M XED LI QUOR FI LTERABI LI TY TREATMENT I N A MEMBRANE Bl OREACTOR FI ELD Thi s
specification relates to the control of nenbrane bioreactors and to the use

of chem cal fllterablllty enhancers to treat m xed Ilquor i n a nenbrane
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i nformation described belowis citable as prior art or common gener al
know edge. A nenbrane bi oreactor (MBR) conbines nenbrane filtration with a

bi ol ogi cal process to treat wastewater. In general, one or nore biological
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filter in one of the tanks or in i ation | oop connected to the
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process tank or tanks. For exanpl ne filter can be used in place
of a clarifier in an activated sludge process. Treated effluent (often

call ed perrmave) is filtered and w thdrawn through the nenbranes. Retained
sludge is either recirculated fromthe nenbrane tank back to a process tank

if the menbrane filter is located in a separate tank, inply left in a
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clarifier, various process changes are possible or required. For exanple,
since the nenbrane filter does not require the biomss to settle out of the
m xed | i gB&ACKGROUNRed |i quor suspended solids concentration (MSS) may be
increased relative to a process that uses a clarifier. However, the m xed
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fouling r r'y concernin e primry

consi der aptioiart 6r doRNAGH Behot@KpOMMRIgEoul ing is the flux (rate of flow of
wat er per unit of nmenbrane surface area) that the nenbrane uni ts mnust
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menbrane SERCH AERBwadit\GAEAIRSednBral, one or more biological process tanks are
integrated with a membrane filter by placing the membrane filter in one of the tanks
or in a recirculation loop connected to the process tank or tanks. For example, a
membrane filter can be used in place of a clarifier in an activated sludge process.
Treated effluent (often called permeate) is filtered and withdrawn through the
membranes. Retained sludge is either recirculated from the membrane tank back to a
process tank if the membrane filter is located in a separate tank, or simply left in a
process tank if the membrane filter is immersed directly into the process tank.
Because the membrane filter does not operate in all ways like a clarifier, various
process changes are possible or required. For example, since' the membrane filter
does not require the biomass to settle out of the mixed liquor, the mixed liquor
suspended solids concentration (MLSS) may be increased relative to a process that
uses a clarifier. However, the mixed liquor fouls the pores of the membranes over
time and managing membrane fouling remains a primary concern in the operating an

MBR.

The primary consideration in managing membrane fouling is the flux (rate of flow of
water per unit of membrane surface area) that the membrane units must handle.
Subject to temporary small changes in other process parameters, flux is generally

proportional to the feed flow rate divided by the membrane surface area. Increases in
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1 CONFI RVATION COPY flux generally increase fouling, and fouling may
i ncrease rapidly above a critical flux of the MBR Another consideration is
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such as the m xed |iquor suspended solids concentration (MSS) and
}anerahure. However, filterability can be increased by adding a
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establishing the effective concentration, maintenance doses of FEC are required to
make up for losses of FEC due to chemical reactions or with the removal of waste
actuated sludge. For large plants in particular, such as a municipal wastewater

treatment plant, the FEC adds a significant cost to the annual operating expense.

Other methods to manage fouling involve processes directed at the membrane unit.
Such methods include relaxation (temporary removal of transmembrane pressure),
membrane backwashing, bubble scouring and chemical cleaning. These methods all
have disadvantages such as disturbing the filtration process (relaxation, backwashing,

chemical cleaning) or consuming energy (bubble scouring).

With many MBRs, such as municipal wastewater treatment plants, fouling control is
complicated by variations in flux and filterability over time. For example, an MBR
may receive a daily peak feed flow that exceeds the average flow by a significant
factor. Seasonal temperature variations also cause variations in filterability.

Accordingly, an MBR in operation encounters a range of expected fouling conditions.
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Sufficient menbrane area to handl e expected peak flows is generally nade
avai l abl e, although this results in an excess of nenbrane area during
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INTRODUCTION

This section is intended to introduce the reader to the detailed description to follow

and not to limit or define any claim.



In the process, FEC is added to the m xed liquor flowing into the nenbrane
system considering conditions in the mxed |iquor flowing to the nenbrane
system ory, f ,operation parameters or both. The FE %? B/diB%ke e in
t he range ggﬂg.%zﬁto 10, or 0.5 to 5, ng per gram of so‘ll;fjgs Powi ng with
the m xed liquor to the nenbrane system The process may include steps of
initiating dosing, optionally adjusting the dosing concentration, and

term nati dosj ng. .,The dosi.ng tjne. be in.t. ange, 0 ..m es to 8
hours or eﬁ‘?ﬁilﬂﬂog@dtac?pgr ‘gutf’g’.e d??f’é‘bg? ¥'é81t°reo‘f‘et?lﬂgur§’oe§ elB‘eJr%rsgltdg ap‘ %&V about 2
to 10 tinegytth@is€ @B03G0 alldss Mhipdrdry Xoulthgl ddngitioRs inhix 8MBRI (qUereffecow ng i nto

the menbrane filtration system the FEC can produce_ an imedjate reduction
i n menbr atke FECtaat beomade gniskgnosgle je mespend é¢ figholpuling tor e wnialigyability
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MBR syst e@hcﬂ%%%‘@sn{:e'ltg Hf Guihter Srafh. SCRARBAdGi SRR BEART At Ot uABuMBR Wi th
a chem cal dosing system DETAILED DESCRI PTI ON Figure 1 shows an MBR 10
havi ng oneemporanyr foupn® cesditiosn kenitRanerwirfacerared rcan defrcflugedtin @rplaytsifam 14.

Plant (raw) feed 16 enters .t.he process tank 1 nd m xes.-W th_m. | i quor
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menbr ane fdytyeaihhitedyst em 14. Channel 20 may be an open channel, or a
cl osed channel such as a pipe. In a large MBR, channel 20 nay be an open
flow distribution channel that receives the outlet fromtwo or re
paral | el phdecapparaiisk an §RE desingsdgvifeds prvided) igreemppunication Withs ehangely) | e
menbr ane i k! | PRBR. | ATRLILGn RO ane
system wgg%gglnﬁel\@nﬁ%%gseﬁnh%@?@gﬁﬂaﬁyﬁhgré&%maed In an open tank and
per meat e wharhndt sapidlpynisescddsed FEA wigh matel yquor iflewimgrint@ the rhéthbraa¢ iaok. syst em
may have hge(ggran filtration gnit 26 in a.closecg.vessel wit h perneate

r
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t he procedguomflawir® inhy theghembraae gysiem; rashez 4harpmitonthe planis fogfl O FRRES t hr ough

a per neat eader 22. \Waste. .activated sju [ S I qui red through
a drain 282™% 'QHEROLH to(f%&ﬁl nssipst %%”éeéi lf@’%ggfhﬁlg&%e@rg Ige %%teerngrfenbrane

filtration system 14 and the channel 20. The chem cal dosing system has a
dosi ng devh ek prdceBNRECtieddd«l » thbenikehliqedrdicawgag timokhd membhenedsysieny devi ce

32 may be an analog or .digital cantyoll abl e dosin u with a manual or
Sut ot i 6 COBYISEIE PRIIBRL 1 therfxed digpeia louing 43, dh¢ ARKNEANG SHEEM: fo
f I ux- enhangl 1 0S1 ; reve fileGahspt t he
storage t 21?1 Iﬁb{%ﬁﬁgﬁg&%ﬁéﬁgg&ﬁﬁ Q?errl% gp? ﬁg cgﬁ r}igl@vg%?gérﬁqeﬂFEC ent era sét he

channel 2@.@fpst tGam®f tob, iy pugram afisebds 86wing with théamxed liqudrtethd6 mi xes

incoming FEC with m xed ljquor flowi ng,in the channel. The m xer may be,
for exanplBEMYFaRy sy§iem; nhFei REPCRTSKERY t‘ﬁcé‘(l&cgﬁPsaf’Eémgl?ténrgeg Sén%]ré(p(n?ﬁ)fl% about a
sudden adjusting the dosing concentration, and terminating dosing. The dosing time may be

in the range of 30 minutes to 8 hours or 30 minutes to 3 hours. The effect of the dose

persists for about 2 to 10 times the dosing time.

With mixing into the mixed liquor flowing into the membrane filtration system, the
FEC can produce an immediate reduction in membrane filtration resistance even at
very low instantaneous concentrations relative to the MBR system mixed liquor
volume. The operation of the membrane system can thus be stabilized during periods

that would otherwise cause increased membrane fouling, while using a dosing system
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change in flow pattern in the channel 20 or a powered in-line m xer
containing a noving mxing elenment. Mxing the FEC directly into the

channel 2Q43|, %g@%Fgor nearly instantaneous flowthroughy ?Zﬁﬁkﬁﬁ t he
e

m xed | i quor ow ng to the nenbrane filtration unit rnatlvely,
a menbrane tank mght be designed to allow m xing of the FEC into the m xed
liquor as it flows into t he nmenbrane tank. FECs nay be, for exanple,

pol ymers or Jnorgan| ul ants su S, et sal t er Research, 43
(5005) - 32 Bmeimey Sl st Brg i kel B GLectPuBRISY 1t AR B Numbor s
6, 723, 245 486 Pi%0ondition 85?1%%%&% llqélog‘gﬁthg%ﬁtu%rMBK ,9dbmb32 and US Publi cation
Nos. 2004/0168980 and 2006/ 027219 Exanpl es of polyneric FECs incl ude

pol ymers of (meth)acrylam de and one or nore cationic nononers, cationic
pol ymers, RRHWNIEY s of acryl ami de and one or nore cationi c nononers,
pol yanm ne coagul ants, pol yDADVAC, pol yMETAC, co-pol yners of AETAC and

acryl am dgy; @r@q it QQQE@%@% %g%@ggxmdﬁa 2 ﬁh%!(l)dg sydiGh ude

cationic po yneri rpor £1°on or
Naperville, Illinois, USA and G ba Zetag 7631. Useful inorganic coagul ants
may be sellEETAHBED OBXARIPHIONp of inorganic salts or their polynerized
forns containing Ca, My, A, Fe, or conbinations thereof, such as FeCl3,

al um and The chem cal dosi.n te 3

ol um and gl 3! Ynum GRlienldesng, chemeel, dosiag yLEm. 30: gl R
Cont r ol | erfj|8idrSsysRnNes! Plarit Gradnefeed 1mh@rma‘qfra¢bes ePR B hrahm$eRswitls 40,
one or nore process sensors 42, or both. Controller 38 operates dosing

devi ce 32 noisndiligupt hy Resirenlaing mixedcbquosd 8 o Bieugy a ghamneh 0 ttﬁéh%ensor s

40, 42 |
conf |49ur ggrrl?rgﬁ(r%r@ f?tratlo%ng}fsféH €4, E@ha{mgl ?@ n?ayplgé) ah %BER%M&% 2 CRRLg ol ler

channel such as a pipe. In a large MBR, channel 20 may be an open flow distribution
channel that receives the outlet from two or more parallel process tanks and feeds into
the inlets of two or more parallel membrane tanks. Membrane filtration system 14
may be an immersed membrane system, with a membrane filtration unit 26 immersed
in an open tank and permeate withdrawn by suction. Alternately, the membrane
filtration system may have a membrane filtration unit 26 in a closed vessel with
permeate removed by pressurizing the mixed liquor and operating in a cross-flow
process, or a dead end process with periodic backwashing and deconcentration steps.
Retentate from the membrane system 14 is returned to the process tank 12 through a
return line 24. Permeate is withdrawn through a permeate header 22. Waste activated

sludge is removed as required through a drain 28.

A chemical dosing system 30 is connected to the membrane filtration system 14 and
the channel 20. The chemical dosing system has a dosing device 32 connected to a
chemical storage tank 34. The dosing device 32 may be an analog or digital
controllable dosing pump with a manual or automatic calibration device. The
chemical storage tank 34 holds the flux-enhancing chemicals (FEC). The dosing
device 32 draws FEC from the storage tank 34 and pumps it into the channel 20. The
FEC enters the channel 20 upstream of or through a mixer 36 in the channel. Mixer |
36 mixes incoming FEC with mixed liquor flowing in the channel. The mixer 36 may

be, for example, a static in-line mixer that contains elements bringing about a sudden
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operate according to a process as will be described bel ow. Mnbrane
operation sensors 40 may neasure, for exanple, one or m)re of the

trans-ner(?P%ﬁllggs%gsure (TMP) and perneate flow rate. ?R?l\{} &/ib6d VP and

perneate flow rate is fixed in the menbrane filter contro egy and the
other is variable and can be used as a sensed variable for the cheni cal
dosing system 30. The process sensors 42 may rreasure for exanple, one or

more of t hﬁa ? Ch(wv gﬁggrﬁf 1|n01We %‘éﬁ él Bt &ea lrizl(Pn H%e‘?su C (flﬁhg o

chem cal propérties e m xe Igquor in t anne
t enper at Untvird ﬁﬁﬁhg&aﬂhrﬁem.gelﬂlmﬁ)gltﬂmFECamdeduszStccdmcerahnatI(DallovM fbrough it
i's
nearly instantaneous flow-through treatment of the mixed liquor 18 flowing to the
membrane filtration unit 14. Alternatively, a membrane tank might be designed to

allow mixing of the FEC into the mixed liquor as it flows into the membrane tank.

FECs may be, for example, polymers or inorganic coagulants such as metal salts
(Water Research, 43 (2009):822-830). Various polymeric FECs are described in US
Patent Numbers 6,723,245, 6,872,312, 6,926,832, 7,378,023 and 7,611,632 and US
Publication Nos. 2004/0168980 and 2006/0272198. Examples of polymeric FECs
include polymers of (meth)acrylamide and one or more cationic monomers, cationic
polymers, copolymers of acrylamide and one or more cationic monomers, polyamine
coagulants, polyDADMAC, polyMETAC, co-polymers of AETAC and acrylamide,
and tannin containing polymers. Commercial FECs include cationic polymeric FECs
such as MPE50 made by Nalco Corporation or Naperville, Illinois, USA and Ciba
Zetag 7631.  Useful inorganic coagulants may be selected from the group of
inorganic salts or their polymerized forms containing Ca, Mg, Al, Fe, or combinations

thereof, such as FeCls, alum and poly aluminum chloride.

The chemical dosing system 30 also includes control elements including a dosing
device controller 38. Controller 38 is connected to one or more membrane operation
sensors 40, one or more process sensors 42, or both. Controller 38 operates dosing
device 32 considering the signals received from one or more of the sensors 40, 42.
For example, controller 38 may be a programmable logic controller configured to
operate according to a process as will be described below. Membrane operation
sensors 40 may measure, for example, one or more of the trans-membrane pressure
(TMP) and permeate flow rate. Often one of TMP and permeate flow rate is fixed in
the membrane filter control strategy and the other is variable and can be uéed as a
sensed variable for the chemical dosing system 30. The process sensors 42 niay
measure, for example, one or more of the mixed liquor flow rate in the channel 20 and
physical or chemical properties of the mixed liquor in the channel 20 such as
temperature, dissolved oxygen content, and MLSS concentration. Although it is

preferable to sense these properties in the channel 20, sensors in the process tank 12
6



preferable to sense these properties in the channel 20, sensors in the
process tank 12 6 nay also be used for to neasure physical or chem cal
propertigg anhg%ﬁgixed liquor if the values in the chappglendfioddofsb! kel'y
to be sinlpar. he controller 38 may al so be connected to or 1 ncorporate a
timer or a counter to calcul ate derived exanples, for exanple to cal cul ate
m xed |iquor filterability or a change in resistance over tine or between

backwashi ng processes .based on TWP.and rneate flow rate i.nfor Lon. A
sarpl'e. coltyAISiRIRe LA rspfre oMol or BRERER ot B ShE miBLEIGRY AT on
adj ust i ng thheulGsinNBe ERindel 20drd Bl RAbE Bignilde ThedongoR&t 39 may Blwe et art  of
a dosing action can be triggered when one or nore of the sensed paraneters
reaches acpineqieddp friaepraemaicaitimer of fecqusifr o] Jatsulate deyqdsexsmpless fofr e
sensors 4 % i Ra; ; +E Bk yal ue
with a segx%ﬁﬁﬁﬁgg%ggggﬁﬁﬁ&ggﬁﬁ?ghﬁﬁM?hgygg%fﬁ%ﬁ%§%q§§§a£ e%ffh% retrieved
val ue exceéetdgeh becksetshipgipndcesses hasidrog BVB-and ptinmatd Bow matk inefbedatidiar anet er s
that are useful to consider in starting a dosing action include the flow
rate of mxed liquor flowng tqg the menbrang system,14, the tepperature of
e xeq A FIBRIF CPRERH Bgeas fe i AP o) ot B e chiospes a0 ne BT en
content Ofhed cnfslr{@ r$Rdahd @HAMmalih®Wefbsing actién. TERD @ADL 8 )IdbiaRactidecahi? (or
pernmeate flow i TMP is fixed), filtration resistance, rate of change of
TMVP or r esiiggesadic whemde for | meteati the tsgnsedynarametrisyreaghes anpiedatermmedset wo or
nore paranefers, my be considered. | i | | te of
change ofp?WE iPePég?g%ﬁgcgoégﬁl(gIH%Fggﬁgﬁggtgga%%ﬁ%%?%thggiﬁggmggparated
by a pr edebﬁgaﬂemc&etriwed ivatuerwizh a det ppiak BRadd tNmemorntieths téervller 38.

i nterrupted by periods of backmashing or relaxation, a rate. of change of
TVP or redYhandhe eetiayedpalugaxessds sessehpoipk a<lopng gubmroytie ie Bl t hin a
perneation cycle (conparing values near the start and end of a perneation
period), ¢amRaRdDthay aleUfanll ¥ 8hsier i RaRAE® BRI ackibn MR BBHoREaEat i On
periods, or conparing increases wthin cycles between different perneation
peri ods. Afnsgédiliqneafewimgrte|the ebmbyardd systenadit theytemperatike ofthes mpxede

bl ocki ng r.esi stance + Rc) accunul at ed. over ,a_perneati on cle ich

can be cal'@lifta %‘H‘n@ytggﬁﬁﬁeé‘g@r%egs)fsﬁeén’ﬁhg% Faved Oé%qnn‘éoné\efgé)g@/{\e/agﬂx?%m t he
resi st ancgiqhef ﬂ)di\ﬁing t® Akm¥@bine Fikerh athe TMP ¢hrestrmiadte A HfiTONP diifikey, dosi ng
is determ ned based on the flowthrough solids content rather than the

total M.S$lirationtesigpecerie of chapae ebd MEpraesistice; prbltergbility. Optionally,
a combination of two or more parameters may be considered. If permeation is

continuous, a rate of change of TMP or resistance can be determined by comparing
values separated by a predetermined time interval. If permeation is intermittent,
interrupted by periods of backwashing or relaxation, a rate of change of TMP or
resistance can be determined by measuring an increase within a permeation cycle
(comparing values near the start and end of a permeation period), comparing values
taken at the same point in different permeation periods, or comparing increases within
cycles between different permeation periods. A useful measure related to filterability
is cake plus pore blocking resistance (Rb + Rc) accumulated over a permeation cycle,
which can be calculated by subtracting the resistance during a backwash from the

resistance before a back wash.

The rate of chemical addition during dosing is determined based on the flow-through
solids content rather than the total MLSS in the bioreactor system and or the incoming

raw water feed flow, and may be in the range of 0.05 to 10 mg per gram of mixed
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raw water feed flow, and may be in the range of 0.05 to 10 ng per gram of
m xed liquor solids flowng to the nenbrane system The instantaneous

dosing ¢ i.on in ng FEC per gramof dry MLSS is
mul ti pl yﬁgg%p /I%Eég solution dosing rate by the FEC congglrrlﬁﬁatl gﬂﬂo@g t he

solution, and dividing that by the product of the mxed liquor flowrate to
t he menbrane tanks and the M.SS concentration. Chem cal dosi ng nay be
initiated nede e n e, I6s 14 er gram
of suspen(@}ioso Olhgg F]%W% mxeg %bg?%l \?\fe?i& tT(l)1 th rogsne é‘%s em 14.
Chem cal dofd¢engativry g GBI perpoars of dryi Mbhlemlhtednﬂyhnmlnplﬂngthn@ﬁﬁ}ari od.

Af ter |n|t|at|on the dosin te m bej re sedlngl\ﬁ&retelncgerrents
for exanpiselugpn fosige pase b grﬂeﬁﬁ% cg%ﬁéﬁ ngBt selution, apf i vilipg dfat Pl

flow ng t?)r(%cnl%t r&ﬁm@aﬂﬁxeayﬁaﬁ%p Bbw @Jt& & thePhRABEAINAARY drldNhePRATLSY or at
the start a perneation cycle. The dosing rate may be increased until the

TMP or resbsteatregon.ncrease in a cycle, or the TMP or resistance increase
over a selected period of time, are below a pre-deternined set point. The

dosing co nue S}ngpglraéﬁ eﬁnel gtre{in neds?E) c{eke?rcriur%fd 1nngl ?nasdogmgpraﬁd f{)rr om t he

start of t ong as the se orn

triggered e&mﬂplet lil’rhg QYer tdtin d6rS suRGertRdi Mids eﬂ&hmmab@\lelubf Slosehg peithd . The
FEC is used to mnimze the effect on resistance of changed process

condi t i ondnemkrarg aysiem 4. +Grenypdlrdasingamay be gentiioys oF dntermittent WHRING ocess.
US Patent ;o0 BE ggﬁ(')d%é;g}? b@%@ 't}?é’d&ﬁl%ﬁa%%%%@ JIA‘L cab@ ifF dPUE thebdmélss,

publ i shed on ruary IS I ncorporate ereininits entiréty by
t hi s ref effeneanipde bf 1 nTgmer(gmhrafIsusnendednglels imte mead lllqameﬂ()wtrgdbrthcques

descri bed therel n na ted to or ,conbi ne t hods descrl bed
T & CRTARe Sy O and pradetevae Sa R ot et T RAUGIDY ot + o
tank and_gypRNOfRNgodis fate m@ &erne;eagéa a&nl&h@mp oY QbiiBnRf inddageUlpi £

neters. Thé nenbrane tank had a volune of 0.97 cubic neters. The rrerrbrane

tank incl wgeld, 6 mee"KMBobrErex)@ammbma@ oisd @l @kcteéwlmomqfhu@p, meerbelawea sur f ace
area of about, 370. s re . ranes erated wfh t erators
recei ving PLe fi%tf:%ﬂ]m ﬁgtsgt RO(WN elgheﬂ? Sgﬁgrﬁoélvuutl%sh nél or?él ‘%%‘r Rt lola ﬁgﬁ?ﬁe ot her
every 10 s@ge F&,d fremnBe biafofWas dpsing eperadon or &)r(‘a)é(lbﬁg @s‘thbzsenmut ¢at of
permeation fol [ owed by 30 seconds of relaxation. punped from

the aer at itdegarethheatarhof hedlosingmeripfaamaing abevedis SleéwRP‘I“ét The FESgtseds

L/ mn, t i weir.

Bur g ¢ nde FRERESe e B CHMGRAL SOURSERI pRRELRRbnO RN lONAGNE YT,

TSS r anged>pf:nfaonh lof4tht anaﬁsramg/ﬂltranm ptocessng &t Pawm BApphcatmn7P@dication he f eed

ﬁtse(r): 1'8I'0: #Xb?%% @%ﬁt L \;blhshécf) 01% I?ebrugry ﬂ %67-':991:r)icorpore§ec? ased)
herein in its entirety by this reference to it. The control strategies and measurement

techniques described therein may be adapted to or combined with the methods

described in this document.
Examples

A pilot system used for testing had an aeration tank and a membrane tank. The
aeration tank had a volume of 14 cubic meters. The membrane tank had a volume of
0.97 cubic meters. The membrane tank included 3 ZeeWeed 500D membrane
modules, each with a membrane surface area of about 370 square feet. The
membranes were aerated with two aerators receiving a total air flow of 20 cfm
switched from one aerator to the other every 10 seconds. Permeation was performed

in a cycle of 12 minutes of permeation followed by 30 seconds of relaxation. Sludge
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In various tests, the nenbrane flux was set at a high value for the water
tenperature to create conditions under which the nenbranes would normally
foul rapi nin containing polymer as described i
7,611, 632\5%)é }llcﬁﬁtysl%g i ncorporated herein by this refer enggT@ZF@m%g used
as an FEC. In particular, the FEC was a pol yneric aqueous product
cont ai ni ng about 38 weight % of a copol yner of tannin and AETAC
(N, N-Di ne | an t t j i @ wei ght
of about %@gé’gg}p @@%@%Eﬁ%&é&sﬁoﬁi@%ﬂgﬁi n (k)e (agih%o?%{eeg?)eﬁ {%\%%ﬂgglgéﬁr@e%cﬁ quor from
t he aer at iLgmir, hkexicosstshelgeredrmneto @erdtionAhdk BVbvarflbwas d weirh®uengipl es
bel ow are neasured befaore backwash. |n e test, t 1 xed |Liquor had a
t enper at ult@tsofl COD Sa@ed_cﬁr)‘%,‘?‘ aloo e/l f[i%EE"d‘gF‘? 659%55'1151 r@g@; ajtsgd‘ifi‘%
general | y srahhe 19DSBahL /‘P{‘alﬁfz Eﬁ r}g@édofrpﬁbf’.l?h td-728P the 128 et VWBStal

0

i ncreased and mai nt ai ne gfd” This caused TMP to immedi ately rise to
about 2.2 ME$S amthetsystemcwasabtd) tool SAd@ut F/M 4TaD, IS barednhess 08 e g

oper at i on. i of .t FEC was then started and continued for about 150
m nut es atkg%ﬂﬁlég &Hl\{%y During this time, operation was generally stable
at a TMP of about 2.4 psi rising slowy to about 2.5 psi. The dosing rate
was then iRGreaSadsts,ahd nleni@a@ flgr wibEetnik ki@ valde fartthe water erfiperamreof FEC

had been added per gramof M.SS in the system The TM i di ately reduced
to about 20 3rqsig cmﬁnwwm’@r wueh theememrangs yyoud Poﬁg?llyagﬂﬁ Haridld” &f t he
dosi ng per] . t t I f 15.2
to 17.5 Ct%'ﬁ‘g’ ?(%‘Ru‘%ﬁ@/gsd%ﬁé?%e%gﬁss%ﬁgg mapggjoaltég"? el %@tg hﬁhfgﬁgﬁﬁa‘gé‘p&#ﬁ%‘éc T™P
was about h2refn pgithisrefudemg topwawats used 4si are FEThe [i-p@twakr,dibs dEGQtwad.888 ny/ g
M.SS and for 50 m nutes and caused an i di at ;[;/ed ctionin TMP to 2.5 psi
trendi ng AOWRREICRIUEAIS PIRAUCABRENEE ABOYING WOGH! Vooba FEPlET ff B&nihy;

anot her 5Q,#1 NH1ESC " d A& EAMIMT1dhAnSdRH! A&K/lﬁtebmteﬂhwdfeﬂﬂl_oﬁﬁe)t habvidgerd od. A

further increase in the dose fo 1.65 ng/g M.SS for 40 m nutes reduced TM
to near 2.n@lgsilar weighttoflabotit 75,8%). nhheof EG P@shaided ervn azupredelpering mixedbf M.SS

in the system After FEC dosi st opped VR i o} over
the next 060 A B8 Ao Ak 0 ReTERrny T AT EBES Mt P et s Y e
m xed | i quelowhad nfeab@epBERtebekokshlS. 1 to 17.7 C and flux was hel d const ant
at 35 gfd. Wthout any FEC added, TMP reached 10 psi in under 20 m nutes
and the test had to be tenpporarily shut do esti was resuned.with the
addi ti on R opeteshithg mxedyguer ppda t?‘BPerS@‘“’rrP\Aﬂh%gsé' cfgl?qrﬁbo[\/ﬁiac 4 X T™VP was

bet ween a : ' Weler I 8P & AbdiE 1. I Nhel @l Was
i ncr eased%?ghogfg%r@nﬁ'}isél\%%%%?%rs{agg 'C%Itog%uri ng which tziDgr_sg TI\/IS was
bet ween 4.vsancredse8 quai maintaemedi tog24l gfdavwdhidscauped T, toaitimedingly Fisctease in

dosing rate to 1.17 /g for the next 30 m nutes produged a.TMR of about 3
psi at thé’%@r'fdz%f’s‘taﬁ’g lag%ﬁf e%%g?odlgé"lﬁpsf BY%f{}H%f]e’g%uﬁﬁF%‘?er%E)& nad Heen
added per gHRFRE W3R fartddandshefed EheabBoudl SEashNe was3shopradssnd TMWP
clinbed to about 4 psi over the next 110 m nutes, at which tine the test

was st oppddhringnthimtimeeoperation wanzereraby stablpuak a NP 0ft 2oy Rk DY 19AE 18. 0 C
and fl ux s hel d tant: 3 I yayutes to
catabl i sh Bad RE ReMi s S red MR e WREREL IS e o o
was dosed minutks.2A etago M. B5nfgasf FEC hadibdeaaddedpeatpramud ddLEH én fhvRBystem.

i mredi ately drop by 0.3 psi and becone steady over tipe., Atotal of.3.2 ng
of FEC hadﬁlﬁewgdﬁﬂ%fiﬂh%%lb’ rgducsi 6o aRpus2-3 BsiraRd fgvgﬁréiﬁdlr‘gﬁdt @raLbPH%£'éﬁ1§‘ of the
dosi ng ima?(h‘éaénd e &Wﬂ&f&?l‘%dbm did not reach the baseline TMP increase
per cycle tor another 430 'mnutes. In the exanples above, the total anmounts

of FEC used were about 430 to 480 g. In conparison, addi rg& FEC to the-
syst em as la anhibkeetast the ooxakehquathadr tefmpeaoire ®f30& tophi-hotl andHhvewpequi r ed

b 300 12,000 f..FEC. . Consi deri 1 Rwth
g ggtsi gn 3&?’%’38‘?‘5&5‘?&“ §P O%SCEIH'ES}/‘e r?ﬁ?sléélcgroltfg%a ’ tnﬁ?()g‘ggﬁ %ﬁgﬁz'z/%ﬁh%\%@g abo\t,JVItt

1500 cubi Gip¥ei® i, tide. NMhSF B s fos@t 4toMn3®mgl MLES aaddons50 hiates aide
menbrane tank of 5 ME. Adding an FEC to a concentration of 200 to 800 ppm

woul d r equiakeed3@o imged 00 redpeipn FECMPntac 8t Pl rendipgiday Satn gfpe-
I nstant angRtRasing the dose to 0.75 mg/g MLSS for another 50 minutes reduced TMP to about
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average dosage of 0.5 to 5 ng/g M.SS for a dosing time of 2 hours to
control a high fouling condition lasting 4 to 16 hours would use only 8 to

80 kg of £BGy11/36ss9Et hod of using FEC described above i
handl i ng unexpect%ﬁ peri ods of short duration when sludgg¥flzygw%@?Pity

woul d otherw se be reduced. The nethod may be also added as a retrofit to
operating MBRs that are experiencing occasional periods of unstable

tion. hqd | s i<Ci
cvents. suart 58 tcerd B R AR RaBe IR AR5 Pl bR GEsRIRL

| onest t enpahidiutss @edlR¥d TP tdThidr QL(Ppdi. VRl AWARES g edFBdhhadbentadddhe FEC
can be relied on to provide an increase in filterapility during those

times, fomPeegampPeMbySodhe sxptanhchieditiigdesing epapsd. TP enersased 8t peri ods
of tine, tzhfo‘ge?glﬁﬁ&g16@&{2‘?‘2&%%&%@8%%?928?%&%' cul ated based on | ess

chal I engi ng con I ons. ced nenbrane surface
area and capital cost for the design. The description above provides one or
nmor e exanph esothtr &siptier ehedaiqhonhpd ratwpetire d6dS. Inot 17.7 iCtandrflevane t he

i nventi on. her process appar S o b i £ hin.the scope of
one or rmrhS%‘?onLSH‘ tf"pﬁs 5%5' ngﬂﬂ]‘)ﬁf Y ?'EW%{’S?@AFREBW: @:‘pS‘ 10 URAE Bt ess for
treating WaahRWahethel BstaRd VBBe ¢anpirhslynhufdPVRC Fefinganss REEm&d Wakhiane
tank, the process conprising mxing a flux enhancing chem cal into m xed

li quor f I avilitigniafdifi@ e OpBometesMLark far 30 ménviesridreing vitdelk timeTMPhwagr ocess
bet weon 0068 G0 35 Bt FanPar A BN GEkirtes PRl ol WRERRL g
fromthe psocasaglgaVIkKSE dott @ mimutey duringt whikh time TMP was between 4.5 and 3.5

psi, trending downwards in time. A further increase in dosing rate to 1.17 mg/g for

the next 30 minutes produced a TMP of about 3 psi at the end of the dosing period. A

total of 2.9 mg of FEC had been added per gram of MLSS in the system. Chemical

dosing was stopped and TMP climbed to about 4 psi over the next 110 minutes, at

which time the test was stopped.

In another test, the mixed liquor had a temperature of 18.0 °C and flux was held
constant at 38 gfd. The system was run for 30 minutes to establish a baseline TMP
increase per cycle without FEC addition. The FEC was dosed at 1.2 mg/g MLSS for
72 minutes, which caused the TMP to immediately drop by 0.3 psi and become steady
over time. A total of 3.2 mg of FEC had been added per gram of MLSS in the system.
After the end of the dosing interval, the TMP rose but did not reach the baseline TMP

increase per cycle for another 430 minutes.

In the examples above, the total amounts of FEC used were about 430 to 480 g In
comparisoh, adding FEC to the systém as a whole to a concentration of 200 to 800
ppm would have required about 3000 to 12,000 g of FEC. Considering a larger plant,
a 1 MGD MBR with a design temperature of 10°C may have a total mixed liquor
volume of about 1500 cubic meters, an MLSS concentration of 10 g/L, and a flow to
the membrane tank of 5 MGD. Adding an FEC to a concentration of 200 to 800 ppm
would require 300 to 1200 kg of FEC. In contrast, adding FEC at an instantaneous
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3. The process of claim1 wherein the flux enhancing chemcal is mxed into
the m xed liquor for a continuous dosing period of between 30 m nutes and 8

hours. 4yobbfy/Br6ess of claim3 wherein, after the dosci@aNeioeeskef cl ai m
3, flux enhancing chemcal is not added to the MBR for at |east 2 hours.

5. The process of claim3 wherein the dosing period is started when one or
nore of the flow rate of the mxed liquor, the tenperature of the m xed

I he d | ved f th d h . i
Lo mombr afEeoE S IHES RO nam A oS Pt BOTRE g TR, e Sobfl NP C

menbr anes fhinghend@ibR A8 Hagke hble Wduld edeadily 8ty 80kg bHBEAI xed | i quor, and
t he cake pl us pose bl ocking reS|stance accunul ate over a perneation cycle

exceeds a predetermned limt. he process of claim3 wherein, after

the dosi ndhparqtens i)%u%l@%FEGcfieS%rH@dra&%e srusefulforchandling HBexReElA P5NOddi ti on
'S 1 ncr eageddtnblai G GHRh sTRGE ibrdbllfty VR BIREnIRE bO ked B8l STROGR AT Case

in a cycl I stance fncrease over a sel ected period of
time, arenbglimnaleo pddeddet zeremqﬁzedo S)perapmg MBRs that Ftﬁee)meacecssg of:casioaalm 1

ghe;ﬁlgpggg%é ﬂggp C|n CQ cal c ﬁﬁa. onin cgg%ggn &P ymer.
menbrane RAKe ﬁlcﬂ'a@gmfe'xbéﬁéd B&km,rlﬂﬁﬂﬁlunﬂ-aally flux, or expected lowest
temperature day in a municipal wastewater treatment plant. The FEC can be relied on
to provide an increase in filterability during those times, for example by 20%. By
increasing filterability during these periods of time, the required membrane surface
area can be calculated based on less challenging conditions. This would allow for a

reduced membrane surface area and capital cost for the design.

The description above provides one or more examples of a process and apparatus but
~ does not limit or define the invention. Other processes and apparatus may also be

within the scope of one or more of the following claims.
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a channel for mxed liquor to flow fromthe process tank to the nenbrane
tank; a supply of a flux enhancing chem cal in comunication with the
channel ; WRFMIAMATer for m xing the flux enhanci ng cheRCELIN2PH806) xed
liquor flowng in the channel. 9. The apparatus of claim8 having a
controller connected to the supply of flux enhancing chem cal and to one or
nore sensors in the channel or the nenbrane tank.

WHAT IS CLAIMED IS:

1. A process for treating wastewater in an MBR comprising a process tank and a
membrane tank, the process comprising mixing a flux enhancing chemical into mixed

liquor flowing from the process tank to the membrane tank.

2. The process of claim 1 wherein the flux enhancing chemical is added at a rate
of between 0.05 and 10 mg per gram of mixed liquor suspended solids flowing from

the process tank to the membrane tank.

3. The process of claim 1 wherein the flux enhancing chemical is mixed into the

mixed liquor for a continuous dosing period of between 30 minutes and 8 hours.

4. The process of claim 3 wherein, after the dosing period of claim 3, flux

enhancing chemical is not added to the MBR for at least 2 hours.

5. The process of claim 3 wherein the dosing period is started when one or more
of the flow rate of the mixed liquor, the temperature of the mixed liquor, the dissolved
oxygen content of the mixed liquor, the TMP applied to membranes in the membrane
tank, a rate of change in the TMP applied to membranes in the membrane tank, the
filterability of the mixed liquor, and the cake plus pose blocking resistance

accumulate over a permeation cycle exceeds a predetermined limit.

6. The process of claim 3 wherein, after the dosing period is started, the rate of
flux enhancing chemical addition is increased until one or more of the membrane
TMP or resistance increase in a cycle and the TMP or resistance increase over a

selected period of time, are below a pre-determined set point.

7. The process of claim 1 wherein the flux enhancing chemical comprises a

tannin containing polymer.
8. An apparatus for treating wastewater comprising,
a process tank;

a membrane tank containing filtering membranes;
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a channel for mixed liquor to flow from the process tank to the membrane tank;
a supply of a flux enhancing chemical in communication with the channel; and,

a mixer for mixing the flux enhancing chemical into mixed liquor flowing in the

channel.

9. The apparatus of claim 8 having a controller connected to the supply of flux

enhancing chemical and to one or more sensors in the channel or the membrane tank.
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