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FOREI/'/ORD

Doms, ond hydroulic projects in generol, ore fundomentol
elements in the developmenl of o country - even more so for
those colled 'developing countries'. Truly fundomenloI since
they hove determining effecls on energy production, inigotioo
woter supply for domectic os wdl os industriol use, flood ond
low woter controf leisure oclivilies, ond even tourism.

ln the vosl multifoceled domoin of dom desigq construction
ond operotion, French firns ond engineers con ouoil themselves
of on extensive experience ocquired over mony yeors, os is
omply proved in outstonding reolizolions lhe wodd over.

This brochure hos been reolized by the French Direction of
lntemotionol ond Economic Affoirs wilh technicol odvice from
the French Committee on Lorge Doms. lt oims of promoling in
foreign countrieg lhe high level of skill ond obility of our owners,
consulting engineers, controclors ond monufoclurers.

ll represents o new step on the rood to on even closer, rnore
trusting colloborotion between French speciolized engineers ond
technicions, ond lhe dom owners in foreign countries wtro will
coll upon their expertise.

Wes COI.JSQUER

Direclor of lnternolionol
ond Economic Atfoirs

Miche|CARI.JER
Choirmon of the French

Committee on Lorge Doms
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t-3r Girott€ mulliple orch dom on lhe
Dorinel river.
Height | 48 m;
cresl lenglh | 507 nU

volume ol lhe dom I t 20 000 m';
storog€ copocity : 50 million m3.

operolionol : '19/18.

The study, desjgn, conslruction ond opero-
tion of doms bring into ployo lorge voiety of
sciences ond techniques: geology, hydrolo-
gy, hydroulics eloslicily theory, moteriols
strenglh, soil mech0nics, rock mechonics,
elc.
Thecontribution ol French scienlists ond en-

0in€ers lo lhe developmentoflhese sciences
ond lechniques is consideroble: iicomes os
no surplise, then, thol the history of dom
building should demonstrote the prom nent
role ployed by Fronce in lhe domoin of the
study ond design of lhese structures. A
sompling of such reolisotions, to be seen rn

tronce os well os rn olher counlries, con be
found rn lhe lollowing poges.

Aseorly os ihe XVIllih ceniury, reseorch ond
experiments by Dorcy in hydroulics, ond
Coulomb in soilmechonics, mode itpossible
lo loydown some fundomentol lows, wl'rich
even lodoy orethe bosis of oll desjgn studles
lor eorth doms.
One century belore. (1675). the Soint+er-
160ldom, burll by Riquet to leed lhe Conoldu
Midi, olreody wos on exc'eplonol structure,
ond creoted o world record ,or the height ol
0n eorlh dom (36m); ii is still in operolion.
However, whereos Bitish engineers cooti-
nuedto build eorth domsinto theXIXth centu-
ry, theFrench switched to m0sonry.Thiswos
o remorkoblefield of opplicolion forth€ mo-
leriols str€ngth ond elosticrtyiheory in whrch
greol French engrneers such os Novier, de
Socilly, Delocre ond loter Pige0ud would be-
come f0mous. Gouflre dEnfer grovity dom
dotes from lhoi period;builtin I 866, il estob-
lish€d, in ils hme o world record for herght
(60m), ond rt rs still in operotion.
Itlookthe foilureo, Bouzeydom, in 1895, for
Mourice Levy toexploin 0 mechonism which
is clossicol todoy, but wts lhen complelely
unknown I lhe uplift coused by woter seep-
oge through the mosonry of o dcm.
Then come lhe 'oge 0l the 0rch' Alreody
y€orc oheod 0, hrs lime. in 1854 Fronqois
Zolo. the novelrsfs lolher. hod buill omoson-
ry orch dom neor Arx€n+rovence (fig. I -l ).
8ut the reol development ol the orch dom,
which come close lo o century loler, is due
moinlytoAndrd Coyne. Under lhe leodership
of lhis greot engineer,lhe French technique
mode losl progress In lhis feld ond ploced
Ftonce ol lhe llrsl ronk of lhe Duildersot orch
doms, which hove become increosingly ligh'
ier, soler, ond more economicol. oeserving
speciol mentiontre th€ greot orch doms of
Morages (1935'height 90 m), Cosnllon
(1948-height ]01 m) (f9.4-7) oad Tignes
(]gs2-heighl 180 m) (fig. l-2).
ln wide volleys where lhe clossrcol orch dom
u/ould nol be suitoble, but where the rochy
loundolion permrtted burldrno 0 concrBte
dorD the butress ond multiple orchtype hos

History

'|-l
r Buill on lhe lnlernel ver by
fronqois Zolo, inis orch dom become
opsrolionol in 1854.
Hsight 42 m;
crest lsnqlh : 66 m,
volume of the dom : 7 000 ml
storoos copocily : 2.5 m lion mJ.

t-2

- 
Tignes orch dom, on the lsore riv8r

Heighl i 180 m;
crest lenglh : 375 m;
volume ol the dom : 635 000 m1
storoge copocily: 230 million m'.
0psrolionol i '1952,
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Sieom flows: the lorge smle opplicolion of
llow m€osunng by dilution rs espeoolly suit.
ed lomounloin lorrenls osu,ellos riveGwilh
hrgh s€diment lDnlenl in ths ploins. Flor6 of
up to 1000 mrs hove been goug8d uiilh o
sodrum bichromote lrocer in lhe looded wo-
ters ol Modogoscor.

Sediment lood : rneosure o, sillolion ol reser-
vorrs by ullrosonic sounding (full reseNoir)
0nd stereophologrommetric survey (emply
reservor).

Recording ond mllscling of moosurss: inde-
p€nd€nl mognetc recordtrE on cossetles
(frq 2-3) opersles b€twe€n -30 ond +60
oC. 

on on ordinory bottery. wth o copocjty ol
I 0 reodings per hour lor two months. The re-
corder is linked lo o compuler which ollows
immediole use of slondord processing pro-
grons wilhout t€dious grophicol derivotion
or reclrding :

. d€plh lo ,low squivohnco,

. pinlirEs ol doily flow tobl€s,

. r€cdding 0f hourly hvels ond roinloll,

. printed or on{([een displov ol comporo-
live results.
r stc.
A new stoge is bdng devslop€d storoge o,
hourly 0r Semi-hourly volu6 in o stoth m+
mory, next lo eoch m€osunnd un ond cd-
leclirE ot dolo uo t€lophone or sot€llile.
Smoll doinogs orBos : o spejol ser€s of ex-
psrimonls, invoM n0 oll hydrdodcol porome
t8rg 6 b€ing run on lhe smoll droinoge oreos.

COMPARATI\E STUDIES,
WITH OR WTHOUT MODELS
The methods used to exlropolote ond/or cor-
rolole dolo lrom o n€orby droinog€ orso ore
now @mmon knowledge. otrjective m€lho-
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D€signing ond buiiding o hydroulicscheme
requires knowledge of c8rtoin noturol cho-
,octerislics ol ihe sile, vitlich ore rytotnlv of
hydrologrcol. lopogrophiml ond geotogicot
nolure.

Hydrologico! doto
ln the plotns, roin ond srnw ore evoporoled
by lh€ so ond vegelolio0 whereos rn moun-
loin regions, o proporlion of lh€ roinfoll
wlllch crn be os much os severol mslers on
lhe more e4osed slopes, goes to,6ed the
torrenls, whose llow d8peods on the drorn-
0g€ 0re0. relief, ond gsologicol noture of the
sol,0s well os lh€ v€gslolion. A smoller pro-
porlion of the rcinloll is in iltroted ond feeds
lh€ ocquifer.
Thselore. ony hydrologic{l sludy musl b€-
gin with the onolysis of lhese loclorg whose
complex ond inisreloted octions del€rmine
lhe quontilies the projeci engineer seeks to
deline:
. ovsrogo flow inlo lhe oreo,
. s€osonol vonolions (or reoime)
. adremes ol flow: towwoler ond llood le-
v€|9
. omounls of tronsported Sedimenls.
Three opprooches ore combaned to obloin
evoluolions ol llows which come os close lo
reolily os posside:
. drrecl meosuring,
. mmporing with or wilhoul modds,
. stolisticol onolysrs.

DIRECT MEASUREMENTS
0n s e direcl meosuflng should olrr,/Eys be
prefered to on estrmotot but lock of re-
cords over lmg peaods, On lhe s e, ollen
leods to leosooed tnlerpololtons, ond com-
porisons wilh resulls oblorned bv exishno
slolions
A network ol hydro{lirnotologrcot me0sur.
ing slotons 6 o pnceless tong-torm
rnv€slmenl for0 Couniry.0n rt! metropotiton
leniloriot oreo (550 0m km,), Fronco hos
buill o climolologrcol nett^ork whose 3500
ststions ore run by the Metoorologie Noto-
nolq ond 0 hydromelnc network of 2000
slotrons, sorne of lvhich hwe been ooeroltno
lor morethon 50yeors.AI th€ r€cord'ed rnfor:
mslion is led into dolo bos€s which ore com-
puler processed lor lh€ most Dort.
Arnong the devetopments ochieved in the
lield ol dolo ocquisiton ond proces$no, we
moy menlion lhe lollowim:
Roin- ond snow'lolls: geierotEed use ond
ministunzing of tipping buckets ond their
odoptotion lochmolos \,ith heow snowtolls
(fis. 2-2).
Smwmell storoge: outonntrc meosulng of
ne snow covs by oclion of o rodiooctive
source (coesium 137) on the molecules ol
woler (fio 2.2). Tho meosures ore r€loved
by the Argos sot€ ite.

2-1r 2 dm'roin ooug€ with 2 0 tipplm
buck8ls, ond glslric supdy box for ttr€
hsoling on^d cosselle recorder (on tho
side,4 dm' roin buckeD.

2-2r Mobilo horizonhl b€om
lelomstsing snow gouoo :

I - rodiooctive source '10 moi Cs 137,
2 - slspdng molor, reducllon ond sprock€t
drivo.

counling ond flo€roming d8cironicq
llght olloy posh, 5 lo 6 m in h€ioht,
counlerw€iohl,

'10 - botleriss,
I | - clod( ond ,odo fonsmii€r,
12 - conclote bos€,
I 3- ground l6vel

3
4
5
6
7
I
I

snow,
GM dsl6ctor,
50OV eleclric supply,
rodiolion D€om
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Designing o tum, rn viewof the locol condi-
lions on lhe selected srle, meons llrsl of oll
choosing lhe best suiled type 0l struclurei
mn(Iete dom, embonkmenl dom, oro com-
binstion 0f both. This supposes thot the
exocl locolion ond h€ight 0I lhe dom hove
b€€n decided previously, since th€choic€ o,
o typ€ ol struclure is th€ decisive slogein d0.
srgnrng.
Due to lhe prevorling conliguroton of th€ vol
lets lh€y wereloced wth, French engrneers
lhroughoul hisiory hove be€n led lo proclice
lheir orl mostly on dom siles rn norrow vol-
leys, ond, more €speciolly, os ollen os locol
geology ollo\,!,ed, on corsele doms. Never
thd€ss. wide volleys ond embonkmenl
dorns hove nol been n€glecled. ln the posl
thirty y€ors, lheir devdoprneni hos even
b€en remorkoble in vorious countrie6.
Ho'rvgvel there never is o reody-mode solu.
lim, os French engrneers know very well
Thus kee ol ony dogmotic prelormed opr-
nioe they ol$,Dys endeovorto lind the most
suitoble soluiion, lrom the point of uew oi
prq€ct solety, economy ond eslhelics.

Concrete doms
For doms buif in norrowvolleyt wereelwe
should emphosize the project engineers'ef-
forts to mokelhe best useof ovoiloble spoce.
Clos€ ossocioton of the vorious elements -

dorD spillwoy, ond powerhous€-is, otleoslo
prominent economic foctor, if not o Smplify-
ingone, espeoolly whenspoce is ol o prem-
tum.
ThLs were creoted the powerhouse-spill-
woy{oms ot fAigle, Borl ond Chostong, on
lhe Dordogng wth theirexternol powErhou-
se ol the heel of the skucture, skijump spill'
woy led olong the downstreom foce of lhe
grovilyorch dom ond over the roof of the po-
werhouse Such concentrotion reoched iis
peok ol Monleynord (fig. 3-1. l-7, 5-3) 0n
theDroc; lh€rq the powerhouse isinside lhe
bose ol the 0rch dom, ,Jvhich shellersilfrom
rocKolls.
The skijump spillwoys, invenled by Andre
Coyne, were lorgely responsible l0rthe suc-
cess of such complex works,lorthey increo-
sedlhe s0felyin regordtoregressiveerosi0n
in flood !1/olerslilling pooiq ihereby ollowing
lightweighl, deg0ni solutions l0 releose the
wsler over the po\r,,/elhouses, in lhe oxis 0l
the volleys (lig. 3'2). Outside ol Fronce, the
skijump spillwoy won occeplonceveryslow-
ly. But lodoy, it is ockno\^,,ledged worldwide
os o very odvonlogeous sdution.
lf the volley is reollyioo norrow lo contoin on
exl€rnol powerhouse, underground cons'
lruclion remoins 0s o losl resort; thjs is lhe
solulion chosen for lhe orch dom 0tOymopi-
nor, in Turkey (fig. 3-3).
ln wide volleys,let us dwellon the woy those
volleys were hornessed by orch doms, ond r33
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Treotment of o dom's foundotions nowo-
doys involves increosino use of sp€ciol lech-
niques: grouling, diophroqm wolls, oncho-
rogBsond rocl( onchors, w€lls 0nd droins. dv-
nomic consoltdotion ol ths sotls
The oim is to consolidote lhe foundolion of
the d0m ond ossocioted structures stobitize
the slopes, rnsure wotertlghlness of lhe r€,
seft0lr. controluplift ond leokoge fiows. tt is
ols0 mportont lo focllilole mnstructon or re-
porr ond/or such modtttmltons os roisln0 ol
lhe dom
Thonks to tharinvenltven€ss, Frenchenglne-
ers hove oFlen led lhe wov with breok
lhroughs rn speool techoiques, sucfi os hrgh
copocrty rock onchors: A. Coyne rn 1935,
sleeve groutno: E. lschyin I 95O olosticmn-
crele diophrogm woll, in 1964 or cem€ni
grout diophrogm woll in 1970.

GI?OUTING OF THE ROCK
Thls is the oldeslol o sp€ciol technuues. ln
ils dossicollorm, t, ollowsmokino wolerlroht
the rockobutments of o domjhe-wno cuioff
{nd consolrdsting the frogrle rocis. The
quontilies ol grout ore rorely lorqe tnosmuch
0s o rock usuolly conloins o smoll perc€n,
toge ol voids. opproxtmolety 1 io 3 qo. The
groul used is 0 suspensron ofcementin w0l-
er, injected under pressu(e from stmple
holes. The French lechnroue hos shown 1H
Combefort) lhe odvonloq; of hioh Oressures
lo increose lreotment elficiencv
Grouting of therockmoybe o rTioremmplex
operotion, for exomple inthecose ofo korsltc
sitg or where golleries ore to be mode.

GROUTING OF ALLUVIUM
This rs now o dosstcottechnrque, whch the
development ot injeclton by'steeve grouttnO'
hos mode quite eosy. The best l(nown cose
of lhrs lechnrque betng used is the cul olf in
lheolluvium (grouring to 100 m rn depth) un-
der th€ d0m ol Serre+onaon (1952-1957)
Lorgequonliliesof groutmust be iniected.for
in olluvium the percentoge of voids oflen ex-
ce€ds 30q0. The rnoin grout used iso mix of
bentonrle (or doy) ondcemenl Mtich rs suil
ode to sonds ond orovets. For ltner sot,s st
iico g€ls o(e used-Preoonnq lhese mixes.
mntrolhng oM grouhng them under pres
sure is eFlected byoutomoled ptont$ dritkno
oMgrouIng ore conducled seporotety Thi!
mokes rl eosy lo odopl r,lorks monooinnent
lo d lcull srtes.
Monitonng of the first cuiolfs inoluvium hos
been gorng on for more lhon 20 yeors now,
0nd eoch possinq yeor hos confirmed lhejr
durobihty Mormvei dueto their verynolure.
groul culoffs stond upvervwe lo themoye-
menls ol lhe subsoil when submitted to over-
loods

Grouting

This concerns lechniques lhol moke pos-
sibl€ the cle0llon ol o cutotl slorlrno wrth o
llench whrch lslhen rrlle-d with o lleirtrle mo-
tenol. so lhol lhe cutoll moy slond up, wr-
thoul crockrng. lo the lhrusts oxened on lhe
slruclure in whrch ii is built

Eentonlte diopllogm woll-A lrench, ol teost
I 5 mwide,s kepl lullof mudwhrle ti ls being
culondfilled, os proor€Ss€s, wllh theogre-
goles lrom lhe exmvotron. Thrs woll hos lhe
odyonloge ol needing no cemenl bul theco-
rollory drowbod( of lock/ng mechoniml
slrenglh.

The lhin diophrogm wollrs colled thus. due to
ils lock of thrckness 0.l0 m opproxtmotely.
ll is buill by dnvrng rn (oflen by vrbrolrng) o
melolSection whtch is lhen extrocted M e o
bentonile{emenl groul is simullon€ously in-
lected ot the bonom. This method is especrol-

ly suitoue when moking lr,oterlighl dykes
ond conols under low hydroulic lood.

The ploslic c0ncr€te diophrogm woll is p€rfo-
roted, like 0 common moutded woll, uMer
bentonrte mud. A ppe s used,o rgplocelhe
mud wilh concreie mode flexiue bv oddino
bentonfe ond reduc.lng the omount of ce-
ment 0nd 0gregotes. Usuollhickness ol such
wolls ronges beh,reen 0.60ond 1.20 m.lhis
lype 0'f woll is widdy usedr il ollows gdrE
down t0 greot deplhs ( 100m),through hord
loyers, or blocks smoller thon the thickness
ol the lrench, ood enobles resisting move-
menls of the sunounding eorth moss w-
ihoul crockiag.

The groul diophrogm v{oll diflers lrom the
preceding one becoljse lhe lrench do€s not
conloin ogregot€s, bul only lhesome b€nlo.
nile cemenl groul, Mrich wos used duing
cutling of lhe kench. Thus conclele plocrng is
0v0ided, hence greoler economy ond perfecl

Diophrogm wolls

I
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I
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Ih€ mony fovoroble sites to be found in
Fronc€ exploin why mosonry, thBn concr€l€
doms hove been buill for such o tono trme
The Gouffro d'Enler orovrtv dom. dor St-
Et€nne, burn rn mos6nry is 6Om high, o
world record lor lhe lime (1866). the Zoto
dom (lig. l - l), olso burll rn mosonryrn 1854,
wos o consderobly odvonced orch fo{ ils
trme Bolh ihese slruciur€s ore slilltn use lo-
doy.
The engtneers'teots of tmogrnolon In
slrivrng lo extrocl the most ou, ol eoch stie,
lechnrcolly os wellos emnomrco y,lorned to
odvonces in hydroulcs ond moteriots,led to
th€conslruclion. ln Fronce. ot concreledoms
of mony dilterenl lypes. The rmpodont role
phyed by trench consullon,s ond controc-
lols in mony forerqn countnes hos mode
lhem copoble of s-otuino probterns ot the
mosl voried ftinds.
Therr expeflence covers tndiflerenllv lhe rol-
lo!,!rflg frelds

. the design oJ oll types ol concrele doms
(grovrty,lhin orthick orches, domet muttiple
oldles, buhrBses,.. ), spr[woys (clossrcol
lyp€s or skrjumps. botlom or mid-l€vel sprlt,
woyg slilling pools), ond ossocioted works
(oboveground, underoround orin{omDow-
er plontr;
t lhe completon of worls under ony condr,
tions ol clrmolq occess or logtstrcs;

r du ng lhe uorks, control ot unpredicioble,
lorgesize rivers with lhe odditionot demond
o, continued novigotion.
The following exomples i ustrote some ol
the unusuol or p0 rhcutorty drtficutt @nstruc-
tion choroclenshcs omonq m0ny concrete
doms built in fronce orobrood, wth lhe helg
oltrench consullonls or controclors. The ld-
crlrlrcs mentroned deot with power produc.
ti0n, irrigotion. w0ler supply or flood conkot.

ROSELEND BUTTRESS AND
AIICH DAM (fis s-t ond 3-5)
oporolionol in i961, lh,s mmposite struc-
fure rs one ol the mosl remorkoble exomples
of odoplotron lo lhe top@roohicotond qeo,
looimlcondrtons ol lhe siiei onthe letl bonk.
0 nollow gorge is dommed by on ordr ku0-
co,ed ol the loD on lhe right bon( o rocky
spuris heightened by o buttress dom, obuil-
ed on lhe orch where it louches the ooroe.
Ths meonl sovinos of mncrete ot op"oro"xi
motelv 500/0 over o cl0sslcol Orovilv dom
Besidos the probtems lrnked t6 lhe ahooe ot
lhestructuresond th€ setinO uD o,lne cbbte-
woys ond concrete pouflng crone on on ex-
lremely uneveflsrte, burldtnq thls structure ot
o high olliludewos modediflrcuI by thetrmtl-
€d 6 monlhs per yeor concrete-pdurrng pe-
nodond lhe need tocleorsome 500000 mj
ol smw eoch spflng when the Job $te wos
reopened.

5Sr Koroun ordr dom (lrcn).
Heiohl : 200 m;
crsst longth : 380 rlt
volum€ ol lhe dom : I 2m m0 m';
storoo€ copocity: 2 900 miflion m3.
opstolionol:1975.
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0l,'ns
The conslruclion ol eorlhfill embonkrents is

the mosl common, ond csloinly the oldest
mcttrod used bv men. lo dEnnd ond leloin
\r,ot€Is. T roces 6l this tvpe ol works'g6nBIol'

ryof bw height - con be lound in thet€moins
of lh€ oldesl civrlizotions.
ll ls rn the xMllh csntury, ond especiolly in

tronco. thot the conslructon of lhese slruc-
lur€s. which hod been empincol until lhen,

b€qoit lo be lounded on more rolionol, ond
olreodv olm6l scienlilic reosonrn9.
ThrB the frrsl leol dom ums buili, belween
1666 ond 1675 ot Soinl+err€oL in south-
lyesl troncs, by engin€€r Riquet, os porl of
lhe works for the Conoldu Midi.lt ison eonn
dom 36 m in hdqhl, wilh o mosonry core
This skuclule. which is still rn operslion to'
doy, b€ors witn€ss to lhe know'how of ils
builders.
Aboul one ceniury loler, ogoin in tronc€, duF
rnoworks lo d€xeioD inlond novigotion, theo-

reicol teseotch wos storted lor the Iilsl lime
on the beho\ior ol rndfeiols ond lh€ llow 0l
wotel in the sdls. The studies ol Coulornb, in

thexvllllh cenlurv.lhenol Collin ond Dolcy
oround 1850. sdt lhe foundollons lor lhe

sp€ctoculol developmenl ol solls mechonlcs
in lhe XXlh cenlurv.
ThIs tovoroble coidexl led the treoch build'
ers v€rv eorlv lo mmbne successlullY lhe

oncctrot ordctices ol mrlhwolks wfh the

exoclino demonds of sophsticoted slruc-
lures Tierelore. trench mntrocto(s wero
quit€ notutolly prepol€d to o(ploll luly th€

do\,tnright rarolutonory dlonge coused Dy

lhe inlroducton ol modsrn powonul equl}
me{tl ofler World Wor ll; lhis plocod them in

lhe besl Dos ion to lockl€ lhe conslrucion of
thn l.noeit embonkment doms, whose deve-

bprne;l could thus beneil lrom contompor
orv D(ooress in soil mechonlcs.
Tnb ociievenents ol French lirms hove

orown in numbel since, lirsl in fronce,lhen
;erv ourcklv on evsrv mdlnenl.
ln irdnce, lne vosl hYdro€leclric ffogrom
stoned otler lhe second tmrld wor.Then lhe
receflt develoomeni ol locilities lor energy

lronfer bv oumorng hovecolled lorlhecons'
lruction ol monY doms, omong which is on

rncreosrng pelcenloo€ ol embonkment

doms This oercentoge is nowodoys 60 lo
TCP6 ol the doms slorling opelotion eoch

veor Ihs omounls to o vnde rongeofslluc-
iures - ttom th. homooen"ous dorn wlh or
ltrthoul imoeMouslocing lo the zon€d dom
n eorlh- oi rockJlllwilh on lmpervlots zone -

whrch tlench trms hove hod to bulld ln ihe
oosl ihirtv veors
ihese usurittv importont wolks (see b€low),
hoveled lo pddeilrng sofe, modero otten oli-

oinol melhbds resullng n lower costs ond
ihorler construchon llrn€s.
Thonks lo the exDerience ocquiled in lhE
,Jtsvwithin thdr bolders, trench lrIrIE qurckly

octirared wottd slondlrE on inlernotronol

morkets. The lolge wolks conduded suc-
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A dom r€quires o cerloin numbar of works
$ficn ore necsssory to tls sotetv. Ihese or€
spr woys ond boflom oull€ls cododeof Der-
lorming ess€nliot hydroulc funciions. in bor
lrculor:
. sFilling of ltood woter.
. conlrol of lhe woler level tn lhe rEsetuorr
om of ils sittng by sodimBnh.
ln rnony coses. olherlunctionswiI hove tobe
psrlfim€d by works ossocioted wlh the

r possoge 0l the trsh betu/,een lhe reservoir
0m rh€ nver, vio o tish loddeL fish locks or
ttsh tttts;
. continued novtgotion lhrough one or seve_
rol locts, boot lift or wut€r slooel. loundolion \4orks tn th6chorinelolthe nver
ond proloctron of th€ works durino mlstruc-
tron, requinng o lemporory divedon
tf€nch engine€rs hove ,OUM O WovloooDtv
the b€st of lheir creolNE imooinotion tri ir,i
design of lhese works; lhsy htve scJohi t;
rffegrolo them to lhe body ol th8 dom:or to
ossmote lh8m l0 il in on eflort lo keeo down
cGls. Such \,\,orks do nol deserve lhi nome
0l -oncillory works'onymorg since lhey lhen

lorm on intrmole porl ol th€ dom slruclure -
sell. There ore some cosss sv€n, wh€n lhe
d€sign ol th€se trydroulic wo s will ouide
th€ €ngineets droics tor th6 tvpe oftom
structure b€sl suilod to lhe ovoibbh site
B€sde th€ sp t\mys col€d .skljump 

spi .
woys, rroflch monutocturers of hvdroulic
equipmenl hoveolso odoDt€d th6 rodioloote
to closs botlom oull€ls, rn ordsr to control the
dischorge llo$/s, the firsl fi ino of lhe r6ser
voir, ond silting lhrs hos coniiderodv rm.
prov€d sof€ty.
On olorge numberotsit€s, us€ ol lhsl6mDor-
ory d€drotions is not timitod to the o€noij ot
consfuction. Subsequ€nlly, lhev olso serve
os tunnels lor lhe bottom oull€ls or the in,
lokes ol lhe ossooolsd hvdrcel€clric Dowor
plont On thesit€ots€neibncon. hoibe€n
possiue lo comtine lhese ttis€ funcliors.
Ihe successfut design ol th€se hvdroulic
wofts requlr8s onolvsis on sml6 modds to
which the critmo of hvdroulrc similitud€ ore
oppted. ln this field, whlci it oionesed
troncs hos contnued to Oerf€ct th€ existno
lechriques, simUstrng Indreosngly comptei
pnenom€no. tt is in Franch hydroulic loboro-

tories thsl oll the studiss for lh8 loroe
nolionol os virelt os monv ,ordon, structur&
were conductsd, il is lhere ots-o thot cerlorn
proc€sses were tesled, lhot hove furthered
lhe stofe o, th€ ort in hydroulc works:. diversion of o nver Wih loosa moleriol
r disfiorging ot suspended sedim€nls bv
densily uJrrenls,
. flow{eflecting devices (chute blocks_dsf.
leclor buckels....) on the spi[\,voys (fig. 7-1,

. €n8rgy dissipolors ond protsclive dsuces
ogoinst covdotion in high v€locity flows.
r eroston control downslreom oi the struc.

. stobility of ovedow €mbonknent dons.. resislonce ol sloo€s lo wova oction

Spiltwoys ond
bottom oullels
One should dstinguish lh€ s[illwovs u,t ch
dischorgelhe excessllowenisino I'he reser.
voir, ol on elevotion ctos€ lo th m;ximumte-
vel from lhe mi+lB/Bt or bonom oufleh.
Micn @n ot o mnsrderobly tower level.

7-1

- 
Vln9o grovi,ty dom, on th€ T6t liv€r.

Height: @ m;
cresl lenglh | 190 m;
volumoof the dom: l40 Om m3:
storooe copoclty : 24.6 million ml.
operofionol : 1977.

ITd[?ll,ll*o^ 
*w o dischorse fton of

7-2
r vinqo DoIIt spillurovs studv on o
scole modet.
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IIE suppty uorks :

. dverston chonnels,

. h€odroce lunnet.

. penstoc(
provid€ the hydroulic conneclions between
rne oom ond lhe other lrork of the scheme.
rnose suppty u,orks ol vorious types m for
Specrftc techruques ol sxecutrcn, r,r,tricn novi
oe€n wdety us€d in tronce In ,he post four
0eco00s, wthin lhe hydro€t€clrrc oroorom
ol n0country oM obrooo, by French coisut
roms ond conlroclols_

Diversion
chonneb
wren.ollowed by s e topogrophv, ooen orr
corecnng works, by chonnd, con tje jriteorot-
eo ro me voiorrs schemes ol hvdroulc eo-u iD-
menr n mounloins or in ptorni. Moreovdr in
n€onuvnt ptoins of the loroer nve6 such di-
vor9ons, which oreOlwoysSDeCtoCulOr_ olso
ocl 0s novtoglton conols
Theprogresstn modern eorlh movino lechni-
quss nos guen r€new€d imoelus l-o lhose
mn([s whose motn ch0roclelshcs ore oi-
v€0 r0r 0 few of them, in the lobte ot tiguie

Th€ CNR (Compognie Notronote du Rh6ne)
nos b€en os$gned the lost of equipng ttt6

Rhone lor energy producton, noviootonond
ognoiturol use (8.2). lhis devei'oomenl ls
oerng comptet€d upstreom ol Lvdns. Bet-
weeo lh€ resenDtr ol G6nrssrol ond theMedi.
tefloneon, th€ remodelino of lhe vdt6v
rnclLdes 215 Im of oOen-diverslon li oi
now, the Rhonq €xtended bv the SoOn;
mokes up o rnodern 5@ kh wot€rwov
wl]rctt lhe prgect€d Soone{hne tink;6
(229 km) willmnn€cl to lhe Europeon lorg;

&Ir Synoptc hue ot th€ rmin
choroclBbllcs ot some Frerdt divsrsian
conob.

&2

- 
Codsrouss€ sch€me, m ltB lou,s,

xmnq g8nerol view ol tho dom.tock
(5000 I unih) {oryrhouso
(156 rnv€60 6wrr).

Developmenl Donzere 0ttmor-
sheim Rhtnou St Esteve Sisleron Solignoc Golfecn Echoillon Edley

Rivor

Dom own8r

Design flow (m?s)
Firsl ope0tionol
lnslolled mpocity (MW)
Yeody output (oMW)

Longlh of conot (l(m)

Bonom width (m)

Woler surloce widli (m)

oroughf (m)
lncline ol slopes

Volume ot fifl
605 m)
Uning

Tolol l€ngth ol dr8rsion
chonneb tn the voley (km)
' loilroc€ mnols

gos.Rhone

C,N.R.

r 800
1952

348

2l t0
r 7 (+l l).

83

40

slob ond
olluvium

213

145

I0,3

3/l

19,5

concrete

97

t2
concrete on
the bonks

97

Eosse
Duronce

E.O.F,

265

1962

140

675

27,5

86

33

concrele
ond slobs

176

g3

2/1

Moysnne
Duronce

E.D,F.

245
1975

649

32

8.6

ll
Ufuminous
concrele

176

4l

8

2/1

Moyenne
Duronce

E.D.F,

320

1971

220
4.6

l5

2

bluminous
concrele

t76

48

I
2/1

Goronne

E.D,F.

650

1973

69

3t2
r0.6 (+z).

59

5.2

bituminous
concrele

ond roclit'

t0t

30

10,5

u1

Arc

E.D.F.

85

1974

lll,5
373

2,4

6

c0ncrete
nd dlch
unyl

2.4

o

34

1

2/l

Ht Rhone

C,N,R

700

1982

90

455

r3,5 (+t,6).
l8
fi

84
fi

tl
3/l

l0
quorry

motsiols

41
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8tn9e ot res6nor, t6v€r I
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Coll6cl6ur de d.ainag€

MarlmuE flood teyet
Cru€.m.ximum . ra
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Generoldesiqn of
hyrlro+lectrif ohnts
IlE ffi:$L:t# :r:k;t J.ili;:,rs-Ercrustvely runcrionoJ. bul whtch does nolpreoude eslhBtic considerolions
Ine progress of the tochniouc< rrnorh..

ifl g;,,"i!?H['.3jHffi 
1,'mg:, :l:

l?hritfl'.,.-i"ffi llfr ;&ffi
;flfl."ft H'd{s;ffi :lfl?ilili?ll;,id
rjeduction in lhe number of lsr'eJs ond

;r?,ffii:X.r*. 
of insrrumenr ponds ond

. reduclion ot dtslonce berween unih

'.rT"fl l"i,3',*i,il13':3:,?i3"'Ji'#B:li

Hho;T',?gffB*o 
*' bo crossired in two

. obove ground power stotlons. unoerground or shott power itotions.

ABOVE GROUND
POWER STATIONS

LT:?!lx,,ff r#fl ilys:ffLffiififfi i

,Fi$i,i?:,H:;ilrjilft}jffi ":lilffi
ld!,Tfi:'';ifl : $ $fljtnlu,*r:fl
!::1,1- Ilerg. buitding superstructures rs

liffiq:iffi :8.iii&:!Ji,%:Jfl,1xfl 13

ETj"" "o'o* by lrovelling gonlries (,rg.

hlt€ cose of 0 tow heodschemg lhe o,ont

;#l{'df'"#il.,",J#ijf fltrlltri:il}
il,trJlfi 

.'l$".15'[T!i,:,,i:i'i*Tfl G.

sflixeffoglssHAn
:'gxlln,'l,l3illl;,#;l,,iii,ilil #11.

ffi;*rr;;*tdrl;iil;#*ff
HS;+iitr*llil#:,*;T$Tffitr 9-1

-,*'illlili::#'{S3l;fJl',['Jfl Sl,

9-2
rnlroutds' Dpo powsr stuliot cross-
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urtleillonce
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Cloms

- 
l0-l r l0-l

other lyp€s of meosuremenls :. meosurem8nls of concrete temoerofure
thermocouples, viUoting wire sensbrt ress-
ronce sdEors;
. mBosurements of lorces dynomometersj
r mSOSUremenlS O[ leokoO€ fiows - lio I G! .

copocitl\€ d€vices, flow oouono weirs.
Embonknont d0ms - The m&siremenh ot
€xt€rnol obsolutB or relotive mo\remsnts mn
be modewilh lhelo owno methods ondrns-
lrumenls.
. Topogrophtcot rn€osurements bv : tnomu-
lolion, lrilolorotion, leveltrng ptrotriqromfi e
rry (corBideroble progress hos b€an mode
on phologophic instrumeflts ond troohnent
melhods.)
Meosurg;ents o, iniernol rdolive move-
menls use instrurnents such os :. hydrostolic tevelling. eleclromoonetic ond
hvdroulic settlemenl mef€rs:

Moniloring o dom compnses oll the ooero-
I0fts p€rtorning to meosunng with moxjinum
plecision lhe vOflous p0romelers c{oobleof
representing, ot th€ ltme sd€cted. ie behn-
uour 0f the dom tok6n os o whole-dom ond
loufldolion - Or in oort
Surveillonce seek's to meel two reoutre-
menls
. conkol of the so,ety of lhe dom os reoords
detenorotion ond lorlure, so thot the ;orks
necessory lo dom mointenonce ond sofetv
De undertoken in ltme:i onolysis of the behovrojr ot the dom. to oc_
qurreknowledge useful in thedesionond cot.
CUlOlrOn 0f lufure work<
Fronce hos occum uloled constdero eexo€-
nence rn the rnonitoflng of doms, whichiltios
oeen conducting for sev€rol decodes One
shoutd m6ntion, in portiallor, the irnoortont
rore ptoy€d in thrs ,retd by Etecfiate de
tronce. Ine CIoiCe ol lhe meosurino instru-
ments ond melhods best surted lo ihe vori-
ous lypes ol doms, the devetooment of me-
thods of onotyss ond tn,erDretotron of lhe
meosur€menls, 0s wellos lhe oroonisotron
sdect8d by Eot, con guorontee lhie etficrent
ond homogen€ous survetllonce of some I 50
doms operoled by thts notionot S€rvi..e An
0rgonizolion such os lhisone is offenchosen
ror o mod€l by mony ,oraon counties
rl8ncn m0nufoclur€rs of meosurino instrrr.
m€nts con oflero wide ronge of insliuments
w'lrcn m8et perl€cfly the requ iremenls Isled
ogow

Fundomentols
of dom monitoring
ooms ore long]ryed wor*s, therefore. moni-
IoflrE jnskum€nts ore reluired thqt wilt be
rg[D]g 0v€rcomporoble penods. inorder to
lmrr the consequences of incidenB likelv t.r
0lec1 lhe works during lheir oDerotionoliite
Monflonng oppties lo srnll omolifude ohe-
nomeno, wlth the desire to d'elect doriv
erbugh, disconlinuttres, slqndiconl chonoe(
rnotcglrng molfunclrons; rl musl ttreret'oic
rufie use of v€ry sansilive instruments
slIIPle ond tosl meons ollow mntini]ous
conrol of the behovtour of the woris. ine
meosurements beino mode trv tt. in^.r
sroJT, wilhout resorlint to soecrdtists 

---
A tundom€ntol evolution lios token ntnl:p

rfi'ffi Jl:S'*',,T:5i:Unffi m*lilg
;"r[?3fl,3[][ll;,1'o "r 

derormori ons o nd

I;;lli..dJiHyd'.,ff sn.Trr"[ j,il:

:ffiillHg :l,l?:ffi ilSl,:f ..f,TJi,f, :
nu,hx fl t',3:HJ3iJ#llsi#[]lJ;,tt,lfl;

The sludy ol vorious confol cr erio ocmrd.
ing to the type ol dom tsods tosDsci,icmeo-
sur€menls usrno soeool irElruienh
Concrele doms - Meosurernenls of obsolule
or rdollve movements con be mode wilh :. topogrophimllnstrumenls : theodotite (tor
lrrcngLdotion) j dectroopticol dislonc€ mbo-
suflng rnslruments (kilolerotion -fi0. lGl A
ond B); levBlltng rnstrumGnt ond inior t6vet-
ling gofls (preciston levelltng).
u0mpurel processng of th€ colculoltons hos
consrderobly mproyed the spesd ol r€sutt
ocqurston, wh e providino odditionot
meons ol ossessing lheir quolrlv;
. pendulums :'sioht ooints,tvoe: leleoenau-
lum (remote tronsmisston of meosurdmenis
- fig. to2);
. meosuremenls of rolotons : clinornelersl. meosurements onloints Ond crocks: thre;
dtmensonol joint Oouqe or crock ooenrno
submersible tetemeter6;
r meosuremenh ol strotns I vtbrolino wirB
oxlensomels (tig. l0-3) with recordim of
meosur€menls.

mission. This phose of lhe surveillonce re_
quires, on lhe site, the presenc€ of mfiDet_
ent stofl, copoue ol interDretino mndctjv
ondquickly th€resuIs ot ttr6 meoiurernentsl

Monitoring
rnstruments
ond melhods

IGI

- 
Moniloring ol the movemenl ol o

pornl0n 0 versonl by distonc+mGosurim
wilh o fir8d elscfo{Dlicol dsvice-
A. lnlrored distonc€fiigter inshll€d ot th€
survey sloli0n on o lixed thsodo to oimsd
0f lhe point lo b€ monitorod
B. Relloctor ot monitorino point, in o shdter
oproxlmolsly 2 000 m lrom th€ survsy
stoliort ti'ttlch is suppose0 to Oe nxeO]

57
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Or'ns cnd
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Hydrouhc dB/elopm€nls, due lo their doms
ono metr reservotrs, leov€ importonl morks
0n rne tondsmpe They couse effecls on the
regrmes ofJheoquifers. on the woter ond so-I0 moteflols llow in lhe ivers. Il no precou.
nons were token, lhese could bnnd oboul
or0l0grml Consequences, Ot llmeS oi-unfore-
seen rmpononce
The-econ_omrc or socroloims of the develop-
menB (8nergy, woterwoys, lesurq woter
suppty lot domes,ic, ;ndustflot or irnQotion
purposeg regulolton) oll hove on inll-uence
oround The Streoms Ond reservoi6, Or even
runn€l due t0lhe lronsportoton ofwoleror
:Tr.s,yj -i 199e. 

cgngequerces ore genero[y
very OenenCiOL BUl oport lrom the-tmmedr-
orq vtstDte 0r loreseeoble repercussions lhe
Ong term efiects, Whrch Oreott8n Conceoled
0r tmposstble loforesee, should be v,utched
closery.lronce wlh o vefy exlenstve Drogrom or hydroulic ond energy!,oducino de-
vsopmenrs reolzed in the post decodes;hos
Deen €specio y corefut in lhe lteld ofenvtron-
menrot prot€clion. preqss legElolive meo-
sures nove been loken lo tnsure efleclive
coflservolron 0l lhe woter resources (l964)
o,ro rne noturol envrronmenl (in 197'6.J c.,
vernmenl bodi€s ond orgorxzdtions, urAed rn
rocr Dy vonous envtronmenlol osssoooiions
hove mode sure ttrot fire 

-oevaiimin-i
pr0nners were loking precoulrom whtch
mtgnt nove se€med needless or superfluous
rnne pOSl. The environmenlOl imooct stuav
Wnldl iS now requtred ot the Oom ownpil'
mokes il possible to drowon inventorvotin-p
Eobtems.lhorneedto be stuoieolu riiri:i dni
0r me soluliorls lo be,mplemenleO tnesp
concem the physicot environment oonO onJ
lyEr€rs), rhe ecosyslem wilh its fduno ond
rrcrc os well os mon ond his vonous oclivr-

Effecls on the
lond ond woters
Noturol rivers resul, from o bolonce reochc.l
over Tnousonds of veors. bp_harpnn rn" l"ia
ond the woters. Ihd presence ot o Oo, jn"
oev€ropment ol o streom, couse on ,norir-
oore unb0lonce tn on eouiltbnum thdt rr c;-
mefimes frogile : in certoin unrovoror,ii ii-
uumsjonces, the prolites of the river con Le
utrsBr or modIed. ond the chonnel mn be.

ffifle,l.n€ 
scene of lonoslrdes. erosions ond
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MCONS
Ttle problems pos€d bydoms, ot o[ sloass
lrom d€sign to opsrotioo to $/ithrn theto-
motn ot mony scisnlific fetds, on sv€rv lsvel
fom lhe design engineer to th€ uniki ed
u/Ork6r, including lhe nony Speoolists who,
from the engrne€ring deporlrient to the lobo-
rolory, from ihe monufocturing plont to the
consrucfionste, c0ntribule lo lhe r8olEolon
of lhe works.
Theoretcol knowledgs must b€ bolstered by
substonhol experiencq wtlich con be oc-
qutr€d only lhrough proclice ond contocl
wilh experls of tono stondino, in lhe frome-
work of specjlic troinno s€saions.
The expenence ocqurrea in Fronce oswollos
in lordgn counlries by the consultonls. con-
troctors ondonginBers, hos led. in thiscoun-
try, tothe creotim ofo lorge numb€rol sdu-
culionol esloblshments \,i,hich con Drovide
the lirms in chorge of proFct oxeculion wilh
the skilled personnsl they n€6d.

Bosic foining
Bosic lroinrng is offered in lhe Schools of hio-
her lechnicot educotion. Mose svilobus;
indude ths fu ndomentol sloments ot civil en-
gin€€ring ond, more prscjsdy, thosedeoting
with doms :

t Ecole Nolonote des ponts et Choussees
(found8d tn 1750), whose sv obuses hove
evolv€d groduolly to m€et fie demonds ot
mod€rn jndustry, esOeooltvin the fietdotcivit
engineeflng ord doms;
r Ecole Nolionole du G6nieRurol. dss Eoux et
d€s Forelt whtch ieochos hvdroulrcs ond
soil mechonrcs used in dom d'esion the oo.
lion 'woter conlrol ond devloominf deois
wilh subjects used in ogriculturot hwroutic
prq6gs;
r Emle Noionote Sup6ieure d,Hvdroulrcus
0e Orenoble, ond BsD@ollv ils ootidns
Iydroutic Engineering for Wdks. ond'.Wot-
€r resourc€s ond develoDmenls.:
r Ecoie Nolionote Suoerizure d itectrotecl-

quq d'Elsctronique , dlnformotiQue sl d1hyoroulque d€ Ioutouse, Hvdroulics
u€ponmonlj
Ihelost threeestoblishments devofs o hroepolr 0l lherr syltobuses lo lhe bosrc tech;i.
qu€s us8d in doms, tn lhe freld of hvdrotoov
ono nydroulics os wel os hose ol'sol on'd
rounooons mechonrcs, ond r8sslonc€ of

olher 566996 161 69$6lrotntno tn ovit endr-
neenno olfer options in hvdrol-oov ona nv"a-
rouxcs, which enobles them t6'Oeot wfn
m06I, rl nol 0ll th€ probtoms encountere.i in
osrns. Amor€ the schoots ol this tvDe

irtff|; $:Xf"" des Trovoux puirics de

.-Ecole Nbtorite des Tro/oux Ruroux€tdes

iffi',x};,i.'.[.:e.,,.:{#,'*:r$m;

All these estobtishmenls of hoher leornino
odmil engineers holdin0 o tren-ch or toreroi
degree, oi:cording to €dch scioofs rsouie-
ments. Thoy conolso €noue oroduoteanoi-
neers lo lurlher lherr troininoin o more so-e-
ciolized fi€ld. by regEtsrino d the'R6€oich
ond Developmenf l€vel, to ocouir€ o Didome
d'Etudes Approfondies (DEA) oro dedree ot
lng6nr€urOocteur
Ammg lhese types ol trotnno, besidelhos€
in the sdoots okeody cited, oi€shoutdmen.
lion lhespeciolzotion cours€in soil m€chon.
ics ol Ecole C€ntrote des Arts el Monufoc-
tures de Poris, wtich d8vol6 Dorl oftlssvllo.
buses lo oorlh doms ond dom loundot6ns

Conlinuing troining
r ne orm 0f confinurng troining is esss iollv
lO uNole the engin8ers' initiot koinim. bi
lokrng intooccounl lhe mosl recenl ocdursr-
lions ol th€ science ond t€chnioues ofoDolr,
c0li0n. ltis conducted rn th€ fo(m ol s€mihirs
or 'sfudy doys', ol ttmrted durolion, wiich
moke il possibte to presont the new meltEds
devdoped by ressorch, ond directed loword
procliml use
ln th€lield ol Iorg€doms,ltE tr0rnrnq isoiv€n
m0re porlicutoiy dunng spsoolsesSiois. or-
gonrzed by the,ollowino irshtutlonsl
. €cole Notonole d€s p6ds et Chouss6os.. EcoleNotronoteduG6nisRurol des Eoux et
des Fordts
. INSA in Lyons,
. Ecde Notionole des Trovoux publlcs de
l'Elot,
. Emle Nolomls des lnqenieurs d€s Tro-
vou)( Ruroux el d€s Technlouss Sonlloires.. C€rfre Exp6nmenlot de Rirh€rche e, d;i-
ludes du Bohment et des Trovoux puuics.
Th€s€ lnslilutons regu,orly orooniz€ ses-
srons 0t mntrnuirE lroining loslin0 on€ or
lwo $,E€ks, deoling with th€ lechniai€s used
in lhe fidd ol doms: soit mechonics;rockme-
cnonEs, Bxgcutton ol worl$ ond slnrrures
ol ground levet, geotschniconolvsis ond con-
lr0l ol sorlh u,orks, rmDro/emdnf ond rern-
lorong of ,he soitt use ot oeolex €s. eorth-
fill doms...

Sessions of opplied
r0rnrng
The sessonstf opptied troinrng oim ot mok-
rng me engineers ond lechricions mnver-
sont 

'rirlh 
o porticulorfi8ld ol dom technioue

(prouerns in the execulion, methodsolono-
lysis ot lhe worls), ot tho l€vet ol evervdov
0pplicotions ond 'trode know-tto#. Thd mr'-
responding knot.l,ledge mn b€ ocqurrsd onlv
dunng study s€$sions of voMn0 durolion. in
lnstilulions speooliz€d in the dnolvsis ond
conslruclion ol doms : owners, coniultonls.

conlroclols, oquiprnent monutoclurers d€ol-
ing in the ret8vont fdds. Sudl s€ssions ptoy
o v€ry importonl rde tn ths hdnino ot o8rSon-
nel (€ngne€rs. t€chnicions, doniroctors
ogenls, skrlled worfiers) ond ore ott8n oroo_
nized to mincide $rth the reotizotion oi o
works, so lhol sa,€rol msmbers on the ow-
ne/s slofi moy ocqdre the lednicol kno -
ledg€ n€cgssory fo( th€ worls oDerotion
Among the different forms these sessions
moy lokg one @n menlion lh€ followim:
. Ssssions oeoized by El€cfhit -de
Fronca (E.D"F), irrrllch wel(br|e 600 to 8OO
f0rei0n engneers ond lechnicjons eoch Voor,
for psiods of o fewdoys to o few monflt in
the form of i
r sessions of lroiring ond fufisr educotion,
comporoue to tho sessions offersd to th€
p8rsonnelol E.D.F; the sv ohrs is chosefl rn
colloborotion with ltE,orbign orgonizofion to
rnsure moximum €tficiency, oft, mnsists tn
courses 0n theory, stoys in E.D.t. Deoorl.
ments, complet€d by stoys inthe olonirno-
nutocturer firms.lt E.D.F. hos been choro€d
wlh conducting o specmc studv, thB er*u-
tives of ths tlienf oomoonv movb€ oskedlo
shorB in the design of the brd*ts.. Sessions of into.molio0 lor'olr€ody o)@€-
nencso engrne€rs, wishing to lmrn whot mR
lhods ore b6ing usod by E.D.F. in consfuc.
tion, oroplimum monogement of ils works or
squipmeni.
These sessons msy lost o lew w€eks ond
rnclude tolks, vish ond s€ninors. For ins-
tonce, eoch yeor in octobs, o ses$on
colled: 'Iechniqu€s ond meosuremenls on
hydroulcwofl(s', isorgonizedotthe.Divislm
Technrque Gen6rde' OTG), inGrenobte. The
engin€€rs ol the DTG shore thsr BxDerience
h th€ vorious lt8lds of oclivilv ol this Sedice
porticuhrty in dom mo;itorirfu. ------
r Sossions oroodzod bv h; CEMAGREF
(Centre Notionotdu Moc nrsme Aoncole du
G6nrc Rurol, d€s [oux st des ForEis) on lh€
subjecl of hydrodrc works :soilm€chonics
hydioutcs, tiydrotogy, g€olexttes. deoniiifr:
Drones,...
. S€ssions olgoriz€d by ttE Loborotdrg
csnlrcl des Ponh €t chouss56, which, ofter
exominirE the t ss ot opphconts, wdcom€s
foreign sfudenls in th€ following fi€lds:geo-
logY, solmechonics, rock medronics mota
riols, loundotons, reinforcod concrete...
. S€ssions oroonizod by lh€ LoborotDir€ d-
Hydroulique d€ fE SEIH cmt€ Nstionote
Sup6ialre d'Etectrotechniiu€. d,Elecforl-
qu€, dlnf ormotiqu6 et d'Hydroulique) inTou-
louse,0n lhe lechriques ol hydroulic hod€ls,
wnrch ore 0n6 0f lhe sp€ciotilies o, lhis hbo-
rolory

Losl but nol leost, comes th€delicole troin-
ing of lhe €ngineers whoss ullimole resDoG
sibilityil wlllb€ lo hod th€ d€sion ond cixrs-
lruction ol lhe doms : the 'sD€citlists of svn-
th€sls'. Th€ sotutim to the pioblem poseoby
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