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FOREWORD

This is the fifth of a snes o1 leaflets of general interest issued
from time to time by the Central Bosrd of Immization. A description
is ziven herein of sources that constitute electric powerand what
bas been done in our country, in the past, to dsvelop anch sources.
India is fortunate in he: vast resourc-s cf large rivers und high
mountains ind hae i large hjdro-elactric power pctantial. The
slow growth cr kydro-electric pow.r undertakings in India is
compared with the rapid stides mads by other countries of the
world and a short acconnt of the projacts now under construction
or ' investigtion for the prodnetion of bydro-electric ensrgy in
India has bee. added.

Kxxxxpy Houze, N. D. GULHATI,
Snara SV, Seeretary.
August 31, 1918.



HYDRO-ELECTRIC DEVELOPMENT
IN INDIA

ELECTRICITY—A MODERN NECESSITY

- Electiicity has a remarkable diversity of application. In the
home, electric lights, fans, irons, vacuum cleaners, refrigerators, cold
storage lockers, water pumps, stoves and kettles lead tc comfcrt
and cleanliness and lend charm to life. In the 1arm, electricity can
be us~d in a number of ways—tcr grain grinders, teed mixers, cream
separators, milk stetlizing eqmpment and incubators. Portable
utility sets can be used for weed cutting, elevating grain and
cleaning seeds, Electricity can picvide cheap power for pumping
water for irmgation and other agricultural operaticns. By these
and many cther labour-saving devices, too numerous to mention,
electiicity can eliminate the dindgery of the rural population and
make their life rich and pleasant. Through the radio, elctricity
assists in providing hoth entertainment and education. The
extensive use cf electricity can thus bring ahout a radical and rauch
necced change in ;wmal life and surroundings and can thue assist
considerably 1n redveing the influx of rwal pepuletion inte cities
—a feature worthy of serious corsideratiun at the present time when
Lousing is a big problem in all cities in I.dia,

Cheap electric power is regarded as a fundamental requirement
for the industrial develcpment ¢t a countrv. In fzet, modera lite
and industrial develepment depend so largely on the use of elee:ricity
that the quantity of clectricity used per capita in any ccuntiy is an
index ct the material and mdustriz] develcpment of that count:y
and of the standard of modern civilization that has heen attained
in it. S
SOURCES OF POWER

A student o1 Economics regards material and labetu as the two
fundamertals ci production. In the clden days labour was
synonymeus with man-power. With the development of Science,
power from winds, from movirg streams of water, from steaa, from
MBI



Cot irom lai-mouth to Hydrodetric pipe of the Meliwr Dam Power

Howe,



olls and from electricity has been progressively bronght to the aid
of man. All thesc sources f power can be divided broadiy into
two classes : |
(1) Exhaustible, cr those which 1epresent accumvlation of
energy gradually formed under the action ot the Sun’s
lizLit and heat, e.g. coal, mineial cil, peat, natur.l gasses
and fuel ; and |
(2) Tuexhaustible, or those which are replerished by Nature
as fast as they are utilised, e.g. water falls, tider und winds.
The producticn of power irom scurces like tides and winds can
by their very nature be limited. Amoug the fucls denved from
growing vegetables, alcohol, whicl can be manufactured cheaply
from potatces, mclasses and matwus flowers alone seems to hold out
any premise. It has beeu used ror scme years in Mysore; but the
output is negligille. Until atomic power comes imto field, the
development of the power resources m India can thus only be from
oil, cual and hydro-electric generation. ‘
~ India’s resources in oil, o far as kncwn, are poor. She imports
the rajor part of the oil that is now being used either directly for the
production of power or indirectly after couversion into electrie
energy. There is thus little prospect of the country being able to
develop power or industries based on: her mengre 1escurces of oil.

India’s wealth of coalis confined mainly to Bikarand West Bengal
with small cutliers in Assam, Central Provinces and Hyderabad,
The distribution is uneven and distance from the coal fields to
different induztrial centres so great that except at or near localities
whete cual mines occur, power cannct be produced economically
from ccal. It kas also heen estimated thiet the entire quantity of good
quality coal available in India, excluding coking coal which can be
used prefitably for cooversion into liquid fuel is enly 3,500 million
tons. If it s used at the presert iate of consumption, the coal
resources of the country wouald he exhausted in a little over 100
years. The Railways in India alone consume about seven miillion
tons of coal annually—just one third of the total annual consumption
in the country. .

With Ler large rivers ard high mountains, India’s resotrees of
hydre-eleciric power are vast. As will be shown later, these
resources Lave not even been surveyed so farm their entirety, while-
the limited 1escurces of coal are being rapid’y wasted. So far as the
genezation of electric energy in India is concerned, the firet thermal
staticn, Caleutta Electric Supply Corporaticn commenced supyply in
the vear 1809. This was followed by the Bembay Electric Surply
and Tramway Co. in 1905, the Kanpur Electrie Supply Corpora‘don
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aud the Madras Supply Corporation in 1908, Other istallations
followed and the following table (also see figure 1)indicates the
relative use in India, today, of different sovrces of power for
the producticn of electric energy.

Kilcwatts installed in Public Electric Supply Undertakings :

1320 1947
oil v .. 5,847 96,916
Coal - . 48,495 758,692
Hydro . . 79,505 499,227

It has been estinated that eack installed kilowatt of Lrdro-
electric power if operated centinuously for a year is equivalent to
alout five to Jix tonsof ccal.  In Carada, which is exploiting hardly
20 per cent. of her water resources, the total b ydro-electric power
generated during 1946 was eqmvalﬂrt to miore than 22 millicn tons
of coal. An idea of India’s potential of hydra-electric power can
he had from the fact that the equivalent of the entire power now
utilised on the Railways in India can be generated frem a single
scheme like the Kosi Preject.  Coal can thus he ccuserved for wore
prcﬁtablc use in netallurgical and other eperations.  The scluticn
of India’s poverty and material Luckwardness lies ir the utibisation

fthe vast sources of energy availiable 1o her Large rivers sud Ligh

Lills. It is preposed in this ledflet to examine in hiidf how thegse
rescurces Lave Leen utilised so far in comparison with the cther
countries of the world and to give a short account ¢f the prejects
row under construction or under investigation for the production
of hydro-clectric enctgy in India.

THE SCIENCE OF ELECTRICITY

It is difficult to state whan electricity as such came to be known.
There are reterences to Thales with whom the science is reported to
have started about 600 B. C. with intermittent developments since
ther. One can, however, recall readily the weik of G Thart (1600}
st Franklin (1450) of W 1n<hl.rst and Velta (1800) and ot Faradav
who in 1831 made the fundamental discoverv of electro-magnet
induction which is the foundation of the electric power indusiry.

Hydro-clectric cneigy is of mwore recent crigin., It iz difficuit to
find when the £rst hydra-electric plant in the world wus constructed
M14CBI
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References kave heen traced, however, to the first Lvdro-electric
plants having been installed in

U.S. A, m - 1882
Javan in 1892
Australia In 1895
India in 1897
Canada in 1900
New Zcalend in 1904

Towards the close of the last century, in the November 1897
weite of the Scientific American it was reccaded—

“ The statistics of the present state of water pcwer
utilisation show that it is advancing with repid strides.
Ametica leads the would with a total installation ot cver
70,000 h.p. Switzerland ccres next with 32,000 h.p.
France has 18,000 h.p. and the great power plant at Rhein-
felden Germary, gives Germany the fourth place with
about 17,000 h.p. [taly has nearly as much and Norway
and Sweden are each credited with15,000h.p. In Great
Britain there is a total installaticn ot 4,000 h.p.”

Thus about the beéginning of the present century the hydro-
clectric installations n the world had a total capacity ot the order
of 150,000 kW.and 't was little realised that what was then regarded
as ‘tapid strides’ would before long become insignificant inthe race
for electric development.

GROWTH OF HYDEL POWER IN INDIA

Water Power lias beer used in India and the East tor centuries
past in wocden water- vheels for driving corn mills ; these are found
1 almost everv vallev of the Himalayas, even at the present day.
Hydro-electiie power develcpment as already stated is an invention
ct the last quarter of the nineteenth century. The pionear public
utility hwvdro-electric undertaking in India is the small Municipal
Town Lichting Plant at Darjeeling which was erected in 1897-98.
This was follewed by the hydic electric scheme en the Cauvery river-
thie first of any magnitr:de—in Myscre-in 1002.  The principal object
of this scheme was the supply of power t¢ the mining companies on
the Kolar Gold Fields about 92 miles trom Sivasamudrare, the site
of the generating station.  This initial undertaking has since grown
steadily. Considerable expansion was made possible by tke
constrctior of the Krishnarajasagar dam and the plant there has
new ar instslled capacity of 60,000kW. Pewer wasalso generated
in small quantities in Madras onthe Katen Riverin 1904 und in the
high ranges in the Travancore Statein 1905. Kashmir bydro-electric



The Mandi H jdrc-electri: scheme—Power House at Jogindernagar.



works were completed in 1608-1909. Small water power stations
for the supply of electricity to municipal areas were ccnstructed ab
Mussoori 1n 1909 and Simla in 1913. Gokak Falls in Bombay were -
harnessed in 1214, No major work, however, appears to bave been
andertaken in the early stages.

" World War I—1914-18 gave an imperus of the use of electricity
all over the world. In India, the formation ot the Indian Muniticns
Bourd was the first step in cooidinating existing industries, and this
was soon followed by the appoictment of the Indian Industrial
Commission. The Industrial Commissicn in its Report 1916-18
emphasized the necessity for a hydre-graphic survey cf India. The
Goveroment ¢f iIndia appoiuted Mr. G. T. Barlow, then Chief
Engineer Irrigation Branch, United Provinces, to undertake the werk
in association with Mr. J.W. Meares, then Electiical Advisor to the
Geveinment of India.  After the death of M. Barlow, Mi. Meares,
issued a preliminary repo:t in 1919 and a Triennial Repoit in 1921,

-indicating that o minimum centinucus water power ot rearly 3-5

‘million kW. with a maximum ot eight millien kilowatts cculd be
‘developed in India.

Bv the time Mr. Meares Report was published, the Government
of India had ceased tc take direct interest in the developmert of
Provincial Public Works and thus no serious rotice appeass to have
been taken of the recommendations made 1n the Repert, inadequate
as these were. Meanwhile other countries went head long in the
development of their hydro-electic resourees and Irdia was left far

behind in the iace for electrification and consequently of
industrialisation. -

. It is indeed a great eompliment to Indian enterprise that the
thiee higgest hydro-electric mstallations that exist in Trdia today
are the result of private effort spousored by that great industiialist
Sir Jamsctjee N. Tata. The first cf these is owned by the Tata
Hydro-electric Power Ce., and came into cperatiom as early as 1915,
This was followed by the Andhia Valley Power Supply Co., in 1922
and by the Tata Power Co. in 1927. Between these thice
companies the power installed amounts to 222,000 kW., aimost half
of the tot1) hydro-electaic installation in India today.

The major state-managed hydro-electric works completed in
recent years ae the Pykara Hydro-electric scheme, Madias and the
Mendi Hydro-electric Scheme, East Punjab (1933) the Mettur Hydro-
electric Scheme Madras (1937), the Pallivassal System, Travancora
(1940), Papanasam Scheme, Madras {1943), and the Carga Hydzo-
electric Grid, United Provinces (1930-1947). The last system ig
(itlllutlnge;r developmert. | o o
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A table showing year to year development of bydro-electrie
installation is also given at the end.

Figure 2 shows tke electric energy generated in India from 1939
to 1947 from cil, coal and water power plants. Reliable figures
prior to 1939 are not available. It will be noticed by comparison
with figuze 1 that although the installed capacity or steam power
plants is ahout cne and a halt times that of the hydro-clectric plants,
the energy generated annually by the latter is more than -that
generated by steam pcwer plants. -

_ As already stated, the total installed hydro-electric capacity in
India is 499, 227 kW. whichis only 14 per cent. of Mi. Meares
estimate cf abuut 3+5 millicn killowatts of firm potential power.
Mr. Meaze’s estimate itself represents about ten per cent. of the real
water power pctential of the ccuntry ; orin cther words the hydro-
power so far develcped 1n India is only 1+5 percent. of tke country’s
potential, :

HYDEL POWER DEVELOPMENT IN THE WORLD

Having cuthned the scanty progress made in India in the field
of bydre-electric endeavour, it is proposed to review biiefly the long
strides taken in this direction by other Nations of the world who had
the shapirg of their destinies in their own hands.

The picnee:s in the field of hyd:o-electric develocpment aze the
U.S.S.R., U.8.A., and Canada, but if the criterion be the percentage
bf a country’s potential that has been developed, the place of honour
teday is taken by Switzerland, Germany, Norway, France and
Bweden in the crder stated. ' '

U.S8.8. R., a country with the highest potential water power in
the world is believed. t¢ have developed 22-4 million kilowatts.
The first state-planned ozganisation for the development cf electnie
power in Russia was 2stablished in 1921. From 1923 to 1935,
twelve major hydro-electiic plants were installed, the most important
ct which is Dnicprestrio Hydro-electric Station with an installed
capacity of 310,000 kW. The ccuntry is now stated to have developed
20 per cent. of her potential kydro power wkich is heing used mainly
in electro-metallurgical and electro-chemical industries and coal
mining. :

The United States of America is one of the most advanced
country in hydro-clegtric dgvglopment in the world. In tke first
twenty yeers ct the present century she built up an installed capacity
of about 4:0 milhcn kilowatts ; but the biggest achievement is in
the peried after 1920 during which she has added as much asten
millien kilowatts of installed capacity. The totalinstalled capacity
of the Tennessos Valley Authority dams alome exceeds twe million
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kilowatts wkichisa little over four times the tota) installed capach.
in India. The Grand Cculee Dam and Boulder Dem, on fuﬁ
development, will have irstalled capacity of 2:0 million kW.and 1+4
million kW. respectively.

The Domiricn of Canada presents a picture of a country whose
economy 88 regards pcwer is based ona non—wasting asset—water
power. Moze than 98 per cent. of the electricity sold by public
pewer stationsis generated from this source. The major hydro-electric
plant is the Qneensten—Chippawa onthe Niagra falls withan
installed capacity of 417,760 kW. The tctal installed capacity in
Canada, at the end of 19435 was 5+ 67 million kW, but 70 per cent. of
which was installed during the last 25 years. Tt is remarkable that
Canada with about half per cent. of the world’s population has

attsined a position of the world’s third trading pation due to her
induetties based on electricity.

Switzerland, the playgreund of the world, kas contributed in no
small measure to the advancement of hydro-electric development,
More then 50 per cent. mileage of her broad guage roilway lines are -
pow clectrified from water power.  The Fully Power Station, utilisea
o uet head cf 5,410 fect, the higkest so far in the world. A new
enterprise is the power station located in the Rhone Valley near
Sion, equipped for 134, 280 kW., and which wll work under an
effective head of 5,740 feat. Switzerland has an installed capacity
of 2-4 miltion kW. and Las exploited 67 per cent. of her water power
potentials, the highest percentage in the wo:ld. About 80 percent.
of her works we:e constructed dnrinyg the last 25 years.

No country in Eurcpe hasso many glaciers and fields of perpetual
snow as Norway, and she bas taken tull advantage of these natural
facilities for the develcpmert of water pewer the most intensive
in Eurcpe. It 18 claimed that the height of the Noiwegian
waterfalls added together exceeds the total of all other waterfalls in
the world. The total installed capacity of hydro-electric plants is
2-4 million kilowatts for a pcpulotion of three millions. To attaiv

this rate of electrification India should have an installed capacity of
27 million kilowatts.

France has an installed capacity of about four million kW, and
has many interesting hydro-electric works, One ot the most
fascinating worksis in the Pyrennes where a head of 4,620 feet is
utilised by a small qnantity of water cellected by various devices trom
& number of small lakes ; the average discharge for the year not
exceeding 80 cusecs. Atthis place, 25 also in some cther countries,
surplus power during periods of hioh supply is utilised for lifting wat-r
which is again nsed for hydro-electnc development during the period
of low aupply.
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Sweden claims to have electrified 85 per cext. cof all homes in
rural areas. She has an installed capacity of 2-5 million kW. Her
output of electric eergy in 1946 was 14,200 millior kWh. based almost
exclusively on water power. Like Nurway she has immense
. possibilities of hydro-electric development and with t:e works now
1n pregress, she will soon bave an installed capacity ot 3-5 millicn
kilowatts for a population of seven millicns.

The table below gives impertant facts about the relative
development of Liydro-electiic power in various countries of the
world.

‘ Whater power Water power
Populs-| Water | developed and | developed aa Per capita
vion | power installed percentage of consump.
Neme of country  |(million) | poten- | (millivn kW.) potential tion of
tial P electrical
(million euergy
kw.) At ) At (all typea
1820 | present | 1020 | present kW)
1. U.B.8 R, .| 170 100 ? 224 . 22 2180
9.U8A.. .| 18 | 4 | 38| 145 8 | 3¢ | 1660
3. Camnsds .. .| 10 [ 38 [ 26| 77| 71 | 2 | 4000
4, Bwitzerland o 4 45| 06 24| 1 67 1,944
8. Germany | 70 ) 06 32 9 54 1,240
68, Norway .. . 3 46| 09 24| 21 53 3,090
7. France ., o 42 9 11 371 13 42 431
0.Bwedn .. .| T | 78| o8| 26| m | 3 | 210
3. 0K .. o]l oH 1-6] 0-18 05] 10 31 938
10, Japan .. . 7 20 0-23B{. 58| .. 30 .
11, New Zealand .. 1 4 0-02 05 05| 15 2,000
13, Australis . 7 3 0-02 03 0:5 » 1,014
19, Indis ., | 330 |30-—-40] 0-08 66} .. 15 92
4, China .. | 800 ? ? 0-64A .. . 37
A—1035 figures,
B—-1011 figures.
0—1938 figures,

Nom—!;ignm other than those sperified in the table genarally relate to the
period 194347,
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THE NEED FOR DEVELOPMENT

Judged by foreign standards, some of which have been described
above, the progress on hydro-electric development in India is far
from satisfactory. TLe total installed capacity to date is about 05
million kW., and the consumption of all kinds of electricity per capita,
a true measure of the prosperity of a country, is only 9-2 kilowatt-
hours. against 4,000 kWh. in Canada, 3,090 kWh. in Norway, 2,100
kWh. in Sweden, 1,660kWh. in U.S.A. and 1,944 kWh. in Switzerland,
Another unwholesome feature of the scanty progress made in India
is the fact that most of the existing installations have been planned
to satisfy the demands of the urban areas, This will be clear when
it is stated that Calcutta and Bombay, with a total population ot one
per cent. of the whole country between them consume half of the total
electrical energy produced in India leaving the other half of the
power for the remaining 99 per cent. of the population. Except in
a few villages in Madras and Mysore, the amenities of electricity are
unknown to the common man.

Tt will not be of much use to dilate on the reasons for the present
deplorable conditions. There is no doubt that freedom of action
was denied to Indians for long. Some of the early schemes taken
up were unduly expensive. The system of financing public works
insisted on a minimum direct return which ignored the many.and
very important indirect benefits to the community and the
Government. The machinery for initiating inter-provincial prejects
was either non-existant or highly ineffective. Some of the difficulties
mentioned above, have disappeared with the dawn of independence.
The public and the Government should see to the removal of
others so that the Nation can go ahead with determination and
courage and utilise the available natural resources of the country for
the benefit of the people.

SCOPE OF FURTHER DEVELOPMENT
Meare’s estimate of the potentialities of hydro-electric
development in India, to which reference has been made kefore,
excluded many of the major rivers and many sites on smaller rivers.
Although noregular All-India survey of the hydro-electric resources
of the country has still been made, many projects not included in
Meare’s Survey have since been taken up for investigation and somg
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Mandi Hydro-electric Scheme—Steel sels in the main
tunne;,
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of them are now in an advanced stage of development. The table
below gives a comparison of Meare’s forecast and figures now
available for projects at present under various stages ot development

[
Meare’s figures (1917) based Lateat figures (1948)
on ordinary minimum flow .
Name of Province or
Stete .
Power |Potential Power Project-
Deve. (kW.) | Total dove- ed or Total (kW.)
lom) . l((){%?.) inve:?ig::ion -
( {kW.)
Assam .. . .. 414,000 { 414,000 500 4,000,000 [ 4,000,500
West Bengal . 600 | 619,250 | 619,850 2,360 333,000 335,360
Bihar and Orissa .. . 62,560 82,560 . 1,800,000 1,800,000
. - 3,860,000 | 3,860,000
Bombay .. oo | TLA00 | 572,010 | 644,310 | 235,714 600,000 3;,714
C.P. & Central India| .. 138,240 | 138,240 . 250,000 250,000
Coorg .. - . 1,500 1,500 . .
Madras .. ' 740 91,570 92,310 98,200 500,000 598,290/
East Punjab - 1,880 | 688,400 | 690,280 49,750 500,000 649,760
UP oo | 4330 399,00 403,370 22,700 1,200,000 1,222,700
Baroda .. . 4,000 4,000 . 8,300 8,300
Gochin .. . - - 4,000 4,000 | . 200,000 200,000
Gwalor .. .| .. | 300{ as300| .. 16000 | 16000
Jammy & Kashmir | 106,830 199,600 | 305,330 4,316 9,000 13,318
Mysore .. o | 240001 245600 | 48500 | 71,200 240,680 311,880
Patials . o 290 . 2% 140 16,000 18,240
Hyderabad * . . .. . . 639,000 639,000
Rajputans A . 160 160 . 163,870 183,670
Sikkm . ", 5000 s000| .. . .-
- Travancors " 450 o 450 13,900 v 13,900
Other States . . o . 268 18,600 1 ~ 18,758
Total - {209,620 3,;’67,420 3,477,440 | 499,227 14,34.2,650 14,341;277
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It will be clesr from a perusal of the table above that Meare's
estimate of potential has already been exceeded four times over by
projects which are already under contemyplation. In addition there
are sexveral sites on the Narbada, the Taoti on the Ghats and in the
Himalayas which are still unexplored. It is not unlikely that the
unsurveyed resources will far exceed those which have been
developed_or are under investigation. Ona rough approximation,
the hydro-electric resouices of India are likely to be of the order
of 30 vo 40 million kilowatts. There is thus an immense scope for
development.

NEW HYDRO-ELECTRIC PROJECTS

Different administrations in India have laurched a number of
hydro-electric projects. These have been shown on the map in
fignre—3. A brief description of the more important is given
below.

(1) Kosi Project (Bihar).—The Kosi Dam Project, designed to
provide for flood control, irrigation and power will comprise a dam,
possibly 750 fect high, across the Chatra gorge above the temple of
Baraha Kashetra, power plant at the dam site capable of generating
upto 1+8 million kilowatts of cheap power at 50 per cent. load factor,
a bartage in Nepal across Kosi with one canal taking off either bank
for irrigating about a m.illion acres in Nepal territory, and a second
barrage near Nepal-Bihar border with two canals on the left and one
on the right, for irrigating over two million acres in Bibar. The
estimated cost is 850 to 950 million rupees. The preliminary
aurvey and investigations are in progress.

(2) The Kalinadi Hydro-electric Projoct (Bombay).— TLe project
contemplates barnessing the waters of the river Kali for the develop-
roent ot power. It is estimated that 330 000 kW. continuoae is
available in the Kalinadibesin distribsted at five pewer stations.

(3) Bhakra Dam (Fast Punjab).—The Bhakra Dem Project
comprises a dam, 480 reet high, across a gorge in the river Satlc}
at Bhakra ; the reservoir so formed will bave a useful capacity o
3+5 million acre feet, sufficicnt to give a mean discharge of 6,600
cubic feet per second for a period o 270 days—the dry part of the
vear. The schen.e wlich is expected to cost 700 million rupees will
generate 160,000 k. and irrigate 4-5 million acres. Work has been
taken in harid. Investigations are also in progress for raising the
height of the dam by sbout one hundred feet. This will increa<s
oonsiderably the power to be generated and the area to be irrigated
trom this preject.

(4) Nangal Power Projzct (East Punjah).—The Nangal power
projest evmpriseda weir across the Sutle) at Nangal 18 ruiles
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downstream of the site of the proposed Bhakra Dam from where &
lined canal of 10,000 cusecs capacity will tage off for two power
houscasituated at 12 and 18 miles downstieam of the weir. Lach
power house wil{ be operated by a fall of aboat 98 feet and will have
an installed capacity of 48,000 kW. in the pre-Bhakra stage. The
installation at each power house will be angmented by 24.000 kW,
in the post-Bhakra stages. The Pre-Bhakra stage of the project
inlcuding transmission and distribution iz estimated to cost 220
million rupecs, '

«8) Ramapadasagar Project (Madras).~This is, by far, the
niost iportant multi-puipose scheme projected in Madras; the
reservoir to be tormed on the Godavar: will be one ot the biggest in
the world. A 428 feet, high masonry dam, with 190 feet of
toundations helow the river bed, a mile and half long, will be built to
store 15+ 6 mllidn acre feet of water. The two canals which will take
off the dam on either ride will irrigate an area of 2-35 acres in the
dry tract above the Godavari delta and will also augment supplies
to the existing delta conals which will oring acother 2-1 million

_acres under irrigation. The project will further develop 100,000 kW.
continious power and 20,000 kW, secondry power at the dam site,
The cost of the schem.e as at present estimated is 860 million rupees.

(6) Tungabhadra Project.—The construction of this projest
is heing taken up jointly by Madras and Hyderabad. Tt has as its
main reature a concrete masonry dam, 8,200 teet long and 160 feet
high across the Tungabhadra, a major tributary of the Kistna,  The
dam will impound 2+6 n.illion acre feet ot water.

. (7) Jog Falls.—The magnificient Jog falls on the Fharvatli
River in Mysore have heen Larnessed and the first unit capable of
generating 12,000 kW. was switched on in February, 1948, The
project, when completed, will Lave an installed generating capacity
ot 120,000 kW. The main works in the project are a storage
reservoir designed for an ultimate capacity of 23,173 million cabie
feet, an anicut lower down the river to divert the water into the
power chanrel, the power chaninel, a forebay for controlling the inlet
of waterinto the penstocks and the generating station at the bottom
of the gorge. Gioss static head for generation of power is 1,205+4
feet. The estimaced cost of the schen.e is 21-out 57 millien roees.

(8) Unified Development of Makanadi (Orissa).—This scheme
will consist of three units, namely the Hiraxud Dam Project, the
Tikarpara Dam Project and the NaraJ Dam Project, each with its
own canal system and hydro-electric power installations. As a first;



A view f the Gerasappa Fall. The photo-
graph was taken from the M jsore end, in the
.. month of February with low river.

Jog Fa'ls—A distant view of the hill slope

on whih the pem stocks have been laud.

The troll-y lead ng to the Power House can
820 be seen.
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step the Hirakud Dam Prcject has been taken'in hard. Thie dam
will be pearly three miles in length acoss the main chernel with 17
miles of low dykes cn the two sides. The maximum Leight of the
damabove the deepest river bed will ke 150 fret. It willhavea gross
sterage capacity of 5+3 millicn acre feet, will irrigate a million acres
and geverate 3,50,000 kW, '

{9) The Chambai Hydro-eiectric Sckeme (Heikar State).—This,
the first of a series of reservoirs in the contemplated multipurpose
-~-ional development of the Chambal Valley, comprises the
canstruction of a dam about 200 feet high across the river Chambal
near Chauracigarh about 30 miles on the North West of the Shree
Chatrapur R ilway Station on the B.B. & C.I. Railway. The
reservoir will have a storage capacity of 6-89 million acres. Power
produced will be 28,000 kW. Irrigation to the extent of about
100,000 acres is also possible from the reservoir by tunnclling through
a ridge. Thx estimated cost of the scheme is 70 million Tupees,

Two pick-up weirs proposed downstream are, one each in
Mewar and Kotah State territories. It is expected that power
stations to be constructed at these weirs will generate 68,000 kW,
and 56,000 kW. of power respectively at 50 per cent. load factor.
The total cost of the whole scheme is estimated at 225 million rupees,

(10) The Navar Dam Project (United Provinces).—It will
involve the constiuction of a 600 feet high dam to store 1-4 million
acre feet of water on the river Nayar, a tributary of the Ganga, The
supplies will be utilised for supplimenting'the existing discharge of
the Ganga Canal and for generating 100,000 k. Preliminary
investigations are nearly completed and construction is likely to
start soon. The scheme will cost 150 million rupees. :

(M) The Pipri Dam and Power Station Prcject (United
Provinces).—It is proposed to impound nire millicn acre feet of
water by a 280 feet high dam across the river Riland near Pipri
village. The power house will have an installed caparity of 230,000
kW. and it“iﬁ also bring under irrigation about four million acres,
The estimated cost is 290 million rupees, :

(12) Unified Development of Damodar River (West Bengal).—
This important project comprises the building of a aystem of eight
dams and a barrage, Seven of these dams are for sto'rage and all of
them will be equipped with hydro-electric generating plant, The
aggregate controlled reservoir capacity would be about 4,700,000
actefeet. The preposed schemea would provide pererric] irrioation
to about 7€0,000 acres and will generute €5,0(0 LV, of prcimar,'
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power and 63,000 LY. of secondary power. The project is expected
to cost 550 millior: rupees. The details regarding administration of

this project which will effect both Bengal and Bihar have been
formulated and the Damodar Valley Corporation has been set up.

When the projects described above, some of whichare being
puisued with vigour by various administrations in India, are
completed these will add more than 14 million kW. of powet to the
existing, paltiy half nillion. It will be possible to interlink different
power houscs into a grid so that loads can be transferred from oo
station to another in case of emergency. Electritity will be made
available to villages in rural areas and life there will no longer be
}Heak.

Needless to add that a very high priority must be i;iven in the
national interest to sapply funds, materml, labour, personnel and
transport for the early execution of these works.

TWO IMPORTANT SUGGESTIONS

Before the large blocks of power, proposed to be created by the
projects described above, canbe utitise 1 in the service of the people,
we shallrequire in the country large quantities of manufactured goods
for the transmixion and distribution of eneray, poles, wices,
transformers, insulators, switch gears, efc., and huze numtbers of
different devices for the utilisation of this energy—motors, large and
sn.all, heaters, accumulators, pumps, various applhiances and meters,
etc. Some of these articles will be required by the thousand and
hundreds of thousand. Very few of these are produced in the
country at present and 1t i3 bighly in:portant that immediate steps
be taken to establish in India sufficient factories for the manufacture
of equipment and appliances for the utilisation of this energy. We
cannot depend on imports for the large quantities required.
Sufficient uttention has not perhaps been paid to this aspect of
development and it i3 important that due energies be directed
towards this in.portant field.

The creation and utilisation of these large blocks of energy
present numetous problems for the engineerand the scientist.  Some
of these have been tackled in other countries, but there are many
which call for a solution here in India, keeping in view the peculiar
needs of the country. Research on hydro-electric machinery,
electric transnission and distribution and electrical devices and
appliances must, therefore, be taken up in India at a number of
centres and without delay.
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COMPREHEND THE TERMS

Falling through a height of 150 fect, a cubic foot of water can
generate 10 KILOWATTS or units of electric energy sufficient to
drive 4 12 h. p. car at a speed of 40 miles per hour on a réasonably
#00d road, and roughly equal to the emergy cut-put of a hundred
wen, One kilowatt or unit of electric energy is sufficient to
light 25 average sized elsctric bulbs or to irrigate 50 acres of land
per year by pumping water from a depth of about 20 feet. Not-
more than one thousand such units are required to drive a
passenger train at a spoed of 50 miles per hour. Every unit of
electricity, generated by hydro, represents a saving of 5 tous of coal
peryeur.’ _

One cusec represents a volume of water equivalent to the flow
of oue cubic foot of water per second. An ucre foot denotes a vol-
ume of water sufficient to cover an acre to a depth of one foot. Two
acre-foet of water are equivalent to one cusce flowing for 24 hours.
A million acre feet of water is equal to 43,560,000 cubic feet and is
sufficieat to cover an area of ten square miles to depth of 156 feet.
This represents a storage sufficient to supply a mean discharge of
1381 cusecs to a hydro-station throughout the year.



