; >?e3ed4D{ 1xxyz8zz ammr66* -1- 24 August 2002 Process for nonitoring
~ the integrity of m\m\m\m filtration nodul es The present invention
rel ates.to a process angeek0 @ 5 device intended to nonitor the integrity of
mcrofiltration or ultyaiiltrati on noeltes which are used bA ppgRsesoes for
separating and,concentrating solutions,and especially in.the feld of water
treatnent.:ﬂf%fo?%sﬁngﬁﬁ Tﬁﬁ%ggﬁ&ﬁgngaﬁ|é§ ﬁg lﬁynﬁﬁbéPﬁhoWuﬁﬂ fibres
grouped together in bundl es andfiheratabhenvtliatewhi ch the present invention
proposes a solution is that of detecting a fibre rupture which |leads to
fluid 15 passing directly fromthe dirty side of the menbrane (concentrate)
to the cl eanTsedeygrEmteateyenhionghrehet¢s bt or finwassswhieod are a
conpl et eky O&evﬂéé' al 'i?‘x.t%%!é%“- 2Q, To (a6 Jherepre aiHHEQ‘EEtW PLICESSES
for detecting the nodification of the integrity of mcro- or
ultrafiltratMbArabdbFEdthAnchoEat beraf bkt heo tiad T egotiiedr age
processes nonssQring tgeatath el errgualsieintr at ikiPcansies cdateatirag ihgaks
usi ng a physical procedure, A few details will be given bel ow concerning
the state BOﬁ%fUFEQ”EriGVK%rteéB??égggﬁdiHdltot%?oc5§§g§ be?%%gﬁﬁéeﬁb t he
two categorigescabnert .Monitoring treated water quality 35 Measurenent of
turhidihé Water treated through a nenbrane generally has a turbidity of
| ower than 0.1 NTU (nephelonetric turbidity unit). A failure in the nodule
integrity IR 24 Augnst 2882 shotH dmbletebonesebeat namdleat edf | hbd law
i ncrease in rbidity. ver i.f._the, be t d_j ry
turbid, the Ee??g%:'tg g%%ila%\gfitoor?en% eelg }Iﬁﬁ%%gégfbﬁgc{ ga&degt%(kﬁbgg{"e\af % rom
one broken fwibkeh5tbat pgeseans ioflvenidesamiorsfsds bt esolut éonsegertakht

modul es. Deteeti@o bt ingnly befd ecting id the watarddy bedreatsd is
very contam nated. For exanple, if contam nated water is treated wth 0.8

g/ 1 of &6tiVeAeaiBsn diFssdwder TreRmtished1thr oKeif f PBr & Rt MEMPERDS000 (8

nodul es) is easht¥ndebestedo WHd Epwahushiadi toparamanad)erchf@igexanel e 0.5
NTU, the detection of one, broken flgre out of 1?,009 (a single no %Ie) IS
not assured.fiBr®arPfcl E1RBGAL HRLch are completely’ or partially

broken.

20 To date there are a number of processes for detecting
the modification of the integrity of micro- or
ultrafiltration modules which can be placed into two

categories:

25 - processes monitoring treated water quality,
- processes detecting leaks using a physical

procedure.
A few details will be given below concerning the state
30 of the prior art corresponding to processes belonging

to the two categories above:

Monitoring treated water quality

35 Measurement of turbidity

Water treated through a membrane generally has a
turbidity of 1lower than 0.1 NTU (nephelometric

turbidity unit). A failure in the module integrity

NI
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Thi.s process is much nore sensitive than that of neasuring turbidity but it
-also has limts. Wth this technique, it is possible to detect one broken
fibre out of 420,000 fibres treating 20, relatively contanminated water (0.15
ng/ 1 of active carbon) and operating in tangential node. IQ4UQRﬂk@Q0g@de
and Wi th | ow turbifishy (Wt e ddy d I d t r fibre in
only a few nodules, i.e, aréﬁh rf%8¥88%§%$%r%égdlgﬁg§dﬁ igﬁgE%§%ﬁn%P
process requires 68ﬁ§ﬂdéﬁ&bhﬁQ%ﬁ$?%naﬁnﬁbﬁe%@h@é.tBadFErt@begbdahs
anal yses This is aoRracass wWakshdl s tafeduopise @nddlrengtihy: 16 3QakaR! enent and
which is subject to external contam nation. At |east two consecutive
negative results aFBORELHEE itP AURCE 02st&AK A raPPgPaCKeakK £ itHiss
\%ocess Ry use aoGel quactéhsls ocfettﬂc&marlmlbyt oift dﬁrlc':tﬁ:dé&ze,enin@]té e@etv;&tal even
en 35 not intact, the menbranes, gener y produce ter. free from
Escheri chi ae Col i "O#Hi§5Ssy %ﬁﬁQ$ﬁgéf8ﬁzlcéﬁﬁdf Bg QQQfV%%ﬁFhéﬁﬁ%re,
detection requiregaseverab days.treatad 2i4s Augest 2002 anti reaied USiFY,
met hods based on LLOLIi Ng. kre ual ity are mre ess neliable
and they have Iingggéhggéuré%y.gﬁﬁe§mg$§Eaﬁog%%§¥givﬁ% t Eﬁégﬁua &E&ghrenent
is carried out atOsBagi/édn bévekctéorvea gershEns on f plowdgtti oforachi e or at
best ‘a signgl e Machi-BRFOMIH,Y NG, SEYEr aboTodyl &% moq9tdel et hads jthen
need to be applied toefind t he f&?led nogdlen Tﬁ% detect?én processsrs
therefore too | en§ehfCted Deticih onl@f | EARELALL Ypr es3ir eWRESE ThifPh s t he

most wel | -known tgghmphiaCly GONEISt S H dd 8Pl 16h 8o ¥ ObHEELeb kB! fynder
pressure on one side of the menbrane and in neasuring the tinme required for
a 15 given drop oPYpr8&sdre 00Rr dag s it endiAstaife. 1S MRE t+espeds of the
menbrane are filled with water, the air diffuses slowy through this water
and the ﬁressure ro%gﬁglomAXIat a standard rate. If the drop is faster,
this medns that th&~F Faf@U¢dkY and therefore that 20 at | east one fibre
is broken. This nEhlied pr>aedsat i vempchcowsat eskhsiitive ivhdrenehted afdul e
by nodul e. Howeve i hi s e a. .man operatLQn,i.s. n ed to j.sql ate

t he nodul e and to%ggﬁgééggup @igpg? $ﬁks]ﬁgt%%é8iga}ppfgﬁfﬁ%tewkﬁgh it is
i npl ement ed on t heh25 stakbnéfjuene fiitl t iat i prswddiiene toFudeheator @ne he
ageing of modul eSycayss g speed,of gl dId u@n tooyaty anddddden
becones difficult to distinguish between a broken fibre and a gener

increas@%in the psedsitiyedty ee adhmadme ot ey r (@i 1P uBFOh PésRASe

i npl ementing thisScRrEEasS, e YpdhrSigles; of thggaREDEANE LY KEPTT Jnder
wat er and the other is subjected to a low air pressure. |If the menbrane is
riot intact, 35 th&E°8EALPARING2PAr BIER thev | EREPESEE¥s R Y i difndrease in
the water side prpsssieleThis Heehgique bsokeae fiom i bherdrarenge fbe to
air diffusion “h'%gdhiegUCh slower in tﬁb%,%ﬁﬁﬁ’ffgnce t?g g%%g%iﬂggds to

-4 , l.e. daround res.
25 this process requires considerable care and
maintenance.

Bacteriological analyses
This is a process which is arduous and lengthy to
30 implement and which is subject to external
contamination. At least two consecutive negative
results are needed in order to start confirming a
leak. This process may use a Colibacillus
detector, but it has been noted that, even when
35 not intact, the membranes generally produced water
free from Escherichiae Coli. This system therefore
cannot be applied. Furthermore, detection requires

several days.



24 August 2002 becone saturated with dissolved air then it needs degassing
* before air diffusion occurs. Acoustic detection 5 This techni que consists
in using a stethoscope to identify a nogdule which | eaks when air passes
through a broken fibre. The "bubbling" tThus produced on th?4‘ﬁfrg‘€|§t§®(§? i's
easi |y audi blye. Thj s 134siGH tatd [ & C i o] n operator., 10 In
conclusion, the tec ﬁLI qugﬂ'orwrreooérh%%sri %J%{(g i#ﬁ elg?‘?/‘i’ﬁy ooflrgw%duti%%atb%%ed on
| eak detecti ¥Atiesr aq¢gpbbly Beehmapfe applesd tueld adsle okndodileas Kave
filtration machiine)y and sBkdng itTr]régssiabj_J t ect & | egk, wi t t the
possibility of ildenti fying tdr}'g fail ed nmodul eg.QL Thi's te%hv:\elsn ue catx'rllvI on é; be

i npl enent ed BGASHF A ProdifctFDR 5edit dotnahndtRrE 1pBqdieved &9 il rarewd

several nj nubgs. rFuEthesBR Gna o 8, a Jrai hur ;e nati sedg) an @ddi {jonal
intervention (for exanple 20 |]jsteni Eg by stet hoscogeé neéds to be carried
out in order CPEPEISHS ySEHer 3 hi PedUhBaul €0 tHiReT i BeEAPAY &h€s MRA%g to

be carried ogb afd espPl DeliCt bOIE iSHUHMMNE a 2bed hRoRLEEENTT hieN Rt d & bt ends
to provide a_process .vvhit h does not have the drawbacks of the solutions
nent i oned abBVECSEHi slsprgteerseé iR it°HOSsY bl e to detect a |eak through a

fibre of a nodule, wthout stopping production, it being possible to carry

out 30 tltB'_s %é%teec%ﬁ]iio% ocipqé'ﬂgousl y and in a few seconds. The subject of
the invention i's therefore a process for nonitoring the integrity of holl ow

fibre filtratiienprsidws drebtf or detecting | eaks of treated fluid 35

through a fibpgwhigh {ge compdet gl 1ok RAN | @llsy byRkeR, chagagterized in
that it consists in: - detecting the nolise caused by the passage of the

fluid throught@PPdpturedveiyre; of 5ir anses \RiRSIHee nBlseng grisle this

obt ai ned 4anaust 2brak®MRARI NG thea aPLhd i edesitdnal tbysipblaifmed Mth a
thresholdqnm se level, within the sa range of freguenm es, which is
er rso"ég}rp

char act erd st B¢ V6 iHtHet°5 RHEGPESE t e sBRRERMRg St FSssite to
detect whethebrers nof the mushbeans krkactil Jde sibheotatodr f hehienveintion is
al so a device.faor inple n?ing t he process.specified gbove, this device 10
bei ng char acﬁéf&?&?% nsﬁrﬁg Yi tt}éﬁ%‘gkﬂse%ls- éqaééar{so?ngf the Ridiohiohe type
nmount ed on t heopew glundey ft eachtamdate; ratan afplthei erogpf itshefastgnal s
delivered by hiQ SplihdScAERSAlhe ARlns: AnLOTRANA! AUnANRLYIRE LFASUNAG ¢ he
conparison of the anplified noise signal fromthe sensor wth a threshold
noi se | kel elareatsdr iwng ctvpranisnbaekenndlihés meéhadalipsineloft yrrly
conpar i son mMakicRG dtle 20; possibl @ st 0 gl RGhed el PORSHRLE PLESentyOfe a | eak
on the said nodul e. _ , , ,
However, in this case a manual operation 1is needed to
isolate the module and to connect up the air. This
method is approximate when it is implemented on the
25 scale of one filtration machine. Furthermore, the
ageing of modules causes the speed of air diffusion to
vary and 1t then becomes difficult to distinguish
between a broken fibre and a general increase in the
porosity of the membrane.
30
Air diffusion test
When implementing this process, one of the sides of the
membrane is kept under water and the other is subjected
to a low air pressure. If the membrane is not intact,
35 the air passing through +the 1leak causes a rapid
increase in the water side pressure. This technique 1is
free from interference due to air diffusion which 1is

much slower in this case, since the water needs to



O her characteristics and advantages of the present invention will energe
fromthe description below given 25 with reference to the appended draw ng
in which: Figure 1 is a curve illustrafing the acoustic signature of a
modul e, and - Figure 2 is a schematic representation 30 il?‘r;\hgggtimzan

embodi nent afet e deyheeracear diypgnt oqt Beohpuant ker. Asew I | be under st ood,
the process subject of the present invention relies on the detection of

noi se 35 cauedPyiPHeLpaeEggalsf difeNEaa PFH E-rectly fromthe dirty
side of the nenbrane (concentrate) to the clean side (perneate) through a

filtration dul e fibre which is conpletely or partially broken. .
24 Augustq¥@6§s§ﬁ8 BFEEEALO nvention is not linited to the use of a

mi croconput eThio avatyseqtbe sbgsakss | Lni supoagi bhe soechbkeobet heosi gnal s

on the plant, and al yse them on.a,central programrabl e process control
ini t. 5 Ref crSRAEL hlnBel Ry Lin "Biigl & 52 "hotlic™s 411 (TP R hBAGHE oF the

type conpri shngkannbabee . ofhkol"bolwbiliimge's tgroupedodweged her thebuadees.
According to i Qv i 4 r adn a hyd , 10
has been irrp?%ﬁlnfeégoﬁé%%]lgﬂf ogvuggfragg'l olTé t%‘?%gﬁ%g‘éﬁg&o, lhn%klf:%gg?tg%
possi bl e to ¢¥tleyy @nreeergtorm contact with the clean water (perneate), to
the noi $g of the fluid passing. Each nodul e such as 10 is provided with a

hydr ophone such as 14. 15 The sjignal delivered by the hydrophone is
anplified ant® an&Ppsedstypnan efet r Sfichdeiice FRLt hdForAGNG  the

m croconput eintdégt Nr@r def tibdEBsr d e ngrse leael deWielchiilnng pise- sel ected
eristic 20_of intact nodul es. The result of the

frequency ra ,_charac

neasurenem:éig%ﬁgn E%ﬁ%ﬁigﬂemﬁFﬁp&lﬁﬁre§ﬁbl&luﬁ%% |2V el "W LRPN t'Re same
frequency r afhget randoh himactdmear isseh makesg i Ltpessisilbd et azd ndécate whet her
or not the le Lsnlntact. The ¢ Lo Ei.gur ol h how t he
presenc%gof n]gg%]Fo %Ehf)p%rgqen?%sé&feﬂﬂr% iSE r%nd%u t?%ﬁ%‘f:@%% ?‘ gg’%]d t he
char act eri stiediher eBési hechaiqoeseanewsil wfba hisnmbensn fed signangre of the

~modul e meki ’19rﬂué@i&ﬁssgﬂlﬁdb@nde%ﬁﬁt redial gl g &N ANORRL Ypif ¢
integrity of the said nodule. Tests carried ou y the present applicant
have shown t¥RYe¥abk rBiBREAEe ndugé&heapsirehor Shfttdd mbdufeslwes 3be

homogeneous ahd; dig, notavar yqapeseakabl vi ft oM onei sht e (tre anothep,1por from
one position In the filtration machine to another position. It has thus

been defBnst¥btedninat heSEBhRePECBE) " ARt i EOsikfhafarFeledniiill e 1By
nmodul e, posidi®ar byt Posidein@n f@r shke Hyi Béd€module, this listening

also having to be —carried out after production

shutdown.

25 The present invention intends to provide a process
which does not have the drawbacks of the solutions
mentioned above, this process making it possible to
detect a leak through a fibre of a module, without
stopping production, it being possible to carry out

30 this detection continuously and in a few seconds.

The subject of the invention is therefore a process for
monitoring the integrity of hollow fibre filtration
modules and for detecting leaks of treated fluid
35 through a fibre which 1is completely or partially

broken, characterized in that it consists in:

- detecting the noise caused by the passage of the

fluid through a ruptured fibre;



is not determning and that the recording of the initial noise |level is not
needed for detection f. It is possible according to the invention to
envi sage 5 various uses anong which-te followi ng can especially be cited.

- inplementation in filtration node, w thout production shﬁg
listening to theampildéyldgcahsehdiyse e grasls ageu ofolwad ened r&m%ﬁ?a.possrble
| eak; It is_unde , ead] I i S t the
process subj ect %?E?%glpﬁvgﬁ%%o%ﬂéggfiggs%ﬁgﬁggss ?%,gﬁhgﬁ Erépﬂgh node,
to achi eve al nos@ ddvesheoss m@#ﬁQOlﬁhglmfWum@uﬂnQﬁﬁiﬁyméfrﬂhgenUdUIes
given that in a fewy %%ﬁ%@@% ayhqemt i gal | ynand alrgaah £ 1 1dg atiigny Gycle, or
at al nost any tine, is possible to verify nodul e by nodul e, the
integrity of 20 Pﬁéuﬁﬁﬁres BiSt heQBPABYEPES . m?hé“?rmﬁ%quQﬁﬁkﬁl%oﬁﬁhtegrrty
makes it possi bl getecikdankithy ra draindthd @R 1eThi$ 1esadt . cannot be
achieved in any circunstances by inplenenting the various processes which
are currently known and nentioned above, and 25 which involve a production
shut down t oThar ryubdgiect heoflettdnt | amvand itdre iiepl eient ati atewicd heead f f er ent
t echni ques f r.the_identif,icati N f th IV dul fter detectron
of o | eak 1 HOR EHENEERS b abro2eRy (et va: B R nihed Wivds

i nvent ilén 3Denaﬁeshhtap®§$ubbd n@|UMQﬂ|HQ/qqmﬁﬁh%ﬂ%1y t he nonrntact

nodule. It is of course understood that the present invention is not
limted to the nethods of |nplenentat|on 35 descri bed and/ or nenti oned
above but that i® éf8sRgasfeshel hxdrorRRe typegmounsed,gisth20d2YCLAI MS
1. Process for npakrhar bfgechl® mdedrd;ty of hollow fibre filtration nodul es
and for detectrngnleak 5 of tr ated fluid thro h a fi bre cgnple y or

partially bfoken®"cREP didrtz R | Whenstong éoﬂﬁ by 4&f&ctSHG t he

noi se qaused by bbﬁsba$sage of the 10 fluid through a ruptured fibre; -
anplifying the ngise si bt ai ned nparrn the amplified
signal thus obt afanecéP‘W% %of h‘?%@ﬁgfarnoe]rgsuﬁjénv%l Wi tch?rhg?hjesgﬁrreoér ange of

frequenci es, mhrcheammgﬂuﬁﬂﬁden®s$ecsognamtécbnaaﬂnbdﬂees¢rtMﬁ$hcanparison
making it possi blcﬁrTe%&@%eQ{oﬁ’!lft 084" Y até%%ﬂ%f{ltce &8 LAt ES.Qrttac?t

Process according to aracterized 1 n that 1S 1 | ement ed

conti nuousl y, |nmPﬁPﬂﬁauﬁﬂ?29“#&&@lﬁMQ%oEFesﬁ6ﬁm4ﬂiiﬂ%mmé LBE By -

listeniong to theppaiksgleausedidbedhamasssgeiviet pectegaked £f lauiikdihrough a

ossi bl e | eak.
P on the said module.

Other characteristics and advantages of the present
invention will emerge from the description below given
25 with reference to the appended drawing in which:

- Figure 1 is a curve illustrating the acoustic
signature of a module, and

- Figure 2 is a schematic representation

30 illustrating an embodiment of the device according

to the invention.

As will be understood, the process subject of the
present invention relies on the detection of noise
35 caused by the passage of treated fluid directly from
the dirty side of the membrane (concentrate) to the
clean side (permeate) through a filtration module fibre

which is completely or partially broken.



3. Device for inplenenting the process according to 25 any one of the
preceding clainms, characterized in that it conprises: - a sensor of the
hydrophone type (14) rounted on the lowpurge (12) of each nodule (10), -
an anplifier of the signals delivered by the said 30 SensoﬁéALgﬂQtZO@Z

conpar at or - andlsy SeF e £8SHI Ilﬂgemqo@pnpar heen 10fniithey apgl ity I'sg signal
fromthe sensor with a threshold noise | evel characteristic of an intact

modul e, the BA&EPSERSahd oty sont hakFhagNAL S35 Iodsi s 2id ettt t he

possi bl e pregsengecaf thd eakg@mg hgnsahd ']ﬂd#lte and\ analyse them on a
. Ah. AS5. Ay, )éYA{ e. AY

~ytoj e [V]caf€ a]rc?’z?]r@a']“??g]%ﬁ?a‘]’[c%c]‘g%] c%?%%lj%la] ®Ritav] caV] caV] ca] ca] c”a]

ca] ca] ca]xa] ca] ca] cal ca] cal ca] ca] ca] cRa!

opvwPSaPcPS} c"Y e [ cal c ]Oca]ca] Ea%caU] a] ca‘]”gg\/] cal ]tca\/t] caV] cal ca
]ca] ca] cal] ca ca]eca caﬁ ca ca ca] ca] ca] ca] ¢a O%CJ\arl ration
I K" U 3#5### $ BSSULEH/RSE} xtstm d:)Z@e:] fomprad ca];ca] oa]nba]rc@]fca\]Oda]cca]ba]mmq ca] ca]
Ea]1/0$} IC:?}V!C?]l glfgl%%a ggﬁgﬁﬁ%}[gﬂ gﬁ] ca gg gg%gg]g caica]’é(a] ca%ca]\!c%% c?a] caj
ca] cal] ca] ca}@XF@é]l@@]fca] c8pogPeal l: ] ca]ica‘]fcfa] Earma]afa) eaRejdzrophar® 1098 ()
LS M s HOIS (1 an FRAOKITE 9 130 ZHGWG (dr ZHIQUEI (3 - On2XT
-F"109%& () - F'10%gg& g -l ! 109%& ( - In G109 (
I x\ G 10%&-() [A]ma%NW%Cl eg@%ng%e q®gl}@ en 1rectly in contact
109=10%9& () wi8h0%mse ( 123 10U &2 - f(Pel@UB&(),- apd%he noise of the

fluid passing. Each module such as 10 is provided with
a hydrophone such as 14.
15
The signal delivered by the hydrophone is amplified and
analysed by an electronic device in the form of a
microcomputer 16 in order to measure the noise level,
within a pre-selected frequency range, characteristic
20 of 1intact modules. The result of the measurement is
then compared with a threshold noise level, within the
same frequency range, and this comparison makes it
possible to indicate whether or not the module 1is
intact.
25
The curve in Figure 2 clearly shows how the presence of
a broken fibre in the filtration module manifests
itself, the characteristic increaseé in the noise level
of the acoustic signature of the module making it
30 possible to detect immediately an anomaly in the
integrity of the said module.

Tests carried out by the present applicant have shown
that the reference noise level for intact modules was
35 homogeneous and did not vary appreciably from one site
to another, nor from one position in the filtration
machine to another position. It has thus been
demonstrated that the concept of “acoustic signature”,

module by module, position by position or site by site,
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+R10%&' () -! -T" 10%&g et 0T 1 00&' () iBepWfYltration mode, without

‘INXZ? P-é), ig‘o’jg 8 - YREIORSh O sy @R 0%658 Wigloe MAGOME (Lhe noise
L 10 caused by the passage of water through a possible

leak;

It is understood, from reading the preceding
description, that the process subject of the invention
15 makes it possible, in filtration mode, to achieve
almost continuous monitoring of the integrity of the
modules, given that in a few seconds, automatically and
at each filtration cycle, or at almost any time, it is
possible to verify module by module, the integrity of
20 the fibres of these modules. The indication of non-
integrity makes 1t possible to identify a failing
module. This result cannot be achieved in any
circumstanceé by implementing the wvarious processes
which are currently known and mentioned above, and
25 which involve a production shutdown to carry out the
detection and the implementation of the different
techniques for the identification of the defective
module, after detection of a 1leak from the set of
modules in the filtration machine, while the invention
30 makes 1t possible to identify immediately the non-

intact module.

It is of course understood that the present invention
is not limited to the methods of implementation

35 described and/or mentioned above but that it
encompasses all wvariants.
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- amplifying the noise signal thus obtained, and
- comparing the amplified signal thus obtained with
a threshold noise level, within the same range of
frequencies, which are characteristic of intact
15 modules, this comparison making it possible to

detect whether or not the module is intact.

2. Process according to Claim 1, characterized in
that it is implemented continuously, in filtration -

20 mode, without stopping production by listening to

the noise caused by the passage of the treated

fluid through a possible leak.

3. Device for implementing the process according to
25 any one of the preceding claims, characterized in
that it comprises:
- a sensor of the hydrophone type (14) mounted on
the low purge (12) of each module (10),
- an amplifier of the signals delivered by the said
30 sensor,. and
- a comparator-analyser ensuring the comparison of
the amplified noise signal from the sensor with a
threshold noise level characteristic of an intact
module, the analysis of the comparison making it
35 possible to detect the possible presence of a leak

on the said module.



