1 DEVICE, SYSTEM AND METHOD OF DETECTI NG AND LOCATI NG MALFUNCTI ONS I N A

. HYDRAULI C STRUCTURE EQUI PPED W TH SAI D DEVI CE The invent!on rel ates to a
device, a system and a 5 nethod for detecting and |ocating malfunction in
a hydraulic work, and also to a hydrauliclwork fitted with the device.
The term mal function is used to nean in particular an abnornal |eakage of
fluid, and also any deformation or 10 settling of the hydraulic work. The
terms work or hydraul i CEHOIGE ar¥YIERY, tANRESRTHEDVOF QﬂgEﬁEENGng wor ks such
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floodi ng, rungid,gabigh may be conbined with damage to the strength and/or
t he cohesi on of the work, after a period of drought, ground novenent,
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exanpl e, in thedadyiGatd e 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/or 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 soil being entrained or a defect or
damage to the sealing structure.
Usually, in 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 optical 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 | eak has begun at a location in the
dike that is situated high up and is renote fromthe position of the
optical fibegtotkhodudi Siwedensi iiée - anssT awmr@am%%r%ﬁem pR6mbaPr 2BE by
non-uni form iy {§ HBe §ebl surrounding the optical fiber, 10 a | arge anount
of uncertainty remains concerning the wvariation threshold tEat shoul d be
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pl aced insi dg 1beatibasihothe wike orted: imsiityyatedondghguroaadotker

techni que designate HRAehiker. carhi egigbhgctrirg wWire with a
t enperature ﬁ%% g?igﬁgépfﬁghFﬁﬁ%ﬂﬁgéni .e.}gﬁzn?g%%§%a€t§% in.the vicinity
of the opticafiditben,i singieséemmarathee adstigmesh nanpPeibérst B¥e over

time is neasﬂ%ﬁgunmﬁbgmikpi%ny%ﬂéﬂédﬂlkﬁﬂﬁﬁbﬁﬁﬁiﬁé théhopageaasifapetd, ui d
flow 25 rate (see the publication by S. Perzlnmajer et al. (2004):
Di striblPed #ib@?gﬁpﬁmeuPénﬁ%?é?ﬁ%%xﬁﬂégﬂﬂéﬂ%ﬁﬁﬁn?nc°%§8FﬁgF9ctéﬁgineering
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overcome, and i n pactinentaEPndkidvP i1l pokisibleses ougergceribralqiiPRry a
leak froma uork,;hBgPaht Le¥hds for monitoring the state of tubes or
15 the like conveying gaseous or liquid fluids under
pressure.
Under such circumstances, the cables need to be
placed inside the tubes to be monitored.
Lastly, according to another technigue 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 S. Perzlmaier et al. (2004}:
Distributed fiber optic temperature measurements in
hydraulic engineering - Prospects of the Heat-up Method,
TICOLD Annual Meeting, Seoul 2004, or patent
DE 10 052 922).
30 An object 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 gquickly 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 |east an optical fiber sui tabl e for detecti ng a tenperature
variation and for transmtting a signal that 1is nodified when a variation
of the tenperature is 5 detected, said optical cable being in contact with
said geot ext PFEVIHRAt Wildhnakndeasitt osen ops inede rastivlor admnriyingrati di ng
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covering thewiddtedansid i Maones ticd hendogkotBY¥3ENgs8permeabl e,
15 ligquid 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
phenomenon 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 purpose 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 making 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 fecourse to thick sheathed 4
cabl es, which have the effect of increasing neasurenent response tine.

Li kewi se, the gresence of the geotextile forms,a wal] that slows down
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connection Oftage that is sufficiently early to avoid endangering the
i5 integrity of the work.

This is particular important with dry dikes so that
action can be taken quickly and the necessary repairs
carried out 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 taking place and during
utilization of the device for detecting and locating
leakage, with the occurrence of a leak in a civil
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
geotextile.

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 provision can be made for ligating yarn, securing yarn,
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.
-Actually, the optical cable is preferably bonded to said geotextile by

- bondi ng means, notably by at | east one bondi ng conmponent. Anbng possible
bondi ng conmponents, 35 provision can be nmade for ligating yarn, securing
yarn, warp or weft yarn when the geotextile is woven, glue, a hook |ike
fastener, a hook, and | oop tape or. _fibers of 5 each of two geotextiles
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and for transnlttln g signal that is ormation of the
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variation in tenﬁ@rmhﬂwpﬁﬁﬂbﬁkﬁdéé&&iﬁwuém NENENBBimOGgebhextrgeat extil e,

by V|rt§g Ofu&@% 2Ry a%ﬁknf'ben f%rg%vers a geotextile or a sheet
similar to a geotextile in the meaning of international
standard IS0 10318 including a non-woven geotextile, a
composite drainage geotextile, a woven geotextile, or a
geotextile of 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
deformation of the geotextile close 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 simultaneously 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 c¢ircumstances, 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 bl e) and the geotextile enabl es
deformations of the work to be measured %y transferring novenents of the
ground to the optical fiber (cable) via the geotextile. 35 Likew se, under
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di agnosi s of thne makikageishBREFERIS QQ%ﬁQﬁ%ﬂﬂ3Fn %ﬂ@ﬁ?%@nnﬁ 8P r &°8r ound
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15 Tn another 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 moisture is detected.

In this way, by simultaneously detecting variation
in temperature and in moisture content, it is possible to
obtain a better 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 subgtantially parallel to one 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/or 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 nedium
-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 presehce of a plurality of optical
fibers (cables) that are simlar and that neasure the sane paraneter, in
particul ar tenperature, but also deformation and/or humdity, it is
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at a | ocati 0Beehicatha AeAleXt ! | hPalyld  No2a 20PE, 31 LUBL el 5L poe o L he 20
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measurement figrpossible to obtain 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
agssociated with temperature is placed at a location 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 be used,

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

el ectric wire or tube transporting a heatgd fluid) placed parallel to and
besi de said optical fiber. 30 This disposition enabl es anot her neasurenent
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cabl 6 of0sai BABpEFRARE LV peFoRE A Fy aeie (T AT aSBoLndBLene
geotextil es.ofintlee woch, ctocwh&t@n@aionmauwﬂns;ﬂﬁ$|¢¢Q£empiéﬁehﬁaﬁléﬁ

said Opt'cals¥%£85té§ cggge%hgqy.&%ﬂgy%glﬂsn i secontd gegbexkhles or to

only one of | n_anot her possi enentatlon there is no

"intimate connectI@nan@§hﬁ€eﬁmbﬁéhmﬂﬂﬁﬁﬂtbqtﬁﬁv%ﬁﬁi?%eth%eh?ﬁﬁPFFQQ f or
exanmpl e the tyR,ge0EEXFikE% ahG second geotextiles, and said optical

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

20 In another possible implementation, there is no
vintimate 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 conmection is
provided between each optical fiber and the two
geotextiles by different techniques for connecting each

30 optical fiber to the first and second geotextiles, these
techniques possible being used separately or in
combination. 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 disposition, the device of the
invention includes at least one 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 within the

. space defined by the two strips. Under such circunstances, an intinate
connection is provided between each optic%l fiber and the two geotextiles
by different techniques for connecting each 30 optical fiber to the first
and second geotextiles, ,these techniques possible being used separately or
in conbinatigﬁ.ee ¥usnsige exmwprectime corgeated B tdwhi eved by
adhesi ve, needkbbgxtheal - seakthng, i¥SiBIncd isPBIMAG tH itRs e é¥ﬂ§f©1 or
stitching bet¥§§§%%€e two 35 geotextiles. In another preferre

di sposition, e ice of the invention includes at |east one optical

fiber placed 9 fréefigrisstdecarpnnseahiee,t whencarnaecked ttvd kptical
geotextile, spig ilol t bt ternal strains. .Under such
ci rcunmst ances, . when %%e|§%§ 't§E g%tﬁggfgggg PhéPs U§Fe e #PH1CS
preferabl e tcﬁ%@ﬁ¥%vﬁp%ﬁﬁi%%ﬁedfr§§D§CC®MsﬁVtbwed mespectiev dijpdry amd

mononode f1 bady andrutyifodell t1pede fhbeh riBlbel hReLs,ALEalyaAgocous y
pl aced cl ose to(ﬁ%ih other. These two optical fibers of —different kinds
can be used POPSRASHIHY OF FFRFRNPEABT par BRBEEr §WOoPPELSa1f §iberss Ofi ng

thehsane par ahiet fear dntt kindsnﬁannfﬁfﬁgé@nf?ﬂ9ﬂ§gggggﬁ§ weekai-gues. Under
suc Ciqrcunsg it is p ible to performihe neasurenent usin

di ffer er%tOCtgg)es of“ aeﬁ'lp { aoflrce? Ss'eé g%méprﬁ?gﬁlﬁﬁ%%g %g%r ﬁf‘i“ﬁgpﬁﬂiﬁ‘e&@t‘"eéﬁ%on

t echni ques b&¥edséma IiE ffamantl Sned $ecement onethei uékl ouindetf eath Thus,
overal | and i} ReeRTEHICE Wit ¢ i I, O, 1L-Ls. pPssible_to select the
type, the nuﬁ%er, and t he ﬁbcgf?gﬁga%fg%%gg%h?%%g#é?igg%sgﬁﬁsPﬁgmen%

geot exti | e(s}PSeGY 82 HESramdpttes (9hcanpl brreet i ong ( tappiiandee only, 20

t enper at ure aperdefi@GMatiton ddteMMerct W ety ids ShaE8d &% the Raman

15 effect or on the Brillouin effect.

Thus, overall and in accordance with the invention,
it ig possible to select the type, the number, and the
locations of the optical fibers in the geotextile(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
location(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 solution 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 function, 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 making it p isible to provide a tail or-nade
detecting and 25 locating solution in a g oduct that is easy to install.

It is also possible to select the type of geotextile to match the |evel of

protection desired for the optical fiber, or tq sat i t he Iterlng
condi tions 0%01hetogpeufidl teFefndBEYSESREdSSE i tid ﬁ%ﬁ%??l?@ﬁ Y8 30

drai ning pr O;EJ&EIW@%M PaBeR¥enthenaumbin L, ﬂﬂ]ﬂ:arptaonsmprmmms es for
geotextlles re IcuI ted

f t f th of th
wor k. For ? PHF E?aBith&Frgg'% c%%ﬁ?éi%lrﬁﬁ?ﬁ%e&g@%%cggotextfles
are 35 generﬁmmqtﬂsﬁdofFsloalhgldewnf@mmﬁnmm athd ifrig teatenipehi ngt ak®d t he
b f
per meabi i {y, of ; £ 1y, 9epLOXLILe e3¢ opCAaialer @ JANGHHOM Ofnbligh

characteri st tered: nevertheless, It is known
that with nom-sbyendbabr Ebe DRELAGRSST tHRAL AR EHRIT T oHR  shoul d

preferably Ié&ébéhgbgnrgpggthfggw40 For the function of slow ng down
erosion of fine nateria it is desirable to have filte og&n ? ﬁgat
are smal| enough TB® ANBEREHRA ?ﬁ§°p£F$QHQQ399uﬁ %ﬁ%???dé%ﬁo ?%%8 f
Zuspenm on bé/%a Pgoéé@yhg;rrj@ugar@@taka@ealf&@m & atelraud i systlem tihe

etecti and | ocat i ui e r r 0 system
conpri s{] g aS%%WeC‘P Tt Bt Pné’ ?ﬁ%el of%arpt ?Ing dclrtai C‘_:\I)M)fﬁ"t’ ge&t?r)l/%e

descri bed abbvskagmel af thastypaedeﬁeasﬁﬁéhﬁﬂxﬂamﬁﬂkhﬁﬁé kemwlectRrd to said
optical Ti ber{n) f-%\grexﬁgﬁt\! ! Qﬁp}?gheg' CRLG Ve Ad &ldiQD dgt1hel SEapat and

transmtted trc 15 I'n addition, the 'invention also
relates to asemm@uwcméwaﬁﬁt 8By WeEH addeR AR S ¥H2 et ecting  and

| ocating | eakagesmi Proarbicuhar opthydnayiemork formed by a dike (dry or
' materg and in Mhlggltlog, the invention also relates to 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 to the air, is placed so as to be at
the top of the work.

30 In addition, the present invention 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 modification 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 al

- of its height. Under such circunstances, said device for detecting and

| ocating | eakage is preferably placed in tie body of the dike on its side
renmote fromthe water (downstream 25 side). Also preferably, said optica
fiber, which is glaced at a location in the geotextile that corresponds to
a zone situaPEdPELBYeCOpNEREes direstdivacad isuliaeatilbeatsatde top of the
work. 30 In agdbtkfpiikhe present invention achieves the above-nentioned

obj ect by a nethod offdetgﬁtin and |ocating |eakage of a fluid froma
hydraul i c work, whPftATSHEPRYd iF8ecAStaOde Ailped Makashdit Paagikke diein

tenperature idedetected by nmeans of a nodification of the 35 signal

transmtted by an opkj fiber ¢ ised in an. optical cable in contact

with the geotext@|e,&éggkma8§§Pc8?”§§8|geﬁéﬁﬁﬁlﬁﬁa ¥d RS g nst t he

geotextile 11modifbeanfosohnechedsdinett kyansmindieety urt epxaichl

geotextile. Praber abbinebbaTal Padc 2l S8, MKAT (k. ROSSIDLG 10 detect: S
e by neans of a ifrc

deformation of the geotexti C o ationto the signal
transnitted BPAFHptital "OFRrBEY b¥nActieatdngerrioy;ornidddinr ectly to said

geotextile, notably dyvdriagabhngny@hd: ndigkQie BoURENR! o@N drd the moisture
e signa

contenp_#H t eogé&éﬁin x&ile bg nﬁans Ofig:nDdelCatIOh int _
transm tted anopt1eaty iTBePs cBhndched  diFeetry 4R thfdededdly to said
geotextile, rotalsnyyed by gani ogtiyal nfikkhecoatdeanbagas reedly or
doscr i ption ';‘é%i?%‘*ﬁ%ﬁ'ﬁ’%ﬁ%ﬁ% S EREETE  nobRRTBy foliRetine
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
yvarns 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 |ocating | eakage; Figure 2 is a
cross-section view of another enmbodi nent2of the device for detecting and
| ocating |eakage; and Figures 3 to 7 are section views showi ng a 25
plurality of possible uses of the device of the invention for a

wat er - r et ai nvagngi kee Wephidereflente le§ALIGH el OF, ROl ige CePRPRGRES
detecting ange | ogatipgal,eakage conprlses a geotextlle 12 haV|ng pl aced on

its bottomsurface a plurality go nutuahgy alleugﬁgi ers (or
cabl es) 14 which %?%OrﬁthnﬁPeP§°E RePPEF T bondi ng
neans for medyédébt §1€xapphegbydstibehiimg uered,i gaiu:rtgal ycmhskea&fl Asran
equi val ent ptic cabl es an b r t thin a
woven ge:gt eﬁ‘?%‘g Aot g%?y Bogeﬁéﬁ%é §¥e§1e§§1 ao\/\fgﬁ%ﬂél ddﬁ%i FPoW i ng of
strai ght warinstcansér 8¢€) owhivhehashbegootensrad Lx;&nn@#ﬁ QY@¢ME$% 12

yarns are c r g ( @ ) @degh conponents of the product.
Accordi ng tgﬂéﬁg%hgg g@%%?b?F Es 8 @ when a . otextlle of %g%Id type

i s used, optical %%@ﬁe@ Eﬂlﬁﬁéd Qrgﬁu§§96h9ﬁﬂ§§ﬁﬁﬁ ths 2954 f the

coating (forjd r@é:ﬁﬁ&@eﬁ)v@f whi;ehahagabeeangensifal lyasm ead @a&&le$ hethgar ns
or snall strips, of t

which %% cdﬁﬂﬁg%ﬂlo?aégéégﬁﬁnmﬁiﬁo E &E?%kggﬁﬁéa%feca%?es§§%%§ igused

opti cal cablaﬁecambﬁieobpethenmegatmnghyammhébnmwng;kﬁseh@ 4 abrie ®f the
| i gating yar o itself a yarn of the fabric. In another enbodi nent
e b iR

shown in Fig device for |ocating and detecthg Ieak%ge conpri ses
first and In another embodiment shown in Figure Z, e device

for locating and detecting leakage comprises first and

15 second geotextiles 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 . gtitching 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
. together by connecting the two geotextiles 12 and 13 together by neans
that are again constituted by a stitchinglfarn 16 20 in the exanpl e shown.
O her nmeans for assenbling together the two geotextiles 12 and 13 could be
provided, in particular neans selected fromthe follow ng: adhesive; 25
stitching between EREVERE OfesBEXElSSs bER Myt T qqnqﬂatlmmlame|f the two

geotextil es 1l3pandal3cangemade v r
result of neItF glghecfacf t&??ﬁ?ﬁ? ﬁﬁaﬁﬁgﬁﬁﬁg#giﬁ?Pg %%g df%§§ %%
using a pl uraf’lflay f BQFr% fagiComali ELENF C{{?l%éﬂiﬁa@l‘rg PEATH i ded

rﬁspec¥ively anyhob?ekﬁmeass kaha?@@h@ﬂﬁk@géﬁ¥ﬂﬂgﬂi&ﬁ?@@rMbﬂgfﬁﬁﬁédonS at
their free e o " Ve " i stered tradenar e

plurallty of §g§Y%S |% e H%&?ﬁrfggg? aP§a§§lﬁ%§BQ£ﬂﬂ%ﬁe&Pg éﬁastapllng,
or by stltcﬁpﬁgcal3cabievﬂélon tae absaehalﬁmdazf@u~dﬁnnﬁﬁtung t he

opti cal cabl egdfripenl ¥R g eQ And 13, for
i nstance, by neans %f rgﬁam?%gg g%ESmBWQP% ?é er ans‘%or assenbl i ng

such as thoség%EFEW%h%%ﬂ EZapBdel3tn this latter case, neans for connecting

t he optlcal cablemi4aﬁp éﬁéngeobgébhéﬁoﬁzcﬁh %é @l gb%ord'&k?rent fr?m
I'n any even

nmeans assge iﬁh %Eﬁher the g textil
prOV|S|on can or€ ?ﬂﬁlgﬂecﬁ f c??ﬁ@e?ﬁcﬁﬁﬁqﬁ@ou§€@t5€¥ﬁééﬁ tife two
geotextiles HEhd did i3 e dephppdi edepvehet batepti Fachiag RGcdeas ¢hd he

two QGOtGXt”ﬁ%%:5%6H5ke£ﬁe§rl§|§§difB?tSLpglggrghlg%rlps parallel to
the fibers of the geotextiles.

In the description, the generic term "optical cable"
i5 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 is 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 to 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 24. 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 receiv g tightly in a sheath, or an
optical fiber nounted freely in a tube, g a plurality of optical fibers
received freely in a tube. Reference is now made to Figure 3 show ng a
first 20 utilization of the device 10 for detectl and | oca ng | eakage
that enabl espvacehpativutbensasirentiony B Sk %fi %‘Saﬁm opt T cal

cable 14. A (yeies ﬁtﬂaﬁymo%@amh@sp@&tl@@ﬁtermﬁdmg rL&tdezsplalu:@ full of

water 22 (to the |eft t f 25 "d
24 (1o the r9EMERSIWEHEIEIHar 6 RAMERTFS B FERTT iy BRD Bae prorSet ed

from any oveshtompof the water 22. The di ke 20 extends vertlcally bet ween

a dike foot 201 fndtﬁhgogbggé 5%89P2%8L¢ﬂgeaé¢&égu¥q] edhg two 30

spaces and 24. ér to kee eV|ce 10 firmy
pressed agalgsmteh91uemm§tceanegtaget@fa-ﬁm@GiGGQHﬁkﬁa&03 uhtler the

space 24, groiind, el bt (0d:o@0,823 DeeA U IWHA Plac@nsi deremdss up of
sand and/or grav

rocks. 35 A device 10 for det t
| eakage is k@%mgl6h@dm§6ta§eP§1§éV@rtphéaﬂhﬁﬂa%ﬁetrﬂFCﬁﬁ% %%kang gca N9
Lg:ﬂg;}?sm& h?h%@ﬁcEa@gtﬁéomﬁﬁbéﬁaﬁbih(ﬂg@)f Ct@reelrﬁmméﬂrem aclomal 6§ the entire
| ke substantia zont al rtion
ext endi Hg uﬂ@@g 1Rk ta?oaﬁgewg Pofiethg oﬁ%ﬁd% ?%% §gé%e %g ébeyond t he
di ke foot 20dcabidn WhesefthetgemammUaAarﬁgnmanaxbamﬁconprlses a
geotextile 12 confgcﬁfgugg 3 SEB@E% ?%tbﬁgl gﬁﬁhﬁl14jlg&&éﬁmé§l§a1y§;ed at

a location that is con sensitive to | eaks, i.e.
at the dike tﬂm@tprrzmgamonh@fl @mé@takpduaﬁtr%\f 3tQ‘?e HMEL? bR EFSPe of the

10 body of the,dike 28 fastReqt Rarspate t2 diks 20 Wetween 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. In

20 addition, this channel 28 will normally tend to become

' larger because of a regressive erosion phenomernorn 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 into 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, diagranmmatically, the propagation of a |leak (arrow 30) along a
: Ieakage channel 28 passing through the di ke 20 between the spaces 15 22
and 24 at a medi um hei ght up the slope of 1fhe di ke 20. This channel 28,
whi ch has been excavated by water 22 flowng fromthe side wall of the

di ke 20 facinﬂ%;he space 22 (upstream slope), naturally slopes downwards a
little from the2kpgeechanygelngst ener dsoulreds paderby |si o raddidwron, this

channel 28 wipn0&eh! ¥rt eAd @ Recone | arger because of a regressive
erosi on phenonenon_that takes ?ace essenti al lﬁ; besi de the side wall of

the dike 20 that ?%%Ee%%?dsl{lhédém}l%aé@ shigdamie cdamluigipe) . 25
'Cli'hﬁ gggt exti Iaqdkimflﬁgf@@ﬁﬁlQ@gﬁéséhbégék@»glbhe t%%'Gbe%fetet:Jﬁ#qu)ﬁ of the
i ke the jnterface wit oun verthel ess, in
this exaﬁ%le Gt §F AR ol g E@lﬂn{%rfﬂ@ B&gngF WRVERT itHAE fHE%Seot exti | e
12 at the outdlend ridme t heakagdk agieaghahn2B aBWnntbheh%OO@Q\M&%Ilr ealsd ope of

the di ke 20 fy Li r fl.ows _al ong
| eakage channal’ Wt?eg%}ﬁc%rf%m%eo? {:g%efy}g%e%ﬁe 8E1Bk 2RGN" n§§1et he
particles of B¥fiSesiR ehtwakespehstoa davine l@akagehlnbaMhelfzaeMylﬂhe

flow of waterhathus dgdies GeMExtdt e 1io§§t£8ﬁ”§l€uhe‘éa' ak! thle” kne with

t he Ieaﬁﬁg hannel %f t hereby |i low rate within t e | eakage
channel ~28 Hef h&ENt W?W%*F%%lf{’hgu%h% dPuRY thanithel eakage
channel 28 amlgmuraeﬁ whihgr efhye sl@az\kange d@h@nn@xpaaswns@f:uhh@dl eak.

Furthernore, in addi t hi role | u a
regressi ve erosion, tﬂlr%fykgeo e>é Sqentff %P%%’%%?@%sﬁg g%?gn ﬁg{lagieow 32)
t he wat er thﬁtelﬁlcé\ﬁsl:alﬂmljﬂtm“e dagnkegenadanmel a 28idole bo nhétopaiyeal cabl e

14, ther eby seRvig0cko ARLEAE IdhasE | gBoabeul1Lhe, RhESERGS Of vater

in the QEV|ce 10 rea&hlng the fiber
geotexti draining geocomp081te including a

geospacing draining core of any kind, or any combination
of those structures, and in particular a composite
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 bottom of Figure 3 also shows a detail IITI 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
(ITI A) at the bottom of Figure 3, the optical cable 14
is a multimode type optical fiber 141 that presents a
30 sheath l4a tightly surrounding the optical fiber 141.
This type of optical cable 14 is generally used for
performing temperature measurements ugsing 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 nade of a single or nultiﬂé&er non-woven geotextile, a
woven geotextile, a knitted 15 geotextile, a draining geoconposite

i ncluding a geospacing draining core of any kind, or conbi nation of

t hose struct bhesfeapgriagurs i diteg Wﬁ&ﬁﬁwﬁﬁﬁﬁ%@n%@o%@xF%?esﬁﬁﬂé By -

associ ati ng éh{lgegh%ﬂ% WO AP L pa éﬂ‘bé@écﬁt@Qltﬁbméof6knﬁa@ﬁbhgs
The association of 20 reinf or0|2§%cables gﬁgallel to t%e opgbcal fibers is
i nteresting #BPUBUERENGTERENGEOEX (A 'R TUFR ERBndt&Et Ped or set up,
for the (un)rolliggaer, sWRIHCR e eidtatyesechanychl Béreﬁéeﬁatbbd opaitca
cabl es. The bottom of Fi 3 aI 0 .shows_a eta er
scal e correspBhii R§2SHT Fﬁ?nﬁo Rqﬁ§%éklca %a%?gh Rr %%%ge

vari ant enboflhnentier ko Qmwd|auﬂlndmaanmonnﬁhmhn@nleSHOMﬁ pneﬁﬁétléﬁt

(rrr A at t ott.o ihqur e b e
type opt i cal SPPRor oL RPSeRER Y cdd A GBS, RS Srchrpr e g

t he opti cal iﬁbeecgﬂﬁarYThﬂ§-ﬁ%ﬁemﬂsQnﬁﬁkﬁﬂcﬁ%&ﬁ%¢4ﬂt%§n§en§9apﬁy89§§d for

per form ng t@HPEéQEHE% A &: S A NEd hEn &R ngh Oei¢@¢tthbméby such
circunstances, it will be uyn erstood that, 35 when t a ches the
opt|callgabl@aﬁangal§|€ﬁﬁﬁl tq, Jaks itdie W@?%ﬁﬁ@?ﬁ?ﬁrglfg gi?ected,

COFFESDOHdInﬂltﬁouthﬁavahgaMemmdrﬁsMﬁﬁ1Hé&timmmmmatﬂoeeointWEldthhEO and
16 the tenperature oftthe contained in the space 22, thus enabling
a signal to Beegyeated sdart 4 e for war ni ng about the presence of a_l eak
t hrough the dike 20. tbedeecsuch vairicamtstemadinent wwhowheinngbesidsdlehat

5 this measuye nﬁ)nsed%htaobwt%%ﬂtoﬁ Fildukdigh PLEChStoBali BaBlLEE4t O give
an indication that a leak is present as
ig made up of a monomode optical fiber 142 freely
surrounded by a protective tube 14b. This type of
optical cable 14 is used for making temperature
measurements by using the Brillouin effect.
with the third variant 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 two optical fibers 141 and
142, respectively of the multimode type of the monomode
type, which fibers are received freely in a protective
tube 14b.

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 one or the other or 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.

Clearly, 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 is 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 without having recourse to heatildg the zone in which the
measurenent is made. In the second variant enbodi nent shown in the mddle
(111 B) at the bottomof Figure 3, the optical cable 14 15 is nmade up of a
nononode opti@alamibedimdzibneebmcsmndngnMMElmﬁmrqﬂaﬂdﬁﬁiwmtﬁube 14b. This

type of Opt'cl%lf'i‘h&é?' §?Eiel _sL\,ﬁs d.f of smaki ”%etveirép uretrlﬁaen gﬁeﬁnts ?Ke

using the Brillouin effect "The°thit g varian
right 20 (II? %3 at the bottomof Figure 3, use is nade of an opti cal

cabl e 14 made up ohetupefbbl s3l nbibRhaclil #idurbd AMRECHNE ¥ Of the
rrultlrmdetype ofé ngorme g ch fibers are received freely in a
protective tUBE IApItH51FREIGRES nE@eofief’\%ﬁet yledost defacddmd iased 141 and

142 mekes it posstihe 1eakake, teﬂmlsnahgraomaaumﬁ@@tr&tWe e A i f ect
and/or by th I ect. Under cunst ances,. dependi ng on the
avai | abl e eqﬁa}rgﬁneén@&c%rr?ﬁ%% %%1 Ifl%a%'ﬁﬁe%‘?nfghgoo%’ﬁ’ep% BBER of the opti cal
30 fibers 14Fiamd darpecusly sbyposeans ecfit aahyndbeedt aifid opwiitchdutcatlysneed

Lo have a df iaianlafley| €f L0rnt germe nbbe HBESUCETRALASL SqnSi dered Lo be

t he nost SU|tabIe techni cal ['y and/ or ‘econo early, ‘'under al
ci rcunstdhces, t hé T vid @RS F IDBEOR Hae b} c&hecémﬂ@ refgrencenséoned

respecti vel yatr@z Aasdd g ©Bdd aisadhbova M@ﬁ%@ﬁﬁ%né@pltba%%uﬁc'&o@ shown)
enabling the %%S t hat, reaches it to be jnterpreted as an

i ndi cation concerm|%§%§ﬁa%ka %ﬂ%ﬁLﬁQ@%fa¥ﬁethﬁpF?§§P €86|@nix i.e. of the
devi ce 10 at eflemeditice tfrot di20fler Rifan etitesésofiovhanderse Grguhieadivhi ch
shows a shown in Figure 3 are described further below.

15 The general arrangement of the second utilization is
similar to 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 (to the left)
placed tightly in a sheath 14a; and a multimode type
optical fiber 141 (to the right) placed tightly in

30 another sheath 14a.

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 cdl es 14. 10 In the description

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

el enents that difUedefr smchhode comsttiandeas stitutwill dee oanderstAcAnthagure 3

are descr be, LUpLber ool ob5 oEhe genes alndis aRSTBRbeSI othe second

utilization s t hat first utilization, with the o Iy
di f f erence |ynﬁgrmﬁt@ﬁ@ 9§edﬁéﬁam93¥sﬁ%ﬂﬂﬁy(ﬁn?caﬁh%aB?%peiﬂtuﬁﬁta

bundl e 34 of -gat heabraaklies, 1féna\b4“.UecfumJ éhonendl teys hoeatariat the foot
of said dike,_at the b%@ on120
h

wal | _of the.dike t ces
towar ds Phe Bpage ist Qlc‘:f@vm‘? %eslti‘ﬁ)te ST PR L@t gﬁgggs(:ghom in
four enl ar gepesisdef motrke idetdaiptH Worsieweriatg vari ant enbodi ments are
possible. 1In the f|r var.i ant | ef.t he
bot t om of Flgure g@e?&ﬁb%%lV%E%%H#n%¥b§ﬁ§mggé ?%gﬁ%dgautﬁé EBébnE
optical cablpssitiphadedmsitiie &ﬁfumaﬂathﬁrﬁﬁﬁm@@eofy5é9669|éal flber 142

to the left {1
Opti ca 11 berSiHEEES HudB, Yedlid AN o Hade g M‘éﬁ‘g‘iégéﬁéﬁfh 14,
4

Under sb@h cFW@uﬁﬁFéﬁéésCapﬁésnéﬁonﬁﬁé%3&%@?) ?Qﬁﬁlt¥F% oper ates by

the Brill ouipogbheat apdichlsenves 142 neasuiies alyfdefplaacdondgbtlvhe di ke
20 via deformati ons oﬁ textile 12 Ie t

e geq i 3 ptica
fiber 141 optFafeSPBHT hgﬁﬂanﬁﬁdeﬁfgg?“ﬁ%%isefx%? %F%%%sg?gg 24
tenperat ure platbdsfheedht ineweltubfe tiHd @uotExeiteohiv) . 18 Under such

¢i rcunst ances, | t}d‘i" L s Re 4ndenst 0gdd e ddie PesSéPi 142 Yynel aobt ghRilgg
these t¥§ tyfgsthe sheath l4a serves to measure deformation by the
Brillouin 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 14a (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 monomode type optical
fiber 142 (on the right), this second optical cable 14
serving to measure temperature as in the third variant
30 IIT C of Figure 3.
In the fourth variant embodiment shown in the fourth
and last position, on the right at the bottom of
Figure 4, and referenced IV D, use is made of a bundle 34
made up of two optical cables 14 together with an

35 additional wire 15:



information of different kinds, i.e. the tenperature and the defornation,
.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 pdSition fromthe left at the
bottom of Figure 4, reference |V B, use is |ikew se made of a bundle 34 of
10 two optical cables 14, this tine constituted by a nononode opti cal
fiber 142 (on the -Iecﬁm)t@éal:eﬁtti@hhbuombﬂeatij’@éabbtlﬂ:&,l Fithex MUQBONDde

t I 4 C 4b e r| ht) In this
éigﬁpfg Ifﬁezaggﬁia}tf?% %g $§ %t%h}?ﬁ ?Tgaﬁﬁrf g &R 2 4QHS§WVes to
nmeasur e defoﬁhﬁlﬁﬁilﬁpwinee€f$¢¢bU|n effect, while the nnnonnde optica

fiber 142 placed fﬁﬁ?'&hérhiiﬁiéUb 18Pk 5y éeﬁggglnen?§ g&n %g% r?L?:S

by the Brilloyin effect. Int third varran
2% p05|tﬁ%n S FERITDH? TPRieement aper prwef\by, theeleifs bpkawaie

made of a bummeaqmcbe piY B i wtméllSOCéQiﬁéd14heIEe§5'-Cfﬂgﬂgxb
firstly once., de optical fiber 142 (to the le pl'aced
tightly in a® sheaﬁﬁ lnﬁ%gnéégﬁre def ormation by the Brillouin 25
effect), and secondbm.ahﬂnnaghﬁa(antdﬁmeI4mh&écéhaingreﬁﬁlMﬁﬁlb&@ optica

i d
I;g:ripaﬁcgrkab g? %ﬁ%ﬁ Ye H%§é30péiﬁé S %%g %%1 %%Igﬁﬁbﬁﬁ o

servinglto né& uﬁem9€@ﬂ9@ﬂtﬁM?Qmﬁnﬁiqakaﬂibeﬂ V42 i amt th@0right C oheFlgure
3. In the fogébbnﬁabp@atcaqmwz@rm Sé’éaém @%éé’éﬁfé‘ Eﬁrﬁ!ﬂei&‘éﬁ:@"ié“ on,

on the rlght at BRottomof Fi gure erenced usé 1s nad

a bundle 34 * o mrdﬁﬂtcglncéjoqus Fljﬂ“f%eiher with an 35
addi ti onal wi re 15n tBesen fole k;afzﬁamsrmrimeww Ot £t odd beRad 42

pl aced tightéﬂéiﬁo§s§B§§Eleé§ CaRasy; i t ef?iﬂggerent)%inds of

15 information (temperature and deformation) enables the
phenomena that are taking place in the dike 20 to 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 of 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
as 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" nethod, previously cited; and on the
right: a tube 14b receiving two optical 20 bers: a multinode type optica
fiber 141 on the left 10 and a nononode type optical fiber 142 on the
right, the second optical cable 14 serving to neasure tenperature as in
the third vaghapt thbkeCelbmEngyr @ hdt lard hiskfdoent Viseimgtdesctibedll be
understood that the possibility of obtaining two different kinds of 15

i nformati on Ptefferature and deformation) enables the phenonena that are
taking place in t Mbedigkac2@ 1t arangeowegsarf Hdtiertbrdsutbl pravige ibre
n-depth mopi {orLd.oThe RALY &1l e RPicel; £2D 6 UsREwh Ofnmeasur i ng

20 deformation TS not restr e ment1 oned above, , and other types
of optical cBbyereaf. b@lﬁbe&hﬁj@ﬁﬂa’s diffmrenrii Hei e el Bf UDHRI AP Tf fber s

wi th Bragg %fﬁgﬂasbmamep@mt b@ub@rtl%%n m@m A2 84#uBFiplRefeyence
i's now made to

10 for detectfwg- agége?ochuW@rﬁggﬁﬁﬁénéﬁgﬁgéﬁg% légfilogrg?ﬁiss gﬁVlce

negsurenenf tﬁ?ﬂ ardeﬁmgﬁahednnﬁﬁa@mmyﬂaﬁ ﬂhntﬁb@@rdbrhbd dskeuﬁﬂanabusly,
and at a pluralit ations.i,n t t S luralit

of bundl es Sﬁh%fb§688ﬁt|§ Eh@agﬂgs %’ gﬁ%seégf%ﬁa%fﬁ%g%% Itggagglgfferenty
| ocat i oh® |nth®esgeOEe2ﬂhlbptthé§@ @&MmgwﬁheISkﬁﬂ|W#%l @5rF%§p@ﬁH?naoto

di fferent hej aEBQthBetﬁbd%§W@é $4 0f the dike 20 that faces towards
t he space 24 s ream sl ope). 35 In the description bei t he sane
ref erence S|gns L) Fhé§eeG§eda&bé@@“ﬁb§#§ﬁ§¥% #?é& %. %%;n with 20

only those elei®Bp§embhel 2e€etichbedew, keiwgrdleseat e 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 also for each of these

25 measurements to be able to 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 Wwith reference to Figure 6, there follows a
description of another variant embodiment in which the
device 10 for detecting and locating leakage is placed
not 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 arrangenent of this third utilizationis similar to
.that of the second utilization showm in 5 Figure 4, with the only
difference lying in using not a single bundle 34 of optical cables 14, but
amltiplicity (tw, three, or nore) of Bdndles 34 of optical cables 14,
that are disposed not only at the foot of the dike 20, at the bottom of
the side wall of the dike facing towards 10 the space 24, but also al ong
the side wal |206f eoherdike dévitacifg anﬂaadsotmewwmﬁredhmffﬁmtdﬂésdﬂKb as

shown in the j@“(t@eﬁﬁ%lngh@”kﬁrgﬁgﬁg gheferenced V, several variant

enbodi nents are possi or eac the bundl es 34, and the bundles 15 34
may be identical of?tHeg ﬁﬁyrﬁhfﬁé#lﬁﬁéﬁﬂgnesanwmhen Figre @r.editeel y, four

vari ant eﬂbocbé@tféﬁtﬁ]:@ mrﬂﬂt:ﬂ@éesret‘a@tea%ﬁthﬁ BeYiBel of hg bot tom of

Fi gure 5, ctlv ntical to"the four vari ant” enbodi ments
IV A to |‘:\/ D tt:ilet-slﬂ:(ﬁ ‘g %‘X*?Mg 050CPELERENEBPLESFildur éhas Mmakimds

conf|gurat|omtt§usgmm$ent@ @ﬁt@;nnﬂhatabtﬂbhy @Bnbéﬂﬁhﬁ@ $bmpRketulrle
possi bl e not %ﬁi oé& équgrature and g ﬂatlon at each of
t he Iocatlons of % : eRF R 020 PRSEH PhEQe Mg Sture
neasurenentsmﬁiﬁﬂiemﬂniscf@xk¢n¢hy0fhEheoloeapmndsngf Losabuadlel e di ke
20 (and al so gligredyse ddis, | & q&r tgg élogh eggggngéag %lgh e om

u

converg ce bet ween the geotext e the S redu0|ng
the ti & & ¥4 Get ecti on and Iocallzatlon) 30 Wth reference to

Figure 6, there f aiHienss s i Las it d Ofeef ﬁé\%@@ély rhﬁﬁh@ﬁ%@@' BBNEhin

whi ch t he %%%e 1Q %f de&i 1“thghfand Iocat|Q%§l e is E aced not only
over the sidé-wa & i %ﬁﬁ*ﬁP?o%%? r?ﬁ% Shi¥el¥aifdownst r eam
sl ope) and uﬁdemrehe3spanb*@M- 35 as in the precedi ng exanples of Figures 3
Lo Si DUt also akmng Uaelon (Geatnd®l (o ey dbke.20nalbe: 053RS

meighting 26 then extending over the crest
1 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 slope), 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 making it 49ossible to obtain indications
concerning tenperature and deformation neasurenments and possibly al so
moi sture neasurenents for each of the |ocations of its bundles 34 along
the top, on whéldpf shdediked 24l dmafownstovennds rope WatererdtR&N20DY This

vari ant enbogéﬁggtzbs(%%%%&%%wggﬁkj ble to the second and third

utilizations Wn respéctiv igures 3 and 4. This_variant
enbodi ment nust aF9s B&LSnEVFOSR & Sel GHE oHipadcFREeanbt ARY &P zati on,

i.e. the sitgdayiopohdraM G RGN PRl AgpiRatl bihade, obLayadl es 34
of optical cables all alon%g%ggﬁfevice é&H{or detectin g$g Iocghhmg

| eakage eovePREETIRS  eFTAE e £ Bhow S B gar R PT PR RulPi t ude
of individuaplyceapaeatvee20 towd idkatiwall®sfdd déaecaiegpatdi hboapliage, each
serving to performte rat ur. re n d ihe i

ref erence to-FRYOFE ?pgfﬁh§hgﬁ%ﬁg§%ﬁgb§g$3%1 t %%eﬁgogﬁégéggtggr&%?gthe
present invehbeoapace P22, althensknesatedtoinactieledeeianot AefOEonfi guration
(not ‘shown) a8 waLeh %hfaftlld&%tfirrﬂjﬂléah@a%e@bﬁ%m@ﬁy%@M@;t&tfbﬁuae 3, a
single cable 5 I'S Slaqed for neasuring tenperature_at different |ocations
of the §Bot ewdfPE thakl difg e W Gt Gie tHeCIFe® vaf | 20f®2Fhe di ke 20

facing towards thenspage 2bnftik@rdmanst,r eamHowh ope) Figarsuth ahemnner as
to be able tQ identify _the , |ocat.ion _of.each of the t rat
neasurenentsgeVﬁE?e}bnégrié%%ﬁﬁahﬁﬁBQQQ '%ﬁﬁ%?%gwﬁ?%ﬁg§§o§ggé§ Pfth

utilizati on dbngrheudéniaddyl@lomy détectidey waldl ¢HculneéngikeakBgéacingwhi ch
;ggfnfq e, UAS.EENECEnkS sfAke 32 ML ifor5d %Al £106 bherdike 20
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 possible 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 both 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 ghown) not only to measure temperature

35 and possibly 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
hydraulic or asphalt binder, clayey 5 nmat@&gial, geoconposite clay liner, or
a geonenbrane 36 is placed between the device 10 for detecting and

| ocating | eakage and the side wall of the dike 20 facing towards the
space 22, thesebh peassremrytt Heedefiore ek@nidre dit €ctilty eem) |acadddlg

| eakage fron1@Pth§ngﬁﬁa§bgn3gf 10 water that is not due to the presence
of a leak. In this configurafion, as shown in Figure 7, the device 10 for

detecting and | ocaf FhENPEAREGe axeagas Ot@ﬁglN@mu@ﬂﬂ%/uhanuynéuaS|de wal

The 15 fopt A0t o The" i EeRdEnbIBoRREEE, 2 Ihe PLeAly, MRIeAbA St over
geonenbr ahe @i% %ﬁﬁﬁFVege§BﬁH thelfaRPrsibleeitghtinsienthe device 10

al ong the t(Hriiﬂﬁbxmfﬁ@)fﬂﬁér@fcabhesdlmad%ngaﬁglgh@Q %@Q§{€ﬂ$elspagf %2)
Once nore, s I S, are possibl.e 20 the optical cable(s
14 present ﬁy He d%gf k@g{géﬁ %%en?heaﬁgWﬁ e %GIVBF d&tEct i'ng &Fd ©

| ocati ng Iea@%ﬁ?re@aﬁﬁrﬁﬂkﬁtﬁmeﬂ@iugeanﬁaSQE|agldmhesalmmﬂwhé i4 a
plurality of wseparaif optiofl gables 16 FEASHELBE:; heMerRAtue Al i fferent

Iocatlogr a SIQ%-G bundl e 25 optical cab asuri ng tenp rature
and def drhat ilGRKEH S Dokl Qbwh +h Prgorethe gepreraliiley sof 1Burdings 34

of opti cal cabnesékﬁeﬂ&iﬁgﬂpdﬁhiméb ﬁ@”@ﬁéaéﬂtfcémdcaﬁﬁégrﬁ@t'QB (and
possi bly als |st%y%) at d ferent koca ons he device 10 for
detecting an&@oe¢atiig Kade® 12 %thIB°%§19%§eWUééetH&?tﬁﬁlﬂﬁg
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not onlx to neasure tenper
5 damaging the optlcal cables 14.

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

20 independent or simultaneaocus 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 caiftext of the present invention, it
5 shoul d be observed that it is possible to insert reinforcing

fi bers/cabl es (made of polynmer such as polyester, polypropyl ene, aram d,
kel var, etc.CLAIMSr of other materials providing a |large stiffness nodul e

in traction) i .devi 1Q for i ] L Rg . he in
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installing thgedeyi eentif@s delRuiddie and | pEpthAgvigakiagerAnasite, to
be able to unroll the sheet an%ﬁgyll on it wthout 15 dagaglng t he optical
cabl es 1%. Thea§hr PHEs Op&L&REt SO IRt Dn POV RY n@ L pafEF EufEr

t enper at ur e, ot sbgNalFibepr qIeNlt,atliaze afui tlefs nBoE ofletaodingi ature) can be

nmeasur ed conti nuous or__di.scanti nuoys t_times. 10, tl, . w1.LA an 20
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anount of nu overlap, or el se spaced apart from one anot her. Wen
usi ng shlcedgeapartideri(gg) it is envisaged that they be in contact with a
draining | ayer placed under themor over them the draining |ayer possibly

bei ng made of granul ar terial such as sand or gravel, or of _a.geotextile
or simlar Sﬁ'gﬁeg?Vlfﬁn?éﬁAlﬁgch qgﬂﬁ?Xé%ﬁkﬁ ?brc%%¥%gg?ﬁbz %gl ocating

fluid | eakagehat said optical 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 geotextile is provided with at
least one another optical fiber (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 deformation 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 fiber (141, 142) suitable for
detecting a variation of degree of moisture in the
vicinity of the optical fiber (141, 142) and for
transmitting a signal that is modified when the variation

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 bonded 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 transmttingba signal that 1is nodified when
a variation of the tenperature is detected, said optical cable being in
contact with said 10 geotextile (12). 2. A device (10) according to claim
1, characterifédern (tldat ddi2d Qpbicedl sadldtear(thid)1ls georlerkl od hene
geotextile (1g). Ry, bonding neans. 15 3. A device (10) according to the
precedi ng claim cﬁaracterized in that said geotextile is provided with at
| east one another optical fiber (141, 142) suitable for detecting a

def ormation of tﬂedg@%%xt ub@ slce%%dfl |e d%ahen tqf]a' ﬁﬁ%éﬁ%a 142) and

for transmitting a si IS nD ormation of the
geotextil® (423tigad t@@ﬂ:éﬂal4flhe§§v@e’é‘ CIroMPast Sragatdian gt tHerleast

precedi ng cl abme aﬁt@baaaes_gérzgdnamet h@u Sals@mqua:ué e(:m Homiged with
at | east one not O%Dk i ber 4%2 suyi.t abl e f detectlng a

vari ation of gFﬂFéOFnOFhéhevg g tiHe oﬂ?} fiber (141,
142) and forchz&smmmﬁsngoaaszgneloﬁhahelWOmmmdem:mh@mﬂﬁniﬂuﬁi&ﬁion 30
of the degree Qf, dmoisture is detected. 5. A device (10) according to claim

3 or 4, characterlzed in that said at | east one another optical fiber
(141, 14) is bonded to the geotextile by bonding means. 35 6. A device

(10) according, tx C?é‘\Y:L@é £0) NgcEb2iiihg £BALAG! Briet@diny (3l t has a
plurality of tical & |ber§%él41 % pl aced substantlall%_parallel to
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(14 141, 142) transmitting a signal associated with
temperature is disposed at a location of the geotextile
15 (12) 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).

10. 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) according4f any preceding claim
characterized in that at |east one of said optical fibers (14, 141, 142)
transmtting a signal associated with tenperature is disposed at a

| ocation of tBe Bedesitel 105 @rZprdiinch e dlpiam Zbned s¢¥xubed close to the

air. 9. A dey éfgcééggz@ﬁcghd'tﬂgtt QAT YUl ‘f:ﬂ:% Needn & é@mﬁ)ﬁt@éa&{:e” zed in

that it furt I nc es at | east one heate ongi tudi nal el ement (15)
pl aced paral }ersti eneardopgipgsivagisdild®loptical fiber (141, 142). 10. A
device (10) according to any preceding claim characterized in that said
opti cal flber (141, nnnogﬁ?e fiber, or mul.ti mode fiber. .25 11.

A devi ce’ (1034 ac%o@ﬁvﬁﬁetéigﬁyaﬁF€5 %y @ S0 ar%%?%???%ﬁlFﬁdtﬁﬁt it
conpri ses fltﬁ&taﬂd saeondesgeaat @xhisiteor{el datnic-dlB)filsend {4t hadlsai d

opti cal cabl a3l Begehod betueen, G, dddely andusecpngh gophrxell es

30 (12, 13). fﬁ% &vic ccor ai'm aracteri ze

that said optmcahecabbeekmiielélended to at |least one anobng the first and
second geotextiles (12, 13). 35 26 13. A device (10) according to claim 2,
5 or 12, characterized in that said bondlngﬁgfans coqgrlse at _ | east one

Ilgatlnboyar%5(l%)SY§t§@ fardegtesting) aaxt WG D PRI, °Ehdract eri zed
in that it #ngladesoat al ﬁ?&ﬁ:aﬁmﬁcoﬁbﬂ@ tfheb%’ys(t’lén Helilng 142) pl aced
freely insidg a protectiye; bubg.t14R) DON9RMs 10 4R AEOL £ 1 Ecb8hng
to any preceding claim and at least one measurement
appliance connected to said optical fiber (141, 142) and
15 serving to indicate any wvariation in the signal
transmitted by the optical fiber (141, 142).

16. A hydraulic work fitted with a device (10) for
detecting and locating leakage according to any one of

20 claims 1 to 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 locating 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 system for detecting and locating | eakage of a fluid froma
~hydraulic work, the systembeing characterized in that it includes a
device (10) according to any preceding claimand at |east one neasurenent
appl iance connected to said optical fiber2¢14l1, 142) and 15 serving to
indicate any variation in the signal transmtted by the optical fiber
(141, 142). 16. A hydraulic work fitted with a device (10) for detecting
and | ocati ng lﬁahageeahodrdfngetacammgoaﬁdoﬁoc&Ql%baﬂ@&khg%p0&3a ¥h-uifg

hydraul i c wor corgi . {.he characterized in that it
i s made up ofﬁpa§r§ %¥&9a§9ﬁé OP% ;H S%F d?h?ﬁngélgﬁﬁiﬂ(ﬁf RS bor
det ecti ng amﬁh&ﬁI@c@@mmgr$EQkagearsapkanedsldagebméﬁn&wlmeamsthﬁ ody of

the di ke so agdor tile i h g e.
A hydraul jc morﬁ'é%%%?%?ﬁ l%oéﬁﬁe %%d?ﬂéegﬁﬁ'gyhgé %Etl% ggFge (10)
for detecti ngldhd Ega¢@%k5@eaﬂa@@§i@ﬁhgcﬁblgléﬂﬁ181ntﬁ@nm@mk bei ng

characteri zedyviith dfgﬁoé@&@hp@t(ggj,flber (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. 27 19.
A nethod of @ét.ect imegleoil dooatdigy | eakege pfeaeliiigdclbiam a hydraulic

k, th t t t t
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detected by RBEAS i FiDatiie i1F thendednke endte8obgxhahleptica
fiber (141, 142). placed in an optical cable (14) that is bonded to 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 a 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 yarn (16).

30 24. A method according to 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 of 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)
placed in an optical cable (14) that is Bdhded to said 20 geotextile (12).
22. A nethod according to claim19 or claim20 or claim 21, characterized
in that said optical cable (14) is bonded to the geotextile by bonding
nmeans. 25 23(34)neshod aoncild m@m()Hdungndﬁﬂmb$@ﬂc$alaslocahapacﬂérlzed in
that said bo e 8§§7 i hg NoEl 30 24. A
met hod accorgg 8?8 nylg%gqoeﬁcﬁg}ns 19°t0 ,éégﬁ%rgc%éﬁ%zeg ?Eethat a
plurality ofwerkltaatopsl@@msﬁhuﬁ§1¥q1kﬁahﬂ4, 142) are used that are

di sposed so as to be substantially parallel 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.



