ol ogically
o byt or g RalE A vhip ek a T, B S aTAEEY Bt HeBlS #hdor
be adsorbed and/ or absorbed by free-floating biological material in the

r eact or (¥preapjctGoroangs thahas enfisharegistnt 19 kiologiggbdgrampepitipn.c Fhadhtiomt e on

t he adsorbent to the point where the replacenent of the adsorbent wll be

r equi r edmiayoveganisaisn2ishendief ddserbed an the aderpqpinabies dof evehdsofbeatd satepinal.ve
capacity. As the adsorbent material remains in the systemaccording to the
present THYealdv, foM Kipker OBRE HMBe @O WI adtd ebibRpRhNEdredRctoRe adsor bent
material, generally |long enough to break down at |east certain biologically
refract og; r:-Ri i i.nQti L0 ol I ar
e R e B S G R TR R Sl

mat er | al Ie ln% g d[gl’{’lésl ] slvl\llgl flz %etgr?tgon\l\'hrsnréls NG, { Fo ttlnee P ot ngosgyce%tgﬁloﬁi%lo I'é[all! S .
bel i eved tHLP nlcro-organgsns can V&t U y Svoive Pht S et UreftFa ns with
specific acclimatjon necessary .to break down the hard-to-treat conpounds in
t he par t eE@FIRFY MY PrUUALOSIALY Wabitary cespapundsdire rg#ard ?qrrﬁé,tené?cgpeﬂ@éwé ral

days to several weeks, in which adsorbent material having certain

bi ol ogi cting pnthg adsetbenymatariilowhishairoigplotd| oy rétainedin be picdegipd uergtors.s

mai ntained in the system the mcro-organi snms having a high degree of

speci fi cj69y bEemdrallsdiaogicaltyhiabide camdolidyhad cgeneriadrigamiss wilh&e eipested
increasing their efficacy to biodegrade at |east certain of the specific

bi ol ogi cpldtivelyefi@d} ahy pRRAGMManl Byaé aéloYorkatiidd AL MreGRAROMIES 1d fhat are

present in the particular
adsorbent material, i.e., the free floating micro-organisms in the mixed liquor. Certain
components including organics and inorganics that are entirely resistant to biological
decomposition and very refractory biologically refractory and biologically inhibitory
compounds will remain adsorbed on the adsorbent material or may be adsorbed and/or
absorbed by free-floating biological material in the reactor(s). Ultimately, these non-
digestible compounds will concentrate on the adsorbent to the point where the
replacement of the adsorbent will be required to maintain the effluent at an acceptable
level of adsorptive capacity. As the adsorbent material remains in the system according
to the present invention, micro-organisms grow and are retained on the adsorbent
material, generally long enough to break down at least certain biologically refractory
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
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i nfluent wastewater as the system becones acclimted. This is depicted by
the step change in residual COD depicted in FIG 14, which shows a pl ot of
feed concwotznai4mvo(in mlligranms per liter) of biol ogi earius2e1efssst ory and
bi ol ogi cal ly inhibitory conmpounds, and the remaining effluent
concentrations (as percentages of the original), at various stages of the
acclimation of a nenbrane biological reactor systemw th adsorbent nateri al
added, i.e., stage A that is before adsorhent terial |s added, st.age B
That s S RS ettt B am T HErIBa Stk Qeub B by Srpgnd i
acclimation. [70] Various influent wastewaters can be deficient in certain
nut ri ent $ieeFeila iafluend waRe it ofglyen pdditionad fime, jepg-+ sl dapy i stverdact or
202. Further, certain influent wastewaters can have pH |l evels that are
excessi vekgksaandiwbichr adsulsdnt cmatdciebrhdivimgl yertas blogidoBy apbacteryt and/ca per son
having ordinary skill in the art, phosphorus, nitrogen, and pH adj ust nent
mat er i al Biogical ¢ MEiditeryc a&nﬁ@rﬂ@dgdniiﬁtamﬁnﬁlaihe SRtehiTathe NHickd-6dhnikaki 0s and
pH | evel s for the biological |ife and associated activity, including

bi ol ogi cgl,:axi [ [ I : 1l m i.h ol ogi cal
react or D04 FB e LR bR ae S ena i M s SRR REY 250
t he nmenbrane .oper at i system 204. Thi s, transferred, m xedl. quor. .having
been tr e Baoh bRt I EL 1 Bukaiad oot Sl Shend) 50 e Bl diYor ben
material. I n the menbrane qperating system 204, the wastewater passes

t hr ough BHACFY ABY/Er pgiealye Fkieshy sprapyids. oy ﬁwaPlieéfHﬁr%Bn%? ALY her eby
elimnating or mnimzing the need for clarification and/or tertiary
filtratiohuenNewhtemacpey theasystem becomdsi aaglithatadat Thiasis edepictadobyliha Kiep

menbr anes 240, is discharged fromthe menbrane operating system 204 via an
outl et 2diangdvbniesidad C@D elepiated,in FI@. 14, slidhdkhofvs arpldtioé fdrdaloagintation @act or

202 effluent, including activated sludge, is returned to the biol ogical

reactor g@RgMhi Ferl18EYIdT biologically refractory and biologically inhibitory compounds,
and the remaining effluent concentrations (as percentages of the original), at various
stages of the acclimation of a membrane biological reactor system with adsorbent
material added, i.e., stage A that is before adsorbent material is added, stage B that is
during the acclimation period, and stage C that is after acclimation.
[70] Various influent wastewaters can be deficient in certain nutrients beneficial to the
biology that occurs in the biological reactor 202. Further, certain influent wastewaters
can have pH levels that are excessively acidic or caustic. Accordingly, as 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 reactor 202.
[71]  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
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activated sludge line 214. [72] Spent adsorbent material fromthe

bi ol ogi cal reactor 202, e.g., granular activated carbon that is no | onger
ef f ect i vewDrRosdse7di ng cont am nants such as certai n compous$soiensscsel y
resistant to bi o-deconposition, biologically refractory conpounds and

bi ol ogi cal ly inhibitory conmpounds, can be renoved via a m xed |iquor waste
di scharge port 216 of the biological reactor 202. A waste outlet 218 can

al so be connected to the return pi 214 tg divert sao r al.l the return
act i vat ety aydng Brenireed iy PIOYERicH Eaclared2. i SHhSHBRADY fife “Eaedhettati on
of the mxed liquor and/or culture. Sludge is discharged fromthe apparatus
wi t h t hemaiggiale Bcthp yeanekyang orpgeinghwistent 204 chewaeswaisr preeodraehyWere t he

m xed |iquor solids concentration is so high that it disrupts the operation
of the paotd mudrefiltraeorhoaméealiilohtogi mainbrages tlomelyyd ingimatin gorad diithizomg thehe

m xed |iquor waste discharge port 216 can be used to renove a portion of

t he adsofde@nfor MrEidatibn ahbBRE @bryiafye AVitidg. SHEENHRAIL paimeate, tike 1Rjuad egdtcal |y
refractory conpounds, biologically inhibitory conpounds, and/or organic and

i nor gani fz%s_g&rmﬂiﬁ Ashd RRbRLRs ©0b] fs&lidenhSel $RADthet Iﬂellﬂbfélngg%gﬁl{iP% system

deconposition, rather than fromthe return activated sl ud ewth the
wast e activated sl g resul ting.in .a lower. concentration of the
ool ogi cat Sorar ull BF c ARbE oo e i SRR Pl PRallssbtRal? anos or
organi ¢ and i norgani c conpounds that are entirely resistant. to biol ogical
deconmposTitiH: IEHIE ISERASHEearia Feuies & diaplotisrbiraser 2 e FoHBr ane
bi ol ogi cal reactor. An equivalent quantity of fresh or regenerated
adsor benactivated sludee bad2bk added. [73] A prelimnary screening and/ or
separation system 220 can be provi ded upstream of the inlet 206 of the
bi ol ogi cEi2] r eSmin® adHBEent Thutaiap fi@hi thertaolpgisal eectbnY0BrRA. Ofrasdpaiaivhed Syst em
can include a dissolved air floatation system a coarse screen or a
carbon that is no longer effective in adsorbing contaminants such as certain compounds
entirely resistant to bio-decomposition, biologically refractory compounds and
biologically inhibitory compounds, can be removed via a mixed liquor waste discharge
port 216 of the biological reactor 202. A waste outlet 218 can also be connected to the
return pipe 214 to divert some or all the return activated sludge for disposal, for instance,
to control the concentration of the mixed liquor and/or culture. Sludge is discharged
from the apparatus with the waste activated sludge when it increases to the point where
the mixed liquor solids concentration is so high that it disrupts the operation of the
particular membrane biological reactor system. In addition, the mixed liquor waste
discharge port 216 can be used to remove a portion of the adsorbent material, thereby
removing some portion of the biologically refractory compounds, biologically 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
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conbi nati on of these and/or other prelimnary treatnent devices for
separating suspended matter of the type known in the art. Optionally, the
prelim nawgety@imng and/ or separation system 220 can [PeTaiSeomon3t66@, or
ot her types of prelimnary treatnent devices nmay be included, depending on
the particular wastewater being treated. [74] In order to prevent at | east
a mpjority of the adsorbent material 234 fromentering the nenbrane
operating system 204 and cauysi ng undesirabl ¢ abrasi on.and/ar fouli of the
o ancBAINS SEApaE B Bl beCr T Rd e By SR A SHORA TP G 2.
t he separation subsystem 222 is |ocated proximate the outlet of the

bi ol ogi c@rt peLatisly meBtantmbipkgical decasmpositipndptibridisghege andhe moshatpblei on
subsystem 222 can be positioned in a separate vessel downstream of the

bi ol ogi chibnmaeadt ahe 20@nbiane ehivlogicak asetort heArs egaivatkehomusntiyg yoft Emsl2 22

i ncl udes suitabl e apparatus and/or structures for preventing contact

bet ween abed@@sd adsoMinOmiateyiabDéantteadaetsor bent 234 and the nenbranes 240 in
t he nenbrane operating system 204. Separation subsystem 222 can conpri se

one or npie Ofy a}?_el?rﬁfn% .kc'i‘&nﬁ%oﬁ{d%ﬂ%%%aﬁti%%sltén@ 9288 be ?P(Wi@erd %sﬁ@ﬁm

sui t abl e separation apparatus. [75] Suitable types of screens screeni ng

appar at s LOr 15€ b0 FehEADSAAPHLIRY: 021 Hhe REgsenty loenti ofaiqc! ude
wedge wife Scleens;” metal or plasti ¢ Aperture ates, ‘orwovencfabrics, in
cylindrical or flat confjgurations and arranged at various angl es including

verti cal {SPABHPRAYERT FEr INFBIE D APSAYihAl dPABON1YSIERY ffres thesepefween.

In further enbodi nents, an active screening apparatus can be enpl oyed such
as a roteambigatehnehthese @ad/or othbr prelimgnasy freatmeot deytides forrspitagns sispeisieAg
apparatus. In general, for systens in which the separation subsystem 222 is
a scr eenmagerappaieaty®, kidven rileshe sirze Qmioanidy,| e frbkmidahe sbetiiog dnidrart  of
the effective granule or particle size of the adsorbent material that is
bei ng usggaration system 220 can be eliminated, or other types of preliminary treatment devices

may be included, depending on the particular wastewater being treated.

[74] In order to prevent at least a majority of the adsorbent material 234 from entering

the membrane operating system 204 and causing undesirable abrasion and/or fouling of

the membranes 240, separation subsystem 222 is provided. As shown, in FIG. 2, the

separation subsystem 222 is located proximate the outlet of the biological reactor 202.

However, in certain embodiments, the separation subsystem 222 can be positioned in a

separate vessel downstream of the biological reactor 202. In either case, the separation

subsystem 222 includes suitable apparatus and/or structures for preventing contact

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.

[75] 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
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[ 76] Ot her types of separation subsystens can also be used in the
separation subsystem as alternatives to, or in conbination with, a
screeni ngvappaviarars. For instance, as further descri bedPo@lusaioassstt| i ng
zone can be provided, in which adsorbent material settles by gravity. [77]
In alternative enbodi ments, or in conjunction with previously described
enbodi nents, separation subsystens can include a centrifugal system (e.g.,
hydrocycl one, .centrifuge, or the.like), an aerated grit chanber, a
1 oatat | BRVGY SFHEH( 4L EH o Koh ool SpliepfoRt 100 BrogPa <) GRtogA0EIesor
ot her known apparatus. [78] Optionally, or in conbination with the
separ at i Beludigs yatieady2oneiedy iowgprtally orispiclepr af apy gnglgi thetebetwsen.orln202, a
separation subsystem can be provi ded between bi ol ogi cal reactor 202 and the
nmenbr anefuother embodineyst anmp@d4 creeninghappaatusThan deainm@oyraslt suek asra @mmting
addi ti onal separation subsystem can be the sane as or different as
separ at | @n YasyEt @bradag  scieBn tofPEhé@N to®ngdsdreIMSi 0 Bpparatls.| Mat @merul, for
certain enbodi nents, a settling zone, a clarifier, a hydrocycl one
separ at Ofyucs RV #08epirich SRTRINRLDON, PlolERLaEARRE R QYIS B 2
di stinct ‘unit operation between biological reactor 202 and nmenbrane
oper ati ng Syst e 2L el & BRAlrLRS. SERALAL! ONuAURBXSIER, 288 day i ohly
ef fecti v {of preventl ng passage o adSofben erral”™ i n7its “original
di rension tao the nmenbrane operating system In certain preferred
enbodi rreWEl’se}'la]ttll‘}é“ggB‘&gé}f"‘?don subsystem 222 prevents substantially all of the
adsorbent material 234 from passage to the nmenbrane operating system 204.
However , [7@lir i Qgheoplepet iodnsephratine spsystam@on yse | eugisechus etheofepatationt i on of
t he adsorbent material, including inter-granule collisions, shearing,
ci rcul at submystan, aoldltesiatons af, @r ancebedinsidini witlst atscmeaing gyparanw. ndror
equi pnent, can cause particles to be created that are too

instance, as further described below, a settling zone can be provided, in which adsorbent

material settles by gravity.

[77] In alternative embodiments, or in conjunction with previously described
embodiments, separation subsystems can include a centrifugal system (e.g.,
hydrocyclone, centrifuge, or the like), an aerated grit chamber, a floatation system (such
as induced gas flotation or dissolved gas), or other known apparatus.

[78] Optionally, or in combination with the separation subsystem 222 proximate the
outlet of biological reactor 202, a separation subsystem can be provided between
biological reactor 202 and the membrane operating system 204 (not shown). This
alternative or an additional separation subsystem can be the same as or different 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.
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smal|l to be effectively retained wth the separation subsystem 222. In
order to mnimze the detrinment to the nenbranes and | oss of adsorbent

mat eri al WO 2088147979, certai n enbodi nents i ncl ude a separPaTiusSA19OBBFEL em 222
that is capable of preventing passage of substantially all of the adsorbent
material 234 wthin about 70 to about 80 percent of its original dinension.
The accept abl e percentage reduction in the original di nmensi on can be

determn rson having oy di nar for.instance,
based onlTah NGO CIEIRR GOSN For 1 dteity RO Tohbre PR S esul t s
in an increase in the particles passing through the screening system the
menbr anedf §dsprbegk pafariah e itp PEiREWS dimeistoasiooe MenkIane opyatnH YNt lanal ysi s
can be used to determ ne what is an acceptabl e percentage reduction of
adsor bentertrat prefeated padedinmmty, e epshtiof swbyssn @2 pnccetsenbstaitiatlg plladenent

of the menbranes as conpared to the costs associated with adsorbent

mat er i al thehadsoffet Mha&sal b2RRKRGE, paddide N@NtHel AGnDRtheOPPEratingd RAdterB 0305
associated with a separation subsystem capabl e of preventing passage of

particl eﬁo%%} Mgl erattlreﬁ%fttﬁbesgfg{ehg%%[ﬁh/amod’aggégtof QRLigsA 8f thg Ahas or

particles. I'n addi ti In certdin e I ments, sone degree of

| nter-gr an%énal 1ncll dls Qs ranul 0111 i3hs sﬁearm c1rcu1’lat n, & co isnonssto?t Ia%ﬂf%:s
or novi ng equrpnen 1% % (fe% f % strip %XCGSS | OFTB.SS rom fgf'l out er

surfaces of. the adsor bent rrat erial. [80] Scr eened or tgd m xed | i quor
ef | uent VFPBNTRERNAB] BT GNVEN CHEBBERy CaD S P ?)%FPpB%I CEﬁat A BY GPavity
(depending on the design of the particular %st en) into the nenbrane
oper at i ngnay st keefigtively netaingg stitnthe sérgation seRsysrenal2 epaordel Ormibzgst em
(not shown), the apparatus is preferably configured such that adsorbent
mat er i al theegariatedtd tiemnidaermeseshd iguof pBssieng mdwrcligh wbstexgt eenadh fine
screen or separator subsystemfalls by gravity back into the biol ogical
react or &fediments include a separation subsystem 222 that is capable of preventing passage of
substantially all of the adsorbent material 234 within about 70 to about 80 percent of its
original dimension. The acceptable percentage reduction in the original dimension can
be determined by a person having ordinary skill in the art, for instance, based on an
economic evaluation. If the reduction in the dimension results in an increase in the
particles passing through the screening system, the membranes will experience increased
abrasion. Thus, a cost-benefit analysis can be used to determine what is an acceptable
percentage reduction of adsorbent material based on the cost of abrasion and eventual
replacement of the membranes as compared to the costs associated with adsorbent
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
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[ 81] Adsorbent material such as granular activated carbon, e.g., suitably
pre-wetted to forma slurry of adsorbent material, can be added to the
wast ewat ewoaniwiard7ous points in the system 200, e.g., fPOFUS2610088580 229 of
adsorbent material. As shown in FIG 2, adsorbent material can be

i ntroduced at one or nore |locations 230a, 230b, 230c and/or 23Cd. For

i nstance, adsorbent material can be added to the feedstream downstream of

the prelimnary screening system 220 (e.g.., location 230a). tionally, or
| combi WA SIS DTG 19 S PoaeisebiRmaSy Tars Be e 5rihe B Doyl cal
reactor 202 (i.e., location 230b). In certain enbodi nents, adsorbent

mat er i al adsgrpepemptgtiploduced via the return activated sludge line 214 (e.qg.,
| ocation 230c). In additional enbodinents, it can be desirable to add the
adsor benk80hat 8ereaied upsepaated anixedh dqporedfflnentdrom sior kiemgig! ssestaeP022@n( e. g. ,
| ocation 230d), where the prelimnary screening system 220 is desi gned
speci fi ced pympa ort fftive baRRlvigatidgeAding onnké bekigidoSthe paAiciBr bkadm it t he
adsorbent material to pass through and into the biological reactor 202.

M xed | iﬂl!éf?l'braﬁ’i@%’?%ﬁatihglrs?%& dhe ﬁ@@%ﬁ%&%ﬁ@?ﬂ%&% 2&gardith LR %&ﬁor bent

material 1s substanti y prevented from passing into the nenbra%

operatin ste 04 with the m xed |li.quor, suspended.solids..[.82 t he
ator bendronaTu e dubirtdl e Ei sl B BT AR B8 paR i PhuaRy;
constitugnts i ncl udi ng bi ol ogi allé refractory, biologically inhibitory
conpound<ORnidf SPIXET JAHPT PAHE] RETGAMNCCHGRPURI SCTEFRPT FRTAR PysySem
resistant to biological deconposition, sonme or all of the adsorbent

mat er i al falls by gheétyrback méd thediglogicdlapaateré®i ng t he constituents, i.e., the
adsorption capacity decreases. This will result in a higher concentration
of t hese[8dpnsAdiarbert Snadriad Kudigad frenutendutianed epdoal ¢.pg ssiyblyepie20dtedwher e

t hey pass through the nenbranes, and are di scharged with the nenbrane

ef f 1 uent f2hZs sihity 38 dUSdrBdht nRASN baRtbeRIdBY it kheCRINBLAOMR VaRBh] p&ihisvig due to

coating with bacyerla, pol ysacchari des and/ or
the system 200, e.g., from a source 229 of adsorbent material. As shown in FIG. 2,
adsorbent material can be introduced at one or more locations 230a, 230b, 230c and/or
230d. For instance, adsorbent material can be added to the feedstream downstream of the
preliminary screening system 220 (e.g., location 230a). Optionally, or in combination,
adsorbent material can be added directly to the biological reactor 202 (i.e., location
230b). In certain embodiments, adsorbent material can be introduced via the return
activated sludge line 214 (e.g., location 230c). In additional embodiments, it can be
desirable to add the adsorbent material upstream of the preliminary screening system 220
(e.g., location 230d), where the preliminary screening system 220 is designed specifically
for this application by including screening that allows the adsorbent material to pass
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.
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extracel lul ar polynmeric substances. This |ayer of coating can reach |evels
where it blocks the pore sites and thereby prevents access for biologically
ref ract orwQ 2biool4ogyncal | y i nhi bitory and/ or organi c and iPOBMUSaM0O38SMPouNnds
that are entirely resistant to biol ogical deconposition, and consequently
prevents adsorption and inhibits biodegradation. In certain enbodi nents of
the present invention, this coating can be renoved by a shearing action

pr oduced one or nore mechanisns in.the system such as collisions

bet ween B‘gior HRAEC ARIOERGA AT GPREINg (1 E‘%ﬁw B%SEFW AnE S CHPREY 1P VST
shearing forces associated with suspension and/ or novenent of the adsorbent
mat er i al CoOMpPBIpNgHRHuaE bidesicalntediartery. Haglopisally ghibityy gomgpendsrangfor| t s

ef ficacy for reducing the effluent concentration of biologically

r ef r act oonganibiaoll agprgali¢ yoinpourils tthoat yareaerdirelly resigfamti to bawldgicalotegampesicanpounds
that are entirely resistant to biological deconposition, a portion of the
adsor bengonieéiedll @ th€ adsoenasiesidl wilBbawasicandRdctive 14, tre@tiflg theRynditeahar gi ng a
portion of the m xed |iquor containing adsorbent nateriaﬁ di sper sed

therein.;{ 8dl a%%&rﬁi@%lg% &2eaQs. "RASHAN Alse iRd SURPBInERE &I hAR be

i ntroduced’ i nt as descri bed above, via adsorbent materia

i ntroduction apparat.us 229 and/ or at no

| ocat on RS AnBHHE.EE BB iR RRE Sheraft Wt Bns ol e ®osound
concentrati ons and/ or i nhorganjc. conpound concentratjions, can be npnitored
Lo dot er MERBIRRERNE HEe SHH BEnY s GRPEPTaaR 4 st 3 oM atdiiony 3RS i n
the system have experienced reduced effectiveness. A plot of the difference
bet ween Whtgrinhkat begunceirfefigemte drDtalicoatdwdwith bagterianpelys@oaedsacadtarat i on
wi || show gradual |oss of the efficacy of the adsorbent material in the

m xed | i guecelluliegdaneid yybstandespTais legn of @oatigctah dcavh iévieby whdre ititharkgani ¢
renoval capacity of the system The anount of COD renoved fromthe feed

stream c@aR poeViife A keisabiQBn@f adcB F@l BlolossealyORMacRfy, biologically

ne or s%kga | e adg'tion

inhibitory and/or organic and inorganic compounds that are entirely resistant to biological
decomposition, and consequently prevents adsorption and inhibits biodegradation. In
certain embodiments of the present invention, this coating can be removed by a shearing
action produced by one or more mechanisms in the system, such as collisions between
adsorbent material granules suspended in the mixed liquor or shearing forces associated
with suspension and/or movement of the adsorbent material.

[83] When adsorbent material has lost all or a portion of its efficacy for reducing the
effluent concentration of biologically refractory, biologically inhibitory and/or organic
and inorganic compounds that are entirely resistant to biological decomposition, a portion
of the adsorbent material can be wasted via waste port 216, e.g., by discharging a portion
of the mixed liquor containing adsorbent material dispersed therein.

[84] Additional fresh or regenerated adsorbent material can be introduced into the

system, as described above, via adsorbent material introduction apparatus 229 and/or at
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biologically refractory and/or biologically inhibitory organic conpounds
that are being renoved fromthe wastewater feed. As the operators of the
syst em dewel2op/@xgeri ence with treating a particul ar wagCewsteo,3gchey wil |
be able to determine when this ratio indicates a point at which there is a
need to renove a portion of the adsorbent material in the biological
reactor and repI ace it with fresh adsorbent nmaterial. The systerﬂs required
efficienc be. r r.the ounds t hat 0

Cef 1 act i SHIUESHAIT Ty ShloB iy 1ndNer erd ey s bR v waler

bi o- deconposition, for instance, to produce an effluent that is in

conpl i anggnmcsvﬁlpp@yh|cat1@ﬂn$ratd@tfupn@%nﬂ@rga@aniﬂmmnén@nﬁﬁmay@n@ & PRe

ef fluent for concentrations of specific organic and inorgani c conpounds can
al so be mseiortd tadéddtemmawhwhte adfdrbaaayataial hhditadswonipanyinpibicendsaln tind its
acconpanyi ng biomass in the m xed |iquor has been reduced and parti al

repl acengitens howd Expegienddidt iedt@d. effddB)enthe AppIoRtdIthOtifterémRBIIeanenbihel ogi cal
react or system 200 according to the invention can begin replacing sone of

t he adsofpgnhqg BRLRR @ODRETICL "Bg & fohd D%Qﬂ&%%ﬁﬁ{ hANSHA g%@&aﬁ'l&éscof or gani c

or inorganic conpounds start t appr oach the faC| Ity spermtted discharge
concent gt sl oF yihess Sommounds, (J1ei Al IRMeH HheehRt pgccpnrsnLL L ons
are typi cal PSP B PR aC|I|ty S perr‘ﬂut for st ANce P as*deter ni ned
by the Nati onal PoII tant Discharge Elim nation %stem (NPDES%D ermt
pr ogr am ¥4t i @Oméswﬁaﬂ%%rgﬁyc RO TR BRIt t BE BV o PEbCadPi on
Agency, or other simlar regulating body in a particular state or nation.
As oper areoroyeddram eRp deede nigean rranprreaide iy isiieation saferewietative resnqunpaaft i cul ar
wastewater, they will be able to anticipate when to commence repl acenent of
adsor benbiohgicatly abfradtrgrandhe plepiatity iéhiermongmid bahpdunes efidtiacabyingf t he
adsorbent material and its acconpanyi ng bi omass i s approachi ng an

removed from the wastewater feed. As the operators of the system develop experience

with treating a particular wastewater, they will be able to determine when this ratio

indicates a point at which there is a need to remove a portion of the adsorbent material in

the biological reactor and replace it with fresh adsorbent material. The system’s required

efficiency will be regained for the compounds that are biologically refractory,

biologically inhibitory and/or entirely resistant to bio-decomposition, for instance, to

produce an effluent that is in compliance with regulatory requirements. Sampling and

analysis of the effluent for concentrations of specific organic and inorganic compounds

can also be used to determine when efficacy of the adsorbent material and its

accompanying biomass in the mixed liquor has been reduced and partial replacement

should be initiated.

[85] 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
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inability to achieve the requisite effluent concentration of pollutants,
the normal wasting of excess bionass that is perfornmed by wasting return
acti vat edwsl2oog@797oom | i ne 218 can cease and the excessPoOirarsasis/038sdo t he
acconpanyi ng adsorbent material is wasted fromthe biological reactor 202
via waste port 216. The ampunt of material wasted is determ ned by what is
required to nmaintain the m xed |iquor suspended solids within the optinum
operating range for the particul ar. mepbrane bi ol ogi cal reactpor,.system
After roPrERSTE HsChires GBFETENIOBY TPhdheds 5PBRMNat ciicafToYSE ANt | s
nonitored by the operator to determ ne whether the requisite contam nant
renpval eFFPRasiony arpaypisabn lindted drvete fagilityt s Berant. deping@sere s deteimbedmade as
needed based on operating experience. [86] In sonme enbodi nents, the system
and/ or i diheiNuminalalpgdbutaatt (Dsscbfrge hdinsiysti@ndysgm ( MEDLESepamioprbgmhi @at iso
nonitor and adjust the systemas desired. A controller can direct any of

t he par apstiated w'%tthé NUAiRR SyféePndiepaneitng PriedtiohhRgéesi I dotpe kil 4tg
condi tions, which may, for exanple, be based on governnental regul ations

regar di ”&fgﬁ%ﬁlﬁ%ﬁ%y 4 FaIBujar e GPRRGSH. | RE ogégto?sd.ﬁt:)é&?ieﬁ@egﬂl Rauitigl ves,

feeders o s dssoclated wth each potential fTow based upon one“or nore

signal s generated . sensor.s .or tinerspositione 1.thin the stem . or

i ndi vi dual® 3 speerllrr1 a lﬁ}s/ ! he”lrhBar(tzlfﬁlﬁlf1 i} &aftgwageg’nﬁlgy S0 a ] \é%]te %& ar}tlecé})uai%%t“gl er\}athes,
feeders or punps associated with each potential flow based upon one or nore
si gnal s YUNEFMCGPRgeREH bradisesbent mategal. wWAYhan the ppeiis %tf‘ggléwf%t &‘Fend,

for exanple an upward or downward trend in a characteristic or property of
t he syst eiicenyept shoppdspebant materdal pandi vl ag¢ompamyingFbiomassaiplapproachdemaor i n an
ef fl uent stream can generate a signal indicating that the concentration of
pol | ut aninabisiticto @Hicve ohoogiqanite yifluehr anicertyatioa g poiidantspihe Inoghalakhsying

i nhi bitory conpounds, and or conpounds entirely resistant to

t)ihg; d teﬁg@m&kgsi HEMARShAtepOEsnRIDy_ARERE FtDRChcYidhtbe® siRfgd freRdine0r18idAdi cating

cease and the excess biomass and the accompanying adsorbent material is wasted from
the biological reactor 202 via waste port 216. The amount of material wasted is
determined by what is required to maintain the mixed liquor suspended solids within the
optimum operating range for the particular membrane biological reactor system. After
replacement of a portion of the adsorbent material, the effluent is monitored by the
operator to determine whether the requisite contaminant removal efficiency has been
restored. Additional replacement can be made as needed based on operating experience.

[86] In some embodiments, the system and/or individual apparatus of the system can
include a controller to monitor and adjust the system as desired. A controller can direct
any of the parameters within the system depending upon the desired operating conditions,
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
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COD | evel, thereby triggering the controller to performsone act upstream
from downstreamfrom or at the sensor. This act can include any one or
nore of rwooviog7edsor bent nmaterial fromthe biol ogi cal pceaszeaw/03sd@i ng new
or regenerated adsorbent nmaterial to the biological reactor, adding a
different type of adsorbent material, adjusting flow of the wastewater at
the feed inlet or inlet to another apparatus within the system redirecting
flow of the.feed .inlet or inlet ta another apparatus thin the .systemto a
st or age P%\Sﬁk?negd?ﬂ%‘? ihfgSY5IG™ P BV RPUARS b eof@el&raﬁ“rr%acaé%or?% jUsting
residence time within the biological reactor or other apparatus, and

adj ust i nigeuaiepeasufesden @F rmpHastoeiated wieeashgroggitiebflow dasadotposronstdier
apparatus. One or nore sensors can be utilized in or with the one or nore
appar at usioor sigial egarmeradéd bhheensgrs toe tmteos, prhoeh uhdicate 4 speridiattiend, for example
characteristic of the state or condition of any one or nore processes being
per f or megh upwhie of Yishvamard &éhd Thex sshabtiaiRdot ?fﬁgeﬁyl &I thef syafeen @Kermar e
enbodi ments of the invention provide a versatile unit having multiple nodes

of oper a%ﬂe@&enﬂifﬂ&?ﬁeﬂrfo%%f&ﬁﬁé?olﬁ& AmPH, bisBlBr IR BLLAR strBGH AP Seddife a

efficiency of the Wwastewater treatnent systemof the present rnvention.The
cont rol 'selgna A0 RN -E RIS AR 0, U qlluedfey 8 &OE{P%&B@XF ﬁéﬁac\%}' ch can
be, for eXanple, a <eneral-purpose conp% ero UAPYEr Aatt veryS t A Eonput er
system can i nclude specj al | y-programed, special - purpose hardware, for
exanpl e, CUPPAPAi UaleRtsAL) &P QinCHfDQ@P%éSe&n‘g OF COMPOYINS) GBirgy reBHiHdPI er s
intended for water treatment systens. [88] The conputer system can include
one or nbipalcpepesiser bag yqackesd kypredstarenaddvalee ondreod. abinsligatingrthatddei ces,
whi ch can conprise, for exanple, any one or nore of a disk drive nmenory, a
fl ash me@ODy leeli dercby RANerROIUhy @aubide, taopedbinersodey hcteupareast dionn)g dat a.
The nmenory is typically used for storing prograns and data during

downstream from, or at the sensor. This act can include any one or more of removing

adsorbent material from the biological reactor, adding new or regenerated adsorbent
material to the biological reactor, adding a different type of adsorbent material, adjusting
flow of the wastewater at the feed inlet or inlet to another apparatus within the system,
redirecting flow of the feed inlet or inlet to another apparatus within the system to a
storage tank, adjusting air flow within the biological reactor, adjusting residence time
within the biological reactor or other apparatus, and adjusting temperature and/or pH
within the biological reactor or other apparatus. One or more sensors can be utilized in
or with the one or more apparatus or streams of the system to provide an indication or
characteristic of the state or condition of any one or more processes being performed in
the system.

[87] 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.
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operation of the system For exanple, the nmenory can be used for storing
historical data relating to the paraneters over a period of tinme, as well
as oper atwogote42970 Sof t war e, i ncl udi ng progranm ng codePChAtS2010pBsss®ENt S
enbodi ments of the invention, can be stored on a conputer readabl e and/or
writeable nonvolatile recording nmedium and then typically copied into
menory wherein it can then be executed by one or nore processors. Such

pr ogr anmj code can pe.witten.in any of a plurality of praqgramm

" anguagelhoFOLBSH Felt Do Pl SRR o EaRE SIRYEREMRISToYES CURFLEEY P2y st em
can be coupled by one or nore interconnection nechani sns, which can include
one or ni¥ eBIPiesa 28N¢yal-pPHpesHe EPMBYAH ondHIBAteht. B cCOMpRUERT 8XSEM 2R hi n a
sanme device, and/or a network, e.g., between conponents that reside on
separ at eindiugle rspt@altie piogesnmdd especitlepwposeelctrd ware méahexainghe, t anpappdilchtyore nabl es
conmuni cations, e.g., data, instructions, to be exchanged between
conponenipecidic ihtdgratdsdietit (ASR)) oflken@aMpinendsy sdrevatGrareatth&® sysi&hside one or

nore input devices, for exanple, a keyboard, nouse, trackball, m crophone,
touch scyggen, TRV ALEr sr%&'ﬂi BREMHC R IR & hARE JRNEER%s §icdRY offcRRgoOr Nore
out put devices, for exarple, a printing device, displ screen, or speaker.

In addition, the conputgéwg st em, can conta%nfone Qr, nore interface§ t hat
) .

r
one. o1, more Mento S ich”Can comprise. for .eXample, any. ope or mofe :
can connecet t‘ﬁle corrpufyer SYyS g]mct O a CO n1 cat’l onpnéflv%r , 1N ad8| fll on or

as an alternative to the network that can be forned by one or nore_of the
conponentigk 811v¢ H@Hﬁvg’taeﬁ%sh[ PIPORCLYI G AFAY BREOBY 9%% BRWGHARESR LT of t he
i nvention, the one or nore input devices can include sensors for neasuring
any one sierippdetaparlirememonofis symeady ased/ tr stonpo peegrams ededdta during
Alternatively, one or nore of the sensors, punps, or other

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,
including programming code that implements embodiments of the invention, can be
stored on a computer readable and/or writeable nonvolatile recording medium, and then
typically copied into memory wherein it can then be executed by one or more processors.
Such programming code can be written in any of a plurality of programming languages or
combinations thereof.

[89] Components of the computer system can be coupled by one or more
interconnection mechanisms, which can include one or more busses, e.g., between
components that are integrated within a same device, and/or a network, e.g., between
components that reside on separate discrete devices. The interconnection mechanism
typically enables communications, e.g., data, instructions, to be exchanged between
components of the system.

[90] 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
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conponents of the system including netering valves or volunetric feeders,
can be connected to a communication network that is operatively coupled to
t he conpuwerorysrem Any one or nore of the above can beCtaspéies3geso anot her
conput er system or conponent to conmunicate with the conmputer system over
one or nore conmuni cation networks. Such a configuration permts any sensor
or signal-generating device to be located at a significant distance from

t he conpgter S st? and/ or allow an sensgr to bf | ocated at.a significant
di st ancelTHesH BAYELL Ab Y PERCEH ARG B i SRmEE: agrEesiyie: B88hdi ng
data t herebetween. Such communi cati on nechani sns can be affected by

utili zi niFregmy osspepkds) dntagddtienqiie CORPNIGHBYIGeD GAN foRtain; gfietqs dnerg iptaaees
utilizing wireless protocols. [92] Al though the conputer systemis

descri bethabganweonnedt thx ammppeecasysgme td y pemofungatipu hetwosly,sit ewdditioororwhiagh

vari ous aspects of the invention can be practiced, it should be appreciated
that t healidnvgivkit®rihd fetWofk thattieBe Fnte@ibyGorend moRMfeHe icOmPORdntRsLtheOr 0ON
the conputer system as exenplarily shown. |ndeed, rather than inplenented
on, for ampl e, a general purpose conputer system the controller, or
conponent’s orsubsections thereof, can alternatively be inplenmented as a
dedi cat egh 3y Shem 9,38 i S GRLADRIIATTRR! 6 L odh CpeORLT QI SE (£8RC) OF
in a distribut'ed coAt?S system Qrtiers 5 P SRGU d e appreciate Yhat one
or nore features or aspects_of the invention can be inplenented in

sof t war edeVees BT e EPIHHER CAS IR J1 X RO RPTCORM IR FISSH SYHEM WL Gl e,

one or nore segnents of an algorithm executable by a controller can be

per f or meeprpprsatathareet.c oApratnatizelywiene hori morairad, the asenbersi pue@pmoniatkari on

t hrough one or nore networks. [93] In sone enbodi nents, one or nobre sensors
can be icwhphedtsadf thecsitstennsincluding metering valves or volumetric feeders, can be

connected to a communication network that is operatively coupled to the computer
system. Any one or more of the above can be coupled to another computer system or
component to communicate with the computer system over one or more communication
networks. Such a configuration permits any sensor or signal-generating device to be
located at a significant distance from the computer system and/or allow any sensor to be
located at a significant distance from any subsystem and/or the controller, while still
providing data therebetween. Such communication mechanisms can be affected by
utilizing any suitable technique including but not limited to those utilizing wireless
protocols.

[92] Although the computer system is described by way of example as one type of
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
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t hroughout of the system 200, which are in comunication with a manual
operator or an automated control systemto inplenent a suitable process
nodi f i catworroiom4297pr ogr anmabl e | ogi ¢ control | ed nenbr an@cChiusk@giosssko r eact or
system In one enbodi nent, system 200 includes a controller 205 which can
be any suitabl e programmed or dedicated conputer system PLC, or
distributed control system The concentration of certain organi ¢ and/ or
|norgan|c conpounds n be neasure t he ran ting system

o 11 dant SBISTBRS Cheedt o GHE AT d. I DB DS (hEeOFSFboYTan Seketor 202,
as indicated by dotted |ine connections between the controller 205 and both
the ef f|dshgated peogpapmablg togie contedlivediPhe @f i1 dedistriuird pertipdetyssot| et 208
and inlet 210. In another enbodi nent, the concentration of volatile organic
conpoundBurther,at klenlpbopgmegated thahanact mpiesteatoresfor hbpecsyof tleninmentidnecaneasur ed
at one or nore of inlets 201, 206, or 210. Sensors known to those of

or di nar yb& khplemehteli N sdftlvafd, HArdEES Sr qRRiWEE, GPRBT ediiSinS@dh theedonderdrhose
based on | aser-induced fl uorescence or any ot her sensor suitable for in

situ realhifie sRNbE %dr@%egéteﬁ@eofcél{‘%ﬁg%hﬁ%'&@c&ﬁler i €on%11é1“9£r9%@' ¢

conmpounds in the effluent ot her property or char errstrc of the
system Se SO%& 111 s€ arate uterSGdhI ﬂ !fjde S”%@‘?ﬁ %(I)nql emscze1 0t.’hr Uy I’ol‘rll%:eor. n

oi | -i n- WAt ey neasuﬁbnen PR U BV TUdr es Rt aet e¢ti8n " “stich as
envi r oFl u- HC sensors avail abl e frontTrrCS Opt i cal Sensors (Cidenburg,
GErnany)Hm$ﬁ%3¥%%§ors may conprise |enses which are coated or otherw se
treated to prevent or limt the anmount of fouling or filmthat occurs on
the | enséd] Wernowaeeobodimentss ong oers niaie t fvasay sea@nbgeineluded a4 locyins t hat

t he concentration of one or nore organi c and/ or inorganic conpounds exceeds
a predet ewrsighedt efahe eyrtanalD@nwhiti ereciabmohursaasiv e witanmaniidl epentorar an
responsi ve action such as a suitable feedback action or feedforward action,

i ncl udi ngutbihteBOtohttdl ts@HerhO t6 EIBYEMBNERAAS QuRERE PRIBES dhodifidatWAStE a

di scharge port 216 (as i1ndicated by
programmable logic controlled membrane biological reactor system. In one embodiment,
system 200 includes a controller 205 which can be any suitable programmed or dedicated
computer system, PLC, or distributed control system. The concentration of certain
organic and/or inorganic compounds can be measured at the membrane operating system
effluent 212 or the effluent from outlet 208 of the biological reactor 202, as indicated by
dotted line connections between the controller 205 and both the effluent line 212 and the
intermediate effluent line between outlet 208 and inlet 210. In another embodiment, the
concentration of volatile organic compounds or other property or characteristic of the
system may be measured at one or more of inlets 201, 206, or 210. Sensors known to
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
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dotted line connections between the controller 205 and the waste di scharge
port 216); adding new or regenerated adsorbent material via adsorbent

mat eri al wWotnoded7oon appar atus 229 or at one of the ot ireT/USOTABEHNG ( as

i ndi cated by dotted |line connections between the controller 205 and the
adsorbent material introduction apparatus 229); adding a different type of
adsorbent material; nodifying the hydraulic retention tinme; nodifying the

blologlcal characterlstlcs such as. sinple carbon food fqr m cro-organi sns
or addi nrepMoSHABRIREr lﬁlﬁwae@%wta%f@r&gﬁé{dﬁmmfe efrediar SHhAST of her
nodi fications as descri bed above or that w | apparent to those of

or di nar yesioFju-HE sepgorgpyailaplgfTomndri®S %tﬂcahﬁpmser& Qﬁﬁd@@mg’ §lereany)oghand t he
adsorbent material introduction apparatus 229 are shown only with respect
to FI G &nsors may dontpeine Gabs¢shallich heswafed ar wileswandetthe tovprevenior flieetthack and
feedf orward capabilities can be incorporated in any of the systens

descri begmb@iteifFoulink &dfink il octdie ofand Nedkéer Wah onarvr igorelsesdor i Gal |y
connected to ot her conponents such as a wastewater feed punp and the

suspensi %teﬁy §$r%'irzltg §2s1 én%? lhae‘ftﬁeeéontsaﬁraﬁbﬁ %@I ohé @ (ﬂ{or& %r@ﬁf@éﬁ%rﬁﬂ&gﬁﬁﬁ ated by

t he adsor bent “material” 1 n the biological reactor 202 he processed m xed

| i quor asses t.hrough sep tion subs transfe red.to the
rrerrbrane OpeErd %ﬁ’éces% %f% ] %‘I F?nz[ rg%rﬁrch ségsor 5én maeelF fal . The

separation subsyst em 222 pr event S %gsor bent ter| al from pas ing into the
membr ane"SPREPEEIHHOB PetethLOUabIBeGrRRAHE Hton iy § T69Eor AR | S8 in the
bi ol ogi cal reactor 202, or otherw se upstream of the nmenbrane operating
syst em 20, limited teeemoring ndsahett amterial vivewpite dspharghpenn 2l o asnindicated &% or
elimnates the |ikelihood of fouling and/or abrasion of the menbrane
oper at i ngotedslirendnandtionme riervedeasthdycoh tia lea O dnelnthe vedser didtharge port 216);
adding new or regenerated adsorbent material via adsorbent material introduction
apparatus 229 or at one of the other locations (as indicated by dotted line connections
between the controller 205 and the adsorbent material introduction apparatus 229);
adding a different type of adsorbent material; modifying the hydraulic retention time;
modifying the biological characteristics such as simple carbon food for micro-organisms
or adding phosphorus, nitrogen and/or pH adjustment chemicals; and/or other
modifications as described above or that will be apparent to those of ordinary skill in the
art.
[94] Note that while the controller 205 and the adsorbent material introduction
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 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.
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[ 96] The nenbrane operating system 204 contains filtering nmenbranes 240 to

filter the bionass and any other solids in the mxed |iquor in the nmenbrane
oper at i ngveystoerre7ank 204 fromthe effluent fromthe bi eceastanw/02820 These

menbranes 240, which can be in the formof hollow fiber nmenbranes or other

sui tabl e configurations, as is known to those of ordinary skill in the art,
are typically very expensive and it is hi ghly desirable to protect them

from da in.order to maxim.ze usefu I n the met

Syat em oY neRprh et BT b ceriid 1 BES P antmsleriEeng her ati ng
systemtank are extended, since the separation subsystem 222 substantially
reduces biPlagiGahiasgtos 208nthepresestedanixgd diapenpassest Wrquah sspasptiels supsariem ar
activated carbon, and/or any other solid granules and particles, into the
menbr ane22h eandt isngarsffsteelmozﬂw. mieBibfan@udeedting] Py stemar?P osubstaftidltyefreel ogf f | uent
fromthe nenbrane operating systemtank 204. Return activated sludge |ine

214 trang3efdest enatefall MMHRCtdpuakion ssbsdeen L0 easvdnto al e er@per at i ng
systenttank 204 to the biological reactor 202 for further use inprocessing

of the I bygdog.i r m usi ng
%@ﬁtg Sthél %@g@g@g\%ﬁaﬁg @fssferﬁ hpg! rﬁaﬁﬁ‘@ﬁﬁﬁgthfe AR HbOE SHSif

wast e I| nenbran blologlcal reactor system
[ 98] In Sy L %nﬁi)%l reac OI‘ Itl?e?‘\lgtsgeu%(s:ttré)altn Opﬁle mem ra%gr OlCJI!a 1nr ea(%t qr SUCh
as an aefatton nlcro rgani sis are aero ¢ro- 6an|sns

air diffusjon app tus or nechanlcal m Xi ng systentcan be used to nalntaln
the adsofBerfic FRFBPY 1) SR (Rr P opescAb ‘BHSION RENTZSP At ABRINIS I bel ow
various additional enbodlnents‘of the present invention include alternative
or suppl kmithped os{pbeasnd/ar appsipapliheonesyrgneapZ@g wysierl nkimembanes
adsorbent material in suspension. [99] Maintaining the relatively |arge
gr anul esbypthcadsobdemtaterilieri al in suspension typically requires
consi derable nore energy than a prior art systemnot using the

[96] 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

tank 204 from the effluent from the bioreactor 212. These membranes 240, which can be

in the form of hollow fiber membranes or other suitable configurations, as is known to

those of ordinary skill in the art, are typically very expensive and it is highly desirable to

protect them from damage in order to maximize their useful life. In the method and

system of the present invention, the life of the membranes in the operating system tank

are extended, since the separation subsystem 222 substantially reduces or eliminates entry

of the adsorbent material such as granular activated carbon, and/or any other solid

granules and particles, into the membrane operating system 204.

[97] Outlet 212 transports filtered effluent from the membrane operating system tank

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
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adsorbent material, or that enploys powdered activated carbon. Nonet hel ess,
t he advantages of using granul es of adsorbent material according to the
present iwoento/@ng7oi ncl udi ng i ncreased rate and degree @®CTaS2A1QMBSEaANT
removal , thereby mnimzing or obviating the need for further downstream
treatment, outwei ghs any increase in energy consunption for operating the
system [100] The suspension system 232 in certain enbodi nents of the

pr esent invenIioz, utiIizesj§q$ or me ofg#%t.nixiqgf mechani cal .m xi ng,

j et aer aPPEFSINEOA IV BUBETE SETHERBn, EXgRY sh1988 s Yo Pediram hecyiem esneor ai r
suspension to maintain the adsorbent material 234 in suspension while

m ni m zi Wastakine 21§ sningreonpentipgalonerebraneriiodegical reagior syst@m] | n certain

enbodi ments, after an initial period of time in which the adsorbent

mat er i al [98B4 Insswsitdnd m twheclbibodlogjcad aleactea@Ddris 202aapbic searogsarhubhe abr eakage
occurs, e.g., sone of the rough and/or protrudi ng surfaces of the adsorbent
mat eri al ac?@fonbta@Rkanaf fheaitrOSLQRBIPABAREGbIE INTie- 0REMEISSadhirodifRkiogMal | er
particul ates, the adsorbent material 234nmintained in suspension by the jet

suspensi gy, Byql &%&%&m%&%ﬁixhﬂ%%%en%%%m’se& kd hfhedth iROadsUibbRGhafifiakiage or

degradation I n size occurs. | I n additional enbodinments of the present

i nventiop,  prior rolntroduction of .adgorbent mterial Inta, the sygiem the
mat er i al >*CBA be'precon PES Snad y renDV|WgVea§&to- 8re§¥lpor iond of the
adsorbent material, thereb nininizing»creafion of fines and ot her

undesi r aBEEFE FEnden walude altagativer syPRIeEeRi] qIPENsiy WBPRFULIS SEHEMZdRA abr ade

the menbranes. Preconditioning can occur with or prior to pre-wetting, for
i nst anceto an@isierdisireent oradirtal onjuspensjpar at us such as a wet or dry
particle tunbler. [103] The concentration of adsorbent material in the
m xed |i[99br Maimanepaihkyretheitvelymangd ghasked afpaiRotbest apegial iic saysheion
paraneters and wastewater to treat the
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,
including increased rate and degree of contaminant removal, thereby minimizing or
obviating the need for further downstream treatment, outweighs any increase in energy
consumption for operating the system.
[100] The suspension system 232 in certain embodiments of the present invention,
utilizes one or more of jet mixing, mechanical mixing, jet aeration, coarse bubble
aeration, and other types of mechanical or air suspension to maintain the adsorbent
material 234 in suspension while minimizing attrition of the adsorbent material 234.
[101] In certain embodiments, after an initial period of time in which the adsorbent
material 234 is within the biological reactor 202 and some granule breakage occurs, e.g.,

some of the rough and/or protruding surfaces of the adsorbent material 234 break off and

becomes powder, fines, needles or other smaller particulates, the adsorbent material 234
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particul ar conbi nati on of biologically refractory and/or biologically

i nhibitory organic or inorganic conpounds to neet a facility's discharge
requi r emewo010f@470ng has i ndi cated that operating a nemrbrarseoloiosdesqgi ca
reactor with a typical industrial m xed |iquor suspended solids
concentration (in a normal range for the particul ar nenbrane bi ol ogi cal
reactor configuration enployed) and an adsorbent material concentration,
such as granul ar. activated carbon, of.about % (qf..the total xed Ilquor
suspendedAUHINESn SBREBHPR By {THFt RSl YR zf ﬁ(’%ﬂ%% Yhaehy B‘inl]ﬁg)F cally
refractory and/ or biol ogically inhibitory organic conpounds present in the
wast enat Brthprligaligee wpdegradasigniimgize 8€AWhg probl ens on the screeni ng system
used. Hi gher concentrations of adsorbent material can be added to provide
an addi t [162hI Inmaddjiionadf erstafdanyntagei thst prpsant essentipsepsot hatintcadrcdoc afis e

hi gher than normal effluent concentrations of biologically refractory
conpoundgdsofefl @gteial inyo thBRydérh Othy nt@ROURBe pRBSH@orRd BFTEMovihg leABF-gani ¢
conpounds entirely resistant to biol ogical deconposition. Note that this

addi ti onglyads ?BR%HE oEhE Ll Mot &4 Ehekéi)ty' RGBAIEH RAL6E Y The@nli O

settling reqU| ements. The | owest concentration of adsorbent mat eri al that

can be u ?esua ﬁe&nalfg (Ehc €S thtapea r%oflfl %l?qoef f z|1rl5{ g flég]l% Iaﬁa}(a t%ebe

enp|r|ca? erm upon-a tesi're margfn of y aga|nst
process upmgts that is _based on experience or othermnse eenmed appropriate

for the PsPCrdgtHal r%";‘?gihélﬁ{”éﬁ&aﬁr%ﬁ‘éfs%mh[OIO)A]OY TAPTHVERESL I9TPEARSCo M dsi ng
adsorbent material upstream of a nenbrane operating systemtank to adsorb

or gani ¢ sti@blersondisinniog appapius bech(@siaovsgir de partieletymallenry, bi ol ogi cal |y
inhibitory or otherwise) as well as to provide for a suspended nedi a
menbr ane[108pl Dy cahceneadborofi adapidnt cableeialf dn thevatixeel Yiqadr ds f deaemtlly
configurations. In addition, various separation devices may al so be used to
mai nt ai NgdibreniAds BhRANLpIALRS kpdcific 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
that operating a membrane biological reactor with a typical industrial mixed liquor
suspended solids concentration (in a normal range for the particular membrane biological
reactor configuration employed) and an adsorbent material concentration, such as
granular activated carbon, of about 20% (of the total mixed liquor suspended solids
concentration) was adequate to remove the biologically refractory and/or biologically
inhibitory organic compounds present in the wastewater feed without creating fouling
problems on the screening system used. Higher concentrations of adsorbent material can
be added to provide an additional margin of safety against process upsets that could cause
higher than normal effluent concentrations of biologically refractory compounds,

biologically inhibitory compounds, and/or organic or inorganic compounds entirely

resistant to biological decomposition. Note that this additional adsorbent material will
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in the biological reactor. It wll be appreciated by one of ordinary skil
inthe art that different systens will have different econom c benefits
based on wbeoimdrerodual characteristics of the wastewat @CTArsdomioss6es€gi on
where the facility is to be installed. [105] The factors that are
controlled to produce optinmal treatnment conditions include the type of
adsorbent material, including its size, shape, hardness, specific gravity,

settling rate,.requisite air f]ow or. ot her suspension needs faor granule
suspensi B i 5E Aa aieqieg, gpaon sedling yeilie el e v CoRpeealdp at ed
carbon as a suspended nedia, the screen bar spacing or opening size and
hol e confdsgiheat materiak Hat easnkeevitlizgd japa sBY aghiswt B’@rr?qlﬁmdéfﬁwnti%alﬂtﬁé?am xed

| i quor, the concentration of the m xed |iquor volatile suspended solids,

t he t ot abe enpiienlly de¢teomned, basedegbdni gydevired uspgndddaeol aghsnst pheessatpsetsof t he
return activated sludge flow rate divided by the flow rate of the m xed

l'i quor emiueisibagdt dieexpeniica Re othiefriaé ten&lflpedPriatitor tHehRurintraydted ahet enti on
time and the sludge retention tine. This optim zation provides adsorption
of sone ttd;on of the biologically refractoryconpounds, easy to degrade
bi ol ogi cal oxygen demand conpounds (BOD5), biologically inhibitory

conpound rgani c or.inorgani.c ¢ gunds. entirely resistant to bi.ological

decomposttbn oAb aNid Ut BErD bRt rdm oEE By s atisBent

mat erial such as granul ar activated carbon suspended in the m xed |iquor.
e

[106] AndtlEt BRhefd (3310t REZASpAPAL TGS HBBHRIS efitiCTogiFaNY | Erarery:
providing sites to which the mcro-organisnms in the mxed |iquor suspended
sol i ds chinlogifaly einhibifpry @8 paberwise) tasewph otse &5 pprvadiudes aasuspsasigd | ingdier
vol atil e suspended solids streamthat is nore stable and resilient inits
r esponsemembtyns dtiologicdl tehctos isamgplizhblovier enhsages diffecagradaduraionef Thhe
organi cs present in the wastewater as conpared to a non-granul ar activated
carbon eghaisedaiBidepnatdi 849&isGRdy 1163 6¢ AtedoiahAhfth Wetalssb&itlAdtedmdr aul i ¢

in the biological reactor. It will be appreciated by one of ordinary skill in the art that

different systems will have different economic benefits based on the individual

characteristics of the wastewater and the region where the facility is to be installed.

[105] The factors that are controlled to produce optimal treatment conditions include the

type of adsorbent material, including its size, shape, hardness, specific gravity, settling

rate, requisite air flow or other suspension needs for granule suspension in the mixed

liquor, i.e., to maintain the granular activated carbon as a suspended media, the screen bar

spacing or opening size and hole configuration, the concentration of adsorbent material in

the mixed liquor, the concentration of the mixed liquor volatile suspended solids, the total

concentration of mixed liquor suspended solids, the ratio of the return activated sludge

flow rate divided by the flow rate of the mixed liquor entering the membrane operating

system tank, the hydraulic retention time and the sludge retention time. This

optimization provides adsorption of some portion of the biologically refractory
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retention tinmes and sludge retention tinmes. A source of m cro-organi sns

i nsi de the pore spaces, or on the surface, of the adsorbent material serves
as a sourwe20fo/megd bacteria in the event of an upstreaRCpUSCEsH36PE et
resulting in the loss of sone of the viable mcro organisns floating free
inthe mxed liquor. In the event of a thermal or toxic chem cal shock to
the system which would, in conventional systens, term nate certain
bacteria, some of the cro ani.sns within the or SL9f on_ t he
ot f ace PRTRY Ry B eEd g o R erL ek hereplad BRIET; bl Hicessar y
as conpared to conventional systens w thout adsor bent For instance, in
syst ens ANt Rempendér piganis afel8efganici eompayads gaieberesisean tabidkogistme
bacteria within the pore sites to survive in the event of thermal shock due
t 0 i ncr edsethpoatiperaat wxea-ctilidevpad ppeiinsubygsinessywhe nésorteat bactriet swhias
thernophilic, the adsorbent allows some bacteria within the pore sites to
survive gﬂanﬁlaﬁa&l\(@ﬂéﬂc@lfbohb@d’pﬁﬁdledih(ﬂfekmﬂdéﬁlftlQOIdeCI'eased tenperature. I'n both
of these circunstances, the tinme required for the cultures to re-acclimte

can be grieg] ! XnBt‘ﬁEiIUB&ﬁaﬁt lp tﬁ‘éi%]%a{r%s of hd %?&Mﬁnhvéﬁuo% B a@)@m QK hhat

term nates all or a portion of the m cro-organi smpopulation, "the presence

of adsorben terl tinued enaty
et ract ol g Ahaiohobr b Dot iRl 8 Sen OO Thud ol

c[lﬁ%snaspect ’

Il e
ni sm popul ation is, adjusted. [.107] The varlous benefits result in

m cro-org 31[
a more r a’fzrh& REED atqUSR BT REd0] IEFuS}SP?I@efihS@ i stetmaRY if dBYC reduce
fouling of the nenbranes, an inproved tolerance to variations in feed
concent r sithlonandnigsilicoty inatte, resporgc éo aupdetidepmditivas eadh doviewabheanraed nore
quickly with a less oily nature that is easier to handle, and an effl uent
havi ng abibdygidation € nlie¢r aitehoins pfesamtganhe wastewatio sgasrhgaredrpis nbn-@saruld@n can
be obtained froma conventional nenbrane biol ogical reactor apparatus.
activated carbon enhanced membrane biological reactor operated with similar hydraulic
retention times and sludge retention times. A source of micro-organisms inside the pore
spaces, or on the surface, of the adsorbent material serves as a source of seed bacteria in
the event of an upstream process upset resulting in the loss of some of the viable micro-
organisms floating free in the mixed liquor. In the event of a thermal or toxic chemical
shock to the system, which would, in conventional systems, terminate certain bacteria,
some of the micro-organisms within the pore spaces or on the surface can survive, thus
only a fraction of the recovery time is necessary as compared to conventional systems
without adsorbent. For instance, in systems where the bacteria is mesophilic, the
adsorbent can allow some bacteria within the pore sites to survive in the event of thermal
shock due to increased temperature. Likewise, in systems where 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
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[ 108] The use of an adsorbent such as granul ar activated carbon in place of
powdered activated carbon elimnates the nenbrane fouling and/or abrasion

t hat havewbeeryisdentified as a problemin powdered acti paras2eanktsno

menbr ane bi ol ogi cal reactors testing. [109] Although the use of granular
activated carbon in place of powdered activated carbon does not use carbon
as efficiently on a weight basis, the system and nethod of the present

i nvention substanti all revents th ranul.ar tivated carbon from

ent er i ng"YREOE A1 ehobls L {9 AR o ha ey (o IRk AP PAPY A | ng
the |ikelihood of abrasion and fouling of the nenbranes. The inpact of the
reduced BEsREFIFS Pfeddpdieehnaatail allows fior coptipugdngpeyatiaiu|iar whichi hbiled
carbon in place of powldered activated carbon does not, however,

si gni f i cefiabtpry, npalc intikieoref ddntaipagé dahebo\ads@béd axliilev #tee thicrdygamisnhanced
menbr ane bi ol ogi cal reactor apparatus.[110] Testing has indicated that the
princi papopiffdans sdjuséd.r enoval of certain biologically inhibitory organics
and/or biologically refractory conpounds is related to an increase in the

resi dencgobi Mend Ratouk HEndH Okt GAkL n¥ork &F _i@%&&frﬂaﬁ%ﬂ%f@ﬁé’h&@d‘lﬁgﬂoy td {hRi bi tory

conpounds are exposed t he mcro-organisnms 1 n the powdered activated

ot
carbon enhanced aratus. -Mcro-organisns in the mxed |iguor. volatile
suspendeti” S0 Tils  auor tsed ye A SRERPLIRY hlpertis Shcheald Gratidiedp
activatgg ﬁarbon have a | onger peri od of to digest these certain

F

i e t
bi ol ogi cKPf FOREPFALIGAPIAIRY HIGIREYT A1 %luc{gﬁﬁhﬁi a0 EBSETHESIC THiEk Bas ed
residence tine for biodegradation has been shown to be a major factor in
r educi ngwithea dessc ey rzatironthef ig esasiai o bhantlsgiandl by afdfengchaying antpwer
bi ol ogically inhibitory conmpounds in the nenbrane biol ogical reactor
ef f | uent ¢ongadtrdtioa bi girginiada@r pidrgmief inpiri@ac ythod dahe bpovkteined fachi wat ed
carbon is not required to achieve the
conventional membrane biological reactor apparatus.
[108] The use of an adsorbent such as granular activated carbon in place of powdered
activated carbon eliminates the membrane fouling and/or abrasion that have been
identified as a problem in powdered activated carbon membrane biological reactors
testing.
[109] Although the use of granular activated carbon in place of powdered activated
carbon does not use carbon as efficiently on a weight basis, the system and method of the
present invention substantially prevents the granular activated carbon from entering the
membrane operating system thereby minimizing or eliminating the likelihood of abrasion
and fouling of the membranes. The impact of the reduced adsorption efficiency as 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.
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desired results. [Ill] Ganular activated carbon in a carbon-assisted

menbr ane bi ol ogi cal reactor perforns as well or better than a powdered

act i vat edwoantyara7enhanced menbr ane bi ol ogi cal reactor i RCENISAMOI0BRHSE he
removal of biologically refractory conmpounds, biologically inhibitory
conpounds, conpounds that are entirely resistant to biol ogical

deconposi tion, and extra-cellular polyneric conpounds. Al so, because of its

| ar ger t can be.ef f ivel |.t er d or, otherw se se ted fron1the
mxea 1 HIBH TR oe it s thenariopaf arRBGy S ARG o'

abrasion that occurs mhen usi ng the powder ed acti vated carbon can be

el i m nat @alqgrrcaﬂygmhlbwmrwlqs@aé@éél%%lm 1s{petarygroamauads kaekatgdite@ncar bon
in accordance with the present invention. [112] Wile the use of the

powder edinachseviat thel resadenon tiperthatcthe idlogieallyerebnetne didobiolpgrally igakit@y has
denonstrated sone of the sanme advantages descri bed above for thegranul ar

acti vat egbrspiunan a3y ikpledt e b saEroest n%ﬂﬁa’ﬁg anethabgaedeasl facovardheapowder ed
activated carbon particles in the nenbrane operating systemtank(s) is

unaccept gl g é'ggﬁritﬁ%e %@P& @%@ni%m'é Sigf tlHE thixk8 153 BRIt ‘éﬁ:ﬁ)gn&é?i Mlids

unacceptable l e e.g., S|g flcantly ess than a typlcal menbr ane

var rant y c% Tbeae { rhe Cc?sorbe maten u rang%imru%g 1va%ea l%ngﬂgntel galn;[l eD ortion
of the total cos Fane 1i’o 0gi Feact of sys em an €x Si on of

their useful life |s an |nportant factor in {he operating. cost Qf t he
menbr anePB{5Er At H1HE 12 feaceninee aespin-p! R W GRS A0 LY SPGB et of
a menbrane biol ogical reactor system 300 that utilizes a biol ogical
deni t ri f ¢@arduods.o pwreasedresidentretims peichiadsgradhtion die §eaashosm toHend gajor
treatment systens required by a specific influent wastewater can al so be
i ncor por fated in reddedngs et @mcaftrative qircesteint bioroganatly aafrgensgr ald yiokdginatiyw t h
respect to FI G
inhibitory compounds in the membrane biological reactor effluent, and the higher
adsorption efficiency of the powdered activated carbon is not required to achieve the
desired results.
[111] Granular activated carbon in a carbon-assisted membrane biological reactor
performs as well or better than a powdered activated carbon enhanced membrane
biological reactor in enhancing the removal of biologically refractory compounds,
biologically inhibitory compounds, compounds that are entirely resistant to biological
decomposition, and extra-cellular polymeric compounds. Also, because of its larger size,
it can be effectively filtered or otherwise separated from the mixed liquor that enters the
membrane operating system tank(s). The abrasion that occurs when using the powdered
activated carbon can be eliminated or significantly reduced by employing granular
activated carbon in accordance with the present invention.

[112] 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

41



2, as wll be apparent to a person having ordinary skill in the art. The
enbodinment of FIG 3 is simlar to the enbodinent of FIG 2, with the

addi ti on wb 2ar/1@amoki ¢ (| ow oxygen concentration) zone 3BLTI/USR010/088650

enbodi nents herein using an anoxic zone or vessel, a sinple organic carbon
source, such as nethanol or the biochem cal oxygen demand content of the
wastewater itself, provides for the consunption by biol ogical organisns.

Wastewater 306 is i tro%uced intﬁ tEe anoxi c,zone 331, n%’hi CE is in fluid
communi c&EPYAT FHRCHE MTOPEITE ANC PRYLYSS: MSB 08 APHS OB die PRRHE ftat er i al
334. The anoxic zone 331 can include a m xer and/or an aeration device (not
shown) . 2diivaies sdibap Rediclps i ths memiane ppeapfingeyyatemoanlgel/is @aagespigBlegincghe

di ssol ved oxygen concentration is controlled to maintain anoxic conditions.
Ef f | uent thErmembiaee’biwstfoylifatar bactduceBOR an sinhcrep@biecledely £.a., sigefamdyi on
subsystem 322 to an inlet 310 of the nmenbrane operating system 304. In the

nmenbr anelegpeiantd Rgicay slegiBralRdwarkdify WESHRWAE ROsPFSHE drasGrepRReerds a
norem crofiltration or ultra-filtration nenbranes, thereby elimnating or

m ni M zi 9itiReh PERDN AthEHodhi Icbdi SR b IR Bibldefiat FALMYr bistdrt Al @Rngi¥RMDr ane

perneate, i.e., liquid that passes through th& nenbranes 340, is discharged
fromthe nbr a eratin em 304 via an outl 312. Menbr ane

Fetent ac & o got L BREE 8 bRg PUT LR I s W et o S e PR TP el Ui ng
activated sludge, is returned to the anoxic zone 331 via a return activated
sl udge |¥Mi€™814. Spent adsorbent material fromthe biol ogi cal reactor 302
can be renoved via a m xed |liquor waste di scharge port 316 of the

bi ol ogi cH3} eBKi. Grshgps an Altggastiee eobddemedid agaembilage bigtogienh esctosdystemt he
return pipe 314 to divert sone or all the return activated sl udge for

di sposal 300 drat utiiz&anc djoldgicat aiehitdficdtioe aperatient r@theo speafalizére bivlxgehl ldrquor
and/or culture. The m xed |iquor waste discharge port 316 can al so be used
t O rendVghehilAr filmel sishenQasRibedy ABREIRl infBne Wdi¥RhRPtcafUARY ibky Of

fresh or
incorporated in the system of the present invention generally shown with respect to FIG.
2, as will be apparent to a person having ordinary skill in the art. The embodiment of
FIG. 3 is similar to the embodiment of FIG. 2, with the addition of an anoxic (low oxygen
concentration) zone 331. In the embodiments herein using an anoxic zone or vessel, a
simple organic carbon source, such as methanol or the biochemical oxygen demand
content of the wastewater itself, provides for the consumption by biological organisms.
Wastewater 306 is introduced into the anoxic zone 331, which is in fluid communication
with the biological reactor 302 containing adsorbent material 334. The anoxic zone 331
can include a mixer and/or an aeration device (not shown). In embodiments herein in
which an aeration device is used, the dissolved 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
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regener ated adsorbent material can be added. [114] As in the system
described in FIG 2, there are nultiple |ocations at which the adsorbent
mat eri al 8820war749¢ added to the system In a preferredPemusdi0®sr6so
adsorbent material is added at a | ocation 330b that prevents passage into
anoxi c zone 331. [115] FIG 4 is a schematic depiction of a water treatnent
system 400 which is one enbodi nent of a system 100 shown in FIG 1. In

syst em 400, bi.ol ogi cal .reactor 402 is divided. or. partitioned into

it ol emisefioglieh S0sG b AGLRemE et Gk, AT s o & U408 PN br ane
operating)s stem 404 i s positioned downstream of biol ogical reactor 402.
[116] Th rwimfa:@p% apgl/gi i Eaycidiyatiohe Mapbane pgrmows lies igid flkasrragses o
provide a flowin the downstreamdirection. This can be acconplished by
conf i gur giroughshandibrarep Bad at dsschargédiiomgthe Imembvate dpamtinedsysemadDdovier f | ow
weir, subnerged orifices, and/or various distribution piping arrangenents,
for the puopssiof Mahblhaé MiEGaeOBd.I §0IEIS el aid BIBlodRhIVRABOZ Q0B SRR and
402b and to nmmintain adsorbent material 434 only in zone 402b. These

vari ous GeRGIGUALANSIGAR, A 30Re dEShORRGGE e J9 AN FRbrt Reivhdhe of

fl ow between Zones 402a and 402b. Further specific arrangenents are not
illustrated as t e Wdl l be kna to o of ordinary.skill Ln the art.
11177 Dur s Bpbr T on P serotnrhall Bl o SRR It S PherE e
into the biological reactor 402, and in particular to the first zone 402a
of the blieamag ¢ 2 A Bﬂu%mstep@smgged@%éi% eﬁthgﬂm@,gwalt regfter S¥e appar ent
to a person having ordinary skill in the art, phosphorus, nitrogen, and pH
adj ust mewesterebdeti Blidscapralschbarceniested 4o threreqed edpa d14rtd divaitrsomstarradl thaut ri ent
ratios and pH levels for the biological |ife and associated activity,

i ncl udi ngtdrh adcdgated|sluabge dat idosposal nfdrhi@sthndes tto zoneoldth2acontteratioar«- the gani sns
inthe first zone 402a are capabl e of breaking down at |east a portion of

t he bi ol ggie@aldu¥r and/or culture. The mixed liquor waste discharge port 316 can also be used
to remove a portion of the adsorbent material. An equivalent quantity of fresh or
regenerated adsorbent material can be added.

[114] As in the system described in FIG. 2, there are multiple locations at which the
adsorbent material 334 can be added to the system. In a preferred embodiment, adsorbent
material is added at a location 330b that prevents passage into anoxic zone 331.

[115] FIG. 4 is a schematic depiction of a water treatment system 400 which is one
embodiment of a system 100 shown in FIG. 1. In system 400, a biological reactor 402 is
divided or partitioned into multiple sections 402a and 402b, e.g., using a baffle wall 403.
A membrane operating system 404 is positioned downstream of biological reactor 402.
[116] The hydraulic flow between zones 402a and 402b is engineered to provide a flow
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
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| abil e content of the m xed |iquor suspended solids. The sinple carbon,
i.e., biologically | abile conpounds, in the m xed |iquor suspended solids
serve as woRowd43o0rce for the mcro-organi snms. WASt ewalPEr/usan0loasese eat ed
in zone 402a to renove substantially all of the biologically |abile content
of the m xed |iquor suspended solids, or, in certain enbodinents, a portion
of the biologically |abile content of the m xed |iquor suspended solids can

be retained for passage in th Lol ogical. reacti on zone 4 I n.

orbodi merPLrafih HEERR RRESOp aa ADT 50 tebmriat R Adspter b A A B quor
suspended solids is reduced in zone 402a to a level that is insufficient to
ef fi ci entang 4dppdheseriiagipns endinrasings ewHER Pedah2ner €0 8 thedof BIStIRSIS ar e

i npl enented to maintain an effective concentration of a m cro-organi sm food
source, fawtheondeardoyed 402ahmndd®ah s thuethen fpeoifioginmagemens tieamwt Zibusgraw@2l. Thi s
control can be, for instance, based on the residence tine of wastewater in

t he upst mheamyakekdao oRass bilitnady StillpstHeeam of untreat ed
i nfluentwastewater directly to the zone 402b, controlling the return

activat e19| UB@fng | JpefB0HC LA GnARLN AR e Wite Ok REIm SATPLE ifAdRe fiagdmgour ce

for the mcro-organisns, or provide intermttent aeration in zone 402a, or
other. ”Eﬁi?fg)d%a} nakp T DEALEY X QTRSS 4 A0S 402 Rio1 dotchBhedofizOr DEN
mat eri al i'S nal ntaimed I'nt'suspensi on 1 h brological teaction Zone 402b
usi ng a suspensi on. apparatus 432, which can include one or nore of the
Suspensi B17 595 PeNAISABSES RRG: 161145 IPRAIGH 1o APCEaIVING Qrfieaty il 1 g 10, 1
1 or 12, in the exanples herein, or any suitable conventional apparatus for
ci r cul at #thgpheisphorpy, quireigess and ebhbilinstniconh neterkly onalemicalgicdn behadsed to
conventional apparatus include, but are not limted to, air diffusion
bubbl er smajp@dal |l spsimainnxeicht rstivsf ack pHeteatiorfor thé divlogicilrlifel atd agoguweps, and
others that are known to one of ordinary skill in the art. It should be
appr eci af@@ity NatludMy Bilokltal oxidation, in the first zone 402a. The micro-organisms in

the first zone 402a are capable of breaking down at least a portion of the biologically

labile content of the mixed liquor suspended solids. The simple carbon, i.e., biologically

labile compounds, in the mixed liquor suspended solids serve as a food source for the

micro-organisms. Wastewater can be treated in zone 402a to remove substantially all of

the biologically labile content of the mixed liquor suspended solids, or, in certain

embodiments, a portion of the biologically labile content of the mixed liquor suspended

solids can be retained for passage into the biological reaction zone 402b. In

embodiments in which the biologically labile content of the mixed liquor suspended

solids is reduced in zone 402a 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

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
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certain enbodinents it is desirable to use a suspensi on apparatus 432
having relatively | ow energy consunption to nmaintain the adsorbent materi al
434 in swspenV@m7osuch as those described in conjuncti @aTmiS2é10/s86s0 7, 8,
9, 10, 11, or 12, or in Exanple 3, Exanple 4, or Exanple 5, other

enbodi ments using less efficient apparatus are also suitable, as the
overal |l vol une of the zone 402b within which adsorbent material 434 nust be
mai ntai ned in su iS O ion of the to ume of the

Dy ol o1 carRatt Sreigsd et Tt BB Redisai e urr &l whidn Agmaghe
positioned in section 402b to substantially prevent passage of adsorbent

mat er i al mathaneloot KEceBPkNcaBpR riapd rﬁ@uws%gé ntha Opicre-QrEagsE 19X ePBBEE nent s,
adsorbent material is added only at |ocation 430b, i.e., corresponding to
zone 402imtdri28int Netagon hazomhidla, sy sthemmb@®ds sha lpponotsi ¢ heabthg Barbsdsant i al |y
adsor bent-free biological reactor zone, and one zone containi ng adsor bent
mat eri al z¢h3402bt W Il be appreciated by one of ordinary skill in the art
that a fewer or a greater nunber of zones of each type can be enpl oyed. The

concent r gRPNAQLorBYR %Q@&H At €T Aheafldd ih r&u%ﬁ&ﬂoﬁ? Mo %Q&Q%Eﬁ%ﬁ’&lohhﬁm%aﬁe

concentratl on as enpl oyed e. g , 1n the system of or a higher or
| over ”tsrnatéé’u% CAR e usad z{%‘i SR Q;%n%‘cl otz L eual el el g fn eat ed.
[ 121] di*t'1%on’ PHE B (ﬂpogl Cal” 1 ac Z61ES VER BT SF mEd T VAl ous

confi gurat| ons For i nstance, in prispmatic_bjol o ical reactor tank, a
parti ti oS deeeiPadehepiiByg-geds Ao ﬂr@ Ji 8ch B 0HE Rafkies amplede |t

into zones. In a cylindrical tank, for exanple, a partition wall can be
pr ovi dedh&singochyr itale cpnmnapnmp@,atue for circatating @it liqeidrer hecoprbanatided t hat
formtwo or nore sectors. [122] By having adsorbent material only in the
final biof agiadl ligeact Tosse zoneemionzlomgsratus include, but are not limited to, air
diffusion bubblers, paddles, mixers, surface aerators, liquid circulating pumps, and others
that are known to one of ordinary skill in the art. It should be appreciated that, while in
certain embodiments it is desirable to use a suspension apparatus 432 having relatively
low energy consumption to maintain the adsorbent material 434 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 402b within which adsorbent material 434
must be maintained in suspension is only a portion of the total volume of the biological
reactor 402.
[119] A screening/separation system 422 is positioned in section 402b to substantially
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.
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bi ol ogically |abile conpounds can be treated in the upstream section

w t hout adsorbent nmaterial and hence w thout the need to suspend the

adsor bentwoaebari42470i n t he m xed |i quor of the adsorbent PCTAS2010M08850f
system 400. This also permts devel opnment of a colony of mcro-organi sns
that can biodegrade at |east certain biologically refractory and/or

bi ol ogically inhibitory conpounds that cannot be biol ogically deconposed by

t he tradjtjiongal m croar.gani sns at uld exist in the.ypstream sections of
this syotehf Roeiet SHES R S 3Ryt o mae orosaralBy yOSEMT Tk ¢ e
art that a systemsimlar to system 400 can be provided according to the
present Piglaginal spactai #Riles @PAroae ezang et cadserbart materigh d3d et Wghémof a

bi ol ogi cal reactor, as shown schematically in FIG 6, or a conbination of
di vi ded smredigesbpbnaohirdinagi dall irr daattghatanfdwsepar gicateymeskdrof ZoO&3]of St i | |
referring to FIG 4, effluent fromthe biological reaction zone 402b is

i nt roducegh\tjpe ddfdeSBiReyHdNdheepatatiafith s als6fbeAZRatealosB4iinlsedtiohld26f t he
menbrane operating system 404. In the nenbrane operating system 404, the

wast ewat &f, RA%S 88mt RbRUAR QAL OEmPBY&:, T LR thd Ly@dnh QP FRE. Ml il 'i%flértorrat i on
menbr anes 440, and nenbrane perneate I's discharged via an outlet 412 while

menbrane, retentate...including activated.sludge, is returned to the
b1 of ogi civ et SaEhEhicniaa t5o3 GRS BF R AR el BEE | e 414, [ 124
Spent adsqrbent paterial fromthe biological reaction zone 402b can be
Coroved o] ol 4R, YiesbiglogioRbirartot Gt el 06 f%rpgeéﬁaw@@%%?qn%&mﬁ%&wast e
outlet 418 can also be connected to the return activated sludge line 414 to
di vert sbereingtaned, |intderipraatig hiokegi¢a) acaaiorstapkige pagitioti wpldsah, bef piovidedt ance,
to control the concentration of the m xed |iquor and/or culture. The m xed
| i quor wasds the sddtarogehgpank teldivideain irgb gondse Tuedlihdricat ke f@ epamplepon of t he
adsorbent material. An equivalent quantity of fresh or regenerated
adsor benpartition wall can be provided as a chord, or plural walls, e.g., as radii, can be provided
that form two or more sectors.
[122] By having adsorbent material only in the final biological reaction zone or zones,
biologically labile compounds can be treated in the upstream section without adsorbent
material and hence without the need to suspend the adsorbent material in the mixed liquor
of the adsorbent-free zones of system 400. This also permits development of a colony of
micro-organisms that can biodegrade at least certain biologically refractory and/or
biologically inhibitory compounds that cannot be biologically decomposed 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
400 can be provided according to the present invention using separate tanks rather than

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.
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material can be added. [125] FIG 5 shows a system 500 that operates in a
manner simlar to system 400, with a biological reactor 502 that is divided
i nt o nul twpl2elizemgs 502a and 502b, and i ncl udes a bi ol o@CTAIS2010/038650
denitrification step that is integrated with the biological reactor 502. In
thi s enbodi nent, adsorbent material 535 added, e.g., a location 530b, and
is maintained in suspension in zone 502b and not introduced into the anoxic

5025 15 1P} oREAEIeDRE fhd o Focii G JERY A | GRCEAL BB PB° Al Priel 510

of the nmenbrane operating systen1504 In the nmenbrane operating systen1504
t he wast @ftafegedpea $be serspRngNeRamEions syisPE 437 dp o Infqt 44100pf Hre membrane
ultra-filtration nmenbranes 540, and nenbrane perneate is di schargedvia an
out | et 5SdRrathig eysteenidéandn rted amrrdirme opechtug sygteat Hd4,athe dvastewddpe, passs
returned to the anoxic zone 531 via a return activated sludge |ine 514.

[127] Spewrdughdsr bembordTati@bfiRtatibh @ dihe fidkaloagineabraneadld, odhdz@B@baM2b can
be renoved periodically via a m xed |iquor waste dlscharge port 516. A

wast e Ouférﬁ{eaé% d?s%ﬂar@é& 91abeﬁ‘1 GRPAEE %&iulteomérﬂﬁrah@tré{Erﬁat%Cfn'c}{ﬁﬁ@gaéﬂv%ge line

514 to divert sone or all the return activated sludge for disposal, for

i nst ance 0 con oncentratlon of cul ture.
The. mi xetigfor i tohtﬁ. SR BiskBN o 1% T 83% 0! SR RONERATY o

portion ?f the adsor bent naterlal An equi val ent quantlty of fresh or
regenera kY adsorbent material can be added. [ 128] Under certain
operational conditions, it may be necessary to introduce a sinple organic
car bon sH@ALeSpantedsoaentnatateainb fromothe théolagiexi reactimnezone g0l sarsbe wimdved he
denitrification process. Alternatively, the biological oxygen demand
cont ent pdriddivally & nasteeimfuer wasta disyipdrgapbiy 4p6.0\A dastt betleteld8saanisotbeod
source for consunption by
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
of the adsorbent material. An equivalent quantity of fresh or regenerated adsorbent
material can be added.
[125] FIG. 5 shows a system 500 that operates in a manner similar to system 400, with a
biological reactor 502 that is divided into multiple zones 502a and 502b, and includes a
biological denitrification step that is integrated with the biological reactor 502. In this
embodiment, adsorbent material 535 added, e.g., a location 530b, and is maintained in
suspension in zone 502b and not introduced into the anoxic zone 531 or zone 502a.
[126] Effluent from the biological reaction zone 502b is introduced via the
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
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bi ol ogi cal organisns. [129] In further enbodi nents, an anoxic zone can be
provi ded downstream (not shown) of zone 502b, or between zones 502a and
502b. | n wpthaviscase, it will likely be necessary to ade#Ca/uSead/osssss ce for
consunption by biol ogical organisns in the anoxic zone to assist with the
denitrification process. [130] It will also be appreciated by one of
ordinary skill in the art that a systemsimlar to systen1500 can be

provi ded .accordi ng.to the esent |nvent on usi.n rat.e bi ol

Peact or svRdpeHer B ils maBCecrFRe: BEl g Brsged Shareasrarmedt Soan
schematically in FIG 6, or a conbination of divided sections of a

bi ol ogi caloxiezane §8 1 AHch kaph e wiadsdedesdive5141] FIG 6 is a schematic
depiction of another enbodi nent of a water treatnment system 600. In system
600, a sH2i7ksSpnt biwirogi cwiterrad dotoths tavlegipaloeadma, zona SDL cagbardmavet

bi ol ogi cal reactor 602a that is substantially free of adsorbent naterial,

and a sepgididilphagi fidledIRRGE Wast6 ARBhdrb@poi€ 8Nb.ai s adte DUSRET18icAN aBb be
adsor bent naterlal 634 that can be added, e.g., one or both of |ocations

630a and;£308ed f METRLANRHORE] %ﬁg& iRy §1£0 804+ 'sémé)&séﬂ enednfaungtneam of

blologlcal reactor 602a and 602 The second bi ol ogi cal reactor 602b
| ncl udes, gy 3CheaNLRGA SEPRIALLON, WRLETHO2En I8 ROS! I RS 13861110, 6020 to
substantla? y preven passage o asor QLY 15 IR rane

operating system 604. [132] The h draullc flom1be ween reactors 602a and
602b i s eHEFhelhemted gy Maye JisthBar PArt Oh cobie E? Hfith QiTFRRYS HROKGN
mai ntai n adsorbent material only in zone 602b, i.e., to prevent backfl ow of
adsor benef thet adsplent matariabachbreqeigisnt quansidy: odriresd 2, regentraieth adsorbesi gned
so as to control the rate of flow between zones 602a and 602b.

material can be added.

[128] 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
wastewater can typically provide the necessary food source for consumption by
biological organisms.

[129] In further embodiments, an anoxic zone can be provided downstream (not shown)
of zone 502b, or between zones 502a and 502b. In either case, it will likely be necessary
to add a food source for consumption by biological organisms in the anoxic zone to assist
with the denitrification process.

[130] It will also be appreciated by one of ordinary skill in the art that a system similar
to system 500 can be provided according to the present invention using separate
biological reactors rather than divided sections of a biological reactor, as shown
schematically in FIG. 6, or a combination of divided sections of a biological reactor and

separate reactors.
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[ 133] During operation, an influent wastewater stream 606 is introduced
into the biological reactor 602a. Mcro-organisns in the first biol ogical
react or o8Pa20ewv@7wapabl e of breaki ng down at | east a poPCIrans2ab/053680

bi ol ogically | abile conmpounds contained in the m xed |iquor suspended
solids. The sinple organics in the m xed |iquor suspended solids serve as a
food source for the m cro-organismns. The partially treated wastewater is

passed v 607 to the bi.ologi react 602b. Partially-treated
st ovat UB1E BB 6 Bi et GUST oF SaBET ERPdEst b Pale (B o t he
bi ol ogi cal reactor 602b or passed by other neans know to those having

or di nar ysystem 60G. nIn systear 600, [a153ups vikiplogisabreagiars a6 Provadadeincludinge fifstr st

bi ol ogi cal reactor 602a to renove substantially all of the biologically

| abi | e cbiopguntsewfortfiRanthxed Huibguotalbuspendedisabegsmaterial, i and ce st@ind
enbodi nents, a portion of the biologically |abile conpounds contained in

the m xesﬁoldgwapfeaaws BOTsiefht SOhthidS aGaBpdASioh @ff AU Bert Aiat@as $3gehdtthe behe
second bi ol ogi cal reactor 602b. In enbodinments in which the biologically

labi | e coppgund oﬁ@&t BheRSH 18AtibMEc Xl 3bAUA m%%%@%?graﬁﬁg gsierh%oﬁeduced
in the first brol ogi cal reactor 602a to a level that Insufticient to

efficientl m.cro S nor e ntrols are
inplenenFé%mﬁmgﬁgln ggﬁmghoeg ﬁbé“%oﬁé%L ra ﬁgﬁgo?h“:“m8?o%5%0 it sm f ood
sour ce, part|é8larl in the domnstrean1b|olo cal reactor 602b. This

cont ol EATHOBE02 BFIURS? ACBINHEARRBEIGR Y HET RS HERUEOTI B ST At er i n
t he upstream bi ol ogi cal reactor 602a, passing a slipstreamof untreated
i nf | uent subaenuibt preveltrimesagy af adserbetsi mhisyilctsl the enombrangOpEatiep YNl i ng
the return activated sludge, introducing nethanol or other sinple carbon
food soué@e for the mcro organisnms, or other suitable feedback or
feedforward action. [135] Adsorbent material 634 is maintained in
suspensi gn2] NThh8ydh @O AbGabet &aCEEROBIRa and 602D is engineered to provide a

flow in the downstream direction to maintain adsorbent material only in zone 602b, i.e.,

to prevent backflow of adsorbent material from reactor 602b to reactor 602a, and can be

designed so as to control the rate of flow between zones 602a and 602b.

[133] During operation, an influent wastewater stream 606 is introduced into the

biological reactor 602a. Micro-organisms in the first biological reactor 602a are capable

of breaking down at least a portion of the biologically labile compounds contained in the

mixed liquor suspended solids. The simple organics in the mixed liquor suspended solids

serve as a food source for the micro-organisms. The partially-treated wastewater is

passed via conduit 607 to the biological reactor 602b. Partially-treated wastewater from

the biological reactor 602a can also be gravity-fed to the biological reactor 602b, or

passed by other means know to those having ordinary skill in the art.

[134] Wastewater can be treated in the first biological reactor 602a to remove

substantially all of the biologically labile compounds of the mixed liquor suspended
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usi ng a suspensi on apparatus 632, which can include one or nore of the
suspensi on systens descri bed herein, e.g., as shown in FIGs. 7, 8, 9, 10, 1
1 or 12, wo 2otver4ewanpl es herein, or any suitabl e convenPrCorsko@ppsssat us for

circulating air, liquid or a conbination of air and liquid. These
conventional apparatus include, but are not limted to, air diffusion
bubbl ers, paddles, m xers, surface aerators, liquid circulating punps, and

others that, are knomm to gne.of ordinary skill .i.n the art. It should be
oppreci atBHs T A I SRS S RPEnt GHBU Redts iEopThBaitimpaRPoe g
suspensi on apparatus 632 having relatively | ow energy consunption to

mai nt ai ncayREnedy ¥b thee AExadatigiqratuspendsd $pbidks cah be ga@med sfor esweeidater thbed i n
conjunction with FIGs. 7, 8, 9, 10, 1 1 or 12, or in Exanple 3, Exanple 4,
or Exanpseeo] bdmlhgilcalemoubir n&lbs Usi crgbcbchmsntefifnj eiheaht tla:ppaﬂ@giczélyaitadbilal o)
sui tabl e, as theoverall volume of the zone 602b is only a portion of the

total cogdmpradydobfitneafl int iR Bidodea! sispandedr 100218 @aGeed0d thd 1dh] The
screeni ng/ separation system 622 is positioned in biological reactor 602b to

subst ant p;a|J YcaPeraYc?&t 60BS 329 1Q%1 26RO DRQLFIRLE Tt aéff1§ﬁ§ﬁtl§ %u‘f)}%?‘[ RiRy-ane

operating system604. In certain |nstances adsor ent nHter 634 1 s added

only to th%nblo h&a%n{eacggﬁnle ) 8%9n Lie e%%tugqn£§0a ass0C C|ated wth
t he condUit %@% ééPFy IS CHECST & P al reactor %6?% f ¢]Fi on
630b). In certajn(ﬁreferred enbodlnents adsorbent mat eri al bOgre wetted,

0. g. ) t oCHGFHIAIO I A FYSTyPIRBRISmGOpd, b qusErs RGN Hirro WIS BT BB P9 et or
602b. [137] Note that while system 600 is shown with one substantially
adsor bentea¢tped08bol discapntr@daeanobe, Endinshecdi bdsed)i walthe eesedenee dome &ifni ng
adsorbent material 634, it will be appreciated by one of ordinary skill in
the art whatwaef ewdte opstraagrigalogicahtiber 6ORabpbiagiacslipstreantadrmtreated
sections of biological reactors, of each type can be enployed. The

influent wastewater directly to the biological reactor 602b, controlling the return

activated sludge, introducing methanol or other simple carbon food source for the micro-

organisms, or other suitable feedback or feedforward action.

[135] Adsorbent material 634 is maintained in suspension in the biological reactor 602b

using a suspension apparatus 632, 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

that are known to one of ordinary skill in the art. It should be appreciated that, while in

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
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concentration of adsorbent material in biological reactor 602b can be the
sane concentration as enployed, e.g., in the systemof FIG 1, or a higher
concent r avpaniociame used, dependi ng on factors includi rgThisomOB86Ss M t ed
to the characteristics of the partiallytreated wastewater to be treated in
bi ol ogi cal reactor 602b. [138] By having adsorbent material only in the

final biological reactor, biologically |abile conpounds can be treated in

t he upstream bi ol ogical rea r. wi t hout adsor bhent terial. This rmts
tovel opreitibrORmeany 26 AT - g mosfi S BE ouh Corbiadalbihe wothe
biologically refractory organi sns that cannot be biologically oxidized by

t he tradb@k@ﬁ@l“ﬁﬁ@ﬁﬁgégéﬁ §fb-t hat woul d exist in the upstream sections of
this system It will also be appreciated by one of ordinary skill in the
art that[136Fy$herers¢mmg/sapatatios sgitem6O isgoshieongd ovbidatict cenctirrn@2baot he
present invention using divided sections of a biological reactor rather

t han sepamstagtidliyobagesabads@RC bPla8sorBent SAGalS 6B£ 8t the ahénibiaRe Mperatitg Oor a
conbi nati on of divided sections of a biological reactor and separate

reactors, s£e¥1§8&)4siﬂ J:érta'ir?frﬁfaﬂb&g a&s%rl:!:elng‘maﬁe_riaﬁﬁﬁi Pseé}fdeéi Ry foltfle %io@%&hcal

reactor 602b is introduced via the screening/separation’system6 to an
inlet 610 of Qﬁ)nenbr ne .o ting syste 04, In.t nmenbr ane rating
Syst om 600t ARG ooy SRaueh R P R A syndli & SRR R o
ultra-filtrati on nmenbranes 640, and nenbrane perneate is discharged via an
outl ot 62210R#] EHERHIARGIFBLBAOADD: FhEFUN HEFIBCES FADBRIna i gasorpent
returned to the biological reactor 602a via a return activated sludge |ine
614. [ 140pte8pletit pdsdicdente. ntat formad sfurymptine thimlasiyciden intedbe brola@od can be
removed periodically via a m xed |iquor waste di scharge port 616. A waste
out | et 68cton602b. so be connected to the return pipe 614 to divert sonme or
all the return activated sludge for disposal, for instance, to control the
concent rg7pnNefe tHAE WhikedydidAUGU0 ANAh&Nn CWitl Wn- substantially adsorbent-free

biological reactor, and one biological reactor containing adsorbent material 634, it will be

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

biological reactors, or sections of biological reactors, of each type can be employed. The

concentration of adsorbent material in biological reactor 602b can be the same

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

used, depending on factors including but not limited to the characteristics of the partially-

treated wastewater to be treated in biological reactor 602b.

[138] By having adsorbent material only in the final biological reactor, biologically

labile compounds 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
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[141] Referring generally to FIGs. 7, 8, 9, 10 and 11, various alternative
enbodi nents are shown including a jet suspension systemin which m xed
| i quor (iwol20tvmg7M.SS havi ng MLVSS) and adsor bent di specsams2eloossssn i s
circulated through a jet nozzle. This circulation provides for intinmate
m xi ng of the adsorbent and the m xed liquor, and al so provides turbul ence
that nmai ntains the adsorbent in suspension in the biological reactor. The

tur bul en can . be | ocalized turbulence, e.g., .proximate.fhe nozzle.orifice,
causi ng S0 FRT R HRBIORGAETg 181 o e WEtG 1B PG e Mo g S A F co.
7, 8 and 11, solid black elenents represent adsorbent material, and

i rregul abiojagirahreagliop fashar shanesspaigietiolaRicploeattgianisshewa scingrtigady (Al FlGg 7
schematical ly depicts a suspension apparatus 732 within a biol ogical

react or #0f a(canparatioonof dividedisedtidns of hbidogical répetdriagdisepafase raat@mrd. t y of
exposition). The suspension apparatus 732 conprises a jet nozzle 744

fluidly pganestiedefeeing oUMG. 648ffaRrdt AomOthe 4RoléBiRalofea@as 60JNB @asdeRA be an
oxygen-contai ning gas in the case of an aerobic biol ogical reactor 702, or

a gas freg @t sgf‘e}égﬁl?/sgﬁarm rsgsgéérh 36%2}4/ tBOI he&nRi 69y Ydeihe! Hefhbfint m)%_ra(?ifn an

anaer obi ¢ bi ol ogi cal” react or The configuration sho i Bl G 7,
and in certai dgi ional, enbodi ments desgribed in conjunction wth FlGs.
5 o ancob B4R BLoR IRy BT Do Al e e R R AR b iotey o com
that is comercially avail able from Si enens ter Technal ogies of |
Rot hschi Moy SYERSIFRTOCKSK. Uik iliatjog: mEBbaeb§4Dy S FETRANCaPEBIOBE epl oyed
for one or nore of the systenms shown with respect to FIG. 8, 9 and 10. For
i nst ancedisghargedusia spsewles 6l Acvhitbemembrangrigtentite, | inetidiag acoyatpésludee.aisi on
systens that are comrercially avail able from Fl ui dyne Corporation of Cedar
Fal | s, | ewanediSAhe Kiotoghys tean®r 6022068 anetn ddisstad kuded tise 6145A; and M Xxi ng
Systens Inc. of Dayton, Ohio, USA
[140] Spent adsorbent material from the biological reactor 602b can be removed
periodically via a mixed liquor waste discharge port 616. A waste outlet 618 can also be
connected to the return pipe 614 to divert some or all the return activated sludge for
disposal, for instance, to control the concentration of the mixed liquor and/or culture.
[141] Referring generally to FIGs. 7, 8, 9, 10 and 11, various alternative embodiments
are shown including a jet suspension system in which mixed liquor (including MLSS
having MLVSS) and adsorbent dispersed therein is circulated through a jet nozzle. This
circulation provides for intimate mixing of the adsorbent and the mixed liquor, and also
provides turbulence that maintains the adsorbent in suspension in 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. In FIGs. 7, 8 and 11, solid black

elements represent adsorbent material, and irregular linear elements represent micro-

organisms or biomass.
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[ 144] Note that while the systens described herein with respect to FIGs. 7,
8, 9, 10, and 1 1 generally depict a punp outside of the biological reactor
tank, a peo=or/tazerbng ordinary skill in the art will appceaisatie/osdsat one or
nore punps can al so be positioned inside of the tank(s). In further

enbodi nents, one or nore punps can be positioned inside or outside of a
head tank to maintain positive suction. [145] In addition, while the

syst ens ribed_ herein. wth respect to FIGs. 7, 8 , .10 and. 11 .general ly
Show 1 oh3afe BBECE Sheniticily AepREhS “uneehai piwafes D1 ENpGoPIIGHER | n t b
bi ol ogi cal reactor tank, in certain enbodinents a portion of the jet

nozzl e( sieagtah 782 hd epiticandawbigh 45 geovwt in the BRWE dgr éﬁrltw ehexrositioank Thei t h at

| east their outlet orifice(s) located in the biological reactor tank. [146]
The j et nopaiseonfppalaiug(idd compatesz4ét mmdledidtfbiidlpcpineced 764 pumpd/48hed punp
apparatus 748 inlet 752 and outlet 754, are dinensioned and configured to

al | ow pagsagee 960 aﬂ%@r et gavRhEbe ah cdfgeMDRinind@ablth g Wbd/SSan As6elicdi ngl y,
a mxture of mxed liquor, including M.SS and MLVSS, and adsorbent nateri al

is dr ambifo[o%maﬁfka%} h63, ofA%aQfrek I0f o?%r?:'nocgi sﬁﬁétaﬂtﬁﬁ?tffére o?%%y%é'ﬁtiﬁ Rcdqpl et 752
of the punp - apparatus 748 through a 1Tne 751. The m xture Ts punped out of

t he punp parat us .748 via a Oﬂhlet 754, through a line 755 and directed
to a qu?n%%%nﬁPng%ﬂ 0%%%@6%% "Wth or otherwise in fluid comunication

with the j nozzle_744. [147] Sinultapeously, gas 7§8 is di rect.ed t hrough
li ne 761[1143} a i sonfiguptions ghowe elarglé-mi 1 ﬂnfirm ofehigtwRdditippals grpbegiments
communi cation wth the jet nozzle 744 and is directed to a m xi ng chanber
766, whedasciipedeinpranmacendwithides s, fomidvid), exrebggepleyedhsing kadnsianceathe of
m xed |iquor and di spersed adsorbent material in the direction of the
nozzl e oVtli €land® isfitee tHG4s cdiheneecigbnaiadalgiasronmiSieatknk ijater Teshaobigeperfsed
adsorbent material pass through a

Rothschild, Wisconsin, USA. Other jet aeration systems can also be deployed for one or

more of the systems shown with respect to FIGs. 8, 9 and 10. For instance, various

systems include, but are not limited to, jet aeration systems that are commercially

available from Fluidyne Corporation of Cedar Falls, Iowa, USA; KLa Systems of

Assonet, Massachusetts, USA; and Mixing Systems Inc. of Dayton, Ohio, USA.

[144] Note that while the systems described herein with respect to FIGs. 7, 8, 9, 10, and

11 generally depict a pump outside of the biological reactor tank, a person having

ordinary skill in the art will appreciate that one or more pumps can also be positioned

inside of the tank(s). In further embodiments, one or more pumps can be positioned

inside or outside of a head tank to maintain positive suction.

[145] 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
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throat 768 having decreasing cross- sectional area in a direction of fluid
flow, in which the velocity is increased, and out of the outlet orifice
764. The worthioma@7et r eam of gas, liquid, and solid partipcras2déionssstul |y
enters the biological reactor 702, and the solid granul es of adsorbent
material remain in suspension under continuous operation due to the |liquid
turbul ence in the biological reactor 702. [148] Referring nowto FIG 8,

ther embodiment .of a biol qgi.cal tor is_shown jncludi
Ceponsi B Gyt s <GPt FEPFA HoHRG G ORI AEARb B0 T a | ot

suspensi on system 832 including a jet nozzle 844 having at |east an outlet
orifice Eﬁﬂﬁ%éh@é@Kﬂwﬂﬁﬂéﬂﬁﬁﬁﬁﬁéical reactor 802 for circulating m xed

| i quor havi ng adsorbent naterial dispersed therein. The jet nozzle 844 is
fluidly ddohethept hazzie PididguBd grletd’46i and wiudeteormficedh4) amgube phawpiapgaratdisor bent
material dispersed therein to create turbul ence that maintains the

adsor bent4gvadler 782 ahd SRPESS] aRe. ditidhsioéd Rhd onfigeadylor alldw PakRke dgVi ce
capabl e of directing and di scharging the m xed |iquor having adsorbent

mat eri al , di, §RGf ﬁﬁ%rfall‘ﬁh@imm‘s,t DRUiII LIV ESI @c&ﬁﬁngg,'r §imf@neRf Haed as the

jet nozzle 844 as w e appreci ated by one having dinary skill in the

b
art. | 141? %Jrqngl%aglbll\(/ing %lné) U & %tggrr € %%%er‘?‘al TONLGH fPofm an, outlet 738 .
oxygen- cOntAi A NG gas T2 8t §0 VIEEG T REE "Ehawn) > “'8Uen A8 *A °donvant i onal
air diffusion, apparatus. %}50 The liguid jnlet 846 and qut]et orifice 864
of the | € RGKIPECHARC L W Ihidet BI!PPp REbaraGa TaF thREehalpe
apparatus 848, are di nmensioned and configured to allow passage of adsorbent
mat er i al 7andlhd seduieiis pempedisperideel pemwD agearatup diH8idiamn ertleedS4.itbpgogh a
suspended vol atile solids. Accordingly, a mxture of mxed |iquor,
i ncl udi NENeM7SS amdl dkevsd, tcand ligdilondent746atnesgral with dr awherfwissmi@nflddt | et
850 of the biological reactor 802 into inlet 852 of the punp apparatus 848
through @rhin0gic&®h willthefbdddebie 7us. punped out

[147] Simultaneously, gas 760 is directed through line 761 to a gas inlet 758 integral

with or otherwise in fluid communication with the jet nozzle 744 and is directed to a

mixing chamber 766, where it expands and imparts motive energy to the mixed stream of

mixed liquor and dispersed adsorbent material in the direction of the nozzle outlet orifice

764. The expanded gas, mixed liquor and dispersed adsorbent material pass through a

throat 768 having decreasing cross-sectional area in a direction of fluid flow, in which the

velocity is increased, and out of the outlet orifice 764. The combined stream of gas,

liquid, and solid particles forcefully enters the biological reactor 702, and the solid

granules of adsorbent material remain in suspension under continuous operation due to

the liquid turbulence in the biological reactor 702.

[148] 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
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of the punp apparatus 848 via outlet 854, through a |line 855 and directed
toaliquidinlet 846 integral with or otherwise in fluid comrunication
wi th the wetonoaz4’e 844. The jet nozzle 844 includes a Phraskoposisson 868
havi ng decreasing cross- sectional area in a direction of fluid flowto
increase velocity of mxed |iquor and adsorbent material exiting an outl et
orifice 864. [151] Referring generally to FIGs. 9, 10 and 11, alternative

enbodi nents ar.e shown i ncl udin j et suspension systemjn.which m xed

1 quor  aRGREs P edhrHORERl At sHiRudy FECsiig, Mtk oS DR, 1 o

wi t hout adsorbent material. This circulation provides forintinmte m xing of
t he adsomBenel dkpapdatherhy (Ihe Jai Rewrlq Bétidy flaidly pennsgief dp appumppSIgdp

nozzl e, and al so provides turbul ence that maintains the adsorbent naterial
i n suspensiubate wikdd hquedrehaying ayorbeht megcibdispdibel therdiu lt@ nratecmrbubence

| ocal i zed turbul ence, e.g., proximate the nozzle orifice, causing swirling

and rol | ihagnRinthife thd biddriext mddeidl e Jusienkionz| Bny [jdkSRixeF| $prayRr ¢ et i cal |y
depicts a wastewater treatnment system 900 including a suspension apparat us

932 wi thiiyi@ i %E%if%ﬂegtﬁlﬁg&ﬁcp&is&% iﬁg%élmerde@c?o%aﬁng%ﬁmrﬁaﬁ RREsAt i ng
system 904. Th«,E suspensi o appar at u% 32 conprises a jet nozzle 944 fluidly

connect egiste(%se% REEh gﬁﬁou"%?g u‘:la‘rinsoéjré:semfg@() fe c2L Sesgtdn %6'84IQ1§ wslﬁ%t em 900
i ncl udes Screeni ng‘ysepar at o s%st 8 622 WHICER préven S “passage of at

| east a majority of adsorbent material, for instance, at the outlet 908 of
the bi ol H@r%*}te%l%e‘ﬂf‘o]?a@@‘?rd{nf%iklmﬁi@éraftai n embodi ments, mixed |iquor is

drawmn fromthe effluent of the biological reactor 902 into an inlet 952 of
t he punplldBpalaserebigggotogicoligtnctron@lit 8 QURe G70xyashepriaminpgduit aby2 s
bet ween the outlet 908 of the biological reactor 902 and the inlet 910 of
t he nmenbp@niled petahowg), sychtar mcBiventionaladiddiffuciombpgndrodi nents, return
activated

[150] The liquid inlet 846 and outlet orifice 864 of the jet nozzle 844, and the inlet 852

and outlet 854 of the pump apparatus 848, are dimensioned and configured to allow

passage of adsorbent material and mixed liquor suspended solids, including mixed liquor

suspended volatile solids. Accordingly, a mixture of mixed liquor, including MLSS and

MLYVSS, and adsorbent material is drawn from an outlet 850 of the biological reactor 8§02

into inlet 852 of the pump apparatus 848 through a line 851. The mixture is pumped out

of the pump apparatus 848 via outlet 854, through a line 855 and directed to a liquid inlet

846 integral with or otherwise in fluid communication with the jet nozzle 844. The jet

nozzle 844 includes a throat portion 868 having decreasing cross-sectional area in a

direction of fluid flow to increase velocity of mixed liquor and adsorbent material exiting

an outlet orifice §64.

[151] 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
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sludge is drawmn froma conduit 914 fromthe nmenbrane operating system 904
into line 970 into the inlet 952 of the punp apparatus 948. In further
enbodi mrerwe,2000/@mmi ned stream of effluent fromthe bi olPogiusadiomnassse or 902
and return activated sludge fromthe nmenbrane operating system 904 is used
as the liquid providing circulation to the punp. Liquid fromthe effluent
and/or the return activated sludge is punped out of the punp apparatus 948
through a line 955 and directed to a I| idinlet integral wt r.

o1 her v BTG IURBE 20 A OO G Th ERTS BiReb o e oviraafbitc i on,
conpressed gas 960 is directed through |ine 961 to a gas inlet integral
with or oRz23Ex and alsp providgsduchatangn thab Magreins Fhet adsosbept Materpleinguapeanign s
directed to a m xing chanber 966, where it expands and inparts notive

ener gy twﬁhhﬂhabkﬁ@@@ﬂqumﬁnjﬂhthﬂbdmmeamhdnlmmhzhEHMbﬂ@ke,@glbamhnmbfice
964. The expanded gas and m xed |iquor pass through a throat 968 having
decr easi fhg nor£8 8EAE, ic@ialg viflng dhdadolink &F tHeOMui@bxitiniek jbl Azlel N which the
velocity is i ncreased, and out of the outlet orifice 964. The combi ned

stream OhngSFﬁ}ﬂ% 'shHéfhﬂlcfaH Cd% kb ¥ SRk&hated BEahicnt 99&&&'9609?}1%11&5%992 and

the solid granules of adsor naterlal remain |n suspen5|on und
contlnuoag osﬁ{at Ontué?? Hbﬁ{? ncg,allre &O rq; nd sremn %actor 902. [ 154]
FIG 10, SRASmA: THOa epwb ¢ HRCL R Ertiodi ment " “ofP%d “Was mFer‘%reatnent
system in which wastewater treatnment system 1000 |ncludes a suspensi on
appar at uSPIIHEE WSteRY %59% bRopusgrsin HRPAEH O S LOTRE e Bpetoadmar Huidhinbr ane

operating system 1004. The system 1000 i ncludes a screening/separation

syst em 102Regipd teha pyrap 843 sndpasauiered@r ofsonipeessed gasnmj ori ty of adsor bent
material, for instance, at the outlet 1008 of the biological reactor 1002.
The suspEhsswrenapPhinaiudss b Rekedes/ sepajion 3oz 2204 preveilty pasagecfted to a
punp 1048 to circulate mxed liquor to create turbul ence that maintains the

adsor benfeadt SMFPRNDF ABsorbéht ARLEORAIC fdH iab@ReC A tHeeRR 10088 HARe bolSAEHICe Of

oxygencont ai ni ng
reactor 902.
[153] In certain embodiments, mixed liquor is drawn from the effluent of the biological
reactor 902 into an inlet 952 of the pump apparatus 948 through conduits 972, 970,
wherein conduit 972 is between the outlet 908 of the biological reactor 902 and the inlet
910 of the membrane operating system 904. In additional embodiments, return activated
sludge is drawn from a conduit 914 from the membrane operating system 904 into line
970 into the inlet 952 of the pump apparatus 948. In further embodiments, a combined
stream of effluent from the biological reactor 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
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gas is al so provided (not shown), such as a conventional air diffusion
apparatus or any nunber of other devices that can transfer oxygen into the
m xed |i gworzosgl4myal d be apparent to one of ordinary skiPCIT/tiSpo10ioasesas t .

[155] The liquid flowin system 1000 is simlar to that of system 900 shown
and described with respect to FIG 9 above. Accordingly, in certain

enbodi nents, mxed liquor is drawn fromthe effluent of the bi ol ogical

reactor 1002 into an inlet 1052 of the pu r 048. t hrough conduits
1075, 10781 tihdit GrE QRGN T A7 o B ARBOT et ROl 3PaRddnd

bi ol ogi cal reactor 1002 and the inlet 1010 of the menbrane operatingsystem
1004. | ninzpidts mpesiys ieneng deltheenixed ligeardn thegdirectien elgthe pogrdeontiet @Fifigh 294 om a
conduit 1014 fromthe menbrane operating system 1004 into |ine 1070 into

t he i nl eThd &gindéd pdsearplumxed gpmoapass thiddgh althrohtiPbShbaviegridedeaserg sosa

conbi ned stream of effluent fromthe biological reactor 1002 and return

act i vat egkcfibntll @eeafinh anditddeon@ipluanfow PRy Rhichghs yabem k0Qéeied UaRdnasoft he
liquid providing circulation to the punp. [156] Liquid fromthe effluent

and/ or the LefHLRRACcYat ehk ShAEGEd | stre R RCEhOMd AluiliNG RUIR, ARPAT@kuUs 1048
through a line 1055 and directed to a liquid inlet ‘integral wth or

otherwisg {n.fluid ¢ ni,cat i vm'tg t jet nozzle 1044, The m xed |iquor
passes. el el OO a0 et P B Mg B i G SSRE
direction of fluid flow, in which the velocity js increased, and out of the
out 6t oWIKT ERAUEEUS OPRRIoN e by IEHRIF GieciplGeIcs! SRTIEr D2 he bi ol ogi cal
reactor 1002, and the solid granules of adsorbent material remain in
suspensi dd4Lindkr. Hbrichenasiss!lp gepiatsi arthiyecnlpdimeudien sersicwatehdrdaira¢igi cal
reactor 1002. [157] In certain enbodi ments of systens 900 and 1000, it can
be necessateyn,tia which gnastdveatdry adeamkentc sysafm t1060 Sydtésn s guipeatioh hppihaw r at e
t hrough the punp is equal to, or greater

1032 within a biological reactor 1002 and upstream of a membrane operating system

1004. The system 1000 includes a screening/separation system 1022 which prevents

passage of at least a majority of adsorbent material, for instance, at the outlet 1008 of the

biological reactor 1002. The suspension apparatus includes a jet nozzle 1044 fluidly

connected to a pump 1048 to circulate mixed liquor to create turbulence that maintains

the adsorbent in suspension. In aerobic biological reactors 1002, a source of oxygen-

containing gas is also provided (not shown), such as a conventional air diffusion

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.

[155] 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
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than the overall flow rate through the system i.e., represented by the
flowrate of the influent 906, 1006 and the effluent 912, 1012. [158] FI G
1 1 schemwmDi2oe/14y97depi ct s a suspensi on apparatus 1132 wpChius2@olsssbogi cal
reactor 1102 (a portion of which is shown in the figure for clarity of
exposition). The suspension apparatus 1132 conprises a jet nozzle 1144
fluidly connected to a punp 1148 and a source 1160 of gas. The gas can be

an oxygen-con ni S i case of an aer o] o reactor 1102,
o o pacrignl B4 R JgdhSen eldit Aty Rrdgedehudss ntrn ot cacfor "an
anaer obi c_bi ol ogi cal reactor 1102.[159] An outl et 1150 of the biological

react or 104ig2 fioRcthg dresnbyarccoREEHingSYalp datofineg OfA intp they igles AP22 pdisage of

at least a majority of adsorbent material. A spray nozzle 1172 or other
sui t abl epappapgtrass i184%r bvfuwlhdr embodimeus, bydphtingg sfreomof leélwot Gemi thg
apparatus 1170. Spay nozzle 1172 can direct gas and/or liquid to clear the

screeni NgioRPRAI Adabidr 1002 &R telirh aiifee sTeddesfrdake HBAWYINe opBfdiYg RPA&he 1172
can be connected to a punp and/or the source 1160 of conpressed gas, to

provide g?(ﬁlsé%édza%%é u!lﬂlgﬁl-d%cﬁh éirrcﬁlgtﬁ)nstgrtﬁ%@lﬂﬁg apparatus 1170. In

addi tion enbodi nment s e spray nozzle 11 can be el imnated, for

i nst ance; e Scr & us. 1170 i s ti.ve scr i ng.,devi ce
such as gsgﬂtg? (ﬁgreen or]%ﬂ?gﬁﬁ ﬁ? nb?%lg% slbéffapum@e Ogdg%?ﬁent

material. [160] Acc Iy m xed Ilquor ML S and MLVSS, that
i s subst BHDP aPPasaips i@ %ft @ag%@dgﬁtl%ata@ii.déqwﬁé twémldr intpgrabyitheXr 1150

of the biological reactor 1102 into an inlet 1152 of the punp apparatus
1148 t hrothghvise in fvidiadamuncstean withube jétsnqzalepidouTheomixddeliguavpaaggpar at us
1148 via an outlet 1154, through a line 1155 and directed to a liquid inlet
1146 i nt thgswh adhidat dO6Dhiwengls@edsingf drossekectiormilintea ai b @lirewdidroft fed jfliw,nozzl e
1144. In conjunction, conpressed gas 1160 is directed through line 1161 to
a in which the velocity is increased, and out of the outlet orifice 1064. The liquid stream

forcefully enters the biological reactor 1002, and the solid granules of adsorbent material

remain in suspension under continuous operation due to turbulence in the biological

reactor 1002.

[157] In certain embodiments of systems 900 and 1000, it can be necessary to design

the hydraulics of the system so that the flow rate through the pump is equal to, or greater

than the overall flow rate through the system, i.e., represented by the flow rate of the

influent 906, 1006 and the effluent 912, 1012.

[158] 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.
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gas inlet 1158 integral with or otherwise in fluid communication with the
jet nozzle 1144 and is directed to a m xing chanber 1166, where it expands
and i nparwe 20i4vgoenergy to the mxed liquor in the di PETSe008865he
nozzle outlet orifice 1164. The expanded gas and m xed |iquor 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

o L1 oo BNOF Rgp )0 SR BRS) EDLu is b, S <he

remai n i n suspensi on under contlnuous operation due to turbulence in the

bi ol ogi c&hich@sgvents PripEe P 1lpast 4 nedeHityjoh adsasprnit matralo PR Reasteehdeer
treatment system described herein, the systemincludes a gas |ift
suspensi@mo&ys&ﬁmthmpmanmyspnnmkﬁSQramewnthbupﬁmnaﬂmstubamgampmnemor nor e
ot her configurations. The one or nore draft tubes may be sized and shaped

for a desiTedppplozAatl il Phcandiraco ki@ ddr IRjukE®SEar tBdiSiectngdapphbiRgilgal
reactor or other apparatus, to performone or nore of suspending the

adsor bente {1 &hb@dlmeﬁ@'(%t%hﬂfvﬁg Fﬂ‘g RIFENREN LardTBE 96ﬂr1%1:te&1 o §Il}5§1fh NHARR

m xi ng the adsorbent materi ghout the vessel, and ae ng the

envi ronngnt of gﬂgg sse | ude aer |&1p1qroo ganlsns The

€ source ’I'CSSC(i S 10 %I’OVI €SS u O clear. t SCreenin
gas |ift suspen Syt Ray &b NSt T U &Y 6FC Vard ous g Z&s an@’%hapes

based on the S|ze and shape  of the vessel into which it js placed. The gas
lift susPRIEHN tl%ﬁ$%9naé6 prigRengy thegipraygiagzigrlde 2 CfﬂaB%%hlBH@refir fed

w thin a vessel |n whi ch an adsorbent material is incorporated into the
wast ewat wstanece avhmanthe ssggeaimg  apparasusd 1 hidr &i an aetivedscaganingudevicaraychbes a t ube
or other structure having one or nore sidewalls open at both ends which
when posidtirgRaden or the Viks gak preveonts Heisd-ap phsdadewamateanl.f | ui d fl ow and may
include solid particle suspension, for exanple, the suspension of adsorbent
mat eri al [130f AetadiadlyS Phikéls lighord iM@SdiBYAMESS Qind XSS! itkHIaS swbdtintially

free of adsorbent material is drawn from the outlet 1150 of the biological reactor 1102

into an inlet 1152 of the pump apparatus 1148 through a line 1151. Mixed liquor is

pumped out of the pump apparatus 1148 via an outlet 1154, through a line 1155 and

directed to a liquid inlet 1146 integral with or otherwise in fluid communication with the

jet nozzle 1144. In conjunction, compressed gas 1160 is directed through line 1161 to a

gas inlet 1158 integral with or otherwise in fluid communication with the jet nozzle 1144

and is directed to a mixing chamber 1166, where it expands and imparts 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.
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air or other gas. [162] The draft tube may be constructed of any materi al
suitable for a particular purpose as long as it is abrasion resistant,

resi st antwocowarewat er conponents at typi cal conditi on®Crars2eassssaat er
treatnment, and able to withstand turbulent flows through and around the
draft tube. For exanple, the draft tube may be forned of the sane materi al
as the vessel or may be fornmed of other |ighter and | ess expensive

material 5, ,such as. plastj.cs, including fiberglass reinforce | astjcs,

ol yvi myt 168k ot eORgdiRgis sl ere e upE i SRR Br e f or
insertion into the vessel, or manufactured as part of the vessel. As

such, t hesygteat inclugpea ges/liffh suspersigertembwhishmpdy ¢ongnsise Ope osperedrft tahgs gas
lift suspension system may be supported on a wall of the vessel, or nay be
support edr bye ar boi¢ othepaphiigmatodnst hEhes ess ©F nswe |doafg tdwsirhayabé cusd fapd f 1 ow

t hrough and around the draft tube. Alternatively, the gas lift suspension
syst em ngip&e f&UP@aite dpplicaddn agdivbivaiadf SVEuel widh HoNBloldedatderftd orr r anged
to retain and suspend tﬁe one or nore draft tubes within the vessel. [163]
An_indi vglbalapiaht, th0GfBh R She ebantr shapadinacay dhngnif ol ed
appl i cation, ch as to suspend an adsorbent ‘material wthin the vessel
and/or to opsrateny Lhia. resslecl ed bie period, for opehati oy e draft
t ube may ai"s6"be S|ze%;anélsﬁhpe to provide’a o r'éd 1evelrof agi%ation
within the draft tube to adequately suspend the adsorbent materjal within
the vess®Browghoplthgeresicd aeacsriie BRmaNtroppeRtned Bheosstel. whigh deayi egdgas 1ift
suspensi on system vol une nay be provided by a single draft tube or by

mul ti pl eacdoli¢ tmicypoeganisawsi dge gas biftajuspasisipmesysighs maptbeadongtreiisapt variquhe
desired volune. A particular ratio of gas |ift suspension systemvolune to
vessel vekesnmmdrshypdsebasel ec ttedsitoamt chapelef dpt vayed] istosplenis itoin pddced.h&he
adsorbent material within the draft tube. An individual draft tube nay have

a cross sfcfift A0sHendbLAyQEmanty TOAPEse SHE Br d%oreidrsdhdes pRkitioRéd GAthin a
vessel in which an adsorbent material is incorporated into the wastewater treatment
system. As used herein, a “draft tube” may be a tube or other structure having one or
more sidewalls open at both ends which when positioned in a vessel provides a
passageway for fluid flow and may include solid particle suspension, for example, the
suspension of adsorbent material and related solids in a wastewater or mixed liquor with
air or other gas.

[162] The draft tube may be constructed of any material suitable for a particular purpose
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,
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square, rectangle, or any irregular shape. The individual draft tube may
have any overall shape, such as conical, rectangular and cylindrical. In
one enbodwvoento/14t4te draft tube is a cylinder. The overalPCTdiSp®nsBsssne of the
draft tube, such as length, width, and height, nay be selected to provide
opti mal suspension of the adsorbent material within the vessel. For

exanpl e, particul ar ratios of draft tube Iength to draft tube width or

di anet er be . sel ect to achi eve optimal sus nS|o of the adsorbent

mat er i al REHT FIOF R e slencdiodetip B Cenb e Sieay- D EanIF U Ch Bppos ed
sidewalls within a vessel in a construction referred to as a "trough."” One
or both Baxn¥e sepnoied @pafvalt fiybe wespelhar pgh He surRosigd i ddottapgratien obdsi st

fl ow of adsorbent material into and/or out of the draft tube. For exanple,
t he si devassdllsodongasdfit nBowe i foiw thneughr aidtarowrttetherdyafi mbk.uddteonavdy, ter e
openi ngs form ng passageways to all ow sonme of the adsorbent material,

wast ewat gfs, 1ifo kuspefigsn e M 8 sdppertv®s§ah ddbntonalr @ricasa@tethuatted ran@ear the
first end of the draft tube to enter or exit through the sidewall of the

draft tufign dfif &Pﬁ?hﬁwﬁlsgﬁ{d%ggné BemBRSEMIANRY Vit lRYmPFUKeRNY Shape to
al l ow for séff|0|ent suspensi on of the adsorbent materi al mnthln t he

vessel . f %3 e%&anﬁ)ldlwduaﬁ)ecprﬂﬁg&ube Nap et i 8P 2 ShapSd 4 &y {“ Gl h&ykar or
have an L ar shape I'pl'e™passageways Y& calt 90 one

anot her alg unlforn1 posi ti oned about the flrst end of thg draft tube to
equal |y SRRSCRHQMhEweh oo UFPeadSBrgTbeTr R wiftin Ko vegredop /etReoPYa84] The
one or nore draft tubes may be positioned at any suitable | ocation within
t he vesswithigioa pesgleetsd ttmp@iqﬂ/g adeopatidiquat Ehesdiapetibe oryoflsa he sizdd gndent
material within the vessel. For exanple, a single draft tube nmay, but need
not, be gnged toopredide ardesiadd hevelrofragltadidnowithia thdrdrafteabeto sledemallylsaspend
Smlarly, multiple draft tubes in a single vessel may be randomy

pos Ie;[N:’;I 0 lngae 205orB&irhd (@18 dvitHin T NUsEQ oMt D@k RS the ehvifGinddnk O HeOvdste. RESEl
desired gas lift suspension system volume may be provided by a single draft tube or by
multiple draft tubes having a total volume substantially equal to the desired volume. A
particular ratio of gas lift suspension system volume to vessel volume may be selected to
provide optimal suspension of the adsorbent material within the draft tube. An individual
draft tube may have a cross sectional area of any shape, such as circular, elliptical,
square, rectangle, or any irregular shape. The individual draft tube may have any overall
shape, 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
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Mul tiple draft tubes in a single vessel may, but need not be identical in
vol ume or cross sectional area. For exanple, a single vessel may conprise
cyl i ndri cab,200mrwal and rectangul ar draft tubes of varycmgsh@iogbgesand
cross sectional area. In one enbodi ment, 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 ond draft .tubes has as d.crpss sectiona
o on smebTREEd Hariope P O aBPORar sEediab i Gk Sy e Whboditent  a
vessel has a plurality of identical draft tubes. In yet another enbodlnent
a first emaamle.ithbhadeaipllng adys endoreBe diathiuhe ayycBelydelpRg pr MQeOPENHIZShi s
enbodi ment, the bottons of the draft tubes nay be aligned with each ot her,
or may bﬁ)rmirfg- pasagevays dneallamotdree .of [thé 5dserhemnobteenl, endsaavaenior dlfse dr af t
tube may include a baffle to pronote the suspension of adsorbent material.
The baf f ¢tetdiy othi¥ el that 2@ 18dtedSiiaR Gesitiht ddbtent OF tide @afttthisddoddntddrof t
tube. For exanple the baffle may be a plate suitably positioned on an inner
surface ofi GHIAL Lkl P trcu@ildALCrhPORIRTBhhD g Rl { Hg. 10
one enbodi nent,” the baffle may be a solid or hollow Cyli der ce tra |y
positiongd mnth Wn t he raft anot her . enbo may be
POSki re Phis innded R afind ottt QBIRIEDT BERRUTER mak G a b fre
draft tubes |n the gas |ift suspensjon system The baffle nay

const r uCT@tFlof FOREXSARE: FREUAERMaSDS HEaE: t SEUBR, SCEHCIECURTT Pl ¥ et er al
that is conpatible with the suspension system [166] The vessel into which
t he dr af rreguloe shapg. bMupipde eassagapvaye nafy bydesiioad torons rapéies aiid ahifermly
suspend adsorbent material in conjunction with the gas |ift suspension
system pwitiexdrpbet, the fasvassel theadrahaviee e eqadly dacibutenidw af edsaberany
shape, such as circular, elliptical, square, rectangle, or any irregular

shape. | pa&BHERSRL@dRTERE. S, the vessel may
[164] The one or more draft tubes may be positioned at any suitable location within the
vessel so long as they provide adequate suspension of the adsorbent material within the
vessel. For example, a single draft tube may, but need not, be positioned centrally in
relation to the vessel sidewalls. Similarly, multiple draft tubes in a single vessel may be
randomly positioned or positioned in a uniform pattern in relation to the vessel sidewalls.
Multiple draft tubes in a single vessel may, but need not be identical in volume or cross
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

62



be constructed or nodified in order to pronote suitable suspending of the
adsorbent material. In certain enbodi nents, the vessel may be constructed
or nodi fiwo 20w/i4mobude sl oped portions at the base of tRETWS3®OI038660 pr onDt €
t he novenent of adsorbent material toward the gas |ift suspension system
The sl oped portions may be at any angle relative to the base of the vessel
to pronote nmovement of the adsorbent material towards the gas |ift

suspensi on s 167], Referring now to FIG,. 12, an exanpl of.a as lift
suspensi 3i° %‘ié{%&ﬁuﬁ?%g g eﬁ’ﬁ? i ﬁ]ﬁ té?a@msboérf% a?bm%ﬁf r'I'?aﬁ( diisdi on

Wi thin a vessel such as biol ogi cal reactor 1202 is schematical ly depicted
accor di nyith adnethenpodpyreapit-sehirpgne ppothes. r cul ar el enent's repr esent

bubbl es of gas, small solid elenents or dots represent adsorbent materi al
and irregobhrin hmeber embodimest, rtbprdrste tubarintayoinohglana datfloto lpromasstheThe gas
lift suspension system 1232 includes one or nore draft tubes 1292

conf i gur @dper3fsi dfl RBQBeRNHatElidTE MHe MACTE @y haed Ayt aiecadd Shapdcuinbleafdsar bent
mat erial and naintai ning the adsorbent material in suspension, as described

above. t u bott om
C@@&ﬂ&ﬁ&aﬂ Qbougd; @xga% ga0! %Fﬂdlrﬁ%gge aNflate Ssufiwlggasb%ohé& By @n

portion the draft tube(s) stri bution nozz or diffusers

1291. In. certai.n al rn t|v enbodl nt,s n. d into the
bottom pOI’FIi 8%rfa f‘;?h 8 bﬁb%r( s) milfgfif \9| mﬁ%%@r ur?heesdlfaﬁt %%e ga% Condui t

1290 rat her han, i.n COI’]] unction wth e distribution nozzl es or
di 11 user Snacbmentr s bydde maibe dolider heboy B SR R P RREEaS FORHE vessel
or biological reactor 1202 at the designated |ocation(s) in a nmanner
sim | ar dieftguenaksandhasigmbodinidngstbe balileomar by eskiybthat sspaitioed eka difstoxygen
or other gas for support of the m cro-organi smadhered to the adsorbent
mat er i al erming ssepareati ®f bno ot inbe ddd artee it thewhetiftalispensibheysm.e@he baftier, and
as a source of lift force for maintaining the adsorbent material and
bi omass iy HUTRRARICRA dfMhé BAO LB Gathe! @R&t@e, or a different material that is
compatible with the suspension system.
[166] The vessel into which the draft tube may be placed may be of any size or shape
suitable to suspend adsorbent material in conjunction with the gas lift 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 suspending of the adsorbent
material. In certain embodiments, the vessel may be constructed or modified to include
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.

[167] 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
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1202. In particular, the gas provides upward lift as a result of its being
contained in the draft tubes 1292. As the gas bubbles rise inside of the
draft tub®e,20to@ys7eause an upward fl ow that provi des sueCirars2@n/088s60 bott om
of the tube. This is the notive force used to draw the m xed |iquor and
adsorbent material through the tubes and |ift it into suspension in the
tank. The gas circul ation provides adequate |ift in the draft tubes to keep

t he cont s.of the.tank sufficiently agitated such that e settling of
htsor bent Madsarsrmerety piirtsa decioit: i hi ERopTBET hakltt < Dy cpt
arrangenment of FIG 12 provides adequate m xi ng and suspension with

si gni fi c%lﬁmWS|réBr§seélﬁé?rugpleﬁ edugaserrenatissolid elempiis « 4s depresenfiadiaiberdnd
suspensi on systens. For exanple, the energy required for a gas lift system
1232 i n maferiol ogliicafulneichoeledh20@ remesegt mdsoobgmisnmadrdrioraissc dihelges B8 | ow as
one-tenth of the energy required with alternative suspension systens and

nmay onl ysdsﬁauidnes;xs&m g23%2 NRGRRS dhY drdhork NBatdit@belgi2oal conigtet) pdsleied
Al t hough the gas |ift suspension system 1232 is shown and described in the

context gfy &nRhUbAld fo¥rallitd BftinolHDBSr6AR AT 8dnanthiRaRild ARGHsRbG! Mate a
source of gas, alternative strugtures can be enpl oyed, such as one or nore

troughs within a biol.ogical reactor, ok other suitable stru t hat
or oduces Rl nuieRe S & s R i, Aoncta G oT R RHRUT L 9T pE
directional arrows ghomn in FIG, 12 are nerelxg&%}ustrative of one possible

way in wWHFRSHE P o PPGUR RHFGUGhINE AHE WP Zantt HEPENUPRJIBAICE 18
paranmeters of the system including the size and shape of the vessel, the
si ze, shdipesend2Plnbeeertiin diterhativeudyalodimprts.agas chh bw digeted integhe boitenmay
flow through the systemin any nunber of ways. [170] FIGs. 13A and 13B show
addi ti onpdrtiemod diendinft Suled(s)t 1292 prig sgdrturésniviehé ig@nconduit 1290 rather than, or in

conjunction with, the distribution nozzles or diffusers 1291. The gas from conduit 1290

can be introduced into the vessel or biological reactor 1202 at the designated location(s)

in a manner similar to a coarse bubble diffuser, and serves both as a source of oxygen or

other gas for support of the micro-organism adhered to the adsorbent material and

separate from the adsorbent material in the mixed liquor, and as a source of lift force for

maintaining the adsorbent material and biomass in suspension in the biological reactor

1202. In particular, the gas provides upward lift as a result of its being contained in the

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.
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incorporating a settling zone 1382 as a portion of a separation subsystem
In FIGs. 13A and 13B, solid black el enents represent adsorbent material,
and irregubanidi4nmgar el ements represent m cro-organi Sns POT/US2@Om3sss0 A

bi ol ogi cal reactor 1302 conprises an inlet 1306 for receiving wastewater to
be treated and an outlet 1308 fluidly connected to a nenbrane operating
system (not shown). The settling zone 1382, e.g., a quiescent zone, is

pr oxi mat e outlet 1308 and is rally defined by baffles 1380. and
R P N e O gt A A A A S R e
away fromthe settling zonel382. The conbined m xture of liquid and

adsor benvithaigaificantly fess epergngeiismepfap|cemp3gd te ether @rixing WesusRanBignence
due to the jet aeration or other suspension systemin the biological

react or $8¢2si sFeubsingri¢,i tht lepenggdagedckd for tahgassleft tslystaig  E3Rein18dRlogdd or bent
material having a greater density than the suspended bi ol ogi cal solids

settl es, reaftdr @302 tisih€adRsbenh thafegial banBe ZONBY 138@-tehth sfarheleR@dy r@usidgpensi on
by the turbul ence outside of the settling zone 1382 caused by the

suspensi 1 i 22.1s al so
provi ded@%}r1 3%‘?#%?36 ?ﬁse{%}tg}%ety Qt%gl(%gndTﬁ@y qcﬁléfltq iéﬁgéo@ga%ag%ggr# lsybliloé)%ct%gd by

t he screﬁghp fRRaratus 1322 is mnimzed due to the adjacent settling zone
1382. In certalwpreferred enbodi nents, screening apparatus 1322 is placed
within the baffle systemat_a distance fromthe baffles that is sufficient
Yo ensurB6Phan il B Firolsqucrei WAEEt 1512 i phove 98¢ ey et nethfr om t he
m xed |iquor before it reaches the screen. Consequently, the screening
appar at ueontse 2f wipluralitydidyalt fubaeeordiggndoandt postioned preximiie @tsouisalod gas,
potentially adhere to the screen surface and accel erate plugging/fouling of
t he scr edremaffentiactustianeygileysl, such assad drmaeerniiught nwathinw bivlagédll e
systens, the plugging/fouling potential of the screen will be greatly
reduced, re@&oMiok bthehuifabRAMBBGEYe Mht HEAERS tifl &AM Yhenomenon described above.

Additionally, the directional arrows shown in FIG. 12 are merely illustrative of one

possible way in which fluid flows throughout the system, and depending on the

parameters of the system, including the size and shape of the vessel, the size, shape and

number of draft tubes, and air flow rate, the fluid may flow through the system in any

number of ways.

[170] FIGs. 13A and 13B show additional embodiments of the present invention

incorporating a settling zone 1382 as a portion of a separation subsystem. In FIGs. 13A

and 13B, 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
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[171] However, it is contenplated that in certain enbodi nents, the

screeni ng apparatus 1322 can be elimnated altogether. The use of baffles
around t woaotd/@r978308 of the aeration tank reduces thePRITAISAEBBRESQY

i nparted by the suspension apparatus and | eaves the settling zone 1382 free
of turbulence and rising air bubbles, so that the denser adsorbent granules
can separate fromthe m xed quuor prior to its exiting the tank by way of

the effl d The paf f t d t
ot e 1 al |70 AT A G O S P e hRcE oy RS e o r ect s

the m xed |iquor back into the m xing zone in the aeration tank. [172]

Al t er nat $ofiéess stncp | tgepuiense dips e iie \}ﬁtt }irgfiqnh er [ithr ofispetIsione aystesR iar@eal so
contenpl at ed. For exanple, any of the previously-nentioned screens can be
used, orbiohgicksectdneldOR ris fsubdstiveiallgatduded belthevsetdingezanec l¥82be Adseberitnst ead
of screening apparatus 1322. [173] The settling zone in conbination with

shear i ngmaetinORa RO ¥ i gdleerbenPigyTiaR Gthe RhispeAgedObiojoicabeslalsi Rfles| hfngs fthe
adsorbent material that has had the excess biomass sheared therefromto

settle ip,an fE sauiiot AUt 382 Xk 'i‘&urn-gh %o ﬁ’s}@ﬁﬁ&%y g ‘éﬁ%tﬁénc‘é‘ dubsiGebt g to the

bottom of this area and re- enter the m x |quor 74] FI G 13B shows

anot her aodi ne %1 zone i ng 1{25}?63 ow
o omss SULRE PRI e et Pt SRR SRS S Sﬂ’ewnl B SRR

drops out of th u cent zone, it mxes with the |tated ontents of the
tank i ncPRRATANY ﬁe toqawdgﬁspﬁeﬁa@t? d1qudet 430 28 B0 ABAHLY ghddrabent

re-suspended. [175] In enbodiments of the present invention including a
set t | i ngbledkrd hathersgreaningdppribantl Sgatemizimiwdsdus tditbe hdnepat pstling zdne wast e
di scharge port can advant ageously be | ocated proximte the settling zone.
Thi s al | b38. t eceraii prefedledrdnenidimatterscakening dppameroded inplacel withinmhei ng
renmoval of m xed |iquor.
baffle system at a distance from the baffles that is sufficient to ensure that most of the
adsorbent material will separate/settle from the mixed liquor before it reaches the screen.
Consequently, the screening apparatus 1322 will receive fewer adsorbent particles which
could potentially adhere to the screen surface and accelerate plugging/fouling of the
screen. When screening systems are used in combination with baffle systems, the
plugging/fouling potential of the screen will be greatly reduced, as will the frequency of
screen cleaning.
[171] However, it is contemplated that in certain embodiments, the screening apparatus
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
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[176] Useful adsorbent materials for the present invention include various
types of carbons, such as activated carbon. In particular, granular

acti vat edwoantvonaz9rare very effective, since the size ramrge/iseaomsssseti es of
t he granul es can be selected to enable their retention in a predeterm ned
portion of the system and thereby substantially prevent them from fouling
and/ or abrading the nenbranes [177] In systens in mhich t he granul ar
activated carb not ecte signific nt S r|n forces. and/ or

ot er - or sditle Ronithe o HaRat GrEh ot el it SeeS M ohed Hosu BRb dited fr om
wood, coconut, bagasse, samdust peat, pulp-mll waste, or other
ceIIuIos@@5@§§@iﬁﬁféﬂﬁap§ﬂﬂ@h@HEU|table exanpl e is MeadWestvaco Nuchar (r)
W/ B havi ng nom nal nesh sizes of 14 x 35 (based on the U S. Standard Sieve
Seri es) . [1[72F 8Altematedi feitbm@l zewbogstemmt withmarthé chiobugioal t reaster | arewhlsoh
shearing action is provided by turbulence and/or inter-granule collisions
in a punpondiaipleted] Eor Bamzile, anyE e prrdiDasihendntizaé® tdrédns $hn Bavikag ohiagher

har dness val ues are desirable. For |nstance granul ar activated carbons

derived H4.0Mdd ih YR Abtaf R WP ASEr ERIRS st thsad ong‘r@&ﬁﬁg’ﬁ) alafys3par ticul ar

enbodi nent, the granular activated carbon is derived froml |gn|te [179]

Car bon i | so he h are a_treat nent
Car Do B The sSBC R PRI e e Pt b kg
species and/or nmetals. in ﬁhe wast ewat er. For |nstan%§dﬁgn wast ewat er s

havi ng aWEP&OF Ve JFriighallaweheotdsbierippteriat thag da F CREHS SOTHE
adsorbent material preferably includes granular activated carbon
i mpr egnathedredithdreisonge settimin enliatke vothontinfixing. Ghhedsarben mrmseriad wah getdle
i npregnated species can be provided to target specific netals, other
I nor gani © the hpoam ds thanaéo indregamdrcheomiqeduigdse. [ 180] I n addition, the
adsorbent can be a material other than activated carbon. For
[174] FIG. 13B shows another embodiment of a settling zone having a weir 1323. Low
density biomass overflows the weir 1323 and the adsorbent settles. As adsorbent drops
out of the quiescent zone, it mixes with the agitated contents of the tank including mixed
liquor suspended solids and adsorbent and is re-suspended.
[175] In embodiments of the present invention including a settling zone having an
adsorbent material waste discharge port, the waste discharge port can advantageously be
located proximate the settling zone. This allows the waste adsorbent material to be
removed while minimizing removal of mixed liquor.
[176] Useful adsorbent materials for the present invention include various types of
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.
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i nstance, iron-based conpounds or synthetic resins can be used as the
adsorbent materials, alone or in conbination with other adsorbent

mat er i al swoed/147970 conbi nati on wi th granul ar acti vat ed PCarusono/0B8esa her
treated adsorbent materials other than activated carbon that target certain
metal s, other inorganic conpounds or organi c conpounds can be used. For

i nstance, in wastewaters having relatively high levels of iron

and/ or nma ese, at least. a portiaon of.the adsorbent can conprise a

granul ar LiZholhesEmys B e 119 praping ovaitd Ahenisdet e Kayengediseni c,
at least a portion of the adsorbent can conprise granular iron oxide
conposi t &saring forgst apdioerigtergeanylsi Aelliviead thsr grealay astivapd caghon eystbeg
portion of the adsorbent can include granular alum no-silicate conposites.
[ 181] | npodecedniiodi meoitd, d¢oeenadsagimeat saedwt,i atatc polhbmils elvatd, edr balsed upon
a desired specific gravity range. In order to maintain the adsorbent

mat eri al cdlilGedReaAs mareridlst hOhe auaeRlt adxampeN ey Ylea@BRSIVERY Nakh&@sWVaBges,
specific gravity ranges relatively close to that of the wastewater are

desi 1 abl i diiaChBS AR 4k CTBAGOHRRL § 5. Bl elsiaenasat on | s based

at least 1npart on settling of the material, higher specific gravities are
sui t abl e; ? engral . the specific.gravi i.s pr.eferabl reater than about
105 n WaBD PR Boe SfodtBER P bt e 8 AL TERIY veR G BT
greater than about 1 10 in water at 200C. A suitable upper limt for the
Speci 11 cOYRARTERFeiadoF ieesaain celipionT MenranP AUt cnqgalc: HogiRdiorant 200G,
[182] Therefore, the adsorbent material having a specific gravity range is
sel ect edmatsiieks)gragingdughes hafdnesseynluas psp desdiable. dvd indtancef greeulaiuddtivaiednt
contact with the wastewater and its contam nants. In addition, in certain
enbodi megdrbonst dxeivepeCorhi tetugticay bit Yodaladnagel pracriathe sreseffddtice.enin 8 glaitiduig
characteristics for subsequent renoval of the adsorbent material from

embodiment, the granular activated carbon is derived from lignite.

[179] Carbon materials can also be provided which are modified with a treatment

process and/or species thereby providing an affinity to certain chemical species and/or

metals in the wastewater. For instance, in wastewaters having a relatively high level of

mercury, at least a portion of the adsorbent material preferably includes granular

activated carbon impregnated with potassium iodide or sulfur. Other treatments and/or

impregnated species can be provided to target specific metals, other inorganic compounds

and/or organic compounds.

[180] In addition, the adsorbent can be a material other than activated carbon. For

instance, iron-based compounds or synthetic resins can be used as the adsorbent

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
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the wastewater. In further enbodi nents, selection of the specific gravity
of the adsorbent material is based on mnimzation of the energy required
to mai nt avo 20teei4zadsor bent material in suspension.[183] Famrtusesmssssot he
desired adsorbent material, such as granular activated carbon, has a
hardness | evel that m nimzes creation of fines and other particul ates due
to intergranule collisions and ot her process effects. [184] The size of the
adsorbent material that the sejgratl n _subsystemis designed to retain and
ther by BRESARLC: | X Bk BYRIoR rtio UEN & WERBF &S COBBFAT i DYEE dRMEISHt i ni zed
to mnimze the anount of adsorbent material and fines entering the

nmenbr anedigpiEe dticHpe &ypdiae i WRsEMAiesY BaViRhe serae.Hb ELagimiry{ign ehihgfadpqybent
invention mnimzes abrasion and fouling by carbon granules or other

gr anul ar cama¢anprase sgrampamigemgxida colnposmaybrlanesstewdters engdudihg 1gpdow bkang t he
operational advantages associated with the use of adsorbent materi al

i ncl udi ngieR®y, | mateast aaphi@on 18R] Buérbad eagriadiude gimes hRimihdsiliagtsor bent
material are selected to conplenent the sel ected screeni ng/ separation
nethods,(gmgmhgg needs of the particular wastewater being treated. In
certain preferred enbodi ments, the botton1lln1t of effective granul e size
of the agger bEnt RISy BSHLERLGA, AN LAAL Ll ean. a8l Pe. separ ated
fromthe m xe lpquor en erlng tHe ne rane operati g A

tank(s) in which the nmenbranes are | qcated eneral t he effectlve
granul e ¥I°5RICHHAYiEraRE% oMb BIET Hafaiiain ﬂ?fa%dsarbsag PAIFFIRY 15 YusBInsionotitthip. 3
mllinmeters, where greater than about 99.5 wei ght % of the adsorbent

mat er i al adcsptable\energyecdnstmption/Eont trangss.efpecuisl granigy irangea relotiealy Iclase ttoof
about 0.3 millinmeters to an upper |imt of about 2.4 mllineters

(corr espthadiofighd evastemaeh as¢ zlesibbld. o Gn nfes bthei hend, inbaakeHimentdnint ehlicht at es
Standard Sieve Series), where greater than 99.5

separation is based at least in part on settling of the material, higher specific gravities are
suitable. In general, the specific gravity is preferably greater than about 1.05 in water at
20°C. In certain embodiments, the specific gravity is greater than about 1.10 in water at
20°C. A suitable upper limit for the specific gravity is, in certain embodiments, about
2.65 in water at 20°C.

[182] Therefore, the adsorbent material having a specific gravity range is selected which
provides sufficient suspension and therefore sufficient contact with the wastewater and its
contaminants. In addition, in certain embodiments, the specific gravity range provides
sufficient settling characteristics for subsequent removal of the adsorbent material from
the wastewater. In further embodiments, selection of the specific gravity of the adsorbent

material is based on minimization of the energy required to maintain the adsorbent

material in suspension.
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wei ght % of the adsorbent material is within the |ower and upper limt; and
in certain preferred enbodi nents about 0.3 mllinmeters to about 1.4
mllinmetewe 20oorespondi ng to a nmesh size 50 to a nmesh SCTAS2EU0/0BHS@d ON
the United States Standard Sieve Series) wheregreater than about 99.5

wei ght % of the adsorbent material is within the |ower and upper limt. It
has been denonstrated that a granular activated carbon with a m ni nrum

effectiv ule size of aboyt 0.5 mllineters to about 0.6 milljneters
can be o083 P BpRr dfteARrS cdruBrBmr e B SHE B RSACR! R FHba:

sui tabl e separation system and such effective sizes, in granular activated
car bon ofassypardpgse leyshglat maaimiggss@eation o dss ane ahey PrdicHAfos i fe dnteh
suspensi on. EXAMPLES [ 186] The present invention will now be illustrated by
t he fol | ganwlg coldisions amd othgr preaspkeifscts. Exanpl e 1 [ 187] A pilot scale
programuabl e | ogi ¢ control |l ed nmenbrane biol ogi cal reactor system (Petro(tm

MBR Pi | of184i Thaviak lofithe adsoetonbinei@ns thMttes sdredinal ueiesem Rotihsalrdltd,
W sconsi n, USA) having an aeration tank with an anoxic section, with an

capaci t y.pfin apPHRXITBLES ht Fs _ésa};é §:86 $hel thkrmbian@ ﬁﬁah%ggiw&q%gﬁm%é_ a

menbr ane operating system equivafent to a commrer i al rane bi ol ogi cal

react or ste s_nodifi.ed to acc date the granul ar activated carbon
i 1 ori Bt AR Bt ek G HRRTER B finds 20, b=l
situated at the inlet of a ﬁgﬁp that transferred m xed |jiquor fromthe

aer at i ok tioetienditbMEHedoBEr Bsiey o5 yat énenfiaBainmises e ayar et
f eedst ock i ncluded water having the follow ng concentrati ons of
or gani c/ fonbngdyi earbeit geanuled ®roothersgipaylal pragarialsgimypinging wuheemepbrangubi c
foot (oz/cf)) of
while still providing the operational advantages associated with the use of adsorbent
material including activated carbon.
[185] Suitable granule sizes for the adsorbent material are selected to complement the
selected screening/separation methods, and the needs of the particular wastewater being
treated. In certain preferred embodiments, the bottom limit of effective granule size of
the adsorbent material is selected such that it can easily be separated from the flow of
mixed liquor entering the membrane operating system tank(s) in which the membranes
are located. In general, the effective granule size of the adsorbent material has a bottom
limit of about 0.3 millimeters, where greater than about 99.5 weight % of the adsorbent
material is above the bottom limit; preferably having a lower limit of about 0.3
millimeters to an upper limit of about 2.4 millimeters (corresponding to a mesh size 50 to
a mesh size 8§, based on United States Standard Sieve Series), where greater than 99.5
weight % 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

70



sodi um acetate; 16 g/1 (16 oz/cf) of ethylene glycol; 29 g/1 (29 oz/cf) of
methanol ; 1.9 g/1 (1.0 oz/cf) of amoni um hydroxi de; and 0.89 g/1 (0.89
oz/ cf) ofwphompiaeeroc aci d. Theammoni um hydr oxi de and phe@sphiseéio/oasssed wer e
sources for proper nutrient balance for the bacteria within the nmenbrane
bi ol ogi cal reactor system [189] A sanple wastewater m xture was prepared
havi ng hi gh concentrations of biologically refractory and/or biologically

i nhibitory organic c unds, Specifically, the sanpl.e wastewater m xture
cont ai ne8eRE MBI AR SR ERERATA Gribe 81BN SRR Fy LA L) S AP

bi ol ogically inhibitory organic conpounds: 90 mlligranms per liter (ng/1l)
(0. 09 oul@és Hehac b deenstiaged gray aprrappipn: acgpated |darhgpayith pemipjinpgp (0. 03
oz/cf) of di-n-butyl phthalate, 120 ng/1 (0.12 oz/cf) of 2,4-dinitrophenol,
2 1 ny/ leff€@ti@ ramplecdile off abdpu0.dimillimetto!to@heutdh@ midBinmgyedrd caf beredshlyland
tert-butyl ether. The m xture was fed to the anoxic tank. [190] The

menbr aneefficehogisei@bndde@sinothe Weiked 1itj8ér WRAR raaduedblel separtiord s @fesh 2dndagiich vat ed
carbon to obtain a baseline. It was determ ned that prior to the addition

of  granub@lcqdeLi¥atif ¢ raRIRRivAN YaBBPYF s@tOhedses PG 081 &hbidaflr act ory

or biologically inhibitory organic chem cal oxygen demand (COD) conpounds

in the eﬁfluent ver e renpved, after a long period of bio-acclimation such
€ maintaine IB-SquenSIOH. . .
t hat the nenbrane biolfogrcal reactor was fully acclimted, thus allow ng

about 8% of these compounds (neasured as COD) to pass into the effluent).
[191] To determne the efficacy of granular activated carbon, 3800 grans
(g) (134 ounces (0z)) MeadWestvaco Nuchar(r) W/ B having nom nal nesh sizes
of 14 x EKA@M@ﬁ@é on U S. Standard Sieve Series) was added to the aeration
tank and the bl ower supplying air to the aeration tank was adjusted to feed
2124 st api@6al dThé tpesssntpatventisiutwell now be illustrated by the following non-limiting

examples.

Example 1

[187] A pilot scale programmable logic controlled membrane biological reactor system
(Petro™ MBR Pilot Unit available from Siemens Water Technologies, Rothschild,
Wisconsin, USA) having an aeration tank with an anoxic section, with an capacity of
approximately 3,785 liters (1) (1,000 gallons (gal)) and a membrane operating system
equivalent to a commercial membrane biological reactor system, was modified to
accommodate the granular activated carbon addition described in the present invention.
A wedge wire screen was situated at the inlet of a pump that transferred mixed liquor
from the aeration tank to the membrane operating system.

[188] 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
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(slm (75 sctfm(scfm) to the aeration tank, wth the excess air provided
to maintain the granular activated carbon in suspension. The anpunt of

gr anul ar wotowatseedocar bon addedt o the aerati on tank wasPOadsA01003%80 per cent
of the m xed |iquor suspended solids in the unit, which was determ ned to
be approximately 5000 ng/1 (5 oz/cf). [192] After acclimation of the MVSS,
the total nenbrane operating systemeffluent COD concentration was |ess

than 4% therefore, achievin reater. than 96% renoval of biologically
o 1 act SPYTORTIET BIBGRGARY PRTIGHE Oy SREARPEeT GO OIS L PABPE asur ed
as COD. FIG 14 is a chart depicting feed concentration (in ng/1l) of

bi ol ogi c@ebpcteidd pitbinghy merbryiedliolgRical legctPhfystst ory conmpounds, and t he
remai ni ng ef fluent concentrations (as percentages of the original), at

vari ous HB88pesd simjflcowegewatbr acigiurerawasopraphred evibg drigh bicokagiatiahs rofact or
system In particular, FIG 14 shows the conparison between the effluent
concent r BiblogRallpreRicté§ adiirtiionghll@idibitay @&niy abfodas b@Epetisicate A)
during the acclinmation period (stage B), and after acclinmation (stage B).

Once gragyl ?z{mﬁ&?&dﬁé&ﬂeﬁ%@?&% VR5 arde fortoih H &on¥st@Rbngd RET Bio) ﬁ%{ver y

si gni ficant tial drop in effluent COD concentration, which i shown

in FIG rl :adFd tggd/a d %lgtiiczﬁp @R oirt yorOfniE[: h% ro%rrl](?sl'? %ﬁfhj \r/a%%sedecﬁlg Qon Vas

exhaust ed i'n es8“Chan’ dre ciyay. eysyg%emct nsta |0I Zed CUcRt Hat ar ound
6.5% of the feed COD was renmaining after treatnment. This represented a

peri od iéﬁ&(ﬁi@wgt%@cmwﬁ?w 8%@5/&?% YT A; 3@ AR R&rshté&ﬁpa@%%egand the
bi omass on the granul ar activated carbon started working to di gest the

bi ol ogi cefi diyn-byiki @htm}a;c,dﬂgamﬁ/b(%ﬂn%ﬁhéé214kpanitmeh@0hé’dslng/é60.agl o) After

t he bacteria becane fully established onto the surface of the granul ar

act i vat edf zardtitrotohenavasd G6miig/r ofdhethyt terabutel @hdrr OFhemixitos sapdecathaat i on,

the benefits of an attached growh/fixed filmsystem becane apparent. The
resi dual ;{6 @gcentration in the

[190] The membrane biological reactor was first operated without granular activated
carbon to obtain a baseline. It was determined that prior to the addition of granular
activated carbon, only about 92% of the biologically refractory or biologically inhibitory
organic chemical oxygen demand (COD) compounds in the effluent were removed, after
a long period of bio-acclimation such that the membrane biological reactor was fully
acclimated, thus allowing about 8% of these compounds (measured as COD) to pass into
the effluent).

[191] To determine the efficacy of granular activated carbon, 3800 grams (g) (134
ounces (0z)) MeadWestvaco Nuchar® WV B having nominal mesh sizes of 14 x 35
(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
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effluent dropped to | ess than 4% of the feed COD concentration, providing a
CODrenoval efficiency of greater than 96% for a highly concentrated feed of
bi ol ogi cavbyoroefsreet ory or bi ol ogi cal Iy inhibitory orgarcCt/useompnsssds. [ 193]
Use of the nmethod and apparatus of the invention elimnates the plugging
and abrasion of the menbranes by keeping the carbon out of the nenbrane
operating systemtank(s). By using | arger sized carbon granul es, carbon
granul e screeni ng and/ or separatjon is possible...On the other hand, the
Jrmll patine reraeh, B TnaSBERRLh Bfroad RS b Soreiro I & et oct i ve
filtration fromthe m xed |iquor. Exanple 2 [lgé% Laboratory particle
suspensi WHt ydaghewpedatermipgdetohe rappiorratelyi G0 mBlo0ezet)- 1 i | i t er graduat ed
cylinder having a rotameter connected to a source of conpressed air and a

t ube fr of92heAdut halinokion lné thao VEMES B rthe dotal maimdrank atperagiag vgstemnoefflhentbot t om
of the graduated cylinder. 20 g (0.7 oz) of thoroughly dried granular

act i vat edopaediebniviion wisdle§dthhi 408 eh&yord detievimd @ Batee TRAI 4% remdi Atdfl | ed
wat er was al so added to the cylinder wetting the particles. The contents of

pater 1 ‘ : ne ‘ : g
e cy Isa@!ﬁ%laezﬁ? ggﬂ_fraﬁf oMb ?Q\cl:va;lg)aﬁlﬂhﬁto}fo%ﬁﬁgec'ag%)()nﬁdsetﬂgﬂ WEeGROLERES an

remove air bubb 5] A added tothe tube in the cylinder at

i ncreasi ng yate til.the first.soligds,were suspended and e. air . fl ow was
- ocor dect R e TET ol i e Brde, e | SuFPRRPRARER 0, BPihantor us
wer e suspended (based Efon t he ampunt of carbon remai ni ng on the _bottom of

the cylifHeFPanthd neiolerelyw Rt E: sPE@aUNds; & Mibwhfadcdyaing i sitredsed
until all of the granular activated carbon was suspended. The final airflow
was recoedegntrarioas (aspaiacstageseofghoangingl), T yrdous, ftagge ptf Tiekogagab aerlingstioaner gy
required to suspend the particles increased as nore particles were
suspendedf a Bestdanepiainloglvab ecaces wydtan. tTheaeticular eBid. ridngiots thorompapendi ng a

between the effluent concentrations prior to addition of granular activated carbon (stage

A), during the acclimation period (stage B), and after acclimation (stage B). Once

granular 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 granular activated carbon was exhausted in less than one day. The system

then stabilized such that around 6.5% of the feed COD was remaining after treatment.

This represented a period in which the adsorptive capacity of the carbon was exhausted

and the biomass on the granular activated carbon started working to digest the

biologically inhibitory organic compounds that were measured as COD. After the

bacteria became fully established onto the surface of the granular activated carbon, as

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
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granul ated activated carbon were calculated to be about 7,080 to about
8,500 sImper 1,000 liters of reactor volune (about 250 to about 300 scfm
per 1, 000woubioci4fewet of reactor volune). | n conpari son, PChaSzedossesy
standard for suspendi ng biol ogical solids w thout granul ated activated
carbon about 850 sImper 1,000 liters of reactor volume (30 scfm per 1,000
cubic feet of reactor volune). The air requirenent to suspend the

granul ated ac at ed ca rbon and i ol ogi sol i s d m ned to be
oo 1o, TormaL i Eieney o vy on R Bron SRLE herberi e R B S EAT { han
that to suspend t he bi ol ogi cal solids alone and to provide the required
oxygen fsfragiopdeghialegicplbn mhibitosy pegaicicomppuidsgr anul ar acti vated car bon
suspension pilot unit was prepared, utilizing a vertical cylindrical tank
havi ng all@3hnEseof dfe heB®dmatierppalanys ¢f6thEaevention)elinanaesa theaplepgidepind of
2.59 m (8.5 ft). One eductor jet nozzle from Si enens Water Technol ogi es

( Rot hschibrgkioNbSGe ednibradésAly KRpink e adrb@ﬂoﬁtf'ﬁ’f(lhkgﬁleﬁfbrﬁfét@éra%% lsysémt he
tank at a distance of 43.5 centlneters (cm (17.125 inches (in)) fromthe

tank fl ORhk( sTheBgoﬁﬁﬁ§ lal}l&o"g‘fkeﬁncf théh gl‘éhulé’%asca%({ne%}a%meh%&@rﬁ % f§ alnlyort ovar ds

the center o ng/l concentrafion of “granular activated
carbon, Mead \\estvaco, Nuchar 35( Whod troduc | nto th t ank.
[ To8] ks GBS b TR RRG, Olsinty et Bpich A9 el S R BoPeb M ozat e
1544 which conprised a fluid_jnlet 1546 a conpressed air |nlet 1558 and an
outl et 1EBASCAFDgN BEREBY 1 CBRT I BSOS ok harber 1566,
Conpressed air also entered m xi ng chanber 1566 where it expanded and
i npart edExameplgy to the fluid. As the air expanded, the mixture of fluid and
air passed to a nozzle throat 1568 where velocity of the m xture increased.
The fl ui d94pnLabanatogy @drticle xudpedsiow zaleteifsdxiert pedomgiedousinged 20GB Aillitited t he
t ank.

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

cylinder. 20 g (0.7 oz) of thoroughly dried granular activated carbon were placed in the

cylinder. Room temperature distilled water was also added to the cylinder wetting the

particles. The contents of the cylinder were mixed with a spatula to suspend the entire

contents and remove air bubbles.

[195] Air was added to the tube in the cylinder at increasing rates until the first solids

were suspended and the air flow was recorded. The airflow was increased until

approximately 50% of the solids were suspended (based upon the amount of carbon

remaining on the bottom of the cylinder) and the airflow was recorded. Airflow was

again increased until all of the granular activated carbon was suspended. The final

airflow was recorded. The results are shown in Table 1.
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[ 199] Tests were conducted wth various liquid flow rates and conpressed

air flow rates.

| pm (140

ol 795er

Liquid flows ranged from530 liters per
mnute (gpm to 200 gpn) whil e conpcedsedoassesd | ow

mnute (I pm

to 757

rates ranged fromO to 850 sIm (30 scfn) [200] At a liquid flow rate of 587
resulted in suspension

| pm (155
of the a

gpm ,

ctivated carbon,

an air flowrate of 850 sIm (30 scfm
while air flows of 425 sl m (15 scfm andl ess

resulted in deposition of the activated carbon on the bottom of the tank.

Simlarly, at aliquid flowrate of 644 Ipm (170 gpm) , an air flow rate of
850 sl m (30 _scf rﬁ resulted in quqnpn':l on of the activated carbon, while an
air flowrate of 425 slm (15 scfrr) éﬁﬁhlelless resulted in settling of |the
acti vat eg——cat UII the UUl.l. IIIUI thetar ||u,,| ast 11 d ||0Wt0
700 | pm (185 S/Vrh result? ﬁ SBhsi Aé ‘F %%Tk gtéﬁ% @ a
reduced air flow rate of S&E@féﬁfml?l cf r(ﬁc m) 1053 cr(é E’l °flow rate
of the |{quid through thé"{s2%pP% et m Gﬁ‘lﬁpﬁ%gl%@eli &“?BCI%S&Pnlg?)r aaprr), an
i ncrease|of |ess than 10%f cFresgieeipnghe @éﬁgqﬁﬁrﬁ@qt@ﬁalof @f FrOBYy S HoR
conpared|to the air required Bfaa coar|se bubdyte diffuser sy®¢®em As|such,
the jet suspeosildncsystem s2.8hi(G.i@ant |y rel@iced.3he gonsdpdi(60) of
conpressed aMRX/@nwdl t herefore the enerlgy costs associlated with the use of
conpr essed Narft GA Bl €| 4 [202]0.Fvanmplle 4 vw3 @yduct/ed ©gqdgbenm ne the
ef fi cacy| opyjsaiinfiQaéle O perform suspension of granylar activat ed ¢ar bon
and to de ructur T[T Z1 age [of % i vated
carbon pa %P&hﬁda?&o rrg?aw)b )of a dowﬁgt ?gg o mraﬁegggé?) ti nq
Syst em I T II \va ey t LILILAY I/\ LIL) I e ‘A\Iere uo\, |U||o|.ra.te
t hat j et Flisaore suspemojg%@ul ar act]|\3§l§)[ @P)car hon égprél (Z{Sé Vari ous
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

[196] The amount of energy required to suspend the particles increased as more

particles were suspended. Based upon these results, the air requirements for suspending a

granulated activated carbon were calculated to be about 7,080 to about 8,500 slm per

1,000 liters of reactor volume (about 250 to about 300 scfm per 1,000 cubic feet of

reactor volume). In comparison, the industry standard for suspending biological solids

without granulated activated carbon about 850 slm per 1,000 liters of reactor volume (30

scfm per 1,000 cubic feet of reactor volume).

The air requirement to suspend the

granulated activated carbon and the biological solids was determined to be up to 10 times

7
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mxing liquid and gas flow rates were evaluated. [203] As illustrated in
FIGs. 16, 18 and 19, a jet m xing/aeration nozzle 1644 was installed in a
si x foot wpDanmwery709, 085 1(2,400 gal) steel tank 1602 f iPClras2ewibscabout
7,570 1(about 2,000 gal) of filtered tap water to a level L. [204] In this
exanpl e, wood-based Mead Westvaco Nuchar(r) W/-B granul ar activated carbon
and coal -based Norit Darco(r) MRX granul ar activated carbon were

suspendedutilizing a jet mxing nozzle in a cylindrical tan t various
R A o R A AT U b ek
carbon had a specific gravity of 1.1, an effective size of 0.6 mllineters
(0. 024 i ¥9lids gloge jad tomPride the teayizd qraren Eybiedegtadaiiocoal based granul ar
activated carbon; the Darco(r) MRX had a specific gravity of 1.5 and an

ef fecti vExangle3of 0.7 mllineters (0.028 in). [205] Approximately 50 ng/1l
(0.05 oz/cf) of wood-based granul ar activated carbon was added to the

wat er. THO7| ow ganitentliadtédnrbdn Qfs?‘ﬂi-éioalrpil@@ UhiY ¥as PreparelOni Wy de@dcdl0
permt viewing of the mxing profile in the tank using a subnersible video

camer a. &ﬁiﬁhﬁcﬁ B AViSH QB IE: 58NGS nRfterd g&% G Rdidhoma HReddy dg%%q'o@ 2:

Test conditions for granular activated carbon jet suspension [2 Wat er
was fed th zlg of .jet .m xing/aeration t 1644 .by di,sc, .punp 1648
and compt S2 8L Ay wGe e BB P BB kPR 6B el R TENR T ves
1649 and_1661 controlled the speed. of the pupp _and bl ower notors

respect i Vpapnsigy Uéﬁgﬁgasaaft Fribaeushr an puer wallfiths, enkeddd disiace ofaddmignetii
flow neter in the discharge line of the disc punp 1648 nonitored the |iquid
f1 ow. Theensipweads (imt(he. 1B ovedes b dronwehs takobertt ildwalozzle, shhwnan FIG| bw. [ 207]
Referring to FIG 17, the throat velocity of the jet nozzle was cal cul ated

at each westireaedihbiiomtahdtoplaodst thd ocetes w$ thdreanki gli 30 fgdvweonataratibs shown, a

m ni mum t hr oat
granular activated carbon, Mead Westvaco Nuchar WVB 14X35/Wood, was introduced
into the tank.
[198] 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,
the mixture of fluid and air passed to a nozzle throat 1568 where velocity of the mixture
increased. The fluid containing air exited nozzle 1544 through outlet 1564 into the tank.
[199] Tests were conducted with various liquid flow rates and compressed air flow
rates. Liquid flows ranged from 530 liters per minute (Ipm) to 757 Ipm (140 gallons per
minute (gpm) to 200 gpm) while compressed air flow rates ranged from 0 to 8§50 slm (30
scfm)

[200] At a liquid flow rate of 587 Ipm (155 gpm), an air flow rate of 850 slm (30 scfm)

resulted in suspension of the activated carbon, while air flows of 425 slm (15 scfm) and
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velocity of approximately 10.4 neters per second (34 feet per second) was
required to achieve conpl ete suspensi on of the wood-based granul ar

acti vat edwoantord7970hi s vel ocity can be correl ated to theCc3aseoniossegr avity
and maxi mum particle size of the granular activated carbon. [208] At the
conpletion of the testing with the wood-based granul ar activated carbon,
the tank was drained, cleaned and refilled wth water and approxi mately 50

ng/ 1 of the coal -.based.granu] ar activated caybpon was.added. Based on a
it ar bvreadignn SRSttt e ke a0 chdhe P ot RESFTk sRTIBLY bl 6 o
mai ntai n the denser granular activated carbon in suspension. [209] Since it
i s necessHayidflovsiaselfddilam| (/¢ eppenan aipHoyraof 870 sl (3PcEn) eavlisghn
particles fromreaching the nenbranes of a downstream nmenbrane operating
system susp¢midned the neteratad ¢anbdd, 3ilaiahn| aimBoerate pd A2 ghm WS sgopiand desed at
the outlet of the aeration/reactor tank, so that any granul ar activated

carbon pakiilieel @Sseltiaf ofirtke AeWked 0Weh dHIthdGotthd jfethe agilat heBingCkat i on
to particles having a dianmeter less than 0.38 mllinmeter (0.015 in) wll

pass threazma e 1> GHE G (qk§ t) GedIRM ih QuRhSion tdFan BRI ARE ABEE af Lng

system [210] In addition, ests were pertfornmed placing a screen on the

t
suction sji,de of the jet ﬁ$Qii t eration/reactor tank using a qui escent
zone, i.“ﬁ?“?i%bﬁ@”éteP%gl u@ﬁg?éﬁgé? that would allow the granul ar

e
e Yo T Do B RS b S PR Sh e bl 8, L«
near qui escent zone in the aeration tank 1802. The baffl e extended from
0.61 m (@ I3 crbbve intreassorltloss ban tiAE. trechiced cheaprnsemphien warigrbyl 20/elas | n
this configuration, the screen
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
[202] 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
membrane operating system. A cylindrical tank and a jet mix nozzle were used to
demonstrate that jet mixing could suspend granular activated carbon completely. Various
mixing liquid and gas flow rates were evaluated.
[203] As illustrated in FIGs. 16, 18 and 19, a jet mixing/aeration nozzle 1644 was
installed in a six foot diameter, 9,085 1 (2,400 gal) steel tank 1602 filled with about 7,570
1 (about 2,000 gal) of filtered tap water to a level L.

[204] In this example, wood-based Mead Westvaco Nuchar® WV-B granular activated

carbon and coal-based Norit Darco® MRX granular activated carbon were suspended
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1822 was a wedge wire screen and was nounted near the top of the quiescent
zone which required water to be pulled fromthe bottomof the tank 1802
t hrough twe 2boviararnbul ence zone before it reached the seceas20182236507he
qui escent zone was sized at 40-50% greater than the cal cul ated plug fl ow of
the unit so that the upward velocity was | ess than the settling velocity of
the granul ar activated carbon. For this configuration to be effective, the

settling rate, which is dependent upqn the specific gravity of th

par i o cuiigi S aitine BoEe ity AL ik 9B boiauge s loet ichee
performed using the coal -based granul ar activated for which the cal cul ated
set t | i ngMead Nychan® gWyeBeprnplay astivaied] caogubadhg siecidict 2wty rpft hé. @li escent
zone, it would need to be at least 0.39 n2 (4.2 ft2), to keep the upward
vel oci t yeffawvesoaght @6 nallinstertsHB8.0g#4 anuilaad iactpicadlyedlagselyonfttotheetdobhle. The
actual cross- sectional area of the zone was 0.73 n2 (7.8 ft2) . [212]

Still rebsedighgulad abitatedlEarb&i 2B Daldd@AMHRX thaak sh8E2ictohatitywers].sised aho f eed
the punp was | ocated approximately 15.2 cm (6 in) fromthe tank fl oor.

Polyviny&ﬁggkgg&ggf@bgﬁnﬂﬁ§ﬁgkb@§?gg to nozzle 1844 using a rubber boot so
that a wedge wire screen 1822 coul d 'be suspended near the top of the tank

and in flui onmuni cat ion W he Qut.l et 1808, The wedge W re screen was
55 om (25T APPR M peh KA O0eB 5ot srh Tl g Ead e At e
(0.015 in) openings. [213] . The m xing test wa condug&ed with a water flow
of 700 | #ief 185hg raferanthaiPaicPneangRigt ok geangfam actvated sgibRy Wasrusgditn ti e
of approximately 18 hours. G anul ar activated carbon was observed on the
f1 oor of parmet viewingoh deer mixieg ppofitssiodha tapk neingjatshbmessdlyyideuibameret Tekleed
carbon still in suspension in the turbulent portion of the tank.

QOccasi onabélyw shoswithe ange efatestedndidohmsuse@¢cur on the fl oor bel ow the

qui escent zone and sone of the granular activated carbon would be carried

upwar ds toward tiife SCMe&Ronditions for granular activated carbon jet suspension

Condition Liquid Rate, Ipm (gpm) Air Rate, slm (scfm)
1 530 (140) 0(0)
2 587 (155) 425 (15)
3 644 (170) 850 (30)
4 700 (185) 425 (15)
5 757 (200) 0(0)
6 644 (170) 425 (15)
7 700 (185) 0(0)

8 700 (185) 850 (30)
9 644 (170) 0(0)
10 587 (155) 850 (30)
11 587 (155) 0(0)

[206] Water was fed to the nozzle of jet mixing/aeration aerator 1644 by disc pump
1648 and compressed air was injected from blower 1660. Variable frequency drives
1649 and 1661 controlled the speed of the pump and blower motors, respectively,
allowing adjustment of the respective feed rates. A magnetic flow meter in the discharge
line of the disc pump 1648 monitored the liquid flow. The speed of the blower motor

was proportional to the air flow.
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[214] When the punp and bl ower were turned off, a portion of the granul ar
activated carbon that was present on the screen fluffed off indicating it
was not swoengim7edhered to the screen; the rennini ng grPamisarionasicsyat ed
carbon was easily renoved with a |light brushing. [215] Referring to FIG
19, the second test was conducted using a tank 1902, vertical baffle 1994,
nozzl e 1944, and screen 1922 in fluid conunication wth an outlet 1902

di mensi o d. positi substantially identically to equivalent elenents
Gescr; ol cRereBSiete D 2 BeThBR hottiupt e ekt T 68T was
positioned at an angle of 45 below the vertical baffle 1994 to dissipate

t he upwatest eensiionTad glotied cisrrus Abh digpidollpicdtca MeaPeMleR THIMME fhheatt he
anount of granular activated carbon that reached the screen. Either a
mechani cedloaitypefr approimetely [ ddhnetgrspper secand (Rdtfeet @r se¢ande aas bequisddot o

di sl odge any granul ar activated carbon that may accunul ate on the screen

over ti mghidwsaaipt®suspdijonRX P hweod-beesl gandacicadat@ caespnThisalehcithe
effectiveness of air lift punp systens using draft tube and trough m xi ng

to efficignbl ¥osbspand zhpesp%@i@i% %‘ﬁ‘;@ RAS &HaaREnt palﬁefeaﬁ%i oB"RD ;kaaﬁﬂar

activated carbon material s used anple 4. Cylindrical and rectangul ar

t anks ier ¢ ivgtsgg:aribg various configurations. Attrition was neasured using
bot h t he*Wood* 5aS8d granul ar activated carbon and coal - based granul ar

activate rbon of Exanple 4; the m xing test used the higher depsity
coal - bas@érgﬁrgh Heafompietiqratlede danting it e wegrsbased gragyias agdyakisl FuhY t hat

granul ar activated carbon can be suspended in draft tubes and draft troughs
i n both Wyltimkdwise draingddclearsdamnguictifled amthswaiel angl afproximpedy 60 mek afbthe t o
those required to sustain biological respiration in such tanks. The data
al so shoval-bhatl gainudaraotisdtahtarborr whd adied aBasedson @sigelar sirknef entsditafas t ube
is nmore efficient

observed that the jet aerator was able to maintain the denser granular activated carbon in

suspension.

[209] 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

(0.015 in) will pass through the screen, allowing them to enter the membrane operating

system.

[210] In addition, two tests were performed placing a screen on the suction side of the

jet pump in the aeration/reactor tank using a quiescent zone, i.e., a zone of low

turbulence, that would allow the granular activated carbon to settle before it reached the

screen.
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than a smaller draft tube in terns of noving the granular activated carbon
fromthe surrounding area on the floor of the tank and into suspension.

[ 218] | n wodero/i4m7det er mi ne t he extent of granul ar acti Paras2a@0bRsR0
attrition, a 0.31 m (12 in) dianmeter, 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 granul ar activated carbon was added to provide a

concentr n rOXI one i erc nt Vi n chl ori de

o e havildl anhe AR R R st 521 o) o RS Rare W €t
the center of the 0.31 m (12 in) dlarreter peto serve as the draft tube.
Four sl ot 8eaFliqseqnhgone Byt er@ﬁl(atlgn itk 10gh 1}8)5}9 baffee exiendgd 7om AYO1ind2 filer e
provided in the bottom of the tubing for passage of the granul ar activated
car bon aunshvedhebotamd oé the. @nkc o (iavEShée mjatdrdevedz i érisvesnffguated, the sctvencent er
of the draft tube. [219] Air was introduced via the nozzle at a rate of

2,831 st pgrdawgh d weddeSwid€Ecrb@idnd(WAn slraaTiadad teubp of firefuiddCnt RORY Whichhi ch
was equi val ent to about 300 sIlmper 1000 liters of water (300 scfm per 1000

cubi ¢ feghuRld Walf Eo) be piMcRl fi&h Ad Msilom B 91'3 (K 14020%duh SrMBS ﬁﬁhﬂﬁ@rﬁet 0

pr oduce re turbulent” mxing than woul'd be expect ed in a full- scal e
operatlonl rder t ermne tr tion. The fluid.wa mxfor
ot oxi ety D Trekded B anc Ehe sl w0 REER el 1 on
was neasured during th st by takjng npl es of the wat er and
gr anul ar hge {he/ &t leSiedPhen P oth prenitop Bt A& PHRI EIEcipi Bas dive BEUPEng ¢ he
sanpl e througha 20 nesh screen. The soI ids that passed through the screen
and whi ctetthieg eclsByivb the gramdgieagtizsigh cadony dier his epnfigymatigarte beoiffesivad,
dried and wei ghed. [221] The results indicated that the granul ar activated
car bon athersettiimnratatvehiviass depeadar upon thdepesindgheaisedf greapuricles, aaist bwat ed
carbon (W-B) than the coal - based granul ar

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%).

[212] 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

could be suspended near the top of the tank and in fluid communication with the outlet

1808. The wedge wire screen was 8.9 cm (3.5 in) in diameter, 0.91 m (3 ft) long and had

0.38 millimeter (0.015 in) openings.

[213] The mixing test was conducted with a water flow of 700 Ipm (185 gpm) and an air

flow of 419 slm (14.8 scfm) for a run time of approximately 18 hours. Granular activated

carbon was observed on the floor of the tank under the quiescent zone with less granular

80



activated carbon (MRX). After 30 days of operation, approximtely 10%
attrition of the wood-based granul ar activated carbon and about 5%

attriti orwofoto@7woal - based granul ar activated carbon wREeTalss@0wasss0 I n t he
practice of the invention in a working bioreactor, this amount of attrition
woul d be made up through solids wasting during normal operation of the

bi ol ogi cal process. The results fromthe testing are sunmarized in FIG 20.

The plot al so .shgws the y-intercept values and. R2 val ues for standard

[ renr a5 BeLROmoR Il S EOB Gb it e porton A PR, Ksaapeior
various configurations and vari abl es such as the nunber of draft tubes,

di st ancesWwflinghactipmameuldyeseur 0gnthe oo el ot apisecenharnaAed spaedifathe t ube
di aneter were tested and shown to effect performance. [223] In one

conf i gur gandar aciiveted efubon iwogld e dalnG:d @yards wiwagl the@ci8em (12 i n) di aneter,
1.5 m(5 ft) high draft tube 2192 was placed in the center of 1.8 m(6 ft)

di anmet er [21apkwatR 2h@ paimp Qad tHl®nadwab aveet vef, Bojdrasa of tHehGafdamkaivale@ds
2195. The tank 2102 was filled with approxi mtely 6,435 1 (1,700 gal) of

vat er tOcap thGf whgﬁﬁ%genlt- oR Rk SWehirfirRRbL Rl ca id Qvag rn%f‘éﬂrcﬁlr lya&{hiei’e@lttgd
carbon (400-1, 200 (14.1-42. 3 oz)) added to permt unai ded 'view ng and

recordi ng of the.m xing .characteristics. ﬁ%r was supplied by . 2.? cm( 1
) ai anBE Pt g Ry apRRECAT a3 salish VT eRIBEIR s sg Dl
passed through the draft tube wall and which had several 3.2 mllineter
(0.125 | Bpskin&neter holes drilled through its top surface. The air flow
rate was varied from 141 slm (5 scfm to 425 slm(15 scfnm), and the distance
D bet weeR16heRpigtringniodf G- HE, thentecanttitedt wht condyetedensing a ak 1903, warfi¢d. 25 i n)
or 1.9 cm(0.75 in). [224] As used in connection with this series of tests,
t he t er nbdffleaed, manke" 1944, tilesaeaal @2 inhfduit @oknidndertioarvatnan vhetdiolt t ube
whi ch was free of granular activated carbon.

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.

Example 5

[216] Example 5 was conducted to demonstrate the effectiveness of air lift pump

systems using draft tube and trough mixing to efficiently suspend the same wood-based

and coal-based granular activated carbon materials used in Example 4. Cylindrical and

rectangular tanks were used in various configurations. Attrition was measured using both

the wood-based granular activated carbon and coal-based granular activated carbon of

Example 4; the mixing test used the higher density coal-based granular activated carbon.
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[225] It was observed that with the draft tube positioned 8.3 cm (3.25 in)
above the tank floor, the inpact zone was |arger than when the draft tube
was positworret/i7gocm (0. 75 in) above the tank floor, ofh@ruscan®dsissons

bei ng the same. The optinmum di stance between the bottom of the draft tube
and the tank floor for prevailing conditions can be determ ned by routine
experinentation. [226] A two-fold increase in the anobunt of air added did

et ween PAZ! { TiolE<ite avaishe 06t sPnchadoicd aBmap baniTiadtd mgae or

approximately 7 1 cm (28 in) in diameter, i.e., 20 cm (8 in) beyond the
out si de WY B dipE Heaghs (yheth mbnm@h@@drwgu}as Rl usingedit fRdact
zone observed. [227] In an effort to expand the size of the inpact zone
usi ng t heorgpareblano tntse géquared, totsastamoiblogimahéspimatgdnoiansich thikS, Phel davas

nodi fied by addition of a skirt or flange extending horizontally fromthe

bot t om oflsd Bieovel @bt att dih st & floRCF@a Seldrdeh Giaedradrhft ditRe thedre @ffididie dr af t
tube and skirt to 7 1 cm (28 in). Al other conditions were the sane as

describ eﬁilaﬁ'baoyrﬁalle]hﬁaﬁ“tﬁbé hrp\ﬁérﬁf‘s‘t@f WBvin at'hé arpl‘fa{r"\fc?i@at\]:é ]caﬁJo'ﬁ‘ ﬁrémsﬁflfam and

425 sl m (15 scfm. It was observed th dding a skirt to the bottom
of the draft tube d| rea t e of the Jpact  zone. The i npact zone
was |ncrseuer1rsoé18dltn§ P the Sfe[? gnkan&mﬁ%sus%e?%o I'n) beyond the outer edge
of the s at an air rate of 425 sIlm (15 scfnm, a npar ed an i npact
zone of I%Si iy 28¢5 19) d3FTHNE He Sdehd 05.araqué%reacw%tﬁ%ﬁfﬂ%%étt&ep?ta b%ﬁén. npact
zone was increased in proportion to the size of the skirt. [229] These
draft tude isbahingtarad.V omslpfootuluel section oW apaticaipe whatilledtq Blmt(%tnéd in
FIG 22 in which water and suspended granul ar activated carbon are drawn
down andwithvi&0dI($.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.

[219] Air was introduced via the nozzle at a rate of 2,831 standard liters per hour (100
standard cubic feet per hour), which was equivalent to about 300 slm per 1000 liters of
water (300 scfm per 1000 cubic feet of water). This relatively high air flow rate was
chosen to produce more turbulent mixing than would be expected in a full-scale operation
in order to determine attrition. The fluid was allowed to mix for approximately 10
minutes before the first sample was taken.

[220] Attrition was measured during the test by taking grab samples of the water and

granular activated carbon from the top of the acrylic pipe and pouring the sample through
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toward the inlet 2296 of draft tube 2290. Stagnant regions are al so
represented in FIG 22. [230] In a further exanple, a smaller dianeter and
shorter dwaf2oiwudigowas positioned inside a | arger draft PCuhs201l0088s5bei ng
1.82 m(6 ft) in length with the inner draft tube nmounted approximtely 7.6
cm (3 in) fromthe bottomof the tank and the outer draft tube positioned
22.9 cm (9 in) higher than the inner draft tube. A polyvinyl chloride sheet

ext ended omihe bottomagf the 15.3 cm (6.in) inne raft tube tq create a
7o (280 Fiyh Ao R Sl 0 s HEOLHE PG Mo POt op
edge of the skirt and at a position approximately 12.7 cm (5 in) up the

ext er i or haygrewded Hpm Huitipy veere goliegtadnyirieq andeveighesk aft t ube to form an
inclined surface, or ranp. The nodified draft tube was placed in the center
of the 1[222] nT{Grefsolt Indibatdethar the adoularhetiwited caben wastivaratedabeteseen 141
slm (5 scfnm) and 425 sIm (15 scfn). [231] The concentric tube produced an

i npact zenehefwerPba¥d iyt dddaem (Ao NVV-BYI thiln Was cegmséalientp t hat
of a single draft tube with a 71 cm (28 in) dianeter flange skirt. In both

confi gur 903 caftdf (MIORL ARG M‘%’% f@&géﬁﬁbgﬁ%ﬁi&kirﬁ%wm% AhritioN of 1[1133:2))] The

draft tube configuration of FIG nodified by replacing the 0.31 m
AR g R e R s C
as © ost BV SR RUog PR TEE RO (I BVSpn (23 ETRPERUPLs of
these tests indicated that a variation in the spacing from8.3 cm (3.25 in)
and 6.4 thin @mosng nf afiridionowosldghé fagdgnup ythecwgh geolidh ewaitiagedwmgohomad i npact
zone around the tube.

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.

[222] 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.

[223] In one configuration, and referring to FIG. 21, a single 0.3 m (12 in) diameter, 1.5

m (5 ft) high draft tube 2192 was placed in the center of 1.8 m (6 ft) diameter tank 2102

and positioned above the bottom of the tank on legs 2195. The tank 2102 was filled with

approximately 6,435 1 (1,700 gal) of water to a water level L and sufficient coal-based

granular activated carbon (400-1,200 g (14.1-42.3 0z)) added to permit unaided viewing

and recording of the mixing characteristics. Air was supplied by a 2.54 cm (1 in)

diameter polyvinyl chloride course bubble diffuser pipe 2190 that passed through the

draft tube wall and which had several 3.2 millimeter (0.125 in) diameter holes drilled

through its top surface. The air flow rate was varied from 141 slm (5§ scfm) to 425 slm
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[234] A two-fold increase in the air flowrate did not double the size of
the i npact zone. The condition that produced the |argest inpact zone was
425 sl m (Wb 20mfm\y9™i t h a space of 8.3 cm (3.25 in) betweem/ush@oibsssr and
draft tube. This configuration created an inpact zone that was
approximately 56 cm (22 in) in dianeter, 20 cm (8 in) beyond the outside
wall of the draft tube. [235] Based on the above tests, it can be concl uded
t hat for .ven air rate, | arger . dianeter.draft tube |s nore effective
- susperdi R Rl gheiRitie Db yELe CRRBin ek Siefrhth ket St
within the ranges and sizes tested. It appears that nore than one draft

t ube wou$-d BeGrexinl pebdce 9% ighd suspend the granul ar activated carbon in
a 1.82 m (6 foot) dianeter tank. Although increasing the air rate did

i ncr ease[22hk Aateedoin avnréatign avith thivesesiey ef ®ftst the térnpéoipactomee’tijp thoaapoi nt
doubling the air rate did not double the inpact zone. The tank floor in an
ar ea appsfoke makelopr 2RusdtHeirhf jubdepaadwhhiBeer srphdhayacakateieadomf t t ube,
with or without a skirt or flange, was consistently cleared of granul ar

activat ea8fr RQfhs obbdrE @bl ¥ fn BRGNS H%Lﬁl}gﬁiof}%@ég enPUPR REHGR! thdlatk Y

devi ces can be enployed in the tank to e granul ar activated carbon
toward tRe draft tube inpact zone(s). [ 3@% anot her. cog&i ur at j,on, and
referri n§°%¥ |1&Pa§tsz,°“€waesglar %%a& Ibeé‘cté?i afl Ribe s ettt AP ST (s 2302
were placed in tank 2302 and secured to each other so that the center of
each dr af) abuahesaf dlope oghes £ongions heiye 1P SHFEhEPE GBI MG 56 OEHEN wi t h
adi stance of approximately 0.31 m (12 in) fromthe center of the draft
t ubes t othehkottasmkofwiiel draftagibedansf tha tik Wasr Sos pervddihgapprdinsacal pe7 cm (3
in) off the tank floor. [237] Air was uniformly supplied to each draft tube
t hr ough detémminkdatmetoatingetpeyineyitationl or i de pi pes, each provided with two 3.2
mllimeter (0.125 in) holes. The total air provided to all three of the
draft tupeg) WAStwAPRIS iiBrdalé i8 ehdhmount 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.

[227] In an effort to expand the size of the impact zone using the same amount of air,

the configuration shown in FIG. 21 was modified by addition of a skirt or flange

extending horizontally from the bottom of the draft tube which increased the overall

diameter of the draft tube and skirt to 71 cm (28 in). All other conditions were the same

as described above. The air flow rate was varied between 141 slm (5 scfm) and 425 slm

(15 scfm).

[228] It was observed that adding a skirt to the bottom of the draft tube did increase the

size of the impact zone. The impact zone was increased to 112 cm (44 in), i.e., 20 cm (8

in) beyond the outer edge of the skirt, at an air rate of 425 slm (15 scfm), as compared to

84



[238] In order to supplenent the m xing and novenent of the granul ar
activated carbon outside of the inpact zones that forned directly adjacent
to the thweeodv@af47ot ubes, a water distribution system oPCZ/US401008%65 i n)
pol yvi nyl chloride pipe with holes was fabricated for placenent 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 woul d be directed towards

the floor at a 45 angl e. ter \ supplied to the distrihution system at
5371 pm (o5 2By ST G e Bt BT Dl et B st ang
recycling tank. This arrangenent is analogous to the return water fromthe
nmenbr aneVap@eEaaddgn Pyanosian tarike sige af the fiFtane bi or eact or system A second
punp and val ve controlled the flow of water back to the storage tank and a
screen WRR9IisEest drafetubk rogfignatiers paedicedh dtbve patlrom thanis Mestraet in Bk, [ 239]
It was observed that each draft tube cleared an area extending 20 cm (8 in)

beyond tbeimowhish Gatarahd sﬁﬁgeﬁdta gdfidfldr detibfedbdbéhat deashdsoh end mwai@yWwat er
di stributor systemcleared an area 31-41 cm (12-16 in) long and 20-31 cm

(8-12 i n‘?ov&%cgﬁ}e_ ihfdt ©P6s BF 8RB dube Q%O’\B§{A§Bm r&é%ﬁreza%%}é&geﬁtélﬁindlﬁﬁ.t tubes

and water distributors, sonme granular acCtivated carbon settled to the tank
floor, bﬁ did slowy nove into the inpact zones where it was lifted into
suspensi Ofi. [240] In a further test of the water distribution system the
holes in_the water distributor pipes. were orjented to cause the water

di schar gBa0] ol YUiths GaRRIG & SUcF CUATHeT At B1ORET SI°E) TP Vet FRYO@SAdI i ons
i ncluding the spacing of the water distributor piping, air flowrate and
wat er f | owde gt Brggedealt iebes dath beingld$Prnb@dft] m ogthewtth ghe wineh drafietubaree 3 1

cm (12 in) diameter 9 1 cm (36 in) high draft tube in which nmenbrane
oper at i ngosiysd approeimutely et @n (vag fiadded bontbfnasfrthe/tahk ahd éhetcaide. drifPdibe The
results fromthis test indicated that each draft tube cleared an area
ext endi Ngositioned 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
center of the 1.82 m (6 foot) diameter tank; the air rate was varied between 141 slm (5
scfm) and 425 slm (15 scfm).
[231] The concentric tube produced an impact zone of approximately 112 cm (44 in),
which was comparable to that of a single draft tube with a 71 cm (28 in) diameter flange
skirt. In both configurations, the impact zone was approximately 112 cm (44 in).
[232] The draft tube configuration of FIG. 21 was modified by replacing the 0.31 m (12

in) diameter draft tube with a single 15.3 cm (6 in) diameter draft tube. The air flow rate

was again varied from 141 slm (5 scfm) and 425 slm (15 scfm), and the spacing between
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20 cm (8 in) beyond the outside wall of the draft tube. Additionally, the
water flow was effective at m xing the granular activated carbon in a

ci rcul ar watzbeynr7970he build up of granul ar activated carboruS2otobRssCent er
of the tank can be elimnated by placing one draft tube in the center of

the tank instead of three draft tubes around the perineter. [243] It was

observed that granul ar activated carbon was m xed to the top of the water

| evel in_the tan ven when, the .l ength of the draft tybe red d from
155 cm (86t B¢ Shuindnt Ayt SRS i Fove Ty B (g WAl 81T RIS et or o 1o
add return liquid to the bottomof the tank was effective to nove the
granul arifdct i vat ed carbon around. Wien multiple draft tubes were placed
inside of the tank, the size of the inpact zone around each draft tube was
equi val ei2831 oThheesslty ef dfest ests mdaatedztbmea ohsaioneid the cpadng fioim§l3ecrdr af t
tube, i.e., 20 cm (8 in) beyond the outer wall of the draft tube. [244] In

anot her @oI¥ inguficdb UM (BHth)Idd 86t Jigigfitantlly|cfmngédhe achet@lof GNMPRfatsHReof the
m xi ng characteristics with those of the circular tank, a rectangul ar tank

2402 was, prvindeshd hat 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, a I r. was. set, u nd operat ed, a | SCUSS abave. [245] As
shown' i neft AZypREm R fand Ry AR RS UsPBieth® SR e SBPS a0t o
sl oped at._ an angle. o , Whj ch had. previously bheen g?t ermned to be the

ng f 3

angl e at |hfUR I HYREAr eI dRe Ia LIRS HEN Whrftrert®d | 6CTEDivHE! # AP
aqueous environnment. The 30 angle of the sloping wall caused t hegd%r anul ar
acti vat edf 8adroon(3t20 e bdiwasottbd ftapnaind sdraft vk aflihis epdigupdtionscreftedi@h Thr ee
31 cm (12 in) dianeter draft tubes 2492, each 9 1 cm (36 in) high and
suppor t etingpprai thatvedsyapbPoximariy 56 cim) (20fifi) iafdidrhetel) @Dtcomm(®1n) tbegoridathk, wer e
evenly spaced

outside wall of the draft tube.

[235] 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

the size of the impact zone up to a point, doubling the air rate did not double the impact

zone. The tank floor in an area approximately 20 cm (8 in) beyond the periphery of the

draft tube, with or without a skirt or flange, was consistently cleared of granular activated

carbon. Alternative constructions and/or supplemental mixing devices can be employed

in the tank to push the granular activated carbon toward the draft tube impact zone(s).

[236] In another configuration, and referring to FIG. 23, three evenly spaced 12 in

diameter draft tubes 2392 were placed in a tank 2302 and secured to each other so that

the center of each draft tube would be 0.61 m (24 in) from the center of the tank, with a
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across the non-sloped portion of the tank 2402. A 7.6 cm (3 in) dianeter
air pipe 2490 having drilled openings was positioned bel ow the draft tubes
for introsoabicam7oh air into the draft tubes via three eoaruseolobisse
diffusers. The air flowrate was varied from221 sIm (7.8 scfm to 512 sIm
(18.1 scfm). [247] The granul ar activated carbon was satisfactorily m xed
at all of the air rates enployed in the range. The higher the air rate, the

nore vigorous the m Xi l.aw, and.th Ie S tine e granul ar activated
Cor bon et SrpREeAOe T Ad it Se Tbserrgobie ettt 6 il ar
activated carbon was observed to be present t hr oughout al | depths of the

tank. [2w8ll. Epchogyaftiehe wasmuprpnded arpoxignielni ch Bahepiéedamoflrere FI G 25, a
tank 2502 was provi ded having sloping walls and diffuser descri bed above in
connect i @37 Al FhsGmifetmlwistyppliedetoadh radh tuble thwwghalr &l Hiemelzafpolypsny2597
that were 6 1 cm (24 in) high, spaced 3 1 cm (12 in) apart and positioned

6.4 cm (&hlbridenpipadiadaeh tphevidankithl @@r 3.Lomflemetea (0.d28fid) hdled!gThe 26@Rair The air
flow rate through pipe 2590 was varied from90.6 sIm (3.2 scfn) to 331.3

st m (11. Zostkbo ol 1o RDSRKMERS AU T AQukar activated car bon vas

m xed and suspended wel | at all air rates greater than 141.6 sIm (5 scfm,

d bhov d.th
of i Eor Ay i B e hy P bR e USRI,

configurations_were identical t he tests described with respect to FIG
24 and 28U OhBGHImRACHZRES th@bfrgﬁe% firgils S45GB, 0 (roAraRlbg. § NgieTat even
1133 sIm (40 scfm), there was visibly less than 10% of the granul ar
activate@B@@ﬂb@mSYﬁﬂ%méﬁéﬁbﬁnﬁllﬁhﬁﬂ&pth@ﬂ@quPmmemﬁrb®eh®@8@ﬂWEW@dtrough
is a very significant factor in the energy-efficient suspension of the
gr anul ar foagpldcemtmdinahe botom [02 DY tahk &oddshedre deislied apmbkiguatay i3arem {hin)
di stance fromthe tank walls to the trough was
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.
[239] It was observed that each draft tube cleared an area extending 20 cm (8 in)
beyond the outside wall of the draft tube and that each hole in the water distributor
system cleared an area 31-41 cm (12-16 in) long and 20-31 cm (8-12 in) wide. In the
areas in between the impact zones of the draft tubes and water distributors, some granular
activated carbon settled to the tank floor, but did slowly move into the impact zones
where it was lifted into suspension.

[240] In a further test of the water distribution system, the holes in the water distributor

pipes were oriented to cause the water discharged to mix the tank in a circular pattern.
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increased. In a large aeration basin, it would be econom cally benefi ci al
to be able to space the troughs apart at greater distances. A test was

per f or redwoaotesedi ne t he efficacy of extendi ng the sp&Crg2tetsssen
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 9 1 cm (36 in) fromeach end of

t he tank 5 coar se bubbl e. di ffuser s, fabricated by.drill.i ni ne
55 ot 1A ok b SB G Ry ancliiorhe Srbinedy i §ep okt g 8% o ( 36
in) of a 7.6 cm(3_.in) diameter polyvinyl chloride pipe. The air flowrate
was var i B¢ tdwptes Aoy fgie( werg the page apdergubed i qonaectiogeyity they thep)3lmem bubbl e
di ffuser was placed in the center of the tank. A trough was created between
t he two GRoip) miganeek ahl Stamyungh diedt dibefinsehichimenbishagperaongpaysadrhel
baffles that were 9 1 cm (36 in) long, 6 1 cm (24 in) high, spaced 3 1 cm

(12 in) RpahiwaeRGvR.addemidifrdly p)thebake the tank floor. [253] It was
observed that the granul ar activated carbon was m xed and suspended wel |

over theanfiThe Alsfitd A06 thRANGSE indiBRHHANKATIAE hinkaiStle £ A RQR WRAdHYEP!
down the slopeand into the draft trough which indicated that the spacing of

t he troughs cgul be to.2.1 ft rt w,t.h a,30.sl oped.fl oor
botusen S SibEheSntthd fudad Wil of sid R, hdifioRuor® RRE 0w 856 or

e s o e o o e
wat er using a 30 sloped floor or wall that extended fromthe vertical
out si de g¥ahylar acsivated ceithendn gfet centes @ Fhe thipe&in bddininated by tpdasing ewer draft
performed using a 9 1 cm (36 in) long trough as descri bed
tube in the center of the tank instead of three draft tubes around the perimeter.
[243] 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
tube was equivalent to the size of the impact zone observed around a single draft tube,
i.e., 20 cm (8 in) beyond the outer wall of the draft tube.
[244] In another configuration, and referring to FIG. 24, and for comparison of the
mixing characteristics with those of the circular tank, a rectangular tank 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 blower, blower motor, and flow meter was set up
and operated as discussed above.

[245] As shown in FIG. 24, the outside 31 cm (12 in) of the tank floor 2405 was sloped

at an angle of 30°, which had previously been determined to be the angle at which the
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above with different configurations of the tank floor to further optim ze
the energyefficient performance to suspend the granul ar activated carbon.
The confiworati@myoi ncl uded renoving the sl oped fl oor emCirrskeo/03d66pi ng t he
floor fromthe outside wall to the trough and reducing the angle from30 to
15, and decreasing the length of the sloped floor from9 1 cm (36 in) on
each end of the tank to 31 cm(12 in) on each end while naintaining the 30

angle. In additi.on, est was fo. din which the ta onflgured
o Pht wola TS O R RAoT BT LS TEY THHLHUEG ST PREe T et A

sloped floor. In each of these configurations the air flowrate mas varled
bet ween afthe slapingswalk £ysed sheagmnulpiaqtivsted caren tp bealireqigd towvards therdaihs wer e
installed on each end of a pilot aeration tank. The troughs were created by
pl aci ng @b@irletsm (36 in) coarse bubble diffuser at each end of the tank

The diffuser was fabricated from7.6 cm (3 in) polyvinyl chloride pipe

havi ng S[2a6pnTires Baced 32 2n)rdlanien@t &hft(t0bes224920 kadtobeom ARPiOXhi taﬂhy 20 cm
(8 in) anay fromthe wall, i.e., 6 in fromthe center of the diffuser, a 9

1 cm( 36s tp@brté@é}%r@?ﬂﬁla@l}lfmcﬁgé 1hf‘%ff BT% %@tfofﬂ @f tHé ?atnﬁ e e@&’ﬂ?tsgt °Ag t hat

appr oxi ma cm (2 71n) off the tank floor.[257] Fromthe

was perforned,in th ct i]lat.sc aer n.ta bserved
t hat add?cﬁ%ssﬁ ¢ Boh Ryt ROARY brtfe Bk 2upar ™ GoRRLR LORuRG b Rind2300°F bbes
over the dlffu%ﬁr suspended the %fnular activated carbon at ajr, rates

bet ween BRI Ve Posioned helpwghe fraty opbiRERIFOIUEHPR b Bk ur at i on
could result in the formation of stagnant zones near the supports and in
t he cor néegslraft tubge viaathiee depeseibnpbla diftusers. (The doflpw iegwely wdrtedtfrangRli n t he
center of the tank and sloping the floors at a 30 angl e produced thoroughly
m Xi ng asich @Bsqeénsiocdl2oimdit &hutiar). acti vated carbon in the tank at air rates
above 141 sIm (5 scfn). Further testing indicated that adequate m xi ng can
be [247] 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.

[248] In another configuration, and with reference now to FIG. 25, a tank 2502 was

provided having sloping walls and diffuser described above in connection with FIG. 24,

with the addition of two parallel baffles 2597 that were 61 cm (24 in) high, spaced 31 cm

(12 in) apart and positioned 6.4 cm (2.5 in) above the tank floor to form a “draft trough”

2592. The air flow rate through pipe 2590 was varied from 90.6 slm (3.2 scfm) to 331.3

slm (11.7 sctm). It was observed that the granular activated carbon was mixed and

suspended well at all air rates greater than 141.6 slm (5 scfm), and increasing the air rate

to above 141.6 slm (5 scfm) increased the rate of mixing.

89



obtained with the draft troughs spaced up to 2.1 m (7 ft) apart. [258] In
t he above-described configurations using draft tubes, there appeared to be
a di m ni sWoregiv@raron fromincreasing the air rate. |ncreasiusgomiascad r rate
did increase the rate of mxing and the size of the inpact zone. However,
doubling the air rate did not double the inpact zone. The inpact zone for
each draft tube appeared to extend approxi matel y 20 cm (8 in) beyond the

out si de f the tube. dt su nmental |ocal m xing of
Che “nat eldf i fiet tiskinasloth i soite Bop Do Eouieiati s wlt rrafia car bon
on the tank floor toward and into the draft tube i npact zone. A water
di st ri butoi tha testpsiessribre avithsgepeecbtoddEo Ap rRd B tithougp ﬁr%tmt[@sy]dr@ aket-ar

activated carbon was suspended at all depths of the tank even when the
| engt h oit wadsefodndfthat tatileeena$3F eldu cEd sdfmonthefs2wasrvis@0y ilesp than 90% efnth€36 i n).
Sloping the floor of the tank at a 30 angle towards the draft tubes or

troughs phaviedegivatdefadiast invaispaisiad ificaing Ghdtahé Pe:stie & @BUtcachachi vat ed
carbon. The use of draft troughs and a sl oped floor provided conplete

m xi ng O{/er& @%nﬁk@ﬂt’-’ﬂa%r RCthb \éﬁ‘érgo (L FRGAR @ué Bndifieof RE g?d?ﬁ}ék gt 2RaRathdnank and

was | ess s ptlble to formatron of sta nant zoneS than using drafttubes.

The dr af opgh effec |ve at n ran act d car on of f of
the tand2PboPhalfEd o eSaaitfidh o ohbat Ao T iah B FE 4t TR0 TR he
trough, the mX| ng created by the coarfe bubbl e dlffusers was sufficient to

1171t helNGRATRGE ol B LrES AtaHok BRHi! pUld b Ceppogtctliebenaricial ob PGl ¢ o
indicated that utilizing a 30 sloped surface allowed the center of the
t roughs spachéhes paeghy Fpatt ah greater Jdistgnges, Aamebt gragapesiormpd o migtemminebde
possi bl e. Exanple 6 [260] A wastewater treatnment system designed
subst ant eféichay dfrexaemdoredhe sgacnigt fetwer wough® ke ¢ mhod et sle@imtdeahisnthent i on
descri bed above and illustrated in the figures
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.
[251] 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
polyvinyl chloride pipe. The air flow rate was varied from 164 slm (5.8 scfm) to 402 slm
(14.2 scfm).
[252] The bubble diffuser was placed in the center of the tank. A trough was created
between the two sloping tank walls around the diffuser pipe using two parallel baftles
that were 91 cm (36 in) long, 61 cm (24 in) high, spaced 31 cm (12 in) apart and 6.4 cm
(2.5 in) above the tank floor.

[253] It was observed that the granular activated carbon was mixed and suspended well

over the entire air rate range. The granular activated carbon was swept down the slope
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conprises a first biological reactor, and a second biol ogical reactor that
i ncl udes granul ar activated carbon positioned downstream of the first

bi ol ogi cavonewcts70 A nmenbrane operating systemis posi PCOASAV1G0386SE r eam of
t he bi ol ogi cal reactors. QOperational paraneters such as flow rates,
residence tines, tenperature, pH levels, and anount of granul ar activated
carbon present in the systemare adjusted to identify conditions for

opti mum per f or pance, an rovi de. accept abl e | evel s_of bi ol ogi cal oxygen
Gormnd alt G S ik i G0 aBb RnsPasile v rindey Suf Br bt
effluent. The hydraulic flow between the first reactor and the second
reactor £ f%é%fg@ﬂalﬁe‘ﬁlﬂ% & 30t dopasitleprippygen thanhe downstream direction and to
mai ntain the granular activated carbon in the second reactor. [261] During
oper at i oi254h Wessingwatlescribed darveiisdicated thduthe drafhtroughhdesignvets sheaebdgli aal
reactor. Phosphorus, nitrogen, and/or pH adjustnent materials are added as
needed t @sﬁaidmigaﬂ'he gopfulaFRktiviéd ¢€Bdn nathé 09 1and3 Ridt) @uRl 8.11M (7 fedtf lohgt
reactor. The micro-organisns in the first reactor are capabl e of breaking

down at {easty 2 R IMinObs bk 'H&iﬁ%lg%b@ ob¥d haH! drﬁvﬂf @I UGhdbd ﬁtoﬂﬁthe

wast ewat er and reduce the biologic oxygen demand conpounds in the

ef fluent t n acceptahle |evel. .The second bi ol ogical reactor which
containsV?I%gpgﬁheé%ﬂgg?yﬁgﬁéam@gﬁggﬁﬁis used to treat the biologically

refractor n&»,Lo-inhibitory onpounds in the wastewater and reduces the
cher cal 230 g Hgl&éﬂ%lrfas%é?’ﬁff‘o °R WHE %Pt Flenl Poloas BRUes it alsPEicevel .
[262] The granul ar activated carbon is maintained in suspension in the
second r&woeovithudlifieyent eandigarasioon ofyike éank RAosictoenthies optigiize Beeneigy-t he
second reactor to maintain the nmenbrane operating system substantially free
of gr anutféicieac tpexfainethce ab bmpendhtheggranuihanctaeitddv aidon.c arixoRonfiguadied to the
second reactor as needed, based on biological oxygen denmand and chem cal
oxygen dpeRQed FHROMIES sTHpaS Uo8Ler el NBoMh kiéeMdor 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

floor. In each of these configurations the air flow rate was varied between 141 slm (5

scfm) to 425 slm (15 scfm).

[256] Two draft troughs were installed on each end of a pilot aeration tank. The troughs

were created by placing a 91 cm (36 in) coarse bubble diffuser at each end of the tank.

The diffuser was fabricated from 7.6 cm (3 in) polyvinyl chloride pipe having 5 evenly

spaced 3.2 millimeter (0.125 in) holes. Approximately 20 cm (8 in) away from the wall,

i.e., 6 in from the center of the diffuser, a 91 cm (36 in) long and 61 cm (24 in) high

baffle plate was mounted approximately 5.1 cm (2 in) off the tank floor.
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[263] Effluent fromthe second reactor is introduced to the nenbrane
operating system after passing through the screen. In the nenbrane

oper at i ngveysteenyIhe treated wastewater will pass throRrgh/use@0o8868®r €
menbranes. The nmenbrane perneate will be di scharged through an outl et of

t he nenbrane operating system The retentate, including activated sl udge,
wll be returned to the first reactor through a return activated sl udge
line. [2 ent granul ar activated carbon fromthe second hiol ogi cal
Fenct or 17} ShisteasEn da dipehebR B Feldht AlunCiE rths Lalige
port. A waste outlet is also connected to the return activated sludge line
to di ver vasehssrd thp adding teeer gt ginn(13dn) diamsiers? Ligge(3pdp) Bighpbatiltubesor

i nstance, to control the concentration of conponents in the reactor. [265]
The syst evaritiecditides sasmpoded thelgeanu]a aconmitedearbordataadf tsds HeheeenyBX/esimd 8
desired. The controller directs any of the paraneters within the system

dependi ngfrpand 5N sidesigr @mp pElodtel a1y Ol flgueition addiddesilt Rothe adnmdbynof t he
ef fl uent streans. The controller adjusts or regul ates val ves, feeders or

punpsassOGheGHdel el BRAGH Al inf heWorBASGUNURRIK OPRhEPE S Hignal s
generated by sensors or tine positioned wthin the systeny or based upon
an upwar r. do rd trend in C acteristic or property of,.the system
moni £ or e OVSRE S L Ao tPr e TToe it Pt STonte BRAREFS YofaPa ey
signal that can indicate that the concentration of pallutants such as

bi ol ogi caqoﬁwaeth?@e%lwmw B Yspensigart & ?%Wﬁéérﬁaﬁboé‘dﬁﬁ%ﬁd’%‘ Has
reached a predetermnm ned value or trend, which triggers the controller to

i ni tiat ealaraey shoypdddishy (preldot drurihaetesties indicatpdsthateddeniato mixidgwas beeam
from or at the sensor. This action can include any one or nore of adding
gr anul ar olaeihed afithdhcambiaroughs {pfaeeduplodyi aal7 fi)epattor, addi ng a di fferent
type of adsorbent material,

[258] In the above-described configurations using draft tubes, there appeared to be a

Bo

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
activated carbon on the tank floor toward and into the draft tube impact zone. A water
distribution system was used to accomplish this mixing.

[259] Granular activated carbon was suspended at all depths of the tank even when the
length of the draft tube was reduced from 152 cm (60 in) to 91 cm (36 in). Sloping the
floor of the tank at a 30° angle towards the draft tubes or troughs provides an effective
method of circulating the granular activated carbon. The use of draft troughs and a
sloped floor provided complete mixing of the granular activated carbon in the rectangular

shaped tank and was less susceptible to formation of stagnant zones than using draft
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adjusting flow of the wastewater to a reactor within the system
redirecting flow of the wastewater to a storage tank within the system
adj ust i ngwai2e10fil4zevowi t hi n a bi ol ogi cal reactor, adjusti RGTASIGABEHE0t I Me
wi thin a biological reactor, and adjusting tenperature and/or pHwthin a
bi ol ogi cal reactor. [266] In order to achieve the predeterm ned | evels of
bi ol ogi cal oxygen demand and chem cal oxygen demand conpounds in the
effluent, the first and, seco reactors are erated with their own

yr aul | EOFbe T AEY Fisnsr e ieclivaratine Y ouliarautey bt SRS e R ang
second reactors are varied to determne the optimumratio of first reactor
hydr aul i Bo9re {Pnge tegranyiar a¢sivaisd spdon awe tibied aheveathe treugh sheymidne eieasd The
total hydraulic residence tine of the systemshould be equal to, or |ess
t han a sbuafgarcdrssigble dffotcogvaalsuffiernt or liftehg granblt weterntabouborBtoathd 12
hours. In a preferred node of operation, the first reactor will have a

hydr aul i @pré&sthdenge Tesrereafitsbiatiiveen talroutlizthgh®B0S sppdd abaude Aldvadr de While
the second reactor will have a hydraulic residence tinme of about 4 hours.

ceneart | yentdher ecicshi fo BESRARNEE nf 177 Gharl BRd Lloal (SRARNAL W blssfi.| onger
than the hydraulic residence tinme of the second reactor;” however, the
relative ;jmagémﬁll vary dependi ng ont he type of wastewater being treated.
The hydraurtc residence tine and the flow rates of the systemare used to
deterninF hhe size of each reactor in accordance with standard practices in
the art.[2PHE @rvasarReriFOfmeH ey SpT daniears skstapdall pierccriagte B ane By gen
demand conpounds by at | east about 10% when conpared with the effluent from
a st andamdresiemgbéinisingl ofitbalinyension ofesciippdi abwisahnd, illistratedpme e figdres

enbodi ment, the regeneration of the granular activated carbon is

acconpl | sdmegisehn dugbiclsgcdireddiors arsd/s tezond Bichogit réacfoz 6t inklinden @hansital e
systemto sinulate activated sludge treatnent followed by a

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
flow between the first reactor and the second reactor is controlled to provide a flow in the
downstream direction and to maintain the granular activated carbon in the second reactor.
[261] During operation, a wastewater stream is introduced into the first biological
reactor. Phosphorus, nitrogen, and/or pH adjustment materials are added as needed to
maintain optimal nutrient ratios and pH levels in the first reactor. The micro-organisms
in the first reactor are capable of breaking down at least a portion of the biologically
labile organics in the wastewater and reduce the biological oxygen demand compounds in

the effluent to an acceptable level. The second biological reactor which contains the
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conbi ned activated sl udge/granul ar activated carbon treatnent was
constructed and tested. This test was perforned to determ ne the

ef f ect i vewo=s100f47978i ng granul ar activated carbon i n a birclrage@alo3see@act or
(the second stage reactor) downstream of a biol ogical reactor w thout
granul ar activated carbon (first stage reactor). [268] The first stage
reactor was a 4 liter (1.06 gal) tank that contained onIy activated sl udge.
A fine bubble air diff r. was used having a 70 cnB/ mn
(23 o BeRy S Sbvafoaibaged dadeebmamgog sy ettty 9 Hdmymosn ot
cont ai ned activated sludge and a coal based granul ar activated carbon

( AquaCar ${RROUCHS b Hicowass wiemandvgderestae Khemisah @vveendgmpnd TRapgyndsunar
activated carbon had a U S. standard nmesh size of 8 x 30. The concentration
of gr anutharfthehi watnedceaatdoteveh t he second stage reactor was 20 g/1 (20
oz/cf). A draft tube conprising 5.1 cm (2 inches) dianmeter PVC piping was

set up ipReRneThesRRdas ha@gRutddeatba ishaXintghed idi abfincion h tHe2 setofidrédetdrnches)
to maintain the granular activated carbon in suspension with an air flow

rate of §s?1§% gls ;8&5%01?% J0m. -'Ahg'cré@rﬁﬁﬁokl'u%&f inoe Q%‘&%%a%%r' tgsméiﬂﬂaﬁleﬂﬁ%r ation

inthe f e reactor was abou oz/cf) while the
concentrati n in the sec eact o
(16, soz/ BFyoekerhyRp STt S ERERIT R Fgra@ﬁ i treét PR T S v
about 6 hours and the draulic retention tinme of second, st age reactor
was aboutct8ag e aég?‘bEOthes%‘?g‘f@n‘ieﬁﬁiﬂ? atpred segonaBoREic s oRghe.
[269] The system was operated for over 30 days. The average feed
concent r damand aofl chonissl exygomdemard ¢amgpaunds ficpsredsingbectflagrit or was 130 ng/ 1
(0.13 oz/cf) and the average sol uble COD concentration of the effluent of
t he firsp63i agfluceadbarthavasord remgiol i{ it@duad/tofthe mathbwas dphetihgegstéar t he
second stage reactor. The average sol uble COD concentration neasured in the
ef fl uent el p4i8ing eHOAENS HRIScrEQACLIAT the@fefbrdld dpdrbtif03ystem, 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.

[264] Spent granular activated carbon from the second biological reactor is removed

periodically through a mixed liquor waste discharge port. A waste outlet is also

connected to the return activated sludge line to divert some or all of the return activated

sludge for disposal, for instance, to control the concentration of components in the

reactor.

[265] The system includes a controller to monitor and adjust the system as desired. The

controller directs any of the parameters within the system depending upon the desired

operating conditions and desired quality of the effluent streams. The controller adjusts or

regulates valves, feeders or pumps associated with each potential flow, based upon one or
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oz/cf). This greater than 10%reduction in soluble COD by the second stage
reactor denonstrates the utility of processing wastewater in a system

havi ng a woabogi4eeh react or contai ni ng granul ar acti vat edTase@on3gsemnst r eam
of a first biological reactor without granular activated carbon. [270]

O her aspects of the invention described herein, including a separation
subsystemin the second stage reactor and use of a nenbrane operating

system downst.ream of the second stage reactor, are applicable tq the
appar at USOHNEHILBTEFICT RY S8R A TS AR LR 4 Tisty P8 Sesed POy

wast ewater. [271] The nethod and apparatus of the present invention have
been des#t ipwardadodevamditiendra achaetiaitidraitaRty plotevestenBwnitpigdt i ons
will be apparent to those of ordinary skill in the art and the scope of
pr ot ect i over fagnedetmmiimpdepetiodof itisnet ol'lzesedefrigaretatey atsippakthai com indhiabte that
follow Clains 1. A wastewater treatnent systemfor treating wastewater

conpri si mg: cancértrasibn ifopsIBit&Ad si@nat iloZies eanstdryaiesitanbraddiangad to
receive and treat the wastewater; a second biol ogical reaction zone

i ncl udi ngiofRRPASASIADs TUOSYRhEM §BGSRARRM vRLO| RAt&R! WHRAC I 2PrsZ@RE
constructed and arranged to receive effluent fromthe first bi®l ogi cal

reaction zo0%e. & RUPPSA00Ls ?ﬁa}nemrf e AARQL DERL JREELD Honh udIRe GG ONd
bi ol ogl cal reactl on zone,; a a I%EPTTBI’ ane operatin sysnilem ’OCG‘X eCf
downst ream of thg sgcond bi ?S!,\gfgj cal r,egcti on zogeortrgg;e iofsagc?irrl]St ;gﬁa?d and
ar r angedP®: PECEINe ST @at dd WSO8V PR ANY HE g
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.
[266] 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
operated with their own hydraulic residence times. The hydraulic residence time of the
first and second reactors are varied to determine the optimum ratio of first reactor
hydraulic residence time to second reactor hydraulic residence time. The total hydraulic
residence time of the system should be equal to, or less than a standard single biological
reactor, e.g., between about 8§ and 12 hours. In a preferred mode of operation, the first
reactor will have a hydraulic residence time of between about 4 hours and about 8 hours,
while the second reactor will have a hydraulic residence time of about 4 hours. Genearlly

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
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second biol ogical reaction zone and di scharge a nenbrane perneate. 2. The
wast ewater treatnment systemof claim1, wherein the first biologica
reacti on worelm®mhe second bi ol ogi cal reaction zone aPETASQIOHI6EE
sections of the sane vessel. 3. The wastewater treatnent systemof claim1,
wherein the first biological reaction zone and the second bi ol ogi cal
reaction zone are |ocated in separate vessels. 4. The wastewater treatnent

systemof claim1l, wherein the s rati on subsystem i ncludes a screen
ool t1 onte TR AN G g e b n D s B BgrOH < QU S5hTE died BT
wast ewat er treatnent systemof claiml1l, wherein the separation subsystem
i ncl udesthg system g grsed e dpisepine dhg siERidreaeh renstos p |aggorgance Hgitl sagdard

bi ol ogi cal reaction zone. 6. The wastewater treatnent systemof claimb5,
wher ei n piaetieetin thengt.z dihe eCiumpt ifives the fystest shoafd be leawml ia chenmaloxygkehl e
positi oned and di nensioned to define a quiescent zone in which the

adsor bender@idetdrapounap afaiteigadt ra®BuIM FRAwhéfl¢ompaed wih tthesffluaho floheam xed
liquor in a |lower portion of the second biol ogical reaction zone. 7. The

wast enat ﬁﬁndaf@%ﬁ%@tb@%gfcﬁnr&fﬁ&! ai M dtioddifyt NRT 2 CARRIAed! AdbaditehEChe
positioned proximate the outlet of the secgnd bi ol ogi cal reaction zone. 8.

The. W?‘Streev@‘rge%ti(}nro%}tlengrgﬁuﬁy Sﬁttigggegff:aft%hr?‘ Iis%c%bm%ﬂ%ﬁeﬁ%roﬁ@ﬁ?{ | Fd sy T
posi ti oned proxi mate he ou (0] e Secon ol odlr€al reaction zone. 9.
The wastewater treatnment systemof claim1, wherein the first biol ogical
react i onEX¥RRlednd t he second bi ol ogi cal reaction zone are constructed and
arranged to support biological oxidation. 10. The wastewater treatnment
syst em of26@] afnp@ichf spateheystaoripr sigiutge aatiwatekistidgoriecatpett riodawed tyne first
bi ol ogi cal reaction zone.11l. The wastewater treatnment systemof claiml1,
wher ei n tdmbisers petisitah sBpgé/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).

[268] 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

in’/min). The second stage reactor was a 3 liter (0.79 gal) tank that contained activated

sludge and a coal based granular activated carbon (AquaCarb® Carbon of Siemens Water

Technologies Corp.). The granular activated carbon had a U.S. standard mesh size of 8 x

30. The concentration of granular activated carbon in the second stage reactor was 20 g/l

(20 oz/cf). A draft tube comprising 5.1 cm (2 inches) diameter PVC piping was set up in

the second stage reactor having a diameter of 12.7 cm (5 inches) to maintain the granular

activated carbon in suspension with an air flow rate of 368 slm (13 scfm). The mixed

liquor suspended solids concentration in the first stage reactor was about 3,470 mg/l (3.5

oz/cf) while the concentration in the second stage reactor was about 16,300 mg/l (16.3
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conprises a gas lift suspension system 12. The wastewater treatnent system
of claim1l, wherein the gas |ift suspension system conprises at |east one
draft tub®oporyvtroned in the second biol ogi cal reacti onPEONS2@E003865¢as
conduit having one or nore apertures positioned and di nensioned to direct
gas to an inlet end of the draft tube. 13. The wastewater treatnment system
of claim1l, wherein the gas lift suspensi on system conprises at | east one
draft tro S|t|ond|nthe second i C reactjon _zon L2 9as
Condui ¢ PEgPng TeRsGHa riaddi T LD oSt e M e R oot
gas to a lower portion of the draft trough. 14. The wastewater treatnent
system ohWé@ldlcrfﬁ‘EFBUOW@eéf rihe preopd atPge Faapiel ivap Sbewrikirh{ora totl sys¢mpaf f | es
positioned in the second biol ogical reaction zone. 15. The wastewat er

t r eat menbydsydicamobf aboai M hourwher ei n t he suspensi on system conprises a jet
suspension system 16. The wastewater treatment systemof claim1, further

conpri si g9 FRUE G fwadsperdaanioraee B0 alayd. NtThe dueltak® mee@pcﬂﬁlbaitmloh rof
comuni cation with the second bi ol ogi cal reaction zone; a sensor

constr ucl gh@ @reh?e'?iﬂg%é BrdBARE & ctorRM AR ﬁ"lrg/l% 18N8/ Y shEMe a?d%fia%

controller in ectronlc COITTYUI’]I Catl on wth theé sensor progranmed

| st uct  penf eURNGe oA BFULPASEM ) 5RSeasur edpatABher /ff@p'ae

system he was RS- system o ai’m
measur ed pararret er i the concentratl on of one or_pnore predeterm ned
conpound®%¢i1 gindThas B tieshd e ther SEORE nti2asy Bk of To¢ &Vﬁ%a% OiM%éer &Pt he act

conprises renoving at |east a portion of the adsorbent nmaterial fromthe
second béwiconfiatigh mesutedon 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.

[270] 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
second stage reactor, are applicable to the apparatus described in this example to achieve
effective treatment of wastewater.

[271] The method and apparatus of the present invention have been described above and
in the attached drawings; however, modifications will be apparent to those of ordinary
skill in the art and the scope of protection for the invention is to be defined by the claims

that follow.
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zone. 19. The wastewater treatnent system of claim 16, wherein the act
conpri se addi ng adsorbent material to the second biol ogical reaction zone.
20. A waswowatoers7eweat nent system for treating wast ewat @CTASAMOI03868¢: a
first biological reaction zone having a wastewater inlet and a first zone
m xed |iquor outlet, a second biological reaction zone having a m xed
liquor inlet in fluid conmunication with the first zone m xed |iquor
outlet, suspensi on system for adsorbent material, a second zone m xed

| i quor o§¥¥@¥, and a separation subsystem associated with the second zone
m xed |iquor outlet; anda menbrane operating system | ocated downstream of
the secohd bi OIvegtesaiter eaERanG AY SAR EOTHERRTIAE) WARCTVAICBEOMPYifiNgii d communi cati on
with the second zone mxed liquor outlet, and a treated effluent outlet.
21. The wast eaditerbi¢lpgiadineadtionyzine woodtructedi amd20rangdrk teereneivh@nd itregt the

bi ol ogi cal reaction zone and the second biol ogical reaction zone are

segr egat gastswg@btons of the sanme vessel. 22. The wastewater treatnment system
of claim 20, wherein the first biological reaction zone and the second

bi ol ogi cal reagiing ‘tﬁ@lggicéir Rab RS GER hBuSRRY pRraliofi S8bsystedd thé sRiofgess for
treating wastewater conprising:

biological reaction zone constructed and arranged to receive effluent from the first
biological reaction zone;

a suspension system for adsorbent material in the second biological reaction zone;
and

a membrane operating system located downstream of the second biological
reaction zone that is constructed and arranged to receive treated wastewater from the

second biological reaction zone and discharge a membrane permeate.

2. The wastewater treatment system of claim 1, wherein the first biological reaction

zone and the second biological reaction zone are segregated sections of the same vessel.

3. The wastewater treatment system of claim 1, wherein the first biological reaction

zone and the second biological reaction zone are located in separate vessels.

4. The wastewater treatment system of claim 1, wherein the separation subsystem

includes a screen positioned at an outlet of the second biological reaction zone.
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introducing mxed liquor into a first biological reaction zone to forma
treated m xed |iquor; passing the treated m xed liquor to a second

bi ol ogi cavonewcsron zone; suspendi ng adsorbent nateri al PCh/uskh@onsssat ed

m xed |iquor of the second biol ogical reaction zone, the action of
suspensi on operating under conditions that pronote adsorption of

contam nants in treated m xed liquor on the adsorbent material; and passing
an efflugnt that is substantially fre f. adsorbent material fromthe
Second biol oot BN TERER GRASHSE TR st alreW BT APy Lre RS

naintainjn?dadsorbent material in the second biol ogical reaction zone.
u

includes a settling zone located proximate the outlet of the second biological reaction
zone.
6. The wastewater treatment system of claim 5, 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 second biological reaction zone.

7. The wastewater treatment system of claim 5, further comprising a screen

positioned proximate the outlet of the second biological reaction zone.

8. The wastewater treatment system of claim 5, further comprising a weir positioned

proximate the outlet of the second biological reaction zone.

0. The wastewater treatment system of claim 1, wherein the first biological reaction

zone and the second biological reaction zone are constructed and arranged to support

biological oxidation.

10. The wastewater treatment system of claim 6, further comprising an anoxic zone

upstream of the first biological reaction zone.
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11. The wastewater treatment system of claim 1, 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 second biological reaction zone
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 second biological reaction
zone 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 second biological reaction zone.

15. The wastewater treatment system of claim 1, wherein the suspension system

comprises a jet suspension system.

16. The wastewater treatment system of claim 1, further comprising
a source of adsorbent material introduction apparatus in communication with the
second biological reaction zone;

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.

17. The wastewater treatment system of claim 16, wherein the measured parameter is

the concentration of one or more predetermined compounds.

18. The wastewater treatment system of claim 16, wherein the act comprises
removing at least a portion of the adsorbent material from the second biological reaction

zone.

19. The wastewater treatment system of claim 16, wherein the act comprise adding

adsorbent material to the second biological reaction zone.

20. A wastewater treatment system for treating wastewater comprising:
a first biological reaction zone having a wastewater inlet and a first zone mixed
liquor outlet,
a second biological reaction zone having
a mixed liquor inlet in fluid communication with the first zone mixed
liquor outlet,
a suspension system for adsorbent material,
a second zone mixed liquor outlet, and
a separation subsystem associated with the second zone mixed liquor

outlet; and
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a membrane operating system located downstream of the second biological
reaction zone having
an inlet in fluid communication with the second zone mixed liquor outlet,
and

a treated effluent outlet.

21. The wastewater treatment system of claim 20, wherein the first biological reaction

zone and the second biological reaction zone are segregated sections of the same vessel.

22. The wastewater treatment system of claim 20, wherein the first biological reaction

zone and the second biological reaction zone are located in separate vessels.

23. A process for treating wastewater comprising:

introducing mixed liquor into a first biological reaction zone to form a treated
mixed liquor;

passing the treated mixed liquor to a second biological reaction zone;

suspending adsorbent material in the treated mixed liquor of the second biological
reaction zone, the action of suspension operating under conditions that promote
adsorption of contaminants in treated mixed liquor on the adsorbent material; and

passing an effluent that is substantially free of adsorbent material from the second
biological reaction zone to a membrane operating system while maintaining adsorbent

material in the second biological reaction zone.
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