WO 2009/ 085252PCT/ US2008/ 013987 SUSPENDED MEDI A GRANULAR ACTI VATED
CARBON MEMBRANE Bl OLOG CAL REACTOR SYSTEM AND PROCESS RELATED
APPLI CATI ONS [01] This application clainms the benefit of U S.
Provi si onal__ Pat ents\ﬁAﬁ\ppl i cation No. 61/008,606 filed Dec. 2007,
the discl osUP&" 8P ch is hereby incorporated by ref e’r’%‘ﬁ'&%"“s’“m”
TECHNI CAL FI ELD

SUSPENDED MEDIA GRANULAR ACTIVATED CARBON MEMBRANE

BIOTL.OGICAL REACTOR SYSTEM AND PROCESS

RELATED APPLICATIONS
[01] This application claims the benefit of U.S. Provisional Patent Application No.

61/008,606 filed Dec. 19, 2007, the disclosure of which is hereby incorporated by
reference.

TECHNICAL FIELD

[02] This invention relates to industrial wastewater treatment systems and methods,
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 treatrent 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



1021 This invention relates to industrial wastewater treatnent
systens and net hods, and nore particularly to industrial wastewater
treatnment systens and net hods usi ng nenbrane bi ol ogi cal reactors.
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conmponent Sin 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
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solids.



WO 2009/ 085252PCT/ US20081013987 [08] One recent advance in
conventional industrial biological wastewater treatnent plant

technol ogy includes the addition of powdered activated carbon
particles to the mxed liquor. In these processes, certain organic
and i nor gar?@ 2W8M58¥nds are physically adsorbed to t hePSUPEBRIBE? ¢ he
powdered activated carbon particles. One exanple of a known powder
acti vat ed [08) b @hes¥y@hesiviscedh t@verstiony ivdueiRNbioMaicalrwabRof e regmerst
under the trademark "PACT(r)." Powdered activated carbon has been
used i n cofmeRchitiedy iRtIodaghcaldition @8 pdvRierediotvital dagioapaickt 1d the
ability to adsorb biologically refractory organic and inorganic
conpounds, mixBE QY. BY tB¥deProtgssad) cartdid srgmtic iid iRolgMie Eorfsuaedrt phystaBy of
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and refining industries. As discussed above, a certain amount of
non-emnmul sified oils and other hydrocarbons nmay be renoved in primary
treatnent processes, where floating oils are skimred fromthe top.
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hydrocarbons 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



WO 2009/ 085252PCT/ 11 S2008/ 013987 [11] In certain types of water
treatment processes not enpl oyi ng nmenbrane biol ogi cal reactors,
granul ar activated carbon is used as an adsorbent nediumin a fixed
bed. For examz)l e, United States Patent Nunber 5,126,050 to Irvine et
al . descri BEQ 290988532 st age process including a granul aFCTRLPA138Y
carbon filtration stage to adsorb organic contam nants from sources
such as’ washeinitgdiydmearbpeslsodiaabenefirs, cdequatebdratd vestewdioemay bemsed.r
activated carbon is maintained in a tank, and the influent is

provi ded ain ridng indnitrialprodeses g dintthaé rawbwiter trdatingit cosesind tddueedi zi ng
the granul ar activated carbon bed. Another exanple is Japanese Patent
Appl i cat i orgilutehalisclR2§O3ckReB8 to | noue et al. describes a water
purification treatnent nmethod for obtaining potable water fromraw

wat er . The[18) S iGimrhétCib LAt D ymeft o fiehibrand biolosidabtadtars hothe Begmeht dfi N a
water tank. Organic matter is adsorbed on granul ar activated carbon
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process is described as treating water such as river water, |ake
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systens the operating costs of having to either replace or regenerate
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prohi bitive. Furthernore, these systens do not utilize biological
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regenerate the carbon. [12] In addition, European Patent Publication

Nunber EPIlgpadd&ilinconvBai&iabbiBlogRhl wilteateP 88Ament TitdiRdinb0king PSwdered
bi odegradati on of oxygenates I'n groundwater or ©Other water streans
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particul ar, Beyers et al. discloses preferred enbodi nents where the
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Wil e this system conbi nes carbon adsorption of contam nants with
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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).



[14] In other water purification applications, granular activated
carbon is held in suspension in a body of water to be treated. For

i nstance, European Patent Publication Nunber EP0543579 to Ford
descri bes a process of renoving pesticide residues and ot her organic
substances'WB&WP@%?%%. Activated carbon is added in a RGHPI2PIIELIS7
manner, as spent activated carbon is continuously renoved al ong with

treated wap1e] . IRMEN@fyped d¥va3dt Helehl p¥6deORE HotichpldytghRdbrivRi 116868
requires a | arge anount of granul ar activated carbon to renove
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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-



[17] Further, as used herein, bio-inhibitory conpounds refer to
conpounds (organic and/or inorganic) in wastewater that inhibit the
bi ol ogi cal breakdown process. [18] Therefore, it is an object of the

present invegtion.do provide a process and apparatus Ip%ﬁ%%;ﬁ@g’?%%ﬁ ‘o

bi ol ogi cal reacfor systemthat enploys granulated actiV
adsorb biologically refractory organi c conpounds and inorganic
conpounds f@riteat wintevetar hegdghafallgwaifon b sigeidicantlyigheechst of-toeatment than ds
mai ntain the granul ated activated carbon in the biological reactor
syst em upstypicalfordiiolvgieal meatmcahsystempaFathconorstiegses Favked budltechpology de
t he advant ages of a suspended nedi a menbrane biol ogi cal reactor which
has had porather than abblogiakttcataen systeat@ach 4smanibeaneibicdolgital egactors).wi t hout
t he abrasion and WO 2009/ 085252PCT/ US2008/ 013987 foul i ng that
acconpani ed3} hélheasdafiany nf thbee avbwedtet expiplesiolimhed tonhase ppricttionst h t he
menbranes. [19] Another object of the invention is to provide such a
process ansheystameidthadt id ot ef fstup snthey drbadativelyukpensiva redtnestahetioaipi t al
i nvestnent for installation, and has | ow operating costs.
Additionally, none of them include the cost and operational advantages of a membrane
biological reactor combined with carbon adsorption.
[14] In other water purification applications, granular activated carbon is held in
suspension in a body of water to be treated. For instance, European Patent Publication
Number EP0543579 to Ford describes a process of removing pesticide residues and other
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 biclogical



[ 20] Yet another object of the invention is to inplenent such a
process and systemthat is particularly well suited for treatnent of
industrial and oily wastewaters. SUVWWARY OF THE | NVENTION [21] The
above obje t her advantages are provided by t d
process fo?‘tvtarzgdgfta|8§%!(f:1hr an industrial wastewater stream uE&ﬁggzg&s@gaﬁg{r]ane
bi ol ogi cal reactor, including introduction of granular activated

car bon matERGieE werp fgstheingdesiad, and isaurmossiwesto erevens refivickamaprgenic upst r eam
of a nmenbrane operating system The size of the granules of activated
carbon i s @aipeardsdn the miked liquerfromdpnling theoneretmants.olt was lpacwiated by dwdi | y
separated fromthe m xed |iquor stream before entering the nenbrane
oper at i ng Byestahihebihk pee)of srambaings inglach of & cinventipoel clarifior/sattdisg tapker eby
preventing abrasion of the menbrane. The aeration portion includes a
wast e di scHedultimately nepdt intigxiatinoettntionsofergspie nompmardsidrglrintarfere vathe d
carbon to be renoved when the effluent concentration of chem cal
oxygen derfhgormehipolesidel axidatiompioesss ini the aesatioppinkal Hywewet, ibpractice it was
government al agenci es, and additional granular activated carbon

havi ng adsfowtsithat thia gidaiot gccisanscd @desuld thidrectmetogy was notaokmerdid2id.| n
typi cal nenbrane bi ol ogi cal reactor system there are coarse and fine
screens plRcthemops thegaimapy apphieativarofithe epstérandestribes incthesetrefozhéesisar ge
and snmall particles fromsettling in the systemor from danmagi ng the
menbr anes .treforent ¢fseaitacye wastewalentesing celativelyiag ehaicdl baygen deabaty(COD)
reactors, the fine screens also provide for the renoval of hair which
can i nt er toainpeunds (dg.; G@Drte bivlapiatoggeh dxmané (BPD) mtivsngf gbowttd: Bym. | n
the application of this invention, where the wastewater is industrial
wast ewat ercpnitastioandustriahwantielvai¢rowhére thedl0D enBOD radoshaes sighifidantly higher.
screen the granular activated carbon fromthe m xed |iquor before it
ent ers i nt{b6]t hésmexitersig bipegiatly nefrstosi @mpoainds rafetoahdsh eypeestT@Des
are located. This is achieved in various configurations. In one

ar r ange e gbmpinings (rgaiccanda irbegariy) eewastendten thaf dypiealbcdcoet bieak 8eveam of
the aeration tank, and there is a fine screen or screening system

(wi th a nedth sicoeorgamidnisewitiih aveltdieoubalf tatdehdenttie. ef f ect i ve granul e
size of the granular activated carbon that is being used) either

| ocat ed i fil%]heFadreatas asedthardin, bio-inkibisargRombende fefrii® Corbkdaebabiae
menbrane tank. In certain enbodi nents, coarse and fine screens (sized
as necessand/ot inongenitie waktewster that inicibin the biodegidab biefkdolva pr&xsésewat er) are
provi ded upstream of the aeration tank, and a screening system (sized
to renove [t8ie Thaefoteqit ivaiobyat efihe prefennihvintion koproeiaela prockeand N t he
aeration tank or between the aeration tank and the menbrane tank.

Ther ef or e appratasiih @ Gienthrarielbiologivat Mdacnsyisnd tHatRinploye grafulap AbtRiatean
systemthat will.prevent the granular activated carbon from | eaving

t he aer at ic@bort ks iokspically Agratiagy orRMiy @RS ORRERAE indgEaBiTotbimekK
contai ning the nenbranes. [23] The use of granul ar activated carbon
in the m ¥a@ the sutide qigtanulhess a8iietdd dafban hndRhAkithia Mg REd /4Qfed O

t he nenbrane bi ol ogi cal reactor as conpared to a nmenbrane bi ol ogi cal
reactor te£8br inghd bielogieaa el ls9steth @pstrehrh BOhE nhdide dEpaddtioh ¥Rb.E This
carbon addition. The use of granular activated carbon with a

scr eeni nghsiepravidt iendsytdgeiv d fishentbd hedid heMbiahebioRIgRE feXct@wHillfhas
granul ar activated carbon to be kept upstream of the nenbrane

?Ee rat i nghaysovelsted ablkvaddeaoh RedddIRs the diRsd IRfbr, RiBSRhe abtsidn A0 €vent
€ non-



reversi ble fouling and abrasi on that has been observed when powdered
activated carbon was used in an nenbrane bi ol ogi cal reactor and the
carbon was allowed to conme in contact with the nenbranes. The use of
granul ar act] arbon with an effective size of at

0.3 muirrec‘g’é%@tf’@fﬁ” allow nost or all of it to be fil'F’Jéﬁ@SéB"c?@?@ﬁ
the m xed liquor streamthat is transferred to the nmenbrane operating
syst em t anfobng thatraceoeapanias thefcatbbm &t themixeNliqiaericomimg in coraddt mithabd ng t he
adsorbent materials in the nenbrane operating systemtank(s) wll
reduce or mkmbianat e t he abrasion of the menbrane that has been
determ ned to be deleterious to the operating efficiency and useful
l'ife, for [1ABt akxther offjecrefithe dmentdonnk eoprovitie suieha parcsssuad ngtanothelics ed
activated carbon. [24] The nethod and system herein which utilizes
granul ar agfficivint] thek requite® s minimahcapitatihivasimeht fol ingtlaliaion) @dhhoOlowsyst em

i ncludi ng a screening/ separation systemto prevent carbon from

cont act i ngopefutingesst anes provi des various operational benefits,

i ncluding nore rapid acclimation of the mxed liquor to the

wast ewat er [20F e dVet igudiveg 8Bj ebt@if tHelifiventiod 8o MmdHan afh apisteaerd bptdh D@t
caused by extra-cellular materials, reduced abrasion of the nenbranes

t hat r esul i paficéladPREBinited &r ieathricheo fexdueisit Pand il dastbg@ergenbr anes,
i mproved toFerance to variations in the feed concentration and fl ow

rate, i rrprmy@frmljﬂ‘i@mi cs (e.g., quicker dewatering,
fewer oily characteristics and ease .in handling), and inproved

ef fluent opgy i tThe @bdielobib® end@fulB¥EidvaREeE i hEdvided b9 theQk Samiafd pRidess
inorganic inpurities) as conpared to the effluent quality obtained

from a congpepédiapa indByH HasteRhter Q&hﬁ%ingﬁﬁfeh%&an‘él‘)ﬁﬁ albeabtos sim | ar
hydraulic retention tinme. WD 2009/ 085252PCT/ US2008/ 013987 BRI EF

DESCRI PTI Ghtie¥ing e ofdctbIRESranular 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 scn_aened or oftherwise readily separated
from the mixed liquor stream before entering the membrane operating system tank(s)
containihg 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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[25] The invention will be described in further detail below and with
reference to the attached drawings in which like or simlar elenents
are referred to by the sanme nunber, and where: [26] FIG 1 is a

schemati c %3950@}3%59%616‘” enbodi ment of an apparat us forfé{ﬁﬁﬁ n3t9§70}‘S

wast ewat er 1naccordance with the present invention;

a second enbodi ment of the apparatus of FIG 1 and includes a neans

f or de- ni t¥sPRECRIEMbIANGbiologalrgartandhedinestieammisopnavide BBthe Fan@vaBofi s a

chart depicting feed concentration (in mlligranms per liter) of

bi ol ogi cal hajr wiath centintespwinn avithithe mnembiands ang canseqyeainig probieehst Methe

remai ning effluent concentrations (as percentages of the original),

at var i ousapplieation obthisanvestityr, awhereShowaxtpveaddr iviedistrinl wastewaten thefed®dn To

facilitate understanding of the invention, identical reference

nuner al s hesdiiobaeequirement\afi being gide apxican thelgtandas aqgivatkd cdrben B@feheor

simlar elements that are comon to the figures. DETAI LED DESCRI PTI ON

OF THE FI GuiRESliquor before it enfers into the membrane operating system tank where the
membranes are located. This is achieved in various configurations. In one arrangement,
there is a coarse screen and no fine screen upstream of the aeration tank, and there is a
fine screen or screening system (with a mesh size smaller than the bottom limit effective
granule size of the granular activated carbon that is being used) either located in the
aeration tank or between the aeration tank and the membrane tank, In certain
embodiments, coarse and fine screens (sized as necessary to remove the normal
contaminants 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
carbon 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-

11



[30] FIG 1 depicts a schematic of process flow of an industrial or

oi |y wastewater processing system 100. System 100 general ly conpri ses
an aeration tank 102 and a nenbrane operating systemtank 104.
Aeration t pncl udes an inlet 106 for receiving nd
an outl et ?@gzﬁgﬁﬂﬁggcharged wast ewater to the nenbrangﬁgggﬁg%ﬁﬁﬁﬁ
system tank 104. The aeration tank 102 includes air diffusion

appar at us Hicrpiplelfprding apdabrasionihat has begnobeameadevhen pewderedhactivated carbon

pur pose of aerating the mxed liquor. In addition, optional

suppl ement wis used ingininandirane biglogiea reastorand thecdrban wasedowed tosiomedd n
granul ar activated carbon in suspension as described further herein.
Scr eened/ seoptectvidhithe ffeimbeanes. f Themse bEgramiataciivatadaatbon O2hias effedtivedize ed,
via an inlet 110, to the menbrane operating systemtank 104. In the
menbr ane offet East abows P Straittinieterk will Altowmsstonall of it peedderalvubofthe mived or
nore menbranes as is known in the art of nenbrane bi ol ogical ~
react ors. liuonsitchmithal iransfarrsd ®rtbe membtanclopeffting eystert raokis) foe membiznane
bi ol ogi cal reactor system 100. A return pipe 114 is connécted between
t he menbr dfileatique Mininnging ps ¢leninatingkthd fidorhend nderialan dteinpsntirantlopt@ang or
transferring return activated sludge to the aeration tank 102. Spent
granul ar axystemadnk() edll dncd oreihmnidaue thestmbsioroftiznkeibiang thatthas bgnanul ar
activated carbon that is no |longer effective in adsorbing

bi ol ogi caldejerminkd tocieaieletaiomp uihesyerating effeieneymdadeful Kfepforinsancel ofuor
wast e di scharge port 116. A waste outlet 118 can be connected to the
return pi peerbrdndboldgiva réacenmsingrpoaideretl hetivaet varboract | vat ed sl udge for
di sposal to control the m xed |liquor concentration. Seed culture is
added to t[2¢] adhatrethndaadiystaPhdren phizhatilzasigranolapigiones earborontah. [ 31]
A prelimnary screening system 120 is | ocated upstream of the inlet
106 of themasbraie bislogieal keakfd? system Bcldiak b Btroating/Spirdkod sygeMIs pRARE AN

i nclude a dissolved air floatation system a coarse screen or a

conbi nat i aarboh fiohadatact thomambanesyirbdestviiOs opérafifitl béeiRR] Mcluding
treatment devices may be included dependi ng on the particul ar

wast ewat ermdrerapi dcelaitiel.of Mefthined Bquot & thOWaSeRAdrEd redbha iRl thd i S
included within the aeration tank 102. Optionally, or in conbination
with the frhembrarseeduced foapd at@ by eRiry/cdianm: Hidikrials, rbduted SEEs ofhe
separator subsystem can be provi ded between aeration tank 102 and'the
menbr ane epakbRires thasi¢silEifalOper dseful fife¥xpeidnR§ for LmEAbrams, hpiRdge
Wire screen or a rotating drum screen, or other separation process,

that will tglery@nd videioss Nk Red atiténtatiata@aidonte My raskisgpg t hrough
with the mxed liquor and thus comng into contact wth the

menbr anes chiradtéristice(elal, gurRkanRwaleting oy oA sbierS66:000 @8keGh h&RRAg)at ed
m xed |iquor effluent fromthe aeration tank 102 may be punped or

flow by gragd idprovedepmiedi aaLe idchaingeIbeer BhcehBfticRdT bt dakicahd S50
into the nenbrane operating system 104. In a system using an external

separ at i ofimpyitieyas COMbarsM RS effIBERIGUAIRY oMEhd A6R Y cEVRfthaP RRALARE
fromthe mxed |iquor passing through an external fine screen or

separ at or h§dibHoas teabLatciabith DYmibAMdtNlOAtdatibntiRe! Ne aeration tank

or be returned to the aeration tank 102 through a separate inlet.

12



[32] Suitable types of screens or screening systens for use in the
process and system of the invention include wedge w re screens, netal
or plastic apertured plates, or woven fabrics, in cylindrical or flat
confi gurati\ghSe@aska ranged at various angl es incl udi n&ﬁgsrzwsﬁ%é.,y
oriented, horizontally oriented, or any angl e therebetween; or active
screening systens such as a rotating drumscreen. Qther separation

t echni ques BRAEF DESCRIPTION QF IHE FIGURES 5 qui escent zone can al so be
used. [33J In FIG 1, wastewater feed stream gasses t hrough the

prel i m nar {25k crEwerdnyegtien wilkhp desaibsd in frhes dethid belowand with referkncege theThe
aeration tank aerates the wastewater resulting in a mxed |iquor
(cont ai ni niftagkedidsapeings inavhichlike o similquelementsaye rferteddo by thesame nupehener
with the granul ar active carbon. Ganular activated carbon (suitably
pre-wet t edandgvhgre: to forma granul ar activated carbon slurry) may be
added to the wastewater at one or nore |ocations 130a, 130b, and/or
130c wi t hi B6l h&l6y Eisarachaneticdingrammef aarsobodigentnflan appacatusfot eehtroent bHn
can be added to the feedstream downstream of the prelimnary

screeni ng Wistawatar in@cprdagre withghepiesant ih8@wipn; Optional ly, or in

conmbi nation, granular activated carbon can be added directly to the
aeration tRAk Q.7 is.asecondsobrdioent@iz)appiratug ef FIGL h apd infladesedneans
enbodi ments, granul ar activated carbon can be introduced via the
return WJIopdoSIBBEGLHTN¢ WEROOGBXBUS@8And act i vat ed sl udge |ine 114

(e.g., location 130c). In certain enbodinents, it can be desirable to
add t he griaBlul #lGatisiavchert depicting deedahmezntrafon (inenifiigednayentitey) cfcr eeni ng
system 120 (e.g., location 130d), where the prelimnary screening

syst em 120(biclagicélly rdfsartaymand biorintibitery eppupounds, reithbyeniainihg efflmant
screening that allows the granul ar activated carbon to pass
t her et hr ouphceatratiana (a5 petrentagasaf thewrigaall, at Odioub/btagad of h qembrapasses
through the fine screen or separator subsystem 122 and the granul ar
act i vat ed telpgical réastor eystened from t he mi xed |i quor suspended solids
passing into the nmenbrane operating systemtank 104. P4] The granul ar
acti vat ed 29I bdie failiretedwdersteksdimgndfi timingdntios, iddntica réfaenbetnnmieraisdtave
organi ¢ and i norgani c conpounds (biologically refractory,
bi 0-i nhi biteen ysed whet fppraprsie) to desigratistbe fameds sintilar gements tiat A€ Ednvbier
carbon remains in the system mcro-organi snms grow and eventual |y
evol ve intthe fimtrex e Sstrains with specific acclimtion to break down
the particular hard-to-treat conpounds in the system Furthernore,
over addi thERAILED DESCRIFTIONOERTHE MIGISRE® sever al weeks) that
granul ar activated carbon-having hard-to-treat conpounds is
mai nt ai ned3¥jn FH@ Isdepictsm schémmativiof poces dawiod ak indastisl@r silywastevigr ee of
specificity becone second, third, and hi gher generations, thereby
i ncr easi norédessing sy§tbind 80y Syatenh | Ggp Rl cdi@ispednt deeaibi tank 20T arddar t r eat
conpounds.

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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[ 35] Eventually, some or all of the granular activated carbon wll
becone ineffective for treating the biologically refractory or

bi o-i nhi bitory conpounds. This will result in a higher concentration
of bi ol ogi I actory or bio-inhibitory conpounds i e
menbr ane oggbéﬁpﬁgééystenl where they pass through thePnengégﬂgg%p
Granul ar activated carbon can reach its adsorption capacity (after
initial acetahwartdctivited carbontin suspensiontas flesctibedrfutthen hergine Sctepnedésepaatedr y
or bio-inhibitory conmpounds can no | onger be adsorbed. In addition,
granul ar acffivendtfronh thaadrationgank W2dointroduved, fvéecdni inlet tifetothe memb@ne

2009/ 085252PCT/ US2008/ 013987 phenonenon known as slimng, where the
m cr 0- or gaopsatBglspstantank d4.cbh thd mbmimahe/ opmeating systkms taakydhowastewater
extracel lul ar pol ynmer substances. This layer of sline, while
initially passesitireughoone pofmecs méthbrandsas 3-knowain thesst of mambraac biologicel s
where it bl ocks the pore sites and thereby prevents access for

har d- t o- t r mattoso Apeutietd 12 annkfare treeel shdny fr o ehenémbraeslsiglogid sltrt 2 for
[36] At this stage, when it is determ ned that granul ar activated
car bon hassystesi 108] A returrapipe 1 14 BRomfected Bet@bdn thamymbne opdativigigstée

ef fl uent concentration of biologically refractory or bio-inhibitory
conpounds, tasio 0@ a1dXlechekatign tinkd 0P FaittahsTerrigg foith adtivart islidped theddpaioncan
be drained fromthe aeration tank (via waste port 116). Additional
granul ar aghk Vo2, Spetaidntir acivated catoetfomalie @etion tRdoDdlegighndlar one of
the possible addition |locations. The inlet wastewater and the

ef fl uent vasivaetedieonahaid selonget eifesiive tigiesibingbidlogamny e¢dtory
concentrations (i.e., including biologically refractory or

bi 0-i nhi bi ¢cmpsusdaipabedshoed VidemiXed iifedr st aistiek e poriE W vaktb e
granul ar activated carbon and its acconpanyi ng biomass in the system
have | ost ddilet 118k BEEdnveneb®. thérefkpip® | 14 b ivdiishae engehbednvaen t he
inlet and effluent COD divided by the inlet COD concentration wll

produce a #tivited adge\for dispdbed WSodnlie! e Akel HuaebhotafrAibnC BeiDdultin 1§ he
m xed |iquor's gradual |oss of efficacy. The anmount of COD renoved

fromthe fefaaehﬁattn@@iﬁﬁ@amrmwﬁome;eidﬂ_dﬂo@%dn%ﬂl gbwtihe rel ative amount
of biologically refractory and/ or bio-inhibitory organic conpounds

that are bging A peRvREr dcthink Systas | BB IRAted BfttearASf B8 IABEIV8LPThe
devel ops experience with treating their particul ar wastewater, they

wi Il be ableutiof t£RY 02 NTHIS p2éfifihatPicteching E%téxﬁ‘éﬂnqﬁél@:ﬁ; Adifklved ather e
there is a need to renbve a portion of the granular activated carbon

in the aerfdat#6n by, 3R6arsERERAOr & bortbihdtioh LETBse TPhivRally) othBAFped of he
required renmoval efficiency for the biologically refractory and/or
bi 0-i nhi bigr@lin¥in&gHeRteRABdevices mhj 54 RBKifed 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 wire 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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to mintain the effluent in conpliance with regulatory requirenents.
Sanmpling and analysis of the effluent for concentrations of specific
organi ¢ and i norgani c conpounds can al so be used to determ ne when
t he granul a } d carbon and its acconpanyi ng bio J
m xed quuo{rm?g&g’eog%gﬁsted and in need of a partial rep?g'ngsnz'gﬁr%{oﬁ}?%?]
The operator of a nmenbrane biological reactor systemaccording to the
i nvent i on RemeraRegiathoyagmbraneqrcsating gystontOdo fScrepredpr sspatatad mired Liguoed
carbon when the effluent concentrations of specific organic or
i nor gani ¢ eBlvpy fieasthe perption tankaiii3merydie prinpied orf fov by grpvity (depemiling enl the
di scharge concentrations for these conpoun. ds. The allowed di scharge
concent r at demgs odithe patisklansystem) intp thedndpybraremprating systpmsl Ode fima systefor
instance, as determi ned by the National Pollutant Discharge
El i mi nat i onsigg/an extarfalFpaEs)iop eysteint (npt shgwalrgtahelar dcivateteadanedpdrsted he
United States Environnental Protection Agency, or other simlar
r egul at i ngfipmdie mixed Liguay pessbigdirovigheal egfesnad fipescreen oeseppretoa subsgstdn tam
systemwith their wastewater, they will begin to be able to
ant i ci pat efalifbyrgravity baskinlodke sesgtion tamkrenbe tehendgirta khel saratiare taink 402 1hrough
carbon. Wen the operator can determne that the effectiveness of the
granul-ar agsdpeategalecar bon and its acconpanyi ng bi omass i s approaching
an inability to achieve the requisite effluent concentration of
pol | ut ant s[32} hebuitablatyipeswafsoicans @fscresniggssystome faaise inhkd procspardspstamd by
wasting return activated sludge fromline 118 on FIG 1 can cease and
t he excessofthoimegion ntthidhevedgewinpsungens) gneatal anplastic apartirstaglads, oawvbadm i S
wasted fromthe aeration tank 102 via waste port 116. The anount of
mat eri al  whbtiesdinsytadridake fdetonfigimiehshyd whaiged & vagejsianglds nblub@p Nt ai n
the m xed |iquor suspended solids within the optimum operating range
for the pavdriaily ariemeiyhorimoetally olianed; at anyeagl dierébyisicennob edtivg s@paiiml ed.
After replacenment of a portion of the granular activated carbon, the
ef fl uent séystatnd sizh as® rotatingaiturh gerede Qrersapaidtioh Gecheiy@dsihonalivg@hdigr t he
requisite removal WO 2009/ 085252PCT/ US2008/ 013987

settling in a 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,
e.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 retum
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efficiency has been restored. Additional, replacenment can be nade
based on the operating experience of the operator. [38] In

al ternative embodi ments, granular activated carbon can be renoved
fromthe scygepoRes il e mnimzing renoval of mxed li’aﬂ%znﬁs!':o%sm

i nstance, in systens where screening includes a rotary drum scree
granul es of carbon can be scraped off to renove sone of the granul ar
activat ed adtivptesh sludgedingddft (5-&nlaration dd0s) glasttpinembedimgatsdticandebon can
be incorporated as necessary. [39] Suitable granular activated

car bon gr afsireble forasie thegramdangsidtedsabonpheadefithe preimigine saresning system
screeni ng/ separati on net hods, depending on the needs of the

particul ar l?lﬁg(ﬂge\l\mamn bﬁldhg\fllereéh% prdliminarycsereeringsystesf K0roanl be designed
enbodi ments, the bottomlimt of effective granule size of the
granul ar afor ivsapptication by indlslitgscmeniag thetallows ttet gravularagtivatedichrpol to
separated fromthe flow of m xed |iquor entering the nmenbrane

oper at i ng pass theretlirargh(aml into thelaemtion fask hidniMixad Equer passesahitoegh the fine
general, the effective granule size of the granular activated carbon
has a bot t smehionsdpafor attsysterd 122 aid the gatwdarsicti vitek earbgn éstemovédiem 8. 5
wei ght % of the carbon is above the bottomlimt; preferably having a
bott om | i ninxedfiqadrouspended sniids| piassiigante theomembrappmerdtingsystend taab don. 2
mllimeters (corresponding to a nmesh size 8 to a nesh size 40, based
on United BHht cthe@rantiardivaied carbGeproeit)s adediptien dtee@here hiao-188. 5

wei ght % of the carbon is within the bottomand upper linmt; and in
certai n pregaic ad isodgad: mpcmnéda(binﬂogihaﬂy mﬁlabmryebﬂhﬁmbmorgbﬁomeﬂméb)
mllimeters (corresponding to a nmesh size 14 to a nesh size 35, based
on United @hatesb.ShathdgratuBr ectigatte carbm) remhias i the £atear, niidranrSisms

wei ght % of the carbon is within the bottomand upper Iimt. It has
been denpngbwaheevenhatlly avaiveintl maturactrainaditllspeeifio acclimatibn s bredki desm
effective granule size of about 0.5 mllinmeters to about 0.6

m | | i met erthe paticbe heabiokyeascongenads ih teRyidie. FMRermore, over additional time
2009/ 085252PCT/ US2008/ 013987 m xed liquor with a suitable separation
system an@.gsuelera i ead saverad vz €s) thatprgiuten dbthiated Chrbhfthedar bt
suitabl e densities, also can be nmaintained in suspension under
econom cal doynpba@iiidinemeped dh the gyt dhd mieftborganisms 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 biologicaliy 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 bic-inhibitory compounds can no longer be

adsorbed. In addition, granular activated carbon can become ineffective due to a
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[40] Smal |l er granul e size granular activated carbon results in
greater surface area avail able per pound of granul ar activated carbon
for adsorption of biologically refractory and/ or bio-inhibitory
organi cs orwongfo@adscs. Additionally, smaller granule giZgs &f01§9§"?
granul ar activated carbon facilitate suspension in the m xegl i quor
(resulting jn |ower energy costs). However, smaller granule sizes of
t he granul abenaﬁxepmynéaﬁmw@se the Biigre-ofganises beqomercppted with
screening requirenents, and increases the likelihood of damage to the
menbr anes PPRTACFRstdesAadoR exteaprliniar palympr shbstrncep aFhis layerafskime, wiiles from
the aerator .tank. [41] On the other hand, a |arger particle size
granul ar ab¥Hallserice & protech tbe miaresorganisma e @Pcfeléﬁl&/‘ﬂﬁﬁﬁiitb&mbsﬂle pérat

is easier to rempve and a potential reduction in the permanent

foul i ng antitesBrALIESRY Bi¢verkeacaess i dnudo-tisat sowpeundsand eprseqyentlp preient d
to keep the granular activated carbon in suspension increases with

i ncr easi ngblﬁgﬁﬁi‘ﬂaﬁ?nacti vat ed carbon effective granul e size,
depending on the density of the carbon. Furthernore, to accommodate
for decreab8l stitthisstasemdign itandesermiried hat pragils)getivatéd gprten has lost all or a
concentration of granular activated carbon can be used, depending on
t he parti cRArHYN gfitstedipgerefor fadaeing Baieffhiontecogrentration of bivdegicaiip raftationgdre| y
be determ ned based upon the desired operating costs of the system
wher e t he @gdnhibiforyeermpoands, same mixed Hiquon containing igreatladlactisatbd carbon can
suspension can vary greatly depending on the granule size and
density. Yesdrpingd frem therperation tark (Vigywaste pat bl).aAdditiamadl gtanelat zedvdnd t he
granul ar activated carbon in the aeration tank 102, the

t hus- pr oc eesghon cpn heatlded, s descpbasiderrint #tooe gfitha pbssibie Riditiee focations. The
separator subsystem 122, and is transferred to the nenbrane operating
syst em t anklet @astewies afid the effucawastewatse pleanztad x yaeh Sprarein(COED cpmpmeidt S
the granul ar activated carbon from passing into the nenbrane

oper at i ng eeyemirationg fie., idudiiybiblokically nafjadtdry ogbiaritbibitorg edmpaingd capr bon
(e.g., in the mxed liquor) and maintaining it in the aeration tank,

t he met hodeanehitosedtte detéraring whaniths gramea activatdd caiboa teditd steomhpdaginphood
of fouling and/or abrasion of the nenbrane operating systemtank
menbr anes Hemash én the systemahave dast their effectiserzen . A plot & thd tiffereatdbedide@n the
operating systemtank 104 contains filtering nmenbranes to filter the
bi onass aridletand effluret CED|didded try thialenCOBontaptration willphedua® o bloamet
operating systemtank 104 fromthe effluent 112: These nenbranes,

whi ch can will shows the gifaowlan asfivdtel dadwnfih the mizeithyuen e gradial Wish6f effidicy.abl e
configurations, as is known to those skilled in the art, are

t ypi cal | y Themnountpd Q6D enmnet fiém s fddgineyn dasproaide & indichiai Fate t hem
from damage and extend their useful life. In the method and system of
t he i nventrélative aiwent dfibéoladicdllyecfietsoy amdéor bjsinhibitoy osyBicidhipoids aad t he
menbranes therein are extended, since the fine screens 122a and/ or
122b subs tasriteirg removeddime theovasetviies foed. es dlhdpeicr@eveddps agpdreadetnith
carbon and ot her granules and particles entering the nmenbrane

oper at i ng teytirtgaheit parficulfd4vastewater, 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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[44] Qutlet 112 transports filtered effluent fromthe nmenbrane
operating systemtank 104. Return activated sludge line 114
transports a return activated sludge streamfromthe nenbrane
operating sweimevdask 104 to the aeration tank 102 forﬁy&ﬂa&g&oms
processi ng of the wastewater feedstream Excess sludge I's was adf r om
the systemfraomthe ste line 118 as in _a nonnal nenbrane bi ol ogi cal
reactor. [o4Bjintgnde %‘ﬁg%wwhame&lﬁamu@@mpmm Sdmplinggndr ane
bi ol ogi cal reactqr system 200 that utilizes a conmon bi ol ogi cal
denitrifi c&6H OSB@reéﬁqeahf.or eanseriraersaf spacifiscreanis apd dnyirgamic eompotwsisi cal
treatnment systens required by a specific wastewater treatnent need
can al so u&® 3Ribg uﬁ%ﬂ@ﬁ@@@inwﬁw gy a agtieatetbaifonend itoasompanying
system that woul d be apparent to one skilled in the art of biological
wast ewat er blﬁmtlmﬂ?mﬁém@m@&h&wm angifin iged of 2 padiabieniatament.o t he
enbodiment _of FIG 1, with the addition of an anoxic (oxygen-free)
section 20871 A B wperatonpfrmembrans biolegicelueastor sguierh acrording th 2ivchvention he
bi ochem cal oxygen demand content of the wastewater itself, provides
the food flsrein pan beghmireplading somienf thergraomtas activatetl ewhbrewhérsthe affluedtuc ed
into the anoxic section 202, which is in fluid comunication with the
aeration tepnkenirations pfispedifictorganic or inergasicwompentds wiatt éwlapprasdiytheist r eam
line 114 transports the return activated sludge streamfromthe
menbr ane ofgeilityts negmistpd thischargationdeddations furé¢heancomppusds: tThenllAd&! f or
further processing. As in the systemdescribed in FIG 1, there are
nmul tipl e |dehaigesmcent@tians 480 picallpwitedligOte fanility’ 8Penit; foainstahex, as
granul ar activated carbon can be added to the system In a preferred
enbodi mentdetarhimed byihe National Polhatord DischarpoBliintatictSektent (NRBES) ipetinif 30b.
In all of the other potential granular activated carbon addition
| ocat i ons Hrd3dm thal BGeguladel the Unil@Bijtes BuvimdaichtaliadectiinA degcyd ppathét Us
is added to the anoxic zone in order to keep the granular activated
car bon i n siudgesgslating bady. eAsfacperaer Jevebps tipesiencalopeativg thid eyste@e orith
| ocations 130a, 130c, 130d and 130e for granular activated carbon
addi ti on, thédiewastestatanahey willthegik tobeabl¢ @ anticjpite e/hsRofRRGESkplhé@ahENt
(e.qg., such as a problemwith denitrification) to justify tﬂe
addi t i onalthegenddriacihatedcagos. Bihet theperator e defehalne figr the eFfoctRehidsabh
preferred enbodi nents, granular activated carbon is not present in
the m xed the grarolariactiviated carbom and zomeeornpan@ing bRNGEEIS apir6achn@GR Sfbility
requires its presence. [46] Al wastewater treatnent processes have
i ndi vi dualto achizts thetrequisi erkfinchirentanmbtipuaf pdiaits, ichorhiayBMid sNéRtess
| ocation(s) for the addition of the granular activated

biomass that is performed 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 arnount of material wasted should be
determined by what is required to maintain the mixed liqut.)r suspended solids within the
optimum operating range for the particular membrane biological reactor system being
operated. After replacemént 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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WO 2009/ 083252PCT/ US2008/ 013987 carbon is to be determ ned based on
the needs of the specific application. The invention herein is not
limted to those described with respect to FIGs. 1 and 2, but rather
can be accowondatesisi o di fferent types of industrial apgf/psoskichissy
wastewater treatnent facilities. [47] The size of the granular

dosi oned t B SRBER ool "Gt d Sdiodhut Frnlnohn s e BRREIGR B anul ar
activated ¢ r.hon aned car g&n fmaf?é_tenteri ng the nenbrane operating
system t ank(9) & FHEFEIG L PSOREAREt hod and system of the invention

m nim zes asion and foul i.ng by carbon, granules or particles

i npi ngi ng @Eftﬁgaﬁ%’f’(ﬂlrvgﬁ ° ’W%Ptls%/gr@’(“,al" et g‘ﬁ&f"'&f ?fbcaflr?éeﬁb‘é‘fegﬁp&fg?
advant ages_associ ated.with the Uﬁe of ti vagﬁ,ed carbon. [48]. The
concent r at BT 88 WS'P&P?EH’BHZWF’\%? Qfmxgd igwer; Fox Rstange,ia$ysterpghers s

general ly determn based on the specific system paraneters and
wast ewat erS*fSGMPE 5’:&5‘ rofary H °5ﬁe“’c§5£PBf°ﬁ &t saghongin B¢ sarapgp OFfite femove

refractory and/.qr bio-inhjbitory organjc, or inorganic conpounds to
nmeet a f achP‘let‘?ﬁ? grnelan aqtyated é%}%?’ﬁ ég%‘?ﬂdg’."n*é‘éeﬁli‘ HEnHasactipiederaon camat
operating.a.nenbrane biol ogical reactor with a typical mxed |iquor
suspended @d?@ﬂ?rﬁﬁqiﬁéﬁf?sﬁr}"on (in a normal range for the particul ar
menbr ane tﬂéﬁl o] ic%{B rea(itor .confiquration enpl o%gd) and a granul ar
acti vat ed &8 bSHREGFRMIFAcTAedfarbop gtanuls gizsy <o be need: e camplames the

| i quor suspended solids concentration) was adequate to renove the

bi ol ogi calSFYCtPLsorerRIngSePaa ipnsnetinds. depdrding o the nsedsafithe neginylaands
present in the wastewater feed w thout creating fouling problens on
the scree r‘ﬁ%ﬁijwéﬁ%f"‘é%’-ﬁ‘ealﬁiidgH%Fcr@éfhléréfﬁ{??ch?mwgn@%% thedatiomlimitafieffestivd
carbon can be added to provide an additional margin of safety against
process upEEBile 2598 thegramulpr astivated garhen ﬁﬁ?le%ﬁﬁf@é‘hg’ﬁb}t mayisasily be

bi ol ogically refractory and/ or hio-inhibitory organic or inorganic
conpounds SERratekirem fhe flowt of miyed liques enterineshemembrapmeneraying aystear tank(s)

activated carbon wll result in increased screening
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
weigh't % of the carbon is above the bottom limit; preferably having a bottom limit of
about 0.3 mllimeters 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 mil_limeters (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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WO 2009/ 085252PCT/ U52008/ 013987 requi renents. The | owest
concentration of granular activated carbon that can be utilized and
still achieve the required effluent quality can be enpirically

det er m ned, wbagpdsizpon a | evel of safety agai nst proceggrues@icisdkhat
is deened appropriate for the particular system and process. [49]

The invention,herein.,usin ranul.ar activated carhon upstream of a
menbr ane. oBEEALANG U SIS PO Sy A e ecResi PR

materi al s iolpgically refractqry, bio-inhibitory or otherw se) as
wel | as t oFS g %‘?g%g‘f”o‘?fs‘é“ i&%@ﬂﬂ%‘éa}%%’@e%?‘a SPBEBRIEHCCY eact or
is applicable for a variety of different configurations. In addition,
various seffRpampically feasihle arersfing cqnditionse used to maintain the granul ar
activat.ed ﬁg{bon in the aeration tank. It will be appreciated by one
of skill iK% heomaller granyle sizq granwlonactiyatadcagbonrespityia eerater pyréace area
econom ¢ bengfits based on the individual characteristics of the

wast ewat er2Vateble pre papdofigrrapler aqtivated garpen for adsogpgomef hiplegigallyggiractery ]
The factors that are.controlled to produce optimal treatnent

condi t i onsAdfRE Pidahibferytopgsaics py ingreanics. dditianally swalles grassle sizenef theli ng
its size, shape, hardness, specific gravity, settling rate, requisite
air flow (FrarReiivaisdosdnn fasHitae suspgnsiopin the ahyeddiquosisesplingin fower he

m xed liquor (to maintai'n the granular activated carbon as a
suspended SREEBYZPsts)o Hoyieneroymalisesranile giresHh thergnamiar activatsd carben plperesult
carbon source, the screen bar spacing or opening size and hole

conf i gur at REHPre FeRECH BHSERRIng Ias ety prthinrrgasey e likelihodd efdammge fathe he
m xed liquor, the concentration of the m xed liquor volatile
suspended aembranes frompfoplingand abrasien by smplbparti¢lesthaedss| fragu e agigtop tankled
solids, the ratio of the return activated sludge flow rate divided by
the flow ridlle &nthpathesbasd, 4 lpgeacrartiohs $24 grapwlarectivated canben tseltsdni ng
systemtank, the hydraulic retention tine and the sludge retention
time. Thi ssrepiargetratadearbpn that id eesiddemeve and apotentiel todustioy irctht | v
refractory organics in the wastewater by the granular activated

car bon, arrgmagnsoy foukingrng pbragime op themiembragtes.t Hewdieo [theginergly Irgquired toact or y
organi cs, easy to degrade biol ogi cal oxygen demand conpounds (BOD5),
bi oi nhi bi tksey the grapulanaptivated earbenin suspersinaune sasandithe jocreasinggrianylay

pol yneric substances by the granul ar activated carbon suspended in

t he m xed dctivpigskcarbon 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 granuie sizes can ultimately be determined based upon the
desired operating costs of the system, where the cost of maintaining the granular
activated carbon in snspension 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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1511 Particularly suitable types of granular activated carbon that
were determned to renove effective quantities of sonme known
biologically refractory conpounds, such as ethyl enedi am netetraacetic
acid (EDTA)wodiesussest y| phthal ate, 2, 4-dinitrophenol, Bcfusoosnizes
dinitrotoluene, nethyl tertiary butyl ether (MIBE), as well as

uni dentifi m.cal. o en,demand c ounds, include those that
have eff ec?egil/rggp%? S?sé‘fné)%gfﬂgls mﬁ%%"(ﬁ" lemembrine ApEtAhRg §ystegyiank 104. 6

mllineter d have a specific grayity of about 1.05 to about 1.10
cm wat er a?h Mo il ieﬂg'f’%f“g’,s“?%){%@éi“?"éﬁaﬂ&r% 4 aetiated\eatban fremyr bon
has a hardgagas I?Vtiml that m nim zes cre%ﬁ(i n of fines and other,
parti cul at 88 o 8e Memorang gperpiesiystemiank 106 By filteqngdhe srapylarastivated
acti vat ed S bgn for._use with the present invention includes granular
activat ed FarBdkE- Bhiba i Hap gintaRgdhiwthe apaiion dmk, thamethed and
peat, pulp-mll waste, or other. cellul ose derived materials. One

sui tabl e e%ygtﬁlﬂlhér%m%‘éfm%‘iWtWEMPWWRB‘hH&WM@T aheasionaf theesh
sizes of 14 x, 35 (based on U S Standard Sieve Series). (52) The
granul es JFRURRSCRSENE SYSHREh tapk mmiEnetiy0he eraarsctivascdaarhani ch t he
m cr oor garti ?lcmséll n th% m xed | i quor can adhere and provi de high
removal effPlci dHEMsmbEne SpEatineysimtank {04 confuiny filkgingmeneraries toafiltey

| onger hy&kagl i C reéent itﬁn times and sludge retention tinmes. These
adsor pt i ort"$pPRassianfl apyethr slids a themixed liguet inghe membrang eperating system
biologically refractory or bio-inhibitory organic and inorganic
conpounds. sl 0gifomy, gé‘lug)gol\)g., These mambrangs, ywhichsan b irthe feemad boliavat ed
to the pa(r?@i cul af conpounds in the wastewater w |l devel op and
mature, |98 W&n&@ﬂ?&%@&é gitable serefiguzatians, anis kiwstoj these sidéled in the art,

bi odegradation of biologically refractory conpounds, as they can be
mai nt ai ned s KPIEHY Y55y eepsve ame ilge highlyalesitableity protegt bemiftom damage embjer
than the typical residence tine in an aeration tank. In addition,
certain bi%-ﬂ%ﬁﬁi%%f?k}l%o%@%@%m@m syetemalf thy inksytiend 8ie lifgafthe due to
the increased tinme of exposure to mature mcro-organisns. [531 The
si gni fi cam9mPrIngPeroiRe syslepniank ad thy membranasithepein e reatondady singedhofine

bi oi nhi bitory qrganic and i norgani c conpounds of this process and
systemis Sffﬁ%?srlégqﬂﬁdf%flz%@béfémﬁﬂmﬂuw optliminhtes bk grahulat antivatedf t hi s
technol ogy including but not limted to granular activated carbon
adsor pt i oRATPALEWrE granles andyrashicdes entering e trombrase opratitgmyster takt ached
growt h/ fixed film biological wastewater treatnent and nenbrane

bi ol ogi cal%-eact or wastewater treatnent technol ogies. In the process
and systemof this invention; the use of granular activated carbon
that is séfl egButdsd 112 Bansperes filfskedoetfliapt Gom phesnémigaieviperating systenbiaaln e
operating_system of a menbrane biol ogical reactor allows the

advant ageg()%fRetum activated sludge line 114 transports a return activated sludge stream from

the membrane operating system tank 104 io 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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all of these treatnent technologies to be realized in a single
i nexpensive to build, operate and maintain wastewater treatnent
system [54] A benefit of the apparatus of the present invention is
that the adgorpisensof the biologically refractory orggpigswhdhitdis
wast ewat er by the granul ar activated carbon allows the
m cro- or gapj $B | néﬁ]he_ m xed |iquor additional tinme to digest the
bi ol ogi cal P{ (’rgéﬁal%f GriFaldregtmnt &ystems repuited e spepifig masiEweter stadment on
time.and sl%g%\%lretentﬁ,on time possible. Sl ugjge_i s di scharged from
t he appar aft #lgo pegdnisinyeriton yith appeagriate medificafiass tq the systane thebwould
t he poi nt é\,here the m xed |. %{JOI’ sol i ds concentration is so high that
it di srupt ¢ FAPEreRRPLE Fkileddn thernet ofbiclomieal wpstensaiertieatment. SThegmbatiment
react or sys{ em . WD 2009/ 085252PCT/ US2008/ 013987 [55] Anot her
benefit of °tIHE: 2 issimiarde thegpbpdimentofiie. b adbthr addition bf svamexisdpxygon of
t he biologjcally refractory organics, bio-inhibitory conpounds and
i nor gani ¢ CehseEARE0h A sHTleerarnie eartbonconseasich ssandtamokordinebideigmiical t he
m xed |iquor. Adsorption allows these conpounds to be renoved from
t he appar a®%r&eq dineand senienf of fhywagipwolssitseHgprovides the food for Tesdenitrifieasion
m xed liquor fromthe aeration tank rather than fromthe return
act i vat ed EPerdseWpsiensateris introfiecedinte the aperic sectien 202 hjeh isiadluid i ng in a
| oner concentration of refractory organic; bio-inhibitory and
i nor gani ¢ ¥FIpEIGIHen Wih theacriion tank 4@2. alndddition the retuaidctivasedstedes i n t he
menbr ane bi ol ogj cal reactor. [56] Still another benefit of the
appar at us YFEampac hHewangporisiiherstummactivated Hudgectream fiomrithomembmne
extra-cel lular, polyneric substances in the mxed |iquor by the
granul ar RPETAYEE avdteantianio 104 tadkeoanpkic gectioh 20hfes Girthahysbenses Asmdhe t 0 a
reduced rate of fouling on the nenbranes, a reduced rate of increase
in the traﬁﬂ&temﬁfbln%ﬂﬁsbdh@c ghe opuliipie focatione (13602, 1180hy ¢ 20k, 1 80teKcy t o
foam and a generally nore stabl e nmenbrane biol ogi cal reactor
oper at i on. 139 thatfthesgrapudar gftiviated chnbpr carcle asiyist to heaaysterpr fcepeferd be
used to advantage with sanitary wastewater nenbrane biol ogical
react ors, cmpodiment, the grinutar a¢tivated wabon isiaddedsit focationViaeb.clnadileot tiesstherane
bi ol ogi cal reactors.

potential granular activated carbon addition locations (130a, 130c, 130d and 130¢), 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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[ 57] Yet another benefit of the apparatus of the present invention is
providing sites to which the mcro-organisns in the mxed |iquor
suspended solids can adhere. This aspect of the process produces a

m xed | i quoWO2ghsssdse suspended solids streamthat is poresiossiikdzent
in responding to upset conditions and all ows enhanced bi o-degradati on

f th b6 S; ' d .t . .

non- or anul aoa B el b MR U SR SR BBt c v esation
ted Wyt b Sl hak li.C . i ' d.slud tenti

(e, aoupad Bl iAol el G an St S S "

Quent of af-miaRat B IR AE SRS Rl R e Reer Eeingn Bolien

event of an upstream process

t he vi abl ey 44 crQ- ks floating.free in the mxed |iquor. In the
event of a't erﬂrrg’%fzg%g%: er%aémlaﬁ%c%?/@g%ﬁm\/ﬁ?g&lﬁ%ﬂ'}letﬁ‘zq at ti onal
systens, t 1.nat rtaln bacteri .S of, the m cro-organi sns

o thi n i he e BRIE1cEEhbA Rl orenis e 5 milpopias e i e
recovery tjjm red.to conventiona tens

|
wi t hout gran u?tglf&étg’teni a\rl)l t% %ggéégﬁ%ﬁteﬁon&gfrﬁg’lbﬁ?ﬁ grerplipesystera ﬁ%’ié)srer e the

bacteria i philie, .thernmal ock due to.ipcreased tenperature,

t he granul 'Si;e’f‘%%rf[%i t\?‘?ﬂ g@oggwg%yﬁ?e@aq?% lf‘ﬁﬁg%ﬁ‘ém%%’i ngnd feying k% por e
sites to syrvive. Likew dn. systens where the bacteria_is

t her nophi | #%","I‘rgﬁ%? PrEARRl{s ITRInEIng og dis eabranss rSHil greyiding e

granul ar activated.carbon can, all.gw sone bacteria within the pore
sites to sir V?‘l'\? a?aqvﬁnég?st‘?s@l‘mfeﬁ&&th? P hRyARdsabIme tine required
for the ¢ ur to re-acclmate can be greatly reduced. [58] Still
anot her b é‘fi ﬁ%8f°rt°ﬁ‘ém§1853f%‘ﬂ}§af&f““fﬂftré‘ BIOQR ghie mixed Maneris panerally hi gh
renoval eg‘ie;&fci engipes of ohganiﬁi%s Wi t hout requiring proportionally

| onger hy diSHP&T PEPSIRITIAC THEFHS SRR RATRARIEs ARd WaHGWa#Fr 19 Weas theTh s
reduces the_ producti.on of .extra-cel Lular pol ymeric substances that
can cause pc?f)t@f" f%@b‘?ﬁt‘BBI"EﬁE{oﬁWa frdpry 2pd/ef Hginhihitoreergmie ot  E1 The
conbi natian of .t he Eve benef t%,lidgnqt_i fied above will result in a
more rapi d"EEERS WAPCBIIsSP MeR faeilig dischuras reapiteratsndsstingdegindicated
reduce fo%ﬁienﬂ of the rrlgnbra es, an inproved tolerance to variations
in feed cdiftERTFHE2IREEARF Wplggics! Zeastor With g igicahmited diguorisuspendedn be
dewat er ed glo‘%e uickl\ﬁ Wth aless oily nature that is easier to
handl e, arfBi9sFoRtePiRon(nARPrRy range §otche pasticuda membrasa bisfogisaleeattor and
inorganic inpurities tha c(?n be obtai ned froma conventi onal

menbr ane gpﬁ%@tlgﬁ FmP]té’éfE‘ﬁ&P 551@3\113 aelivated 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 j)rocess 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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WO 2009/ 085252 PCT/ US2008/ 013987 160] The use of granul ar activated
carbon in place of powdered activated carbon elimnates the nmenbrane
fouling and abrasion that has been identified as a problemin .
powder ed acWovem®ss2gar bon menbr ane bi ol ogi cal react or sptEes2003@13981 61
Al though the use of granular activated carbon in place of powdered

activated eaLROLLHOGS, WGFIFJ Qyén}q'gtlgnoJ gga?]) @}Lcjb'%!atgﬁ]% arbo e?]gt i C@hbo

a weight basis, It does e car ° ree
.ou
R P TR SR B AR

I
ot i vat od %%?ﬂq’fgﬂfé%%%%%%#s‘e‘ Aot s cﬁww@g#%sﬁfv% %Jaa@?p@ﬁgﬁaff.cacy
of the 0Ve§y§!eha?xﬁ&;}o\égsts.ed car bon- enhanced menbr ane

[49] The invention herein using granular activated carbon upstream of a membrane
operating system tank to adsorb organic and inorganic materials (biologically refractory,
bio-inhibitory or otherwise) as well as to provide for a suspended media membrane
biological reactor is applicable for a variety of different configurations, In addition,
various separation devices may also be used to maintain the granular activated carbon in
the aeration tank. It will be appreciated by one of skill in the art that different systems
will have different economic benefits based on the individual characteris-tics of the
wastewater and the area where the facility is to be installed.

[50] 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 retenﬁon time. This

optimization provides adsorption of the biologically refractory organics in the wastewater
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bi ol ogi cal reactor apparatus. [62] Testing has indicated that the
princi pal nmechani sm of renoval of the biologically refractory
organics is related to an increase in the residence tine that the
refractory &YQRABE5are exposed to the m cro-organi SNs PCIVUBINER013987
powdered activated carbon enhanced apparatus. M cro-organisns in the

e ot oy MO SoMARARAAGH 50 Ll PP AR O I S BB

activated carbon, have a longer perio >

f t d .
bi odegr o B ROBRRLL o8 0 Ko Ay LUBE ARG Eﬁfﬁﬁ?@ﬂﬁﬁﬁ%ﬁ%m
bi ol | liXhi trat
the nambr ans Bsl aaaates 2l “~‘°5ﬁﬁf%§%%dyeaﬁa@%&éw FERE SHISERE P
efficiency gof ﬁxﬂfar mgﬁ%&b%%ﬂgé@hgﬁiﬁ{%&@ s not required to

achi eve the eS| red results anu glf‘)\‘l'at ed carbon |n a'

et ter Chat . poamanaty ol Bl S B 8RS St Bl e ?n&eséqcal

Cxtraccel | Tareat e ﬁ?@“@%ﬂ%‘é%ﬁ%ﬂ%@gﬁ%ﬁéﬁfa&% a”'c‘?r?%o%% g 8 ze.
b h

hénﬁ?gnﬁeog‘fé‘igﬁ“f’é%‘% (el g‘ﬂ@%@ﬁiﬂ%ﬁ%@}tﬁﬂ&tﬁ gla%r@‘é‘f@%ﬂ}zéf e

using the BRI qﬁét@/ﬁ%r? Bty %ﬂ TRET, 25 well. AR AR

significantly reduce B oy enticisd phemiical

powder ad. aoHeh iy Ba3s “bi?atlr’? B ReF ot %@fc@%é%&@ﬁgéisfqﬁ%%ﬁéﬁr

h d

granul ar o %ﬁ@“ﬁg BonB0 LR et S o s Y aabaH 1 rom

Syst om  anio S e Pati -C51 Bithehiony ofe fisedimima reaidsobot s e can

ignificantly | ess than a

be red table |
Cypi cal - meibieRe A i’fg}r%n%fe i opﬁéﬁeea-%fﬂ BReHMEIHEBIB A TeRpr esent s

a signific 0 tot cost of a menbrane bi ol ogi cal
r eact or sy‘goqe%% ?%%lﬁlr?l E‘ﬁ “gv%f fd sashng-fpsse withdhepresent inyaation

operatin f e ne al reactor system Exanple
P 9 1%9[3&35%1‘311 arachv:gtb 5 car onso tam%d %om wood, coconut >{)agasse sawdursrtppeat

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(';uiring proportionally longer hydraulic retention times and shidge
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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[65] A pilot scale programmable | ogic controlled nmenbrane biol ogi cal
reactor system (RetroTm YIBR Pilot Unit available from Si enens Water
Technol ogi es, Rothschild, Wsconsin, USA) having an aeration tank
w th an anowioci®eeison, W th an capacity of approxi mat eb¥rpdaotdAsesy
gallons (for pilot scale) and a nenbrane operating system equi val ent

accomdat &4 e GRA P Mor e el nekcemA SRy BB el

present in ion,. A e reen was situated at the inlet of a punp
that tr ansi‘@?%%%‘ﬁﬂ?%‘%ﬂﬁaﬁ%ﬁ’ TFE‘B’FHW ﬁ@“%?é‘?lg » pbiheY camberpaintgigedisthe ane
operating syst 6 .base nthetic feedstock_ included water
havi ng t he® rgﬁﬁgbﬁﬂén‘@%ﬁ@éﬁ?dﬁ%ﬁ?rﬁ?“%? tham the tymicsd ipsidereeinaiapm 48
grams/liter _of sodiumacetate; 16 grans per liter of ethylene glycol;
29 grans p%eF"(‘%PPt%"é’?‘- 3? a‘f?itt%ﬁ%ia}nlbﬂgmd?ta%cwwdswé@ agipally degiade: again,
hydr oxi de; ;and _0..89 grans r liter of phgsphoric acid. The anunoni um
hydr oxi de & °H’r‘?d’%cﬁ?i’g?qa@nﬁgfﬂfpﬁgﬂ“éméweEgcrf’ﬂgaﬂlsﬁlﬁer nutrient

bal ance fog hzrhgact fi_{@i a W thin the nenbrane biol ogical reactor
system | # Sepiicanthrimpeved rrmaval of biphegisnlly peffagternand/orgichi gh
concentrat,jons of biplogically refractory and/ or bio-inhibitory
organic ¢ ﬁ?féfé’?ga%‘ﬁé‘egf‘Pé@“}%FPmPﬂ‘é’déa Jsgprocess au6 System j& the result of the
contai ned follow ng concentrations of biolaogically refractory and/or
bi 0- i nhi bi ‘i°B°rh§}‘aBP‘bg§fF'él“E]8%?f’8HﬁFd%f:th'9Eﬁchﬁqlcrﬁygn%fbmg nt @apt Jgnitedy Arangier
mlligranms/liter of di-n-butyl phthalate, 120 mlligranms/liter of

2, 4- di ni t rGPYTHbarben pdsuptiongfuspendedimpdia pistogiogbwesteavater PGatment, attached
mlligranms/liter of. MIBE. . The refinery m xture was fed to the anoxic
tank. [ 6SFOYREAE fisp Sieloginabpasiewater ticatmentoandurabianeiologieal steetdr

wi t hout granul ar activated carbon to obtain a baseline. It was

det er m ned"®liEetepieaipent sechplogiayi I thepresessand sustem ofibis iveantion; cthe ben,
only about 92% of the biologically refractory or bio-inhibitory
organi ¢ clfdsrREYeT iyyehcateandhet it Tampated fipo dhiwixed liquns pefsinguatntheras
removed, after a long period of bio-acclimtion such that the

menbr ane REISYECRPrARSHSEM Afddnamiiring biglesi¢ateaacidr alldwssheddventages ofibout

8% of these conpounds %maasur ed as COD) to pass into the effluent).
all of these treatment technologies to be realized in a single inexpensive to build, operate

and maintain wastewater freatment 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.

26



[69] To determine the efficacy of granular activated carbon, 3800
grans MeadWestvaco Nuchar(r) W B having nom nal nesh sizes of 14 x
35 (based on U.S. Standard Sieve Series) was added to the aeration
tank and t h&®m0ess25guppl ying air to the aeration tankcwaszoagiisssyed
to feed 75 standard cubic feet per mnute (SCFN%dtg EhetﬁeratloP_ ]
I i n e e_aera
Lank e e B AN Bl Sk AR IO ATSE 3 ST RARY

tank was based on 20 percent e m xe . ouspended S
[ 164 ' .0 -he, . oxi mat el y. .
por 1o DUBEANT ekl el ",51‘86'5%?@?5 | fpden rpadmesiaR)
I | uent. was ,l.ess. n 4%
thor ef or ¢ S e sRAkRLEt ?%‘3%‘%%{)}3“5’&%%?g%lfif-ﬁﬁ?ﬁ%weaﬁwss ﬁd N
WX ¥ la]Woll i.C.cO unds wer e a
oD, i G ot Rl iéf?fﬂﬁ%??ﬂ@sra égﬁﬁ%’yﬂ%ﬁ@ﬁwhﬁl{@iﬁﬁﬁ
per liter) 1 fd) Ridd Dl Rblof slof! HESHIE "%ﬁsﬁ érgﬁ,' n f'ag'megr achivateh
ond j[hel AL e%ﬁuént ego-(r;](c:%ﬁ?r? n;)ra etgbi ol ogi cal reactor system
'n parti cul e oSl R e R Sl e i cotengRer bin;
duri ng. 1 e aap drphids bERHoR g e cammoninis o nekiees A amire
[ d ded.to the s tem there was a very

2f;h¥?}gan%ﬁﬁggpwﬁgﬁﬁ?%6§PHH%F%?ﬁ@ﬂ%EE%ﬂf%oggePL;atigzhlinggtPegtEd
h in F adsqr pt.i on capac ] [ :
za?\ggnl \r/]vasfsg h?&@fagéttﬁ?rnbe}q%@g?[%ép% 4% presopt igveagonis thgadseretiemefe t o

d 6.5 the adsorptjve capacity of the carbon was exhausted
and. the catbar el B e ERei Gyl it hiaente buga bnie svavler seiod ne

and the car
[ [ bi o-i nhi bi tory organi c conpounds that were
reasured SeHErA TP R e gibriaRies pbih ashisd iest e ShBe ont o' 1 he
f tivated carbon (as was confirmed with an
o O A R G Bl B oo e

el ectron n €ros

. ; ) ) he
growt h/ fixed f SYS were apparent. The residual COD in t
offient | drOpLTREYY ot Rad Hﬁbc@ilggiéﬂ yedemeBbrangbiolpEtRiTgRcepr 0D
renoval epr'er%{ignr.] %so ttealgxrceo %rimgaro%gd syste(:n 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 responding 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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WO 2009/ 085252PCT/ US2008/ 013987 for a highly concentrated feed of
biologically refractory or bio-inhibitory organic conpounds. [711 Use
of the nmethod and apparatus of the invention elimnates the plugging
and abr asi oWfoxas2senbr anes by keepi ng the carbon outecofgsiodfoizoss
menbr ane operating systemtank(s). By using | arger sized carbon

| es, | / t.i ' i ble. On
The ot hor fanater s AR LR SEERE ARG oPleed PREC Bun i 2R vl
b | eCt ' ' f t.n I xed | ] 72
The. mot hodr out apser S N ke (5B e KoBRom B FesrbmsclAbi et
b d j : | ) dificati i1l b
appar ont -t BerkRRUTbRCATH: AP B AARTS e, VA SEoenor

rotection invention i.s to. be defined the clainms that
1E)O| | ow. an%ntfongl syaems, erminate certam%actena, some o tﬁe m?crmorganisms wpthin the

pore spaces can survive, thus only a fraction of the recovery time can be necessary as
compared to conventional systems without granular activated carbon. For instance, in
systems where the bacteria is mesophilic, thermal shock due to increased temperature, the
granular activated carbon can allow some bacteria within the pore sites to survive,
Likewise, in systems where the bacteria is thermophilic, thermal shock due to decreased
temperature, the granular activated carbon can allow some bacteria within the pore sites
to survive. 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.

[59] 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 appatratus.
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What is clainmed is: 1. A menbrane biological reactor _
iCIr_l'cAi\Lg/Fri al wastewater treatment systemfor reducing concentrations 01(‘j
bi ol ogically refractory and/or bio-inhibitory conpounds in theireate
ef fl uent, t N 20X conpri si ng: an aeration tankecihfk20866133s7 N9
an industrial wastewater stream the tank including a waste di scharge

port; [60]  The use of granular activated carbon in place of powdered activated carbon
eliminates the membrane fouling and abrasion that has been identified as a problem in
powdered activated carbon membrane biological reactors festing.
[61]  Although the use of granular activated carbon in place of powdered activated
carbon does not provide for as efficient a use of carbon on a weight basis, it does allow
the carbon to be filtered out of the mixed liquor and eh;minates the abrasion and fouling
damage to the membranes. The impact of the reduced adsorption efficiency as a result of
using granular activated carbon in place of powdere;d activated carbon does not, however,
significantly impact the efficacy of the overall activated carbon-enhanced membrane
biological reactor apparatus.
[62]) Testing has indicated that the principal mechanism of rernoval 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 effinent, and the hi gher 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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a popul ation of one or nore active waste-di gesting bacteri al

m cro-organi sns in the aeration tank; one or nore granul ar
activated carbon input |ocations associated with the aeration tank
for introdmwmonegogssaseul ar acti vated carbon i nto the aerptT/0820038M8087
an aerat ed suspension of granular activated carbon in the aeration
t ank havi ¢ ' f L ol oqi ly. re t an r
by o1 i bi 5 P8 Sl e oo 361l fbent b RSt fi?
active wast e- di .0 ' {.Cr0-.0r ) retained i.n.its

por eor e NAET LR AR SLL e Tl b e e B R LT i By,
menbranes | ocated downstream of .t he., aerat.ion tank he nmenbrane
operating I§§"§°Féﬁ¥?’3?} “Pé@?ﬁ@%&%%%ﬁ?%&&?%ﬁ?ﬁYﬁb&ﬁgfcé‘f‘}ton t ank
and discharging treated effluent; and a fine screen or

separ at i onmg% Ystem located in the aeration tank for maintaining the

gr anul ar I v arbon_.n the aeration tank with the m xed |iquor
and pr eve?lg%]lngavggges %'éseoc? ﬁ}ftp%"’gg’?? aﬁ”ﬁ’ﬁ?fﬁ#’?@pﬂcl?ﬁ‘}g agj‘?"é‘%"’r"ﬁr
act| .Vat ed b?&%&&ﬂ réa%totr Ea% ({gren%?lét%rt]e sg g() ﬁllers] es Xd%ﬁ?gés%gs%ﬁbed above for the

granular activated carbon system, the observed membrane abrasion from the powdered

activated carbon particles in the membrane operating system tank(s) is unacceptable since
the membrane’s useful life can be reduced to an unacceptable level, e.g., significantly
less than a typical membrane warranty. Since the cost of the membranes represents a
significant portion of the total cost of a membrane biological reactor system, their useful
life is an important factor in the operating cost of the membrane biological reactor
system.

Example

j65] A pilot scale programmable logic controlled membrane biological reactor system
(Petro™ MBR Pilot Unit available from Siemens Water Technologies, Rothschild,
Wisconsin, USA) having an aeration tank with an anoxic section, with an capacity of
approximately 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 2 pump that transferred mixed liquor from the

aeration tank to the membrane operating system.
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wherein the waste discharge port is operable to renmove granul ar
activated carbon fromthe aeration tank when the efficacy of the
granul ar activated carbon for renoving biologically refractory and/or
bi 0- i nhi bi t 3Y3200¥BEBands has been reduced to a | evel t ratrmppsoBohes
a conpliance | evel associated with the treatnment systems

requi rementss] 34 bassynihBc ﬁ&?sftd%ﬁ‘ixﬁﬁudgﬁ‘wﬁleg%n 1 t%%‘ﬁaﬁf)\gvi}%c?%#gg? Sons oF'€

of the one or nore granular activated car

aor at  on e AR RS9 g oP R i R i‘n@%ﬁ?\?&?@h&%ﬁ@fﬂﬂ

3. The syofaom®) BERSHEHer Jrallians; IS URALS: RRFE A PufiSrad %%4

The oystem ao 8 usdeEl fTrbifolt o), LRSIRARIY hultoroBimdrhesBunaihe

ﬁ{‘l ﬂ ];TgtCtelr ?re%@@éél 6r Stopé nlrieARRMhe Ot T badt BG5S tlate%gn?b?-grge b]i-dlggical
reactor system.

[67] A sample refinery mixture was prepared having high concentrations of
biologically refractory and/or bio-inhibitory organic compounds. Specifically, the
sample refinery mixture contained following concentrations of biolo gically refractory
and!o; 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
perioq of bio-acclimation such that the membrane biological reactor was fully acclimated,
thus allowing about 8% of these compounds (measured as CQOD) to pass into the
effluent).

[6%] 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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5. The systemas in claim1, wherein the granular activated carbon
adsorbs biologically refractory organics, bio-inhibitory conpounds
and i norgani c conpounds fromthe wastewater stream 6. The system as

i n claim 1, wohaspgissesaer ati on tank includes a denitrifi q,@trh‘ggb@@%;*on
7. The systemas in claim®6, wherein the granular activate on is

e o R e 0ty AR GRS ACHY S e o

B i I LR R

\?moglr)Ce):J Edts hléﬂ:l (?] (\tf\g réﬁn%& o r *qu?réumepcg,;ﬁ\ﬁag%/séag{géﬁ \LIITIC]? ngé mt
determined to be approximately 5000 milligrams per liter
[70]  After acclimation of the granular activated carbon, the total membrane operating
system effluent was less than 4%, therefore achieving greater than 96% removal of
biologically refractory or bio-inhibitory organic compounds that were measured as COD.
FIG. 3 is a chart depicting feed concentration (in milligrams per liter) of biologically
refractory and bio-inhibitory compounds, and the remaining effluent concentrations (as
percentages of the original), at various stages of a membrane biclogical reactor system,
In 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
31gr11ﬁcant initial drop in effluent COD concentration, which not shown in FIG 3 asthe
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. Afier 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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10. The systemas in any of clains 1-9, wherein the granul ar
activated carbon has a specific gravity of about 1.05 to about 1.10
in water at 20C. 11. The systemas in any of clains 1-9, wherein the
granul ar acWO409%855ar bon has a hardness | evel that m RCOUERSS/013987
creation of fines and other particul ates caused by inter-collision of

| es. hickic i . of claims 1.9, . in th
o anul ar et el SRt bR R R By KA ER o b R BB Y o ¢ ne

group consg(ﬁﬁﬂdﬁgdspf wood, coconut, bagasse, sawdust, peat, pulp-mll
wast e, and other cellul ose derived materials. 13. A process for

puri fying. pity | noMSrlethoiPAR B Sheu L BT AL o5OMLAL BS pP1,0h0gh 52! 1Y
abrasion of the membranes by keeping the carbon out of the membrane operating system
tank(s). By using larger sized carbon granules, carbon granule screening and/or
separation is possible. On the other hand, the small particle size of the powdered
activated carbon prevents its effective filtration from the mixed liquor.
[72]  The method and apparatus of the present invention have been described above and
in the attached drawings; however, modifications will be apparent to those of ordinary

skill in the art and the scope of protection for the invention is to be defined by the claims

that follow.
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refractory and/or bin-inhibitory conpounds, the process conprising:1
- introducing the wastewater streaminto an aeration tank with a seed
bacteria culture to produce a m xed |liquor; introducing granul ar
activated carbon into the aeration tank; maintaining the granul ar
activated carbon in suspension within the aeration tank;

allowi ng the granular activated carbon to remain in the aeration tank
for a peri odCEAMS cient to devel op mature mcro-organi sns within
pores of the_granul ar activated carbon that are effective in treating
t he bi ol ogi CX&F‘V“PE?“FE& ory and/or bin-inhibitory compounds that are

aplsor bed by the an@ﬂ%@rbioﬁgiw )é?&o?ﬂ.d&ﬁkm&%%i meﬁﬂl%t system for Ras&bNg a
m xed |iquor effluent fromthe aeration tank through a screen or

separ ati on systsamaibm of Hidoghallyadfiaaety indaibicinhidonretoadnindie bded aer at i on
tank to introduce the m xed |iquor effluent, substantially free of
granul ar act F¥ierietle YEIBDEAPIYNE a menbrane operating systemtark

an acration tank for aerating an industrial wastewater stream, the tank including a
waste discharge port;

a population of one or more active waste-digesting bacterial micro-organisms in the
aeration tank;

o:;e or more granular activated carbon Input locations associated with the aeratic;n
tank for introducing granular activated carbon into the aeration tank;

an aerated suspension of pranular activated carbon in the aeration tank having
adsorbed on its surface bic;logically refractory and/er bio-inhibitory compc;l;nds fron; the

. wastewater stream and having active waste-digesting bacterial micro-organisins retained in
its pores;

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 azeration tank with the mixed liquor and preventing passage
of at least a majority of the granular activated carbon to the membrane operating system tarnk,

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 the treatment system’s requirements.

34



14. The process as in claim13, wherein the granul ar activated carbon
is maintainedor retained in the aeration tank by screening the 'nixed
| i quor di'scharged fromthe aeration tank. 15. The process as in
claim 13, further conprising wasting a portion of the granular,
activated carbon fromthe aeration tank when the efficacy of the
granul ar activated carbon is reduced to a | evel approaching
conpliance requirenent |evels, and introducing additional granular
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of the granuledson &gt 1odAibRGk vpstream of the aeration tank, in direct communication with the
aeration tank or in communication with a return activated sludge siream that is disgha;ged
from the membrane operating system tank,
3 The system as in claim 1, wherein the granular activated earbon has an effective
granule size of at least about 0.3 millimeters.
4. The system as in claim 1, wherein the granular activated carbon has an effective
granule size of about 0.5 millimeters to about 1.4 millimeters.
5.+  Thesystem as in claim 1, wherein the granular activated carbon adsorbs biologically
refTactory organics, bio-inhibitory compounds and inorganic compounds from the wastewater
stream.
6. The system as in claim 1, wherein aeration tank includes a denitrification sectior}.
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 jn
which micro-organisms attach and produce additional micro-organisms for digesting
biologically refractory compounds in the wastewater stream,
0. The system as in claim 1, wherein the industrial wastewsaler is oily wastewater,
10.  The system as in any of claims 1-9, wherein the granular activated carbon has a
specific gravity of ebout 1.05 to about 1.10 in water at 20 °C.
11.  The system as in any of claims 1.9, wherein the granular activaied carbon has a

hardness level that minimizes creation of fines and other particulates caused by inter-collision

of granules.
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carbon includes wasting mxed |iquor containing granular activated
carbon. 36 17. The process as in any of clainms 13-16, wherein the
granul ar activated carbon has a specific gravity of about 1.05 to
about 1.10 in water at 20C. 18. The process as in any of clains
13-16, wherein the granular activated carbon has a hardness |evel
that mnimzes creation of fines and other particul ates caused by
i nter-collisiBn oftegystemeplivapy of clalins 1BekepindisgrpuldDEctivated gargon dfderbledii M5

13-16, wherein the granular activated carbon is derived from
mmterial's sol BRBETHIBMENET I ST CERGEE] Vi F Rt corvher:
bagasse, sawdifimin RR@land et Rndldsk derVR ShSiasdnd ot her cell u'I ose derived

mat eri al s.
13. A process for purifying an industrial wastewater stream that contains biologically

refractory and/or bio-inhibitory compounds, the process comprising: :

introduring the wastewater stream into an aeration tank with a seed bacteria culture to
produce a mixed liquor;

introducing granular activated carbon into the aeration tank;

maintaining the granular activated carbon in suspension within the acration 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
arc adsorbed by the granular activated compounds; and

passing a mixed liquor effluent from the aeration tank through a screen or separation
system in the aeration tank or downstream of the zeration tank to introduce the mixed liquor
effluent, 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 fo 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 lquor containing granular activated carbon.
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20. A process for treating an industrial wastewater streamthat is
processed by a menbrane biol ogical reactor conprising suspending
granul ar activated carbon in a mxed |iquor. contained in an aeration
tank of a nmenbrane biol ogical reactor, and passing the mixed |iquor
through a screen or separation systemto retain the granul ar
activated carbon in the aeration tank prior to the m xed |iquor
contacting nelftbr afkerrosss apin pryeblamel 3dferhereip Hig eranplot asiMagdoorbon kisam of t he
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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 a$ 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 a‘:arbon in & mixed
liquor contained in an aeration tank of a membrane biclogical reactor, and passing the mixed
liquor through a screen or separation system to retain the granular activated carbon i-n the-
aeration tank prior to the mixed liquor contacting membranes of a membrane operating.
system downstream of the aeration tank, whereby the mixed liquor is substantially free of

H

granular activated carbon that can abrade the membranes.
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