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37th ~ECUTIVJ: COMLUTTE"J: ME.l:'riNG CF 
INT ::RN:,TIC'i~l1L OCJ:El>!ISSION ON L,i,RG3 
.TIAI.iS .,. 'IARSk·'i (PCLiiND} FRCI£ b--:ro~·h. 

S~T'Th"a::R, 1969 

1. INTRO.DUCTION 

The 37th J:xecutive Committee Meeting of Int:..:·national 
Commission on Large Dams was held at varsaw (Poland) from 
8th to 10th September, 1969 followed by a study tour of 
works in Poland and Czechosloyakia froiii 11th to 1 /:)th 
September, 1969. · 

. . 
The Meeting was att2:ndad .by about 150 d·.:legatas 

representing about 41 Nations. 'l'here were some ladies 
accompanying the dglegates. The. meetiags of the ~x~cutive 
Cou.mittees wer~ hald at the· Pal&ce of •:Julture &nd· Science 
Adam Iv!ickie.vic:~Z. Polish. :.:ommi ttee on Large :iams axtended 
all facilitias to d3lagates for their stay and study -oour. 

2.PROC-:'::E"DINGS OF :!:X~CUTIV~ CCI,TI[ITTZE 

The meeting started with a addr<!SS of welcome from 
the Chairman of the Polish National Committee followed 
by general opening ·remarks by the President ICCLD. 

,·' Homage was then paid to -ch~ memory of ~iemb.;rs of 
IGOLD who passed away after 'Ghe last J:xecutiva r.!e;ting: 

Dr. Claudio :IIIarcello (Past President) 

Pr~f: H.Press German Federal Republic. 
Ryotare Takai 

N.Shand 

·Japan 

South Africa. 

The p·resance of llir. Rutby, Secretary World Power 
Conf::r~nce ;;as· welcomed. · 

Havin·g confirm=d the minutes of the previous executive 
Coauui ttee; 'the Ag<:!nda i tams were taken up:-· 
. ' 

·Cyprus and'' Netherlands w~re elected as ~embers of ICCLD 
Mr. N.G.K. Murti was. ~acted as ·Vice President for 

'the .A~ian z·one unoppos=d· .and he ·thanked the ICOLD for the 
hq~our done to Indi~ and through. his. country to him. 

· · For the V~~e ·Presidep.t~hip of .the Afro-Australian 
Zone,- a secret ,.ballot ..vas taK:en for the t;vo c2·ndidates 

. ·,lYle.ps:rs, "Jmanuel·Lar?ty from,. Ghanna phd 1\lush.apha Faris 
, ;f~qm~~~o:mm.ro· Mr. M. Faris,'was:eledted,b~ 26 vot.:s_~o·" 

13 of ~~>L~rtey_.-~.,......._. , ' . · ; ·~-...... , f 
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For the Executive meetinc of 1971, four countries 
extended invitations. Yuaoslavia, Australia, 7enezuela, anQ 
Morocco. 

Venezuela withcrew its ,ro~osal in <iew of the large 
number of invitations, ho)in~ that his country's invitation 
when rene~e~, woulc be favoured with more SUJ~orto 

Morocco withcrew its Jro)osal in favour of Yu~oslavian 
invitation. 

1·!hen :>Ut to vote, "'lucoslavia eot .21 asainst Austral-Ia·•·; 
18. Yur;oslavian dele;;:ation thankeu the IC ... ,i.D and .Australia's

1 

t&eponued with the ho'e that the ExecutivA Meetinz of 197a 
will be held in Australia. Dubrovnik is the venue of the 
meetina in Yugoslavia. 

3. P.E.:·:RTr; ~ .. F CCJI:i!HT':'E~ 

3.1 - !inencial Re~ort. 

Financial statements ror 1~68 and bUdEet for 19E 
were passed. The situation is satisfactory. Due to anticip< 
heavy expenciture in the Montre~l Congress the situ8ti~n in 
1970 may show some detertoration 0 

3 0 2- Committee's reports. 

(a) Technical liictionery: Mr. J.Bellier Chairm~ 

The cweuish ~roposal to wicen the glossary on 
dams to include all words used in the desien, construction an 
maintenance of dams was discussed and defeated after a vote. 
The glossary would then limit itself to the words used·in the 
World li.egister of aams only and not overlap'or intrude into 
the work of revision of the 'r.'echnical Dictionary on dams._ 

tbi Secretary General pointed out that the sale 
of Technical Dictionary on dams cropped from 100 to 150 per 
year till 1968 to 19 only in 1969: ?robably aue to the 
expection of a revised edition • 

• 
(b) Dr. Nose intro~uced his report on the Commi~ 

oti Earthquakes - France gave way to Yugoslavia on this Commit 
while Italy ana USSR chan$ed their nominees on the Committee~: 
This was ap?rOVed. . 

(c) Mr. Willm presented a tr~nslation of Mr. 
Bertram's report on 3eneral consi~eration on observation of 
"Earth and Rockfill dams" and observed that the list of·· 
instruments is only a guide and not an exhaustive list ~f 
instruments offered by manufacturers all over the worldo •.. \ 

(d)!The ':iorld Register on Larse Dams. The Glos~ 
will be limi~ed to t~e words used .in the __ Reg:tster on dams on~ 
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~.a. ...; Progr·e s s Reports; 

· ·(a) ':/orl·d Reg~st;r o~ DaJ!IS,. 
. • . ~ r•. .•• . . 

. A-proposal was maae that the Registerisnould also . . . . ' . . . ' 
,i,nclude informat.ion on dams in· non-member countries, and that 
such information should be-obtained from Governmental and 
official sources of the non-member countries on a purely 

'voluntary"basis. ·This proposal w:as-a.ccepted. . . . . .. 
,. . . .... . . 

. . . . r,:r~ lie ~J!lel ·de;_) 'lore d the- inadequate re:,.ponse to tht'l 
circulars. :w· summarised that' i'n" the 3 years 1966 to 1968 
(both inclusive), the~ ni.i~ber o'f: dams co'inpleteu were 925' bringing 
the _tot_al· for the '1/orli:l from 8590 ·to·· 9515. A growth of nearly 
lO'J, in' 3 years {1966-1968) iS inaicated. In thi's '>eriod 30'.'. 

- 1 • • .. 

:Million Acre Feet of storage was 'added· (i.e.) nearly 100 I:;t.:;-
pe.r year9 'but· it .so ha:s:i:~ens that· at times one mighty d<:r.l alone. 
can· ac·count' 'for 'a ma'jor .part of the annual _increase. A"ailabla 

''information was summarised a·s t_hat about 9:;>0 dams are unt.ter 
"construct ion ·and an equa.l numbez: •are, ·prO!,)OS.e4 ·for cons truction 0 . . . . 

During the a· year ·perioct Uf::A adt1ed 370 new dams 
while Japan addea 96i ~JJdia 'taking the 3rd place with 43 1 
Canada is close 4th wit?- .~2 dams• ·Australia( £pain, and . 
Norway wer~ bracket~e~ tn.the dth ~lace ~ith'32 ~ach; Me,ico 
31: F'.rance 29,1 South .lifrica 28 ~ -· ·.. · 

. . -· .. 
Cf•the 925 com~leted in i~e-3 years (1966-68) 700 are of 

earthf'ill and rockf·ill ty!_)e and 225 of concrete and masonry . 
(i.e~) 76~ and 24$ res:l)ectively. In us.r... wher_e.346 out of 370 

. 'are of' earthfill (i,e.) 93o5'J> -Jaoan wl:lere c:>nly 44 out of 96 are 
1n 'ea·rth'-ana' r·ockfiil (i.e;.) 45$:.-(bai.ance 55'J, is of concrete) 
strikes a meti.ium~- The . .:;~osition in In_dia_. resemb;Les that of U8A 

·in as much as 38 out •of 43. are in .EarthJ:.ill (i_..e·.) 90$. 
"1 ~ . • 

f,witzer·l'and has the other- 'extreme ·of 10 out of 11 
in Concrete (90$ concrete and 10$ Earth roc~fiil). Spain has 
2•·out of ~3 in Concret~ (80~ concret' 'OS Earth). 

·In Thailand· afl the 12 dams· comnleted are Earth 
Dams and sci 'in Tu~key_ 12 out· of 13 are' in ea~th. These and 
other examples swirls th~ ·~of~d's'$age of ~arthdams to a high 
figure of 76"• · ' ·· ' · · · · -· 

1 · . • ~ • . • . ., • r 
.. , .. 811, out pf, 925 ~re under· 200 ft. in height CBS'J,) 

While 96 (10$) are between 200 to· 400 ft. ·in height. Balance 
2'1. are abo-ile 400' ft~ · · · '·' · · ' ,. ' 

. ' ! : : . 
· In terms o'f· :velume_s of. dams, 78. mill~·on cu.yas. of 

concrete and masonry have been placed in. 3 years against 1 1 189 
million 0 u.yas. of•earth and ~ockfill movsd into position 
(15 times the quantity of concrete). In Inola 2.9 million cu. 
yds. of concrete wer~ placed against 22.5 million cu.yds. of 
earth movea (nearly 8 times concrete volumeJ. 
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Gf the 303 militon acre feet, groes storage 204 
~illi9n ~ore Feet are in Cana~a. It only shows the a4v~nta~es 
possessea by Hatf~o~s of very_ large· ereas wftfi low popula;·ton 
oensity and that ·too conc-ntrateu anu.localised at ~ome ~~aces 
of-equable climate. They can create large l~kes withc•!t any 
serious ,robleme of re~ab111tation~ .C!naaa, som~ of the, 
African Hations 1 Siberia tn· U::OCR, l3r&zil are some· such 
countries. 

The worlC:I' a.' avera·•e of ·"'ross storage ft!tr dam Cluring ' .. .. .. - \ 

.•.the period 1966-68-ls Oe33 }'IAF while the Indian average is 
.0.111 J·'.AF. The record storase. 'per \.iam goes naturally to 'Canadc 
at 6 MAF per dam (16 time8 the 'world 1 s ,average ill the trienni•Jt • 
with the other end of lowest stora;e bein~ in South Africa 
o.oo4 ~:i"..F per ... am, followed by Jt·eat' Britain with. 0.0125 "M.AF 
per· clam and ~witzerlanel wit~ 0.0226 Ur.F per dam·. 

!\ssuming that the Earth. Dam volume ·is nearly 10 
'times the volume of Concrete cla111, the volu111e of dam. per l.\f•F 
o.f gross storage would yield the-following icformation forth~ 
triennium 1966-68 .<both-inclusive). The .. above ratio is 
approximate· for gravity dams but in the case of arch dams 
(«ouble curvature an~ multiple).the corres)onaing volume af 
earth dam·may be 20 to 40' times'de~ending 'on the circumstanceso 
Yet a ~tud' iq the above l'~es will be ~f Interest and is, 
therefore, presented~ For·i~f.F of gross storage, ~the world's 

. average in the triennium is a·.s M.Cu.yas. of Earth to be. 
moved into position. '.'lhile the Inc11a data is 10.8 M.Cu .• Yds. 
The min'lmum is in Canaaa ~·here· only 1 •. 23 M.Cu. Yds. are need.ed 
for'one tl.illion Acre Feet, while u.~:..A. moves 17.5 I.~.Cu,Yds. 
per. ff..llF of groes stora::;EI. '::'he highest. extremes.· per W:AF gross 
storage are obtained in. 171 lr!,Cu.. Yds. in r..w i tzerland '75. 3 

. M;Cu, Ycls. in Great Britain. and 52.7 J·:.t:::~.Yas. in Zouth Africa. 
I·f Canada is .excluded the T·7orldts averaee .comes. ·to 17.13 
M,Cu.Yds. per. MllF of gross storage somewhat similar to thai: 
of u.s.A. 

' 'Depending ·on 'the economy of the country, much 
larger vo.1 umes of· dam per.MAF of gross storage were justified 
that what was.obtained.in lnaia in the same triennium •. In.the 
!uture· Indian ,.dams, a r~se ·Jver. 6~5 H~Cu~Yds~ per MAF need" 
not be looked at in disfavour, 

•••. ' ·1 .C~OOI(ldly th41 ;lorlei. .!':.eg+ster. recoras only 475 dams in 
India aga,._nst a world'.s .total of 9515 dams. There are many 
dams in Andhra Prauesh, l.'e.aras, .l:ysore· and.If.aharashtra which 
cou;Lcl c_;Laim being called a large. aa~ as''p,er .:.eUnitiorl. It is 

1 
de.()lore~~o t_h_!lt ·the· -information is not; forthcoming readil1y 
cles:!)ite ~~e- tC?:>ic .being pursue!1. by the Cen'tra;L Board ~f 
.Irrigatton end ~ower. - ' 



This led to an examination of the number of dams 
in a country as in 1965 per 10 1 000 sq.K~ of the nation and 
gross storage per million population, The 1965 regi~ter 
showea 8590 dams with the total area of the nations l~sted 
at 280 l:illion Sq.K.E. ana a gross storage of (2, 154 )Lrnillion 
Cu.l'.'!eters 'or 1723 Jt.A:'? for a population of (2050) millions 1::1. 
these nations •. The world average worked out to 3.2 dams per 
1':>,000 Sq •. KM and 105 rt:.Cu,1,1eters or o.841 million '•ere ft, 
of gross ·storage per million population. Correspondingly, 
Indian figures are 1,15 dams per 10 1 JOO sq.KM and 178,1 
M.Cu.M .or (0.142) Acre Feet ver million ;;~op.·•lation, 

I , 

It is natural to ex~ect prosperous nations of 
small areas to. h~ve a high number of dams per 10, ())0 aq.Krl:. 
Japan _with 49o20 followed by 8wltzerland ~lth 22.15 and Gre~t 
Britain with 17o49 -• USA figureE'is .3.28., Shoulu we net, aim 
at an average :of a aam per every 1000 ::.q. mile (i,e.) 10 dams 
pc;r 10 1 000 sq. KM. It is worth an examination, 

~ross storages are not so in~icative of the 
.Nation's effort as live storages are, per million population, 
·In, the_absence of this info~mation grors storages had t~ be 
adopted. Naturally, Rhodesia with the great Kariba :.:..aka takes 
the pride of place with S9,25omcu.M. or 3,14·l·:t.F per million 
population. ~hile Canada trails second with 10,168rnCu.M per 
million population, U.S.S~P... and TJS/1. have 34l·omcu.M (2.73 l!:AF) 
and 284omc;u.·l!.l. (2.27)M/.P) per million population. 

·These figures tcna ·to alter according to the 
increase- in population to a given gross storage in any period. 
~h~ther a target of 1000 M. Cu.li. per millio~ population 
~r even ane million acre feet pe~ millio~ po~ulation should be 
aimed at' in India (i,e.) 100 Cu.Ft. per day yer capita is 
debatable but-·a·similar. scale for l:i.ve storage woul,d be a 
useful guide to enable a nation know ~hat ~o aim at. 

(b) Committee on kcidents and Failures due to 
foundation causes: 

Hoclt and '.ir:·.vi ty .llrch Total 

Eoveinents ·in 
.l!o::.rth·:ill But,!ress 

foundation 27 6 2 35 

Erosion in ·. 
foundation 38 13 4 55 

C:ther causes 15 9 1 25 -80 28 7 11L 

" '70 • , 24 6 100 ' . 

In~~he a~serice of a countr~wise statement it was ndt 
·.·able'· to c~mp~~e I~ilian figures with those of world's average; 
. maximum and minimum· for. the 3 categories of dams. · It only 
emphasiz~s the importance -of· foundation studies of .earthdam 
which see• to be taken fbr granted as easy. 
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(o) Committee on failures of dams for causes 
other than foundationsa 

~he Committee was authorised to collect an~ 
compile information r~garding criteria ana.cur~ent p~actices 
in design ana analysfs of spillways. This approach stems 
from a belief tha~ inadequate s~illway is the grcate~t 
~ontributary factor to acciaents of failureso 

In a presentation of the c ollec'ted data, the 
Committee categorise~ it as ~naer 1 

Failure Type (1) Major failure resulting in com:;Jl~te 
abandonment of the dam. 

Faq.ure Type (2) Failure when it occurred may have been 
severe but the damage was repaired and 
dam restored back into use. 

kcident Type (1) .r,n acciaent to dam alre•ady _in u·se 
prevented from becoming a failure 
immedia·te remedial measures.· .· 

which was .. 
by 

Accident Type (2) /..n accident to a: 'dam at' the initial filling 
which was prevented from becoming a failure 
by immediate r~medial measures. 

Accident Type (3) '.n accident d•1ring construction which· was 
detecteu before .filling of water an~ 
remedied in time, to enable thereafter 
water being stored safely. 

Of the 344 cases listed 33 are from India 
concerning 27 dams. St•Idied in terms of % of various 
categories, the IndianS are low compared to the world % is 
Fl, A2, and /~ categories and the same in F2, but in excess 
in Al (i.e.). This naturally ha,pens whe~ we have a large 
number of old dams designed according to the !mowledge and 
criteria of the times of-construction but not now considered 
inadequate (''lorlu average of ·lU. is 23.0%, while India's is 
52%. 

Expressed as a % of dams completed or under 
construction till 1968 1 failures and accidents, ·world Ss are 
1.8 and 1.4 res,ectively against 1.9% and .3.2% respective~y 
Of India. In other words we have mor~ accidents particularly 
of Al type (i.e.) ol~ reservoirs giving troubles. Failure 
type (1) (i.e.) com9letely abandoned clams are a.7% in· the 
world. In India it is only .15% which is really encouraging. 

Examining the accidents and failures with respect 
to the heights of. dams, 52% of total accidents anu failures in 
India are in the ~eight region 15 to 30 meters (i.e.) 50 ft. 
=to 100 ft. 21% in t~e 'eight regiori 30 to 45 meters (i.e~) 
lOQ'to 150 ft •. height ~nQ 12% in height region 45 to 60 met~rs 
Ct·.=e.) 150 tc>"·2QO ft. In other worus, the same care is not 
bestowed on dams qf ~owe~ heights than on those of higher 
heishts, meaning thergby that.a sort of aomp1aconcy sets in, 
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in the design or in construction of nucerous C1acs of low 
.heights. ';/e should not take things fO;' grante .. even in low 
dams is the conclusicn free this study 0 

\· Cfl) C£E.!!!.!ttee on c!ll:!.!:.Yation ~ Dams ana Mo_c!sl,.L_ 

Reports ~n various as~ects are under 
preparation and none presented,· nor ~ny new methods inuicatedo 

(e) tommittee ~n ~arthguakes~ 

This committee has just beeri ~ormea an~ issue~ 
questionnaire regarding asiesmic design procedures obtained in 
various countries~ Other aspects to be gone into are ; 

(i) w~ethet im~ounding of water in large 
reservoirs ce-use tremor's anu. _trigger off earthquakes, 

(ii) cost increas~ 4~e to asiesnic ~esignst 

'Clii) ·~cceleraticn res~onse in the vicinity of 
Vibration mod~, natural frequencies an-.. ... ar.~ping ratios. 

. . ' 
(f) Qommittee on Concrete 

Two aocunents are un~er preparation. 

( i). F:ecornmenaat i~ns on pozzolanae: anl.l other 
·substitutes of .cements in cioncrete for large aamsf 

(il) ?.ecommendations on accelerators and 
ret~raers for use in concrete of large aams. 

Ita·lian Committee reports(. that they are using 
extensively pczzolanas, Ferric cements, Ferric pozzolana 
cements ana. blast :furnace s~a;; cement. They are able to 
obtain a quality control of 15% coefficient ~f variation on 
I: .. ·lga Bissina dam, 10% at ::;peccary ·anu 8.2% at Talvaccia. 

'I'hey use no s1•Imp concrete an-. vibrat'e u:;>to 60 se.c.onds. 
Upto 90% 'of mix water is substituted by ice to· reGuce dangers 
of re~re.ezing. · 

That they ·had jolntless massive hy..:.raulic structures 
in 1921-26 in Italy is in kee,ing with similar tradition 
obtairiea 1~ Iriui~ till 19~~~ . . .• 

' · ~~ile im~rove~ent iri Earth moving and hauling 
_equipment •. founda t len pr-oblems have con tr ibutec. to a. greater 
number of earth anu · rockfill dams,' relatively le_ss _improvement 
is recorded in concrete-making anQ hana~ing techniques and 
therefore a symposium on :C.a~ia Construction of Co_ncrete X:.ams 
is being helu in San Francisc·o ·of ·Lc,.W in ·Parch, 1970. 

~- ' . 
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(g) ~Q~~!!!~~£n_ne~tions ~ith other 
International bo~ies. - -

C~oser association with alliea o1ganizati0ns such 
as ',1/orlu l?o~1er Conference, l'::ID, I':-::~, IS ~ii&FE, I3 fer !'l.E 
and I.~.EE, and less close association with other bodies was 
the line of thinking. 

4 • 'JEl JT" RAL re' V IE't!. 

4 .1 - !~.!!.ih_£;£.!1 II' re.!!!.!. 

Large contingent is expected fro~ "J~A and so~e 
restriction on accompanying members of the family was sought 
to be voluntarily exerciseo. Tou.r I is preferred by too manyo 
They are expecting 900 delegatr,s anu with accompa1ying far.ily 
members the number attcnuing may be 1800. ~orne 450 are 
expected to take the c.tuuy to•trs. This will give an iuea of 
the popularity of these meetinls an~ if Inola's present is to 
be felt the oelegation 2 or 3 strong is much too meagre an~ 
ineffective. 

For 1970 Congress, 195 papers have been received 
against all tbe 4 questions in comparison with C ) papers · 
of 1967 Congress. By virtue of having built 345 c&ams since 
1938 ,. India is entitle a to contribute 14 :,;>apers 'against which 
only 6 papers were submitted. While quality is the esscince of 
the papers, quantity cannot be ignored. If. India has to offer 
consultancy services, it can be .!!21-!h~ough au!~!!~~~ but 
through the number of ,apers submitted before IC~LD Congress 
and their quality. ~"ore Enginerr_s should be encou.raged both 
to preesent papers (General papers~ and communications) and 
also be allowed to participate iTh the Congress •. 

4.2 - A lively discussion on the Norwegian proposal to 
permit the reprouuction of a uocument ;resented to the 
Congress (including a translation) earlier than 6 months after 

' the actual Cohgress, after making a r~ference in full to the 
presentation in the Congress. In the ~ase of .authors whose 
mother tongue is n~ither English or French~ it was allowed 
that they may publish their papers in their own language soon 
after the Congress. Those with mother tongue- of English and 
French felt discriminated but an amendme'nt can be tabled 
~ months before· the next Executive lleeting. 

4.3 - Eubscrtptions are ~ccording to 8 groups deoending 
~n the scale of ~ocossmont adopted by ~.N. during 196~-~o • 
. t is surprising that Inuia falls in Group 5, (% 1.26 to 3.oo~J 
when ~ore affluent countries like ~we~en, Cwitzeriand fall in 
a lower group 4 (0.7~ to 1.25%). 

4.~ - The meeting en~ed with ·•sual courtesies to the 
hosting nations. 
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5.1 -·In Po~!!~ 

General·- Poland covers a total area of 312520 sq. !rn. wit~ 
a ;:>opulation of. 32 mill.ion an9. is comparable to L'iaharas!ttra 
State ,in India. The average precipitation for the.ov<£:rail 
area of the country is .5~G rnm. The areas ~f. beavy precipita
tion are situated in the south and in the north of the 
country an~ those of les~~r precipitatiun lie in the.belt 
of great valleys in mialand. -The main river syste-ms 
traversing.through Poland are Vistula anu Cqra rivers and 
partly ':'larta river. The heE>viest mean preci;:>itation is 
1500 mm obs~rved in Tatra mountains~ the least being 450 mm 
in .the upper basin of Hotac river. The mean annual runoff 
has been estimated ·to be (53.4 cubic km) 53400 million cu. m. 
per year in'very .dry years. The arinual iunoff of all the 
rivers falls down to 35000 million cu.m. per year. In 
exceptionally wet years it increases to 90,000 million cu.mo 
In spite~of;relative abunaance of lakes the quantity of the t . 
water resources in Poland is com!)aratively small. The water 
resources Of some of the countries are given below1-

~Jos.s.R. 
France' 
Gwitzerland 1 

TJ .E; .. A. 
Ind~a 

15000 
3400 
4000 
8600 
3350 

cu.metre per capita 
-do-
-uo-
-do-
-do-

with a world mean of 10000 cubic metres per capita per year. 
In view of the acut~ shortage.ot water resources in ?eland, : 
efforts are being made for optimum utilisation of avai;table 
water resources to me~t the industrial, ~rrigation and other 
requirement ~f the country. 

\ 
:iydro-Po·•er Development - Polana ranks among the countries 

owning rich deposits of hara co~l anu lignite whereas. its water 
resources are scarce. About 98.1% i.e. about 47.7 thousand 
million kwh, out of the·overall prowuction of electric power 
comes from Thermal po~er and only 1.9$ i~e. 850 million kwh £rom 
water power which is only 11% of net water power potential. 
The estimated water power potentia! is about 7694 million kwh 
with an ·install.ed capacity of 3100 Ir.':l. It is planned to 
incrrase the capE~city to 6 1 000 I'':.J in the year 2000 A.D. 

Vistula River Develo~ment - A systemE>tic development of 
Vistula river is plartned. ' 

Vistula is the biggest river in ?eland which drains 
.into Baltaic sea. It s.t:?rts :i.ts course in ,.!c stern Beskidy 
mountains at the elevation of 1100. metres above sea level. 
It has a total catchment a~ea of 194000 sq. km. of which 
168000 sq. km. is si.tuatecl. i.n .?oland. 'i'he total length of 
the river course· is 1068 km.· The development of Vistula 
has been pla.nned in three stretches - the first strotch is 
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called Upper Vistula Development. The longituuinal slope 
of this river in this stretch varies from .43 to .27 per aent 
The seconu stretch calle~ the Middle Vistula enu~ at the 
confluence with Bug river. The thiru s·tretch. callccl the 
Lower Vistula river strarts from Bug river upto the outlet 
to the sea, (tea Fig. 1), This river be~ of the whol~ 
course consists of fine sand, Cne of the main characteristic 
of the Vistula river is that it create~ acute problem of 
bed loaa orecioitaticn which results in sand bu~ formations 
ana frcqu~nt c~angcs of the river course. The energy 
potential of Vistul~ River ~cvelopm6nt constitute about 
C31 of total energy potential of 2olan~ which is ~,000 
million kwh, Out of thl~, 501 energy potential is 
constituted by'Up~er reach, •121 by middle reach and 241 by 
lower reach, 

The final aim of devclopm3nt of this river is to 
build a ca.sca..!e of 13 to 14 barrages on upper reach. At 
present a cascade of.G tlams is envisaged for the lower 
Vistula river. All of these are to s~rve a~ b~seload power 
stations. anu it is planneu to reach a mean annual-production 
Cf about 3500 million kT·:s. It is also planncu to make this 
reach navigable for sets of four barges of 500 tons each. 
The first project to be implemented on this reach is 
''!loclawek Project. 

Lescription of some of the projects visited is given 
below a-

1. YlU:-CLP.:-JE;~ 7-Y .... RO-:E:.E-:;TRIC • .,RCJECT 2 

It is the first dam to be constructed ~n the lower 
Vistultt river. The project will not only. oevelop power but 
will also afford navigation facilities to a certain extent 
and afforu protection against floods to the aajoining areas. 
It will also_ ~upply adequate. drinking water fo~ the 
industrial establish~ents ~~ich_a~e fast zrowing up. The 
Project consists of spillway, 'pGwer ~lant ana navlgation 
lock. 

below&-
The salient features of this dam are described 

Location 

(1) 3eology 
Across river ~ower Vistula 

The geological ~ontiit£on of Lower Vistula river 
is very complex and unfavourable~ 

The foundati~n consists of tertiary. ana quarternar~ 
formation consisting of sanas anu aggregates, rarely coarse 
gravels or cohesive soils. This is formed as a result -o'f 
erosion an~ accumulction process as well as glacial action. 
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FIG. t_ V15TOLA RIVER CASCADE 
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(2) Hydrological d~. 

Catchment area 

Mean ann~al discharge 

Win.'discharg~ for 
navigation 

Min. discharge 

Cne in h~ndred year flood 

(3) Dam and ~:!!rtei:u;nt works··· 

~ype 

Max. height 
length 

U/s slope 

D/s slope 

Earthwork .quantit~ 

-

-: 

-

171.25 ') sq. km. 

930 cuPecs. 

250 cumecs. 

140 cumecr:,. 

11150 cumecs. 

,. l.i · ... yurau c F:'..ll ':'ype 
Earthen da.m. 

20 m. 
650 m. 

1 ; I 3 
I· 

1 I 5 
' 

1.1 million cu. 

Upstream 

c 4 ) ~'l~!l:. 

face protected by ··concrete. slab 20 cm.thick. 
' 

10' gates of 6 0 5 m,x 20 m. 

(') Discharge Capaci~y 

Capacity 

HaY.!Jiation lock 

~Is gate 

d/s gate 

( 5 ) ~::.£!:2~.!1! 
Installed capacity 

Type of t~rbine Head 

Discharge thro~gh t~rbines 

-Crane capacity 

Type of pQwcr house 

(7) Construct'ion .!!,!age 

- Dlsp~acement of 1600 
tonne. 
Radial gate 

Vertical lift gate. 

6 •mits of 27 Ml'/ each 

.-· Ka~lan turbine 

2190 cumecs. 

2 of 160 tons each. 

~emi-outuoor type 

The wo,rk on the project was taken up in 1963 and 
the erection of lst unit in power plant was completed in 
1968. The Project is almost nearing completion and is 
expected to be commissioned at the end of this year, 
During the .construction, coffe.r dam was made on the right 
flank. The earthwork on coffer uam was started in the 
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year 1962 ana closed in the y~ar 1964. · It was uesigned 
for passing a discharge of 7000 cubic metres but uuring 
construction the discharge Jid not exceed- 6000 cubic 
metres. The

1 

concreting of s?illway, Power 7'Iouse and 
Navigation lock was taken up in subsequent years. The 
cost of the Project was stated to be 2100 million Zloyts 
( .~pprox. Rs. 70 crore s). 

ca > §.P..~.!~LFe!a~£1! 
' 

i. The main uifficulty encountered auring the 
construction of dam on lower Vistula river is dewatering 
of excavated pit due to high ~ater table. The problem was 
solved at a very high cost by construction of extensive 
drainage system including drainage pumping station. On 
this dam, 11 pumps of capacity 11.6 cumccs were used for 
dewatering the excavation pit. (Fig.2) 

ii. The other problem was the safety and protection 
of coffer Clam slopes against scour and this was achieved by 
.providin( special guide or heavy sp••r Clyke located on ·the 
upstream corner of coffer Clam for cr~ation of convenient 
hyaraulic regime in the narrow river channel. 

iii. Foundation in the Power.3ouse consists cf sandy 
clay brown colour -anu lignite. The Power House· is designed 
for a maximum settlement of 20cm. of which 10 em. settlement 
has alrekdy occurred during the constructi~n. 

iv. Six fixed steel gates of 20 x 6~ metres have been 
installed in· spillway. The top of the gates are made smooth 
by providing steel plates to allow drift and flow of ice.' 
~he ECC concrete pr<?jecting wall of -1 me,ter height is made 
in the ·middle of the crest of the barrage to facilitate 
lowering of the gate ana allowing the.flushing of the ice 
d"ring the winter. (See fig. 3 ). The fish ladder is >:lrovided 
in the divide wall between the. barrage ana the power ~ouse, 

v. The weir is founded on permeable soil and scour· 
below weir is limited by :-

(a) Limiting discharge over apron to about 
30 cumecs/m. at maximum probable flood· ... 
to about 40 cumecs meter length at· . 
standard design flood. 

(b) Providing suitabl~ protection works for a 
longer length of 30 to 100 metres. The 
first section consists of rigid elements 
in form'ot fascine mattr~ss loaded by 
stones. , 

(c) Provision of deep ~heet pile cut .off on 
downstream. . · 

(d) By ensuring prescribed schedulo-of crate 
nporatlon.. 
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1. 8w.7J.ing Ex~ovat;~., of rn~ Wet;.. - 2 PDWf!>j'lanl- t!'fca/Jai/on 

.3. Navfgaiion loc'k_ exc,trvation · 4:' £orlh cojfer- oam 

s. GrornefoslereJ wiJt, cona·e/e 6 . ..51tJrtJ,9e yard fo,. tJu.>_,Pa,.f:t 
.Plafe:s· ,.Jowef" l..lnil.s . 

• 

f The (onc,..e'te-mi'.x:i?I.J.flant 

9. linlo~d/n!J whqr.).-. 

8. Adf1?7nisrroboll an<:f So cia!Jv:t~Jif 
.('f 

~ , I,. 

FIG·. 2- WLOCLAWEk PROJECT 
LAYOUT OF .. DIYER5/0N WO!?XS 
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vi. No ~,ectal foundation treatment has been made for 
the main dam since the seepa~e from the foundation was 
calculated not to exceed l cubic metre per second for the 
total length of the dam. The dredging of the material from 
the river bed was used for hydraulic fill of the dam. The 
reservoir formed will raise the ground water table in the 
surrounding areas to afford good water supply for irrigation 
for nearly 11000 hectares. 

f:.i .. fOLINA_zsvJECT 

The Solina dam is conetructed across river Sen, 
which is a tributary to Vistula river. (See Fi~. 4~. The 
develo9ment of Can river basiri envisaJes the construction 
of 16 projecte a on3 which Colina is second _and largest 
project on this cascade and alsc in 2oland. Colina 2owbr 
Ylant is the basic su~ply s~u~c~ tor po~er system of eastern 
2oland and meets· about two thirds of entire pcwer de~and 
of this region. 

Colina reservoir is designed for {i) Fl~od Control 
of TTpper :an river (11) :?ower Generation (iii) Control of 
lean period discharges in downstream (iv) to aevelop 
industry and intensive agriculture in the Biesz~~y region 
and (v) ,-to p"romote tourism • 

.. 
Coliria ~ower plant is designed as a peak load 

station with a firm ca)ac"ity of 129 i•?ii. It consists of 
4 units. In order to obtain higher ;;;eneration irrec:;>ectiva 
of reservoir water pl<>nning, ·;; .. ,o out of four units o,erats 
as reve·sible machines ana 09erate as ;_:~um;:~s during night 
pump-ing 5.<:\ million cu.;m. of water from Lower reservoir 
of i.lyoztto'li'& into U;:>!)er reservoir of Sol ina. ana thus ensuring 
daily. O)ltput •. 

The sal.ient features of project 

Salie.nt .. leatures 

Dre 
( 

as· under :-

Location 

i)Bydrological D~ta 
.. ··~ 

Catchment· Area . 
l•lean annual ra infal.l. 
Dis~hFrses recorded 
·' · · ll!in imum 

Nean annual 
Eaximum 

1 in hundred year flood 

'',Cross river·[an 

1174.5 sq.km. 
940 m. 

0.7 cumecs. 
"ig;·o cum.ecs. 
895 cumecs. 
1500 cumecs • 

. -. .. ~ foun~ation cbnststs of ~~ndetoncs ~ith ~rus~ing 
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11) ~ology 

'T.'he foun~ation consists of s:>ndstones with. crushing 
atrength of 700 to 1200 Ki;/.s:q;oc::l!!o Grouting was 
extended to a depth of 60 metres to a width of 
6 metres. 

iii) _Eeservoir 

·Area of r.esP.rvoir 
Length of reservoir 
Storpge capacity 
Live storage 

iv) pam 

:onceoncrete gr?vity dam 

~eight 

Length 
Concrete quantity 
Tcp ·:1idth 
u/s slo:9e 
d/s slope 
Spillway block 

Disch~rge capacity of 
spillway 
~1ver outlets 

uisch·rge capPcity 
of outlets 

v) !~!rumentation 

2105 hectares. 
26.6 J(m. 
500 mi.lcum. 
300 milcum. 

82 metres 
664 m. 
760,000 cum. 
8~8 m. 
• 05 i- 1 

• 075 : 1 
3 bay~ of 6.5 x 14.0 m 
controlled by Tainter 
Rauial Gates. 

1386 cumecs. 
2 of 4,8mdie steel 
lineu outlet pipes. 

330 cumecs. 

They h?ve used in this aam 54 nizomet~rs in the 
found~tion eallery, 82 thermo-meters, iss strzin gauges 
and G strain elasticity measuring instruments, 4 penaulums 
with extensometers. Cystematic me~suremd~ts or these 
instruments hav~ been m<intained ana it has been observed 
tha~ the dam has settled by only 1 mm in the last three 
Y-9ars!f 

vi) .?enstocks· 

No·. anu dia of penstock 
feeaing turbo generator 

No. ana aia of penstock 
feeding reversible turbine 
pump 

6000 mm..,. 

4000 mm. 
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~ower plant consists of two turbo gener~tcr and 
'wo_reversible machinea. 

1 

J 1 §1~£d ·~urbo Gen~!££~ 
r~ 

·~ype of t •trb ine s 
Cize and No. of •Jnits 
'.yeed 
.Average head 
j•"aximum heao 
Design head 
Uaximum aisch~rga 

Revers:!. ble TJn its ----------
Typ< of Francisa 

?o,•Jer gen3r?tec1. 
T·'ax imum c; i RCh<> rge 
:?ump ing -~' .1 ac i ty 
J'!aximum :.:·•m.1 ing he a' 
Design head 
Crane caacity 

~viii.)Construct!.on -~tall 

l<'z-ancis· turbine 
2 of 46 vr: each. 
131;.5 rpm . 
50 m. 
6() '11o 

43 m. 
lS7oO cumccs 

li~ve~~ible, vertical 
·~1J.!"b i.ne so 
~~ .. 5 1.~ p9r unit 
4.20 cumecs. 
4J cumecs. 
GC ·:n. 
60 :n. 
2 cf 12,/IC tons. 

The. co!)structiori of' project started- in l~:H, The 
construction of,project- iilvoiveal.62 million cu.m. o:r 
earth work .an•i ··.rock removal' 0.82 mill io•n c~;_.m. of 
•o~cretin~, 73,000 cu.m~ ot ~recast concrete units, 
~0,000 cu.m, of g~outlng etc. The ~on6reting of dam 
toik place be~ween Sept, 1963 to Debembef 1967 and the 
Pp~er Jlant wi~h pum,ing units c~mmissioned in 1968, 

The stag~s of con~t~uct:!.on progrP~~e were mede with 
i~de,endent cot,er dams. In the first stage, the right 
e~o half of rt,ver was cloeed by coffer dam, .The upstream 
and aownstream coffer Gi am were made of earth with adequate 

slope protection·on water sid~, the central coffer aam· 
parallel to the river was about 235 m. long and of fill 
type with concrete core. The ~ater face was secured by 
rock wei::;hine 60 kg, ·each and concrete slabs of 250 1pm 
thick. 

In the second st?ge, the le~t half of river was 
closed by coffer dam on upstream anci downstream, The 
longitudinal coffer clam in centre was -,roviued by divide 

Wall and spillway block alreaciy const~ucted during Ist stage. 
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The u~stre,-. .m :.n~ wO".''n~t.eitm co: ;e.r ........ m:; were of rock fill ty,..,e 
with water ~~ce ~·otecte~ by ~50 mrn .hick conczete slm~ • 
.:~ccoruin;; to construction schedule the concrete plac:!.ng 
hau to reach a peak of 2130000 cu.m. anu hence two concrHte 
m).xing plant of 60 lL~~~li,~·~o were used and in a cont:>.nno•;s 
operation a maximum volume of 660 m3 was placed, 

( ix) ~~!~L[~.!:!:!ll 
1) The pow-.r plant consists of four turbo units 

out of which two are reversible turbines (see fig,5). 

ii) '::'o S·peed up the construction the power house 
is made of steel structure :tlled in by precapt concrete units, 

iii) To meet the tight construction schedule for 
placement of concrete, a 705 m, span cableway of radia.l type, 
with one tawer fixed and other movable with two lines was 
used, The total lifting capacity was 2 x 20 tens. This ~a~ 
n ept·cinl dcsi:~n ~·n\~blin~~ the twu units to he :;ynchroni·~all 

in operation so that a sin~lo load of 40 tons could ba 
.handled and thus e~abling the heavier machine parts of 
power plant to be carried and placed in position as quickly 
as possible. 

i i:1.. MYC ZKQ]~E ::?RC'JECT 

g~~.::!:1 . 
Myczkowce project consists Of a dam across river San, 

downstream of.Solina dam. The reservoir formed by 
construction of dam.acts as a tail balancing reservoir to 
formaci. ensure the working cf Sol,ina Power Pl.:;.!l;; e.s a peaking 
station. The project also consists of a power plant which · 
operates in coordination with Solina power plant,· The 
salient features .of project are as below& 

Salient Features 

(i) Tiydrological Data 

Catchment Area 
Bean annual Rainfall 
Discharges Recorded 

Minimum 
Mean Annual 
Maximum 

... 1248.0 sq. km. 
929 mm. 

- 1.1 cumecs •. 
20.1 cumecs, 
1030 

1 in Hundred year Flo~.d- 1600 cumecs. 

(11) !teservoir ---
Reservoir Area 
Length ~f Reservoir 
:torage capacity 

200 ::::Iectares. 
6 km. 

10 million cu.m. 
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( i 11 ) l2!!!!! 
Type of "Dam 
~ieight . 
.Le~gth _ 
U/s• f.lope 
JJ/s Clope 
Spillway. 
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Top width 
Discharge capacity 

Earthen Dam with a clay coree 
23 rr.etres, 
460 metres, 
311 and 2;5:1 
3,1:1 and 2:1 
3 bays of 5,5·m x 16m, 
controlled by Radial 
Tainter gates. 
0 m. 
:!.940 cumecs. · 

The upstream face protected 
concrete slab,(~ee Fig.6), 
next to spillway controlled 

by riprap ~nd 20 ern. thick 
Intake tunnel 1s lcaated 
by sliding' gate. 

(iv) '•'later conductor system 

R~C.C. cut and cover 
conduit 

Tunnel 

Discharge 

(v) Power Plant (Cee Fig.7) 

Type· of Turbines 
No. and Bize of unit 
Average head 
Speed 

ivo ROZNOW PRC'JECT 

Dia.· 
Length 
':{all thickness 
Dta. 
Length 

45 cumecs 

Kaplan Turbine 
2 of 4,15 I-;l',V each, 
22,8 m. 
300 rpm 

4.5 m. 
227 m, 

45 em, 
4,50 m, 
4~1!13 m. 

Two reservoirs of Roznow - Czchow are formed by construc
tion of dam across river Dunajec River, a tributary of Vistula 
River, The ma·in purpose, of construction of these uams is (1) 
Flood Control '(ii) Power Generation (iii) Improvement of 
inlanu nav-igation (iv), To meet water demand of indust1·y and 
population. Roznow project wa·s complete4 in 1943 and Czchow 
project in 1954, 

Roznow_Proje'?t• 

LQcatton 

HydroLogical Data 

Cat~h~ent Area 
1\~ean k'nual Rainfall 

Record~d nischarge 
Minimum 
Average Annual 
Maximum 
1 in 100 years 

- Across river Dunajec River. 

- 4865 km
2 

- 810 mm, 

-
3 cumecs. 
64 cumecs. 
2600 cumecs. 
2695 cumecs. 
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g,!OlOJU 

The foundation consists of Carpathien flysh which \s a 
sedimentary formation consisting of alternate t•~s of hard 
sandstone, medium hard conglomerates and soft clayey shaleo 
The thickness of .san"stone beds varies from few em to 2 metres 
conglomerate bed is about 1 metre thick and thickness of shale 
bed varies from 2 to 10 o.m. The beds dip in the direction ot 
reservoir at an angle of about 25° to 30°. 

Rel!_~rvoir 

Area of reservoir 
Length of reservoir 
Live storage· 

Type of dam 
Maximum height 
Length 
1uality of concreto 
U/s slope 
D/s slope 
Crest width 
Spill way 

Discharge capacity 
River outlet 

Discharge 

I 
1600 hectares 
22 k:n. 
1386 million c~.m. 

concrete gr~vity ~am 
49 m. 
550 metres 
450 cu.mo 

- 0.04~1 

0.8:1 
6 m. 
7 bays of 6 m x 
controlled by Tainter 
gates. 

·2780 .::umecs. 
5 of 2.7 x 3.5 m 
controlled by hydrauli 
cally operatec! 
sliding gates. 

- 200 oum~cs per outlet •. 

. Power station is located in the downstream of the dam 
creating niches in the body of the dam as shown in Fig. 8 

Type of Turbine 
"No. and size· ot units 
Firm power 
speed 
Maximum Discharge 
Average ·:::ead 
Maximum Head 
Crano.capRcity 

Minimum head 

- Kaplan 
--4 of' 12.5 

43.2 lf.'~!. 
214 rpm. 
50 cumecs. 

- 26.5 m• 
31.1 m. 

MU each 

One overhead crane 
capacity 60/10 Tonnes. 

16.6 m. 
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Special Featur~. 

The power house is located in block Nos. 19,20 1 21 and 23 
of wiath 17 metres each, The units are accomruouated in ~~o b~~ 
of ~am by formi~B a capac~ty of about 8.5 rne~res width 
between two buttress o£ wiath 4.25 metres each. 

nuring excavation for the power ?l~nt foundation., the 
exittence of two faults was ais6overea under block 19,~C 1 Zl 
and!. 22 as sho·'on in fig.9, It "las feared that the extste11~e 
of fa•tlts the. v~riable n~ture of ~ed rock ~here modulus ~f • 
el~sticity varieo from 40,000 t/m for shale to 610 1 000 t/m• 
for sa~dstone and v•~i•tion fro~ monolit)ic character cf 
dam by locating ?~ in the cavities ~ithin dam body, may 
cause unequal settleme~t of founaation ano it m~y develop 
cracks in Power ~ouse founuation, It was also feared th~t 

.this ~ill be aggravated by the vibrations caused by the 
running of power house, 

The power house foundation slab· was suitably 
reinforced after evalucting the modulus of elasticity of 
variou~ rocks in situ and stressed in the foundation for the 
deform~tion in the foundation along the ~ase. 

This uam· was constructea during E;econcl "/orla far when 
the science of rock mechanics had not yet ~evelopcd and the 
foundation problem was solved and designed such that even 
after 20 yeara the stnucture is standing without any Gamage, 
failure or c~ucks, (RFf, "Influence de ineterogencit~ des 
rochos sur la foun~ation ~'un ~arr~ge - ;oids on condition 
due 7lysb ea~~attien" para ?rof. B~lcerski - R.a~ - Eighth 
Internati6nal Congres~ on Large D~ms)~ 

NIEDZICA PF;::JECT 

General 

Czoraztyn - Nieazica ~roject is under investigation 
and it envisages the construction of darn across river ~unajeo 
river for (i) flood protection on Lunajec rive, valley 
(ii) regulation of do\'Jnstrearn discharges of Vistula river 
basin and (iii) aeveloprnent of power. ~uring the aesigns, 
maximum attention will be paid to limit the submersion 
and to ensure maximum protection to historic builaings, 
monuments and landEcapes in tourist region. 

Geology 

Lime stone belt about 80 m, wide. 
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Type 
":iei&ht 
lcngth 
-:u~ntity of 
ccr,erete 

FoundQtion tr.catm~nt 
___ .. _______ _ 

c~ncret~ gravity dam 
60 m, 
4{;:) '111· 

328000 cu ••.•• 

TVJo :;·ows of ce11ant grout c·.t!"t~::n belo\'' dam ;.n ti"~-= r:tv..;r. 
bea and along the left abutment t?~ i depth of 55 m. is 
prooos~d t~ r~d~ca filtcretion-un~erncath d~~ and thr0ugh 
abu.>;men·:::. .. 

Discharge c~pftcity ,,, 
P·;.v:?r. ou'tl£t 

~ay~ of c~~ ~n x i2 n cont~olled 
by hyd~aulically ope~?ted gates 
of 5.5 m lock~ng hair,ht(see Fig.lO) 

--~r:· ' 
.4.1.~, ~umr .. :. s., 

Two OpE:tr-.~.:.!1!:;3 of 2~:3 ra~: iH the ; 
central part of spillway controllea 
bY-hydraulically operated slialne 
ga·i:e s,., 

The power f..•.ant will bs: loo·.a"ted :>0 :ne-;.:rss avdy ' from. 
dam, and consists o:! "l:~JC.' un·i tR · .J:"e stanctaro. ·}~a 11·an 
tul-b!.nu and :=:noth...:·-: I:,:=ric:'!z····reversibl.a U".achi~e. T!le ':·J.l3t.=r 
~n unit.= !a fod by staal p~nstocks (EPe 71g,ll). 

Installed capac·it ... -:.. 74.4 i1l: 
.Standard KPplan -
Turbine unit 
capacity 38.o Iw7 
tischarge 125.0 cu~ecs. 
Reversibla Deriaz 
turbine Ur.it: 

Generoting ca!_:lacity- 36.4. Lol 
i:lischerga · = 125·. o· cumecs 

Power re~uire4 for 
pt!mp ing 

Pumping capacity 

Generating heau on 
turbine : 

Maximum 
I!linimum 
Average 

. . . 
36.00 IU 

89.5 cumecs 

49.8 m 
:n.15 m. 
35.10 m. 
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Pumping :iead s 

Maximum 
Einimu!Jl 
Average 

£pecial Feature 
' 
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44.~ ii. 
21.45 m. 

- 35 0 80 m. 

Between the aam and grouting curtain top block, flexible 
joint.will be provided and it will guarantee impermeability 
despite movement of dam. 

Investigation S~age · . 

For investigation of foundation rock 1106 drill holes 
were drilled and field. te,sts in s'itu were made. 

v~. TRE~NA ?RJJECT 

General 
Tresna is one of the projects built on Sola River Cascade. 

~ola river cascade was built to (i) augment w~ter supply to 
Silesion-Cracovian Industr'tal region, (ii) Flood control 
(iii) Regulating the discharges of upper Vistula River and 
(iv) to develop power. Tresna .reservoir is important· because 
of its location on Sola river ~nd reservoir:ca~acity. It was 
constructed in the year 1960-66. The Project consists. of 
Earthen Earn, chute spillway of Power Plant (See Fig.l2). 

(i) !-iydrolog:l 

Catchment Area 
Mean Annual Rainfall 
Discharges Recorded 

· Minimum 
Maximum 
Average 

1 in 100 year flood 
(ii) Reservoir 

Reservoir Area 
Storage capacity 

{iU) Geology . 
The dam is founded on flysh 

·sana.stone rock inter-bedded w:l.th thin 

(iv) Dam 
Type of dam 
~ieight 

'Length 
Top 'Width 
Spillway 

.. 

Discharge capac:l.ty 

1030 sq. lim •. 
913 mmo 

l cumecs 
1382 cumecs 

- 18o8 cumecs 
1469 cumecs· 

- 1000 hectares. 
- 100 million cu.m, 

layers composed of 
layers of shale. 

Earthen dam 
39 m. 
300 m. 
10 m. 
Chute spillway w~~h 
3 bays- 2.of 23 m, 
s~an and 1 of 15m x 
4·m controlled by 
flap gate. 
841 cumecs 
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River outlet 

Discharge capacity 

3 rectangular a~nt2 oi 
4x4 m. each co:rt.~·<>lled 

by hydraulically 
operated slidi~g gates. 
730 cumecs, 

(v) ~ater conductorysyste~ 

The diversion tunnel serves as conduit to supply 
water to power planto 

uis. of Tunnel 
Lining 

- 6.7 m. 
- R~inforced con9rete 

lining of thic~ness 
500 m.m. · 

The discharge is control~ed by sliding gates on 
upstream and butterfly valves on downstream. 

(vi) ~.Q_!Cr Plant 
It is a peaking station and location on the 

downstream of dam. c:.ee fig. "13) 0 

Type of turbine 
No. and size of units 
::.peed 
Design head 
Design discharge 

(vii) Special Features 

- Kaplan Turbine 
2 of 21 1,'r,'{ each'· 
214.3 rpm. 
20.4 mo 

- 122 cumecs 

.. 
. D~u~ng· the construction 1 the lana slide ever the 

tunnel intake was observed and cracks appear~d on hill slope 
over an area of 10 1 000 sq.m. The hill. slope was formed· of fin~ 
sandstone layers l meter thick and shale··layers 0.2 m. thick 
dippling.perpendicular to valley axis at an angle of 6~0. 

The investigations also revealed two faults perpendl 
cular to each other and one d inping at an angle 7cP:l o.nd 
parallel to valley·axis ana other sttuated aprallel' to dam 
axis about 140 m. ·away •. 

The main reason of lantislide is the loosening of 
ma1;erial due to excavation. 'The geological exploration did 
not reveal any distinct sliding surface b'ut the sliding mass 
have a 'triangular weoge. The ·maximum moveinent o.f surface 
obse'rved was 30 mm per month. 

The intake tower of the tunnel and dam was protected 
from sliding surface by pioviding concrete retaining block and 
loading the lower part of valley slope by earth fill. The 
retaining block was anchored in rock by·76 prestressed cables 
and· ·an expansion joint is provided between retaining block and 
intak~ structure so that intake tower is not loadea fr6m 
earthfill due to,m~vement of slide. Effective ~rainage af 
Upper pa:J;'t is an additional preventive' measure. (Fig. 14). 

··The observation during the reservoir filling has shown 
no vis~bi~_~i-~lac~montse 

·,·.I 



Et<S.N,Q.!3 
. · TR£SNA PROJECT 

CROSS SECT\ON THROUGH POW£~ HOUSE 
I 



' ; 

t> SLf Dl NG TP/~NSfTOR'i ZOHE. 

3. E J.).RTH LO -~ 0 F".t '-L 

5. 1 riTA K!::. TC \.~e.g, 

: \,...' - -- ... -=· ::...' -· ·- "" ·~ ' ~ ._ ....... ' .k~ -~":=~ 

l 
I 
• ' 

-;rl 
.I I 

I 

~ 
' 

~ I""' . · ... · • ·"" .- ,- ,._ • • - -1 ,.... .,.,.. l=' ·.::-· : ' ~ ·- c. '~ L -:.. :.-
. ,· ,;:;z-J.....,. .~.; ... .. ..,. .- :~ . ~ ... ~ . . ..._. .. :.:- _ ... v - - 4·- .. · :lias ~ . ------------



- 23-

IN :;CZE.JHGSLOVAKIA 

Cz-lchoslovaki . .:. is a countrg in the mBdle of 
~rope0 locetad be~wden 48°and 51 north latioude end 12° 
a~d 22_ ea~t :ong~tude. rhe c~imata is chartcrisad by 
m1ld w1nters "'nd warm suw.ma1· w1th clo:;;arly defined sprino 
&.nd autu~n seasons. · J~ha avar·age winter t ,mp-3rature 1s o 

about -5 C and ave1·age summor temperature around 20°0. 
It has ~ total are~ of 127,859 s"'.Kms.· with a population 
of 14 m1llion and 1s co;uparable to Ass,-m Sta·ce in India. 
Ther~ are thr~e principal mountaiCl renges viz. Boh•mia 
I~oravia ane. 3lovak~a and there are three principal~riv~r 
cycte~s corr,:spond1ng to 'the above mountain rang38-
Bohenna-L?ba Vlit&.va, moravia-W.oravia, Dyje and Slovakia
'Da~mbe Vah and Hron. 

~.'lost of the· rivers a:..·e short becaus~ all of th~m 
have their source· ir. th<'l C;OUn'try with the axcap;;ion of 
the Danube which forms part of its south;rn frontier 
running ihto thra.e different seas-The North SaG, the 
Baltic Sea and th~ Black-Sea. The flo~ in th~ rivers 
is unstable, the ratio between th.~ minimum and maximum 
flow being 1.: 500 and even more. · 

The total Uydro electric pot;ntial of czechoslovakia 
has b.:;en '.stimated to be e.bou·t 22 ib.illion KWh of which 12-14 

·billion can be exploited and in this 8-9 billion K<Vh 
economically exploitable~ The pr·~sent h dro poN,<L' production 
which is about 3-3 billion K'llh is about 20;t of the total 
power production in Czechoslovakia. Th~ principal. importance 
of Uy.::ro po.vJr plants is iL1 thc:ir utilisation. as p~ak load 
stations. · · 

Th.Pough a S[;l'::ill coun·~ry, it has very coml;lex geologic 
conditions.· Th8 :l'est~rn part of 'the country is formed of 
the geologi~aLly intricate Bohemian ~a~sif where the_ 
foundation consists of ancient Schists, gneiss, granlte 
and tha like.· !he eastarn part of tha country is a portion 
of th::J carpathians where the most p&rt of ~ha p:es~nce of 
?iysch rock Gictates the choice of dam englnear1ng. The 
compact region .is the Moravian J'lysch in the Border strip 
between Moravia and Slovakia. 

The majority of th·~·dams ha;re ba_en b':lil~ on~ th: 
river .Vltc.va in Bohemia ane. th'~ rlver. vah ln .JlOVakio. 
:rh,se are the larg,e.;;t rivers of tha ·country with tha 
exception of Danube and account for about 40% of all 
country's energy. Five of th~ now existing series of 

• ten dams on th<> Vltava river hava been built after 1945, 
the thraa mainvbeing-Lipno I at the foot of the 3umava 
Moun:ains and the Orlik and Slapy dams south of the 
PrE.oue with a total s~..>rage c~pacitY of 13 m.c.m. of watar 
with an installed capacitY of 540 MW (fig-1). 
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The casc~da (fig.2) on the riv~r Vah including 

its Crave tribut<>ry cou.;prisas of 16 hydro. electric 
pow~I' plants with ~n in&tella::'! capacity of ov;::r 540 1!'.'/. 

An intc:r;;sting in;lOvation in thlil hydro-elactric 
field is the manufacture of unidi.::-acti6nal rev~rsible 
s .t name] HCN."i: aft;:;r its inventors, Brno &cientists 
Prof. Mirsolav Nech~= la be and Vecla·r Ho&nedi. Rev e:::·si ble 
S•?ts ar·e us~ d in po .v H' stations which, benE; a th the illa in 
dam, have an auxiliary r-::s<:rvoir from which watar is 
pump<:!d back into th•a maL, ras;rvoir during the idl.a 
hours in order to be us.~d for th2 production of highly 
ngadad el~ctricity during ths peak loa~s of tha pO#dr 
grid. T~ pr,~s=nt r.avarsi bl:a sets r~velve th.;op.e:·!: 
direction as a trubine plus alt.;l'n>'~tor and in the 
opposi ta direction as· a motor plus pump. :th!;) transition
frow one phasd to t h·~ othar •Nhich ·tak~s place usually 
four times a day undar normal conditions and so!Il.·atim<3S 
more often is accowpaniad by operstional difficulties 
in the cas:: of lilore ·powerful units, espacialiy when the 
s·;t is startad for its pumping fu11ction and during its 
electric braking. The: new Gzechoslvak invention is 
r.~ported to ~liminata th.;se shortcomings and is of a 
basic importanc.:. for th.; furthe·r dev.:Jlopment of hydro-
·.d lC~Gric pow~;r sy&t:~ms. - -

A large numbJr of proj~cta are in vbrious stagas 
of pl:=;nning, construction and operation through out the 
coun·try. J?roj acts visi tad during ·tha study tour are 
shown in fig.). · 

Bri~f da~cription of important projects visited 
during the stud.v tour. 

·:t .. Z '::RrrJANIC'-5 PriOJ:!:CT 

. Th3 project consisti~g of a concrete dam 33 m. 
h1gh a[_l.d 502 m. long has been constructed across 
rivar Luc'··.ina a tributary of Od.ca n,,&r Zarmanice for 
wst.?r supply to Cstrava and also for flc,od control. 

Th,; dam is locat:~d in tha zone of Carpathian 
flysch formed of marl shales and tesch.~ni te intrusions. 
Thera is a ?OO m. thick layer of productive carbon of 
the- petrkov1c3 zone 400 matr~s below "the dam. · ·rhe · 
valL~~ ~1,1ts deep into marl shal.a& on both slopes 
relat1vely compo.ct t·~scheni tes rise to th;;:J· su . ..-face. 
The marl sl:.ales ar·; soft, thiniy· foliated o'f grey-btodiiin 
to b~ack_colour, compact in tha undisturbed state, 
fal11ng 1nto places on the air, while in watdr they· 
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become so~t end slushy. Ih.3 t~schenit:1s penetratad 
throut,h tna marl shala and formad at th.,; sit; of tha 
dam a. b~d!ad" vian of variable tb.ickn,~ss sometimas 
reach1ng 28 m. Teets en sh> 1~ indicE::tdd its sh.::ar 
propdrtia$- fan ¢ =· 0.32 and C=0.35 kg/S~oClli• 

Th~ above complex geologica~ conditions 
nac::ssitated tha dam 1:0 be dabignsd in 3 s,,~ctions(Pie,.4). 

a) The· left bank part on t.:::sch.;;ni tu including 
tha spillway blocks is d -sie,n ~d as a conv -'ln
tional gravity dam. It comprisas blocks 15 
to 26 111 a total l0tl0 th of 129 m. tha maximum 

· h~ight ·of tha block b;ing 34, t.ha width 
11 m.. (except block No .15 m.aasuring 8 m in 
width)~ 

b) Th~ gravity blocks 6 to 14 on shal.~s and th\.l 
right bank tascheni te slop.:l ara daaie,nad in 
combination with an .:=mbankll!en"G on tho;: doNn
straam side. 

c) !ha mixed sections on th> right b~nk in · 
w<:ath.:lrad t-~sch ,ni te is d-:&ie_na.:: as a concilete 
wall wHh ambankm;nt on th3 d/s .;,i C:e(blqcks 
1 to 5 and A-@ in a total langth o.f 101.0 m.) 

Th3 dam is connectad to the abutment by w3ans 
of concr::.t-e out ·offs 95.5 m. long on tha i.eft and 80 m. 
on tha right. In addition a grout curtain 110 metres 
long has also b.::en provided. 

Th:l d-~si;;,n of blocks 15 to 26 was ce.:rri-ld out 
to limit thu vartical atress s to 10 kg-sq.cm. and 
with !:l friction co-afficiant o.f ·.¢''=0.65 b.~-ock~ 14 to 
16 arci founded on reinforc;d concrete slabs. ~oubl3 
sided armou~ing.of tn3 slabs has baen don~ to pravant 
formation of cracks in th.- dam. Tna slabs ar•J dimen
sioned .for th; most adv_,r.;,..; c&.sa of d<Jformf.tion of thc3 
substratu-" the :~lasticity of th~ slabs and th3 
plasticity of the substratum baing neglected. 

The stab1lity·of th) tascn~nite block on tha 
right hand bank is· d;;tariorating through th~ acti?n 
of the flow of ground w!3,t3r in tha slop::s. Th"' onginally 
planned drainage galiary running at th? ~av;l of tha 
u~derlaying &hales on th; d/s sidl of th~ _d~m wa; 
abandondd, the wat~r b-eing t;:k~n a11:y ~y _ou;a~ ~ 
drains &mp_tyin& into tho dr< 1nage g .. n~r3 1.n h., 
mambrane. 
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During th~ .::xposur.; of th.:; dsm basa on thz right 
bank, shala .:i.;;rupt.d. throuc:,h .hru&t fculting ,.,as m"t 
with and furth,r bulging of tha shc..l~s caus"e. mov~JJ.<nt 
of t~sch~nitd blocks occurring at the s&Qa tim3. It 
was, th.;refore, 11.acdssary to ramov.a th,; disruptad shale. 
1J'or :;nsuring stability th~ blocks, 11,10,::.9and 8 w=ra 
foundad on plugs co.1s.;ruct,)d in tiutber, shafts to a 
da~th of 7 m. Diff3r3nt cro~s sactions of th~ dam 

. adopced at CJ.iff::r .. mt cnainag_,s ard shown in fig.4. 

1a .. SANC:J: PRCJECT 

Th; dam across the riv.~r 0stravic, a tributary of 
Odra, at Sanca is th; high~;;t a,.·:rth-cum-rockfill dam in 
cz:choslovakia int.jnded to scora about 6·:J m.cum. of 
wat;.r for wat,r supply to the! eistrict of Ostrayice. The 
project was plauned as 0::-l'ly as 1918, but was co •• structed 
only during 1965:-69. Th.:: 1nax~muw haiglht .of the dam is 
65 m. The bali<:!nG f ,a :ur~s of the project &rJ ;-

i) J!ydrol~ 

iii) Da~ 

G:~ology 

Qatchm.ont araa 
Av~,;·Bg3 rainfall 
Av~rage annual flow 
Minimum flow 

Gross storage 
Liv~ s-cor<>gc 
::·aad storage 
Reservoir ar:3a 

tlaximum height 
Crast l~ngth 
Total volume 

146.35 o(!. km. 
1203 mm. 
3.11 cum/sec; 
0.120 cu.m./sac. 

59.8 M.cum. 
46.8 m.cum. 
2. 5 m. cum. 
324 H~ctaras. 

65m 
342 m. 
1· 34 m. cum. 

_ Tha dam sit~~ and rcser·voir lie in Godul.ian 1ay2rs 
~f v~rpathian "'lysch. :rh'" riv r g,orga . t tha dam site 
~s v~ry narrow r.uving a bcttow. width of 140 m with steep 
abutm.:nt. ~ Tha ;:.ubstrata consists of sand stone and of 
clay,;y shl:lles, and th.:;s,; ar, inclin~d at 15° to th~ 
~~is of dam d.ip b3ing 23° t~ 30° up; ~i.·;;am. Tha mai~ 
a~r"'ction of cracks is normal to th·"' d · ''t · · f th" 
lay..crs and at t~;; d&.m sita ~t.ura ar; s~~~~at0~a~lt ~ 
zon7s. Ttl:~ v.c.l.L;:.y is fi.LL:d with th~ ;-.;luvial riv·r 
~?.~~ments consisting mostly of g.cav;l and sand of ~ 
uh~ckn,3SS 2-6m. In th~ rcs-rvo;r e.r··a. th . .... ..., • - , .~rd a r:a 
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possibili ti.~S' of land slid-3S occu1·rin6 mc:-.inly on tha 
Recica brook vallay on th:: right· and on th13 C5travica 
riv<r vallay on th.;; left. 

_T~~ l:yo~t of th8 p:ojact is shown in figur~ 5. 
Cn th:: .ngh" s1d~ of th·a 1nLt and outl t tunnels ar<> 
located with intak·a tow~rs as also th3 spillway nithv 
a chut-i) OVdr th:; tunndls dischr•rgin.o into a common 
stilling b85in. Tha outlJt tunn31 is 3 m. in dia, and 
290 ~ long, d·3signad for a discharg-3 of 70 cum/sGc. and 
-cha 1ntake tunnal is 2 m. in dia and 319 m. long and 
capac~ ty 42 cum/seo. spi.L.LwaJ is 19. 4 m long ana has a 
capac1ty of 73.5 cum/sac. Th~ chute 6.5 m. wide and 
172m. long·~nds in th3 form of a ski-jump platform with 
baffles. 

Tha typical s Jction of thJ dam is sho,vn in 
figure 5. Th.e; deiiJ. is of thG sloping cora typa consisting 
of an imp;.3rvious cor;a of loam matarials and out .. ~r zon::s · 
of rockfill. A transition lay.Jr of grav.:l is kept en 
th.a U/S sid3 wh:::r.~ as ·a sand filt ;r and a graval z:o-ne::.a.J:I: kept 
on the downstream aida. A zone of raddom mat ~rial is 
introduced on tha d/s b..ltN~;en the ;;ransition and rockfill· 
zones .. 

Typical grading· curvas of materials ar:: sho.m in 
fig. 6. Th:. ·ma t,?rial of tha cora is .nostly of OL typ:~ <Vith 
dansity 1.68 to ·1 •. 92 tons/cum. C.ii!.;,._ .1~.5.;t\ to 2~~ ~haar 
param;.;;t;;:rs ~=26°-50' and 0=0.17 kg/ay_ • .::IIJ.. P;;ril!aaou.~~y 
= 1. 3 x 1ru-71 cum/s,c. Fil".;Jr sand .~as SP typa mater1al. 
Mat::-J.•:i,al of grav:::l zon . ..: ilas ;of _:.GW, I!ZM, GC, tyga,rd.:ns~ty, 
2.06 to 2.2 'tons/c.um. and si:Lar: .E>tr--::ngth ¢=38 • nockf1ll 
matar·ial was y_uari-::d sandstona of co..uprassiva strang'th 
908-1280 kg/sg. cm.SP. Gravity .2. 62 to 2. 68 and sh.-ar 
strength ¢=43 • · 

Tha imp;rvious cora of ~h<J dam is connact"d to 
th,; bJ:l rock ~hro~:gl1 a grou_:,ing gall2ry and a lav:-ll;d 
concr-"ta lift; Thc.J fo·undation rock was ·groutad w1th 
cam<::nt .. Abou.t ·21000 m.-;;trzs, holas W"Jr.;; drillad. 
C.am.:mt consumption ·.was of th\3. ord;;r of 150 kg. drill 
hole rn.:; l. .. 'r. Grouting pr.1ssures upto 40 atm w:;ra us ;d. 
During grouting _th8 . ;ff~ct of blasting on th~ g7out 
curta iri ,,as also s.tudi.::d l'!nd it _w&s found that l t was 
qui t.a safa to build th::. grout curtain. ~nd.:r 'tha dam · 
b:3fora blastir1g th:l rock for th.il gr~u't1ng gallary 
foundation. 
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Th:J int 3r;sting psrt~ of th-3 d;sign is -the t.:.sting 
of th;~ modal of th.:: dam for a possiblE: ov.}rflow in -Gh; 
c2.sa of slidJS taking place into th.::: rac:•:r;voltr. Tha 
othir int;r::lsting aspact is th'::l cons-truct1on of tha . 
i:np~rvious core. The mat· rial is on3 of th::: oorrow 
ar 3as was found to h&V·:> mci<:>turJ ccnt<.Onts upto 7% abov.:: 
tha optimum valuas. To raduca tru moisture cont;;)nt 
of tha mat 'rial, de0p dr:::in~;.ga tr.3nches w~r~ dug 2.nd 
this result~d in an. av::rag.~ r::duction of un.istura 
cent mt of about 2~- This operation wae dona WJll in 
adv&nca of tha b.3ginning of -axploitation of "h"' borr.O'.'I 
ar::a. In a::dition a dryir,g plant cunoisting of a rotary 
kiln of 2 m. dia and 14 m. long with !=>Upply lin-:1 of hot 
air fro~ hi~h ~fficicnt burn"'rs and a systam Jf f~ad,rs 
and convayor balta were installed a·c th:J dam. 

INS T RUiv! ::N'l'=.£:!1 0 N 

To study·th; bahaviour of. th.:: dam, inotrurrunts 
h::..vJ b.;.:m install.;.d to obs;r;.ra satt:Lamant, ·pore pr2ssur.=: 
in th·:: imp.rvious ~ora, q_uantity of saapag,~ and 'arth 
prassure on concrat:: structuras. Four telascopic 
cross arms and sixtaan alti-m~t :rs ar.3 inE>talL;:d -for· 
maasuring settlements. Tha ddorm•:.tions ara als.o . 
m;;asur.:;d at s.;v.mtaan ~ontrol •;oints on ttk: downstraam 
slop~. Pre-cis a l:nralling and 'crigcnoma~;ric· surv.ilying 
ara carridd out periodically to maa&ura var~ical and 
horizontal dcfor;nations. Horizontal diSpla0;;mcnts ars 
m;;e~sur.;;d with a staGl rope running from th; alti-m:)t;;rs 
to m·;asuring <.h<:.fts. Per~ pr,~ssur--a ar<l m.aas-urad Nith 
double ;;un;. piazom .. ;t.;:rs t-ibs at th,~ Sc:l.ac"tad points. 
S~cpegc· to tha foundation is IDiJ8SUr•.3d .at. t;ha· outlet .of 
~h:: drain into tha drain~ga gall 3 ry. .J:arth pr.;1ssur.: 
lS m:ea su:.•.; d 1Vi th ::; h> halp of pr-,ssur) cells installed 
on. th; back of drainagG gallary of one -dross sGc&iOii· 

i:B:t.. NCSIC~ HY'JRC P?..CJsCT. 

Nosica D!?iL·is ona of ~:;h.::: high~st dams ·.Constructad 
on Vah riv~r cascad;. The cescsda is int<!ri.ded to · 
~3-v:lcp. wa tar supply, flood coc.trol in U::pp;:;:r,cr;.achesr 
1rr1g -t1on of lowJr part of catchm.~nt ar ;a, . .to incr3as;3 
navigabi.i.i ty of .dv "r and to dav"lop pow-::r •. · It is· · 
ax;:ect..:d that on COlilpl.:tior-. of_ Vall riv..;;r cascada a 278 km· 
long -wat.?r way will ·ba cr~ated to ca_t;;r for 1000 ton 

. ships. I~ is also pro·posad ·to co•1S"Vruct 25 po.w.:::r 
stations on th3 rivar with a total installed capacity 
of about 1000 M.v. -
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Geology at the dam site is not favourable and 
varie'llsfrom one o·nd .to oi;her end of dam. The right 

· abutment consists of subsoil composed of marlyrock 
in the centre sandstone and layers of slate below 
o~tlet structure is·met with. Marl extends below 
power house blocks and J.eft abutmant consists of 
Conglomerate·s. The dam is designed in. such. a way that· 
all th~ block rest on the same type of rock. Salient 
features of the ,project are :- · 

Hydrology ' 

• 

Catchment area 
Annual precipa~ion 
Average dis9hagge 
Minimum discharge 

. 1 in ·100 years flood 

Reservoir· 

Dam 

··:Reservoir area 
L·ength : 
Storage_oapacity 
M.W.L. 

.7895 km2 
980mm. 

· 133 cumeos .. 
19· 2 oumeos. 
2500 oume os • 

5.7 Km2 
12 km 
36 million cum. 
280 m. 

Type Concrete gx:avity ·dam. 
Maximum height 40 m. 

-
above foundation-level. 
Length · 475·m. consists of "31 block 

. t .. / 
Top·wid h 
. &pill way 

Maximum capacity 
River sluices 
.. -· 

.Maximum capa-city 
.Fish ladder 

I 
Powar Piant ~Fig.7t 

Type o turb ne 
. No .arid size of Unit 

M:aximu!ll head · 
Miniinum .head · 
Discharge/unit 

6.5 to 16m. wide. 
---·7•·75 m. 

5 bays of 17.3 x 3·5 m • 
controlled by flap gates. 
1200 cume cs. 

' 5 of 12 x 4.8 m. · · 
Controlled by sector gates to 
control passage of sediment, 
ice and floodS· 
3500 cumecs. . 
Provided in.one block of dam 
consists of a chamber of 13.95 m 
level difference and 9 fish 
lift c£ 10.95 m. · 

Kaplan · 
3 of 22.5 MW each. 
22.5 m. 
11.5 m. 
130 oume,os. 
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Tail :Race ·canal 

Length . 
Lisch&rge capacity 
s,~ction of canal 
Bas,3 width of canal 
:J.zpth of flow 

2.65 km; 
400 cumecs. 

- Trapizoiaal 
48 m •. 
vari~s from 3.5 m tc·6 m 
d.:!l);;; ndlne,. on discharge. 

Ths con::;trucfion of Project started in 1949 and 
· Ist Unit w~s comwissionea oil Ist Saptemb3r, 1957. · T!2e 

work involved 300 throusand cum. of concrete, .7 .6 million 
cum earth Nork and .310 thousand cum ,3xcavation. 

Spacial features 

Protaction o.f founaation 'against the action vf · 
min~ral. wat.;:r. The min~ral w~ter was continuously 
pumpad. ou:t of- injectio!l of clay in suspension with 
ch~ruical admixtures. rhe foutidation was ismihated 
by Basalt ':::ubes placed into mortar prepared •Wi th 
basalt sand andtrc.ss cem.::nt and filling th.:: joints 
11ith asphalt. ' 

· Th':) sch:;,we is int:lnd~d t_cr meet the increasing
.demand for Clrinking watar to Prague and· cth::r _neer:by 
r~gions •. 'Ih~ .project is pro';.osed to be built in . 

. stag~a to meet th~ incrsas:; in raqui:cements of wat_,;r. . . 
. ·The. Pl.'O j<: c~ envisages the construction o{ a 

~tm across ~h.;: r~vs~ 2.el~vka a. tributary of Valtava. 
~ fouudat1on con~1tions as ;v.;ll as availability of 

S~l ttah.fblel const~uctlon mat_.rialsindic(-;ted that th~ 
e r i .1 daw Hl the most· sui table t .. ~ 2 • w 
also sujtabla for constr t. . ?_:?- nd th1s was 
faatur>sof t"~ ·· t uc 100 ln st<=<g:l.:.. The sali<>nt 

·~ '"" pro J ac a.re :- ~ 

Hydrology 

catchm.:!nt ar:::a 
Av1rage annual· 
rainfall. 
Averag~ discrutrge 
Minimum ai&charge 

R\3 s •Hvo ir · 
Gross storage· : 
Live storage 
Daad storage 
R~s .::rvo i.r ar.;;a 

· t178 sq./km. 
674 mm. · 

7082. ~~a· sec. 
. 308 m sec.. 

Stsg-:LI 
80 m.cum. 
66 -do-· 
14- -do-

613 ha. 

Stage II 

264 m.cum. 
. 246 .;..do-

18 -do-
1462 ha. 
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(, 

Maximum h.:l ight 
Cr.:.;st l-3ngth _ 
Total volUcud 

Stag:a I 

4·0 m 
385 m 

10560f70cum 

Stage II 

58 m. 
620 m. 

20 5 6900 cum. 

Tha dam is of th-:: slopin5 cora typa consi;;;ting 
of an Lnp::1rvious cora vvhich is proposed to ba rais..;d ·in 
tha saco•:d stege (fig.8). 'rh..; _spillway _is~ of "th.J moraing 
glo-ry _tipc, Tha fir.:.t ;,tag:a spillway i<> pro,;Jo;:;ad to be 
.faisad along Nith tha approach bridge. fhe space 
b3tw·z:an tha sacond stag-" ond thz first stc:ga spillway 
is propos~d to ba pluggad with con6r3t~. 

Y" SLAPY PR::'J :SCT 

Slapy project is the 2nJ larg.~st on, Vltava 
river dovm,tream of Crlik Projact. 

Gao logy.: 
Th3 bad rock in tha ·;,hola ar _.a of thd dam 

foLln·:cot1on is formad by ·a..,:.;;hibo1itic'rock fJrmation 
·.r-~ith sl-ight foliation. :Ch.;:s.:; l"Ocks ar·.: v ;ry hard 
and tough a ne avan,. bla at. depth of 2 m. in valJ.ay. 
Th.-, strik:a of foliation is p~rpor"dicular to the· 
direction of vallay -v.hich is f""vourable 'for the 
situe~ion of aam. 

Saliant f'3atur.Js of th.; proj-.;;ct a.c-<; .:-

- Hydrology 

Res .·rvoir 

Dam 

catchment area ' 
Annual rain'fall 
Normal discharge 
1 i11_ 100 yaars flood 

_ .. -
Length of r:;s ·,rvoir 
Storega capecity 
::.. '.V .L. 
Hin. ·,y, L. 

Typa of dam 
H~ight 
L.3ngth 

12982.7 sq.km. 
682- mill. 
84.5 cuu..acs. 
23 7 • 4 CUUiJCS • 

44 km. 
200 million cum 
211.00 m 
247.00 m. 

:}oncratz gravity dam 
65.0 m. 
260 m. 
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Spillway 

Spillnay cap~city 
Riv.:r outl.~T.s 

4 bays of 15.0 x 8 m. 
control1~d by radial 
gates. 
3000 CUill-"CS. 
2 of 4.0 m. controll~d. 
by hallow j 2::t vc:lv ?S on 
d/s. · 
360 CUlli2CS. ~ Gapacity 

I' nstoqks 3 of 5.0 m diam~t,r 
st:::0l'p~nstocks d~beddad 
in spiLlway block. 

' 
I'ow:·r I'lant (fig.9) 

I'ow::r plent 
which forms t h3 roof 

is loc>:ted below s:,;;illwsy-structura. 
of powar "house. 

Typa of _"turbin;, 
No. anG siza of units 
"Disc hnrg.;/uni t 
:;~aximum h.;;ad 
I\Unimum h~ad 
Normal h~ad 
Ov:::rh,ad cranll 
c~pc-city 

Knplan turbine. 
3 of 48 Jl.'.'l .;.ac h. 
100 cuU!acs. 
56 m.. 
5:P.A,.m. 
51-4 m. 

2 of '125 tons aach. 

Navio-ation Lock 
Facility for n::vigation upto 300 tons is' 

p:copos~d. A 6.35 x 33.0 m n.?.vigation lock is providad · 
for a lift of· 6 m. 

Construction staga 

on u/s 
"tunnel 

_ Tha riv.or gorg~ wa<'! blvckad by coffer dams 
and d/s. Th3 wat ::r 'i-lcra div·,;rt<Jd through th.::: 
is right abutment. 

The upstream cofLr dam 157 m J:o ng was 
rockfill c:.am with _concr·.;tCl cor,;, r _,_stLlg on six· 
st1al caissions. Tha cdntra part of coffar dam . 
''bout 18m. long was ov·;;r flow type v-1ith crast pavad 
and upstr:oam fP-c,3 r.:inforced by wira stona .matt .. rass. 
It was dasigndd for a 3.5 y~ar flood. · · 

Th.:: d/s coff j dam was also of same typa of 
about 8 m h:'light. J:h.: div.~reion tunn-:=1 was horse-shoe 
shap.ad of siz.) 10 m x 12 m h:::ight and 360 m. long and 
W"R bricklined. 
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· The construction of div~rsion work E.tartad in 

~uly, ~949 e.n:: rivar diverted in !ebruary, 1951 and 'coffer 
c.ams J.n M<'ly, 1951. The- constructJ.on work of dam .:.na 
powar plant -B't!:irted in r,~ay, 1952 and· compJ,.ated in 1955 ... 56. 
The fi,rst unit ccu.missioned in Cctobar.1955. 

3peci~l feo:otur~ 

. The design and.layout .of overflo,~ pow.H' pLsnt 
is .a uni~ue feature of project. At the const~uction 
of po\var plant the various w.e .hods. fer ::lpeedy construct
ion and erection in pow3r plant as daccrib.:Jd for Crlik 
pow·~r house were fir:;t developed.· Tb,e diversion tunn;;:l 
was .closed by a reinforced concretd block flo<:tad uown 
to tunn3l inta.ka face. · 

vi.. CRLIK IJ..i>;M PRCJECT : 

The· Crlik dam is locat . .:Jd 87 Km. upstream o,f 
Prague on riv ~r Vl tava. It is the highest dam forming 
largest r':1S.:·rvoir in the Vlta111a valley. 

Geolo~ 

Tha founde.ticn of the dam consi.,ts of schist 
formatiOil by dy.;es of l.amprophy~odS· Tna si~e ~lopes 
ar3 cov;,red with 10 m thi.ck ovcrbt:.r.l·3n consJ.::; ang of 
bouldery debris. ·Th>'l left abutm·.:J·nt it~ su<;:esptible to 
rock sl~des. _. Salient features of the p1·0Ject are :-. 

Hydrolog:t:·(below confluenc-~ of Otava) 

· catchm·ant araa 
Average annual rainfall 

· Av~rage discharge 
1· in 100 year flood 

Ra83rvoir 

. Area of rasarvoir 
Length of res~rvoir 
Storage'oapacity . 
M.:f~L. 
F.R.L. 
Min. ,·w.L. 

Type of dam 
Height 
Length 
c.uanti ty of concrete. 

11986 
690 

82.2 
2290 

sg_. km. 
mm. 
cumeos.--, 
cumecs. 

2. 64 hectares.· 
70 km. 
704 million cum. 
354.00 
351.60 
330.00 

concrete gravity dam. 
91-5 m. high 
450 m. long 
1050,000 cum. ) 
(33 blocks of 1~-16 m wide 
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Spillway 

Discharge capacity 

River OUtl:!tS 

Capacity 

Penstocks 

Power Plant -Jq /0. 

Located at tha to<:! of 

Typa of turbine 
No. and size of unitb 
Maximum ·h.~ ad 
Eormal h~ad 
Minimum haad 
Crane capaci1;y 

Navigation lock 

' 

3 bays of 15 x 18 m. 
controlled by radial 
gate • 

. 2184 cumecs. 
2 of 4.00 m'(dia.steel/ 
pi;e controlled by 
hallow valves on d/6. 

371 CUlll3CS,. 
4 of 6.250 m. dia ste2l 

'panbtocks embedded in 
dam. '.( tli ckn~ss of 
lining 20- 35· 

th·.~ dam. 
Kaplan rurbine 
4' of 94 M~V each. 
71.5 m. 
69.10 m. 
45.0 m. 
2 of 250 tons. 

... . -~ 

Facility for transporting 300 ton ships by 
inclined ship lift drawn by ]lactric cart. ~ p 

Tha conbtruction of th~ project. nas tak,=n up 
·in th~ year 1954 and the Ist unit .wss commissioMd in 
April, 1961. During th3 Ist stage, the -coffar-dam was· 
constructad to work on portions of aam on riGht bank 
and CC.LlStruction of div_,rsion channel and .. 2 tunnels 
opening of 7.5 x 5 m. in themonoliths for outlets. 
In tha 2nd staga wh>:Jn ·riv.;;r is: divar~ad tb.rough th.;:se. 
tunnels in Fab.1958, -cha pow::r dam and power housa ware 
completed, Coffer dams H~ra dasig~ad for 1 in 100 year 
flood. 

Special features 
'rhe Sp.:!:ldy construction of power plant was 

achieved by :-

1) 3liminating th~ unfavourable ~ffects of 
heat of hydration of mass .co.ncrata without 
artificial c::.oling by t ha us a of fly as h. 
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1 st;..u#ing t;ale 
z the ind/nd.d gd:1e 
.3. dedr/c yull fNtck . 

4. :.icel lank 
5. noi5t eng'lne tank 
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2. _The use of fuily mechanised and automie.ed 
PX:Oduction of concrete by continuous process that 
of handling and transport. · 

3· Formation of weldad reinforcements cages into 
units w~igh~ing UJtO 20 tons. 

4. By extenSive use of pra-fabr~ated concrete 
structures and r:'!inforced concrate facing instead 

· of usual shuttering. 

The downstream -Nail of po.ur plant arid- piers 
ba·tween d-raft tubes were li.ned with 10 em· thick 
reinforceq ·concret':! panais wadded to rainforcetnent ·and 
VL~ren del. p~efabri_cates 13 m. loag 1 m. ·thick and 
1·.11 m. high, which wer:a placid on top of ::ach other. 
The hallows '.'/ere then concre~ed. This ·speaded up and 
~implified the construction of sub-str~ctura concrete 
of power plant and al::.q gava' a sc.vi~lg in weed for 
shutt~rings·. -.Howev~r, the use of· pr;;-fabricztes 
~.a de it essential to e.stablish a factory at site •. 

5_. - _ . The supar stru-cture consists of steel structure, 
the assembly of these ·w~re made by cable way crane with 
a lifting capacity of 20 tons. The erec't!ion of the super
structure frame took 2 days for each unit block. -

. 
6. The· ~alls ate of pre-fabricated concrete panels 
fitted to steal structure by spaci-al clips. The joints 
were sealed with hard rubber in·a PVC cov~r. 

7/ith above m~thods, .. it was possible to put tha 
- f;!.rst turbi~le into operation ·28 mon-chs after· the 
concreting of -power house was taken up. 

vi'!. N~CHRANIC:j: PROJ.~CT 

This is an 3arth ::am across the river Ohre a 
tributary of Labe to store 290 m.cu·.m. at' water for 
watersupply and .po_wer gen~ration~ _The f~u~dation:;; 

·conditions -xisting at the dam SJ.te consJ.s~ed of a 
top lay->r of clay of about 15-20.m. thickness und :rlain 
by sand.. 'l~hin lenses of s~nd war: also !found at . 
different· places. The ~ax1mum heJ.~ht of tqe dam J.S 

. 54.5 and length 3280 m.- In view of the low strength 
of the foundation_ materialsth.3 slopes of the dam on 
both upstream and downstr;)am. sides are· vary flat. 
The dam section is a zones one consist_iug of impervious . 
core with casing zones on, _both upstream anddownstream sid_,s. 
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To facilit~te drainage of the sand lanses, two rows of 
relief wells are provided on the downstream side. 
·:ry;;;ic8l section of the dam is shown in fig. 1g_. 

5.3 OBS~EVl.TIONS 

It is of int.::r -st to note th&t in :poland and 
Czechoslovakia projects ara planned on each riv .. -;r system; 
basin-wi&e plans arG prapE:red to obtairl the most opGi~um 
utilisation of water resources. This method of study 
of thaentire basin and pl~nning the projects would lead 
to most economical exploitation of utiLisable en~rgy. In 
our country the selection of projGcts are made not on 
the entire basin but arbitrarily depending on the 
demands of. the regions. 

' 
In :'olBnd, riv.::r 'llistula has been plt-<nned 

systematically utilising the entire basin. 3imi1Brly, 
plans are b·~i ng rna de for developing Odra riv ar. S.;parata 
organisations are S3t up to work out the plans and fix · 
up prioritL!S for execution to obtain thCJ maximum 
benefits with the minimum of investment in the shortest 
possible time. In the case of Czachslovakia, rivar Valtva 
and rivar Vah h<::ve bean planned systau1a tically and the 
projects in these riva.r· basins are baing undart<:::ken 
fOl' ·execution in a phased manner. It is most essential 
to complete tha inv.-,stigations of tm river-basins to 
obtain most economical projects. 

Nhan.::v2r the pr::>jects are undartaken for execution, 
th~ attention is fixed on th-e rrHthod of "' ccelerating the 
sp;ed of construc'tion. In order to achie;ve this 
objective sciantific studias are undertaken during the 
pariod of construction. Soma of the axamplese.are 
illustrative of such endeavours. 

i. ilhanav"'r thcl power hous.;; is locat~d at the 
toe of th~ dam., cableways ar.a us~d for erection of d:,..:t 
tuba liner, sc~oll case and penstocks without waiting 
for the erection of the overhead travelling cran::s in 
tha pow"r house. 

ii. Th<3 superstructure of the power house arid 
th} auxiliary rooms ar; designed with steel structure 
systems with pra-fabricated rainforced concrate panels 
which can be ·~r.~ct;ad with :;hese by the help of th<J 
cableways. 
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iii. Pre-fabricated concrete ele~3nta ar3 used 
t.o replace the form work in th.a construction of pow~r 
house and oth~r ~ncil~ary works. 

iv. 3ubmgrgence of 1a nd andprotection of 
monuments are given due consideration in planning 
res:;rvoir projects. In fact, thay pref~r to hava a 
sgries of low dam with power houses instead of con
cantrating on high dims which may result in submergence 
of vast areas. - . 

v. :J:xtans ive modal s ~udias are carried out for 
solving oomplex hydraulic and structural problams to 
arriveat an economical solution. It may bg of intar-2st 
to .note t~at in -the casa ·of S&nce dam pro.ject,
bydraulic model studi3s ware done to find out tha 
,~ffect of possible overflow over· th3 completed earth 
dam.in.case the ·adjacent. unstable hills slide into tha 
reS3.X:V6ir~ 

. vi. Instrumentation of major structures has 
become a regular feature particularly earth Qa.ms. 
Systema_tic _-r::Jcords of observations are maintained 
and p'!riodical analysis of the observed 'data -~s also 
undertaken •.. This will lead to. economical de.signs as 
mora ·scientific app~oach for the designs could be 
.derived from- ·these obServations. 

vii. At Sance dam··in Czechslovakia where mat~rial 
from the bo1•row area '.for construction of the 'ilarth' dam 
was found to have.moistuve content about 1 par cent 

·above the o.m.c., it was decided to reduce the moisture 
content by installing a drying plant consisting of 2 m. 
diameter and 14 m. long wittunpply line ofhot air from 
high efficiency burners and a system of· conveyor belts. 
This DJethod was ,obviously working out V.!ry ex~tensive. 
As such, tbay rasorted to .provide a SYbt.,matic n~t work 
of drainage systam by constructing d.r6inage trenches 
and reduce the moisture contant to within the acc~ptable 
limit. -

. viii. In tha case of z·elvika dam in 0Zachslovak18 
.another interesting f~ature was obs ,·rvad. An aarth dam 
·of· sloping· cora with an ultimata haight of 58 m. was 
designed and·:Planned to be constructed in stages viz. · 
upto 40 m in tbe :f~st stag~ and 58 m •. in the second 
stag". The spill ,yay co nsistJ.ng of morn1ng glory ho!e 
was·~onstructad to suit thefirst stage. In tn~ m~ant~ma 
demand for water ;i._ncH·aasad ~=ml>RtRntially. It was 
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decided to incr~aoe the height of the dam upto the 
full h~ight in tha first stage itself. As a result 
of this, the spillway had to be raised; l'his was 
dpne in a uni'iue msnner by constructing on the 
existing bell mouth of the spillway end raised it 
to.the final height. 

I~ cz~chslovakia, th3re has been an int~restic~ 
innovation in the hydro-electric field in the manufacture 
of uni-directional r3Vlr::.ible turbines named HCU3 after 
its inventors. Thes;; reV·:'lrsible turbines c:r;3 used in 
·pow~r stations which have· an auxiliary reservoir from 
where wat::>r is pu111ped back into the main reservoir 
during the idle hours of the ·power plant for production 
of power needed dqring the peak periods of the power 
system. The pres,:~nt ravarsible turbines revolve in O{le 
direction as a turbine plus alternator and in the 
opposite direction as a pump and a motor. The trane;i"tion 
from one phasa to the Cilthar ·cakes place usually ~ times a. 
day undo>r normal conditions. The new Czechsolvak invantion 
is reported to eliminate the shortcomings during this 
tr~nsition stage and has a· basic importance for th~ 
furth:~r development of hydro-electric powsr systams. 

·Thus, it. can be ob.01arv~d that Poland and 
~~~~M~~Ei~ho have launched extensive exploitation 
of its wat ar r,'3sourcas, are proc aedi ng in a more 
scientific and syst~matic way to obtain th~ optimum 

·uti] :tsation of its wat"r resourcas. Though .tha· dams 
ar~ of medium height with a relatively small storage 
but all the designs and modal s"udies are conducted 
in the laboratorias to evolve most economical solutions. 


