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EXPERIENCE IN OPEMTING THE STRUCTURES OP T1IE MANSOUR EDDAHBI

HYDROPOWER DEVEL OPMENT

I. F. Bllnov and 0. V. Sltnin

The ldansour Eddahbt hydropower development waa constnlcted on the Draa Rlver tn l'loro

between 1g6g and 1g73 accordlng to the deslgn of the A11-Unlon Plannl.ng, Sunreying, and

Scientiflc-Research Institute iCldropro"kt)" The deveJ-opment lncludes an arch dam wlth a

UDC 627.8:621.311.21.

and lnstaLLlng the monl
measures 3 x 3.5 n, and
and has exits in the abu

measures rilere
Ttre slngle-
located under
penetrateg

of the darn 1s descrlbed by axial radll varylng from 103.7 m at the crest elevatlon to 39.5 ffi
at the base of the dam. 

-Ihe 
slde parts of ttre arch of the dam are descrlbed by various rad!$

tom outlet, poqrer-canaL hydroelectric statlon wlth a capacity of 10 MW, and a transmission
line (Flg. 1),

Ttre arch dam [L, 2, g) with a helght of 70 m and crest length betl^teen bank abutments o

245 n has a double cuffature. In plan the darn Ls drawn from three centers. The central pa

from two centers. lhe thickness of the cross sectlon of the ardt is varlable over the heig[i'
and changes from 15 n at the base to 5 m at the crest. The upper Part of the ardt of tne All
is suppoited on massive bank abutnenta, which provlde rellable adJotning of the dam to
banks in rhe zone of lncreased jointlng,. The dam is dlvlded lengthwise lnto 17 sectlons
vertical contraction Jolnts. Stalnless-steel contour waterbars are instaLl-ed ln the sec
joints for provlding -lmpermeability 

and for performlng seal.ing grouting. Ihe dam ls con-

"t*"t"d on a rock foundatlon with a moduLus from deformatlon from 70 to 200 MPa.
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Two gallerles were eonstructed for performing groutlng works
ing equiprnent in the dam body. one ls ln the foundation Part and

seeond ls ln the upper part of the arch with dlmensions 2'2 x 3 m

ments and serves as a means Of comnunicatlon between bankS.

To reduce seepage losses and lncrease the stabillty of the dam, cutoff
taken, consisting ln the construcllon of a grout curtaln'and curtain drain.
grout curtain wtitr a depth of 50-60 m and length along the front of 700 m ls
the dan foundation on the upstream side and on bank stretchesr into whidl it
rn ln the rlght bank and 300 m in the lef t bank,'

til

T

i
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Two drainage gallerles are constructed at elevatlons L060 and 1077 m ln the lorer po

of the darn. The drainage systen ls made ln the f.orm of we11s driLled from the surface wl'

outflou into the drainage gallerles.

irrigation needs in the Draa River va11ey.

For systematic monitoring of the behavior of the dam, 885 various mon{toring deviceAil

were installed in the structure [3, 4].

outlet was delivered from the USSR and was assembled by Soviet specialisEs.
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Fie. 1. *"".";.lSli}l.nru.opower de-

_Ugr"L1SS_t-5iq- Srqtlon. Irs srrucrures include
sure tunnef , tryai<iiifeiriiltatton with an installed
of 5 Ml each, and indoor electrical equlpurent (Fig.

Fig. 2. General view of powerhouse.

[10] a shaft-type intake, headrace pres-
capacity of 10 MI,I with two vertical units
2).

The shaft-type intake is Located on the right bank in the upper pooL of the reservoi.r
aod includes the intake works and the shaft of the intake. rire tntate works are made in the
form of a concrete headwall equipped with an inclined trashrack measuring 7..25 x g m. the
rack is cleaned by a rack-cleaning machine. Ttre elevatlon of the intake si1.l is 1066.2 n
and the drawdornrn level of the reservoir is 1076 n.

In the intake shaft located 71 m from the headwall, a 2.7 x 3.5-n eilergency-guard gate
I's installed. Under the shaft is a l0-m-high bullding in which the holsting and other mectra-
nisms servicing the intake are located. Ttre building is made of nronollthic relnforced con-crete. From the intake the water flows along a 206-m-long pressure tunnel to the units of
the hydrostation.

. Ih" powerhouse and indoor electrical equipment adjacent to it are made in a single rec-tangular block. the surface roou of the hydroelectric station has dimensions of LZ.i x 26.51 the height of the room above the assdmbly area is 12 ur. An elliptical shaft is 1ocated in
the floor of the surface room. The dimensions of the shaft with respect to the axes of theeIlipse are l-2.5 and 19.5 m; the depth of the shaft is 26 m, Two unirs are install-ed in therhaft. Beneath the floor of this .oo* ."u located the generator and turbi.ne ro€lrns with tworlutterfly valves and the punp roon. Al.1 rooms are connected by an elevator and spiral stair-

. case.

the surface room of the hydroelectric stati.on and indoor electrieal equipment is
room containing the cable.room, control board, ventilation equipment, and storage

t't the indoor electrical equipnent is located in a two-story building. The transformers
I*:]"*iled in seParate roqns in the front on the first srory. Ihe office building abuts

";; 
;;;;""."i"I.1i'il: ffi::i::":";;""''rustruction ioint' The supporting structures of the office building, wal1s, and columns arelrl-

A11 equipment of the hydroelectric station (turbine, spiral casing, butterfly valves,rator, etc.) were supplied from the USSR and installed by Soviet specialists.

-^^!b*S-g!glS.-g!-tttg ggh-a;u-iog of the Structures during Operation. Af ter rhe dam was
-urpE€d for operation in Apri1, L972: svJGinitii controt obs6rv.atrons of the srrrcrrrrp;:ft:o tor operation in April, 1972, systemati-i control obs6rv.atrons of the structure were
il;t:.: out by means of monitoring equlpment. In 1975, 1978, and 1982 rhe dam was inspecredtltt _ sYuryrucrrL. L.t L)t J, ITror allu L2OZ LlLe (lau WaS InSpeC-'stt dll examination of the moni.toring equlpment, and control measurements rrere taken with
.re6pect to i t
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*Ihe piezometer columrs and filters are
in satisfactorv cooditlon. Ihe values
and stopcocks, lrhich have been operating
since the time of installation $rithout
repair, need to be replaced.

sas noted' A vertical crack was noted in the upper extrene brock oi the rock mass. Nochanges were noted in the condition of the rock of the left-bank abutment.
The drainage 8alleries of the bank abutnents are in good condition. No rock fa1ls orcracks in the linings rrere observed in them during operation.' 
Ttre rnonitoring equiprnent lnstalled ln the dan and bank abutnrents has been operating satis-factorily slnce L972.

' Table 3 gives data on the monitoring equlpment as of March, 19g2.
rndividual string-tyPe transducers (pressure, linear displacenents, llnear deforrnations)failed owing to deterioration of the waterproofing of the cable connections; The number ofsatisfactorilv ooerating string-type transducers is about 902. A new system of measuring thedisplacements of th: d11n crest by means of direct plunrblng by sighting the plumb line was in-stalled on the dam in 1980. Ttreie ls no doubt atout the stabilicy of the geodetic network.the conditlon of the survey montments Is sat1sfa"aory.t'= 

DLdo*rLy or El

' Temperature Regime of the Danr c-o-ncrete and Rock Foundation. rn the operating period this
;n ::::::: Fin:yl_"_t: :,".;:;;r";i: =.i;;p*;in;"-;;ffiJ 

n^"0'"' seasonal character.rhe terqperat,,.L '"gi,. over the r""eli=""a';Ifi;;'Ji'J:';ilT:: l#r:.:::':::t.:lliiji"l; ,*structural characteristicsr leveIs ind temner.l,r"u of the water in the upper and lon^rer pools,orlentation of the structure relative to the sun, and other factors. rhe maximum teryeratures
.of 

tt'" concrete reached 35"c and-itre u,inru,un reached rr.g'.

TABLE 2

t2-14
t4-l6
l6-t8
l8-20

and d'
notedi'

rm-ouff ;;1.]:;"::":i::,:,:',jl;.Ji}iliH..";:"':::I:Hx3].n"oth. *.ri,,,, ;i;;;;; ;; ;;=il..;o:::.illl'3r"lil jX ::j::"*Tl.i"J:",:i::".":i.;:?:n.oDening at the time of grouting. falen as such a time was March, 19g0, the coldest of thelGt ro vears't'"",aier';r;;;;;.r--ah" dam crest and rhe remperature of rhe concrere ar rheqiority of points of the dan was ninirnuin and was close to it at the reraaining points. The.E 1^ bi ot section joints of the darn after their grouting did not open or their opening did

ler
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:gep3fl-r!-r:ggg9-in the lgundatloa and Bank Abutments of the Dan. At the majorlty of mea-
surement PoiniJ-iocadAT;-tflonei-of ioil6Uaatron groutinfi-ifidEr ttre upsrream facl of the
dam and in the ungrouted foundatlons ln front of the grout curtain, the seepage heads changed
practically synchronously rvtth variations of the water level. The absoLute helghts of the
piezometric heads at these polnts are cl"ose to the height of the water level- ln ttre reser-
voir. Data on head l-osses 1n the foundatlon show that the effectlveness of the grout curtain
along the front of the daa is different. Losses of the seepage head on the groui curtain un-
der the channel sections are 30-492 and under the bank section L5-22"1. Such a differenee in
the effectiveness of the Srout curtaln is due to the dlfferent permeabllity of the foundation
rocks. lhe residual heads beyond the grout curtains of the channel- sections of the dam are
12-30 m (24-59%) and for the bank sectlons 29-39 m (57-802). The large residual heads behind
the grout curtain indicate a feebLd outflmr of seepage rrater from the rock mass into the lower
poo1, in connection wlth pobr permeablllty of the rocks under the downstream face of the dam
and longer seepage paths behind the grout curtain.

Desplte this there are no slgns of dlscharge of seepage rraters on the bank slopes in
the lower pool of the dam, wlth the exceptlori of discharges of seepage rraters in a ravine
of the lower pool at a dlstance of 150-200 m from the bank curtainrith a total discharge of
15-20 liters/sec. These discharges uere observed durlng filling of the reservoir above ele-
vation 1100 m.

Seepage in the. bank abutnents has a complex character. Ttre seepage flqr is formed due
to percolation of uater from the resenroir and lnflon of groundgaters iron the banks. Aecord-
lng to the data of dservations of the formatlon of the seepage flmr in the bank: abutments of
the dan, it follors that half of the Length of the grout curtain in the right-bank abutment
and two-thirds of the length tn the left-bank abutnent particlpate 1n reducing the bypass
seepage head.

A rise of the resenroir lerrel to 1104.7 u in 1979 and 1104.4 m in 1980 led to a negli-
gible increase of the seepage discharges in the left-bank drainage gallery; from 8.4 to 14.1literslmin- rn the right-bank dralnage gallery the seepage dtsciia{e hardly changed and was
0.24-0.8 liter/min. The maximum seepage discharges at th; maximrm upper-poo1 tevet of 1104.7I do not exceed the design values. Ttre given data indicate normal oplr"tioo of the ""toii 

-

rorks (deep grout curtain, drainage system) [g].
According to the data of the weather station, the relatlve huuidity in the region of thehydrostation changed with increase of the reservoir water level, rne relative hunidity dur-

!p tue daytlne of hot months (Ju1y-August) changed frou 2y307" during consrrucrlon to 3ZZ La1979, to 372 Ln 1980, and to 42lz in rgbr. rrecrfrtati;;;;s;; .;-;;ii;;;;;;;;;;.i; ii'.n"region of the dam, which is indicated bv the followlng data:

The equiprnent of the dam has been operating frcm the start without repair. The cablelontr-ollin8 the gates of the outlet was replaeed during the tine of operation. Ttre glands of
l]l.No, 2 for purnping out the drainage waters in the Lor.. gallery and the seals of rhe but-erlly valve of the left pipellne of the bottorn outlets are in need of replacernent in connec-
li:::::n I^rater leaks throuih them. The rernaining equipmenr of the dam (electricat equi-purent,sucE€rtIy and cone valves, and hydromectrantcal equiprnent of the outlet) is operati.rg 

"rtiu-ta ctortly.

- the structures of the hydrostatlon are ln good condltlon. Durlng the tlue of operatlon
lll-:1" structure has been repatred. A11 rooms of tne shafr of the srarion are dry; no dis-Hrarges of seepage water through the shaft warls have been observed.

th. _1"_equipment of the hydrostation has operated satisfactorily since the start. gn^ring to
;: 

g-::"t hardness_of the water and lts corroslveness, the water-cooling pipes of the genera-. ta- , 
__-_ .EeE, Lrrs wsLsl_evv.gttr, prpES ut Lltg E,eu{:ra_q'r were destroved by corrosion and replaced by new ones. The equipmerrt oi the hydroJtationoFerates reliab1y. 

-J --- E"e rsr-sv ^rrE squrHru=

,ho,:'lfre. ro. vr experience of operari"-tl:::::::,.." and equipment or the hydrosration-"sq rhst the reservoi.r created by the arch dan provides strearnflow regulation for meeting
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, 4. An 8na1y81s of the data of long-term

atrea8ea, stralns, dlsplacementE, and seePage

i""t"-coirespond to the deslgn assumptlons'

lnstaIled ln the dam permlts oPerat'lve monitoring of the

ili-;-;i"-in"."rr"I lqurpr"nt- t8 operarlng Eatlsfactorl

observationg shotrts that 8t the de8lgn heed
'".Jiii.y of the dam foundatlon and bank

the lrrlgetlon neede
deslgn Productlon of

2. The data of lnsPectlons
structures and equiPment'

3. The monltoring equlPment

safe operatlon of the dam' About

after 10 Years.

(19 81).
8. I. F. Blinov, I.

static behavlor
(1982) .

g. Les grands barrages du
munlcatlons, Dlrectlon

10. Uslne Hansour Eddahbl.

of 251000 ha in the Draa RLver valIey and

electrtc energy.

of the hydrostatlon lndlcate a

the hYdrostatlon Provldes

satlefactorY condltton of
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