DETECTI ON APPARATUS AND METHOD USI NG MEMBRANES FI ELD OF THE | NVENTI ON The
present invention relates generally to a detection apparatus and net hod
usi ng memvoaoep4isr nmonitoring the integrity of a filtracreG2ommbeiane or
the presence of a foulant in a fluid, and nore particularly but not
exclusively to such a detection apparatus and nethod having an integrated
cl eani ng function. BACKGROUND TO THE | NVENTI ON The use of a detection
apparatus or a detection nethod in a filtration nenbrane system where one
or nore nenbranes are used to filter a fluid, is generally known. One such

detection apparatus and nethod was proposed by the ﬁresent Iggpl i cant in PCT
Publ i cation No. W%UWQBBWTH%RNBM%WQD&SMQ EMBRANES or por at ed

herein by reference. In that apparatus and nmethod, effluent froma
filtration nmenbrane is directed through a first perneabl e nmenbrane and then
t hrough aFiEepOK TRENNVERTfONENDr ane. The term ' filtrati on menbrane’ as used
herein denotes one or nore nenbrane filters of a filtration nenbrane system
upstream of the detection apparatus, while the term' perneabl e nenbrane’

denot es OfR PresERY RveriBRT B[S §éndrAlfy B4 RfeldcBbn aRPAMaRlsUSnd ARtRdd LSRG!
passes through t he perneabl e nmenbranes, nmeasurenents are nmade of a Tirst

pr essur e "PaMBfangs frgporitogiag dhe integrity pka filating agrebraaensr Mt pregereaceha

pressur e Bdapetnieefuitihanti mdle PaAiICERAP VUt ARt NBRRIsReJE P IsBB8Sa daskignt hird
pressure P3 at a perneate side of the second perneable nenbrane. Aratio p

cal | e t rRPPREALYS aRAMethed hanipaRp dieorpiedciganing fumglen- i s t hen det erni ned usi ng
the equation p = (P1 - P2V(P - P3), and is used to determne the integrity
of the filtratiaon nenbr or the%hi)resence of a foulant in the fluid. In

t he enboo@%ﬁ?&%?po%g"w?@“ done by deternining if the ratio p or a

time-derivative of the ratio dTi/dt is higher than a respective threshold.
Wi | e the _above detection apparatus and net hod tBrOVi de a relatively sinple

and i nexpEi¥sHeRe Shay detecligh apParatusdii @ sletadtien imetaed in @ Bitration imembranen
menbrane gktekt) WHFE 8RS &F nitfre IndrbthAdY areMusddftb Yiltehr a HLRMRRGK Ser ARV RIMED
observed é)r?e tsl?crhngetgc]:tio‘%1 z;p%glrja%l?sdand method was proposed by the present applicant in
PCT Publication No. WO 2007/129994, the contents of which are incorporated herein
by reference. In that apparatus and method, effluent from a filtration membrane is
directed through a first permeable membrane and then through a second permeable
20 membrane. The term filtration membrane’ as used herein denotes one or more
membrane filters of a filtration membrane system upstream of the detection apparatus,
while the term ‘permeable membrane’ denotes one or more membranes of the
detection apparatus. As effluent passes through the permeable membranes,
measurements are made of a first pressure P, at a feed side of the first permeable
25 ~membrane, a second pressure P, between the first and second permeable membranes,
and a third pressure P; at a permeate side of the second permeable membrane. A ratio
II called the relative trans-membrane pressures (TMP) is then determined using the
equation I1 = (P, - P,)/(P; - P3), and is used to determine the integrity of the filtration
membrane or the presence of a foulant in the fluid. In the embodiments described, this
30 is done by determining if the ratio IT or a time-derivative of the ratio dl1/dt is higher

than a respective threshold.

While the above detection apparatus and method provide a relatively simple and
inexpensive way in which to monitor the integrity of a filtration membrane or the
35 presence of a foulant in a fluid, drawbacks have been observed in terms of a reduced

life of the permeable membranes.



life of the perneabl e nmenbranes. SUMVARY OF THE | NVENTI ON The present

I nvention is defined in the appended i ndependent clains. Sone optional

f eat ur es Wb 20tveapssesent i nvention are defined in the appemngedo@penzient
claims. In one specific expression, the present invention relates to a
detection apparatus conprising a first perneable nenbrane and a second

per neabl e menbrane, a mddle section between the first perneabl e nmenbrane
and the second perneabl e nenbrane, and at | east two pressure sensors
configured to produce signals for a determ nation of a ratio between (Pl -
P2) and (P2 - P3), Pi being a pressure adjacent an outer surface of the

first per SGMMARYRO®OTAEINVERTION Ng a pressure between the first and second
per neabl e menbranes, and P3 being a pressure adjacent an outer surface of

t he second perneabl e nenbrane, the apparatus being configured: in a first
nmode of OWEé@?és@ﬁt mbéhti%h'l@&éffrleu'lﬁ'tﬁ@aﬂ?ern@@@tu?debéﬁcmntt laf%m?#’t ggméLU of the
Scon

first pe nmbrane to the m ddl e section and out
per meabl e el‘?g‘ffﬁ? ghige pegsant inventior ardefingd in e appendedidspendant glalmsy f 1 uid to
perneate fromthe mddle section to the outer surface of the first

per neabl e, mrenbr ane,. Pref erabl eg@t he apparatus is further configured to all ow
at | east UbRBe SPerific erpigsion.othgi Regersninyentiop felatess ta padetectiont appaselusnd

per meabl ecormpiii riy@flrfsﬂpérﬁfeﬁﬁétnﬁferﬁ%ﬂé'ghd andeby 5&r91‘é’a9|%tn¥@ﬁt5} f,gle aRfggEao! e
menbr anes_and g)éN gr i rst perneabl e menbrane refer ag y appar at us
further cHHIPo8 e&f‘t st PeSMeaple raembriage Ghd thrisecond permeabls me@mbranesyer se

the fliow bed measttt\he p?&ém%aééh@oraf%hfgm% td Frodiée QBneh@?dé‘%e&bt rﬂﬁnétiof»%tf mode

of operatlo e of operation. Preferably e at least one

inl et conPrf ?a‘%e e‘F’Hrgt -ﬁlaé'fr’m (BagPa): E’eéeﬁeﬁwpéﬁure aﬁ@CQN@neMertwaae | east

one out | edf thermpsti p‘semeablé infephbrand,| Rt bél aaprégﬁﬂél@emgeh%e firdt &fn grsaéebx%t he
first perneabl anels flgure to allow fluid received at the first

inlet to ??rmﬁagk‘?eff‘ev‘ @”Ff‘r%’f e rifiNg PPTRESHE? Adiacent ameoufsrrsirfageitafdhe and to

al | ow sonsecohd tgeemeatlé dnérﬁbraaé gt 8ppdratay Brind Rohfiduddd: aRth $“%Q0rﬂ8'dep%!’f meabl e
menbr es to flow o e second outlet and wherein the second
per medbl ePRAEHH AR 3 %WE}E‘H# I% APERate, from e outer surface of the first permeable

membrane to the middle section and out of the second permeable membrane, and in a
second mode of operation, to allow fluid to permeate from the middle section to the

outer surface of the first permeable membrane.

20  Preferably the apparatus is further configured to allow at least some of the fluid
received on the outer surface of the second permeable membrane to permeate through
and to flow between the permeable membranes and out of the first permeable
membrane.

25  Preferably apparatus further comprises at least one inlet and one outlet configured to
reverse the flow between the permeable membranes to switch between the first mode
of operation and the second mode of operation. Preferably the at least one inlet
comprises a first inlet and a second inlet, and wherein the at least one outlet comprises
a first outlet and a second outlet.

30
Preferably the first permeable membrane is configured to allow fluid received at the first
inlet to flow over the first permeable membrane to the first outlet, and to allow some of
the fluid to permeate through the first and second permeable membranes to flow out of
the second outlet, and wherein the second permeable membrane is configured to allow

35  fluid received at the second inlet to flow over the second permeable membrane to the
2



fluid received at the second inlet to flow over the second perneable
menbrane to thesecond outlet, and to allow sone of the fluid to perneate

t hrough twe 28scamsb7and first perneabl e nenbranes to fl owcosG2ad/obée2first
outlet. Preferably the first perneable nenbrane is arranged on a pl ane that
IS substantially parallel to a path between the first inlet and the first
outlet, and the second perneabl e nenbrane is arranged on a plane that is
substantially parallel to a path between the second inlet and the second

outlet. Preferably the apparatus further conprises a pressure controller
ar r anged S§69%¢ E'éﬁﬁt'o?"d( Rellpyrspmespfdhe Heid e Peemeata ireush: Higreserd andghéirshr essur e

controll qfer,lagémg mePitra gey B Holwup 8f thefirst 8fetor nore sel ected fromthe group
consisting of: a reduction of the pressure of the fluid to be delivered to

the first and second perneabl e nenbranes, and a snoot hening of the pressure

of the flpteférdtly b fiket bé’rﬁ{e%ﬁlet Pefbrankl i Safrraﬁgé’d Sﬁcaoﬁlgn@%ﬂﬁégb@stmm anes.
Preferably the appar atus further conprises control valve arranged

upst r amrgfaliehte # pathbetweensthediret "Hé‘r ?f@a@ﬁ‘?é‘rﬁé’&ﬂ?taﬁég thase@pdmetmeatie of t he

pressur e wambrafk li€brrahdt 698lPIae thal KesubSiaRfalytraRd kB! st BetliebRGhe f I Ui d
to one of the first and second perrreabl e menbranes. Preferably the control

val ve i s S§°etiplet apd theginepod oWliatve having a first open position configured
to direct fluid to the first inlet, a second open position configured to

direct fluid to the second inlet and a closed position configured to
prevent fEEERYY tinaneaatinirtpecamarses aiesEpRNtoleRarsanged é’Pé‘i’%ﬂﬂ‘ ¢t he

appargt Ushd first &ed sécoRBipeffialie MREHBFaHeks Nlie \pAéséBrerédrdisibeiiyibptig@aatef each
of the fi rst and second é)lermaabl e menbranes, each regul atin vaI ve being

confi gur ®§TPEN PBE AT Aoke seiafiad Hrasthe SEup RonsiEting ef: Adediition PENSRARSIER o

nmenbr ane.of RheffRIRR Vet dfivéiet oeths efFét A isBEdndd pSrnidable hitnbrarts! Grugesl to
receive a fluyid, di rgctly froma_ source. Preferably the a é){paratus in this

for m f ur SHVPNESIAY PE e Rressute et theaflyid tor P%uﬁ?é!tf?ﬁ%v@ﬁs@‘?e 7 8nd 198§08%cond
per meabl @efRedi@RemYréesout | et val ve being configured, when closed, to
force fluid fromthe inlet of the mddle section to flow out of the first
perrréébl e nenbrane. Preferably the apparatus also further conprises a punp

conf i gur qulefermbButie dpparatud farRer kRBmpAsHsCE cb@trélh@mr&ﬁng@a dpBRedrh & Itke
section. P ferably the first perneabl e nenbrane af, second per neabl e

menbr an e émd second permeable membranes and downstream of the pressure controller, the

control valve being controllable to direct fluid to one of the first and second permeable

membranes. Preferably the control valve is a three-way control valve having a first

20 open position configured to direct fluid to the first inlet, a second open position

configured to direct fluid to the second inlet and a closed position configured to prevent

fluid from reaching the first and second inlets.

Preferably the apparatus further comprises a regulating valve arranged downstream of
25 each of the first and second permeable membranes, each regulating valve being

configured to regulate fluid pressure out of the respective permeable membrane.

Preferably the middle section includes an inlet configured to receive a fluid directly from
a source. Preferably the apparatus in this form further comprises an outlet valve
30 arranged downstream of the second permeable membrane, the outlet valve being
configured, when closed, to force fluid from the inlet of the middle section to flow out of
the first permeable membrane. Preferably the apparatus also further comprises a pump

configured to pump fluid from the source to the inlet of the middle section.



each supported by a porous plate. Preferably the porous plate has an
average pore size of at |least 45nm and nore preferable of about 100nm

Pr ef er ablwotzhm/@apgsar at us further conprises an air bl eedecTsoréiogorez to
vent air trapped between the first and second perneabl e nenbranes.
Preferably the apparatus further conprises a plurality of parallel vanes
arranged on or adjacent the outer surface of the first and second perneabl e
menbranes. Preferably the at | east two pressure sensors conprise a first
pressure sensor, a second pressure sensor and a third pressure sensor,

wher ei n tRefarahlk theafigt pRImenbis E@ﬁh"@‘%éﬁé&%s%ﬁoédr@é@@%@'iamfvb@aﬁfafgured to

produce Sééi:ﬁaéu?)pbr'?éﬂ Byﬂa' pto® pFatLe FRERPIDI ﬁmebﬁér&@@ﬁla@ﬁag hh ?\/el‘a@'eeﬁorénd the

first outlet, and t pressure between the second inlet and thé second

out | et . Fﬁ'%ﬁ%fraéﬂﬂa)?t‘ﬂfﬂén And|naegPrefarbley f 4bavte! 0Rs or s conpri'se a first
differential pressure neter and a second differential pressure neter,
wherein the first differential pressure neter is configured to nmeasure the
presstr e fefarableKeanppratysifurther,compriges\Ae pis Plpegerconfigerad tejvert airdrappad

Pressure pevEsn 1he fif?Bhd 98EdH JePmBERIS MetnbritesPr essure difference of (P2 -
P3) . In another specific expression, the present invention relates to a

detection nethod using a first perneabl e nenbrane, a second perneabl e

nmenbr ane prafbrablyntHedfpabfGd flﬁﬂﬁepé‘&ﬁ&r@éstahﬁuﬁahtﬂ/%f pQF‘aﬁI@ﬁ%le@ FBAGERBR orNd the

second perpeabl e menbrane, each_perneabl e nmefbrane having an outer surface,
the met hcﬁﬂ%‘i?ﬁbtlh?§m?{)s“’if¢‘@\/6?fr%e%fs\‘¢’lﬂ ecPRdReMRabIEMRNbEARES.ace of the first
per megbl e nenbrane to the mddle section and out of the second perneabl e
menbrane, _determning a ratio between (P1 - P2) and (P2 - P3) , Pl being a
pressur e A8 %%t&mhet%feaéhmprgiﬁ%ewefs @%@rﬁprasftrstﬂwwm@sra@me&ﬁed P2

bei ng a piressive Sehsdrv@rRNat thRd foréssuréBEnSR C AREreRE IHEE ARk @ndeiikE atessurénd P3
being a pressure adjacent the outer surface of the second perneable

menbr ane, SEARRISt AGWiETBEHVely usfiprissh tonBroguer) signaisc indisative, of HBe RIBER ur f ace

of the fibehledtethetiétl iBletBAD t first BlUitRE CARPIhE pré&ureb8Mdeh Yhd BEEorRORTRE | Ses
flomnng a fluid over the outer surface of the second permeabl e menbrane and

al | ovi°ng 2 theseondottietor the fluid to perneatet hrough the second perneabl e
menbrane and to fl ow between the perneabl e nenbranes and out of the first

er meabl rane.
P ePrg%?;)bly the at least two pressure sensors comprise a first differential pressure meter
and a second differential pressure meter, wherein the first differential pressure meter is
configured to measure the pressure difference of (P; — P;) and wherein the second

20 differential pressure meter is configured to measure the pressure difference of (P, — P3).

In another specific expression, the present invention relates to a detection method
using a first permeable membrane, a second permeable membrane and a middle
section between the first permeable membrane and the second permeable membrane,
25 each permeable membrane having an outer surface, the method comprising: flowing a
fluid from the outer surface of the first permeable membrane to the middle section and
out of the second permeable membrane, determining a ratio between (P; — P,) and (P;
- P3), P4 being a pressure adjacent the outer surface of the first permeable membrane,
P2 being a pressure between the first and second permeable membranes, and P; being
30 a pressure adjacent the outer surface of the second permeable membrane, and flowing

a fluid from the middle section to the outer surface of the first permeable membrane.

Preferably the method further comprises flowing a fluid over the outer surface of the

second permeable membrane and allowing at least some of the fluid to permeate

4



Preferably the method further conprises reversing the flow of the fluid

bet ween the perneabl e nenbranes. Preferably the nmethod further conprises:
recei vi ngwohe1ofi4edsd at a first inlet and fl ow ng the fl eca/Seeem/ovéee2first
per neabl e menbrane to a first outlet, with at | east sonme of the fluid
perneating through the first and second perneabl e nenbranes and fl ow ng out
of a second outlet, and receiving the fluid at a second inlet and fl ow ng
the fluid over the second perneabl e nenbrane to the second outlet, with at
| east sorre of the fluid perneating through the second and first perneable
menbr anesthEugnt thewisagpnsuPeteablee merpbrang yandetto figverhatwean, thes\nermpakiet he

flow cowprhb%ﬁar@@@ha%h{aﬂhaf.@t bé&ficaB@ rhéHb@nk0 the first permeabl e menbrane
or the second perneabl nbrane. Preferably the nmethod further conprises

reduci ng or snoot heni ng the pressure of the fluid being directed to the
first perprahhsy TR AithbPBomBiaGeRESTERE GloWEEIIaWRd BEfleBhaRty the

nmet hod further corrprlses regulating fluid pressure out of the first
per neabl P§iEwAPIgAReBRrapeR second permeabl e nenbrane. Preferably the method
further conprises venting air trapped between the first and second
per nmeabl e menbranes. Preferably flowing a fluid fromthe mddle section to

t he out erPrefarabix dheymethod furthartcopmripes: veeeiviegrtheafiad @bairstdaiat anehirwigat he

fluid frofeduROsVes ehd ﬁrsﬂEer‘n@aﬁfe hBmbRfetb 1St S@fet, vath atfesdtabatel of thée
method in this formfurther conprises restricting the fluid flow out of the

second pdiyitagmeatipgirayah t§6f'5§§a[“!)”‘&"@é"*ﬂiﬁ@'@f"ﬁ"l%”l‘?ﬁﬁ@ flowing o4 ofnt o t he

m ddl g Se&%é&ihd\ﬁlﬂett BAd Irédefling Pefluiatotite@ndtingt Add AdwiRg [H@ﬂﬂiﬁ 8vdFRRbr ane.
In a further specific expression, the present invention relates to a

t r eat mentSESHEY AFTBETRIP iGAYAPHLO d'b?)\?@c‘lﬂé’s evtiebewith sh dpast (fomenof thgi Buid

comuni caidr@atind thraughURS s&&maldndtfirdtdepe AME iR afyS AR MowhE bl &F thee fluid
recei ved on the first or second perneabl e nenbrane of the apparatus is an

ef f1 uent B$tQUBt upstream filtrati on menbrane system Preferably the system
further conprises a control unit configured to: receive the signals from

t he pressFyr? sensors of the awoaratu
15 referably reversing the flow comprisés controllably directing fluid to the first

permeable membrane or the second permeable membrane.

Preferably the method further comprises reducing or smoothening the pressure of the
fluid being directed to the first permeable membrane or the second permeable

20 membrane.

Preferably the method further comprises regulating fluid pressure out of the first

permeable membrane or the second permeable membrane.

25 Preferably the method further comprises venting air trapped between the first and

second permeable membranes.

Preferably flowing a fluid from the middle section to the outer surface of the first
permeable membrane comprises pumping the fluid from a source to an inlet in the
30 middle section. Preferably the method in this form further comprises restricting the fluid
flow out of the second permeable membrane so as to force most of the fluid flowing

into the middle section via the inlet to flow out of the first permeable membrane.

In a further specific expression, the present invention relates to a treatment system

35 comprising the above described apparatus in fluid communication with an upstream
5



determ ne the ratio between (P1 - P2) and (P2 - P3), and correlate the
ratio with one selected fromthe group consisting of: a failure of the

upst r eamwol2broasrssn nmenbr ane system and a presence of aPplCosiGamw/onee2e he
effluent. Preferably the control unit is further configured to direct fluid
alternately to the first and second perneabl e nenbranes based on a pre-set
interval or a pre-set value of the ratio between (Pl - P2) and (P2 - P3).
Preferably the control unit is further configured to control a collection
of the fluid fromoutlets of the apparatus, and to control a punp to punp
the col | dr@ipnimemerapasystemewherg e duigireesived ap the firstios secandtpesmanblel e

section. REmBRINeSE the dpatditd © dnegtlnobs the ubaeetaﬁgguhsﬁa@ﬁlemb% H¥lentan be

any cleaning fluid. By using an apparatus, ne or system i ncorporating
the features of the independent clains or of the above specific

expr essi OMgferdbly HESysRYPILBREr @mpriR8s hicbAtrolRAT BBAYufed DI ane or bet ween the
first and second perneabl e nmenbranes is nmade possible, which effectively

al | ow® t he per®eeike therigRsisir thepprgesus ereeshefdheapparatitined whil e t he

det ecti on appadeléfindthe ¥BidS&lwkén (P -us;}an%ﬂciﬁs?,%%dly, by reversing the
fluid flow through the perneabl e nmenbranes oul'ants that have been

per m L L A
deposi ted on driatehe ratie wih gpe selectsd frapdbe gravpraonaisting efaa falireipikthedged.

Thi's previgitrearhirad6h RSN ARS alpr&iBnbO bl 4 Rl RIRE WhRlekt. and -
accordingly extends the useful life of the perneabl e nmenbranes w thout

requiring downtine to clean the perneable nenbranes. Siml|ar advantages

appl yiof orprefErarly fREohtref uritis flifheR Bbhfijurdd '@t diretOtid 8it&RBicly2lo tRasikivandi ng by
i nt roduci r‘le%eor punping fluid directly into the chanber between the two -

per meabl ehBRbPaHREabIE MepRRNes hased R BFergel INtewal OF @ RigrsehyvalvecH thee

per meabl eafi®BdivaBR P, T Ph)anane, op;)_er advant ages arising fromthe invention
w Il be apparent fromthe follow ng description. BRIEF DESCRI PTI ON OF THE

FI GURES Preferred enbodi nents of the apparatus, nmethod and systemw || now

be descr ifrefbraly ther&i‘rﬂbﬁﬂrﬁiﬁisﬁ@dﬁéﬁmﬁﬁ%ﬁ@@@d‘%rﬂ%l fal cnE&RoN oF thfIGI: frdrhour e 1
Is a block dia rtﬁm of the apparatus, Figures 2A and 2B are bl ock di agrans

of tHe apﬁ';‘g?tét Jthe apRaatyss @nadgLogtrol a pump to pump the collected fluid into the
middle section via an inlet in the middle section. Of course, the fluid need not be the

collected fluid but can be any cleaning fluid.

By using an apparatus, method or system incorporating the features of the independent
20 claims or of the above specific expressions, a flow reversal at the first permeable
membrane or between the first and second permeable membranes is made possible,
which effectively allows the permeable membranes to be backwashed and cleaned
while the detection apparatus or method is in use. Specifically, by reversing the fluid
flow through the permeable membranes, foulants that have been deposited on or within
25 pores of the permeable membranes can be dislodged. This prevents the permeable
membranes from fouling prematurely and accordingly extends the useful.,life of the
permeable membranes without requiring downtime to clean the permeable membranes.
Similar advantages apply for embodiments of the invention that provide central
backwashing by introducing or pumping fluid directly into the chamber between the two
30 permeable membranes as opposed to providing flow reversal between the permeable
membranes. This and other advantages arising from the invention will be apparent

from the following description.

35



operation and a second node of operation respectively, Figure 3 is a flow
di agram of the nethod, Figure 4 is a block diagram of the system i ncl udi ng
t he apparwousio/Hrgares 5A and 5B are graphs of the test PcesG009/006222 he
apparatus, Figures 6A and 6B are bl ock diagrans of alternative enbodi nents
of the apparatus, Figure 7 is a flow diagram of an alternative enbodi nent
of the nmethod, and Figure 8 is a graph of the test results of the apparatus
of Figure 6A. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring
to Figure 1, the aR aratus 100 according to one preferred enbodi nent

i ncl udes BRIERDESE B’J&QN@%EHﬁfdﬁpgﬁ%nbr anes in the formof a first

menbr ane coupon 102 and a second nenbrane coupon 104. Each nenbrane coupon
102, 104 selectively allows certain substances to perneate therethrough but

do not al Peferedrembodipeaf they apRajAtus TAGthddsandysysigm vlh oaw rhentessribed oupon

102, 104 \yith REreME BHE Adofanfing fEire& rfwhienPass through. Menbrane coupons
102, 104 are selected so that a given foulant when fed to the nenbrane

coupor’s will cause fouling of the nmenbrane coupons. Fouling is a process
that results iﬁlglé{edééﬁ%gqlqgfﬁfépfﬁ\erﬁme@"éﬁ: a menbrane coupon, caused by
t hedeposi ti on of suspended solids on the external or outer surface, on the
menbrane pores, or within the nenbrane pores of the nenbrane coupon.

Typi cal foul arftiguras @Apard 28 ate blagk diagrams iof dke jagpafatust Nam firiemerds of si zes

of the MegHrARA £7A'4RRBSNd FHoBE bf bpdrsordtbspadiea} al foulants will be known to
those skilled in the art, and may include other materials that are

adsorWtive on the nenbrane surface due to their chenical or physical

properties, inghudisngaely disframioftHeafleth8d i of oul ants. Each of the first and
second menbrane coupons 102, 104 has an outer surface 102a, 104a and an

inner surface 102b, 104b, and is configured to allow at |east some of the
fluid recei VeOFi%ﬂth@a%!Hcﬁrdia@%rﬁ%the%st@ﬁﬁn&ﬁdih&%é@dﬁ%ﬁﬁ'@ coupons to

permeat e through said one of the nenbrane coupons, to flow between the
menbrane coupons and to perneate out of the other of the nmenbrane coupons.

Det aifss of onerigurgé SATaRd 5B are graphs of the test results of the apparatus,

Figures 6A and 6B are block diagrams of alternative embodiments of the
apparatus,

20 Figure 7 is a flow diagram of an alternative embodiment of the method, and
Figure 8 is a graph of the test results of the apparatus of Figure 6A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
25
Referring to Figure 1, the apparatus 100 according to one preferred embodiment
includes first and second permeable membranes in the form of a first membrane
coupon 102 and a second membrane coupon 104. Each membrane coupon 102, 104
selectively allows certain substances to permeate therethrough but do not allow others
30 to pass through. That is to say, each membrane coupon 102, 104 is porous and allows

a permeate to pass through.

Membrane coupons 102, 104 are selected so that a given foulant when fed to the
membrane coupons will cause fouling of the membrane coupons. Fouling is a process

35 that results in a decrease in performance of a membrane coupon, caused by the
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formconfiguration will be described later with reference to Figures 2A and
2B. At |east one inlet and one outlet are provided to allow the flow

bet ween twe 2rmmiarsne coupons 102, 104 to be reversi bl e. pCm/SGhensmnizazli ment
shown, the first nmenbrane coupon 102 is configured to allow fluid received
at a first inlet 106 to flow over the outer surface 102a of the first

menbr ane coupon 102 to a first outlet 108, and to allow sone of the fluid
to perneate through the first nenbrane coupon 102 and t he second nenbrane
coupon 104 to flow out of a second outlet 110. Simlarly, the second

menbr ane EPIRYAN B AusReNdgH rSolds en the extareal an euter F‘é?@levéﬂ the nerslyaBed i nl et

112 to f|wte@V&FW|tm€tr@Jh@hwb$éHef§d‘rés b4 AenibigheS 8SMRA. |36Qakteupen 104
to the s q(‘:?gp&%ﬂumaﬁt 110, and to allow sone of the fluid to perneate

t hr ough t AvsrBizem 2rges Rah theopors iires RS the mambranm FaitRoNE oBlR 102 to

flow out tgped bEpdtentidl fOUAASWIlLES kndhE t& R KiIRdAGhé Artt BhE nedjbRdiLgBNt al so
I ncl udes fhrst second and third pressure sensors A B, and C~ which are

conf i Jur &ihergnaterals deatare adserativg om fiesmemprane suriapeidug te Hr?'roqhealwaétor 0

bet ween (diysicalfptdpettiss, ﬁrBRJmngFﬁﬁt noflimikkRl 16 BictodRssur e adj acent the outer
surface 102a of the first nmenbrane coupon 102 (i.e. the pressure between

the first inlet 106 and the first outlet 108), P2 being a pressure between

the fi rsteamrﬂmla@ﬁrscehweéboheznaﬁ&ah@eoeﬁmnmzmmahaélan RERQ0fd&A108Nnd P3
being a PlGSsure adj acen outer surface 104a of the second menbrane

coupon 10W4gjand anipger ?E‘Elr gz%e%e?ﬂq ifeoBtiguad i Allav atl'?QStaﬁ‘?ﬂ‘etcPféh%econd

outl e 1¥R)d redafedpsi #id BitePlsuifiee EBAOICT the MerAB@nE cWubbnd® demeddided
ecifi ion. The a ar at us in this enbodi nent al so

| at hi s 0
.ﬁcfﬁdes té %§§l‘?r%f‘ %ﬂbmqf@feﬁa F’r‘?“ﬁh‘@fk&ﬁ’ﬁt&’?eﬁt’iﬁ BeRbrane eUReNhg val ve

upist r eil(r)namﬁ tbfberriﬂieﬁfércﬁm%f USRS of 1188 mérﬁﬂraﬁ@@ohﬁorfsol]lé&!%%ﬂ oh@ pfréférr&ﬂ rst
i nl et

t eco inlet 1 es or ke tubin wll be
descri be °fHéP‘H‘\Af5”fai'8"&'ﬂ &%ﬁ!ﬁ%“%%é%ﬁtgf ference do E@qusg%ﬁ%'%jg% reduce and/ or
snoot hen t he pressure of the fluid to be deI|vered to the nmenbrane coupons

102, he a tus 100 Isomc des trol lve n the formof a
t hred? tl%ﬁ%ﬁ% afp%rﬁrpé% &5t oyaliawrthe Spw befveendhe memiBRane

coupons 1ﬁ2porils0402,ntb41ﬁilvbétré@ét§‘bléf Inh hiee RAbDAInicht GPBIVAO tHeefirs hfbmbrand he
D ol oo %o 5 Uikt 5y RS BE RS obdinbse

surface 102a of the first membrane coupon 102 to a first outlet 108, and to allow some
of the fluid to permeate through the first membrane coupon 102 and the second

20 membrane coupon 104 to flow out of a second outlet 110. Similarly, the second
membrane coupon 104 is configured to aliow fluid received at a second inlet 112 to
flow over the outer surface 104a of the second membrane coupon 104 to the second
outlet 110, and to allow some of the fluid to permeate through the second membrane
coupon 104 and the first membrane coupon 102 to flow out of the first outlet 108.

25
The apparatus 100 in this embodiment also includes first, second and third pressure
sensors A, B, and C, which are configured to produce pressure signals for a
determination of a ratio between (Py — P,) and (P, - P3), P, being a pressure adjacent
the outer surface 102a of the first membrane coupon 102 (i.e. the pressure between

30 the first inlet 106 and the first outlet 108), P, being a pressure between the first
membrane coupon 102 and the second membrane coupon 104, and P; being a
pressure adjacent the outer surface 104a of the second membrane coupon 104 (i.e.
the pressure between the second inlet 112 and the second outlet 110). The operation
of the sensors A, B and C will be described later in this specification.
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112. The three-way valve 116 has two open positions and a cl osed position.
In the first open position, fluid is directed to the first inlet 106 (i.e
to the fiwetomenkysane coupon 102) and no fluid is directred/sScaomherzzcond
inlet 112, while in the second open position, fluid is directed to the
second inlet 112 (i.e. to the second nenbrane coupon 104) and no fluid is
directed to the first inlet 106. In the closed position, the three-way
valve 116 is configured to prevent fluid fromflowing to the first and
second menbrane coupons 102, 104, Further valves in the formof regulating
val ves 118h %ﬁapa&f@}sape i this #gbedisieny iafsedneudas a eressbteneprtrolerst teianthef each

of the fifofh oA réﬁ@@"r@dﬂ@ oaoeeugﬁ%ﬁnéftﬂ%enéld?éné)&%mpﬁbéeﬁnmd ishe

first outlet 10 second outlet 110 to re%g ate t ressure

and/ or t h&eeed tq twr%tuﬂlebioﬁ fArd thessesend intet mmswdlb@ﬁumg Astwibit .
Porous plgg Q:%s&rﬂ)%daﬂéioﬂdz‘lhé‘r;ﬁeﬁu?é/'déﬁﬁ'olfe? PHPROChnfidifed t6 Sted@@d! apgfPNd

menbr ane coupons 102, while allowng fluid to perneate throughout the
surf ace o?m?%aemﬁﬂ%?ér%d%ﬂ%‘d {obe deliygredita heymembeans apueans1 192, 1844 each
have an average pore size larger than the pores of its nenbrane coupon so
as not to_restrict flow through the nenbrane coupon. In the preferred form

t he por oubh§pRRAEAtUY 390 alspingludesa copteol yalva|in feafors afat thragrivay, edlvgid 1®or e

size of agrrdryeat ﬂe%@mn %ncthaor@t Rinaf §é<§3?|HYnﬁ%mtco@€ 102h& 0appag at us
100 al so i ncludes lurality of parallel vanes 126 28 arranged on or

adj acent qu‘sgﬁ?'@ﬂférﬁﬁ P@é@r%’%tm' 4340ln the graferred fosme thectbeedwar Melvane

coupofts 1P is Idtated! bethésh Perédsufcdritonir ‘Wlearﬂ' tHE kst E\Md Qécd?ﬂrlﬁlle{sei og/anes
126, 128 e ﬁrran ged between the first inlet 106 and the first outlet 108,

and bet webt?- TR thiee-way valve di16 hes twe gpem gositians And R lesed m'onﬂﬁéhﬂéfﬁés 126,

128 are C@@‘nl anien, fivd wu.eh%taftodﬂhéefﬁét ihlbti 6l ﬁ‘ée'td/ﬁ‘i@ it1} hBﬁb%Teeéouﬁaﬁface of
menbr ane _coupon . to its outl et nor e genera y todirect fluid froman

i nI et to 194%2ap PP@E'HdT’\HF‘F@eQ)Iﬂ‘IhétseCQWe'"\% t% Whlg in thegsesprdyoprnt PRSiqRs ovi de

support  tfuid féQilré&%G%IHeVsécaﬁdTbﬂétﬂqZQPéIR@Ehe]éb%on&%n%#éhé‘% ohenay aRd f | ow
cycle._ An eder, 130 havi &9 two vent channels 130a and 130b’is al so

pr ovi Ged qq?l% ‘&?Fﬁedtt?é’ﬁf”p(érﬁt Bt 18 nInthr clpseds posilian. thecthrre-wanralwhad 1@ oupons

102, 104 jwhkbafiyureltoosraesnifiar firi dBWingl tdi the ffll's@WnB%’éWm@hbHHeo&ﬂJboﬁbe first
and seconﬂmm?&?r ane coupons 102, 104.

Further valves in the form of regulating valves 118 and 120 are arranged on pipes or
20 like tubing downstream of each of the first and second membrane coupons 102, 104 or
downstream of the first outlet 108 and second outlet 110 to regulate the fluid pressure

and/or the fluid flow out of the respective membrane coupon or outlet.

Porous plates 122 and 124 are provided to support the first and second membrane
25 coupons 102, 104 while allowing fluid to permeate throughout the surface of the
membrane coupons 102, 104. The porous plates 122, 124 each have an average pore
size larger than the pores of its membrane coupon so as not to restrict flow through the
membrane coupon. In the preferred form, the porous plates 122, 124 are porous steel
plates with an average pore size of at least 45um, and more preferably of about 100um.
30
The apparatus 100 also includes a plurality of parallel vanes 126, 128 arranged on or
adjacent the outer surface 102a, 104a of the first and second membrane coupons 102,
104. In the preferred form, the plurality of paralle! vanes 126, 128 are arranged
between the first inlet 106 and the first outlet 108, and between the second inlet 112

35 and the second outlet 110. The vanes 126, 128 are configured to guide or direct fluid
9



The operation of above preferred form apparatus will now be described with
reference to Figures 2A and 2B. In Figure 2A, fluid (generally indicated

wi th arr omoBp1rovg7shown entering the apparatus. Specifi caCirgG20m@dozz om an
upstream source i s channel ed through the pressure controller 114 to

snoot hen the pressure of the incomng fluid (or pressure Pl as will be

| ater described) and/or to elimnate excessive upstream pressure. Once past
the pressure controller 114, the fluid is directed to the first inlet 106
by the three-way control valve 116, which is set at the first open
posi ti on.Tegived Bp &Re euer syitace of p HHGmRyane FaYPafda dis outiefper mefecgenerliyitel at t he

first inld@tect @GidskoriTanompe té fie cf)irésﬁionﬁﬁl \ABE THRURMRS 498, @@@l als® glithgeted to
the first outlet 108 bﬁ?%r@éﬁelura It paral | el vanes 126. Some of the

fluid (i nRIPYULESYPRPT o ive dv\%r)’gr@@? (FOHPYS 192“ Hgduringea revesse fiawbr ane

coupon 10gcRNdan B bRRHEUSIChAMg thodleft drahnbitBoa aﬁhq@bﬁ iSAEd Fn%@ldgg% The
m ddl e section 200 in the preferred enbodi nent is substantially in

nmi ddl € of Vahhar fiaepethbetwsen Wsdistand sesapd meebeaneenypon 202, 104 whishk mayi s i s

not essendthédwistShiAderdRIEEN Bdtweén 8 thAllgh Wﬁé‘ﬁrspén& §toRd Alinfbrafetd pBng 00
bet ween t he gﬁnbrane coupons 102, 104 can be inplenmented instead. The paths

fromthe & pl ates 122, 124 taper towards the m ddl e section 200 to
support and secure the porous plates 122, 124 in place while all ow ng

effective_capturjng of gressure P2 and, at the same tinme, providing a

mexi mim p'afen&%ﬁr?m A\ Rboe ereferead form @pRaiRiRHME REWCRSFRSFEbEDYIth 1eferenge r
trapped ito Ft|§lﬁe§n2¢ldérﬂj 38 Chni Fgurd G, ﬂmal @Bnérally mdﬂzfétérd Wukmhﬁo\p@)ﬁ?@ﬁém s
vented thr h the airbl ee%pﬁ@lSO of the fluid in the mddle section

200 t hen ?f athes aPRRTalish f'?ﬁWOtﬁedsfr@@I ap| YRSIeam SUHEE tihcharpaled

nmenbr ane tARugRthe Presbarefdopitoirit 180 EMBothes aslprYslrelof HEDincdrhingifluld @
appreci ated that the broken arrows have been i1llustrated as perneating

t hrough tHESSYear 8s ¥l he laterdrsrriaad) m&%@“@m‘?te PFEST V5 URSIIGRAIMRFEHS: and i s
t her ef ore not limting. The actual fluid perneation takes pI ace t hroughout
t he S e of e respective rane coupon. Duri t he above operation,
press fé%??f%@ﬂ%?fés ‘é[ﬁé‘ﬁ"ﬁ?)‘mng“ftf‘?élt"d '§é’€8ﬁ6dé‘hg‘°ﬁfl*fﬁtr'ﬂ'%ﬂ@%@ﬁrﬂ?ﬁ sensors
A B and tRielefwdyn€ortRr fhlve 136 SWIBEM id §bt|'_aitgh'é ﬁrslop&@@:%ghorﬁ 'Ffﬁ’ek&%vfd@é‘(ihé‘gs of
sens r eadi gs of P2, and nsor C takes readl ngs of P3. The

ta
read| ngsc%Sl}o"‘f"P%l%'}S;e@Q ¢ & S%Cf%%tlog iud taﬁe eplirst flele 06 Skigmst QY‘?ﬁ the fiist ratio
of transmeérabr@Ae coupon 102 and is directed to the first outlet 108 by the plurality of paraliel

vanes 126. Some of the fluid (indicated with broken arrows) permeates through the first

20 membrane coupon 102 and the porous steel plate 122 into a middle section 200. The
middle section 200 in the preferred embodiment is substantially in the middle of the
distance between the membrane coupons 102, 104, but this is not essential as an
asymmetrical arrangement of the middle section 200 between the membrane coupons
102, 104 can be implemented instead. The paths from the porous plates 122, 124 taper

25 towards the middle section 200 to support and secure the porous plates 122, 124 in
place while allowing effective capturing of pressure P, and, at the same time, providing
a maximum permeation surface area at the membrane coupons 102, 104. Air trapped
in the middle section 200, which may hinder fluid permeation, is vented through the air-
bleeder 130. All of the fluid in the middle section 200 then permeates through the

30  porous steel plate 124 and the second membrane coupon 104 to flow out of the second
outlet 110. It will be appreciated that the broken arrows have been illustrated as
permeating through the middle of the membrane coupons 102, 104 for clarity only and
is therefore not limiting. The actual fluid permeation takes place throughout the surface
of the respective membrane coupon.

35
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pressures p . As wll be appreciated fromthe applicant's PCT Publication
WO 2007/ 129994, the ratio p is determned by calculating (P1 - P2V(P2 -
Pa) - The wal2ow/@vrison may be carried out by a data proce®sirsgumiono2nr |ike
control unit, which may determne the ratio p in response to receiving the
pressure readings or at any given tine. The ratio |l | at tinmet is: It wll
be appreciated by skilled persons that [(/J(O - P2(t)] is the

trans- nenbrane pressure for the first menbrane coupon 102, while [ 2(O -
P3(Q s hIS trans nenbrane pressure for the second rrerrbrane coupon 104,

meking p PHESBE RGO °?ﬁ"f@t"iwr?§$5¥%reﬁﬁ'ﬁﬁ$ arectaler By thectirst sgcendsandothisd i n t he

appl i cantpresgié lseRorE @ B Wi Cahi A8, loddliBng @hbWn Ain ur¥a’f YSENseF A tdkesand may
be correlated with the presence of foulant in the fTuid being recelived in

t he appar&eti89Hiflf é%'h%oé(%@h?? (radings of Parandsrenser @ fakesdanadings of B iThe

menbr ane. reé&m§@6ﬁtﬂé%r€§suré\@§ﬁ§!ﬁ§ aRAaRA ;S?Bcés@d € Séferrhfr‘ubethe\! Fhtio antré’nsOr e-set
p val ue or the command of a user, the three-way control valve 116 is

noved % o ’f‘ﬁ'@g@%cﬂﬁ%ﬁs&bﬁp pb6siwill bg qRET%?F%t%Q;ffO@ @é&ﬂ%C%GéDQ)T Peplisasion on

illustr atwd) poOA Zmg08, BR. rakle N is fdettrflineti a8y EdIGuIAERE cepl)sTHer ected
to the sec inlet 112 hy the three- wayq{:?ontrol ﬁe llz?[gwszuchg)t hat it

ski ms ove‘ia °t“ jod MAYRE GRS QWY Hpl8rPrassssig ynit or H'fef et} upih which @ayond

outl et 1lddtdnhind@entatis & i bespbnstrfordekailing Qﬁ@ﬁrelsgt?’re rgﬁﬂ’ﬁgé?ﬁr th bivkA
(indicated wiith br obtaégarrows) perneat es through the second rane coupon

104 and tUFee-J5e &t "85kt e 124 into the nmiddle section 200 Air trapped
in th mddle section 200 is vented through the air-bleeder 130 as in the
first node of operation. AII(tpE[(PE) PR(NPRRE]TRU) in the mddl e section
200 then perneates through the porous steel plate 122 and the first
menbrane coupon 102 to flow out of the first outlet 108. At the sane tine,
t he rol e lbwilpbesapprasiatet byr skilledaperséhatrat [ER@)y-s2dr)] isdhes drandemembrase t 0
determ ne the value of P3 and sensor Cis used to determ ne the val ue of

Pl. PresdipsSureon rﬁ@% fi§$te Wmhrammmwpwtweemfam [ﬁr(ﬁce@@é]d ig dhelelransmi ne p

.One differ ence bet we e[nﬂ)g | on IEBE secorn rmde of
operat i od"§'E I?Hglpr%Sﬁgref PE) ebs&c% ik éoﬁ‘ﬁ er tl94° €e. the
flowtisn ttwe trahsiHemntsannd presgures Asdiséloseattin m@pneamlstwrmmca’r bublt:aﬁbnr, everse
of (i.e. tfmerao nmgubstanti?lly an . .
y vary over time“and may be correlated with the presence of foulant in
the fluid being received in the apparatus and, consequently, a failure of an upstream

filtration membrane.

20 At some point, whether based on a pre-set interval, on a pre-set I1 value or on the
command of a user, the three-way control valve 116 is moved to the second open
position to effect a second mode of operation illustrated in Figure 2B. Here, fluid from
the upstream source is directed to the second inlet 112 by the three-way control valve
116 such that it skims over the second membrane coupon 104 and is directed to the

25  second outlet 110 by the plurality of parallel vanes 128. Some of the fluid (indicated
with broken arrows) permeates through the second membrane coupon 104 and the
porous steel plate 124 into the middle section 200. Air trapped in the middle section
200 is vented through the air-bleeder 130 as in the first mode of operation. All of the
permeated fluid in the middle section 200 then permeates through the porous steel

30 plate 122 and the first membrane coupon 102 to flow out of the first outlet 108. At the
same time, the role of pressure sensors A and C are reversed —~ sensor A is used to
determine the value of P; and sensor C is used to determine the value of P,. Pressure

readings are continuously taken and processed to determine IT.
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opposite direction to) the flowin the second node. This all ows backwashi ng
or cleaning of the nenbrane coupon out of which the fluid perneates. That
is to saywoinivhessgecond node of operation of Figure 2BpCrlse2édorosa22zenbr ane
coupon 102 is cleaned by virtue of the flow out of the first nmenbrane
coupon 102 di sl odgi ng any foul ants trapped on or in the pores of the first
menbr ane coupon 102 after the operation of Figure 2A. Simlarly, if the
first node of operation, as shown in Figure 2A, is repeated after the
second node of,_ operation, the second nenbrane coupon 104 woul d be cl eaned

by vi rt uePBf difiseence bgtwren the fissh mode b eaeTation ARM dhecsrsenh Mode ofioge@lien ng any

foul ants ramaae few B¥twésh manaﬂbneﬁe%ub&% Wz:qrod (U@fﬂqé@lﬂ@ .ﬁ%@ﬁﬁdcﬂ@‘l af ter
t he operation of Fi %ure 2B. In the preferred form only one of the above

modes of $R5HPRYiNGhe fiEst "Pﬁﬂee'ﬁe'iﬁ'f’%tan%ﬁ"yéh‘f/ reyeese phige- H‘PY&F imeubstantialbhen coupons

are cl eangspdaite alifestidiatd) "Be PRIWGS rthé hs%c&hd Fhod¥Arhi€ @bk HadRvashingPREr at i on.
As can be seen from Figures 2A and the first nmenbrane coupon 102 is

ar r anged deaning,phihe 'P?fﬁ'?ra[‘% CQURAsY %%ﬁtqfd‘m'%h thaflyid rgrmegteshEhalds ke B Wken t he

first inl@e sbBéhdmedd Beogdratih d?idupd 2B0fe fitdtihémbraRe S6G5IAT 0388 Ble8REd Coupon
104 is arran&gd Qn a.plane that is substantially Barallel to the path

bet ween t'heVEHEe Afdhe fpwiout 05 the, first w@e@%r@aﬁcpoaew dP2 disledging any fouands

i ncom ng tfémbled anorsiﬁl e Porés 61 the. flrf;tI RemibRireZ 8dlipdh | 10288teP RIRO BBEratidn of
verticall for ced ou t he nenbrane coupons 102, 104, thus
gé( rﬁt ngwé

pr ovi di n awe.%ﬁ) &fﬂ'vc}fcs%% pPerationy@sHNaNe 'egwfmgf\mezepqaﬁad and

pr ol ongi ru}tetr hRe |§eﬁﬁwd)fnoﬁb&)fr@iﬁﬁétibﬂe RO BB Aembrarédeodpant 11 RbakiEsE ed
form the s of m%rrbrane coupons 102, 104 are substantially

paral | el ‘i%”@g% YB‘E“I'F'ePf tha oWy ' e 98P¢ FISTeRians peiren W4 ditiodaingialius t he
menbr ane feoldpRNFapbed. on16r4bn fhe @rwbﬁ&elsmd%eﬁaﬁbng%@ben 904 V4ttek fihe
operation in a haqr]j zonélg p03|t e preferable to position the

appar at uOPERRIAD Y FiguEs 53@1""? tf‘l’lrén I?E?;‘tﬂrﬁrﬂef ReRRYEINodss of eperatien i n a
verti Ca| i® rAplemented @t aidpsnd firhd, énh&héfﬁiéhfbaéﬁe Mbﬁgﬁre%ne&% anérinktieg! | y

t hens Thj s vant ageo s it elimnates the effect of gravity
such fb%‘ﬁ? ﬁﬁiéﬂgsﬁ%"ggﬁ%&jefd’gwﬁ@ﬂo%y foul evenly. In a horizontal
positlon it has been found that the first nenbrane coupon 102 fouls nore

ui ckly than
9 y S ca e seen ﬁ'om Figures 2A and 2B, the first membrane coupon 102 is arranged

on a plane that is substantially parallel to the path between the first inlet 106 and the
first outlet 108, while the second membrane coupon 104 is arranged on a plane that is
20 substantially parallel to the path between the second inlet 112 and the second outlet
110. This allows incoming fluid to skim over (i.e. flow horizontally as opposed to
vertically or being forced through) the membrane coupons 102, 104, thus providing an
improved cross-flow over the membrane coupons 102, 104 and prolonging the life of
the membrane coupons 102, 104. In the preferred form, the planes of the membrane

25 coupons 102, 104 are substantially parallel to each other.

Although the detection apparatus 100 (and thus the membrane coupons 102, 104) in
Figures 1 and 2A and 2B are shown in operation in a horizontal position, it may be
preferable to position the apparatus 100 vertically such that the membrane coupons
30 102, 104 are in a vertical position (or position the membrane coupons 102, 104
vertically themselves). This is advantageous as it eliminates the effect of gravity such
that both membrane coupons 102, 104 may foul evenly. In a horizontal position, it has
been found that the first membrane coupon 102 fouls more quickly than the second
membrane coupon 104. This was attributed to the gravitational effect of the horizontal

35 positioning of the apparatus 100.
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menbrane coupon 104. This was attributed to the gravitational effect of the
hori zontal positioning of the apparatus 100. Referring now to Figure 3, the
met hod i rwonelogpresserred enbodi ment of the invention begiPo3/saRo®®00222t h t he
flowing of a fluid over the outer surface of one of the perneabl e nenbranes
and allowi ng sone of the fluid to perneate through said one of the

per neabl e menbranes and to fl ow between the perneabl e nenbranes and out of
t he other of the perneable nmenbranes. For clarity, the description bel ow
assunes that step 300 covers the previously described first node of
operation, where fluid is flowed over the first nenbrane coupon. This would

take pl agrefefting rioetot hg@%'%bie FRERELIn o YRfdried®dmb&Embhf Sf theRGRnB&Si i on
illustrated in Fi alw step 302, the ratio of trans-menbrane

pr essur eLeONS A 380 withdbe flowipg Oéarﬂéltdl Qeptheruter guiace obone afifje peomeatis) i

bei ng a pPh&HBANEs %Hmmlﬁd“%oﬁwbrﬁ tHeN@& ténﬁhrﬁﬁﬁtef !Hr@&gtplébidebme B thei ng a
pressure between the first and second perneabl e nmenbranes, and P3 being a

pr esstr e AFETRRIA MafePraesoany torflout b?iWGe'! He ReswsAble sReMirapes SR‘i’ puief theer sons

Wi I approifdradfens atmédifte \WdrhisraRés. tFHR diatity, GhEREsEtiBRtEIEW RESLALS fhat
continuous basis (provided pressure neasurenents are taken continuously) or

may be d&tR %‘?%dea% therRreyiguals deseribed firstiaode of gperationrwhere flpigtis Jowed
det erm neﬁenme et Hietbrame OGO THE! oI NaktElaES RAni ﬂnetth@eew E& S

earlier publ i cation or alternatively be saved for |ater processing.
Skill ed ﬁ@P’?d?lgtW?TStBP%p%ﬁﬁtfﬂ"é@ng??dt'%gtguﬁ 2As possible to use a
di ffapenti al pressure transducer to neasure the pressure across each of

es 102 and 104. At sone point, either based on a pre-set

per neabl g, ne n
i nterval At§ ep?r%&s &te 15tig of fangegibrancepressHiash i daterminrch(i-e. afatiokatween
proceeds (Pp— L d3®4 - ‘P‘Q)eP‘?béth af prog¥usd béteemh tHé ﬁl“sthlik‘lb’l/\@ﬁﬂ\thfeh’@stR:ﬁélﬂ(‘é‘i‘i‘PPI e
menbranes | S reversecg “otP referred formas described earlier, this
occurs i ret"9e? BEEHHE (fJB‘éFH? SeePnd AerPRakle rrambipReS aRd &t BeH 3 hr eenay
bont rol \pﬁéssare Petiaend tHed sb&ﬁ‘ndsﬁﬂé}nﬁrluf)ﬁﬁél M&g& Icsmllcgt)TFBksiuagll‘3 Bﬁh%bﬁshawﬁ | ow
etween tne reaS| ustrated In Figure ich is in
subst'dnt 2RPY ﬁh%pt%SsY"’lqb tE%trPPfh MYy i’ ‘Tt?'H‘\AP%tO\%/eérFO("H@U%rH%%%I e
menbr ane$pras.dea |prsssupd ﬁféasmemegtsr @reaékerﬁaordmswﬂedr FAY|bectietesinéd Ut d 1 s
fl owed frq e_secagnd inlet over the <f nd
ntervals. The value or values of the ratio so etermlned may be used in the correlation
described in the applicant’s earlier PCT publication or may alternatively be saved for
later processing. Skilled persons will also appreciate that it is possible to use a
20 differential pressure transducer to measure the pressure across each of permeable

membranes 102 and 104.

At some point, either based on a pre-set interval, a pre-set Il value or on the
command of a user, the method proceeds to step 304 where the flow of the fluid
25 between the permeable membranes is reversed. In the preferred form as described
earlier, this occurs in the second mode of operation, which takes place when the three-
way control valve is moved to the second open position. This effects a flow between
the permeable membranes as illustrated in Figure 2B, which is in substantially the
opposite direction to the flow between the permeable membranes as illustrated in
30 Figure 2A. As described earlier, as fluid is flowed from the second inlet over the second
permeable membrane to the second outlet, at least some of the fluid permeates
through the second permeable membrane and the first permeable membrane to flow
out of the first outlet. The effect of the flow at this step is that the fluid that permeates
the second membrane coupon and the first membrane coupon is able to dislodge any

35 foulant from, and effectively clean, the first membrane coupon in a backwashing action.
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per neabl e nenbrane to the second outlet, at |east sone of the fluid

pernmeat es through the second perneabl e nenbrane and the first perneable
menbr ane wo 20loom73sat of the first outlet. The effect of PCESGRO®WOER2t hi s
step is that the fluid that perneates the second nenbrane coupon and the
first menbrane coupon is able to dislodge any foulant from and effectively
clean, the first nenbrane coupon in a backwashing action.Once the flowis
reversed, the nmethod reverts back to step 302 to determne the trans
menbrane pressures ratio, this tine based on a reversal of roles of sensors
A and C as described earlier. The nonitoring of the integrity of an

upst r eam Hhdd t'hétﬂ'oﬂrrls mmeanﬁetmaheé AR Bk { {3488 96? tFddtnind fret iR meabl e

menbrane is in the process of backwash I Ng sone at er POl nt, el t her
based on HePP@Ngdressyres: iafe. this tm%b@%qd M %mésahof e ﬁfeSQ!‘ﬁﬁfﬁaﬁ@ndfCa user,

the flow £f ddsBfbdd elrfbrbahvnitbity FareRAd Ry m;ﬁsﬂ§§m'fﬁm&|‘3ﬁ %e?ﬁt?raﬁé‘ce

again in step 304. This tine, the second perneab nbrane under goes
backwds hi RErelgie | 'éOftt'ﬁBeSapmlﬁam?s fifgl n persreablen énffrnl?regw iy inofthe hrropgsst téam
filtrati ofacwadHimge. It will be appreciated that the above operation allows
the apparatus to nonitor the integrity of the upstreamfiltrati on nmenbrane
whi | e one perneabl e nenbrane is bei ng backwashed. A treatnent system

enbodyi ngagt %@E@é&ep@rﬂpéﬁ!?érbb%séa%n”@tpmgeﬂ iRtePAIVA pidlsdtl 1 Wakietor gh%e
apparatus 100 is shown in fluid commni cation with a conduit 500 having

therein apomm%f}dapf @n”?%nﬁ'?ealﬂ@WSGfZ“\eof'U'ﬁDtP%Wg%’héfﬂ%tlplegm%?bﬂ‘? Ingrabrapas rignbr ane

systef) URGrs&RanRE Adin aRPaERt3s. s tinte,i theCbédhaf 5é>rmefab% Mdnysthh&t | on
that fluid that is received at the first inlet or second inlet (or on the

out er sur4"dewogs haglkwashing whilg the- apprIatvs /BPRItREs dhu igasity of thenapstam at us

100 is aritaitioh usiebfdnel Ne ill | e aHppRitidiBdThANehed Bovel Npeptivh € AN Ahd NCl udes
a control unit 504 confi gtl;”ed to receive the pressure signals fromthe

first, sEPBABRUMEP rrviar She diggrdy s‘gn@ﬁr%"s("leﬁﬂl‘l fliratien \ianrPrang jwhilei Peg es), to

determ nq,ernhgam@me%upane i8bdingbaeiagheat € the ratio with one selected from
t he glroup consisting of: a failure of the filtration nenbrane 502 and the

prese Rce of a foulant in the effluent. The control unit 504 is also shown
I N conmum gadthent wstém bh@ow@w&:&e&gbgﬂat@anmﬂethw% $HONRQMEYgUFE AL I Ol

valve 116I'haena%pgrgt 1e &)ulls% (I)VI;I]I%J InvfﬁJICY ce:osmr%amcatlon v%ltzhoa tcgnd%?tigtolb(ﬁav;[ngetherrgipae ctive
filtration membrane 502 (or more generally a filtration membrane system) upstream of
the apparatus 100. It is clear from the illustration that fluid that is received at the first
20 inlet or second inlet (or on the outer surface of the first and second membrane coupons)
of the apparatus 100 is an effluent of the filtration membrane 502. The system also
includes a control unit 504 configured to receive the pressure signals from the first,
second and third pressure sensors (indicated with solid circles), to determine the ratio
I1, and to correlate the ratio with one selected from the group consisting of: a failure of
25 the filtration membrane 502 and the presence of a foulant in the effluent. The control
unit 504 is also shown in communication with the pressure controller 114, the three-
way control valve 116 and the regulating valves 118 and 120 to control the respective
components. This allows the control unit 504 to, amongst others, direct fluid alternately
to the first permeable membrane and the second permeable membrane of the
30 apparatus 100 based on a pre-set interval (e.g. every 2 hours), based on a pre-set
value of the ratio between (P, — P,) and (P, - P3) (i.e. the control unit 504 causes a flow
reversal between the permeable membranes when the measured value of IT is higher
than a threshold), or based on a user command. The control unit 504 is also configured
to maintain a consistent P, value at a pre-set value, to vent air at a pre-set interval/time

35 oruser command, and to set the operational pressure of the pressure controller 114.
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conponents. This allows the control unit 504 to, anobngst others, direct
fluid alternately to the first perneabl e nenbrane and the second perneabl e
menbr ane wo 20tver423spar at us 100 based on a pre-set intervaCcT(Se2gpo/0eaery 2
hours), based on a pre-set value of the ratio between (P1 - P2) and (P2 -
P3) (i.e. the control unit 504 causes a flow reversal between the perneable
menbr anes when the neasured value of pis higher than a threshold), or
based on a user conmand. The control unit 504 is also configured to

mai ntain a consistent P1 value at a pre-set value, to vent air at a pre-set
interval /time or user conmand, and to set the operational pressure of the

pressure KOBIF e b;%recll&l@d%ﬂ"tﬂe' aﬁbﬁcéﬁ?@%@ﬁi‘eﬁb@q' pupBatioRewher bifcemifromear | i er
PCT publication, when effluent fromthe upstreamfiltration nembrane 502 is

subst ant i BEIUpsirea ffatip Mesphrane F02 ds wt&mr\qaﬂx tiee of feelanp Fhidatieydng irdo wi | |

al so be sgbsipparatdl 100 il 8RoMe SuBblaAtilly flcd of ¥silardt. BisdkR a sidi6, helviBeF the
ratio p will remmin relatively constant, and its time derivative will be

zero & chedatia b willkrsmaiipiajively capgtant ARA és timecsarivativedwil deszeii eReioge t he

f1 ow i nt aotAae. HaRVEE Wheh 6O efflﬁéiﬂkﬁid%n@ec?]éﬂiﬂyiﬂé’@dw mﬁﬁﬂh‘@p SfatdsOfgognt , one
of the first and second menbr ane coupons (dependi ng on t ec{)oleon of the

t hr ee- way*XWRHRS @ sigaifigant1arayunt; of fagtant.t ong 0de= fi rgpeeq! fseeand ynenlrane t he
upst r eam ddupbh&{dePBndiRyYER HeSpoaflidn foﬁtHe&hreE%yaéHnteraW% 11@? g)dﬁ‘éﬁd fPfduPass

through the filtration menbrane 502 and be subsequent|

r espect i vePseficaivambep (ShLﬁ)Bﬁ’ﬁtreA”‘sfﬁ‘lﬁ%ttOQrW?’HP’aQﬁ@Qﬁ ff a'l§f fOPB’l',?F BrAn 'Bfé‘ﬂ% carRd to

the respesdssaroUgH e AfraiéH RRfbMAd 502 aHY tbeléhbgéuuénﬂg f&] td the raBpRivee
coupon whi ch consequently causes an increase in The rate of change

in | T me)eRPLRe; Bsé isubsiartial eyt 1| fOH@“FréX?"@xif%d( thtB?l epRECHMR t r eam
filtrati oRefBraneaddpSYRilN@asulbpt folid 61thd WerirbfE ch@dnt Whicht ddRséqudntypg rate

may becone S|gn|f|cantly f aster thus giving rise to a higher rate of change
of JQ . THYSSS ARdNGeasedn 11} The rateof chapagyisy |1 ey RISCHIPF@RSe RRCaNSe SR el at ed

to the prfeslmgcmapfexfspwh@;mr% apsiveam ftrdtidnl Membiinet 512 mExshotaanad blttdr@k i on
nmenbr ane 5 eration of the $>referr d enbodi ment of the invention in

2
this ¥ystdl r?sth'?ﬁ%!‘?'ggv%t?é‘&?y brcomeesigniicantie taptas thysQIving Aige iha higdbep®iR of the

appar at usof hang® of 51 .t Thual kr@Waﬁb qadr g tirde HORARTIIBNE @AUROESTSMIEd %0 t he
apparatus continues to oP te as described above. This avoids the need to
S.

di sconnedhe greseasd okforiqe aﬂﬂﬁ’&?‘ & fgdure e vrstrepat iiatiasrmembeanr f§20The he
Menbr ane dpRRADS Ae SraRIMEH N JAfn &R 5P IRTAVETRIBR WM this system is the reversal of

the flow between the membrane coupons of the apparatus 100 so as to aliow cleaning
20 of the membrane coupons while the apparatus continues to operate as described
above. This avoids the need to disconnect or remove the apparatus from the system

for cleaning of the membrane coupons or changing the membrane coupons.

Example results obtainable using the apparatus of the invention will now be described
25  with reference to Figures 5A and 5B, which show graphs of test results of the sensitivity
of the apparatus. The graphs specifically show the ability of the apparatus to restore
the value of the ratio IT after fouling by reversing the flow direction between the

membrane coupons.

30 At point A of Figure 5A, the apparatus was in a first mode of operation under normalt
operating conditions and the value of Il was set at about 1. The normal value of I1
was set by controlling one or both of: (i) the value of P, using the pressure controller
and/or the regulating valve downstream of the first outlet, or (ii) the value of P; using
the regulating valve downstream of the second outlet such that the value of (P —

35  Py)/(P2 - P3)is substantially 1.
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Exanpl e results obtainable using the apparatus of the invention will now be
described with reference to Figures 5A and 5B, which show graphs of test
results olothm/gessgitivity of the apparatus. The graphspPspscéiomadzy show
the ability of the apparatus to restore the value of the ratio | | after
fouling by reversing the flow direction between the nenbrane coupons. At
point A of Figure 5A, the apparatus was in a first node of operation under
normal operating conditions and the value of p was set at about 1. The
normal value of p was set by controlling one or both of: (i) the val ue of
Pl using the pressure controller and/or the regulating valve downstream of

the firstaagidiftion wis t@mbh yurd B?pcyﬁtl B‘?b?ﬁo?ﬁg 'B%hf&ﬁltfff leuﬁ&g lt@fh'e%t%/?%l}g P3)

downstream of the second outl such he val ue of

i s subst aifivered yo !\e@@prﬂmﬁh&ﬁ'm@%@n Presenge ohaifquamnin e eftuantgf a

Bent oni t &ipstloHimhé&braRé 0 the fluid being delivered to the apparatus. This
sinmul ated the presence of a foulant in the effluent of a filtration
menbr @ne. As can be seen fromthe graph at point B2, the value of | |

i ncr easedad E&MTbd skén %ohﬂth@t%ﬁﬁbh %9 Pth‘BQ Cfhe \)aﬂjeaofpfﬁﬁér‘e‘é%d ﬁ*@rﬂl 1 ?@h'lﬁm such

an increase in the value of he rate of change of 1ts value would be

sensed by2PQUEEHMintes;An @ P&ﬁfa'cebaﬁpafs@@nmplm ap inprease i e valueofi Iagortth@

t hreshol dafe0sf dH2PgY 3 W8 VAfuePwbiid beBserRBd ib)Ca %aﬁt‘?ol'dﬁltvﬁ&@orﬁ&aréd
clearly signjfy fouling of the first menbrane coupon and thus the fallure

of an upstf"ieéBWf'?‘?st”P‘d’ﬂg the th@?ﬁ?'érf@r theealysef [dds A& ap incrgasp ovalyseiat dnit e

dosi n@ Wagousd @Qﬁﬂ}dséﬁﬁy fdiing & hied il FHRhMRShe ASartihtis rtﬁé)lfa?lﬁ?éjoif Qﬁ a
repeat dosi ng in the reverse cycle/direction. Between C2 and D1, the

appar at usURRESaM H@HomBiembraRsher ati ng conditions in the second node and the
value of I T was adjusted to about 1. At point D1, a dosing with Bentonite
solution was repeated with the apparatus operating in the second node. As

i s appar &ftW PFLAYIRI ("t apB (& Bentonye SaRing asssterpsdansktha deylpg membraee r ever se

cycl e resdoupéisb wéte dépladed 18RS Pepdat BEEndin\Ré HEefde@ytid/diRetibn. N about 28
m nutes, simlar to the dosing result in the norfmal cycle between points Bl

and . At point El, the dosing was continued while the flow between the
menbr ane BEWEENE2 and D1, the apparatus was under normal operating conditions in the

second mode and the value of IT was adjusted to about 1.

At point D1, a dosing with Bentonite solution was repeated with the apparatus
20  operating in the second mode. As is apparent from point D2 of the graph, this repeated
dosing in the reverse cycle resulted in an increase in the IT value from 1 to 3 in about

28 minutes, similar to the dosing result in the normal cycle between points B1 and B2.

At point E1, the dosing was continued while the flow between the membrane coupons
25 was reversed (i.e. back to the first mode of operation). Bentonite that had previously
fouled the second membrane coupon was washed away and cleaned by a process
akin to backwash. The effect of this backwashing is clearly represented by the dropping
of the II value from over 3 back to 1 at about point E2 (representing a restoration of
normal operating conditions) in a relatively short frame of time. The advantageous
30 effect of the backwashing can also be seen from Figure 5B, which shows the IT value
measured as Bentonite dosing began at point F1, followed by a flow reversal at point
F2 20 minutes later. The figure shows the value of IT increasing from 1 to 2 and
dropping back to around 1 after the flow reversal at point F2. It then took another 27

minutes before the value of IT increased to 3 at point F3. This shows that fouling was
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was reversed (i.e. back to the first node of operation). Bentonite that had
previously foul ed the second nenbrane coupon was washed away and cl eaned by
a processweaknry/messbackwash. The effect of this backwashipaog/Sicomloeent y
represented by the dropping of the p value fromover 3 back to 1 at about
point E2 (representing a restoration of normal operating conditions) in a
relatively short frame of tinme. The advant ageous effect of the backwashi ng
can al so be seen from Figure 5B, which shows the p val ue neasured as

Bent oni t e, dosi ng began at point F 1, followed by a flow reversal at point
F2 20 i rifteded Hithin a"rh@ﬂf(ﬂélw'@ut@ﬁwm% Gasa)athes’ fw fevers@l eeauried inrteen 1 to 2
and dr oppiidgt &rFeliingo around 1 after the flow reversal at point F2. It then
t ook anot her 27 mnutes before the value of p increased to 3 at point F3.
This shows that fouling wasdetected within an hour (47 mnutes in this

case) Whemgilile GArdIBS Howwe HiteRAtiVd embBdifeAtt of the ASPHrat08 of the WeRBioPA and
6B show t alternati ve enbodi ments of the apparatus of_ the invention. The

pressdre BISSSUTR APESYYE d13Ve et ainittest far| clarity. \Refering e iFigyre §AHirgt ke 6A

first, thayduyptHe ddtedtib® aﬁ@érﬁﬁﬁsh@@mﬁ@pﬁf hhSeschbsd BrliéH wﬁhothé %Hltlgﬁ%f:r i bed
earllervmththe addition o 600 and a fluid source in fluid

communi cdt PHRPWEA0han a; f!%ﬁows‘ea Gpﬁ ip flid, remmunisatian with 2300”9? ﬁoﬂ H@ t"p‘ﬁ eferred

form thenﬂhlél sbcEON P0G 18QRe |p$ef§r‘?é'tf chMr@rﬂaﬂle sb0fc8 d02uk ohfigilred tP¥RrOUt Of
outlets described earlier. This i s, however, not

one or e
necessari uf’ @at {!RYY s 4t of apg egmors ¢f tﬂ? pHtiess dasasibed ieatligt Thisds. havever, diol can

al so e aleeasddiity d butthréfeRs anywil HedpprdciROd itk thé:méu Icaﬁ lal3g aéaélé(&ﬁnglw 120
dovmstree}g}(g&?the outlets may gg | eft open to allow fluid fromthe mddle
t

section n Wt?i‘t%‘ﬂ‘rﬁoaﬁé GHBW@ ‘ﬁj‘ées 164 18P dowypstieara ohdhe owliefs pe

conf i gur aflay Be leftSpenad alidwoiii® romathe €I kedtlon 16 8kit Hoth ﬁw@rrﬁb%rierﬁollﬁons _
backwashln@% ﬁé‘lone of the \érrarri\bngrane cg@éﬁons 102f 104. That is to sa I f the
first menfand Ob0pYAltemat ¢ gorfigumeaioestistfiow aet of anel ofthegulets ¥ 120 i s
cl osed. Idpt.me%awwasrfn@oﬂbrb&ifmge Mefbeshd cBupohd€021118d| Bhatestd iy, @Rk Vi a

|nI et uI d be forced to flow out of the first menbrane coupon 102

o151 ¢ dIR P PO PP oY B Bk Hestit dle SaHPHEL e {HLIIe8e.
_nenbr ane |6 ahipovay] ORjd, bélfgl pumpkd Ustoahé enitile’ IEANE 200 Wid ﬂﬂétmwbmameed on or
e R o B SRS B0, GO IEs st T o™
the outer surface of the first membrane coupon 102), and is thus able to remove any
foulants trapped on or in the pores of the first membrane coupon 102. Conversely, if
20 the second membrane coupon 104 should be backwashed, the regulating valve 118 is
closed. Fluid being pumped into the middle section 200 via inlet 604 is therefore forced
to flow out of the second membrane coupon 104 (i.e. from the middle section 200 to
the outer surface of the second membrane coupon 104), and is thus able to remove
any foulants trapped on or in the pores of the second membrane coupon 104. As
25 Dbefore, in a first mode of operation, fluid is received on the outer surface of one of the
membrane coupons 102, 104 and is directed to the respective outlets with at least
some of the fluid being flowed to the middle section 200. In a second mode of
operation, the pump 600 is turned on to pump fluid directly into the middle section 200
to flow out of one or both of the membrane coupons 102, 104 in a backwashing action.

30 It will be appreciated that where both membrane coupons 102, 104 are backwashed
simultaneously (i.e. where both regulating valves 118, 120 are open), fluid from the
middle section 200 will select the lesser-fouled membrane (due to lower resistance)
from which to exit. This would result in one membrane being better cleaned than the
other.

35
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cl osed. Fluid being punped into the mddle section 200 via inlet 604 is
therefore forced to flow out of the second nenbrane coupon 104 (i.e. from

t he m ddlwo=emwi4e337200 to the outer surface of the secomrdTrssaiwan@2zoupon
104), and is thus able to renmove any foul ants trapped on or in the pores of
t he second menbrane coupon 104. As before, in a first node of operation,
fluid is received on the outer surface of one of the nenbrane coupons 102,
104 and is directed to the respective outlets with at | east sone of the
fluid belng flowed to the mddle section 200. In a second node of

oper at i onThe [@Boys,AeEative emhadiesnt callows paskyashiog ccentralc fiom thet middle ni ddi e

section 20040 ZBbQ‘HtI@r'tthé’rﬂ h‘éo 8% llég/t Hn A bR EeVEERN egﬁgﬁeﬁqﬁerﬂr ne - 104 in

a backwashi ng acti on. reci ated that ere
coupons 1%P2ponp 10 aad 6% k@@swwtlgna#ﬂstesmwayatys as degedbed earti¢r in élgsn ating

val ves 1lgecitiéfliodl & tﬁ@l‘;e'ﬂ)re niok Hé&n&élqmrﬁﬂ@m@hfjﬁjlbeceﬁﬁ?tt#a%ﬂwg%ﬁ d\’hljo!ceé:sel ect

t he | esser-foul ed nenbrane | ower resistance rom to exit.
Thi s \oul that éssieisayi ?P'Erﬁéb%%ﬁb'ﬁﬁ cpeialsg becanpiied & therumitdirectionaltdetestiner . The

above alt SB?étuél a.sa@&mmt applibaWs %%WPP&&@SH r@le‘,WerﬁtharBfttnﬁ ﬁ] ddl e

section 200 rather than having to rely on a flow reversal between
nmenbr ane RIBYigRshie Figore R The arrawif sfmwsébsluoh@requen@dlowmf bepbt’ﬁergbsIhe as

descri bethpardiLin 4 ﬂrsi Pr\o?iescﬁ%bfdtlﬁﬁt AOBefole tﬁ@@é@&f?&rﬁa%at@§ ﬁﬁ:ﬂfd'e?latt 0

i npl enent the central backwashi ng process. IS to say
backwas hileRst dWa sgnsys Keotaﬁmnédorta)deﬁemuﬁﬂorupfrElctfir%ir@nd me@mmbrap@ar at us

di scl@sedoupordfo2ABkLI Qﬁﬂédlé s8&loh! B0 |ngéﬁlth&%m%n&&%ﬁﬁpﬁﬁ@f this

S pI’OVI ded in Fi gure B. he arrow F shows the uni i rectiona

fluid t hrBYgD inkgk %wathamédle fegtion; 208tto repgivediuibpenpgd byia PARPHROSTam t he
det ect i omy apdE 86025 A eLitesanat (A&as%whmo%mn% drnAL s%tl,eﬁmnér%raﬁe

det.erm nati on of first and second nbrane coupons 102, 104, a mddle
section 21999?’911%!%% PfQYé’%FFBﬁeﬁﬁ@"@@DE@irﬁo‘légs thecappagatus with iarseson®04 i n

t he m ddirgodeest bﬁé}aﬁ’&p%@rébgotﬁé\(ﬁtléll vigb RUBBSSH Bd %@BmpGQ%rggFéwa o Source

602. An outl et val ve (not ownstream of the second rane coupon

104 'S alr¥pRsAdidiEem t%ﬁgurﬁﬁﬁgég@ﬁéfﬁﬁ Mifdis, pertiont 208 vis ther inleti 804y Gimery second

mode of Qﬁ@b%ur%noﬂmsrcﬂﬂ&t Vdige, QHE InBid i¥@lnuBlel & Wﬁeﬂemat HfedRBATE b
oper at ed fluid fromthe source 602 into the mddle section 200
via the |bﬁ?95$ 36‘543 thgretore forced to go through the first permeable membrane 102 in a

backwashing action.

20 Given the above alternative backwashing embodiments, a central cleaning system
could be implemented whereby backwash cleaning can be effected for multiple

detection apparatus at a time or for a single apparatus at a time.

The method of the above embodiments is shown in the flow diagram of Figure 7. In the

25 first mode of operation, fluid is flowed from the outer surface of the first membrane
coupon to the middle section and out of the second permeable membrane, shown as
step 700. Step 702 represents the determination of the value of I1 as before. When
central backwashing should be performed, a second mode of operation is implemented
at step 704 whereby fluid is flowed from the middle section to the outer surface of the

30 first permeable membrane (i.e. the reverse of the first mode of operation). As described
above, this is done by pumping fluid directly (i.e. not via the membrane coupons) into
the middle section via an inlet in the middle section. The fluid being pumped into the
middle section preferably, but not necessarily, comes from fluid exiting the second
membrane coupon.
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the closure of the outlet valve, the fluid is unable to flow in the usual
direction F as before and is therefore forced to go through the first

per neabl evoentwans7102 in a backwashi ng action. G ven treTslcasm/0ad22er nat i ve
backwashi ng enbodi nents, a central cleaning system could be inplenented
wher eby backwash cl eaning can be effected for nultiple detection apparatus
at atinme or for a single apparatus at a tine. The nethod of the above
enbodi ment s is shown in the flow diagramof Figure 7. In the first node of

operatio |d | fl owed fromthe outer surface of the first nenbrane
coupon th% ?nr%ﬁ!l’lté of dhg reiral pacivgshing ereodmepharepehayenin bengraph e,
shown as Eigee Z0QineSh esf H2gipRr RspPélehits iR dEtvaludl RAHileOMerf 2t e anal ye of |

| as before. Wen central backvvashl ng shoul d be perfornmed, a second node of
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m ddl e sedatea.antappmmsowwbpéﬂaté‘dameth@fﬁrét%df éercéhd PeIdeB adt peraRiGRIGinBe (1 - ©
t he reverse of t e first nod fﬂl‘"{ oper.ati on) descri bed above, this is

done By Pqinanty i whees | Wag, d'ﬁ‘?ftte%fr&"’c e r?é’F%r%fH@CEo‘Epr}?s)"rﬁt nto the

m ddl e Saﬁémﬁfanélo’tbuﬁéh it ktRE midild BEctidnOgHde ostest the secdmte nehtbirahd ebiisbrpunped
into the fnb_pddl e section preferabl but not necessari l‘%/% COlTes from fluid

exiting tAPWEIRNA TSR A dhe Haw dietuselthecmp@Biane Coyposh By disgeting fluid
baCk\r/]VaShlthﬂn mmbmwmtenmmesdmwn td&h}ehﬂd@lé%@&oﬂfanﬁlcﬂwbﬁthS flréttlrﬁéi—‘?ﬂraﬁé t he t
grap represen I nes respectively repr esen
pressur es’ °PE°“E‘—’ ﬂﬁ”"f%@‘yl rq_‘iﬁfs‘ie({ﬁr"‘f% rQverRe iy P‘Ef&’e@‘i & PRETDHRACE]UYPSRS)-

appfarmt Usrmﬁgarﬁﬁeﬁbbéeﬁbd ﬁ’or?:ﬂﬁa \fa/a\vaﬂ(e gnsbesietqge rdﬁhctfﬁmgfth@mﬁé@bh?@ lecli ]Eh;eh
eariller odal re ul was I r e e rtace 0O e
TRt e aaT TR, ol boctathnaies GAris O 2 ASB B! The tRERESR IS nbr an
coupon, fakricagd ohboth firev&idssdcond nidicorahevoupdhyeriultaRgousBTiA AgIBlecEPONs by
directi nﬁ% ‘Fw d f;fg t he second

rane coupqQn fo .the section and
out of t value r?fﬁebecﬁﬁ%ﬁor(ﬁ‘rm@e Berfash &ér“t‘fﬁ é%ﬁsavﬁgmé arhieger se
f|h ow be]E vmﬁasestshelsﬁag&rtaeeaelﬁmnamr.inthheagﬁ%ﬁelrmaA@@&ﬁé wapgarfamrww@gam?vel i ke
shape of the a uri the tine perio t. p ,..centr
backw&shi g’ ﬂg %fW@@?rgmrs%({orW? Cuee "“\"’Wé‘ebg@xklvacg{] 'ﬁ@ 'ﬁ%b'%i'eaﬁit@% out on
both fi rSHasalmé G@hgNE3 Bhifted a0 @ loReP Vel averadingrealisi B.to A0%.S Thkeaugbepp
point of the wave is for one membrane coupon, the lower point of the wave is for the

second membrane coupon.

20 The advantages of the present invention will be apparent to skilled persons from the
foregoing description. For instance, by virtue of arranging the apparatus and system of
the invention as above, or by carrying out the method of the invention, an efficient
cleaning of the membrane coupons is possible without having to cease operation of the
invention. Specifically, by providing inlets and outlets such that the flow of fluid between

25 the first and second membrane coupons is reversible or by providing a central
backwashing inlet in the middle section, the invention allows each membrane coupon
to be backwashed and thus cleaned. The ratio I1 or its time derivative dI1/dt can
therefore be monitored for longer periods at a time without interruption. In the case of
backwashing by flow reversal, there is also the related benefit of extending the useful

30 life of the membrane coupons by having a cleaning function that is integral with the
operation of the invention. Moreover, where the membrane coupons are each provided
on a plane that is parallel to the path between the respective inlet and outlet, most of
the fluid into the apparatus skims the membrane coupons rather than being forced
through. This has been found to reduce the fouling rate of the membrane coupons.

35 Where a pressure controller is used upstream of the membrane coupons, feed
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in the value of IT can be seen for a time period G3 after the central
backwashi ng process. Also after the backwash, during the tinme period G3,

t he apparwbusioasssagai n operated in a forward/ reverse/ f eCEsGdIBIERS e
manner like in G1. It is notable that the baseline during G3 shifted to a
| ower | evel averaging from-1.8 to -0.5. The upper point of the wave is for
one nenbrane coupon, the | ower point of the wave is for the second nenbrane
coupon. The advantages of the present invention wll be apparent to skilled
persons fromthe foregoing description. For instance virtue of

ar r angi nePresIR B HeaFEEbENES Sy Spleniogbe fmcewﬁ@ﬁpﬁhene%sth%eluemam BYY
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ac ow
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rever sal ,\Whererparaligl yangs Qfﬁ@mﬂt‘?v&ﬂ@@ dadiscent the ogter sndaceyoftthe mesdfrane | i f e of

the ”e”brcﬁﬂﬁor%)qﬂﬁﬂﬁgbé/r RAYdvao oﬁf&]llﬁé@uﬁﬁngﬁcﬁ“‘s’bh% irf Qa&ro§§ﬂ6v0t<ﬁ/gf e W th

the operation of the”invention. Moreove nbrane coupons are

each  pr ovFerabrap caupansiie fadiiiated. Thecfiow af dhic traugh apd b MRanbe mentEane
respegt i \@uphLls A inPtol&e by Ei%%fdlr@f pdrb&s f)lthﬁa'rsgaué ﬂjdﬁohggwﬁleﬂ?% IGh4I8 fgiKi ms the

menbrane coupons rather than forced een found to

reduce t Iedf eifgatiMg ysgt ef e ten@rer@rffacan@reeoqumsmeméar@ gownansy @nd by
control | Qémbﬁng%%gFéﬁ)ﬁfr B?@Wb@f)bl%g'?roﬁﬂﬂgrﬁﬂ&e%@ﬁﬁ@ﬂﬁsmé Qﬁ%ﬂrb?ée%'éF erfi@ the

menbranes is a be reduced/ snoot hened, th 1 mnating a

f 1 uct uat i%gR ker contraptedewithothe dpvestior of thecaRplieany’ §rQ@”'e\MﬁCcTh pubilcewh “é‘ler@bws a

nor e consh&hemhe dRuBSHE Wk Q0p neHh@y patdsOwph Omrh tioldd [Whidke Wolifdt gy d Y1 | dt
regardl ess of feed pressure. Simlar control is also provided for P1 and P3

wher d5r epgrmeatiog %x {eaugly Boserpplemeancwhersines dedicaie provisien was mads fef t he

appar at Ushe Ritsdvaf&Mtidppkd alrlbobsleg cal i bration of the apparatus to provide
the theoretical value 1 for the ratio p under nornal operations. Were

paral l el vanes are enployed on or adjacent the outer surface of the
nMenbr ane The foregoing describes a preferred embodiment, which, as will be understood by

those skilled in the art, may be subject to variations or modifications in design,
20  construction or operation without departing from the scope of the claims. For instance,
it will be appreciated from the above description that it is not essential to provide the
two- inlets and two outlets as illustrated in the figures. All that is required is an
arrangement that permits the flow through at least the first membrane coupon to be
reversible to allow backwashing of at least the first membrane coupon. This can be
25 achieved by providing the middle section of the applicant’'s earlier uni-directional
detection apparatus with an inlet (as shown in Figure 6B). For a bi-directional detection
apparatus, the backwashing of the first membrane coupon can be achieved, for
example, by providing one inlet and one outlet each with one or more internal
controllable channels, bifurcations, valves or the like to direct fluid accordingly.
30 Similarly, it is not essential that fluid for flowing between the membrane coupons be
obtained directly from the inlets adjacent the membrane coupons. It is conceivable, as
outlined with reference to Figures 6A and 6B, that the flow from the first outlet and the
second outlet can be collected and, at pre-set time intervals via a pump, the collected
solution can be pumped into the chamber between the two membrane coupons (i.e.

35 middle section 200) to effect a central backwashing process. In this instance, the
20



coupons, flushing or renoval of fouling/suspended solids in a cross-flow
over the nenbrane coupons is facilitated. The flow of fluid through and

bet ween twWwe 2ommiars#ne coupons is al so i nproved by provi diPa@/SEeaemuwsopt at es as
supports (which allows a full and effective use of the entire surface area
of the menbrane coupons) and by renoving trapped air or air bubbles from
the mddl e section using an air bleeder. This can be contrasted wth the

i nvention of the applicant's earlier PCT publication, where nmenbrane
coupons were supported bgﬁplates with 1nmm hol es (which would al |l ow

per meat i diPNBAL VAIYe [ SRyl PachEt AR Eegulating vahves &l 18cante 42 #lk bp apensiThe was

made for ddgioh b it thé%ﬁease.abéw@em@ﬁrst 3he stéwr@g%nﬂrétw%samp%ﬁa a
preferred enbo i ment, which, as will be understood ta/ythose skilled in the

art, may W& lewiAceess the figstransh se5REY GreTPRIARG FRYRANGRTeR eleBagkwasbigadhe uct i on

or oper atm%%ﬁrﬁﬁéboﬁﬁﬂ@r Thé BortFd? ihik B8sBEE Rafibr H&g vel cﬁ‘inﬁﬁureﬁ% chityt ance,
it wll be appreciated fromthe above description t I's. not essenti al

to provi dt theenqcresany flaidcolleiiopyuraripg and valye cPntiad e Et"etﬂ‘sl intogftect.i fHoir es.

Al that ricted @dHicF,ehid Semtihl BARRIGTRS prédeal rHQ* rHidoS btehgpanleewot fHeougid at
| east the first menbrane coupon to be reversible to allow backwashi ng of at

| east t helierticnal aRpasRtys af @8@BB'PPa”%P%"'%rdDrPBBU%l@ﬁt'%\/ed by providing the
m ddl e section of the applicant's earlier uni-di rect i onal detection

apparatus with an inlet (as shown in Figure 6B). For a bi-directional
det ect i orlt igAReAt gssentinkbiopa skaghrefioHs p@tte toke Prot’@?d fRPRPRAdhe MESRRIaBan be

achi enged,colipbnse ¥VERE decddsap) SVidhirad, BREr hatdaha@Asls At RUWARE (&gChviat h one
or nore internal controllable channels bi furcations, valves or the like to

direct fITYPeMssd distead; Altgmatively. the membrang foupansefANn BE SURBeed at Hs f or

flow ng tt%hw%t? drhsy mahrpaﬂﬁjscptateqna iBprovided Wil sdificest hyled rt@féllé\bethé nlets
ane cou ons. is conceivable, as outlined w

adj acent
refer encef oi”o ﬁ“%&%@’%ﬂ th H‘%‘E?ra’ﬂeh&?uﬁ%‘é Wheis f momUsHRIate; 'Psotro‘ﬁ‘éﬁq ét‘e and t he

second Olfored ndeddb Be GiMite@ €3 e a¥BFhgedizeifaA08Eh Hut ﬁ‘fayllrfgtéh'd/@é 8s ldrge as punp,
the collected so utlon can qeargag%w into th chanber between the t
S

menbridne WY R5NAde the Posesia Acich dpt sufficient surpost is sl ‘PV"E%’CRV\/ashl ng
process. thépkatd for itd@bmbege dobpsent rol valve 116 will be shut and regul ating
val ves 118 and 120 will be open. The sol ution punped into the chanber
between the first and second nenbrane coupons

It will also be appreciated that the provision of an air bleeder is not essential since, in
certain embodiments, air bubbles may be allowed to permeate out of the membrane
20 coupons instead.

In terms of the pressure sensors, it is not essential that three pressure sensors or
transducers be provided. It is conceivable that two differential pressure meters may be
used that will measure the pressure difference across the first membrane coupon and
25 the second membrane coupon. Where differential pressure meters are used, only two
transducers are necessary rather than three since each differential pressure meter has
a first tube for placement on one side of a permeable membrane and a second tube for
placement on the other side of the permeable membrane. Each differential meter
senses the difference across the respective membrane and produces a signal
30 representative of that difference. For the apparatus of the invention, one differential
pressure meter may be implemented across the first permeable membrane, and a
second implemented across the second permeable membrane. That is to say, one
differential pressure meter will measure the pressure across the first membrane
coupon, which will give the value for (P;-P,), and a second differential pressure meter

35 will measure the pressure difference across the second membrane coupon, which will
21



will flow across the first and second nenbrane coupons effectively
backwashi ng the two nenbrane coupons. The control unit described earlier
may be cowmbiguvadssvo carry out the necessary fluid col | ecriseagoopoep2 ng and
val ve control to put this into effect. As noted earlier, this central
backwashi ng process may al so be applied to the uni directional apparatus of
the applicant's earlier PCT publication. It is also not essential for a
steel porous plate to be provided to support the menbrane coupons Wher e
necessary .or desired, other_hard materials inert to water PVC) may be
used i nst@¥ithe AjueRE(R=Rs)-y The nalugohfl saR be&abaﬁéedc%b?fereswwoﬁhpéat'cat its
peri pher Yof@e N6 prestfife ﬁ,@féplpl&dn{g’g[ e that is provided with sufficient holes
to allow the flow of fluid between the nmenbrane coupons. \Were a porous
plate is provided, the pores need not be limted to the average size of
100mm but|nn@pms thﬁélde@tﬂalﬁﬁ; Valvee cafibrated BFifddsdmdyt e uBed G8stéd e whef@nged
such that sufficient support is still provided by the plate for its

menbr @ne NESETHW ©19esiiff| al so be appreciated that the provision of an air
bl eeder is not essenti al since in certain enbodi nents, air bubbles may be
al l owed to Eerrre te out the membrane coupons instead. In terns of the

pressur e 8¢ the, confr (W“te%f SBRtSyalem: 1B COMREigE %Pé@&i‘r pay e ysed

tr anSdUCGﬂh@lehﬁenD tHVisRfbed Helefmpafisii a\/rﬁb&&]trfoibaﬁw tar@wshe! TR rigtancRl ugmgssur e
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first nedBfYAeR c‘tfuﬁﬂ?raatﬁoprf’?f’essg'écerr‘?ﬂr%ﬁﬁ‘ﬁ 3R CEYuREnthe\frRipainationeaRdht i al

pr essigr e JdeRtrels ST Eorltioe dnit ﬁi&?/)éltbﬂ@tﬁé]}aﬁé qiﬁaeﬁfén%en RERRSRALY alsatBebf t han

t hr ee S|n ch differentia H@F’ ssure neter s a first tube for placenment

on one si' r”&? ong WRichr M IANeEXSS @ BW89%§°§868 r COBRUING: deyicee BRERM™ on t he
ot her sidee @fambhana@hr&ameeemdsmmaﬁtededaaséu dbbie1/2B8bMBINatiGH 6f hardnars t he

di fference ,acr.oss t respective a n uce si gnal .

r epr esent3d; SpEwaFe f’ﬂé?ma'i“g*'%'?’seﬂ‘@éw??@og’ t“ﬁ@gl 855 'ﬁl?é’ggftﬁ? W@ﬁﬁr‘ﬂ\}é}'\tt ?%n, one
di LL er entdeabnmwmesmé@r;orﬁtmrs bglyl dhel @éfééttr?ﬁda@éi’é?t&§ of e fril\)/léﬁ?ctonpﬁﬁbéfeam e
nmenbr a.seco i e ted across {he er neabl e rane.
That 1 s tCBnEQW"'th%V g@ﬁggﬂ cafftesa ‘ga'f%f’éﬁ"'ev\g tection AARPRNYS 8- Brbssur e
acr oss t hetddrk of dél%ﬁﬁb’rﬁa?@aratus) instead. Such variations, for instance, are intended to

be covered by the scope of the present invention as claimed.
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coupon, which will give the value for (P1-P2) , and a second differenti al
pressure nmeter will neasure the pressure difference across the second
menbr ane wouponi47isti ch wi | | gi ve the val ue for (P2-P3). Phe/Sealesoak2p can
be cal cul ated as before using the ratio of the two pressure neter readings.
In terns of the regulating valves, calibrated orifices my be used instead
where necessary or desired. In ternms of the control unit of the system a
conput er apparatus may be used to inplenment the described determ nations
and cont r@l in hardware, for instance using individual or separate
processor ’S'Mﬁgr ammed to carry out the determ nation and controls. The
control unit nmay alternatively be inplenented in software, as a series of
i nstructi on? vvhlx when executed by a processor or other conputing device,
performthe'sane 1detRAtiPR APRRralUS CORRASAY ment descri bed above. A conbi nati on

of hardware and sofd firef serimeBble Wsthsthh® BRd BB¥ceHdSErRRabIE tbmithge, al t hough
the control unit as described and illustrated controls only one detection

appar &t us of the i R/BKdiesectionBetwsap thy firsiparmeable eerokyane QDW’ e s85089nt rol a

plurality of tdeemédstileeidntbiamdRatiatus (e g. a network of detection
apparatus) i nstead. Such vari ations, for instance, are intended to be

covered by the scopd /68t MO pressuie: SenspshicrBliausRd dp sprRdvcecsiantls for a

det ection appajetdrihtnation|or laSrlaﬂ@ ‘befvdenr (P -pﬁg)ra?sab(lpg rp%m@s@ngﬂa%rasswgond
per meabl e rrerrbrane a m. ddl e sec |on bet ween the f Hstgper nmeabl e nenbr ane

and the seconddfeERERbPYerRiEre Rbthedind Pafmeable memhians: B Daing agupse

confiigured tou@thnsancmesmmaub%emﬁd PerfifiaBlethBmbidPes OAncPP) Béihg aiftbyRed (P -
P2) and (P2 - %@ bei n a p{] ssure adjacent an outer surface of the
first permeabl@ ﬂtb?rh er aB%P @eéefﬁ imeabgr@Rabe first and second
per meabl e menbr aneshe ap&raasbgingg;oafgw@@sure adj acent an outer surface of

t he second perneabl e menbr t he ar at us bei n configured: in a first
mode of operation, to al'l afnr?tl'?] ng’g"éﬁ?@htt%a*?‘% lhie Reimeptesiomdee of t he

first pernmeabloatersuiacsss the fitst ermékibiemeabrar®toans nfiddle @kction and out of
15 the second permeable membrane, and
in a second mode of operation, to allow fluid to permeate from

the middle section to the outer surface of the first permeable membrane.

2. The detection apparatus of claim 1, wherein the apparatus is further
20 configured to allow at least some of the fluid received on the outer surface of
the second permeable membrane to permeate through and to flow between the

permeable membranes and out of the first permeable membrane.

3. The detection apparatus of claim 2, wherein the apparatus further
25 comprises at least one inlet and one outlet configured to reverse the flow
between the permeable membranes to switch between the first mode of

operation and the second mode of operation.

4, The detection apparatus of claim 3, wherein the at least one inlet comprises
30 a first inlet and a second inlet, and wherein the at least one outlet comprises a

first outlet and a second outlet.

5. The detection apparatus of claim 4, wherein the first permeable membrane
is configured to allow fluid received at the first inlet to flow over the first

35 permeable membrane to the first outlet, and to allow some of the fiuid to
23



t he second perneabl e nenbrane, and in a second node of operation, to allow
fluid to perneate fromthe mddle section to the outer surface of the first
per neabl evoentwianss 2. The detection apparatus of cl ai mprr/Sehemspor2t he
apparatus is further configured to allow at | east sonme of the fluid
received on the outer surface of the second perneabl e nenbrane to perneate
t hrough and to fl ow between the perneabl e nenbranes and out of the first
per neabl e menbrane. 3. The detection apparatus of claim2, wherein the

apparatus further co&g_ ises at | east one inlet and one outlet conflgur ed to
reverse the fIRSiMBRIELEHSH the Tiehandascandipemieaniesnenbanes inflays puled the he

first node of gREREbuR, @rmwh&@.rﬁm@cg&oﬁ@?emséab@%%km .sﬂconffélﬁe&i% ection
apparatus of claim 3, wherein the at |east one inl et conpri ses first

inlet and a scdgWdilyidhreceivednat theepesondtiniet &0 flowayer dhe S@G?’I‘%P%B?ﬁh’? ses a

first outlet aﬂ@haraﬁeqertﬁe @uédrﬁat outlet, dMe telalEE kbR éfptﬁérf@idJﬁ) P&rnﬂ‘éa@é m 4,
wherein the fi rstgﬁermea nbrane is configured to allow fluid recei ved

at the first itAroughinse E?"'I"BW’ B%Frsf H%T“Tqap?tmﬁ@P’i?@%Foeﬂ%%roéH@ first eutlet j r st
outlet, and to allow some of the fluid toperneate through the first and

second perneabl e_penbranes to fl ow qut of the second outlet, and wherein
the second Per medBf LRANBP ARPAraluT hiSIM 440k & Ahesgin£thai Brst @eBsARE at t he

second inl et t@e%b@ﬂéqy@érrénpﬁdsﬁﬁ%nglaﬂérﬂﬁﬁﬁ@ @uﬂaamrawqoatrale! he &9qmand
outlet, and tot@allow S luid to perpeate through the second and

first perneabl t‘ﬁ%ﬁ?otf‘ﬁﬁ@é '@‘3 aPF’(S'\?\‘?‘ Bt ogtetand the P%‘ionéLReF’E?a Ig meppEaRR:t ect i on

apparigt us of a§ @m&héed)lbnSa piiRr #iab id Rabdthntrlly RRFdIRRR @ pRADBaNEen $hétr r anged
on a plane that |s s f}fgntlal I&{&H allel to a path between the first inlet

and the first 5607 'P theriecQ Lpoerneabl e nenbrane is arranged on a
pl ane that is substantially parallel to a path between the second inlet and

the second qutle 7. The detectio parat us of any one of clajns 4 to 6,
further congrisiﬁi@egeﬁfsmﬁ?@r@lﬂﬁt‘)ﬁl@f‘?é’lﬂeaﬂfﬁ 24 QA VhEh OMANRR9A r st and

second per nealpréssure controller arranged upstream of the first and second permeable
15 membranes, the pressure controller being configured to perform one or more
selected from the group consisting of: a reduction of the pressure of the fluid to
be delivered to the first and second permeable membranes, and a smoothening
of the pressure of the fluid to be delivered to the first and second permeable
membranes.
20
8. The detection apparatus of claim 7, further comprising a control valve
arranged upstream of the first and second permeable membranes and
downstream of the pressure controller, the control valve being controllable to
direct fluid to one of the first and second permeable membranes.
25
9. The detection apparatus of claim 8, wherein the control valve is a three-way
control valve having a first open position configured to direct fluid to the first
inlet, a second open position configured to direct fluid to the second inlet and a
closed position configured to prevent fluid from reaching the first and second
30 inlets.

10. The detection apparatus of any one of the preceding claims, further
comprising a regulating valve arranged downstream of each of the first and
second permeable membranes, each regulating valve being configured to

35 regulate fluid pressure out of the respective permeable membrane.
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menbr anes, the pressure controller being configured to performone or nore
sel ected fromthe group consisting of: a reduction of the pressure of the
fluid to wedsli4vssred to the first and second perneabl ePogrsiceen®s)22and a
snoot hening of the pressure of the fluid to be delivered to the first and
second perneabl e nenbranes. 8. The detection apparatus of claim?7, further
conprising a control valve arranged upstream of the first and second

per neabl e menbranes and downstream of the pressure controller, the control
val ve being controllable to direct fluid to one of the first and second
per neabl e nenbranes. 9. The detection apparatus of claim38, wherein the

control valye iSTRe HBfe@ﬁ‘oﬁ/\@préﬁé%ﬂé 6p&|a.vrah Vﬁhél@wtﬂg rAddié 's8EtioANREUMRSA | ON
configured to direct fluid to the first inlet, a second open position

configured t o Rletearfigyneditoracgive Rdluiskisma SoHIc8t and a cl osed position
configured to prevent fluid fromreaching the first and second inlets. 10.
The detection apjlo_ar atus of any one of the preceding clains, further

conpr Psi ng ?';12reguh%ltqefﬁjt'?&l%PBa@Fqsaﬂfgéla'“?jd\ﬂmi‘ﬂrﬁf@&rﬁompr'é%ha'bPUE'ﬁeVﬁ'Yq st and

second per rreaur@ngedﬂabwneﬁeane%fhhé QacHrat bé}G\e\éBIeVﬁlehﬁrM GRE et @thvd ©
regulate fluid essgre out of the respective perneabl e nenbrane.11. The

det ecti on app&f gured whgmclosgde lodpiperfivid from dheinted of themiddle) segtien an

inl et confi gut@dow @ut 6MRE ¥kt Perledbl rhéRBragesour ce. 12. The detection
apparatus of claim 11, further conprising an outlet valve arranged

downstream of the second per meabl e menbrane, the outlet val ve being

confisgur ed, 13whenTid Gél%dtmriébﬂa@ét@@of d:lbﬁhmirfgﬁhér%niﬁﬂnlsfh% PhurhpoffigiFé e
section to flow out of the first pernea nbr ane 3. The detection

appar at us of &9 Bympfigid foJ"P f@@”?@ﬁﬁ#h%‘f‘%oﬁhﬁﬂﬂﬁd'ﬁ6ﬁ$tI°Qur ed to punp fluid
fromthe source to the inlet of the mddle section. 14. The detection

apparatus o any one of the preceding clains, wherein the f| rst perneabl e
menbr ane an‘L4 t he %%88%%?&&55@@ Oifr@%%roé‘ﬁé’ fahe PEREEdInguBiRigIS: ¥ersin hgror ous

plate. first permeable membrane and the second permeable membrane are each
15 supported by a porous plate.

15. The detection apparatus of claim 14, wherein the porous plate has an

average pore size of at least 45um.

20 16. The detection apparatus of claim 15, wherein the porous plate has an

average pore size of about 100um.

17. The detection apparatus of any one of the preceding claims, further
comprising an air bleeder configured to vent air trapped between the first and

25 second permeable membranes.

18. The detection apparatus of any one of the preceding claims, further
comprising a plurality of parallel vanes arranged on or adjacent the outer
surface of the first and second permeable membranes.

30

19. The detection apparatus of any one of the preceding claims, wherein the at
least two pressure sensors comprise a first pressure sensor, a second pressure
sensor and a third pressure sensor, wherein the first and third pressure sensors

are respectively configured to produce signals indicative of the pressure
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15. The detection apparatus of claim 14, wherein the porous plate has an
average pore size of at least 45nm 16. The detection apparatus of claim
15, wher evo 20tver4pssrous pl at e has an average pore size ofcalscatosho@nm 17.
The detection apparatus of any one of the preceding clains, further
conprising an air bleeder configured to vent air trapped between the first
and second perneabl e nenbranes. 18. The detection apparatus of any one of
the preceding clains, further conprising a plurality of parallel vanes
arranged on or adjacent the outer surface of the first and second perneabl e

menbr anes. 19.befweenibe dirstiniet a9 he fish eutiat. and the peesstre baiwgen therasgne | ai ns,

wher ei n t he atinkeasdtht WBcdHesiiet. € sensors conprise a first pressure sensor,
a second pressure sensor and a third pressure sensor, wherein the first and
third pressure sensors are respectively configured to produce signals

i ndi cative @b. t hghpuestisrelsiareRs of BRy bhé of chiMEl taA8, Whérefd thatatdeldtet ., and
the pressure between the second inlet and the second outlet. 20. The

det ect on appdMatARSSHIe SEFOSRONYITise| afirgdiffereptial gresgpee, pier aRd astecpedst two

pressure sensaiifferé®EPpréssure frhdtel, Whdrbmr el Fidth dWeestdl Hra®dups MEEr as second
differential pressure nmeter, wherein the first differential pressure neter

i s configured ©8HEES IR &easureesrigeeurgidiffessraece G 1 Py anpyhesgia thpier ei n

the second di fdegbmidifftherliaf prelsOrdTRitEr isS cEMYurddt i tndssur@ane!feddife
pressure difference of (P2 - P3). 21. A detection nmethod using a first

per meabl e nmentfiigNcePf {RxoRa: per neabl e menbrane and a ni ddl e section
between the first perneabl e nenbrane and the second perneabl e nenbrane,

each perneall| e rane having an outer surface, the method conprising:
flowing a fFi d”?%m%m&moerusgl&% SkPSMepRle MeTPRENG PREZA PEFBFARINE t o

the mddl e seahénbran@@naw niiddié RectipCodiWed® tHEERBL permiableArRmbifiecbAd Ni Ng a
ratio between tlgep :sLe(;ongz err%ga Ié ﬁ)e-mbeg%é, eFa)%h %gllfnq abzlie Ear%sbﬁaunreehaving an outer
surface, the method comprising:
15 flowing a fluid from the outer surface of the first permeable membrane to
the middle section and out of the second permeable membrane,
determining a ratio between (P, — P;) and (P, - P3), P, being a pressure
adjacent the outer surface of the first permeable membrane, P, being a
pressure between the first and second permeable membranes, and P; being a
20 pressure adjacent the outer surface of the second permeable membrane, and
flowing a fluid from the middle section to the outer surface of the first

permeable membrane.

22.  The detection method of claim 21, further comprising flowing a fluid over the
25 outer surface of the second permeable membrane and allowing at least some of
the fluid to permeate through the second permeable membrane and to flow

between the permeable membranes and out of the first permeable membrane.

23. The detection method of claim 22, further comprising reversing the flow of

30 the fluid between the permeable membranes.

24. The detection method of claim 23, further comprising:
receiving the fluid at a first inlet and flowing the fluid over the first

permeable membrane to a first outlet, with at least some of the fluid permeating
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adj acent the outer surface of the first perneable nenbrane, P2 being a
pressure between the first and second perneabl e nenbranes, and P3 being a
pressur e Woj2aperrssthe outer surface of the second perneabirsGremoenz, and
flowing a fluid fromthe mddle section to the outer surface of the first
per neabl e menbrane. 22. The detection nethod of claim2 1, further
conprising flowwng a fluid over the outer surface of the second perneabl e
menbrane and allowing at | east sone of the fluid to perneate through the
second perneabl e nenbrane and to fl ow between the perneabl e nenbranes and
out of the firigfoushripeafiiple ane mseantt pereeably enefabranes edniiaviegl oot ofl & m 22,
further conprigicBAd b@KRraHdng the flow of the fluid bet vveen the perrreabl e
menbranes. 24. The detection method of claim23, further ri sing

recei ving the flui deggiving thefiid atp @qcoaﬁwleumw'mm@efﬂnmweb setcn@dfu rst
per meabl e rren‘oa@m@asue rﬁerfnbfa?né 18Utk &decolt ldutidl, WiiPat 163810t el duid d
pernmeati ngt hrough the first and second perrreabl e nenbranes and fl ow ng out
of a Second owrgr@eatingfhrough dhe,sa¢gnd pad first parmaable membranes aneéflowing aut owi ng
the fluid overofiherirsesnre permeabl e nenbrane to the second outlet, with at
| east some of the fluid perneating through the second and first perneable
menbranes and flow ng out of the first outlet. 25. The detection nethod of
claim24, whsrei Fhe QRIEbANIdRSY bl Bdine AP WheRsin q@\mrélﬁg% |tﬁé3hé{wd:!ohf‘p$|5é§‘9 fluid
to the first perneabl e nmenbrane or the second perneab nbr ane. The
detection net rr&atre'iabahylrw@goﬂu'fbﬂwh% fyst) perneable mﬁntlmme ©bripe .sma@d
reducijpng or SrEpmBEKE AkMbigndr essure of the fluid being directed to the
first perneable nmenbrane or the second perneabl e nenbrane. 27. The
detection nethod of any one of clainms 2 1 to 26, further conprising

regul ating bbui dTRE QfetddtiSn Mtth& of BRy bhe S8f MAMRERPLS 25EfIhaNeoMpridiRg second

per meabl e nenbr ane.
reducing or smoothening the pressure of the fluid being directed to the first

permeable membrane or the second permeable membrane.
15
27. The detection method of any one of claims 21 to 26, further comprising
regulating fluid pressure out of the first permeable membrane or the second

permeable membrane.

20 28. The detection method of any one of claims 21 to 27, further comprising

venting air trapped between the first and second permeable membranes.

20. The detection method of claim 21, wherein flowing a fluid from the middle
section to the outer surface of the first permeable membrane comprises

25 pumping the fluid from a source to an inlet in the middle section.

30. The detection method of claim 29, further comprising restricting the fluid
flow out of the second permeable membrane so as to force most of the fluid
flowing into the middle section via the inlet to flow out of the first permeable

30 membrane.

31. A treatment system comprising the apparatus of any one of claims 1 to 20 in
fluid communication with an upstream filtration membrane system, wherein the
fluid received on the first or second permeable membrane of the apparatus is

35 an effluent of the upstream filtration membrane system.
27



28. The detection nethod of any one of clains 2 1 to 27, further conprising
venting air trapped between the first and second perneabl e nenbranes. 29.
The det ecwDanmomatrised of claim 21, wherein flow ng a fl uipdTiSGamotone22i ddl e
section to the outer surface of the first perneabl e nenbrane conprises
punping the fluid froma source to an inlet in the mddle section. 30. The
detection nmethod of claim?29, further conprising restricting the fluid flow
out of the second perneable nenbrane so as to force nost of the fluid
flowing into the mddle section via the inlet to flow out of the first
perneabl e nenbrane. 3 1. A treatnent system conprising the apparatus of any
one of claigs 1 trRe 2Qedtiehl WySteMOBILEMIRAEHOFuhdrNcaptidisy £ adntrbl hh@t' on
menbrane system _wherein the fluid received on the flrst or second

per meabl e nmentfPAfiRI8E ¥ he apparatus is an effluent of the upstream

filtration membraneeseitd B sighalsiisin tHeaRb &g sELSFELHNtRE appathitis31, further
conprising a contr uni.t confj red to: receive the S|r%nal s fromthe

pressdre sensors of efqming, Sr"%t{ tweeh & m P a0 -t @¥et ween (P1 - P2)

and (P - P3), and cpfreRitatite ritR Wik igheVddidtiet BroRetRCHRMP EPBIstiig oflf UP
consi sting of: faplure upstream filtration nmenbrane systemand a

presence of a RBIF Qhine; 4P rﬁ%’"&ﬁfﬁ"ﬁ@r’f‘ﬁ‘*’“@ﬁ"e?Yﬁie'i’reé‘gt%?ﬂseg%?eﬁﬁ%’fa”él aim
32, wherein theteostient. unit is further configured to direct fluid-
alternately to the first and second perneabl e nenbranes based on a pre-set
interval or a pre-set value of the ratio between (P1 - P2) and (P2 - P3).

34. Toe trea8.nenThe trdabiietl systom oste ciaim Q’izaiWWer&nlthboc&ﬁroleﬁtr%i furthiee
control unit is {lurther Conflﬂured to co L a_collection of the fluid

fromoutlets GPHGHEEd {9, diects! ”'gnalt‘?rﬂat&b!nttq dhe afirsti ANd: §eprNth PEABeRYE | ect ed
fluid into thenembidhes basdd 6ra\présétiinfeRlabr & Prd-B&t valtdbfahs estld Bdtween

(P1 - Pz) and (Pz - P3)

15 34. The treatment system of any one of claims 31 to 33, wherein the control unit
is further configured to control a collection of the fluid from outlets of the
apparatus, and to control a pump to pump the collected fluid into the middle

section via an inlet in the middle section.
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