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Abstract

To meet water reuse and discharge requiresnanDavis Staion, Antarctica,an advanced
water treatment plafAWTP) had been designed and testied nine monthsThe key design
factors for operating insmall communities in remote areas includesv maintenance
requirement(low chemical inventory, minimabnsite labouy, high LRVs for pathogens
robust operation, and high automationBased on these requirements, sevenbarrier
AWTP included ozonation, ceramic microfiltration, biological activated carbon, reverse
osmosis ultraviolet radiation calcite filtration and chlorination. The nine month test
demonstrated that ¢hplant was able to provide minimum LRVs of 12.5 for virus and
bacteria, and 10 for protozo@he overall estimated chemical consumption was lower than
equivalent continuous operations elsewhere due to a reduced number of Clean i@IP)ace (
cyclesas compared to industryThis wasachievedby optimised integration of the barriers.
Furthermore, here was no functional failure of major barriensd the automat online
pressure decay te€[DT) validatiors for MF and RQwveresuccessfulAlthough some minor
improvements, such as a redudestjuency of RQpre-filter cartridgereplacementare still
neecd the new integrated plant dulfilled the requirements of high pathogen LRVs,

remote online control and validation, and relatively low chemical consumption.

Keywords: Water treatment; water reuse; potable reuseadvanced water treatment

plant

1. Introduction



Australia’sDavis Station, Antarctica, a small community inr@mote areayasestablished in
January 1957 anHlas been constrained by water shortages for more than fifty years. The
water supply is reliant on an installeeiverseosmosis (RO) planthat treats water from a
small nearby tarn. However, the requirementdontrolling environmental discharges has
resuted in the salinity of the feediater to theRO plant increasing gradualigiue to it also
being the receiving water for the RO concentrad®ek{n, 2012 A further significant
environmental issue at Davis Statigrthe environmentampactof ocean sewage outfall on

the sensitive marine ecosystemith pathogens and chemicals of concern fified as

impacting on the environme(tark et al., 2011)

To achieve a sustainable water source and minimise the effects of wastewater discharge to the
marine environment, a secondary wastewater ahiding anaerobic and aerobic pro@sss
and membrane bioreactoas well asan advanced water treatment plaf®WTP) for
production of potable water have been propoddw implementation of a potable water
recycling plant at Davis Station needs to conform to the Australian Guidelin&¥ater
Recycling Augmentation of Drinking Water Supplie@Natural Resource Management
Ministerial Council et al., 2008 as the station is under the control of the Australian
Government Further,similar to most remote communities, the availability of trained water
operators for Davis Statiaa limited; the population is low and varies greatly seasonatiy

the chemical inventory is minimised reduce space requirements on the limited supply ship
visits. Therefore, the operation and validationtloé potentialwater recycling plant needs to
be robust, highly automatedand remotelyoperable with low on site operatorequirements

and minimal chemical consumption

Compared to a largecale municipal purifiedvaterrecycling plantin which pathogens shed
by a few people during a disease outbreak are diluted by the bulk flow, more stringent
pathogen log reduction values (LRV) definedEquation (1), are required for small scale

communitiegBarker et al., 2013)
_ g
.48= Flog Il—/ﬂp 1)
where Cs and C, are respectively the concentrations of pathogen in the feed and product

water.

This arises from the increased proportion of the small community that is likely to become

sick during a disease outbreak, and the consequence is-tBdb@higher LRVas shown in



in Table 1 Barker et al., 2013is requiredto meet the Australianand World Health
Organisatiorrequirement for a DALY(disability-adjustedlife year)of less tharl0® daysper
personper year(Natural Resoure Management Ministerial Council et al., 2008prld
Health Organisation, 2011Since one of the major purposeof the scheme is alsto
minimise the environmental impacts of sewage discharge, the introduced chemicals and
disinfection byproducts should also be critically controlled in the disch&wghe Antarctic

Ocean

The high LRV requirements for this plant and the need to remove cheshmahcernsrom

the final ocean discharge meati@t a conventional water recycling plant consisting of
biological wastewater treatmentultrafiltration (or MBR) —RO — advanced oxidation is
unsuitable for this application, as this process is unable to meet the patbhByen
requirementor to extensiely remove chemicals of concern from the RO brine. Under the
Australian regulatory environment no single pathogen barrier is able to be credited with more
than 4 LRV(Department of Health & Human Services, Victoria, 2053d credited LRV for
reverse osmosis is limited to 2 or less because of the need fiomeowerification.
Furthermore, the LRV ascribed to biological processes is low and variable, and requires on-

site validation which is not practical for Davis Station.

Therefore to satisfy allcritical requirements, seven barrievere selected fahe AWTPthat
included:

a) Ozonation, which providepathogen inactivation, boastissolved organicarbon
(DOC) bio-degradability degrades chemicals of concé@oC) and lowes cleaning
chemical consumptionfor the downstream ceramic micfittration (MF) by
increasing backwash efficiencRdw et al., 2015; Duke et al., 2013)

b) Ceramic microfiltration membraneqMF), which act as a pathogen barrier, lower
chemicalconsumptionby usingdirect contact withozoneto reduce foulingand the
need for chemical cleaningnd hae much better robustness and lelegm integrity
than polymeric membranes

c) Biological activated carbon (BAC) filter, which digests DOC to reduce the organic
fouling potential of the reverse osmosis (RO) feed stoagduce the replacement
frequency and CIP for RO membrane ayi@yd also removes additional trace organic
compounds from the RO brine dischat¢e the Antarctic OceanHowever, the BAC

will increasethe concentration of particulates ithe BAC effluet and thereby



increases the frequency of replacing the cartridge filter upstream the RQbartrthye
RO brine will better meet the water quality objectives for this site.

d) RO, which is a barrier for pathogeasd CoCs, and reducthe salinity of the treated
water

e) Ultraviolet radiation (UV), which is a barrier for pathogerspecial protozoa

f) Calcite fltration, used to increase water stability

g) Chlorination, which isa barrier for pathogenand provides a long term chlorine

residu&to suppress pathogen regrowth

Table 1Claimed LRVs for the potable reuse plant and CCPs for each barrier

LRV*

Barrier CCPs : :
Virus Bacteria Protozoa

Ozonation CT 2 2 0
Ceramic MF PDT 1 1 4
BAC Turbidity 0 0 0
RO Conductivity and PDT 15 15 2
uv Dosing 4 4 4
Calcite Filter pH 0 0 0
Chlorination CT 4 4 0
Total claimed LRVs 12.5 12.5 10

* The LRVs are credited based on health regulator guidelines e.g. the USEPA Long Term 2 Enhanced Surface
Water Treatment RuleGuidelines for validating treatment processes for pathogen redu@epartment of
Health & Human Services, Victoria, 2013

In this study, the AWTRvas teste@dnd assessdrzhsed on the kegesign requirementiuring

nine monthof operation All the CT values werecalculatedor a temperature df9C, asthe
WUHDWPHQW SODQW ZLOO EH KRXVHG atQavs StaliénTWeHP SHUD
assessment provides a reference for small scale potable reuse plant design, i.e., barrier
selection requirementgandcritical control point (CCP)selectionas shownn Table 1(Gray

et al.,, 2015pa Furthermore, some new technologies, sucthagombination of ozonation,
ceramicMF and BAC, and pressure decay tas{PDT) for online RO integrity validation,

were used in this plant. This study also demonstrated the effectiveness of these technologies.
2. Experimental and Demonstration method

A schematicof the AWTP flowsheetis shown in Figure 1. Ae small AWTP that will



operate at Davis Station was constructed and trials run at Selfs Point Wastewater Treatment
Plant(WWTP), Hobart Tasmania, AustralialThe secondary effluent before disinfection was
used as the feed thbe AWTP. During the plant operating period, the DCaBigein the feed

water was 7.5 to 9.4 mg/L, and TN was statil2.0 mg/L, except for a few spikes as high as

8- 16 mg/L due to upstream maintenance activities

The AWTP was containeth four shipping containerdAt Davis Station, it is anticipated that
the plant will operate intermittently with almost continuous operatiomnguhe summer
months,and operation every second day over winter. To simulate these conditiortgal
feedtank of 3500L was created in the plant operating softwamd filled at a rate of less
than20 L/min—the flowrate from the virtual tanio the AWTP. The level of the virtual tank
was calculated from the amount of feed into the virtual tank minus the amount out. The level
in the virtualtank controlledplant startup and shutlownin normal operationwith the plant
put online when the virtual tank levedached,500 litres and offline when the level dropped
to 500 litres. The recovery of the RO system was set to 70% during the test andrtile
recovery of AWTPwas between 65 and 67.5%1je to use oRO permeate for theeramic
MF backwash.

Figure 1 Schematic of the potable reuse plant

Ozone production was veWedeco OCS5S0O systenand set al9-20 mgper litre waste
water, with approximatelyl1.7-14 mg/Lozone dosedhto the liquid phaseThe ozone system
includeda 480 L contact tankvith an inernal tank a circulating venturi dosing system
operatingat a circulation flowrate of 2 #min, a pressureswing absorption(PSA) oxygen
generator and anzonegenerator The ozone system started approximatelyto 15 min

earlier than the feed pump to build up the ozone concentration in the ozone contact tank.

The MF barrier comprisedwo 0.1 pm Metawatét ceramic membranes operated



alternatively(duty'standby)in dead end mode. The openafiflux was approximabg 50 Lm

’hl and aPDT was used to ensure membrane integiftgr each online period.

The BAC barrier used Acticafb BAC GA1000N activated carbon with @@mpty Bed
Contact Time (EBCTpf 20 min, and head loss and volume of treated water was used to

trigger the backwash of the BAfilter, which occurred during offline periods.

Five FILMTEC BW30-4040 RO elements were used in the RO array, and the designed
transmembrane pressward permeate flow we@4 bar and 14 L/min, respectivelfhe RO
system incorporated a recycle stream to increase the overall recovery twitl@%#single

pass recoveryf approximately50%. The membrane integrity was mongdr by both
conductivity and PD3. The PDT wasonducted based on the method describedhanget

al. (Zhang et al., 2016he RO PDT was used to achieve the required LRV for protozoa and
a LRV of 2 across the RO membranes was claimed. The LRVoatiainand the pressure

of the PDT are related via Equatid) (Allgeier et al., 2005)

"ALCRP, -
LRV, log ga” o, 2)
© Ptest V, ys VCF 4

S!

whereQp is the filtrate flow, ALCRs the aitliquid conversion ratio, &£nis the atmosphere
pressure, U 3st is the testing pressuresyVis the tested system volume, aW€F is the

volumetric concentration factor.

For this system the initial pressure used for the PDT was 85 kPa and a pressure decay rate

below 3.7 kPa/min indicated jprotozoa RV of 2 could be claimed for the RO system.

Two UV units (Wedeco Spectron 6) wenised in series to achieaeminimum UVC do< of
189mJl/cnt, as required for 4 LRV ofirus. Each UV unit was abl® achieve atJltraviolet
C dose of > 400 mJ/chn and the two units were operated to ensure water quality was

maintainedf one failed during service.

The calcitefilter (Purete®) had an EBCT value of 5 mito achieve C& concentration no

less than 20 mg/land its need for replenishmemhs monitored by filtrate pH

The designed freehlorinedosewas 0.9 mg/L with aesidualno less tha®.7 mg/L after30
min of contact time Both doses wermonitored by online chlorine megiThe CCPs for all

the barriers are listed in Table All CCPs relatedinstrumenation except for the pressure



transmittersand flowrate metersvere verifiedwveekly.

The ozone mass transfer efficientty the feed water was estimated by measgrime
differencebetween thgasflow rate fromthe ozone destyerbetweeroperation indry mode
(ozone generator not operating) and operation model0%eresidence timéor CT value
calculation T10 (10% of the feed passes through the contactor) fonzbee contact tank and
UV units were measuredsing the step dosemethod (USEPA, 1991)with rhodamineWT
dye.

To minimiselabour requiremenisleanin-place (CIP) of the ceramic Mfnembranesvith
manual chemical addition to the CIP tank wexd practiced However, 100 mg/L NaClO
solution was used for hemically enhancedbackwash (CEB) instead of 50 mg/Las
recommended by the manufactur€he backwash pressure was also reduced to 1.6 bar from
the manufacturerecommendtion of4 bar which minimised hydraulicshockand vibration
within the treatmentsystemduring backwash. To redutlee chemicalinventoryand storage
capacity only 90 L of 600 mg/L NaOHand90 L of 550 mgL HCI solutiors were used for

the RO CIP.

Two samples were taken for each barrier wedkly analysingDOC (measured by a
Shimadzu, TOC_V with TNML uni), total nitrogen(TN measured by Shimadzu, TOC_V
with TNM-1 unif), total phosphate (T,Rneasured by Shimad#@P2000),calcium (measured
individually by Shimadzu ICP200(nd other metals(measured by Shimad2GP2000)for
comparison with theAustralian Drinking Water Guideline (ADWG). .&li and total
coliforms were tested weeklyy plate countingor samples of plant feed, ozone effluent
ceramic MFfiltrate, BAC filtrate, RO permeate and product water. The Somatic coliphage in
the plant feed, ozonaticgffluent ceramic MHiltrate, BAC filtrate and product water were
analysed Simesduring the operation period.

Biodegradabladissolvedorganic carbon (BDOC) of feed, ozonationeffluent ceramic MF
filtrate and BAC filtrate were analysedhreetimesduring the trial by thedoret method, and

were performed by Research Laboratory Services Pty Ltd

The chemical consumption and plant operation time were calculated based on the data
recorded bythe control system (SCADA).

The da& presented in this studyerethe combination of online and offline data, which were



aligned withina five minute time interval.

3. Results and Discussion

3.1Assessment of Ozonatiolsystem

3.1.1 Cxone production, ozordosingand contact timeTfo)

In Table 2theozoneproducedanddosed(including dissolved and consumed ozpimeo the
feed (20 L/min) are shownn largerscale plants, the ratio of dosed ozone to DOC is
normally below unity(Gottschalk et al., 2009However, as seen ifable 1 the ratioin this
demonstration plarwasaboutl.4- 1.9 mg Gs/mg DOC In alarge scale plant, ozone used

to removeodour, colour and UVabsorbanceand increasebiodegradable organic carbon
ahead of biological stage€dmel and Bermond, 1998)lere, besides the major purposes of
the large scale plant, thezonewasalsoused as disinfectant tchievethe requiredLRVs
shown in Table 1.

Thepercentage of producedonedosedinto the ozone systefusingVenturiinjection was
between60.4% to73.3% as shown in Table,2which is higher than thaaf the bubble

columns(30 -55%) with similar ozone dose(Xu et al., 2002)

Table 2 Ozone production and ozoneeatbisto waste water

Date O P nghy . (cosedmodugery  O3POC
27/1114 20.7 13.5 65.0% 1.6
27/01/15 20.6 14.9 71.9% 1.8
10/02/15 19.3 11.7 60.4% 1.4
25/02/15 20.3 14.9 73.3% 1.9

Since the residence time used in the CT value calculatisihagzd on the residence time for
10% of the feed to pashroughthe contact tankTfo), the T1o of the ozone contact tankas
measuredThe measuredio valueswere 4.7 and 4.9 min (averageo = 4.8 min)based on
two hydraulic residencente tests usinghodamine WTfluorescent dyegas shown in Figure
2. The To value was aboubne fifth of the mean hydraulic residence tim¢24 min)

calculated based on the feed flow rate and contactviaiokne.
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Figure 2:T10 measurements for the ozone contact tank (recovery fran38%)
3.1.2 Ozone system performance

As the first barrier,ozonationwas employed to convert ndmodegradable(or slowly
biodegradable carborip biodegradablalissolvedorganic carbon EDOC), degradeCoCs
and to serveas a disinfection barrierAs seen inTable 3, the BDOC content in the
wastewateincreased from 282% beforeozonationto 5659% after ozonation. Compigon
with the ozone dosing in Table showsmore than 95% of thezone was consumed or

degraded during@4 min contact with the wastewater.

Table 3 Influence of ozonation on BDOC in thastewater

Feed Postozonation

Ozone DOC Reduction +

Days Fzﬁ]si;jLu)al DOC BDOC Bé)gg/ DOC BDOC BDD(())C(::/ Re?ol/u):tion Con(g/e)rsion
IV mol) o) T (el (o) g0 ’ ’
127 0.015 8.9 2.6 29 8.7 4.9 56 2.2 28
183 0.136 8.7 2.4 28 8.1 4.5 56 6.9 31
15 0.478 8.5 2.7 32 7.5 4.4 59 11.7 32

As the ozone residual increasggdm 0.015 to 0.478 mg/Lthe DOC reduction increased
from 2.2%to 11.7% However,ratios of the total DOCredudion and conversionto original
DOC were approximale the sameat different ozone residualsahm et al found thatthe
DOC reduction was malg from BDOC mineralisatiorby ozonation(Fahmi et al., 2003)
Therefore high ozone residual facilitates BDQig@composition.
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Figure 3:LRV of ozonation barrier to E. caéind ozone residual in the wastewater

Figure 3 showsthe CT value and measured LRV based on natucaturing E. coli and
Somatic Coliphagewhere 0.26 mg-min/L is the CT value required ting USEPA Long

Term 2 Enhanced Surface Water Treatment Rule (LT2) to achieve 2 LRV for virus. It can be
found that the measured LRVs were greater than 2.5, regaafldee ozone CT value.

However no clear relationship between the ozone CT value and pathogen LRVs was found.
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Figure 4:Parameters affecting the ozone residual

In Figure 4,ammonia, DOC and turbidity values for the feed water shownas they may
influence the ozone residual. Since the ammonia and DOC concentrations were not measured
online, the online ozone residualtaan Figure 4 were selected based on the sampling time
(10 min). It was establishethat the concentration of DOC in the feed water did not show
any clear relationship withresidual ozone Interestingly, it can be found that the ozone
residual showedhe similar trend to the ozone residual. However, the higher ammonia
concentration should theoretically lead to more ozone depldtiento the slow oxidation

(von Gunten, 2003)n Figure4b, the relationship of turbidity to ammonia concentration and
ozone residual are shown. It can be found that the ammonia concentration was relatively high
when the turbidity was low. Furthermore,thg feed turbidity increased, the ozone residual

in the wastewater declideThereforejt seems that the turbidity shows a dominant influence

on ozone residual in this study. Thus, -plteation to remove suspended solideems

important to maintain high ozone resideahcentrations

The relatively high turbidity values for feed to the ozone system may lead to the
discrepancies seen between the LRV obtainedt fooli and Somatic coliphagéor the range

of residual ozone CValues achieved compared to those specified by the USEPATuake.
USEPA rule was developed for surface waters with low turbidity and low DOC values
compared to the feed to the AWTP, and these differences in feed water qualiliyachay

the resultant differences in LRV obtained for low ozone resi@davalue



3.2Ceramic MF barrier
3.3.1 Pathogen rejection and validation

During the test, the E. Colind Somatic coliphagavere respectively less than 40 and 10
MPN (most probable numbgt00 mLin the ozonated water (MF feed), and weotfound
in the MF filtrate

100 - o & o ¢ OO & & &6 ¢ 2000
90 o 1600
—
_. 80 + # 100% Rejection + 1200 E
&) o
< ©<100% rejection =
'S X MF feed population E
5 70 pop x + 800
o
o
60 + X 400
X o 9 x X X X
50 +—X - X % % % 0
0 50 100 150 200 250
Day

Figure 5: MF rejection otoliforms. Solid diamonds for coliform data that was <1 MPN/100
PO IRU 0) ILOWUDWH 2SHQ GLDPRQGV IRU FROLIRUP G

The total coliform population rejectionalculated based on the total coliform population in
the MF feedand MF filtratels shown in Figure 3f the detected coliform population was less
than 1 MPN/100 mL in the MF filtrate, the data point is shown by a solid marker in Figure 5
and 0 MPN/100 mLwas used in the calculation of rejectiohs shown by theopen
diamondstwo total coliform rejectiondess than 100%01.5% and 99.6%) &redetectedn

the first month after the pilot plant had been offlfoe 1 month(from December, 2014 to
January2015) but disappeared in the second moiitherefore, it iproposedhatthere was
coliform growth on the filtrate side of the ceramic membrane when the whole plant was put
offline for about one monttHowever, during the totalperatirg period, the rejection of total
coliforms wasnotlessthan90% (LRV>1). It was also proposethat the ozone residual in the
MF feed might contribute téurther inactivation of coliforrs but from November, 2014 to
May, 2015, the ozone residual in the MF feeas also zeronost of time Therefore, it can be
confirmed that the ceramic MF membranesvable to achieve at least 1 LRV for coliform by

size exclusion only.



The Department of Health Services, Californi@s approved the Metawdtereramic MF
membrandor removal of 4 LRV for protozoa, 1 LRV for virus and 1 LRV for bacterien

the pressure decay rate id.4 kPamin undera PDT pressure of 1.4 bdn Figure6, the
decay rates are shown. It was found that the decay ratesliess than 1.4 kPa/min, except
for threetests This may be due to amssue caused by the valves on fitieate side of the
membranenot completely sealinguringthe PDT testsas the decay rates reverted to being
<1.4 kPa/min without any remediation the ceramic MFTherefae, thepressure decay rate
of ablank test was measured with all valves closed on botk sidepressuriseanembrane,
andthe PDTrateswere corrected bgubtracting thélank testdecayrate Figure 6(on the
right side of the vertical red linshowsthatthe PDT ratesvere all less thathe 0.2 kPa/min

with the correctionwell below the required limit.
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Figure 6:Ceramic MF PDT results

3.3.2 Interaction with ozonation for DOC reduction

It has been reported that ceramic Zr@embranesnay act catalytically with ozon&liu et

al., 2011)o boost the oxidation effect of ozone on organic matter. However, it was found for
the Metawatet dumina membrane that if @hlorine free potablevater was used as feed,
there was no obvious ozone residual change observed in MF feed and filtrate as shown in
Figure 7. Therefore,the catalytic effec$ of the ceramic membranenight be too weak to

boost the decomposition of ozorgafakliev et al., 204).

Although the membrane material did not improeeone decompositiogra DOC reduction



across the ceramic membrane is indicaeeatept for foupairs of samples which were taken
just after backwash.The associated data is shown in Figurdi@erefore, it was proposed
that enhancedoxidation still occured on the membrane surface, induced by the organic
matter absorbed on the membrane surf&taehelin and Hoigne, 19839n Table 4, it was
also observed that the total DOC reduction50f - 9.3% was almost all from BDOC
reduction. This is consistemiith the finding of Fahmi, etal. (Fahmi et al., 2003)and
demonstrate enhancedoxidation (bioactivity will be supressed by ozorm®) the alumina
(metal oxidé¢ in the ceramic MFto organic matte(Batakliev et al., 204). Thus, the
combination of ozone and ceramic Mable to reduce therganicload onthe downstream

RO membranesas wellas acting aa barrier folpathogens
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Figure 7: Ozone residual in MF feed and filtratechlorinated potableater as the plant
feed)

Figure9 plots the relationship between the ozone residual in the feed and filtrate of the MF.
The data indicatethat for anygiven ozone residual in the MF feed, there was a fixed upper
limit for the residual in the MF filtrate. Since it sv@emonstrated that the alumina MF
membrane hado effect on ozone decomposition based on a potable watertfieedpper

limit might have resulted from interaction of ozone and organic matter absorbed on the
membrane surface. To achieae ozone residual greater than zero in the MF filtrate, a
minimum feed ozoneesidual greater than 0.21 mg/L was required based on the fitting

eguation to the data in Figure 9.
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Figure 8: DOC reduction across MF

Table 4 DOC and BDOC change across ceranttcnh@mbrane

Days DOC BDOC DOC Reduction
MF Feed MF Filtrate MF Feed MF Filtrate (%)
15 7.5 6.8 4.4 3.8 9.3
127 8.7 8.2 4.9 4.4 5.7
183 8.1 7.6 4.5 4.0 6.2
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3.3.2 Backwash andchemical consumption

The backwash and irreversible foulipgrformanceof the No. 1 ceramic membrarse
shown in Figure 10. Th&me when eaclCEB was performeds also indicated From
between operating daysabd144,1 ML of total wastewatewastreatedwith 0.5 ML treated

by each ceramic membran®Vith the help of ozonationDuke et al., 2013)Figure 10
indicatedthat the backwasland CEB were able to effectivelyminimise the buildup of
irreversible fouling as the feed pressure following backwash only showed minor increases of
< 8 kPa above the initial clean membrane feed pressure (initial feed pressure is given by the
line in Figure 10)and the trend did not continuously increaBlee total theoretical chemical
consumption for CEB of two membranes during these dayswas 144 g or 0.144 mg of
NaClO per litreof treated waterFurthermoreif the backwash pressure coddd increased to

4 baras recommeretl bythe supplierthe chemical consumption of the ceramic membrane

could befurther optimised antbwer chemicals consumptions expected.
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Figure 10:MF backwash and irreversible fouling
3.3BAC barrier

A major purpose of thBAC barrier was to reduce trace organics, and to reBs@C, to
subsequentlyedue the organic fouling potentiator the RO membranes

In Table 5, the DOC and BDOC changes across the BAC are shown. BDOC reduction
increasedalmostlinearly with time, consistent with increasing bioactivity of the BAC with

time. This comparet the consisten80-34% reduction of the no®DOC fraction dueto



























