1 DEVI CE, SYSTEM AND METHOD OF DETECTI NG AND LOCATI NG MALFUNCTIONS IN A
HYDRAULI C STRUCTURE, AND 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 locating malfunction in a hydraulic work, and also to a hydraulic work
fitted wth the device. The termimal function is used to nean in
particul ar an abnornmal | eakage of fluid, and al so any deformation or
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The terms work or hydraulic work are used to mean
civil engineering works such as dikes for canals,
reservolrs, or rivers, or dikes or levees for providing
protection against flooding, and dams and also watertight

15 storage works such as reservoirs, dikes and dams, dunmps,
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, runcoff, 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 ercsion 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,



longitudinally in the dike at the foot of the dike and that enables

. tenperature to be neasured. Thus, by neans of a variation in tenperature,
it is possible to detect the presence of |eakage water reaching the optical
fiber. 35 This is disclosed, for exanple2in the publication by 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 18@t@mkh&fmlﬂsﬁéabﬁ2250 p.) obndarpayehtei beunst 306180 and

i nformation f’? to, he occurrence of a leak in the work may arrive 5
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| eak from a ., I1h particular a hydraulic work. 35To this end, according
to the present irfrdey ofiich heircumstances, 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 S. Perzlmaier et al. (2004):
Distributed fiber optic temperature measurements in
hydraulic engineering - Prospects of the Heat-up Method,
ICOLD 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 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



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 suitable for detecting a tenperature
variation and for transmtting a signal Bhat 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
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possi ble to avoi avi ng, recourse to using e nunb of “opt'i cal
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sheat hed water that reaches the geotextile is conveyed uniformly
to the optical fiber, where the detected variation in
temperature triggers a warning signal.
This solutilon 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 cablesgs 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



4 cabl es, which have the effect of increasing nmeasurenment response tine.

Li kewi se, the presence of the geotextile forns a wall that slows down
progress of the |eak through the 5 geotextile, even if it is perneable. The
geotextile slows down the phenonenon of #egressive erosion: it acts locally
to plug a leak with particles of soil in suspension, thereby limting flow
speeds and thus the extent to which the walls along the | eak are scoured.
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phenomenon is most advantageous, since in combination
with the increased speed of detection and localization,
it 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 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.

Actual ly, the optical cable is preferably bonded to said geotextile by
bondi ng means, notably by at |east one bonding conponent. Anpng possible
bondi ng conponents, 35 provision can be Aade for |igating 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
bonded t o easTintdiercwry gwetdapiiehilvonded whi eackachhet dbiese bondi ng
conponents cap, Hgﬁﬁ it ogbi nabhg of
bondi ng corrponeca{ lqyg’mlg}\%%aé%%%nggt?%%ggrﬁéﬂ%wn?cg EmEa}‘llE%
mechani cal cndr iusted &3 stlsS Farherh %lhec@fpbi-%élil@Pb‘éﬁtbcéﬁpé?eéfnd t he

geotextile, ¢S sSOIMEHLhAl Sshpsesent s the additional advantage of making
llaying very easy since the geotextile is in the formof at |east one sheet

in 10 whii ch the %L}Sc'alwhqrbe?u?f&:a%l%‘?IQ%?CFé?%r 18I PRREYCULBEr&d at the
dfasi rgd |Ogaﬁédlf&rﬁ)chadleﬂﬁ”iﬂiétg%mhl hexiype batwebr shaepepefckhefibek, and
al so dependi t es t s estimated are sensitive to.the risk
of Ieakage. {]C?F‘I?Ojf?e) r?r’%i eo%%% Jrjo?l E%ést%?%ug%?ex PPePr§S Tt ised
broadl y, i.ehe tadiiersnasl mmaxttage of makheet lsyinmffarery eaggoséxiciel e in

the meani ng e Ogﬂ%o%él?éiféé‘%s%r?“ﬂ%%&ﬁ 42338 1ackudong gnage-woven

geot extil e, ral nage geot ext e, woven eo exti| e,
geot extile o-chtcrie gre Prideabrivper héckbiel éa) t yﬁéal—’GZGlA&@éﬁt é@@&ﬁ@lﬁy

sai d geotextid s &Eé)i"fét?dld\é:é@lé‘ﬁ(é?agé%@ﬂélﬁﬁobﬂeth@ptyﬁ@ ahibehe
suitable for detectin def ormation diegeﬂgotextlle close to the optical

fiber and fotarefdhithe mPeksidpdl 21Rat 4Pei 88 WHENZPRES] mat i on
.of the geotextiie dscileiesd eshe 25énsibisevnay, thy siskl bénteakhyedet ect i ng

variation in te ure and def i (o] textile,
virtue of the ogpﬁ%a#h?F%ﬁﬁs%%? %e%% dﬁﬁeg?'rgﬁgggﬁ%?sPﬁ% %Fgﬁgssé%s bette
t he phéﬁbwemmédnbrqa@iwccurelngt GOoUnder asgehtektddmspanaesheete cont act,
and 0 par ti e 8ot e, GRNSEL 191 3 belieehie! liRaRPhbCBE EhPRIa6eaba) and the

geotextile ena tions o e work be nmeasured by transferring
novenent s ofSE3eAgFdURRP tB03 ke b%?i%@%nglﬁeFOPcHBVGP geaterEideot éxtil e.

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 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



35Li kewi se, under such circunstances, because of the good contact
properties between the geotextile and its environnent, and in particul ar
the ground, the 6 deformations or novenents of the ground are transmtted
by friction to the geotextile, which trafAsmts themin turn to the optica
fiber (cable) where the light signal is nodified accordingly, thus enabling
any deformation or 5 novenent phenonenon to be detected over a zone that is
much Iargerdéﬁmrmﬂuﬂmngﬂdn;mnvemﬁﬂtguofitmm éf@@m@)aﬁe tranemhicwetdhout the
geotextile. fan tectlog% Fh grature
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substanti al lppRamdidiely tid PusNtdefo obtain information about the

nature and the cause of the leak.

i5 In another advantageous disposition, said geotextile
is provided with at least one another optical fiber
sultable 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 molsture 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 substantially 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



Thus, because of the presence of a plurality of optical fibers (cables)
that are simlar and that neasure the sane paraneter, in particular
tenperature, but also deformation and/or humdity, it is possible to |ocate
the 35 position and the extent of the |edk. It is also possible to
envi sage circunstances in which a plurality of optical (cables) are
situated close 7 to one another so as to forma bundl e of (cables),
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cable is a nbnom%%%&%&ﬁ&?%oégﬁ5%hér pre%erregedfgéégfklggblat least
one of said optical fibers transmitting a signal
assocliated 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 1s 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.



I n anot her advant ageous di sposition, said optical 35 cable is connected
~directly or indirectly to said geotextile. S In a preferred

enbodi ment, said optical cable or (other) optical fiber is connected to the
geotextile by at |east one bonding conporfent (for exanple |igating yarn,
cabl e, needl epunching, gluing, fastening, hook and 5 | oop tape). This
ensures intimte contact between the optical cable and the geotextile so
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and the geOtFP§|é$| foﬁta nglefhgﬁttw%a%gﬁ qlg&mﬂ%ﬁxgﬁﬁgﬂpled t oget her

by two nutua g strlp are para ers so that the
fibers &én npaetuouzaréylnmppgdaQXté@m\mnﬂﬂninguihﬁimﬁ$Qkﬁﬁﬁﬁﬁﬂ%ﬁiqm% t wo

Strips. o£Updler w%?}‘j?ch ¢of GTRHAREES Rt idHd Male finaat m@ is Prayi ded
bet ween each ggtlcal ber and_the two geotextiles byig%fzﬁ t echni ques

for connecti fybdgekedo ape fallyi F&laEd He S ORI extiles,
these techni ques gessinBi@cheici®odsadnispaltal elatiate igE Qﬂ[ﬁ)lﬂaremoﬂ'hus

ffor exanpl e, the gonnection na e achj eve dhesi ve, nee
heat - seal i ngCONOFA§ G Fppihg %&foéﬁ qhékl %1t %lng(g éﬁgnl%he t wo
35geot exti | egable or said optical flber ig 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
"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 optical fiber and the two '
geotextiles by different techniques for commnecting 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



I n another preferred disposition, the device of the invention includes at

| east one optical fiber placed 9 freely inside a protective tube connected
to the geotextile, so that it is not submtted to external strains. Under
such circunstances, when at |least two opfical 5 fibers are used, it is
preferable to use two optical fibers constituted respectively by a nononode
fiber and by a multinode fiber, which fibers are advantageously pl aced
close to ea@he@ﬂbeﬁnslhﬂsa1pruHﬁdﬂxﬁ ﬁdﬂﬁﬂdbﬁﬁe&hédet@nthéinds can be

used for neasurln |fferen for ng the sane
paraneter b3 X%giﬁ:g &% f glent fre: urerrenlfl%ﬁe %?q?fgs FJdHéisuch

ci r cunst ancesyraiimsi.s p055|ble to perfornlthe measur enent using different

[ypes of appl. an%ﬂf‘; %fuf ect or on t Brii I‘{’weﬂ'{\llétj;I ?@5@@%@8 éﬁegeéﬂues

based on the Raman I n ef
over al | 5and fillbexec gr@ameedn tit tife Hﬁﬁfe@ﬁqlblfﬁ §2 yse p‘é‘g%l%P‘él@ﬁlsel ect the

type, the nunbgng %@llstt*le:dt@‘@tﬁéyﬁeéﬁl& P | £ ahohbREAS Fibéheand

geotextile(s) so as to adapt, .the type of_detection erature.only, 20
t enper at ur (eb)é(né H%?l&lﬁﬁq%%lq%é%igt‘iﬂ of TRRE Frot e LA%V‘QEF&‘?%%%}L& u?/e and

def or mat i onpaademictioge)io antialcthdihe |Tioadé ongs)opeli gl nbibéogedf to the

type of the 4& |te nd t he_ des d_det ect SItIVIty
t hus maki ng dl\ﬁr &e&%btkelr{ ow% e uasef(%u Or _mé%ﬁu%r% cgl %gga% 925 | ocati ng
sol uti d i npayamedests t ket el%eea‘syr tedfstald  the sametphsameserpbusible to

sel ect the %pﬁlbqtngg%t@gfér& g%é@%ﬂ?éﬁ@ L &eh 1 QhePr Ot @gHLPN (eI red for

the opti cal or to sat Iltering conditjons of the ground,
or indeed t&ig@amstansgsor igabig |R‘%55'01rb:¥‘% st%(P%l?%q’ﬁFnEhﬁr@ﬁéﬁ’tlF@%‘ent I'n

convent i onak, RN &fi £ AdierAPtd BB [ ORAHL BSnd&f @e@t eé(]b]bl@én@ég cal cul at ed
as a function of the char.ac erlstlcs of the Workb

protective PRTEATIRI ¢k Uhh ORI P s %?%d SH*¥Re *ransh

15 effect or on the Brlllouln 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 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(é) 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



35 generally used. For a filter function, the filter opening and the
pernmeability of the geotextile are calculated as a function of the
characteristics of the 10 soil to be filtered: nevertheless, it is known
that with non-woven fabrics the nunber of0filter constrictions should
preferably lie in the range 25 to 40. For the function of slow ng down
erosion of fine material, it is 5 desirable to have filter openings that
are smal | ermigh tico =i i doswed henpastilebbssshati taie knewapehtedwinh
suspension hy the flo ! e in [ rel " stem for
detecting ar%mf c‘)"goavtefnn\glj%afl?rujiCd'S I%a?(a%ué}ﬁsg%mgg %/?]‘?%ﬁl Fg}l\%g%&?tﬁﬁéglo system
conpri si ng siaiderfafexhdlactiig tndtheocarnag Reakagélof Fhe tihpe

descri bed aboyf-dngh de | AR A UARISUESURSL SEPELABCRAERRAGE! O ! ggsal d
optical fiber and serving to 1ndicate any variation in the_signal

transm t ed Wm@lﬁtt}%%&fe bkl tas| PP aRENes o2 F heren§BALLoRNALEH rel at es

to a hydraulds sk ddurt achavigdirisielea €igyt ceréotrdgbpei-teg and | ocating
| eakage, in particul ar&g(h%_(}jégﬂlc work formed by a dike (dry or in water),
f

and in whi cPSRHPHRA @Eting and | ocating | eakage is placed 20

| ongi tudi nal | y i mHieelibasht 0dn talesoli kel soedstboacoyetemheodi Betevetinpart or
practically all -of it.s height Under suc i.rcupst ances, ,sai d device
Pordet oot | M GAPTHERY o Tdibgaes prErn aphySEraTER PRERR: SBluy of 't he
di ke 0rlQts ssisteeny armue fsion thedewatee fdowisteeannassnde)ocating Al so
preferably, %&ﬁtdfﬁhé 'Sﬁf‘%e d@%&f‘iﬂnéd%ﬁ&ﬁgc ﬁdaatkgﬁté kenoha the

geotextile that corresponds to a zone situate ose the air, is placed
so as to be BEASURENFY- GFPRKHERRR KCoBrataddrei sa1dt ARtpEBLe bRV 8RH on

achi eves t hesahgvey nantiiiesh €] £6F Vyr tatBbhodnothdeseghbng and | ocati ng

1 eakage of a fluid from.a hydrauljc r whi ch nethod 1's characterized in
that a vari dﬁa&}‘?r‘?%qeéﬂ]ﬂ@falh?eo?gl%%mfeﬁ}éﬁrby neans of a nodification of

the 35 1si gnal transrddiedidyy, athepincahtiohealsonpelaedsi hoaa optical cable
In contact ‘M&%{%ﬁcﬁ@%ﬁétfi@te&%Ptﬂpéﬁéjﬁ"aC&BbECBekBQ Bbaced;ag or

agai nst the
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 cof 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



11 or being connected directly or indirectly to said geotextile.
Preferably, the nmethod al so makes it possible to detect: 5 deformation of
the geotextile by nmeans of a nodification to the signal transmtted by an
optical fiber connected directly or indi¥kctly to said geotextile, notably
by a ligating yarn; and/or a variation in the noisture content of the 10
geotextile by neans of a nodification in the signal transmtted by an
optical fiberr caminerteashrideed |Jioscthdi secihfitecsaydrgesaedtil e, notably
by a ligatin AL ”c"lae her advantages and characteristics of the 15

i nvention ap‘%‘ear on- Teadi ng the foll ow ng description nade by way of

exanpl e and wi t h Bmeffersicles t cchdanatihodpabyd gakeawi hgeessnbhai th:

Figure 1 is (?etp%é’éj ally transparent diagranmatic perspective view of an
enbodi ment of the device of the 20 present invention for detecting and

| ocati nP | eakage;* deformatipn o the gepbsxstibet Ponmenped of anot her

enmbodi nent Qﬁqdi*ﬁdiﬁdéﬂ&? E&Ftl@@t@é@ @%éﬁﬁ@té&%&?&ﬁagﬁtiéaﬂ Figures 3
to 7 are section views showing a 25 pluralit ossi bl e _uses of the

of
devi ce of tHe'RSH&RIRGFY %%@Yr%’?a’rﬂ@héeﬂﬂ .to saldwth reference to
Figure 1, theedastord0 datalsief ey i 001 bgdcingayang; | @alage conprises a

ile 12 havi I d. | b f I f 30
i ual |y paral ol GhTae b (oS AT BEYE37EMPeRtcPE F¥: mat ol y

connectldd t qyadisegecte iy Ieed?s byf bauoadyf reansohoinethensignalexanpl e by
stitching or..li i Lva L cables 14 can
be 35 di rectﬁ%/éﬁ%lea%a%/ggf vsa%ﬁ?%égc%vgﬂy%goég%?%¥dngggﬁﬁghﬁyggei ng used
as a warp yamligeetledd sl $20ee%hi Ldar POEBRLY r DYt RohlIREERTLt he
geotextile iyampven, the weft

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 transpafent diagrammatic
perspective view of an embodiment of the device of the
20 present invention for detecting and locating leakage;
Figure 2 1is 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 yvarn in a weaving of straight warp

construction. When the geotextile 1z woven, the weft



12 yarns are considered as ligating (or bonding) conponents of the product.
According to another possibility, notably when a geotextile of a grid type
is used, optical cables 14 are 5 glued on the geotextile by neans of the
coating (for instance PVC) which has bedi® generally spread over the yarns
or small strips of the grid. When a knitted grid type geotextile is
used, which is conposed of several warp and weft yarns or cables, the 10

opti cal cabhesreanrad) sord dsyutedd a ide: ide(oy dsmddhg) heohpbhiatby t he

| i gating yar 3§grﬁlgi 't%glf a yarn of the fabric. I n anot her

enbodi ment  SowtS & |4ﬁﬁ' 2, the device for locating and detecting | eakage
conprises first amtorsiserdud agedthext ipess 1121 hindy 13ndeabhy whehuaal ity of
nmut ual |y parg| l.el t fiher cabl 14 nqhh The
Rsserbl y | o BT oyendr By T he (b Soa et e 15 285G 13

t oget he5 by adweats arhdiheargeaigyti kosr ineare off het¢eahing y&eA 16 20 in

the exanpl e ;$iQ%hce pve) QHi®h TN Fos&AR 190sbLE8ENETelhenbWO
geotextiles 12 and 13 caul d be prOV|ded,U%$H£artlcular means sel ected from

the fol | owi G SadfesmMAd;l Zrifg (hi e en the two geotextiles 12 and
13, in particul amHen taheat v geafeid | Hese 1gediekd 3l a8r s mgdedaswhgghwoven

the geot ext e SPORR £F S5 A D e T TEGE of bt r o or ML BRI y
gri ppi 1@ st oigisi,ceir @abdexs regpextswy by b\bmcmecﬂlobdxsthedom{xeh pan?ecb'fng
O e o AP O SR L BB DYoL 81 gerh 61 o o0
adhesi ve; the fabric.

In another embodiment shown in Figure 2, the 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 varn 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" {(reglstered trademark) type) or a
plurality of strips in which both faces are self-

35 adhesive;

- by stapling; or

. by stitching.



by stapling;, or by stitching. 13 Provi sion can al so be nade for

connecting the optical cable 14 to only one anong the two geotextiles 12

and 13, for instance, by neans of a ligating yarn or of any other nmeans for
assenbl i ng such as those nentionned 5 aligve. In this latter case, neans for
connecting the optical cable 14 to the geotextile 12 or 13 can be different
from neans assenbling together the two geotextiles 12 and 13. In any event,
provision can bepietesfion dag H skomweeiddy fechompectissg tied ween the two

geotextiles 12 .and 13.to |ied over the ent.ire facin reas_of.the two
geot ext i | es “P>14 fé‘btl rqg“l %péjpio ei%’t s PArH Inceli‘e {e%w{gh%e%%}é?lsf% %%e

geot ext i | es ankdn 13he fdes dmistarae, e mpsmer iaf tar daptne afacabde"of5 s
used to desi t i s thed apti el g fd | f

optical fi bgrglgarog%%rs/g%?%gﬁqe@ In a s lergagflhsfﬁéol?e%% %%Ct)lgecg{i‘&?%%éﬂﬁgunt ed
freely iBn aabgye. dn &hdlsudatitgr sfasspt ineany | ey correchiroiElely in a

tube. Referghea doy RAWIEAAQ L Riigeck SROWAQR 61153 @ ubé! ization of
the device 10 for detecting and | ocating | eakage that enabl es a tenperature

) t
measur ement 9 fsE andk & By MESHRy ST IR 9y the (WP er) di ke 20
separ at es agediResddiaad 1 iafd 1space full of water 22 (to the left of the
figure) froma 25"downstreant, secand space 24 (to thg riggt of the figure)
f

which is to remai™ &Y &SFYo 5FF Protedt et r %%@eov%lf &

oW of the water
22. 10 Therdtider 2@ doaadmdsruee nid eshlbgpeemesne atdd keedoext PDaésahd a top
202, and hory t-al p 2 2 t he
space 24, i 5 r%ir)gg? étog H(%g%g{%%ﬁeﬁ%%h%bé% yjép%(gg%&d %ggfg%s?ftkge
downst r eam $iwspaastteptid lfiskd haRd I3 arfel uabee IheSShiee Parayltelnbo

wei ghting 261iasiiean IE dHY Gdd@aseiBe®:. made up of sand and/or gravel
and/ or rocks. .. ) ,
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 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



35A device 10 for detecting and |l ocating | eakage is positioned so as to
cover the slope of the dike 20 facing towards the space 24 (downstream

sl ope) covering 14 practically the entire height of the dike 20 and also a
substantially horizontal portion extendihg under the ground wei ghting 26
towards the space 24, beyond the dike foot 201. 5In this first exanple, the
device 10 conprises a geotextile 12 connected to a single optical cable 14

which is si tplﬁétﬁ@l@élﬂy|@1@@-'[él@EI:Lf@ahe%ghﬁoggildﬁéedlﬁé ltzei Redt agslasoatf ]
sensitive to_le 00 t the lo int of the
domnstrean1s%%%at%ﬁt{?égﬂgh%5ﬁ§O%Faih8°ﬁ£%8n28X §oRAGY: HE m%§ﬁa% i.e. at
a location wnerend heegiot engsi 2& towasda bbadsphoneFRgur begpnthehe dﬂkﬁ SO
shown, di agr j% IIy, t he propagation of a | eak (arrow 30) along a
Ieakage channe passing through the dike 20 between the spaces 15 22 and
24 at a Pedi um helghthip thest| epamplet hehdi Revioe 10 comphiiseshannel 28,

whi ch has beﬁ%b@%£@¥ﬁéeﬁbb&oﬂﬁé8£e32t5|thﬂﬂgiéongE%ai'Q%g%%'h4°f the dike

20 facing the space 22 (upstream sl ope),  natural sl opes downwar d
little fronqW%%c%p%%esyéu@6?@gaﬁoﬁa%agaﬁh@nsﬁaeé 2& Cpﬁ52@e§@§|?ﬁon this

channel Zﬁ V%éin@%lj{i@'rhds&ﬁ@énélﬂtbﬁéoﬂﬁ ka{aglglr bgéa_uge ;B,head_rig;@r %l%:tvef o
er osi on pne non es _place essenil a es| de e Si (0] e
G ke 20 Lhat29BoRt (i 18 R P PR aE ety AUBARLEPEEFLPBRePE 20he
geotextlle Idodmsod thmcdila 2 fatiegi nhet bpasei R4of itke bedwy of the dike
20 at the inferface Wil L h@ktl% Q%BQeéé"éiﬂQt ED9ng6, Deugrtheless, in this

exanpl e and 1n accordance sent ‘rnvention, the geotextlle 12 at
the outlet from the Fkgkége3ch§hﬁée 2s ahSOhéhgﬁndo@n@grémmﬁgh@pélam t he

di ke 20 fornmgpa bas éﬁéﬁtl&ﬁtoégé'Bé&km@éﬁfo%hBGE ghewg al 9egxbie | eakage
channel 28, since t eotextile is gernea gainst the particles of

soi | put |nt?h%ﬁ%%%n%$dﬂa$%l¥%ethéaﬂ etEﬁaﬁhkF §§ B?tWﬁéanBW §Pax&Eer :
t hus, thze gem exttidt | 24 12 38 ﬁl@tﬂﬂ\ﬁmahbﬂﬁﬁ{: pbughinshbpe wvift khehailkeakage

channel therepy; L1408 108, T RMH s "bERL" LG LERRES Ghgnnel
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 regressgive erosion phenomenon that
takes place essentially beside the side wall of the dike
20 that faceg 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 forms 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



28 and thus the extent with which the walls along the 15 | eakage channel
28 are scoured, thereby slow ng down expansion of the |eak.

Furthernore, in addition to this role of plugging and sl owi ng down
regressive erosion, the geotextile 12 5 4 so serves to drain (arrow 32) the
water that flows along the | eakage channel 28 down to the optical cable 14,
thereby serving to accelerate information about the presence of water in
the device hQ:fieafdidihrddiel fideird4dbateds PREFELPNSURALNG HBGALI ON
situated at a height 10 that js different (specifically further down) than
the hei ght &PRHICPR IRE IHikaf@ehannel 28 is situated. Anmongst t he

potential geotextRltshdwhdhal Gamdeisehectedihi®ntbba anphagiidg of a
single or nul&%l yer. non: woven geotextil e, a.movegggeotextile a Enitted 15
geotextile, FUSHNMY SBEDMTEI TR THPHLCY gEBEpEEPhG<EF 4PniAg core of

any kindy oralsy ssondesatd arain t bpseowt32Et theswatad thapaflowesl ar a
conposi te gegt i qﬁﬁgg@ i edl e oN- L.cC with
knitted rei%ﬁéﬁ%%ﬁgﬁ%§%%§§£¥%he as§%%i%?i%%£§fgéog?§i§?§?§$QQE%§%FeS
paral | el to ltthe Bmnicdy Semamg it iageekerahg fofopuiting sheugebhextile

when it is @%@géﬁaé”é¥jﬁHté@tﬂPRﬁg%ﬂ%g&fﬁe(P@)f@é&hﬂﬂgg?he“@iﬁgraigid any

mechani cal Stress, on the optical he bottom of gure 3 al so shows

a detai |l |1IEHH d9Pqsitgamad At 2okoeRpbaai FEtEateReat odakpddhbf t he
opti caliabligald igh ditee-ared | aide €IPDSR DERt SBurther dbimi hehbhr shevari ant

cabl e 14 15 TN Mod@ hetip eatags bpaaagt . At tpr sbBiieEed: 30 cheath
14a tightly surrcumdigss ttie quitestidl bgeotdddtiTassl2ypkadf captbeal cable
K DE7Er SR RG] A e R 5E a R SRSV
non-woven geotextile, a woven geotextile, a knitted
15 gectextile, a draining geocomposite 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)rolliing up, which
avoid any mechanical stress on the optical cables.
The bottom 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
(IZIT A) at the bottom of Figure 3, the optical cable 14
is a multimode type optical fiber 141 that presents a
30 sheath 1l4a tightly surrounding the optical fiber 141.
This type of optical cable 14 is generally used for
performing temperature measurements 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



35 when the | eak reaches the optical cable 14, a significant variation in
tenperature is detected, corresponding to the variation between the
tenperature of the dike 20 and 16 the tenperature of the water contai ned
in the space 22, thus enabling a signal & be created suitable for warning
about the presence of a |eak through the di ke 20. Under such circunstances,
it wll be understood that 5 this neasurenent needs to present fairly high

precision i gy q!:%nﬁé}a@u\i% ¥ il Gald on é&@&aﬁlé@aknlﬁh@r%ﬁﬁé 23,soon as
possible. In partlcu ar, it is estimated that i %? ssg%/ in the nmost
?%E S dtPF eV

critical sitaS GREbIIgIhE AEal i te eheangs
0.1C, therebypold nad Rgdderpus bl Ienlaker diigh neas udeen2odirectly

i t hout havi tQ heati th ich th t

mmdes e | RO G R e et t CRbbh TR CRASRPBAPE ERPE B ar
the bot tsom ahil gueesuentdre opddal te ghtesddt 1621 s]yreldeglipovécasononode
optical f109% Hadd (8 it THNARE By Ab! ChECLS VELKDES T0Pes RS shyPE Of

opti cal cabl'e S use makKing tenperature nmeasurenen g u5|n% t he
Brillouin efsfosax aSNQQ$&NhiQfNrRﬁ\Rﬁﬁﬁﬁﬁu%ﬂ%od¥ﬁeh$ ehbimabadt ABaki gkt

200111 Q) at o b R 0fi 1 ¢HY Gncht L@ﬁltﬁcé@d§1@ﬁa@ﬂoﬂ@t i €8l peahbeelsd
made up of two optical fibers 141 and 142, res é # of the ItlnDde
e

type of the GRoMSEAIER P ST YT D AL LFEeRE e‘P reel §b ?ﬁe ¥Yprotective
tube lAalp Z&Hkar,rg a&emsﬂblmdmoihQMea@hrém@ﬂt Adfiteantlyl42 nakes it

possible to make erature neasur ene n.effec r. by the
Brillouin ePFeE% WlQﬁuﬁg%ﬁWﬁﬁﬁm rh%%gx%%pghﬁlH%n%nl?heﬁagglFﬂgley
equi pnent cammaunament(muamadehe ot her or both of the optical 30 fibers
141 and 142, it '%p&%'sté{o@& PV JPeL58 Ehgﬂawﬁnynn%e  hedpaye a

drfferent device to make the measurenent con5| dered t he nobst
suitabl e, tedHE &l 13E diE &0 EeThoM dBtoyre eth? OB’HH@PlaFPble 14

ci rcungtAnces mdi i Nds incikodd ot gal fsﬁafelzm afgetonnect ed
respectively to a | emtter and, to a e MBas eMme p Ilanc%(not shown)
enabl i ng thegur’?’iﬂﬂnér%{/mq}hﬂ DERRFUSITE COBeL PRt or ARLF oLYE
optical cable 14 is used for making temperature
measurements by using the Brillouin effect.
With the third variant embodiment shown on the right
20 (IIT 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
tvpe, 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



as an indication concerning the tenperature of the optical cable 14, i.e.

of the device 10 at the dike foot 201. Reference is now nade to Figure 4
whi ch shows a 5 second utilization of the device 10 for detecting and

| ocati ng | eakage, enabling both a tenper®ture neasurenent and a defornmation
measurenent to be perforned simultaneously by neans of a bundle 34 of
optical cables conprising two, three, or nore optical cables 14. 10In the

description abgela}wlﬂ&fcas@mn r@éx@é@f&@fm@lgﬂé @éﬁpéﬁ&éuﬁé bosgeused above
with reference to FI ure to deS|gnate e at are the sane, and

only el ement@®iizAl F3rks #40n%t%os% of ?hgeVFFﬁtEBtPFlfﬁ?lQﬁk§h5ﬂﬁt|n
Figure 3 areglescri bed further bel ow. 15The general arrangenent of the

second utilizati %s simlar to tha o{ t€ % # h glon with the
only i 1 eremae RErereace it mdv et Biaurs b vhish BheRE &4 but of a
bundl e 3&-cﬁseqﬂﬂdxﬂti%ﬁﬁaﬁidﬂ-oﬁhthe demilce 18 ﬁbma@etéotangdaad t he foot

f d dik { | Kk

fowards the Ot s (PR (rafalifeibaey e teftbeleutl fcngRhchBnes
shown in fowlném adekommation m¢@ﬁ@m¢@@mt|no beveezgfovaeHant enbodi nents
are possi bl &3 tdeedid B H@fm@QﬁSEH@OQ'Bﬁﬂ&léhQ@“ofoobﬁﬁcbﬁfEa%@e%hat the

bottom of Figure 4, reference IV A the bund 34_is made up of two optica
cabl es 14|MQR¥RF%§%EQme%1d%hr%?nnﬂﬁd%ﬂﬁet98516ﬁllEQPIPPbéF 142 (to the
left) pl@ced tighthyche @e§é\ﬁi@mdﬂabemd athul shivedecFypenept sdahsf i ber

141 (to the ri Qﬁ% glace g 30 anogﬁer heath 14a. _,. nder
such of r cund St RO EGR FRREForaS SBeFAPUESy ( he
Brillouin efﬁ@xﬂesnmhateseiamenta teatuareahiedsbnepatindnendfy t he di ke 20
vi a defor ”até%é}ﬁ?:ﬁ% thea 0001 £XLE| £rdt, cMBELCOENELBYES FERAGL3T 108 GA T ber

141 operat es Ranan ect and sérves to measure the tenperature at
this height shﬁmw B Fieugeot exfe| @egoribed furthegnygﬂoyuch ci rcunst ances,

it wllyde under stodydhatal h&rﬁ@ﬁ@éﬁéﬁtteyffothebgébehaguftmgigattmnt yges of
i nformation of fferent klﬂd? lthe tenEergturg andt%ge defo mat i on,
enabl e the ﬁﬁﬁﬁghﬁﬁa P hehat R tEﬂ?nS Eshl 4Ed i RaFneny; K Hétter
assessed i n @t fiBsrércerbyidse DHrehénudephbtnofi hosingle Optlcal 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.



In the second variant enbodi mnent shown in the second position fromthe left
at the bottomof Figure 4, reference IV B, use is |ikew se made of a bundl e
34 of 10 two optical cables 14, this time constituted by a nononode opti cal
fiber 142 (on the left) placed tightly i1 a sheath 14a, and a nononode type
optical fiber 142 placed freely in a tube 14b (on the right). In this

exanpl e, the optical fiber 142 held tightly 15 in the sheath 14a serves to

measur e def or mat ipihdly duftéh %ﬂﬁéxﬁﬁ@iﬁz@éé@chtmiif bleuBBeEREBORhbEAl
fiber 142 placed freely in the tube 14b is used for measuring tenperature

by the Bril It8f PasFsidilithh AheR IR IRANA FRRTe cFBBdFRRE Shown in the third
20 posi ti on jaifdretiaid of ofi Fiatmer dkindd erence tNeCremperasukekendse nade

of a bundle of two tj cal es 14, conp e firstly
once more &SGR Ot AR LS T ROSOTERe neaRbr 6F SpFARSASL | ohtly i n
a sheat s 14@1(atcce nisadtiree dﬁét@erhtli@rbdaybett\EeBra$£eased25nebf:éetr) toand
secondly a !:9?5) ives two optical fibers: a

nmul ti node type o;j)éféj “(q%fl m&tﬁo}?ﬁ? and a nononode type opti cal
fiber 142 (on theIrntgm)seqcm@ mmmto@vb@@m@@bl shownsénvihg secrBdsure
Lemper at ur e g, 4} et i riehyard 801aB0bhe Kool 8" Pidure 4, I the

fourth variant enbodi nent shown jn fourth and | ast 05|t| on, on t he
right at th&EPFRABHDILERuresss, 1%njcll}lz‘:‘e‘f”eﬁ‘‘%nIB%@eIﬂ’/fD':1 BE‘Edﬂ@ AgdeTof a

bundl 551334 NBaR Wh mCaltM]gtme@am caphes ﬂﬁnéOthBEitu%éh a.yzaS add:jtl onﬁl |
wire the |eft norm al fiber tight
ina sheathnﬁjaont‘?fg ':rln%;“’L f%% g@“tﬁg ?‘FJFFSDUP a&?éeg%gggﬁyn tge Y

m ddl e: an edrea rsheatté:at]e@ta,v\natmdlas sontthadle Stybe ophperat Gibemedddr enent

per f or med %%Jtﬁed prew% f[r? f@@é%&ﬂ |(§ éo;_,ggﬂtl?y the so-called

"“heat - up" a tube 14b receiving
two optical fiberkl @mwxm%et y@éeo@\:’egﬁlffbberllpoheﬂﬁetughtlyo and a

mononodes typig, ald Ciled dber 4d Afe Phed NEo N8RS uTE haegﬁ@%@a@l@ﬁt b?alth%am e 14
serving to neasure fenperature as inthe Lhirdavariant bl E.of fhoure 3.
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 1l4a (to measure deformation by the Brillouin

25 affect), and secondly a tube 1l4b (cn 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 ITII 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:



In these four variants, it will be understood that the possibility of
obtaining two different kinds of 15information (tenperature and

def ormat i on) - enabl es the phenonena t hat ai% taking place in the dike 20 to
be accessed better so as to provide nore -depth nonitoring. The nature of
the optical cable used for nmeasuring 20 deformation is not restricted to

t hose nentioned above, and other types of optical cable can be used such as
t hose maki ng use of°pthealeft bet NGRS dgPYrearthedl FhHopartfeular as in

document FR ) 844y 85%@1&} ef12NE eshSa 1OV AR emd s Ik O ed@f@hh@@i@ﬂﬂ%\i a
25third utilization of the ﬁgw ce 10 for detecting and | ocating |eakage

t hat enabl estRE t At SheeStlenent and a deformati on neasurenent to be
performed simnmultanenustiye minddbt: aapl etaditicoficdoentvdns 15 sbetlgeot extil e

12, by using.a pluyrall f I 4 0 ' o es: di sposed
| ongi t udi nal ki/e gEen&%%geér/%% rF%%%ff%P\%n? n‘g?%gggré%%%(}fi ﬁgé ?ﬁé@% di fferent
| ocati ons corriespohdialgle ol 4ii$ epenforréghrys bhongothrlbede"haitsunf the

di ke 20 that,{ac&s, oMy ds.dNe SPasE; 24§ downstream sl ope). 35In the
description I%e%w " the same irkgf erence si fns as those used above designate

the same el ements’ O tHe 20L@TY & hodee of SreReSe i RRT aF 80 dPPEEFRAL bei ng
described bet¥érs: a miheimedereyparépngeaentivérthis thi theutéttzation is

sinilarléo tiﬁﬁ éﬁm£§§h5§%“¥§£é”$péf§£i°Pi€§€“?4§”on the right, the
second optical cable 14 serving to measure temperature as
in the third wvariant III C of Figure 3.
In these four variants, 1t will be understood 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 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 abkove,
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



5 Figure 4, with the only difference lying in using not a single bundle 34
of optical cables 14, but a nmultiplicity (two, three, or nore) of bundles
34 of optical cables 14, that are disposed not only at the foot of the dike
20, at the bottomof the side wall of the0di ke facing towards 10 the space
24, but also along the side wall of the di ke 20 facing towards the space
24. To this end, as shown in the four detail ed enlargenents

referenced \bniseuaicde @lldnddtl £ £ MRS NBRE SABF EcPOBS BEEnfOHe8aEbAR t he
bundl es 34, anld t he bundles 15 34 may be identical or they may differ from

one anot her. More precisely, four variant enbodi nents are provided,
referenced V A tmﬁélbéﬁeﬂdmaémﬁ&mw@ménEigﬂrEth mhifﬂ actélieapeochi vely

identical to th%_fo r rla(%quPodlnent s descri bed above

with 20 ref érénc aﬁoqil gure < SEreH h}lglg\(l)zﬁ Fbur a?ﬁgn the presence of

a nul ti @i ciByowfe bundiigsh Ihemkeby i dipbssehte hwingniy teingasoteabot h
tenperature Qﬂ;}ld@fk%{@it oy & eri‘}{‘l@élt@ iQQaf.honﬁuEf tﬁﬁ%@ﬁ!?ﬁh%it%‘l but

al so for eac t hese measur enent s o e ab to 1 de
cor r espondi ngETc dhise ofox Heoxr ke bobyuribesal 34 €6 PEHE@éltﬁébF-@ﬁgﬂ«H:of t he

fl ow bet ween-xde i mlsgomm@%wwbstw@ﬁ@ thetroeet exki hexd2andathe
bundl e 34, aqg t hus redu the_tine L |red fo% det ecti on and
éggﬁ L &€f

| ocal i zati orj2® RRALH ¢ 4o wrihretetheng AFLTE SOWBLEPRI ption of
anot herlar itand spdosli MEntbitn alishaldwgdeneceidd walldefeehengired20

| ocati ng Ieatlgasa&?}%stcpl ACe %4 %oévjﬁ%%(roygr the side wall of the dike 20

facing towar space eam sl ope) and under the space 24, 35
as in the precediTy Bxanpied, ofs Flyowesild thes5fohut datsdlafiong the top

(crest) 202 ofy theagdikes %féf@l@é@%d é‘@b@?&l”@a@@aﬁ@eamﬁéﬁ‘iﬂghﬂg over the

crest of the d| ke® 21 20, over the device 10, downstream fromt he
di ke 20 (to a¥fR RoYHLLe g gacks)of the burﬂditﬁ@ %ur@ﬂdu’éhﬁ. bynfddAsSshown

in Figure 6,34 heawasd edddieid2l i ol eides, mal| dakeay fbemdaﬁecanéehea 5
mul titude of bun&tes 34 of. optical cables. 14 a@# makl it possible to
obt ai n i ndi cat i on LT HRESTHIG-Y enb®rht Ve ERk 8?1?113?1“ fifSsur ement s and

possi bl y al gorovwidedy erefbasenaca@n¥ SAf oo €abhabf thhebbotami ofis of its

bundi es 34 4G4 1e. LaRs Pt b doest e 9nlaahegodeubst LALLM 10t he

di ke 20. s vari ant |cab e second
and third utyasiang cﬁ#@b%c?fmﬁlﬁ%s%‘éc%l vel ViR Fﬁgéﬁé@rgbaﬁdahove with

20 reference to Figure 4.

In this configuration, the presence of a
multiplicity of bundles 34 makes 1t 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 With reference to Figure 6, there follows a
description of another wvariant 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 Figqures 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



Thi s variant enbodi nent nust al so be understood as 15 enconpassi ng anot her
utilization, i.e. the situation in which instead of placing a multitude of
bundl es 34 of optical cables all along the device 10 for detecting and

| ocating | eakage covering its entire extent as shown in Figure 6, it is a
mul titude of individually separate 20 optical cables 14 that are put into
pl ace, each serving to performtenperature measurenment only, as described

with referenge tQdi Qe dbvice 10/ taﬁ@oﬂigobéoﬂﬁ§€£é§ﬁl Ehah kRet a@kéont ext
of the present invention, it js aJ so necessary to include 25 another

conflgurat|&@ Hs ?ﬂﬁnﬁﬁgh§l%WHE%QUE?aﬁlrng from the enbodi ment shown in
Figure 3, a si nglm oy efhd- s Wi BCega £ Don NEBRSWHI DY Fggﬁeéatsurehét

di fferent | ocations of .the Xti 2 Iong he ;hei ght .aof the side wall
of the di ke BP¥HT g %%&ﬁ%ﬁ?ﬁ sﬁ%%% i OY¥h aogﬁgfg a%ﬁBOaslope), in
such a mhnnmmlﬁnﬂuﬁéunﬁﬂﬂundlesd@htofyophecabcaabbasoﬂ4eathuefmakéng
tenperature . . Re (LS. N : El i ch
shows a fi fﬁ?%i%g TB;['ET ztno o?b'f%llﬁd{el\?(?%gggbbﬁioreﬁh?g ]tq § ﬁgﬁﬁgglég ?Ar%g

| eakage, i n amdl clefammatiomaneasisrefesnee asdnpessibpyragdgoonoihsugiede wal |

of the dike I@@aélﬁ%&ﬁsovs%dseaéﬁ §Pa€ﬁe2ffo&Q€%§ér se%%goaﬁmle@t 3ignst ead
along the side 22 wall of the dike 20 facing towards _the water-retaining

space 22 (upstGEAERS dpp).. on thepdryipidepufpdselsq deurshyesty &&€Pire of
any kindy e.the cdildet® Wth hydraulic or asphalt binder, clayey 5

mat eri al , geoco site cla ner geonenbrane 36 1S ce ween
The devi ce 10 T orti et iR b atliefs “FEarags  hia PROISRRISIGR TBF ¢ ne
di ke 20 facisepdmieamd wmemimmiﬂﬂzatibnsebyownorespéagivhéydémice 10 for

detecting a %99 A akage fromany penetration of 10 water that is not
due to the gﬁL ce'%gﬂgfleak In this conflguratlon as shown in Figure 7,

the device 10 forThie? ey igplanempedineng negkagésexbendsdesagreddesal |y

al ong the side-wibdsHfnd endiker 20c{ acikagibavaids t BReSBA6RaR2 chURSE I eam

sl ope) and al so over the
pe) which 1nstead 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



15 foot 201 of the dike, a little below the space 22, wth the geonenbrane
33 extending well beyond the maxi num hei ght of the device 10 along the top
(the crest) 202 of the dike 20, and al so under the space 22. Once nore,
several configurations are possible for 220 the optical cable(s) 14 present
in the geotextile 12 of the device 10 for detecting and | ocating | eakage: a
single tenperature-neasuring optical cable 14, a plurality of separate

optical cablgsil4rRaguiding LAMIAEIHY & Rlartid fEheNlat O6aLELABniAgSI Ngl e
bundl e of 25 optical cables 14 neasuring tenperature and defornmation, or
el se, as sh&RACEN 2R JuPstrear Al@Rg)ity of bundles 34 of optical cables for

measuring both tewperatiy ewabsdsl of RidDihdg anthposstd| yf aduse ¥DhEf ure) at

different |qcations along t. evice .10 for detecting. and |0Cftin

30l eakage. €-9- CPPC&%& 8“%3‘ g’é’ G HHt ?W?%%tzﬁm@%’ of “?%he¥e second

t7o sixt ut 'mlajt:e?‘tijad_ns gﬁmmn}mmitree_xaeojil/jai@'r,wicnh a efecreenierane FB§uies 3 to
, it is possi | 0 A t 0 nlyaqt e

t enper at ur eiﬁ{gl%aegid%&%g% ?1 y%ﬂﬁg;q)eq}&e%]orlﬁtflﬁ,d%?gg#%% %d ng%%fr}gﬂ%oi sture
by pl aci ng deakddict eodalthie |safentwalsy Qlerflee Mibee 28 fachnarcbeurbdent (see

for exanpl e £R Lo23s 099) s ol undhies dvice 10 Fopthermore,

anongst other variants that are possible hin the context of the present

i nvention, PEtSCIisd @k lassdring 19dtage FoPpRRY perebrahkert of

re: nf orqi lngwfaitléar Heab |i%5|r(d°ﬂi®1é)ftcp(1'l}yéf%5r§s@ﬁbf ﬁsO@OéyBé@Er, i

pol ypropyl ene, aram.d,, kelvar, etc..... or ot her terials providing a

| arge stiffness r-lT—'BJdLFl(ii]El% ﬁq%ﬁqr&ﬁlqr}f t3e %é | elﬂog?%?rﬁz‘%ec%ﬁg and

| ocati ng 10desdkagd,0 ifompatdtiantiarg iandrlarmi ey geodlexge| exsdnd? (and 13),
ext endi ng pargl]/.el {.q t t.cal i LC i to make
it possi bl ea\f\),f?illgjllgtl’#nls c—iah&i %ﬁrﬁ’g t&-g%itgcle e."L(])"%%ir nodf;ta{e%%i ﬁiﬁ%n%lﬁll g%gtﬁltlﬂg

| eakage on $iov@rdso the space e??un(rlmﬂtl‘tqfﬁ?ﬂMehn@ﬂéu@fs@noif@rvﬁﬁout 15

damagi ng t hgRp! ixeal HARLRS didke, a 1ithiEe VGE1SWStRAET &PBEST 52 epi LAned
above (in particular terrperggaure, a signal %f resentatijve of deformation,
and noi st ur &P SFPFENRERLT e SBHS |~ ¥Rt FREOHRTY™MER tines t O

tl, t2, ... hHaigiit AT ivdepbndaerd 10 siond teneaons MeheecrePEPVRBRoafcan
al so be nad%ﬁeorditklge Z%E",Via%ed faO_Lrso under the space 22.
Once more, several configurations are possible for
20 the optical cablel{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 ocbserved that in the context of these
second to sixth utllizations described respectively with
reference to Figures 3 to 7, it is possible (in a
configuration not shown) not only to measure temperature
35 and possibly also deformation, but alsc to measure

moisture by placing an additional filament for performing



detecting and | ocating | eakage to be constituted by strips or rolls that
are laid parallel, either side by side, possibly with a small anount of

nmut ual overlap, or 25 el se spaced apart from one another. Wen using
spaced-apart strips, it is envisaged that3they be in contact with a
draining | ayer placed under themor over them the draining |ayer possibly
bei ng made of granular material such as sand or gravel, or of a geotextile
or simlar ?éiﬁheeﬁeas&ﬂer@xﬂ Msed. fdy dexampel & 18p fop3debescti ng amdnl ocating
fluid | eakage fron1a dra§{4c wor k, the device being characterized in
S5that it cogﬁﬁ le fabric (12) nade of yarns or fibers and
provi ded mnth X -Fuﬂthenmﬂreumaﬁémg&t0@thealvaabhnt@luhatnarentact W th

sai d geot ex Q}%Q HQrg@%fgy §c£%¥e gg gn%ﬂ %@bﬁh at | east

one nul tino e op |cal aceé de opflcal fiber
(141) bét ng shaulabliee thSQt@{%%tﬁh@t alt eh@e@faw;bleawamaﬁrand for

Cransm (Ui ng-ds S diding Milndss M1 E6d(AED 3¢ vB0LohbensAbyt e { enper at ure

is detected, and - east one second opt| cal formed by a sheath
15r ecei vi ng RYGMRIEET RRRRTINEL eRBondERNEY | K& VAT pePLL142) -SAFt 8Bl e for
detecting a dglefar mdon Ofs t;ﬁn&:@ﬂ@i@gtal Batdd) sandrhesst maaamket thng a

sionel, that Lo, ooy o et Aley S 0 TBLL ohe B UL sched pudb i fhat said
10 leakage, in partlcular in or on the geotextile(s) 12 (and
13), extending parallel to the optical cables 14, in
particular in order to make it possible while installing
the device 10 for detecting and locating leakage on site,
to be able to unroll 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 continuocusly
or discontinuously at times €0, tl, t2, ... in an

20 independent or simultaneaous 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 1s 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.



2. A device (10) according to claim1, characterized in that said second
optical cable (14) is bonded to the geotextile (12) by bondi ng neans. 25 3.
A device (10) according to the preceding f%alﬁl characterized in that a
second nononode optical fiber (142) is further placed in said protective
tube of the first optical cable (14). _ 30 4. A device (10) according to
ei ther prec é&%§h$lain1 characterized in that said geotextile is further
provi ded wit east one third optical cable equi pped with another
optical fiber (141, 142) suitable for detecting a 35 variation of degree of

h b 142 d f
P?Qﬁgﬁ{ft:ﬂgiaesrﬁﬁi?éégéfﬁ fgrogétdg¢ %%d(f % va ? A g?a¥%%edegree
of noisture f%m@eQe@Y@%EullC5WO¢kdewm@ed%queab©Dm@|@@ar@caﬂylp$QCEM|ng
claim 5§har@§é@ri@e&m&w@§ §%@'o@@£t£ﬁé P@M?é (14 ﬁé&e%ﬁ Cflhens

substantially parallel to one another . device (10) according to claim
5, character%%e%ﬁb??%F%Hds%ﬁ%W%ﬁﬁﬁc%}t%ables are grouped together in at

| east 10one opﬁtcﬁéaﬁﬁbﬁﬁebﬂﬁﬂ%@ oﬁ@ﬂdals@aﬂl@unﬂhﬁ {B4okeibg Pplaged at a

o aensi tive 1D SERE 5 | Wit {207 2006, WP Fe ahye pretedi ng ol ai m
characterlzemhthnmrwnzen aba$¢a$Meomé mmﬂthmmﬂeca@tim@hrslbéﬁ 141)|142)
transmidin [ t t a location
(TR e LA, ReS0nALERAD LaEL Rt < ) SPOSST! %

sultable or detecting a temperature varlatlon and for

transmitting a signal that is modified when a variation

of the temperature is detected, and

- at least one second optical cable formed by a sheath
15 receiving tightly at least one monomode optical fiber

(142) suitable for detecting a deformation of the

geotextile (12) and for transmitting a signal that is

modified when the deformation is detected and

in that said second optical cable being bonded to the
29 geotextile (12},

2. A device (10) according to claim 1, characterized in
that said second optical cable (14) is bonded to the
geotextile (12) by bonding means.

25
3. A device (10) according to the preceding claim,
characterized in that a second monomode optical fiber
(142) is further placed in said protective tube of the
first optical cable (14). _

30

4. A device (10) according to either preceding claim,
characterized in that said geotextile is further provided
with at least one third optical cable equipped with
another optical fiber (141, 142) suitable for detecting a
35 variation of degree of moisture in the vicinity of the
optical fiber (141, 142) and for transmitting a signal



8. A device (10) according to any preceding claim characterized in that it
further includes at | east one heater |ongitudinal elenent (15) placed
parallel with and beside said first opti(‘zag cable (14). 25 9. A device (10)
according to any preceding claim charactérized in that it further includes
reinforcing cables parallel to the optical cables (14). 3010. A device (10)
according to any preceding claim characteri,zed in that it co ises first
and second ¢&Gttexits I“E’éil(ff?dar‘l@l%ﬁ SR 547 %Qitdle? idresqrefn(rlg)éecond
optical cabhes dtid)e are dgisertdeerl between the first and second geotextiles
(12, 13). 35 26 one anong the first and second geotextiles (12, 13) by
bondi ng neans. 12. A device (10) according to any preceding claim

S5char act er i Zed B mletiate s@ild fagmtraiptd dat arablrrgcRAing dHonded to said

geotextid e (A2). Aw NANAiNg BaNS: sak31 o ce s aceor ding douddqi m 2,
11 or 12, characterized i n that said bonding neans conprise at 10l east one

bondi ng conpoREiaNti@Ll e FsHF HE L & RAYridtRF-nprising a ligating yarn, a
securing yarn, a warp or weft yarn, glue, a hook |like fastener, a hook and
her by

| oop tape or_fibers of each of two, geotextiles nded to each o

need! epunchibrg & @1%4.(61@sfﬁcé?ﬁqlg}g det &3y a’nacerfad%aaﬁe?ﬁl%ee kdye of a
fluid from adnytdreauld coptardgl tdeblsyssteam betupaharepttdrezedh iat tledst t

i ncl ud a device (.10 r di 0. a pre i i d . | east one
measur enent %apoﬁtl(licn&?clee}%af)b%nee,cl?’gﬂcf} ]teo' an4c)h’ 05|gate1|cg(l:_ar}%h ‘ﬁ‘%éem %11)41@311122) and
serving to ipldicsat etary hegdtatdrored thehegsdtgneli ke ahlshi theafk by the opti cal
fiber (141’é%g9esponds to a zone of the work that is sensitive to

leaks.

15 7. A device (10) according to any preceding claim,
characterized in that at least one of said optical fibers
(14, 141, 142) transmitting a signal associated with
temperature is disposed at a location of the geotextile

(12) which is in a zone situated close to the air.

20
8. A device (10) according to any preceding claim,
characterized in that it further includes at ieast one
heater longitudinal element (15) placed parallel with and
beside said first optical cable (14).

25 )

8. A device (10) according to any preceding claim,
characterized in that it further includes reinforcing

cables parallel to the optical cables (14).

30 10. A device (10) according to any preceding claim,
characterized in that it comprises first and second
geotextiles (12 and 13), and in that said first and
second optical cables (14) are inserted between the first
and second geotextiles (12, 13}.

35
1l. A device (10) according to claim 10, characterized in

that said second optical cable (14) is bonded to at least



15. A hydraulic work fitted with a device (10) for 25 detecting and

| ocati ng | eakage according to any one of clains 1 to 13. 16. A hydraulic

wor k according to the preceding claim cg%racterized inthat it is nmade up

of a dry or wet dike 30(20), and in that “said device (10) for detecting and

| ocating | eakage is placed longitudinally in the body of the dike so as to

cover at least a portion qof the hejght of the diﬁg. 35]I(Z)LI.2 A_hydraul i ¢ work
f [4

accor di ng t 87Eh&MeRgc&dend 1asdi APuSERERE FENTESTE ct¥g and

| ocati ng | edkagenacaentisng to claim7, the work being characterized in 27
that said optical fiber (14, 141, 142) that is placed at a |ocation of the
geotextile (12) that is in a zone situated close to the air, is placed in

such a mannégZ.ad devieeat( Ulhe acop rofinchd ovarly. BBergdimgmstiisdd.of det ecting

and | ocafi n%g'a%@%%ﬁfeda i wind f oM Mydraydig war leadike mEthad bei ng
characterized in that a tenperature varjation is_detected by nmeans of a 10
nodi fi cati oRPonslechéosisgal Jemiterdd sy Gl AYmbPeIMI @825 ber (141) pl aced

in a protective tube of a first optical cable (14) in contact with a
Geot oxt il 6 (£2) A SIS qd0dcrer By S o OF 2mdd fredron n the
si gnal em t toed ray tene. zren dmp déagptsiacal Hdnoemy 2 splczoge lise atsecond
aecor dity o 8Pkt Kt Dok R CoT s (i Sy e o] &0 PR ol stur e
content of tdeepgdstient id & igELinG v@¥o detsEsvued-ney YR GWodid i"edtd &iF in t he
signal em ttw%qftb)fja%,of%;tliu%@l d ek (34 fAderlaced Hdvia 4 Ndbop
tape or fibers of each of two geotextiles bonded to each
other by needlepunching .
15
14. A system for detecting and locating leakage of a
fluid from a hydraulic work, the system being
characterized in that it includes a device (10) according
to any preceding claim and at least one measurement
20 appliance connected to each optical fiber (141, 142) and
serving to indicate any variation in the signal
transmitted by the optical fiber (141, 142).

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

claims 1 to 13.

16. A hydraulic work according to the preceding claim,
characterized in that it is made up of a dry or wet dike

30 (20}, and in that said device (10) for detecting and
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.

35 17. A hydraulic work according to the preceding claim,
using a device (10) for detecting and locating leakage

according to claim 7, the work being characterized in



optical cable (14) that is bonded to said geotextile (12). 25 20. A nethod
according to claim18 or claim 19, characterized in that said second
optical cable (14) is bonded to the geotﬁﬁtile by bondi ng neans. 3021. A
met hod according to the preceding claim "characterized in that said bonding
means conprise at | east one bondi ng conponent (16) belonging to the group

conprising a_ligati, ar.n, .a i , ft ol ,
hook | i ke f 2bpénérios ohidadnd Pedp @21 ada o ¥bePe fofl kM Ao
geot exti | es abdnded ittn edchthet heoteytidedl {@@ndhiatg is 128 a 22neA met hod
accor ding 1 9;3mu.a0e Aoel ATAS e 2o GHAAE qn 260 B WAl Blural Y

of optical cables seélthat are sposed so as to be substantially
paral | el totonécandt héve tHr23f Ahgetieadk.according to any one of clains 18
to 22, characterized in that said optical cables (14) are grouped together

in at |east one optical cable bundle (34), said bundle (34) beiﬁg_disposed
at a |ocatidf-of TetheQedt Setiacd 1nm pch 0 Edies gGide %o F Zorfe W9 t he
work that ig:5ansi e aiQileaksk, the method being characterized in

that
- a temperature variation is detected by means of a
10 modification in the signal emitted by amultimode cptical
fiber (141) placed in a protective tube of a first
optical cable (14) in contact with a geotextile fabric
(12) made of yarhs or fibers, and
- deformation of the geotextile (12) is also detected by
15 means of a modification in the signal emitted by one
monomode optical fiber (142) placed in a second optical
cable (14) that is bonded to said geotextile (12).

19. A method according to claim 18, characterized in that
20 a variation in the moisture content of the geotextile
{12) is also detected by a modification irn the signal
emitted by an optical fiber (141, 142) placed in a third
optical cable (14) that is bonded to¢ said geotextile
(12} .
25
2C0. A method according to claim 18 or claim 19,
characterized in that said second optical cable (14) is

bonded to the gectextile by bonding means.

30 21. A method according to the preceding claim,
characterized in that said bonding means comprise at
least one bonding component (16) belonging to the group
comprising a ligating yarn, a securing yarn, a warp or
weft yarn, glue, a hook like fastener, a hook and loop

35 tape or fibers of each of two geotextiles bonded to each

other by needlepunching
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22. A method according to any one of claims 18 to 21,
characterized in that a plurality of optical cables (14)
are used that are disposed so as to be substantially

parallel to one another.

23. A method according to any one of claims 18 to 22,
characterized in that said optical cables (14) are
grouped together in at least one optical cablie bundle
(34), said bundle (34) being disposed at a location of
the geotextile (12) that corresponds to a zone of the

work that is sensitive to leaks.



