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A. ITTRCDUCTIC

1. Zarly nistorr

-

1. The use of the potential of lowing wvater, or water falling, %o
Trovide motive zover, is very old. lore than one ‘undred years ago, in
both Turcpe ard Asia, wouden waterwneels were in use, in 3any cases with a
direct drive %0 a grind.ng mill to crush gFrain.

2. - Filgure I shows 2 wheel with Zlat wocden paddles, partly immersed i
a flowing streax, the banks ard hed of which having veen crudely shared
vith logs eand rocks.

3. Figere II skows a situation where there was a contrived waterfall
of a met> e o %*wo in a zavigation canel {(usually combized wi*k a lock) cr
at a checx zoizxt in ap irrigation canal. The water overchot the wheel, and

instesd of zeddlas »cugh wooden Tuckets wers used.,

s, - Plgare 7T dapicts 2 variart in which the water fe2ll <n the near
side of 2 wheel ¢ the saxme ccnstriczion.
5. In each case, *he width of the wheel was appraximately equal to the

availatle wiith cof fthe watar passage. The flow of water varied with the
season, &z cccasicnzlly was insurficient <o irive the wheel. The zctive
pover cttairsd 2lge veriad, and mcrecver the eflMiciency was quite low,
owing Lo resiigel Pristicrn 2zd eccaping wvater. TJowever, iptardittent
gperaticz wes g ta satisfactory for grinding ;ain, and the load czuld he

varied ©o suit the wetar flov by centrelling the infeed of grzin.

5. Aith the advent cf electrical gzeneration, in same cas/sés a large
~ulley was installed on tze shaft, +ith a belt drive to a sma2ll pullsy on
a generatcr, and ithe fundamertal protvlem was revealed that *the tinmes and

amcunts sf electric tower were fixed bty the requiremants of the electrical

1zads, 224 2ot T otoe availapility 22 che mitar,
9. Considerizg the small amcu:zts of zcwer being rvrcduced, of the order

¢t zne or “wo acrsenover, 1ntemttent direct 2urrent generation with the
anapgy 31ored .. lallerieg was guite feasipla. The afficiency of 2 small
‘gererater 7ith centrzllad vtoliage cutput at variable svreed (as for a motor
7enicle) wvas only s “he order of 59 Der cert, arnd couplad with the residual
friction and the e3cape of water, the over-ell efficiency of the system

might only te of the order of 20 per cexnt.



Flgure yj;. PHch—-Lack waterwheel




2. Iaziiaeering acnrcach

3. In the =arly 15C0s, there already existed suiistantial tecknical
xnowledge in civil engineering and mpetal fabricatior, and a growing body
of znowledge of elactrical enginzeering, and it was aatiral that the subject
of generaticn cf elactriciiy from weter potential should receive detailed

attention.

9. :‘Emphasis was placed cn assessment of notemtial unier uncontrolled
stream flow ccrditions and urnder ceptrolled conditicns with upstresm storage,
the reliahility of the watas supely, the ccnline=ent of the vwater to preven
escape, the improvement of the cfficiency of the waterwheol (furbine), the
governing of watar flcw zad 1achinc:speed, the irprovement of the efficierncy
of the genera*or, the r21iatility of the eleciricity supply, and the

transmissicz 22 the electrical emnerzy Lo nearvty zctential loads.

10. An immediate regul®t of the investigations was the realization that
all the zhysical aspects, from the Toovision of upstiresm storzge through
to the Ltransziszizn of the 2mergy, required the expenditure of cash in

addition tc lebour, ard it would Ge gecessary 8 reccver the asxpenditure

-

Yy sellizng the cuttut. lMereover, ihe cver-all afficiency and the unit

cest of th2 alaetrizliy csuld He diamatically reduced by Increesing the

gcale cf The orsrziicz, 2nd the chances of selling :he cutout would be

Ze crdexr of %rns of ¥W, then hundreds cof kY were
desigred, ccrstructad opd operated, Zostly in develcped ccuntrieé, and the
state of tIZe art 222 zrocgTessed in a2 few ; ymers from home-mede devices +o
cormercisl enternrises, while th2 earlier installations were relegated to

the 2ield <f artiguities.

12. As an exemple from the regicn, in J?pan ap to 1019, 155 minor-sized
ydroelectric units ware ccmmissicned, with an average capacity qf 750 %W,
and fxrom 152C <o 152G a Iursher 240 urnitsg were ccmmissicned, with an averags
capacizy of 280 ¥W. As in cother countries, tke developing availability of
long-distance ftrensmission reduced “he need fcr lccal gereration, and with
emphasis sz verr large 2entral power staticns, including hydroelectiric power
stations witl cepacities cf hurdreds 2 M/, %*he constructicn of zinor-sized
hWydroelactric units stagnuted, and.f: 1923 %o 1978 cniy 25 units ware
comissicned, with an averaga capaciiy of 1,300 %¥. Of the +otal Uc0
minor-sized units ccmmissioned in Japan, 175 were lass <han SCC xW, 129

hetween SC0 ard 1,0C0 %7, acd 136 between 1,000 %W and 2,0C0 xA.




3. In the zean %ime, in zountiries in <he regicon vhere industrial
developnent was less advanced, and Sracsmitted surply was a0t readily
available in scme aress, the dower supply suthcrities, or loczl 2r commercial
companies, constricted (ard zre constructing) a few small hydroelectric
stations, rapgiag frcm 10 XY to abeut G0 ¥W. for local supply. ZIxamples

are available in 3hutar, India, Indcnesia, Terali, Parua Jew Guines arnd

3. E2%fact of anerzr crisis

1k, Siace the epergy crisis o2 late 1973 there has Teen a resurgence of
interest in renewvable snergy resources, ard a ccnsiderable amount of (mostly
uninformed) litersture has been preduced. 1o the 2ield of minor-sized hydro-
alectriz generaticn. emthasis has been tlaced on such 2spects as the waste of
potential iz small streems and cznals, the possitility of various hcome-made
devices for sizgle-uger applicatiocn, and the desizability of rural comzunitiles

bR

providizg tieiz owm enargy supslies Wy constructing smell hydroelectric stations.

15. Tre urits have Seen categorized, micro tydro usually referring 4o the

Tange C=2C XW, and =mini hydro tsuzlly referring to the range 20-200 XW.

6. Jdowaver, the agsential angineering and eccnomic Tacts nave not been
aitared Ty tie srcducticn ¢f the literature, ard the need gtill remains for

an adequate Iznvastizzaticn. desiin. construcsion amd overaticn orocsdura for

any zma’l rmydocelactTic staticn.
7. Jewmrthelassz, although the constructiczn of smaell hydrgolectri

.

staticzs sver recert yes:-s nag heen limitel, tlicse that have bheen built
have Lad =ze Senaflt o edvarces pade in nydrceleciric engineering zenerally,
with a ccst-ceonseious apprcach, and relatively obscure ccmpanies neave

contirued to develop and refize suiiable power station comporents.

B. ITNVESTICATICY

~. Ggarsra’l =25Decis
13. Cevalcopnent of small hydroelectric plants is z2lwvays attractive in
crincizle, wherever the basic notentials of heald anad 2low exist. This is

egpecially 50 in rural areas, »ut most rurz2l Zcrulaticn and develorcent {2
“yoically concentrated in the flatter 2rec3, and “he reguired head available
fer an econcmic installaticn i3 Zreauently orly available at a location scze

distance frem the Droszpective consumers. .
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19. Anctier factor adverse 40 a hydre iInstellaticn is that the cost of
engineering, Including investigatio:, ver X is lixkely %o %e high. It is
sssential that engizeering c¢97sts te hell 0 apn ansolute 2iznimum. whereas a
large team of axperts ia many dilZerent fieids might be 2mployed con the
investigation and desizn of 1 large hydroelectric project, this would 2ot De
pcssihle for a small oroject. The amplovment of, say, four sersons with long
and brecad backgrounds of experience in aytrcelectric engineering, not cnly
to kpowladge cf investigation and dezign pirocedurss, ctut also capable of
devising short-cut metirods and understanding the realistic conseguences of
reduction of Rargins, might be s more acceptzble apprcech than hiriag
specialist consul*ants, using 2ntausiastic bult relatively untrained local
officers, or leaving major decisions to ar squipment mapufaciuring com any.

A typicel zroup, who would ogercte in secuence, would te an investizater,

+4o0 detail designers zand one censtruction engineer,

2. Market survey

20. A =ig2iy f&ticaal arorcach aust be adopted by tae investizater in
asgessizg Trospective consumers. The moet iopertant point ig the a.bility

of =311 consimer IO DAy, not cnly for Llhe elaectrical energzy which ne states
e would zeed, often 2 progressive amount, sut also for the equipment which
would ccnsume She 2lacirizity, and wiricg and switchgear within his premises.
In mary miv2l areas, 2iscussion o this agpect =might result in scaling dowm

> S =cdest Iighiuing <cnly. T3 wouid then be important to

estatlis: the gecgrarhical locsticn of suck :tcasugers, to Jix the location

£ translcrmers 2aé the ertent of low voliaze transrission, the cost of which

xzight te relatively nigh.

21. In the case of a workshop cr commercial building, it would be necessary
alsc to exaxzine trne 2yisting source of 2nerzy, as i the cost of transmitted
electricity were hizh the owner uight nct shange over, wnereas 12 there yarae

an econcmnic advantaga To change over, tae owner might expect to be compensated
for his exiating eguirment. I* must alsn be a2stablishe? whether such a
consucer would ve Srepared “o »ake an wavance poyeut to cover the ccst of an

individual transformex or =ie 2xtension of tih2 %ranscission line to his premizes.
22. Adding the individual demands ottalaed Zrcm a sampling proceadure,

raticnalizicg, ard allowing for diversiiy of dcmend in tize, figures would

be obtaired Zor the total demand (%X and energr) om init_ el aveilapility,
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5 7ears later a2nd 10 years lgter. Thesgse fizures would he used as the asis
for searching tfor a suitable site Jor the project. It woculd also he nhighly

desirsble tuat the saurzes of funds be established in pripciple at this stage.

3. Pield investizaticns

{a) Prolect siza

v

23. The potential zross power (P in kW) of a project is obtained from the

quantity of watar (Q iz n3/sec) ané the gross head (E in =) by tke relation
? = 9.81¢9¢2

Thus a stresm or caral of cross-section 1 m° and flowicg at a rate of
1 n/sec, ovar 3 7all [heed) of 1 m, would have a potential of about 10 kW,
but affter allcwing for efficiency and average effective hesd tke zet output

- -

might bYe 2bcut 5 iW or less.

24, Jormaslly the s2quivalent additional nead given by the velccity of
the water woulsi be ceglacted, but in the zase »f a very lcw h=ad project it
could he czisniazted Jrom

v?
g = —
2
z
where 7 13 Ske velociiy ia 3/sec

g is the g—avitaticral acceleration ($.81 m/sec/sec)

For the ahove 2ase, (k2 gress adéditicnal zead would te 0.0% . increasing
the gress zetexntial tower Ty S per cent. £ the velocity had deen 2 a/sec
tte gzross adiiticrmal hezd would have been sbout 0.2 m, tut such a velocity
would be guite unusual. It may be noted the* such a czlculation disposes
of the argumert put Sforward by some writers in the vopular literature that
the velocity alone could he a large source of electrical power. Figure I

shows hcw the velocity may bYeccme 2fl20¢%1i-7e head for such 2 sizple case.

23. Tor the case gsutlined abgowva, with Typical raciss of i

;i oAt
PR SIS

2 to Zamza,

[7]]

in order to get 5 k%. the investigator would ne looking Tor a2 siream or canal
«with zinimem flcw abcut 3 o -ride, which 15 gquite a sigzmilicant size, and
the civil costs cculd te nigh, comsidering the likely aexdimum fiow.

Jevertheless, 3uch arojectis, ard even_umaller ones, nave been zonstructed,
using zcdified hulk-tyre turbine-generator sats, or vertical o. norizeptal

propellers ccnnectad o7 shaft or belt Lo 31 small generator.

4




26. Usualily the zmead Is Zcor zreater power sutput, and zhe I

o

restigator
would concentrate on locking Zor higher head, with the pessidility of

- upstrear starase %o regulate the 2low o a value above the nermal zinimue.
For instance, 1 33/sec w7itn a heed of 20 a would have 3 gross Dpotential of
200 xW. 1In lookiag Jor such a head, atterntion would se taid, =ot znly %o
the possibilivy of Lypassing waterfalls or rapids, which are cbvicus cases,
but also to vhe possibilisty of running a ceral or raceline around a spur so

that the water couid de drorted into amother valley witl a lower Zlocr level.

{9} Tovograchic surrers

27. Sur7ey z2ps c? tae area of interest mizht not exist. At Yest,
there tht be small-scale zaps which were originally vrepared for military

.o

rurtoses. IZ 2 map were avallable, it could be used for prelimirary selection
of possible sitaes. 1I2 not, the investigator might have to rely or ais

impressicas ?“roam 2 reccnralssance 3y air or oo Jcot.

28. Tetailad

:

poing Is unliksely to te justifiable, z2nd the usual solution
would e 2 the izvestigator to zark out the ncheme on the ground, using

an Abpey clincreter and tape, and ther, if the scheme seemed premising,

To ¢all up a survey persy 0 run a theudclile survey with a few cruss-

secticzs at 2ey ncizis Io give a basis for design.

28. The izvegZizaztor shoculd also check owrership of lazd involved, and
2Dy 1zw3 selztiog T2 tie rizhts o divert water from 2 streem.

{e) Seclozy
3c. Fo» 2cczmomi rezscos, geological investigatiors could involve little

more thar the ciose coservation of the type of rock and frequency of rock
outerop: . This might izvolve the clearinz of updergrowth and the digging

of a faw exploratory ziis,

' (A) Materials

3L, Local materiels must be usad to the greatest extert possible. Inspecticn
of lccal houses would usually indicate whetiaer timber. sarnd. aravel and stone
wculd be locally availaple, and whether cement, wire and light reinforciag

hars could 1o readily obtained.




_ 4.
(¢) Fydroloey
32. The streaa 210w characteristics are trooapdly the zost difficull

item to assess. If “ime permiitad, it would bYe prudent <o install a 3tream
gaugir s station 2nd take readings fcr as long as possible before a decisicn
was made o tonstrict tke scheme. %t would De more imncrtant <o measure
low flows <har bhigh flows, and a 7-potch weir could be satisfactory, with

d2ily readings.

33. The area ¢ interest might e part of a larger catciment, and raianfall
data and local kxnowledge would e ccsasu’ted to establish pcossible Zlcod

2lows, and possible low flow pericds.

4. Dreliminary recor:

3k, The igvastigator would report his fiadings to the paréy concerned,

by
'4-
(44

which =iz=t “e 2 sexmi-solitical Yody such as a local coumeil. T
apveared “hat a project of apdropriata size was feasidle, he semi-political

body might sher Izstruct the investigator to proceed with a lsyout of the

project.
C. 2PRCJZCT LAYCU.L
. ~
1. Gezneral aporoack
3s5. Iz a Ty=icsl case, the over-all desigza basisz-amight de tu provid

wetervays a2=2 equirment Jor aa  outrut equal to the projected demand 10
years after initial operaticz, or twice the axpected dexmand cn initial

cperaticzn, “*hiczever wers itae lover,

6. Maxim use must te zade of standardized desizns TSecause the cost
of oroviding unigue designs for each of the structures involved, and the
various itezs of equipmant, would Se dronibitive. Standardized simple

AT 2T SAanTrl
= s deava

rhy

. - ) P - - P - i - 323
sizas © ag, amaecabla <o adzattailison to 3iza condizicag

during construsti n, hzve been used for many years »y irrigation authorities.
Standardized desigms Zor vz2lves, turiines and gzenerators are availadle from
jome 3anufaciturers,anrd it wowld se appropriate £o vary thes project layout

L0 give tLe raguired water 2lzw and head %o 3uit a standard desizn. Zlectri-
g Zn

~ral
<

—

B

quirzent 13 generally independaz: oI site conditions, and a racge of

suitabla sguipment is readil.y z2veilatle.




2. Civil apgineerinz wori:s

37. A Sypical project would zave, as civil erngineeriag werks, a diversion
structure, 3 desiliing basin, a8 raceline, a nread pond, intake structure, a
pressure tipeline, a gower station siructure, and a tail race (see Sigure IV).

Of “hese, a low-heed caral scheme would use only the intake structure and

screens, the power station structure and tie tail race (see £! a 7).

-

(a) Diversion st=ucture

38. Gererally, a small dam would Ye required to divert the water, but migzht
pe —=ade scmewhat larger Lo store scme watar 12 there were a pronounced 4ry
ser.scn. Th2 cost of a permarer: structure often cculd zct be Justified, and

a gabion-tyTe structure with an izpervious upstream face might bde satisfactory,
narticuliarly whera there were zood sized hculders of sound rock available.

The dax shouid e located o1 a nor-erodisle foundationm, witkh sound abutments,
and with 3 sufficient crest lengti %o Se able to pass flcods over the top

without oo great 2 Tuild-up in woter level -ipstream.
3S. Tha g2%%c:-ze shculsd be a short closed conduits, fitted with ar intake
scTeen, It wouli za Sdasirsbie to h27e a 9y-pass sluice zdjacent Lo the

offtaks tc clesr gravel and sand, ciosed o9y stop logs.

5. It would be Zdesirakla to have 2 desilting basin at the end of the
of2eziza a2cnduit, Tc reduce the watar velocity and dewosii sand befcre the

wvater sTtared <he raczali-e A lconz-crestad weir would limit flow into the

Ll.  Cost would Zenerally rule out a closed conduit to carry the water

9 the ne2d pend, and an ¢pexn raceline or chaonel with a gradient of

184

o}
rer cent or less iz cogmonly used.  This couwld be unlined if the e=xrth wvere

relatively izper-igus, 2T 2 comarsc2 lining or tox liuzma ‘g:: se usead.

Because of “ae zoszidility of blockaze through bhatter slip or debris, 3pill
points suculd tTe inclided, 3o *that ta2 -ratar could be directed down defined
caths. Also, if :cufenient, a Zurther desiltipng basinz Cight be an advantage
Yormal constriction prectises Zor ciaannels iz sideaill country would apply,

- A

w7ith elevated flimes or invartad siphcas used £ar crossing intarmediate ralleys.

{(4) Zead nond 3né intaXe 3tructura

42, A head pend would usually ve constructed ‘mmediately before the

intake to the pressure pipeline. This should be large encugh %o act a3 a




Tiversion ructure

intcra with screen ¢nd bypess sluice, aad sonduit otftaks
Sesiiting dosie
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Power stetlon

Tail rure

Figure 1. Typicai iavest for mecium head
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3 pond %o remove any sili ar sand and to cope with any water
demands created oy sudden incresse in loading on the turbim. It mignt also
act as supplementary storage to reduce the size of the Jliversion stiucturs

? the latter hes poor access for constructicn. A finel spill point shoulid:

be arranged from the head pond, rreferably including sluicing, and with the

water conveyed a short distance in a zhute

L3. The intake structure would include the firal (removable; screens,
orotacted by vertical btars. The screen »ox should be totally enclosed, with
the sill level set as hizh as uossible.above the {loor lavel of +ihe pend.
Entry to the pressure pipeliz2 from the screea bYox should be through a tapered
piece to keep entry velocity down %o say 0.5 m/sec %o rinimize the risk of

air eptry oy vortex formation, and should be —vell helow the water level in the
screen box. II there wvere a suddan downward change of azgle in the Ddressure
pipeline a snort distance icwnstrezn o the antry, an air bleed pipe should bve

-
"

introduced. cr 2 low head c¢carnal scheme the physical size and cost of the
intake structure would be significart.

(e) Pressure sivaiire

by, _Generally, the pressure pipelire would be a relatively thin-walled
steel zize, which woulld e supplizd from ar extermel source. The pite

could Se gzivazized or of hliack st;el i2 water qualit; permitted. The nipas
could be flz=ged, vith rudter ri Joints, or prepared for welding in the
fiald., CJ<oher zataxiais, such as asbestos cexent or fidre-reinforced plastic,
could he usad, tie ==oice teing ore of maxirum econcmy, vakicg ianto acccunt
meirztenances 2r pessibla Srture repnlacement. Pipe diameter would generelly b?

kept a3 szall as possible, with a preference Jor pipe sizes readily available

4s. The pressure pipeline would normally be buried to ainimize exgansion
and ccntraction problems and simplify ancherage. Usual desigzn practices wouwld
he 2olicwed, Dossibly with some reductiom in factors of safety where dacage
Irom failure wouid Se z=izizmal. & valwa would ncrmally te aroviiad cuzidscrs,

at the bottom of the pipeline.

() Power s%fation 3tricture

6. The 3tation "uilding shculd use local materials and building metheds
g

o the nmaxinum extent nossible. The main 2loor should be orf reinforced

ccncrete and in genmerzl should de asbove maximum tailwater flood level so as %o

diminish drainage and water-4igntmess prcblems and to zinimize excavation.




This would normally dresent 20 difficulties with impuise turtines, other

than scme lcss of head. Some prooisms might arise wiih rzeciico lur»izes,
which must be sei relative to mipnimum ta.lwater L‘v&l on ¢avitation considera-
ticns,.dut it might be most econcaic to sacrifice a 1‘ ttle head and imstall

a control weir to provide the necessary back pressure. TFor low head canal
schemes the latter pcssibility would aot apply and substantial excavation and

cons~=ting would be necassary.’ . .

47, The size of the main structure should be minimsl, conditioned bty the
flcor spec2 -equired for the :achines and a spare bzy, 2nd the height nccessary
to move najor perts Wilta a Jall~monn»9d or fres-standing “ravellipg ho-at.

The contrsl rcom, switchgear rocm, store rocz and battary room should be in
annexes of normal height. Living quarters, i iecessary, sbculd be separate

and of typizal ceastruczi for %he area. Although scme attampt 2ay be made

to Slend the sTructure in with the surrouadings, acy impulse to make 4ae station
a show place sboull Je Tigorously subjuzetea, 25 the ccst incresse could be

signifizant. ;
(g) Tail -ace

ug. A formed tail race could de provided for a sbort distance from the
power staticu, and a coztirol welil =ight he ncadzd as zotaed abcve, Jut since
“he- flow o water would Ba ocoparatively small tae onlvy resl need would be

to anmghls %<2 yeter to flcw away wSthcout costructica.

»
3, Werzanicel apd 2lactrical eguirzen
La, Tesizsble Paccures for all ecuioment vould be low first cost, standardiza-
s 'S b}

tien, sizzlixity$f crerziion and maintenence and suitacility for relatively
unskill2d zerscnnel, aurability, reasonahls nrotaction against malfunction

vithout exotiz protacticz equ:. =ant,, and realdy a.*ra.il.a.bili"-:y- or gpars perts.

SQ. It couwid He argued tkat, ir an aree whers there was formerly no

actric power, one graaratiag it could te satigfactory, since there would
ve only ome raceiine to the staticn, and daytime cuvages IJor maintenancs on
.
Sundays would aot cause sericus icconvenience te consumers, and tkis would meen
minimum ~03t% for equipment a2nd stacion structure. Hcwev=r, siace the suggemsted
oasls for cver-a_l design of tle schome w3 to drovides Zor about twice the
output requriad 2¢ initial operaticm, it would be reasoratle to consider
installigg w0 units, eaec rated at 120 n2r cext of th:> initial output required.
This would allew for any initial 3iffi-uities with the eguipment, and the
restriction o load on loss of’one machine would not be sericus for same years,

by vhich time othe= dcvelopments pignt have sccurred.
/




(a) Turkines

51. Turbine zanufacturers have developed a range o standard designs in
Whic> one Jdesign can e used over a rsage of heads with appropriate variation
in speed, ogutput and discherge. There is a strong tendency for plaat costs
to dirinisn with increasinz 2aead. Impulise furbines would be likely o De
cheaver than reacsion turbines because of the siupler construction azd
gover—ing gear. lanufacturers of small turbizes have recogrized this bty
adorting special designs =f impulse turbines suitable for lcwer heads <han
the traditions! Feiton type. T¥o such designs are the Targu (proprietary
name), which is suitable for hesds down to 30 @ or less in very small units,
and 3anks, - suitadle for even lcwer heads. 3oth tyres cffer cuite high

efficiencias c-ver a wide range of sutput.

52. Governor cosis follcw the trepd of recduced gost with increased head,
tecause the regulating mechanisz, like the tuwrbine, weuld be reguired i
handia 3 smzllar cuactity of f2usd. In.applicatiops where there would
always te scme swrlits of water available, a particularly econcmic form of
"wvater wastizz" zZoverzor nay te used for Pelica or Turgo turdines, in whick
the Now intc the ti—bine would rewmain constant and s purely cextrifugal
Zovernor (thes I3, zo il pressure system) would deflect surplus water away
from The ruzmes. There wyould alspo be a szall incfease in output becsuse nc

goverz=er il T Wous i Ye needed.
3. I= z23diticp to their plant cost penaliy, medium to lew head reactien
turbineg recuire a dradt {the “c corvert the large percentage of velocity

energy iz tie watar leaying tke runner t¢o Dressurs erergy.

Sk, Cne of the Tariocus forms of tubular turbines and generators might
offer the tast solution for heads cf 2 Zew metres, but there are as yet no

standerdized designs for this tyve.

(5) Genmerators ard associatsd eguinmant

55. Taree-thage zenerators are generally odpreforred %o single-vhase
Zenerators because of tielr greatar cutput-lio-weisht ratio. Standerd salient
pole AC synchrcnous generators could usually be used except that modifications
o allow for 1iz: runaway speeds are usuzlly necessary. uow head irstallations
7ould generally require the spersd to De sterped up, by Teans of a V-belt

drive or gearbox to zive a spesd at wnich the generator would be less costly
and lighter in weignt.




56. ™e field cirzuit could de supnlied Ty a convexticreal DC shaft

excitaticn system, but "briushless” excitation would be prefer=ed, ‘hus
elirinating tke 3lip rings, the cormmutator and the siaft extension and space

requi-=d for the axciter.

57. An automatic voitage reguisztor (AVR) in Iis simplest form could de
witz the clder method of a carbomn pile regulator in the £ield circuit, but
wotrld preferably be electronic, to give greater accuracy and speed of response.

"Self-rezulatizg” schemes have alsc deen used which do 2ot employ an AVR,

separate ccrpcunding traxsformers beiny used to vrovide the necessary variations

in sxcitation.

53. For sarzilel zreraticn of generatcers in the sare station, a signal
prororticnal to cuttut current from one generztar. rust de conveyed o and

. .
incorporatzd in the voliag= regulator of the cther generzizr.

s39. If <he gzereratcr is iptended 25 a supclement tn othkar generation,
tien the si—mle iesizs ard rcbust construction ~of an induction generaltor
cculd be attrective.

£C. The minigmur resuiremesnts for indication of the ge=merator coadition

weculd Be itiree zormeters, ce fcr esch phase, W demand zeter, power factor

indicstor, volimeter ard freguency meter.

{e)} 3Ssizzzzes»
51. Zach gecerzior should be connected to its switokbosrd by cable, which
izt be 1228 in & trouzz I3 the main flocer.

62. I2 the loads were all local, the zenerating voltage might be fixed

at blS volcs, 2nd the switchboard could ccmsist of metal-enclosed, single

bus Ll5-volt switchgeer, with ope circuit-bresker for each generator, orce for
each cutazing line, ard orne for station serrices. Suck an arrangement would
regquire very little maintenance, provided it was suitablie for ambient
conditions (tropic-srcofed if necsssary).

£3, If a higher voltage were regquired 2or trensnission, deseadiag on the
total lcad ané <he distance frem the power staticn %0 the loads, s decision

wousd be required betwean:

(1) Gerneration at L13 -rolts, with %15-volt switchgear on the generator

circuits with offtakes for station supply, iadividual generstor
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transrorr~rs to Lae 2igher voitage, sgy 11 £V, acd a single-tus,
11-2Y aetal-enclosed switchboard, with one circuit-bresker Ifor

2ach line; and

(ii} Generatica at the aigher voltage, with a single-bus, 1l-xv
switchboard with one circuit-dreaker Zor each generatcr and each

line, and cne for a step-down tracsformer for station supplies.
The choice would be macde sn the basis of cost, ccavenience of layout, and

transport arrangements for transformers, whici might be bulkizr than the

largest indivisible piece..of other ecuipment.

6L, ¥izh two (or more) generatois, syncaronizing facilities would be necessary.
Norzally, me-ual synchrorizirg usinz a wheeled synchronizing trclley would be

satisfactory, srovided the peachines had reascazble inertia to ziniz z= huntizg,
end the time delazy In clcsinz a gemerstor circuit-breaker was reasonably
constart Iz srder that the synmenrcnizing angla cculd be predizied to avoid

system shock op closiag.

65. Each circuit-orsster shouid be automatically respossidle to signals

of cvericad, shor: circuit, overvoltage and undervoltage.

g6. TL is izherens in the dezign of most hydroelectric machines that th
auxilizries weculd e 3 lf-ccntai:ed, runping ©p with the machine, so that a
m2chizne coull te st rzad, witkout external! pcwer suptlies, by operating the
valve o z1low water T exter-the turdine. Hcwewsr, With no machines ia the
station oterating, lizhiing, commmnicaticn and drainsge puzmps would have to de
supsiied 2>== ke statice Zaitery, ané there :i;hﬁ be a case for installing a
smail diesel standby generator, psrticularly if the station were to be operated
intermittently. Alterzatively, there might be a standby set at 2 major load
point, which cculd Zeed a small amount of power back te the power station i

regquir-ed,

() Trazsmission

67. i’ generaiion were at 415 volts, with o étep-up transforaers, three-
phase, i-wire 415/228-volt transmigsior might be used. The aumber of circuits
would depend on the mumber and dispersion of “ae load centre; ard the supply
reliability requirei. The consurers could be protected by an earthing systea
earthed directly, vfa a coatinuous esrthwire, or by a multiple earthed neutral
systex. the chojice bei;g made on the bYasis of earth resistivity and/or econocmics.

On the premise that many of the consumers would not be acenstomed to the dangers




of electricity, an eartih leakaye circuit-breakes scheme cculd be coasidered.

Standard designs or transmission and distribution equipument, including wooden,
teel and concretve poles, insulators and conductor fittings, fuses and

isolators, and houss entry arrangements, ar= rga.dily available.

68. If step-up transformers vere employed at tle power station, they might
be star-connexion on the low voltage side and deita-conaexicn on the high
voltage side, and the transmission would be three-phase 3-wirs, with or without
an serth wire. The number of circuits would agiin depend on the number and
dispers ".on of the load certres and the supply "‘ﬂ.?...bl.lt,{ "equired Standerd
desizns of poles etc. are readily available. 4t the lcad areas, care would
be needed in selecting the optimm points for lo:ation of step-down
transformers, which mighkt be three-phase or siugle-phase, delta/star
conpected, pr=ferzbly pcle-mounted with fuses and possibly surge-diverters.
istributicn at 415/24C vclts would thea rollow the arrangsments outlined
above, with the additicn that i+ -mull e quite normal to run the low voltage
circuits cm the seme Doles es- the higher voltage where practicable.

66. _In general, apart from taking into account the expected increase in
load sver the 10 7ears or so after initial operation, it is desirable to
overvate the conductors of the transmission lines by about 50 per ceant, to
Zeep volt;ge drops and line Inases down during mormal opera_.tion, and to have
s Jargiz during emergency cteration. This approach is not usually aecesaary
for transforsmere, Jhicsh zave Ilow losses and an inherent c:{clica.l overload
capacity. In <the distrisvtion networx, the same principle of overrating the
conductors by acout S0 3er cext- shculd be applied, as in many cases some
individual loads may increase faster than others, causing temporary changes
in the lcad diversity pattern. IZ iz a particulér area the. load. increase
appeared to e permanent, it 2ight only te nscessary to change a step-down
transforrer, or add another at a new location, witk o 2iaizun izterraztion “o
supplies. '

4. Renort

70. At the corclusion of his work, the investzgator would submit :xi.,
detailed layout report, with reasoning, including a cost estimate, and coments
on any areas likely to be J.nu.nda.ted or eflfect3 of varying.stream tlow,

includirg any other envi*onm-nca.l considerations, to the semi-nolitical body




K Y St T man bt by
J.  COESTETCIICH

1. Zecarncmics

7. Ir considering. the invevtiga:sr‘s report, the semi-zclitical body
would ray particular attention o the cost estimate zand the conclusiorns
on prcbahiz lsad ~ev~Toum-¢. cver the firse. 10 vears frca initial operation.

frez which the aecessary sale price ter k'™ of anergy had Teen calcuiated.

Te. The tahle'beicv,has_been corpiled tc give an indicdation of the order
of costs involved; ard théicdr?esponding seie price of smerzy. The basic
figures for civil works and power station eguipment were taken frcz informa-
ticn supplizZd y a mapufactwrer in the regicn, with soze 2llcwance for
escalaticz, and the 2¢sts of trunsmissicn and distritution were takan as

$LO0 per kW. -FTixed caarzes were taten a2s 10 jer ceat of carvital cost ter
anmzn, aci cperating charges were ta2lian as 5 per-.cent of capital cost per
azomum., TWo Tackine units were assumed iz the vower station. A profit margin

of 10 per cant was allswed 2s a contizgency.

73. Several conclusions could be drawn 2r-m the table.

=
)
~

The vary =zarked ‘jecrease irp stream flcw reguired %o be inves-~

tigetad o> the higher heads:

~TN
L
|

Tze zizk czpiter cost for which funds would ve required;

~~
b
[
4
Soet

The 2izh z:mua® charges;

(iv} The -c-:arati"e.y nizh sale urlcﬂ ol energy.

T4, The high fixed charges couid be reduced if funds weére available at
low rates <f intarest, leading fo scame reduction ia the sale price of energy,
dut this would oot be tro rata as operatias charges would still apply. The
Jigures Ior =z2nerzy sraducad ere ralatad o 2pproxizataly {uil output, which
would not aprly for some years after initial operation. This irplies that a
grace period would be required in the lcar repayment schedule in order to

avoid 2pnl J.ng 2 aigher s2ie price in the eerly yeers of operation

2. Apvroral of ars.lect

75. If, after conslderation, the semi-political pody decided to proceed,
it wouwld nor*al*f bave to sibmit the investigaror*s report, with its own
reccmmendation, to the authority concorned with a view to seeking funds.




CAPT'TAL COSGT'AND SALE PRICE OF EWERGY

Capital coule

———— — by —

Station Head IFlow Typg of Civil Station Iransmis.- Total Annual ' Encrgy at tale i
output 3 turbine ' nion and capital churyes 60 per price

(kW) () (m~/sec) ($1,000) ($1,0000 - alutribu- cost {$1.000) cent load (c/kWn)

: tion ($3,000) V¥ factor
($1,000) 11,000 kuh)
100 3 b7 Propeller 100 197 ho 337 50.6 525 10.6
2 3 9.k lropeller 166 263 80 ‘509 16.4 1,050 8.0
. [}

100 20 0.7 Frencis 51 ° 80 ho 171 25.1 525 5.0 B

200 20 . 1.h2 Frincis 62 107 80 2h9 37,4 1,050 3.9 ;

.100 Lo 0.35 yranciy - 83 80 ho 203 30.5 - 525 6.4

200 40 0.70 Francis 161 - 107 80 3h8 52.2 - 1,050 5.9

100 - 200 0.07  Pelion 117 13 ho 230 “3h.5 525 1.2

200 200 0.14 Felton 239 91 80 L16 62.4 1,050 6.9




It should be emphasized *hat this procedure would oot necessarily be straignt-
fcrwerd, as the autbkorily c¢sacermel might conduct z datailad reviaes, seel
zore information, propose modifications, cornduct its cwn invessigation cf
alternative supplies, Jelay ccasideration >ecause or shortage of funds or
delay arrroval because of tie needs of unrelated projacts of equal or higher

miority. Ia the nesn tirme, the investigator would have departad.

T€. Assuping that iz due course approval iy drireciple were given, ad

Sands premised, it weuld normalliy he a conditicn that a campeittee should be

set p to further itkhe prcject. It dees not foliow that the semi-political
tody which submitted the drolect should continue a5 the committee, as the
requirements wctild be quite different. Although the cammittee should report
+o the semi-galitical boedy, 2nd probably have s member of the semi-political
body as chairmar, it would logically comsist of a swall mmber of selected
lccz2l peownle acting iz a pari-tize and volustary capacity, oreferadly including
ar erzineer, 2 bankar, a lawyer, a businessman involved in materials supply,

a recpresertative ¢2 lccal small! worksiops and a representative who couid

adévise on lartour svailariiity.

3. Tetailad design

T7. A further two of the four experienced personnel raferred to earlier,
one 2ivil ezginaer and cne elecirical and mechanical engineer, could then

e instructed To Trocesed WIth the detailed design, specification and drawings
¢ %he varisus parts =2 the toolect.

-y

3.  In their werk, the engineers would pay perticular attemtion %o the
detailed cormerts mada shove cm the various components, which would hare been
used as a guile 7y tke ixvestigator, but would nov nave to be translated into
drawings and specificaticas. It would be ipherent in. the approach that
existing designs and specificatioms for civil works chould be used as far as
rocscirle, with adjustments =ade in details to suit the specific site condi—i

2ion3 and zmateriels azd ladows availatle lccally.

79. In regard to tae station equipmernt, it would bYe comperatively essy %o
arrive at = general jlant specification in terxzs of power ocutput, head, flow,
operating speed etc., but a great deal of work would be regquired <o define
clearly the Zunction aand detailed characteristics of each item of equipment,
including all auxiliaries. Speci:ications'tor ecuipmert in sginilar stations
aré-available, ecd zmodificaticns could readily be made to allow for any

special needs of the project,

80. Simi‘arly for the transmission and distribution components, standard
designs and equiprment specifications are availatle, and could be modified to

-
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81. In order to be able to sel2ct the =03® suitable designs and specifications

from those available, azd to consider the modifications to them ﬁeeded, it would

be necassary for the engiaeers Lo 0 over tze vhole projact area in deﬁail, and

in doing so they =ignt 2ind it desirable to introducs some cﬁanges to the _
original proposal. They should teep the cormittee informed, and usa the committee
as a whole, and tne individuals ther=of, in overcoming any prospective diffi-uitiass.
.The committee, on its part, should res)ject tie experience of the designers, =nd

acc2pt reasoring based on technical grounds.

32. Another necessary part of the work would be exaxmination of thae best methods
of proceeding with the construction and/or installation of each component, in
terms cf materials, transport, labour and time. Puiting %“hese together as a
lipited critical path network would indicate clearly the required timing of
ordering msterials, arranging transport and employing latour for each component.

3y judicious adjustment, It would be possible to arrive at 2 smoothk Zlow of

work, with cor=izuous expioyment 27 transport and labour, and reduc2d possibility

of confusicn ana overlar.

83. Furcher, the indfvidual spscificatioss could be grouped together

~0 Drovide vackages of Jycrk. For instance, it would be desirable that associated
squitment, Jcr imstance, turbine, governor, generator and switchgear, should be
iz a gizg aA;a:kage, 3@ tZatl probleas of site co—ordirzation during installation
and czmmissizsoiag would pe zisimdizad,

3L, Towesis the ccneigsiozn of this work, the commitie= would advise the
semi-politicz] 2cdy thef ({he dasign was complete, and request specific moderate

fnds to issue the design details and specificatiorns to orgahizations which

could 4o the'éivil works, and manufacturers which could supvly and install the”
equimernt. Most of the crgazizaxions and aasufacturers would alr=ady have Yeen
approacied by the desigrers, and the purpose of this exer=ise would be to sacble
the commitiee to request tlose organizaticrs and zanufacrurers to submit

specific prices anéd programmes. The semi-political body would relay this request
%o tas authority concerred, noting that up %o *his point zc major fuads would

have teen ccmmitted.

3s. On receint of <the 9ids, preference would be given to an/arrangement which
would have the zinimm aucber of principal partiss, for example, one .
contractor Zor the civil works, using local labour and materials as far as

possible,'and with provisiom of gates, screens, snd pipeline from a subsidiary,




one contractor for electrical and mechanical equimzent in the power station, and

one contractor Zor iransmission and distributicr, using loczl lavour and zaterials

as far as possible.

36. At this point, the commit<tase would place.its =ecommencdaticns hefore the
semi-political tody, whicha ir turm would aave to request the autkority conc'emed
to allocate the necessary ®upds in accordance with the proposed schedule of
payments. There cculd be furvther de:ays, and tke zrginsers would have departed.
One or two zemters of the ¢ iztee would then have to zZa2ep track af tRe
situation, maintaining the velidity of the bids, until funds were allocated and
the commistee could issue orders to proceed. v h

4, DPhvsical senstructiorn

27. The Zourth of the axperienced perscnrel would thza %e called in, ard
designated as comsiruction za::ager.. Eis role would essentially bé that of
eo~ordinator < 21t asnects, with detailed attemtion to programming, materials
used, inspeciisz of coznlietad seciions and recormendations for payment. In
view of the dnysical arez iavolved, and the various types of work in Drogress,
it =ight be r2asozable to trovide him with say three local people to be
trained as I=spectors, cne <2 civil works, one on the power station equipment
and ope on tk2 transmissicn end distribution system.. These pecple might be
arplcyed or Z= Troject wZan comunleted, or iz acy case would be useful later
ca, when tze 202stT L}c‘:.icz manager kad departed, as supervisors for special
maintenance ¢ repeirs.

8. The cc:mitfée_ would function iz approving payaents and arbitrating
in disputes, and the izdividuals would be availanle to advise the construction

marager cn ratters within their corcpeternce.

36. At the conclusicon of constructiorn and cormissioning, the construction
zanager would he relzased aad <he carmitiae would r2tirs Srom active nar+icipation,
but would ccntizue Lo process payments until they hed been cleared with all

coptractors, ard “he £inal capital cost determined.

Go. . In the mean time, a fuill-time chairman of the new electrical utility
would he appoizied, to de respbnzible % the 3¢mi—political bedy. He voulvd
De an ex officio member of the cormittee during the ccacluding.stages of
censtruction and ;cmnd.ssionizg, and would receive all details of contracts,

specifications, drawings and payments. He would also select and 2ppoint




operation and zairntenznce sta’fs. I comsidered lesirable, two zexters of

pre—

the committ could bve retained as acnorary vice-chairmen %o assist aiz.

Z.. OPERATION ARD MAISTZHANCE
1. Civil vorks

91. The nain requirement would be to keep Lkhe system operating, and

this would best be achieved by {requent insvtectiorn of the waterways, ciearing
debris, cleaning screers and trash racks, flushing\silt, carrying out minor
repairs to rz2c2lines ard emankment:s, and checking the anchaorage of the
oressure tipeline. Usually tais work coull be performed by one man, caréying
a shovel and bush kﬁife, with a wh=elbarrow laft near toe iiversion structure.

The screens acd trash racis should be rakad {4ice each day at regular times.

32. The water i %-e racelize would zormally be Zlowing comparatively slowly,
SC ©that small sligs c¢f =zarth inzto the raceline cculd be cleared without inter-
fering with ozerztica. I the downhill embenkmen® were andangerad, teaporary
repairs might be =zde witd wecden plenks, or nheavy plastic sheeting, whieca

might Ye stored ir the power station. In $he case of a bad slip which carried
away the dewrhill apbarnkzert, it would Se necsssary, citer shuthing off the
watar 2ow, =0 r2pidly gathar cuffizisnt zen to dig the raceline route further

- ST ad
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T cozstruct a wooden £lume secticn. Scpeed of reparation

wourid te tae crime raciremerc.

G3. Froa tize to tize it nizht be nacessary to grease the screen. guides
aﬁd the reczaxzisx 9f 2=y zatas, and rebair paintwerk on the métal vortions of
the structures and pressure pipeline. ZFarticular aote should be taken of zny
cerrosion of metal parts, iucluding bufied sections of steael, as it mignt

Seccrme desiratle to fnstezll some minor cathodic protection.

~
Pl

. 2oWer station

o4, With a normel operztiag régime, cte mechine and associated equipment
could be takem out of service for a few hcours esch day durizg the off-peak
period, and this woulld provide plenty of time for minor malintenance with a
10-mizute restoration time. I%L would be essential that 2 prescrived list of
rcutine maiatenance tasks be established and Zollowed rigorous;y, to minimize
the possibility of Zcrced outaze. A special list would e kept of all items
poted during daily inspection., “o be taken care of whem opdortunity permitted.
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T4

IL might Ye Yorne iz =ind that f9r such small secs dismaniliag and ~ezssem

- .
«f

could provapvly be carried oJut crer the off -pezk veriod afZorded by a Sunday or
holiday, the tericd stratchi_g Sram tiz la2cline Of tha evening peak on the day

berfore the heiigay tc the increase ¢f lcac on tke da.:r"at‘;er tha _holidey.

35. From time to %fize, tke op2ratiocn of all devices, wvhether they were
reqyired o orerate freguently or lairequen=tl:r, shoull te checXed zrd tim

aad *he calibraztion 31T instruwuent: and irndicati-g de2vices ciecked.

¢6. The staiion log- sheet skould inclucde columns for aalf--nowly rradings

of current, veltage, XW cutpuc and power Jastor for each nachine, current aad
voltage on each tramsmission line, and 2 rezarks soetica shewing times of start-up
and shut-dcwn o eacn rackine, any protacticn ozeratiors szd circuit-breaker
openirgs and clesings. Ary alarms or irrsgularitias cf operation should be

poted for 2tta=ticn. A seccndary shect coull :cver dourly or two-bourly readings

of zeperstor, tearizg a=i Iransiormer taugperzturas.

97. The mizizun auzrzr oF gerranent perscnnel required fcr the power station
cculd be guite spall, :onsistirg of 2 skillad siectrical and mechanical “itter
%ho muld a2ct as station zznager, senicr operetor apd director of zaintenance,
three shif* coerators wis ccvld zlsc caryy out routire mairtenance, a trainee
czerator whe coull taxe Teadiags iz the doy-tize during the periods when the

sni?t cperzicr was oth2rwis2 2rgaged, and as:sist the manager, cnd a cleaner/hapdymzar
rasponsibia 22> gernerai Zcusexzening in the statiom and grounds. This ninimwm
DImner presursosey tikel Te or tirae electrical or mechunical fitters weuld e
availiapble in-th: viliage %5 assis: with major msigtepance. (7= the case ¢f a very
small station, the parmunemy personrel mignt scnsizt of only one =zan, with the
provision that if a f2ult cecurred the statica would automatirally shut Aownm

2pd alara bells #»uld rizg in the station and in is liviig querters. Reliabilii;

and reccrds would, of course, be of a much lower order.)

G8. It would protably be necessary to h2ve two 2lectrical linesmen to lock
after the trazsmiszszion 2pd distributicn system, workizg during the 2ay and

ca call duerdg azon-vorking ce-icds. Trimmiaz cf Sruah and veed growth under the
trancmission lines, ard mizcr easthwor«ss oc the line rnutes, could te covered by

ainor contracis.




3. Fiazncial contrel

99. One of several methcds could te adopted for sriering equirmant acd
stores, Xeseping track of all salaries and exvenditure, arranming for asw
comaexions, readinz of aeters, collecting zrom consumers, and raking loan
r_poymests. A small offlce cculd te estahlished in the tcwnship, #ith a

-

rect salephone connexion to tha pewer station. It is strongly suggested

£

that zll zpproacues Zy tade cousurers ané Jutlic should be directed Lo the
Chsirman, at the office, and that the Chairwan should be the only ome to

recors to the semi-politicai tedy. Suca a orocedure would minimize interruption
to ihe essential work of cperaticn of the scheme by corsumers or others
telephoning cr 7isiting the pDower staticn with complaint=.. However, it is

aisc suggested that the corsurers be inviti-d to Inspect the works onm a

articular dey =zaca . yeer, Wizl nodect refreshments svailakble.

7. PRCGPAMME FOR THE PRCJECT

100. It is suggested <hat Instasd of settizg cut an cver-all Jrogramme for
the Jroject, with deadiines set for actions wkich sould nct be under the
ccatrol of Tze project 2rganizers, the project should be progrermed in stages,

2ar iastarce, 23 Zollow

-

(1) Semdi-veiiticel Toéy comsiders the possibility of constructing a

aredant - 22 2ixed dezdline;
(ii) Semi-poiiticel body hires imvestigator for preliminary study;

(iii) Investigater works for one zcnth and issues preliminary repors
to the gem’..political bedy,

\
\ .

(v} lizaiz <wo “raeks, semi--pclitical nedy 2prroves Nirtier work Sy sha

22 et

investigator

(v) 1Iovestizator werks for three =mcaths and issues detailed layout
report <o the semi-political body. Invastigator remains available

for twc wealls ror discussion on teciznicel natiters.

Staga 2

———————

(1) Semi-politi-:al body consider; finencial and social aspects - no
fixed deadline;




Semi~political bedy sutmits layout rezort ard its recommendations

to authority concerned,

(ii:) Avthority concermed deliberate - 1o fizxed deadline;
(iv) Authority concermed issues agproval in primciple.
Stage 3
(i) Semi-political body agpoints Cheirzen of tke prcject sormittee;
2i) Chairman selects cammittae members, with agreement of the semi-
political body;
({11} Committae hires two detail desigzners, with agresment. of the seri-
voiitical bodys
(iv) Designars work 2or six mouths and prepare for issue detaijed
drewings azé speciiicarticas, rith recocrendations or procedure;
(v} Cormizzes repcrts to semi-political bady;
(vi) Semi-political bcéy requests authoriiy concermed to provide
limited 2urds 2cr issue of documents;
(vii) Caesigrers recaiz available for two weeks for discussicas;
(v3ii) Ammzawrity scmcermed approves issve of documents - 20 fixed Jeadlizne;
(ix} Documezcs issmed s4th deadline of four monthks for bids;
(x) Designers recelied when bids received for one month for analysis of
bhids;
{4} rommittee reccmmeads to semi-political body that coucrascts be let;
(xii) Semi-pelitical body =equests authority concermed to aliccate funds
acecrding o a schedulsz;
(xiii) Authority concermed deliderates - no fixed d=adline;
(xiv) Two members >f ccmmittee Leep track of valldity of *ids;
(xr) Authority concarmed 2llocates funds.




(i} Cermrittee lets coztrects and issues notices to droceed;
(i) Ccrmittee hires constructicn zsnager;

(2ii) Comstructicn maneger appoiats taree inspectors with agreement of

cormittae;
(iv) Construction proceeds for 12 months;
(v) Semi-pclitical tody appoints Chairman of utility;

(vi) Chairman of utility appoints permanent staff with agreemeat of
sani-political bdody;

(vii} Zommissioring proceeds for three months.

Stage 3

(i; Chairmar o? utility takes over-all works;
(ii) Zrolect izsusmraied;
(iii) Chaiwmen of utility proceeds with operstior 2nd maintenance;
(i7) Coastructicn menezer remeins available for ome =cnth for discussions;

(7) Cormittee 2izaijizeg payments tc conmtractors, finalizes balance
sheet, sut—i3s %0 semi-political body (copy to Chairmen of

ctility) azd 3isbands;
{vi) Semi-peli*fcal Dodv issues finsl ststement to suthority ccncerned.
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