SUSPENDED MEDI A GRANULAR ACTI VATED CARBON MEMBRANE Bl OLOG CAL REACTOR
SYSTEM AND PROCESS RELATED APPLI CATI ONS [01] This application clains the
benefit oWoWo®/sFrsevi si onal Patent Application No. 61/ 0@8raB6oiiokmd7 Dec.
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wast ewat er treatnment systens and net hods usi ng nenbrane bi ol ogi cal
reactors. BACKGROUNBISEOGICAL REACTORSYSHEM ANIHPROGHSS: i ¢ sewage and

I ndustrial wastewater is an extrenely inportant aspect of increasing the
qual i ty RELATEDAPPLIDAFIONS on of clean water. The probl ens associ ated

with sinply discharging stewater in ter sources such as. rivers, |akes
and ocegﬁéi/ tJﬁ]é‘S§Pﬁ]|’1"ci’élPBV‘\’lg’r"§é\ta?aec@nﬁ tofrldsSr Prayasienal Patent Anplication Mgo, are

apparent - the biological and chem cal wastes create hazards to all life
forns i nel/0RR.6Qp filed Rgsr AR, thefdissidsoresofdvhiela tsderehydnesrporsatadedit o
carcinogenic chem cals. Therefore, wastewater treatnent processes have

evol ved tefdrencgyst ens rangi ng from the ubi quitous munici pal wast ewat er
treatnment facilities, where sanitary wastewater from donestic popul ations
IS cl eanpECHNICGREFI@IFed i ndustrial wastewater treatnent processes, where
specific polTutants of various wastewater applications are addressed. [04]
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to cl ean

and more particularly to industrial wastewater treatment systems and methods using
membrane biological reactors.

BACKGROUND 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 of various wastewater applications are addressed.

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

streams. Presently, many sanitary sewage treatment plants include a primary treatment



water so that it may be safely released into bodies of water such as | akes,
rivers, and streans. Presently, many sanitary sewage treatnent plants

i ncl ude awvprheasy2ser eat nent phase where nechani cal neans para/se@s@d13987 r enbve
| arge objects (e.g., bar screens), and a sand or grit channel where sand,
grit and stones settle, Sone treatnent systens al.so include a stage where
cert ai n PhasE Wherepechanigahmspnsargiseditp semoY s largreobiety (s, paisciern L The
wastewater is then sent to a secondary biol ogi cal activated sl udge

t r eat nentangiezgat chranehwherd sand; ggbapt sersssetile (Poviaecatmentisystemsdlsegi cal
treatnment in an aeration tank, typically followed by a clarifier/ settling
t ank. Thmchidanistadgewired tdrtangfits gieasdsf dndayils mayfleat torehe snefaceifodakigamingt t her
treatment steps before being discharged, and the sludge is recycled back to

the aer athOWadtatef Rithél§dnP & a §dc8AddFR BlologEaliadtiVditd 88 gd fr&aMR: fREQr e bei ng
di sposed of in either a landfill, incinerator, or used as fertilizer if

there. ar £oiul Pl faiABRARBNNSonE ATLLLIREIARLALOR haMerdloh ek, added to

the m xe I quor m X ewat er arge quantity of

bacteria)..The from.th i.r is used .L.he bacteria _to biologically
oxi df v Whish Y eyt SaHeY sitbingsfuk oF b hn b dsehbe Bnierhident iy
suspension wthin the wastewater feed. Biological oxidation is typically

t he | owe®gY 8gkundsigaiiarthentreatmepicsteps efarp being dlischaiged avddhasludgrolsi ut ant s
fromwastewater and is the nost w dely used treatnment system for wastewater
cont am n@tydedbadk thitid agyatoed fayk fordattbdy] teeatmepanords otheo tredisd befse beimger s
that contain biologically refractory, or hardto- treat, organic conpounds

or wast edigpades of hipdithep A laidfill, HRiIEeNoS of astelt dstfeigilizer i@fiRré ¥Rinoabkiy not abl e
to be treated adequately by a conventional biological wastewater treatnent
system angn g, require nore expensive nethods to renpve the pollutants.
[06] The mXxed |1 quor effluent fromthe aeration tank typically enters a

[05] In the aeration tank, air is added to the mixed liquor (a mixture of the feed
wastewater and a large quantity of bacteria). The oxygen from the air is used by the
bacteria to biologically oxidize the organic compounds that are either dissolved or carried
in suspension within the wastewater feed. Biological oxidation is typically the lowest
cost oxidation method available to remove organic pollutants from wastewater and is the
most widely used treatment system for wastewater contaminated with biologically
treatable organic compounds. Wastewaters that contain biologically refractory, or hard-
to-treat, organic compounds or wastewaters that contain inorganic constituents are
typically not able to be treated adequately by a conventional biological wastewater
treatment system and often require more expensive methods to remove the pollutants.
[06] The mixed liquor effluent from the aeration tank typically enters a
clarifier/settling tank where waste sludge (concentrated mixed liquor suspended solids)

settles by gravity. However, based on the wastewater and economic needs, some



clarifier/settling tank where waste sludge (concentrated m xed |iquor
suspended solids) settles by gravity. However, based on the wastewater and
econom ¢ weedw/ossrspebi ol ogi cal oxidation systens use a @cihfuseestiioseat ment
met hod to renove the solids fromthe wastewater effluent. The
clarifier/settling tank can be replaced wth a rane (nenbran

bi of 0gi clPRsL PERFICTRYSERBrER GHFEr G Berne SR Favre dreSHy e
flotation device can be used. The liquid effluent fromthe

clarifi ethedeastemiatey efftuert. Feqelaafier/sstthag tankoan e aenlagadgyith 2 sremuence i s

ei ther discharged or given further treatment prior to discharge. The solids
t hat ar e(mentrascbiblognal feactor)s d ahatheraomitaorperatehisucteds 4 dissdlecdhar fibtationt ank as
return activated sludge for further treatnment and in order to retain the

bact er i addvice dagl be)iSéE MTheIdEd REMienPfroR thé biasi fileftdtligasik, itdneitasd srdge i s
periodically renmoved fromthis recycle line in order to control the

concent r kiWkdir ARGHEGT ji@»/i{:jepisteﬂﬁelrmg‘%o régjﬁlgﬁ' %Iivgln[fgmlerl tf&frﬁéﬁ'g?l@k Yo Sanitary

wastewater Is being treated using ne ogl cal react t echnol ogy,

whi ch of f.er.,s i mproved. effl uent quali.t a _snall.er physical .fogtprint (nore
wast ewat SIS brgg? ?°§‘£§é‘aat BEt reé‘??dﬁ? «gmh)g]te ey hlgg?lﬁ%%fewgg)t? 8\enc reased

tol erance to upsets, inproved ability to process hard-to-treat wastewaters
(for exaffpiten tplsasiratre pstivasert sndgenigr ittt trsetmentiandsio) arder tedetainthe annot  be
treated in a conventional clarifier/settling tank and requires

si gni f i chastdria imphessysient. i Sarhe pemsioopé this ecteml dctivated sludgais neipdicellguch as a
di ssolved air flotation device or sone other solids renoval systen) and a
vari ety emoveth@&omothésratyodé ihe atordeat w@eatroHawevrsentravsihs fbuetdriath digd cal
reactors often present problens with nmenbrane fouling and foam ng that do
not ocCUhijdd I@Byentional systens using clarifiers. Membrane fouling is
typically caused by extra-cellular polyneric conpounds that result fromthe

br eak- doy) of 1 tRGRER! OGR! whitk®atbPlsBRirg trdalifd (iRt HehbfitR bisysRENded

reactor technology, which offers improved effluent quality, a smaller physical footprint
(more wastewater can be treated per square foot of treatment area), increased tolerance to
upsets, improved ability to process hard-to-treat wastewaters (for example, wastewaters
containing high total dissolved solids cannot be treated in a conventional clarifier/settling
tank and requires significantly more difficult-to-operate solids settling device such as a
dissolved air flotation device or some other solids removal system) and a variety of other
operational advantages. However, membrane biological reactors often present problems
with membrane fouling and foaming that do not occur in conventional systems using
clarifiers. Membrane fouling is typically caused by extra-cellular polymeric compounds
that result from the break-down of the biological life forms in the mixed liquor suspended

solids.



solids.[08] One recent advance in conventional industrial biological

wast ewat er treatnment plant technol ogy includes the addition of powdered
acti vat edwoandassyparticles to the m xed liquor. In thesecprusec@sdems7 certain
organi ¢ and inorganic conpounds are physically adsorbed to the surface of
t he powder ctivated carbon particles. One exanple of a known powder

heti var d®Ear Bﬁr@gg&aglmge iBceBreniony ingusRASIQBiE I rastemaspog s 5Bnder ¢ he
trademark "PACT(r)." Powdered activated carbon has been used in

convent i Fpeiitedinolagyiinelpdes tha eddiion of powderpd aetivatedstarhanspagticles toythe o adsor b
biologically refractory organic and inorgani c conpounds, thereby providing
an ef f | uaideddiqubr. | Invhesequocssdsy edritaimergahictanéd sorgait ndbrapowndslancphysicatly of
powdered activated carbon in the mxed |iquor provides a nunber of

oper at i ofiRbrbe8 ieiHelshrfadd8f the pbRderRt QuliviREd ¢dborrpMHbc]00%e @&mﬁyl&@@ended
medi a bi ol ogi cal treatnent system which include increased pollutant renova

and | ”Crlﬁﬁﬁx& qtv%e?r ‘?eci 9 Y&y §istdn? ﬁ%ffér@@%{%ﬂ%& hpRa 'i'é(cgnucgle%%ﬁ@ln

al l ows t ogl ca Frac ory organic rtals to a onto

surface o there be t he hi.olo for

Soni T CaReRemE; gi’%%ﬁﬂ?. oh‘o O B R o as st oA g T HASRBe ca
treatnent. system thereby providing benefits simlar to that of a fjxed
film sysltlewgwhﬁe%meamaaqsas%sw s pbility tpadarrb bielpgisaldy redisetory pegaBicr aj ns
of bacteria that are nore capable of digesting the biologically refractory
or gani ¢ angtineigahis coffipeunds; theré¢tyt providinganeffuérd vatnlowen corsdeptratiansaifed back
to the aeration tank with the return activated sludge neans that the

bact er i athespotiaintd) Uatluyion@Tipoaiderdd gestdtecdrben i tht agkedliquor pedviast Ory

or gani ¢ conpounds adsorbed onto the surface of the carbon. This process

al so r esﬁﬂrﬁl?er'o@oPérQﬁ&SHl%@heﬁt?g?ﬂéﬁﬁ%l’??r&ide%Iﬁ?e £84RAReLS: Alsh@iedt he carbon

to renpove significantly nore biologically refractory conpounds than it

could i "m8did %E@Lgﬁcﬁ%éﬁﬁelﬂ%glst‘éx%ﬂ%@h EﬂthIdEe‘rincreased pollutant removal and

increased tolerance to upset conditions. Additionally, the carbon allows the biologically

refractory organic materials to adsorb onto the surface of the carbon and to there be
exposed to the biology for a significantly longer period of time than in a conventional
biological treatment system, thereby providing benefits similar to that of a fixed film
system. The carbon also allows for the evolution of specific strains of bacteria that are
more capable of digesting the biologically refractory organic materials. The fact that the
carbon is continuously recycled back to the aeration tank with the return activated sludge
means that the bacteria can continually work on digesting the biologically refractory
organic compounds adsorbed onto the surface of the carbon. This process also results in
biological regeneration of the carbon and allows the carbon to remove significantly more
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



system whi ch would al so require frequent replacenent or costly physical
regeneration ofthe carbon once the adsorption capacity of the carbon is
exhaust edvoth@/ssasbon in the m xed |iquor can al so adsorbTarsdoosenyse from
the effluent the inorganic conpounds that are not treatable by biol ogical
OXIdatIO wever, to date, nenbrane biological reactqrs have not been
uti|i zedMeSARONANSS My adserrtipp Gapacky ofthei spehands exhaysiedadde cAHRn infer e has
been sone use of powdered activated carbon in surface water treatnent

syst ens mivead liguor carealpeadsorhad feoroveiftom thei effluentithecinerganicrrompounds thee wat er
treatment systens using nenbranes and powdered activated carbon have been
r epor t edatemoharestalile dh lbévtegivalidxiddtidnc HdweveR Ibs dste @leinbaanewidlogioglTeaotsrst he
carbon permanently plugging and/ or fouling the nenbranes. [09] Industrial

wast ewat Eﬁvetﬂb@beéﬂiﬁillzlae cbmBREFGAIPHIRD oWeFHdsa%B%tg@c&Boﬁ Q4@ foRS "l“ﬁé}e'h%' ude
oi ly wastewaters, which can contain errul sified hydrocarbons. QGly

wast evat Gl o &Qg?pg\&gé}%&laﬁ%ﬁra'te%té/arggn lh'lﬂﬁ‘g {vgt%r {rQéiHé {ér}g eMSfibe and

al um num I naustri es em ca pr ocessli ng | r-es, I ve I ndustri es,

| aundry | dustrl d recqvery d ref|n|n i ndustries. As

o scussetiisgembaneE Rt ition, diawdyer i snincs HRerTAenta peree
hydrocarbons may be renoved in prinmary treatnment processes, where floating
oi | s ar emSRIbFARSE 2pd porveered aespyatedspekasy havgbsemespered gwalwﬁwawemaw@vta@ er
processes are generally enployed to renove the remaining oils from

wast ewat earborTgtpadiag theymiembrnboasd the warbonpgrmirnently phigparg/antd/@dbuking thean

i nclude lubricants, cutting fluids, tars, grease, crude oils, diesel oils,
gasol i nemek®egizene, jet fuel, and the |ike. The remaini ng hydrocarbons in
the wastewater can be present in the range of fromtens to thousands of

parts pefoofi | {idBmiall RESEwREAHAE ALRSEHRL prif 16 @E@Hﬁge Bf feRe bfRe éﬁﬁ@r ge of

the water into the environnent or reuse of the water the 1 ndustri al

process. 01|1y wastewaters, which can contain emulsified hydrocarbons. Oily wastewaters can

come from a variety of industries including steel and aluminum industries, chemical
processing industries, automotive industries, laundry industries, and crude oil recovery

. and réﬁning industries. As discussed above, a certain amount of non-emulsified oils and
other hydrocarbons may be removed in primary treatment processes, where floating oils
are skimmed from the top. However, biological secondary wastewater processes are
generally employed to remove the remaining oils from wastewater. Typical
hydroéarbons remaining after primary treatment can include lubricants, cutting fluids,
tars, grease, crude oils, diesel oils, gasoline, kerosene, jet fuel, and the like. The
remaining hydrocarbons in the wastewater can be present in the range of from tens to
thousands of parts per million. These hydrocarbons 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



addition to governnmental regulations and ecol ogi cal concerns, efficient
renoval of theremaining hydrocarbons al so has benefits, as adequately
treat ed vaetemrussrs2may - be used in many industrial procegsgasasd/oelosmi nat e
raw water treatnment costs and reduce regul atory di scharge concerns. [10]
Commer ci al_depl nt . of rane piologjical reactqrs in the treatnent of
o1y e RYEE RIS B BB hvas Gler ey TtV hanHY §F I ¢ o
mai nt enance probl ens associated with oil and chemi cal fouling of the
nenbr aned mawsindwgrigfproerssestand glinanaty rayy waterdreatment segteend fedaceenbr ane

bi ol ogi cal reactor having powdered activated carbon added to the m xed

| i quor | rguletredischargs eaomecetnseat ment advant ages as observed in conventi onal
bi ol ogi cal wastewater treatnent systens including powdered activated

carbon. 10] waSomhegcialdeptbynieat of ARndEMRYiAB 8RR alicadtsls 8l tite HBHACRST

bi ol ogi cal reactor can al so achi eved. However, the side-by-side conparison

of e anginalalion bw e Yot YedyLIAR th MV InaldlG BRI tafifeihoponder ed

activated ‘carbon denonstrate at "t ogi cal reactor with

powder ed_activated.carb ddi,tion.h | | t he treatnent. advant ages of
Phe two RPBlemiasiirin8LENG ol o anPlict ireBing oF I Fabiofes "TRHRBY "t he car bon
addi ti on, S .V r,f/ difficult if not inpossible to operate, because of

resi dual? P‘fm%l?fﬁ YeXastew et freated ingymembrang balagistl fasctoravingPawdsTéfnbr anes.
The testing further denonstrated that while the addition of powdered

act i vat etFtivated sarbon adderbie the wuxed hquoblindi¢rited hgisemk trsamanhad eantagesas nent
system the carbon had the deleterious effect of a significant anount of
abr asi onotiservaddn canventvied didlbgicilovdstewptaftrdatirernephieras ascludihg powderagi on and
non-reversible fouling was significant enough to result in this system

bei ng vesivaRa chiohO IOPEY AtEnétbe BRYER dafvaﬁt_ﬂges%f%ingiaqaahbbﬁn@%ﬁﬂ@%ﬂéﬁd life
expectancy of the nenbranes).[11] In certain types of water trealnent

Processeg gt c PN cniieed® mrv@eggr, meogic(l)egiﬁ-@fde comparison of membrane

biological reactors with and without the addition of powdered activated carbon
demonstrated that the membrane biological reactor with poWdered activated carbon
addition had all of the treatment advantages of the two systems whereas the membrane
biological reactor without the carbon addition was very difficult if not impossible to
operate because of residual oil and extra cellular polymeric compounds fouling the
membranes. The 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).



reactors, granular activated carbon is used as an adsorbent nediumin a

fi xed bed. For exanple, United States Patent Nunber 5,126,050 to Irvine et
al . descrwbesoswsmskti st age process including a granul ar pattuse@sedsgar bon
filtration stage to adsorb organic contam nants from sources such as

wast ewat er_or_spent granul ar activated carbon. Th ranul ar activated

car bon i@llrai.m‘pﬁﬁﬁgbgp?ﬁ W%tﬁweaawan&mecqsmsm%ﬁmp‘f@g&ﬂw gebiolpgigalot t om
through a distributor to prevent fluidizing the granular activated carbon
bed. Anotcheprsegranplae a¢tivatesirankonds Raedegstan/gsisotbentt mediumuniacixedbed3¥9683 t o

| noue et al. describes a water purification treatnment nethod for obtaining
pot abl e exahmle, f{United rSaaves\Bitent. NuthBerssy 5262050 todtwinest &. dpseribdsarmalktisiagat ed
carbon bed within a water tank. Organic matter is adsorbed on granul ar

act i vat egtosdsk RudiRah grfldtdetvacd otbén ARfkBhIstigad8dReh bipghRON. This
system and process s described as treating water such as river water, |ake

vater, PORhRL&s ’fro?rpgo&&%%ﬂ Ghstew LS sp;eﬁgé}afr{\@%{ SURLRY caltdn! TgEC

systens the operating coSts of having to el ace or regeherate the
carbon once .its adsqrption capacity.is, exhausied 4s typicall ohi bitive.
Far ¢ hor nARulat 83 eBishds GaRAGRe in 7158 BGhSehinl BRradisd e ort ner
reduce the adsorptive capacity requirenents or to regenerate the carbon.
[12] | n beitem thepughedistsibatorpe pesyentHidizang the gravuis estiatabegbapbedy Beyers et
al . discloses a nethod for the biodegradati on of oxygenates in groundwater
or ot herAngther exsimpdarss apaiesg P gantapplivatisn dluntpea il 4323683 todnousmetcall at ed with
bi odegraders. In particular, Beyers et al. discloses preferred enbodi nents
wher e t héesgrfibgsul wiite£purbfidatib tiehdnt aietbdot bbthihBiy sleablasiatg from raw

m cro-organi sns. Wiile this system conbi nes carbon adsorption of

cont am NREs Yhd fsRinlmRulidesh oPathufRbi@hted LarbBSbAER BMEIWAERF taBk S @Eg%r{if: c

hardto-treat wast'ewater need that allows for a significantly hig
cost - of - 1. £t B0l daah Sr3nular activated carbon that includes aerobic bacteria adhered

thereon. This system and process is described as treating water such as river water, lake
water, pond water, and groundwater, rather than wastewater. In these systems the
operating costs of having to either replace or regenerate the carbon once its adsorption
capacity is exhausted is typically prohibitive. Furthermore, these systems do not utilize
biological oxidation to either reduce the adsorptive capacity requirements or to regenerate
the carbon.

[12] In addition, European Patent Publication Number EP1258460 to Beyers et al.
discloses a method for the biodegradation of oxygenates in groundwater or other water
streams using packed beds of granular carbon inoculated with biodegraders. In
particular, Beyers et al. discloses preferred embodiments where the granular carbon is
inoculated with MTBE-degrading micro-organisms. While this system combines carbon

adsorption of contaminants with biological oxidation, it was designed for a specific hard-



typical for biological treatnent systens. Furthernore, it uses packed bed
technol ogy rather than a biol ogical treatnent system (such as nenbrane

bi ol ogi cavore@aisszss) . [ 13] The use of any of these abovectiusees@xaspl es is
limted to those applications where treatnment cost is not an issue, as they

are relatively expensive treatnment nmethods. Additionally, none of .them
nol ude HEH asteWAT Bk et Slears flaaa/almﬂaﬁgégﬂbﬁlgaem%ﬁsatme& ggndsy
reactor conbined with carbon adsorption. [14] In other water purification
appl i cat iypivel fogbintegieal trgetmendispsiemar Bantharmors litthsespankep bad teshnelagy body of
water to be treated. For instance, European Patent Publication Nunber
EP054357atHen tHanrabiclegival thesmanisysreasGuc as membiang bidsgical rdactosyi dues and
ot her organi c substances fromwater. Activated carbon is added in a

cont i nUOKY3| MeMREhse GTan$ BE Mes@abdwealied et AhPRY s 1fmR& o thY Yicitfomgved al ong
with treated water. However, the systemdisclosed in the Ford reference

[OqUl 1 €Syl Yl ATRIRY R L AnBPHI BRI LB UGN SriRAT nane

(pestici de resi dues ere is no bl nismTor renoving these
contamn .. 5] Japanese patepnt docunents JP6§2286591 and JP6301 6096

i sct oseRdrBant'h” nads & BEmapORHE e RN PR R AOSRTHR RS O AT OB of
activated sludge slurry and granul ar activated carbon. These net hods,

di scl ose®iojpgicat reagtor pembingd MaRYRaFRONHdSPIPRERsed nmenmbr ane bi ol ogi cal
reactors, use granular activated carbon in conbination with ultra
filtratid4] or ireherwdensnifyiasomepilicatiess, granalad evinsttedecarboresthelhia syst em
These references address probl ens associated with organic wastewater (e.g.,

human wasispdnsioitinAbod9iof Mabetitb bakrexteddHoLiBStah ] Buitdpeah PuRat Beblivdtibn as 0i |y
wast ewat er contai ni ng hydrocarbons. Additionally, this system was devel oped

j ust as NRRBEABPOIAISYOH PRI REGIHE S Ip‘égde_@s bf feffoviify fR8tiLiRE t&Siued Afld bindr

purpose was to prevent refractory organic

organic substances from water. Activated carbon is added in a continuous manner, as
spent activated carbon is continuously removed along with treated water. However, the
system disclosed in the Ford reference requires a large amount of granular activated
carbon to remove contaminants (pesticide residues). There is no biological mechanism
for removing these contaminants.

[15] - Japanese patent documents JP62286591 and JP63016096 disclose organic waste
water treatment methods involving a mixture of activated sludge slurry and granular
activated carbon. These methods, disclosed prior to the development of immersed
membrane biological reactors, use granular activated carbon in combination with ultra-
filtration or reverse osmosis membranes in a downstream membrane system. These
references address problems associated with organic wastewater (e.g., human waste) and
do not practically address industrial wastes such as oily wastewater containing

hydrocarbons. Additionally, this system was developed just as membrane biological



conpounds in the mxed |iquor fromfouling the nenbranes. It was specul ated
by the inventors that the use of nenbranes in place of a conventional
clarifierweantlisszs2t ank woul d ultimately result in toxi ecrarse@stonrms? ons of
organi ¢ conpounds and interfere with the normal biol ogical oxidation

rocess in . the aeration tanks. However, in practice jt was found that this
di d ot TGRGLOR Weie A bEMEJERiFd. apAiis PUmMORRBRS IR Predemt doka st kASERIG | zed.

Furthernore, the primary application of the systens described in these

r ef er ence@gnpoynds wthernxedbliquas fiom fopling sheemambrangs Itrwpsrspperlatod by theow

chem cal oxygen demand (COD) conpounds (e.g., COD to biol ogical oxygen
demand (iBGBAtorsahatdlse ude cfboerhbrands)in plave of atcoawdntivnali clahifidrisetdlingvask ewat er s
where the COD to BOD ratios are significantly higher. [16] As used herein,

bi ol ogi cablld ultahateBirest mABRRWaHSentafiés dfrkdins EohpHafls ahd ekt ferevaaunds
(organic and/or inorganic) in wastewater that typically do not break down

with m Cth@hgﬁ%rﬂ%?lgﬁcw& 1312&0&135?&)%% BaMe §er9fi?ﬁ BRkdenoebéd Spr%ét?(]e ifwat her,

as used herein, o-inhibitory conmpounds refer to conpoun organi ¢ and/ or

i nor gani ' stewat er that .inhibif t.h i ol ogi cal preakdown. process.

[ 167 “7helPlad Phal B BT ooy 3ha nf §pebul his FesBalo By Gl me ERE SRt e
process and apparatus, in a nenbrane biol ogical reactqor systemthat enpl oys
gr anul atiBHthernEseathePriengy GRPHCQR 96 s systsms dhescaibed 1 Hresetafeepcesiyani ¢
conpounds and i norgani ¢c conpounds onto the surface of granul ated activated
car bon dm@tmentredisanitary wahiewgteahaviag eclaticsly law elbneigalxygemdemandy((PBYi cal
reactor system upstream of the nenbrane separation step. This wll provide
t he advagving@andole. g, COEPLIdeldgivabisxygeRr domaind (BOD) exgios alf abaa@: Dy imhi ch has
had powdered activated carbon added to the m xed liquor, wthout the

abrasi onaRd§iQy iddigtrfah VasRGaRIPHALR $hd OODCRIBOD raflod 18 sIBri®chntly Aider.cOM Ng
in contact with the nenbranes.
[16] As used herein, biologically refractory compounds refer to those types of COD
compounds (organic and/or inorganic) in wastewater that typically do not break down
with micro-organisms within twelve hours of residence time.
[17] Further, as used herein, bio-inhibitory compounds refer to compounds (organic
and/or inorganic) in wastewater that inhibit the biological breakdown process.
[18] Therefore, it is an object of the present invention to provide a process and
apparatus in a membrane biological reactor system that employs granulated activated
carbon to adsorb biologically refractory organic compounds and inorganic compounds
onto the surface of granulated activated carbon and to maintain the granulated activated
carbon in the biological reactor system upstream of the membrane separation step. This

will provide the advantages of a suspended media membrane biological reactor which has

had powdered activated carbon added to the mixed liquor, without the abrasion and



[ 19] Anot her object of the invention is to provide such a process and
systemthat is efficient, that requires a mnimal capital investnent for

i nst al | atworposnsseshas | ow operating costs. [20] Yet anotrherusedmseciospf the
invention is to inplenment such a process and systemthat is particularly
wel | suikﬁai fqr treatnent of industrial, d oily wastewat ers, SUWARY OF
THE | NVE ‘E‘ﬁda[aéi‘jcoﬂi’éméﬁél?ﬁecaélb?rb’@tt © B RAUOR SPmt/ R 5PRGESWHR &% ovi ded by

the system and process for treating an industrial wastewater streamusing a
menbr anemBmbraggs.cal reactor, including introduction of granular activated
carbon material into an aeration portion which is maintai ned upstreamof a
menbr ane[18per Anothgr shjedt@fithelineertiaonds ¢d plokzleguelna paxesy andclystent that isar bon i s
sel ected so that they can be screened or otherw se readily separated from

t he m xegfficiedt Mat $éc{uﬂ%§rhlﬁﬂﬁﬁﬁﬂ capitAThRErhdie forEARABARNORR] Rdsi16@ system
tank(s) containing the subnerged nenbranes, thereby preventing abrasion of

t he nenbsﬁegginngg,gtsaerati on portion includes a waste di scharge port thereby
al | owi ng 'sone “spent granul ar activated carbon to be renoved when the

ef fl uent ncent rat.i on, of . chem. cal ..o en demand c ounds approache

R RRF Hi et TR e N R e e A e

activated carbon having adsor bent catpiaci ty is added to the aeration tank.
r

[22] | n sypartcyiarkysyell siited dpiirepiment ofindustipl and etly wasteWatess.ar e coarse and

fine screens placed upstreamof the aeration tank to prevent both |arge and

smal | paSUMMARY O T INVENTIONhe system or from danmagi ng t he nmenbr anes.

For instance, in donesticsewage nenbrane biol ogical reactors, the fine
screens (130 Phoatave objectstdind fugthervadvaithgdsaire piolrided byahe systedh bid proceést h t he

menbranes and cause operating problens. In the
for treating an industrial wastewater stream using a membrane biological reactor,
including introduction of granular activated carbon material into an aeration portion
which is maintained upstream of a membrane operating system. The size of the granules
of activated carbon is selected so that they can be screened or otherwise readily separated
from the mixed liquor stream before entering the membrane operating system tank(s)
containing the submerged membranes, thereby preventing abrasion of the membrane.
The aeration portion includes a waste discharge port thereby allowing some spent
granular activated carbon to be removed when the effluent concentration of chemical
oxygen demand compounds approaches limits typically set by governmental agencies,
and additional granular activated carbon having adsorbent capacity is added to the
aeration tank.
[22] In typical membrane biological reactor system, there are coarse and fine screens

placed upstream of the aeration tank to prevent both large and small particles from

settling in the system or from damaging the membranes. For instance, in domestic
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application of this invention, where the wastewater is industrial
wastewater, there is an additional requirenent of being able to screen the
gr anul ar wotweaisserk2car bon fromthe m xed |iquor before iPCTASL@8H1398T 0 t he
menbrane operating systemtank where the nmenbranes are |ocated. This is

achieved in variqus configurations. Ipn one arrangenent, there is a.coarse
screen atfd/a8s n"fﬁ"ﬁl%“é%‘?‘@[?ﬁ%i?ﬁ)gftaP@é%n% finerseresas alsP BFOYdmfor ieEaval e i s a
fine screen or screening system(with a nmesh size smaller than the bottom
linit eflfadtwhich cgn imertwing wigh e membrgnesandpausecanevatingpreblemsn Im gt i s bei ng
used) either located in the aeration tank or between the aeration tank and
t he menbapphieaticandt thisinwvantioa] whenaitlodwasew ster 6 dadisaiad wdsfemaerstherdnan ( si zed
as necessary to renove the normal contam nants in the wastewater) are

provi dedaddsdria®ARuREmbMeo faRimt Aok itol RFen tRgraulaf s@RAATafioht Both tisd zed to
remove the granular activated carbon) is provided either in the aeration

tank or @%e%ﬁ;iﬂ& D&oRat BlteANnfoRRK n%ﬁ@r&&eoé!éﬂl’#&[gﬁg&e&%ﬁke% Fﬁgﬁé ore, an

obj ect of the invention i1s to provi a separa n sys will prevent
t he.aeration tank and entering

the granul ar activate bon from | eavin

the ventPsnbREepipiedy Ram et B vathe sgSi A it danBe rismothe. uoo
of granul ar activated carbon iin the m xed |iquor provides significant

oper at i ofhste iadgansagasen @Q%ﬁﬂ%mﬁwsw@n@grl@aﬂera@adm, apd hegeisad ed to a
menbr ane bi ol ogi cal reactor treating the sane wastewater w thout granul ar
act i vat elinesorésnror adutening systding withes roéshorizenamhaller denithabettbro iniveffedtiva a
screeni ng/ separation system (that wll allow the majority of the granul ar

act i vat egrafgle 8128 off thedgalelpit adtivated €aivoa thdt cbdibgrsed eithasadtedia thyst em t ank
where the nmenbranes are present) will prevent the nonreversible fouling and

abr asi onadriifin HAS oPE@WAPER ARMIHASTK MAMHERRMbRGT AL S &RAGREPN Was used in

an nmenbrane biol ogical reactor and the carbon was allowed to cone in

embodiments, coarse and fine screens (sized as necessary to remove the normal
contafninants in the wastewater) are provided upstream of the aeration tank, and a
screening system (sized to remove the granular activated carbon) is provided either in the
aeration tank or between the aeration tank and the membrane tank. Therefore, an object
of the invention is to provide a separation system that will prevent the granular activated
carboﬁ from leaving the aeration tank and entering the membrane operating system tank
containing the membranes.

[23] The use of granular activated carbon in the mixed liquor provides significant
operational advantages to the membrane biological reactor as compared to a membrane
biological reactor treating the same wastewater without granular activated carbon
addition. The use of granular activated carbon with a screening/separation system (that
will allow the majority of the granular activated carbon to be kept upstream of the

membrane operating system tank where the membranes are present) will prevent the non-
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contact with the nenbranes. The use of granul ar activated carbon with an
effective size of at least about 0.3 mlIlinmeters will allow nost or all of
it to be wolevmsksout of the m xed |iquor streamthat i ecrnse@ersed to the
menbr ane operating systen1tank(s) for nmenbrane filtration. Mnimzing or
elimnating | sorb mat er i Is in the ane eratin

Cank( o PRI ieHas BRC AR 912 et ReSRbAGOh g PAY HERBFATREd bOhas been
determ ned to be deleterious to the operating efficiency and useful life,
for i nstuscesed it ammenbaane Wiplogingl reartor ardthercarbesiwiy ablowgd tedomein vat ed
carbon. [24] The nethod and system herein which utilizes granular activated
car bon icdontaet withithamenibralesgThause ebgrhmrlasacsiveted icablon dvitlgareeffective size

screeni ng/ separation systemto prevent carbon from contacting the nmenbranes

provi de%mueamoqp@Baﬁlll1gﬁadersheﬂpill&@mosml AU IOto"BRI fRltdréPbit Tl mivdd! on of
the mxed liquor to the wastewater feed, reduced fouling of the nenbranes,

reduced joQ E]ét rei;rl%]%fs%é?x\éfe hrté‘t}?e%kx%?aﬁm %?%x%ﬁh pec?ﬁ%gﬂ%%§ ?@hﬁ%&a‘h@ of the

nenbrane onger use ancy nmenbr anes,
i mproved.t 0l. e. t.o. variations ration and flaw rate,

| npr ove ﬂiﬁah cVEFimigioe & FBinitelhe e SR el aA b RO RE papTO ey
characterlstlcs and _ease in handllng and inproved effluent quality

(i ncl udi fYgtem 12pks) wilbrrduee enelimmatsrthe pbrasipa Oaﬁﬁtf mersbasthat hapesent i es) as
conpared to the effluent quality obtained froma conventional nenbrane

bi ol ogi cddtermanest torbegletttermusito thesopsratingaaffitigniryaand usefud lién foranstancep 0B8RI EF
DESCRI PTION OF THE FI GURES [ 25] The invention will be described in further

detai | bakavraasdiclbgibalredictss nsdglpowderedaictiagbé dartbo@wi ngs in which |ike or
simlar elenents are referred to by the same nunber, and where: [26] FIG |

I's a scheapl i thdind®odmha Sytem HERAY Wik utllize @ BradlRFh&IvARed Qfbdn iRahMent  of

membrane biological reactor system including a screening/separation system to prevent
carbon from contacting the membranes provides various operational benefits, including
more rapid acclimation of the mixed liquor to the wastewater feed, reduced fouling of the
membranes, reduced foaming caused by extra-cellular materials, reduced abrasion of the
membranes that result in a longer useful life expectancy for the membranes, improved
tolerance to variations in the feed concentration and flow rate, improved sludge
characteristics (e.g., quicker dewatering, fewer oily chélracteristics and ease in handling),
and improved effluent quality (including a lower concentration of organic and inorganic
impurities) as compared to the effluent quality obtained from a conventional membrane

biological reactor system with a similar hydraulic retention time.
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wast ewater in accordance with the present invention; [27] FIG 2 is a
second enbodi nent of the apparatus of FIG 1 and includes a neans for
de-ni tri fwoabiwnsssk t he wast ewat er stream and [ 28] FI Gec3/ussoos/ocivar t
depicting feed concentration (in mlligrans per liter) of biologically
refracto I I.Q-Lphi fi yaetelq1ele] and the remaining effluent
concent r 2= Mé@@gﬁﬁﬁ-ﬁﬂ\%ﬂ rﬁé@a ginal), at various stages of a
menbr ane_ bi ol ogi cal reactor system [29] To facilitate understandi ng of the
i nventi oR3li d@g@ inventiorewal} be descrbed nafustheradesaibeelow and vithhesferepasrto e ate t o
designate the same or simlar elenents that are comon to the figures.
DETAI LEDatREB&RIAWIGN iOFvhielElike GUiRmYaf demefts Gre refeteqi totby the sarhenwnber, of
process flow of an industrial or oily wastewater processing system 100.
System 1844 @r&ter al |y conprises an aeration tank 102 and a nenbrane
operating systemtank 104. Aeration tank 102 includes an inlet 106 for
receivin S ter 3 AESTah he
ronbr anciber S o Syer et bl o e bR b ARl o B Beh |

di ffusion g qratus as, in kgg¥$ i n tpe arg of wastewater treatnent for the
pur pose Of° g‘g?ﬁf indgepidancs Wih e RIS MVERQMi ¢ i on, optional suppl ement al
air diffusion_apparatus nmay be .included to nmaintaingranul ar activated
carbon i B7} usbl(?rs% 1§13 sgeonfeapbodimgnt ofithyappapatuepit 1053 radgriagindesfamngansd
effluent fromthe aeration tank 102 is introduced, via an inlet 110, to the
menbr anefosdematrificatioryef thewastekvalad4tream; aride nenbr ane operating system t ank,
t he wast ewat er passes through one or nore nenbranes as is known in the art

of menbr 28 bFIG.@yis@adhartelepicang feelrtonckntiation lia rhillagiame per litepatfed ef f | uent
fromthe nmenbrane biol ogical reactor

biologically refractory and bio-inhibitory compounds, and the remaining effluent

concentrations (as percentages of the original), at various stages of a membrane
biological reactor system.

[29] To facilitate understanding of the invention, identical reference numerals have
been used when appropriate to designate the same or similar elements that are common to

the ﬁgures.

DETAILED DESCRIPTION OF THE FIGURES

[30] FIG. 1 depicts a ;chematic of process flow of an industrial or oily wastewater
processing system 100. System 100 generally comprises an aeration tank 102 and a
membrane operating system tank 104. Aeration tank 102 includes an inlet 106 for
receiving wastewater and an outlet 108 for discharged wastewater to the membrane
operating system tank 104. The aeration tank 102 includes air diffusion apparatus as in
known in the art of wastewater treatment for the purpose of aerating the mixed liquor. In

addition, optional supplemental air diffusion apparatus may be included to maintain
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system 100. A return pipe 114 is connected between the nmenbrane operating
systemtank 104 and the aeration tank 102 for transferring return activated
sl udge t owbheoswssmki on tank 102. Spent granul ar acti vat edTasewsnoidsom t he
aeration tank 102 (i.e., granular activated carbon that is no | onger
effective in adsorbing biologically refractory coppounds) can be renoved
via a ni $EBURr agibatedcarbongn spspensian asdescribed fusthgr herging yaresned/separatpd pe
connected to the return pipe 114 to divert sone or all the return activated
sl udge f efflugitsfpers dhe aesatiamtankb 102 isanirpdusgd) viganinletohide tit themiembraseed cul ture
is added to the aeration tank 102 to pronote mcro-organismgrowth. [31] A
prel i m neperathgy 9srehn@nk Y 64 cin th2Gnémbrane apeeatingds/isteptinkf the heasiemlaadr 106 of
the aeration tank 102. This prelimnary screening systemcan include a

di ssol vegasdéd thidu@hlont bPthopd HeRiBrares 49 ANIGRWICIh RS ar bf AchibiichblogitaP! t hese.

Optionally, other types of prelimnary treatnment devices nmay be i ncl uded
d di h i,Gyl t [ '
Cepend ka8 BRT4!) S\ Bh MRSKENE' A0 R 11 HSRL fhano 8- 35RE0

Opt i onal | or.in . combinatign.with the fine screen, or separ.ator subsystem
152, a 1P APGeh TR BIpa IH i Cameusd beieen B BPERF QBB HEE S Mact at i on
tank 102 and the nenbrane operating system 104. The fine screen 122 can be
a wedge tWnkdO04andthe asrationitenlal 02@§r Hpnseringaeim agtivatadessludgs e ther aesationr ocess,
that will prevent the granular activated carbon from passing through with

t he mi xetinkil§2oSpemgranular acHvatedjcarhorfronntheatratipn tankHOZ€ by graeslar n t he
menbr ane operating system 104. Screened or separated m xed |iquor effl uent

from t hea@ardicarbonahdt id A2 16tr fedBivePEadserbihg BitldBiclyaréfrhstofydependi ng on
the design of the particular systenm) into the nenbrane operating system

104. 1n &mysinds) déﬁiH&QeﬁBvé‘dei%ra’lﬁﬂxeéﬁHﬁ‘éﬁk%s‘i’é‘dﬁM% é@?is.sfpp%%]teagranul ar

activated carbon separated fromthe m'xed liquor passing throug n
external ;{1 d1§1§ ChFE cHneSERT AebnftBBYT18M §R% some or all the return

activated sludge for disposal to control the mixed liquor concentration. Seed culture is
added to the aeration tank 102 to promote micro-organism growth.

[31] A preliminary screening system 120 is located upstream of the inlet 106 of the
aeration tank 102. This preliminary screening system can include a dissolved air
floatation system, a coarse screen or a combination of these. Optionally, other types of
preliminary treatment devices may be included depending on the particular wastewater
being treated. A fine screen or separator subsystem 122 is included within the aeration
tank 102. Optionally, or in combination with the fine screen or separator subsystem 122,
a fine screen or separator subsystem can be provided between aeration tank 102 and the
membrane operating system 104. The fine screen 122 can be a wedge wife screen or a
rotating drum screen, or other separation process, that will prevent the granular activated

carbon from passing through with the mixed liquor and thus coming into contact with the
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fall by gravity back into the aeration tank or be returned to the aeration
tank 102 through a separate inlet. [32] Suitable types of screens or
screeni ngwveystwss2sbor use in the process and system of thoe/useoosni3en
include wedge wire screens, nmetal or plastic apertured plates, or woven
fabrics, in cylindrical or flat configurations and arranqed at varlous
angl es i membEngy N Wemembrage opsralingetystcb 94 oPiratneyd of srasdted mixed BgHpPrangl e

t her ebet ween; or active screening systenms such as a rotating drum screen.
Ot her sepfluanti form thaecdenitipretank 402 udlyvg pyrmpei oy flowthy gravity (dependingsnde zone
can also be used. [33] In FIG 1, wastewater feed stream passes through the
prel i m nagsygrssfitRe partigulay Sisesth)linth theehedntiirand bigeraaigadystem 1GNKinkDRstee
aeration tank aerates the wastewater resulting in a mxed |iquor

(cont ai njgigs WeeteMat %pa?a’ﬁ@n @gﬁ&ﬂ (h6tH8vn$ YRRl isatd Esbon E&ﬁ% ber with
t he granul ar active carbon. anul ar acti'vated carbon (suitably pre-wetted,

e.g., togfor rr

vast euat TP %ﬁ%@ﬁ“&% fi P aﬁ%%%%%% stk §?¥ew‘3§a§%"s%9¥ iR
system 1 For . nce, . granul ar vat ed on can be a to the
Fbedst r el brodtRGEY Bath o bR aTalen R aapy ratined o g ety Brayeh

| ocation 130a). Optionally, or in conbination, granul ar activated car bon
can be a@lél%f&!ﬂfé@tly to the aeration tank 102 (i.e., location 130b). In
certain preferred enbodi nents, granular activated carbon can be introduced
via the [32jur Saiwbilc/afpedoﬁdcmhyle ok sereenirdglsyseengs for hecmtthe prat8écand slystemer t ai n
enbodi nents, it can be desirable to add the granul ar activated carbon ahead

of the pogh MRveafidn SRIRIRAWdHEe Witd fnechdUnétal & pladtieGptiterad bBED, or Woeée t he
prelimnary screening system 120 can be designed for this application by

T R i S s
the fi nevertlcally oriented, horizontally oriented, or any angle therebetween; or active screening
systems such as a rotating drum screen. Other separation techniques including gravity
settling ina quiescent zone can also be used.

[33] InFIG. 1, wastewater feed stream passes through the preliminary screening
system 120 and into the aeration tank 102. The aeration tank aerates the wastewater
resulting in a mixed liquor (containing wastewater and mixed liquor suspended solids),
together with the granular active carbon. Granular activated carbon (suitably pre-wetted,
€.g., to form a granular activated carbon slurry) may be added to the wastewater at one or
more locations 130a, 130b, and/or 130c within the system 100. For instance, granular
activated carbon can be added to the feedstream downstream of the preliminary screening
system 120 (e.g., location 130a). Optionally, or in combination, granular activated

carbon can be added directly to the aeration tank 102 (i.e., location 130b). In certain

preferred embodiments, granular activated carbon can be introduced via the return
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screen or separator subsystem 122 and the granul ar activated carbon is
renmoved fromthe m xed |iquor suspended solids passing into the nmenbrane
oper at i ngveysdwnssisank 104. [34] The granul ar activated earhseoognomssres
adsorption sites where hard-to-treat organi c and inorganic conpounds

(biologically refractory, bio-inhibiftory or otherw se) can adsorb. As the
gr anul aracéﬁ’la?/e\qéf‘iéﬁei‘é‘fet%ﬁ ($-gmigeaton ﬂmgfq}el%ﬁ?'faé‘i‘rfm%‘i‘%nbﬁ’ Y&AROfs grow and
eventual |y evolve into mature strains with specific acclimation to break
down t hed¢siebledordd thegranuler activated cenbpn ghens dfrihe prelimyinary screpning sestemr e,
over additional time (e.g., several days to several weeks) that granul ar
acti vat etR@@r dolocitaon ridhavicere thetprelahinannmoesnits systemmi 20 eanitedddsignete
system the mcro-organi sns having a high degree of specificity becone

second, fdiithid apRTAtibh BP‘i‘ﬁclg&iﬂ kérebAS that hvn%ﬁé)&%@ﬁf@ﬁ%ﬂ%&@@h&@f&i cacy to
bi odegrade the particular hard-to-treat conpounds. [35] Eventually, sonme or

all of t r I: -Qp@”%/]v]' j j f eating

t he bi ol gfs%gﬁ?%}y}or%&%ggtllg%ﬁ%?&% 0- 1 nhi %%’tlglr%géacﬁg dogﬁé%gg{%‘%l t\i/{\né Iﬁ?lEr esul t
in a higher concentration of hiolagjcally refractory or. bio-inhibitory
conpoundi TR et eioh st e i BRab & Brentat e Ao Sethaftis cpBoN BIE@nef ugh
the nmenbranes, G anul ar activated carbon can reach its adsorption capacity
(after im¥eddiquee suspaadsdaselids passinginte themembranerapsratipgsysigndank y04-ef r act or y
or bio-inhibitory conmpounds can no | onger be adsorbed. In addition,

gr anul ar [34¢t i Vhe gringlar betivatedcadpeaoprevidee idsoqitionssitdsiwhers lapdrtorteatnon known
as slimng, where the m cro-organi sns becone coated with pol ysacchari des

and/ or extganicah indaparnio cympoursisibioioriesly réfracotyab@rinhfbitehy Sotherise)
initially service to protect the mcro-organi sns, can reach |evels where it

bl ocks t b fR6®. A @S gRORIArNRIERYI BIBYERANRIRGRARS s fsBim, NAlcfb-bRzahlsRR!

conpounds, and consequently prevent bi odegradati on.
grow and eventually evolve into mature strains with specific acclimation to break down
the particular hard-to-treat compounds in the system. Furthermore, over additional time
(e.g., several days to several weeks) that granular activated carbon having hard-to-treat
compounds is maintained in the system, the micro-organisms having a high degree of
specificity become second, third, and higher generations, thereby increasing their efficacy
to biodegrade the particular hard-to-treat compounds.
[35] Eventually, some or all ot; the granular activated carbon will become ineffective
for treating the biologically refractory or bio-inhibitory compounds. This will result in a
higher concentration of biologically refractory or bio-inhibitory compounds entering the
membrane operating system, where they pass through the membranes. Granular
activated carbon can reach its adsorption capacity (after initial acclimation), at which

point further biologically refractory or bio-inhibitory compounds can no longer be

adsorbed. In addition, granular activated carbon can become ineffective due to a
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[36] At this stage, when it is determ ned that granul ar activated carbon
has lost all or a portion of its efficacy for reducing the effluent
concent r avoanosadssiseol ogi cal |y refractory or bio-inhibitecy/usermgowyds, sone
m xed |iquor containing granular activated carbon can be drained fromthe
aeration_tank waste port 116). Additional, nul ar activated carbon
can be aBif&gme 9“%‘@%‘8??%%‘&“ W}‘ﬁ‘)eéhe gﬂgocﬁrg'pﬁggf,gggo,nm ©@a ‘l‘ on

| ocations. The inlet wastewater and the effluent wastewater chem cal oxygen
demand (pisacebaristes and/enexteaseHuler polymer substancese | This Fyenofoiliow, adiley
refractory or bio-inhibitory conpounds) can be nonitored to determ ne when
t he gr anulitallyasetvivatogitotear the miarvdorgtusisias,canpeathi levelbivhereSsblocks the psiest em
have | ost their effectiveness. A plot of the difference between the inlet

and ef f| sigstan@eherely/prdeshtONcdesieror RhdttoGrdat 6&ﬂﬁ&ﬂid@64ﬂd%nwduhn@§ préveq a pl ot

that will shows the granular activated carbon in the m xed | i quor's gradual
| oss of Glt)ﬁb%&éﬁo nine amount of COD renoved fromthe feed stream can
provi de an | cation of the relative anount of biologically refractory

and/ or i.tor ou t hat  are .bei ved fr m t he
nast owar P11 o thin S, SBERLE SBRABIAhy SR oCrEgedPhor Pesiosrall o1
particul ar Wastewater they will be able to determ ne when this ratio

i ndi cat eBOTHOP ST HE em?é?ﬁéfqrﬁﬁ‘i@“i%thﬁ cHiusat eencentrpion of bielpgically mifractesy gF anul ar
activated carbon in the aeration tank and replace it with fresh carbon to
regain tbie- lnhldPUDr}e@nnmmdalsomE:fmmcéhqyorfanmtauhag lgraplutag iactavated cazboracdnor y

and/ or bio-inhibitory conpounds, for instance,to nmaintain the effluent in

conpl i anbedmaired frog terdepationrtagki(viewastt portJa6n| Aaditions grallsdcsivabd t he
effluent for concentrations of specific organic and inorgani c conpounds can

al so be ygesh L4 vieided] agedemdth@?elga@&w GFthé é}ésiﬁ% i76H R (}*htes

acconpanyi ng b| omass in the m xed |quor |s exhausted and in nee of a

partial {n?eq | %?ér aph%ze] efﬁng QDRI L Bbrmfed o@ée%n 2miing l(@@lﬁ com rp%ac or

system accor nven 1 on

concentrations (i.e., including biologically refractory or bio-inhibitory compounds) can
be monitored to determine when the granular activated carbon and its accompanying
biomass in the system have lost their effectiveness. A plot of the difference between the
inlet and effluent COD divided by the inlet COD concentration will produce a plot that
will shows the granular activated carbon in the mixed liquor’s gradual loss of efficacy.
The amount of COD removed from the feed stream can provide an indication of the
relative amount of biologically refractory and/or bio-inhibitory organic compounds that
are being removed from the wastewater feed. As an operator develops experience with
treating their particular wastewater, they will be able to determine when this ratio
indicates a point where there is a need to ‘remove a portion of the granular activated
carbon in the aeration tank and replace it with fresh carbon to regain the required removal

efficiency for the biologically refractory and/or bio-inhibitory compounds, for instance,
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herein can begin replacing sonme of the granular activated carbon when the
ef fl uent concentrations of specific organic or inorganic conpounds start to
approach wbeney/dssxsel ity's permtted di scharge concentraPCons2608/01398Ese
conpounds. The all owed di scharge concentrations are typically limted by

the facility's perm,t, for instance, as determ ned by the tional

ol | ut arke T LB ke ARG SHE AP aBORFaDETRRTS S UgP 1H8 THat | s

regul ated by the United States Environmental Protection Agency, or_ other
simi|ar anebsisafilreiPueyt fopeonsanispians b spesiiicedrgpric arg indrgarte COPROEIdSNg t hi s
systemwith their wastewater, they wll begin to be able to anticipate when

t 0 conmresanalsoehelBed toeddterniae guhan theagramdii activetdd carboannd Y aocdnygangingr at or
can determne that the effectiveness of the granular activated carbon and

i ts accosBma il ShmPBRIRubS istRRh@AG AN Heed BEPpArtibdrepRcanbAtEVe the
requi site effluent concentration of pollutants, the normal wasting of

excess bysaastyd fatadSoPRLRALIEL RYoBRRLERo! ShUHPaASHNEL Pl ShiEBn T OM

line 11 can cease€ an cess mass an € acconpanyi ng

IR R TNERL (R A e SN

required to nmaintain the mxed |iquor suspended solids within the optinum
oper at i PIeEEonLef spseifisarganie prnORgaRIs ORI ONES Hait sarpnTeat Beirsyst em bei ng
operated. After replacenent of a portion of the granul ar activated carbon,
t he ef f | faeitity’s herniittedbdisolmariz¢ coredntpatians dortpeseatompoundsiefler atlavedwhet her t he
requi site renoval efficiency has been restored. Additional, replacenent can

be made disshathe@dntditratipas adeitigicallyplnitedbe tirffatilie, opemdt, dor intdfde, b
alternative enbodi nents, granular activated carbon can be renoved fromthe

screeni ngetin BY thk Natiosl BARBURDifhafPe R fininhGoPS ystéR (NPDESI BERnis | N

systens where screening includes a rotary drum screen, granufes of carbon

can be S&Jogx‘&%dth&f ifs rég%la{tgggy fhe United States Environmental Protection Agency, or other
similar regulating body. As an operator develops experience operating this system with
their wastewater, they will begin to be able to anticipate when to commence replacement
the granular activated carbon. When the operator can determine that the effectiveness of
the granular activated carbon and its accompanying biomass is approaching an inability
to achieve the requisite effluent concentration of pollutants, the normal wasting of excess
biomass that is perfbnned by wasting return activated sludge from line 118 on FIG 1 can
cease and the excess biomass and the accompanying granular activated carbon is wasted
from the aeration tank 102 via waste port 116. The amount of material wasted should be
determined by what is required to maintain the mixed liquér suspended solids within the
optimum operating fange for the particular membrane biological reactor system being

operated. After replacement of a portion of the granular activated carbon, the effluent

should be monitored by the operator to determine whether the requisite removal
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some of the granul ar activated carbon, and additional fresh granul ar
activated carbon can be incorporated as necessary. [39] Suitable granul ar
act i vat edwoandsseanul e si zes can be used to conpl enentctrisesioessed
screeni ng/ separati on net hods, depending on the needs of the particul ar

wast ewat bei reated. |n cgertain eferred enbodj nents, the bottom
it ofetHPPRe f\?ée&a bestired. oA ditignal FFBE"QFQHHW%P anadeased entson i s

sel ected such that it may easily be separated fromthe flow of m xed |iquor
ent er i n@Perdingexperzanec optheaaperajorsyst em t ank(s) in which the nenbranes are

| ocated. In general, the effective granule size of the granular activated

car bon Has] a Inciitenntive embodimenls) gtan@las act vatedretrisorscanieaemoged iberthehan 99. 5
wei ght % of the carbon is above the bottomlimt; preferably having a

bot t om | dcfdehin@fwidROminiMizingltdnd vaEb LSk dQiqabr. UPREhsthhddl in SistetfdGifiere
mllimeters (corresponding to a nesh size 8 to a nesh size 40, based on

Uni ted r | i.es) r t | % of

t he car %ﬂéeﬁ@g%ﬁ@ﬁ@% atdrr?e rﬁ?ﬁrﬁ%{:ﬂgﬁ% %%ﬁ[ﬁ% (f:}.lcrghﬁ)t(:%ﬁ]l Cg% SE Fgﬁg%? giter{l\?éﬁlﬁ%zeer red
enbodi nent s ut 0.5 mllineters to,abput 4 mllimeters (corresponding
Co o oot SR ey Bt eSions i BN e PrebbPEPSPBIBHIRRERE S cve
Series) where greater than 99.5 weight % of the carbon is within the bottom
and uppei€ INEFPPratqdiaspgeess@iyn denonstrated that a granul ar activated carbon
with a mninmumeffective granule size of about 0.5 mllineters to about 0.6
m | 1inetl@9k cSuitdble gasilhyactivaed sabohignanulsinésxad beiugeio aoimplementithe abl e
separation system and such effective sizes, in granular activated carbon

of sui t afleetedaordehingBepahen fatholds, depending o thel itediisPBO paMitulander
econom cal ly feasible operating conditions. [40] Smaller granule size

gr anul ary, Agd H R CRERD TSEtainSprefin@h SRIbBHIntHL, SO HMBR1AN G RRLEvPEr

pound of granular activated carbon for adsorption of biologically

refract Oéanule size of the granular activated carbon is selected such that it may 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 granular
activated carbon has a bottom limit of about 0.3 millimeters, where greater than 99.5
weigﬁt % of the carbon is above the bottom limit; preferably having a bottom limit of
about 0.3 millimeters to an upper limit of about 2 millimeters (corresponding to a mesh
size 8 to a mesh size 40, based on United States Standard Sieve Series), where greater
than 99.5 weight % of the carbon is within the bottom and upper limit; and in certain
preferred embodiments about 0.5 millimeters to about 1.4 millimeters (corresponding to a
mesh size 14 to a mesh size 35, based on United States Standard Sieve Series) where
greater than 99.5 weight % of the carbon is within the bottom and upper limit. It has

been demonstrated that a granular activated carbon with a minimum effective granule

size of about 0.5 millimeters to about 0.6 millimeters can be easily screened from the
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and/ or bio-inhibitory organics or inorganics. Additionally, smaller granule
sizes of the granular activated carbon facilitate suspension in the m xed
l'i quor (rweubdadassesen | ower energy costs). However, smal lper/use@sol®ssi zes of
t he granul ar activated carbon also result in nore restrictive screening

re wrerrent and iLpcreases the |ikelihood, of d e t.o the nenbranes from
foul | ng BFAiSnAEIGR Ay aNE srPaEEan SFES A PP EoRYoHPEh e HERUEDT ¢ ank.

[41] On the other hand, a larger particle size granular activated carbon
resul ts 3tivated satban of switable densities i eanche mainteingddn suwpepgippyBdeind a
potential reduction in the permanent fouling and abrasion on the nenbranes.
However , ecohementy dgasibdgjoparating corkdéemst he granul ar activated carbon in
suspensi on i ncreases with increasing granul ar activated carbon effective

granul e goOfe, SAeR& Hhiide Sike EhRuile Ast vateddarb difres @i Breadtdtshifaéd@mes, to
accommodat e for decreased surface area (on a wei ght basis), a higher

t th
ESP??EJ%%‘%S?%@?‘“ ?‘a&f’ﬂ‘f@ua}‘f?@%?%%?%ﬁPﬂf%ﬁ%@fégfl’éﬁ%mﬂ%?%%?&‘@@ ’
det d the d do t t il th
R bt S5aBRR, 2AAdRBB, Pl B ST, 1
greatly depending on the granule size and density. [42] After the m xed

i quor | FaBanachiyated gabop @%btaffyswn@swaﬂ&heamlwtlwag EasHERGHBHOWST t he
aeration tank 102, the thus-processed m xed |iquor passes through a fine
screen wrgmcatsaxr Howloxgrs smallerzzanudesizéssofithe granular ectivated: dacbareater revelt
operating systemtank 104. The fine screen or separator subsystem 122
pr event sintrhéregesirictivarschehingatqulratweni and inereagestht ligelilidod dffdamagety thee
operating systemtank 104. By filtering the granular activated carbon

(e. 9., ifehBfAnkt k6 ﬂohHH@Eﬁd é’d’rﬂsﬁﬁb?%ﬁhﬂ lpaﬂlclés thdt palterS@rtRE hQhtok 8ipk, the
nmet hod and system herein mnimzes or imnates the |ikelihood of fouling
and/ or aﬁ'if‘s' éh tl‘?ef othafhand, a larger particle size granular activated carbon results in

granular activated carbon that is easier to remove and a potential reduction in the

permanent fouling and abrasion on the membranes. However, the energy required to

keep the granular activated carbon in suspension increases with increasing granular

activated carbon effective granule size, depending on the density of the carbon.

Furthermore, to accommodate for decreased surface area (on a weight basis), a higher

concentration of granular activated carbon can be used, depending on the particular

wastewater feed. Suitable granule sizes can ultimately be determined based upon the

desired operating costs of the system, where the cost of maintaining the granular

activated carbon in suspension can vary greatly depending on the granule size and

density.

[42]  After the mixed liquor is aerated and treated by the granular activated carbon in

the aeration tank 102, the thus-processed mixed liquor passes through a fine screen or
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menbr ane operating systemtank nenbranes by the granul ar activated carbon.
[43] The nenbrane operating systemtank 104 contains filtering nenbranes to
filter thwoko@mess2and any other solids in the mxed |i qooruseevswis@smenbr ane
operating systemtank 104 fromthe effluent 112. These nmenbranes, which can
be in the formaof hol I&%fi er rranFgl[aneshor of her suitable configuyrations,
as is krSRatos syysienskas, pre) S tFanskrEred te thegpemprane operaging sysjera ve and
it is highly desirable to protect them from damage and extend their useful
life. |n'9h TRSTEEDCPT SPARATANPE sehsysiemt 172 nreweats the granules artivasedearbereframnbr ane
operating systemtank and the nenbranes therein are extended, since the

fi ne scrmssiag i@ theamehbrant 2pbrating sysierh italkl V04 BlufiBering the lgranuteataetivatéd

granul ar activated carbon and other granules and particles entering the

menbr anQ:aﬁRﬁir(%Ig'r.{rlﬁ /S oK) ahd4naihtatHing i tHe abafiohtailS BRY tsthbd lah&r ed
effluent fromthe nmenbrane operating systemtank 104. Return activated

sl udge |{ 41 A : Gty : he
ooy ane sy e naRERAOEL S; Aub il AR HALE U FHEEnab FRRIEBTIETS e,
processin f the stewat er feedsirea cess.sludge is sted fromthe
D yot em rEAPTRE SREBRaE Pt 1 HETPIRE b ar A aNEed FPRt car 1 oact o
[45] FIG _2 shows an alternative enbodi nent of a_nenpbrane_ bi ol ogical

react or ¢yt ehhomembrane operating systemdgintit ontaipyfikenngaampranes tooliktesn
operation. O her specializedbiol ogical or chemi cal treatnent systens

r equi r edhppiomaspend imyothessadida i thetmixad frgner indesimembraleperating tshstem
invention with appropriate nodifications to the systemthat would be

appar enttahlo 10 frofktht effthent 1 1 heTlhdst ntdmbradsp@hivhlcainds ettt form of @elewent . The
enbodinent of FIG 2 is simlar to the enbodinment of FIG 1, with the

addi ti onfid nfinBRRRRE dr otIRX XERAYIE 881 gﬁﬁﬁidn@,rb}sggﬁno% B RLESIGN SR the GRT DON

source, such as net hanol or the bi ochem ca

are typically very expensive and it is highly desirable to protect them from damage and
extend their useful life. In the method and system of the invention, the life of the
membrane operating system tank and the membranes therein are extended, since the fine
screens 122a and/or 122b substantially reduces or eliminates the granular activated
carbon and other granules and particles entering the membrane operating system tank
104.

[44] Outlet 112 transports filtered effluent from the membrane operating system tank
104. Return activated sludge line 114 transports a return activated sludge stream from
the membrane operating system tank 104 to the aeration tank 102 for further processing
of the wastewater feedstream. Excess sludge is wasted from the system from the waste
line 118 as in a normal membrane biological reactor.

[45] FIG. 2 shows an alternative embodiment of a membrane biological reactor system

200 that utilizes a common biological denitrification operation. Other specialized
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oxygen demand content of the wastewater itself, provides the food for the
denitrification process. Wastewater is introduced into the anoxic section
202, whi clwoizso9ssfskui d comruni cation with the aerati on tramkisi@2/013y87
addition, the return activated sludge streamline 114 transports the return
activated sl udge treaq1fron1the menbr ane gggrathg% systemtank 104 to the
anoxi ¢ sYLIBSHAI sushemyfaliicatment syiteRe EguHgd PXa sperififwastywpiehitgaiant hed in
FIG 1, there are nultiple |ocations (130a, 130b, 130c, 130d and 130e) that
t he gr anigedrcanelspwse tds vwenioon with appropdele anadifieations josthesystemahgreduddr ed
enbodi ment, the granular activated carbon is added at |ocation 130b. hi al
of the obdappapmit endneadkiligdanuhadrt a€biokapied waatebater aiddinienoNnThe embodinsenf 130a,
130c, 130d and 130e), an additional mxing apparatus is added to the anoxic

zone in OfEIEY. 2ti9sikARP td MR cbdAthét AFIGY Alwith GRaB8MohbfaH 3RGAE g&f}:geﬁn
effectively use these alternative feed | ocations 130a, 130c, 130d and 130e

for gr anﬂéﬂ;se&‘r‘éd Mt &4 sﬁ?l@gf%aﬂ%dda}ﬁo%rkouf%?smsag %@%ﬁ{ol BPie biSkpERida?
requi re sore special tredtnen e.g., such’as a problemwth
denitrificatiaon) to juystify the additional operatipongl. costs of _this

i xi g, EeBAghan g e Van Y Se kst e S ifes e B0 B eBr Raticato eq
carbon is not present in the m xed |liquor in the anoxic zone unless a

speci fi CPTBF%eS’gaSF‘%’EﬂE?rrIé@tIQdélC?ﬁ v theanoxig gpetion 202awhishds &y fleideat nent
processes have individual needs which nmake them uni que. Therefore, the

opt i num ¢semnicaticr) with the desataaidiank 402.okn addgiogy theuksun activiatesdtshattgar bon is to
be determ ned based on the needs of the specific application. The invention
her ei n i sreani lihd M4t eghsportd thesetutdestivafed dludigt btréfs froat theendrhfsane 1 and 2, but
rat her can be acconmodated to different types of industrial and/or oily

wast ewat §lerdirpady SRt tahR D4 td éhe%nohﬁzlctﬂ;h@oéifaﬁﬁﬂﬁle; ﬁ&cgsrsﬁ%u'&srinaﬁé I vat ed

carbon and the granule size that the fine screening Iis designed to renove

are opti -z efadQrbldinFree 1t BerddrR WAt 168885 @504, 1300, 130c, 130d and

130e) that the granular activated carbon can be added to the system. In a preferred

embodiment, the granular activated carbon is added at location 130b. In all of the other
potential granular activated carbon addition locations (130a, 130c, 130d and 130e), an
additional mixing apparatus is added to the anoxic zone in order to keep the granular
_activated carbon in suspension. To effectively use these alternative feed locations 130a,
130c, 130d and 130e for granular activated carbon addition, the wastewater would need
to require some special treatment (e.g., such as a problem with denitrification) to justify
the additional operational costs of this mixing. Therefore, in certain preferred
embodiments, granular activated carbon is not present in the mixed liquor in the anoxic
zone unless a specific process requires its presence.
[46] All wastewater treatment processes have individual needs which make them

unique. Therefore, the optimum location(s) for the addition of the granular activated
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activated carbon and carbon fines entering the nmenbrane operating system
tank(s). Therefore, the nethod and system of the invention mnimzes

abr asi on woaodswskisag by carbon granul es or particles i nmpcmgise@sonshe
menbranes, while still providing the operational advantages associated with

the use of, activated carbon. [48] The concentration of granul ar activated
car bon | FHS Be etﬁmlasg ?’P%CL‘Q)@&B? B¢9% ofihecprs! 8&%%%%‘3%&5!% IRYf8USReci f i ¢
system paraneters and wastewater to treat the particul ar conbi nati on of

bi ol ogi ckar¢ip iy ngtrlmmitesk tp thmmscrmed-mﬂmechbtwﬂg}s@nnd 2pbutirathereai ke
conpounds to neet a facility's discharge requirenents. Testing has

i ndi cat eatcoinatodatedtatliffegerst typmastof amdustriab hdjorcaily wastewater wedtmeat fagihitiesl ni xed
| i quor suspended solids concentration (in a normal range for the particular

nmenbr ane(4) ol PeE §2¢ of B8 GtAful ABHiVAL SdrbSarR b ?Yﬁ‘ihe drdhhat Gedinel ar
activated carbon concentration of about 20% (of the total m xed |iquor

ted carl i xed | quor
P e B T i

wast ewater. feed without creating fouljn robl ens on the screeping systens.
i gher  CBHLERT FAPPBASY 5ogp gt cterin {bG spdbrans tsring i IE o ot ovi de
an additional margin_of safety against process upsets causing higher than
nor mal cOMEeRTS: the method ang sytérp ok te 1pventiop minspizesshiasien Brd IQUEREBYt or y
organi c or inorganic conpounds in the effluent. Note that this additional
gr anul arcaslan grangds erpdrbelesvrpinging wntthé menbeanes,swehilesstribpnoi idgngthei r enent s.
The | owest concentration of granular activated carbon that can be utilized

and sti | dpedativnaValvah@geespsddistdd afifhl thenée sfurtivityd caboke enpirical ly
determ ned, based upon a | evel of safety against process upsets that is

deened aﬂBLOPThé‘écﬁlcEﬁPatfoﬂeo dull U BVatsY SIrE5A fHle RIIREER or[iélgclneﬂlﬁrb
f “a mertbr ane

i nvention herein using granul ar activated carbon upstreamo
determined based upon the specific system parameters and wastewater to treat the

particular combination of biologically refractory and/or bio-inhibitory organic or
inorganic compounds to meet a facility’s discharge requirements. Testing has indicated
that operating a membrane biological reactor with a typical mixed liquor suspended
solids concentration (in a normal range for the particular membrane biological reactor
configuration employed) and a granular activated carbon concentration of about 20% (of
the total mixed liquor suspended solids concentration) was adequate to remove the
biologically refractory and/or bio-inhibitory organic compounds present in the
wastewater feed without creating fouling problems on the screening systems. Higher
concentrations of granular activated carbon can be added to provide an additional margin
of safety against process upsets causing higher than normal concentrations of biologically
refractory and/or bio-inhibitory organic or inorganic compounds in the effluent. Note

that this additional granular activated carbon will result in increased screening
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operating systemtank to adsorb organic and inorganic materials
(biologically refractory, bio-inhibitory or otherwse) as well as to

provi de fwo 280908s33ended nedi a nenbrane bi ol ogi cal react ecTivs2@gphisgabl e for
a variety of different configurations. In addition, various separation
devices may. al so be used to maintain the granul ar aciivated carb n the
er at | orfSBURRISTY F fousst CHGPUEHRNGS S5 VO CBYAEk FPOR af Fan o wlized
different systens will have different econom c benefits based on the

i ndi vi duand illachieve theseneisedsifluprt quakityessatberemmucal yedetgravneds based upen
facility is to be installed. [50] The factors that are controlled to

pr oduce alvelnalsafetyyagainest provesciigsesniatiisidéentte dppeopriapefoothegranticilar acti vat ed
carbon, including its size, shape, hardness, specific gravity, settling
rate, regmemm&beesgl ow (or other suspension needs) for granul e suspension
in the mxed |iquor (to maintain the granular activated carbon as a

suspe ndeﬁag‘f Ry va tidH Ebr@h i Og?%xﬁmcﬁ%e& B&bbh ‘gﬁ%]tF%%H{ of’] E&‘Breﬁx@r hon

source, screen ar spaci ng openi ng size an contl guratlon t he
concentratign of r vat ed c tbon i.n t t he

concent raraihegysEraatk RhafPrediaps ardiny eif mpsRiabdEipsicalh et o6k
concentration of m xed |iquor suspended, solids, the ratjio of the return
act i vat etodnkyg g@r.‘/fqr&merrye%)awméatwovm foy uspardedanedipmembeans | i quor
entering the nenbrane operating systemtank, the hydraulic retention tine
and t he biblogipal reattonis applitable foravasietypef different amfigustiodesIreatkiotigpt,i on of t he
biologically refractory organics in the wastewaterby the granular activated

car bon, adibuadgrarpionaizvites sRyRIPM used tdfnalni€in Bhogragnlandtivatedicamdhan y
organi cs, easy to degrade biological oxygen demand conpounds (BOD5),

bi oi nhi bﬂh%%ﬁétlﬁﬁ”iﬁ?&u Wil bOASHERAEd 69 BROBRES1 3 thetatt thar Gisfehdnt &ystdd YITET i C
subst ances by the granul ar activated carbon suspended in the m xed |iquor.

[51] Par&,]df V3'diderth! dcBRbRid BehEAtsHasll HMHHeFhaidfdubl Hab e GREROGE fhdat vere

det er m ne

wastewater and the area where the facility is to be installed.

[SO] The factors that are controlled to produce optimal treatment conditions include the
type of granular activated carbon, including its size, shape, hardness, specific gravity,
settling rate, requisite air flow (or other suspension needs) for granule suspension in the
mixed liquor (to maintain the granular activated carbon as a suspended media), origin of
the carbon and the treatment of the carbon source, the screen bar spacing or opening size
and hole configuration, the concentration of granular activated carbon 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 the biologically refractory organics in the wastewater
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remove effective quantities of sonme known biologically refractory
conpounds, such as ethyl enedi am netetraacetic acid (EDTA), di-n-butyl

pht hal at eyo2peéb/o85252t r ophenol , 2, 4- dinitrotol uene, nethpcTtusedosanzesbut yl
ether (MIBE), as well as unidentified chem cal oxygen demand conpounds,

i nclude thgse that have effective parti.cle_sizes of about 0.5 |1inmeters
o about DB SRINTASHERSS SHIORCARS agsarplien pf sormgs BAFIPY ogfheamel%l% Ip5 to about
1.10 (in water at 20 0C). Furthernore, the desired granul ar activated

car bon heedragtonnerpaniss, dasy & degiade bivlogrrk@tyzen damind carnpéunds SBERY), ddrer
particul ates due to intercollision. Particularly useful granular activated
car bon f mhibi®ey verhpounds, ipogaaiticonipoands aid éxnalogtiekr goBmeri@rsubstanceabed
carbons obtai ned from wood, coconut, bagasse, sawdust, peat, pul p-mll

wast e, Oﬂle%trzhﬂﬂarca@h{zétéd’éﬁbgﬁEﬁs‘ﬁ@gdéaﬁh%é ﬁhx%dl gr.suitabl e exanple is
MeadWest vaco Nuchar (r havi ng nom nal nmesh sizes of 14 x 35 (based on

) W
usS. St ?Eﬂ‘?r dgﬁh‘éﬁ(ﬁﬂiﬁﬁ ﬁﬁ% %L:?g} TGP A aflo ‘1&59#&%?9 efirfd@ Pr ovi de

adsor pti sites on 5 organi sns 1n |quor can
adhere and de hi fficiencies of ani cs wi thout . requiring
proporti Beﬁ‘ﬁf /'116 Lgﬂ?h ?ﬁlﬁoéner Q18 gJ[c]aH%get%ﬁgor&cBa)ggup St aSn ti nes.
These adsor t|on S|tes initially serve as adsorption sites for the

bi ol ogi cﬁﬁlylizn@@ma@ie&aycqsw a@ldoﬁmfxb ﬂt-arlwtsdrp@&wf%e 2ot diniserhenPl 2¢onpounds.
As di scussed above, eventually mcro-organisns acclinmated to the particul ar
compoun déinitmtolluem@meemdtteniaw butylcshver| (VBT BE) asreell lae pnidemtiffiedhctemicaicr eased

bi odegradation. This includes biodegradation of biologically refractory

conpoundsxygef demayd EafipHendipinblude fiesde ikint hidee ¢PRIcEiSe phrtichasigisdTdbadt st i vat ed
carbon for longer than the typical residence tine in an aeration tank. In

addi ti onpjGafetdé B dHod mhhmlﬁlefeys &R 9q§e&ﬁ@ @eity%khyoﬁq%%%oe@al n, due

to the increased tine exposure to matu ro- organi sns

1.10 (in water at 20 °C). Furthermore, the desired granular activated carbon has a
hardness level that minimizes creation of fines and other particulates due to inter-
collision. Particularly useful granular activated carbon for use with the present invention
includes granular activated carbons obtained from wood, coconut, bagasse, sawdust, peat,
pulp-mill waste, or other cellulose derived materials. One suitable example is
MeadWestvaco Nuchar® WV B having nominal mesh sizes of 14 x 35 (based on U.S.
Standard Sieve Series).

[52]  The granules of activated carbon provide adsorption sites on which the micro-
organisms in the mixed liquor can adhere and provide high removal efficiencies of
organics without re(juiring proportionally longer hydraulic retention times and sludge
retention times. These adsorption sites initially serve as adsorption sites for the
biologically refractory or bio-inhibitory organic and inorganic compounds. As discussed

above, eventually micro-organisms acclimated to the particular compounds in the
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[53] The significantly inproved renoval of biologically refractory and/or

bi oi nhi bitory organi c and i norgani c conpounds of this process and systemis
t he resulwoabogdss2seonbi nati on of nmultiple features of tircI/Useaisnodosyy
including but not limted to granular activated carbon adsorption,
suspended nedi a biol ogi cal wastewater treatnent. attached awt h/ fj xed film
bi o 0gi CXPSURSAPEWA] SvelaPAd TR ARG 8 RAGTERSEH Bi oS BRRARUOT aRIB FCide? eviat er
treatnment technologies. In the process and systemof this invention; the
use of griadegradatigoiof binlegically tgfnactonacompoundgrasdbayeehnfhegnaintaenadiinélas | i quor
passing into the nenbrane operating system of a menbrane biol ogical reactor
al | ows tpeenoitheigrmatar attiedtéd afrbéhfs dorigee tianahd typahresidegéetmedn e real i zed
in a single inexpensive to build, operate and mai ntain wastewater treatnent

system IcdllontaRens ddithh, LoeaiA BRAIAIBPLorhBSURE e8P Rkl &k abin hat

the adsorption of the biologically refractory organics in the wastewater by

the or anglenb ACHALER GECPRN ALl ANE MR griahangl os 11 the i xed

| i quor Itional tinmnme Iol'ogicaly refractory organics in

t he | owe h aulic retention ine | udge,.retention tjne. possible.
S vdge. B3l LEhE S EuichRbaaved ssox TS B BEREIL My ARbUBIoRg ol udge

when it increases to the point where the m xed |iquor solids concentration
i s so highibitery onganigiand iparganip copeyngsios this pracpss andrsystem ia thayxeslt effbe

bi ol ogi cal reactor system[55] Another benefit of the systemand nethod is
t he adsoeqmibinaticf ofsontEipjedicaturas offthis keehbvlogy gichadihg/butafot fiotitwd o grapakircs,

bi o-i nhi bitory conpounds and i norgani ¢c conpounds by the granul ar activated

car bon sasiparededrbon aifigphidx 8dspendetPinediAthsslbgichlonasidw Avstrédhnsst, e0ahednds to
be renoved fromthe apparatus (when necessary) by wasting (waste port 116)

BN B N L L R

concent r\%gté)wnatg}c treatment technologies. In the process and system of this invention; the use
of granular activated carbon that is segregated from the mixed liquor passing into the
membrane operating system of a membrane biological reactor allows the advantages of
all of these treatment technologies to be realized in a single inexpensive to build, operate
and maintain wastewater treatment system.
[S4] A benefit of the apparatus of the present invention is that the adsorption of the
biologically refractory organics in the wastewater by the granular activated carbon allows
the micro-organisms in the mixed liquor additional time to digest the biologically
refractory organics in the lowest hydraulic retention time-and sludge retention time
possible. 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.
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refractory organics, bio-inhibitory and inorganic conpounds in the

di scharge and a nore stable biomass in the nenbrane biol ogi cal reactor.

[ 56] Stilwoanevdsszszbenefit of the apparatus of the presegt/useasniiosn is the
adsorption of the extra-cellular poI yrreri c substances in the mxed |iquor
by the g ul ar actjvated_car bon. sor on, of these substances | eads to a
reduced {53? 8? ‘%6{1 nedit ght ﬁ@Stﬁ’E‘ e ° 15 theadromiloanat Soge POFRqTY %\é €in the
trans- menbrane pressure drop over tine, a reduced tendency to foamand a
gener al | Yiolagically refincionymnganiese bis-mhihionasompennds and rer ganikoepmpmongs bxat ur e

of the inproved system and process can be used to advantage with sanitary
wast ewat the gnamitar antvdiedéartor suspemdedtio tise, miaxedWigubr. aAdsuirptioroallopvsatheeor

i ndustrial wastewater nenbrane biological reactors. [57] Yet another

benefit empdiRdaRPEY RiéVe@ frohhtheRippaatis (ww@ﬂéde@m)s’ogpwwﬁngl(ms@pbﬁs to
whi ch the mcro-organisns in the mxed |'iquor suspended solids can adhere.

This as pf"fé eRles hﬂﬁxi&f $rdMh BRUEERIOA tHI Gthek | It}%'ll\cﬁ'OIM MNeAlehlrf a &nded

solids str amt e resilient in responding to upset con |t|ons and
al | ows e ed bio datio he or anl CS esent n.t he.wastewater .
25 conpal BES e D e a At SR Sl leP g PG Bt RTES RORRFHAN She. bi of ot cal
react or operated with simlar hydraulic retention tinmes and sl udge

r et ent i OFFTHRFIRESOTZANISH, hie-dntibitoRy and IRATEHNE sPrEPPYS die therflisghares aslsadégreof

t hegranul ar activated carbon serves as a source of seed bacteria in the
event of stable bpsnase amthemoenebreneipivdegicad sedctarng in the | oss of sone of the
viable mcro-organisns floating free in the mxed liquor. In the event of a

ther mal [H6pCckSH ahdthershent BN f thB apparivas biltheipieseanivieeitionriakhesadsbtitn of
term nate certain bacteria, sone of the mcro- organisms wi thin the pore

f] 222 g: a?t%@ eRHh b @ar ﬂd]%&%eﬂ@ bibstankESmlthOmiRdd fidi® 2@1@’5‘&%&% i&ivaRa be
y as conpared to conventional systens V\A t hout™ granul ar acti vated

car bon. ga%oﬂ. nﬁ&&@ﬁt‘fbn éﬂhese substances leads to a reduced rate of fouling on the
membranes, a reduced rate of increase in the trans-membrane pressure drop over time, a
reduced tendency to foam and a generally more stable membrane biological reactor
operation. This feature of the improved system and process can be used to advantage
with sanitary wastewater membrane biological reactors, as well as with oily and/or
industrial wastewater membrane biological reactors.
[S7]  Yet another benefit of the apparatus of the present invention is providing sites to
which the micro-organisms in the mixed liquor suspended solids can adhere. This aspect
of the process produces a mixed liquor volatile suspended solids stream that is more
resilient in respondt’ng to upset conditions and allows enhanced bio-degradation of the
organics present in the wastewater as compared to a non-granular activated carbon

enhanced membrane biological reactor operated with similar hydraulic retention times

and sludge retention times. A source of micro-organisms inside the pore spaces of the
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systens where the bacteria is nesophilic, thermal shock due to increased
tenperature, the granular activated carbon can all ow sone bacteria within
t he por e wohte®m/iss253ur vi ve. Li kewi se, in systens where tireThBsetsnimsT s

t hernophilic, thermal shock due to decreased tenperature, the granul ar
activated c rbon can all ow sone bacterig w thin the pore sites to survive.
' bot h BRIYINCACEVEie CATEn 2ARES o § AITES eF@&ﬁ?tmle eYed of g URFER™ o
reacclimate can be greatly reduced. [58] Still another benefit of the
appar at UBoesss upgset peselfingtinithe loss pbsenssofithe visblstmiceorotganisatsf flestimgdregdn of
organics without requiring proportionally | onger hydraulic retention tines
and sl udbye mir¢ehdquorn I theesyentldfi ssthewmatl checkt th ehsysthng twidch ofouklin a- cel | ul ar
pol ymeric substances that can cause operating problenms in menbrane

bi ol ogi C@nvérﬁﬁﬁﬁa%y%texﬁ@%rm]_ﬁ@e 6&HHM Badtérdd) s&rhe b thefthi¢eo- Bﬁg&ﬁfs'rﬁsswitlﬂﬁmﬁd fied

above will resul |narmre rapid acclimation of the m xed |quor to the

wast ewat Sdre E;?a%? s‘ﬁ%@e {:ﬂﬂg aq{acrngﬁ PF%%@&%& tifhd ahxggé 8¥&=1‘§ ag'g a§rance to

vari ati COI’]CGI’] ns an rate,” pro e that can

be d t d Kkl | t hat t o handl
and Sﬁaeﬁﬁfé RS thﬁffrﬂc%%%fﬁ Firpls NG grifon. EprannAdiegtni o

inpurities than can be obtained froma conventi onal menbr ane bi ol ogi cal
react or wpisasarhese fhedjacteria ismeserhilig. hammal shoek dyaiciacreassliemparagirace of
powdered activated carbon elimnates the nmenbrane fouling and abrasion that
has beergrandat ictivetdd asrbenpan bllemsomebavidea avdthac theyperesites 40 boniveebr ane

bi ol ogi cal reactors testing. [61] Although the use of granular activated

car bon i ikpwiseinGlystemeaietetel thatattésib éCitheidphilic] desmabshopk At tedédéasad
efficient a use of carbon on a weight basis, it does allow the carbon to be

onon ol e i et cote o otekas bt o e 10
a resul ttO%[erlVC. In both of these circumstances, the time required for the cultures to re-
acclimate can be greatly reduced.
[58]  Still another benefit of the apparatus of the present invention is the high removal
efficiencies of organics without requiring proportionally longer hydraulic retention times
and sludge retention times. This reduces the production of extra-cellular polymeric
substances that can cause operating problems in membrane biological reactors.
[S9] The combination of the five benefits identified above will result in a more rapid
acclimation of the mixed liquor to the wastewater feed, reduce fouling of the membranes,
an improved tolerance to variations in feed concentrations and flow rate, produce a
sludge that can be dewatered more quickly with a less oily nature that is easier to handle,

and an effluent having a lower concentration of organic and inorganic impurities than can

be obtained from a conventional membrane biological reactor apparatus.
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usi ng granul ar activated carbon in place of powdered activated carbon does
not, however, significantly inpact the efficacy of the overall activated
car bon- enlweno@dssspbr ane bi ol ogi cal reactor apparatus. p62jusi@siisvgr has

i ndi cated that the principal nechanismof renoval of the biologically
refractory organics is related to an increase in the residgnc% time that
the ref rléél orﬁedfsﬁé’ﬁigﬁaémkﬁréc%%%@db?fblntm@erﬁfd%%‘idﬂe&aﬁ??l%‘ﬁ F#OoPRe powder ed
activated carbon enhanced apparatus. Mcro-organisns in the m xed |iquor
vol at i | eclisningtes theangubrans fouwding and ebirasiontthas hgs heanl identifead asatprdblenrinon, have
a longer period of tine to digest the refractory and non-refractory

or gani c powdeesdersieated esbde Atentiramebiblvgidal adegraaingn has been shown to be
a major factor in reducing the biologically refractory and non-refractory

or gani ¢ [gPNCeRfhighdfe bt JMRadBUCANRPLALOR I Hlacs SB5IwAIer&f Adivar, and the
hi gher adsorption efficiency of the powdered activated carbon is not

requi rec{:a}%natfo@ $orh %qurs.s.re? citftAde e cL %Loga é’il ba@f;sz ltv éazgllo rbon in
nENbr ane bi o g 0 or

a carbon-assiste ogl cal reactor per ns as’" we etter

than a ppowdered actjvated c on .enhanced tane biol ogi cal ,reactor in
enhanci HG° £HEoR i etsF SnCet e murg s and Shmis (b S 88T and ok rer |
conpounds. Al so, because of its larger size, it can be effectively filtered
f r ont he d@magy to thgunpembrangs. chheampactaf the radugerbadspationichiciencytasmm reatHkek) . The
abrasion that occurs when using the powdered activated carbon can be

el i m natwsthgogramdaryacsiveped Carbanth place dfipedddryd actplatedi cagpogrduoes hat, hawtverat ed
carbon in accordance with the present invention. [64] While the use of the

powder edsigfifitanillyathpaethOerfieacy 61the Svérall Activiiéd ediborledgéd Menbeafet or has
denonstrated sone of the sane advantages descri bed above for the granul ar

acti vat qgol%@fc?ﬂ%a&%ﬁépﬁﬂ}atﬁ@e observed nmenbrane abrasion fromthe powdered

[62] Testing has indicated that the principal mechanism of removal of the biologically
refractory organics is related to an increase in the residence time that the refractory
organics are exposed to the micro-organisms in the powdered activated carbon enhanced
apparatus. Micro-organisms in the mixed liquor volatile suspended solids, adsorbed on
the granular activated carbon, have a longer period of time to digest the refractory and
non-refractory organics. Increased residence time for biodegradation has been shown to
be a major factor in reducing the biologically refractory and non-refractory organic
concentration in the membrane biological reactor effluent, and the higher adsorption
efficiency of the powdered activated carbon is not required to achieve the desired results.
[63] 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 refractory organics and extra-cellular

polymeric compounds. Also, because of its larger size, it can be effectively filtered from
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activated carbon particles in the nenbrane operating systemtank(s) is
unaccept abl e since the nenbrane's useful life can be reduced to an
unaccept avbeaodomssisy e.g., significantly | ess than a typipcalusowsorase
warranty. Since the cost of the nenbranes represents a significant portion
of the total. cost of a nenbrane biol ogical reactor syst t hei r _usef ul
lifeis ﬁmlﬁﬁgﬁqwﬁhﬁt}mthﬁ FRSIPRI2RG, AR YS(GEY tagCe) b ehreiom et |
bi ol ogi cal reactor system Exanple [65] A pilot scale programuable |ogic
cont r ol | esgursevlmnarsingthe powiderst actwatedearbgmseambe Paninated oy vRBRigifieantlyni ¢
avai | abl e from Si enens Water Technol ogi es, Rothschild, Wsconsin, USA)

havi ng ardadadly eniploying grdriubaraotieatek cabseii dcoordaintd Withithecgpsent t y  of
approximately 1,000 gallons (for pilot scale) and a nenbrane operating
system eguénthent to a conmercial nenbrane biol ogi cal reactor system was
nodi fied to accommpdate the granul ar activated carbon addition described in

the pres i i I ¢t i t of a punp
t hat tra@gi err eggtrtrqleglggg ﬁit%@u%gg?e?g%gﬁﬁg@zcrag{#ﬁh F%%%Btaoﬂgﬁg&%gnbr ane
operati stem [ 66] A base synthetic feedstaqck include er havjng the
PorT owi o BbReLTERar bt eram SR sPer ot game et dehahs hErs RE e o

sodi um acetate; 16 grans per liter of ethylene glycol; 29 grans per liter
of met hagfanulanactivaied garbes systpmethepbserieshmenypr agabmsianefron e powdergd ans per
liter of phosphoric acid. The ammoni um hydroxi de and phosphoric acid were
sour ces dctivated oprbon patticlesnt thizanembent operating bystdne tank(s)iis tmacceptablesimoe ane

bi ol ogi cal reactor system [67] A sanple refinery m xture was prepared

havi ng hthg meeibiaens asfilaite cof boraduegi vainl yhat&peadid RYVYI, aiad/sipifidaatlynhi bi tory

or gani ¢ conpounds. Specifically, the
less than a typical membrane warranty. Since the cost of the membranes represents a
significant portion of the total cost of a membrane biological reactor system, their useful
life is an important factor in the operating cost of the membrane biological reactor
system.
Example
[65] A pilot scale programmable logic controlled membrane biological reactor system
(Petro™ MBR Pilot Unit available from Siemens Water Technolo gies, Rothschild,
Wisconsin, USA) having an aeration tank with an anoxic section, with an capacity of
approximately 1,000 gallons (for pilot scale) 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 screen was situated at the inlet of a pump that transferred mixed liquor from the

aeration tank to the membrane operating system.
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sanple refinery m xture contained foll owing concentrations of biologically
refractory and/or bio-inhibitory organic conpounds: 90 mlligrans/liter of
EDTA; 30 wol2boogissase/ | it er of di-n-butyl phthalate, 120 wrcirhisgeoans3ositer of
2,4-dinitrophenol, 2 1 ng/L of 2,4-dinitrotoluene and 75 mlligrans/liter

of MIBE._ The rg{ai nery mixture was fed to the anoxic tank. [g%} The nt]anbrane
bi ol ogi ci8fl r e &Smﬁynpif?%qst%}sémd%@ Witepayingths fellowing conceatralorsfhon t o
obtain a baseline. It was determ ned that prior to the addition of granular
act i vat eetgaiebanrgaronmattah AR greamlvér aflsedivnoaastrte; di6l grame perlitenofetbylene

bi o-i nhi bitory organic chem cal oxygen demand (COD) conpounds in the

ef f | uentglyed; 2% pravsger dfer oF niktHanol 1egrand pef liter of adflonitah hodroxidehaddat t he
menbr ane bi ol ogi cal reactor was fully acclimted, thus allow ng about 8% of

these coggo TBiet Wi Bh FORid! ThRASnédiing Fox?ééid&é:m&s hdrRScid 0
determ ne the eféi cacy gf“S’r%Snm alr activated caHryEon, 380 gr%rf[s .

U5, 5t andra Rl ool buh A A AR R BR L Bk et tnd i ey

suppl yi ng a%i r to theaeration tank was adjusted to feed 75 standard cubic
feet per™ATALDEPBCEM to the aeration tank. The amount of granul ar
activated carbon added to the aeration tank was based on 20 percent of the
m xed |il@dbr Asaweleretineryimigtnre fvas pecparadthavigg high eercedaetiansiofed to be
approximately 5000 mlligrans per liter [70] After acclimation of the

gr anul arbiabigically ecfractoripand/ot hin-inbitatoryrengbnizacemppendst i Spgcigallgrthef f | uent was
| ess than 4% therefore achieving greater than 96% renoval of biologically
refract ogaynpdé r '@r}jrﬂbdt&k%@ﬁﬁéirﬁﬂ%ﬂéﬁin@@ﬁﬁ&ﬂﬁdﬁoﬁi‘@ﬁbi@l@?ﬁaﬂ??&Hcﬁ:dyaS COD.

FIG 3 is a chart depicting feed concentration (in mlligrams per liter) of

bi ol 0gi C4d)of bio-inhibitory organic compounds: 90 milligrams/liter of EDTA; 30
milligrams/liter of di-n-butyl phthalate, 120 milligrams/liter of 2,4-dinitrophenol, 21
mg/L of 2,4-dinitrotoluene and 75 milligrams/liter of MTBE. The refinery mixture was
fed to the anoxic tank.
[68] | 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 bio-inhibitory organic
chemical oxygen demand (COD) compounds in the effluent was 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).
[69] To determine the efficacy of granular activated carbon, 3800 grams

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
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refractory and bio-inhibitory conpounds, and the remaining effluent
concentrations (as percentages of the original), at various stages of a
menbr ane Woab@gissmk reactor system |In particul ar, FI G P8TAIs0NS/013v87
conpari son between the effluent concentrations prior to addition of

granul ar_activated ca bon C) . _durin e acclimatio od, and after
accl i mat3 &ﬁlon@‘éﬁewgfr psted "a’Ggf’% vastand ngB ﬁ%t@eaaa@&eg%gﬁ{"é %ilget em there
was a very significant initial drop in effluent COD concentration, which
not shovisratipnpank. Bheameuns of graonjar agtmvatmbqrya@fedttm@legxem@naam@d@s vat ed
carbon was exhausted in |less than one day, followed by an increase to

around 6hdséd ad 2@ perchre ofdbomptddiauoapespeidedablitihim thanboywiiah waxhaust ed and
t he carbon and bi omass started working together to digest the biologically

refract oaeferﬁﬁné@l@ﬂe@bpivxiﬂaﬁélws(@@%ﬁllm pefEgrt hat were nmeasured as COD.
After the bacteria becarre ful'ly estab hed onto the surface of the

I t
Sval uat i o (ARbEECAR ?ﬁ%ﬁﬁ@t%‘éﬂﬁ‘*@é’?%’ﬁPbieaﬁﬁ%sys?%&m -
t Th d I ffl t.d th 4% f th
Foed CorSPoUTERG R la‘%?%%&ere o ERENSE SPRg b SR R or a
hi ghl'y concentrated feed of bioglogically refractory or bio-inhibitory

or gani c Uelegsalyseiractery obio-iphititery aeanis ¢omPIUBGTIAREY €6 metastied a5 MR i on
el imnates the pluggi ng and abrasi on of the nmenbranes by keeping the carbon
out of tH&.Aasbrhartdemeting fend concsntratianink (rsligradys prsiliter) babipdogisallyed car bon
granul es, carbon granul e screening and/or separation is possible. On the

ot her hawfractbheanslBid-inHibitdryCotpdudds, ahd tHeeemaiitel fuantidovedrtations Gen
prevents its effective filtration fromthe mxed liquor. [72] The nethod

and app(a];;eaéeﬂsdgeﬁ of 1€ oPigRRONht \»a?l\bﬁgﬂsﬂagég J}aavlﬁem%e@?oﬁ&glbm@a eﬂﬁd in the

attached drawi ngs; however’, ficalions wl e apparent to those of
ordi nar YIn particular, FIG. 3 shows the comparison between the effluent concentrations prior to

addition of granular activated carbon (GAC), during the acclimation period, and after
acclimation. Once granular activated carbon was added to the system, there was a very
signiﬁéant initial drop in effluent COD concentration, which not shown in FIG.' 3 as the
adsorption capacity of the granular activated carbon was exhausted in less than one day,
followed by an increase to around 6.5% after the adsorptive capacity of the carbon was
exhausted and the carbon and biomass started working together to digest the biologically
refractory or bio-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 were apparent. The residual COD in the effluent dropped to °

less than 4% of the feed COD, providing a COD removal efficiency of greater than 96%
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skill in the art and the scope of protection for the invention is to be
defined by the clains that follow CLAIMS What is clained is: 1. A nenbrane
bi ol ogi cavore@aisszs2i ndustri al wast ewat er treatnent syst egrfuseoos@iss? ng
concentrations of biologically refractory and/or bio-inhibitory conpounds
in the t eae ef fl uent he stem ¢ i sing: an . aeration tank for
aerati ngé”éﬁ g%xqur}cp%qratg\%iq QWE%&IO%‘P?I g‘?ﬁﬁ'ai’tﬁ@’ erR-iphibitory HEUC wast e

di scharge port; one or nore granular activated carbon input |ocations
associ atEpeunds.t he aeration tank for introduci ng granul ar activated carbon
into the aeration tank; an aerated suspension of granular activated carbon
in the d&thti0Ose dsfahkmemdﬁmiﬁr@paaapeﬁ"ahd ingerstiosit edimihatek theqigging agl one or
nore nenbranes | ocated downstream of the aeration tank, the nenbrane

oper at i nGraysH Sthé AHeknbrAeRIbY Hégpﬁgchdrbmt SRR RS AR O?Efaﬁﬂg kgﬁé&nand
di scharging treated effluent; and a fine screen or separation subsystem

I ocat ed hﬂ((gﬁ%ﬁgﬁéla\?\g?r s%%l ca}b%é %';@ﬂlpésal:aﬁ V\glg gltagﬁle%ﬁ?e%mn ani t1" vated carbon

in the aeratio ha m xe uor ern I'scharge port
i s operab .9 renove granyl ar ed n fromthe aerat on tank when
t he efflsgg%rﬁa%’? 1S9 S‘E‘ﬁaﬁ?ﬂﬂ‘r" ?‘\95{%‘3 %1:1@ ielgysi e‘?fé{;‘? PRVESTEY ogi cal | y
refractory and/or bio-inhibitor npounds has been reduced to a | evel that
approacﬁéév%feééﬁ’ﬁpi‘ Brryentsdtpeite %‘é"o@“&ﬂ@@ﬁWQWCWﬁ‘éHﬁ‘F@qw rements. 2. The
systemas in claim1, wherein at |east one of the one or nore granul ar
act i vat d@2k arBeemethpdiand epparatonsf the pugssntriementmh Have bear ddscobed ahoke and
di rect communi cation

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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with the aeration tank, or in communication with a return activated sl udge
streamthat is discharged fromthe nenbrane operating systemtank.3. The
syst em asworeo@msasel, wherein the granul ar activated carb®Skas/0a3ys?
effective granule size of at |east about 0.3 mllineters. 4. The system as
in clai Mr ein the granul ar activated carbon has an effective granule
si ze of .5 mllimeters to about 1.4 mllineters. 5. The systemas in
claim1, wherein the granular actived carbon adsorbs biol ogically

refract oWab‘ngbmmé%}Si bi o-i nhi bitory conpounds and i norgani ¢c conpounds from
the wastewater stream 6. The systemas in claim1, wherein aeration tank

i ncl udesl.a deAimembragabiotygic céacton indiistribh evastgshemrastnent systemmfd, wher ei n
the granul ar activated carbon is maintained in the aeration tank separate

from t herededihg cordceft@dtiodd of Bid16&PallySrefrARBrySMRl GBI nHibitéty oMpbunddi@rgé n t he
granul ar activated carbon has pore spaces in which mcro-organisns attach

and pro Likd 1 Cr Qs isnms for digesting biologically
ek et OReL M ey,

refractory conp ter stream 9. The systemas in claiml,
wherein the industrial stewater i.s.0jl st ewat er . 3& The temas in
any of cl ai manl%%?tlﬁg?lgﬁ’ﬁ At mé?ﬂr‘n‘ﬂﬁ“ﬁb*’!&"ﬁ?\?&?@& STy Ff'ﬁ‘g 155% BEffic
gravity of a _oqﬁ 1.05 to about 1.10 in water at 20 C. 11. The systemas in
any of cVaithgisqnagge pikrei n t he granul ar activated carbon has a hardness
| evel that minimzes creation of fines and other particul ates caused by
i ntercol | i si opnegdr mpragranadar attyatghearbgs inpt weationsansoctftedwith tige der@jonnher ei n
the granul ar activated carbon is derived frommaterials selected fromthe
group comsk fdriimgoducingagahul oativated chrbga $5t6 the aeration tank;
an aerated suspension of granular activated carbon in the aeration tank;
a membrane operating system tank containing one or more membranes located
downstream of the aeration tank, the membrane operating system tank receiving mixed
liquor from the aeration tank and discharging treated effluent; and
a fine screen or separation subsystem located in the aeration tank, for maintaining
the granular activated carbon in the aeration tank with a mixed liquor,
wherein the waste discharge port is operable to remove granular activated carbon
from the aeration tank when the efficacy of the granular activated carbon for removing

biologically refractory and/or bio-inhibitory compounds has been reduced to a level that

approaches a compliance level associated with system requirements.

2. The system as in claim 1, wherein at least one of the one or more granular
activated carbon input locations is upstream of the aeration tank, in direct communication
with the aeration tank, or in communication with a return activated sludge stream that is

discharged from the membrane operating system tank.
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sawdust, peat, pulp-mll waste, and other cellul ose derived materials.13. A
process for purifying an industrial wastewater streamthat contains

bi ol ogi cavbyossisszmet ory and/ or bi o-inhi bitory conpoundsPCTRES2@80C®8%
conprising: introducing the wastewater streaminto an aeration tank with a
seed bacjeria.culture to produce a.mxed liquor. jntrqdugin ul ar
activat el car BOTSYSHbeS R Lothsiein Seranulin ectivater s 2i0n Ty R Tiarivect i vat ed
carbon in a suspension within the aeration tank; allow ng the granul ar

act i vat eFagyle piga of at leasrabeuti03 mBimesdrat i on tank for a period sufficient to
devel op mature mcro-organisnms wthin pores of the granular activated
carbon that | Vel r i t I i.cal | - .and/ or

by 01 mhi B ¢ or b oSt R i | PR BnaOARaRE catbeh it 3 REH A
conpounds; agnd. passin m.xed |iguqr effluent fromthe aeration tank that
is subst%h‘ﬂ‘ﬁ%?‘lzgofiﬂé‘?é‘gg% f&ﬂﬁmﬂe&?t 331"?‘(/ f‘é’éﬁ%‘&?tﬁ% to a nmenbrane operating
systemtank. 14. The process as in claim 13, wherein the granular activated

carbon is maipialReeh & in'@ial NSthdréin tegaftiat AN el @boR¥dSTbeeNi Ng the
m xed |iquor discharged fromthe aeration tank. 15. The process as in claim

13, furt risi tNOLA : ' . ' car bon
fromt heﬁlg@;g:? ﬂg rr1é¢ g%&ﬁ%@%h&ﬁe% #B%tg‘gpycogép%aﬁgs g‘ﬁ‘gﬁ‘&l‘%@ cg%ﬁélloglpgg car bon
is redugt?d to a |evel agtgroachi ng conpliance requirenent |evels, and

i nt r oducFoY BHYPATIPHRAET S ul ar activated carbon having greater adsorption
capacity into the aeration tank. 16. The process as in claim15, wherein

wasting g he pprd §RnPhs iNGaifll ARMAEIn 6iati¥A 18] includes a denitrification section.

7. The system as in claim 6, wherein the granular activated carbon is maintained in

the aeration tank separate from the denitrification section.

8. The system as in claim 1, wherein the granular activated carbon has pore spaces
in which micro-organisms attach and produce additional micro-organisms for digesting

biologically refractory compounds in the wastewater stream.
9. The system as in claim 1, wherein the industrial wastewater is oily wastewater.

10. The system as in any of claims 1-9, wherein the granular activated carbon has a

specific gravity of about 1.05 to about 1.10 in water at 20 °C.

11.  The system as in any of claims 1-9, wherein the granular activated carbon has a
hardness level that minimizes creation of fines and other particulates caused by inter-

collision of granules.

12 The system as in any of claims 1-9, wherein the granular activated carbon is
derived from materials selected from the group consisting of wood, coconut, bagasse,

sawdust, peat, pulp-mill waste, and other cellulose derived materials.
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carbon includes wasting m xed |iquor containing granular activated

carbon. 17. The process as in any of clains 13-16, wherein the granul ar
acti vat edwoanibyassisas a specific gravity of about 1.05 t@®cahseashizp87in
water at 20 C. 18. The process as in any of clains 13-16, wherein the

granul ar _actiyated carbon_has a.hardness |evel that mnimizes, creatjon of
fines ant’ ot herPTRESE ?%mug{gggeaugﬁﬁﬁ@vwaww@bﬁqrm that Sqntﬁpﬁﬁliﬁ%%?al 9. The
process as in any of clains 13-16, wherein the granular activated carbon is
deri ved ¥eflgptomnans/ordie-iehibisenyegntnosnds, Hie pypessp cemnssivgi ng of wood, coconut,
bagasse, sawdust, peat, pulp-m |l waste, and other cellul ose derived

mat eri al s. 20intrddpeing dreswistew dtercsiteamgintoran aedatinrtaad wivh atseedibartersd r eam t hat
is processed by a nenbrane biol ogi cal reactor conprising suspending

gr anul ar cafukéd 1635r68uceal BBRdiliuar;M xed |iquor contained in an aeration tank

of a nmenbrane biol ogical reactor, and passing the m xed |iquor through a

screen or sepgiahi ' ] : tivated carbon in the

aeration tank %?P%@H%gya?hgg?he@e%%?Aéﬁ%ril%@o%%ggﬁlﬁgtﬂn%hbranes of a menbrane

operating system downstreamof the aeratiaon tank, wher.ei.n_ the m xed |iquor
s SgpufL petrvaisscedh f 4

i's substant i alPYFPEE W SgPY ROl 2 SHPRSIROR YR HIF e t he
menbr anes.
tank;
allowing the granular activated carbon to remain in the aeration tank for a period
sufficient to develop mature micro-organisms within pores of the granular activated
carbon that are effective in treating the biologically refractory and/or bio-inhibitory
compounds that are adsorbed by the granular activated compounds; and

passing a mixed liquor effluent from the aeration tank that is substantially free of

granular activated carbon to a membrane operating system tank.

14.  The process as in claim 13, wherein the granular activated carbon is maintained or
retained in the aeration tank by screening the mixed liquor discharged from the aeration

tank.

15.  The process as in claim 13, further comprising wasting a portion of the granular
activated carbon from the aeration tank when the efficacy of the granular activated
carbon is reduced to a level approaching compliance requirement levels, and introducing
additional granular activated carbon having greater adsorption capacity into the aeration

tank. |

16.  The process as in claim 15, wherein wasting the portion of the granular activated

carbon includes wasting mixed liquor containing granular activated carbon.
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17.  The process as in any of claims 13-16, wherein the granular activated carbon has

a specific gravity of about 1.05 to about 1.10 in water at 20 °C.

18.  The process as in any of claims 13-16, wherein the granular activated carbon has
a hardness level that minimizes creation of fines and other particulates caused by inter-

collision of granules.

19. The process as in any of claims 13-16, wherein the granular activated carbon is
derived from materials selected from the group consisting of wood, coconut, bagasse,

sawdust, peat, pulp-mill waste, and other cellulose derived materials.

20. A process for treating an industrial wastewater stream that is processed by a
membrane biological reactor comprising suspending granular activated carbon in a mixed
liquor contained in an aeration tank of a membrane biological reactor, and passing the
mixed liquor through a screen or separation system to retain the granular activated carbon
in the aeration tank prior to the mixed liquor contacting membranes of a membrane
operating system downstream of the aeration tank, wherein the mixed liquor is

substantially free of granular activated carbon that can abrade the membranes.
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