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By R®my Tour ment |aiso shows the growing importance of
r g éLse vaeretsi calse_a natur ald d&xofcaurssi o
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Dear members and frlenc,ﬁl cor{ael eRo\’&err ' MWoh i R"n°Ythkes the case e
on Levees and Flood Def c e E. opea

“IClub of | COLD, dear m

Technical Commi ttee on

flood defences practiti
I'n this issue, the second of thi a l fe
ture" articles, one about tempor def el
es and one about ri sk assessment
We have as well many other very em-
bers and readers that | cannot ; l ! : not
hesitate to provide a contributi W i ‘Hou ar
Europe or anywhere else in the w . } T ;
2022 was, after two years withou . N
ings, the year of Reunion, durin ol A 4 whi ch
was a success and a pleasure to ~ 1= ur
colleague Adrian shares his thoulg S event"]n an artic in
issue. Hopefully next year w'tblmg':éﬁé'ehsl eV@Ratpodme Sb PP oantdy fid £ ii &Ns RUShWO’

with the |1 COLD annual meeting inC‘GPoytrPléh"ouorfd'%'S"’\/\}ed:é’ﬁ9’'3a9n°'d'”tohté)@’EEUpher

CcCoLD _symposium in Inte.rlaken ( Swa zlgrrlldala{1>;1)27 Y1 yt rheem%q 're%rﬁl el ec o
y e &2r0 2i2s soon over, I wish all Ofo}’HFthéta Ieorﬁﬂ soll'srslﬁe? @f%leo s

season, and |l ots of exciting and od
defences for the next year and a

Refl ections of t he
By Adrian Rushwort h, Env

difficult yg:

Foll owing the recent ei |l €
was a great opportunity to renew t ne:
coll eagues. This article gives all hts o
very enjoyable and effective week

As part of the Congress, the Tec| E)
and its members were active whi ch e of
Levees within | COLD. The staturqu %tpgowc%nd”
this year demonstrated the progres pargt'lcu‘fyar
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As wel |l as being informative it prompt
avail ahtbtltep sa:it/ /clf dnrr. ®@ad Marseill e cours_co
On Saturday 28 May 2022 the TC LE held
overview of the of the two bulletins be
few years. Both the deliverables are o

come the foundation of al | future work

'ﬂ Levees and fl ood def -eChcaersa cacerra ssst itchs
dqand Govermmarscevas presented for approval
es to th i

f

Assembl y. Attende e workshop, i
members of the TC, gave eedback to he
cussions included future updates and th
for updating country information in bet
was noted that there was | imited knowl
TC.

Figure 3: The short course. Copyright official congress photographer

1 Comparison of d-&msnidmdiltewvases di ffer enclTehs samde proecto mnse mdoadt iyoerts ready

planned to be presented at the General Assembly in 2023 ini @dthenl
feedbdké&.report shows that there tends not to be a clear distincti

On Sunday 29 May the TC LE held a Committee meeting. With sadmeehved

|l onger. The meeting included presentations and discussions;

1 The Levees and flood defences across the world Bulletin wasacenstid
position, chall enges and future actions. Jonat han -ISé wnene ¢ olorks @ rheo mp
Bull etin. One of the important outcomes wil!/l be to idengityrh mdrer

| COLD TCs.

1 The TC is also working on a position paper with a number ves$e, key- me
courage the use of sound policies and practices, and advaockantcee sf or
have been identified. It is hoped that the paper wil/l be ready to

1 The future of the TC was di-ccmusiscdar itnlkcd utde rnms t dhfe rnefeadr dmc e enext ye.

1 An interesting part of TC meetings is to hear from indi e¢idduwali nmemb

ductions from new members of the TC from Canada and Pol and.

1 Finally, there was an update on the activities of the Eurmgean hWor
website and this newsletter.

At the | COLD General Assembly Remy presented the work of theldTsCe LtEhe

fdamsevees caohparngonhhe next year. He called for more interaction with

Remy was at the General Assembly many members were abl e to igleewin ha Tshii

baut Mallet fraonmd ShMMADXROEM eagues explaining the background and approac

| have benefited from I COLD meetings and the work of theithBdTE€taverer

the TC LE which wildl hopefully continue to develop.

Addi ti onal I nformati on

The French National Committee CFBR also prepared some material at| the

1 in the commemorative book, prepared with a | ot of atten€Chaeart ahdofma
this book is dedicated to | evees.

You can downhoadosit /chebmre eamédMarseille_I|ivres. ht ml

1 a monograph on | evees has also been prepared by members ofs @HBR :
|l evee swnstems /J/ wwonf hrare ww/gdasr sei |l |l e _momaogr aplsioedowwving oas. ad ml t hfem t o
https: // wwon thrare w/gleMG/ zi p/ monographiesdigues. zip
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i i Blg cra f h rils f, O t he occurrenc
|nveSt|gat|0n Of a (berf;es rc:)rp'@loqldl\/\grvﬁleafter shel li
infrastructure) and to get an idea o
A multidisciplinary inhfe¥t3irgastliesn W?n""@‘t)'l"”'\/dlﬁch’ph\ﬁ's
. applm on invasive c hni u
mor phol ogi cal , geophystsa anlg (apnrpl Wew ke echenhd:daf el
met hods was applied t j(oec rPeprlroea/udb'oeu)tSOI yettberr euagftethh%tdfndH
: : up ¢} m eep scan o e u
l evee n NW BE|g|um di fferent antenna configurations, S 0
deep influences of soil variations o1
By DAVY DEPREI TER, Fl an|Represt eld yEw asJCIanscs:lurReg hlgh and |
search, Belgium with Jergétewlﬁe”\lljé'e?ec F%J”yaé;s éj);yd P the 'pcraetseen
P_eeters (Flanders HydraLELé F?@@e%ger(éﬁ Brﬁg zones acr
gi um), Leen De Vos, Iv.anmars.ouh OatbsCeudH|?_8DkbreorfEIe of th
(Geotechnical Di vision |wk$ emiald hed.GDhee EMI mient er,pretation
Bel gi um) Ti mo-Sbj/I SBé’y fﬁB‘g”eﬁn’Pf similar |l evee structure
- ' . . nves I s xtensive than ty,]
and Tlnn_e Mi chielsen (DtQOnV aaggmsr%ormadtﬁrri@rego ot her i ny
NV, Bel gi um) ri sks Hydrogeologic and geotechnica
hydraulic gradients (2 m head differ
creased the risk for slope failure.
AZO km long 25 m wide | evee situated in between two parallel di s -
charge canals (and surrounded byl -~ ‘ ' i C C 5t of
Flanders, Belgium, has failed | aft mmmss P G e el din
a breach of 25 m Il ong. The ch&aal_ -
187 0e and are characterized by p i
a strlking |l andscape feature. Afl &
study was con&Wtled oi ni demM2d fy dr
prevent future events.

Dhaspte ()

Figure 6: Example of t® PModomheductivity p:

=

Figure 4: Breached central | evee, end

The assessment involved a visual

ee to describe the current state

ma | burrows, erosion of the | eve

inventory was based on visual i

includiadenaihiyglphotographic datas,,.,_,,:_' , i, St ] i

a 2015 -wiedgei osnurvey and a local r T Sl S ) . MW e

mul tibeam survey of the canal b o .E:?—:_:-wﬁ__._‘ EE A LHR L= s, a

geospatial anomaly dataset was blurit tu 1 uvuval i zce uamaycu anu anuma-

|l ous zones.
Figure 7: EM soil structure interpretation
" |The investigation gave insight in th
damage and its temporal evolution. Di
2018 failure were identified: erosion
burrows and old tree trunks, combined
ent between the canals |l eading to in
dlinstability. Zones of increased vulne
integration ofdeasltlruapphieednebhbonds anc
l'imited drilling and CPTs.
After the investigation, restoration
were planned and are currently underw

Figure 5: 3D Li DAR and multibeam point cloud visualization.
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.1 H larship Progpramtofet DecC€Cor al Pr oc
The UnSGEFi.I an i-S(:Brnséstr] for Il nnovation and Technology
of a | evee Research, Devel opment and Innovation
grateful for the help of the | ocal Wa
By Zsombor 111 ®s (BME), [A°BQNYMS Nagy (BME), ¥rs
Ant al (OVF), HU BME: Budapest University of Technolog
OVF: Gener al Directorate of Water Man
Hungary has a 4400 km |l ong primﬁrEy:EhlERI%%Sprotectron system. Over - |
all, 92,9 % of these |l evees are ohesive soils. The construct.
of the dike system began in the 191®sc€7_sturAyrtanr¥g(\ﬂlOtZIQ)tHrensTia:k&at'rbv
regul ation works. The soils used momido®nmstnrgu sty sttfeen. | ¢ need 1wéir é nbheirintati
high water content, and proper chpmebhanicnetl‘hgbdsdmvrerepmot in prac-
tice back then. Over the decades|, Tivers became %i by kes, .
the area of the natural floodpl ailnl ®faSred@de&q L Zﬁ&z 5'1 E fIeo‘r‘otds fwelel
peaking at higher levels. The hyosrtJIu(chI ucraeI: )bcalt's cal ceovrr?e Yty iy Qe f
recent decades due to climate chGaerPoié‘. "'HeAvy Irsa"jrsnterasnd F1boaQ0aghdt t ps
foll owed by extreme droughts. Th%oq ees in the past hundred vyears
have been raised many ti mes. As |la result of heightening and strength-
ening, a heterogenous omMihomrs gt Kkectenrad uwa o ncr e at od
i s wviisni bHiegure 8. Along river Tisza, northeast of Szolnok, a Il onger
di ke section was relocated further away from the river to give way to
fl oods. I'n consultation witskcthe - - .
excavated in three places for inyyWe are always |looking for _|nf0rmat|
newsl etter and on our web site!| We n
uting countries, and are eager [to Ie
We wel come contributions f-Ewmo paenayn c
ones.

A CALL FOR CONTRI BUTI ONS

| I nformati on about |l evees anfd fl o
wor ks .

il News, medi a or press releages or
events involving | evees and |fl ood
Figure 8ecCiosns of the | evee, with visi1T Current, ongoing or recently comp
The frequency of floods in the il Documents related to | evees|as dd
creased. The Il ength of the droug gui dance, reports and regul gttiheng
spati al extent and volume have Fsive
periods of drought, the embankmel|f I nformati on on any event or |ma-nf e
rameters influence the depth and flood defences. distr
tion of the moisture content of [t 9, in
excavat esdecctrioosns. The | evee crest il Links to informative [/ educlati on:

is moist. gani sations.
Flood side River Tisza 74+902 km Protectad side il Pictures to be used in the eb si
Il every time a page |l oads (resol uti

= Water combent measurement

il Contact the WG] Wweelbr csoiltde@itresatnge:a . f r

| [ I (s
Figure 9: The moisturesechtiemt (sfect he
The Geotechnical Group of the Bul and
Economics and the General Direct| -
ate in researching the change in vees
mapping the appearance and for ma Could you help with our e tér\?’
fi-ostdter protection |lines crack a I%s
and Nagy, 2022). The crack types||wese |ooking for exciting | evee R &td
al. Furthermore, we had the oppolgyr future newsletters! It coul dSH&t:
glong the Tisza not fa'sedtr'o.(mn'thﬁstruction or your favourite | evepe phc
ing system measures the moisture Er
pressure of the levee at several |[|[Please emai |l 1y éedirr cpoil cdt@irresst etao f r

This article was prepared with t octor
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Buil ding a resilien
against flooding 1in

By Thibaut MALLET, SYMAL
SYMADREM is a public institution

|l evees in the Rh'!ne Delta (south
i mpl ements an i mportant program
|l evees

The Rhtne Delta faces

a doubl e
flooding. Since 1840, eight ma j
territory, leading to the spill el &
metres in protected areas, floo ng communities
hundreds of millions of euros i n.. ro fen
system was created during the 19t[Fh(é%cE;gnnéyy c\c{]%’s?iilifl'sq%@bid’RE% errdfqtoﬁlebceltB\
and 1856 floods, whose return pelriods were estimated at 200 and 300
years respectively. The structur/@9nwiederien@cittes somalcet h(emore&n diheaamt 4150y
ees, including some dating back tboe ethhediivatdhe dc einnt usreyv.e r@ilyv eonp etrhaetiiro niso.r nf
construction (compaction with mahean tampphgddeni ¢dse drlt1ad «fy) whineh
heterogeneous composition (alter/ddti nfaldialbtr gueandpmdite wWdoOwsatecessi v
stages of construction, levees awayexpbskdveess.failures by internal e
sion. This intrinsic fragllottLyrrchWSWOngse edepbtyI 0fnraelqufelntodsad\gI unavo

and man crossin i es.
y 9 pPI'P |l evees will control water entrles. (e}

Foll owing the 2003 floods, a gl ojdadlmesst rlaetsesgyi MmEgratrantngt hawoabspreednd
was defined, by the State and r e|@iyonelvegutbheeraicthieess |Folcoaotdeidn gi no ft hper oRtheo
catchment: the Plan Rhtne. The S¥MADREM &r¢ Macaaedalbl e hey ftbedcompet
el ements of this plan in a safet@rmﬁfJer)Q;]rrCa)fn Mloanst.he |levees from the Va
|l abr gues damhe oSafhet yemrrogr am gc.ra\rl\

e ®/fnsformation of a defence Syst e

1. Not to respond to flooding byaiF@igfn ?'Pﬂ@'_Pﬁv@%sb(§§chhp_§twé§’?f‘ﬁ@
case before the Plan Rhtne) |@h¥ Qfo falvaoaddi ntdr Prys oevrerrifnl g0 Wé we@r wi t hot
flows, which are inevitable BuUeihg | &Fge PTob&’é’at't‘é”rstrr%‘?c‘ﬂ'urr%% p
located upstream, downstream WE'BnOtHWaNdpedlsibtVe 'r‘?Q/%lrsﬁHé orities

resul t of consul tation, splllways on

2. Accept overflowing for floods esvi $hi mg rteot uorvnerpémiwod Theger | eedd 0l ocal
years upstream Arles and ovefurmdt iyoenairnsg dd wrshtirse anne wArdled €nce syst e
with an equal amount of overf/lmewinagi oal omespohl wagybh bankevees.

3. Consider a |l evee breach as uhlhecepmpbeéte duenmygateixcxrepafi onfae¢ pr ot ec
events | iykeara fil, DdOD. of safe and sustainable | evees, is b

. restoring of following safety functio

These goals involve:

1 Watertightness and resistance.

i Safety works for the whole system to avoid any breaches during
an exceptional Rhine flood. f Filtration and drainage.

q | mpl ementation of l ong spillnﬂayssbﬂblleveesar{do Pre%ti &Gt Tode rd 9y st
They are made of concrete rip rapanbllocks on crest and | andward
side. This allows them to resq stsbp|hwg§) (v,eésg),cgtté@@eltno cader fo1fo vAn
overfl ow, whi ch can ereeaatfeor lojeeladheevse eon
sections. 1 Survelllance.

i Environment .

An information booklet describing in
i Aremathngl. i sh

A video clip in French with Emrglkish s
See abpiolll ways oopubilvieaa tbaeovre medisr t e .

Thibaut Mall et i sSYgwAnDeRREAM manager of

Figure 10: Cross section of the |l evee|l resisting to overflow between Beaucaire ar
Fourques (right bank of the Rhlne)



https://www.symadrem.fr/wp-content/uploads/2022/05/Plaquette-CIGB-v12-pap-bd.pdf
https://www.symadrem.fr/wp-content/uploads/2022/10/Plaquette-CIGB-vgb-BD.pdf
https://www.youtube.com/watch?v=Oc_jJhzieoo
https://www.quae.com/produit/1720/9782759232857/spillways-on-river-levees
https://lfd-eurcold.inrae.fr/index.php/levees-related-documents/
https://www.symadrem.fr/
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Il nt ernal erosion or (fast) Iliquefaction?
gary

By EmRké& HUm&e Dani e/lUKBarr et o

The first specific, recorded case study of failure by i ntde9r3n2al[ 1leJr oasnid

referred more recently by Nagy in 2014 [2]. The embandbmeist whasielr-tvak d( rld
m from the downstream side toe odsttalel ieambec kpreand t. i cAee,c oa dih argme lo ewad bp ¢
by protective material. At the same time a boat/ canoe aboutté 1vwa tnerl olneyv
in the counter pressure basin started to oscillate i nfdeeddad, ,ngpiplieoe, foa
p|Ies, etc) were prepared. The breach happened within mirugnetshi sa,ndt hae r
engineer i mmediately ran up to the embankment <crest and gl amadld adathea
embankment . When it apprOoant hetdhet hbeo alte vbeeegaant t1o5 t i |t i nto tle hedr t éx, oi
side of the dike (see Fi-gore a4Dfedtue $wbse ckuenndt loyf tshienkcr esdt -BBegnan tthe
water began to flow into the saved area, and the breach wiad®4dn emd K eol ocawb
the I evel of the flood.

Mt

. f‘/; //f 7
i ,/////// % 1,

iy

h‘l
Figure 12: Il lTustration of the boat diving to the pipehihclandednan ttiloen Isame smi delt
s anbdoi | spot. (after Benedek, 1932)
A similar failure occurred | ater at the river Danube i n8@5ndJulhyesled 5wie
reported by eg., Szepessy irmrd@drdt §.3]1 mnbdthke dasdés, otfhewiftmremast i on of
bamorong
crestﬁ
_..?E.‘(GO‘M
failure
-
Terepszint - =
b nd —‘*—-—-—___._.,——-F—M--.____‘_'_
Jterae:kcvagqca,/—""ﬂ,w | o .S*ervesxavrra ety

g .- Kavéragyog clay

Figur Ket3Rs K°r°s river, Hossz%Wf ok failure in 1980, figures$aywn p[rd]n.e (t|oeflti)guleH

ti on. T(hRei ghhytp)ot hesi s of fast, |iqguefaction piping in [3] completed by he vort
failure and witnesses described a moving vortex in Csv&8nyw §cumefned he
Csvgnyrs&r ., chief expert engineer L8szl - Mar ek, gover nment ycnosnpneicstsiioonn
triop, |l arrived at the 25.4 km section of the protec30 vemvebrhe karecwn a:
the embankment showed no har mful changes. The surface of t beowtegrerdaibry
20 to 30 cm deep, clear seepage water. Then quite unexpectadblhummaboilt
water with a diameter of 1 m and a slightly cloudy col ouefbrokerupmpat e
smoot h, but approx. 2 seconds | ater, from the dam crown aboutkme® m a
crown, and in its centre the water sunk eep |li ke a funreotu. aThmEnaobekum
hal f, and then suddenly topped (probably due to the coll agps.e DOHen heaef |
half a minute, the column of water with a diameter of 1 mw®mmer i5gimm ahlilgyh
wi th extremelcolcolroeudd ywatdearr,k and then another half minute | ay ecql Itahpes ec
deeply, and the water begun to flow above the collapsed dyke."
A third case study in the river KettRs K°%r?°s, Hos s z %f ok itnihsl 9f8 00,0 dt,h ed i
notice any signs of damage wuntil the early morning of Jwlyer28eyhter6 .2
observed. They described the water as "black and thick wiatrhr esw Irtapgi dTll
reaching 10 meters by 7 hours, and its final widthCwasi A8emh. on the ne>

i€Cbuda University, iBuda peensoth,e @tivan dhaur y,

JEdi nburgh Napier Universitg,b&diebo@uapi &dni aedulki ngdom,



mailto:imre.emoke@uni-obuda.hu
mailto:d.barreto@napier.ac.uk
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I'n these three eyewitness reported cases, failure may behedtctornithawtte derto
is not possible according to existing filter critericacyuredt T&i Bowsveu,j
the occurrence of sand boils, the formation of strong gew$érsufideml| peg
the | oose state of thMHesdeprdbokt oWi shltsymshad bbservations, the occur.
there is a hydraulic component in these failures. It i se mppotkmesnits ed n
prising the entire | ayer. Hence the occurrence of | igaprpaadh eosn dcu proec
continuum fluid dynamics may explain these failures, intiéaekidng Reysramic
ongoiThg. possibility of high energy impact of the vortex atr ubbayewent
soi l may also need sophisticated numerical model |l ing for understandi ng

[1] J. nkeed @k ,strange dyke failured\2EmygKiil RN2Isveod@nmt yeaKmodS s )21 9 D..

[ 2] L. N8gpd boils in Flood protecti.onBYdBaggstr okHwarzg&8rw:2 zOWRWEHeOemb&ads
223. 2014.

[ 3] J. Szepessy, '"Erosion and liquefaction of granular and hceohg#lkdve-so
I - giai ,K¥opll2ny3,1200. 1283pp.

Met hodol ogy of | evee investigations

Verifications of various inv-ebéermati baakmgehddt

By Krzysztof Radzicki, Cracow University of Technol
Reliable information about the state condition of | eveeskigreppbaceaihy
them, is of fundamental i mportance in optimizing the deesasitome ogl obhael
l evel of the flood protection system for a given area [/ rAgiparanoft
grant from the Polish National Centre £20rn9Reseaxroaip awadiodes eil nlpeneédit g f il
|l evees was carried -meteonsseeveoal ohuntdee®¥i stula River |l evee | ocated n¢
On the examined section of the |l evee during the great f | osopdaroaft e2 0z1o0n, e
were observed in the toe of the |l and side slope. These pdrices!l weweelpl|
presented in Figure 14) during the flood. There were hunodtrtee sMad o psoulcsh
Voivodeship. This raised the question of what methods, anad uowhigc ha ndp taif
a flood, to clearly identify those | evee sections thateg.equwirteh ian sthheee
preferably before the next flood. The answer to this quegseiiomvesatsi patei
.-. -.' i % "“

Figure 14: View of the investigated | evee of the Vistulaolid vedl wi t(hRamhzikd kiig eotf
A wide spectrum of geophysical and geotechnical surveys of etmtlkkenliemgee h
|l evees. There are also places where | eaks and internal eesmosnieosn. pH ooweev
er, geophysical, and geotechnical surveys did not pinpoint their exact
2012016 DPL soundings and geological drillings as |wel/l
2018 Detailed GPR and ERT measurements, suppl empentec

soundings and geological drillings

2018 I nstallation of a pilot seepage thermal mgnitor
During flood of May 20A6tive ther mal investigation including | dqakage

ments

2019 Detailed GPR and ERT measurementsesolpplioment ed

refl ection seismic and MASW. Additional DRL sou
Tabl e 1: List of geoengineering (i.e., geophysical, geol edyinaari,c gred ed e @atte omn il da
GPRgrouwnedhetratingetadarj c&RTr esi st igwiotuyn dt ccnoongdruacpt h ye,ia tpGCNrceot uvepel | eydC CrRe s i -smtuil vtiitcyh,a nM/A S

analysis of surface waves.
Continued on the ne
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Il'n 2018, a ther mal measuring system for continuous | eakaTlghk any nélteme mtg
the system was MPointS (Multi Points Ther mal Sensor) ther monaicrtidevad egen
integrated into it. The characteristics of the sensor heassteiempg gen dved ma
were determined firstly in the | aboratory. Bhita dalhleowed gtdigeee suosdl oasfist MPec
detect |l eaks in |l evees or earth dams.

Two meudnsior measuring |lines were installed on the 50m sectasonnefathedl
|l evee body in its Il and toe, the second in the first | ayeetofothbhacpeom
have the efdercti mdowmsuamaoni toring of | eaks along the | eveeweffbequhnskhy
stalled by punching them from the crest of the | evees bench. The scher

Installation of thermal sensors Reading unit [data logger,

from surface at the same " transfer noh
@ “ the Installation of thermal sensors data transfer, energy supply) Leak

’ from surface at the same

—F -7 depth in subsoil
ok

Communication and

depth in body of levee
power supply cable 7

—

Installed
thermal ————

SENSOrS

Leak

Planned locations - 3 :
of thermal sensors }.,/{ & Horizontal detaction Thermal sensors
o -~ (].Idhl-[()l\ll.‘\{}us body of lew
(.'uns':dn::]t_'plhs// T - lines of thermal Communization in body of levee
of thermal sensors monitaring in body and power Thermal sensors
installation and in subsoil of levee supply cables in subsai
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