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The fields of nenbrane filtration techniques overlap but are generally
divided into: mcrofiltration, in the region of pore dianeters of
approximately 0.5um ultrafiltration, in the region of pore dianmeters of
approxi§ately 10 nm nanofiltration, having a cut-off capability of
ar ound nanoneter or 250 20 daltons (in practice from200 to 300 dal tons
for nanofiltration nmenbranes currently on the narket), - reverse osnpsis
bel ow 1 nanoneter. Nanofiltration makes it possible to elimnate a
substantial proportion of the dissolved organic pollution and certain
mneral ions. Mire particularly, it 25 enables soluble organic mnerals
and certain mneral ions of quite |arge "apparent" size. On account of
this, nanofiltration overlaps the field of reverse osnosis.
Nanofiltration is also referred to as "l ow pressure reverse osnosis" or
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The technique of water purification supplied by membranes has an
15 increasing number of industrial implementations of all capacities. The fields of
membrane filtration techniques overlap but are generally divided into:
- microfiitration, in the region of pore diameters of approximately 0,.5um,
- ultrafiltration, in the region of pore diameters of approximately 10 nm,
- nanofiltration, having a cut-off capability of around 1 nanometer or 250

20 daltons (in practice from 200 to 300 daltons for nanofiltration membranes
currently on the market),

- reverse osmosis below 1 nanometer.
Nanofiltration makes it possible to eliminate a substantial proportion
of the dissolved organic pollution and certain mineral ions. More particularly, it
25 enables soluble organic minerals and certain mineral ions of quite large
“apparent" size. On account of this, nanofiltration overlaps the field of reverse
osmosis. Nanofiltration is also referred to as "low pressure reverse osmosis” or

"hyperfiltration”.

Due to its very low cut-off thresholds, nanofiltration ensures fotal

30  microbial sterility.
Nevertheless, in industrial installations, nanofiltration membranes are
mounted within nanofiltration modules, and these nanofiltration modules are

themselves implemented by virtue of arrangements of a high number of
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appear in the form of bundles of capillary fibers.
Whatever the type of configuration, the modules (in general of a
diameter of 8 inches and a length of 40 inches for industrial water treatment
20 installations) are connected to each other, in principle in series, within so-called
"pressure tubes”. A complete nanofiltration system may comprise several
pressure tubes mounted in parallel, conventionally fixed onto units (or skids), or
even most often several units (or stages) each formed by a plurality of tubes.
The problem which arises in practice is that of detecting a defect in
25  the integrity of a module, or of a system constituted by a plurality of modules, of
which the origin lies either with the membrane themselves, or with the joints,
and which results in a passage of the fluid directly from the dirty side of the
membrane (concentrate) to the clean side (filtrate} through the pierced
membrane or deficient joint.
30 Thus there are two main categories of checking methods applied to
models taken individually, that is to say methods of detecting the modification of
the integrity of modules for nanofiltration or reverse osmosis.
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SMosis, a
measurement of conductivity is generally sufficient. However, for nanofiltration
membrane systems, the measurement of conductivity of the water produced by

20 the systems does not enable defects to be detected with the necessary
precision. This is because, by nature, nanofiltration lets through a high number
of salts such as calcium, chlorides, nitrates, etc. without this being attributable
to a defect in the integrity of the system.

The object of the invention is to alleviate the drawbacks of the known

25 methods, by virtue of a method making it possible to detect a feak, in particular

of living micro-organisms (such as bacteria, viruses, protozoa, and especially

Cryptosporidium and Giardia), through a nanofiltration or reverse osmosis

module, or in a system formed from a plurality of such modules, without

cessation of production, this detection able to be carried out pseudo-

3¢ continuously, that is to say in a regular manner, in barely a few minutes, in a

simple and reliable manner, in practice by a sample measurement of
concentration.
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membrane (very great for inverse osmosis, less great for nanofiltration).
For inverse osmosis membranes, the holding back of salts, of all
20 kinds, is higher than 80%. For the most "open” membranes of the nanofiltration
range, the holding back of salts is a function of the quality of the water at the
input (Donnan effect), of the concentration of the salts, of their hydration, and of
their size. It is common, for the latest generations of nanofiltration membranes,
that for example more than 50% of calcium and hydrogen carbonates to pass
25 through the membranes. For these membranes, an overall measurement of the
quantity of salt in the water produced (for example by conductivity) does not
enable leaks to be detected. |
Nevertheless, certain polyvalent ions, such as sulfates and iron are
always perfectly held back by the membranes, whether they be nandfiltration or
30 reverse osmosis membranes. When a leak occurs in the system, the

concentration of these poiyvalent ions thus becomes greater than that in a
system that is sound.
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15 concentrateffiltrate leak occurs and which is easily measurable in the field. It is
even generally possible to identify such a compound which is both present in a
large quantity in the supply water as well as being strongly rejected by the
membranes (least possible passage).

lons or compounds such as chlorides and bicarbonates which are

20 easy to measure have a level of passage which may be judged to be tao high.
Furthermore, the level of passage of certain compounds is strongly linked to the
pH of the water: this is the case in particular with carbonated compounds which
may pass in the form of carbonic acid, idem for silicic or boric acid which are
molecular in their acid form and thus pass through the membranes in contrast to

25 their ionic forms.

However, the sulfate ion has numerous adva'ntages:

- Itis naturally present in sea water and surface water,

- being an ion of a strong acid, its form remains unaltered whatever
the pH of the water,

30 - Mmeasuring its concentration is rapid and undemanding,
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zone of a module of that system,

* comparing this measured value with a reference value, and
* recognizing the existence of a defect in that zone of the system when that
measured value is greater than the reference value,

20 Preferably, when the system comprises at least one plurality of
modules mounted in parallel, this method comprises steps consisting of:
* measuring the value of the concentration of that dissolved compound in similar
downstream zones of each module of that plurality,
* comparing these measured values for each module,

25 * identifying those of these values which are the teast, and identifying as
reference value a value at least approximately equal to those least values,
* recognizing the existence of a defect in one of the modules mounted in
parallel when the measured value for that module is greater than that reference
value. This makes it possible to detect, without a reference being given in

30 advance, that one of the modules mounted in parallel which, the case arising,
comprises a defect.
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measuring the value of the concentration of that dissolved compound in a

plurality of zones chosen along the series of modules,
* for each value of the concentration measured for a given zone, taking a
reference value substantially equal to the value of the concéntration measured
20 for the zone situated immediately upstream of that given zone or, if lacking, of
the zone situated immediately downstream of it, and
* recognizing the existence of a defect in a given zone when the value which is
measured there is greater than the associated reference value.
In this last case, it is advantageous for the zones chosen along the
25 series of modules to comprise at least one zone downstream of each module
and one zone of each connector connecting a module to the following one.
Thus each element of the series is actually tested.
In an advantageous manner, to obtain a measurement representative
of the whole series of modules considered, the value of the concentration of that
30 dissolved compound is measured in a sample of fluid taken from a zone
containing fluid coming from each module of that series.



8 PCT/FRO /01713 The above applies to the case of a series of nodid K& 200
I ndependently of any prior detection of defect init, in which case the

method is chwarewed1egs zed in that, the systemconprising at |
series of nodules, this method conprises gteps consisting |P§ﬁ$§08}?ﬁ?13
measuring the value of the concentration of that dissolved conpound in a
plurality of zones chosen along the series of nodules, * for each value
of the concentrati ohgr8heve égpfies tathe case ebaeserieskofnpodulasahaepardentsl ue

bstanti al val f._the concentration nmeasured for the
Lo P e el T oliol e
1o t he zoneinstHatathed si/stepdicoh®nsi f * ogni zin e

exi st ence of ahag'ef ectyi n a gmﬁenI%%qﬁéﬁﬁgéﬁgﬁug\?\?ﬁ%g%%'mgwgd

there i s gre¥npRsesm3taps consistingirat ed reference value. In this case too,
of nodul es, the nethod of the invention

: . | , . .
S advan age IRy AR YRS Aldhe cotNietah et dissaiva eormpag e
series of r’mdﬁg"@fsopﬁﬂgsiapo%eﬁtmé)@ﬁ'\ﬁiec%}ﬁe&zmaﬁrégstream of each nodul e

and one zone of ‘each connector C 'to the follow ng one.

Preferably,” ftreaach evatyes iof theocmridentratioh MeastirddNorSS' hio n.OionégD@RIn a
t he val ueyof t he conf:ent rati on of that dissolved corrpo%n% I'S 0 megzured

in a sanpl deHireRee valuesubstantiallyequahdo thevaluei oftheel contentratio rheasaredach

dul ft h &S ; : [ r t he.expl anatio iven
Wih respecc i Pon Sityated itRBIRIGY H¥S¥aN Fltnal BiRiEedhE ore & Tadking cof
sul f at d0as tha@overmsitoated] inimediatdly dowastreasestit, alrigon i s neasured. 25 Ains,

features and advantages of the invention wll appear fromthe foll ovyi ng
dgscr i pti 02', regpPgRig Igenee of g defecti a pivestzans whenithe vahiewhinteist 0

concent r at 1 ha el bredef heif e psrodifiFd toBroncauives, or a tube, of
the first stage of Im thisncadd gécgtngé??rrl]ftlrﬁgtc%'?gnléﬁgﬂq%%l :ﬁ%g‘gﬂ%‘%ﬁ/@?wl
gonnect 'on nl%eeetsw egf ttl'?e? iﬁ\?ecr?tl%n is advantageously characterized in that the zones

15 chosen along the series of modules comprises at least one zone downstream of

- each module and one zone of each connector connecting a module to the
following one.

Preferably, when the system comprises at least one series of
modules, the value of the concentration of that dissolved compound is

20 measured in a sample of fluid taken from a zone containing fluid coming from
each module of that series.

It appears clearly from the explanations given with respect fo table 1
that it is especially advantageous to choose sulfate as the compound of which
the concentration is measured.

25 Aims, features and advantages of the invention will appear from the
following description, given by way of non-flimiting ilfustration with reference to
the accompanying drawings in which:

* Figure 1a is the sulfate concentration profile (in mg/) along a series of
modules, or a tube, of the first stage of a nanofiltration system having a leak at

30  the connection between the second and third modules,



PCT/ FRO1/ 01713 * Figure 1 b is the sulfate concentration profile §8M0V 2004
ng/ 1) along . a serl es of nodules, or a tube, of the second stage of that
system havf1#188%ect at the connection of the third and FfGIW-‘FEdi/mna
nodules, * Figure 1 c is the sulfate concefitration profile (in ng/l)
along a series of 5 nodules, or a tube, of the third stage of that

system having as t nnectl n.of the fjrst and second
modul es and at thggcg%r?ga]% thﬁ Sé‘llf%?%go'?q‘ﬁ Eﬁf'oarm?'&w mMabRlpeg a serdésyof e

2a is a gramodalesyiona fube, ePISkLuhd ¥idtle GBI SHSUNE HANGS ACdeteblS: il '

stage, 10 * Figure 2b is graph show n e su
ng/ | at thetonmnacyan ofthe HvrdsarrItéfcpurﬂsmdales,lbes as in Figure 2a, * Figure

3 is a graph sh e .eypl ut in the sulfate concentration, in

ng/1, along a t%\%@%‘% Hﬁds\{ %,ﬁuka{%)agpv@gltratlop,@gﬁlg (n img/h ajoagla sities of

t he bactserlmbgg]e@ab an [ r tubes, of the
system and * |C?ur(g Sﬁ'lhbs@a@fgtrh%pﬁmhy\mg%ggﬁ aYéer'h ESBIBQC%[ld gk @:’sﬂ? I n
the filtrate@nsectionef thetfirsband tsegonad ahodiiat mﬂsatefne EBﬁné&MﬁPéf f?'{é {ifrd
descri bed b%n tN n_a B@pfe”ed enbodiment, in relation to a em
conpri sing cﬁol.‘l‘l'%‘l 9 successi ve stages (or units), each 20 f or med
of tubes nount ed I ng nodules (6 in
t he exanpl e con5|'(:j Pérzga'%%ﬁ ypl%é‘dq@?l %@@@H@P#iﬁ&ww@ tubesoef
checking tthe thind e@get,y of the system of nanofiltration or reverse

osnosi s, _menbr angs_and _of det ectlg%el eaks of living mcro-organisnms (such
as bact®@ia, viruEgure 25 istagsaph shewing the allfgteComprertrationdinumganat the

G ard t te hegt f 'l ed |
renbr ane. or Rt o TR $afite PReaSPE et 4 n HiglR 25 e et hod conpr | ses the
steps consi sti ng Fifuret Bkg a@ra)ﬁéhmvﬁmgqhe"@bﬁftlohrlnttﬁ'@sﬁﬁﬂé &?{ceﬂﬁ%ﬁﬁﬁy

constituted g}?y%t he filtrate tubes and the interconnectors (genera

pressure tUBb QNG ggubefpimed from § meduless coupl ed by connections), 30

i th Ig] f th t ed
compound i th t ne 9uf¥ 4% adtefin' AR 1RDEathRGbal el Bnhbis Brbeiiuate ofo
t he systbemtlialudmes of thedystetoeand An exanpl e is given |n Figure 3. 08 NOV

2804 WO 01/91891 'f‘CT/ FRO1/ 01713
igure 5 is a graph showing the bacteriological analysis in the filtrate of

the units or stages of that system.

The invention is described below, in a preferred embodiment, in

relation to a system comprising a plurality of successive stages (or units), each

20 formed of tubes mounted in parallel, each of the tubes comprising modules (6 in
the example considered, another typical value being 7) with the aim of checking
the integrity of the system of nanofiltration or reverse osmosis membranes and
of detecting leaks of living micro-organisms (such as bacteria, viruses,
protozoa, and especially Cryptosporidium and Giardia) through modules

25 constituted by sheets of rolled (spiral) membrane or having hollow fibers and by
joints. The method comprises the steps consisting of:

* taking a sample of water in the smallest assembly constituted
by the filtrate tubes and the interconnectors (generally a pressure tube
equipped with 5 to 7 modules coupied by connections),

30 e comparing the value of sulfate ions or any other strongly
rejected compound with the values of the other tubes placed at the same level
of the system (also termed stage). An example is given in Figure 3.



10 Ff the sanpl e of water thus taken has a concentration of st {@nelwin
rejected conpound (preferably sulfate) in the range of the tubes having

“a low concerbiodio of strongly rejected conpound, the tube 0 def ect
of integrity, (sggg Figure 2b, the case of,stube No. 32 for ggiﬁ:ﬁo

I f the sanple of water thus taken has a concentration of strongly
rejected conpound (preferably sulfate) greater than all the tubes having

a | ow concentrati ore of IBtthen@mEreejcﬁCWthrcmomn HaCee o Wgéﬁ‘tr ion of
pr obi ng operatlggéfv\hl ch wll e it possible to detect the defective

nodul e or elegied compawnd (peefesaily sulfate) in theerangetofithertibed Bavingt h

the aid of e of r al ong the

assenbl y coérell F' C%ﬁ‘g%f?qrﬂgpﬁﬁbﬁéwo%jqqt?(? Fgﬁ@%‘ﬂé ;ﬁﬁ% b é‘l@o’?ﬂé’@é@lﬁ@)‘ch
measur e t hentegniae fésaFigure Oh, tHe €548 ¥f Bk H-Eﬁe (preferably the
sulfate) in ttagqugnp esgi?% O\i!\;ltér\g t he ttip'lrgo?\g)(%:?ﬁCt @ggggral ed)'for exanple in
t he NFT$0- 040 st andar d Ibrthansampleeloffwated thessheakelrkibas  alBopeanBatom! dry
avai | abl e) ce Ih tud| ‘P"@ &ntr tion profile along the tube

(see Fi gursé'?nﬂ Ya, rﬁleﬁ syliated grestere thamt albiher tibese

di nal
ef orence g & I Sedieenty *'5"‘ oS0l Rt dad Hfbfiadig, Bipeedl Wi a™

sul fat e cormehmgamperatnmls wmaswm makel i Posﬂblecw aétest th‘écéére‘éh(}g rﬁ@dﬁl@%r
operation |§ ssi,b,li to foresee different uses anong wh

fol | owing it IVE{Olphas ¢eacsipedpy thpedipaiRbinpl e, the met hod descrl bed

b I dtot f t t .Mery-sur-QO.se which
conpri 90 ‘é‘pﬁa'nﬁf o at 0 1R, AR O bR 1R, £ PR o8 GRmRE S aate Bnoday
and conpri ¢re a&éé@lbrsamlfsltitutéHIMhef’fnﬂé% Befilfaeand tid tercofRketors 37 M.

The nanofiltration nodules are inserted in pressure tubes on t%e basi s
of 6 nodul es per tube. NMMeRsWeathe td¢arcentration pofassiumgly uiggected tompound

fil
St ages. or oARCIBBIL toe Fulile) vt S cSarmples"Eiwin dfe Weto dearibed: o
treated of exbhflelfte e | REFOOTRE CObRAAIC L SRELIBER RBIR et idts

approxi mately, 0 8 NOvV 2004 WO 01/91891 PCT/ F
15 commercialty available).

e trace the longitudinal concentration profile along the tube (see
Figures 1a,1b, and 1c).
The longitudinal concentration profile along the tube follows an
outline as shown in Figure 3. The longitudinal reference profile may be either
20 measured on a tube for which the sulfate concentration is least, or else
calculated.
According to the operation it is possible to foresee different uses
among which the following is cited in particular.
By way of example, the method described above was applied to the
25 nanofiltration plant at Méry-sur-Oise which comprises 8 nanofiltration lines,
each producing 17500m® of water per day and comprises 1140 nanofiltration
modules each of approximately 37 m2. The nanofiltration modules are inserted
in pressure tubes on the basis of 6 modules per tube. There are thus 1520
pressure tubes in the Méry-sur-Oise plant. The modules are arranged in three
30 nanofiltration stages organized as follows:
- The first stage receives the water to be treated of which the sulfate
concentration is between 50 and 100mg/l approximately,



11 - ' The second stage receives the concentrate fromthe first st @deN0V 2004
~The third stage receives the concentrate fromthe first stage,

5A
systemati c WwEafgHgeqent of the sulfate concentration in the gi t
the 1520 pressure tubes has enabl ed error$1 of assenbly to b';eé%r@é@gg%,

whi ch consisted essentially of: 1. The repl acenent of 11 flattened or
worn interconnecting joints, 2. The installation of 20 mssing joints 10

3. The installation of 4 ihessempndostagetrecsivés theecarcerdiatg fadmfther first
br oken nmenbrane el ements. If they are not corrected, these assenbly
errors may re AP%: in bad flui d-ti ghtness between the concentrate and

(e comar e of ke YHESHAE b ' LMt o

concentrate through into t Il'trat®e co ors o
concentrate nstagbe charged with undesirabl e conpounds, above all

bacteria. These assenbly errors cannot,K be detected by conductivit
measur efent s of thé‘%@éstt alf JeeRemEnt ﬁgﬂ}f’r‘é‘é'gﬂlﬂéoﬂ"ﬁﬁégaﬁq)fhﬁéthe fiftrate

nanofil traty AU A h c des,
cal ci um anyﬁ%gogenbg#ségé E%!?Iea% Eé?%ﬁ%ﬂg&to?\%tséﬁtbﬁy ttﬁ}% Fbﬁ%g@? of
t he tubes mdidh ghnsistedaegsantialyof:wi t h t hat produced by reverse osnosis.

An exanple is giveng in_Figure 2a where, a unit of 28 tubes (third stage)
has been the subj egt ﬁ@%ﬁﬁlﬁ’&?mﬂnﬁﬁ’f1H§§GP§MWOFN@@M‘WHQWWS.

atypi cal conductivipty ' ' e er tubes of the unit. 25
2 o ThsARiEtan: 26 st igh

By contrast, a measurenent ate | trates of the same tubes
showed10hat tubes Bo. ZThe iGStallgtion 604 aniskiig comnecterypi cal, they were
nificantly

R gher (or Fig. 4oy, Thehanaing d fouE GRS roRBwran emedbe ool t 5 on

D o o oy Dofoyea et MireBarind betorblicontly Ay el Febse.

of the wat Suidatightnes<. bétweeOthe 06andshtiaite Oard 1filrate compartments of the
pressure tubes, letting a flow of concentrate through into the filtrate collectors of

15 the tubes. The concentrate may be charged with undesirable compounds,
above all bacteria.

These assembly errors cannot be detected by conductivity
measurements of the water produced by the pressure tubes since nanofiltration
naturally lets through certain ions (such as chlorides, calcium and hydrogen

20 carbonates), the conductivity of the filtrate of the tubes is high in comparison
with that produced by reverse osmosis. An example is given in Figure 2a where
a unit of 28 tubes (third stage) has been the subject of conductivity
measurement. No tube has an atypical conductivity in comparison with the other
tubes of the unit.

25 By contrast, a measurement of sulfate in the filtrates of the same
tubes showed that tubes No. 22, 33, 61, 62 and 72 were atypical, they were
producing water of which the sulfate concentration was significantly higher (cf.
Fig. 2b).

Table 2 and Figure 3 show the sulfate results on probing the

30 pressure tube No. 61 of unit 4, the sulfate leak being situated at the supply

connector of the first membrane. The temperature of the water was 4° C.



PCT/ FRO1/ 01713 Bact eri ol ogi cal neasurenents of the water accordind & 0¥ g
NFT90- 414 standard carried out at the output of the pressure tubes .
“during canpdPdi®18%or correction of defects in fluid-tightnpesrrofbiad it

to be shown that when the tubes have atypRcal sulfate values (in
conparison wth the other tubes of the 5 unit as is shown in Figure 2b),

el | t forh nal yses arising fromthe
NETO0 414 st andar o DHgioRaeR! MegsEiHipbs &fthd aleprtearyng e i N
makes possi4l4standanbeairisoutost tﬁérﬂﬂtﬁll‘i’t o thd Jg'lét%&{/rgt l}ﬁB%B &J}ﬁgffﬁ’bﬁa@ﬁ'gn?

the follow ng. Presence of coliformcolony p _
col ony - RafBP ferreetion of defests isfluidrightnass3abléed ddbdre ehowAlthat WAERNRE Of

\ . ) . ; i :
15 L Rt o BPABIR AR BEAEVAIES: D, Simaiiar A ther oben ubes of the
non- pat I5ogamit asisesHown MFiHLAY %%Waﬁ@%&)}[@z@é ni%‘ Iﬂgﬁ?%ﬁ_ 0 to 10

' = = 100
saprophytes. Rating 2 = 11 to 50 saprop L€ 3 51 to
saprophytes Rating &&fﬁzﬁ%‘at ef thehanaly@es saisirap e the RIFTRO-£1 4 staHdard €

medi um cov vere The.ratings are added together when the results

i ncl ude bot a%%obge.et?‘. the subigqt of @gpﬁfﬁﬁ'@y 5&1@95%36 PRFkess possibleax comparison
rating of 24 saniplesandachthih ihe Scaelddid ik Hluhieg as vel | as 53
saprophytes counted. The bacteri ol ogl ca asurenen can only be
interpreted st ati §tregendeofctoliferm helopy positive: r esponses can be bi ased

contanpnation) as well as the negative responses since the sanpling is
gmde on%loom sanpl e. The r'esuﬁ@é'"g?lol?, es carded out in the

filtrate of tubes before 30 apduakiey= ofcﬁﬁééon are given in Figure 4.
08, NOv 2004 WD 01/91891 13 PCTF%R@QIZ?N??

- Rating 30 = 3 colonies, etc.
Absence of coliform colony positive and absence of non-pathogen
interfering flora:
15 - Rating 0
Absence of coliform colony positive but presence of non-pathogen
interfering flora (saprophytes):
- Rating 1 = 0 to 10 saprophytes
- Rating 2 = 11 to 50 saprophytes
20 - Rating 3 = 51 to 100 saprophytes
- Rating 4 = greater than 100 saprophytes
- Rating 5 = culture medium covered over.
The ratings are added together when the results include both positive
coli responses and saprophytes, for example a rating of 23 corresponds to two
25 coliforms counted as well as 53 saprophytes counted.
The bacteriological measurements can only be interpreted
statistically since the positive responses can be biased (contamination) as well
as the negative responses since the sampling is made on 100ml sample.

The results of 135 samples carried out in the filtrate of tubes before
30 and after correction are given in Figure 4.



At the units, which are constituted by 28 or 54 tubes in the appl {80V
at Mery-sur-QO se, the consequence of one or nore tubes of which the
fluid-ti ghtWeP/%89ot absolute is represented in Figure S. p‘éﬁ@%@éa
2004 WO 01/9189114PCT/ FR01/ 01713 Tabl e 1: 1@npoundPassagePassagekFunction
of Little present in Insufficient too highthe pH natural water precision
of analysis Al um rcl::ﬁ{mﬂ_}O% Q 0%<§82>£_&Bari um strontiunl0% o50%xx X

Cal ci unl0% 060% ori it edEtos W e nernstitutedy byo286 0954 tybeiscin the
Car bon0% oZ24P9plisatienp ae O OFH 9 0 rond to 5 9% . X .

Bi car bonat es10% o@O%WPrgfsa(gs@Eﬁh fgégﬁtﬁ%ﬂ%n%s&?ﬁ‘fﬁ%‘%% es of which
ManganeseUgheoiktigsness iss0ot atiatteAsvemesanted ih Figee $0% 080%x x and
nitrates Phosphate0 to 20 % x Silica Upto80% xx x Sul fateLess than 5% C
8 NOvV 2%04



WO 01/91891 15 PCT/FRO1 /01713 Table 2: File menbrane No. Uni t le; 0

- Tube No. 62 Location O j Sulfates (ng/1l) 80 Tenperature of the wa 42%
Lengt h of pW&WH/A189% oduced (nmm) 21/12/99 Sanple origin St artf’c@‘q:g)%gp{a

i nput End connector input Mddle nenbrane {4 Start connector n
connector 1 Mddle nenbrane 2 Start connector 2 End connector 2 Mddle
menbrane 3 Start ﬁ%ﬂn ctor 3 End connector 3 Mddle nenbrane 4 Start
connector 4 End c ®ctor 4 Mddl e nenbrane 5 Start connector 5 End
connector 5 Mddle nenbrane 6 Start connector output End connector out put

End filtrate tip

Compound Passage Passage Function of Little present in Insufficient
too high the pH  natural water  precision of
Aluminium 10 % to 50 % X ? X nelysts
Barium, strontium 10 % to 50 % X X X
Calcium 10 % to 60 % X X
Chlorides 50 % to 80 % X
Conductivity 20 % t0 60 % X
Organic Carbon 0% to 20 % X X
Copper 0to5% X
Fluoride 30 % to 50 % X
Irpn O0to5% X X
Bicarbonates 10 % to 60 % X X
Potassium 40 % to 70 % X X
Magnesium 10 % to 40 % X
1Man_ganese Upto 40 % X X
Sodium 50 % to 80 % X
Ammonium, nitrites 50 % to 80 % X X X
and nitrates
P_h_osphate 0to20% ? X X
Silica Up to 80 % X X X
Sulfate Less than
5%
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Table 2;

File membrane No. 1 Unit No. 4 Tube No. 62

[Temperature of the water: 4 °G |

21/12/99
Location Length of probe introduced (mm}) | Sulfates (mgit)
Sample origin 0

Start connector input 509 80

End connector input 725 150
Middle membrane 1 1200 21
Start connector 1 1635 10
End connector 1 1782 8
Middle membrane 2 2216 2
Start connector 2 2651 1
End connector 2 2798 3
Middle membrane 3 3232 2
Start connector 3 3667 0
End connector 3 3814 1
Middle membrane 4 4248 2
Start connector 4 4683 0
End connector 4 4330 1
Middle membrane 5 5264 0
Start connector 5 5699 4
End connector 5 5846 2
Middte membrane 6 6280 0
Start connector output 6747 1
End connector output 6926 3
End filtrate tip 7045 2
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ﬁe?hgd of checking the integrity of a systemof nanofiltration or p@ﬁﬂWé@
osnosi.s nodul es adapted for the treatment of a supply fluid and of
detecting | eaks of |iving mcro-organi sns, each nndul%ﬂbaﬁmvaskmgTme1?743
nanofiltration 5 or reverse osnbsis nent¥anes and connection joints o
these nenbranes, conprising steps consisting of: choosing in the supply
fluid to be treated a dissol ved conpobg ich is in significant 10
quantity but which is normally strong back by the menbranes,

[ Ak e j ' ast ream
TR e i iy o ST i
reference value @%{H fse'@(? erfin}‘ﬁ%amﬁ fekithe dreatment of deapplyi fluid mdsyst em

20 7, il o i s g, ot o B o™

i reat er nce v et
gizréfggvﬁéﬁvﬁﬁﬁg DSOS Mmarebrares and tChanetlztltdnle meﬁ_t eﬁ]thwérﬁ%%%ﬁgé .
| east a pl woalprisingpéte heistifgwpt ed in parallel, this metho
steeps coﬁsi stipnﬁsmo%). Pg(r?gagurlﬁﬁg?t he val ue of the concentration of that

di ssol ved ¢o g in thensupply flail tobe treatsuia atkwsived compouRRIUMien & i hat
plurality, * ggﬁfﬂéérhtngqhdd?ﬁﬁ? aﬁ}ﬁ'\;ﬁ i%ahﬁﬁﬁglﬁyorqtgﬁﬁ‘y %' bask by theg as
i dentifying those of these “val ues ch e 4 y
o et e e o eost aper Ly, S, L0 (N8 L o
mounted’i n° - 20eBaEP e Gallk i BnGi B Ch the rdmpnand imvaldounstoam
greater than doRgoframadute of thatsystem,
' * comparing that measured value with a reference value, and
* recognizing the existence of a defect in the system liable to let through a
detectabie quantity of 'microorganisms when that measured value is greater
15 than the reference value.

2. A method according to claim 1, characterized in that, the system
comprising at least a plurality of modules mounted in parallel, this method
comprises steps consisting of:

* measuring the value of the concentration of that dissolved compound in similar
20  downstream zones of each module of that plurality,

* comparing these measured values for each module,

* identifying those of these values which are the least, and identifying as

reference value a value at least approximately equal to those least values,

* recognizing the existence of a defect in one of the modules mounted in
25  paraliel when the measured value for that module is greater than that reference

value.

3. A method according to claim 1, characterized in that, the system
comprising a plurality of series of modules mounted in parallel, this method
comprises steps consisting of:

30 *measuring the value of the concentration of that dissolved compound in similar
zones of each series,
* comparing these measured values for each series,
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3. Arnethod according to claim1, characterized in that, the SySteWBNUVZML
.conprising a plurality of series of nodules mounted in parallel, thi's

met hod conprises steps consisting of: 3@ * neasuring the value of the
concentration of that dissolved conpound in simlar zones of each

series, * conparing these neasured values for each series, MO FIED SHEET

- 04- 2 * : 0 * o I fving thqose of these val ues which
are the | east o JoeBrdh Hese, VERRb whicRoatliE Beshi dad ddentiing s

appr oxi mat efleferenuelivale 4 halae dt¢esst apploianately EBGIOD thibad | gt ence of
apgef ect in, one of these series V\/ne‘r@t he rre%ts red vaPue (%éc}?\}ta?ya "series

is clearly gfeeRANZIDgG thet pxistansee of ra alefedtuin .dj'neﬁlgf{dtthmehetdriesQ@IﬁéH !‘tg?}[ ﬁg
| ai m 3, [ ' |t .copprises . in addition steps consi

gf (:5II . maagtl}? Pﬁ%ﬁ@ﬁ'e {i}%td; t%ﬁ%i@sd%ﬁ@o@ﬁlﬁ’ﬁ??t&ﬁt f‘ﬁmtref]ﬁrg@@ valyeconpound
ina purality of 4Quesethb®sRorlind % él&ﬁﬁ%,%a‘?&c@ﬁ%{liﬁitp‘%t i}i%qgfi‘l%gs

val ue of the concentration neasured for a given zone, .
ref erence VBAdEitionsepsicoasistingqlial to the val ue of the concentration

measured fw0 . Si t | medi af el.y upstream of that given zone
or, if Iacki ﬁ‘gefa%?'ﬁ&ﬁﬁ% &a&ﬁé Oiﬂpﬁaﬁ%ﬁeﬂhﬁﬁ%‘i‘ &Béﬁ"ﬁt @m%m}]%&ﬁﬂlﬂounfi,maad *
recogni zi ngpldratityesti A8 choskn al 8Ghril jd(fdy zone en the val ue

whi cﬁ i's m?asured there is ﬁrr]ea(ggj; ttﬁgﬁggﬁgﬂjassodi ated reference val ue.

15 5. A nethisd eRebrvaluegof ¢ emneentratimmmeas:reldeﬂ:ria gien zdneaZtQkiﬁ? a

' f dutl ' t st one zone downstream
of ~eadh nodierdfiod SEESS ARy il B e otdfRcancrgtiatne aueasired: ne
fol | owi ng doethebzore BRuARE infhadidtehy uPQtré‘éW\ tﬂ‘r‘lﬁgﬁpi\@rﬁwﬁe ?:r,{iﬂﬁ:king, of
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of: 15 9. A method according to claim 4, characterized in that the zones
chosen along the series of modules comprise at least one zone downstream of
each module and one zone of each connector connecting a module to the
following one.
6. A method according to any one of claims 3 to 5, characterized in
20 thatthe value of the concentration of that dissolved compound is measured in a
sample of fluid taken from a zone containing fluid coming from each module of
that series.
7. A method according to claim 1, characterized in that, the system
comprising at least one series of modules, this method comprises steps
25  consisting of;
* measuring the value of the concentration of that dissolved compound in a
plurality of zones chosen along the series of modules,
* for each value of the concentration measured for a given zone, taking a
reference value substantially equal to the value of the concentration measured
30 for the zone situated immediately upstream of that given zone or, if lacking, of
the zone situated immediately downstream of it, and
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concentration of that dissolved compound is measured in a sample of fluid

10 taken from a zone containing fluid coming from each moduie of that series.

10. A method according to any one of claims 1 to 9, characterized in
that the dissolved compound of which the concentration is measured is sulfate.



