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CHAPTlll I 

1. INJRQDUCTION 

The UNIOO acttng as a centraltzed agency, atms to collect and tntegrate 
in a simpl tried rorm data and tnrormat1on relating to smal I hydl"Oelectric 
plants, tllUS enabling CleVeloping COllltrtes to provide ~lectric Power m 
remote or isolated areas. 

Recognizing tnat the main problems Impending tne oevelooment or such 
plants are on the one hand the lack of simple generally applicable 
procedlres and methods of realfzatfon and on tne other hand , the 
cllsproportlon between deSfgn costs and total cost of the Installed plants, a 
serious effort has been OOdertaken to standardize the CleSlgn anc1 the main 
components or SUCh plants. 

Whereas the stanoanuzatton or the mecnan1ca1 ancJ electrical 
compooents Is relatively easy, standard designs ror the clvfl construction 
have been more dtftlcult to pinpoint · 

The present paper aims at fllllng at least partly this gap, by providing 

- desf"5 st mple to real t ze 
- simplified data and practical calculatton methoos. 

It is evident that tnis kind or efforts at standardization can only be 
baSed on not tnconslcterable experience - to Its design, reallzattoo and 
operation - obtained In countries In which hydroelectric power generat1on 
haS tracUtfonally been utilized aver perlodS of many years. 

Standardization of small tlydroelectrtc plants for countries in whteh 
such plants are required brings about a runber of adVantages, the most 
Important ones being; 

<>easier and slmpJtTled realtzatlon 

<> minimum design costs 

<> enabling local, posstbly less n1gn1y trained 
personnel, to take In nand their rea11zatton 



2 

o mextmozing the use of Jocelly obtained 
components (civil. mecbenicaJ end electrical) 

o enabling lechnologicel trensf er 

o reducing expedlture of foreign currency 

o enciJureging locel manufacture and contracting 

It is evident that the present paper does not pretend to solve the 
question of stonderdization once end for all; the long-term objective of 
UNIDO would however be to provide all countries - particularly developing 
countries - tn need of smell hydro plants,, with enough •tools· to initiate 
end pursue their own development. The present standenUzation effort in 
sections of components of a ·reedy mede· form,, es summenzed in this 
paper with the addition of worked-out examples (drawings end 
specifications) should represent a signtficent first step in fulfilling the 
above objective. 

It wnl be noted that our Swedisch colleagues have concentrated their 
efforts on the stendenftzetion of electromechanical equipment. whereas es 
elreedy mentioned above our. thet ts to soy,, Electrowett Engineering 
Servtce·s efforts have been directed metnly towenls tht Civll Engtneering 
aspects of small and mini hydropower stations. 

• 
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CIAlilftll 

2. THE PHILOSOPHY OF STANDARDIZATION OF snALl HYDROPOWEB 
SCHEnES 

There ere pncttcelly no two hydropower schemes that am be 
dUpHceted.. 

This notwithstanding. the aim of the present study is to provide genenl 
guidence in regord to the design end realtzetion of the most important 
components of such plants; In other wonts, to provide basis of co1cu1otion, 
sketches end drawings. which will be easy to interpret and ed~t, even if 
the baste dote of the ectuol plant to be constructed ere somewhat 
d1fferent 

In attempting to deal with thts type of approach, we hove divided a 
regular normal hydropower scheme into its most useful components. end 
heve endeavoured to develop each one of those components into independent 
items, which should within certain reasonable 1imits pennit the 
uniffceUon of those parts, matching them together tn what we for 
s1mplicity have opted to can the "Leyo System· (after the toys of the same 
neme thet small children in Sw1tzerlend use to construct the most Yerted 
structures with only a few basic elements). 

By following thts phtlosophy of e 'Lego System·, end putting together 
different technolog1cel br1ckstones to fonn e unified scheme, we believe 
that it should be possible to achieve over the long term, e transfer of this 
type of elusive technology to less developed countries, which tn tum 
should eHow them to develop their own hydropower plants, using local 
metenels end local humen resources. 

Before any design can be started, some date hove to be gathered, be1ng 
the most usual necessary dete for the design end construction of m1cro, 
mini end smell hydropower schemes; they ere the fo11ow1ng: 

o Topogrophtc dote 
o Geolog1c end geotechnicel dote 
o Hydrolog1cel dote 

The hydrotog1cel dote hes to be cerefutty prepared tn order to determine 
two of the matn destgn peremeters, t. e.: the optf meJ water dtscherge or 
O..., end the maximum water d1scherge Q max. which the structures wt11 
hove to w1thstend during thetr Jif et1me. 
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a.s. is to be used in the dimensioning of the mein struchns such es 
the weter intakes. the weterweys. and the generating equipment C... will 
werrent e sef e design of the intete structure end provide security to people 
living downstreem. 

Armed with the ebove-mentioned information, o first rough design ca:a 
be evolved. For this design. the above mentioned Lego System could be 
subdivided into the f o11ow1ng independent parts: 

o Weter intake 
o Desilting worts, if required 
o Waterways · 
o Foreboy, if required 
o Penstock 
o Powerhouse 
o ToUrace. 

Eoch one of these perts will heve to fullflll certain neturei 1Jnd 
tecnnical conditions as we will see further on. 

The first 'Lego· stone 'The Water Intake· will deel w1th two different 
types of water intakes, the f1rst one covering intakes for the runoff n~1er 
type, the second one being for the tyroler or drop types. 

Whereas the following Tobie No. 2.1 indicates the most usual des1gn 
discharges applying to smell hydroelectric plants, it will be noted that 
details of water intakes are gtven for three different discharges for run
off-r1ver plants end one for the tyroler type. 

These detens should enable the design engineers e certetn amount of 
interpolation should their own dote not coincide w1th those ind1cated in the 
teble. 

AllemaUvely, new date end dnw1ngs could be established by 
extrapolaUor., if the eboYe tnterpoletton ts insuff1ctent. 

• 
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TABLE 2.1 
MAm1x Of WATER INTAKES EXAMPLES 

TYPE OF INT AKE 
DESIGN DISCHARGE (m3/s) 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 
CE sa: S(£ 

RUN OFF RIVER (XAl"A.[ - EXM1Pl£ EA...-.U 
ND. I No 2 No 3 

DROP OR TIROLER 
ttt 

EXlll"Pl.I 
No.4 

The second ·Lego· stone refers to the ·0es1 lttng Structures·, which m 
this report, lnclUde only the most simple types available which are 
particularly suitable ror use in cieveloptng COW\tries. 

The authors have refrained from lnclUdtng In this report more 
sophisticated desfltfng systems, t>ecause many or t'lelr components would 
nave to be Imported. Local manufacttre would be tmposstDle, ano tner'fore 
the cost of the structlreS would become high, and f orergn exr.nange 
expedittre would be lllaVOidable. We have lfsted these simple stanciarcuzea 
deStltlng structw-es In the rollowtng table: 

TABLE 2.2 
MATRIX Of OESILTING EXN1PLES 

DESIGN DISCHARGE Cm3/s) 
TYPE OF DESIL TING , .. o !.5 2.5 3.0 3.5 5.0 ~ 2.0 

lncllldtcl SU S££ 
RUN OFF RIVER 1" "- EXM"!Pl.£ [jC M"1F\.£ 

"''* No.2 No J 

DROP OR TIROLER EX~ 
No.4 

The tntrd ·Lego· stone ts tne tne adduction W'lly or canal. It Is pertinent 
to recall nere tnat tne deSt~ parameters or a canal can have ar1 1r.rtn1te 
runber of combtnattons, however, some examples wlJJ help the designer or 
specific plants to take decisions and to properly design tnelr canals. 
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The odduction wey moy sometimes inc1ude tunnels. However. the authc>rs
heYe avoided including them in this report. in order to concentrate on other 
items considered to be more important. In ony case. the decision to be 
teken if o tunnel should or should not be used. remains mostly an economic 
decision. 

Should the user of this menuel require . more specific knowledge 1n the 
field of canals. we recommend to consult the excelent boolc issued by the 
Bureeu of Reclamation of the United States of Amf:rico. entitled ·oesign of 
SmoH Cnll Structures·. . 

The following table which could be completed loter refers to three 
examples namely for Desi~,, Diseharges of 1.0. 2.5 Md 3.5 m3/s 

TABLE 2.3 
MATRIX OF ADDUCTION WAYS AND CANALS EXAMPLES 

DESIGN DISCHARGE (m3/s) 
TYPE OF CANAL 

1.0 l.S 2.0 2.5 3.0 3.S so 
~ ~ ~ 

TRAPEZOIDAL FIGUR£ FIGUR£ FIGURl 
R-, R-~ a-~ 

The fourth 'Lego· stone is the Foreboy. for which three examples 8re 
given es o funcUon of design discharge end regulation volumes: 

TABLE 2.4 
MATRIX OF EQREBAYS EXAMPLES 

DESIGN CJISCHARGE (m3/s) 

1.0 1.5 2.0 2.5 3.0 4.0 so 
~ 

5(£ SU 
FOREBAY (XN1PL£ ()(Al"f'U 

No ' 
No 6 

The f1fth ·Lego· stone ts the penstock structure, whtch ts d1fftcult to 
stondord1ze, because no two penstocks ere alike; They hove to be tonored 
to the evefleble conditions. 

• 

• 

• 
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The f :.nowirnJ Table. which could be completec: at a later dete ir.dicates 
on example for heads of 100-200 m and o design discherge of 1.0 end 2.5 
m3/s. 

TABLE 2.5 
MATRIX OF PEISIOCKS EXAMPLES 

DESIGN DISCHARGE (m3/s) 
HEAD (m) 

1.0 1.5 2.0 2.5 3.0 41.0 5.0 

s- 10 

10 -20 

20-50 
sa sa 

SO - hlO EX Al"PI.£ DC~ . No.7 No 8 

100 - 200 

> 200 

The shcth ·Lego· stor.e ts the powerhouse of which two aspects have to 
be constdered. The ftrst concemsthe detenntneUon of the type and the 
sizes of the machines to be used. A second relates metn1y to the Ctv11 
Worts. The e!ectromecheniceJ pert, equipment etc. hes not been treated m 
thfs report. It con be found in other previous reports wntten for this 
purpose; the ·Report on stondntzetion of sme11 hydropower plants •• 
specially mode for the UNIDO by the Swedish Consulting firm SWECO, deeJs 
mainly wtth the ftrst aspect . 

The relevant stxth ·Lego· stone metr1x includes examples worked out for 
Tetlreces veltd for vor1ous types of dtscherges, heeds, onc:I types of 
turtlines. 
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TMll.E 2.6 
MDII OF POWERHOUSE EJAll>lE$ 

TYPE OF TURBINE 
DESIGN DISCHARGE (m5/s) 

1.0 1.5 2.0 2.5 3.0 40 5.0 

CROSS FLOW 

SU 
FRANCIS IXN'IU .... 
PELTON 

Now thet the proposed philosophy of Uds report ts evident, the 
following chapters of this report, wtn present the deS1gn cr1terie employed 
for smen schemes with some worked out examples es e guide. 

The Tanrace can be handled like the third Lego stone. 

Important items like the prepentton of concrete, the colculetion end 
disposition of retnfon:ed steel, etc., heve not being COYered tn this f"IPOrt .. 
as well es ~ertetn perts of hydroprojects that en less corrmon or not 
economieti tn small schemes, Hice tunnels end surge chambers, wbtch hove 
also not b'tng included. 
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,_tng • suney1,. ••-. to the lmic ectiYiUes of tnd1sputab1e 
t._.nence for .. '"Ject tn ctvtl agt...-lng. In t1111tld .,.. of 
oversees rlgiw _.,y no....-• .._ 9X'ist nt spactel -.. fl8Ye to 
be estlblilMd • suttlble sceles. Tiie wurt canlllises especially the 
followtng items: 

<> Pnlannmt of IS'tel llhOt• ...... Of eveillble) 
o Estlblt...._t of belle llorlzontal md verUcel controls 
o Ttllllf ... SWV11 
o "• att• .r tlllOgl iiJMc llllPS 
os......,mwns 

3.1 f" 211¢ •t • ? •le W'IZMllJ 575 wJlgl mtpls 

In general, an horlzontaJ 8lld vertical controls shon be tied to points of 
1n11cno-w-m geogr apbtc PoSittons end eJevettons estobliShed by the relevont 
NIUCNI Geodetic s..vey Authortttes. 

The pl .. COOi dinete system ts usueny simHer to the intemeuoneny 
empted lMtY8r'S81 Tnnsvet se Marcetor 6r1d System (x-ax1s on the equetor. 
y-mcts on a tun degree or longitude) 

Dtffenmt tidal datum planes ere determined from continuous Ude1 
Observetton senes: 

o Meen Higher High Weter (MHHW) 
o Meen High Weter (MHW) 
o Meen Tide Level (MTL) 
o Meen See Level (MSL) 
o Meen Low Weter (MLW) 
o Meen Lower Low Weter (MLlW) 

For smell or Yery sme11 tsoleted proJ:~ts, some of the oboYe-menUoned 
tidal datum planes c 1n be omitted, depending on the importance of the 
project. 

Usuany the detum plene selected es reference ts the Meen See Level 
(MSL). 
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The survey rnsken Sllauld be est•USbld wttb SUCll e density es to 
provide the tedllometrtc swvey. IRSW"ing thlt conti,..J protection to 
these Points is guenntlld. lllnchnlrts should be bnss rods set tn 
C.a"lte f CMnletions. protnlding eDout 4 mm from tts SW'f ece. 

Oetettld descriptions of wta uwy mert must be made for futW"I 
ref• we end nlCO¥lry. 

3.2 I 77 'tg I 

The field ~s CllTied out by e wwyor fully fsnUier wtth 
u. necesssv rw1ng tedlntques SbOuld provide the following for the: 

o Fg 7 giDjUtg Sh'tf 

- c .. 11 maps, scele 1 : 20 ooo up to 1 : 5 ooo 
w1th centaur 1ims of 1 o or 5 metres 

0 Detail DntWJ 

- Detailed topographic maps. scele 1 : 2 000 up to 
I : 500 with contOlr Jines of 2, 1 end 0.5 metres 

The ground controls for the plan end height of the survey markers would 
have to be carrted out using conventional or electronic distance measuring 
equipment end theodolite. 

Levelling shell be made es forward end beckwerd running between f1xed 
eleveUon of bestc survey or loop closure on the same bench rner1<. 

Applying techymetr1c method, the density of measurement terrain 
points should be: 

o For f eestbiUty study: meps et leest 16 points per he. 

o For deten destgn: meps et leest 36 points per he. 
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3.3 tcc••1 If ? S 

Tbe required ecancy of the meps should be: 

o For f eestbUity ctudy ""'8 
t: 3 •tras in position end 
:t 2 metnts In el8'18tion 

o For detan dist•,..... 
t 0.3 metre in "81tton Ind 
:t0.2 metn fn el1¥1t1• 

The expected ecancy Of mat.- lines Shlll be Cleltneetld to "IPI asent 
tlle tr-. elevetion Ind._ of u. ...,_._ :rtae foilowing tlbl~tndicetes 
practical dlte tor tlle useful CMt.... Hnes for dtff ennt terrain sloPeS 
(detail dlstgn). 

TABLE 3.1 
ACCURAg OF CONTOUR LINES 

AREAS WITH SLOPE USEFlL CONTOUR LINE 

< I I 0.5 m 

11-51 0.5 - 1.0 m 

> 5 I 1.0 m 
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All plenimetrtc f eetll"8S which era wen defined on the gnMftl shell be 
plotted, so that the PoSition on the finished maps is eccunte to within 0.5 
mm to the true coonHnete position. 

Spot e1eYeUons pieced in the mep shell have en accurecy of et 1eest 1 /3 
of the besic contour interval. 

Eighty-five percent (BSS) of en elevations anterpolated from the mop·s 
contour lines shell be correct within half of the .:ontour interval. Not more 
then SS shall show errors in excess of the contour interval. 

Any contour ltne which can be brought w1lhin the ebOYe-menUoned 
vertical tolerance, by moving tts plotted position by 0.5 mm in any 
dtrecuon, shell be considered acceptable. If, ffr. any pert of the area the 
ground is ObScured by vegetation , other obstacles or detaHs, the Sur>1eyor 
will show contours by broken Hnes and In those erees edcHUone1 tolerance 
w111 be permitted in regard to the eccuncy of the contours. 

3.4 Pnooratton gt Topograobtc nm 

CoonHnetes end elevations shal1 be computed es results from field 
notes. This includes computations on traverses, tnangulations, tide 
observation (if no bench mark: is eYaileble), leYel network:, astronomic 
observations and other comoutaUons. 

A topographic mep shell be plotted tn eppropnete scale tndtcettng ell 
features of terrain (contour lines), including roeds, houses, structures, 
nvers, canols, etc., in eccordence with tntemetionelly accepted stenderd 
pracuce. 

The mop shell contetn en p1entmetr1c features whtch ere v1s1bte or 
identifiable or interpretable from the ground including 1ond use features, 
such es trans, boundenes of wooded erees, monumented controls, orchards, 
bu11d1ngs, roods, mun1c1pal1Ues, c1Ues and other work: of men, etc. 

Eleveuon of saddle tops, roeds, tntersect1ons, low po1nts tn 
depressions, lakes end ponds, tf these ex1st she11 be shown to the nearest 
tenth (0.10) of a meter. 

A11 plenimetnc end topographic f eetures eppeenng tn two adjoining map 
sheets sho11 metch along the common projecUon line. 

Coord1nete gr1d des1gneuon Shell be shown on the map et en s1des of the 
neet line of the sheets. 
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All hOrizontel end vertical control points located within or near the mep 
area shell be shown end designated by eppropriete symbols. number end 
elevation. wherever applicable.. 

3.5 ln(ormattgn pn TtlagftWajc na1s 

AJJ rneps sheets sllell show the fol10W1ng marginal information: 

o North arrow 

o Sheet index showlng fmportent details es lakes, shorelines 
mart towns end/or cities 

o Legend of map and scale bar 

o Contour Interval 

o Projection system used 

o Geodetic datum used 

o Government or private entities who prepared the meps 

o Neat line of map sheet ltmlts 

3.6 Survey Returns 

The surveyor in charge, should pnwide the follow1ng information: 

o Field notes and computotfons on traverses. trtangulottons. level 
networt ond other computouons tn the estabHshement of horizontal and 
vert 1 ca I ground controls. 

o Topographtc meps on deformeuon-proof synthetic paper 

o Horizontal end vert1cel control point descriptions on mylen! sheets. 
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4.. 6EQL06J 

It is of capital importance to determine at an early stage of the studies 
the geological conditions or the are·:.1 in which It Is intended to develop a 
hycroelectrfc Power project, and to Jetermfne tne geological detatls 1n tn! 
immediate ne1ghb0rho0d of the ma1r structures of tr.e project, deta11s th3t 
will be used later as Input dat.1 in the design phase as well as 
dlrlng tne construction period of ti~ project 

The geologic appraisal ShOul~ consider at 1~3St the t ollow1ng aspects: 

4.1 General descrlottoo or the nJect area 

The natll'al feattreS of the area are reprodueed on the topograpn1c maps. 
The general practice Is to superimpose the geologtcal conditions upon the 
same topograpntc maps; this lncludeS the relevant morphologly and when 
necessary a hydrogeOlogtcal resume. 

4.2 Relattoo or existing documents 

At the begiming of the design stage it 1s of good practice tc comp1 le a 
complete list of all existing doeuments t. e.: 

o AvaJlable topographical data 

o Avallat>le geological data from previous studies 

o Previous eng1neertng reports 

o Existing data or other engineering studtes 

o Reports and maps or other studies tn the regt on that do not 
affect directly the project but which could provide useru11 
tecnntcal clues. 

' 

' 

o Avat lab le aertal pnotography 

• 



... 

4.3 GcoJ~lgJ data reou•red tor the design 

For prepar1ng the necessary data ror the des1gn of the ma1n structures 
some geological 1nrormat1on Is required. The more usuai geological data 
reQUired are tne fo11ow1~ 

o Determination of the stab111ty and resistance of the soil . 
o .Oetermtnauon of the son density cond1t1on. 
o Distribution ald condition pertaining to the phreatlc water. 
o Cons1derat1on of passtble problems to be entW\tered related with 

the construct1on or \l\der~ works, 1r zy Cttmels. galleries. 
etc.>. 

o Listing and defining all problems related wtth S\rface works. 
o AsStnnce that construction materiais and quarry areas wtth 

adequate quality materials are available. 
o Examination of 1Jl'f possible seismic activity within the zone of 

the project,, and if sud\ conditions exist, establishing the exoected 
magnitude and acceleration data 

<> Investigation whether a t>orlng campatn Is necessary or not 

4.4 Qetermtnatton or the geolog1cal cond1t1ons or non
consolidited soils and cogs 

It wlll be necessary to pin-point and describe the type and the thickness 
of ~table slopes, allwial soils and to select the zones in which the 
futlre project can be constructed without oodUe rlSks. once this ts done, 
the kind and Importance of corrective measures to be taken can be 
estat>lfsnea and their tecnntcal and economical consequences evaluatea. 
Such mea5U"eS inclucJe for instance the design of retent1on structures, the 
plactng of gablons, etc. 

tr POSSlble, the Potential dangers or zvaJanches or extreme floods and 
their possible control and ttmeJy prevention measures snould be predicted 
and incorporated in the design. 

4.5 6eologtcal maas 

The scale or tne geological maps usually dependS on the avallat>ie 
:artograpntc matertal. The most commonly recommended scales are . 

<> For regtonal geologtc - tectonic maps, deoendtng on the •uze of tne 
zone, scales of I : SO 000 to I : I 00 000. 
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<> scales or 1 : s ooo t<> t : 10 ooo, and rn the case or \NVallablllty or 
those scales, the scale or 1 : 25 000 are used tor detailed geological 
maps ror small dams, lc,y out of channels etc., . 

<> Geologic maps pertaining to important local zones ot construction, 
such as areas ror the water intake, the PoWert\Ouse, QUarTy areas for 
the Obtention of construct1on materia's etc .• stlould be establiShe<J 
with scales of I : 500 Cf or details> and to 1 : 10 000 cror general 
layouts>. 

4.6 Construction mztertal:a 

The engtneer geologtst will determine tile location, the QUanttttes and 
the engtneerlng Charactertst1cs of the construction matertals; samples will 
be taken for analysis in a local laboratory, in order to detenmne tts 
parameters and to verify its suitability. 

4. 7 Geolqglcal CQOCIUSIQO:i 

It ts convenient to provide as soon as possible a reoort dealing with the 
tnvesttgattons and just1rtcat1ons of the techntcal selection of tne proj'!Ct 
Sdleme and the location of the mam works wtth PoSSJble alternatJVes. 

Apart rrom reporting on the topographic Conditions, the report should 
include data relating to the strJCtlre and QUantlty or the rock and 
feoodatfon materials, as well as deScribing the type of foundations must be 
recommended in view of the existing conditions. 

Flftner recommendations Should be given concerning: aratn;ge worts, 
deSeeation of the soil for structures tcxniat1on, and any spec1al 
precauttons to be taken dlrtng the process of construction inclucimg 
recomenc:iations for execution and control. 
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S. HJDROL06J AND eoWEB NW,JSIS 

5..1 Scope 

This Chapter descrtoes the stuc:ttes related to hycrology and power 
analysis. It consists or r~ parts whlcn cover tne topics or general 
hycrologyl flow Ciration arves, energy pr00uct1on, and the comp0tation of 
the matn parameters concerning power generation. 

The first part provides a general description of the mechanisms 
involved In hydrOlogy and or the mathematical tools available to quantify 
the analysed Phenomena. The second part deals tn svme detai Is wt th the 
flow clratton C\l'Ve and the available methods to establish them In 
practical situations. Part three explains and defines the mam parameters 
playing a role in the production of energy. Finally part f cxr presents 
procedlres to compute the vartables whtcn are to be considered tor 
estimating the benefits or a power plant 

5.2 HYdrolQgy. a quick ncrytew 

S.2.1 The byclrologtc cycle 

Hycrology, tn Its broadest sense, Is the science whidl is concerned 
with the origin, distribution and properties or the waters or the earth. 
As sucn. It can be seen as the scientific examination aoo appraisal or 
the movement or water In the environment 

The concept of the hydrologlc cycle Is a useful tool to study hydrology. 
At the beginning of this cycle, water ts evaporated from tne oceans and the 
land. As water vapou-, It ts ltfted into the atmospnere and transported by 
moving air masses until it finally ralls as precipitation, either on land or 
in the oceans. 

A part of the precipitation Is ~t by plants, aoo ar.other runs over 
gr<Md Sll"face,both parts or the prectpttatlon reach dfrectty a streJm or 
lnffttrate Into the soil. The lnftltrated water either percolates to deeper 

,,. zones to be stored as groundwater wleh later rlows out from sprmgs or 
seeps into streams. 1Xr1ng al I the above mentioned stages ot the water 
cycle, water wtll eventually evaporate tnto the atmosphere, and the cycle 
Is completed. 



13 

Thus water Wldergoes venous complicated processes of evepontion. 
prectpitouon. interception,. tlensptratton. inf11tration end seepage before it 
reaches e streem. AcconHngly the four basic phases of intenst to the 
hydrologtst are: prectpttet1on,. evaporation end transportation. groundWeter 
end surface streernflow. These topics ere discussed hereafter. 

5..2.2 Tlte water Hlwe 

The dninege basin is e common wtit of study used by the hydrologists. 
It may be defined es the area of land .from which precipitetion finds its 
wey tc a given cross-section of e river. On the other hand,. runoff is that 
pert of the precipitation es well as any other flow contr1button. which 
appears ir. a surface stream. Hence nmoff is the flow collected from e 
dreinage besin and it appears at the outlet of this besfn. 

In a drainage basin,. i)recipttauon Is converted to runoff by a series of 
processes which store and transmit water over the ground surface and 
within the various soil layers. The mode of operation of a dreinage basin 
can be exami~ed by analysing the relationships existing between the basin 
input and output 

The simplest input-output analysis ts the water balance which assumes 
that the total volumes of water input end output are equal if no cumulative 
change of water held in the besin occurs. The balance equation states that 

Precip1totton = Evaporation + Runoff (5.1) 

These ·three variables are often measured in dtff erent units 
(precipitation and evaporation as average depth and runoff as volume). 
Hence, to be comparable, the total runoff volume must be d1Yided by the 
area of the drainage bast n and expressed in mi If meters which then 
represents the equivalent average depth of water over the besin which 
forms the runoff. 

In most cases, where the pertod of consideration hes a finite diirat1on, 
the volume of weter stored In the bes1n may change end the balance 
equatton must be modified tn the followtng way: 

Precipitation = EYoporetton +Runoff t Change in Storage (5.2) 

Due to ;Jtfftculttes 1n esttmettng the vanable-bastn-storage, it has 
become common practice to compute weter belance on the basts of 
minimum storage. This has led to the deffnttlon of the water year, which 
usually starts when the ground end surface storege have both reached thetr 
mfnimum. 
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A useful penmeter in hydrOlogic studies is the rJnoff coefficient which 
is given by the f o11ow1ng relat1on: 

Runoff 
-.rr Ceeff1cient = ------ (5.3) 

Precipitation 

It reonsents thet portion or the precipitation over a drainage besin 
whieh reacheS the stream et its outlet. 

5.2.3 De Rynoff 

From the hgdrolog1c point of v1ew, two mejor factors influence the 
runoff from e drainege bes1n, namely cHmatic factors end physiographic 
fectors. 

The climatic factors include metnly the effects of: 

o Prec1pttotion : form (re1n, snow,_), intensity, duretion, 
time and area d1stnbut1on, frequency of occurrence, 
antecedent precipitation, etc. 

o Interception: vegetation cover, seasons of the year. 
o Evaporation: temperature, wind, etmosphenc pressure 
o Transpiretion : temperature, soler rediotion, wind, 

humid1ty, son moisture, vegetation type. 

The physiographic factors are: 

o Be$in chorectensucs : stze, shepe, slope, orientation, 
elevation, land cover end use, geology end soil type, 
topography (presence of lak:es end swamps). 

o Channel cheracter1sttcs: slope, size, shepe end roughness 
of cross-sect1on. 

Over a longer perfod of Ume, the runoff depth of e dretnege basin is e 
function of precipitation and eveporetton. These two components depend 
themselves heavtly on the prevoHing mecro-cHmete end ere pr~ctically 
independent of the basin, although some vertet1ons in prectp1tatlon wtth 
tocel topography may occur and evaporatfon rates are influenced by 
vegetet ion eno soJ 1 cover. 

:· r 
Over t1me per1ods of Jess then one yeer, the bes1n runoff may show 

systemet1c venatfons resu1t1ng from the seesoneUty of prec1p1tet1on end 
eveporet1on. As a consequence, there ere es meny typiceJ flow reg1mes es 
there are major world cltmetes. T'1ese regtmes mey show single or 
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multiple maxima, be characterized by more or iess extreme hi~ ancl low 
flows, and expertence Shorter or Tonger periOds with low flows. 

As the time scale decreases, the effect of bastn storage becomes 
increasinly important The volume of water held tn storage depends 
essentially upon the geology, soil type, topograpny <presence of lakes and 
or swamps> and precipitation itself. 

The preceedtng Jines Illustrate the complexity or the runorr 
phenomenon; adequate tools to analyse It are thererore re<rulred. 

5.2.4 Cbaractectzatlon or the yaclabtltty or runoff 

The great imPortance of water to man's existence coupled with th~ 
nattral variations of avat lab le water have tnduced man to measure ana to 
record river disehargeS. 

This is usually done with the help of a permanent structure where ttie 
water level In the rtver <named also stage or gauge height> Is recorded 
either In a discontinuous, or preferably In a continuous way. With the help 
or a so called rating curve, wntdl relates water levels to r1ver discharges, 
the discharge corresponding to a given water level can be computed. 

This operation is repeated with all the measurements made on a given 
day. The computed discharges are then averaged to obtain the average flow 
from the day. This figure is· tabulated ror each day or the year and. 
t~ther with some other tnformation, ts included in a series published by 
the agency wh1Ch has the respooslbtUty to carry out this work. A typical 
pr~entation of such data ts given In Table 5.1. 

A graph showmg diseharge or flow as a function of ttme 1s icnown as a 
hydrograph. Time may be shown In minutes, hours, days or other units, 
depending on the purpose ot the study, and discharge Is generaJJy sr1own m 
m3/s. Figure 5.1 represents the hydrograph or a river ror the year J 980. 

The hydrograph can be c ~ isidered as an Integral expression or the 
clfmatlc and physlographlc characteristics . that control the relations 
between precipitation and runoff of a particular drainage basin. It shows 
the variation tn time or runoff at the point or measurement and represents 
tne complex1ties of the runoff mechanism wtth a single curve. 

Another graphical represt'ntatton or tne varlablJlty or runoff ts the riow 
duration curve. It Is obtained when ~he recorded discharges are arran9ed in 
th~ order ot their descending mag.iltude and when for each magnitude tt1e 
amount or time Cdays or percent> Is computed, during which a given 
discharge ts eQualled or exceeded. A plotting or the magnitude or discharge 

.. 
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es ordinate egeinst the corresponding time scele (deys or percent) as 
abscissa yields the duration curve (see Fig. 5.2). Fron• e statistical point 
of Yiew, a duration curve is a cumulative frequency curve of a time series, 
showing the relative duration of various magnitudes of discharge. 

The length of the observetion period used to establish the duration curve 
should preferebly be one complete hydrologic year or a multiple of it. One 
should beer in mind that the shape of e flow duration curve may change es 
the number of hydrologic years considered increases. 

The slope of the duration curve f ndicates the relative variability of 
runoff. If the curve is steep, the nows vary within a w1Ge range. One can 
also quantify the shape of the duration curve in a variety of ways end use 
these shape paremeters as analytical tools. The curve may either reflect 
the varieb11ity of the prevaiHng climate or, for basins wlth the same 
climatic chantctertstics, may indicate the effect of the basin v~riebles or 
the ston-ge cepaci ty. 

Statistics ere very useful to study the variability of runoff. If enough 
data ere eve11able, mean values can be computed for annuat monthly end 
daily d1scherpes. The determineuon of the related standard deviations end 
coefficients of variation supplies interesting indications on the variability 
of runoff. A further step is then the fitting of adequate statistical 
distribution curves to the available date sets. With the fitted distribution 
curves, it 1s poss1b1e to derive probabiHties with wh1ch a given discharge 
1 s equa 11 ed or exceeded. 

The same type of approach applies also for the analysis of tow 
streemflows. In this cese, the related studies should coyer the severity, 
freQuency end dureuon of the period of low flows. For more informat1on on 
thjs es wen es the preceding toptcs, the reeder ts referred to the 
specieHzed techniccsl Htereture. 
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5.2.5 E1oads 

In a period of heeYy precipitation. rivers naturelly experience high 
discharges. Often the river channel cannot accornodate the related peek 
discharge. A nooa is defined es a now in excess of channel capecity; it 1s 
a normal and expected chencteristic of eny river. 

The simplest and most complete wey to chenetertze a nood is to dnw 
the corresponding flood hydr'OgnlPh (see Fig. 5.3). The main components of e 
flood hydrognph are the rising limb. the peek discharge and the recession. 
In the rising limb. discharge increeses rapidly until the peak discharge is 
attained. This point ts reeched when the quenUty of water draining through 
the gauging station from the basin has reeched a rnax1mum. It usueny telces 
piece shortly after the rain hes ceased.: Thereafter follows the recession. 
during which the amount of storage water in the son end in the bedrock 
controls the disch«"ge. Hence the shee>e of the recession limb is given by 
the rate of withdrawal from storage. Peek or instantaneously dischorge. 
flood volume and flood durntion are the main charncteristics of a flood. 
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Fig. 5.3 Components of 1 Flood Hgdrogr•DJJ 

A variety of factors. many being interrelated, control the shape end 
dimensions of the flood hydrogreph. These factors can be broadly d1vtded 
tnto two matn categones. The first category include cltmate related 
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features like storm choracteristics (precipitotion, intensity, duroUon. end 
total amount), interception and detention, evaporation, inf11tnllion ond 
storage capacity. The second one includes those elements which are of 
pennenent noture lite drainoge bosin (area, shepe, e!evation,slope, drein3Q& 
network, Channel chancteristics (cross-section, roughness, slope), 
vegetation end land use. 

The instantaneous peak discberge is one of the most important 
penmeters needed tor design of structures elong or across e rtver. There 
ere several ways to compute it The method which is finolly retained 
depends on the eveilabHity of date, the type of structure concerned and the 
ch8recteristics of the river regime. 

If enough deto ere availeble, flOOd frequency analysis should be 
performed. This method begins wtth the tabulation of the highest 
instantaneous or meen daily d1scherge in each year of record et the ge•aqing 
station. The set rf dote obtained ore emnged in order of magnitude end a 
recurrence interval or frequency factor is attached to each selected event. 
These pairs of points cen then be plotted on special graphical pGl)er and e 
stalisUcol distlibution curve, adjusted to fl Finally it is possible to 
compute with the fitted stalislice1 distribution curve the peek 
instantaneous (daily) discharge corresponding to any r-Kurrence interval. 

In case not enough runoff date ore cwoileble,other methods to compute 
peak discharges exist, based either on precipttouon records or on maximum 
values gained from experience. In the flrst case, (availability of 
prec1piteuon records), formulas like the raUonol formula and the maximum 
probable flood can be utilized. In the second case (maximum volues), 
venous envelop curves, Jtke the ones of Meyer-Jervis end of Creager cen be 
applied. However, the eppltcauon of these f ormules should be left to the 
specialists. 

5.3 The Fl ow Durett on Curye 

5.3.1 &eneraltttes 

Now that the reader ts f emf Her wfth the best c theoretical pnnctples of 
hydrology, it ts time to deel with the pracucol problems. 

Hydrologtc data ere needed: 

<> to select the Installed capacity. 
o to compute the energy production end the related dependable 

cepecfty 
o to perf onn the economtc anolysts 
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o to prepere e sof e desJgn. 

The determination of the parameters related to the energy production is 
best done on the basis of the flow duration curve. Accordingly. the 
emphasis of the hydrologic studies Hes in the computation of the flow 
duration curve. 

5.3.2 Daily runoff records are available 

If a gauging station hos been in operation for at least several years in 
the vicinity or at the site of the planned diversion point. the preparation of 
the average duration curve is straightf orword. However. before performing 
eny computation. one should check the quality of the available data. 

First to be checked is the computation of the doily discherges from the 
measured gauge heights (use of the correct relation between gauge height 
end discharge. stability of this relation over the years) and the evaluation 
of the extreme flows (both minimum and maximum). Secondly. it should be 
ascertained whether the gauging station hes measured in the post and still 
measures the flows which ere really available to the power plant As a 
third step it ha$ to be mode sure that the available discharge data ere 
homogeneous during the period of records (existence of trends). Finally. a 
complete list of missing dote must be established and their importance 
should be evaluated. 

If dur1ng the mentioned controls. errors. trends and/or gaps hove been 
set forth. the available discharge data must be corrected. adjusted and/or 
completed. Only when all these operations have been carried out 
satisfactorily. can computation be started end flow dunsuon curve es 
indicated on Fig. 5.2 cen be estebHshed. 

5.3.3 Daily runoff records are not ayoiloble 

Unfortunately either tncompleili nr no records et ell ere available tor 
many projects. The computation of the required duration curve moy then 
become very tricky, end 1t ts suggested that in these situations a qualified 
hydrolog1st be consulted. 

The procedure to be followed differs from case to case. depending on the 
type of available dtscharge data, nature of the river regime , end 
characteristics of the project. However. in order to enoble some 
preliminary assessments to be made and better understand the methodology 
adopted by the hydrologist, the hereafter described approach ts tndtcated. 

This general approach proceeds stepwtse. Ff rst. the averege annual 
d1scharge or runoff ts computed. Thts vor1able ts genensny the most 
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important one end f ortunotely also the eesiest one to determine. It is 
recommended to define for this variable olso the upper end lower limits. 
Thereofter. the distribut1on of the avenge annual runoff over the twelve 
months of the year is estimated. Thirdly. the dtntion and severity of the 
period of low flows is evaluated. Finelly the required flow mntion curve 
is constructed on the besis of the obtained results. 

The type of dato and procedures used in the compilation of the flow 
duration CW"Ye deoends to a greot deal on the problem at hond and on the 
type and amount of average hydrologic data available. These procedures 
moJce heavy use of the relations existing on the one hend between runoff 
end precipitation in a given dnlinege basin. and on the other hand between 
runoffs of nearby or similer drainage basins. Broadly speaking. they fan 
into the fo11owing three categories: 

In the first one. the general data situation is rather poor. For example 
only precipitation data are evailable for the basin under study,, ond a few 
concurrent precipitation end runoff records exist in a basin nearby or 
similar to the one under consideration. In this case. a great freedom is left 
to the hydrologist and the enolysfs to be canied out is mai:-aly qualitative. 
He wHl wort. with the concept of the runoff coefficient end. drawing 
heavily on his experience. select that set of values which least contradict 
the available inf ormotion. 

In the second one, the date situation is better. Quite generally. more 
runoff data ere available and the hydrologfc characteristics of the various 
basins under considnUon lte closer to one another. This improved 
situation allows the application of quantitative methods like correlation 
enolysis. The pairs of variables correlated maybe. either runoff end 
precipitation in the project basin, end/or runoff measured both in the 
project end tn the nearby besin. 

In the third one, the dote situation end the catchments being considered 
are such that conceptual precipitation-runoff models can be used. The 
selection of on adequate precipitation-runoff model end its coHbraUon 
represent the most Important end delicate tasks. Once these operations 
hove been sotisf octonly completed, discharge dote con be obtetned and the 
required flow duration curve computed . 

5.4 Energy Production : Definitions and Foanulo 

5.4. I General 

Installed copectty. energy productfon and dependebJe capacity are the 
metn parameters to be selected. Before the approach to be f o11owed to 
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comoute these peremeters is described in details, some besic formu1e end 
de~initions ere presented hereafter. 

Energy is created as a result of water failing between two levels. 
Power is the rate of energy generation. The following equation mey be 
written: 

where 

P = 9.81 Q • b . e (5.4) 

P = power generated. kW 
Q =now of water through turbines. m3/s 
h =net head on turbine, m 
e = power plant efflciency 

During the process of energy generation, a portion of the potential 
energy is lost. The losses associated with the generetors end transformers 
ere rather small. The ones associated wlth the turbines are much greeter 
end depend on the turbine type end on the operating conditions. Typiceny 
the efficiency of a turbine varies from 70 to 90 percent. To obtain the 
energy output, 1t 1s usually sufficient, to assume en avenge value for the 
power plant efficiency. As a reasonable first approximation. 8 value of 
0.85 is recommended. 

5.4.2 HUJl 

The term heed means the vertical distance through which the flow to 
the power plant falls. One must distinguish between the following kinds of 
head. 

The headwater elevation means the elevation of the water surf ace in the 
f orebay structure Ontake), from which the releases are made to the 
powerplent. Depending on the type of powerplent, the water surface mey 
remain prectical1y constent(cenal drop) or vary (reservoir). 

The teilweter elevation means the elevation of the free water surf ace 
immediately downstream of the powerhouse. Depending on the hydrau11c 
characteristics of the tailrace, respectively of the river, this elevation 
may remain practically constant or vary. 

The static or gross heed ts defined es the difference between the 
headwater and the tailwater elevation. It represents the theorettcel heed 
which would be aveileble to the turbines, if there were no losses in the 
weterweys. 
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Urder heed losses one understands the losses of heed whieh occur 
between the intake and the teilrace of the powerplenl They result from 
friction end other disturbances within the waterways. 

The effective or net heed is given by the differences between the steUc 
heed end the heed losses. It represents the heed evei I able for power 
generation. Depending on the type of scheme considered. the effective heed 
either steys precticany constant or varies. In the second case. the avenge 
effective or net heed should be computed and introduced into the energy 
computations. 

The design heed is the effective or net heed et whieh peek efficiency is 
obtained. It should be selected in such a wey that the maximum end 
minimum heeds do not fan outstde the permissible operating range of the 
turbine. As a first approximation, the operating head should be comprised 
between 60 end 120 percent of the design heed. 

Fineny the rated head is the effective or net heed et whieh the full gate 
output of the turbine produces the generator rated output 

5.4.3 flows 

The flow or discharge passing through the turbine is another k:ey 
element for the determination of the energy production of e power plont. 
As for the heed, venous types of flow con be defined. 

In some cases, when the discharge in the river exceeds e given high 
level, the plant hos to be shut down, in order to avoid critical operation 
conditions for the powerplent. 

The mextmum turbine flow is the largest flow which con be absorbed by 
the turbine. This moxtmum flow ts related to the design flow. For almost 
en turbines, the maximum flow con be taken equal to about t 15 percent of 
the design flow. 

A turbine ts designed to hove e cepectty fore specific net heed (design 
heed) et which tt reeches its peek efficiency. The moxtmum flow at th1s 
heed ts ceJJed the destgn discharge, (see Ftg. 5.~) . 

rhere ts e minimum flow below which e turbine cannot be operated 
safely or efflctently. This minimum flow amount to ebout 30 to 50 I of the 
design dtscherge, (see Fig. 5.4). 

The rated cepecity is obtained with the following formula: 

p = 9.81 . Q • " •• (5.5) 
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P = rated capecity. in. kW 
a= diseharge et the rated head. in ml/s 
h = rated head. in m 
e = efficiency of the powerplenl 

--- llAXlllUll FUJII AIOVE WHICH TUlllUC 
CANllOT' It OPOATtD (IF APPLICAaU) 

PERCENTAGE OF TIME FLOW 
EQI IALLED OR EXCEEDED --

Fig. 5.4 Flow Duntion Curve ond Energy Pnduction 

The plant factor ts the reuo of the averege annual energy actually 
generated by the plant to the energy which could be genereted if the plant 
were operated et full capacity for the entire year. 

S.S Coooctty ond Energy Computpttons 

S.S. I Plant Copactty 

Generelly the plant capacity ts not known at the beginning of the study 
and hos hence to be determined. The selecuon of the plont copecitl:J is 
performed in en opttmtzetton process. 

r 

The procedure is en iterative one. A range within which the optimal 
plant copactty ts expected to He ts defined, together w1th a few plant 
cepactttes wtthtn this range. It ts then assumed thet the plant cepactty ts 
tncreosed from the lowest to the second lowest velue, end the related 



31 

incremental costs and incremental power benefits (energy end capacity) 
are computed. If the incremental benefits exceed the incremental costs. 
the-plant capacity is increased. and the same computations are cerried out 
with the following peir of capacities. This procedure is repeeted untn the 
point is reeched where the incremental costs just equal the incremental 
benefits. This point represents then the pref erred capacity. 

The optimization process is theoretically stnightf orwanl There ere 
however some pitf ells. especially concerning the valuation of the 
incremental benefits. which should be avoided.. It should be verified thot 
the incrementel energy prodUction and thet the incremental capocity can 
effectively be absorbed b1J the system (not ell the PoWer plants C8n opente 
together in the peaking zone). Furthermore. it is not unusual that the value 
of energy is lower during the per1od of high flows. 

With the construction of numerous power plants. considerable 
experience has been gained in the field of the selection of the plant 
capacity. This great expenence hes allowed to derive rules of thumb. 
According to them. the optimal plant cepac1ty generally lies within a range 
defined on the flow duration curve by the 35S ond 25S excedence values. 
Also it is generally economically not feasible to develop a plant for o 
meximurn flow which is exceeded only 1 SS of the time. 

5.5.2 Energy P[!lduction 

The estimation of the overage annual energy production of a power plant 
is best explained with the help of the flow duration curve shown on Fig 5. 
The procedure is os follows : 

o Define the points A. B. and C on the flow duration curve. which 
corresponds to the maximum flow above which the turbine cannot be 
operated (if applicable). the maximum turbine flow and the minimum 
turbine flow. 

o Draw vertical straight lines through the points A and c. and determine 
the points D end 6 which ere the intersection of these lines w1th the 
horizontal axis. 

o Draw a horiz'lntel straight Jfne through the point B. The tntersectlon 
of this line with the liae AD and with the vertical axis gives the pomts E 
end F. 

Assume ftrst thot the powerplont can be operated regardless of the flow 
tn the river. Then the aree bounded by the two oxes. by the straight Hnes 
BF and CG, end by the portion BC of the flow duret1on curve represents the 
overage annual volume of water ova11able to generate energy. 
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If the powerplent hes to be shut down dur1ng periods of high flows. the 
resulting loss of water for the powerpJent is given by the area bounded by 
the points FEDO. 

The average annuel discberge Q (m3/s) eYaileble can be deduced easily 
from the avenge annuel volume just computed. The overage annual energy 
production is then computed os follows: 

E = 9.81 • Q • b . e . 8760 

with E = eYerage annual energy production (kWh) 
a= avenge annual discharge ovoileble to the 

powerplent (m3/s} 
h = eYerage net heed (m) 
e = efficiency of the powerplent 

(5.6) 

Once the average ennua1 energy production is known, the plant factor con 
be computed, using the definition given unter 5.4.3 

5.5.3 Dependobl e Capacity 

The value of the delivered power depends on whether or not o dependable 
capacity can be assigned to the ptent. Quite often only a pert of the 
capacity is dependable. The precise determination of this pansmeter is a 
complex procedure ond cannot be dealt with here in detoi1s. However, in 
the f on owing, o few general concepts wi11 be presented. mainly to alert 
the readers to the problem. 

Bosically three elements play o role, namely the hydrology of the basin 
of the powerplont, the characteristics of the load of the network and the 
other generating plants in the system. If the plant operates in on isolated 
system, its dependable capacity is given by the minimum flow 
corresponding to a prescribed frequency. As port of a larger system, the 
dependable capacity is influenced by the character1stics of the other plants 
in the system and by the relottons existing between the occurrence of the 
low flow penod and of the peok loads of the network. 

Obviously, the first task w111 be to define the chansctertstics of the 
discharges dunng the penod of low flows (durauon of that period onCI 
related discharges, vartaUon of these parameters from year to yeer, 
statfsttcol analysts). The results of these computations will show how 
crtt1ca1 this tssue ts ond whether tt ts worth to embark on refined and 
compltcoted system analyses. 
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CIAIPRll 

6. THE WATER INTAKE 

6.1 Genen111ttes 

In this Chapter, we will consider water Intake reattres of run-of-river 
sehemes and CfrOp intakes <also known as Tyroler type intakes>; sehemes 
with dams and reservoirs are beyond the limited scope or this report, ana 
are t.nJSUal ror small hycJropJants. 

Water intake requires the constructton of a diversion structure, 
sometimes with a weir or a small cJam across the river. It goes without 
saying that a river can be tapped anywhere along t ts length <see Figs. 6.1 
and .6.2>. This stage or tile design however requires a very careru1 I study in 
order to avoid ruture problems and eventually the total fat lure of the mam 
function or the water intake or its total collapse. 

FIG. 6.1 Schematic free flow type Intake 

FIG. 6.2 Schematic submerged flow type Intake 



For the location or the intake structure. the engineer In Charge Jf the 
desl~ Should consider the ronowlng factors: 

o T~fc conditions 
o Geological and geotedlnlcal cond1tlons along with 

the natn or the stream bed 
o The nattral bends along the river 
o Water rights and water used for othe.- purposes 
o The accesibility to the selected intake location 

6.1.1. Topognphtc Condit1oos 

The topographic concnt1ons should be carefully studted. smce tney w111 
detenntne the type of wetr anCI the type of intake th~t can be deve1ope1. 
Tile pass1b1Hty of slope tnstab111ttes tn the tnmedtate v1cm1ty or the 
structures should be 1nvesttgated, 1n order to avoid sucn areas , or to 
protect them If those areas can not be avotded. 

6. 1.2 Geologtc and geotecbnlcal conditions 

The geologtc and the geotectmtcal conditions will determine the kind of 
foundation to be usec for the wetr and for the intake structures, if those 
structures can be mroe or a simple masonry, or tr they require a more 
solid construction with retnrorced concrete. The geoJogtcaJ and the 
geotectmlcal conditions wlJJ '1etermlne too, the type of criteria to be used 
dlrlng the design stage of the sti\JCtures. 

6. 1.l Nature of the streambed 

It ts important that the elevation or the stream bed be maintained at the 
locatton or the Intake In order to guarantee the proper functioning of the 
Intake. In most cases the stream bed transports sediments and granular 
material, and presents the latent danger that erosion might occur. The 
streambed may be significantly eroded and lowered below tlie elevation or 
the Intake entrance, ptevent!ng the desired water from entering the Intake 
<see Fig. No. 6.3). 
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-------
----~ 

----~~ SURFACE FLOW 

---~ SEDIMENT TRANSPORT 

FIG. 6.l Schemattc stream flow on a straight section of a river 
wtth a lateral branch . 



This situation should and can be evo1ded w1th the construction of a 
weir1 the locaUon of the intake in a proper place1 where the geological and 
geotechnical studies ind1cetes t.'lat the stream bed wi11 be stable end 
permanent (this effect c3n be obtain w1th a stream flow over bed rock, in e 
river with small slope or in a river with an-year-round constant flow). 

However, in most ceses erosion as wen os seqtment transport ere 
present, and a permenent weir wHl be required to be able to maintain the 
level of the river bed relatively constant at the intake. 

A disadwntege of this system is that e weir constructed on a river bed 
w1th sediment transport can obstruct or damage permanently en intake, end 
that provisions have to be made to let the excedent of sediments pass 
across the weir or barrier without entering into the intake. 

The selection of the site or location of the intake should be made in 
such a way that the above technicel conditions can be met, at the same 
time taking into consideration that the costs should be minimized, a fact 
that depends on the structure size end volume, as well es the method of 
construction and simpllcity of the structure to be built (see Fig. No. 6.4). 

APRONS 

WEIR 

- ---- -

Fl&. 6.4 Scbemettc correction of e straight r1ver wttb the help 
of aprons 
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6..1.4 Natural bends or the rJycr 

The orientation and situation of an intake in a river can decide on its 
success or its falh.re In fulfllllng Its de51red WPOSe. AdVantage Shou!d be 
taken of the nat'l"al bendS of the river, always plactng tile water-tntak! 
wherever possible at the outside bend or on a relatively stra1"t 5e'=t1on ('tf 

a stream, with the entrance of the water Intake oriented laterally and not 
oriented 'C)stream or the water ~low. 

The transport of r1vert>ed sediments Is a main problem to be considered 
dlrtng the deSI~ phaSe of an intake structll"e. Because the s\l"face stream 
f ~ow moves In a bend of a river, laterally and faster than the stream flow 
on the bottom of the rtver, the water rotates on a bend I Ike a corkscrew 
<see Figs. 6.5, 6.6, and 6.7>, the sediments will move m a somewhat 
opposite direction. Floating materials such as wood, can be easi !y 
deviated, controled or removed with the help of trash racks. However. 
~lar material and sediments transported by the stream now have a 
tendency to form deposits In front of the Intake entrance. 

For that reason, It ts convenient to create a device to retain the 
sediments first, and afterwarclS to chamel them through a passage 
specially designed and constructed tor such a pu-pose, allowing tnem to 
pass the barrier or weir and to maintain the front of the water intake clear 
or sediments. This oe>eration ShOuld be conduete<J with a minim\ITl or water 
losses; it can be done manually or mechanlcally, depending on the size and 
the Importance of the structu-es,Csee Fig. 6.8>. 

l 
I 

EROSION 

FIG 6.6 Schematic cross flow on a section A - A 
I 

t 

i 

FIG. 6. 7 Schematic cross flow on a sect1on B - B 
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Experience leeches us certain gen~I rules which Should be taken into 
consideration during the design of water intakes: 

1. If possible, it ts convenient to instoll the woter inteke in the outside 
elbow of a streem. 

2. The water intake sloWSdown the transport of sedfrnents and the 
Sherper the curve of the stream flow, the greeter the slowelown 
process of the sedtment transport wlll be. 

3. usueny the most efficient location of the water intake is the lower 
end part of the curve. or in a straight section immediately after the 
end of the curve. 

4.. The experience demonstntes. too. that the design end lay-out of a 
weter intake that tete advantages of the above-mentioned 
conditions are the most efficient end successfull durlng the process 
of flushing and cleering the sediments deposfted in front of the 
intake entnmce. 

6.1.5 Water dghts and ottaer water uses 

It is important to clartfy the legal tmplicattons concerning the present 
end the future water nghts, before the owner launches eny physical 
construction. 

If other uses of water ere envisaged or have been decided in the pest. 
(such as water supply or imgation), it may be possible that compromises 
could or should be made to satisfy the users with other purposes. trying to 
combine if possible those necessities. For example it should be possible to 
turbinate the water before it is to be used for imgation or water supply 
purposes. Should this not be possible. ellowences wlll have to be made end 
the intake wHI have to be complemented by means of wlth bypass 
facilities. 

Rules and regulations wi11 have to be established for the use of the 
water and its priorities. setting in advance the periods for energy 
generation. A carefully planned and coordinated schedule duly accepted by 
oil potential users must be established. 

If irrigation and power genereUon each require a substenUal percentage 
of the available water, tt might be possible to operate both users in 
pera11e1, generattng power when water is not being used for tmgotion 
purposes. 
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6.1.6 Accessibilitg to the selected int1te location 

All weter intekes should be plomed in such e wey es to hove e 
permanent access. The eccess to the project eree Should be developed and 
completed dunng the eorly steges of the project. A good access road during 
the construction periOd wUI not only fecilitete the construction but wHI 
reduce costs es well. 

After the construction of the project hes been completed. ft is 
reconvnended to keep the access road open end well maintained all year 
round. 



6.2 RUN OF RIVER OR CONVEITIONAL WATER INTAKES 

6..2..1 lntpte Structure Design Considentfons 

The water at the intmce .. is divided into usefull water to be captured by 
the intmce. end rest water to be passed over the weir or bamer. 

Because the nver transports not only water but sediments end debris es 
wen. it is necessory to let pert of the weter pass the bamer end remain 
in the original nver course. For power generation it is desirable to utilize 
water es clear as possible; the bottom sediments h8ve therefore to be 
periodically flushed in order to keep the intmce entrance free and 
maobstructed .. an operation thet requires a certain emount of water losses. 

The hydrological tludy will determine the a..a. end will determine the 
amount of water to be allowed to pess through the barrier as unused water. 
The latter ts determined by the quenttty of weter required to flush the 
Sediments plus the weter quantities thet are required for other purposes 1JS 

for exom":e for water supply .. for imgeuon or for any other purpose. (see 
Fig. 6.9). 

0 

· .... 
. ·. 

... ·:-:·: . : . ; - >-: : 

DURATION .. DllS 

Fl&. 6.9 Determination of a,..._. wttb a now-duration curve. 

The a.st9n or design djscharge ts the water d1scharge used to dimension 
the tntake structures. It ts the maximum wfllter dtscharge allowed to be 
d1verted from the matn stream and tt Hmtts the amount of 
water diverted from the total tncomtng water dunng the wet periot.1s. 



The ny<nlogical study nas to take Into consideration the waier 
reQUirements for other uses and to determine their lmportar.ce. An 
economic study wlll optimize suCh water uses and the value or ams •. 

6.2.2 The stream now condlttgns tn front or the water Intake 
structn 

In strai~t portions of the river. the stream flow on the su1ace and tne 
sediment transport on the bottom of the river move parallel to each other 
However in the Cll"Ved Portions or the river or elbows the water on the 
5'rf ace has the tendency tc flow more on the outside of the river elbow. 
the sediments on the bottom, on the contrary, will acwnulate on the inside 
or the river elbow, with the nat\ral consequence that the outside will be 
eroded and that deposits of sand ~el and other sediments wlll occur on 
the inside <see Figs. fir. 6.5, 6.6. 6.7. and 6.8>. 

This fact If w~ll studied can be used to the benefit of the seheme, in the 
sense to concentrate a maxtmtm of clear water tnto the intake entrance. 
and to deviate the sediment transport or solids away rron the Intake 
entrance and guiding them directly to the flushing gates. However this 
prtnctple as simple as It appears, ff not properly applied, can be Influenced 
In the practice by minor factors that can alter the entire WPOSe of the 
Intake; this may eventually lead to a fafl\l'e. 

6.2.l The main clements or a river water Intake 

The main elements of a nver water Intake are the fo11owlng: 

<> The weir or barrier C can be fixed, mob11 or of a mixed type>. 
<> Intake entrance. 
o Forebay. 
o FluShing channel. 

6.2.J. 1 The WC1r 

The weir or barrier ts usually build perpendicular to the flow direction 
or the river. Its main purpose being the retention or tne rlVer wat!r rn 
many cases 1t can be used at the same time as a spi I lway strwY.tur~ r~ 
allow to sptll tne water excedents. In some cases oecause of th~ 
t~jc or geologic restrictions It may be necessary to arranqe the 
weir In a Position that ts not perpendicular to the stream flow or the river. 
This situation can be accepted provided that the economic restrictions as 
well as the technical requirements are dUlly rulfllled. 



The weir f'.as to comply with at least the f ol1owing conditions: 

o. It should be designed to anow to pass the amax Ca thousand 
years diseharge >. 

o. It Should be calculated against overttming moments and 
against Shear sliding with f actcrs of sat ety not lower than 
1.l. 

o. Erosion downstream or at the toe of the spillway should not 
be al1owed. If this danger is latent. an energy dissipator or 
rip-rap protection should be provided. 

The discharge of the water above a spillway or a weir is given Dy th~ 
following formula: 

Q • 213 ·" .l .ffg.[ H312 - (y2/2g)312] (6.1) 

when the approach velocity ts sman. this formula can be simplified Into: 

or 

were: 

Q • 213. " .l .ffg. HJl2 

Q•C.L.H312 

ii • Oiseharge coefficient <Dimensionless> 

L • Width or the spillway or weir Cm>. 

g •Acceleration of gravity C• 9.8 m/s2). 

H • Energy head above .the spi I I way Cm>. 

C • 2/3 '1 . ./2g Cm 1121s>. 

(6.2) 

C6.J) 

C6.4) 



The coerr1c1ent 11. respectively the ractor c nuctuate In between tr-.e 
rollowtng values: 

FOR11 

11 

c 

TABLE Nr. 6.1 
SPILLWAY COEFFICIENTS 

" 
SHARP 0.6. or FLAT 

0.60 0.65 -0.75 

i.80 1.92-220 



6.2.J.2 Des1gn rom or the so111way or we1r 

The rorm or the sp111way orthe we1r shou1d be des1~ tn SUCh a way as 
to Obtain the optimtm streamflow conditions as wen as an optimllTI 
pressu-e d1str1bution along the spillway. 

Based on the experience, a standrd ronn for small weirs has r>ee-n 
developed which can be applted on most cases see fig Nr. 6. t O. 

Were Ha 1s tile <1es1gn head <Energy head above the sp111way>. 
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FIG. 6.1 o Des1gn coeff1c1ents ror a small weir or spillway. 



6.2.l.3 Forces acting on the structure 

Whilst designing the weir, the smaJJ gravity damCif netessary> and 
other intake structlres. it is necessary to deter.nine the forces which may 
be expected to arrect the stablltty or those structi.res. 

The mam forces wh1dl must ~ taken into cons1derat1on ror th~ at\(\V~ 
mentlone<t structtreS and within the ranges of magnitudes previously 
selected In this report are: 

o ~external water pressures 
o The Internal Cor uplift) water pressures 
o Sediment presS\J"es Clf any> 
o Ice presstre <If any} 
o Own weight of the structlres 
o Additional earthquake pressures /if any>. 

With overflow In oogated weirs tne total horizontal water oressure on 
tne upstream race or the weir is given by the trapezoid Shown on fig. Nr.6.: 
In whleh the llllt pressures at the top and at the bottom are 1h1 and Y h, 
respectively in whieh lis the unit weight or water assumed as 1000 kQ/mf 

p 

z 

FIG. 6.1 Water pressures In an ungated weir 

With overt low In gated weirs, the acting surface elevation snoula De 
1ncreasea proportionately to the gate height, mcreasmg the total pr~ssur~ 
P correspondrngly. 

p 

z 

FIG: 6.2 Water pressures In a gated wesr 
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6.2.l.4 Reou1remeots tor stlbll1tl 

All the grav1ty structures Should be destgned to safely withstand the 
following potent1al fatlure cases: 

o Overtum1ng 
o Shdtng or base Shear 
o Overstresstng 
o Internal cor up11ft> water pressures 

The potent1al fa1lure due overtll1l1ng of a wetr or a dam occurs when the 
resultant force of all horizontal and vertical acting forces on the structure 
pass outstde of the central third of the base width. However because the 
potenttal upllft pressns due to seepage are somettmes difficult to 
evaluate, it 1s nece5sary to d\eCk whether the vert1cal stress at the 
~stream edge of ally horizontal section computed without ·~lift excef?ds 
the \4>Hft pressure at that point. If this were the case. the weir or the 
structLre being evaluated l'l considered to be safe against overtll'ninq. 

If the uplift pressure at the upstream face exceeds the vertical stress 
at any horizontal sectton computed wtthoUt up11ft, the upl1ft forces along 
an assumed horizontal nssure w1111ncrement the overtumtng forces on the 
downstream face of the we1r or the dam. The potent1al tatlure tl•Je to 
shding or base Shear of a weir or a .:.an occurs when the sum of all 
horizontal forces <IV} becomes equal or greater than the Shearing and 
frictional resisttng rorces betw~ the base concrete of the structure ar.d 
the roundatton son or rock. 

In medium large and in large struct\res the criteria of the shear 
fr1ct1on factor 1s used wnicn usually reQUlres an expensive tnvest1gat1on 
made by spec1a11zed personal. 

For small structures, and specially those structures to be designed and 
bul1t In developing countries, Cwhere tt ts not economical or tecnr.icall'v 
possible to perform tests as mentioned above, or to obtain easily reltablc
technical advice>, the Bureau or Reclamation of the United States or 
America, recommendS to check the structures against hortzontal 
displacements by tne metnOd of determination or a slidtng factor. 

They define the allowabla sliding factor as the coetricient ot st<Jttc 
friction between two sliding surfaces, reduced by an appropriate ractor ot 
safety. If t represents the allowable SJldtng factor, a weir or a small 
gravity dam or any structure Is considered safe against slldlng when; 

IV ,. ___ _ 
(6.5) 

Iw -U 
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The Btreau or Reclamation In Its excellent Book ·oes190 or Small Dams· 

give the followlng allowable sJldlng factors between concrete and vartous 
f oundatlon materials, which being on the safe side, can be used when 
Laboratory test cannot be made: 

TAQLE Nr. 6.2 
SLIDING FACTORS FOR QIFFERENT SQIL MATERIALS 

MATERIAL r 

Sound roek, clean and Irregular surfaces 0.80 
Grave 1 and coarse sana. 040 
Shale 0.30 

··- . 

Ref.: 8'rttu of Rlctamltion "Desi9' of Small Dims. 

It ts pertinent to mention that the geologtcal trwestigattcns should 
determine the possibility of existence of any stratum of weak soil t>eiow 
the surface. In such cases, the potential slidtng failure of thts strat1Jm has 
to be checked, including the weight of the overlying strata and tne snearrng 
resistance or the material on the weak strata. · 

The potential raflure due to overstressfng the construction matertaJ3 
used for the structures or the foundation soft, has to be checked and made 
sure that the corresponding stresses wtll be matntatne\2 within allowable 
limits. 

A factor or safety equal or greater than 4 Is normally recommended tor 
concrete and masonry materials. 

The foundation material In medium and large size structures Is to lic
lnvesttgated in situ by experienced sofls eng1neers and enough samples are 
to be taken to be thouroghly analysed In laboratories. However, In ~e case 
or smal I structures this type of procedure being not economical or 
techntcally realizable tt is recommended to use the allowed Dearing 
pressures given in the local engtneertng codes. 
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The ro11ow1ng table gives allowable bearing values ror footings or 
Intake structures like weirs, small grav1ty dams, etc. The indicated 
figures can be use as a guide for design and control only and are not 
Intended to replace the sound adV1ce of local experienced engineers. If 
doubts remain as to the proper type or foundation materials, laboratory 
tests should be ordered and a soil specialist consulted. 

The suggested allowable soi I bearing pressure values for footings and • 
foundations of the weir and other intake structures are as follows: 

TAQLE Ne. 6.J 
ALLOWABLE BEARING PRESSURES FOR QIFFERENT TYPES OF SOILS 

MATERIAL 

Sound massive igneous metamorphic 
or sedtmentary hard rocks 

Sound hard slate or laminated rocks 
Residual deposits or bed rock 
Gravel 
Cohefionless medium dense sand 
Cohe3ionless dense sand 
Saturated cohesive sands, stiff silts and clays 

ALLOWABLE BEARING 
PRESSURE Ckg/cm2 

110 
40 
10 
4 

' .., 
"' 

0.5 
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6.2.l.S. The Internal <ind unJ lftl water pressures 

Uplift forces ocar as internal pore water presS\l'eS, on craeks, fissures 
and on the structlR f omdat1on. These water presstres on the pores and on 
fiss\.res wnt act in all d1rect1ons and can somet1mes redUCe cons1aerat>ly 
the res1sting forces. UpHft preSS\.re therefore snould be mclude<l m any 
stability analysis of the structi.res . 

The internal water preSStreS Should be consider~ differently if the 
foundat1on or the structlJ"es n ~ed on a solid rock or on a pervious 
f oundat1on mater1al. 

Internal water presStreS on rock foundations. are assumed to D~ 
effective over the entire base of the section. It ts usually assumed tnat t~ 
intensity of the uplfft Pf"esstre at the upstream face of the structt.res 1s 
equal to the full water head; at the downstream race It equals zero if no 
tailwater Is present; a Hnear distribution exists between the upstream 
and the downstream face. The proper placement of drat ns on the structures 
and drilling drainage holes Into the rock faoodation can help to reduce the 
uplfft pressures. 

Internal water pressures or ~lift preSS\l"eS Ulder concrete struct~s 
bui It on pervfous rcxniattons are related to seepage flow thn>ugh tne 
pervious materials. In these cases, addltlonal constructions are required. 
like cutoff walls, aprons, etc .• In order to provide enough safety against 
Potential seepage and pf ping ocarrences. 

Concrete gravity structures with more than 7 m of height on pervtous 
f oundattons require detaile<S and extensive soil mechanics 1nvestigat1ons. 
Such cases are beyond the scope of this report and Should be treat'!'.1 by a 
specialist. 

Structures or less than 7 m of helgflt, resting on pervtous sons can be 
efrtclentl~ sealed off with cutoff walls. Cutoff walls can be constructed 
wtth Sheet plltng of fnterlocklng steel sections Ctn some countries an 
economical solution> with easy connection to the concrete structures; In 
other countries wnere steel ts dtff tcult to Obtain. concrete cutoffs may oe 
used under the weir section. They can be buHt by trenching Cwitn macnmes 
or by hand> and forming the concrete wall Into the excavated trench. 

It Is recommended to back fill the trench around the wall with an 
Impervious well-compacted matertal. If the trench Is hand made, pro·.,tston 
ShOuld be made to protect the works with lateral trench sides supports 
during excavation and construction, thus preventing any serious accidents 
dUe to sudaent collapse of the sides of the trencn. 
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Cutoff walls Should be always constructed on the te>Stream or the 
r O\lldation and never on the downstream part 

A QUldc W'tff to check the sarety of small structll"es Cless than 7 m 
height> against uplift and seepage, ts to use the Lane·s weighted creep 
theory. It is an empirical method based on a statistical experience made on 
many structll'es; It Is considered to be safe enough for the deslg"t or small 
struct\RS on pervious soils subjected to Potential uplift pressures and 
seepage flew. 

The main five points of Lane·s conclusions are: 

CI> The weighted-creep <Ustance of a cross section or a weir or a dam 
ts the Slln of the vert1cal creep d1stances <steeper than 45·) plus 
one third or the 5001 of the horizontal creep distances Cless than 
45•). 

C2> The weighted-creep distance head ratio ts the weighted-creep 
distance divided by the effective head. 

CJ> Reverse filter drains and pipe drains are recommended aids to 
security from under seepage. There can reduce the weight creep 
ratios as much as by 101 if they are properly insta11ed and used. 

C4> Cutoffs, If any,Should be properly tied tn at the flanks so that water 
wlll not by-pass them. 

CS> The upward pressure to be used tn design may be estimated by 
assuming that the drop in pressure from head water to tail water 
along the contact ltne or the weir or a dam on Its foundatfonn Is 
proportional to the wetghted-creep distance 

• 
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Oepend1ng on the f Otlldation matertals Lane recommended the following 
wei~te<i-creep ratios: 

TABLE Ha-. 5.4 
WE16HTEQ=CBEEP RATIOS FOR DIEfEBENT SOIL FOUNQATION 

MATERIALS 

MATERIAL RATIO 

Very fine sand and Si It 8.5 
Fine sand 7.0 
Mecltun sand 6.0 
Coarse sand 5.0 . 

Fine gravel 4.0 
Medillll gravel J.5 
Coarse gravel Including cobbles J.O 
Boulders with some cobbles and gravel 25 

. 
Sort clay . . 3.0 
Medium clay 2.0 
Hard clay 1.8 
Very hard c•ay or hardpan 1.6 

The we1ghted creep ratio Should be equal or larger than the weighted 
length of the path divided by the water head on tne structure. 

As an example of ttle Lane's weighted theory let us assume a wetr wtth 
the dimensions Showed in the Fig. NR. 6.1 J. 

By definition: 

Wetghted creep ratto • 
Weighted length or path 

Water Head on Structure 

Wetgthed length of path • I Vertical path • 113 CI Hortzontal path) 

\See Ftg. Nr 6.1 J > 
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FIG. Nr. 6. I J Schematic Aopl I cation of Lane's Weighted Creep 
Theory 

• 
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or: 

I Vertical path • AB + CO + EF • GH • IJ + Kl 

I Vertical path • 4 CAB) + 2 CET> 

I Vertical path =- C4 x 1.5> • 2 o • (6 + 2 O> m 

I Horizontal path. 113 CBC+ CE>. 113 CHI + '1() 

I Horizontal path• 113 CJ• 12> • 113 C15) • 5 m 

Total length of path • (6 • 2 0) • 5 m 

Water Head on Struct..-e • (7 - 1.5) • 5.S m 

C6 + 2 0) + 5 
Wei~ted creep ratio•------

D• 
5.5 CWCR) - 5 - 6 

2 

5.5 

If the soil were a Medilm Gravel with WCR • J.50 <see Table Nr. 6.4) 

Then: D • 4.13 m, or rounded-off 4.50 m . 

If the soil were a Coarse Sand with WCR • 5.00 <see Table Nr. 6.4) 

then: D • 8.25 m, or rOll\ded-off 8.50 m 

According to Lane's recommended ratios <see Table Nr. 6.4) this we1r 
would be safe on Medium Gravel with a cutoff wall of 4.50 m depth. In 
Coarse Sand a cutoff wall of 8.50 m depth would be r~ired. For other 
materials wtth higher weighted creep ratios like very fine sand or silt, a 
mueh deeper cutoff wan would be reQU1red. 

To v1sua11ze better the computation of the uplift pressures, let assume 
the case of Medi\JTl Gravel as sotJ foundation matertal wtth a cutoff wall or 
4.50 "' depth. 

The upl1rt pressure in any potnt ts: 

lx 
Px • H-_. H + Hr 

Ly 
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Px • Upl lft pressu-e In point x 
H • Water Head 
Hr • Depth or Tail Water above f <XJ\dation level 
Lx • Length of wei~ted creep path of point x 
Lr • Total length or wei~ted creep path 

l.S 
Uplift at point B • S.S.-_x 5.S + l.S • 6.59 m 

20 

l.S + I /3 x 1.2 
Uplift at point C • S.S.- x S.5 • 1.5 • 6.48 m 

20 

l.S + I /3 x ( 1.2+0.6)+ 1.S 
Upl1ft at point D • S.S.- x 5.5 + J.S • 6.01 m 

20 

1.5 + 1 /J x ( 1.2+0.6)+ I /J x ( 1.2) 
E ~ S.S.------------x S.S + 1.5 • S.90 m 

20 

1.5 + 1/J x C 1.2•0.6)• I /J x C 1.2) + 4.S•4.S 
H • S.S.- x 5.5 + 1.5 • J.43 m 

20 

1.S + I /J C 1.2•0.6+ 1.2) + 4.5+4.S+ 1/J(I0.20) 
I • S.S.- x S.S + 1.5 • 

20 
•249m 

1.S + 1 /J < 1.2•0.6• 1.2) • 4.5•4.S• 113( 10.20>• I /3(0.6)+ 1.5 
J • S.S.-------------------

20 
x S.S • l.S • 2.02 m 

I .S + 1 /3 (3.0) + 4.S•4.S+ I /J( 10.20)+ 1 /3(0.6)+ I .S + 1/J(1.2) 

K• 5.5.-------------------
20 

x 5.5 + 1.5 • 1.91 m 

• 
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Total ~lift pressu-e • Pr 

Pr•Cll2C6.59+6.48>x 1.20•1/2 C6.48•6.0t>x 0.60 + 112<6.0I + 5.90)xl.20 

+l/2Cl.4J+2.49)XJ0.20 + l/2C2.49+2.02>xo.60 + 1/2C2.02+1.9J>xl.20) 

x 1 m width x 1000 kglm3 

Pr • 52 640 kg/I m 

or !t • 52.6 Ton/I m 

C52.6 Tons or ~Ifft pressu-e w Hnear meter of weir> -
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6..l DROP INTAKES 

As an alternative to conventional water Intakes, crop Intakes <see 
ft~ 6.14) dO not reQUtre a bend of the river and a lateral entrance with 
vertical side track; <t"OP Intakes can llterally be placed everywhere along a 
river or a creek, regardless whether the river has a bend or not Suitable 
sites as for instance narrow passes wtth sO\l1d fe>uldatlon rode or reliable 
fooodatton materials on which to place tile intake structtre represent 
convenient and economical solutions. It ts evident that crop intakes are 
patlcularly well suited for locations in steep terrains. 

FIG. Ne. 6.14 Scbemattc sectton or a c1ro0 tntake 

6.l.1. Design or a droo Intake 

It ts a known fact that In moootainous zones, even small catehment 
areas can proouce floods with much higher specific discharges per SQUare 
kilometer than medium or large size flat areas. Most of the drop Intakes 
expect therefore a considerable larger amount of sediments than the run
off-river type Intakes. 

Drop Intakes are butld usually In areas of difficult access, but this 
apparent dtsacivantage Is compensated by the fact that their require very 
llttle maintenance. 

In this report the design criteria adopted for dro~ intakes, deviates 
very little from the standard designs made by the TIWAG In Austria or the 
EDF in France. The only dlff erence Is the slope angle of the entrance rack. 
For small discharges C a < 3 m3/s > the writers recommend , to use a sJope 
for the entrance ractc of 701 tnsted of the 801 used for larger discharges. 
This value Of 701 ts based on the experience gained in other similar 
Intakes ltke Otema, Brenney, Leteygeon, Stechelberg, etc. 

The recommended space between rack bars Is 25 mm for discharges of 
Q < 3.5 m3/s <see Fig. Nr. 6.1 S>. 
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LL 4Smm LL 6nm LL 4'51111n LL 
11 ,, ..... 11 
4'lma ..... ...... ....... 

FIG. Ne. 6.1 S Iyolcal ract for a droP Intake with Q < J.S ~ 

With this design, most of the alluvtun material with diameters above 
20 mm w f JJ pass over the rack. 

Material wt th diameters between 0.5 and 20 mm wtJ J therefore enter 
the desilttng basin The cles1Jting basin r or this type of Intake is in the 
average 101 larger than a deSflting basin for the same ~ but ror a 
M-off-rlver Intake with a vertical side rack, because tn this case smaJJ 
pel wlll enter tf\e basin and will deposit at the entry zone of the basin 
(See ff g. 7.2.) 

The main compooents or a drop intake are the foJJowing: 

<> A rorebay excavated generaJJy In rock to produce a more regular 
and quiet approach or the water flow on the rack. 

<> Two openings wtth slots which allow to close them with wooden 
stop Jogs, on the right side of the Intake; the logs can easily be 
taken out ff necessary ror cleaning the forebay or the rack. 

<> AA Intake opening of width B with stops logs permlttfng the 
closure of the Intake wfth two or three elements with a maximum 
height of 0.40 m each. 

<> An devtce for the erctton or the stop logs. 

<> A service f ootbrldge 

<> Stairs on both sides or eacn opening. 

<> A trash rack wtth a 70~ slope Cf or Ociesi~ < 3.5 m3ts> 

The Intake must be checked at least once a week and the rack cleaned 
from leaves and gravel; further the thickness of the sand-gravel depostt 
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ShOuld be Checked at least at three potnts 1n th! desilt1ng baStn. 1r 
necessary the flush gate should be opened. 

The allw1um. tree branches and stones Should be removed arter 
oOJTence or a flood. Any mtnor repatrs should be made at the same ttme. 

For large flood (1000 year>. the water will pass at a maximum or 0.70 -
0.80 m abOve the well crest. ror crop intakes wtth a Cam~ < 3.5 m3ts 

If the r1ver or creek 1s known as havtng occll'ref\Ces or flash floodS, tt 
is recommended to : 

- Place the 1ntake on the river side. 
- Prepare a spectal upstream protection wall. 
- Adapt the design or the intake ror special features. 

6.3.2. Dimension of the rack 

The dtmenston of the rack can be estimated as r ollows : 

At the entrance of the rack the crf ttcal depth <see fig. 6. 16) can be 
calculated from the roJJowtng formula: 

he • 3/ (Q2/B2 g) (6.6) 

For a a < 3.5 mlts and an angle J3 • 35• the depth or water h Csee fig 
6.16) ts: 

The discharge capacity Is estimated wf t.h t."le rormula: 

Q•2/3.C. p..8.L.fljff 

where: 
h • water depth at the beginning of the rack • 314 . he 
he• cr1ttca1 depth 

(6.7) 

(6.8) 

c • 0.6. Ca/d). <cos B>312 • 0.6. C2S/29>.Ccos JS•)3/2 • 0.72 
1.1 •Rack coefficient• 0.90 
B. Rack Width 
L •Pack length 
B •angle of the rack with the horizontal 
a • opening between rack bars 
b • distance between bars centers 
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FIG. Nr. 6.16 Depth and lenght or the rack or a drop Intake 

For drop Intakes with a a < 3.5 ml/s the formula tor a can be simplified: 

or 

Q • C0.66). C0.72). C0.90). (4.43). B. L. In 

Q • 1.90 B . L . ./h 

Practtcal experience shows that : 

B approx. • '0.60 . L 

(6.9) 

(6.10) 

For proper work1ng condtttons B should not be greater than 1.8 to 2.00 m. 
When a requires a width B greater than 2.0 m ft ts adVtsable to destgn two 
para I Jel Intakes Instead or Increasing the width or a single one. 

The length L ts gtven a factor of safety of 1.3 at least C because the 
posslbllfty or a partial obstructton of the rack, a possibf lfty of negltgence 
In th' maintenance, and to have a reserve flow during flushing operations>. 

For length or racks greater than 2.0 m tt ts recommended to reinforce 
the rack wtth an Intermediate support to avoid excestve bending moments 
or the bars, or undesired vibrations. 

6.3.3. Ooeratton of Proo Intakes 

A drop Intake function practlcally without any operating· tnstructtons. 
An Instruction manual for the flushing operation of the destltfng basin ts 
however requtred. 

After the water has fallen below the rack, tt passe~ through the 
entrance canal and through a control section, which Jtmtt the discharge 
flow during floods, tn a way that not more than 30~ of the flood discharge 
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can enter the desflttng bastn. the rest water being dtvertea through a 
spillway down stream of the Intake structure. 

A flOOd protection wall should be placed at the Inlet of the canal. 

Any excess of water passing the des11ttng basin, can be deviated at the 
spfllway of tlle rorebay or the entrance of the penstock. 
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CIAPnl' 

7. DESILTING BASIN 

7. I GEneraJt ues 

The conventtonal water Intakes are destgne<: 1n a way that allows to 
flush the bottom sed1ments as easfly as possible.. Sediments cleaning 
prOblems v-ary rrom one river to another; some r1vers bring clean water, 
while others with the same dtseharge are loaded with sediments. Whflst 
gravel and rolling stones are deviated and passed through the sluice 
chamel, there Is the posstbillty that some entratnment of sand and other 
fine granular material remains. 

Sand passing through the turbines, has usually catastrophic 
conseqJences, ~roding the tmpe'lers lnd casings In a short time. 

To avoid this danger, It ts -.iieref ore 1mperattve to install a desilt1ng 
basin. 

It may be ment1oned here that there are many systems or des11ttng, 
however, for the purpose or this report, the writers have decided to select 
only two systems, one for a run-of-river plants, and one for drop Intakes, 
stlc:ct1ng or course, deslltlng plant ty'les that have shown to have a 
maximum or aef\:(~r.tages and a minimum or disadvantages 1n the range or 
discharges be~ 1ns i dered. 

The first destlting type 1s the one that correspond to the run-or-rtver 
Intakes, see chapter 6 numeral 6.2 or this report. 

The second one corresponds to des1lttng basins ror drop Intakes which 
operate In a dtff erent way, because a larger quantity of sediments and sand 
ts p1ckea up In the Intake; consequently a dlff erent approach for Its des1gn 
Is required Csee chapter 6 numeral 6.3). 

For Intakes with medium ?inc iarge discharges C > 3.50 m3/s >. 
mechanized desf1t1ng systems ?.!'.; usua11y used; they are beyond the scope 
of thf s report. 

For mint and micro pC"wer plants, the dest lttng works have to be of a 
very economic design, and mechanized systems are not justified 
economically. However, ft Is well known, that tn larger schemes, 
mechanized systems l"f destltlng are not only economic but necessary as 
well. A well known system Is the Bierl system. The systems proposed In 
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this report can be relttzed exclusively wtth local persomel and local 
resources. 

7.2 Conyentlonal Oesllt1ng Basins roe Bun - or - r1yer Intakes 

In conventtonal run-of-rtver tntakes, the larger part of coarse 
sedtments and gravel ts separated from the matn stream directly at the 
entrance by means of an entrance stH, dtverttng t~e sedtments dtrectly Into 
the slutce cnamel, where they can be flUShed down stream perlodlcally. 

The trash rack Is desi~ to provide a maximum of protection against 
sedtments, however, a small percentage of sediments carried by the rfver 
always manage to get Into the entrance of the water ways, specially during 
high water periods. 

If the hydrologtc stUdy shows that granular matertal wtth gratn 
diameters of more than 2 mm can pass the traSh rack, a desf1ting plant 
with Its corresponding basin should be constructed. Thts ts a11 the more 
Important ff the turbines are of the Francis or the Pelton type; for 
Crossflow turbines this problem ts somehow less crtttcal. 

In order to be able to provide a longer If f e to the turb!nes and to the 
overall scheme tn general, sediments have to be removed from the system. 

The conventional examples of desflttng basins presented tn this report 
have been elaborated according to the experience gained tn other similar 
projects. 

Our constderattons assume that, the sediments usually present have a 
grain diameter within a range bttween 0.2 and 0.5 mm. 

0.2 mm < diameter < O.S mm 

According to Huber, the critical water velocity can be estimated using 
the following formuia: 

Yer • 0.44 x Id (7. l) 

which means that water velocities of the order of 0.20 mis w111 remove 
all particles with diameters greater than 0.20 mm. 

This ltmit permit to calculate the area of trash rack reQulred for a 
discharge Odeston• and to calculate the main dtmens1ons of the des11tlng 
chamber. 

L-------------·~--
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The following Table 7.1 gives approxtmately the main dfmenstons or the 
ciesHttng basin ror conventtonal roo-or-rtver intakes as a flr.ction of t.'ie 
design dtseharge: 

IA8LE Nr. 7.1 
MAIN DIMENSIONS OF A CONVENJIONAl. QESILTING PLNff 

O<m3/S) B<m> Um> D<m> W(m) 

1.5 2.60 21.00 2.25 0.90 

I 26 J.50 26.00 3.10 1.10 

3.5 4.00 32.00 3.65 1.30 

t B L 

1 

l L Lw l 
" 1 

, 

FIG. Ne. 7. f SCHEMATIC QIMENSIONING Of A CONVENTIONAL 
. DESILTING BA$1N. 

For water discharges of more than 4 m3/s ft ts recommended to tnsta11 
two or more smaller units ror desnttng instead or a larger one, thus 
11m1t1ng the water discharges to not more than 4 m3/s per unit. 

This system requires that the depth or coarse sediments tn front or the 
intake sill and sluice channel should be checked pertodically and regularly, 
to avo1d an excessive accumulation of sediments 

For depths of sediments or 0.5 - 0.7 m the flush gate should be 1 trted 
and the bastn shouid be continuously flushed unt11 the entrance ts agatn 
clean or sediments. 
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7.J DESILTIN6 BASINS FOR DROP INTAKES 

In the main entrance crop Intakes only the coarse ~el and stones from 
the water are separated as they pass on top of an Inclined rack Cw1th a 
slope of about 701> · 

The separation of gravel requires an extra lenght of the Inlet In the 
basin eQUal to at>out three Umes the width of the basin ; the basin has 
therefore to be deSlgned differently as compared to the type wfth vertical 
st de entry rack. 

The bottom slope ts made In two parts, the first wtth a length LI and a 
bottom slope of s • 0.06 , and the second with a length of L2 • 38 w1th a 
bottom slope of S • 0.1 o. Th ts cusconttnutty of the bottom floor slope, 
permits an easter and more eff'clent cleaning of the basin, as a 
supercrfttcal flow during flUShtng ts created. The sediments accumulate on 
the bottom as depicted tn f lgure 7.2 

FIG. Nr. 7.2 Schematic descr1ptton of the sedimentation process 
1n the desllttng basin 

The following restrictions apply to this type of system : 

o During flushig operation, the power plant should not be in operation 

o The depth or sediments deposit should be regularly checked 

o The outlet of the flush channel has to be placed hfgh enough above 
the river bed. 

o The regulation Is made with the turbine and _a level control In the 
forebay. 



.. 

67 

o The Intake and the desflttng operation normally do not require a 
special control. 

The matn dimensions of desflt1ng basin for drop intakes as a flf\Ctfon of 
the design dlsctaarge 0.9' are as follows: 

IA8LE NC. 7.2 MAIN DIMENSIONS Of QESIUIN6 BASINS FOR 
QROPINTAKES 

Q(m3/S) B<m> LHm> L2<m> LCm> D<m> W(m) 

1.10 220 15.40 6.60 22.00 2.10 0.70 

I.SO 2.60 16.20 7.80 24.00 2.25 0.90 

2.50 J.40 20.80 10.20 31.00 3.00 1.10 

NOl(: FCR YAU£5 fE Q RATER THAN 3.0 ml/s M DESIGN HAS TO BE TAYL<RD TO EACH 
PART1Cll.AR CASE. 

f B 

I 

FIG. Ne. 7.J SCHEMATIC DIMENSIONING Of A DESILTING BASIN 
FOR A DROP INTAKE 
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CUPtal 

8. AQDUCTION CANAL 

It 1s important to control the am<Xllt of water that can enter tnie 
ac.tcJuction canal in order to avoid oodesirable spilling of water from the 
cana I s ldeS. 

At the entrance of the canal a side spiJJway Should be planned and 
constructed as a protection of the canal against rJoods. A frontal beam 
placed on top of the canal entrance wlll divert 'Ml'f excess of water during 
a flOOd to the lateral spillway. 

It is a world wide common practice to close the intake entrance during 
very ShOrt periods when very high floodS are expected. in order to protect 
the canal , and all the other structlres, such as the penstock. the wwer 
plant with tlf't>lnes, gates, etc. For small and mini power plants It Is more 
favouoble and cheaper to close the plant for a short period of time, than to 
have to repair It after the flood. 

A canal has to be adapted to the nat\ral conf1gurat1on ot the slopes ana 
the topographic contOtSS. 

For lhe range of water dtseharges considered in this reoort. tt.e car.al 
slope recommended from the experience gained with other schemes is of S 
,. 0.0012 with a bottom of concrete type PC - 300 of 0.30 cm thickness 
with a Jtght steel bars relnf orcement The sides are usually made of 
masonry with 5 : I slopes, or of concrete with vertical wal Is. 

For very small plants, for which concrete or masonry 1s relatively 
expensive. tne canal may be cut directly Into the ground. This Is gene-raJJy 
not recommendable but Should It be made this way, care should be taken not 

. to exceed the permtsslble erosion veloclttes; otherwise damaged turbines 
and ~qulpments may result thereof. 

In the technical literature tt Is recommended not to exceed a wat~r 
velocity of 0.75 m/s in canals without lining, nowever, the following table 
8.1 gives water velocities limits in canals build directly on various soi I 
materials: 
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TABLE Nr. 8.1 
ALLOWABLE LIMIT Of WATER VELOCITIES IN CANM.S AGAINST 

EROSION. 

SOIL MATERIAL LIMIT Of WATER VELOCITY Cm/S) 

Fine Sand 0.40 
Sandy Clay 0.50 
Clay. allwial lime without coheSion 0.60 
Ordinary clay. fine ~el 0.70 
Allwlal llme with some coheSlon 

or a mlxtn ot ,.avel sand and clay I .oo 
Gravel ce < 1 cm> 1.20 
Gravel <I. an < e < s cm > I.SO 
Schists 1 .80 
Strattfled rock 2.40 
Hard rock 4.00 
Concrete 4.50 

Should the water now wtth too low velocity, sedtrr.ents t>egtn to settle 
and they eventually Obstruct the canal. For that reason 1s recommended to 
Choose a design with water velocities that are somewhat lower than the 
a11owable water velocities agatnst erosion; a factor of safety of the order 
or tnree snould De the rule, but on the other hand, tne same water 
veloc1t1es snould be keep nlgn enough to avoid a sed1mentat1on on th~ 
adduct1on canal. 

Kemedy gives an emptrtcal formula to estimate the sedimentation 
velocf ty in a canal as a function of tt\e water deptll and of a.constant: 

In which: 

v,. c. t 0.64 (8.') 

v, • sedimentation velocity 
C •a constant eQual to 0.548 In alluvial 

50115 and Cl 0.437 In other sons 
t • water depth tn canal CmJ 
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In the abscence or better values Table 8.2 gives as a rererenc~ some 
llmtt ve1ocltles or sedimentation: 

TABLE 8.2 
SEDIMENTATION VELOCITIES 

tlATERIAL LIMIT VELOCITY (mis) 

Clay 0.10 
Fine Sand C e :a 0.002 m> 0.15 
Sand C e :a 0.005 m> 0.20 
Fine Gravel C e • 0.008 m> O.JO 
Gravel c e • 0.025 m> 0.60 

The usually used canal sections for small hycropower Sd\emes have the 
following sections Csee FIG. Nr. 8. 1 > the main dimensions. of which are 
given in Table 8.3 in flllCtion of the desi~ diScharge: 

IA8LE 8.3 
MAIN DIMENSIONS OF CANALS 

Q v e, 82 w H RADIUS IN CURVES(m) 

m3/s mis m m m m m 

1.00 1.00 1.35 1.80 07011.15 6- 10 

2.60 1.20 1.65 245 1.05 I.SS 10 - 12 

3.50 1.30 2.10 2.75 1.15 1.65 12- 15 

~ Bt ~ 

1 1 

=E H 

t a, t 
FIG. 8.1 Typical canal sections for small hydropower projects 
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The water veloctties are taken with a factor of safety of the order of J 
to 4 against erosion, but are at the sane time large enough to prevent __ 
sedimentation in the bottom of the canal. ~ _ _,,.,,._ 

- ... ·- - ~ -- ._ ... 

Qa t.O J1s 

i 1 
I 

~ f i f f 
O.IZI LJ5 0.121 

--· --· -- _.,,.,.. -- --- -
Q s 2.6 m1/s 

Q• 3.5 m1 /s 

l l CUT AND FLL 

1 1 t 1 
0.121 Z.IO 0.121 

- . . 

f 16. 8.2 Examoles pf Addycttgn Canals wttb slgp1 s = o.oo 12 
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CIAll'ID I 

9.FOREBAJ 

It is iml)Ortant to avoid the entrance of air into the penstoek anci from 
there into the t\J'bines. 

The construction of a forebay at the entrance of the penstOCk permit net 
only to guarantee the conooction of water free of air, bl.rt al lows to 
maintain a relatively constant head of water into the system. The aes1gn 
range varies rrom a simple pond to very sophisticated structlres. Its size 
varies, depending on the maxlrm.m ~ly required tor energy generation 
However, If storage Is deSlred, Its size, wl 11 be dictated by the reQUlred 
volume storage. It Is evident that a forebay Should have a mlnlmll1l cost but 
Its size should be large ~to rulflll Its pu-pose. 

H1~ press\re systems require usually a reserve volume that 1s of the 
order of 23 to 3 times larger than the forebays required for systems tor 
low pres5U"es. 

For srnal1 plants, the Slf"face area or f orebays required can be estimated 
as a function of the maximun diseharge with the following rule of thUmb: 

TABLE 9.1 
REQJMENQEP FOREBAY AREA FOB st161,L HJDROpoWER pt.ANTS 

Dtseharge a<m3/sec) 

Area or 1ow pressure 
f oret>ay A Cm2> 

Area or a hi~ pressure 
r oret>ay A cm2> 

o-s 5-25 25-50 

60 - 150 150 - 400 400 - 500 

200 - 400 400 - 900 900 - 1200 

NOTE: The ran1a1y .... -.. mentiOllld n only '41141 ror u.. dls9' 
tumples ~In lids ......i. 

If tile roret>ay ts Intended to be used as a des1lt1ng oasin, the design nas 
to be properly adapted, tn order to avoid that debris, and sediments pass 
thr()lql and Into the turbines. From the writers· experience, tt ts not 
recommended to use the foret>ay as a sett11ng basin or des11t1ng works; tt ts 
pref erat>le to construct a separate structure for tnat purpose. 
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The rorebay ShOuld provide a storage or water large enough to supply the 
ttrbines with adequate water quant1t1es as required ror starting and ror 
regulat1on. The streambed can somet1mes be tnr\sformed Into a sma11 
storage; 1n th1s case, the foret>ay w111 be designed as small as possible. 
Where this ts not the case, the foret>ay will be 1ncreased 1n volume. An 
economical stUdy will hOwever be required to make sure that tne cost 
benefit ratto of the foret>ay is pos1t1ve 

The minlmtJn storage reQUfred by a roret>ay ts dictated Dy the water 
demands originated by a sucicien increase In the loac:ilng on the turbines. 
which ts a transient condition. 

Forebays ShOuld be provided with an emergency spillway to be able to 
cope wt th occasionally ocarrtng ht~ Inf low or water Into tne roret>ay 
Which exceed the outflow tnrougl the penstock. The sptllway w111 also 
rooction tn the case or a blade-out or a power rat lure which reQUires the 
gates to be closed. 

There are many types or foret>ays, however, the forebays presented as 
prototypes in this report have been selected that present most benefits and 
positive performanc~. 
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10. PENSTOCK 

10. 1 &enera1tttes 

The penstock ts an essential part of any hy~wer seheme.lt conv!ys 
the water by the shortest way from the foretiay Into the t\11>1nes; 1t sooulo 
therefore be constructed to fulfill all requirements or safety ana economy 

Its design Should be aimed at maintaining the L/H relation as small as 
possible; conseQUently, the penstoek should be as vert1cal as possible In 
relation to the hortzontal elevation curves of the topographic contours. 
This asStmes stable geological conditions, enabling the penstock to be 
anchOred on sol id rock. 

If a part of the penstock is to pass on overburden, it is recommended to 
protect the surface wtth stone, ccry masonry>, especially in areas with 
heavy rainfall, In order to prevent transversal and longitUdtnal ditches. 

Depending on the head of the scheme, the size and the natural 
conditions, the material of the penstock can vary. For low and medium 
heads and snort distances, a stmple Polyvtnyl Chloride pipe (PVC>, or 
concrete pipes could be used, Steel pipes are applicable tor the med1um ano 
high heads and longer distances. 

The most commonly used penstock Is steel pipe, which offers the the 
highest technical and maintenance advantages. 

The penstock can be Installed above ~ound or buried In the ground, 
depending on the natural soi1 conditions. The ·aoove ground systems· are 
easy to check and to matntatn, but in some countries are more suscept1bte 
to acts of sabotage, which today ts an addfttonal point to consider wn1 tst 
In the design stage. 

It would take considerable more time and space to present each 
possible combination of penstock. In this report the writers haVe 
concentrated on the main design considerations proposed. Only one example 
of a penstock made of stee I has been proposed. 

For smal I head, the penstock can be made or PVC. However, ror most 
schemes, steel pipe Is reQUlred and solid anchor blocks have to be provided 
to assure that the resisting rorces wl11 not t1tsplace and damage the rigid 
pipe. 
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Andlor blocks are therefore an Important part of the penstock overall 
system. 

When the penstock exceeds certain lengthS expansion joints have to be 
provided to to take Into account displacements in the longl tudlnal direction 
caused by temperattre differences or by changes of the hydrostatic forces 
tnslde the pipe whteh tend to separate the pipes or the joints. 

Penstodcs cannot always be built in a straight Hne, they have to be 
adapted to existing tapographic conditions, and therefore horizontal as 
well as vertical Cand combined) bends wf 11 be required to adapt the 
penstodc ~o those toPographtc features. These bends cause, strong forces 
to appear, forces that have to be neutraltzed and taken up by the anchor 
blocks. 

I 0.2. Penstock Jocat1on 

The location and disposition of a penstock ts given by the topographtcal 
and geological conditions, the location of the water tntake and desflting 
structures and outlet works, the relat1ve location of the power house, as 
well as the method used to divert the rtver during construction 

For power houses with two or more turbines, the use of an lndtvldual 
penstock for each turbine, or a stmple penstock with a dlvtston system to 
feed ap untts Is governed by the economics and by the necessary 
nextbl11ty of operation. 

In thfs report only the stngle penstock system has being considered. 

The penstock should be designed to convey water to the turbine wf th a 
minlm\ITI of head Joss. usually an economic study determines the size of 
the penstock; but the r lnal design has to be based with combined 
consideration of the tecrinlcal conditions required by the engtneertng 
criteria used, and the costs and economic considerations as well. 
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_1 o.~_ Pe!'~t~k_Q_t~~nsJontni 

Aoproximate diameters based on the more economic C':'nsiderattons can 
be estimated using the following relatioils: 

a> For H < t 00 m D = ,/ 0.05 Q2 • (10. l) 

t> > For H > t 00 m D = 7J 5.2 a31tt' ( 10.2) 

The mtmmum water veloc1ty 1s a function of tne relat1on L/H and can oe 
see in Table 10.1 

Table 10.1 minimum water ve1octt1es for penstock design 

Rat1o L/H Minimum Water Velocity Cm/s) 

1 
2 
J 
4 

5.70 
4.50 
J.20 
2.30 

Those values are taken from the experience obtained tn many projects. 

The maximum water velocity is as a general rule is not larger than 6 
mis. 

I 0.4 Head losses In oenstocks 

The hydraulic t'lead losses in a penstock are propart!onal to the length of 
the penstock ar)d to the square or the water velocity. 

The main head Jnsses are as following: 

o Losses at the trash rack in the rorebay 
o Entrance losses 
<> Losses due to pipe rrtction 
o Losses due to ptpe bends 
<>Losses due to valves and regulating organs. 

The .l.Q.sses at the trash rack ror the range "' values under study in 
tn 1 s report are: 

y2 
n, • K1 __ stn o<. ( 10.3) 

2g 



n 

where: 
K 1 = B Cs/b)4/3 

B, s and b as cJeptcted in Fig. IO. I 

I I ' 
G t~ FORM ..!..-.+ •1.5 

S•O 

i--°'~ 2.40 1.80 l04 t.07 0.76 

Fig. Io. 1 Coerrtctent or losses at the Trash Rack 

The losses at the entrance can be calculated by the following 
formula: 

y2 

2g 

where K2 can be obtained from r igure t 0.2 

.... 
lft•O.S 
• 

(I 0.4) 

Ka ., .. -1.0 

Ftg. Nr 10.2 Coef(kf.;.nt...Kz or losses at toe entrance 
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The losses due t~ :>tpe friction can be calculated by the following 
formula: 

where: 

y2 l 

K • Strickler Coefficient of Friction 
K = 80 for concrete 
K = 90 for steel 
K = 100 for PVC 

L •Length of pipe Cm> 
R = Hydraulic radius 
v a velocity of water (mis) 

( 10.5) 

The losses due to pipe bends are: 

v2 

h4=14-- ( 1 o. 6> 
2g 

wnere K4 can De obtain from Figure 10.3. It ts a funct10n of the. Dena 
angle, the bena rad1us and the pipe dtameter . ... 

--

~ 
--- IJC•t-- -
4ll t--

J ....... """""'" •• ~- I . /" 
•• !--;. • - -~ I/ I 
·- I .. . 

J llA•!.,-- ........:. .,j 

.II -i , 
-~ I I l 

• IO 
j ~-... ! ,/ 

/ ./ 
v :--. ,,,, .. - ,,, -

[/': ~ .-- I 
'ttlDalO 

- ~ -
~ 
v . v ./ 

0 
I 

.. .. • .. "" o(. 

fig. Mr 10.3 Coef{lcient I<&. pf losses Oue to Pipe bends 
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The losses at Gate valves and regutatmg organs are: 

y2 

hs·Ks--
2g 

where Ks can be estimated from the Tables 10.2 and/or 10.3 

(I 0.7) 

Iatle Nr 10.2 ya1ues or the Coerflc1ent ~for Gate Valyes 

~ or Gate valve ooenina 
D Cm> 10 25 50 75 100 

0.30 56 12.0 2.50 0.50 0.07 
0.50 48 10.3 2.14 0.40 0.06 
1.00 40 8.57 t.79 0.34 0.05 
2.00 32 6.80 1.43 021 0.04 ! 

Table Ne. 10.3 Values or the Coefficient K~ for Butterf)y Va lyes 

a Kc; ~ K111; ~ Kc; 
()" ! 0.20 20· 1.54 40• 10.6 
s· I 0.24 259 2.51 45" 18.7 

10· 0.52 30· 3.91 so· 32.6 
IS- 0.90 359 6.22 55· sa.e 

10.5 Effects or Water Hammer 

A raptd opening or closing or the turbine gates produce a reaction in the 
form or a pressure wave In the penstock, commonly known as a w3ter 
hammer. 

The Intensity or the water hammer is proportional to the speed or 
propagation or the pressure wave created and to ti1e veloc1ty or the flow 
destroyed 

Tne traveling time or the wate:- hammer can be calculated with the 
expression: 

v L 
Ts·--- CI 0.8) 

g H 

For traveling times shorter than 1.J, the volume or water contained In 
the pipe wrn be surrtclent, and no surge chamber wtll be reQulred. 
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The equation that g1ves the max1mum 1naease 1n head for closures 1n a 
time smaller than 2L/a secondS ts: 

wher~: 

av 
AH·-- ( 10.9) 

g 

Mi • Maxtmum head increase Cm> 
a• veloctty of the pressure wave (mis> 
v = veloc1ty or now Cbefore destroyed) mis 
g • acceleration of gravity • 9.81 m/s2 

As water hammer surges occur under emergency cond1t1ons that could 
jeopanuze the safety or the structure tr they are not considered during the 
design phase, the1r magnitude should be estimated and the ptpe thickness 
calculated and designed to take care of the resultant total head. 

usua 1 ly surge tanks are connected to the penstock to reduce the water 
hammer err ects. 

In this report the water hammer effects as well as the design of surge 
chambers have not been included because in small and mtni hydropower 
schemes they are in most cases not reQU1red, parttcularly If the penstock 
diameter ts large enough and the length of the penstock relatively short. 
However, tts necessity should be checked for each project. 

I 0.6 Pipe Shell 

The penstock should be designed to be able to resist the total head 
comprising tne static and the <t;namtc heads Ctncl. watpr hammer>. 

Allowance should be made for temperature changes and beam stresses, 
tn addition to the 1ntemal stresses. 

The hoop or tangential tension tn a thtn ptpe due to internal pressure ts: 

where: 

S• 
D p 

2te 

s • Hoop tension Ckg/cm2> 
D • Inside d1ameter Ccm> 
p • tntemal pressure Ckg/cm2> 
t • plate tMckness <cm> 

(10.10) 
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e • err1c1ency or Jo1nt 
ASTM est1pulates:70-t 001 ror 
double welded and 65-90 ~ ror 
s1ngle welded. 

Independent or the press\re, the m1n1mum th1Ckness or steel ror a gtven 
penstock dfameter can be computed wfth the rollow1ng formula: 

where: 

10. 7 Exnans1on Joints 

DCmm> + 130 

t.1n·-----
10 000 

D • Inside diameter fn mm 

( 10.11) 

Penstocks latd underground are affected by the temperature or the 
conveyed water and the temperature or t~e surroundfng sot1. 

Penstocks constructed above the ground are arrected by the temperature 
of the conveyed water and the temperature or the air surroundfng the pipe. 

An average of length or steel p1pe Cdfsregardfng the frictional 
resistance> Increases by 0.000 007 L per degree centigrade or 
temperature change 

One or the most effective expansion joints is the sleeve type, fn which 
the longttudtnal movements are enabled by two fitting sleeves, one on top 
or the other to prevent any leakage. 

A typical expansion jotnt of thfs type Is presented tn ftgure 10.4 

~RETAINtR RING 

I OUTER SLEEVE 

Fig. Ne 10.4 Sleeve type expansion Joint 

INSIDE OF 
PIP£ SHELL 
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Th1s type or Jo1nt can be designed wtth two sturr1ng s1des to allow 
transverse def1extons and temperature d11atat1on movements, see rtgure 
10.S. 

~ 
I 

f lg. Nr. I 0.5 Qouble sleeve tyoe exoanston Joint 

Another way used for or construct1ng the penstock Includes the use of 
Dresser Coupled expansions, which are a patented system that allows an 
easy constructton wtth a factory-made stress-free jotnt. Wtth thts type or 
sleeve locked up stresses caused otherwise by rteld-welded jotnts, are 
tnextstent. Construction ttme can be sped up considerably. 

In figure 10.6 a sehemattc view of a dresser coupltng ts presented. 
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MIDDLE RING 

FcEF .; CAES$ER ~TALOG 

fig. Nr. I 0.6 Schematic working ortnclole or a dresser couol Ing 
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10.a Anchors 

All welded steel penstodcs 11nes freely supported above the ~ouna 
surface er In tumels must be prov1ded wtth anchors at bends and at 
Intermediate points In long straight lengnts. 

The PtJl)OSe or the and\orS Is to f Ix the penstocks tn place durtng 
tnstallatton and during operation. They restst the various forces acttng on 
tt.em. During tnsta11atlon, wtth the penstoek empty, only temperature and 
gravity forces need to be considered. The forces active on a pipe bend when 
the lfne Is in operatton consist mainly ?f: 

<> Temperature forces 
<>Hydrostatic forces 
<> Oynamtc forces 
<> Gravtty rorces 

Anchors are generally not requ!red for buried ptpe except at horizontal 
bends with large deflection angles and at vertical or overbends wtth high 
upJfft forces which can not be resisted by the backfill alone. 

The combinatton or forces on an anchor tend to overturn tt or to sl1de 
along its sofl foundation. !f the anchor Is placed completely around a ptpe 
in a continually weldetf line, overturning really cannot take· place. Such 
anchors should therefore be Installed prtmartly to safely resist the sliding 
forces. 

In cour.trles of seismic acttvtty, earthquake forces should be Included In 
the designs as recommended by the local engineering codes. 

The distance between anchors should be of the order '>f SO - 80 m . 
Ancnor blod<s and saddles are to be constructed in reinforced concrete. 

The penstock in general should be protected against rock and t;ee rans. 
This protection can usually be achieved wtth the constructton or protection 
trenches, walls, wtre mesh, etc. 

It ts recommended to tnsta11 statrs on the steep parts to factlltate the 
constructton and the future maintenance 

For the Clv11 wortcs execution and later ror the erection of the steel 
wortcs a winch Is convenient to be mounted parallel to the i)enstock. 
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EXPANOIN; CCM>fTION 

Fig. Nr. 10.7 Forces acttng to an anchor block 
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The main forces acting in an anchor block are the following Csee F1g. 
10.7): 

I. The hydrostat1c force that acts along the pipe axts at both sides of 
t~e bend: 

where: 1 = Weight of water. = 1000 kg/m3 
A= Cross section area Cm2) 
H =Maximum water head Cm> 

2. The dynamic forces acting against the outside bend: 

ta v 

g 

1 • weigth or water • 1 ooo kg/ m3 
a • Flow or water Cm3/s) 
v • vetoc1ty of water Cm/s) 
g • acceterat1on of grav1ty ,. 9.81 m/s2 

3. Fo\·ce due to dead weigth of the pipe, from anchor uphill to 
expans1on JOtnt. tending to sllde downhill over p1ers. 

P1 •Dead weight or pipe from anchor uohill 
to expanston joint in kg. 

x •slope angle above anchor. 

4. Force due to dead weight or pipe from anchor downhill to 
expa:1slon joint, tending to sllde downhill over piers. 

where: 

f 4 • P2 sin y 

P2 • Dead wel Jht of pipe downht 11 from anchor 
to expansion joint in kg. 

y •slope angle below anchor. 

S. Slldlng friction or ptpe on pters due to cxpans1011 or contraction 
uphill from anchor: 
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Fs • r5 cos x < P1 • w1 - P112> 

the coefficient f s of friction of pipe on piers can be taken as: 

Steel on concrete f5 • 0.60 
Steel on steelCrusty> fs • 0.50 
Steel on steel <greasy> fs • 0.25 

x • slope angle above anchor. 
P1 •Dead weight of pipe from anchor uphill 

to expansion joint Ckg) 
w · • Weight or water in pipe P 1 Ckg) 
p1 ~weight or pipe and contained water from 

anchor to adjacent uphill pt er in kg 

6. Slld1ng fr1ct1on of pipe on piers due to expansion or contiaction 
downhi II from anchor-

r 6 •coefficient or friction or pipe on piers = r5 
P2 • Dead weight of pipe downhi 11 from anchor 

to expansion joint in kg. 
W2 • Weight of water in pipe P2 
P2 • weight or pipe and contained water from 

anchor to adjacent downhill pier in kg. 

7. Sltdlng frtct1on of uphill expansion joint: 

where: 

f7 • f 7 fJ ( D + 2 t) 

f7 •friction or expansion joint per linear 
meter or clrcunf erence aoorox. eoual 
to 250 kg I ml 

D • inside d1ameter of ptpe Cm> 
t •wall thickness of pipe shell Cm> 
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a. S11d1ng rr1ct1on or downt.111 expans1on joint: 

Fa• f g 1f ( D + 2 t ) 

where: 

9. HydrostaUc pressure on exposed end of pipe in uph111 expansion 
joint: 

F 9 • Y H 11 tg CD + tg ) 

1 • weight of water • I 000 kg/m3 
D •Pipe d1ameter Cm> 
H •Maximum water head Cm> 
tg • wall thickness or ptpe wan Cm> 

10. Hydrostatic pressure on exposed end or pipe in downhill 
expansion joint 

where: 

F 10 • 't H 11 t10 ( D + 2 t10 > 

l' • weight or water • I 000 kg/m3 
D • Ptpe dtameter Cm> 
H •Maximum water head Cm) 
t10 •wall thickness or pipe wall Cm> 

All the above-mentioned rorces should be considered In an expanding 
c.nd then In a contracting condition and tne resultant or all these rorces 
wllJ be combined with the welgtit or tne anchor block. The resultant ror~~ 
h~ to pass through tne I /3 or the base or the anchor. 

In countries were seismic activity reQulres consideration or earthquake, 
the corre~ponamg forces must be added. Forces due to expansions or 
contracttons or the pipe have not been considered In the aoove-ment1oned 
system. 

In figure l 0.8 a schematic diagram or the forces acting on an anchor 
block are depicted. 

The ancnor t>loe;k should be calculated to resist sliding and ror thi? 
allowable oearmg capacity or the sot I. 
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In flgtreS 10. 8 and IC.9 sehemat1c support of pipes joined wtth 
Dresser coupltngs are deptcted. A Rtng girder type support and a 120 • 
saddle type support w111 be seen tn ftg 10.9 which apply for steep hill sides 
or In very ~ terrain. 

In rtg 10.9 lntermedtate supports ror small diameter pipes ts presented. 
center type supports, and •two and one· type support to be use wtth the 
combtnatton or Dresser coupling. 

120• FIXED SADDLE SlPPORT 

~·-SER CDAJNS 

DETAIL OF AN:HOR 

120° SADDLE TYPE SUPPORT 

AN'f d AND M.W!f ~E FIXED SUPPORT 
\ 

SLIDING SUPPORT 

RING GIRDER TYPE SUPFqrr 

( SUPPC'TIS FOR STEEP HILL SIDES OR VERY ROUGH TERRAIN) 
A!F. : DRESSER CATALOG 

Fig. 10.8 Syoport or otoes Joined w1tb dresser coupltog 
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Clm1Pllr II 

11. Powerhouse 

As Its principal WPC>se, the powerhouse bu11dlng Is to protect the 
generating eQUlpment and as SUCh It has to be bu11t In as protected place as 
p0sslble, I. e. It must be protected from landsl1des, fro.'T'I river floods and 
other natlnl haZards. 

The f<Uldatlon of the powerhouse ShOuld be designed to avo1d son 
settlements; tor that reason, It is recommended to provide a good cntnage 
system to the f CUldatlon son able to maintain at an Umes cty conditions 
of the grollld below the fomdatlon slab. 

It Is convenient to provide a permanent access to the Powerhouse. 

The size of the powerhouse Should be sutftctent to accommodate the 
required equtpment, with SUfftctent free space along the Installation to 
permit easy operation and maintenance. 

The main door of access should have a w1dth of at least 0.60 m wider 
than the largest equipment part, to allow for Its repair and transport tf 
necessary. 

For the manipulation of the heavy t"1>ogeneratlng machinery It ts 
conventent to install a permanent hoisting equtpment The lowest potnt of 
the hoist 9h0uld be SUCh to allow to ttft the largest ptece of eQUtpment and 
still have a free margin of 0.50 to 0.60 m 

In the example used In this report, It has been asswnea that reinforced 
concrete Is available, however depending on the coootry and Its location, 
otner materials locally ava1111>1e could be used. In "'f case, a solidly 
constructed powerhouse warrants a longer life ancs Is In tne longer term 
less expensive, as It will require less maintenance. 

The roof should be adapted and destpd tn acconllnce wtth local 
conditions, dependtng whether protection against prectptt.1Uon of water 
and snow or water alone has to be provided. The roof may also 9lf'Yt only • 
protection against the solar racltatton; final deetstons hive to be made 
accordtng to the local conellttons and tn sttu. 

Below the Powerhouse, provtstons Should be made tor the OtlCM ge of 
tne tU"t>tnated water, tn a Channel tnat c°"""lcates Cltrectly with the 
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tatlrace Channel. There are small differences of the transition zone from 
the tll"btnes to the tallrace chamel, depending on the type or tll'btne to be 
used, Pelton, Francis or Cross-flow tll"bines. However the differences are 
small and can be adapted easily to different alternatives. 

The ta11race seir Is a enamel that can be treated In most cases as the 
channels mentioned In chal)ter 8 of thts report 

• 
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EXN1PLE OF A CONVENTIONAL WATER INTAKE FOR O• 1 m.la_ 

An example of a conventional water mtake tor a a of I m315 lS present~ 
1n Drawing Nr. 40093-1-1 , 1-2 and t-3 

This examole present a water Intake with Its f oundat1on tn a ravourable 
r1ver bed Cso11d rock>. For the purposes of this example. a normal transport 
of sed1ments has been assumed and that tNs transport generally occurs · 
ma1nly dur1ng flOOdS. 

A maximtJTt destgn flood <Or1ax> or 12 m3tsec has b~ aooptea wrw:n 
corresponds to an approximately I 000 years r lood. 

The mtatce and the slu1ce chamel have been located on the eYt~al o~a 
of the river whieh provides a better catctvnent of clear water without 
sediments. and an easy removal or the sediments through the sluice 
Channel. 

Aprons on the Inside part or the river should contribute to improve the 
flow pattern Into the Intake; a r lxed we tr on the Inside part of the rtver 
bend completes the woole Intake system. 

The weir, the intake structure and the spillway as well as the slutr;e 
channel have been planned to be built in masonry. which ,,..r this type and 
size or construction ts tll1versa11y wen accepted, Is c~aPer to build ar.\J 
has demonstrated a good pertormance In several slml1ar ~1ants built 
elsewhere around the world.· 

The part correspona1ng to the gate and tc the trastt rack nave Deen 
planneo to be build with 11gnt remforced concrete PC-300. 

The sluice have been deSlgned with the ronowlng main parts: 

o An Inlet sm Cthat favoW"S the flow of sedtments> 
<> A sluice channei with a ~lent of S • 0.08 in order to ensure tne 

proper hydraulic regtmen and that sedtments wt II not clog-up this 
tmportant element. 

o A slu1ce gate of 1.00 m w·1dth and 1.00 m ne1gnt w1tn mecnamcal 
ooeratton, which can be hand operated but may be better eQutpe1 
with a small electric motor. 

<> With tile gate cpen, the capacity or the slutce channel allows to 
oass a maxlmwr. rree flow flUSh or J m3/sec. consider~~ a.; 
appropriate and sufficient ror this typ~ or Intake~ however this 
should be cheeked In each case tn accordance wtth the local 
tiydrologtc condttlons, and adapted If the flow Is larger. 



98 

The trash rack snould have an tncllnat1on or about 1 s· with the vertical, 
In order to a11ow maintenance, to easily clean the rack. 

The dimension or the trash rack 1s or 2.50 m width and o.ao m height, and 
the arrangement or the bars should be as depicted tn Fig. Nr. EX 1-1 

f1F1F1 
.,_ 

FIG. Nr. EX 1-1 Detatl or trash rack steel bars 

The gross velocity or the nowlng water before the bars have been 
assumed as 0.50 m/sec wntch Is a conservative value confirmed by the 
experience In other stmilar Intakes <This velocity ensures also that a 
minimum of sediments will pass through that rack). 

The arrangement of the slutce channel and the trash rack permits to have 
an appr~c1able amount of sediments deposit In front of the Intake and to 
ensure s2fe Intake operation with the necessary margtn of security. 

The depth and the amount of sedtments nave to be ckecked regularly tn 
order to provide perlodtcal flushing of sediments through the sluice 
channel. It ts Important to specify those fluShtng operations In the 
operation manual for the maintenance personnel. 

The gate should be operated at regular Intervals, Inclusive when no 
sediments are present, with the aim to assure Its proper operation at any 
time. A gate should not be allowed to remain unoperatlve for a tonger 
period or time thus avoiding its blocking. 

In case of necessity of inspection or reparation or the flush gate, a slot 
for placing stop logs made of horizontal elements has been provided. The 
stop legs can be tnstalled during a period of low water flow ;n the river. 

• 

,. 

• 
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The intake structure is prov1ded with aeration and access apening. 

At the entrance or the Intake. slots for stop Jogs have been provided as 
protect1on of the adduct1on canal during canal 1nspections. It ts perttnent 
to mention that dur'ng those inspections the slutce gate should be 
ma1ntalned In the open position. 

A control section of 0.60 m x 0.60 m permits to reduce aly excessive 
water Inflows during highflows. see Drawing Nr.40093-1-3 runeral 13. 

A sma11 sluice gate of 0.20 m x 0.30 m a11ows to clean any sediments 
that lnsptte of the security deV1ces provided could pass through and into 
the canal. see Drawing Nr. 40093-1-2 and 1-3. numeral 14. 

The Adduction canal has an extra buflt In safety which consist of a 
lateral spt11way, with a w1dth or 4.00 m. It wi11 take care of any excess of 
water that could occur during floods, avoiding any danger of overflow of 
tne canal. 

The crest elevation ts on level 199.70 m as.1. A s111 and floOd protection 
beam see Drawing Nr.40093-1-3 nuneral 15, wtll cut al"tf excess of 
water, forcing the water excess to spf 11 through the lateral spillway. 

The bottom of the canal has been set at the elevation 199.00 mas.I.. the 
slope of canal has been adopted as s • 0.0012. In order to provide a good 
subcrtttcal now regime Cit ts not recommended to use a ~tent on the 
sluice channel bottom, of less than S • 0.00 I>. 

The bottom width of the canal ror a normal design discharge or a • 1 
m3/s ts 1.35 m made of concrete type PC-300 and tnclfned walls made ur 
masonry or a 5: I tnc1tnat1on of the horizontal to the vertical <The maximum 
water depth should be 0.70 m>. 

The velocity of the water nas been assumed to be of 1. 1 o mis. 
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CONVENTIONAL UTER INTAKE FOR Q = I • 

LEGENQE 

t. SLUICE SIU EL 198.00 m a.s.J. IN MASONRY 
2.. SLUICE CHANNEL S = 0.08 
3. STOP LOGS SLOTS 
4. GUIDE WALL CREST EL. 200.60 
5. SLUICE GA TE 1.00 m x 1.00 m 
6. NORMAL RETENTION EL 200.00 m a.s.I. 
1. WEIR IN MASONRY CREST R 200.10 m a.s.I. 
a. APRON IN MASONRY 
9 .. INTAKE WING WALL IN tlASONRY 

10. TRASH RACK 2.50 m X 0. 95 m 
11. AIREA TION AND ACCESS OPENING 
12. FLOOD PROTECTION WALL AND OPERATION 

PLATFORM. 
13. CONTROL SECTION 0.60 m X 0.60 m 
14. SLUICE GA TE 0.20 m X 0.30 m 
15. SPILWAY W = 4.00 m 
16. FLOOD PROTECTION 
17. ADDUCTION CANAL Q = I ml/s 
18. 1000 YEAR FLOOD WATER LEVEL 

UlllfTID IMTl!Dlla......,.., ~ OltOANl%AnoN EXAMPf..! ' €S1 ... ....., ..... 
DRAWING Nit •HOH•t•t ==--·•-WICl81.11l ........ 

A#'. .., .. ,, .. , .. ,.., 

• 

• 
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lilt exMll>le or a coewentional Cnn-of-rlver> Intake for a Q • 26 m31s ts 
presented In Drawing flt'.4>093-2-1 I 2-S 

This Wll>le present a water tntlke with Its rcumtton located in a 
flVOW"ll>le mer bed at the end of a rtver section with small ~lent and 
gentle slopes. The rcumtton Is located on ~I and coarse sana. It • 
r1111 nent an 11111 Oii tlte solution for a w1e1e valley width, tn Wh1Ch part ot 
It his to be closeCI with a long, stde dam. 

It haS been asswneG that there are no large transports or sediments oo 
the rtver bed, but only same ~ fine sediments are carried by the 
river. 

,,,.. wlr • C These tine struct\ns haVt been deSigned in 
genet ally with a retnfon:ed cona-ete of the type PC - JOO. 

- . 
The weir has been c11S'9*1 to allow the passage or a 1000 yer flood, 

ror which It his been asuned that the water d1sela'ge Is or the order of 
22 m3/s, adopted as a normal average when compared with stmllar projects 
of this type and size. 

After the weir, a small stt111ng t>as1n has been deSI~ The bottom 
protection ts gtven with geotexttles and gablons. 

On the n~t side there ts a retaining wall with a face of 4: I <vertical 
to hortzontan wh1Ch ts a ravOU"able slope for an earthfill dam. 

It Is necessary to obtain samples from pits and trenches In this type of 
sons. In order to be able to def1ne the son pr '•Jertles and make the 
appropriate dam des1~ as wen as to determine the most suitable design 
crtterta 

The deSi~ criteria of small dams ts not covered in this reQort, 1t is 
beyond Its scope, However, the autnors rerer to the readers interested in 
this aspect of a project to consult the book publiShed by the Bureau or 
Reclamation of The United States or Arr1erlca, entitled ·oestgn of Small 
oams·. 

The sluice enamel haVe been conceived to pass a discharge of 1 - 4 
m3ts with free rlow and supercrttlcal conditions, for whieh It ts necessary 

. to give to the bOttom of the sluice channel a slope of S • 0.08 to provide 
the above-mentioned conditions and to guarantee keeping the slutce 
Channe! always free or sediment dePOSlts and ready to operate at any time. 
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The deSICJl or the sluice Channel erares the keeping clean or the area In 
front or the Intake entrance. Each time the sluice gate Is ooen. the 
sed1ments In front of the trash rack will be flushed away ~ the 
sluice channel provided enouf\ water dlseharge ts available. 

The sluice gate <see Drawing ~.40093-2-2 and 2-4. runeral 10>. haS 
to be put into periodical opet atton regulrly in order to ~tee a proper 
sluice operation at l/l'tf time, and avoid ..-Sirable sesprtses m an 
emergency case. In front or the sluice gate It ts rorseen and recommended 
to Install a stop Jog 9WVf that wl11 allow closing that part It repairs re 
to be made on the gate. 

At the Intake, the stll has been destpcl hlf\ enouf' to provide tor a 
excellent protection against the entl •tee or ,.avtl tn the Intake canal. 

The trash rack ts to be placed wtth an tncltnatton or 75•_ It ShOuld be 
constructed with steel bars. of 8 mm width and 80 mm het~t. spaced with 
opennlngs of 25 mm between barS. 

The ~ water velocity at the trash rack should not exceed 0.60 mis 
and the net velocity not exceed 0.80 mis. 

The intake gate <see Drawing ~.40093-2-1 and 2-4, runeral 16) rs 
dimensioned LOO m tn width by LOO m in het~t (the small section is 
necessary as a restriction In case or floods). 

After the entrance, tranqutllzatlon racks Should provide a reduction of 
the water velocity Into the deslltfng basin, constructed lmmecUate1y after 
the entrance canal. 

The deSlltlng basin for a conventional water Intake for a a • 2.60 m3/s, 
Is designed to be able to retain all granular material wtl1Ch nas manage'.! to 
pass the trasn rack, wltn diameters of 0.20 - 0.40 mm. The apron water 
velocity ts or tne order of 0.25 mis, wnleh means tnat this basin can clean 
all particles with diameter bigger than 0.20 mm. 

Particles with diameter bigger than 0.20 mm are known to be dangerous 
for the equipment, and espectally for the t\l"blnes tr they are of the Francts 
or Pelton type; tll"blnes of the Crossflow type are less senstttve to this 
type of particles. 

The matn dlmens1ons for a d1scttarge destgn of a • 2.6 m3ts are the 
following Csee Table 7.1 too>: 

a• 2.60 m3/s 
B • 3.SOm 
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L • 28.00m 
D • J.10 m 
W• 1.10m 
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Ftg. ~- Ex 2-1 tlllD •••tsnr If Jftl pnuum P•• fir 
Q • 2.11 •YI 

The AclelJCtion cal31 has been deS'ipd w1th the fonowtng ma1n 
d1menstons·Ctaken from Table rt-. 8.3>: 

l Bi L 

1 1 

l B. L 
1 1 

FIG. Nr.Ex.2-2 Cross section of canal example for Q • 2.60 m3/s 

a • 2.60 m3/s 
81•1.85 m 
82 • 2.45 m 
w • 1.05 m 
H •I.SS m 

The rad11 in the curves are recommended not to be chosen smaller than 
10 - 12 m, to avoid umecessary sp1111ng of water, or to avoid complicated 
curved secttons wtth vart_ed lateral gradtents. 

The slope of the canal should be on the order of o.oo 12, with a concrete 
bottom CPC - 300), w1th light retnforcement of steel bars; the walls of the 
canal can be made of masonry. 

" 



107 

COfflENTIONAL WATER INTAKE for Q = 2.Q • 

LEGENQE 

I. WEIR CREST EL 200.10 m a.s.I. 
2. COtl>ACTED CORE MATERIAL 
3. SELECTED FILL COMPACTED 
4. 6EOTEXTILE 
S. 6ABIONS 2.00 m x 1.00 m x 0.75 m 
6. LEFT RETAINING WALL 
7. SLUICE SILL EL IU.45 
8. SLUICE CHANNEL S = 0.08 
9. 6ROOVEFORSTOPLOGS 

10. SLUICE GATE 1.60 m x 1.60 m 
11. RETENTION: NORtlAL LEVEL 2000.00 m a.sl. WITH 

THE SLUICE GA TES OPEN DURING A I 000 YEAR FLOOD 
12. GUIDING WALL EL 201.00 m a.s.1. WITH THE SLUICE 

GA TES CLOSED. 
13. TRASH RACK 4.60 m x I. I 0 m OPENING SPACE 

BETWEEN 
BARS 25 mm. INCLINATION OF RACK 75 • 

14. AERATION AND ACCESS OPENING 
IS. FLOOD PROTECTION WALL AND OPERATION 

PLATFORt1 
16. ENTRANCE GA TE 1.00 m x 1.00 m 
17. HANDRAILS 
18. STAIR 
1g. SLUICE 1.10 m x 1.30 m 
20. FLUSH GA TE 1.00 m x 1.00 m 
21. STOP LOGS GROOVE 
22. SPILL WAY 
23. FLOOD SPILLWAY. CREST EL. 1ga_g5 m a.s.I. 

. 214,: RIP - RAP PROTECTION I = 0. go m 
25. FLOOD PROTECTION 
26. ADDUCTION CANAL Q • 2.60 ml/s 
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27. EXPANSION JOINT WITH WA TERSTOP 
28. SUPPORT SLAB 
29. TRANQUILIZA TION RACKS. 
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EXN1PLE Of A CONVENTIONAL WATER INTAKE FOR Q • l.5 ~ 

An examole or a convent1onal Water Intake CM-of-river tvoe> fur 
. a a J.5 m3/5 is presented in Drawing No. 40093-3-1 / 3-4. 

The fo\Jldation of the struct\res haS been as5lmed in a favourable river 
bed of so~ rock. 

For the design flOOdS, the following values haVe Deen adol)tett 

a ( 10 years> • i8 m3ts 

a ( so ;·ears> • 24 ml/s 

a c !00 years>• 30 m3ts 

a ( 1000 years) • 40 m3/s 

Three cases have been considered: 

Case J, By 100 year flood w1th C\Jas19' • 30 m3/s 

o The pr1nc1pal gate open 
v 0V£rflow above we1r crest 
o Approx. apstream water level 

Coste• 22 m3/s 
Owe1r • 8 m3;s 
200.85 m asJ, 

case 2. By 1000 yeN flood with Cam" • 40 m3/s 

¢ The pr\nc1pa1 gate open 
<> OVerf low abOve wetr crest 
o Appro>t. upstream water level 

· · Ooste • 27 m3/s 

Owe1r• 13 m31s 
201.20 m as.1. 

Cas@ J, Emergency case by a 1000 year flood 

<> Pr1nc1pal gate. Assumed closed CNot runct1on1ng or aar.-.~i:ai 
<> Sluice gate: 0"\:'.11 Oso • 5 m3/s 
<>Overflow above wetr crest Owe1r • 21 m3ts 
o OVerflow above princ1pal gate a PG• 4 m3ts 
<>Approx. upstream water level 201.50 m as.1. 

The wetr crest ts assumed ftxed on elevatton 20010 m a.s.1 rq,._ 
numeral I>. The f oundat1on has been assumed to rest on a sound rock 
surface. 

• 
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The lert sJde or the weir Is comecte<J to a retaining wall <see numeral 
2>. The main gate oi>enlng has 2 70 m width by 2.40 m height. and the ~ate 
Is driven with an electromotor. The sluice gate of 1.00 m by 1.00 m ts also 
driven with an electromotor <see numeral 4 and 5). 

The sumerged sill at el. 198.90 m as.I. <see numeral 6> allows ti) 
canalize the sed1ments into the slu1ce channel Csee numeral 7). The slmce 
Chamel has a slope of S • 0.08 which guaranties a supercritical flow 
through the sluice channel when the gate is open, carrying a maximum or 
sediments with a minimum of water losses. 

A division wall or guiding wall <see nlllleral 8> helps to maintain the 
water flow In the correct direction. 

The flood protection wa11 <see runeral IO> has been place!! witn 1ts top 
on el. 201.90 mas.I. wh1Ch ShOws that we still have a safety margin on the 
board of 0.40 m above the maxtmlln posstble water elevation of 201.50 m 
as.I. .. That situation could occlr In an emergency case when the main gate 
·'llls to open. 

The retatnlng wall right <see numeral 12) conducts the flow tnto the 
Intake. The trash rack has been designed with 5.30 m wtdth and 1.25 m 
height and placed with an inclination of 75• w1th st~I oars of 8 mm x so 
mm spaced 25 mm between bars. The raek 1s to be cleaned man1Jal ly 
regularly avoiding at any ttme the rack to be clogged with floatmg 
materials. 

An access and aeration pit of 0.70 m x 0.70 m Csee numeral 14) allows 
Inspections and control from the Inside of the structure. 

A water level control device foreseen for Installation on tne rignt 
retammg wall <see numeral 16), remotmg measures at any time the water 
level In front of the Intake structure. 

Arter the entrance gate or the water In.take, tt.ree rows or 
tranqul11zatton racks are provided Csee numeral 17) , the funct1on of those 
racks is to force the coarse granular material carried by the flow to Jink 
down, due to the tranqutltzatton of the water flow into the desilttng bastn. 

Foo:br1dges tor inspection and for serv1ce are prov1ded at tn~ ~ntranr~ 
of the desilting basin Csee numeral 18) and on top of the sluice gate and tn~ 
principal gate <see numeral 9). 

The destltlng basin has been designed for a design discharge of a • 3.5 
m3/s <see numeral 19). The main character I st I cs are; 

4) L • 32.00 m 



o W• 4.00m 
v D • 3.50 m 
o v • 0.25 mis 
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<> d • •.25 - 0.50 mm Cdes11ting diameters> 
<>Bottom slope• 0.03 . 
o FlUSh1ng gate• 1.00 m x 1.00 m <The ~tans of tn! 

flUShmg gate are the same as the detat ls g1v~ m t~ 
example of the water mtake for a• 2.6 m31s> 

All the operations of the intake can be condueted tn a centraHzed 
:ontrol room <see runeral 20> wh1Ch can have a d1rect comm'1ltcat1un to 
the intake structtre ~ a remote control cable Csee runeral 21 > 

A low tension energy cable <see runeral 22J provide the necessary 
energy tor the regular operat1on of an 1nstnrnents and the mecnarnzed 
gates. However the gates can be opeMd by hand in a case of emergency. 

A small water dotat1on gate of 0.30 m t>y 0.40 m wtth manual ooerat1or. 
<see numeral 23> allows to comply w1tn water requirements for ott1er 
purposes <water supply ror example>. 

• 
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EXAMPLE OF A CONyENTH»JAL WATER INTAKE WITH 
~ 

I. WEIR CREST El. 200.10 m a.s.I. 
2. DEl..lt11TATION OF THE ROCK SURFACE 
3. LEFT SIDE RETAINING WALL 
4. PRINCIPAL GATE OPENING 2.70 m x 2.40 m (B.ECTRO 

POWERED) 
5. SLUICE &ATE 1.00 m x 1.00 m (B.ECTRO POWERED) 
6. SUBtERGED SILL ELEV. 198.90 m a.sl. 
7. SLUICE CHANNEL S = 0.08 
a. GUIDING w ALL ELEV. 201.00 m I.SI. 
9. GATES OPERATION PLATFORM ELEV. 201.90 m a.sl. 

10. FLOOD PROTECTION WALL 
11. RETENTION: 

o NORtlAL LEVEL: 200.00 rn a.s.I. 
o FLOOD CASE I: 200.85 m a.s.I. 
o FLOOD CASE 2: 201.20 m a.s.l 
o FLOOD CASE 3: 201.50 m u.I. 

12. RETAINING WALL RIGHT 
13. TRASH RACK 5.30 m x 1.25 n: , inclined 75• 
14. ACCESS AND AIREA TION PIT 0. 70 m x 0.70 m 
15. ENTRANCE GA TE 1.00 m x 1.00 m ( WITH 8.ECTRO-

CONTROL), USED ALSO AS FLOOD CONTROL 
16. WATER LEVEL CONTROL 
17. TRANOUILIZA TION RACKS 
18. f OOTBRIBGE. 
19. DESIL TING BASIN FOR Q = 35 m3/s 

L = 32.00 m 
W • 4.00 m 
D•350m 
V = 0.25 mis 
d = 0.25 - 0.50 mm 

Bottom slope = 0.03 
UMTID NATIONI INOUSTlllAL ~NT ORGAMZATION 

~ ILICTWOWATT 
..... 

m-wllllvalLTD. 
.... IU ,,,,. ...., 
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Rushing gate 1.00 m x 1.00 m. (For more 
•tails of desilting installation see 
example of desilting for Q = 2.6 ml/s 

20. OPERATION HOUSE 
21. REtlOTE CONTROL CABLE 
22. LOW TENSION ENERGY CABI E 
23. DOTATION GATE 0.30 m x 0.40 m WITH MANUAL 

OPERATION 
24. Q.OSURE WITH a.AY t1ATERIAL. 
25. STAIR 

N.GL = NATURAL GROUND LINE 
R. B. = RIVER BED 

UNITID NATIONS INDUSTRIAL DIYILONINT CHIGAMZATION 
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EXN1PLE OF A DROP INTAKE FOR 0 • I ~ 

An example of a Drop Intake for a °*59' • t m3/s Is presented in 
Drawing No.40093-4-1 and 4-2 This Example has been worked out taking 
into consideration the requirement of a minimum of maintenance . 

The fO\lldatfon of the structt.re has been assuned. to be fn a sound rock 
of a mountain creek. 

Due to the fact that m moootam areas, little catctvnents can pro(llJC'! 
dlring flOOdS much hi~ specific disdlarges per square kilometer than 
medlllTI or large size catcrment areas, the writers. tor the P\ll>OSe or tnis 
example with a °*s9 of I m3/s , have asSllTled 12 m3/s for a I 000 ye-ar 
f IOOd as an average taken from sim t lar objects. . 

In a moootain area with a flood or 12 m31s a considerable amount or 
sediment transoort sediments, Is to be expected; It has to be seoarated 
from the water. 

For a water Intake with the above mentioned charactertsttcs, an amount 
of 1 to 5 m3 of sediments per day can be assumed, for discharges di.iring 
floo<Ss of 4 to 6 mlts. Those values are taken from the experience maoe In 
other similar projects. Thts amOU\t of sediments will require a mm1mum 
of one flushing a week and one flustnng inmed1atelly after every f 100<1 w1th 
discharges of the order ot 4 - 6 ml ts or more. 

The lncllnatlon or tne rack gives as 701 or an angle B • 35 •. which 
ensu-es a better separation of clear water from the sediments with 
diameters greater than 20 mm and dtseharges of water that are less than 
3.5 m3/s. For larger discharges; other design consideration have to be made .. 

Only sediments with diameters of O.S to 20 mm wlll enter the desllttng 
basin. 

The Intake haS a small f orebay excavated tn the rock, which ensures a 
more regular and quieter approach or the water flow . 

On the right side two openings of 0.80 m of width can be closed with 
wooden stop Jogs tntrOdUced Into the lateral slot3 foreseen tor tnts 
purpose. 

The intake opening has a w1dth or .J .80 m and 1s also prov1aeo w1tn stop 
Jogs slots, to allow the closure of the tntake entrance w1tn two elements 
or o. 40 m each. 
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This type of intake reQUtre a weekly control and from time to tim~ a 
cleaning or the rack to remove stones and leaves. 

O\rtng a 1000 yer flood the water wt11 pass at about 0.70 to 0.80 m 
aoove the crest or the weir. 

If there are any 1ndication in the morphOlogical feat...-es of the creek or 
river. that flash floods can ocetr. tt Is recommended to place the intake on 
a river stde. and to prepare an ~stream protection wall against the impcn:t 
or the flood Cthis protection wan could be made with gabions>. 

The des11t1ng plant w111 be operated manually about once a week and 
once after every big flood. 

After the f al I pit, below the rack, the water passes through the entrance 
canal and a trrottled control section Csee Drawing No. 40093-4-2. numeral 
9>. to control and to llmtt any excess or water now aurtng the flood. 
diverting the excedence or water through the lateral spillway constructed 
tor this purpose Csee numeral 18). At the entrance or the canal a flood 
protection wall Is located Csee runeral 19). 

• 

• 
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Hl611 tlUtJAIN INTAKE Nil QESILllN6 0 = I ml£I 

LEGEJt)E 

1. Forebay 
2. Intake sill elevation 1800.00 m a.s.I .• W = 1.80 m 
3. Temporary diversion. openning sill elev. 1799.25 

m a.s.1 •• w = o.ao m 
4. Stop IOCJS slots 
5. Placing device of stop IOCJS 
6. Trash rack S = 0.70 m. bars I = 24 mm. space 25 mm 
1. Entrance canal 
a. Access and aeration pit 
9. Control steel throtle 0.65/0.65 m 

10. Tnmquilization racks 
11. Oesilting basin. L = 22 m. W = 2.20 m. Q = 1 ml/s 

d = 0.3-2.0 mm. v = 0.25 mis. Wo =0.035 mis 
12. Handrail 
13. Flushing channel 
14. Flushing gate (manual) 0.80 /0.80 m 
I 5. End spillway 
16. Masonry 
17. Passarelle 
18. Flood Spillway 
19. Passare11e and flood control 
20. Adduction canal Q = 1 ml/s. S = 0.0012 
21. Stop logs 
22. Aeration 

UMnD NATIONl INOUl1"'AL D!Vl!LOPMINT ORGANRATION EXAMPLE 4 

&l ILIC'n'OWATT 
OltA .. DRAWING NR 40013· 4-1 
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EXN1PLE OF A FOREBAY FOR A Q • I ml/s 

For the assumed example w1th a des1gn d1sd\arge or a = 1 m3/s. a 
rorebay with a surface area of about 60 m2, and an average or 200 m 
ci.!Pth wtth a regulattoo reserve or 0.50 m has been aes1gned. see 
Orawtngs No. 40093-5-1 bts 5-J. 

The mtntmum depth of 2.00 m has been calculated using Gordon's 
equat1on • whtd'l prov1des a m1n1mum protecuon aga1nst the formation 
of vort1ces w1th the consequent danger of a1r entrainment 

The equat1on of Gordon 1s: 

where: 

d - 0. 70 )( v )( ./D 

d • Depth of water Cm> 
v =- Water velocity 1n penstock Cm> 
o • Diameter of Penstock <m>. 

(9.1) 

W1th a a • 1 m3/s, v approx1mately eQUal to 3.50 mis and a m1nlmum 
penstock d1ameter of O • 0.60 m Cwh1Ch 1s the m1n1mum diameter that 
allows an internal 1nspect1on> we obta1n a d or about 1.9 m or 1n rollld 
f 1gures, d • 2.00 m . 

The minimum area of 60 m2 is obtained from the exper1ence wtth 
other similiar projects Csee Table No. 9-1 ). 

The above dimensions give a minimum water volume In the rorebay or 
120 to 150 rn3, with a ragulatlon reserve or 0.50 m which Is a sare 
value obtained rrom experience. 

The entrance tn the penstoek Is provided a trash rack , whtch for a 
discharge or a• I m3/s require a minimum gross area of 1.70 m2 whtch 
gtves a gross veloctty or 0.59 mis. 

The trash rack is made or rectangular steel bars or 80 mm >< 8 mm 
with separations betwaen the bars or 25 mm, which a11ows a net area or 
approxtmately 1.30 m2. <As a rule or thumb, the net area is 
approximately 314 or the gross area ror this type or sma11 Intakes>. 
there tore the net water velocity Is or approx. o. 78 mis. 

The lateral emergency spl I I way has a regulation reserve oi o.so m 
and an addtttonal freebOard or 0.25 m as a minimum, which gives a 
possible overflow In an extreme situation of 0.75 m above the 
emergency sptllway. 
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In the case or an overrJow. and assuming that at tile same time 
thatthe tll'blne Is out or service <I m31s> the canal wtlJ continue tu 
bring water <another I m31s> and with a sarety reserve or o.s x a or 
0.50 m3/s. which makes a total or: 

Ospm • t • I + 0.50 • 25 m3/s 

assuming a depth or water on the spillway or 0.50 m • and know109 
that 

Ospm • C .f2g L H312 

or L • Ospm I C .f2g H312 

therefore L • 4.00 m , and using a Factor of Safety of 1.25 we obtain 
an 

L • 5.00 m Clength of the spillway> 

The form of the spillway ts calculated using the figure Nr. given 
previously, with an Hor 0.50.m 

For the calculation of the minimum water depth into the rorebay we 
use again the Gordon's formula: 

CS.ta• 0.70 x Y x JTj'" 

this time with a minimum design dtSd\arge of 

a• 0.50 m31s 
D • 0.60 m (diameter of penstock> 
F • 0.283 m2 <area of penstock section> 
v • 1.77 mis <velocity or water in penstock> 

d • 0.70 x 1.77 x .fO:OO • 0.96 • 1.00 m 

In the narrow valley used Jor this example, tt ts not possible to 
provide a compensation of water for more tnan 112 nour on top of tne 
pens tock, because the general cont 1guratton of nature does n"t all(\w 
this. 

Only In cases In wMch a flat area Is ava:table on the site?. wuuld It 
be possible to provide a reserve volume 1n the forebay ror I - 1.11:z 
hours of peak energy. 
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In some lsolate<i plants, energy Is provided only during certain hOu'S. 
without consumption In other hcXrS, allowing to Increase the production 
of energy, If enough pondage vol001e could be made available In ttae 
forebay or In another type of reserve con!iguratton, allowed by the local 
topographic conditions. • 

• 

.. 
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FOREBAY FOR Q = 1 mJa 

LEGENQE 

1. ADDUCTION CANAL Q = I ml/s 
2. ACCESS ROAD 
3. BRIDGE 
4. FOREBAY 
5. REGULATION VOLUME, SURFACE ELEV. 199.00 m a.s.I. 

Sm.x 12 m 
6.WATER LEVEL CONTROL 
7. INTAKE TRASH RACK 1.70 m x 1.00 m 
8. PASSAGE WITH HANDRAIL 
9. EMERGENCY SPILLWAY 

10. SLUICE VAL VE D = 200 mm 
1 I. EVACUATION PIPE D = 400 mm 
12. ANCHOR BLOCK FOUNDATION 
13. SECOND CONCRETE 
14. AUTOMATIC BUTTERFLY VAL VE D = 500 mm 
15. DISMOUNT PIPE AND FLANGE 
16. AIR VAL VE (RELEASE AND ENTER) 
17. RAIL FOR ERECTION 
18. STEEL TRANSITION 
I 9. EXPANSION 
20. STEEL PIPED= 200 mm 
21. WINCH 
22. TRACK (FUNICULAR) 
23. ELECTRIC AND REMOTE CONTROL 
24.ELECTRIC CABLE 
25. REMOTE CABLE 

UNITID NATIONS llllXISTlllAL Drl&OPMINT OllGANIZATION 

m ... 
ILICTllOWATT .. 
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EXNtl>LE OF A fOBFBAY FOR A Q • 2.6() ~ 

All example or a rorebay ror a deSlgl discharge or 260 m3/s is 
presented in Drawing No. 40093-6-2 

Characterlstl~ Intake type with max. slide gate or 950 x 950 mm, with 
electrical operation, with water filled gate shaft and side emergency 
overflow. The gate soots ciown automatically at a velocity excess In tne 
penstock; the gate can also be closed from the powerhouse. This solution 
presents an easy erection as well as control and repair. 

The dimensioning or the main parts has been made in a similar way as 
ror the rorebay for o • I m3/s presented In the previous ~xample. 

The adelJct1on canal <sc:e runeral I> has been calculated for a mlnim\111 
discharge or 260 ml/s that enters the torebay at the elevation 198.15 m 
as.I. <see runeral 31, The water Slrf ace cover an area of 5.80 m of width 
by a length or 18.00 m and the bay has a reserve margtn tor water 
osc1 I lat tons of o. 75 m. 

The Intake trasn rack haS been dimensioned 1.80 m In height by 240 m 
length, with Its center at elevation 194.50 m as.I. 

The emergency spillway has been placed with its stll at elevation 
t 97.25 <see runeral 7) 

A sluice valve of 250 mm or diameter <see runeral 8> has been fores~ 
for a manual operation. This valve allows a periodical cleaning or the 
rorebay. 

The complete f<Xlldatton or the torebay wtll be made with a reinforced 
concrete or the type PC-300 c see runeral 10). 

The head sl Ide gate 950/950 mm <see numeral I I> is reacned from the 
trash rack thrOugh the intake moutn which wt 11 be electr1car ly o~ted 
from the platform at elevation 199.35 mas.I. 

The gate Shaft <see runeral 12> serves as aeration or the penstock and 
In the case shutdown or the turbine; the water can pass through the 
emergency overflow Csee runeral 13) . The penstock Is designed with a 
diameter or 950 mm <see runeral 20>. 
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FORERAY FOR Q = 2.6 mJa 

IE6fNDF 

1. ADDUCTION CANAL Q = 2.60 ml/s 
2. FOREBAY 
3. FOREBAY OPERATION VOLUtlE WITH WATER LEVB. 

AT B.EV. 198.1$ ma.st, s.ao m OF WIDTH AND 18.00 
m LENGTH, WITH 0.75 m FOR POSSIBLE WATER 
OSCILLATIONS. 

4. WATER LEVB. CONTROL 
5. INTAKE TRASH RACK 1.80 m x 2.40 m 
6. FOOTBRIDGE WITH HANDRAIL 
1. EtERGENCY SPILL WAY CREST B.EV. 198.25 m a.s.1. 
a. SLUICE v AL VE 0 = 250 mm 
9. lfl.ET 

10. REINFORCED CONCRETE PC-300 
11. HEAD GA TE 950/950 mm 
12. GA TE SHAFT (FOR ACCESS AERATION AND 

OVERFLOW) 
13. OVERFLOW WITH EVACUATION CANAL 
14. LADDERS 
15. BEGINN Of STEEL CONDUIT 
16. ANCHOR BLOCK A-1 
17. EXPANSION JOINT 
18. WINCH HOUSE 
19. FUNICULAR 
20. PENSTOCIC 0 = 950 mm . 
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EXN1PLE Of A 6ENERAL LAYOUT Of A HJDROpt,ANT AND A 

PfNSJOCIC WITH Q • I ~ 

The general layout w1th a long1tucUnal prof11e of a hy<ropower p1ant is 
presented in Drawing No. 40093-7-1; it represents a complete insta11atlon 
for a small power plant for a a• 1 mlts. 

The choice of the intake and PowerhoUse location receives first 
importance. The Shortest ratio Cl1stance/~ss he1ght must be as sman as 
posstble. 

The location of the Intake requires a particular attention; ft wi II be 
placed at the ht~t possible elevation, taking tnto accomt the locat1on tn 
a bend of the river, lRler the best possible geological cond1t1ons, and a 
narrow cross section. The adduction canal ShOUld be able to flow from 
there with a favouable tracing t()l)09"3Phlcally and geologically 

This general layout assootes the retention and the intake structure at 
the elevation 200.00 m as.I. The water ts then conveyed UV-Ough an 
adduction canal Cwlth free flow> to the forebay at elevation 199.00 m as.I. 
and rrom there to the powerhouse through the penstoek of 135 m of length 
and a diameter or 600 mm 

A powerhouse with an lnstaHed capacity of 500 kW Is placed at the 
elevation 131.00 m as.I. 

A dynamic presstre of 251 of the total static pressure haS been added, 
to allow for PoSSlble water hammer effects Cit Is to be remember here that 
tn all cases the dynamic effect should be computed and It shOulC! be 
ascertained If a SU"ge cnamber ts required or not> . The velocity or tne 
water inside the penstoek ts 3.53 mis, which can be considered as sate. 
The penstock line between the rorebay and the powemouse Should be as 
ShOrt as posslble wltn tne most favourable ratio Jenqththetgnt In or\2er to 
obtain the maxfmun posstble velocity of the water In tne penstock . 
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.. TAKE 
Q • lm1/s 
RETENTION W.L. 200.00 

ADDUCTION 
CANAL (FREE Fl.OW) 

GENERAL LAYOUT 

--
POWERHOUSE 
50()kW 
AXIS EL 131.00 M 

Q • lm1/s •..__ _ _.,,.-~ 
s. 0.0012 
L • 250m 

SCALE 
0 IO ZO 30 40 50 IOOm ---

FOREBAY 
\V.L. 199.00 

UNITID NATIOMl INOUITRIAI. DPILOPMUT o•GAm.· .,., :·, ' - '(AMPLE 1 

~ 111 I D•AWING N• •oota-1-1 
.,. . 1U1U Al'•IL t 117 



141 

c 

• 

• 



142 

EXN1PLE OF A PENSTOCK FOR 0 • 2.6 ~ 

An example or a penstock ror a a• 2.6 mJ/s is presented in Drawing No. 
40093-8-1. 

The first part or the penstock is assumed to be installed in a sound reek 
roundation, tf\e second part Is assumed in a well consolldate<l alluvial soi I. 

A rorebay with a butterfly valve with a diameter of 800 mm gives 
controi a the entrante or the penstock. It is possible to place a slide gate 
instead of the butterfly valve. 

Two types of anchors blocks are presented, one ror the upper oart.whicr, 
founded in rock represents the most favourable cond1t1on for a penstock and 
the second ror the lower part rounded 1n overourden or a well conso11oateo 
alluv1al so1 I. This solut1on 1s only poss1ble 1t the geologtcal concttt1ons of 
the natura.1 sotl are stable enough. If ft is not possible to find a foundation 
In rock. and the saddles are to be rounded In the overt>urden; a slooe of s • 
0.44 Is a maximum to be al lowe<.t 

When no rock foundation 1s possible tt;e pipe must be completely 
embedded In concrete to make a low repartition pressure on the overburden, 
wt th a slope or the total length of no more than S • 0.60. 

The saddles are placed at IO. m Intervals, the penstock has a diameter 
or 950 mm with 6 mm steel thickness. The penstock Is assumed welded on 
site, each 6. m. The water velocity In the penstock Is 3.67 mis. 

• 
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EXN1PLE OF A PQWEBHOlJSE WITH Q • 2.6 ~ 

An example or a powerhouse with a a • 2.6 m3/s and an installed 
capac1ty or 11 JO kW 1s presented in Drawings No. 40093-9-1 I 40093-9-J. 

A tll1>tne or the Fr3\c1s type has been selected ror th1s scheme. 

The Powerhouse present the ma1n classical elements requtred for small 
and mini hyfhpower plants. 

Enough rree room has been lert avallable ror the maintenance and 
operation or the power plant 

For other types of t\l'bines, the discharge pit as well as the tall race 
ChaMel ShOul<I be ~ted according the requirements of the ttrbi~. 

The power house ·Should always be located in a protected area near the 
river, the tatlrace must be placed ht~ ~ above the level of a I 000 
years f1ood, and need an efficient protection against floods. 

The access to the powemouse should be e>pen all year ro\lld. 

The f <Xlldatton slab ShOuld be made with reinforced concrete PC 300; 
the stab11ity of the slab must be checked considering the max1mllll 
press..re at the butterfly valve dlring a Shutdown, Checking the pressure on 
the natural grcxm. 

The slab serves for suportfng the eQUfpment as well as a mass to 
dampen any possible vibrations during operation of the machinery. 

The structlre of the powerhouse must protect tne equipment and 
Instruments from the weather. 

The superstructlre can be bul1t wttn concrete or masonry blocks walls 
Cmln. 30 cm thick>; If the waJJs are constructed with cobbles masonry. the 
thickness should be of a mlnimtm or 50 cm. 

The position of the hook of the crane must be high enough according to 
• tne tncucations of the equipment suppliers <for assemDling ana 

disassembling>. 

The root Is made or transversal steel beams wltn a steel plate ror 
bearing, to allow ror the susPtnslon or the crane beam. 

The root structure can be made In wood or tn steel Cwltn enough 
contravent for the wind actt on>. 
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The cover or the roof can be made. if possible. of wooden planks ceiling. 
fiberglass Insulation or corrugated metal Sheets. 

The bottom floor or the powemouse ShOUld present a clean sw-tace, the 
cable channels ShOUICI be protected with steel covers. 

The access door has to be <lest~ la-ge ~to permit the passage 
or the largest pieces or eQUtpment · 

The powerhou';e In general should have an adequate cntnage system. 

Adequate ventilation or the powerhouSe ShOUld be provided with roof 
vents or other similar elements. 

The Tatlrace should be as short as posstble, the overflow has to be 
deSI~ according with the specification or the 5'c>l)llers. 

The stop logs slots should be made on the concrete walls to allow for 
fut\R possible stop logs Installation. 

A good f Cklldatton Is required at the connection with the rtver, anci a 
protection, tf necessary, wtth rip-rap. 

• 
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THE PQWERHQUSE FOR Q = 2.6 m3a 

1. Penstock 
2. Anchor blodc 
3. Butterfly valve 0 = 900 nun 
4. Oil pressure unit 
5.11anhole 
6. Turbine 
7. Generator 
8. Ay wheel 
9.Govemor 

I 0. Generator neutral cubicle 
11. Sta.-t and stop sequence 
12. Exitation 
13. MCC 
14. Generator switchyard 
15. Service transformer 
16. Main transf onner 
17. Batteries 
18. Liqht-power ·DC 
I 9. Remote control of waterway 
20. Cable for low tension 
21. Remote control cable 
22. Aeration of the tailrace 
23. Fence door 
24.Access 
25. Access door 
26. Erection area 
27. Draft tube 
28. Discharge pit 
29. Stop log::·groove 
30. Tailnsce 
31. Window and ventilation 
32. Dewntering pit 
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33. Lean concrete PC 200 
34. Reinforced concrete PC 300 
35_ Steel beams 
36. Cran 6 ton.. 
37. Concrete masonry blocks 
38. Possible noise insulation 
39. Timber work or steel work 
40. Roof: corruqated metal sheets with fiberglass 

insulation below 
41 Rip-mp 
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