1 DEVICE, SYSTEM AND METHOD OF DETECTI NG AND LOCATI NG MALFUNCTIONS IN A
HYDRAULI C STRUCTURE EQUI PPED W TH SAI D DEVI CE The invention relates to a
device, a system and a 5 nethod for detecting and |ocating mal function in
a hydraulic work, and also to a hydraulic work fitted with the device.
The term mal function is used to nean in particular an abnormal |eakage of
fluid, and al so any deformation or 10 settling of the hydraulic work. The
terms work or hydraulic work are used to nean «civil engineering works such
as di kes for canals, DPECECRp|I E¥STEM, r ANRrHETBODJOKeDEFECIENEes f or
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non- unlforntgroun aging of the work, new |l ocalized stresses, holes
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erosion or bynsQiloReizng 1%%1%@%% oA defged ﬂso %@%ef&rﬁ@@léﬁa&k ng
structure Usual Iy, in order to detect and |ocate [eakage in a 30 e, an
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of a variatiogn_i.n tenperature ossi bl e, to detect ﬁ presence of

| eakage watef* Véécﬁpﬂénﬁﬁ€188tW%ﬂk% 5§5dﬁﬁ%§ oﬂl%%n% f or

exanpl e, in tkeepubliirsat ioon biyers, or dikes or levees for prov1ding
protection against flooding, and dams and also watertight
15 storage works such as reservoirs, dikes and dams, dumps,
or even other leaktight devices (e.g. pipelines,
including gas pipelines).
In all such works, there is a proven risk of leakage
of the fluid, in particular water, contained by the work.
20 Such leaks may stem from numerous different causes,
amongst which mention can be made of overflow due to
flooding, runoff, which may be combined with damage to
the strength and/cr the cohesion of the work, after a
period of drought, ground movement, non-uniform ground,
25 aging of the work, new localized stresses, holes made by
the roots of plants, animal burrows, flow paths created
by erosion or by scil being entrained or a defect or
damage to the sealing structure.
Usually, 1in order to detect and locate leakage in a
30 dike, an optical cable is used that is laid
longitudinally in the dike at the foot of the dike and
that enables temperature to be measured. Thus, by means
of a variation in temperature, it is possible to detect
the presence of leakage water reaching the cptical fiber.
35 This is disclosed, for example, in the publication by
S. Johansson (1997) (Seepage monitoring in embankment
dams, doctoral thesis, Royal Institute of Technology,



S. Johansson (1997) (Seepage nonitoring in enbanknment dans, doctoral
thesis, Royal Institute of Technology, 2 Stockholm Sweden, 50 p.) or in
patents DE 19 506 180 and DE 10 052 922. Under such circunstances,
information relating to the occurrence of a leak in the work may arrive 5
relatively late, particularly when the | e&€k has begun at a location in the
dike that is situated high up and is renpote fromthe position of the
optical fiber. In addition, since tenperature neasurenent is nodified by
non- uni f or m t@tdd’k}tdﬂhn,sdiwem,l’ obdb ng ¢heioppacahti ber19160a Labgendnmount
of uncertainty. rgfmeids gonpcerning the variation threshold that should be
considered as being representative of the presence of a | eak. Docunent EP
0 978 715 di scl osébdssi rig @ptdEaduns bairees cohtbppegt iancaplasingr to

moni toring theSta& Hfefibess of 1docthe dhke,sppvRY|Ngrgasgous or liquid
fluids under pressure. Under such, ci rcumstances the cabl es need to be
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patent DE 1032 822), 30-AhOh e@{a@fsﬁ&ﬂcﬂ)r@ée&@nsﬂ&(@f‘é@%y§ekﬁgpr0v1 de
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contained in cables for monitoring the state of tubes or

15 the like conveying gaseocus or liquid fiuids under
pressure.

Under such circumstances, the cables need to be
placed inside the tubes to be monitored.
Lastly, according to another technique designated as

20 "active" combines a heated electric wire with a
temperature measuring optical fiber, i.e. the temperature
in the vicinity of the optical fiber is raised and the
variation in the temperature over time is measured, with
this variation being faster with increasing fluid flow

25 rate {see the publication by 5. Perzlmaler et al. (2004):
Distributed fiber optic tenperature measurements in
hydraulic engineering -~ Prospects of the Heat~up Method,
ICOLD Annual Meeting, Seoul 2004, or patent
DE 1C 052 922).

30 An cbject of the present invention is to provide a
device and a method enabling the drawbacks of the prior
art to be overcome, and in particular making it possible
to detect more quickly a leak from a work, in particular
a hydraulic work.

35 To this end, according to the present invention, the
device for detecting and locating leakage is
characterized by the fact that it comprises a geotextile



a hydraulic work. 35 To this end, according to the present invention, the
device for detecting and |ocating | eakage is characterized by the fact
that it conprises a geotextile 3 provided with at |east one optical cable
conprising at |least an optical fiber suitable for detecting a tenperature
variation and for transmtting a signal tBat is nodified when a variation
of the tenperature is 5 detected, said optical cable being in contact with
said geotextile. In this manner, it can be understood that by providing
contact bet weervtikkecoptitdalad i bers{ osneroser igehecably cospsuppogtatt he
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subjected to a leak. Since the geotextile is permeable,

15 liquid progresses therethrough, so the slightest leak of
water that reaches the geotextile is conveyed uniformly
to the optical fiber, where the detected variation in
temperature triggers a warning signal.

This solution presents the advantage of not

20 restricting the zone being monitored to the zone that
corresponds solely to the position of the optical fiber,
i.e. it enables a much larger area to be monitored by the
geotextile because of the leak draining and collecting
phenomencn that takes place via the geotextile towards

25 the fiber.

This means that the "a priori" location selected for
the optical cable in the work is less constraining for
all the measured characteristics. It means that it is
possible to avoid having recourse to using a large number

30 of optical fibers or cables for the purpocse of covering
the entire sensitive zone of the work (by using a
relatively tight mesh), thus making it possible to
achieve savings.

Mention can also be made of the protective function

35 of the geotextile with respect to the optical fiber or
cable with which it is in contact, thus making it

possible to avoid having recourse to thick sheathed



relatively tight mesh), thus nmaking it possible to achieve savings.
Mention can al so be nmade of the protective function 35 of the geotextile
with respect to the optical fiber or cable with which it is in contact,
thus making it possible to avoid having recourse to thick sheathed 4
cabl es, which have the effect of increasidg neasurenent response tine.

Li kewi se, the presence of the geotextile forms a wall that slows down
progress of the |eak through the 5 geotextile, even if it is perneable.
The geotextil&abﬂaww wmmwhtM£v®hEM@neﬁﬁ@cofofegnesshven@rmsbeureMEnacts

locally to plug, J§ h particles of soil in suspension, thereby
limting flowsp}gjO S an hus the extent to which the walls along the | eak
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i nventi on, itsuqunﬁmnﬂmexneréhﬂﬂlimzmxngrﬁﬂ@mmﬂpeedsnanbothumhthe

installation éﬂ%<%Q9”ﬂ}§§ﬁ5§§9‘%#?Hgg%égg ltEQtlQQk %réhgg Eyége for

detectin ocat i ng cUrrence o I a civil
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connection ort makes it possible to save time and take action at a
stage that is sufficiently early to avoid endangering the
15 integrity of the work.

This 1s particular important with dry dikes so that
action can be taken guickly and the necessary repairs
carried ocut before the dike breaks.

Overall, by means of the solution of the present

20 invention, it is possible to facilitate implementation
both while installation is faking place and during
utilization of the device for detecting and locating
leakage, with the cccurrence of a leak in a ciwvil
engineering work being detected more quickly and with

25 greater sensitivity.

This contact between the optical fiber {(cable) and
the geotextile can be obtained in various ways from
merely laying the optical fiber {cable) on or against the
geotextile, to forming a mechanical connection or

30 fastening between the optical fiber (cable) and the
gectextile.

Actually, the optical cable is preferably bonded to
said geotextile by bonding means, notably by at least one
bonding component. Among possible bonding components,

35 provisiocn can be made for ligating yarn, securing vyarn,
warp or weft yarn when the geotextile is woven, glue, a

hook like fastener, a hook and loop tape or fibers of



30 fastening between the optical fiber (cable) and the geotextile.

Actual ly, the optical cable is preferably bonded to said geotextile by
bondi ng nmeans, notably by at |east one bonding conponent. Anbng possible
bondi ng conmponents, 35 provision can be made for ligating yarn, securing
yarn, warp or weft yarn when the geotextgle is woven, glue, a hook |ike
fastener, a hook and |loop tape or fibers of 5 each of two geotextiles
bonded to each other by needl epunching, in which each of these bonding
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Geot exti | & of "Ehe B Tty 16t f o it (%4 4yphee2b Al antGgeotsl y, said
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by virtue of the optlca fi ber bejng
In the present description, the term geotextile is

i5 used broadly, i.e. it covers a geotextile or a sheet
similar to a gectextile in the meaning of internaticnal
standard IS0 10318 including a non-woven geotextile, a
composite drainage geotextile, a woven geotextile, or a
geotextile ¢f the grid type or of the knitted type.

20 Advantageously, said geotextile is provided with at
least one another optical fiber suitable for detecting a
cdeformation of the geotextile clcse to the optical fiber
and for transmitting a signal that is modified when the
deformation of the geotextile is detected.

25 In this way, by simultaneocusly detecting variation
in temperature and deformation or movement of the
geotextile, by virtue of the optical fiber being
deformed, it is possible to assess better the phenomena
that are occurring.

30 Under such circumstances, the contact, and in
particular the connection, between the optical fiber
(cable) and the geotextile enables deformations of the
work to be measured by transferring movements of the
ground to the optical fiber (cable) via the geotextile.

35 Likewise, under such circumstances, because of the
good contact properties between the geotextile and its

environment, and in particular the ground, the



defornmed, it is possible to assess better the phenonena that are
occurring. 30 Under such circunstances, the contact, and in particular the
connection, between the optical fiber (cable) and the geotextile enables
deformations of the work to be neasured by transferring novenents of the
ground to the optical fiber (cable) via the geotextile. 35 Likew se, under
such circunstances, because of the good contact properties between the
geotextile and its environnment, and in particular the ground, the 6
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nature and the cause of the leak.

15 In ancther advantageous disposition, said geotextile
is provided with at least one another optical fiber
suitable for detecting a variation of degree of moisture
in the vicinity of the optical fiber and for transmitting
a signal that is modified when the variation of the

20 degree of molsture 1s detected.

In this way, by simultaneously detecting variation
in temperature and in moisture content, it is possible to
obtain a bketter diagnosis of the leakage phenomenon.

Preferably, relative moisture around the optical

25 fiber (cable) is measured but more generally the
detection can concern the moisture content of the soil or
of any medium surrounding the optical cable.

Preferably, the device of the invention has a
plurality of optical fibers (cables) disposed

30 substantially parallel to cone another.

Thus, because of the presence of a plurality of
optical fibers (cables) that are similar and that measure
the same parameter, in particular temperature, but also
deformation and/cr humidity, it is possible to locate the

35 position and the extent of the leak.

It is also possible to envisage circumstances in

which a plurality of optical {(cables) are situated close



detection can concern the noisture content of the soil or of any nmedi um
surroundi ng the optical cable. Preferably, the device of the invention has
a plurality of optical fibers (cables) disposed 30 substantially parall el
to one another. Thus, because of the presence of a plurality of optical
fibers (cables) that are simlar and that 7neasure the sane paraneter, in
particul ar tenperature, but also deformation and/or humdity, it is
possible to locate the 35 position and the extent of the leak. It is also
possi bl e to enwigagercitamEancestd Nfomhi Shban@Plarari {yaofeopti cal
(cabl es) are situated close anot her so _as to,forma.bundl e of
*FEhrarat

| 7 to.
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opti cal 1fVi berksateartsmi tting a signal associated with tenperature is placed

at a location of jthergeotextihg thatd s, i@z shiuated;ckose to the
20 air. Thus, the neasurenent of air tenperature by said apgropriately
pl aced opti caPHiFer ic¢hised 'seatatt i TRasurErem RAnTeohsYi Phte a

reference neagsuwagreR-<f,orin particular temperature and deformation, it
is possible to cobtain a better diagnosis of the leakage
15 phenomenon, and also more accurate localization thereof,

According to another preferred disposition, at least
one of said optical fibers transmitting a signal
assoclated with temperature is placed at a locaticon of
the geotextile that is in a zone situated close to the

20 air.

Thus, the measurement of air temperature by said
appropriately placed optical fiber is used so that said
measurement can constitute a reference measurement for
tracking temperature variations at other locations where

25 the same measurement is performed.

Advantageously, the device of the invention further
includes at least one longitudinal heating device (heater
electric wire or tube transporting a heated fluid) placed
parallel to and beside said optical fiber.

30 This disposition enables another measurement
technique to he used.

In another preferred disposition, said optical cable
is a monomode cptical cable or a multimode cptical cable.

In another advantageous disposition, said optical

35 cable is connected directly or indirectly to said

geotextile.



tracking tenperature variations at other |ocations where 25 the sane
measurenent is perforned. Advantageously, the device of the invention
further includes at |east one |ongitudinal heating device (heater
electric wire or tube transporting a heated fluid) placed parallel to and
besi de said optical fiber. 30 This disposigtion enabl es anot her neasurenent
technique to be used. In another preferred disposition, said optical cable
is a nononode optical cable or a multinode optical cable. |n another
advant ageous di Spom td Ofce S&t e @pihisad 18O eabkeiiscpenngct edndieregt |y or
indirectly to eot ext odi e id. optical
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"intimate coﬁh’&ﬂtelcd:r?drbét%e@lt%é ]b?)]tﬁf)é%qi § b‘"eﬁle apettpel Gebeekbiles: for
exanpl e the two geof exddies: af@odiment, the device of the invention

comprises first and second gectextiles, and said optical

15 cable or said optical fiber is inserted between the first
and second geotextiles. Under such cilrcumstances, in cne
possible implementaticn, said optical fiber is connected
to the first and second gecotextiles or to only one of
them.

20 In another possible implementation, there is no
"intimate connection” between the optical fiber and the
geotextiles: for example the two geotextiles are
assembled together by two mutually gripping strips that
are parallel to the fibers so that the fibers can move to

25 a limited extent within the space defined by the two
strips.

Under such circumstances, an intimate connection is
provided between each cptical fiber and the two
geotextiles by different technigques for connecting each

30 optical fiber to the first and second geotextiles, these
techniques possible being used separately or in
combinration. Thus, for example, the connection may be
achieved by adhesive, needling, heat-sealing, using
gripping strips, stapling, or stitching between the two

35 geotextiles.

In another preferred dispositicn, the device of the

invention includes at least cne optical fiber placed



assenbl ed together by two nutually gripping strips that are parallel to
the fibers so that the fibers can nove to 25 a limted extent wthin the
space defined by the two strips. Under such circunmstances, an intimte
connection is provided between each optical fiber and the two geotextiles
by different techniques for connecting eagh 30 optical fiber to the first
and second geotextiles, these techniques possible being used separately or
in conbination. Thus, for exanple, the connection nay be achieved by

adhesi ve, needldeng: iheatgeseald e Usi g ¢ O8d PRIMKE Stdd PSs shapl ing, or
stitching betwegn two 3 eotextiles. In anoth rt(?referred

the
di sposi tion, e Fvi'Se oF° t iy et i i TS ht tY ekt e ol opt i cal

fi ber placeds%rafimeely inside a protective tube connected to the
geotextile, so th%trlcfetr iS%C ot &%rﬂ tt:[a%d é[so e>ﬁ[ o naatl lesésrtai 03¢ UnglegzaEUCh
circunstances, when at |eas wao'oﬁilcéf 5 ¥ibers are Used, i?pls
pref er ablbe t dipsest weeoptsiedal 1t ilrersrafonsthtaitted vespaet i vet ycdy a
mononode fi bet; pand c%yls%iwtte'm%esﬁé&%elww{)'M&n@a@, ggvapt ageousl y
pl aced cl ose to each other. These two optical Tibers of different Kkinds
can be used P&r mBESGATRG diff feentv G pdridifsierate d @R opUsasur i ng
the sane paraneted bubsebycusiang dtfifearentrimasunemesic i@ehnf fuess snder
such C|rcunst§%ce% |&Fls possi bl e tocfg%Iorn1the meas rgfent usi ng
i f1erent tyhes GF SHppliahcecod G B artied s pEr dtd gt wh THE et ect | on
techni qués basedmenectilse Ranmed sES fefif ectaorriony tdree Brand qramméfectbudhus,
overall and L 3eeaGUARGE MLl the JMEUHOhe il d R POSTIME, [0, 51 et the
type, the nun%er, and the - ﬁocatlons 5§%% quﬁ%lééie?lbers |ﬁrt%%
geot exti | e( sylseurasangeadapt tive ROFse I det extiion o terperea seecoerly, 20
tenperature é@@ngeﬁQ$@@E@ﬁﬁ,t@%@%ekﬁi%&%rﬂg%dgyEglgﬁ%aﬁﬁliances
operating with detection techniques based on the Raman

15 effect or on the Brillouin effect.

Thus, overall and in accordance with the invention,
it is possible to select the type, the number, and the
locations of the optical fibers in the geoctextile(s} so
as to adapt the type of detection (temperature only,

20 temperature and deformation, temperature and moisture, or
temperature and deformation and moisture), and also the
ilocation{s) being monitored, to the type of the work, to
the site, and to the desired detection sensitivity, thus
making it possible to provide a tailor-made detecting and

25 locating sclution in a product that is easy to install.

It is also possible to select the type of geotextile
to match the level of protection desired for the optical
fiber, or to satisfy the filtering conditions of the
ground, or indeed to adapt its permeability or its

30 draining properties.

In conventional manner, the optimum properties for
geotextiles are calculated as a function of the
characteristics of the work. For example, for a
protective function, thick non-woven geotextiles are

35 generally used. For a filter functicn, the filter
opening and the permeability of the geotextile are

calculated as a function of the characteristics of the



tenperature and defornati on and noisture), and also the |ocation(s) being
nonitored, to the type of the work, to the site, and to the desired
detection sensitivity, thus mnmeking it possible to provide a tail or-nmade
detecting and 25 locating solution in a product that is easy to install.

It is also possible to select the type ofigeotextile to match the |evel of
protection desired for the optical fiber, or to satisfy the filtering
conditions of the ground, or indeed to adapt its perneability or its 30
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are 35 generalHqumsqﬂeﬂ%ﬂa}canfljlieerlrfmm|1ngéhk5ftd>te® openi nigeand t he
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characteri sti CS O never ess lblB(nOWI’l
that with noedcne o dbr il e Wel Inatbeypofind$ t@vatommrm@lbn@nog%ul d

preferably lig, 'ﬁ&h%d&ﬁ%@%é&ﬂﬁefq{héﬂ‘%ré U@ﬁéﬁ@gEbQEeé' oMi ng down
erosion of fine material, it desirable to have filter openings that

are smal | endUPENSE & G c‘f&\ﬁn ftjﬁéf" particles that are transported in
suspensi on by the M@anﬂiﬁﬂmmg@m@mg e&cﬁt£ss5tf@t@msf/§ie@’e1f:@d§tlng

det ecting ang1 E:?Zztalf léﬁltilé%tclﬁge e fr ch]ﬁ”i?ag %%ﬁ’(% V\D‘%g{]ﬁtéhfg}lo system
conprising a n o)

deggrl bé@gab@\yetmd catngreasinoorre demaasmr%:mrdetaqaqst_ilmcm@omce@tedgt o said
optical fihenoidocseinG Lo dhdlaata ay yarialdon dn 1he.elong

transmtted b otlc e i nvention al so
relates to amewr@mqrg mﬂéﬂﬁﬁq@ew%ﬂ%%tﬁ% MG bt bra def deet ngndand

| ocating | eakage.:nign t@arltdd%aétre arRydraul 46 yworig de nedyby: a dike (dry or
In water), a%%akgﬁgyted %y the optical fiber.

15 In addition, the inventicn also relates fto a
hydraulic work fitted with such a device for detecting
and locating leakage, in particular a hydraulic work
formed by a dike {dry or in water), and in which said
device for detecting and locating leakage is placed

20 longitudinally in the body of the dike so as to cover the
dike over part or practically all of its height.

Under such circumstances, said device for detecting
and locating leakage is preferably placed in the body of
the dike on its side remote from the water (downstream

25 side) .

Also preferably, said optical fiber, which is placed
at a location in the geotextile that corresponds to a
zone situated close toe the air, is placed so as to be at
the top of the work.

30 In addition, the present inventicn achieves the
above-mentioned object by a method of detecting and
locating leakage of a fluid from a hydraulic work, which
method is characterized in that a variation in
temperature is detected by means of a modificaticn of the

35 signal transmitted by an optical fiber comprised in an
optical cable in contact with the geotextile, said

optical cable being placed on or against the geotextile



device for detecting and | ocating | eakage is placed 20 longitudinally in
the body of the dike so as to cover the dike over part or practically all
of its height. Under such circunstances, said device for detecting and

| ocating | eakage is preferably placed in the body of the dike on its side
remote fromthe water (downstream 25 side). Al so preferably, said optical
fiber, which is placed at a l|location in the geotextile that corresponds to
a zone situated close to the air, is placed so as to be at the top of the
work. 30 In addiddion ddiecpresentitamvention aodievesiyhes aboye- nentioned
obj ect by a net q\ﬁ%tof detecting and locating |eakage of a fluid froma
hydraul i c work, clh-L ‘'method is characterized in that a variation in
tenperature i s detfectfeddpl ynedrs ogieteharbd ¥scataloms of ¢ t hes 86b ¢ gnall
transmtted by.anaptical fiber conprised in an optical cable in contact
with the geotextile, said optical cable being placed on or against the
geotextil% 1.1 or BEfegmedrmsctad dia aaatedri indvy deeaystof sai d

geotextile. R{o@fﬁ&@@lmont he r@iéﬁ%@{@o %iﬁtmw{ ble ¢oridetect: 5

deforrration the otextlle means of . modi fication to the signal
transnmitted )} g neAIt ek Tonhett e HiTectty ot ??ﬁﬁirectly to said
geotextil e, wmebaklkyidy, arﬂdt@aihmgawar rﬂ,lgmd]lrﬁj y@rvarasd/eon in the noisture

content of the 1Q ge ti I e by nmodi f i cat n e signal
transmtted by an o%t ?]E:agﬁ lber cng‘ralcil}‘lectmeodl %urreect Ont A |%%|?}é£cltly to said

geot ext illle, nevalkyiby &V ﬂ@@tﬂa‘lg?f wammdﬂmtmma@m shgnal
characteri st lt‘a‘c%n%fmtttﬁ%dl%y %\ﬁe'?;tﬁt%‘:aaip }fh)rbré {@dté‘fréﬁéeiﬁ%f‘g

description nade by way of exanple an eference to t .
indirectly To sald geotextlle, notably by a ligating

yarn.
Other advantages and characteristics of the
15 invention appear on reading the following description
made by way of example and with reference to the
accompanying drawings, in which:
Figure 1 is a partially transparent diagrammatic
perspective view of an embodiment of the device of the
20 present invention for detecting and locating leakage;
Figure 2 is a cross-section view of another
embodiment of the device for detecting and locating
leakage; and
Figures 3 to 7 are section views showing a
25 plurality of possible uses of the device of the invention
for a water-retaining dike.
With reference to Figure 1, the device 10 for
detecting and locating leakage comprises a geotextile 12
having placed on its bottom surface a plurality of
30 mutually parallel optical fibers (or cables) 14 which are
intimately connected to the geotextile 12 by bonding
means formed in this example by stitching or ligating
varns 16.
As an equivalent way, optical cables 14 can be
35 directly integrated within a woven geotextile, notably by
being used as a warp varn in a weaving of straight warp

construction. When the geotextile is woven, the weft



acconpanyi ng drawings, in which: Figure 1 is a partially transparent

di agrammatic perspective view of an enbodi nent of the device of the 20
present invention for detecting and |locating | eakage; Figure 2 is a
cross-section view of another enbodi mrent of the device for detecting and
| ocating |eakage; and Figures 3 to 7 arlk section views showi ng a 25
plurality of possible uses of the device of the invention for a

wat er-retaining dike. Wth reference to Figure 1, the device 10 for

det ecti ng and d:eeatdmg deakage O | Saga @i geotexthded 12g) havihpgnphased on

its bottom sur e a plurality of 30 mutually parallel optical fibers (or
cabl es) 14 mﬁﬁiﬁﬁﬁ?gﬂﬁiﬁq tely connected to the geotextile 12 by bondi ng

nmeans formed in tHcsexsEng edyasttitehipngorbllgati ngotyatpswiién As an
equi val ent ot%r;}eiclaéb §20 egsrbi% tgﬂ?b be; 3bsdirectiyointegrated yiLhin a
woven geot extile, notably by el ng used as a warp yarn in a weavi ng of
strai ght Swar glusohsty détd areotsdn khegemaxd v ke vevehinghéfaeft 12

yarns are considened as/d) gatidig e hondi dehe €0MPENERESad Obvéhet peoduct .
Accordi ng to_angﬁper pO%flbl|l%y, ng%agh% mhﬁg a geotextile of a grid type
i s used, opti¥édl céﬁié@‘fﬂ-éﬁéngsdP ed*orftHé geotextil e by neans of the
coating (for instanese RVGniiteh dwisd begre generatt il spt eadseverwhheh yarns

or small stri.ps of the grid. e itted. grigd t eot ext IS ed,
i o' 15" compoSeES et S nar AT et L yat s BrERab becapnes ToHE
opti cal 1dabl eptdam lalsd lys bomded 3@ e otdrd yarmze opthde fabpbcoby the

ligating yarnpformng J t3eld,a yafd Qg s fabr ong | P 800k her, gphodE ment
shown in Figure 2, the device for |ocating and detecting | eakage conpri ses
first and the fabric.

In another embodiment shown in Figure 2, the device
for locating and detecting leakage comprises first and

15 second gectextiles 12 and 13 having a plurality of
mutually parallel optical fibers (or cables) 14 placed
between them. The assembly is bonded together by
connecting the two geotextiles 12 and 13 together by
means that are again constituted by a stitching yarn 16

20 in the example shown.

Other means for assembling together the two
geotextiles 12 and 13 could be provided, in particular
means selected from the following:

adhesive;

25 + stitching between the two geotextiles 12 and 13,
in particular if the two geotextiles 12 and 13 are made
as non-woven fabric;

heat-sealing as a result of melting the facing
surfaces of the geotextiles 12 and 13;

30 - using a plurality of pairs of automatically
gripping strips, provided respectively with hooks and
with projecting elements having projections at their free
ends (of the "Velcro" (registered trademark) type) or a
plurality of strips in which both faces are self~

35 adhesive;

by stapling; or
by stitching.



15 second geotextiles 12 and 13 having a plurality of nutually parall el
optical fibers (or cables) 14 placed between them The assenbly is bonded
toget her by connecting the two geotextiles 12 and 13 together by neans
that are again constituted by a stitching yarn 16 20 in the exanple shown.
O her nmeans for assenbling together the tMd geotextiles 12 and 13 could be
provided, in particular neans selected fromthe foll ow ng: adhesive; 25
stitching between the two geotextiles 12 and 13, in particular if the two
geotextiles 12 andrddiarieormagen @aSsHmose woygs fabrishnebeatgsenking as a

result of nelti t-he, f.aci surfaces of the geotextiles 12 and.13; .30
using a pIurﬁQq%%%% %%§¥%Qg Eﬁn%ﬁéﬁi%ﬁﬁlﬁmoﬁgig%'néw%tgFﬁé?xg%%$?d%g
respectivel y add il hodks: anmdstasady prpjreeinngoel @nehyst hayi pgrprojecti ons at
their free epds {9fc,t *ﬁ?eé'n@'f&@"as(&&%ﬂr?%e%éﬁ azggn-'g%ﬁ%e?wﬁi%&?ﬁnéd

plurality of strips Iin which both faces ar esi ve; % stapling;
or by stitcRARye-13" Arove sidit aratso BRAMRMJIEF ofCRBRREEEENE Bhe opti cal

cable 14 to epnicene @mng thed whgepdexdid £5c 122 @nd1i3¢afiobei Nstance, by
means of aj:ﬁﬁif%¥% a&pcgr of an og&g{,neag§ for gssegbling such as
t hose nentio oV Ot APGHI S FRRTUH LSS OHRENST f b€ chiect i ng t he
optical cabl gebtetitlees gebtaaxtil®. 12 or 13 can be different from means
oo o POE T TS L R 5, Lo, Mgl g puer provision
geot ext illes F2nnEed 11¥ tie de igp itk bvertvudrn eme riewd ageagear edssol 2t he
two geotextiles 12 andpl3.o 1 @lSeddL SiHd RS PaFr@l 8L 89 areas of the
two geotextiles 12 and 13, or else in strips parallel to
the fibers of the geotextiles.
In the description, the generic term "optical cable"
15 is used to designate either a sheathed optical fiber, or
a plurality of optical fibers received tightly in a
sheath, or an optical fiber mounted freely in a tube, or
a plurality of optical fibers received freely in a tube.
Reference 1s now made to Figure 3 showing a first
20 utilization of the device 10 for detecting and locating
leakage that enables a temperature measurement to be
taken by using an optical cable 14.
A (water) dike 20 separates an "upstream", first
space full of water 22 {to the left of the figure) from a
25 "downstream", second space 24 (to the right of the
figure) which is tfo remain dry and to be protected from
any overflow of the water 22.
The dike 20 extends vertically between a dike foot
201 and a top 202, and horizontally under each of the two
30 spaces 22 and Z4. In the space 24, in order to keep the
device 10 firmly pressed against the downstream slope of
the dike body 20 and under the space 24, ground weighting
26 has been put into place, e.g. made up of sand and/or
gravel and/or rocks.
35 A device 10 for detecting and locating leakage is
positioned so as to cover the slope of the dike 20 facing

towards the space 24 (downstream slope) covering



the fibers of the geotextiles. In the description, the generic term
"optical cable" 15 is used to designate either a sheathed optical fiber,
or a plurality of optical fibers received tightly in a sheath, or an
optical fiber nounted freely in a tube, or a plurality of optical fibers
received freely in a tube. Reference is Ifow nmade to Figure 3 showing a
first 20 utilization of the device 10 for detecting and | ocating | eakage
t hat enabl es a tenperature neasurenent to be taken by using an optical
cable 14. A (pm@tcﬁn)cadjﬂye 2{> sepainat eseiatht upStrleandikéi 28tangpateofal | of

water 22 (to té%e gaf%ftilh Jf}it gﬁrgll)zq{%%%]hfromfm Zéxggggmgér&gg% gﬁgond space

24 (to the ri Yo' et A e protected
from any overdfduopw ofeitdia iwet 616 22owakhes dilkee %@@(t%dsb@'wmdc*am ydbeeween
a di ke foot 5% and a top 202, and horizontally under each of the two 30
spaces 22 and 24. In the space 24, in order to keep the device 10 firny

pressed &gai nst t Hé ddrstiridaih 6@ 6T e S KCHoly PORRESERRr t he

space 24, gr%&é@ﬂ@ul@g co’c}f:}ldlﬁ.secbeﬁﬂ PUiALO Pbaceal ecgblearde up of
ice 10 for detecting,and | ocating

Ceakage | o BUSRE drod SO RHET 6 % Ghar e T P of T HeUF REF S8 1RSI ng
towards the $pdee 24« dowtstyeamsiape)o clovets ngl Jd. prachecalky fhetentire
P O Of Lha gl ke 2Qand Al do SHOLANLIA dog M 200! &l o Or bt O

ext endi ng under ‘t he tgm onar de e sp ace eyond the
dike fadét 20pdy5din slifiqer 40 eS@eﬂﬁ;ﬂ% thehes Rieaa o4 rlol conptises a

geotextile 17 cornest eehdi@ a1 r@ﬁ&@g}ll@lf&@@ & Ydendhich is situated at
a location that is considered as being the nost sensjtive to |ea Jéf%
f the

at the dike foot POFl93rs e IS lp%uarﬂt%fsft%ldo%%%%%fﬁﬂjr%
10 body of theedikepd@aftacin@ it e spaceRdow . B ) adidng a leakage

channel 28 passing through the dike 20 between the spaces

15 22 and 24 at a medium height up the slope of the dike 20.
This channel 28, which has been excavated by water
22 flowing from the side wall of the dike 20 facing the
space 22 {upstream slope), naturally slopes downwards a
little from the space 22 going towards the space 24. 1In

20 addition, this channel 28 will normally tend tec become
larger because of a regressive erosion phencmenon that
takes place essentially beside the side wall of the dike
20 that faces towards the dry space 24 (downstream
slope) .

25 The geotextile 12 has a function of filtering the
soil of the body of the dike 20 at the interface with the
ground weighting 26. Nevertheless, in this example and
in accordance with the present invention, the geotextile
12 at the outlet from the leakage channel 28 in the

30 downstream slope of the dike 20 forms a barrier, not
against water which flows along the leakage channel 28,
since the geotextile is permeable, but against the
particles of soil put intc suspension in the leakage
channel 28 by the flow of water: thus, the geotextile 12

35 formg a local plug in line with the leakage channel 28,
thereby limiting the flow rate within the leakage channel
28 and thus the extent with which the walls along the



| ocati on where the geotextile forns a bend. In Figure 3, there is also
shown, diagrammatically, the propagation of a |eak (arrow 30) along a

| eakage channel 28 passing through the di ke 20 between the spaces 15 22
and 24 at a nedium height up the slope of the dike 20. This channel 28,

whi ch has been excavated by water 22 floving fromthe side wall of the

di ke 20 facing the space 22 (upstream slope), naturally sl opes downwards a
little fromthe space 22 going towards the space 24. In 20 addition, this
channel 28\MﬂdauuganﬁH@nﬁ&ﬂuﬂa(nﬂnxxﬁmuré@;g@meb@b@USEo@in@ #egnessi ve

erosi on phen at ke |.ace essentially beside the side wall of
t he di ke %Qﬁﬂgﬂ%égééj %1 ?‘ e dry space 24 (downstream slope). 25

The geotextlle 1ZHu¥ihﬁﬁmﬂﬂﬂd(ﬂn(ﬁddiﬂiqnim@ tihes solé of phegpody of the
di ke 20 at ”é%d nhesfiage awrh Eé%e@é%deﬁ’@é%' ”9h§6ct;e$\|§¥§££f§| ess, in

this exanple and 1 n accordance yresent i nvention he geotextile

12 at theé oufieC SEHiashe q chiciige CGHamel 328 The tweteD towhst +edm sl ope of
the di ke 20 faqrcms; %htéarlréaﬂd’agenQiharﬁM nsd cywxertcwrm@ bpovsa ol englEhe

| eakage chan nce t eotextile is perngab but agaj nst the
par £ Shes of 1o (RIS SUSPORa G 9 HHE T cHRagEns Ehaneh 038 Bt he
fl ow of wat epretskuse tdfe »@&&tzexﬂn |tehel 21351 deor 16 Eeda@lcamg ptlmg fibérngdwi th

the I eakage hannal. 2. Lhsfebyd imting the 11 ow rate. i s o, the | eakage

channel 28 and t his Tt he ext en al on | eakage
channel 128 aité@agcawr 6d.f fev@meby( @eﬂmﬁﬂgcaﬁohm frasdpagis i @@wx@f than| gk,

Furthernore, pieh (@@ddigtd Qmhitg, thles lré%h@acjg A9 N g and §i@M\é@Qdd0Vm
regressive erosion, the geotextile 12 al so serves_to drain (arrow 32)

the water that fI@W?WQ%EK}QQH§qQ9ﬂ&ﬂﬁ§(ﬂﬁﬁﬁﬁﬁ beeglonh ot nedpPFcal cable
14, thereby senvicngd,oraecaeler al=e iy atamd ioh aboutiglideor presenteyot wat er

in the deVIce 10w%%%%hln% %nﬁkge%.woven geotextile, a knitted
15 geotextile, & draining geocomposite including a
geospacing draining core of any kind, or any combinatiocn
of those structures, and in particular a ccmposite
geotextile made by associating a needled non-woven fabric
with knitted reinforcing cables. The association of
20 reinforcing cables parallel to the optical fibers is
interesting for pulling the geotextile when it is
manufactured or set up, for the {(un)rolling up, which
avoid any mechanical stress on the optical cables.
The bottem of Figure 3 also shows a detail III on a
25 larger scale corresponding to the location of the optical
cable 14 in three variant embodiments.
In the first variant embodiment shown on the left
(IIT A) at the beottom of Figure 32, the optical cable 14
is a multimode type optical fiber 141 that presents a
30 sheath 14a tightly surrounding the optical fiber 141.
This type of optical cable 14 is generally used for
performing temperature measuremenis using the Raman
effect.
Under such circumstances, it will be understood that
35 when the leak reaches the optical cable 14, a significant
variation in temperature is detected, corresponding to
the variation between the temperature of the dike 20 and



that is positioned at a location situated at a height 10 that is different
(specifically further down) than the height at which the | eakage channel
28 is situated. Anobngst the potential geotextiles 12 that can be sel ected,
mention can be nmade of a single or nultilayer non-woven geotextile, a
woven geotextile, a knitted 15 geotextilel6éa draining geoconposite

i ncluding a geospacing draining core of any kind, or any conbination of
those structures, and in particular a conposite geotextile made by
associ ati ng aHeetdngd: Mo : 3 Ven ﬁm@r&&temﬁ¢@nk@iméedlhetnéosphag Qables

The associ atiQn of 20 reinforcing bl parallel to. ptical fibers is
i nteresting fg} pfF%lng ‘the ged% fa?eﬁg en Tt ted Sul 5 %tured or s g? up,

for the (un)raddutnghp,pusdeihce avbi @ h@@knEQhQM%hathstdeSs ofi-t he optica
cabl es. The bott om,of, Figune &Péaﬁﬁ’sts@;%\@sa P@t@illllbé QHd@rsgéoHaEﬁgE

scal e corresponding to the [ocation of the optical cable In three
vari ant éhbodﬁﬁéhﬁ@aqqfﬁmﬁﬁﬁ|¢%ﬁd%a§?aﬁ%e%%%%df%hﬁ%ysﬁbﬁh BﬁthélPéft

(111 A) at the botdamaf gﬁ\g@raau &n&r@@mmcaﬂla@aal ted@ ibSpachBuhti gpde

t ti | fib 141 t hat t h th 14a tightl din
IR onPi ol A5y e Eos St ot e D e et o 345 b Ol af o hEE b e or

perform ng tenpeﬁiuaﬂaannaagureﬁannﬁomB|m@&th@aP@mnnuaeiéest tdinder aklieh

ci roust ances., il i B ARLsl 08 ek co A8, abR ey ek pepghps the

optical cable vari ation nmperaturé’is
cor r esparidi ng%atk@nq Het masamkm etiien e nenperanane oireaeldi ke 20 and

16 the tenp%h%&km%‘Ha&ﬂﬁ%‘%ﬂéﬁuf%&“@%'H%Eﬂfh%h@hépﬁgﬁeZEn wh U8 €H§b|'n9
a signal to be created suitable for warning out the presence of a |eak

through the JERSSBE™WiderS ¥3E circunstances, it will be understood that
5 this neasurenenﬂrneﬂ&séﬂtqﬂdﬁﬁﬁﬁiéﬁﬂrémb&dgﬁemﬁegméwﬂniniﬂh@rﬁﬁﬁdk@ give

an indicatioqI&Qa%)a e%51 Q%%?Q%f%%gure 3, the optical cable 14

15 1s made up of a monomode optical fiber 142 freely
surrounded by a protective tube 1l4b. This type of
optical cable 14 is used for making temperature
measurements by using the Brillouin effect.

With the third wvariant embodiment shown on the right

20 {III C) at the bottom of Figure 3, use is made of an
optical cable 14 made up of twc optical fibers 141 and
142, respectively of the multimode type of the monomode
type, which fibers are received freely in a protective
tube i4db.

25 The presence of two types of optical fiber 141 and
142 makes it possible to make temperature measurements by
the Raman effect and/or by the Brillouin effect. Under
such circumstances, depending on the available equipment
connected to c¢ne or the other cr both of the optical

30 fibers 141 and 142, it is possible at any moment and
without any need to have a different device 10, to make
the measurement (s) considered to be the most suitable,
technically and/or economically.

Clearliy, under all circumstances, the two ends of

35 the optical cable 14 are connected respectively to a
light emitter and to a measurement appliance (not shown)
enabling the light ray that reaches it to be interpreted



soon as possible. In particular, it is estimated that it 1is necessary, in
the nost critical situations, to be able to neasure a tenperature
difference of 0.1C, thereby 10 making it possible to make the measurenent
directly wthout having recourse to heating the zone in which the
measurenent is made. In the second variant7 enbodi ment shown in the mddle
(rr1r B) at the bottomof Figure 3, the optical cable 14 15 is nmade up of a
nononode optical fiber 142 freely surrounded by a protective tube 14b. This
type of opﬂaﬁﬂanuﬂﬁdﬂdaki@mmembérmim@ktMQ temperature ofieakar enents by
using the Bri e th t di pen o] n the
right 20 (|dﬂ§%giﬁ %%§¥%M&¥% % %B¢%9§¥§%£§Q 1@n§g kH? &lﬁgognga
cabl e 14 made€Up of two opti cal flbers 141 and 142, respectively of the

mul tinode type of ddve mmnamode név)’ﬁﬁ’adé"h&&hF{?QEéséla&ﬁl&%ﬁc@hééﬁg freely in a
protective tube 14b. 25 Thgggresence of two optical fiber 141 and

es o
142 makes it FE<EIDIHE 1o 7Rk I%éﬁﬁﬁ%ﬁLﬁ%yh%%sﬁgeﬁ%ﬁtge §Ctine RAffan ef f ect
and/ or by theoBfaﬂJJr@lJrEaeiaf@@ .enldisierng Steth Ci r eapé ancese gependengnen the

avai | abl e equi onne ct ed to one or t he ot her o bot of the optical
30 fibers 14f rﬁge f ,Orma %Pnég ?re%&“%hEOﬁ% anthout any need
to have a d|$mmu§uanﬁau3%yjﬁy maﬁnﬁﬂ@f &rﬁum®bsu3éneﬁt©§y1cahsbdbﬁed to be

the most suitafl 8. sitRF égaQﬁ&éguﬂégaﬁgp@o @g%%¥e %%g@gl under al |

ci rcunst ances, the two en of optica are connected
respectifely to alnitgi daactiart i kol e nefbser ewent rappreafees{Hde shown)

enabl i ng t he alheghts by § hatodeeaches ddodd bech nteroreted 43 r25u28 3

i ndi cati on cg{gernlgglthe Hg rature of the optical cable 14, i.e. of the
devi ce 10 at h&SFHER F Fot® %%ﬁQﬁﬁﬂﬁﬁﬁlgh%o@?%%d ALY Bitg¥ire 4 which
shows a elements that dlffer from those of the first utilization

shown in Figure 3 are described further below.

15 The general arrangement of the second utilization is
similar teo that of the first utilization, with the only
difference lying in the use not of a single optical cable
14, but of a bundle 34 of optical cables 14, which bundle
is always located at the foot of said dike, at the bottom

20 of the side wall of the dike that faces towards the space
24 (the downstream slope).

To this end, and as shown in four enlargements of
the detail IV, several variant embodiments are possible.

In the first variant embodiment shown to the left

25 that the bottom of Figure 4, reference IV A, the bundle
34 is made up of two optical cables 14 placed side by
side: a monomode type optical fiber 142 (fto the left)
placed tightliy in a sheath 14a; and a multimode type
optical fiber 141 (to the right) placed tightly in

30 ancther sheath lda.

Under such circumstances, the monomode type optical
fiber 142 operates by the Brillouin effect and it serves
to measure any deformations of the dike 20 via
deformations of the geotextile 12, while the multimode

35 optical fiber 141 operates by the Raman effect and serves
to measure the temperature at this height level of the

geotextile 12.



5 second utilization of the device 10 for detecting and |ocating |eakage,
enabling both a tenperature neasurenent and a defornmation neasurenent to
be perforned sinultaneously by nmeans of a bundle 34 of optical cables
conprising two, three, or nore optical cables 14. 10 In the description

bel ow, the same reference signs are usedlé&s those used above with
reference to Figure 3 to designate elenents that are the sane, and only

el enents that differ fromthose of the first utilization shown in Figure 3
are described furthete bed 0w éﬁréﬁﬁkﬁs@@@@é@l atrangenest uptiekbecsecendt

tilizati i iml th th t t wi.th th I

i f1eronce |yity H9C e L8eY ot Griacerhgl B 6ht1 £4F cHoPE C1a but of 4
bundl e 34 of ioptdwadtocabl @b dﬂffawwmb bundée 1is. athaysempeaaedratande f oot
of said dike,at &ﬁ%%@&me&ébwetﬁéfdgh Jallnel% ?Hgtdék@ gﬁangaces

towards the space downstream's shown in
four enl a?geri%lrﬁ%e of? e detaidl 1w Beverh Va@ﬁéﬁﬁséﬁbéﬁl REAES hPe

possi bl e. lbﬁdﬁj&érﬁﬁrya{ﬂfﬁg @ﬁﬁﬁgﬁ{@%&lﬁ own to the left 25 that t he
bottom of Figure 4 ference t he b e 34 is nade

optical cables 14 o ST o Va%}%ﬁF ﬂbﬂ%ﬂ% ?98@nobP|EQF F?B@Pd142
(to the | eft)posmtanﬁd frghtdlye i e @t Semaatt}ine ﬂéattamdoﬁ mubytkaode type

optical 1ber, 441 L1, the 1 Nt) pl aged. 41 gbt 1y n.30.aggyher, sheath 1da

Under such ci'fcumst ances e onomode ype o operat es by
the Bril40ui rwef fasdti cad dablees viek, t@m’a@u&ecfalwt@i‘é‘flbﬁﬁabh/oﬁs of the dike

20 via  def orfm{d RNk Qipﬂﬂ%aﬂeﬁ%f'i@z 12,n Wik L €1 £ ey whgb@dglﬁﬁtwl cal

fi ber 141 operates by t man effect and_serves to neasure
tenperature af thidardightdevdd ot R ek ?| eP12218%  BRder “8uch
ci rcunst ancespldded ddedie, undes stigad that (dhetipossihtity of obtaining

these two types of; ., ;. cxample, the optical fiber 142 held tightly
15 in the sheath 14a serves to measure deformation by the
Brillcocuin effect, while the monomode optical fiber 142
placed freely in the tube 14b is used for measuring
temperature by the Brillouin effect.
In the third variant embodiment shown in the third
20 position at the bottom of Figure 4, reference IV C, use
is likewise made of a bundle 34 made up of two optical
cables 14. These comprise firstly once more a monomode
type optical fiber 142 (to the left) placed tightly in a
sheath l4a (to measure deformation by the Brillouin
25 effect), and secondly a tube 14b (on the right) that
receives two optical fibers: a multimode type optical
fiber 141 {on the left), and a moncmode type optical
fiber 142 {on the right}, this second optical cable 14
serving to measure temperature as in the third variant
30 ITI C of Figure 3.
In the fourth variant embodiment shown in the fourth
and last position, on the right at the bpbottom of
Figure 4, and referenced IV D, use is made of a bundle 34
made up of two cptical cables 14 together with an
35 additional wire 15:



information of different kinds, i.e. the tenperature and the deformation,
enabl e the phenonena that are taking 5 place in the dike 20 to be better
assessed in order to provide nore in-depth nonitoring. In the second

vari ant enbodi ment shown in the second position fromthe left at the
bottom of Figure 4, reference IV B, usel% |likew se nmade of a bundl e 34 of
10 two optical cables 14, this tine constituted by a nononode opti cal
fiber 142 (on the left) placed tightly in a sheath 14a, and a nononode
type Iopti Cﬁ| fiber. |]C4f2 thy aced: Lrélﬁg{h%dfﬁb@twﬁﬁe %ﬁ@@lth@bﬁfgmi In this
exarrpe,te ptic fiher 142 hel.d ti n_the at 4asrvesto
measar o def oFTRIh BT B 19 KO er 14l (TRh 1ot TR e NenONBHL BoE ca
fiber 142 plta@edBrflrle'ledq&n reftfresctt)ube 14b i s used for nmeasuri ng tenperature
by the Brillouin effect hi n h third
20 position at the bg]t ttorﬁ o} C%ﬁefjr é{rg o gfr]}'ecn?g@%%%ew{ =2 9gvn81> E%gmgse
made of & buridice tBOREFE Wi éﬁeqwmn%@er%@m@% v tfme%@f%o@@w@él
firstly onceapne a4qmanompderodneRe ptial sdiberid42n{49- ther lekthonl aced
tightly in a_ sheath _l1l4a (to, measure deformation by the Brillouin 25
effect), andPEEYGRAISHYa FPHFE 1A on the right) that receives two optical
fibers: a nultinodedrypgheoptiigtad: o ithese lﬂﬂb(mtéimﬂ@ftt@o antiaabononode

type optical ., fiber %4%m.%gméy%'e§¥g f@@g %{ é@ng$b£§f%4Flgure

serving to msasure t enperature as-i'n var| an

3. In thé foamhavanqnmtod@rwﬁomarrmmmwfmm hed 2 our thhe antigh st thesi ti on,
on the right sakchfe Hakim el fldue ShenceL | usgybs gRde of
a bundle 34 SmaOe UF?I?J 2 t wo (?ptl cal cabrl es 4 t oget her V\né/?r%%n 5

addi ti onal wilfle ths: ti‘grdoﬁatrﬁé‘qtefltu & nonoder e ype optical fi ber 142
placed tightly inia shealh ri4a ERASWHHNg defwi matiOuRYerstood that

the possibility of obtaining two different kinds of

15 information (temperature and deformation) enables the
phenomena that are taking place in the dike 20 fo be
accessed better so as to provide more in~depth
monitoring.

The nature of the optical cable used for measuring

20 deformation is not restricted to those mentioned above,
and other types of optical cable can be used such as
those making use of optical fibers with Bragg gratings,
in particular as in document FR 2 844 874,

Reference is now made to Figure 5 which shows a

25 third utilization of the device 10 for detecting and
locating leakage that enables a temperature measurement
and a deformation measurement to be performed
simultaneously, and at a plurality cof locations in the
geotextile 12, by using a plurality of bundles 34 of

30 optical cables 14 disposed longitudinally at different
locations in the geotextile, these different locations
corresponding to different heights along the side walls
of the dike 20 that faces towards the space 24
(downstream slope).

35 In the description below, the same reference signs

a8 those used above designate the same elements, with



the Brillouin effect); in the mddle: an electric heater wire 15 so that

5 the tenperature neasurenent perfornmed by the left optical cable 14 is
performed by the so-called "heat-up" nmethod, previously cited; and on the
right: a tube 14b receiving two optical fibers: a nultinode type optical
fiber 141 on the left 10 and a nononode 2ype optical fiber 142 on the
right, the second optical cable 14 serving to neasure tenperature as in
the third variant 11l C of Figure 3. In these four variants, it will be

under st ood t hafly thespossidhdnty ohaobiaé ndngréwendi bEengntickipdbeaf 15

i nformation (€§ﬂ$erature and deformation) enables the phenonena that are
t aki ng placeki “he dike 20 to be accessed better so as to provi de nore
in-depth nonitoritge Jdéerat werafcehenopbfcahisabhérdsediforameasuriisng

20 defor mat! o 10t dests of edto Lhose, ment | oped aougeyuand other types

of optical e can e used suc use of optical fibers
wi th Bragy gﬁ%ﬂqﬁﬁ;4,|Wﬂ?ﬁu&h%u¢%&ya%lfﬁeﬁ@%@ﬁehYlFR Png4aigg4ncRefer ence

33 ][low gafle Esqu mr&ﬂmm;m <§ﬁi‘1 >t fca£5c5mé9 %lill |b§t@téoxﬂu@%1§m@cﬁj@w ce
or detecti ocatin ea en ate ra
oatur enent L et SR L es B0 52, ot FABT | ehHufEaRdous! y.
and at a pIumMaﬂ;aﬁﬁ diKpﬁSéHﬁh@ﬁ]dﬁEy @@Otnatfb@tlaf byeUSnng aopluacality
of bundles 3 5%% é%lc Qéqﬁa isggsgﬁ ?gétyg&gg I¥O§5 ggfferent
oca

o)
| ocations in the ge&iextl % hese éf ferent i ons resp onh ing to
differeﬁﬂ)heﬂ@hi§9ﬁaﬁmﬁékmb@ﬁcﬁﬁwwﬂabon@ftmﬁedekeW@DlthétthacéskEoﬁérds

the space 24f%ngn§tgéﬁgg&ﬁ(gﬁaéﬁégké 4 he description below, the sane

ref erence signs das those used e designate the sane el ements, with 20
only those el ement’ t™HaktS 7 diFF eTIEMD b g deSer T begtalled

enlargements referenced V, several variant embodiments
are possible for each of the bundles 34, and the bundles

15 34 may be identical or they may differ from one another.

More precisely, four variant embodiments are
provided, referenced V A to V D at the bottom of
Figure 5, which are respectively identical to the four
variant embodiments IV A to IV D as described above with

20 reference to Figure 4.

In this configuration, the presence of a
multiplicity of bundles 34 makes it possible not only to
measure both temperature and deformation at each of the
locations of the bundles 34, but aiso for each of these

25 measurements to be able tc identify the corresponding
location of the dike 20 (and also to reduce the length of
the flow between the point of convergence between the
geotextile 12 and the bundle 34, and thus reducing the
time required for detection and localization).

30 With reference to Figure 6, there follows a
degcription of another variant embodiment in which the
device 10 for detecting and locating leakage is placed
nct only over the side wall of the dike 20 facing towards
the space 24 (downstream slope) and under the space 24,

35 as in the preceding examples of Figures 3 to 5, but also
along the top (crest) 202 of the dike 20, the ground

weighting 26 then extending over the crest of the dike



bel ow. The general arrangement of this third utilizationis simlar to
that of the second utilization showmn in 5 Figure 4, with the only
difference lying in using not a single bundle 34 of optical cables 14, but
a multiplicity (two, three, or nore) of bundles 34 of optical cables 14,
that are disposed not only at the foot of21 he di ke 20, at the bottom of
the side wall of the dike facing towards 10 the space 24, but also al ong
the side wall of the dike 20 facing towards the space 24. To this end, as
shown in the foquroaat 331’1@6@@@"&@"1}9,”&5&@ i pferencesk Measevesal tMar Hanrk
enbodi nent s :ﬁgetpo bIe. r of t he bundl es 34, and the bundles 15 34
may be i denticCal ﬁ%ﬁ} feﬁg??% one another. More precisely, four

vari ant enbodi mantIgn etrl'@ frmmﬂﬂded',llraezfmmmeshdmm 1o Miguat thetbett om of
Figure 5, Whlg(‘eh) & 4 %EQ? Lydésdergjz%aéjéérg tﬂ‘?ef@%\rq:cé(aﬂbané enbodi nment s

IV Ato |V D’as descr sbove W t'h fef ence uré’ 4. In this
confi gur & i ofMuitthd Usicesendairsiies Fulaf privkiedl ofalblmell &S, 3uhnakeaking

possi bl e not jenlysdsa pieasurgRoth tiemeratine and-deforgetliq e@&t@@@h of
the |l|ocations of the bundles 34, but also for each of these

measur enent s 46 5§ TR T RS FREIHE T g S Spon vy ¢ %tﬁ“%hSBFr?he di ke
20 (and al some@smmuceelﬂshefdrer@tdh aff dthe fdow beiseen ihe pohalesf 34

conver gence t&%t eotnexct cf;L2 anqg then &3npé% ésw %{'Qe%ﬂufr&%duc' ng
0

th
the time requir thor%c%’gectl on and ¥ ocaf i’zat'ton erence to
Figure 80 thé&he fGlkeowd .a description of another variant enbodinent in

uhich the ; devi ce bl or detacina,andd ooat 1ag. | eakagso] scpbasedo not only

over the side wall of the ke 20 facing toward e space_24 (downstream
sl ope) and uﬁ&é"'lo“tdhém@péé’é%Ut&@%ﬁ%%%@*ﬁ?%e@ﬁ%%&hﬁ%ﬂéslﬁf Fi gures 3
to 5, but al segualkeng the tzap (crest) 202 of the di ke 20, the ground
wei ghting 26 thenT%ﬁge@%Eq %y %gg]lﬁgéﬁnmégtth%é“be understood as
15 encompassing another utilization, i.e. the situation in
which instead of placing a multitude of bundles 34 of
optical cables all along the device 10 for detecting and
locating leakage covering its entire extent as shown in
Figure 6, it is a multitude of individually separate
20 optical cables 14 that are put into place, each serving
to perform temperature measurement only, as described
with reference to Figure 3.
It should be observed that in the context of the
present invention, it is also necessary to include
25 another configuration (not shown) in which, starting from
the embodiment shown in Figure 3, a single cable 14 is
placed for measuring temperature at different locations
of the geotextile 12 along the height of the side wall of
the dike 20 facing towards the space 24 (the downstream
30 slepe}, in such a manner as to be able to identify the
location of each of the temperature measurements.
Reference is now made to Figure 7 which shows a
fifth utilization of the device 10 for detecting and
locating leakage, in which, this time, the device is not
35 placed on the side wall of the dike 20 facing towards the

space 24 (downstream slope), but instead along the side



21 20, over the device 10, and al so dowmnstream fromthe dike 20 (to the
right in Figure 6). In the fourth utilization shown in Figure 6, the
geotextile 12 includes, all along the device 10, a 5 multitude of bundles
34 of optical cables 14, thus nmaking it possible to obtain indications
concerning tenperature and deformation nEasurenments and possibly al so
noi sture neasurenents for each of the |ocations of its bundles 34 along
the top, on the dry side, and al so downstreamfrom 10 the di ke 20. This

vari ant enbodidlEntof sciequal ity 2ppticabhe-éPatde tsecpateandethihting
utilizations shomnégf EECtIV%§{d%Q3 Flgures 3 and 4. This variant
enbodi ment MG s bE R B%’ © 15 enconpassi ng another utilization,
i.e. the situatiom@r1thMB(ﬂungmﬂeadao$e@lﬁm@ngtaunumrétuﬂeaoy khindl es 34
of optical cah es 0 0.fo ty d

{él %ér{‘%ﬂf&é’é&f & ot és&géff ngdéi‘ CHQgékul Dt ude

| eakage coveri’ re ex as’'s ure
of |nd|vﬁﬂuaﬁﬂ%ﬁ&ﬁﬂﬁ%eﬂQ$QEPMRﬁ3lﬁﬂf<éthe%lﬂﬁrth@¥ @r@e@m@mbﬁﬁﬁepﬁécés each

serving to perfQrmyganpaeratie Jmasi eﬁ@nfOQ%ate@«@lﬂﬁsgﬁab@sca%ae
reference to Figure 3. |t should be observed that in the context of "the

present i nvertS0TRY9 t81% WS F I &k at yot ot FRct e 28 A6t REr CeBAFF§ur at i on
(not shown) iﬁmemmah;e Sztal’tﬂHtg:éH@r’@r&il@c‘@ﬁﬂﬂ@dtHﬂ@ncﬂeﬁhQémlonfElrgure 3, a

single cable)g{u]i_1 Iace f or ng t enperature at d fﬁrent Iocatlons
of "The geot extiia HaRLIRG e TR afadherrRc s fart L RESh e 50

faci ng tldwar ds: ttdre Spdce L4t rmz@idvmstm@ameﬁersct@p@j,alhes&ch a manner as
to be able to ident]fy, the Jocation of e hsf?&wﬂ\?ﬁtcﬁﬂlj’%ét‘?‘[e}:??th

measurenents. Reference is now mede 1o ure'7 shows a
utilization efewife dévitr HR GOt o g nbO%*amqa okt kage| e4kapes in which,

this time, thedaw e S notalchy places @ kel séde-nal hipé vberdikeg20
facing tomards t he
owards the space 22 (upstream slope) and also cover the
15 foot 201 of the dike, a little below the space 22, with
the geomembrane 33 extending well beyond the maximum
height of the device 10 along the top (the crest) 202 of
the dike 20, and also under the space 22.
Once more, several configurations are possibkble for
20 the optical cable(s} 14 present in the geotextile 12 of
the device 10 for detecting and locating leakage: a
single temperature-measuring optical cable 14, a
plurality of separate optical cables 14 measuring
temperature at different locations, a single bundle of
25 optical cables 14 measuring temperature and deformation,
or else, as shown in Figure 7, a plurality of bundles 34
of optical cables for measuring hoth temperature and
deformation {and possibly also moisture) at different
locations along the device 10 for detecting and locating
30 leakage.

It should be observed that in the context of these
second to sixth utilizations described respectively with
reference to Figures 3 to 7, it is possible (in a
configuration not shown) not only to measure temperature

35 and possikly also deformation, but also to measure

moisture by placing an additional filament for performing



space 24 (downstream sl ope), but instead along the side 22 wall of the

di ke 20 facing towards the water-retaining space 22 (upstream slope). For
this purpose, a sealing structure of any kind, e.g. concrete with
hydraul ic or asphalt binder, clayey 5 material, geoconposite clay |iner, or
a geonenbrane 36 is placed between the deyice 10 for detecting and

| ocating | eakage and the side wall of the dike 20 facing towards the
space 22, thereby protecting the device 10 for detecting and | ocating

| eakage fromamn peReiAHMan: ofsdd mat edxdfdteisonptodeegt oy the presence of
a leak. In thIqS gonfl u({atlon, as shown in Figure 7, the device 10 for
detecting and ikﬁ% lé?’ail(a?gﬂe' extends longitudinally along the side wall

of the dike 20 facinghdrowaras dduengpace: 22r (wpst seasm shopeyrand al so over

the 15 foot 20 f_.the .dik littl.e bel ow the space 22, with. [he,
geonenbr ane %fjsésgtbélﬁed%n%hv\%e It eeycoonrtlzltef bte Orr%\,x?rrlr% P Se‘ieré‘r%ti%Ye{]E:éO évilEe 10
al ong t he t ophctial drests202dfthathel dike ROssHnte atsoiundet the space 22.

Once nore, s r fi gurat.i r i bl eqf t rcal cable(s
QUahAo Canfd %@ﬂ%&ﬁg&ﬁi&@ &ffg&fyr@&r b&-RQPLL (s)

14 present in the geotextile 1 Vi ce or detecting and

| ocati ng | ealPadee=d ersi mylle RSt 2 TR i FRyL O¥i c@lCcabt e 24,

IpI urality of o @agrl a«IaQqu{ailcgalfplceaSQ'l@is{?gMﬁl X i@%ffﬁé@@l’@@@lﬁ@eaindi fferent
ocations, a_singl.e hun 0 optic cabl es ., measur i t enperature

and def or mat i%ﬁ‘fgl&n eI@e,eCha?s Cganvdvg% i%&‘ﬁ%{lr CHECHLILG ?gcﬁggﬁndl es 34

of opticdl cdelkésaeor imeasurding lxat hit enperatiiie @nd:edef be fmii dhd (and
possi bly als i r at_di_fferent qﬁggi . n deyi ce 10 for

detecting ang3l éq%%#r?gl)dl%@ fil)é—ﬁar]Icéja(@%iLglgé.11 Ittd S _ouloggg%%%gs%?%g%stﬁgf ?rrll the

context of tR&gELIcsd@andnt @rsiet Fatidiezaltl anks didsts i Wetle espateiveny with

reference tothkguees 3 10 Fod Wdte RS MRy (Fdb& LonfiQuEaLs opy NGL £ shown)
not only to g%a%%rgbagngifﬁﬁﬁ&%l.the sheet and pull on it without
15 damaging the optical cables 14.

The various parameters mentioned above {in
particular temperature, a signal representative of
deformation, and moisture) can be measured continucusly
or discontinuously at times t0, ti, t2, ... in an

20 independent or simultaneacus manner,

Provision can also be made for the device for
detecting and locating leakage to be constituted by
strips or rolls that are laid parallel, either side by
side, possibly with a small amount of mutual overlap, or

25 else spaced apart from one another. When using spaced-
apart strips, it is envisaged that they be in contact
with a draining layer placed under them or over them, the
draining layer possibly being made of granular material
such as sand or gravel, or of a geotextile or similar

30 sheet.



35 and possibly al so deformation, but also to neasure noisture by placing
an additional filanment for perform ng 23 such neasurenent (see for exanple
EP 1 235 089) in each of the bundles 34. Furthernore, anongst other
variants that are possible within the context of the present invention, it
5 shoul d be observed that it is possible 2o insert reinforcing

fi bers/cabl es (made of polynmer such as polyester, polypropyl ene, aram d,
kel var, etc. ... or of other materials providing a | arge stiffness nodul e
in traction)igrMde device 10 for detecting and Iocating 10 | eakage, in

particular in or_opn the g ile(s and extendin rallel to
t he opti cal gabﬁ% %ﬁﬁcgrfii%ué?% %%e?ﬁl 7 derd t ﬂ%ﬁéngtngggﬁiﬁﬁ #BFl e

installing thendeviceidhfior wetiectiing awditocating tkakageeonzsiteén to
be able to UQHQQ fhe h%ﬁ&%ﬁ?d Qﬁ&h: tlie %Peeéféélggga EQQ gpe optica

cabl es 14. The Various Paranet et s° hen |oned i cul ar
t enper at ur e, leasitgrale rapriesehtcab e 0F4) defopnation, 2andeasiséure) can be

measur ed contdguolisl ve 10 df SPONtI MIPUSE Ve A1 4T FES §0rotbtink2y .- TN an 20

i ndependent or simul taneaous manner. Provision can also be frade for the
device for dEMRRIATY Zhd’ A0y FRAKERR FErbENcbRERT &t 849BFL §PREps or
rolls that arig In@ﬂcd_maarcalmﬁdn £itdherasise clshy ti15¢ deemposst by wsth a smal |

amount of nut verl a r 25 el apart_ from on her . ,When
SoTne sphced ety e o B AR S TR e reOThElE TEshr Shie e Th
dr ai ni ndd ayereqileagad aunder) t hem or over them the draining |ayer possibly

bei ng made of granul ar naterlal such as sand or gravel, or of a geotextile

or simlar 30 sheet. 24 CLAIM5 1. A device (10) for detectlng and | ocati ng
fluid | eakage- A device (10} according to claim 1, characterized in

that said coptical cable (14) is bonded to the geotextile
(12) by bonding means.

15
3. A device (10) according to the preceding claim,
characterized in that said gectextile is provided with at
least one another optical fibker (141, 142) suitable for
detecting a deformation of the geotextile close to the

20 optical fiber (141, 142) and for transmitting a signal
that is modified when the deformaticn of the geotextile
(12} is detected.

4, A device (10) according to either preceding claim,

25 characterized in that said geotextile is provided with at
least one another optical fibker (141, 142) suitable for
detecting a variation of degree of moisture in the
vicinity of the optical fiber (141, 142) and for
transmitting & signal that is modified when the wvariaticn

30 of the degree of moisture is detected.

5. A device (10) according to claim 3 or 4, characterized
in that said at least one another optical fiber (141,
142) is pbonded to the geotextile by bonding means.

35
6. A device (10) according to any preceding claim,

characterized in that it has a plurality of optical



froma hydraulic work, the device being characterized in that it conprises
a geotextile (12) provided with at 5 | east one optical cable (14)
conprising at |east an optical fiber (141, 142) suitable for detecting a
tenperature variation and for transmtting a signal that 1is nodified when
a variation of the tenperature is detect®d, said optical cable being in
contact with said 10 geotextile (12). 2. A device (10) according to claim
1, characterized in that said optical cable (14) is bonded to the
geotextile (fliderdy (ondi ng Meagrisacdd sub# feviLel ¢ 103ratter dtagohe the
precedi ng clain%_ characterized in that said geotextile is provided with at
| east one ang?ﬁb;m%btical fiber (141, 142) suitable for detecting a
deformati on of the geotextile close to the 20 optical fiber (141, 142) and

for transmttin Js I h i {Fﬁgf' he i of .t he
geotextile 71.2)% ?is?% gt%gc(t}edof. a%fé% e cﬂeC??cl efgc%:’or%t?%%&tgg?%%?ﬁgrin
precedi ng cl &t 2Richardcier] Aedgne ther SarwPyeotextiheri snpabvidedtwi th
at |east ongraneiftarcaaptdig- fdlend 1dl) 142 isubiable for, deiggting a
vari ation of qggJee of i sture In:gqﬁETVIClnlt . of Eﬂﬁ optical fiber (141,
142) and for P'EFESA & PR SiYhdlt ¢ 9ot F1ed' whent®hk variation 30
of the degreecafrempiostdy eed s detrected.tie Whodevileet (i) sacsdrilvagtbo claim
3 or 4, char%%%%%ized in that said at | east one another optical fiber
(141, 142) is borided to the geotextile by bonding neans. 35 6. A device
(10) acddrding to any preceding claim characterized in that it has a

plurality of gopti cak ;25 fiders dohdlhn142) JHpoed substantiglty parallel to
one another. 7. A device (10) according to claim4, character]zed in
characterized in that at least cne of sald optical fibers
(14, 141, 142) transmitting a signal associated with
temperature is disposed at a location of the geotextile

15 {12y which is in a zone situated close to the air.

9. A device (10) according to any preceding claim,

characterized in that it further includes at least one

heater longitudinal element (15) placed parallel with and
20 beside said optical fiber (141, 142).

1C. A device (10) according to any preceding claim,
characterized in that said optical fiber (141, 142) is a
monomode fiber or a multimode fiber.
25
11. A device (10) according to any preceding claim,
characterized in that it comprises first and second
geotextiles (12 and 13}, and in that said optical cable
{14) is inserted between the first and second geotextiles
30 (12, 13).

12. A device (10) according to claim 11, characterized in
that said optical cable (14) is bonded to at least one
among the first and second geotextiles (12, 13).

35



5 that said optical fibers are grouped together in at |east one optical
fiber bundle (34), said bundle (34) being placed at a | ocation of the
geotextile (12) that corresponds to a zone of the work that is sensitive
to leaks. 10 8. A device (10) according to any preceding claim
characterized in that at |east one of saidkoptical fibers (14, 141, 142)
transmtting a signal associated with tenperature is disposed at a
| ocation of the geotextile 15 (12) which is in a zone situated close to the
air. 9. Adad.ce (d0)iaccorai ng-dor@inyg preceting z) asmyr tharacterized in
that it furt Q: r in Ieurdes Cgt. Ietg?st one. q%e)atCFr | ongi t udi nal rleI enment (15)
pl aced par al IBI2VETH A D0 'besite SHiU SHTCA Frodr (941°134925° 10. A
devi ce (10) deccatdiang tloguryipr ecedi nglelaim characterized in that said
optical fiber (141, 142) is a nononode fiber or a multinode fiber. 25 11.
A device (10) according to any preceding claim_ characterized in that it
conpr i se9 fi rigt- é‘ndieéféé“@ﬁld(lﬁtfe(ﬁ@aﬁcﬁﬂe@ (42 %%1@11&335 %Yh@r@‘ﬁt%ﬁaﬁegai’a
ggt I( c{gl c{g;ﬂ Qha(tlg)tdliﬁgdlﬁﬁﬁ( lg )%d: betyee rbrie?eoﬁt%i_éél if;fbéﬁcwﬂ{ gept extiles
: : . evi ce according to claim 11, char erized in

That sai - bptiicAl SO (HAE % SO § & ST Gt eSS bl { ha FRYor and
second geot extd ltés (EE2t<k3)i185(1226 . 13. A device (10) according to claim 2,
5 or 12, characterized in that said bonding neans conprise at |east one
|igating yarn (16). 5 14. A device (10) according to claim 7, characterized
in thatltOt ildcl ddeysaen dast datedpicand i berai{idy l1adkaga4of pl aced
freely insideia:Rr ¢best ive Jthe (14h)ohondad dgstde geotextile (12).

characterized in that it includes a device (10) according

to any preceding claim and at least one measurement

appliance connected to said optical fiber (141, 142) and

15 serving to indicate any variation in the signal

transmitted by the optical fiber {141, 142).

l¢. A hydraulic work fitted with a device (10) for
detecting and locating leakage according to any one of
20 claims 1 teo 13.

17. A hydraulic work according to the preceding claim,
characterized in that it is made up ¢of a dry or wet dike
{20), and in that said device (10) for detecting and

25 locating leakage is placed longitudinally in the body of
the dike so as to cover at least a portion of the height
of the dike.

18. A hydraulic work according to the preceding claim,
30 using a device (10) for detecting and lccating leakage

according to claim 8, the work being characterized in

that said optical fiber (14, 141, 142) that is placed at

a location ¢of the geotextile (12) that is in a zone

situated close to the air, is placed in such a manner as
35 to be at the top of the work.



10 15. A systemfor detecting and locating | eakage of a fluid froma
hydraul ic work, the system being characterized in that it includes a
device (10) according to any preceding claimand at |east one neasurenent
appl iance connected to said optical fiber (141, 142) and 15 serving to
indicate any variation in the signal traismtted by the optical fiber
(141, 142). 16. A hydraulic work fitted with a device (10) for detecting
and | ocating | eakage according to any one of 20 clains 1 to 13. 17. A
hydraul i c worlle ageefedimng: tor tdet g ecedi Agd cl acam ingharartgei zedai nitihat it

i d f d t. di k 20 d in_ that d devjce,.(1Q) .f
ot ecti g and 25 150N EaAYE 1 U dECH Torde ¢ Bl AP T 9o A RE Doy of
t he di ke so dsiato ecovermpatat wastvar portemon ofdéhechedghy meénthefdake. 18.

AISLeUL L MRk SCAALTG | 0 pissectg elaly o90oue gy ecdeyice (10

for detecting and 1ocating [eak .
charact erd zed %43, tiHat) sdiaroptican fomercgidcaliia, (14D) 1phaentacpl aced at

a | ocation ofyithe geptedide {12)that is in a zone situated close to the
air, is placed in such a nmanner as 35 to be at the top of the work. 27 19,

A nmet hod of detecting and |locating | eakage of a fluid froma hydraulic
wor k, the netitad rdbeientheharaoielirzedd nthd hateGed enpecasung variation is

det ect ed by f a dification in the signal, emtted by.an ica
(1ber 5 (141 T EAor tsiacst i1 i Bpti el bt & (1 ot aat: T (R A
geot ext illfe (12) 2a12@. d&testtvol faccwmatingf oz trved pf eceding thathe signal
char act eri zednliR bl defOrdmli on ofiidie geolexiide (12dealfni gnal so
detected by nmeans of a nodification in the signal emtted by an optical
fiber (141, PRFIHlacéd®lien @) Shtatcals e 14y sHbd ¥3°BBRERYSt 0 said
geotextile ((12)..

15 21. A method according to claim 19 or claim 20,
characterized in that a variation in the moisture content
of the geotextile (12) is also detected by & modification
in the signal emitted by an optical fiber (141, 142)
placed in an optical cable (14) that is bonded to said

20 geotextile (12}.

22. A method according to claim 19 or claim 20 or claim
21, characterized in that said optical cable (14) is
bonded to the geotextile by bonding means.

25
23. A method according to the preceding claims,
characterized in that said bonding means comprise at

least one ligating varn (16).

30 24. A method according tc any one of claims 19 to 23,
characterized in that a plurality of similar optical
fibers (14, 141, 142) are used that are disposed so as to

be substantially parallel to one another.

35 25. A method according to any one ¢f claims 19 to 24,
characterized in that said optical fibers (14, 141, 142)

are grouped together in at least one optical fiber bundle



15 21. A nethod according to claim19 or claim20, characterized in that a
variation in the noisture content of the geotextile (12) is also detected
by a nodification in the signal emtted by an optical fiber (141, 142)

pl aced in an optical cable (14) that is bonded to said 20 geotextile (12).
22. A nethod according to claim219 or claign 20 or claim 21, characterized
in that said optical cable (14) is bonded to the geotextile by bondi ng
nmeans. 25 23. A nethod according to the preceding clainms, characterized in

that said bonding reans mlé S(esaa)t b BagtaDBeobégaktng yawtﬁéﬁ)ofBO 24. A

met hod accor gtoa aracterize that a
orurali vy of Simdsa RS B dartdadonda ]S f ct fhe st nifenr e

di sposed so asi#lo thee substantitalty parbédied. to one another. 35 25. A

met hod according to any one of clainms 19 to 24, characterized in that said
optical fibers (14, 141, 142) are grouped together in at |east one optical
fiber bundle 28 (34), said bundle (34) being disposed at a |ocation of

the geotextile (12) that corresponds to a zone of the work that is
sensitive to | eaks.



