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PROBLH Ŝ OF PliUNT i m SiSTEfl DEVELOPMENT 

This paper ou t l i ne s genera l cons idera t ions t o be taken i n t o 
account before deciding on plant nnd system development. 

At t he .beginning, a summíiry i s given of the most important 
information t h a t should be on hand before attempting t o determine 
what i s t he apprpor ia te s o l u t i o n . 

As suggested, t o au thors , the f i r s t sec t ion reviews d i f f e r e n t 
types of generat ing s t a t i o n s ind ica t ing feat iares vihich make some s e l ec t i on 
p a r t i c u l a r l y obvious f o r a given set of cond i t ions . 

In sec t ion I I j advantages and disadvantages t o be derived from i n t e r -
connections are l i s t e d and commented on b r i e f l y . 
. . Sect ion I I I descr ibes p a r t i c u l a r f e a t u r e s of thermal and hydro 

generat ing s t a t ionse I t a l so suggests how t o obtain maximum b e n é f i t 
from t h e i r combined use and l i s t s type .of information tha t shoiild be 
r e a d i l y ava i l ab le t o load dispatchers® 

Sect ion IV ou t l i ne s cons idera t ions p a r t i c u l a r t o a new are where 
ex i s t i ng f a c i l i t i e s are very l i m i t e d . 

Sect ion V br ings out d i f f e r e n t c r i t e r i a f o r the d e t e m i n a t i o h of 
p r i o r i t i e s i n e l e c t r i c i t y development emphasizing d i f f e r e n c e between 

f • 
government owned, and privately-owned u t i l i t i e s « 

/PROBLa-IS OF 
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•pRÒBmHS OF VÎ 'iNT ÁIMD SYSTEM-D̂  • • 

Before deal ing e x p l i c i t l y with problems of p lant and system development, 
we -woul'd l i k e to review the information which must bt? avai lable to thpsíí 
having the r e s p o n s i b i l i t y f o r taking decis ions i n t h i s r e spec t . We 
understand tha t such considerat ions have been dicussed under pa r t s I 
and I I of t h i s seminary but t o substa,ntiate our th ink ing , we would 
assume th«t de ta i l s .have , been obtained on the fo l lowing: . 

1 , load f o r e c a s t f o r nest decade or so, and c h a r a c t e r i s t i c s of load 
with regard to seasonal, weekly and da i ly f l u c t u a t i o n s , both 
in demand and energys, 

2Í Approximate geographical d i s t r i b u t i o n of important loads , 
" ' 3» Type of load with regard t o necess i ty of cont inui ty of se rv ice j 

whether, f o r ins tance, . i t i s f o r l oca l i n d u s t r i a l m i l l s or 
f o r public d i s t r i b u t i o n in urban a reas , 

4 , P o s s i b i l i t i e s of revenues from sa le of off-peak or secondary 
energy» 

-'"' 5 , Thorough survey.of, hydroelect r ic p o s s i b i l i t i e s of r i v e r s 
within economic transmission d i s tance , 

6 , Determination of unusual hazards t ha t may imper i l plant or 
l i ne const ruct ion (earthquakes, l a n d s l i d e s , tornadoes, s l ee t 
s t o m a , f o r e s t f i r e s , l oca l f loods , e t c . ) , 

7 , A v a i l a b i l i t y and cost of f u e l f o r thermal genera t ion . 

One of the f i r s t answers t o be obtained i s the optimum capaci ty 
f a c t o r f o r t h e expected load f a c t o r of the syst:em. To t h a t end, a 
curve may be drawn showing the forecas ted annual peak load and energy 
consiomption. An ind ica t ion i s so obtained of the f u t u r e t rend 
in load f a c t o r , whether increasing or decreas ing . 

By comparing such trend with the ac tua l performance of the 
system, both as to peak load and annual energy, t h e de s i r ab l e capaci ty 
f a c t o r of f u t u r e i n s t a l l a t i o n s can be der ived, 

/ I t i s 
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I t lÉS íâilso u s e f u l at . t h i s e a r ly stage t o analyse c a r e f u l l y the 
c h a r a c t e r i s t i c s . o f the load coirve and determine the energy conteñt 
in the higher blocks of. the demand dora t ion curveo I f such energy content 
i s very low for : an important b lock, t h i s w i l l point out t h e a d v i s a b i l i t y 
of considering peak-shaving p l an t , cons i s t ing of low-cost therjnal 
i n s t a l l a t i o n » 

• TYPE OF GENERATING-STATIONS 

Hydro or Thermal . 
The choice i s genera l ly d i c t a t e d by the a v a i l a b i l i t y of n a t u r a l 

resources within acceptable d i s t ances and by the c h a r a c t e r i s t i c s òf load„ 
Generally speaking, hydro povzer i s considered t o be a cheaper source of 
power with a load f a c t o r in excess of a given minimum» Factors which may 
contr ibute to swing the balance i n favor o'f thermal power ares 

a) Remoteness of adequate hydraul ic s i t e s | 
b) Lack of s torage f a c i l i t i e s and occurrence of very low run-of f pe r iods | 
c) Proximity t o low cost f u e l supply and/or market f o r steam in 

i n d u s t r i a l pr0cesses| 

d) Load f a c t o r i n f e r i o r t o I5 or 20 per cent'» 
Vfiiere c a p i t a l i n i t i a l l y ava i l ab l e i s very l imi ted and money cannot be 

borrowed e a s i l y , thermal power w i l l be p re fe r r ed since a l a r g e r i r í s t â l l a t i o n 
can be b u i l t f o r a given costo However, as mentioned b e f o r e , annual 
operating cos t s w i l l g e n e r a l l y be higher ® 

An important considerat ion i s the a b i l i t y t o match genera t ing capaxsity 
with exi^ected load curve, t hus avoiding inves t ing money f o r which no immediate 
re turn i s t o be expected® For a small system, t h i s may e l imina te cons idera t ion 
of good hydro s i t e s on l a rge r i v e r s , where c i v i l engineering works would 
make t,he un i t cost of power p r o h i b i t i v e u n t i l f u l l development has been . 
reached» • ' -

Bulkhe:-.'-̂ . . or tunnel 
. As mentioned previously , unless l a rge storage r e s e r v o i r s are poss ib l e , 

the annual energy capaci ty of a hydro s i t e i s general ly f i xed by nature 
within r a t h e r narrow limits® However, with v a s t l y improved methods of' 

/ t u n n e l l i n g , spec i a l 
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t '-Jxmellri ' ig,special i n v e s t i g a t i o n of t he p o s s i b i l i t y of concen-brating 
a high head at a given point w i l l o f t e n permit very no t i ceab l e savings , 
and the more so¿, when rock c o n d i t i o n s ; a r e f a v o r a b l e . Thnt was p a r t i c u l a r l y 
the case with o u r ' Bers imis r i v e r p lan ts^ , váaere . p re l iminary mass 
inven tory of p r o v i n c i a l hydro re sources had i n d i c a t e d a probable t o t a l 
i n s t a l l a t i o n of about 2$0,000 H,P<, and where d e t a i l e d a e r i a l surveys 
and f i e l d ' e x p l o r a t i ó r í s have permi t ted us to i n s t a l l 2 ,000,000 H.P, 
Though the use of t u n n e l s , one 13,500 meters long and t he o the r one, 
750 meters long , i t was pos s ib l e t o concent ra te a t two s i t e s a t o t a l 
drop of 377 meters over a 29-ki lometer s t r e t c h . 

Where r i v e r f lows are cons iderab le , i n t h e order of 700 cubic 
meters per second or more, t he cost of á tunnel •and t h e head l o s s 
r a p i d l y assume major importance. In the case of another s i t e i t was 
concluded t h a t wi th a 15-meter concre te - l ined 'power t u n n e l , i t would 
be necessary f o r t h e r i v e r p r o f i l e to- f a l l an average of 8 .5 meters 
per k i lomete r between t h e dam s i t e and t h e powerhouse, s i t e , i n order 
t h a t t h e use of such a turinel be economic. 
Underground c o n s t r u c t i o n ' ' 

Underground powerhouses have beéome moré common i n recent y e a r s . 
In many cases , savings a re poss ib le where róck founda t ions would be 
poor near ground e l e v a t i o n , or i f l o c a t i o n of a p l an t a t the f o o t of 

; a high s t e e p h i l l would expose i t ' t o ' l a n d s l i d e s or avalanches . This 
a p p l i e s a l s o i n t h e case of high-head p l a n t s , where t h e cos t of 
b r ing ing out a number of penstocks and b u i l d i n g them t o wi ths tand very 
high p r e s s u r e s i s i n excess of 'excavating' them i n the mountain. For 
p r o t e c t i o n aga ins t p o s s i b i l i t y of c i v i l d i s tu rbances or sabotage, 
underground s t a t i o n s a re e v i d e n t l y s a f e r and e a s i e r t o p r o t e c t . 
Power Dam 

When t h e power dam ià a separa te s t ruc tu re • f rom, t h e generat ing, 
s t a t ion^ i t s c o n s t r u c t i o n may give an oppor tun i ty t o cons ider s eve ra l 
a l t e r n a t i v e d e s i g n s . i f t r a n s p o r t a t i o n t o t h e s i t e i s very expensive 
and prolonged cold per iods a re l i k e l y t o p r e v a i l , use and s to rage of 
cement may prove expens ive . R o c k - f i j l dams which a re now b u i l t fo r , 

/heads .exceeding 
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heads exceeding f ive -hundred feet, are often, an economic, s o l u t i o n j 
especial ly, where su i t ab le mater ia les can be found, near by.. Recent 
s tudies have shown fo r one case t h a t t o t a l costs of a gravi ty concrete 
dam and a r o c k - f i l l dam would be.equal i f the r a t i o of t h e corresponding 
pr ices f o r r o c k - f i l l and concrete were approximately 1 t o 4gc 

A t i g h t construct ion schedule, of t h e p robab i l i ty of estended ra iny 
periods hampering the placing of clay or impervious blanket may favor the 
use of concrete» The necesoity of providing ample s p i l l i n g capacity i n 
a narrow val ley or gorge may also ru le out the r o c k - f i l l dam alternative® 
Outdoor type s t a t ion r , ; • í 

On accomit of d i f f i c u l t c l imat ic c l imat ic condit ions r e s u l t i n g from 
long and severe winters j we have not^ so f a r , u t i l i z e d the outdoor type 
of generating station-, The occurrence of minimim r ive r flows and the 
p i l i n g up of ice in in take canals off.er an opportunity t o e f f e c t major over»-
hauls of, generating u n i t s during winter a t .s tat ions where production i s 
ciu'tail.ed during such period» Because two or three un i t s may be stopped 
f o r work, severa l t o t a l l y enclosed powerhouse cranes would be required» 
Taking in to account addi t ional precautions to protect against f reez ing and small 
d i f fe rence in -ove ra l l i n s t a l l a t i o n cos t , we do not bel ieve t h a t very appreciable 
savings couJ.d r e s u l t f r o ^ such pract ice» The s i t ua t i on would be d i f f e r e n t , 
of course, in more moderate climates or where only one uni t i s expected t o 
be avai lable f o r r epa i r s during the iidntera 
gemot e. o r,, a ut oma t ic . , cpnt r o l 

Fo-rvKdistant l o c a t i o n s , where access i s d i f f i c u l t and presence of , ; , 
operating s t a f f requireis construct ion and maintenance of a tcwnsite with a l l : 
f a c i l i t i e s requires, construct ion and maintenance of a twonsite with . a l l - 'r 
f ac i l i t i e s ! invQlvsdy subs t an t i a l economy can r e su l t from the .use of remote o r ' 
supervis.ory; control of• small or medium-size stationse. • But f o r large s t a t i o n s , ; 
with several hvxidred thousand horsepower, we have not yet found i t advisable to: 
re l j ' exclusivqly on performance of eqvdpment remotely or automatical ly controlled» 

VJhore such prac t ice i s accepted, spec ia l a t t en t ion must be given t o t h s 
t r a in ing and presence of sk i l l ed technic ians because such combination of 
ccmaunication and re lay c i r c u i t s are genera l ly beyond the competence of 
ordinary maintenace men» 

/Size of 
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Size of u n i t s 
Other considera t ions being equal , t he economic s i ze of generat ing 

\ in i t s , i s o f ten found t o be, f o r small systems, a compromise between 
two opposite t r ends : the l a r g e r t he uni t s ize and the stat ion> the lower 
the u n i t . p r i c e of a H.P., (See f i g u r e I ) ; but depending on expected load 
growth^ the longer w i l l be the unproductive period u n t i l a l l power 
i n s t a l l e d has.,been absorbed, , . 

The., capacity of . a small or . medium-size . s t a t ion having been e s t a -
b l i s h e d , the maximum un i t r a t i n g i s o f t en d i c t a t ed by the following 
requirement: to guarantee continu5-ty of f irm,power, a spare un i t equal 
i n capaci ty to t h a t of the l a rges t on the system, must be held i n rese rve . 

•On the other hand, in very large s t a t i o n s , other l i m i t a t i o n s r e l a t i v e t o 
space, weight or s t r eng th w i l l govern the l a r g e s t s i z e of u n i t t o be 
recommended^ .. . 
Turbine type 

The proper type of tu rb ine t o be used, whether f ixed-b lade p r o p e l l e r , 
Kaplan, Francis,. . Pe l t on, Derriaz e t c . has been t h e sub jec t of many papers 
and could lead to a long treatment beyond the scope of t h i s p resen ta t ion . 
One must remember however, t h a t no t iceab le improvements have been achieved 
in recent yea r s . The recommended range of heads f o r which various types 
were spec i f i ed a decade ago or so , has been extended towards a higher 
l i m i t , thus enabling s u b s t a n t i a l economy to the users without having t o 
incur cav i t a t i pn or v ib r a t i on d i f f i c u l t i e s . 
Transriis s ion 

When powerful generat ing s t a t i o n s a re loca ted a t considerable d is tance 
from the load cen te r , the .capital invested i n t ransmission may represent 
a high percentage of the t o t a l cost of providing power ( l / 3 i n some cases, 
f o r our system). The se l ec t ion of proper l i n e vo l tage , capacity and type 
of cons t ruc t ion , v-d-ll o f f e r , a t f i r s t g lance , many poss ib le combinations 
t h a t w i l l prove to be more.or l e s s a t t r a c t i v e , according to weight given 
t o var ious f a c t o r s such as 

a) Minimum i n i t i a l cost of kW tha t can be t r ansmi t t ed 
b) Ease of p a t r o l l i n g and repa i r ing 

/ c ) Presence 

y 
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c) Presence, o f . l o c a l d i f f i c u l t i e s such as . reggedness of count ry , . 
fpre&ts a n d . r a t e of growth of v e g e t a t i o n , t e r m i t e s , , e t c . 

d).Degree of r e l i a b i l i t y expected, assiming .. 
1 Ordinary or average condi t ions 
2 P o s s i b i l i t y of occas iona l f o r e s t f i r e s , , ; • 
3 P o s s i b i l i t y of heavy s l e e t storm , 

4 P o s s i b i l i t y of v i o l e n t hur r icane 
e) Degree of s t a b i l i t y of system, with given, number ofr l i n e s 

t r i p p i n g ou t . , , . 
;f) Length or. permanency of s e r v i c e t o be suppl ied . r . -; ,:. 
I n an area where rap id expansion i s t o t ake p l a c e , i t may be wise, 

and economical t o provide i n advance, f o r r i g h t s of way. of f u t u r e t r a n s - . 
•mission l i n e s . A glance a t the layout of incoming l i n e s . A glance a t 
the layout of incoming . l ines t o Montreal .in 1947 and eleven yea r s l a t e r , 
i n 1958 shows what; tremendous changes have taken p l ace . (See f i g u r e s 2 
and 3 , ) O r i g i n a l l y , a 60 kV r i n g was found ample, with odd step-down 
s t a t i o n s a t 12 kV and 4 kV; very soon a f t e r , a 120 kV r ing had t o be b u i l t 
around the f i r s t one, as the major l i n k between genera t ing s t a t i o n s , u n t i l 
r e c e n t l y , t h a t was ..superseded by 3.00 k"V l i n e s t e rmina t ing a t t h r e e main 
po in t s and e n c i r c l i n g more than h a l f the Met ropo l i t a in D i s t r i c t . Some 
r i g h t s of way probably cos t now t e n t imes or more what they were purchased 
f o r , t en or f i f t e e n . y e a r s ago. .. 

I I . INTERCONNECTION 
Advantages to be der ived from in t e rconnec t ions a re numerous and the most 

usua l ones a r e mentioned hereunder . 
1 . I t becomes p o s s i b l e t o supply t h e combined loads of two or 

more systems with l e s s t o t a l power resources because load 
c h a r a c t e r i s t i c s a re d i f f e r e n t both as t o shape and per iod 
of maximum loading , 

2 Maintenance can be coordinated so as t o reduce r e se rve capac i ty 
r e q u i r e d . S i m i l a r l y , p r o b a b i l i t y of .unscheduled outage of 
equipment i s reduced, thus decreasing reserve capac i ty t o be 
he ld . 

3. Surplus capaci ty from one system can be t r a n s f e r r e d t o t h e o t h e r . 
/Frequency r eg i i l a t i on , 
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4. Frequency regu la t ion^ , vo l tage condi t ions and c o n t i n u i t y ' o í 
s e rv i ce can be improved. 

5. The amount of dependable f i r m power can be increased on account 
of stream f low d i v e r s i t y and coordinated u t i l i z a t i o n of r e s e r -
v o i r s , and whenever p o s s i b l e , combination of hydro and steam 

genera t ing p l a n t s . 

6 . Overa l l tenergy:cost.will be reduced 

7 . C a p i t a l investments a r e decreased because i t becomes pos s ib l e 
t o i n s t a l l - l a r g e r u n i t s , t o s tagger p l a n t addit ions" and t o 
avoid d u p l i c a t i o n of t ransmiss ion l i n e s . 

Figure 4 shows a diagram pf Canada U.S. Eas te rn In t e r connec t ion . 
Disadvantages a r e r e l a t i v e l y few and r e s u l t mostly from a d d i t i o n a l 

cos t of equipment and supplementary s t a f f . P o s s i b i l i t y of p r o t e c t i o n or 
o ther équipment f a i l u r e must no t .be overlooked. 

The main disadvantages a r e : ^ 
a) Incrementa l cbs t s r e s u l t i n g from annual charges on investments 

such as i n t e r c o n n e c t i n g l i n e s , switching equipment, automatic 
c o n t r o l , communication equipment, r e l a y s and r e c e n t l y , 
computers. 

b) Incrementa l c o s t s r e s u l t i n g from a d d i t i o n a l s t a f f requi red to 
d i s c u s s , a l l o c a t e and a s ses s b e n e f i t s t o be der ived and 
expenses t o be i n c u r r e d . 

c) I f proper p r o t e c t i o n and con t ro l i s not provided, f a u l t s 
occur r ing on one system may a f f e c t the o t h e r , and load 
changes i n i t i a t e d by l a rge cyc l i c loads may be s e t up l a r g e r 
o s c i l l a t i o n s between systems. 

I I I . CCMBINATION OF THEmL AND HYDRO PLANTS' ' 

As was pointed out e a r l i e r , t h e f i r s t s t e p i s t o e s t a b l i s h the probable 
load p a t t e r n and a d d i t i o n a l peak power and energy requ i red annua l ly . In 
o the r words, the lòad f a c t o r of the a d d i t i o n a l . b l o c k s of power must be 
d e t é m i n è d . 

Surveys f o r a hydro s i t e w i l l permit c a l c u l a t i o n of ápproximate 
annual energy a v a i l a b l e and i t s d i s t r i b u t i o n monthly, weekly or d a i l y , 
according to r ive t ' , s to rage and pondage used. ' ' ' • 

/Knowing t he 
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Kijomn^ the-magnum depenciable power from a giyen s i t e ^and 
anrrnal kWh output , one can, a ssess the number, of years : during ...which load 
requirements can be . met and whether t he re iwLll be an i n i t i a l shortage ' 
of power or energy» 

If a shortage of peak power i s foreseen, and the re i s an ample 
supply of energy fo r come years., . th i s may point put t he need f o r a :ir 
thermal s ta t ion^ requir ing a minimum of investment. 

I f there i s f i r s t a shortage of energy, the best solut ion could 
be another hydrO: plant, of higher capaci ty f a c t o r . I f the only one 
avai lable i s of lovi capacity fac tor^ i t may become preferab le t o use an 
e f f i c i e n t steam plant fo r base^ load and l e t the hydro plant take care 
of short peak per iods , provided i t s energy production can be so, disposed 
of„ 

There are many other c h a r a c t e r i s t i c s pecul ia r t o e i t h e r steam or 
hydro s ta t ions . . . 

For rapid ly increas ing loads of susta ined duration^ a h y d r a ^ i c 
uni t ^^àLl meet such conditions more ea s i l y and ^sa t i s f ac to r i ly than a 
steam un i t ; however, f o r instantaneous changes^;-steam un i t s perform 
be t t e r on account pf the ^ slower response and higher i n e r t i a of tydraxilic 
turbineso • T-r .. ... , 

Adequate spinning reserve i s more important f o r steam u n i t s , not 
only because they cannot pick up load as rapid ly but a l so , because low 
frequency operation a f f e c t s numerous motor-driven a u x i l i a r i e s such as 
d r a f t fans^ feedwater pi:rp,ps, etCc • •. . 

Both types of un i t s can be operated as condensers for. the cont ro l 
of r eac t ive power, but steam -turbines are more cos t ly of operation f o r 
tha t purpose and not near ly so convenient, - -

The dependable energy capab i l i t y of a steam p lan tá i s i t s continuous 
f u l l load rating-, l e s s due allowance f o r maintenance. I t i s not always 
possible to have f u l l con t ro l of long-term output of hydro plants on 
acco\aht of unpredictable rim-off or s torage conditions and one has t o 
be conservative in est imating t h e i r dependable energy capaci ty. 

Once b u i l t , a hydro plant should be operated as much as poss ible 
in order to get f u l l re turn from the money inves ted . In con t ra s t , 

/steam u n i t s 
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steam m i t s involve considerable expense f o r f u e l f o r every minute ' s 
operat ion. , Fuel or heat r a t e s vary f o r d i f f e r e n t -loads and. i t • i s : 
worth spending a great deal of time and e f f o r t t o ensure t h a t the 
l e a s t f u e l i s used f o r every ki lowatthour generated. 

Transmission l i n e losses may be comparatively high, p á r t i c u l a r l y 
a t peak load t imes and t h a t may have a bearing on cost of power from 
remote s t a t i o n s as compared to tha t generated l o c a l l y from a thermal 
p l a n t . 

Tc? obtain t h e most advantage from combined steam and hydro i n t e r -
connected systems, i t i s recommended t h a t : 

1. In terconnect ing l i n e s between s t a t i o n s and load areas be la rge 
enough to supply power in to an a rea , i n case of a d e f i c i t , and 

.. out ,in case of a, surp lus , a l l without producing u n s a t i s f a c t o r y 
vol tage or s t a b i l i t y condi t ions . 

,2. Load d i spa tchers and system operators should have r e a d i l y 
a v a i l a b l e , i n convenient form: 

. :a) Iiaput-output data f o r a l l u n i t s 
b) Incremental loading charts fo r t ransmiss ion l i n e lo s s data 

..c.) .Typical da i ly area load curves f o r normal week days, week 
. ends, and a l s o . f o r holidays and other days of abnormal 

load ing . 
d) S u f f i c i e n t commxmication, t e l emete r ing and load cont ro l , 

equipment tO; enable them t o maintain system frequency, t i e . 
l i n e and p l an t ' loadings, wi th in prescr ibed l i m i t s a t a l l 
t imes . 

"3,• . Informat ion on ind iv idua l stream behaviour and watershed response 
to p r e c i p i t a t i o n and other weather man i f e s t a t i ons , 

4. The maximum freedom in the use of s torage bas ins , forebays and 
streams f o r s torage , accimmlation and t r a n s p o r t a t i o n of water . 

• I ¥ . CASE OF AREA POSSESSING NO, OR ONLY INDIVIDUAL POWER PLANTS 
Considering the case of an area possessing no power p l a n t , t he governing 

c r i t e r i a are genera l ly 
a) R e l i a b i l i t y • 
b)' Econony 

/ I f hydraulic 
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I f hydraulic condi t ions pe rmi t , the p lan t should be l oca t ed as c lose 
as p o s s i b l e t o the load cen te r , which woiild agree with both c r i t e r i a 
mentioned above. , . 

Number and capaci ty of genera t ing u n i t s should be such t h a t a t - l e a s t ' one 
can be. l o s t without a f f e c t i n g ciistomers. I f t h e economic: balance does; 
not, a l low s i m i l a r p r a c t i c e f o r t r ansmiss ion c i r c u i t s , they should a t 
l e a s t be made very r e l i a b l e , with good communication f a c i l i t i e s . Much 
valuable time can be l o s t when p a t r o l l i n g or r e p a i r i n g l i n e s i n a remote 
a rea , i f , crews cannot r e a d i l y communicate with switching s t a t i o n s a t 
both-ends, , 

In t h e development s tage of such an a r e a , r a d i a l l i n e s t o s e v e r a l 
customers have t o be accepted , and opera t ing personnel has t o be kept t o 
a minimum. For 25 kV sub- t ransmiss ion or lower v o l t a g e s , 3 - s h ò t r e p e a t e r -
type fu se cu touts may be found advantageous. Subs ta t ions must be des igned, 
in the i n i t i a l s t a g e , f o r the n e c e s s a r y . a d d i t i o n s t h a t w i l l fo l low. 

I t may a l so be very impor tant , depending on type of t e c h n i c a l he lp 
ava i l ab l e , , t o avoid any unnecessary complicat ions or automatic con t ro l s ; 
which may r e q u i r e more knowledge or a s p e c i a l t r a i n i n g t h a t i s not always 
ava i l ab l e - For i n s t a n c e , d i sag reeab le s i t u a t i o n s have been experienced 
a t some remote s to rage dams,,with f a i l u r e of e l e c t r o n i c tubes c o n t r o l l i n g 
a simple o i l burner ope ra t ion , f o r , the hea t ing system, or in the e l e c -
t r o n i c con t ro l s of motors f o r t h e h o i s t i n g mechanism of s l u i c e g a t e s . 

Where a few i n d i v i d u a l power p l a n t s e x i s t and have t o be in t e r connec ted 
and supplemented by an a d d i t i o n a l s t a t i o n , o the r c h a r a c t e r i s t i c s become 
important . . , . . , • 

The governing systems a t each p lan t should be checked and probably 
improved, t o make sure t h a t loads, a r e divided p r o p o r t i o n a t e l y . I n t e r -
connecting l i n e s should be v e r i f i e d as t o maximum capac i ty of t r a n s f e r 
expected on account of p l a n t c a p a b i l i t y and load v a r i a t i o n s . 

Rupturing duty on b r eake r s and system p r o t e c t i o n w i l l have t o be 
r ev i sed , as we l l as communication f a c i l i t i e s . Higher capac i ty i in i t s w i l l 
be permiss ib le i n new genera t ing s t a t i o n s , fo l lowing i n t e r connec t i on of 
e x i s t i n g p l a n t s and increased spare c a p a c i t y . 

/V. CRITERIA 
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V, CRITEHIA FOit THE DETEMNATION OF PRIORITIES 

• • • • IN EIECTRICITY DEVELOPMENT 

These w i l l ev ident ly vary, depending on the organizat ion proceeding with 
the development, whether i t i s government owned o,r pr iva te ly : owned. . 

When a mining indus t ry develops in some uninhabited d i s t r i c t and 
power must be provided by said organizat ion to carry on i t s opera t ions , 
i t becomes evident t h a t i n d u s t r i a l requirements have ..top p r i o r i t y and 
those of the small community adjacent to i t a re nex t . Any add i t i ona l 
requirements some d is tance away and not d i r e c t l y r e l a t e d t o t h a t indus t ry 
w i l l be served i f excess power i s ava i l ab le and can be disposed of f o r 
an a t t r a c t i v e r e t u r n . 

I f a government owned agency i s d i rec ted t o extend the se rv ices 
of e l e c t r i c a l power t o a new d i s t r i c t , i t w i l l probably attempt to reach 
the l a r g e s t propor t ion of the population involved, without incur r ing a 
l a r g e r d e f i c i t than can be absorbed. Preference w i l l be given to t h a t 
por t ion of d i s t r i c t which although i t may have same dens i ty of populat ion 
a t the t ime, i s suscep t ib le of more rapid expansion due t o some favourable 
economical or geographical pos i t i on . Sxmilarly i f an indus t ry demonstrates 
i n t e r e s t in s e t t i n g up in t he area , considerat ion w i l l be given to the 
b e n e f i t s r e s u l t i n g from add i t i ona l production and employment; perhaps, 
more a t t r a c t i v e r a t e s w i l l be devised on a temporary b a s i s . 

In other works, development of e l e c t r i c i t y in t h e hands of a we l l - . 
managed p r i v a t e organizat ion w i l l give top p r i o r i t y t o maximum re tu rn on 
monies inves ted , while respec t ing the framework of s t a t e or na t iona l , 
l e g i s l a t i o n and preserv ing harmonious public r e l a t i o n s . 

Development of e l e c t r i c i t y under government sponspiship aims a t 
optimum na t i ona l b e n e f i t including various i n d i r e c t r e tu rns r e s u l t i n g 
from increased t r a d e , employment, product ion, s tandard of l i v i n g , e t c . 
and may consider investments in power developments i n new d i s t r i c t s w i t h 
the same o v e r a l l pol icy t h a t d i c t a t e s spending of pub l ic funds f o r roads, .. 
b r idges , a g r i c u l t u r e , f o r e s t r y e t c . 


