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A.. ::~couc:::::::::. 

1. '!'he 'J.Se of the poten"tial of ~o~...ng ·.ra'tez-, or ·.rater tal.:.i.;:g, to 

:t:rovide :::oti·re ~a.er, is very old. :.rore t~an one hwldr!"Ji ye!:s a.go, ::..:i 

both Euro-;ie a.cd. As:!.~, ;,ro~en ·nter-.rileels ·;ere in. use, in :iany cases ·.rith a. 

di.re~ dri~ to a g:r-'-lld:..ug :ni.U. to c~..ish g:-ain. 

2. F!.gure :: shows a ·.rhetl ·.n ~h :>:_at ·..-ocden :;:addles, par;.:y :.miners ed. i:l 

a noving st::-e~, the banks alJd 'bed of ".f~Ch !laving been crudt>ly ShS.!led 

vi th logs e.=.:i !"OCk.s. 

3. Figl!re Ir shovs a situation ·mere there ~ a contrived. •.rater!all 

o! &. met::-e cr: !-.ro ~ a :ia.vigatio'l cantl ( '.l.sua..1.ly combi::ed ;.;i-:h ~ lo~) er 

at a. che<k :;o~ i!l an i?":"igation canal. ~e ·.;ate:- over~hot the .Ceel, !.lld 

instead of ;e.f..i., es :-:::ug;i ".JOoie!l "::Alckets · .. -e::-e ·.ised. 

; . !:i eac:i ::ase, tt.e ·rid"':!l o! the -..rheel ·.ras apprc:r.i=.a:tel:; equal to the 

a.vai!.3.i::le -.. --~-::i ::'! t=.'!! ·.ra.ter ~assage. 'The t'!.ov of ·.rater va.r:.'?d ·.Tit!::. the 

se~o:l, "~ occas~!lal.:y ;.;as 1.:1su.£~ic:!.e::it to ~ri•e the "7i:leel. ~e ~ctive 

pcve:- ~~a.i.=~ ~c -n.=-:.ed., and. :ioreover t=.e et:'!.cie!lC"f ·ns q:a:!. te lov, 

6. 'liith -:=.e ad~nt c:-! electrical gener11tion, L'l sa:::ie c.asps a large 

'?Ulley ;;as ~al.J..ed. on t~e shaft, · .. ~th ~ =e.::t drive to a. sr<>l.l pul.l.ey on 

a genera:::r, and t::.e ~aitental problem vas !'eveaied tb.a-:: 'the t~s and. 

amounts :,f elec~i~ paver ·.1e!'e fU:ed by i:he :-equi::::-em2nts ot tb.e electrical 

9. Consideri~g t~~ sma.l.l ai:icu~ts of ?C~~r bei=.g produced, of the ord.er 

cf o~~ ::r :-..ro ~crse~o-~er, inter:ri.ttent ii.rec: ~~~nt generation ·.Ii.th the 

· ~ene::-atcr ·r:.t::. cc?:.t::::-cl.:ed. -:olt~e ~ .. rt pi~ 1t 7ariable s-peM. (as for a :notor 

7ei:ricle) ·.1as onl:r -:;t ':~e 0rd.er of 50 ?er c~ct, u:d cot!pl~ ·.ri th the r~sidual 

!'riction and the esce.pe of ;rate!'. ':~e over-tll efficiency of the systeI!l 

:rlig!It only be 2/ the order of' 2-:J ?er i:er:t. 
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a. :.:i. the early :.9cas, ti:le:-e all"es.dy existed. suiistan-;;ial <:ec'1n~ =:il 

imovledge in d ·r-1. engineering !ind :neta.: ~abricatio-c., and a g:--:ivi.:ig -,oiy 

of :mo-.1 let:ge of elec-eric ~ engi~eering, and. it ·.ras :iat-.. r:il that t:!le subj ec": 

ot gene::-a'ticn ct elect?"ici-:y !°:'C!:l ~re.ter potez;tial. shouJ:i recei·re detailed 

attention. 

9. ~hasis ...,-as pl3.ced O!l a.saessme?lt of potential un:ie: '.lncontrolled 

stream !'1.ov ccI:.di~ions and i.u:d.e?' ccn'troller-~ =onditions ·.n.t~ ~pstresm stora.ge, 

the !"eliab.:i:t7 of the ·..ra"ta:: 3uppl:r, the ccnt'~~nt ot the ·.;at er to preve.:it 

escape, the improvement of th~ ~f~icie~cy of t~e water..rhe~l (turbine), the 

govern.'f.::g 0£ vat er t'lcv c:.:id :n.a.chine speed, the i=!Jrove:nent of t!J.e d~cie!l=Y 

of the ge!le::-3.~or, the r~lia~ility at the electricity supply, and. t~e 

transmissic:::. ~t the e.lect:-ical ene:-~ to near~ :;:~ential loads. 

10. An i=~iate !'esult of the :.nve3ti.g3.tions vas th~ !"eal;Lzatio:i t!:lat 

a.ll the· :;~i=al aspe~~, f~m "t~e -;;:-oV:.sion of upst:-e!!.1:1 ~orz~e ':.hrough 

ey sel.li.::.g "': ~e ~.4t?t-,'"t. :·IC!'eove:-, t!le over-all ef'!:!.ciency and the uni 4; 

cost -:;t t!:.~ el.:ctr:..c::::y cc-..L..i ~~ d.:.:a":?a:tic.?..12.y ::.-ed.t!.ced. ':Jy :.nc:-easing t"t.e 

~cale o! -:::.~ ~er~::.c::., ~C:. "':!:e c~t:.!lces of se 1 ~~ ... g the cut-put "70uld be 

.~-- --:...6. _._.a._ -- .. __ ....., __ _ 
desigr:eC.. ~=sc::"'.l.Cte-:! e=~ operated, ::os~ly :n de•reloped countries, and the 

state of "':l:.e a?"'t ~a:! _:;:rcg:-essed. in :i. -:ew y"!a::s ~ hozr.ei-made le•rices to 

co::::i::!ercie.l ~~t~rises, ~t.:!...:.e th~ earlier i!lsta.llations 7ere relegated to 

the !ield o~ ~iquitie~. 

12. As a!l ex~ple ~'.:lm :he !'egicn, in .hpa.n "lP to 2.~19, 155 ::ri.nor-si~ed 

hyd:-oelectz-ic units ·..1e:-e cc:::?nissicneC., wi":h an average ca"Pe..:ity c,t 750 kW 1 

anC. ~!"O!il .:..92c ~.J j,_929 a :'·....r':ne!' 2'40 ·~ii:s .... ere ccCI!lissionei, 'Jit::i an a.verap-~ 

capaci::7 -o! 320 '.'t.W. As b ct.he!" count:-ies, the ·ievelo!)ing a•r.!.i.l~bil!.ty of 

:ong-distance tr~sm.i3sicn :-educed t~e ~ec~ fer local generation, and ·.oith 

stat:.ons ·.n ';!:t cape.ci :ies o~ ::iund.reC.s 

• .. t~ ::;. t • or the total 490 

minor-sized units ccmm!.ssioned in Japan, 175 •ere l~s3 <;ban 5CO '.<.W, 129 

oetveen 500 a.cl l, OCO '.-<.~l, and. l.36 ':Jet:;ree!l. 1, OQO kW and 2, OCO ~W. 

---~--~ 
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available in sc::e J.reas, t~e po>ler St<?'Pl7 authcr!ties, or lac~ or co::cercia.l 

companie! , cons~r.icted ( ar.d. C?_;-e const::"..lc"ting) a. f~.J ~ !:iyd!'oelectric 

sta~ions, :-angi:ig !'rc:i :o :<.'.-T to a.bout 1r.n '.<W. tor :ocal. s~pply. 

are ava.i.J.able in 3hu.:~, I.:Jcia, InC.cnesia, :::e-pa.l., ?3.pua Ne•• Guinea and 

14. Since ~he e~erg:r :::isis o~ 2..2.te 1973 t~e!"e has been a :-esurgence at 

i:lterest i!l :-enewble energy res01...rces, am a ccn.sidera.bl.e amount ot {.mcstl7 

L"'l the fiel.d a-r !ninor-sized !lydro-

electri:: gt!"e!"~::i;::n, e!:phasis h!!.s ":Je~n -;)l~ced on such :?.s;>ects as the ·.mste of 

potentia.2. i:: s=.al.l S-:::-~C?':'s and canals, tr.e possibilit;.r· of ·rarious 'tlome-ins.de 

15. ~~ ·--~~3 ~ve ~een =~te~orized., :::ic=o hydro u.m:a.1.17 r~te?Ting to the 

::-snge C-2~ ~r;, az:::. ::.=-i ::j°d:'o ·.:su.tllj refer:-ing to the =~e 20-200 kW. 

a..l:te-e:. °=!' -:::e ;:--X::~cti.::n c~ tte li:e!"ature, "'"'c the need. still remains tor 

sta-tic-..s ...... e::- ~~ yee:..·s i-;"s bee!1 limitEL., t:.:ose that ha.4 re been built 

have ha.c! 1:'.'.:e ':)enefit ot e..d.-T2.!:.ces :::a.de i:l hyd:-celec";:=.-ic ~:::igi.::i.ee~....ng ge!J.eral.l.:r, 

vitb. a. ccst· ccnsci.ous a.~proach, a.nd rel1ti'rel7 obscure cc::xpanies have 

continued to de""Telop a!ld ref~=e suitable po~e= station components • 

.:.3. :::ev~lcp:ient of SI:aJ..:. hydr~electri.c ~la.!lts is al~;ays att::-9.Ct:i:re i.n 

~ri:::ici:;::le, ·.rtere...-er the bask ;:iote~c.ials cf ::iea.i a J.C. ~o·.r exist. 'I'.b.is is 

es-pecial.:y 30 i.n ?"Ural 3.!"eas, ::iut ::iost !"'I.Lr~ ::;:c~ati.cn and de~relo~cent 1; 

~'J?ica.llJ concent:-ated. in the ~latter 2..Z"e~3, <ind ~he ~equi~ed he9.d 1vai.:.able 

~er an '!Conctlic inS<:al.l.:itic!'l !.z !'rea.•1e!ltl~; only a'f:3.i2.able -'l.t a location sc:::e 
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essentia.!. that engi::ee::-in€ c-,::;i:s ";;e hel.S. -:o an ai'"'>sol".lte :ri.!li:::.UI:l. 

large team of ~ert.:; b :nany di:~::'eren-c fie:ds ::light ~e aployed on the 

investiga.-cio~ and iesign of i la=3e hydroelec~ric ~roject, this ~ou.ld ~ct be 

pcss:.!:l.a for a. small ?reject. The ~!;l.lO!i!!'?D."t o!, say, tour -oersons -.rith long 

and brcaC. backgrol.md.s of experience in ayt!roe.lectric engineering, tiot oniy 

"Jith knowledge cf i.nvestieation ::..nd ie=ig:i p~ocedur~~, cut ~o capable or 

ievisi;ig shor'=-c~t ~e~uods 3.lld '1Il1ers~andi~~ ~he !'eaiis"tic c~nsequences o~ 

reduc-cion ot :::a:-gins, .::light oe a more J.Cc;ep-c.:;.bl.? app:-o~h than hiri!lg 

specia.l:.st consul "tan.i:s, us~g ?nt~".!Siast.ic bl:~ rela.ti ,,.el:r ur."tra.i!led i, 1cs.l 

otf!ce:rs, or lea.v'....n.g !!18Jor . decisions to .ll" equi;::ent :!1!.Ilut'.J.cturing comi, 'll1Y. 

A tn:iicl!.l ;:-oup, • .. ~o ·;o~d. ope:-:?:te ~ seq_ue:ice, •ould be an ::.nveS1;i.~tor, 

-:,..o detai:. designers a.nd one ::cnstruct:.on er..gi!leer. 

The :n.oet U:lportant point is the abil:!.. ty 

estac.L:.s~ ~~e ~~~g=ap~c.al loc~ticn of sue~ :cnsur:ers, to :L~ the location 

ot t::-~s:':::-=e:-s a:iC. "":l:.!;- ~e~t of .:.ov ~lta..g~ tral!!"t"isc;ion, t~e c"'.lst o~ •.Jhicb. 

:::.ight be relat!:ve~ iJ.ig!:l.. 

21. In tte ca.se- of a c:-or~hop ::r co!!l!:?.erc::.a.: bui.l:ii!lg, it •.tould. be necessary 

al.so to e:a=.:L=e :;:e ~i3~:.ng sou:ce of ~!le:-;:,- 1 lS if the cos~ of transmitted. 

a.c. econc~c a.dvantac;e to change ovo?r, the 01.-ne!"' might eJ..'"?ect to be compe:isated 

for his ex:!.si:iog e~ui_t;:'!lent. 

i:id.i·rid.ual tr!!.Ilsto:-:ne::: or ~::.e ~r.;e!lsion cf ~;:.~ t::-ans:r:.ission l..ine to his prem.i3es. 

22. Add:.;:g :.~a i:'ldi ·ridua:. c~nd.!! ott2.::..:ied :"::-c::i a s~pl:.ng procedure, 

ration.&:.:!.zi.i::.g, ~d 3.2.:.o·..ri~g fa:- ~-rer'.li :.:,- of jQe..'ld in ti=.e, .:~1gures ·..rould. 

be obtained !or "the tota: de!lla.Il<: (k~T and ~::tc!'g:.r) cc. init .. e.l a'n!i2.a.bi.:.:.t7, 
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; years late::- ~d 10 years l~te::-. ~e9e ~igur~s ·.10ul.d. :ie '.lSed as t!ie ":as is 

for searching !'or a 5uitable site :·or the project. !t ;rould a.l.so be !Ughl7 

desi::-able t~at the g~s of funds be established in. principl~ at t!lis s'tage. 

(&) Project size 

23. T!ie potential gross paver (P in kW) o'f a. project is obtai.ued rroz:i t!le 

quantity of ·..ra.t~r (~ ~ JJ.
3/sec) a.nc the gross head (ii in :l} by tee ::-elation 

? = 9. 81. ;m 

Thus a stream or car.al ot C!'Oss-section· l m.3 and t'lcvil:g a.t a. rs.te or 
l m/3ec, over a !al.l {head) or 1 ~. ;rould have a. potential ot a.bout lO·k'~, 

but a.t'te:- a::c-.r~ !·-:r ef:!.ciency a.:id a"°erage effective h~s.d tl:e ::.et out;>i.;.t 

24. ]or:0 ~17 the eq_-...i-.al.en~ additional ~ead gi.ven oy the velocit] of 

the ·.1ater ·.1oul-! '!Je ?:.l!gl.ected, out in t!:le ~3.Se ':)-r a. ver"f lC'V h~ad pr:>j ect it 

7 :.s tt.e ·rel.oc:.-:7 i.:l ::u' sec 

,, 
' v 

i 

; i5 ~he ~-af"itatio~a.1 acce.lera~ion (9.81 'Ji/sec/sec) 

?or tlle a.!Jov~ ~ase, ~':= ~ss addition&!. head •.Jou.ld ~e 0.05 ~ irlcreas~ 

the gr::ss ~c~e::t.:.a.l ~eve~ ":f 5 per cen~. It the vi?locit"f ha.d ~een 2 ::i/sec 

ti:e g=oss s.:!ii ticna.l he~ 'nul.d have been e.bout 0. 2 m, but such a. velocity 

•.rou.ld "ere qu.:.:te unus•.:al. It may be :ioted. th.a:': such. a ctlcula.tion disposes 

o! the arg-~e?:.t :;iut tor..rard by some ·niters in the !!Opular literature that 

the veloc:i.~7 alone cou.!.d ;e a. la:ge source of electrical. ~ver. Figure I 

i:l order to ge~ 5 ltW. the iavestig:itor ·;ould be looki!l.g ·tor ~ st:: em;i or clmal. 

·nth :::.i:ii='.21 tlc....- a.bout 3 ::i ·.ride, •.1l:.i.ch is quite a. sie=-i.!'icant s2.ze, and 

the ci'lil coat3 c~u.ld :e hi6h, coasideri~g the likely ::i~um !~o~. 

1'e·r~rlheless, such :;:iro.j ect3, a.!!.d even ~a..12.er ones, ha.Ye oeen constructed, 

USi:lg :..cdi.!'!.ed ":Jul~- type turbi:ie-genera.tor S<?t3, Or 'Te?'"tical C'..." horiz:::ntal 

pro~elJ.ers ~~nne~ted ~7 s~ or belt t~ i ~mall ge~erator. 

l 
I 



~pstre~ stor~:.e to :~g-..il~te ":.h~ !'lCTJ to a ·.ralue above the ~cr.:tal. :::n:i~:.Z:.ux::. 
"'.I 

For instance, 1 !:1 ... /sec ·.ritn a ~e~d of 20 :n. -...ould !lave a g:-oss :;lOtem:ia.l of 

200 kW. In looki!lg !'or ~~ch a ~ead, attaction 70uld oe ~aid, ~ot ~7 to 

the possi'bility ot bypassi:::.g ·.;ater!a.lls or rapids, ~ell are ~bvicus cases. 

'but also to ~he possi~il.:. ":.7 of :"'.mni~g a. canal. or racel.ine around a spur so 

that the >ra.ter could ~e :L-op~ed i~to ano~~e:- Till.1.e-f ~it~ a lcr-""er ~locr level. 

27. Surr~y :!:!PS ct the area ct inte:-est ~ght not exist. At best, 

thert. ~ht be sma.11-scale =~ps ·.thich ~ere ~rigina.lly prepared !or :niJ.ita...-.r 

?ur?Oses. :~~:nap ~e:-e a~-ai:able, it coul~ be used for ?re1~~1~~ selection 

of possible sites. I~ no~, the i~vestigator :night ha.ve to rely oc his 

28. :Jet.::!;· ~d. ::aP11~g :s ~el:r to ":e justifiable, a..-rid the ~sual solution 

·.rould. "oe """ ......... _,.._ - -- ... __ 
an Abney ~==~e::- a.::.d. t~-pe, a.nd th.en, if t'!le sche!lle se~ed. promising, 

29. ~e i:veS-::.~tor should. a.lso check ownership of land. i.!lvol7ed, and 

~a. ?-:= ~c::~=.:!.=" :-~asccs, geological i.Zlvestigatio?ls -:oul.C:. involve :it"tle 

lllOre tha: the close obse:cvation of the tne ot rock !.Ild freq_ueocy of rock 

out~rop; . ':'!l.is ::i.i.g!lt i::lvol·;e the clearing of UDdergrovth a.nd the digging 

of a ~ev e:qilor~tory ~i~3. 

32.. Local :na.terie.l:! :nust be 'J..S~d to the g:-eatest exter.t possible. Inspeci:icn 

of lcca.2. houses ·..-ouJ.d '..!s~1al.2.7 indicate ·.;b.et::ie:- ti:ber. s~d. .i:-avel a.nd stone 

·..rculd 'be :oc"' 11 7 a.va:!..::?.ole, and ·..1he~her .:e~ent, wi:-e ~d ligh~ r~!.n!orci.::x;i; 

bars -:ould. ~..: rea.di.:7 oot~ed. 
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32. 

i~em to assess. 

ga~iZ:J s~ation ~ -cak~ reac.i~s fer as lor-..g as possible bet'ore a. decisicn 

-;.rould be ~re i.IJ:?crt2.!lt ~o :neasure 

lov t'lovs ~ha.z:. b.igh t'lu.;s, and a. 7-not.:b. :1ei: could 'be sa-Zist'actor.r, ·Jith 

d.a.ta 3.lld l.ocs.l lmov.!.ed.ge -.rould. '::e c:;:.isu'."':ed ~c est.abli.sh possible !'load 

t'lOV9' and possible low nov pe:-icd..s. 

'J'b.ich "::e a. se::i.-:?oli ti-:al ':Jody s~<:b. as a local c::>c.::ic::.:. I ... .; +-.. --

body ;;i.i.¢:: ~!:ez:. i=·~=-~c-: -:he i;i•restigator to proceed •ri.t!::: a layout of the 

:projec~. 

C • ?RCJEC'!' LA~GU· ... 

35 . :.:: a ":'J":.: c~ =a.se, the oYer-a..:.l :!es ie:i basis· ::rig~-c be t J prcYi -:ie 

7ear9 a...~~!" i:Uti.al oi:ea"tic:::, or tvice the axt:ected de-e~a en i:litial 

~era~:!.:n., ·•b.ic!:l.e--Ter ·•ere t~e lower. 

36. !~ 1JSe must be ::.a.de of sta.::ca?":i:.zed desi;ats oecause the c"st 

of ?rovidi:ng :miq_'.le designs fa:- eac!l of the structures !..::i..,ol.7ed, and -:he 

various i te:s o~ eq_ui~en't, ~rould 'be !Jrohfoi ti 'l'e. Stalld.a.r:iized s is.ple 

("'\_ ... ... ~-~
-~ .. _"'-- --._.,,,...- .... -:::111o.,.. 

~··· __ ...,..._ -""', 
during constn:.:~ion, have been. used ~~r ~any 7e!.rs ~Y i:-rigaticn authorities. 

Standa:1i:ed des:.~s f'·~r ·1tl·res, tU!'.:..i:::.es u:..d gene!"a°':ors a:re a.vai.lable f:-cm 

to gi.7e :l.e ::-~qui:ed. · .. --::ite!" :":!.~ m:i head ':o 3ui. t a st:a.nda.rd desi~. :::le ctr~-

suitable ~qui?me::~ !.s :-ead.L.y ~ . .-re.i.:acle. 

----~---........ -

' 
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37. A ':Y?i;:al project ·.:ould ha.Ye, a.s -::. ·ril el!ginee::-i;i~ · .. -crks, a ii "T<!rsion 

str-J.ctu;-e, a. .:!esil~ing basin, a !"3.ce:.!.:ie, a. ~ea.d. 9o!ld, i~take s~r'..lCt-..ire, a. 

Of "";.h.ese, a. lo'1-he!!.d cai:a:. sche:!l.e ·.;ou.ld. :ise only the in.take :;tr.icture and 

screens, t!.°''! po;.~r station st!".!C"tt~'? 3.!ld. t:-ie tail race (see t'!.gur"! Y) • 

(a) ' Di7ersion st:-..icture 

38. ~!!e._~y, a. small :la!:: -,.ould. "Je :-eqt!i=ed to ii ve~ the vat er, but Jtight 

be -.ad.e scne~hat :e.rger to s~ore some ~ater it there 7ere a pronounced 1r'f 

se1.son. ~e cost of a. pe..-..::iar.er:<: s't:-ucture .-:i~en ccuJ.d. =.ct be ju.stitied., and 

a. ga.bion-t~e s"tructure vi th an i:pervious upstreSl:l fe.~e ??lig!rt be sati!d'a.c"tory, 

?8.l"ticula:~y ~her~ there 7ere good 5iz~d bc~de:-s of soUild r.:ic~ avai!able. 

The da:t shoul.d ~e located 03 a ~oc-erodi~le foundation, •ith sound abut~en~s, 

and 7ith a. su..f!icie~~ c:re~ length ~o be ~ble to pass floo<!.s over the to~ 

39. ~e o~=-·-·e sl:cU:d be a short closed ccnd.:li:t, t!.~ted nth al! intake 

of:";ake <;c clear ~~el a:ld sand, closed. ·oy stop logs . 

... r- .. ~ ... .; .... -----, 

41. Cost ·J'oul.1 e;e!leral.ly :-ule out a closed. conc!u!t to ca...~J tb.e vat er 

to the ae~d pen~, and x:: cpea ~~cel:.ne or c~a.:nel ·.nth a g:-adient of 0.1 

l'!lis cocld be unl~ed i!' tb.e e~-th vere 

paths. Al.so, 1esil.ting basi.::. ::ight 'be an ad•rar.ta.ge. 

42. A he3.d pend ·..-ould 1.!Sua..:.l:r oe con3t:-ucted iznreed.iatel7 'be!ore the 

intake to the pressure ~ipeli.=J.e. ':bi3 3hould be large enou~h ~o act as a 
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demands created '":Jy sudden increasf': in loading on the turl::li ~. It righ-. tlso 

act as sup:plementa...7 stor~e to reduce the si::e ol: the -!:i:re::-sion st!ucture 

it the latter hes poor ~cess !or constl"Uction. A finc.l spill. point shoul.1' 

be a.r:'3llged f.:-om t~e head pond, preferably including sluici~g. and v±th the 

va.ter conveyed a short diJtance in a :hute. 

43. 'The intal!e struct;ire •.rou.ld il:lclude the final (rsovabl.e I screens> 

protected by ·re!"tical bars. T!le screen. '!:lox sho'.ll.d oe total..ly enclosed, •.ritb. 

the sili leve:. set a.s !li1~h as ~ossible :a.bove the t:oor le,rel. of the pond. 

Entry to t!:e :;>ressure pipe.l:!.:.? f':-OI:l the sc:=-ee:i box should ~e through a taper~ 

piece to k.ee-p entry v~oc:ity down to say 0.5 YJJ./sec to ltinimize the risk ot 

air entry by 70rtex tor.nation, and should. 'Je ·1ell oelcv the va.ter level ill t:e 

scree; box. I~ there ve::-e a sudden downvard c!:la.nge ot a?lgle in the ~ressure 

pipeline a silo~ dist.a.cce 1~ .. -nstr'!~ of the •mtry, a.:i air bleed p.;.pe should be 

int::-oduced. ~er a lov ~ead caz:a.l sche:e the ?hysical size and cost of ~he 

intake st-T.:c-t:i:e ;,ould. be si~.:.-f'!ca:t. 

44. . Ge:e:-a.l.17,. the pressure pipeline ·.rould be a. rela:tii·ely thin-wa.l.:.ed 

s'teel ::;:i;e, ·.;:::.ic!l. il'Oul:. be su.~ied. !':'cr.i an exter!le.l source. The 

could. ":e ga.:.-;-a::ized er of ~lack s'teel it va.ter qU3.lit-:, pe!":li7.ted. ':he ~ip~s 

could. be ~., , ___ ,.i -~-" 
--~- .. , .. _i..._ r.;::,:e:- ring joints, or prepared for ~el:!i.~g in the 

fie.:.d. :-::er =a~~~' s~~ as asbes~os ce:ent o:- fibre-reinforced plastic, 

could. be sec.,. ~e :l::oice bei::g oce of :na.xi:tUm econoey, takic.g i.:ito a.cccunt 

l:Si::.tec.a.::::~ ~ :;>cssi'":J.:.e ~.It°'J.re replac!!I:l.ent. Pipe diameter voul.d generuly be 
I 

kep~ as swa.:..l a.s ~ossible, il'it~ a preference ~or pipe sizes readil7 available. 

45. T.le press'.ll"e ?ipeli::ie ·.rould t10r:nall:r be buried to :::iinimize e:-c;::8.!lSion 

and contraction !)robl.ems a.nd s:L;npE!:r anc~cr1.ge. Usual design ?ractices vould 

be !o.llcved, ?Ossibly •.rith sOMe re~uc~ioo in ~~ctors of sa~ety ~here d.a::.a.ge 

a~ the bo7.tom of the pi?eline. 

( :') ?over sta:tion s C!"'!ct:.11'~ 

46. The 3tat!.an ~uildi!lg should use local. :nateria.ls and buil.di:ig :nethods 

to the ~axi:lw:i extent possible. The ~ ~:oor should be of ~~in!or~ed 

concrete 3.lld ill gener~!.l should be a.bove :::iui:lu:11. tail'7ater !lood le•rel so as to 

di.:llinish dr1i..~age and wate::--~!gbtness ~r~ble::i.s 3.Ild to ::ii.:iimize excavation. 



This vould nor.:l:ill.y pre~ent ~o ii:f!culties ;ri~~ impul~e ~urbines, other 

than ~:::::ne loss or ~ead. Soce proole~s ::ii;~~ ar~se -.r...~h reac~icu ~lU"~~~cs, 

vhich :nust Je se~ =elati"T'e to :U.ni..=t:=i ta...l~~ter level. on ca·ritation considera-

ticns,. but .... ... ::ight be ~os~ econo:U.~ to sacri~ice a li.~tle ~ead 3Ild i.I:sta.l.l 

a control ~ei:- to ?rovide the nccessar-f b~ck pr~ss~. ~or lov head can.al 

sc.!:e?nes the latter. pcssibili";y · .. -o'..ll.d not appl7 ant! s.Ws~antial. exca•ration a:id 

con~-'!'ting ~ouli be nec~ss::.."j'.' .· 
!l7. The si:e ot the ;;min structure sho..U.C. be m.inical, conditioned by the 

tlcor spec~ =equi=ed ~O::' the ::achin~s and a sp~ b~, and the height n~cessarf 

to :i:ove :najor -p~s ·.r:~~ a ;n.11-!!lOt'.Ilt~d. or :'ree-S-:anding t::-1vellil!g hc-ist. 

The cont:-ol rcom, svit~i.igce: ::ocm, store roe:. a."ld bat'tt!ry room should be in 

annues o~ .nor:::al heis!lt. Li"Ti:lg quar+.ers, i~ ~eceSS8.IJ, sbould be se=ia.rate 

and ot t"JPi:al co:istr..ic-:ion to-..· tr.e a.r~. A:though scme a~~a!l!pt ~7 be :ziade 

to ble!ld. --w!:.e s-::uctu:.·~ i.!l ~~-th ~!le s~oll:l.·!i-~s ~ a::..y il!ipul.se to ~e ~he station 

a shov place sb.cl!l.! ~e :-igorou::>l.7 sub.iuge.::ea., ~ the ccst increase could be 

(g) Tail =ace 

.. 
~. =·!t!~!:.?.:lical 3.Ild. -electrical eau~-==e!l~ 

tic:i, s:.=;.:.=.:::'::r~t' ~·:e:-:.:';i..o:i and. .n.ai:itc?ne!lce and suitability !or :-ela.tively 

unskill~d :c=scnnel~ ~'l!!"ability, reasonable ~:-otect1on against cal!'unction 

.,-itho\I'C exot:i:: pi-ot!!ctic::. equi~n-t:, a?ld :-eacy ava.i!a.bili -:Y· of spare p~s. 

50. j'.t c.ould. ;e a:gued ':!:.at, ic an a.ree. ·..-here th~r~ •.1a.s t'or.nerly no 

~lectric pO"'..e:::-, one gc:i.?rati;l~ ·mi t coul:i '::e sa:t:.stactory, si!lce there ~ould 

be only one race.iine "to ~:re 3tat:i.cn, and. d.e:yti!!i.e -:;u .. a.g-?s for :I:a.ill..:ena::ce on 

Sunda.vs -,,ou.ld ::iot -=~se serious ir:.con•rcnienc~ to consu:ers, !.nd tl::.is ~ould :iea.n 

:nini=u.r::i. ~os"t for equi~eat a..~d s-:.a..;ion 3t:-ucture. 3:c..,e·.~.:-, s~ce ~he sugg~sted 

output r~quri~d ~:i; i.:ii ti.1.!.. opc:a.t:'.cn, it ·.t-:iuld. be reasoi:.a~le t.J co~sid.er 

:!.nst.alliz:.g ::;.10 uni~.;:., eGc!l !':J.to?d 3.t 120 p~r ce::.t ot' tt .! i!l.i tial oU"t?Ut !"equired. 
/ 

T.lis would. allcv !or ar.y ini~ial iif!~~ulties vith the e~uip~ent, and the 

res~riction o~ load on loss of one machine ~ould not be serious tor same yea.rs, 

by vhich tim~ othe::- dcvelopmer;.ta L'igilt have occurred. 
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(a) :'url:::ines 

;1. Turbine :::a':lul'act'l!?'e:rs have d.evel.oped a :-~ge of standard. designs in 

·.-1hic~ one 1esig!l can ':le :ised over a. ::-e.a..ge uf ~ea.ci.s ~nth appropriate variation 

in s!)eed, o'l!tput and ilsc!le.rge. The:-~ is a strong te:&ciency fc:- :?la:rt costs 

to ii:!ti.nisa wit!i ucreas.;::g j,ead. I~ulse turbines treuld be 1.ikel.:r to be 

chea-oe:- than reac-;ion ~urbuies because of t~e si::ipler const:-uction a:.c1. 

gover.:ing ~es.r. ~:aJlui"acture!"s o~ s:?a.J.;. tarbi:::e! have :-ecogni::ed this cy 

a.:iopti!l& S"i)ecia.l c!esi~s ~f i!:q:lu.lse turbi;:ies suitable for :!.c..,.er h!!~Cs .t;!:.a..o. 

t!1e trad.!:tion~ ?el ton -i;n>e. ~ suc:h desi~ a.re the. ·!".lrgu (~ropr:.etary 

name), vhicll is suitable for heads dovn to 10 :n. :::ir less in verJ' small units, 

and 3e.nki, . suitable for even lc-.:er !leads. 3oth types of~er 'C!,uite !llgh. 

eftic!euc~~s =~~ & 'rii~e range ot =~tp~t. 

52. Gover::or c:::s"ts !ollcv the treed. ct re<i"w.ced. ~est ·.nt;h i:icr~ased head, 

!lanC.:e a. ~a~ 'i ~ ~".J..C~ i t7 of C:i.:.id. I:i. ap~icatioilS ·mere there ~ould 

e.lnys be sCJ:e ~":l.1:.S ot ~ra.-:e available, a ~art:!.cularly economic !or.n of 

"..,ate?" irast~=e!": gcver-..or ~ '":e ;jSed !'or Pel.to:t or Turgo tur::iine.~, in -..hict 

the :C.ov int.::; t!le til:'bi:e ;rould. r~ conS"tant and ~ pure1y ce:rt:-i~-ai 

:::.o c:..: ~essur~ syst~) ~1culd. d.e!lect ~lus ·.rater 

-..:~ ~ -- :"-':" 

;3. ~ ~~ice t~ -=~e:.= ple:t cost pe:l2.lt7, Iiledium to lcv head reaction 

-cu::i..:les =~.li:e l'I. C:ra ...... ""'"t :..:!Je "';c cot!.vert the lar3e percentage ot velocity 

;:.. Cne o! the n.rious t'or:is of tubular tl!rbi.nes cd generators :light 

o"!~er the i::·~st sol.ution for heads of a !"ev ?netres, out there a.re as yet no 

sta:id.2.rdized designs for til.is tne. 

\~} Gener~~ors an~ associated eauin~~n~ 

55. 'r"'!Il"~-pl-ie>e gener?.tors ?.!"e ~eoera.117 pre!~!":"ed to single-phase 

geoerators becacse o! their g:-eate:- outpu~-to-..,e:.ght !"a~io. Stande......a. salient 

:pol~ AC r.rnch..""Cnous genera~ors coul~ US""..ial.'!.7 be used except t!J.a.t moc!i!ications 

:o al.lov !or ;ug.:: !"'J!!a11ay- spee~s a:.:e us~:r :iecessar.r. i..oi; head ir.sta.l.lations 

·.muld ge11ere.U:r !"equire tbe spe!';d to "ue stepped '.lP, by :r?.es.JlS_ of a '/-belt 

dri ·1e or gearbox to Ji "Te a. speed at ;rhic!:l. the generator would ~e less costly 

anc. lighter i;i veigi:lt. 
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56. ~e t°il!.2.d cir~uit coul:i be :>upplied ':y a conve:itictlal. DC sha.:'t 

excit.i1ticn sys.,ei, but "b:--JShl.ess;' e.."<cit&tion ~uld be p~ie~C., thus 

el i'"'inating t!:e :.lip ri.:igs, the c~ta"Cor and the sha:rt extension and spsce 

req'\6!:~d ~or <;he exciter. 

57. An a.utoma.tic 7'0ltage regulator (.A~} in !:ts s~est fo~ coul.d be 

v::t~ the elder method of a caroon :pile regulator in the fitld ci:cuit, but 

voc.l:i :i)re!erabl7 be electron:ic, to give greater acc·..iracy and. speed of ~sponse. 

"Se.1.:"-reg".ll.ati:g" sclle:es ila.ve also been used vhicll do :?.Ct em.picy an AVR, 

separate cCE:Pc1.!!ldiz:g tra,t;Sfomen be~ used ~::> provide the :iecessa.ry variations 

ill excitatioil. 

;a. Fe!' :;:a:a.lie.l :pere.tion ot generatcrs i!l the su:e s-:a-:ion., a sig'lal. 

P?'OP'~io!lal to cut~ cur.-ent !?'o:n one genera.t:l?'- must be conveyed to and 
• 

inco~rs.tee i~ the 70l'ta.ge reg-JJ.ator ot the other gene!"ator. 

59. !t ~!le gei::.eraLcr is ~endeC. !.S a. s~le!:!eIIt t~ oth~r ~eneration, 

then t!le s'"-:-l• :ies:.;=. ~C. :-cer.!St const!"'J.c:tion ct m ind.uc"Cion. ge!lerator 

could be e;;. :.._ !!.C-::. "Te. 

60. '!he ::i!til:'.: :"~lli:e=.ents for indication o~ the ~erator co::idition 

(c) ::'~ - ...,j,..-•• -.. w~_,__...., __ 

61. -="a-:.:i. ge?:e!"~"t.:- sl:.o~d be connected to its svitchb~e.rd by ce.bJ.e, ~tli.ch 

62. !! the loaes vere all local, the .;enerating vo1tage mi~ht be fixed 

~t 415 vol-.:s, and. the svit.:!1board cou!d ccns!3t o~ mettl-enc.losed, sw,le 

bus a1;-volt ~.n.~chgee:, ·.r..th one ci!"~J.it-bree.ke!' !or eacl: ge~~rat~~, oce for 

eaci:l outgci::ig li:e, az:d o~e for statio!l. se?"ri:es. Sue!:: an ar?"a.nge:i.ent wu.ld 

::eG,uire -re!"".f li-t'tle :iaintenance, provided it '.le.s sui:ta.bl.= for ambient 

cond!tions (tropic-?rco!ed if nec~s~ar-1). 

63, !f a. !:lip;her 7oltage •.re::e :-~qui~d ~or t:-.,.JlS&:Ussion, depe.1di:ig on the 

tota.l lead ?.Od ~he di5t2.!lc~ t':'o~ the pove!' station ~o the loads, ~ decision 

(i) G~nera.tion at 415 ·rolts, ·.ti'th ~15"'.'•rolt svitchgea.?" on t:..e gene:-ator 

circuits ·.nth ot!'takes for station S1.."&JplJ", illdivi~ual gener!!.tor 

' 
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transi'or.:-:rs to t.1e :.ighe?" volta.ge, sq !.l. £.'I, :me'.. a si!:gle-cus, 

ll-k'l :.ietal-enc.loseG. 3Vi~c!lboard, ·nth one circuit-breaker for 

each :i:l~; and 

(ii} Generati.c:i at the hi.gt.er 701.tage, ·.tith a siagle-bus, 11:-'&CV 
svi.tcllboa_""'i vi.th one ci:::-cui.t-b~!lke: ~or ea~h g~neratcr and each 

line, a.nci. one for a· step-dovn t~tor.:er !er station supplies. 

!he c!loice ·.10uld be made .:ln t!le basis ot' c~st:, convenience of layout, and. 

t:-mspc~ 2-"Ta!lgements !or 'transfor:?!ers, Wi~ I!!i¢t 't>e bulki.:r t~ the 

larges-,; indivisible piece-of other e~ui~ent. 

6k. Wi~ tvo (or a:::i~) generato-...-s, S"'JUC!ironizi:ig fa.ci1 .. ~ies .._"CU.ld.. 'be necessary. 

Nor:na.l.17, !:leua.1 ir,;uc~::-ociz~g using a. ·.r.ieelee. sr-::hroniz-i ::::.g trclle-/ 1'0u1d be 

sa.'tisf~~ry, p?"ovi.!ed the :11e.c!ti.!1es b.ad. reasc::iahle ine~ia ~o -:r.in"i:- :!'! a:u:iti:g, 

end t!le tim.e de.:~ ~ clcsi:lg a ge?ie:::-~tor eirc:-.lit-br-aker .as !"1!asoaa.bly 

. 
65. Eacll c.i:cui.t-O:re!!.ke:- should be a.uto::a::ical..l.:1 reS!)onsi;,.le to Si6%lals 

ot cve!"lcad., silo~ ci.:-e-.iit, ·ove!"Teltage and undervoltage. 

s'ta-:ion o-;e=-a:-:i:!.g, , -:g~-::..:i.g, c==nmicaticn · a.nd. draim!.ge pu:ps •;oti.l.d have to be 

sup~l.!.ed ~":!:a s~a~c~ cattery, and. the::"e ~~;ht be a cas~ tor :i!l.stalJing a 

small diesel st2l:d11y genera."t:or, p5.rticularly if the s'tation were to be operated 

in':er:nittently. .Uter-...P..ti-rely, there !!light be a standby set at a. :ia,Jdr load 

point, ·.rllic!l could ~eed. a. mall :'Qount or ~over ba.clt tc the ~r station it 

67. !l t:oe!lerat:on ~.,e::"e a.t 415 ·.rol~.s, ·.n-:h ::io step-up trans!or:iers, three-

~base, U-rtre 415/220:-volt t!"3Jlsmissioc !:ligh-. be us~d. ~e :ru:nber ot circui!s 

·.rould. :iepeo.d 011 the nt::nbe::- and dispersion ot ':he load centres and the suppl:r 

reliability ::-eq,U:.re:i. '!he consm".ers could be pr'.Jtected. by an ea.rthirig syste:i 

earthed d.i:~ctl.y, via a. co:rtinuou.s ee.rtr..n.r~, or by a multiple ea_"'"thed neutral 

syste:t. the choice bei:ig ma.de on the ~asis of o?artll resi.rti vity and/ or economics. 

On the ri-emise that many of the consumers -.rould oat be a.ct:11St01!1ed to the d~rs 

' 
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St~~ designs ot t~ansmission and distribution eq_uipuient, inc.l~d::.~ ~"Ooden, 

st~ and conc:nt;e poles, insula:tors and conduc-;or f!.tti:igs, fusEs and 

isolators, and hous~ entry arrsngements, 3.re readi.17 a.v:o..i 1. abl.e. 

68. !:t step-up trsnsfor:11ers vere _empl.oyed at ~lie power station, t:hey :aig!lt 

be star-connexion on t!ie lov voltage side and del.t&~Ilile:don on the high 

voltage side, and tl!e transmission wuld be three-phase 3-vire, vi th or without 

an ~~h ':lire. The :iumber ot ci:c~ts would again depend on the number and 

disper~ion ot ~e load. centres and the SUIJ!'ly' r!-.l.i.abi.!.ity required. Standard 
I , 

desi&ls . o:t poles etc. ere reediJ 7 avail.able. ~t ~he. lead 3re&S , care vou.l.d 

be needed in selec:tillg the opt!:mm points for Io .:ation o~ step-dcnnl 

transtor.ners, .Uicll ~ght be three-phase or si·4le-phase, delta/star 

connected,. preterably' pole-mounted vith t'use5 and poasib17 surge-diverters. 

Distribution a.t lil5/24o volts 7tluld then I
1 .Jllov ~~ arrangs."!nts o~lined 

!lbove, with t~~ additicn t!:iat i-!". ·~'.!!!. ·oe quite ?l.Onnal to run the lov voltaJJe 

ci=cU:.-..s en t~e sue ?oles e..s· the higher vo.lt~e vhere practicable. 

69. .-. !n general., apart t':am. tald.ng into account the expected ~e in 

load over the 10 7ears o~ so a.tter- i.:li~ial operation, it is desirable to 

o•e:::':'ate -the ~due-tors of the transmission ~es by about 50 per cent, to 

keep volt~e !..-ops and li:ie 1.oss" dawn d.urillg c.or.nal operation, and to have 

!. .,.,..,.g::!.=. iiu.-: rg emergo-!1J:7 c-;e:rat"'..o:a.. This s:ppro8C:h- is ?lOt usua.ll7 ::iecessarj 

!or tr~o~-., vh.iC:: =ave !.cv losses and an i.?lherent eyclic:al overload 
. . 

ca;acity_ !ii ~b.~.distr"-butio:a. ?letvork., the same- principle ot overra-ting the 

r:onciu~ors by about 50 :;ier cec· shculc! be applied, as in many. cases some 

1ndi. vidual loads i:iay i.Jlcrease taste: than others, causing ~emporary · changes 
. . 

in the lead diversity pattern. It :!.:: a particular ~a. the load increase 

a;peared to be pe~en-e, it ::ti.ght only be ~cess.ary" to cllange a: step-dovn· 

transfo!"%er, or add. anot~er e.t a !le? location, •.rith c.i~ i~e:-r.iptio: ~o 

supplies. 

4. ne!>or't 

10. At tbe coc.c:lu.sion or b.is ·"'°rk, the investigator •.1oul.d sulmit '.'.li!l 

d.eta.iled layout :-eport:, ·Jith reasoni!lg, inc:luCi.:lg a. cost estimate, a.ad coimenta 

on any areas likely to be ic.Ulldated, or e!'~~ct3 of var.{ing.stream nov, 
. . . 

includil:g my other enviro~e.m:a.l consideration~, to the semi-political .boey:. 
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n. Il'.l CO!lSide!'°iilb- ~!le investigs;':O'!" 1 S !"~p..;~"t, the Se:J.i-~.li:':ical bocy 

w-J.ld ~Y p~...icul:i: attention ~o <:~e cost estimate· .!.lld. t?le. conclusio??.S 

on prcba'!'l~ load :.ieY<!!l.or:m:e?r: c·.rer t~e ti.r:re. 10 •rears r:-c::i initial operation:. 

!re:: :;bic!:l ~e ::ieces;ar,r sale price !=er }6~ of ene:.-g:;J1a.d been c3.lc~ated •. 

72. The ta~e "::a!.O'-~, bas _"been c~il~ t;: gi·re :m i.miicatio::i o~ ":!:&e order 

of costs involved-; 3.Cd the -_cOrT'espo.11dil?g se.l.e price o~ ~er;y. The basic 

~igures !or civ"'-1 vor.!ts a!id pove:- s-tation et;".!ipment ':i'ere taken f!'c:. iiit'or.na-

escalatic:::., and tile -:cs-ts oi tr~nSJJ:.ission <::id dist:ric-.itior: ;rere taken as 

2.!:!lU:. ~-.. ., =a,ch"'ne U!li":.s •.rer-e 3.Ssumed. i.!l 4;~e ~r station. A ?I"Oiit :iargi:l 

of lO per c~t was. ~ as a. conti .,gency ~ 

(: \ 
,.;. J The ve"!:'"j ::.arkeC. iecrease ~ stre~ tl.<N re~ui!"ed. to be· Uives-

74. The ;iigh fixed c.b.:lrges could be reduced. i.! ttmds ·..rere available at 

lov rates cf intares-t, leading to some ::-educ-tion iil the sa..le price of ~ergy, 

but t!li~ 70Uld oat be 2.2, ~ a.s or.era':i:l~ charges •.10U.:d still a.ppl;r. The 

:'i~:~s ~:ir -!~er;:;y ;r~1.-..:.c~ e:e r~.:.a.t.ec :.o a.pprcx.:i:a.tal.7 f:.;,:i outpu-e, ·.1b.icb 

·,.-ould llOt apply ~or soc.e yl!ars afte!" i.ai tial operation. 'l'bis ~l.ies that a 

g!"ace period woUlc! ~e :::-eqltl:eci. in the lcar.. ::-epaT-!lent schedul.e iD order to 

avoid ~:;pl7illg a ~igher sa.l.e price in the ee:ly yeers o~ operation 

75. !!', atter consideration, the se:ti-po.li~ical. body decided to proceed, 

it ·.rould nor.::al.l:r have to Sl.4bm.i t the inv~stiga"Cor 's repo~ , with its own 

recamnenda.tion, to the authority concfl!rned, with a. viev to seeking ftmds. 

' 
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It should be emphasized. ~!lat t!lis procedure ~IOUJ.d. oot necessarily be straight-

?DOre in!or.nation, propose ~od.i!ications, coc~uc~ its ovn ioves~igat~on o~ 

~ter.iative supplies, ielay cc~sider~tion ~ecause ot shortage o~ f'U!lds or 

del.a:y approval because of t!:e !leeds of unrela.te'i ??"OJ ~ts of equal or higher 

,riori tj. !.!l ~he :neen ti:e, the i!:vest:.gator _ 110ul:i !la-.;e tlepar;ed. 

76. Assuc.il:lg that i: d'..ie .:ourse a.9pzoval. ~ principle ·.rere given, a~ 

!'.mds prc::ised, it ·;c~:i nor~ 1'e a c~nditicn th.at a cam:ittee 3hould be 

set ".!P to f'ur:her the p-~cJ ec"t. It does aat !oll.ow t!:a.t tne semi-pol.i tical 

i:ody vhich submitted the 13roje~ should cor.ti.:iue a.s the committee, as ":he 

rt!Q.uire:itents. ~·lld be quite di~erent. Although ~he cami~tee sb.culd report 

'to the semi-~l.i:~ical body, md probabl.y have a me:llber of the semi-politics.J.. 

bo~.y as :he.i~, it ·.:ould logically consist ot a ~ ?!'.:mber at. selected: 

lcctl peo:-le aci:~ ~ a ~-ti:e and vol".l!ltU? capacity, :pre!'e..~ol:r i:lcludi.?lg 

an e:i:~~e~, ~ 'backer, a la·.:yer, a busi.nesman involved in materials supply, 

3. Cetailed des~~ 

77. A t;.:r:her t".10 ot the !°O".Ir e:xperien-:ed. persoll!lel referred to earlier, 

one ci•il •-:gi!l~r an::. ~::e ~ec";tical. a!ld mec!:anical engineer, could then 

be i.nstr.l!:'t~ to ?rOC~ • .. -:.-:h the deta.iJ.ed design, speci.f'i~ation and dravi!lgs 

of ~he var~w.is ~a:'ts ~~ ~=e ~:-eject. 

76. I!l -::a~= -;ror!:, t=e .... ei=:eers veul.d pay pertic"J.l.a: attention to the 
-

detail~ ::J-.:!!':S' ::wie ~~e c: the various components , whic!l •.rould b.a.ve been 

~ed as a gui.!e by tl:e !..:!Vestigator, b-.it vould I?O"..r ila.ve to ":le tr&isla.ted into 

d...-a.~ '1gs and SJreci~icatio~s. It VO".tl.:i be inherent in. tht! approach that 

existi::; desig:ls and s~eci!ications !or civil ".rorks ~hould be used. a:5 rar as 

possi't'l.e, •r ... :th adJu..~ents ::a.de in details to suit the speci!ic site condi-

79. I!1 regard to the sta.tio:i equi~nt, 1 t wo-~d be i:ompera.ti v·e~ e&S-J to 

arri7~ at -- ge:eral ~lant s~ecitication in te::s or pove~ output, head, tl~~, 

ope::-atillg speed etc. , but a. gr~at ieal of •.1or~ vould be required. to define 

cles:1.;r tile ~r.:tion a.id. de'ta:!.led c3.ra.c1:eris~ics o! each ite:i ot equi~ent, 

incluC.ing all. a.wc:iliaries. Spec i!!.cations !or eq_ui:;;aei:.t i!1 s~lar stations 

are· a.va.ilabl~, !.Ild :nod!t.;.catir,ns coul.d. readil:r 1Je :nade to al.low for a.ny 

special needs ot the project. 

Bo. S~l:r !or the trs.namisaion and distribution components, standa.r~ 

designs and eq:U.pent speci.t'!.cations are &vail&bie, and could be ·modi.tied to 

I 

I 
' 



-
- 2! -

Sl. In crier to be 9.ble to sel~ct the ::::o~~ suitable iesigr.s ar.d specirications 

t=oI:t those availa.blC!, a=d to -::on.sider 'the :ncdi.f'!.cations to t!leci :ieeded, :.t ·.rould 

be ~e~essar,; for the ~_.:ieers ~o go over t~e vhoie project area i:l d.etail, and 

u d.oin..'5 so tl:ey :igi:It f'illC. it desirable to introduce: some cllanges to the 

origina.l !JrOposal. T!iey should.- ke~p the cci:mittee intor.:i.ed, and use t!le comnittee 

as a. ·.rhole, and tne individuals t~~ot, in overca:i.ing a:rry prospective di~fir.ui::ies • 

. ~e cO!:!:littee, on its :;>art, should ~!:Ject t!le experience ot the designer.s, ~d 

acc~pt !"easoning based on tecimic&l. ~Ullds. 

a2. Anothe::- necessa...7 part o'f' the vork ;rould be exa:z:ination ot the best meT.b.ods 

of ilroceeding vii;h the constr..u:tion: ur./or :inst;Ul..a.t.ion ot esch compone?it, in 

te_~ c-£ :zi&terial.s , transport, labour and time. Ptl'tting ·~l:?ese· together as a. 

limited cri-:ic:!l pa.th aet".rork ':lOuld. udicate cl.earl7 t!le requL~d timi:lg o! 

orC.ering ::s.te:-ials, UT~i~ t::-ansp0rt and e!!tploying labour !or eac:h component. 

'3y J"..ldicious ad.':~, i."t -..-cu.J.d. be possibl.e to a.n-i,·;e at e. smooth f'l:w of 

vork, rith ~oc.-:~=.::ous --rilOjiiterrt ot transport. and la.bour, and reduc~ possibili~J 

o t com"Usic::i ma. over.la.;:. 

83. Fu!"':h.e:, t!le ·ind!7i.d~ ~citicatio::is could 'be ~uped togeth~r 

'to :?roviie ~~s ~! ·.;erk. ?'or i!lst2llce, it ·rould 'be desL,ble that associated. 

equi7-t, ~er '":rtZ!!ce, ':"..:r!:::i:le, governor, ge!lerat>Jr and switchgear, should be 

:..:i a s:.=gl.e :;~e, so ~-.. at :;iro::J.e:is or site co-ord.i::ation during i!lSta.lla.tioc. 

84. Tcva_-=-s the ~c:: ... ~r:sic: o! this -.,.ork, the cam:dttee wuld. advise the 

seli-:pol.i~ic:z.!. ·:cq t\,, 0~ ~e C.esigci vas cocplete, 3.Zld request specific moderate 

!"u:lds to issue the desig:i de'tail.s a:ld speci.f'icatioz:s to organizations which 

could do the civil ;;o:-.lts, a.nd !IWlU!actu:e:-s vti.ich could supply md install the 

equ:!.~e:c.t. Mesi: of the orga:U.za.~ions and !!13.:lub.cturers W'Ould. e.lr~ndy h&ve ':>een 

approaclled "Jy tb.e C.es i.g:ers, ?.lld the P".!...-pos e o ! :!lis exer--ise ;;oul.i be to eo..·.'bJ.e 

. -:he ::o::ci~tee to req_uest t~se orga.ai;:;!l:ti.::.cs a:d. ::a.:iilfac1=u:ers ~= submit 

specific prices and progr2ll:Cle!l. The semi-political body ·.;ould. relay this reque~t 

':.o tll~ authority conce~ed, c.oti.:ig that up 'to "t~s poi!lt =C major f".lildS would 

:iave been ccu:mit"ted. 

35. On ~cei?t Of ':.l:le ":lidos, :i)ref'er.ence ·.rould be gi"T~ to an a.r:-angem.ent -.rhic.!J. 
/ 

-..,ould ha.v~ the :ii:ii:iUCJ. ::n:.be:- ot pri.!lcipa.l ;arti:!s, for e~am.ple, one 

contractor :or the ci'ri.: vorks, using local l.a.bour and materials e.s far as 

~ssible, and ;ri th provisiotr 0 r ga~es. scr~e?l.3' !.lld ?ipeline !'rem a subs idiai'J. 
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one contractor ~or eleetricsl.. and. :!lechani.cal: equi-;=icnt- in t~e _;?over ~at!on, and. 

one contracto:?:" tor ":~ssion 3.Ild distribt.:.ticn, usin~ lee~ la.~our and ~teri.3.J.s 

as :a: 3.5 possible. 

86. '~t '..:his point, the c~t-=~ vould £ll.a.ce. its ~C'ODEllenC.aticns ~efore the 

s~-pol.!t;ctl body, ".ihic!:l ~ tur.:i ·.1ould ~ave to :-equest ~he aut!:ority concerned 

to a.ll.ocate the necessar/ !'-und.s in ~cc=~ce c..rith the proposed schedule ot 

payt:tents. ':here cculd 'l:>e !".ir~er d~3.:ts, 'llld ~l::.e :?l.l;ineers vould. have departed. 

One <)r t-JO ~e:!:ers ot ~he comci.;;-:ee ·.1ould the ~!!:lfe to ~eep track of tile 

situation~ ma.i:lta.i.l:l.ing- ~e val:Ldity of the "bids, until funds ·.rere- al.loca.t~d and 

t!:l.e cc:!ltl":tee could. issue orders to proceed. 

a. ~vsical ::cnstructioi:: 

87. The !'c...:=th ct the ~rperi.enced. person:el vould th~!l be cal!.ed. i!l, ud 

desig:iated as ~=:s'tr..:ct:.c~ .,.a. .. ag~. ~is role ·.rould esse.."ltial.ly be that a! 

co-ord.i::ator c'f al.! asr.ec-:;;, • .. ~tll ietailed a.tte?Jtion to progrSllCi!lg., m.is.teris.ls 

used, insllecti~:l ct .~o .... ,:..le"t~d s'l!ctions and recO?:'a!l.end2.tions ~or pay:tent. In 

Viev of the -physical &."""ea !=ivolved,_ ad the -rarious· tyr-es or ;mrk in ~rogress, 

it ..,; g.!!t- be :-~aso::a.b.le to provide ~ vi.th say -:hr~ !-ocs..1. ~~-ple to be 

t:-s.ined. as ~ ... specters, cne c=. ci--r-1. -..-orks 7 one on the pove.:- station equi;:ment 

~ci ~c.e on ~=e t:-anS"'1.; S3ic::::i a.n~ distti.bution. systa:i.· These 1'eople :night be 

e?:Plcyed a: -:~~ ?~Jee-: ~~ cc:::pl.eted, or i!l ar:f c:?.se ""ould oe use!"u.l la.ter 

c::i., ;,"hen .t::~ ~~u.c4;ic:l. ~~ had departad, as supervisors ~or speci3J;. 

:ti.i!?tenance c::: repe.;-s. 

58. The ca:oi"wtee ;.;ould t'U.Clction ill a.pprovi:i~ pa.y.;ients and arl;)itrating 

in d.is~es, md t!le i::di vi.du.a.ls vould be <iva.ilaOle to advise the construction 

!Il.8.l:ager en :natters rlthi:i t!leir cor;:petecce . 

. 39. At 'thP. conclusion o! const::"'..lc~ion :ind co?::ll.issionin.g, the const-ruction 

%3l:lager vould i)e released. 3.0.d. -:he coc:i'j~ae ·..;oul.d. :--:-::.:-~ :'re:::. :i.c~:i:re ;_)!!..~icipation, 

but ·.1ou.ld. continue to :e:rocess pe.~ents u:itil they h.ad oeen cl.ea.red. ·nth a.ii 

co~t:-acto~s, and ~he ~i~a.l capital cost deter::li~ed. 

90. Zll the ::ne:m time, '3.. t".it...1-ti::le ccai::-=an 0 t the :le".l elec"trical utill ty 

vould ":le ap-poi~ted, to ~e respon~ible tc the 3e:ni-politicaJ. bcdy. ge vould 

·:le an ex ot!"icio m.ec.ber o! tlle cO?::!llttee d'..lri:!g tlle cc::iclud.i:lg- stages ot 

ccnst:-uction and comm.issioni.=g, and ;;ould :-ecei7e all details o! contncts, 

s-peci!'ica;tio!l.S, drawings and payments. He ·.rould. also select and ~:gpoi:rt 
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the coiilll:.ittee ~ould be retained as :Wnorar;r •ice-c~ai..-:?ten ~o assi~ ::u::i • 

... -·-

91. T1le- min requi::-e:e~t ·roul=. b~ to keep t;~e 37stl!Dl opera.ting, and 

this ·.1ould best be achieved ':rf f:'~u~t inspection o"f the ~-later•C!i"S , .::..i.. ~sring 

' debris, clee!ling screeils 3.:lc! tr~h :-ac±s; tlushillg silt, c~_::ig out minor 

repairs t\l rac:?l.ines alld e:1.:1anlment::, a.nd checl:i:lg the anc.!:lo?"!l.ge of the 

?ressure pipe.line. Usually thl.s vorlt coul..i b.e ::ier'!o:r:ned. by one man~ caming 

a shovel. and "bush k:lif'e, with a vheelba.r?"OV le!'t i::.ear· ti:J.e ±h-ersion struct~. 

~~ .>creens ~a. trash :-ac~ should. be raked -:-.. -:r_~e ~ach day at regular times. 

so t.!le.t small. s.li-;:s of' earth i:lto the ~celine coill.d be cleared wi"thout i.:lter-

r~ :!!.ig!:'t; be -:p;f 0 •-i~ ·.1ccden ?J.ankS, or !:ea~ ?l-astic sheeti.:lg, clhic~ 

!night ~e stc:-ed 1: ~he :power· station. In the case o'f a bad slip ·Jbich. ca.r=ied 

rwe:y the C..0-..r.::hfll a:ba.nk:e?::.-.;, it ·ro~d ~e :iec;ssa..-y, u~e shutting ofr the 

i=~o t!!e !:l:il.l.s!~, o:- ==s-:~C"'; a. ·.rooden f'.l.'.I!Ile section. Speed. of reparation 

93. ?r::::t ~:!::e to 't:.Z::e i~ !:l.i.~t be :iecessary ~o grease th~ sc:-eeu. guide:l 

and the :ec!:a-4 =r -~-r a::.j- ;:!."t~s, a.c.d :-epair pai~,;crk en the :netal portions of 

t!le structures ~-pressure ~ipeline. Particular ::iote should be taken of my 

corrosion o! metal :parts, iucluding buried 3ectiocs of stael, as it :night 

':ecel:le desi:-a'b:L2 to ill~:tall soce :!li::.o?" c!S.trooi!ic protection. 

94. ~itb a nor.na.1 o~ereti~g re~ime, c~c :ua.c~ine and associated equipment 

could. oe take!l out of se::""'Tice for a. fe<.1 hour~ e~!i Ja.y duri.:lg <;he of!'-peak 

:pe:-iod~ a.nd. this "•vul! ?rcvide :?le?J.ty of ti:ie ~or mi.:lor il6ai!Itena.:cce ·.rith a 

10-111.i=ute restoration ti::le. r~ •..roul~ "oe essenti:ll ~~t ~ prescribed list of 

rcu't!ne :n.ai.:Ite?lance ';asks "oe established a.:id :'ollo'led. :-igorous~y, to mi.:limize 

the i>OSsibilit:r of !'arced. outa.;e. A ~pecial list ·.rould ·:::ie kept ot a.ll items 

aoted durin.s daily ins~ection .. ~o 'be taken cs.re or .,,he?! O"p?ortunity permitted. 
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!t :night =>e b~rne i:i r!l..iud ~hat f'-Jr such $llall Sl!~s dismantl:.:i.; 3-l:d. ::.-~asse::~l.T 

could. ~roi:>aely b~ c31Tie..i .Jut C7er ~he o:! -p·.!s.k ·:.Jcnod a.t!ord.ed. ~- a 3und2.y or 

~liday, the :?er:!.o<!. str~~c~ :~Cm. ~::i~ ~~c.line .:>! -:h~· ~e?Ii.a;; :;ieak ~n the. iay 

'be.fore the ~c~ciay to the i!lcre:ise ..;f loac. on 'th.e ~y·_!ar;~ the...llolid.a.y. 

:)5. FrOli? t.il!le to :i.:c-, ~he •)!)-?r:!.tio::l -:Jt S.:U devices 2 vhe-t:he::- they ·.rere 

::.-e-r.lir!d. to ope.?"a"t~ :~~q:..:.e::~}.f O:?" ~:'Cre~ue:?.~l:", ~ho~:i ·;:,e cl!.ecke-i ::.r.~ timed, 

:1:1.d ";h~ .:~~~:::-a~ion :l f' i:-.o~t:u:it~!l"t.:. a.riJ. ir.ili.;~~i;-.g d.a;'"i.ces ~ecked. 

96. The ste.tietl log· s~t. should lll.c..:.o:.C.e coluz:ms :tor ~a.l..!--ho-lr!.y r!':s.dings 

or c~ent, voltage, kW c•.rtpu: and l:l:JW'er .:actrJr tcr es.ch. ::lS.Ch:i:te, current ci.:ui. 

rolta.ge o:i each t:-~s!';ian line, and. ?. :::-0 -a:-b scctic.!1 shcW:_ng times ot start-up 

and sh:.X:.-dcvn o'f ea.c!! ::a.cl.~ -e, 3.llJ. -prct;.?c'ti·.;n o;~ratiollS s.::d circuit-breaker 

O!lE..nings and c.losi?J.gs. -~ a.l.a-"'":"LS er i:::-r~gul-~:i:~i~s ct ope:-s:tiun should. be 

no~ec. tor a.t~e::tic!:!. .".. secc~- she:~t ccU:.~ ~cv'?r :iou:.ly •Jr tvo-C.Our.!..y read.i!!gs 

9!. The ::i=!r~ ::--~ ~ o!" -;e!'!!"!l.!lent personnel :."equired ~er the po11-er sta.tiou 

cculd. be q_uite S1:3ll, ~-=::isistiJ:g of 3. skiJ.1.e-.i el.ectri-:a.l and :echa:lic:!!.l !.itter 

itho ·.nul.:! ~ as rt at ion =z::ia.g,e=-, seoicr u-pere.tor and a.:.rector ot ... .a'.!.:r~:tena.nc:e, 

t:ee shi~ ::;era.tor.:; ·.:~ ~ot~ld. also c-a:~J ou-'.: rom;~e :iai!!t:~nance, a. t:"a.i.:iee 

C"?e..~tor ·.1?:.o =~U::.. t~e ~,.. .... g-3 i:::. t!le d.1y-~il:::~ dur_z:g ~he ?e:-iods -.1C.en the 

s!:i:"t cr~rat.:= · .. '"'2.S oi:b.~::-:.-:.s~ ~.-;;-:Lge'i, aLd. as .:~s~ the :ia.neger, ~d a ~lea.ner/~:t: 

!l~.,...;..,er pres"t&~s.as t!-:a"t :....;c or .;;:::~1? elec-t:-~c!!l. or ;nechall:!.ca.l. ~i"tters ·i1c"Jld ':le 

av~laol~ i.:i-·tin ·.ri.l:!.a.ge t~ assis·:: 'llii:;ll c:ajor ~~te?!ance. (-r:: i:;~e cs..se er a: vecy 

sma.ll station, tb.e p~i-:::•.ne!I'~ pe:-som:.el '!:l.igat -:cnsi;!t of onl:r one :::aii., '.lith t.he. 

proV:.3ion that ir a !al.:£l.t cccurre~ th.c :stazic:i ~oul~ autozi:ati~?..l.ly shut ~ow-n 

a.nd ala.r.:1 b~lls \Mt'..l.d ri;-g in the sta.tinn and. i:I :is livUg que.rters. Re.+ia-ir....li-";.7 

a.nd reccris would, of course, be of a. rrruch lower order.) 

98. !t ·.1ould ,robably be necessa!J to ~...-~ ~·.ro -!lect:::-ic?.l li:lesme:i to look 

a.tte:::- tt.e tr~sz::.i~3!,.;c ~ dis-:::.-fo~~icn system, .,.-c:::-ki.::g. duri:ig the iay and 

c::i ca.11 d.~g :ion-"..IO-r::-i:l; ;e:-icd.s. !r.U:mii:ig cf '.Jr..Jsh and -.;e~ g::ovt1.:l. und.~ the 

tran!'l'.tlissiou lin<?.S, ai::.d. Jli::c:::- e:i=tlr.ror!"'.s a.: ':he li."le r,..,utes, could. 'be co~rered ';)y 

:U.!1or cootra.c'.;a. 



99. One of S~Yer3l :nethccis .::ould 1e adopte~ for ~r~.....;-=.t! equipI::.?nt and 

stores, !teepill; track of al1 saJ.aries and ex;>enditure, ;irran~:i.g for :iev 

co~ne:dons > readi:".,'! of ::ieters > ;;ol.l.ecti:lg ::-om consUJ:ers > and :raking loan 

::- -PC...V!:le~;;s. A sr.a:u of1'~ce c~d ::e esta!llished. in the tc';lllshl.p, nth a 

di.rec~ ~e.lf:phone conne:ticn to tho? I'c...-e:- s-:a."t:ion. !t is strongl7 suggested 

1:ha.t a.l1 approac!.es '":.y the consuiners ~d :;ru;ilic should ":)e di=~cted. to the 

Cl..s.i.r:nan, at tt'! of!"ice, and that t~e ~Li.r'!I'-~ shoul.d be the onl.7 one to 

r~o~ to the se::d.-poli tica.l eoey. Sucil a -;;roced.ur~ voul.d ~ini::lize i:iter:--..i-pt ion 

to t.ile essential ;;;::=-k o~ c-pernticn o'! the sc.li.eme ·~.r coi:sun:ers or othe=s 

tele?bo:ling c:- "Tisi!ing i;.be :?Q#cr station •ith conip.l~t:: •. lfovever, it is 

100. 

t~e ~roject, ~~th de0c~;~es se~ !or ~ctio?:S ~tic:!l ·.10uld net be un~er t~e 

cc::rtl"O~ of -:=e _:l'!"O.ject -::-g:anize~, the project shou!d be prcg:o~ed in staJ$cs, 

Sta...~ .. 

(ii) Semi-politice.l bocy hires i~stigator for ~rel.iminarJ st-:id7; 

(iii) Investi ga-ecr vorks to:- one ::cnt!:. and. issues prel.il:i.!13.r"J' ::-epor; 

inves4;iga.tor; 

r~por"; ~o· the semi-poli.~ical bo17. I.aves~igator.re:na.ins ~va.ilable 

Ste.,ge 2 

( i) Sari-pol.:!. ti -:al. bocy cocside:-:; fi.:iencial a.ad social. a.spec ts - no 

!1.xed dea.dll.ne; 



(ii) Ser-..i-political bc.;iy sued.ts layout :=<?~art aI?d ::ts recol!!!!lenda-cions 

to authori~/ concerned; 

(ii~) Authority concer:ied. delibe::-ate - ::io t!zed dea.dl.ine; 

(iv) Aut}l.'.)~i-cy conc_ened :.ssues 3.?~roval in principle. 

Stao:e 3 

(ii) Chaim.an selects c:::mr!!littee :e""..bers, rt th ~ent ot the se!!!i

:poli tics.l body; 

(iii} ~o:I:lli.ttee hires t-JO d.e~a.iJ.. designer~, '71."th a~~ent. of the secl-

~litical body; 

(iv) i;esig:iers work !or six !!IOnths ax:.-d. prepare ra::- issue detailed 

d:~vings a:d. speci:.-.ica-t .. :c:is, -:ri th recoi::mendations on :proc~ure; 

( . ' V11 

c~-i~'tee ~:-ts to semi-pol.i.t~:::al body; 

Sem-pol.:i:t!:::~ bcey requests authoritJ conce=-=ied to p:-cvide 

l!::li:te<i ~cs ~c=- issue of documents; 

( V:.i) :esigr.e::-s r•-.:.:. a7a.:i!ahle fer t-.ro ve-..lts !or disC'.issicns; 

( ... ' \ 71ll j 

( i:c) !loC"-.. ~s issued ~~h d.eadline ot foc- r:c?lth.s for bids; 

(x} :Jesig:!e:-s :-~celled ·.;-he?l bids recei-red. tor one ?:10ntb. tor ana..1.Y'Sis of 

'.Jids; 

( -~) Com::iittee recOJ:ID!.e~ds to semi-pol~tica.l bo~ t!la.t co~cracts be let; 

(:d.i) s~-);lolltica.l body :-eques-:s a1Ith.o~it7 c:once:-n--C. "to allocate !'i.:::ui~· 

(xiii) Author~ty concer::ed deliberates - co tixed dea~ 1 ine; 

(:ci:r) 'l"' .. -o :nc?!!b~rs :.r cc:nmit-:ee :~eep tr~ck o! valiei":y or bids; 

( rr) Authority concerued a.llocatc.s !'Unds. 



( i} Cc."'"?:I!.i. ttee !.ets cc::trects and issues :iotices to ~roceed.; 

( .: . ) _i, C..."'"Eli ttee hires construction ~er;. 

(~ii) Co4Str.icti.::n ~er appoi!l~s taree inspectors vith ~ee?:ient of 

cot~i:ttae; 

(iv I Const~.iction proceeC.S tor 12 t:?onths; 

( v) Semi-pclltical 'l:oey appoints C!iair:nan o'f utility; 

(vi) Chai:-:::c.an ot ut!lity appoi.:1:ts pe:'D13ll.ent sta.!'t' rith a.g:-ee:ient of 

sc?:li-polltical bocy; 

(vii) ·'.:ocrissionii:g :;>roceeds :f'or three ?COntb.s. 

Stue 5 

( ; \ _, 

( .. ) l.l.. 

( ;;;'J ---
(i.1) 

f-) ' ' 

( . ) \ Vl. 

Co:ist:-uc:-ticn ::ene.ger r~s a.vaila.ble tor one !:lenth for dis<:'..issions; 

C=i.t":~ !i::a.li::es :payme?its tc cont:::-:ictors s t!na.lizes balanc~ 

s~ee"t-,. su==. -:s ~o seci-political body (copy to Chair.nan ot 

s~..:.:.-90:.i.~c~ "uod;,r iss'l!es fintl ststement to authority concerned. 
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