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1.    Introduction 

Por any eoonomic development of the country the offering of low-priced 

electric energy is a basic requirement. 

Optimal planning and exploitation of hydro-electric power potential is 

a complex and enormous task, particularly when one considers the 

numerous possibilities of transferrinf water to neighbouring catchment 

areas; problem to decide how the various river systems could be 

appropriately used or most advantageously combined; selection of project 

location, water supply installations, civil, mechanical and electrical 

engineering; feeding electricity to priority areas, etc. 

Not the construction of larger power stations alone will in future 

determine the picture of energy generation but more than previously 

the erection of small plants utilizing the possibilities of a region. 

Large power stations with the associated infrastructlire for the 

distribution of the energy can only be oonsidered for limited, already 

developed areas.    They cannot supply remote areas of the flat land. 

One construction and maintenance of the required transmission networks 

would be too uneconomic* 

The subject of this report deals with the necessity and 

advantagea* of installing small hydel projects, methods of planning and 

teohnical design with a layout showing the set-up of a power station, 

application of major equipment involved in     hydro power plants like 
turbines,  generators, control panels, transformers,  etc., a check-list for 

elaborating tenders and important basic technical datas suoh as height 

of fall (head), layout - flow water quantity, power speed, *•**, 

transformer capacity etc, which must be collected at the planning stage. 
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2.    General Overview of Kvdro-electric Power Plants in Various Countries. 

Small hydro-electric generating unite have vindicated their utility, 

BO much that email hydel power generation is not considered an eetablished 

practice in many countries, including the most advanced and highly developed 

onee.   Economically viable, the hydel units have been found in practice 

ample rewarding.    Indeed, in secluded, hilly and inaccessible areas, the 

only promise of an electrification programme comes from the use of small 

hydel units. 

On the basis of statistical data md informations available upto ndd 

seventies,   hydro power plants upto 1500 KH capacity installed and 

tinder construction, in various countries are as under : 

Country 

1. 

2. 

Austria 

Approximate Ko: 

over 950 

of units in operation 

Burundi over   15 
(Southern part of central Africa) 
Important 
Rivers are: 

Rusizi 
Tributaries to the 

Rivers falling into 
Lake Tanganyika 

Malagarazi with 
tributaries 

Alcanyaru with 
tributaries 

Ruvubu 

Tributaries to the 
Ruvubu 

many are being considered 

Burundi has a note- 
worth' water power 
potential. The potential 
worth developing, i.e. the 
sum of water power which 
could be utilized with the 
present state of the art at 
favourable cost compared with 
other energy sources, amount 
to more than 400 Mf. 
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Country Approximate No 

3« China over 2500 

4. Colombia over 38 

(Northwest corner 
of South America) 

Important Rivers ares 

Bógala 

Patia 

Magdalena 

Cauca 

Sinu 

Putumayo 

Neta 

5* Czechoslovakia over 48OO 

6* France over 800 

7* India over 2000 

8. Italy over 1?00 

9* Jap*-» over 170 

10. Norway over 500 

11. Sweden over 1000 

1?. Switzerland over 350 

13. USSR over ?250 

14* M. Germany over 800 

of Units ii operation 

A few are under 
planning stage* Since 1975« 
as part of the programme of 
technical co-operation between 
Colombia and Germanyt a joint 
German - Colombian study group 
has been drawing up a systematic 
inventory of the hydroelectric 
power potential throughout the 
entire country. 

A number of low head and medium 
head installations 
are being progressed« 



a'iie i;icr<:>ar.inp demand for  .fi ectri.e j>ovir mafces it necessary to utilise 

even small street;.,    The economi;. oporatioir;   >f ¡.urtali, installations 

présupposer, law initiai  roí-t:^   the hi^ieRt defrxx*e of perfection of fche 

machine arw1 equipment,  -.m.tallat:.c>i:i and the best partible irL i li nation of 

the wate*" pouer*    Th.:•:!*? requirßj-.eiv,;;;.  have led io tire developments of a 

type of water tviroine ¡o-nch utilizer  iifficicrrUy for electricity generation 

the power contcr.ru:  of :-;;Iï£\11  ?;-•: i-ar-r;,, 

Exploitât! ort of iiyâro>-elect:^ c  rmwu- in tiara!. ? y coíirtrtnod with enormous 

darra, pipeline? ;md po*K?r pirrits,    ¡ììHITUI plani;; r-eivesont an alternative 

ajid acidi-!; icoal soluti or, to iae in.creaa:;.n,p demand for energy*    The 

followittf- are the rnc^srvry raints  far incitai la ti on .-rf r,rrall hydel projects 

in the developing count ri es - 

3ul.    It  Kaiiif«  increaiäe rural electrification from villas   ¡;o villane 
aiid predace v::Vith Rie, proFr^rlty fc:i   'lino countryside "by lifting 
wr :,c.- Lo f;if!,', and.  Oleici.   v;.;i. V turning; ti M w'teelr. of rural inchtBtry. 

3»2.    --"•-?:3 •'- ;l.a ret  y>rL.r'-i';y if  blu?." h.v!   <;rou'nd water and,  therefore, 
s.gri cuit xr' „\ potential;;   raw nafccrial arid ;:.,ú.:L1G ¿id.,  there fort!. 
induriti i.it r:ter:;i, 1, ' 

3»3*     îhc •;:ro-..r.;1.  couLi  b:; con« id •••re.i i/i it»-:: two-fold inspect - (l) 
prviciwoc- 3;al v?j   er    .irmr.    v->   riho villas at;   producer,  electricity 
wouL.  comi   ::'. ix ;x-:j.c inpai „    ?,. xh« villus ?.»» consumer it  would 
*or -i a'¿ a  ''anic  rr.-iiy,    '/ilk.«»«  el e e4, ri. fi nation would then become 
Bornofinr wh Veyon-L .O-SSJUC ax.c. -tr»-*t V.jrhtin/i;.    It would be 
ru•;•.!, cl"r'-,.H.Ji..:.cat-.',.:  in •'•;,.    r^.l^-, re,. ,r ;¡f   ,}>•> phatse, 

3.4.    The •:viili.aat:on   ::(" rivc-i-..,  L..¡;.reá;-3 rnd  a.-aai  dmp;  for powr ,"*:ne ration 
hay :.;;'ï!ci&L ?r;po..-'tu,r:oc  for ,.ji af:ri cu'-' tn.ral. country. 

3»%    SBEì.?'! ¡vp!r:.?  -,   jr^-'s rrn   hr   .-..-, n :.y r^nu; ad;w ì by various developing: 
cow. :tn.<:-- viM.v.;"... u,p^rtijif: nuoh of equipment»    This wwili then 
supplemer.t power r---ierater by 1 ,.r;Tc: povj-r station» ac electricity 
WOUJXL 'be aw.:".!,." lo in  Sfiori Iü^Lí, of time.. 

3»6.    'Ihr. avallabili¿y of local  ¡over  ¡.uxs:. be of fTeai asrnmaree in fact 
construction of  biyfxv aamr -und  resservi or« r^gtured  for lar^e    ydro- 
electric jewer atatioas, 

3.7.    Obtaining el.ro+ricity *>OIT. fa- ..iirtypc^,,  far ,;1 -ßw scnttfered wells 
ana •-ie:.g!il.i>^r:.n(7 a.--ac,   ri«'!'i los ces in t'i .iniiminaion and di ¡3 •'..rihuti on 
netpo-ta;.     Txjcal pcinr  frr¡aeratici through errali ii„yüro projects can 
help in -"clMci::;^ thor;e Icií^c-fj. 

3.Ö.    Fîyclel renourcee in the for':, of rsrca] 1 rtrc;a,M and :iwn are available 
in ebjr.<i;i-;~> in hilly .?r.d :w:M.uri.ta:¡.noti.r, rvfriona.,,  wiiich ran be   tapped 
'through errali hytlro-elert.ric power plcjrt;:-,   mei help -'he valley 
inhaêitanta« 

i 

t 
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1.9»    In many developing countries,  forest wood is being used for 
burning fuel.    The availability of electricity would save the forests. 

3»10.  Lastly, small hydro-electric power plants can be used in large 
hydro power .projects us anixiliary power source during emergencies. 

4«    Advantages From Small Hydro-piectric Power Plants 

Eleotrical energy generated by power stations throughout the country haß 

to bo distributed to many millions of outlets in factories and houaeE, 

transport systems and offices, Bhops and hospitals.    More power stations 

are under construction and distribution network is constantly being expanded 

to supply electricity to large industrial complexis,  to metropolitan, 

transportation systems, and  communication system but less thought is being 

piven to rural areaH. 

4*1«    t"~' more than tiOfc of the world's poorest people   live in rural areas, 
rural development should be a priority means ol  eradicating poverty 
in xhe developing world.    By suppling electricity to the villagers, 
they could benefit and initiate cottage industries and small enter- 
prises.    Ine small enterprise sector is important in several ways. 
It is a rich potential Bouree of new employment opportunities, and a 
rapid means of utilizing local resources and saving foreign exchange. 
An officient small enterprise sector goes hand in hand with the progress 
of large industries - especially in rural areas and the service 
sectors.    Yet small enterprises in rural aroas tend to be neglected. 

Reside increasing tho employment facilities here below are sorce more 

advantageous from small hydel projects. 

/¡.?.    Hydro-electric power plants are clean and pollution free. 

4« 3»    Hydro power is a renewable resource and manages it's own transport. 

4«4«    A small hydel project requires a moderate investment, depending on 
capacity of the plant.    Furthermore, it has low running costs. 

4«%    The load demand of the rural sector from the bigger power stations 
will bo reduced, which would assist in reducing power shortage in 
factories and major operating industries.    Furthermore,  production 
of individual plants would also increase. 

4*6.    Energy is converted  close to the consumers, hence short distribution 
networks and saving of transmission overhead lines. 

4.7.    Hydro power plants can be manufactured indigenously which would result 
in saving of foreign exchange and avoid depending on import deliveries. 

4*8.    Tfco small units would speed up rural electrification programmes, 

4»9» Significant socio-economic environmental changes would take plage 
vhich will increase the standard of the local people for a better 
living. 

4«10« Lastly, Binali hydro-electric power plants are idealy advantageoue 
for rural development, planning and Bmall cottage industries. 
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5«    Planning and Layout  of Hydr-j Power i;talloni, 

There has been a slow down in the "building of oil-fired power stations 

and a Btep-up in the number of hydro—eloctric stations to meet the proving 

need for power. 

The planning, design and layout of liydro-power projects  cover a wide 

field which embraces all "branches of conventional engineering»    Civil, 

mechanical and electrical engineers must  co-operate closely in order to 

obtain the "best solution  for the project.    The field of work embraces: 

Preliminary studies;    design planning;    detail  planning;    overall con- 

stilting and co-ordination of engineering work;    preparing of invitations 

to tender and construction supervision;    constructional measures with full 

responsibility in the erection of turnkey installations;    foundations; 

hydraulic probierte;    hydraulic structure:;;    civil and mechanical engineering 

calculations and design for building ano industrial constructions;    progrese 

and time schedule supervision using network planning techniques. 

The activity of the hydro-power engineer starts at a very early stage.    It 

is often he who instigates the systematic development of an entire river 

or makes proposals for the electrification of extensive regions on the basis 

of the existing water resources.    Hydro-power has c 'ten been the point of 

crystallization of new industries or hac introduced industrialization. 

In conjuction with irrigation requirements and discharge regulation«  or 

the diversion of water to the catchment areas  of other rivers, it forms 

part of large-scale water resource planning,  increasing in importance with 

the increasing density of population oocuring everywhere. 

The layout of a hydel project is much simpler and can be constructed with 

a moderate investment. 

Appendix No. 1 shows the layout of a small hydro—electric power plant, 

comprising of a turbine, a electric generator, control panel,  cables and 

a transformer.    Application and functions of the above equipment are 

explained in the following point No. 6. 

Appendix No. 2 shows a general outlook of a hydro-power station. 

Appendix No. 3 shows the view of a small hydro-electric power station. 

A single-line diagram in Appendix No. rj shows the electrification of 

the equipment. 

The above appendices with sketches and diagrams have been prepared 

for the developing countries in order to make the subject of hydro- 

electric power station look simpiar and understand* le. 
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Th% diagram below gives a visual impression of the more common output 

oomWaations for the Francis turbines.   Using the diagram, one can 

easily make a first rough estimate of the available power in the water 

stream« 

As an example we see that a water flow of 2 nr/sec at a head of 30 metri 

will give 300 KW. 

Head ( m ) 
too 

?0        -TO    «Ü Î.3 

Waterflow (nr/see.) 



- ö - 

5.1 •    Technical Design of the Small Hydro-el o et ri e; Power Station 

Prior to mv-itioranr t'hr> technical 1 -et ort- of «ma, l'I   ivy, no-elect ri e power 

stations some of their favourable ecological points should "be indicated 

which havr» gain- . ir import rince not only in our countries but to an 

increasing extent also in developing countries. 

Hydro-electric power plants; conserve the environment and do not cause 

water pollution.    On the  contrary, in its passage through the turbine 

water is aerated aria enriched in oxygen causing a better self-cleaning 

effect supporting the biological life and abundance of fish.    The necessary 

damming of the water together with a controlled outflow have a favourable 

effect in the catchment area both on a normal,  relatively constant ground 

water level and the storage for ensuring the water supply. 

There are in addition, the provision of evaporation areas and the 

consequent improvement of the micro-climato.    It can easily be seen from 

these révisons that neverl reservoirs along a river favourable influence 

the water economy situation and that they have,  in planniug rural 

development, a tack not to be underestimated. 

View of a ¡small hydro-electric power plant 

Z'-f-A >-<r-*^=|^ £$ 

-SPP*        -^y^^   ' "5) 

tfi^y^r^. -.-. ^      - r-r-—J» f. ff. ^ 

1« Reservoir 
?. Dam 
3, Inlet channel 
4, Control gate 
5, Surge chamber 
6« Retaining grate 

7, Pressure pipeline 
8t Power station 
9« Turbine outlet 

10, Bed of stream 
11, Electrical transmission line 

The above- figure show* the principle of a hydro-electric power station« 
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Planto of this kinJ ,iic generally eoixotructcd "by tho or3ratore 

themselves,  corammi Lies,  amali industries etc. with ih o aid of local 

workers and without   ruioh of foreign a»ujn..tance« 

The river water as  shotm in the  fi guio -.io damused by a dam and  panned 

through m inlet  channel  to tlij nurge  rhnmber with  co .it rol pato ;jtid 

retaining grato without r. igni fi cant bí.aa IOBS.     The rubcequent  pressure 

pipeline   drops to  'he turbine •Vir.nt  converting the water energy into 

useful mechanical energy to drive IK ten i neo, Me«ç. gone rat org« 

Bams are constructed uninf; local  material and arc called gravity dams 

which can take up tho liorinoiv""',ly r.cting water preer.ure in the reservoir 

"by their own weigh?..    Tho purge ohember haD to pam  the water to the 

pressure pipeline  e ft or a nirirle grate has retained  lißturbin,"' nunpended 

foreign natter.    Th > turbine plant can ho stopped by operating the control 

gate.    The water •-. :orgy is  converted  in the pressure line into velocity 

energy.    Suitable tipe cror.n-rectionr;  arc recommended by the turbine 

manufacturer.    To  takr» up the shear forcer, it  ie ni.mplect  to bury the 

pipelincn. 

the  flow turbine ha.:; leen rocogniz- ' vorldKido a«  the machine nuitable 

for small hyuro-eleoi-.'o  p•),vr sta^Av. »..    li u;., invented by the 

Auctralian engineer /;.C.Tî, Uichell in I901, a^id v-.~.  further developed in tho 

meantime to the prerent nv•Purity by the Onsbcry Jurbine Works in Weieeenburg, 

Bavaria, Fed.oral Republic  ci German;*.    ItB worki-- prinoiple ooneiste in the 

water flow being pp-ie«." through an ¡.djuBtnblo oci t :ol apparatUB and penetrating 

through the blade  rim into the interior of the cylindrical turbine 

rotor, panning through it and leaving it again.    The remaining head 

difference to the tail water can be utilized by the subsequent suction 

pipe, a fricticn-losB ventilating valve controlling the head of the 

suction water colurrn. 

The special feature of thin design is that tho cylindrical rotor can 

be designed  for strong seasonal fluctuations of the diving water volume 

which ir¡ almont always the cano in tropical regions, as cells for dealing 

with snull,  medium and large water volumcB at  favourable efficiency. 
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This produces an excellent partial load behaviour for the optimum 

utilisation of the energy offered;    an efficiency of about 8<# can be 

reached from l/6 of the rated water volume upwards.    'Ihis high adaptability 

is the special feature of this type of turbine for small hydro-electric 

power stations in developing countries. 

Por power generation in island operation a three-phase synchronous 

generator is used, smaller aggregates being assembled in the works  for 

installation mounted together with «peed controller and fears on a base 
plate. 

Because of the favourable speed range of the flow turbine the mechanical 

output supplied can of course also be used for directly driving pumping 

plant, mills, sawmills and agricultural machines. 

The turbine is designed as suction pipe turbine with <two cells.    TVJ control 

rods connect the control apparatus of the turbine with the lateral speed 

controller.    The gear with the flywheel is an extension of the turbine shaft. 

The shafts ? <,«A from the gear through coupling to the venerator and pump 

which can selectively "be connected and disconnected. 

This type of turbine meets the requirements of small power stations.    It can 

be installed by local workers and maintain for decades in the continuous 

operation with the simplest means because of it's robust construction.    Freedom 

from maintenance with only a yearly lubricant change is an added advantage. 

Here below is another example of a manually controlled small hydraulic power 

generating unit supplying current to fanne, detached dwellings, mountain 
hotels, weekend chalets, etc. 

The Bketch hereafter ìB a miniature power plant accommodated in a neatly 

designed housing of about I.5 cubic metro volume for supplying energy for 

smaller premise« where water is available in quantities of about 30 to 85 

litres per second. This is an economic substitute for diesel units and other 

power generators which are costly to run continuously. Unit construction 

requires a minimum of foundations. It only needs connecting to the pressure 

and draft tubes and electrical gear for starting. 



- 11 - 

1       —   I     "        .-•' 

:>:TS ••V'": r    .•••<•'••''••'•'• •"'"'* v • 



- 1? - 

6.      Application. Description ana Fonctions of Major Equipment 

Application 

Experience in many countries of the world has proved that the electric 

power generated by harnessing even email water dropn is an attractive, 

economical preposition.    This hydel power can be derived from water 

drops is an attractive, economical preposition.    This hydel power car* 

be derived from water drops available in various forme: 

a. Small rivulets, streams and falls. 

b. Irrigation releases and distribution canal drops. 

c. Effluent releases of chemical planto. 

d. Cooling water releases from thermal power plants, 

or at sites where he., d is available. 

The power generated by harneesing the potential energy stored in 

these resourcee can be usefully employed  for electrifying small villages, 

isolated industries, defense camps, valleys cr contractors* camps. 

It can also be utilised for battery charging equipment and tele- 

communication equipment. 

Many countries are now developing vary smell hydro-electric 

generating units, called micro-hydel unite ir. 'i KW,  5 KW. 10 KW 

and 25 KW. 

These micro-hydel units are usually aoeigred for heads of 3 metres, 

7 metres,  10 metres, 15 metres, 60 metres,  100 metres, ate. 

The outstanding feature of these unity ir> that except for a few 

components like runner, casing and guide vanes, all components are 

common, irrespective of the ratings of the units and also the heads 

against which they are designed to operate. 

Description and Functions 

The hydro-electric power plant consists of the following major 

equipment - 

6.1 - A Turbine 

6.1.1 - Butterfly Valve 

6.1.2 - Governor 
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6.2 - A Generator 

6.3 - A Control Panel 

6.4 - A Transformer 

6.5 - Cables 

6.1- A Turbine 

The water turbines are broadly categorised into two types, namely - 

a. Impulse Turbines 

i.    Pelton wheels 

ii. Turgo impulse wheels 

b. Reaction Turbines 

They are available in enclosed and open type - 

i.  Francis turbines 

ii. Propeller turbines 

iii. Kaplan turbines 

The above two types of turbines are shown in Appendix No.4 indicating 

the r  3urement of gross head in reaction and impulse turbine 

installations. 

The moot commonly used turbines in the small hydro-electric power 

plants are the Francis turbines. The selection of the type is 

always governed by the parameters head, speed and output of the unit. 

The parameters generally decide what type of turbine Bhould be 

installed for particular site conditions. 

However, as a general rule, it is noted that for higher heads impulse 

turbines are used, where aB for lower heads reaction turbines are 

used. 

Basically, for small units, a turbine io of the vertical type and has 

a spiral casing. The flow of water is controlled by the governor 

which operates the guide vanes. The turbine runs in various 

selected r.p.m. and is directly coupled to the generator. 
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The spiral casings art-' of  .•-,.*»+ fro-.- rmstnicticr 'fr." nrîller unita) 

and for larger units they are of the welded steel const met ion. 

The turbine runners and guide -'./«mes are alao made of oai?t iron or 

bronze depending on the duty conditions. 

6.1.1 - Butterfly Valve 

The housing and diso aro made of welded sheet steel. The 

housing of the valve is connected to the inlet section of the 

turbine by a flange joint. The connection with the penstock 

is usually welded. 

6.1.2 - Governor 

Hydraulic turbines which are coupled to A.C. generators require 

close Rpeed governing in order to keep generated voltage and 

frequency constant. 

The governor consists »if a centrifugal pendulum.    The 

centrifugal force set by the weights is opposed by a spring* 

The moving sleeve of the pendulum slides on the shaft and 

is connected through links ana levers to a deflector which 

diver's the jet from the turb'ie runner when thr speed tends 

to rise. 

In hydraulic turbines the governor also has to control the 

speed by regulating the flow of water which is in massive 

quantity and obviously calla for large force.    The water 

turbine is usually designed to control these water forces in 

a way that keeps the speed variation at the minimum and the 

pressure rise in the pipelines   within permissible limits. 

6.2 - A Generator 

The electric generator and the electric motor-generator and 

motor for short - are electric machines used for energy 

conversion. 

The word '•Generator'* is derived from Latin and means "Producer". 

The electric generator, earlier known also as dynamo, converts 

mechanical energy into electrical energy. 
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The electric generator, an electromotive forco (voltage) 

is induced by changing the magnetic flux in the winding turne 

either by moving the turns into magnetic field or the 

magnetic field with respect to the turns« 

The voltage produced drives a current through a load. 

The principle of energy convercion with generators is shown 

below with a sketch: 

Genero tion o f 
e ] o e t r ì e a 1  e n e r,';y 

nicai  energy 

J-phase,   Electric  generator 

One could write a lot on the subject of 'electric generator* but 

to be more precise and to have a general idea the author has 

restricted himself no4, to moke it a "'enjTthy ohapter by 

showing in - 

Appendix Ho. 6    - Exploded viev of a generator 

Appendix No» 'J    - View of n synchronous generator - 
rotor withdrawn from  stator 

Appendix No. 8    - Synchronous /ionerator-brushless with 
unilateral ventilation 

Appendix No. ft    - Synchronous generator-brushless with 
bilateral ventilation 

Generally synchronous generators are used in majority of hydro- 

electric power installations.    Hoover,  in certain instances 

where units have to operate continuously in parallel with 

local supply network, a much simpler arrangement employing 

induction generatore may be adopted. 

Generators are available in two types of construction - vertical 

and horizontal with stationary or rotating poles. 

In case of all small machines, static self-regulating and eelf- 

exciting system provides D.C excitation in controlled form to 
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the generator fiala.    This eliminates conventional rotating 

exciter and voltage regulator.    The static excitation system 
consists of following components: 

i. Series current - transformer 

ii. No load adjustable air gap choke 

iii. 3-phase bridge connected rectifiers 

iv. A set of delta-connected condensers 

Por rural areas in the developing countries, this has the most 

outstanding salient feature, that the static exciting and 

regulating system is the fast and accurate response which 
keeps the voltage fluctuation witiin close limits. 

In the planning of an optimal rower supply system many criteria 

oust be taken into consideration.    Different excitation methods 
are employed including D.O. main and auxiliary exciters, 

brushless excitation with rotating rectifiers and also static 
excitation. 

Kerebelow are the important constructional features of a 

synchronous ^orator, which have not been forgotten but ««, 

he explained and designee according to the requirent »f 
the project: 

r•-..  h-a-tion of the stator 

- Laminated core 

- Stator winding 

- Rotor 

- Rotor winding 

- Impellerà 

- Excitation currert circuit r.nd slipring« 

- Bearings 

- Bearing shells 

- Oil system 

- Insulation 

- Cooling-air circuit 

- enclosures 

- Brush and "brushgear 

- Anchoring 

Por further technical data see point 8 - check-list of this report. 
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All the rneaîxiring  instruments!,  indicatore and control devices, 

necessary for the control of the generating set, are mounted on 

a panel in the control, room of the power plant.    This panel is 

designed as a switch hoard with fixed frontpanelr and doors 

on the backaide.      It should he possible without problems,  to 

extend thic swit onboard, for adaptation of a new generator/ 

expansion programme» 

For smaller unitH, as a general practice, the following 

equipment and. inut rumente are provided ar; part of the 

generator control board: 

- Air-break automatic circuit breaker of evitable rating 

- Ammcterr. with selector «witches 

- Voltmeter  with colector switch 

- KW meter 

- Power factor meter 

- Synchronising bracket for other units 

- Synchronising selector «witch 

The control room should also be equipped with alarm system 

and protection devices. 

6.4 - A Transformer 

The transformer can be a standard three-phase oil immersed or 

dry type transformer, suitable for operation under the climatic 

conditions prevailing in the country. 

See Appendix Ho.  S showing single-line diagram for the set up 

of the electrification of the plant.    The ratings are not given 

as they would vary from the power ntipply received. 

On the hi(* voltage side of the transformer normally an 

isolation switch i e mounted.    This is either installed in the 

station or in the first mast. 
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Similarly as stated in point 6.2 under the heading 'Cenerator* 

herebelow are the importarti constructional features of a trans- 

former which could be emphatdzed and discussed at the designing 

stage of a power plant : 

- Main data 

- rating 

- frecpaency 

- type of connection, etc. 

- cooling method 

- losses 

- insulation 

- design, and constructional features 

- core 

- windingc 

- tank 

- bushings 

- off-load tap changer 

- wheelc 

- conservator and breather 

- valves 

- terminal cabinet 

- neutral ground and lightning arrester 

- transformer oil 

- buchhol« relay 

- dial type indicating thermometer 

6.5 - Cables 

The cables should be installed in accordance with the rules and 

regulations of the country's standards. 

Preferably PVC and paper insulated cables with copper conductors 

should be used in all types of hydro-electric power plants. 

Type of cables to be used: 

Por the connection from alternator (generator) to transformer 

(in case of generator being of the high voltage type) and high tension 

switchgear, paper insulated singlo core cables should be used. 



- 19 - 

1* condors, preferably should be of coppe, conductor. 

Cable Yielding should be funded on one end. 

Low voltage power cables, 

Multieore cables, 

Cable fittings, 

Cable racks» 

7,     Systematik Approac» <*»»»-   — • 

*• »i0/.+T»iritv. the substitution 

of the neeo. to proies in*- c" .+«,-, +ft 
Of ;« po«r Plant, c^puHory, they a!so force operato« 

optim« the operation of existing plants, >••— 

. cpti»! utm»«« * hydro-electric pUnto «^ 
1 awiUhle should he optimally utili«*, »tb a .»» 

f;, the ther««l »o nucí«   plants, eeonom    I «til»««. 

*•  ,  •„. tadcr may he «o conci« that «an cannot oop. «ith Theae optimizing taJce may •»= 

them unaideâ >lher. - 
. the number of variable, affecting decisions is large 

- there are numerous subsidiary conditions 

- control conditions are difficult. 

•-•s**.•   transmission and processing. 
Modem «*-. of data *c-x>£• - -*- "* 
.fficie* colters and ahov« .11, thp 
aystem e».<üne«rinS enahl. those prohlen» to he " 
pLided fney are proper*, ayotenatically and in particular, 

purposefully employed. 
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7»1    Probleme of Optimal Plant Control 

In order to optimise a system, the following aids must be 

available: 

- a model of system; 

- the parametero of the model must have been identified 
or it must be possible to forecast them; 

- characterictic variables of state and for decisions muet 
have been defined; 

- a target function must have been stipulated; 

- the conctantp must be known; 

- practicable methods of optimization must be available. 

Accordingly, the general problem of optimal plant control - 

in the case of hydro-^ower plants has to be divided as followsî- 

Por the model of the system the structurée, parameters, variables 

and relationship have to be defined.    Fig.l and Pig.2 illustrate 

schematically storage and run-of-the-river hydro plants and 

their characteristics. 

The Diost important character, jtics, for example, are the 

relationship between the volume V of the reservoir and it's 

level, V = f (h), the relationship between the efficiency of 

the turbines n and the power output P and the level h of the 

reservoir n = f (P,h), rw well as the limitß of the parameters 

such as the maximum and minimum output of the turbine Ptnax, 

Pmin, and the maximum and minimum of rates of flow Q in a 

duct.   Optimization and control, however, have to rely 

dynamic models. 

Por these the running time of the water in a duct, for instance, 

the response of the spill-gate controls, of the turbine control 

system or of the nurge chamber, mußt be known in advance, if 

control is to be optimized. 
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F1 qi 

-«15., {x-- ./ 

1     tri 

Pel 

ÌRM q2 

\ZZ7I    <9K 

R&   \j\:^f 

Wg.l - Sr.henatic repre^ntttticm of » hirt-head Hydro plant 

ql = water inflow 

q2 = water outflow 

q3 = water overflowing and lost 

V = volume of reservoir 

Pel = electric power output 

h » overall head 

Rl = overflow control 

R2 = turbine control 

R3 = generator control 

K = Tsutterfly vai' e 

The rate of flow Q of a river, for example, can only be 

calculated when it's relationBhip to the water l«el h is known, 

Bee Pig. 1 and Pig.  2. 
Generally data acquisition is carried out cyclically with respect 

to time.    The results are stored. 

-,A7S 

o ^ 

fig.2 - somatic représentation of a low-head hydro plant 

w^-nnTi »« above for Fig.l 
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The tasks of data processing,  statistics and forecasting depend to a 

large extent on the mode of operation.    They include the calculation of 

characteristic valuer,  euch as the volume of reservoir, water consumption, 

overflow,  water spillale,  water inflow, etc.; also involved are recording 

(operational events, disturbances),   the preparation of statistical reports, 

costing and identification or estimation of system parameters and otates, 

especially forecasting the natural  flow of water Q (short-, mediun-and long- 

term). 

The latter is a very difficult problem, especially when rainfall is 

irregular or stored in the form of ice and snow.    Then it is necessary to 

work with statistical models  for the   relationship Q * f (qft,hß,qe), where - 

q = amount of rainfall 

t = average atmospheric temperature 

hs » mean depth of snow 

qs  = mean amount of solar radiation 

the parameters  of which would have to be continuously improved. 

The general task of optimization must  cover a definite period of time in 

accordance with the cyclic availability of energy that car. be supplied by 

hydraulic système.    The tack can, however, be    subdivided into long-term, 

medium-term, short-term and  momentary optimization because the demand 

follows different cycles and storage  permits decoupling. 

7.2 Systematic Approach to Plant Control Concepta for Hydro Plants. 

A feature of hydro plants is that their -problems, characteristic and 

operating conditions are particularly varied. 

If we compare the basic systems: 

- Run-of-the-river plants, independent or  coherent, with or 
without  storage reservoirs, 

- Storage plants with  reservoir«, independent or coherent, 

- Pumped storage plants, independent or coherent as well as 

- All possible combinations of the foregoing• 

We find that a generally valid plant  control concept covering all kinds 

of hydro plants cannot be established.    On tne  other hand - 

- A generally valid modular hierarchically orgnaized structure 
of the plant control system, 
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- Modulen  for  dealing with nartn of the overall problem,  such 
an data acquisition,  otat    estimation, line r optimisation and 

- A formel procedure for the development of a plant  control system, 
known ae systems engineering do exist.    This système engineering 
solves  proble.ne by the systematic application of - 

- A formal solution procedure (methodology), 

- Standardized  uocrmi cal uidn and generally valid technical and 
scientific meanr,  (methods). 

The objective in to find an optimal solution for the overall system, 

which satisfies overriding assessment  criteria. 

Wie formal procedure of syntcms engineering consists of the following 

steps: 

1. Analysis of the problem; 

?» Deciding on the  rough structure of the system; 

V For every sub-system; 

4. System analysis  (examination of the concept). 

8.    Check-List to Elaborate Tenders for Hydel Power Plants 

Here below are the important points for elaborating tender«  for hydro- 

el ectrjc power plants - 

1«    Gen« *al 

Client, engine«ro 
Kind and limit of tender 

?„ Project Information 

General 
Climatic ronditionr 

3. Type, Purposo and Mode of Operation 

Rccruirementn of load 
Design criteria 
Hydraulic data 
Electrical and mechanical data 
Electrical data of grid 

4« Water Supply 

Cooling water 
Fire fighting water 
Drinking water 
Haste water 

5. Civil Engineering Part 

Soil conditions 
Site conditions 
Regulations 
Construction materials 
Contractors 
Additional buildings 
Power house 
Additional rooms 
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6«    Local Conditions 

Pnrsonol 
Tran ¡sport 

7.    Mechanical Part 

Hydraulic installations 
Eloctrical installations 
Pipings and armatures 
Pumpe 
Water conditioning plant 
Cranes, gra'br, and freight elevators 
Fire fighting plant 
Air conditioning 
Workshops 
Tcst-Platforrc and laboratories 
Compressed air plant 

8«    Electrical Part 

General data 
Ener©' conductor 
Povur 3uppl,y for start-up 
Generator DUB bars 
Station load equipment 
Transformer 
Control, ;?upervi3ion and protection 
Additional lew voltage plante 
Site power supply 

9»    Supervision of the Building Work and Erection 
at ¿ite, Comniüsioning 

Building and errection site supervision 
Commissioning 

^* Kftonornic Research 

Estimation of construction costs 
Estimation of annual costs 
Ber.efit;: 
Pcw*;r costs 
Compari non of varieties 
Penality / Bonuses 

11« Commercial Terms 

Pricing 
Terms of payment 
Passing of risks 
Consequences of ft. i lure to comply 
General maxerial guarantee 
Customs, taxes and duties 
Lav and jurisdiction 

12. Agreements with other Suppliers 
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8*1 - Questionnaire - for Calculation of a Water Turbine Plant 

Since water turbines are always; dimensioned and constructed in 

accordance with the local conditions, therefore, for each oaee, 

a questionnaire, ne stated below ID necessary to be filled in, 

so that a well designed and suitable Hydel Power Plant can be 

undertaken.    If possible, one mint make sketches or drawings 

(plan of Bite and elevation) of the existing situation to enablr 

the manufacturers to offer complete proposals of installations. 

Questionnaire 

tddress and name of the  ,,., .....••••••..... 

prospective oustomer , , ....•••  

l)    Gross head 

(vertical distance between head water 

level in the intake channel or water 

chamber and tail water level) , , m 

2)    Which flow raten are available for 

driving the turbine and during 

which periods? 

Maximum ••••..liters/sec, 

how many months a year? 

Average..... ..liters/sec., 

how many months a year? 

Minimum. • « • •. .liters/sec., 

how many months a year? 

3) a) le a storage available? 

b) Will turbine draw from 

storage dam or open stream? 

4) What area? 



5) Allowable differential  of wat or 

level in et orage above and below 

avera^ hi;ad water level. . • ,»,.•.••»•••••••• m 

6) Distance from «torace to turbine:  .... • m 

7) In what way will water fren et or a pe 

to turbine be transported? 

a) by means of open channel? 

State length: "> 

b) by means of a penctock? 

State, length:  m 

c) what other way?  

8) What type of machine will be driven? • •»* 

9) Which ic the smallest capacity to be 

expected?  

10) Which ir- the 1 ärgerst capacity to 

be expected? •»• 

11) IE cpeed regulation of the turbine 

required "by manual operation or by 

automatic oil preEeure governor? ..,,,«,..••...».«««r •. .•. 

12) In case of driving an electric 

generator, specify: 

nature of current ener^zedt ...........   ........e.r. 

nvvber of phane:  ••••  

number of cycles p/sec:   

tension: *•  

13) Which is the distance between turbine 

room and location where main part of 

the output is taken off? ••• ••-• m 

In case of energy trannmiaeion ßtatc if ¿round cable or o-rrhcad 

line Ì8 preferred. 
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14) In case electric motors are 

connected, please specify the 

capacity of the largest motor      •••••••••••••••••••••• 

FOR MECHANICAL DRIVES ONLY: 

15) Should the turbine be connected to 

a main transmission (e.g. via flat 

belt, V-belt? etc)  

16) Position of main transmission to 

direction of water flow or position 

of up stream pipeline (parallel or 

perpendicular to?)  ••••••••••••••••• 

17) Position of main transmission above 

down stream level in metres:       ••••••••••••••••••••«• m 

16) Number of revolution of main 

transmission to be driven:        •••••••••••••••••••••• rpa 

19) Sem e of rotation of main t msmission 

(if necessary, a drawing should be 

submitted) •••••••••••••••••  

Country concerned is requested to state which items are available 

indigenously and which are to be imported. 
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8,2 - teigjsaigiajdtt i—^ ,^.., rrit>ii 

- Upper refiorvoir 

8t orage cspacity 

maximum st orage 2evel 

minimum storage level 

- Catchment area of head water 

- Lower rener/oir 

storage capacity 

maximum storage level 

minim•«» storage level 

- Average annur.l water quantity 

averages anrm*l mutimum 
Kater quandi';/ 

«verace annua] minimum 
mter quantity 

- Water quantity cf the heaviest 

flood of thfi last contury 

- Duty water 

- Obli^d «inicua utilized water 

- W out ,*,, ^ûntity  *-*"* 

m3 

m above sea level 

m above sea level 

km 

3 m 

m above sea level 

m above sea level 

m3A 

m3/s 

m3/o 

m3/8 

m3/B 

mj/8 

nr/s 

">•••?• m... 

m»««- m 

- Not groBn-heod 

- Net dolivery-hend 

- Number of unitr 

- Are there further power clan-t« +« w. 
power plante to be considered above or balow? 

- Are measures for navigation to be considered? 

8.2.2- Electrical   and   mechanical data: 

- Type of turbine respectively of pump 

- Horizontal / vortical assembly 

- lated power at the shaft m 

- Rated speed „, 
u/min 

- Rated frequency 

" üf?« ÎTr*°f m0t0J / ««»•«tor at load factor coajf* mA 
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- Moment of inertia 

- Cooling:    direct 

air/water 

»rater/water 

8.2»3- Electrical data of grid; 

- Tension of the   high-voltage grid kV 

- Short circuit capacity of the hv-grid MVA 

- Number of power transport lines of the hv-grid 

- Indoor   or outdoor switchyard 

- Number of buses 

- Tension, of the medium-joltage grid 

- Short circuit capacity of the mv-grid 

- Number of lines of the rav-grid 

- Indoor /outdoor ewitchgear 

- Number of buses 

- Earthing system   of the neutral point in the 
different grids 

insulated 

rigid earthing 

low resistance earthing 

inductive earthing 

8.2.4- Water supply 

Cooling water 

- Where is the intake of the cooling water? 

upper reservoir m^/h 

lower reservoir m /h 

ground water m-yh 

public water supply tn^/h 

- la a reservoir for cooling water provided 

height above machine ground level capacity m 

in common with fire fighting water 
reservoir? 

- Pollution of water due to floating goods 

grit or sand 



- 30 _ 

' Chemical ctfialyni? uvailrMe? 

• Is a filtering installation required? 

Water temperature max. °c 

average se&fionai deviation (curve) 

Need of water in doted circuit n>^ 
Water conditioning device? 

Need of water ir. open circuit m /h 

Where are the purapt. for the cooling water 
to be inni:ailed0 

Stand by pumps 

Regulation of cooling- water 

Is a further profit of the cooling medium 
for heating purposes required or possible? 

Are prescriptions for heat exchangers to be 
respected? 

Such ae áouoie-tube-coclers, specifications of materiale 

9»      Small Hydro-electric Power Station or 
Diesel Bigini? Power station  

Locally existing river« with gre-iter or lesser he«/ can be used with 

advantage for local pow.r ¿unerat*or. because this kind of generating 

it unconteetably the cht-ape et one for the private and the general 

economy.   However,  although utilisable water volumes are available at 

a suitable distance, little con generally be seen of this consequence 

in the planning of rural power supply in developing countries because 

mainly diesel generators are installed.    The reasons appear to be 

exaggerated ideas of *t-c;uired planning expense.    It is therefore 

particularly import out to ahow clearly - experience over decades had 

proved it - that only modest planning work on the basis of their 

total conception ic required for the ¡special operating conditions of 

mall hydro-electric power stations ir, developing countries and this 

work is generally supported by the manufacturers of the turbine plant. 

In many cases it is more important to decide how decentralized rural 

regions can be supplied with energy - for instance small hydro-electric 

power stations and generator plants for the gasification of vegetable 

matter could be used.    They operate in island - operation without 
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connexion to the large network a: utilize locally vailable 

energy carriere by an adapted technology : from water to rice husks* 

A main problem of rural development today is the existing energy 

deficit of the developing countries combined with massed concentration 

of the exieting energy at relatively few citen of industrial 

production and towns. 

Thfe preponderant part of all energy consuming heavy work is carried 

out in these rural areas by humanr, and animale. 

Diesel generating plants certainly have advantages, ouch as 

independence of cite, simple operating buildings, no time consumine' 

preplanning, lower inventment conts and relatively rapid Btartup so 

that diesel power stations have the attributes of quick and cheap 

erection. In comparative inventment planning the economics alone 

should be used an criterion and then all argumento are in favour of 

using a  small hydro-electric power station, particularly because the 

precarious diesel fuel supply situation and availability of foreign 

exchange in developing countries have already caused power switchoffs 

and production shutdowns of diesel power stations. 

Farther advantages am the troubn?-free operation ( jmbined with 

simplest maintenance and lowest spare part rerjuirements and the 

long life of 30 - 40 years with fully automatic operation without 

permanent operating personnel. 

The small hydro-electric power stations designed for the special 

operating conditions in rural development areas operate economically 

and are simple to maintain and supervise. 

The superiority with regard to costn and operating economy over the 

diesel power station is, however, mainly due to the utilization without 

costs of water as energy carrier which is only utilized and not 

consumed. Quantification of this advantage results only from an economic 

comparison in the individual case. To the costs of the machines of 

the water power installation muBt be added those of the locally 

necessary hydraulic structures which greatly fluctuate according to 

the local situation so that experience has shown that total coBts of 

a small hydro-electric power station may be between double to maximum 

four times the value of the machinery equipment» There are, on the 

other hand, the relatively high continuous operating costs of diesel 

aggregates which are also subjec to the most diff- -ent factors» 
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10.    Conclacion 

The report  on amall hydro-eìecxric power plants conclude! 

with the following nma^kî: * 

10.1 - The "basic j^aj^o^dcvjj^^t^tgckward regions 

by supplying electricity  Por agro/forent industriesf 

plantations; isolated carrrps;    generate higher income; 

bring prosperity; bettor living conditions; and create 

employment oppoi• turatila. 

10.2 - In order to achieve the ¿reali   of point 1, above, 

one muet supply encra, ay means of most economical méthode. 

This is possible by inaidilation of small hydel sets which 

have been provoi. to bo the mort economical resources of 

energy in the lon¿; ran. 

10.3 - Unlike cori;ly consumable« like coal and oil,  water i G 

perpetually available,  although it's full potential io 

untapped.    Hydel sote achieve thin by effective and 

efficient conversion of even limited hydraulic potential into 

electrical energy. 

10.4 - Hydro-eloctnc power plante offer several benefits in maay ways. 

¡efficiency in one factor.    Running cost another.    Although the 

initial investment may appear to be slightly high (only in 

comparative terrae),  the running cori of .-, small hydel sot i« 

almost negligible.    Hariy maintenant? i« tJie third factor and 

freedom from pollution y*rt another.    No fire hazards.    No 

dependence on i\iel and itfc depot. 

10.5 - Diesel generating sets have a nigh initial capital cost and 

face the recurrent problème of transportation and storage 
of fuel. 

10.6 - Substitution of iir-ported electric current and of imported fuels 

by using the energy resowreer;, will certainly strengthen the 

economic strength of the country. 

10.7 - Diesel-electric piante are beet utilized in areas where no other 

supply system in avouable - in remote harbours or islands, for 

example - or where there is e short-term demand for large 

quantities of energy. 
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11. Recommendation 

Seeing the needs and advantage» for installing small hydro-electric 

power plante, here below are the authors recommendations : 

11.1 - TOD priority should be given by the developing countries 
for installation of small hydro power plants (ndcro-hydel sets) 

ranging from 25 KM to 100 KW capacity - for the intial 

rural uplift programmes. 

11.2 « Proper survey should be carried out on all available rivers, 

streams and canals for the possibilities of installing small 

hydro-electric power plants, ranging above 100 KW capacity. 

11.3 - Standardization of a complete small hydro-electric power plant 

is ftTtreaelv essential - (i) to reduce the cost of power 

generation and (ii) to make the planning, designing and 

implementation of the projects easier. 
Por instance «falle1 should be standardized on canals which 

would enable stendardi sat ion of equipment and civil works. 
Irrigation canals, if provided with standard drops (to effeot 

standardisation in equipment for cost reduction), will 

prove a great boon to rural areas in many parue of the world. 
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1 Baseframe 
2 Lateral walls  of enclosure and cradle base 
3 Stator 
4 Stator winding 
5 Rotor 
6 Winding shield 
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