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menbr anes  EM@grity of systems of nanofiltration or reverse osmosis modules such as those
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particular in the field of water treatment.
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:
- microfiltration, 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 total
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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- a so-called "hollow fiber" configuration, in which the membranes
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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15 Methods also exist which apply to overall systems of modules; these
methods in principle use measurements of conductivity of the water produced
by the systems. Thus, for the desalination of sea water by reverse osmosis, 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 leak, 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-
30  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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the 15 to separate dissolved matter. The size range of the molecules kept back
extends from organic macromolecules to ions. Greater or lesser separation of
dissolved matter is ensured as a function of the separation power of the
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 90%. 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 nanofiltration or
30 reverse osmosis membranes. When a leak occurs in the system, the
concentration of these polyvalent ions thus becomes greater than that in a
system that is sound.
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the water supplying the membranes but normally kept back to a high proportion
by those membranes, and consequently capable of being detected when a
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 too 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 advantages:
- 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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* choosing a dissolved compound in the supply fluid which is in significant

quantity but which is normally strongly kept back by the membranes,
15 e measuring the value of the concentration of the compound in a downstream
zone of a module of that system,

e 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 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
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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Advantageously, to identify the element in that series which
comprises the defect, the method of the invention is characterized in that it
15  further comprises steps 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
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.
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PCT/ FROI / 016009N¥Zing e sxistenge ol @ defestima givere zohe avhwa thesvaliie wict &s

i nd d | ' f .defec init,invx,hichcasethe_
Irrgt ﬁggni gn%eéfggdeﬁ%%?bgﬁ@ﬁéﬁﬁ%%%@?@?&f@&ﬂﬁppg!Vﬁb‘eat | east one series
of nodul es, this netthisl caseneo] TRSInSHRPEasO B sevieldl séties of modules, the

method of the invention 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 to 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-limiting illustration with reference to
the accompanying drawings in which:

* Figure 1a is the sulfate concentration profile (in mg/l) 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,



5 * nmeasuring the value of the concentration of that dissolved conmpound in
a plurality of zones chosen along the series of nodules, * for each val ue

of the con hon neasured for a given zone, taking a r | ue
substantiambggﬁgl‘? to the value of the cagpcentration rreasu?éﬁf:ﬁ%&ﬂg%e

zone situated imediately upstreamof that given zone or, if |acking, of
lo the zone situated inmedi atel y downstreamof it, and * recognizing the
exi stence of a Uéligwe 1misathg swfate encaentatiarhprofie ie mgilxhlong a sedssioed

i the caclpHian e (a8 HeThR e of Bt siBiarEanainorm defarbrat o i o

advant ageogshiiectioRl Githerth#@ dndolRAtmadigegones 15 chosen al ong the series
of nodul es conprises at | east one zone downstream of each nodul e and one

zone of each cohfrégureric isnthecsulfaje xonoentratiaroprdfite (ihohngam?gmlegriles of .

I i t t one series o nodul es, e
Pt e 30yt UL B SRITE T STaB o TR St B "
sanpl e of EbuhattioRkentie At AOSECHRNRiNIEand Wt thé UBRAGCASOBY thE fhrddul ©

of that series. It appears clearly fromthe explanations given w respe
to tabl e 1andfeurth maaslesspeci al |y advant ageous to choose sulfate as the

d of whigh. concentration.is  easured. .25 Alnms, features and
cavantages of 't nEhiBead ROAGRPR' SRR 4% BRNVEIY  Spirssuee dvbes pbn.
given by whe tird@age, miting illustration with reference to the

acconpanying drawings in which: * Figure 1 a is the sulfate concentration
profil & (in nog/TYfigurendp is eegiaph showingdheesyifate canceiteatiart i heg/F at te st age

sccond andoleF bt -S4k B e Be v B FRip 2P 1 715 o « Figure 1 b1 the
Tube. of the secomy Singe Pl rmovIey to SIAETirte jEfiak oofeiiditon. B 2
mgl/l, along a tube formed from 5 modules,
* Figure 4 is a graph showing the bacteriological analysis in the filtrate of
15  the tubes of the system, and
* Figure 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:

e 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 coupled 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.



connection of the third and fourth nodules, * Figure 1c is the sulfate
concentration profile (in ng/l) along a series of 5hm)dul es, or a t:cjbe’h of
the third that system having a defect at the connection of the
first and e@gﬁ%& dul es gnd at the conneﬁéi on of the thirdPCHRBOFRA? h
nodul es, * Figure 2a is a graph show ng t conductivity of 28 pressure
tubes of the third stage, 10 * Figure 2b is a graph showi ng the sulfate
concentration in ng/ | HttHesanaplePdt witel BuSs afdkeR! ﬁ§§uéecéHaﬁﬁrﬁ?$m' Bf
Figure 2a, * Figure 3 is a graph showing the evolution in the sulfate _
concent r at SHANglyfejestnd comperpd dpreligrabhosuttate) indheFange of dhe tubesi hpvirg 4 i s

Cubee of t REORRIMERARTLR IS BERS Shliphlodofhe e, B8 £ detedt obi ca

anal ysi s i intedityf (seerRigareopb, theecadeidfiuls Ne. 3a96r 8kambfd). system The
invention is described below, in a Ereferred enbodinent,” in relation to a

syst em &onpri si ng & pl Ur #he spmplesat ovater \tbust talen has ancomsdentedion oR0

f d of ' | el h of, .the tub onpri sing . nodul es
(6 it ne Sy cRAGHEN LB farereR0H: Sluretgf dreated; g P tohes o m
of checki npavihfeailoie@bhtantPatidmef Strdryly @6jeReP icolid RN hrBteb& RIS &

osnosi s nenbranes and of detecting |eaks of |iving mcro-organisns (such

as bact eri Brobjng @perationpwhich Wi, make! itepgasih Ialtoﬁetbqt]ghesilﬁfegﬁiﬂwmodufb) or

G ardia) thro | es nstituted hy sheets of rolle spira
rrenbran)e op{%‘ﬁgﬁg@‘%”ﬁo#E’P%g?iéiﬁh{hﬁy‘e ) QPH}E{S_ The net hod conprises the
st eps nsi sting of: [ f LA y
congt [ ?Gljt ed by the f |‘}v€“r§ g?g aEH uté)ggwgﬁ%é{ttﬁg@}a%lg*rég%ﬁg%ﬁplsé ?@Qﬁf}?zﬁw a
pressure t thgeassemblpsoostiuted by the tubesdfifitsatecand the: ibtercommextbisons), 30

conparing the value of _sulfate,ions or any other strongly rejected
compound with the Yal UEE3gHG ﬁ@eofzﬁﬂ?e’it[ﬁf@’ Fﬂqa&!@”%’ rejecteshecansreynd of

the systemgraferabil e dufhRYoh: th saXHIRY FollswilhVER bRotbbS H8sdribed for
example in the NFT90-040 standard or any other field method (kits

15 commercially 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 Mery-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,



WO 01/91891 PCT/FR01/01713 10 |If the sanple of water thus taken has a
concentration of strongly rejected conpound (preferably sulfate) in the
range of the tubes having a |ow concentration of strongly rejected
conpound, WROBIEY has no defect of int equ ty, (see Figur ECIFEROIREBase of
tube No. 32 for exanple). 5 If the sarrple of water thus taken has a
concentration of strongly rejected conpound (preferably sulfate) greater

than all the tubes havi i :
NEhe? skEYh@ WEG rddil, iug% %F?Hﬁé%efﬁﬁgﬁfg'{%

conpound, proceed with a probing oper atlon le to
detect the detageti ve nodule or the defective joint, as described in the

' ith th b K I f I f
A ong’ the assenbly consth B cHeGRGracaee B direnlrded ot st " <

I nt er connect gf: measure the concentration of strongly rejected conpound
(preferably the sulfate) in the sanples follow ng the protocol described
for edanpl e in tHesxsteomtgameasuremaent ofithapulfaterepngerdrationsnibe filtkates 15

ol ong tho GpE" Taad Brédsyre ABGS aiphafl effords SORGRAN Gl pRTotetied.

concent r atwhkigh RoaEisted gém.amy@ftube follows an outline as shown in Figure
3. The longitudinal reference profile may be either 20 neasured on a tube
for which the sul flt e Hhtephagemeniof k! ﬂ@%%fted @ werrsiatereaneestingsgints,

According to the oper i esee different uses anong
op altHeo{ﬁsdéllla'rt{Bn%?% 1s§|ntg(}gn 4

which the followng is Ci way of exanple, the nethod
descritped above wdk apfie Mtallatlbh©f42rﬁlssmg3¢0drtet:Mrson pl ant at

Mery-sur-Q se which ¢ ri ses 8 nofiltration |ines, each producing
175008 of wat er ﬁgr gﬂ{j)s ﬁh‘ﬁf‘gfﬁ fausbrokerm mesmbrane 9Iamests: nodul es each of

appr oxi mately 37 ng¢ é'i}é%ré‘%?fdo'rrtercf’éd qgeé@%%ﬁb}f Ho'?égﬁégg%sdlf‘lrprb%asure

tubes on the basis o nodul es per tu ere thu
fluid-tightness between the concentrate and filtrate 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 filirates 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.



pressure tubes in the Mery-sur-G se plant. The nodules are arranged in
three 30 nanofiltration stages organized as follows: - The first stage

recei ves thw yd@pito be treated of which the sulfate con i | S
bet ween 50 and 11gOrrg/I approxi mately, WO g1/91891 PCT/ FROl/C'%’IlI't'/ﬁ%}”@?“{ The

second stage receives the concentrate fromthe first stage, - The third
stage receives the _concentrate fromthe first stage, 5 A systematic
measur enent of t heBagteriglagiealtoeasuraments iof thenwaten acarrdingf tot the NBZ90-

: nbly to be.corrected, which
pressur e MRESUIRSAIANEN oEk IR, BT BATRL Bl buRE R4 BHS st
i nt er connetdrioogrectiontof defécts Thdluidigiatnkbss iepabR 28 BeSsHdveh ttfag%rienlﬁw?" The
i nstall atiFn of 4 m'ssiqr:?g connectors 4. The changi ng of four broken

menbr ane efUbgsHhave pypigal sulfate valuesdlin somparispnewith 4be mther tubesoofstheny

It & fid W&l ki entrate and filtrate
Lg$a£t5£n?@@g? Iéf ﬁﬁ&%?ﬂgﬁﬁ%?bﬁ@ééﬁg ebrg%@?%'\ YRS concentrate thr ough
into the filtrate Thélrestits of the lanadljsed !ahgiﬁ?l from e NFTTIRYE4 "RANSr

d
harged wi t h unpdesi.rabl e conpounds above al|l bacteria. These assenbly
gr r o?s can#\%‘fe B@e'algﬂeeﬁ't"élﬁcbgp%‘bﬁﬂﬂ&@w{'w which makesmossibie atrcomparison

produced byf éaﬂﬁpl@%%%éﬁ?ﬁ Hﬁf?g’sﬁ]ieca IS8R Hhé&@!ﬁr\’%ghnat urally lets through

certain ions (such as chlori ci um di _ ( 20 carbonates), the
conductivity of t Heresehte af eoliformioolénppssitive:hi gh in conparison with that

roduced by reverse osnosis. example is given in Figure 2a where a unit
gf 28 fthbes (third stage) haség%mg me' %9‘5‘}38& ~of conductivity
measurenent. No tube has an atg&i@éog@g&gme\él ty in conparison with the

other tubes of the unit. '
- 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 100m! sample.

The results of 135 samples carried out in the filtrate of tubes before

30  and after correction are given in Figure 4.



25 By contrast, a neasurenent of sulfate in the filtrates of the sane
tubes showed that tubes No. 22, 33, 61, 62 and 72 were atypical, they were
produci ng water of which the sulfate concentration was significantly higher
(cf. Fig. Wh1/91B8bl e 2 and Figure 3 show the sul fate resul PGT/BROYWIGNE Ng
the 30 pressure tube No. 61 of unit 4, th& sulfate | eak being situated at
the supply connector of the first nenbrane. The tenperature of the water

was 4 C. WD 01/918 / 1/ di4d 3 : i i nt ¢ of the
wat er accordi ng toa%h@gll\-ﬂ%frngg’- %ﬁﬂstageﬁéjﬁgﬁfégﬁ ?ﬁe)gg%%?é%{géﬁﬁggggﬁﬁu?h%f t he
pressure t appkcationi aigMéayrsur-Qise, thercansegaehce of @hedef awirs tubes of which
fluid-tightness ,enabled it to be shown that when_the tubes have atypi cal
sul fate vai%e@u'gﬁfg%?%‘?ﬁ?a'ﬁ%@Wl‘ﬁef%@p&?fﬁé}te‘? IbEYUWe % he 5 unit as is
shown in Figure 2b), |eakage of gerns may appear. The results of the

anal yseg arising fromthe NFT90-414 standard have been the subject of an
arbitrary rating which nakes possi ble a conparison of sanples with each

ot her, the scale being the follow ng: Presence of coliformcolony positive:
10 - Rating 10 = 1 colony - Rating 20 = 2 colonies - Rating 30 = 3

col onies, etc. Absence of coliformcolony positive and absence of

non- pat hogen interfering flora: 15 - Rating O Absence of coliform col ony
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 nedium covered over. The ratings are added together
when the results include both positive coli responses and saprophytes,
exanple a rating of 23 corresponds to two 25 colifornms counted as well
53 saprophVF%%”%@ﬁhted. The bacteriol ogi cal neasurements cafCHRRYI/HE13
interpreted statistically since the posif?ve responses can be biased
(contam nation) as well as the negative responses since the sanpling is
made on 100m sawmgpe. 1:The results of 135 sanples carried out in the
filtrate of tubes before 30 and after correction are given in Figure 4. WD
01/91891 PCT/FRO1/01713 13 At the units, which are constituted by 28 or 54

for
as

tubes Iin t al—Wy.sur.Q s the consequence of one or nnre
t ubes of vl?ioewowﬁ%e f1 ui d-|t i gR{T8Es | sPasagabJIuIngtien ofsLittiegnrasantined Insufficient
Figure 5. |5 WD 01/91891 PQT/ FROL/ 01713100 high Tabthe pH Paatugewstsrict ptasisin of
Little prgsent in Insuffidient ConpoundPassaget oo highthe pH nat ur alanalysis
wat er pr eci[8lughnium anal ysi § M0 MniorfiQit0% 050% x?xx?Bari um strontiuml0 X6t o
50 %%xxx CqPanumisronive 60 (940 Bhiodd Bes50 % t o 80 % ConductX vity20 % t% 60
% Or gani dCalgiupbn0 % to 2q W% @(ﬁ@p"ér Ot 05% X

Chlorides 50 % to 80 % X

Conductivity 20 % to 60 % X

Organic Carbon 0% to20 % X X

Copper Oto5% X

Fluoride 30 % to 50 % X

Iron 0to5% X X

Bicarbonates 10 % to 60 % X X

Potassium 40 % t0 70 % X X

Magnesium 10 % to 40 % X

Manganese Up to 40 % X X

Sodium 50 % to 80 % X

Ammonium, nitrites 50 % to 80 % X X X

and nitrates

Phosphate 0to20 % ? X X

Silica Up to 80 % X X X

Sulfate Less than

5%




: : : %
Fl uoride30 %to 50 % |ronQt05% xx Bi carbonates10 %to 60 %x Potassi umi0
to 70 %x Magnesi unil0 % to 40 % ManganeseUp to 40 %x Sodi unb0 % to 80 %

: oI . Yo% x
Anmroni um ri 50 %to 80 %xx and nitrates PhosphateO to 20
SilicaUp t%é@@i Sul fateLess than 5% WO 01/ 91891 PCT/ FROPCTFRDL81713

Table 2: File nenbrane No. 1 Unit No. 4 TdBe No. 62 Tenperature of the
water: 4 C 21/12/99 LocationLength of probe introduced (mmSulfates (ng/l)
Sanpl e origi nO Sebie: connect or i nput 50980 End connector input725150 M ddl e
menbrane 1120021 Start connector 1163510 End connector 117828 M ddl e

rerbrane 222162 Start connector 28RARMEI MORURANE ¢ 32LORE o2

{Temperature of the water: 4 °C B

21/12/99
Location Length of probe introduced (mm) [Sulfates (mgll)
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 4830 1
Middle membrane 5 5264 0
Start connector 5 5699 4
End connector 5 5846 2
Middle membrane 6 6280 0
Start connector output 6747 1
End connector output 6926 3
End filtrate tip 7045 2




M ddl e menbrane 332322 Start connector 336670 End connector 338141 M ddl e
menbr ane 442482 Start connector 446830 End connector 448301 M ddl e nenbr ane
552640 Start connector 556994 End conne%or 558462 M ddl e merrbrane 6_62800
Start connector output67471 End connector output69263 End filtrate tip70452

16 CLAIM5 1. A nethod of checking the integrity of a system of
nanofiltration or reverse osnosis nodul es adapted for the treatnent of a

supply fluid and of detecting |eaks @f Aljagi ng m cro-organi sns, each nodul e
conprising nanofiltration 5 or reverse osnpsis nmembranes and connection
joints of these nertbfamethod ghabesking dhe intearityfa systam of nancfiltsatiomor i n

oIt s of 't hes : _ g1 of nane
S Sn??f’ﬁaﬁt;i@%fﬂt“g“&@%% ORNIER RAHEATON o TRPRRENS of &b Epa%, Al aniof

menbr anes, he § PlJiving:migecRrganisms: eash uletdomprtsﬁng hanafdtrptiomd i n
a downskr eamrevére @ém@s@ﬁén@br@he&%d tHRhESon SAARALE %é&%grﬂ@%ﬁ:&r ed

value with a reference val ue, an recogni zing the existence o Pect in
that zone GPMPRSINgsteRsCAReistingSf neasured value is greater than the

i . al . n

A o e b s U

paral l el , t hi Ignjfieandq quantity” but which is normally strongly kept back by the
membranes,

10 measuring the value of the concentration of the compound in a downstream

zone of a module of that system,

* comparing that 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.

15 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
downstream zones of each module of that plurality,

20  * 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
parallel when the measured value for that module is greater than that reference
25 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:

* measuring the value of the concentration of that dissolved compound in similar
30 zones of each series,

* comparing these measured values for each series,



conprises steps consisting of: * measuring the value of the concentration
of that dissolved conpound in simlar downstream zones of each nodul e of
that plurality, 20 * conparing these measured values for each nodule, *

i denti fying those of these values which'are the least, and identifying as
reference value a value at |east approximately equal to those |east val ues,
* recogni zing the existence of a defect in one of the nodules nounted in

paral | el whedenfifginge tsosec df ibese Valied Watichosha! the Je&Hte iRy idé}ﬁ‘iﬂ(iﬁggés
reference 25 value. 3. A nmethod according to claim1, characteriz In
that, the K/EtEte @ aiv@lyratlegstapproximatelysequal do diosedléastealuesint ed in

aral lel, #h | p si.Sti.Rg of. * neasuri t he val ue
gf t he concgﬁ??gﬁtzgﬁd(t)?éﬁﬁ%tbglsés%ﬁ \%egei%?nﬂhuzﬁhgiﬁpéw?ﬁ aﬁe"_e§owg'gﬂe of
each seri emeasunashypaluerigr that serie® sscleardy gtdaﬂ@rsth hblﬂrthgﬁraft er@?bpg,%hiel_f? fng s

i dentifying those of ,these values. which are the |east, and identifyi
Irefgrlan la 8al ue a %‘aﬁd@eﬁpdl %%‘éqraQSHP i Pe charptelizedin thet & carepiisesal ues,

* recogni zingdditieh Stepst@mneistinh & def ect in one of these series when the
nmeasured val ue for tf?gt ser| eédl’Fs clearly greater than that reference

val ue. 5 4° measyringdthecvalugi of)theo coheéntrationc bfthatt ¢isseledd i dorhpind in a

conprises | ddition steps consisting of: * neasuring the value of the
concent r at P%Em@fgtﬁ%?e%%% r\/@'&"@(ﬂ%l?%ooflfrﬁogmﬁﬁural ity of zones chosen

al ong a sefr ifés eBth Maslud 5% tHe tBhRc@RFAtion2hitdistifed rfgr %ng/iﬁgt {zc;i’,ﬁé Ofékﬂ?gf‘%ur ed

for a given zone, taking a 10 reference value substa I ) gqual"™ o the
val ue t Ipferepre alue stibstantialyuequal tbdhetvatuer ofithes coneardchtiomadasiredy
upstream oif

et at o1 " dzoRb Saf ofegidity' disbisgh of thatighied 20%e Gt Tefking it cct
in a gi venthzaomenditiatéd inmaldisRefticwhstieafeapir &t t here is greater than the
associ ated, reference val ue. ) _ o
* recognizing the existence of a defect in a given zone when the value which is
measured there is greater than the associated reference value.
15 5. 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 that the 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



15 5. A nmethod according to claim4, characterized in that the zones
chosen along the series of nodul es conprise at |east one zone downstream of
each nodul e and one zone of each connectgr connecting a nodule to the

foll owing one. 6. A nethod according to 'any one of clainms 3 to 5,
characterized in 20 that the val ue of the concentration of that dissolved
conmpound is neasured in a anple of fluid taken froma zone contai ni ng
fluid com nge@QWIBgdherm@Bleec@bf atdeiéctsnera givenzon® WRén ek yaReMWhieH ié O

| 1 d t t | t
ot mtul eo TSR UG b BrsalEt then BedSoShied Blbrancantaln: - measur ﬁg”tﬁi
val ue of the concest PahdtAo@faddomdin 't%séléh‘ﬁq’ CEHERA ﬂzé ift tR#—lf’ rﬂé LENedT

zones chosen alonghthe seri es of nodul es, for ea ue 0
concent r at CBaseRalngthersaries @f medub@mgmpmm atgleast oaé enoaequtﬁe%m of

subst an concentration nmeasured 30 for the
zone si%ua’%’ééhe}ﬂaag 83{’ rb%%[oﬁga 8130 HANNGARL COmReting, ajmodglexinghe of
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