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PREFACE
This is not a travelogue, not a technical book of hydrology

or engineering. It is a book sbout men at work on rivers:
engincers, administrators, politicians, stonemasons, operators of
earthmoving machines, labourers—men and women. In its
physical dimensions their job, hamessing India’s rivers, is one
of the largest on earth. But consider its human dimensions.
Can an engineer build a dam twice as high and twice as fast
as he, or any of his men, has seen one builez  Can legislators,
representing citizens voting for the first rime, select sound
plans, and hold to them staunchly through ren years of minor
and major crisesz Tens of thousands of humble folk must be
uprooted. Who among them will accept the discipline of the
common good: the workmen at the dams, 1n their new trade
unions: Those dispossessed from the reservoirs: And whar of
the millions of cultivators suddenly asked to use, and pay for,
the irrigation canalss

When habits and institutions are strerched like this forthwith
to the dimensions of 2 new order it is commonly called a
revolution, Revolutions can be expected o energize them-
selves partly by the excitement of rearing down the old regime.
But India s trying something new, even in revolutions:
no destruction, no terror, no hatred of old rulers, Can the
power of constructive leadership alone quicken the blood of
a generation¢ Can men make out the future rising in the midst
of the familiar: Can a revolution, in shorr, be built? Tharc
question is implicit in all of India’s sweepmg plans. Considered
in this broad sense, the river valley developments ask that men
lift their skills, cheir associations, their ideals out of old chan-
nels, while they are lifting the rivers out of theirs; the former
i4 at once the neeessary means and the highest end of the latter,
Could it be so, India’s oves—Ganga, Jumna, Cauvery,
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Damodar, Mahanadi, Tungabhadra, Sudej, Tapu, Koyma,
Kosi, Godavari, Krishna—immemorially revered, would cam
a fresh reverence from New India,

Farmc,!musrackno‘i'ﬂcdgc,dﬁﬁth!:mch:sa
attraction. To the ‘underdeveloped area” (the awkward term
was not yet fashionable) in which Imanired, 2 newly-hamesed
nver brought new life. That was the Tennessee River
America. As a minor admimstrative officer in the Tennessee
Valley Authority, 1 shared the cxcitement. It was a bold
expeiment in government, hardly a revolution. For the
most part, it worked.

In India, the experiment is wrt large. Many rivers, big
and small, are being dammed and wsed. Into that waﬂr.gm:;
something like one-fourth of a hard-pressed navon’s savings,

pethaps still more of her specialized tlents. The success or
failure will be writ large, too. The repercussions will spread
far ousside the Republic of Indis. Two-thirds of the human
race have begun to think of their cconomies as underdeveloped.
To some hundreds of millions of them, whar India can do
with her rivers will be an example,

With these questions in mind, though vaguely, I proposed i
1952 to come to India ro study river valley developments.
“The dme 1 not ripe for your investigations,' said several
officials who knew India well. 1 could se¢ how thae might be.
Why should any nation, stminmng to achieve something big
and new, open the record in mid-course to appraisal by a
foreigner. But once | reached India, the objection proved ima-
ginary. To be sure, key facts about the Bhakr-Nangal projece
were reserved; India was engaged in difficule negotintions with
Pakistan concerning the waters of the Sutlej as of other Indus
tributarics, But at other projects, nothing 1 asked for was
withheld.

The strongest single image 1 retain from two yeats in India
is that of a busy—no, an overburdened—administrator pushing
back the relentless press of papers on Ius desk, or of au engincer
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coming in after ten hours at the work site, to answer my ques-
tions. Those men gave their tme; they gave their confidence,
too, Their assistance toward a detached study (they could
cerainly not all agree to all its conclusions) would in any case
deserve a scholar’s respect. lis real worth is measured by their
own dedication to the work they helped me to study with
detachment.

Among-all those engaged on the work to whom 1 feel this
sort of gratitude, I want here to thank those whose help con-
mibuted most to this particular book.

For initial advice and permission to gather information:
A. N. Khosla, Tarlok Singh, T. Sivasankar, Kanwar Sam,
A. R. Khanna, M, Narsimbaiya, 8. N, Mozumdar, Sudhur
Sen,

On the Central Government, (besides those  named):
S. Ramam, Yadava Mohan, M. Hyath, Allan Monkhouse,
M. L Sood, S. Venkaaraman; on Parligment: Jaisukhlal
Hathi, Bali Ram Bhagat, Hare Krushna Mahtab, Vithal Babu.

On the Canvery projects: Mirza M. Ismail, K. R. Seshachar,
George Chandy, H. Ananthachar, G. V. K. Rao (all of
Mysore): and M. S. Sivaraman, P. 5. Natarajan, E, V. Nara-
yauian (of Madras),

Ont the Damsodar Valley Corporation: P. P. Varma, B, C. Gubha,
A. N. Ganguli, K. S. V. Raman, Andrew M. Komora,
Franklyn Rogers, P. K. Bhatacharys, A. L. Das, H. N, Ray,
Sohan Lal, B. C. Mullick, M. N. Das, B. Parthasarathy,
S. S, Pillad, A. N, Lahiri, A. N. Sinha, B. P. Neogy, K. Sub-
mamaniam, R. S. Mandal, N. K. Bhose, N. Gopalakrishnan,
S. M. Banerjee (of D.V.C.); B. C. Roy, Sushil Kumar Dey,
Asok Mittra (of West Bengal): Ramcluntac  Singh,
S. V. Sohoni, T. P. Singh (of Bihar), :

On Hirakud: M. S. Thirumale Ivengar, N. Dharmarajan,
R. P. Verma, A.R. Chellani, K. Padmanabha Pillai, R. C,
Hoon, S. C.Das, S. Raghavachari, N. K. Agrawal, S, P.
Chugh, A. Shankaran, G.V. Anantha Ramiah, R. M. Singh
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(of the project); N. K. Chaudhuri, R. N. Rath, B. Sivaraman,
Juganath Misra, H. B. Mohanty, Banamali Patnaik (of Orissa).

On Tungabhadra: A. R. Venkataraman, K. R. Rajagopalan,
S. Ramaiyer, G. Srirangachary, M. E. Hussain, M. Hanu-
mantha Rao, D. Satyanarayana, S. K. Iyer, N. V. Khursale
(of both sides of the project); N. Sanjeeva Reddi, B. Joogappa,
K. Krishnaswami, I. Sambasiva Rao (of Andhra); Mehdi
Nawaz Jung, K. V. Rao, Zahir Ahmed, Abdul Khader,
Hassan Ali (of Hyderabad).

On Bhakra-Nangal: C. P. N. Singh, Choudri Lahri Singh,
R. R. Handa, R. K. Gupta, H. L. Vadera, M. P. Mahesh,
Ajit Singh Kalha, S. S. Kumar.

On Bombay projects: T. J. Mirchandani, M. L. Champhekar.

Shri P. S. Rau very kindly read several chapters of the
manuscript to catch errors of fact; Shri S. Venkataraman read
it all. T deeply appreciate that help. Shri K. K. Sinha and
P. K. Menon opened to me the store of knowledge in the
files of their Indian Journal of Power and River Valley Develop-
ment.

Mrs. Earl G. Thompson typed the final manuscript impec-
cably.

This book testifies to the enterprise of the publishers,
Orient Longmans, Calcutta, in bringing out a book on a
subject hitherto touched on only in government documents
and newspaper reports, and to the patience of the staff of that
Company in dealing with an unbusinesslike author.

The maps became something of an adventure in themselves.
Through the medium of simple black-and-white drawings,
the cartographer had to make complex engineering plans
intelligible to the layman. This Mr. Randall Sale of the Uni-
versity of Wisconsin Department of Geography did, putting
aside his own work for several weeks. For this major contri-
bution I thank him, and Professor Arthur Robinson, chairman
of that department. One front endpaper is made from a map
drawn by Dr. William L. Thomas for the book Asia, East by
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South by J. E. Spencer. I am indebted to them, and to the
publisher, John Wiley and Sons, New York, for permission
to use the map. For the photographs I thank those whose
names appear with the captions.

My opportunity to be in India during 1953-54 to make this
study I owe to a grant from the Ford Foundation Board on
Overseas Training and Research in New York. The auspices
were ideal for a research worker. That grant directly followed
a Fulbright lectureship in India in 1952-53. I feel deeply
grateful to both foundations. A research grant from my own
university in the summer of 1955 helped me finish the
manuscript.

Projects are being finished and dedicated so often in these
years that, in its discussion of physical works, this book
may not long seem up-to-date. But all of us engaged in
this effort to understand and evaluate a very dynamic subject,
(especially, I should think, the reader) have a compensating
advantage. Each year’s progress will show us more clearly
whether events bear out the conclusions about the abiding
human values and problems of the river valley projects for

which this book is, more than anything else, a search.

Madison, April 1956 Henry C. Hart
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DESCENTOF THE GANGA

MDA regards her rivers with a love and awe which are no

ecent growths. In this, a¢ in other paths of Indian thoughe,
history guides us but a linde way toward the immemorial
sources of her habits and her attitudes. Where history leaves
off, the voices of the past call loud but indistinct, beguiling
the unwary modem to discover in some ambiguous phrase
of ancienc lore the origin of what he likes in India today. All
the voices of tradition declare the sacredness of rivers, but
there is one voice more insistent and dramatic than dhe rest.
It tells of the origin of Ganga, the holiest of holy streams.

There are few Tndians living, and probably few dead, who
have not heard this story. It was woven by India's Homer,
Valmiki, into the epic Ramayana, the most familiar and the
most attractive narrative of Indian. cultare. The painted
carvings on the wooden temple cac in-an Andhra village, the
folk play staged before glaring gasoline lanterns under Mala-
bar palms, the recitation in cultnred Bengali to a barge-load
of visitors at the Banaras ghats; the chant of the mendicant
repeated by the housewife to her untiring children, the temple
sculpture of Thailand and the dances of Bali faichfully record-
ing the lore exported by prehistoric Indian mariners: all tell
the tale, Valmiki himself must have embroidered 1t upon his
narrative of Rama’s exploits only becavse it was au accustomed
favourite of his gencration.

Ganga was the daughter of the mountain god, Himalaya, a
dweller in heaven 23 the collective consort of all the gods,
The need to ferch her down arose when legendary king Sagara
lost all his 60,000 sons, bumed by the wrath of Vishnu, Theic
souls could enly be released to heaven by Ganga's watcrs
purifying their ashes where they lay in the necher world. For
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this pious rite Sagara’s descendants sought to bring the river
down; two generations failed. The king who succeeded was
Bhagiratha. Brahma took pity on him for his harsh and patient
penances, and gave him the secret of diverting the river from
heaven. The archaic verses of Griffith’s translation of the
Ramayana tell the story as well as English can:

Ganga, whose waves in heaven flow
Is daughter of the Lord of Stiow.
Win Siva that his aid be lent

To hold her in her mid descent,

For earth alone will never bear
Those torrents hurled from upper air.

Siva helped:

He held the river on his head,
And kept her wandering where

Dense as Himalaya's woods were spread

The tangles of his hair.

On Siva's head descending first

A rest the torrents found;

Then down in all their might they burst
And roared along the ground.

Where'er the great Bhagirath led,
There ever glorious Ganga fled,

The best of floods, the rivers” queen
Whose waters wash the wicked clean.

The monarch reached the Ocean’s side,
And still behind him Ganga hied.

So leading through earth’s nether caves
The river's purifying waves,

Over his kinsmen's dust the lord

His funeral libation poured.
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Brahma rewarded the king’s achievement with these words:

Ganga thine eldest child shall be,

Called from thy name Bhagirathi;

Named also — for her waters fell

From heaven, and flow through earth and hell—
Tripathaga, stream of the skies,

Because three paths she glorifies.

A story so popular, entwining geographic facts with the
feats of gods and fabled kings has naturally intrigued modern
interpreters. There is, of course, a Bhagirathi River. It is
the declining upper course of the Hooghly, Calcutta’s outlet to
the sea. Most authorities agree it was, a few centuries ago,
the principal mouth of the Ganga. Sir William Willcocks, a
British irrigation engineer, some years ago advanced the
thesis that the Descent of the Ganga was but the folk-record
of the Ganga’s finding this Bhagirathi mouth, just as it is
known later to have turned back eastward in the normally
erratic process of delta-building.! Sir William was prepared
to believe that a prehistoric king may in fact have cut a pilot
channel for the Bhagirathi, thus aiding nature in the diversion
of a great river. It is a bold conjecture.

It would be much simpler to believe that this is a myth
born of the awe of the dwellers of the Gangetic plain at the
mysterious source of their great river in the fastnesses of the
Himalayas. The two great rivers known to that civilisation,
Indus and Ganga, are indeed unmatched in all the world for the
contrasting environs of their upper and their lower course.
He who climbs even by slow degrees from the sandy plains
of Oudh through the foothills to the glaciers and snowy
peaks of Badrinath or Gangotri returns wonder-struck that
the vast sprawling Ganga of the simmering plains could be
born among the snows and clouds and crests of the Himalayas.

But the verses of the Ramayana tell us much more about the
mental climate of their age, if we hear them in the context of

1 For notes numbered thus, s2e end of book.
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a still more ancient tme. Before Ramayana, the Vedas also
praised the names of rivers. The first voices we can understand
in this subcontinent, the veices of the Aryan followers of
Indra, invoked the rivers in these words:

I call the Waters, Goddesses, wherein pur cartle
quench their thirst.
Oblutions to the streams be given . .3
The men who sang the hymns of the Rigveda swept across the
Northwest with their cacde and their horse-drawn chariots.
Rivers were obstacles to be overcome.

Eow lewly down; be easy 1o be traversed: stay, Rivers,
with ;'nu'r_ﬂnndr”zw our axles3

So were the fortified cities upon the rivers’ banks. To their
invincible Ged, Indra, the Aryans sang:
Then didst thou st the ohstructed rivers flowing
and win the floods that were enthralled by Dasas.t

Who were these ‘Dasas’? The Rigveda tells us they were
dark-skinned, they offered neither saerifices nor hymns to the
true God; they were metchants whese stores of gold and
gram, whose hidden cattle, offered rich booty to the con-
quetar; they bailt great forts whose walls and towers,
‘iron-faced’ or paved, commanded the river routes. In the
Iast few years, the archacologists, however; have begun o tell
us more. They have dug inte ruine which they now believe
must be in fact the citadels of the ‘Dams’, These city-forts
disclose a culture that had somchow attained the sme flower-
ing—in art, engincering, and administration—as the contem=
porary civilizations along the banks of other great rvers: the
Nile, the Tigris and the Euphrates. They were, the archaco-
logists conclude, such citics as we now all Harmappa and
Mohenjo-Daro. These cities exasted vpon those rivers, and
untl that date (about 1500 B.c.) which would fit them o

be the victims, of the Aryan conquest. By thar time, too,
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they show evidences of decline that would have lefr them
vulnerable to conquest. And in the buried streets and stairways
of Mohenjo-Daro, the archacologists came upon the sprawled
skeletons, some pierced by weapons, which indicate massacre
by an invading host. "On circumstantial evidence such as
this. ..," condudes Sir Mortimer Wheeler, ‘Indra stands
accused.'s

Verse after verse of the Rigveda, of which the translators
have so far extracted only the most figurative meaning,
would become intelligible if we assume thar the warriors
of Indra wrested the river routes from citadels which, dotted
on their banks, commanded them, J

All the banks of rivers yielded to his manly might:

...fo him who, as with thunder, demolished Sambard’s
hundred ancient castles®

Starting with the archacologist’s facts about the complex civi-
lization of the Harappans, it would be quite plausible to read
into 2 few otherwise cryptic passages of the Rigwads a story
of tremendous drama and significance,

Thou scttest frec the rushing wave of waters, the flood’s
great swell encompassed and pbstructed.
Along steep slopes their course thou tarncdst, Indra,
directed dowmward, speeding to the ocean
O J’mfﬂ; him who lay at length staying thy copious waters,
f

In his own footsteps [0z, says the wanslator, In the
waters at his feer] smotest doum.®

There as he lies like a bank-bursting river, the waters
taking co flow above him.

The " fmmﬁ the fret of torrents which Vritra
with kis greatness had encompassed . . .

Rolled in the midst of never-ccasing currents flowing
without a rest forever unu«'ﬂrf

The waters bear off Vritra's nameless body: the Joc of

Indra sank to "during darkness.
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Guarded by Ahi stood the thralls of Dasas, the waters
stayed like kine held by the robber.

But he, when he had smitten Vritra, opened the cave
wherein the floods had been imprisoned.?

And this simile, magnificent to one who has seen flood-
softened embankments settle:

E’en now endures thine exploit of the Rivers, when,
Indra, for their floods thou clavest passage.
Like men who sit at meat the mountains settled . . .2°

Did the Aryan besiegers, balked by the brick battlements
of some river-bank citadel, take advantage of or engineer the
breach of an earthen dike upstream, to undermine by flood
walls otherwise impregnable:

Such questions the resounding verses raise, but answer not.
What they utter is not history, but the prayers and faith of a
people. Of the nature of that faith they tell us much:

Since then €'en Gods have been afraid of Indra:
he conquered all the floods which serve the Dasa.*?

What had happened to the faith and hopes of the people by
the time we hear their voices tell of rivers in Ramayana?
They had migrated, it is clear, from the basin of the Indus
to the basin of another mighty stream. Ganga is named but
twice in the Rigveda, and never as a river occupied. Ramayana's

people dwelt:

Within the spacious plain that lies
From where Himalaya's heights arise
To where proud Vindhyd's rival chain
Looks down upon the subject plain.

This was a tract of continental size: large enough for a great
nation, and too little compartmentalized by natural barriers
to be safe for small ones. The route of empire for the Aryans
now lay along, not athwart, the river system. Bhagiratha’s
feat would, indeed, have been a2 myth ideally suited to
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legitimatize the rule over the Gangetic plain of a dynasty
whose path of conquest was the river'’s course.

There had been a change far more crucial than the change
of place. The Vedic people were city-breakers. Ramayana's
people were city-dwellers. Tt is not of etymological interest
alone that the word civilization with all its sister words—civic,
civil service, and even civil engineering — comes from the
original Latn word for city-state. Indea’s people, ro whom
rivers had been watering places for herds, obstacles to migra-
tion, or allies in the reduction of city-forts, had now serded
down upon the banks of nvers.

On Sarju's bank of ample size

The happy realin of Kosal lies.

With fertile length of fair chamyp

And fiocks and herds and wealths of grain.
And famous in her old renoumn,

Ayodhya stands, the rayal fown . . .

Right glorious is her royal street
H':ferr streams alley the dust and heat,

The great ciries, the seats of empires, would now be river cities,
gaining commerce by boat, dependent on water supply,
facing the risk of floods.

Unawares, the former nomadic Aryans had now assumed a
still greater risk, Drought, to their pastoral ancestors, meant
migrating with the flocks ro some still-preen pastures. But
drought to the city-dwellees and the rulers of kingdoms meant
famine. (Faming intrudes. mcidrnmliy, into the romantic verses
of Ramayana.) From this tme on, through all the twenty-
five or thirty centurics of Indian history, civilization would
be a sporadic, but ever-recurring battle against famine, In this
war, the rolers and leaders of India eventually found many
allies, but the strongest and surest were the rivers. ‘Self-ruling
waters, ye bestowers of kingship,” ran the very enthronement
ritual of ancient maharajas, ‘Bestow kingship on. , . .** And
wherever be may be, in rivalet or tank however small, the
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prous Hindu recites at the time of bathing the words used by
his ancestors for centuries:

May the waters of Ganga, Yamuna, Godayari, Sarasvati
Narmada, Sindlm, Kaveri misngle i the waters here and pow.?*

Sometime between the Vedas and the Ramayana, in short,
the invaders and scttlers of India had traded their pomadic
freedom for civilization. They had now to live with their
rvers, whether in fear orin graticade, in awe or in :djmmmt.
Whoever could bring the rivers down to carth was now for
real as well as literary reasons a god, or a hero. .

THE ANATOMY OF INDIA'S RIVERS

Rivers, like all else in India, pulsate to the annual bear of
the monsoon. Residents of Burope and America, to whom rain
and sun are daily possibilities, can scarcely conceive the sus-
pense with which a tropical land awaits the one tremendous
ramstorm of the year, or the ftefulness of abnormality in thar
single rain. India has the most exhilarating Janwary in the
world. But for the next five months, the country simmers in
steadily rising hear. Madras, ' Calcutta and Bombay steam;
Delhi parches under the sandblist off the western desert. IF
there is grass or foliage enough to colour the landscape, any-
where on the subcontinent, in April or May or the first weck
of June, that place is an oasis. Then the random breezes die,
at great altitude a haze covers the sky, and upon tensely expec-
tant people and dessicated plants, the monsoon breaks.
Weather men know that ‘breaks’ is the right word—there
© nothing random or gradual about the way the monsoon
comes — but even to them the suddenness is a riddle. For
months the pressure in' the wet atmosphere over the equatorial
Indian Ocran has been building up. Where the Tropic of
Cﬂnccrmmﬂmmnthmtﬁfhnh,mh:mdh}r:um
straight overhead has pisen. A mild, but vast vacuum has
accumulated. Now on some day between the 7th and 21
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of June, the ocean winds rush inland from the south w fill
the gap. If the monsoon is ‘strong” the rivers and the rice bins
will be full, Some years, it will be ‘weak’. But all over India,
from June to October, some rain will fall. Except for the
Madras east coast, which tches some rain as the monsoon
winds retumn down the Bay of Bengal in November, and
Punjab, which in January gets a rain or two of the Atantic
(eyclonic) variety, it will be India’s only min for the year,

Pre-ordained in its season, pre-ordaimed in its direction,
the monsoon is pre-orcained also i the paths of its winds
across the land. Lines of coast and mountain tell how much
rain one discice will receive, and how lhittle another. The
Malabar rice farmer looks for six feet of min on s paddy
lands as anxiously as the Hyderabad farmer looks for- 18
inches on his millet. From India nature has withheld the
moderate risks, the risks of liuman scale, of the dates and the
paths of storms, There is but one risk thar absorbs them all—
the risk of 2 weak monsooi. |

This is the way the land lies for the approaching monscon:
Reachmg a thousand miles into the Indian Ocean is the
miangle of the Indian Penmsula. Above the low coastal
margin on the cast and west is the inner raised wiangle of the
Deccan Plateaw. It is highes in the west than in the east and
highest of all at its southern tp. Sloping down gendy o
the north, mﬁm]lycndsmajumb!cofhdlsruchmgm
the base of the Peninsula. Loosely speaking, they are called
the Vindhyas. Beyond the Vindh;ras. the great North Indian
Plain stretches [rom sea to sea. For most of irs length it is
150 to 200 miles wide, Bur it flarcs out at the exreme west
and ecast of India into two north-south river basins — the
Indis and the Brahmaputra. Between these funnel-like ends
neither hill nor wvalley breaks the level surface. Natre has
left & perfect wind tunnel from the Bay of Bengal to the
Arabian Sea.

West, north and east this corridor is walled by mountains
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so high and so unbroken that rain-bearing winds, as well as
human commerce, barely leak through. Up to the altirude
of 17,000 feer, the height of the three Himalayan passes, India
1s hermetically sealed from the rest of Asia, The transit of the
snowy heights is left for those chill jers of the upper atmo-
sphere which, tearing the powdered snow off the crest of
Everest, perpetually display its white plume.

The monsoon winds hlowing from mid-June to md-
October are hoisted 3,000 feet almost vertically by the sharp
western. edge of the Deccan Plateau. From the refrigerated
elouds the rain pours down upon the Ghats (or mountainous
rim). The minimam precipitation is 75 inches: some Ghats
stationis record 350 inches of rain. Across the narrow strip
of the Malabar Coast both rain and rivers pour abundantly.
The Bedd, the Sharavati, the Netravati, the Chaliyar, the
Pernani, the Periyar—these rivers have not far to go between
the mountain and the sea, The mapnificent waterfalls upon
thair upper courses reveal their energy.

Robbed of their moisture while crossing the Ghars, the
monsoon winds blow on eastward without yielding much
more ram. The Decean Plateau needs more water than it
gets. The rivers that rise upon it run briefly from June w
October. Thereafter most of their beds are dry hollows of
stone and sand. The Palar and Pennar and the rivers thar lie
m Hyderabad represent this fickle type. Upon the whole
plateau there are only three rivers fed by the torrendal rains
of the Western Ghats. Rismg within 50 miles of the Arabian
Sea, they must follow the descent of the Deccan Plateay clear
across the peninsula to empty their water into the Bay of
Bengal. These rivers are the Cauvery, Krishna and Godavar,
They never go dry. But since they are monsoon rivers, they nm
for six months at a mere hundredth of the monsoon volume.

The Decean Plateau is built of the oldest rocks which sl
Lie exposed upon the carth's surface. Time and the rivers have
had their way with that ancienr gneiss and granite. The rivers
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have long since eroded the valleys on gentle slopes toward
river beds cut deep in rock. For men who would use the
water on their fields, these facts are decisive. Year-round
supplies of water must be stored cight months after the mon-
soan; canals can escape the deep—cut river beds only by raising
the water a hundred feet or so. The Deccan rivers have their
advantages, too. Except in their deltas they run in beds o
decp for harmful floods, and though in the monsoon they
bring down silt, it is the fine soil that fertilizes ficlds, not the
coarse that clogs reservoirs.

The Vindhyan ranges receive more ramn than the southern
plateau (so inches as compared w 20 or 30). Monsoon winds
from the Bay of Bengal as well as the Arabian Sea converge
upon them. And back to both seas run the rivers from these
highlands. The Wardha and Wainganga How south to jomn
the Godavari. The Mahanadi (Great River) runs east through
Orissa. Westward the Tapti and the Narmada run side by
side to the Arabian Sea. The northern slopes of the whole
Vindhyan chain feed miburaries of the Ganga: the Chambal,
the Betwa and the Son.

The Himalayan rivers are a class unto themselves. Two of
them rise behind the first snowy range. From the foor of
Mount Kailss, the home of the Gods, the Sutle] runs west,
joins the Indus and thus reaches the Arabian Sea. Beneath
Mount Kailas, too, rises the Brahmapatra. It has three names
in the threc parts of the long course. As the Tsangpo it flows
castward through Tiber, under the name Dihang it cuts south
through the walls of the Himalayas, and is called the Brahma-
putra finally in the major valley of Assam. But rains come
from the south, and the southern face of the Himalayas receives
the heaviest downpours. From the high valleys southward
run countless mountain torrents, joining into parallel rivers as
they level out upon the North Indian Phin. At 13,000 fect
near the glacier of Gangotri there 15 a cave of ice, and the
trickle of the Himalayan smow melting from the ceiling of
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this cave is the traditional source of the Ganga. As it flows
down the North Indian Plain it collects the water from the
other Himalayan rivers: Jumna, Gogra, Sarda, Gandak and
Kosi. These rivers flood in the monsoon, but they are filled
also by the melting snow. The hot months of March, April
and May which dry up the peninsular rivers, thercfore swell
the rivers of the Himaluyas, Even at their lowest they are
big streams, and taking the year around, they are among the
mightiest in the world. Add the flow of the rivers Cauvery,
Krishna and Godavari; the Indus 15 bigger than the three,
To those three add the Mahauadi, Tapd and Narmada; the
Brahmaputra carries more water than all six. Greater than
all is the Ganga; its volume is to the Brahmaputea's as 4 ; 3.
Geologically speaking, these big rivers have a big job to
do. They are stripping off the tops of the Himalayas to fill up
the Nordh Indian Plain. The geologists tell us the Himalayas
arc as young as the Deccan is old. The same final wrinkling of
the carth’s crust which thrust the mountains five or six miles
up also folded down the surface of the continent at their fect,
perhaps to an equal depth. That is why no matter how de
men have drilled into the soil of the North Indian Plain, they
have struck no solid rock, only the sands washed down through
cons of geologic time from the summits of the Himalayas.
Flooding rivers, aided at the western end of the Plain by
desert winds, laid the alluvium in teeraces of almost perfoct
mmoothness, And they left it inexhaustbly frile, It would
produce the richest crops in the world—if it had water enough.
But the monsoon winds blowing from south-westto north-cast
must turn at right angles to cnter the wind tumel through
which the Ganga flows. For some curious reason, the monsoon
winds coming up from the Arabian Sea scarcely penetrate
mland ar all, It is a fortunate year when the lower valley of
the Indus gets 5 inches of rain; 12 months may pass without
a drop. The valley of the Ganga has to depend on min out
of the Bay of Bengal. Those winds which sweep up the Bay
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of Bengal drop 5o inches of rin as they first make the tum
west. As they move up the Ganga, they yield less and less—
one inch less for every 30 miles they trave] — until Punjab has
to get along with 15 inches. (Punjab has ane compensation.
It is the only part of India to which some of the Adantic and
Mediterranean winds leak through the Himalayan barrier.
In January this north-west comer of India may get an inch
or two of rain It is just enough to make wheat growing
possible.)

That is a detail. In the main the North Indian Plain gets
less rain than it needs. Yet it combines the greatest supply
of water for irrigation with the most level and mexhaustble
soil in India. The water is not only from the Ganga and her
wributarics, it is also standing beneath the surface of the soil
irself. Before the foothills of the Himalayas, a swampy bele,
“Terai’, like a huge wick perpetually soaks up the dratnage
from the mouneains and leads it underground through the
layers of alluvium which make up the entire Plain. There is
water enough in this subterrancan reservoir to dwatk the most
grandiose storage works of men. But on the North Indian
Plain, one of the world’s best opportunities for irrigation is
coupled with the tisk of silc and flood. For the Himalayan
rivers have not yet finished their geological wsk of eroding
the surface of the mountain and depositng the spoil upon
the plain below. The Kosi, busiest of them all, carries enough
sand and gtavel to fill up the largrest reservoir man can build
1o harness it. Men who live within reach of such Himalayan
sivers as the Kosi and the Gandak are living on a half-buide
land, and the price they pay for the richness of the alluviuom
is the tragic price of perenmial foods. Taming the Himalayan
rivers ds indeed a job for Bhagiratha.

TEMFLES AND TANKS

1See how the hisbandman waiteth,” sang the psalmist in a
Mediterranzan climate, ‘and hath long patience uill he receiveth
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the early and latter rains.’ The Indian husbandman always
had long patience. But for him (except in Punjab with its
January showers, and the Madras coast, which gets some rain
as the monsoon winds return south) there were no ‘early
and latter’ rains. When the monsoon burst upon him in the
month of June, he got his one annual chance. If he lost—if
the rains did not sprout the millets, or bring the rice to its
flowering in October — it would be fourteen months before
he could harvest again. He would wander in search of work
or charity, but in such years the chances were that someone
in his family would die.

Since the people of India settled upon the land — since they
gave up the life of herdsman or hunter — they have looked
therefore to the skies with misgiving, and to the streams with
hope.

That hope has always been expressed in two ways. One is
the worship of rivers, which began in the hymns of the Vedas
and was strengthened as the descendants of the Vedic people
settled upon the banks of the Ganga and its tributaries, and
then the rivers further south. That worship is one of the
great national bonds of India. It brings the pilgrim from the
Deccan along the mountain path to Badrinath and Gangotri.
When, every twelve years, the planet Jupiter is in Aquarius
and the sun is in Aries, it packs a million people on to the
bathing ghats of Hardwar, Allahabad, Ujjain or Nasik for
the Kumbh Mela. It brings the living and the dead to the
ghats of Banaras. It has planted temples at the source of every
great river, and places of ritual bathing and worship in every
town along its banks. It puts a bottle of Ganga water in mil-
lions of homes throughout the country.

Mingled in unknown proportions with the worship of
rivers were works to adapt them to human needs.!* The
beginnings of irrigation and flood protection in India are lost
in prehistory. Nor can we gauge how much of the country
they benefited at any time before the British period. The
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evidence of irrigation before the birth of Christ is contained
almost exclusively in the words of books which were not
written down at the time but carried, and perhaps supple-
mented, as oral teachings for many subsequent generations,
The exception is the eye-witness account of Megasthenes,
who shortly after the death of Alexander the Grear, became
ambassador in the court of ‘Sandrakottus'. Sevenal years
ago this figure of Greek history books was firmly identified
a8 Ch_gndngupu Maurys, founder of the first empire of all
northern  India. “There grows throughout India,’ wrote
Megasthenes, ‘much mille, which is kept well watered by
the profusion of river streams. .. the fact is almost all the
plains in the country have a muoisture which is alike genial,
whether it is derived from the rivers, or from the rains of
the summet season, which are wont to fall every year at a
stated period with surprising regularity.” The operation of
the canals called for the competent bureaucracy which was a
feature of the Mauryan reign. OF district officers Megasthenes
observed: ‘Some superintend the rivers, measure the land
a5 is done in Egypt and inspect sluices by which water 1s let
out from the main canals into their branches, so that every
one may have an equal supply of it.'1*

In the peninsula of Kathiawar, not far from Junagadh,
stands a rock bearing two Sanskrit inscriptions. The first dates
from about A.D. 150.

This lake Sudassana [which means the cquivalent of Belle View],
from Girinagara, even so well joined in construction a5 to ri
the spur of 3 mounam ... without g:tﬂlmd made of stons clay
_and with well-provided conduits, drains and means to guard
inst foul matter .. .
+ the excessively swollen floods of the streame of Mount Urjayat,
the dam. .. (though proper precautions were taken the water
ing| chumed by 2 storm . . . of the most tremendous fury .. .)
was laid o down to the bottom of the river.
By a breach, ﬁ hundred cubits long, just as many broad [and]
mtnrr-ﬁw:uhiu:kcp,:]lthemm wed out.



b {1 NEW INDIA'S BIVERS

--.the Mshakshatrapa  Rudradaman, i order ro incresse his
religious merit and fame . .. by the expenditure of 5 vast amount
nfmnnryﬁam,bhnnmmuqrmdinmrmlungadmcmndr
th:d:mtbrudumumnngiuhtadthmdlmgﬂi

The inscription opens. 2 glimpse of an administrative system
which could st only construct a reservoir some one hundred
feetindepth upon the marging of the empire, but could main-
tain 2 provincial governor with the initiative and authority
straightaway to repair the breach. Three hundred years later,
probably in a.p. 456, the dam again burst. But diat is not a
discreditable life for such a work. And the governor for the
Gupta king Skandagupta achicved repairs i a time of two
months. Hisfeat, t0o, is duly recorded by an inscription on the
other side of Girnar Rock. There is no trace of the reser-
veir today. Cleacly, however, it required a mastery of earth
and masonry embankment, and expericnce in the design of
medivm-sized reservoirs wholly without peer ar the time.,

Between the present citics of Tanjore and Tiruchirappalli,
the Cauvery River branches inte its delta, Rice-growing in
the delta was naturally as sisky as it was profitable, for the
sme Cauvery floods which watered and fertilized the paddy
might wash it away in an abnormal montoon. Before re-
corded history, Tamil literature gives some basis for thinking
that a king named Karikala I of Tanjore took the whale prob-
lem of the delta in hand. Dragooning thousands of laboress
from Ceylon he constructed a system of embankmients along
the floodways and canals to carry the water safely to more
distant fields. Many generations liter the canals began 1o
lose: their effect because, according o the tendency of delic
streams, @ new outlet, the Coleroon, began taking the bulk
of Gauvery floods northward.

At a time still before firm dates can be fixed, the Chols
mulers of Tanjore undertook a work of almost unbelieyable
daring: to dam the Coleroon and thus redirect the river
mwardlhﬁi:muﬂmmmk.'[’hn’:m&rkitmﬂndinthc
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palm-leaf texts the. Kal Anai, or Grand Anicut. For rcBo
fece across the river chanmel the Chols kings placed layer
upon layer of rough granite blocks, 10 o zo tons in weight.
The joints were packed only with clay, but their very weicht
withstood the scouring action of the river. The top of the
anicut was covered with a layer of cut stone set m lime mortar,
Interestingly enough, at that remote date part of the crest
wat disigned in the same smooth curve (enginders all it an
‘ogee curve’) which modern designers use for spillways.
And the downstream toe of the anicut was prudently protected
from undermining by a long apron of stone. In 1830, the
first Brtish engineers to tackle the problem of imigation
from the delta of a major river came upon that Grand Anicut
in Tanjore. The Cauvery had deposited so much sile behind
it that water now Howed unimpeded over it into the Coleroon.
But its huge stones were sound, and the British, gaining per-
mission to use additional granite from an ancient temple
nearby, merely heightened the weir to tum low floads agan
into the Tanjore canals. Several more modificaions have
been made in the last 120 years. They stll sand fast on a
foundation perhaps a thousand years old.

The development of Indian nivérs owes one more debt to
the Grand Anicur, The British engincer who discovered its
significance m 1830 happened to be Captain Archir Cotton.
It taughs him what no living engineer or treatise then affirmed:
thar dams capable of withstanding the full force of 2 nver atits
mouth could be founded not or rock, bur en pure wnd,
Captam, later General, Cotton ritked his reputation and his
career on that revolunonary demonsrranon. He buile the
Upper Anicut across the Coleroon by the same technique,
And when he had proved that the feat of the Chols kings
could be reproduced by enginecring science, he got authority
to dam the Godavard and the Knshna and the Mahanadi
Every ane of those great barriers, resting safely on sand, is 3
monument to ancient engincering and modem ability to leam,

2
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It was the Muslim conquerars of the Norch who first, so
far as we know, took the water of the Himalayan rivers our
of therr banks for extensive irrigation.® To water palace,
garden, or retrear was the prime motive; farmers benefited
meidentally. Feroz Shah Tughlak, roward the end of the
fourteenth century, built the first canal from the Jurmna River.
It was not to carry warer to Dellu, past which the Jumna
flows, bur to the sultan's hunting preserve at Hissar, 100 miles
west. The canal avoided high ground, which would have
given it command of the felds en route, It was actually a
series of trenches through the sand, connecung  existing
drainage ways. Its life, therefore, was shorr.

Two cenruries later, Emperor Akbar ordered the restoranon
of the canal. In the words of his proclamation of 1568;

Now | have given the darkar (districe) of Hisar to the great, the
fortunate, the obedient, the of the sex of my kingdom. ..
my son Sultay Muhamumed Salim Bahadur (may God granr
himn Jong life and greatmess) . .

For God has said, *From water all things were made.” Therelore
I ordain that this jungle in which subsistence 15 obtained wirh
thirst, be converred into a place of comfurt, frec from ll evil.

Akbar's officials succeeded magnificently m laying out o
branch of the Jutnna canal o his capital. For three centuries
it led Jumna water w the fountams, gardens and barracks of
his Red Fort, and to the bazaars of Delhi. But even Akbar's
writ did not provail upon the desers of Hissar. When Brinsh
engineers. two and a half centuries later, trned water inw
the western branch of the canal, they found its alignment
faulty, as Feroz Shah's had been. Passage had not been left
for drainage to cross the canal i times of heavy min. The
British remedicd Akbar's error in the last century; in this,
the new Republic has completed the job by finally giving the
drought-stricken farmers for nules around the old impenal
hunung preserve a swady water supply.

Unal the last century India had not. as far a5 we can tell,
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that complete adaptation of a major river to the needs of man
which supported the flowering of ancient Egyptian and
Sumerian civilizations. But those civilizations of the Nile
and the Euphrates collapsed utterly and the Indian, however
fragmented and reshaped by ousiders, remaned. From the
age of the Mauryan emperors right down ro the present, India
had (perhaps with China) the largest benefirs of irrigation in
the world.

Of these achicvements, the most useful of all were the lease

icuous. In the Gangetic Plain, these were the small wells
by which individual cultivators or zaminders tapped the
grotundwater and lifted it to the fields by the labour of men,
bullocks or camels. In the Deccan and along the coastal nim,
the corresponding local works were tanks—small reservoirs o
collect a monsoon’s rain and send an even supply ro the fields,
We do not know the numbers of these beneficent works before
the Brnnsh pmud. From Dr. Francis Buchanan, the physictan
sent throughout the South by the East India Company in 1800
to survey the welfare of the people, we have a repore full of
praise for the system of local tanks, and their generally good
repair.'” An acrual count of the number of tanksin the Madras
Presidency in 1876 showed 33,518, Each irrigated, on the
average, 100 acTes.

Maintenance of wells and tanks was cerranly not always
effective. But it was within the power of the lurger Lindlords,
or of the Brahmins of the wmple to which a tank might be
dedicated. In the South, by the custom clled ludimaramat,

traditionally. contributed labour to repair and remove
silt from the tanks which benefited thetr lands. Bur main
canals, food-embankments, and especially reservoirs  big
enough to store the water of main rivers required more exten-
sive and durable organization. Only swong kings could build
them, and stble dynastics maintan  them, Especially
remarkable was the power of the Maurya and Gupta regimes
to achieve great irrigation works cven in remote comers of
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their empires. When strong kingdoms fell, the development
of India’s great rivers had to wait for the establishment of a
large—scale, durable dominion.

Surveying civilization as a whole, the irrigation and food
control works built by Indians in the second century before
Chriet, and in perhaps the tenth and the sixteenth centurics
A.D.. were insurpassed by foreign contemporarics. They were
unsurpassed, too, by later generations of Indians down to the
nincteenth century. Through more than two thousand years,
Old India's ivers witmessed remurkable works of genius, daring
and stewardship, but remarkshle filures to accumilate and
mmprove upon the lessons learnt,

Each brlliant achicvement was isolated, and wot alone by
the breaks in civic order. It was isolated (to apply the words:
of Jawalarlal Nehru) ‘when thought lost its explosive and
creative power and became a rame attendant upon an outworn,
meaningles practice.”® There was not the restless curiosity
concerning the causes of success or failure in engincering which
would have permitted more and more accnrate predictions
of its results, There was not the scepticism to subject formulas
deliberately to tral, 'We should not miss the cenrral deficiency.
It was not a lack of professional men, nor of specialisss, We
know from the old manuscripts that the builders of channels
and tanks resorted customanily w the advice of Brahmins
leamed in ‘the lore of waters' (parfas sastra). Nor was the
deficiency essentially due to shutting out foreign idess. Only
m recent centuries had foreigners much to contribuite to Indian
irngation; then they were imported. In ¢he sixteenth century
De Paes, a Portogese engineer, advised Krishnadeva Raya,
ruler of the central Deccan, Not much later, Ali Mardan Khan
applied his experience of Afghan irrigstion in Akbar's service,

Superstitious awe can accompany tational control of pature
—part way. De Pacs himself carried away from Krishnadevs
Raya's court a remarkable illustration. When the masonry
of a dam on which he was advising unaccountubly collapsed,
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the king sent for 60 condemned prisoncrs and had them be-
headed on the spot. After char, rhr.' work progressed smoothly.

What Old India lacked, Prime Minister Nehru once express-
ed precisely: ‘the refusal to ageept anything without testing
and trial, the capacity to change previous conclusions m the
face of new evidemee,"™ 1t was what sl the world lacked unil
Europe’s Age of Enlightenment: seience, In the ninetecuth
century & few men initially innocent of India’s two millenia
of irrigation experience, certainly not possessed of greater zeal
for good works than her best emperors and kings, would
nonetheless in a single generaton surpass their greatest river
works. The only thing utterly new thnsc men was the
‘adventurous yet critical temper of science.” By them. in a
way incomprehensible to the sages and the poets, Ganga was
brought to earth anew.
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TWO FORERUNNERS

TIHHE MAN WHO TURNED THE GANGA

IN DECEMBER 1839, 2 young man travelled up the sacred
Ganga past Garhmukteswar to the pilgrim ghats at Hardwar,
where the clear mountain river breaks through the last foot-
hills on to the plains.! He was equipped not with the bowl
and staff of the sanyasi, but a theodolite on its tripod: the
instrument for measuring levels and laying out angles. His
task was clear. He had to find a way to get the water of the
Ganga out of the hills at a level high enough to get on top of
the 83-foot tableland beginning at Roorkee. If he could do
that, he could lead it on to an almost limitless expanse of dry
alluvium, four million acres.

The engineer, Captain Proby Cautley of the Bengal En-
gineers, had created the mission for himself. Three years
carlier he had proposed a Ganges Canal, provided the water
could be got up on to that ridge. We know of two other
engineers who in 1839 thought the job possible; there were
probably no more. The reason was simple. Between the
gorge at Hardwar and the tableland at Roorkee, the Ganga
receives four tributaries. Three are mountain torrents, foaming
out of the foothills during the monsoon laden with boulders
and gravel, dry the rest of the year. The fourth ran in a wide
depression. If Cautley turned water out of the Ganga below
the torrents, he knew the water would be too low to get on
to the tableland. But if he began his canal higher up, he would
have to get it across the torrents.

As far as scientific knowledge was concerned, Cautley
walked alone into an unknown land. The lay of the land had

never been mapped; the flow of the river was unmeasured.
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Cautley took every one of his levels with his own theodolice,
Before the snows began to mele in March, when the Ganga was
at its lowest, he measured it discharge by a rongh expedient,
timing an object carried by its curent through a known
distance, then multiplying the speed of the river by the depth
and width of is bed. He found he could count on 7,000
cusecs (cubic [eet per second: cach cusec equals a stream one.
foor wide and one foot deep, moving one foot per second).
As he reconnoitred. he kept his eyes open for traces of building
materials. There were no stones below the mountans, of
couese, but he found clay which could be burned nto bricks.
Within six months his survey was complete, and his report
submitted.

Captain Cautley said the canal could be buile. He found,
at Ganesh Ghat just below the town of Hardwar, a place from
which Ganga warcr could be led out. It was higher than the
wableland ar Roorkee. But it was also 18 miles away, and in
herween ran down the three mountain torrenes, He had made
up his mind that 2 canal could be built across them. He pro-
posed doing it this way. Where it crossed the torrent, the
lower bank of the canal would become a masonry spillway.
at the end of which he would build a ser of gaws across the
candl. Floods coming out of the mountains could flow frecly
intor the canal and out the other side: the gates would kecp
them from going further along it. In other words, he would
Jet the waters mingle. For the three-mile slough in front of
Roorkee he proposed an aqueduct.

Once the water was at Roorkee, the whole strip of plain
between the Ganga and the Jumna down to Allahabad lay
beneath ir, 400 miles long by about 4o miles wide, Irrigation
would be limited only by the water supply. Cautley proposed,
on this account, to divere virrually all the water the Ganga
carried in dry weather: 6,750 cusecs. It was just three dmes
the largest flow modern enginéers had carried by artificial
canal before.
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What gave him the supreme confidence, upon his rongh daca
and his quick reconmaissance, to be sure it could be done:
Cautley had spent fourteen years improving the eastern Jumna
Canal. It was, like every British canal up to that time, a resto-
ration of an ancient Indian work. He had explored and
pondered the projects of Feroz Shah and Ali Mardan Khan.
To use the words of his own report: ‘With so many exam-
ples before us, no great exertion of intellect was required to
sce that the system might be generalized.”

The Governor-General in Calcutta and the Fast India
Company in London were equally confident. In the dreadful
famine of 1837, the contrase between the prosperity of the
Jumna Canal zones and the miscry castward along the Ganga
was. obvious. They guickly approved Captain Cautley'’s
scheme. Tn 1841 he began, with two fellow officers, a detailed
investigation of the canal route, and on 16 Aprl 1842
excavation began, Then came one of those tests which seem
designed to find out whether big and novel works are in the
hands of men of proportionate courage and confidence. Two
months. after the work began, the ermatc new Govemor-
General of India, Lord Ellenborough, issued an order to stop it.
Captain Cautley, however, had received a sscond government

r through military channels calling for continuation.
Taking advantage of the slightly later date upon this second
order, he kept his force at work, and wrote to the government
asking for confirmation of what he had dove. Three months
later, vague confirmation came, in the form of a limit upon
his spending of two lakhs per year! He borrowed two engi-
neers from the Jumna Canal, of which he sall had command,
and kepr doggedly ar the work. The legitimate fears concem-
ing the canal, that it would cause malaria and that it would
injure navigation, he answered by laying out the channel so
as to minimise stagnant water alongside and by incorporating
a system of navigation locks m the main canal itselfl It was
not yntl five years later that a2 new Governor-General, Sir
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Henry Hardinge, came to Hardwar, carcfully considered the
objections to the canal and ordered full speed ahead.

The engineers; fecling their way against unknown forces of
nmatuee, were frank o admit that the delay may have given time
to carsect some otherwise costly mistakes in desipn. The most
striking was the crossing of the mountin torrents. By 1849,
Cantley's scheme of letting their Hoods wash right through the
canal had a tryout. When the season’s floods were over, the
canal and its completed regulating seructures Ly buried under
12 feet of sand. It was plain that the hill torrents carricd too
much debris to let into the canal. A juntor engineer propesed,
and Cautey quickly accepted, the only alternative: to lead
them over it. This called for one bridge 200 feet wide, another
300, cach strong enough to carry a mumpaging young miver,
and firted 5o accurately into the torrent’s bed thar it would
neither be buried with the outwash of the mountains, nor
undermined by the rapid current. In only two places had
structures across similar torrents been tried out. One was at
the upper end of the East Jumna Canal, the others were the
canals in the Imhan Piedmont; neither passed the torrent over
the canal. Framing hydraulic theory as they went, the engi-
neers nevertheless built successful overpasses.

At its nincteenth mile, the canal came to its severest obstacle.
It was the three-mile-wide valley of the Solani River, just in
front of the level upland ar Roorkee. Capain Cautley’s sk
was to carry the whole dry-weather Ganga over the valley,
16 feet up in the aie. He laid out the solution in two steps. On
both edges of the valley, he planned an earth cmbankment
held in by a massively buttressed brick wall on both sides, the
wall reaching up to form the canal banks: Across the Salani
River, he designed an aqueduct of fifteen arches, cach span-
ning §0 feet.

Cousider the difficulty of the problem and the ingenumty
with which Cautley and his wwam of young engineers tckled it.
There were, of course, no coutractors to build any part of the
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strocture, The very word ‘concrete” was, in the 1840', not n
use (the French had just tried oot on 2 breakwater project in
Morocco a kind of concrete to which they gave the name béton).
But even if the canal huilders had known of concrete, they had
no cement to make it from. Even lime for mortar was not for
sales i had to be burne from limestone—from boulders brought
down by the hill torrencs; or from lime nodules called  kankar
deposited m the alluvial soil. Building stone was out of the
question, otice the work got away from the hills, Could bricks
be bumt i sufficient numbers and quality: Brickmaking was
ant old, old art in North India, Bue it took a new-fangled Eng-
lish moulding machine and a new patzen of laying the raw
bricks m the kilns (invented after months of experiment by
Cautey's sergeant) o manuficture more than 1350 million
bricks. As the canal crosed the lower country, clay was not
always near at hand. Once the cums of 2 tmntrj*—nltl fortress
supphied bricks for sluices and regulators,

Excavation of the mamn canal—i10 miles of it were buile
in the initial project—was rechnically simple. But it was an
enormous jpb of organization and control, Nomadic bands of
labourers, whom Cautley called ‘Oades’, proved to be the
best diggers, They moved the spoil to the embankments on
donkevs. -

It was the construction of the great agueduct to carry the
canal across the bed of the Solani torrent that called forth all
of Cautley’s genius for lmprovisation. The piers supporting
the fifty-foor arches had to be founded on bottomlss sand.
Expenmenting with a device he had never seen employed,
Cautley had built on the site of each pier huge twenty-foot cubes
of solid brickwork. They were built on the surfice of the sand;
they had to be sunk to thar full depth. How: Simply by
digging the sand our from under them through four vertical
holes left in éach cube. The labourers fastened long bamboos
to their traditional digrging hoes (phewralis) to teach down
through the blocks. By this simple method the prefabricated
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footings sank steadily into the sand, six inches a day. How
were they kept sinking level: Simple again. Cautley had a
plumb line at cach comner of the blocks, and the workmen
adjusted their digging among the four holes unal che block
stayed level. The masonry and the water of the Ganges Canal
have pressed upon those mgenious foundations now for more
than a century without discovering serious weakness.

A canal three times as big as its predecessors continued to
teach its lessons aftér it was completsd. Indeed, the urning
in of the Ganga m April 1854, twelve ycars after work began,
wis by no means the end of the job, At oncend of the Solani
aqueduct an embankment gave way and had 1o be strengthen-
ed. Bridges had o be rused to attract navigation, but thar
aspect of the canal never had much use. When the canals ran
full, they quickly showed that Caprain Cautey had pichied
their beds too steep (though the slope was only one foot per
mile). The resulting erosion was checked by mserting a larger
number of masonry step-downs. A permancnt weir had to be
buile ac Hardwar o turn the Ganga into the canal. Finally,
in 1878, a great cxeension, equal in size to the vriginal project,
was opened in the lower half of the Ganga-Jumna fmact. It
carries irrigation all the way to Allahabad.

What were the rosults of Proby Cantley’s projece: Judged
by commercial standards, it lost money for s first twenty
vears. Then in the 18734 season, the income from water rates
exceeded the combined cost of operation and interest on the
three—crore investment. By the end of the century, net income
from the canal was yiclding 10°3 per cent on the capital cutlay.
There was, of course, a larger recurn. At the century's end,
the canal was irrigating just short of a million acres (978,000).
It had saved more lives in each of four great amines: 1860-61
(the canal’s first full season), 1868-69, 1877-78 and tRgg. The
pages of the district Gazerteers tell the story. In Saharanpur,
for instance, the first diserice rrigated by the Ganges Canal,
the 1837 famine, the one which provided the stmulus for the
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undertaking of the canal, was the last one to bring starvation
throughout the district. By 1809, "an_almaose total filure of
the rains’ hurt the distrier so licde that ‘no relicf works were
necessary, In fact, "the zamindars and cultivators who possessed
the means of irrigation prospered greatly’ from scarcicy prices.

Building a 6,750 cusec canal to warer a million acres is sull
a sizeable attamment. But a man's work must be measured
fromi the point civilization had reached when he undertook it
Proby Cautley has unwittingly left us an accurate benchmark
of the status of irrigation engineering in 1854. It is in the list
of titles in the excellent professional library he collected for
the canal staff. There were exactly three books on irrigation:
one had been published in France, one in Traly, one in Bngtand.
The Ganges Canal maugurated a school of irrigacion rechnique
—literally as well a8 bgumtively, For when the work accele-
rated in 1847, Governor Thomason and Baird Smith {along
with Cautley, the pioncer of scientific irrigation in the north)
saw that engincers would be needed in unprecedented numbers
and of an unprecedented kind. Out of their carly classes grew
Thomason College, which opened its doors on the very banks
of the Ganges Canal in 1854, the same year the canal opened.
Grown now into Roorkec University, it has for a ¢
trained the men who watcred the North Indian Plain with the
water that melts from Himalayan snows.

Proby Cautley was not the fArst man to do it The search
for the first leads a long way back, to Ali Mardan Khan and
Feroz Shah and, it may be, to a school of unknown engineers
who tumed the waters of the Ravi or the Indus ibutarics
into Harappa or Mohenjo-Daro. But Proby Cautley has his
own distinction. He left in India a foundation on which his
successors could build works surpassing his own: scientific
engineering.

THE MAN WHO STORED THE MONSOON!
Any Sunday evening, carefree bands of tourists from all
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the cites of India, and from distant countries as well, can be
found strolling through the gardens of Krishnaraja Sagar,
Mysore. Intersecting jets of fountaing rise out of intessecong
pools, reflecting the colours of flower beds by day, and con-
cealed lights at night. The aestheric appeal is powerful; it is
quite possible to forget the long stone dam, the source of both
water and light, whose quict silhouette forms the backdrop
1o the animarcd plc:amn: g:mi{:u. For a gencration, the dam
has kept the Cauvery River working hard for the people
of Mysore.

If there are any one-man dams in the werld, they are a good
deal smuller than Krishnaraja Sagar. But there is one man,
named Visvesvaraya, who designed Krishnaraja Sagar, re-
jected every halfway substitute, and saw it through to successful
completion. His name is quite properly given to the 28-mile
main canal that conveys the water from the reservoir to
the ficlds. Out of a generation of Mysore engineers and
administrators, and ten thousand workmen who buile the
project, he is entitled to say what Marshal Foch did when
asked who won the battle of the Mame: ‘T don’t know; but
I an tell you who would have been to hlame if the baule
had been lost'.

In 1909, Sir M. Visvesvarava retumned to Mysore, his native
state, as chief engineer.? He already had behind him 4 career
mcluding major irrigation successes in Bombay, consulting
assignments throughout the Fast and, in his lifclong pursuit
of self<improvement, visits to factories and engmeering works
of Europe and America, As he considered the possible uses
of rivers in his state, he found that the greatest of them, the
Cauvery, had already been tapped for the whole of its de-
pendable monsoon fow?® More than 12,000 tanks, many
ancient, aught and diverted the headwaters. Forty-three
Cﬂll:l-i' but very Sc:'-'?iﬂ:H]!IIL‘ stone barriers aros the main
river turned its floods upon sice Gelds. The only waters that
escaped were the peak floods that overtopped these works,
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and the dry-weather fow which the erude anicuts could nor
lift to the level of the canals. All the old works were vseless
in a weak monsoon, when they were needed most. None
of them supplied water for a second or third crop. Yet the
Canvery was at that time the mose highly developed river m
India, perhaps in the world.

Lower down, where the Caavery lefe Mysore to enrer the
state of Madras, its great watechll, Sivasamudram, had been
harnessed to electric generators.? That was India’s first hydro-
clectric installation excepr for a small Darjecling plant: when
it started in 1002 there were few anywhere in the world.
Water at Sivasamudram, however, dwindled to a small
seream of 100 cusces m the dry months. Electricity from the
plang served 2 gold mine at Kolar; by use of elecrric ventilating
fans, the shafis had been driven 3 mile straight down throagh
the quarte rock. The manager of the mining company cine
to the new chicf enginecr with a request for 5,000 horscpower
of eléctric current more than he was then getting. He needed
to elecrify his hoisting apparatus—the high-speed lifts to
deaw men and ore out of the shafts. But power for this
purpose must be infallible. Could Mysore supply his needs,
whether or pot the Cauvery received a good monsoont If
the state cotld not, hie would ercet his own steam generating
station.

The ulimatum fited micely into the plany of the chief
engineer. For yrars, there had been malk of a reservoir on
the Canvery ar the site of Krishnaraja Sagac. But to regularize
the fow of the Cauvery would take 4 big dam, In lus fest
TWO yoars as chief engmeer, Sir M. Visvesvaraya had desigmed
the structure, 130 feet high and 8,600 feet (that 15 over a mile
and a half) long. He sent the project now to the Maharaja
of Mysore, with a proposal that two and a half crores be

to build it. To put the scheme i perspective: what
he asked for was as much money as the state had spent for all
its irrigation projects over the last fifry years. Quite naturally
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the Maharaja hesitated. One day Sic M. Visvesvaraya let him
know that his contmuance as chief engineer depended upon
the sanetion of the project. ‘Don't be hasty,' the ruler wld
Thim, I will do what you want,’ The Maharaja’s backing
from that day onward was unstinted; his own name, Krishna-
raja, was later given to the rescrvoir (in Sanskric sagar).

A greater difficulty now arose.® The Cauvery rums out of
Mysors into Madras, where from its delta more than a million
acres of land reccive irmigation. This was, in fact, the site of
the ancient Grand Anicut to water the fertile districe of Tanjore.
Madras protested that the construction of Krishnaraja Sagar
would threaten the delta’s water supply. Mysore enginecrs
disagreed, and they submitted the dispute to arbitration. The
arbitrator, who was appointed by the Government of India,
decided that the reservoir could be buile to the full height of
124 feet zud he provided rules for storage that would provent
injury to Madras irrigators, There was jubilation in Mysore
when the decision was confirmed by the Government of
ludis and announced. But Madras appealed to the British
Government in London, and the Secretary of State there
upset the award, Mysore was a small "native state’ for whose
development Britain was not responsible; Madras was a great
scpment of British India. Mysore had now no choice but to
try by concessions to win the voluntary agreement of Madras.

What Madras actually wanted was to continue getting
enough water across the state line not only to supply her
existing irrigation but to fill a future reservoir, twice as big as
Krishnaraja Sagar, and to use it to extend irrigation to 300,000
new acres in Tanjore. Luckily, engincers of the two states
finally sarisfied themselves by caretul daily gauging of the
Canvery that both reservoirs could be flled, except in the
very worst years. In 1924, 2 decade after the arbitrator's award,
Madras agreed that Mysore could build Krishnarsja Sagar. It
could, however, only store water cach day to the extent that
the Cauvery's flow exceeded the requirements of existing
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Madras canals in the Cauvery delea of Tanjore. In an average
year, it meant thar Mysore could hold back about a fifth of
the flow to £l her reservoir: it is epough for Mysore's irri-
gation, except in very dry years like 1950 to 1952, The great
cost of the dispute, a price which men pay everywhere for

pnhm:zi boundaries across great interstate rivers, was a decade
of wasted water, wasted crops and wasted electricity. The
waste, would, in fact, have stretohed over two decades not
one, had it nor been for the calculated risk of Sir M. Visves-
varaya. !

He refused ro put his project on the shelf when Madras
objected. Insiead he divided it into two stages, the first stage
calling for a dam of enly eighty feer. It was enough ro meer
the power requirements of the mines, and could not possibly
deny Macdras water she needed, IF and when the dispute was
settled, the dam could be mised according to his original
design to 124 feet. This arrangement satisfied  the Govern-
ment of India. In 1o11, therefore, as soon as the high water
went down, Sir M. Visvesvaraya set his crews to work at the
dam site, excavatng the foundanons. The foundations they
laid thar year were not for an So-foot structure, They were
thick enough fo support the full heipht of 124 feet, The chief
engineer had persuaded his government that some day the
dispute with Madras was bound to be settled in favour of
Mysore. Thirteen years later, he proved to be righe, ‘As
we believed our claim was correct and jusz,” he once explained,
‘we took the nsk.”

He took another nisk the nexe year, He signed a contract
with the gold mining company to have enough water stored
behind the dam on 1 July 1915 to keep the generators turning,
drought or no drought. The manager of the mines, even
with the conrract in his hands, was 45 Sir M. Visvesvaraya
recalls, ‘sceptical’. He had to have dependable power by the
deadline. How could a great ave be dammed in four yearst
He was willing to give the Mysore engineers a chance; but

3
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he kept his plans for a private generating plant ready in case
they failed.

Building 4 dam in four years in 1911 meant, of course,
building it by hand, Theengincers atthe Cauvery site quickly
recruited 10,000 labourers, most of them from ouwide Mysore.
Children worked along with their mothers, and wives carried
carth and stone that their husbands excavated. It was the pre-
motor age. Stone came from the quarry three miles away by
bullock cart and coolie-powered trolley. Skilled men cur the
stones of which the dam was lad, and put them in place. This
army of workers was dirccted wholly by government engi-
neers and foremen. There were no contractors, The burden
of supervision was unprecedented, But the engincers: could
count on the quality of the masonry buily that way, and the
workmen gor honest pay.

Nor long ago an American engineer who had supervised
the construction of a number of concrete dams came to see
the pioneer work at Krshnaraja Sagar. His eye fell upon
the reddish mortar in which the stones wiere laid, *“What
have you put into your cement:’ he mquired. “There & no
cement at all in thar mortar,” came the reply, ‘It is soorks)'
Intrigued, the cngmeer took out a picce of steel of known
hardness from his pocket, and scratch-tested the joints, He
was amazed to find the soorki as hard as cement. “This mortar,’
he commented, ‘is something about which we can take lessons
from you.'

Soorki, unknown w the West, made Krishnaraja Sagar
possible. In those days, coment was an expensive rarity. But
almost anywhere in India could be found limestone, clay, and
fuel. That was all it took to make soorki mortar, and those
ingredients were abundant within five miles of the dam site.
Kanikar was dug and bumed m local kilns; the product was
lumps of unslaked lime. The soorki was simply well-burnt
brickbats, ground with one-fourth their quantity of the lime.
Steant-powered mills, wheeling a stone roller in a cirde over
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the mwistened ingredients, did the prinding. It was appli-
cation of power to the homely method by which the Induan
housebuilder, using bullock power, grinds his mortar 1o this
day. Soorki was cheap. The engineers verified by crushing
dm]} sampies in the |:|30‘r.l.mr1_.r that when it set it had ten
times the strength the design of the dam required. Bur it
sets slowly—a year to full strength, and a week to the strength
required to hold up the structure, That was another fact
which made the Visvesvaraya plan of storing water in four
years a daring one.

The main challenge, however, came from the river irself.
The dam had to be built where the Cauvery flows swiftly
through its rocky bed. And before the stone could be laid,
fifteen to thirty feet of unsound rock had w be pried and
blasted away. To ger the main dam across, the engineets
shut the warer out of the river bed, a section at a nme, with
temporary dikes or cofferdams. They would never have
been able to withstand the Cauvery with the simple masonry
cofferdams of those days, had they not been able to count
on six months of low water cach year, In those months they
had to strip the foundation ir 3 new scetion and cover it
with masonry, Monsoon floods would pour over the new
stonework without damage. In October the sand left by the
floods would be cleaned off aud the dam rmsed Further.
Somctimes there were somie close races with the rising river.
At two o'clock onc aftetnoon in 1913, the superintending
enpiticer was alarmed tw find the nver nsing suddenly. Already
it was within a2 foot of the top of the cofferdam protecting
a section of masonry far too fresh to withstand the current,
He summeoned every man, woman and child on the project
to raise the cofferdam wall an exma foor. At mightfall he had
to send the women and children out of danger of the river.
The flood was already up on the new level of the cofferdam
and still rising. There was only one thing to do. He ok
the men whe volunteered o work by lantern-light and cut
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through a second cofferdam at a place where the masonry
was seasoned enough to stand the current. Thus released
the Cauvery stopped its rise, and the crisis passed.

With all their efforts, however, the Mysore engineers found
themselves at the beginning of their fourth working season
in what one of them later called an ‘almost desperate situation.”
On 1 July they had to have not a foot less than fifty feet of
water backed up to supply the Sivasamudram generators:
otherwise they would forfeit their contract with the gold
mines. But with eight months to go, their lowest block of
masonry was only 8 feet above the riverbed! And in raising
the dam 42 feet across its whole length, they had to install
the intricate deep sluiceways and gates through which some
of the 1915 floods would have to flow.

In that last hectic year, it was the zeal of the huge team
Sir M. Visvesvaraya had drawn to the dam-site that saved the
day. The senior engineers shared his own determination;
they had tackled a job everyone said could not be done, and
their self-respect was at stake. Their assistants were Mysoreans
fresh from engineering college, and the physical energy and
zeal of those youths seemed to grow with the obstacles.
Thousands of ordinary workmen in that fourth year paid
back to the job the loyalty created by three years of steady
work at fair pay. A third of them undertook to work half
a day overtime for extra pay, and thus the work went on,
with a single shift, from seven o’clock in the morning until
eleven at night.

The Cauvery floods came in 1915 on the 27th of June. It
was a day of mingled pride and disappointment for the engi-
neers. For the lowest stretch of the dam fell short of the
required so-foot height by just 24 inches, and the river,
pouring through that gap, ended their hope of adding more
masonry in time to store the floods. They might supply the
electricity their contract called for if 1915-16 should not be a
dry year. Then, in July, nature came to their rescue. For
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one week, the Cauvery subsided until the deep sluices alone
could carry its flow. That week was enough for the dam
builders, When the water came up again, it had an extra
thirty inches of masonry in frone of it. The engineers had
protected their fresh stonework with a hasaly improvised
concrete facing so that it could stand the overflow. A small
army of zealots had redecined Sir M. Visvesvaraya's pledge.

This heroic effore was followed by a decade of doldrums,
The dam was heightened only as fast as the power demands
at Sivasamudram increased; the unsettled objection of Madras
ruled out any major irrigation. When agreentent was reached
with Madras in 1924, the full reservoir 124 feer deep became
possible, and with it Sir M. Visvesvaraya's original scheme for
120,000 actes of irrigation,

It was, for the rwentics, a formidable scheme, True to
form for a Decoan river; the Cauvery had carved out a V-
shaped valley. There was not much level land in it, and that
little already got flood irmgation from ancient anicuts. Bur
beyond the immediate valley, north-cast toward Bangalore
was'a great level tract dependent wholly upon scattered tanks
for irngation. It needed Cauvery water sorely, bur between
it and the anfimshed reservoir hy 30 miles of halls, m&ing
in a rocky ridge higher than the canal could ever be carried,
The Visvesvaraya plan was to take a canal out of the reservoir
at a height of 6o feet, and conduct it by tunnel dirough this
ridge; The cost would be 2.8 crores, more than the cost of
the dam iwelf. When the scheme was revived in 1924, the
British officer who was serving as private sccretary to the
Maharaja advised against it. To him it seemed nsky and
extravagant. But the ruler for whom the reservoir is named
took the advice of his prime mimister, Sir Mirza Ismail, who
belicved in rapid economic development of Mysore. Again
he gave the signal to go ahead.?

The canal was completed in 1931. Its cunnel through the
o ing ridge is one and three quarters miles long, at that
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time unequalled in India. The canal system was built not
for 2.8 crores, but for just two crores. Deprossion prices
made the saving possible, and the new irrigation was a power-
ful support to the economy of that central part of Mysore
during the remainder of the economic slump. It has never
come quite into full use; but it now imigates 90,000 acres,
On this land famines are forgotren, and the old crops of gram
and ragi are replaced by rich paddy and sugar cane.  The man
whose far-sighted ventures made that oasis possible is firtingly
remembered by the name Visvesvaraya Canal,

In so many of its aspects a pathfinder for Indian engmeering,
the Krishnaraja Sagar dam also left behind one wamning.
It is that floods may come which exceed all those of which
engineers have records, The Cauvery produced such a flood
in 1924. Down a walley which Sir M. Visvesvaraya had
found carried but 240,000 cusecs, came 200,000, An 18-foot
thick waterfall poured over the two lowest sections of the
unfinished dam. Below one section, where the engmeers
were planning to ercce their spillway gates, the flood in a
single week carved a wholly new river channel out of carth
and rock. Irs marks still show on the tumbled strata below
this flank of the dam. The masonry, however, held fast,
Duly warned, the engincers discarded their old plans to
handle & 250,000 cusec fliood and built into the fmal dam,
gates cnough to pass 350,000 cusecs, Like Sir Proby Cautley,
they had Guse to be grateful thar governmental difficulties
delayed their original scheme untl nature could reveal her
vagaries, Modern engincers, who build wo fast for sccond
thoughts, are Jearning from just such lessons to collect dara
enough, or to have foresight enough, to design for the whims

a river may exhibit once m a hundred or once in a thousand

years,

To people in almost every country, as Julian Huxley pointed
out, the mitials ‘T.V.A." stand for the muldple use of a
single river to meet all the needs of man.* To India itself, the
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popular appreciation of multple-purpose schemes came via
T.V.A. But India had a multple-purpose project, begun
22 years before T.V.A. Krishnaraja Sagar was, it is true, but
crudely co-ordinated with the other great reservoir on the
Cauvery, Mettur. A state boundary got in the way of an
integrated chain of dams which might have controlled the
whole river. The operaton of Krishnaraja Sagar indepen-
dently had no place for the control of the rare floods which
come down the river; such a flood occurred as lately as
19s3. Bur Krishnaraja Sagar’s design embodied, twenty
years ahead of ity general acceptance, the engineering prin-
ciple of multiple-use: that once the rains have been stored,
water let down evenly for irrigation can tum electric genera-
tors on the way. The economic principle was there too:
that income from electricity, abundant and prompt, may
help pay for irrigation which develops slowly and whose
greater rewards {in the form of food produced and famines

revented) may not enter the state treasury directly. In the

st two decades, it has become commanplace that electricity
as ‘paying parmer’ can make remunerative a combined scheme,
which for irrigation alone would operate at a loss. S M.
Visvesvaraya foresaw it in his original project report, dated
§ May 1011 ¢

Once commenced, the scheme opens ap a visra of cibilities
of ever-increasing value to the State . . . promise u[P::tmrd.i-
nary direct returns from power at commencement, and the oppor-
tamty it affords of building up & great frgation project from the
sale proceeds of power, form a combination of :u:l'w:ntﬁn rarcly
vouchsafed to such undermkings in any part of the world.

That promise has been fulfilled. Krishmaraja Sagar storage has
permitted a five-fold increase in electric capacity at Sivasarmud-
ram. The combined project is returning between five and
six per cent net income Upon its combined cost, for all pur-
poses, of ten crores.
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Nowhere on earth was the multiple-purpose idea more
desperately needed than on the Deccan Plateau. The Hima-
layan rivers, and the great rivers of the coastal deltas, flow
abundantly throughout the irrigation season. The land
around them, being built by the rivers themselves, is level
and low. Irrigation is easy and immensely profitable. The
Deccan waited twenty years after the harnessing of the deltaic
Cauvery, Krishna and Godavari, and the Himalayan Jumna
and Ganga. It waited on two keys to unlock its double barrier
to irrigation—seasonal flow in deep-cut riverbeds. The first
key had already been fashioned in 1879 at Khadakvasla Dam

in Bombay out of the natural situation of the Deccan rivers
~ themselves. The deep rocky beds would permit storage,
once men had the skill and courage to build dams high enough.
But the cost of getting canals out of the rocky valleys on to
the level uplands could seldom be recaptured until the electric
energy was harnessed at the rivers’ steep falls. The Deccan
was waiting, in short, for a man to store the monsoon, and
make it pay.

Between 1946 and 1948, India effected her political revolu-
tion. It is so sharp a turn in the history and especially in the
outlook of her people, that one quite properly refers to the
subsequent nation as the New India. It is radically new, of
course, in its boundaries. Such world-renowned works as
the Sukkur Barrage and Canals go undescribed here because,
though built in a province of British India, they belong since
partition to Pakistan. The amalgamation of the princely
states, too, has left its mark (usually a Gordian knot cut) on
every river project we shall investigate. But there are other
things new in the development of river resources since 1947:
size, pace, boldness of design and erection, range of benefits,
cognizance of needs, popular support. It is the business of the
concluding chapter of this book to say just how new, to
India and to the world, this development is.

But the turn in history was not a break. One fundamental
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reward of India's way of winning her freedom is that she
left herself feee to build on the past. Some part—in two
cases almost all—of the planning for New India’s river pro-
jects was done under the British regime. Planning is but a
litele, of course, of the tasks of building and wing. Independ-
ence had its particular meaning to each of the four great
river projects underway after 1947, and to the totalicy of im-
portant, though lesser, works. It is to their story that we
now proceed.

It is worth toting in passing, however, that Krishnaraja
Sagar itsclf exhibited a characteristic case of India’s present,
however new, nevertheless being penetrated by her past.
It had long been known thar Tippoo Sultan, the last Indian
ruler of Mysore to withstand the British Empive, had attempt-
ed to dam the Cauvery. Workmen clearing the foundation
for the modern dam uncovered a stone slab dated 1794,
The inscription, which was in Persian, contains these sen-
tences :

In the name of God, the Compassionate, the Merciful . . . Hazrath
Tippoo Sultan, the Shadow ufPE‘-ﬂixl. the Lord Bestower of Gifts,
Taid the foundation of the . . . Dam across the rver Cauvery to the
West of the Capital. . .. The scart is from me, but its completion
rests with God.
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BORDER DAM

EHIND that section of the Eastern Ghats which is called

the Velikonda Range is an artificial reservoir seven miles
long and more than two miles wide.! It is retained by three
carthen dams altogether three-quarters of a mile long filling
the saddles between the encircling hills. Stone slabs pave the
embankments for the safe overflow of floods. This great
tank was completed in the year 1369. The careful superin-
tendent who built it for Prince Bhaskara of the first Vijaya-
nagar dynasty left a durable record of his durable work;
the record is inscribed on two slabs standing before the ruined
temple of the nearby village of Porumamilla. The inscriptions
tell us that a thousand labourers worked two years upon
the embankment, a hundred carts brought the stones to the
revetment and sluiceways. They also perpetuate for us the
lessons of technique and statecraft which had been learned
by the river-controllers of six hundred years ago.

Twelve requisites are prescribed for successful reservoir
construction. The first two are: ‘A king endowed with
righteousness, rich, happy, and desirous of the permanent
wealth of fame,” and ‘a Brahmana learned in the science of
waters.” Future irrigators are also warned against six
hazards: water seeping through the dam, saline soil, high
ground in the middle of the reservoir, inadequate water,
insufficient irrigable land, and one defect outside the field
of engineering, ‘situation at the boundary of two kingdoms.’

To the ‘Rayas’ or Vijayanagar rulers who built Porumamilla
tank, and hundreds like it, that last warning must have con-
densed much bitter experience. With great tenacity, the Hindu
Rayas held a frontier line against the invasions of Muslim
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sultans from Delhi and their Muslim feudatories on the
Deccan itself® For three centuries their final line of defence
was the Tungabhadra River. With a keen strategic sense, the
Rayas built their fortress-capital, Vijayanagar, on its granite-
studded southern bank, But at last the insolence of one of
the line united all the Muslim sultans against him. When
in 1565 the sultans reduced the city of Vijayanagar to the
picturesque tuin we find today, the great tanks and irrigation
channels from the Tungabhadra finally paid the price of being
situated on the fronticr.

From 1565 to 1948 there was never a lasting sovereignry
extending across: the Tungabhadra. When the rising strength
of the British in Madras encountered the dominion of the
Nizam of Hyderabad in 1800, the Nizam ceded to the East
India Company the territory south of the river. From that
time on, the history of Tungabhadra Dam, which now stands
seven miles upsteeam from Vijayanagar, was the history of

inful but patient attempts o build a dam across the boun-

dary of two kingdoms.

BORDERLAND

Long beforc these clashes of empire, nature made the Tunga-
bhadra country a frontier. The river comes down from the
Western Ghats i Mysore and Bombay. Thar 3,000—4,000
foot wall precipitates 100 to 300 inches of rain into its catch-
ment every year. But the water that swells the river is lostto
the clouds, and the valley of the Tungabhadra in the centre
of the Indian Peninsula gets 1974 inches of rain—in an average
year. The trouble is, of course, that so far removed fromits
source in the Indian Ocean, the monsoon is rarely average.
For a year or two, dry crops flounsh—jowar, ragl or cotton.
Then comes a year when they fail. Famine is never far off.
Rayalaseema (‘the country of the Rayas’) and the Hyderabad
district of Raichur across the rver, are among those fickle
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lands which are not quite desert nor yet quite arable, but
some years one and some the other. Men lose confidence in
themselves in that environment, for the experience of one
scason is upset unaccountably by the conditions of the next.
For centuries starvation repeatedly evacuated that land.
Generation after generation, men who did not wish in some
years to beg found homes elsewhere.3

It is true that the Rayas centred a populous urban civili-
zation in that capricious zone. They did it partly by con-
scripting  the inhabitants, but partly by leading seventeen
indispensable canals through the rocky banks of the Tunga-
bhadra River to the famine threatened fields. This was_the
final insurance policy behind their hundreds of widely
scattered tanks. After 1565, when both tanks and channels
lapsed into disrepair, the population dwindled; the cities
died. It was not until three centuries later, in 1863, that a
new canal was taken from the Tungabhadra® It was Sir
Arthur Cotton’s Kurnool-Cuddapah Canal. Though he had
succeeded brilliantly in irrigating the Krishna and Godavari
deltas, his /1,000,000 Madras Irrigation Company failed
from the start with this Kumool-Cuddapah Canal. It, too,
fell victim to the fickleness of climate, for the peasants took
no water in wet years.

FORTY YEARS CONTROVERSY

A large storage reservoir on the Tungabhadra, to feed
canals through the famine-vulnerable Rayalaseema, was
proposed by Madras to the Indian Irrigation Commission of
1901-03. After investigating other locations for a dam,
Madras selected the present one, and prepared a detailed
scheme. The Commission said Hyderabad, too, should get
water from the reservoir; but the border proved to be a
stumbling block.> Hyderabad was unwilling to become a
partner in the enterprise, partly because she had a lesser canal
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scheme of her own to which Madras had refused cou-
sent. Bur if Madras buile the dam, s4 square miles of land in
Hyderabad would be flooded. It was one of the greatest
fendatory estates in the Nizam's domain, that of Salar Jung,
and the Nizam would accept as compensation for it only an
equivalent territory.

For thirty-nine years, the weary dispute between two
governments waxed and waned. They could not agree how
much water cach should draw from a common reservoir.
Madras had a design for a dam to store up the Aoodwaters;
Hyderabad did not. But Madras had decided, soon after
her initial rebuff in 1905. to give priority to extending the
great irrigation projects on the Cauvery and the Krishna,
They were not so urgently needed as insurance against famine,
but they promised to repay their investment with mterest.
The Tungabhadra scheme did not. In Hyderabad, a great
engineer, Ahmed Ali, later called Nawab Al Nawaz Jung,
had by 1921 caught the vision of the valuc ro his statc of
irnigation: from a Tungabhadra reservoir. But though he
negotiated with Madras representatives for the remainder of
his carcer, his government never gave him authority to pro-
pose actual construction of the dam. Towards the end,
Mysore entered her claim to use water from the two tribu-
tarics, the Tunga and the Bhadra, for irrigation and power.
Remembering her difficulties with Madras upon the Cauvery,
she insisted on 3 strice legal definition of her rights against
Madras.

It was the zeal for post-war reconstruction, and the grow-
inng. sense of nationalicy bred by the war, which finally made
agreement possible. In 1930, Ali Nawaz Jung wrote out an
allocation of water which representatives of both states signed.
Irrigation water was to be divided cqually. In addition
Hyderabad could draw out of the common reservoir 2 certain
flow to tum its hydro-clectric turbines, and Madras could
use the same water Jower down the river in her existing
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canals. But the agreement aroused further controversy, for
Madras insisted the water should pass through Hyderabad .
turbines uniformly throughout the year. Hyderabad at first
agreed, then refused. In 1940, Ali Nawaz Jung got the chief
engineers together at the dam-site. They came to some under-
standings—Hyderabad would design the dam, it would be built
of soorki mortar if that were available, and the quarry and
water supply would be common to both sides. But they could
not agree who was to build. Madras wanted sole charge;
Hyderabad would not agree. The meeting broke off.

Still, both states were determined that the project
should go ahead. C.C. Dalal, a Hyderabad engineer, pro-
ceeded to design the dam. And Madras, under the vigorous
leadership of C. Rajagopalachari and S. V. Ramamurthi
assigned a team of engincers under M. S. Thirumale Iyengar
to make quite independent designs for the dam, as well as
for a complete canal system.® At last under the pressure of
a Madras proposal for Government of India arbitration, the
two states conferred in June 1944 and reached a firm agree-
ment upon use of the Tungabhadra reservoir. Under this
agreement, each side may draw out 65,000 million cubic
feet for irrigation (one and a half times the content of Krishna-
raja Sagar).” An unspecified amount of water may be used
in addition for hydro-electricity, and passed on down the
river. The following month, Madras and Mysore settled
their immediate claims as well. Before the end of the year
the joint scheme was sanctioned by the Government of India;
on the last day of February 1945, Hyderabad and Madras
governments inaugurated the project.

Yet for two years more, very little work was done. The
border still came in the way. Unable to agree on a single
chief engineer, or even on the constitution of a joint board
to manage the whole work, the two states decided to build
independently with their individual public works departments.
If fundamental disagreements arose, the two chief engineers,
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agrecing on a third member, would comprise a board to
settle them. In 1047, it was clear thar this would notr work.
Each state thought the other was wasting money, half of
which it would have o pay in the final reckoning. And
there were fundamental diserepancies in their unreconciled
designs for the dam itself. In October 1947, two months
after the Britsh government left India independent, they
convened the board of arbitration, and the man they selected
as the impartial chairman was Sir M. Visvesvaraya.

ONE DAM, TWO BUILDERS: *

Enginecring is not an exact science. Itis, in certain respects,
subject to experiment, but where scientifically controlled
trials are not possible, accumulated experience serves. Sir
M. Visvesvaraya apphed all his 62 years of experience to
the questions on which competent engineers in Hyderabad
and Madras stubbomly disagreed. Hyderabad wanted lime-
soorki mortar, with which it had built a large reservoir at Nizam -
sagar, Madras insisted  on  standardized Portland  cement,
with which it had built Mettur Dam. Sir M. Visvesvaraya
decided soorki was perfectly safe; six good-sized dams had
béen built of it without a filure. It would be used for the
bulk of the dam; but where the water was o flow over the
spillway, and in the masonry surrounding sluices, cement
would be substituted. He compromised, likewse, a difference
as to the thickness of the dam: it is thicker at the base as
Hyderabad proposed, thinner at the top & lo Madras, Scicnti-
fic evidence sertled a third difference — Madras's narrower
spillway, over which flood water would flow twenty feet
deep, was proved safe by experiments on seale models at the
Madras Engineering College.

But it was on the basic question of division of work that
the arbitrator showed the wisdom of Solomon. The two
statey had intended to divide up the total cost after each had
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built half the dam. This engendered suspicion that the over-
head charges — housing, water supply, engineering staff,
miedical awenton, roads — were -wasteful on the other side.
Yet neither side wanted its own spending for these matters
reviewed: by the other. Sir M. Visvesvaraya’s solution rea-
listically limited the matters on which wanimity would be
necessary, Instead of dividing the cost after building the
dam, “first divide che dam, and let each side bear the whaole
cost of its own half" Then either side’s extravagance would
carry 1ts own penalty; and economy its own reward.

Dividing the dam was not so easy as it sounds, Because
there were two auxiliary dikes on the Hyderabad side, and
because each foot of the main dam’s length contains a differ-
ent volume of masonry, half the dam’s 6oo7 feet of length
would not give half the work. But with a single design and
estimate agreed to, a point could be found where the cost
of the work ta be done north of it and south of it would be
exactly equal. The point was finally located, only in 1952,
j072 feet from the Madrss end of the dam. Meanwlhile,
Madras had baile (84 feet and 4 mches further north of that
point; she recovered the cost of the excess work from Hy-
derabad.

Collaboration, withour a single manager, had failed. With
cach side on is own, a healthy competition now developed.
In the years when both the Madeas and Hyderabad exchequers
were sorely strained, particularly 1951-52, neither governmene
could afford to dow down is mte of investment in Tunga-
bhadra Dam. The other state would have got ahead, Hydera-
bad, especially hard pressed for rovenue, actually starved its
own canal work in order to keep the building of its half of
the dam on schedale.

Sir M. Visvesvaraya was emphatic that without a single
design, the great structure would be a p:achwu:k discredic-
ing the engineering competence and the civic dignity of the
p:.rmpnm:.g states, A Hyderabad engineer was given the
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job of preparing common designs and specifications, and in
1948 they were ready. The two chief engineers still had
troublesome differences to thrash out: at what level the sluice-
ways could draw water out of the reservoir; how thoroughly
the foundation rock should be grouted (or sealed with liquid
cement under pressure); how the water, rushing down the
face of the dam from the spillway crest, should be stilled in
the basin 98 feet below. But they never again failed to agree.

By 1950, engineers from the two states had confidence
enough in one another to abandon the principle of independent
halves and undertake genuine joint effort. The thirty-three
huge steel spillway gates, and the steel spans for the bridge
on top of the dam from which they would be opened and
closed, are being fabricated and put in place by the mechanical
engineering workshop on the Madras side. Hyderabad pays
half the cost. And to get their share of the experience, Hydera-
bad deputed a few engineers to the Madras workshops.

CIVIL WAR®

Meanwhile, a time had come when the engincers building
the construction camps and digging the foundations of the
dam across the border had put down their transits and T-
squares and taken up guns.

In 1948 the Nizam of Hyderabad had embarked on a
suicidal course. He may have been encouraged in it by the
1947 Act of Parliament which, terminating British authority
in India, left the princely states apparently free to choose
India, Pakistan, or independence. The Nizam, whose state
was situated in the heart of the Indian republic, and whose
people were overwhelmingly attached to India, began reckless-
ly arming to defend Hyderabad’s independence. In addition
to his regular troops, he ordered Civic Guards mobilized
throughout the state. Internally, his state fell into a deadly
cycle. When sporadic incidents of violence broke out, he

allowed the arming of an irregular band called ‘Razakars’
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ot the excuse of suppressing it. The Razakars, thoroughly
lawless, carried on border raids into Indian territory.

Hyderabad's head of construction for Tungabhadrs Dam in
1948 was a brilliant London-rrained engineer named Khwaja
Azeemuddin, He was ordered, as chief engieer, to arm the
Civic Guard. At the Tungabhadra workshops, he tumed out
a pratotype rifle, and sent it north, along with machine tools
from the dam, for mass-production. The Hyderabad arsenal
was established m the historic Muslim fort of Golconda, For
additional armament the Nizam and his government relied
on a New Zealand soldier of fornme named Syduney Cotron
who flew several cargoes of weapons from Karachi, over
the Indian blockade. The project had a thoroughly romantic,
albeit tragic, air. Golconda's rifle barrels, for instance, were
made of ordinary steel tubing. But there was one biterly
practical consequence. Hyderabad funds for the dany (the
Hyderabad officer who had charge of disbursing thens esti-
mated about Rs. 50,00,000) were spent on arming the Civic
Guard and importing Pathan mercenaries.

At the south cnd of the dam, these preparations raised the
prospect of 3 Razakar raid. Madras engineers sent their
families home and organized themselves into 2 Home Guard
detachment, 35 smong. It was not a formidable force:
three-fourths were armed with shotguns. But they were
determined to resist the Razakass if they ame. For three
days they waited, barricaded in the house of the superintend-
ing engincer (the srongest house in the construction colony)
‘waiting for an ateack that never came.

The combination of intemnal anarchy and border tension
could not endure. *We march,’ Prime Minister Nehru declared.
Before dawn on 13 September 1948 spearheads of the Indian
Army moved into Hyderabad. Mumirabad, the dum con-
struction camp on the Hyderabad side of the river, was one
ohjective of the first advance. It proved to be one of the
most difficnle.

4682
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The Hyderabad Civic Guard had taken control of the
camp. Sadiq Ali Khan, executive engineer on the project,
was: the local Hyderabad commander: Strategically, the
defenders had the better position. At the centre of Munitabad
camp was 3 high hill, surrounded on the river side by a ready-
made trench — the excavation of the main canal. By daylight
on the 13th, the Indian forces ocoupicd the Tailway bridge
across the Tungabhadra and the Mumirabad railway station.
On to these positions, Hyderabad forces poured mortar and
machine-gun- fire. They counter-attacked the bridge without
suceess. Bue, led in a reckless charge by 4 Hyderabad Army
captain, they took the railway station. On the 13th, Sadiq
Ali Khan pessonally rallicd his men for a long counter-attack
on the bridge. Doving forward in a Tungabhadra Dam
Jeep, this son-in-law of the great champion of mtestate
co~operation, Ali Nawaz Jung, was shot dead by a nfleman
of the Indian forces. The counter-attack was beaten back:
But the Hyderabad forces still held out at the dam-site. They
were bombed that day by planes of the Royal Indian Air
Force, That cvening; Indian Army forces regained the Munira-
bad ratlway station.

On September 16th, 109 hours after the Indian Army
entered his territory, the Nizam surrendered. About the
same hour, a white flag appeared on the crest of Munirabad
hill. Indian Army troops occupied the camp and the dam-
site and pushed north w mop up Razakars who were sull
holding out in the hills. The shooting was over at the dam
across the border. “The hostiles suffered  heavy casualties,'
reported the lndian Ariny commumique on the Tungabhadre
action. But the Indian Army force lost, too (according to
pension claims, 16 killed, 6 wounded),

Hostility did not, any more than the idea of mdependent
Hyderabad, go very deep, Ordinary workmen on the Hydera-
bad side of the dam, mosty Hindus, did what work they
could during the shooting. I asked the Muslim engineer in
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Hyderabad who had administered the affairs of the Civic
Guard how the bricf war had affected personal relationships
between the two teams of engineers on opposite sides of the
river. 'For six weeks our meetings with the Madras engineers
were a bit chilly,” he recalled, ‘though we settled the engi-
neering problems that needed agreement. After that, we
began dropping into: one another’s: quarters as before,” Asg
for Khwaja Azeemuddin, dam and rifle builder, he was kept
in house arrest for six monthy. Afterwards, he was permitred
to. move to Pakistan, where he became a chief en-

gim.‘n‘-
HOW IT WAS DONE

Tungabhadma Dam is the only dam in the world built from
opposite banks of the river by two independent builders —two
corps of workmen, two chief engmeers, two governments, The
Government of India was, of course, always available as a
coutt of last resort; in 1948, it stepped in to suppress downright
hostility by a small minority i one government. From that
time forward, there was an overriding political loyalty that
lessened the divisive power of the border more than ever before
in 300 years. But the dam got built mainly on the strength
of the sheer patience and tact of men who met one another as
independent cquals, but determined to get along. It was a
triumph of sclf-restraint in which India can tikea peculiar
pride.

There was one other requirement for success under those
almost impossible conditions. The engineers in charge had o
have confidence in one another's technical abilicy. After the
Hyderabad police action the confidence was there, And they
had to be men decisive enough to settle differences when the

crises of the construction job cried out for action. When
Mr. Pnpanh of Hyderabad, and Mr. Thirumale lyengar of
Madras made their monthly rounds of the work on the dam,
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no issue went unsettled. One of the engineers at Munirabad
told me that Thirumale Iyengar was astonished o discover,
when as chicf engineer he first armived at the dam-site; no ro
bridge connecting Munirabad with the Madras construction
site. Hyderabad had built a bridge to an island halfway across
the river; Madras had never completed the job. ‘Nonsense!"
exclaimed Thirumale lyengar, “The engncers on this dam
cn't go on meeting one another in boats.” The bridge was
built,

It was after all, one dam across one river. Engineers em-
powered, and not afraid, to decide the common requirements
as they arose, from sudden fAoods or foundation faults or break-

downs of equipment, could mect in midstream and get things
done.

WATER FLOWS

On 1 July 1953, Tungabhadra Dam was opened with two
ceremonies. On the Madras side, a smple rite was performed
by the engineers before the assembled workmen and their
families. Bur at Munirabad, on the Hyderabad side, there was
a gala occasion. Ten thousand farmers watched, tuming their
multi-colored turbans, as the fifty-feet deep river foaied from
the base of the dam and curved down the new canal, It was
an auspicious hour, blessed alike by recitations from the Holy
Qurin and invocations of the Hindu Lord Varuna, the God of
Rain. A thousand dhorie: and saris had been given to the poor,
as befitted so historic an occasion, and sweets to the waiting
children. Hyderabad's irrigation minister, Nawab Mchdi Na-
waz Jung had been asked to open the gates. But he declined
the bonour. ‘Let it be done,’ he said, ‘by the oldest frmer
under the canals.” So it was 82-year-old Sankarappa, from the
village Hosahalll, who pressed the switch of the électric host
to raise the sluice gate. Some of the Deccan farmers, who like
him had lived with famine, stared at the never-filing jet of
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water with stunned silence, bur from other thousands came
the involuntary ery of eriumph: ‘Jai!’

The two states had cerrainly created the greatest blessing
to the precariously-watered Deccan since the Gl of the Vijaya-
nagar cmpi::. Behind more than a mule of masonry, the first
two ‘weeks of the monsoon freshets had alrcady delivered
fifty feet of muddy water. Another month, and the grear lake
wotld fill: 26 million acre-feet, 113,000 million cubic feet
of water (an acre-foort is enough warer to cover an acre of land
one foot deep). It 15 encugh to water 9,00,000 acres: ¢,50,000
in Hyderabad; 4, 50,000 in Madras. In the driest monsoon man
has yet recorded, the Crops on those acres will L cnuugh WAleT
from that lake to bring them to harvest.

[n half a century of deliberation, administrators and engi-
neers had worked out an intricate system for combining
sccurity against famine with the generation of electricity.
Each side had its scparate plans, In Hyderabad, half che Jand
from the dam to the confluence of the Tungabhadm and the
Krishna would ger warter; most of it for the lightdly irrigaced
crops (cotton, fowar, ragi, pasture, and green manure), 137,000
acres for garden, paddy and sugar cane, No part of the hydro-
electric plant had yet been buile. Bur eventually the warter
would turn turbines—once at the foot of the dam, again where
the irrigation canal drops 75 Fec down rocky slopes on the
way to the fields.

In Madras, the plan was even more complex. Half the
Madras share of water would be reserved for a high canal yet
to be bailt; 2 costly scheme, but one which would water
200,000 acres in the very centre of the Rayalaseema famine
zone. Her remaining 250,000 acres of canal-benefited land,
Madrss had chosen to disperse here and there through three
times that much dry acreage. This, too, was costly — it has
required a main canal all the way from the dam-site to Kumool,
225 miles—because the water must pass by two unirrigated
actes to reach every acre it benefits. Bur thar “localization’



56 NEW INDIA’S RIVERS

scheme spreads oases of perennially irrigated farms through
much more famine-vulnerable land than would normally be
possible.

When the dam was opened, Madras was beginning her two
generating stations; one at the foot of the dam, the other where
the existing main canal drops seventy-five feet from the walls
of the old Vijayanagar citadel. The 750 miles of transmission
lines extend principally eastward to the towns of Adoni,
Bellary and Kurnool, and to the pumps for the well-irrigation
schemes of Cuddapah.

THE NEW BORDER

On 1 July 1953, it seemed that the border had been overcome
at last and the common river put to the harmonious services of
men on both banks. On 1 October 1953, Hyderabad found
herself confronting two entirely novel partners on the south
bank. The intricate system of canals and transmission lines
on the southern side were cut jaggedly through by a new
boundary. Mysore and the new state, Andhra, had divided
the former Madras share of the project — along the line of
language. But the canal had been designed upon the contours
of the slopes, and the location of irrigable soils; the electric
cables had been strung toward the most pressing demands.
The new boundary cared neither for nature nor for economics,
and the results left the engineers a little stunned.

Where it crosses the tributary Hagari River, the canal
system might have been cut with surgical precision, and a
quantity of water fixed to pass across the single aqueduct to
the new state below. Language did not stop at rivers. The
main canal now winds across the Hagari before it leaves
Mysore; and after it has entered Andhra, feeds branches which
re-enter Mysore. Distributary channels cross the arbitrary line

of language without an engincering structure to measure or
control the water.
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A decision based on other considerations than the project
liad located the southesn half of Tungabhadrea headworks in the
state of Mysore. The canal headgates were there, the spillway
gates to store or release floods, both sees of turbines. But the
use of water and power alike is mostly in Andhra; 35 per cent
of the water, and 80 per cent of the presently-planned electei-
city. The gates of Tungabhadra Dam are destined to control,
besides, the fortunes of cultivators lower down along the older
canals fod from the Tungabhadra and Krishna Rivers. In their
first season, those gates released water not needed in the Tunga-
bhadra canals to irrigate a second crop of paddy on 100,000
to 150,000 acres of land in the Krishna delta, 300 miles away.
The sluices in Mysore will lec down the water for the old
Kurnool-Cuddapah canal, which will demvand more water as
it is modernized and extended. The turbines also, will make a
partially competing cluim. Here is a situation fraught with
more potential controversy than the comstruction of the
common reservoir had been, Nor is the task simply one of
finishing the project designed in 1948 and operating it. The
high level canal through Mysore and Andhra is yer unbuilt;
power generators must be installed when they are needed and
ordered three years before. The new border, in short, bisects
a job of building, running, and paying for canals and electric
plant; but it also bisects an opportunity for development,
choosing the best future expansions and promoting the full
use of water and power.

North of the river, the unfinished canal system is also crossed
by the same linguistic line which has divided Mysore and
Andhra on the southern bank. The dismemberment of Hy-
derabad would make Tungabhadra again a two-state enterprise,
with Mysore and Andhra replacing Hyderabad and Madras.
But it would reopen the questions of relative sharcs, and extend
the dependence of Andhra irrigators and power customers
upon a headworks in Mysore.

Actoss the new border reaches the power of the Government
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of India. That is as it should be. Tt was the nation’s fusnds,
loaned to Madras and Hyderabad, that permitted the work to
go ahead when state money was exhausted. An inter-state
river is, as the Constitution provides, a proper concern of a
national government, Bur the disparch of water and electri-
city from the sluices and turbines of Tungabhadra peojece will
determine the fate of long cstablished state government con-
cerns, not only of irrigation and electrification from the project
itself, but of the irrigation from the Krishna delta and Eurnool-
Cuddapah canals. Control of those mter-state interests will
have to rest nearer than Delhi.

Can the Government of India wicld its basin-wide power,
and wicld it in a manner sufficiently decentralized to meet
these needsz Ifit canno, the controversy, the lost motion, and
the second-best solutions which plague a project divided by a
border will be Tungabhadra’s lot again. But with courage and
the willingness to think ancw this need be no longer a_border
dam. The oceans and the Himalayas are the borders now.



FLOOD FAMINEAND FORESIGHT
THE NIGHT OF 16 JuLy!

ON tHE evening of 14 July 1043, ram began to fall steadily
at Asansol. On the next~day, a real cloudburst began: in
24 hours ending on the 16th, 17 inches of water came down.
As usual, the Damodar River, a Hashy monsoon stream, rose
quickly. By midnight on the r6th, it was carrying 350,000
cusecs of water past Burdwan, 70 miles below, This was not
an cxceptionally high flood; the most moderate, in fact, m the
Jast three years., Bue this time the Damodar found a weak spot
in the century-old embankment defending s northerm bank.
No one noticed, in the dark of night, the strange spring boiling
out of the base of the dike. The muddy rorrent spilled into
a depression which had once been the bed of the Damodar
and spread over the land. Every mmute the leak grew.

It was the Air Raid Precautions Controller at Burdwan who
first got the alarm, Ar daybreak, picking up the district magis-
wrate and engmeer, he drove his jeep south along the rop
of the embankment. Where a village named Amirpore had
been, the three officers came to a sudden stop. In front of them
a thousand feet of the embankment was mising. Through
the breach two-thirds of the Damodar River flowed.

Three miles north runs the Grand Trunk Road, the first lap
of the route from Calcutta to Delhi. Parallel, and just beyond,
18 the double-tracked main line of the East Indian Railway.
Their culverts over a small drainage-way called the Gangue
were never designed to pass the water of the Damodar; on the
18th of July both washed away.

By the middle of July in that part of Bengal paddy seedlings
have been transplanted from the seedbeds into the fields. No
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light green rectangles of young rice showed thar year i 50
square miles from Saktigarh to Kalna. Beneath a heavy layer
of sind and mud and water, the scedlings died. The Hat
country under the breach is drained by four old chanmnels of
the Damodar—Gangur, Behula, Banka and Kana Nadi —
meandering castward to the Bhagirathi River. They had been
filling up with weeds and silt for a century. The outlet they
afforded was no march for the 200,000 cusecs pouring in from
the Damodar, Twenty or thirty” miles from the river, and for
days after the break occurred, Damodar water crept’ quictly
into the houses of villagers who had never seen the river in jes
normal course. Mud walls, when they had stood in water for
a time, melted softly into thatch-topped lumps. The minister
for Public Works made an estimate that in 70 villages, 18,000
houses were distroyed. Fortunately, because the water came
up slowly, no one is known to have drowned,

The same issues of the Calcurta Staresman which briefly
reported the Damodar Flood, gave mujor headlines to other

news,

19 July: "A B-2s few from a base west of Calcutiz to the
Sweli bridge on the Yuntan border and dropped a load
of bombs and returmed to its base.!

27 July: *MussoLNr mESiGRY,

The war i Burma, however, was not going so well
for the Allics. How much logistics suffered when for eleven
wecks the Fourteenth Army was cut off from irs headquarters
and bases of supplies by the flood that severed the East Indin
Ratlway, we do not yet know, Whar is clear is thar, in the
crucible of war, the: Damodar emerged as an all-Indian
problem.

Military transport was not the only strain upon the railways
entering Bengal from the west in July 1943. Four months
betore it would harvest its first ricesin November, Bengal had
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exhawsted is food supply. Pumjab wheat was available. The
governmient wis moving an average of 106 wagons of grain
into Calcutta over the East Indian Railway every day when
the line was cut. The only route now ran 300 miles around yvia
the Khargpur deétour; butir had already been overtaxed. There
was no substtute for the main line.

Just s month after the news of the flood, the columns of the
Statesman began a grisly accounting of its ultimate, indirect cost.
20 Avgust: ‘Calcutta ambulatices on Wednesday removed from the

steets another 129 cases of people suffering from
sarvabon,
26 August: 'From 15 August to 23 August the ice corpse dis
. squad :unc:;giu._t L?ud;ufﬁ-um lﬂhmm. v

HALF-HARNESSED

A glance through the Disrict Gazetteer suggests that neither
flood nor famine is a novel visitation to Burdwan.

1787: 'Hood covered everything but the bunds of tanks. Every
‘house m Burdwan EJ! CE)WII‘—C{!HM Kinloch.

1770: ‘Famine killed one dhird of the pc:up!c of Burdwan.'

Bur there is one themie in the old eyewamess accounts that

tnakes strange reading now:

The delta of the Damodar, Ajay and Ganges ‘on the Brish

accession was found to be the richest tract in Bengal and the area

of its oldest aud most settled cultivation.”

i760: ~ .. the enlarged, compact and fertile zamindari of Bus-
dwan, which is like a garden m the wilderness”

There is good evidence that in 1862 Burdwan began a
period of decline in agriculture and prosperity—above all in
morale—and the reasons are discoverable in the files of the
Bengal Secretariat.

The late chicf engineer of Bengal, C. Addams-Williams,
taced the story back cighteen centuries.®* A map drawn
by Peolemy in the second century Ap. shows Nadia or
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Nabadwip asan island in the defta of the Gangaat the head of the
Bay of Bengal. Nabadwip, indeed, means ‘New Ishand.' In
those days the Damodar, emerging from the Bihar hills, muse
have flowed straighr cast, falling into thar enfongated Bay
directly, as Orissa rivers do today. But the silt of the Ganga
filld the Bay, and gradually raised the level of the southward-
stretching delta. As late ax 1757 the Damodar continued o
flow east, now entering the Bhagirathi (Hooghly) channel of
the Ganga delta well north of the present Calcurra. Sometime
thereafter (tradition says in 1762) a sharp change took place.
The Damodar found irself a lower outlet by tuming sharply
south: midway between Burdwan and the Bhagirathi. It
assumed its present dog-leg shape, entering the Bay far south
of Calcutea, It is the charactesistic story of delta-building
by the silt of its own floods the mouth of the river builds up
the surrounding land and its own bed, until 2 new route offers
a lower exape, To this day the lower reaches of the Damodar,
beyand the elbow, are slowly working back toward the west,

As in any delea, the unused mouths continued to carry off
the waters of the peak floods. The Banka, Gangur, Behula and
the Kana Nadi had thus their annual cleansing, or as Bengal
engimeers say, ‘flushing”. Bur the strengthened administration
of the Burdwan Maharaja, and the demand of culdivators for
the rich deltaic soil left behind by the old mouths of the Damo-
dar, interfered. Ancient embankmenes below Burdwan were
gradually reinforced. They held the usual freshets. Bur the high
floods which topped them every decade or o did all the more
damage; for houses and ficlds had encroached in the old food-
ways. Floods occurred so severely in 1840 (breaching the left
embankment in 113 places) and 1848 (washing out a number of
bridges on the Grand Trunk Road), that engineers debated
whiether to abandon the levees and let the river spend imself in
its old chanmels.®

The issue was abruptly serrled in 1852, ‘Construction of
the East Indian Railway,' said a memorandum of the railway's
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consulting engineer, ‘makes abindonment of embankments
in front of the rail line impossible.” That year inhabitanss along
the old bed of the Damodar begged in vain for an opening of
the embankment so that they could reccive Damodar watcr,
The spill channels wking off from the lefe bank of the river
were sealed by order of the Milinry Board. The following
year a proposal by 'the natives, who offered to pay for it’ to
dig a canal from the Damodar where it now bends south to the
Hooghly (not unlike the Eden Canal the govermment built &
generation later) was also tumed down, lest it carry sand into
the Calcurts Port. From 1856 to 1860 the old zamindars'
embankments along the left bank of the Damodar were
realignied and reinforced. The route from Calcutta to Burdwan
had o be made safe for the new railroad,

There followed at once an epidemic called Burdwan Fever.

Tt was a virulent form of malaria, infecting a population hither-
to unexposed to it. Dr. Charles A. Bentley, Director of Public
Health in Bengal, who made a thorough investigation of the
epidemic, estimated that between 1862 and 1874 it killed one
third of the Burdwan population.? 'It is reported,” Dr. Bentley
wrote in 1925, ‘that in Burdwan prior to the epidemic seven-
cighths of the land was under cultivation, whereas the latest
retorns show only 47 per cent of the cultivable area as being
cropped.” Malaria came, Dr. Bentley concluded, when:
This natural process of food and fhush was destroyed by the
advent of the railways which required embankments for their
tracks and 2 system of feeder roads to convey passengers and pro-
duce to their smations.
As to why the periodic Aushing of the delta with Damodar
water should have an antimalarial effect, Dr. Bentley could bur
guess. Flood water might drown grass and weeds; its higher
temperaturc might be uncongenial to the larvae.

Twenty years later, Indian scicntists, applying knowledge
of malaria gained from the tropical ba ds of Warld
War II, showed the soundness of Dr. Bentey's guess® The
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malaria-carrying culpric of the Damodar delea is Anopheles
Philippinensis, its habits what the layman would least expect.
Swampy, waterlogged ground makes A. Philippinensis a3 poor
home. High, dry tracts are its special habitar. The Bengal
engrineers of a century ago shue the annual floods out of the
district on the Damodar’s left bank. They made it safe for
the mailway—and unwittingly for. the malaria mosquito.
So much a half-hamnessed river cost on the left bank. The
right bank is another story. The nilway engineers knew: well
enough that they could never build levees along both bauks
of the Damodar high enough to hold is big floods. With
realistic ruthlessness, they made a huge safety valve out of the
country on the right bank. In 1855, the Government ordered
that 20 miles of the locally-built embankments on the right
bank opposite Burdwan be demolished. The Bengal engineers
delayed a year to give warning to the villagers, then complied.
The result was not surprising. In a moderate flood of 1856,
according to - contemporary account:*
the Town of Burdwan, the Railway, the Grand Trunk Road,
are protected for the present; but ot the other hand, the early
and valmble ricc crops, the staple produce of the dusmict on the
right bank, have been destroyed.
I 1891, the Lieutenant Governor decided to level all the re-
maining embankments on the right bank (ten miles were left)
leaving only platforms 150 fect long ‘on which the people and
thieir cattle can take refuge in the event of high floods occur-
ring.” The nght bank inhabitants remonstrated in vain. For
a hundred years they have had two consclations for their
periodic floods. Silt is enriching and slowly raising their
countryside, so extreme floods cannot hurt them as they bure
the low left bank in 1943. And they have very little malaria,
There is one more unhappy footnote to the policy of half-
hamessing the Damodar. Every year or twe, begiming in
1856, the enlightened zamindars of the right bank villages,
chiefly Ramapersad' Roy and Joykusen Mocketji and their



FLOOD, FAMINE AND FORESIGCHT 65

descendants, sought permission to divert the low flows of the
Dantodar to their fields for irrigation of winter (rabi) crops.
This had become necessary since the right bank summer rice
crops were perennially Hooded out. The zomindars were
ready to throw temporary sand weirs across the Damodar
with their own men and money. Bur when answers came
from the Seerctariat in Caleurta it was usually woo late © do
the work® (1858 was an exception; a fine crop was irrigated
on §,000—6,000 acres). Monsoon floods had already come.

NO FUNDS

A full emtury before the Damodar was dammed, an
astonishingly prophetic engineer looked imto the possibility
of storing; instead of trymg perennially to build defences
agamst, Damodar floods. D. H. Dickens was followed in
1864 by Lt. Gamanlt who actually located storage sites; by
Messrs. Schiller, Peterson and Goodenough who  offered
to pay for a waterway if the government would combine
it with an irrigation and flood control scheme; by D. B. Hom
m 1902, by C.AddunsWilliams in 1914: and E. L. Glass
in 1918-19, The prescience of these Bengal engincers was
remarkable. While American engineers debated the feasibility
of starage reseryoirs, they were busy surveying them, insisting
on them. “There is only one possible wav,” Mr. Homn ‘wrore
in 1902, “controlling reservoirs,’ They had the idea of multiple-
use, too, But on the Damodar, reservoirs big enough to
hold the biggest flood were too big to pay forout of the pro-
ceeds of irrigation and navigation. The government had no
money to spend on food control itself; it produced no re-
veniie. The reaction of the Secretary of State in London to
one muluple-purpose scheme revealed the cause of ninety
years of frustration:®

I canmor think, therefore, that the scheme under consideration
toulrl_bc]pﬁmcdtd with immediately without the risk of seriow

053,
s
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A grandson of zamindar Joykissen Mookerji commented:1°

The same unvaried note of despondency has been heard alike
from the rulers and the ruled.

TACKLING THE PROBLEM

It would be hard to imagine a sharper break with the past
than the government reaction to the 1943 flood. Mr. R. G.
Casey, then Governor of Bengal, appointed an enquiry commit-
tee, and sent its report promptly to Delhi.® Though not an
engineering plan, the report enlarged the previous views
of the problem in two ways. First, it suggested that hydro-
electricity help finance the scheme of storage. Second, it
advocated bringing Bihar and the central government into
the work. To the Viceroy, Casey proposed a survey ‘by a
really high level man or men from, say, the United States.’
In Delbi, Lord Wavell took an equally broad view of the
case. ‘The nearest parallel to the Damodar,” the flood enquiry
commission had said, is in the Tennessee Valley, U.S.A.
Instructions were sent to the British Ambassador in Washing-
ton, Lord Halifax, to enlist a T.V.A. engincer not for fleeting
consultation but for sustained planning. No doubt this was in
spite of ‘opposition of certain British interests’;'* Lord
Wavell's move was not the normal strategy of empire. In

any event, an enginecer was brought from T.V.A., 2 man
named Voorduin.

William L. Voorduin was an uncommon engineer. His
work in the T.V. A. had given him scope to consider all
the uses of a river. As one of the early specialists in engineering
planning (the selection, as distinguished from the design of
reservoirs) he had accustomed himself to decisions involving
hydrology, and even economics. He had a tendency to fit
apparently unrelated facts together. The War was in its
grimmest phase when Mr. Voorduin joined the Central Techni-
cal Power Board in Delhi. But in six months the Board,
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greatly helped by the engineers of Bihar and Bengal, who
exchanged data freely with the Board, had its plan ready.'®

THE RAIN THAT FALLS

The Damodar River drains an area of moderate size, 8,500
square miles. It is one-third the size of the Cauvery or Tunga-
bhadra drainage, one-fifth the size of the Tennessee Valley
in America. For the planners that had one advantage—it
reduced their calculations to manageable dimensions. The
river, with its tributary the Barakar, comes from the hills of
Chota Nagpur and flows down steeply from 2,000 to 500
feet above sea level in the first half of its course. That is all in
Bihar, in sparsely settled country. At the Bengal border,
and just as it is joined by the Barakar, the river breaks out
of the hills on to its flat alluvial plain. The Damodar Valley
acts as a funnel with four-fifths of the catchment (6,960 square
miles), pouring water down steep slopes into a narrow neck
156 miles long. The neck has very little slope; it is lined with
towns, paddy fields, and arteries of communication. That
is where flood trouble starts.

For Mr. Voorduin, the beginning of the neck was the point
from which to calculate. In the hills above lay the only sites
for dams. Below was the flood threat, and the threat of famine
when October rains failed upon a million acres of paddy.
The planning engineers had first to find out how much water
might run into the funnel inthe worst flood. Actual flow on the
Damodar (that means more than the mere depth of the water)
had been measured steadily for but twelve years. There were
measurements of flood peaks since 1911. But behind the
known floods of 650,000 cusecs in 1913, and again in 1935,
loomed the vague account passed down from father to son,
of a flood in 1823 that was biggerstill. Government engineers
became detectives, hunting for the elusive clues to the dimen-
sions of unrecorded floods. Dr. N. K. Bose, who was director
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of the River Research Institute of Bengal, mracked down a
record of an ancient temple, standing on an island, that had
been inundated in 1823. It would have required a greater
flow than any on record. But the temple was too far above
the neck of the fmnel to make it a reliable measure of the
flood on the river lower down.

The planners rumed therefore from the scant records of
the river to the more complete records of the runs. They
found an interesting thing. The cloudburst that caused the
1913 flood, though it delivered only 12 inches of rain over
the Damodar catchment, actually averaged 20 inches else-
where, Tes contre happened to be a bit west of the funnel,
otherwise the Damodar flood would have been much higher.
On the other hand, there was no reason in mercorology why
a storm could not pour its worst rains directly over the Damo-
dar basing precisely that had happened (formunately with a
smaller storm) in 1917, Mr. Voordum now had o make a
decision not of enginerring but of policy, Should he plan
against the worst flood known to have happened, or the worst
that could happenz Men's records reached back but a short
time; his plans must meet the test of a long future. He plamed
therefore against a ‘design flood'—a flood bigger than any
men had measured bur which the clouds might any year
deliver. It would drop twenty inches of rain upon the
seven thousand square mile fimnel of which cighteen inches
would run off the ground towards the neck. But the neck
could pass half that amount without bursting its banks. The
tisk was clear: to store in reservoirs the equivalent of the
excess nine inches of water running off 7,000 square miles.
That called for more reservoir space than Tungabhadra or
Mettur or any other dany yet built in India.

The cost of Hood storage on a stream which though not
large was so obstreperous, had always blocked control plans,
Mr. Voorduin knew he must, therefore, somchow make the

storage pay by wing it for irigation and for power, An
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assured food supply and further industrialization were more-
over second only to flood protection in their urgency. But
though ‘multiple-purpose use of stored floodwaters” was by
that time a catchword, it was easier said than done. How could
the reservoirs stand empty to catch the monsoon floods, yet
somehow be full at the end of the monsoon to generate power
and fill canals through seven months when no rain falls:

At this point, Mr. Voorduin found the monsoon had one
saving grace. The great floods which might pour eighteen
inches into the funnel have never occurred after 15 August.
Floods may come also in October, but they are of moderate
size. During the second half of the monsoon, therefore, it
would be safe to let the reservoirs fill up four out of the nine
inches of flood storage.

Now Mr. Voorduin came at his problem from the other
end, irrigation and power supply. How much water could
the Damodar be counted on to yield, even in a weak mon-
soon: How much storage space would it take to hold back
that flow so that it could be doled out evenly through the
dry months: The answer came, seven inches of catchment-
wide run-off. Now, as we have just seen, four inches of the
seven could be fitted into the flood space after 15 August;
three inches would have to be added to the reservoir capacity
calculated for flood storage.

Here we can see exactly what is saved by multiple-purpose
planning. There would be reservoir space for nine inches of
flood run-off —all that was needed, and for seven inches of
irrigation and hydro-electric supply — all that could be counted
on. In single purpose reservoirs that would take sixteen
inches of storage. By multiple-use, both jobs could be done
by building storage for twelve inches of run-off: saving 25
per cent. We see, too, what a completely hamessed river
means. In the wettest year, no water overflows. In the driest,
none runs waste to the sea.

The planners had now to locate sites for the reservoirs to
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hold this much water. For flood control, they ought to be as
near as possible to the neck of the funnel, otherwise floods
might come into the river below the dam. The engincers
located the first two sites, therefore, where the Damodar and
the Barakar break out of the hills, just before their confluence.
They found another big reservoir site midway up each river,
and the remainder of the storage where it was cheapest and
easiest to build — four more smaller dams—a total of eight.

Would the project pay: In that form, Mr. Voorduin had
to admit that it would not. Not enough saleable hydro-
electricity could be got from the reservoirs. For though they
could turn out 130,000 kilowatts of power in the monsoons,
their dry-weather capacity would be but half that much.
Most consumers require electricity all year round. For this
problem, the Central Technical Power Board had a solution
new to the Damodar, new to India. They would link with
the hydro-clectric generators equally powerful generators
driven by steam from coal. In the dry months, the thermal
station would run steadily, the water-wheels only when there
was a peak demand. In the monsoon, the water-wheels
would take up the full load, harnessing otherwise wasted
floods and saving coal.

Mr. Voorduin was quite aware that a plan was not necess-
arily worth what it cost, merely because it was comprehensive.
He could not yet be sure what the reservoirs would cost, for
they had not yet been designed. But he put down 2 ‘rough
approximation’: 55 crores for the entire system, based on the
estimates that had been made for previous schemes and the
1945 rates for labour. He allocated this combined cost to
flood control, to irrigation and to power, according to the
cost of the reservoirs and other plant which would have been
required to serve each purpose separately. He concluded that
his plan would give insurance against floods for an annual
premium of s4 lakhs. It would irrigate three. quarters of a
million acres for an annual cost of eight rupees an acre, and
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deliver power to switch-yards at three pies per kilowatt hour.
A way had at last been found to make the Damodar, over
the years, carn the cost of its own hamess,

ESTABLISHED BY LAW

In six months of brilliant work the comprehensive engineer-
ing proposal was ready. But planning had just begun. It was
not only that the engincers had yer to design their dams and
other works and to estimate their costs. At best the engineers
could deal with but ewo of the elements of an enduring plan.
They could take account of the rain thar falls and of dhe con-
formation of the valley and how they might fir weether.
As to the third clemene, the will of the valley’s inhabitants,
they could but proceed on economic assumptions. The
Judgment of what the people would in the long run (not
merely under the shock of such a catsstrophe as the fload)
use and support and pay for, was in the highest sense a poli-
tical question. For thirty months, plinning of the Damodar
properly fell into the hands of politicians.

There were men equal to the tsk. The man who in the
political sense decided dhat the Damodar wonld be developed
was the Minister of Labour in the pre-Independence cabinet,
Dr. Ambedkar. The man who hammered out the details of
the bill and charpioned it in Parliament was Shri N. V. Gadgil,
the Minister of Works, Mines and Power in the new nation.
But there were a dozen other men, some in the central secre-
tariat, some in State governments, who made their contribu-
tion to a plan as bold politically as it was hydraulically.?s

Mt. Voorduin and many other engincers had hoped that
foundations would be dug for the first Damodar dams after
the motsoon of 1_945. In .‘l.l.lgl-l!»i:1 even while the epresenita-
tives of Bihar, Bengal, and the Government of India had
their first formal walk about the legislation of the Damodar
project, Bengal staggered under a catastrophe not made by
nature. The unrestrained slaughter that began in Calcua on
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‘Direct Action Day’ had its equally savage reaction in Bihar
a few months later. With the energies of the Damodar Valley
as of all India seized in a fit of separatism, Mr. Voorduin's
heart sank and he went home wncertain thar the Damodar
would be hamessed.

Slowly, in quiet negotiation and in conference after con-
ference, the vital political interests were discovered and some-
how fitted rogether. The most difficult problem grew directly
out of the engincering facts, Bcng:ll would get the flood pro-
tection and most of the irmigation. It was not because any
one willed it bur because the floods came in the neck of the
funnel and along it lay the mules of level allavium n
irrigation. Bilar, cqually unavoidably, would bear the hard-
‘3]]11}5 ﬂf f-:l‘rms 'lﬂd vrilugcs dmwm:d I:Icnf.‘ath thﬂ [eSCrvoirs.
It was onlyin her' narrow wvalleys that reservoirs could be
buile. This was a clash of interests at least a5 serious, potntially,
as that which for ten years stopped Krishnaraja Sagar half-
built, and cost Tungabhadra Project forty years.

It was not solved by a single formula, bur it cerinly
could never have been solved without the formula of which
Shri Gadgil became the leading champion and to which all
governments eventually agreed. It was o share the costs
of development generally according to the incidence of the
benefis and the ability to pay. The formula rested on a
calculation which Mr., Voorduin had made and which had
the confidence of all governments—the allocation of the
common cests of the dams and reservoirs to the three pur-
poses, irrigation, power and flood control. Irngation mvest-
ment was then divided among Bengal and Bihar exactly
in proportion to the water they received for that purpose;
Bengal, of course, would get at least nine-tenths of both water
and cost. Flood control was the equal hnancial burden of
Bengal and the Government of India, excepe that the Central
contribution would not exceed seven crores. All dhree govern-
would equally share the power cost. Now, financially
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the scheme became as attractive to Bihar as; Fh!.rs.imﬂy it was
mnattractive, She would get abundant clectricity rendered
cheaper not only by the economies of multiple-purpose
reservoirs, but by Central assistance.

There was a second palitical problem. Most of the subjects
of governmental action mvolved in the scheme (water supplies,
irrigation, canals, embankments and water storage) fell within
the provincial powers of the existing constitution, Electricicy
was a concurrent power of the centre and the pmvim:es.
Both Bengal and Bihar had adopted schemes under these
powers which would have to make way for the Damodar
Project. Bihar had its “Grid" plan to electrify its mica mines
and atrract industry to the state. Bengal had its Damodar-
Hooghly Flushing and Irrigation Scheme (enacted m 1030
bue never built), to reach 'more than half the acreage proposed
w be irngated in the Voorduin plan. On the other hand,
each province naturally had more confidence i the centre
than in the other province (the Bihar Chicf Minister was
creful to explain o his legislature that this was a Ceneral
Government, not a Bengal, proposal). And only the centre
had the funds to undertake the work.

To this sitnation, the political planners proposed a solu-
tion as radical as the comprehensive storage of the engineers.
They called upon the two provinces to give up their own
powers over the Damodar to the national Parliament. It
would have been unthinkable, of course, had they not by
months of frank consultation won the consent of the pro-
vincial governments to the bill whercby the Parliament would
wield those powers. The bill contained the agreed arrange-
ments for financial participation of the three governments,
It set up the Damodar Valley Corpotation. And it guaranteed
to the provinces the night to retail distribution of elecencity
from the scheme and to control irngaton from Damodar
waters within their boundarics. (In this respect the political
planners cleanly divided the roml job, ending the central
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responsibilicy at the canal headworks and the electric sub-
stations, upon the same principle of fixed responsibilities that
had permitted two governments to build Tungabhadra.)

Drawing the bill was one thing, Getting power transferred
by the provincial legislatures was another. Bihar, which had
the most to lose, was the test. Opponents got the mmabling
Jegislation referred to committee. The legislators knew there
was bitter and sincere opposition to the measure from the
people most directly affected; those whose homes would go
beneath the waters of the reservoirs, Tt was the more tragic
to uproot them because they belonged in many cascs to forest
tribes. “There was rebellion brewing among the Santhals,”
one M. P. later recalled.® But the courage and leadership
of the Chief Minister and the Trrigation Minister were equal
to the political risk. For the conrention that this might
be a good scheme but it would hurt Bihar, there was a shrewd
answer : 17 ‘If Bihar objects to D.V.C. because inundation hurts
her and flood control benefits only Bengal, Nepal might
apply the same tactic to Kost.' The Chicf Minister Shri
Krishna Sinla, adjourning the first day'’s debate, talked with
deep conviction:*® ... it sickens my heart to find my
friends objecting to it on the ground that it will be more to
the interest of Bengal than to Bihar, , . India is geographically
a whole, and to that belief we have sworm.’

The time of troubles which had dishearrened the engihicers
had at last brought nationhood to Inda. Bihar debated the
cnabling resolution only forty days after Independence and
on the crest of the upsurge of national loyalty passed it over-
whelmingly. Once authorised by the tansfer of provincial

, the Damodar Valley Corporation hill encountered
no serions difficulty in the national legislature. This was, in
1047 and 1048, the Consttuent Assembly, Its members were
keen for the national planuing of which Damodar Valley
Corporation was a peculiarly well worked out opportunity.
They had been “chafing under a sense of frustration” (Minister
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N. V. Gadgil’s phrase) in the national legislature since 1935.
A Bihar member said: ‘It is one thing to run a Government
and another thing to protect it, but it is altogether a different
thing to work for the real good of the people.” It was a pecu-
liar satisfaction to draw up a durable peace with the forces -
of nature in one small corner of the country whose future
" seemed to stretch so far ahead.

The Damodar Valley Corporation Act was passed on 18
February 1948, and became law the next month.

TEST OF TIME

Seven years after the law was enacted and the Damodar
Valley Corporation established, the working of the law had
been subjected to the full scrutiny of parliamentary democracy.
An Estimates Committee report criticized some important
features of the Act itself® An administrative Committee of
Enquiry, headed by Shri P. S. Rau, found administrative
mistakes but concluded that the plan, both as to its engincering
and its statecraft, was thoroughly sound.?

The engineering plan of 1945 took shape in concrete, earth
and steel with remarkable faithfulness to the drawings.2! It is
true that of Mr. Voorduin'’s eight reservoirs, four only are being
built. They have 2-8 million acre feet of storage, not 4°7 as
Mr. Voorduin planned. That means that though they can
completely check a flood of the recorded 1917 or 1935 dimen-
sions, they will spill the flood that might occur from a more
catastrophic storm. The country from Burdwan to Calcutta
still lies vulnerable in that sense. India decided, as the sorrows
of other rivers came more to light, that every valley must
bear some risk as long as others lacked the most primitive
protection.

As [ write these lines, in the summer of 1955, Tilaiya and
Konar Dams have stood filled with water for two years.
Maithon and Panchet Hill reservoirs will fill in 1956 and 1957:
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all where Mr. Voorduin’s plan fixed them a decade ago.
Canals are cutting through a million acres of Bengal paddy
fields (more than Mr. Voorduin planned) and the low barrage
at Durgapur to feed them is nearly done. From it a boat canal
will connect the Raniganj coalfield to Calcutta on something
like the route of the prehistoric Damodar. For over two years
D.V.C. has been opcrating at Bokaro the largest thermal power
station in India, 150,000 kilowatts. From the generators run
the transmission lines, farther already than Mr. Voorduin
planned and soon to form a continuous grid from Patna to
Calcutta to Jamshedpur. On the horizon are the new industries
and the new crops which will give the valley a new economic.
birth.

Even more staunchly than the engineering plans, the political
decisions of 71946-48 have stood the test of time. The Damodar
Valley Corporation Act has not, as Shri N. V. Gadgil once
hoped, served ‘as a2 model for other schemes to come.” But it
has weathered the severest storms that it is likely to encounter.
The first of these grew out of the reluctance of a very large
nation of limited capital, to carry through intensive develop-
ment of one region while other areas have no river develop-
ment at all. The second was the discovery, four or five years
after the Damodar Valley Corporation was launched, that its
cost would be between two and three times Mr. Voorduin’s
‘rough approximation’. The very consent of the participating
governments had been given upon their cost calculations.
Had the founders of the Damodar Valley Corporation not built
upon solid foundations, in statecraft as well as engineering, the
government of the Damodar scheme would certainly have had
to be reconstituted as have other contemporary schemes

throughout the world.
What are the secrets of the constitution of a river valley

scheme which will endurez I believe it is a question which any
alert citizen has a right to ask, and can answer by examining
the history of the Damodar project.
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FIRST.
The Damodar scheme was founded by lmw. That ment two
things. Governments whose mrerests were at stake in the common
plan (and who were themselves accounrable o their own elector-
arcs) and the local commuminies and parmcolar businesses who
stood especally to suffer or w gain, h};ru:lul:lr:d their claims n
-advance, The claims were deliberately and clearly matched with
un:ztli'nlc;}thc.: mﬂhﬂcpuﬁiﬁmﬁ unders tm:dwhazwﬂmlﬁ:sr
y co m common ndertaking. They have
g:: therefore, advanced rheir original impractical dﬂuﬁ}rlgijl:.
Moreover, in the legislitve and parliamentary debates the pablic
ligard t]mntgummn aned gl.im]m:d the gﬂ.‘l]. and the seeds ofpublic
responsibility for the completion of the underaking were sown.

SECOND

The founders of the Damodir scheme deliberately set about
finding an administrative instrument that would exactly fit the
job in hand. They found an anal in' the Tennessee Valle
Authority, and they leamned ﬁumﬁ experience of T.VLAL
they could. Bur they made no blind copy. The Damodar Valley
Corporadion instead fits the peculiar conditions and history of is
basin, just as the T.V.A. wus tilored to a somewhar ent
region 1 America. Since the Damodar job wus new, its ers
urgfzcd anew. A new level of rver control and use will be the
result.

THIRD.
The physical plan was comprehensive. That s a much musused
word. Comprehensiveness meant in the case of the Damodar,
a plan to-control the most, or the least water the river mighe bang,
10 ways that would do the mose It was, like most plans,
‘bomn of particalar crises; Hood and famine. Crises tend to- be for-
gotten. But the plan has endured because it considered all the
possibilities, in nature and in engineering, in their intec-relations,
Seclections had to be made from these possibilities. They were
Wﬁ&ﬂﬂr&aﬁwmkwwnmdi&ﬂmfuﬂpuﬂiﬁryuf
ebate,

FOURTH.

The Damodar River was ackled, not upon engineeting formulac
-alone, but for the good it rnigiitdnth:pmpE it reached. The
relation of the watershed to its croding soil, the reladon of the
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canals to the farms and of the power lines to the industries, have
not always been worked out clearly in practice. But those relations
were in the vision of the men who planned the dams and wrote
the law. That was a new thing from which the country will not
turn back.

Now and then every nation passes through a crisis which
imperils its existence. It is fortunate if the very intensity of
the crisis challenges her leaders to pause and look about, and
plant some demonstration of the way future generations may
live in the enjoyment of the permanent gifts of nature—of the
water and the soil. Such was the challenge Roosevelt and
Norris felt when they planted the T.V.A. in the years of Ame-
rica’s worst depression. India went through deeper troubles
when she got her D.V.C. But her leaders, too, found the
energy and the imagination in those fiery months to design a
fragment of the future.
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BETWEEN MONSOONS

ON the moming of 8 June 1953, Mr, A. M. Komora, the
chief engineer, rook me to the edge of the freshly cut
channel into which the D,V.C, was going to move the Barakar
River. The channel was 350 feet wide; it had been cut through
clay and boulders deep into the grey bedrock to river-bed level.
Upstream, it stopped just short of the Barakar's waters. The
monsoon when it caime, would quickly raise the river enough
to spill over the tnexcavated end and rush down the artificial
channel unal it re-entered the natural riverbed, almost 2 mile
downstream. Busy power shovels were digging at the stone
walls and floor of the channel. Other machines hustled the
spoil up the far side of the excavation and down into the former
riverbed. They had already piled up a solid embankment, 2000
feer long and half as broad, completely blocking the Barakar.
Every fresh load of earth or rock strengthened the main earthen
section of Maithon Dam.

Beyond the still dry diversion channel, and the dammued river,
ran yet a third channel. This one was out of sight, an r1oo-foot
tunnel It matched on the far bank the route of the diversion
trench on our side, Thirty-four feet wide and forry-two feet
high, the tnnel could contain a modest three-story house. It
was now carrying the entire dry-weather flow of the Barakar.

That panomamia told at a glnce how daring; and how crucial,
was the scason’s target for Maithon Dam, In 1952, a contract-
ing firm had driven the tunnel through the hills on the opposite
bank in time to divert the low waters of the Barakar. This
year, the D.V.C. had to do two things at ance: to build up the
carthen dam across the river-bed high enough and strong
enough to block the biggest monsoon floods; and o get the

6
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diversion trench deep enough so that, with the tunnel’s help,
those floods could find their way safely around the flank of the
earthen dam. In short, they were trying to move a good-sized
river out of its bed and permanently to dam that bed, in eight
months of a single working season. It was, indeed, a target
beyond Old India’s reach.

Shri M. N. Das, the project manager, came up as we stood
talking. “The morning paper says the monsoon has come up
into the Bay of Bengal,” the chief engineer said quietly to him.
‘Perhaps you had better start moving your machines out of the
hole.’

‘How far ahead will we know of a flood coming down the
river?’ asked the project engineer. He heard the answer,
‘Twelve hours,” in silence.

Next day, when I called on Shri Das, I found out why he
asked that question. He was in a confident mood, and he told
me he could keep the excavation machinery digging away in
the diversion channel until the very day the river came up.
The chief engineer had agreed. “But how do you know you
will have time to get the equipment out of the way of a flood #’
I asked, thinking of the low earth plug separating the river from
its future channel and of the cumbersome pace of the drills and
power shovels, scattered along the path of the coming flood.
T know we can get everything out in eight hours,” said the
project manager, ‘because we did it last night.” He had stayed
up all night with the third shift and staged a complete rehearsal
of the emergency evacuation. He had lost a nightshift’s pro-
duction, but he had won all the working time until the mon-
soon broke. And at Maithon that season there was not an
hour’s work to spare.

Shri M. N. Das when I talked with him was 42 years old.
He had done some government jobs before joining the Cor-
poration (Kanpur Water Works, and some engineering for
the old Rampur State). But like many of the D.V.C. engineers,
he had also experienced the more flexible work methods of
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private contractors (he had been resident engineer for the firm
building the Naini Tal water works and electric system). Even
before the Corporation was chartered, he had been selected
by Mr. Voorduin as executive engineer on D.V.C.’s smaller
first dam, Tilaiya. And he had won the right to direct Maithon
Dam by proving what he could do at Tilaiya.

Tilaiya was an adventure in itself. Though the reservoir
had to fill in 1952, high-speed construction equipment had not
been ordered. There was neither cableway nor trestle from
which to pour concrete into the forms. Shri Das and the chief
engineer hit upon an unheard-of solution. They perched the
two cranes upon the highest blocks of concrete that had harden-
ed, and from that vantage point, hoisted concrete to the others
until they had been built above the level of the cranes. Then
the travelling cranes ‘walked” up ramps to the higher blocks,
and when the last block had been poured, ‘walked’ off the dam
on to the abutting ridge. Taking a risk, the D.V.C. team closed
the last low gap in the concrete after the 1952 monsoon had
set in. Week by week, the rising reservoir raced the freshly-
placed concrete up to the spillway crest, but the builders stayed
ahead.

D.V.C. had spent two painful years finding the men who
could meet deadlines—and weeding out those who could not.
D.V.C. paid that price for starting a job which there was no
existing organization to take in hand. D.V.C’s. reward was a
resilient team of construction engineers, men who had shown
they could master new methods. Shri Das took two of his
Maithon executive engineers from his Tilaiya team, for exam-
ple, and one each from the early D.V.C. projects at Bokaro
and Konar. D.V.C. had others of the same quality: the Ben-
gali revolutionist who studied dam design at California Insti-
tute of Technology and had never been known to overrun a
target date, the quiet executive engineer from the United
Provinces' Sarda hydro-electric project who watched over the
contractor building Konar; the young executive engineer at
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Durgapur Barrage who, when the contractors’ tenders for
that job were too high, offered to build it departmentally for
less cost provided only he could pick out his own subordinates.

A team like this was building Maithon in half the time 2
multiple-purpose dam had been buile in India—five years from
breaking ground to generation of electricity. That speed meant
machine work. Standing on the edge of the diversion trench,
I got a panorama of the mtricate planning which big machines
exact in return for speed.

Along the edges of the channel were piles of rock drilled
and blasted down by the preceding shife. Before them stood
nine diesel-driven shovels. With each thrust of the bucket,
they lifted two and a half cubic vards, well over 5,000 pounds.
It took a shovel, skilfully operated, just fifty-one seconds to
bite off, lift and empty that load.

Every four minutes, a rubber tired transport sidled up to
the working shovels. Grear rear-dumping lories came to
receive the loads of rock. Softer material was taken away in
bottom dumpers: These unconventional-looking monsters
had the wheels of a giant lorry, the engine of a powertul tractor
and the body of a railroad coal wagon. Each held, in fact,
fourteen cubic yards—five or six bites of the power shovel.
Sagging diphtly under each new shovelful it took a heaped-up
load and moved instantly away in a burst of diesel explosions.
Once up out of the hole it rolled on to the new dam at twenty-
five miles an hour. A trip to the centre of the damt and back
took six minutes. From the radiator of each mransport flapped
a signal flag. At a glance, its colour told the embankment
supervisor what was in the load. A black and white flag meant
stone from the floor of the cut; he signalled it to the upstream
or downstream surface of the dam. Green meant gravelly
material for the bulk of the fill, White marked impervious
clay carcfully placed in a core running the full length of the
dam to make it watertight. As his machine spread over the
assignied sector of the fill, the operator pulled a lever. The
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bottom of his earthmover opened and spread the contents in a
wind-row beneath the rear wheels.

Behind a row of the ‘bottom dumpers’, power-driven scra-
pers moved along the wind-row, leaving an even layer of new
material eight inches thick. Water tankers sprayed it just
enough to make it pack hard. Samples of the earth or rock
tested daily in the Maithon laboratory told the engineers just
the proper mixture of materials and moisture to obtain the
density in the embankment that the designs called for. Tamp-
ing was the work of a machine whose odd appearance is be-
coming familiar in India, a roller studded all over with heavy
blunt spikes. After eight passes of this ‘sheepsfoot roller’ the
soil, though perforated at the top, was more hard, dense a.nd
stable than it would be after years of natural settling.

The bird’s-eye view of the fleets of high-speed machines,
each doing in its turn a task on which the next depended, was a
picture of effective organisation. It was like a switchyard of
a great railway terminus, except that there could be, in that
shifting mass of earth and rock, neither tracks nor time-tables.
Each hurtling machine was directed into place by continuous
brain work, and those brains had to be at the controls of the
machines as well as at the desk of the construction engineers.

* * ES

As I dug into the D.V.C. records, I learned that the most
critical part of the planning of the machines began three years
before. D.V.C. engineers who were old hands at mechanized
dambuilding sat down with the designs of the dam and the
profiles of the surface and subsurface structure of the earth at
Maithon. They calculated first the number of standard two
and a half yard shovels they would need to do the excavation.
It was a complex calculation but the heart of it was this. Stezdi-
ly employed, each machine could load 175 cubic yards of
material an hour. They had 1,560,000 cubic yards of earth and
rock to take out of the diversion channel. With a liberal
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allowance for breakdowns and delays, they calculated nine
shovels could do it in one season. Each shovel would fill a
transport in four minutes. If the spoil had to go to the near end
of the dam, less than a quarter mile, the round trip would also
take four minutes. Two dumpers could keep the shovel busy,
one unloading while the other filled up. To move earth or
rock to the far end of the dam, it would take four dumpers to
keep the shovel busy. Similar calculations told the engineers
how many sheepsfoot rollers they needed, how many scrapers,
water tankers, tractors and bulldozers. There were many
minor and auxiliary items, but the big standard machines made
a list like this:

|

| Cost per

Number Machine Capacity | machine,
required | delivered, Rs.
9 Power Shovels 2} cubic yards | 3,70,000
19 Bottom Dumpers | 14 cubic yards | 1,60,000
8 Rear Dumpers | 10 cubic yards 1,46,000
8 Rear Dumpers 15 cubic yards | 1,80,000
8 Crawler Tractors | 122 horse power 89,000
14 Crawler Tractors | 175 horse power 1,05,000
4 Motor Grader 64,000
5 Sheepsfoot Ro]leri 32,000

Seventy of the seventy-five machines in the partial list had to
come from the United States. That meant six months to nine
months before delivery. It meant, in short, that the engineers
would be powerless to add another shovel or dumper during
the construction season. The rains would be upon them before
it could reach Maithon. Machines required foresight, but fore-
sight could come only from experience.

Nor could men to drive the machines be called in when they
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were needed. D.V.C. was somewhat luckier in this respect
than other Indian builders, for the nearby coal fields provided
some men who had worked power shovels before: but not
enough. In April 1952, therefore, D.V.C. opened a school for
operators. There were no classes in the conventional sense.
The ‘school’ was in fact an outlying portion of Maithon Dam,
the earth dike over a mile long, closing a gap between two hills
some distance from the main dam. The men learned first by
riding with experienced D.V.C. operators and supervisors,
then by taking the controls themselves. Greasers who had
serviced the machines had their chance to learn to drive them.
Outsiders were trained, too. One shovel operator who learned
his skill that way, twenty-five year old Shri A. Ghosh, loaded
1365 cubic yards in a single shift.

Intensive schooling, of course, was no substitute for the
mature judgment of lifetime operators. The cost of inex-
perience was sometimes tragic. One operator disregarded
rules to give a fellow workman a lift in his bottom dumper.
Involuntarily he tripped the lever, the bottom opened and the
rider fell beneath the wheels. An Industrial Revolution is
never painless. Maithon, like other mechanized projects, went
through it not in a century or a generation, but in a year.

When the rains came in 1952, the chief engineer knew his
time for planning and preparation had been well spent. Was
D.V.C. ready for the big push across the Barakar next season?
Months before, one of the most seasoned consulting engineers
in the world, the late Mr. L. F. Harza, had visited D.V.C. He
was head of the firm which with the help of Indian engineers
designed Maithon. ‘If you do not have all the necessary con-
struction equipment, the trained operating and supervising
staff and the funds at site by October 1st,” he warned the Cor-
poration, ‘do not start the job on the diversion channel.” In
June 1952, the chief engineer decided every one of those re-
quirements would be met. He told some of his colleagues,
engineers in Bihar and West Bengal and of the Central



88 NEW INDIA'S RIVERS

Government of his schedule; D.V.C. was going to excavate
12,000 cubic yards of earth and rock a day next season and
place them across the Barakar. His advisers were sceptical.
‘Our people are not used to machines;’ they said, ‘they are not
used to meeting deadlines.” Two years earlier, the chief engi-
neer would have been shaken. Now he knew his team, from
M. N. Das to the men at the levers of the shovels. ‘“We
will move the river,” he decided, ‘before the next monsoon.’

On 16 October 1952 the rains were over and the river went
down. That day Shri M. N. Das set his machines to work.
The work was not exactly what he had counted on: construc-
tion work never is. Maithon Dam like the old delta anicuts,
is built on a foundation of sand, not rock. Solid rock is sixty
feet down. But unlike the old anicuts, Maithon is 162 feet
high. To keep the water under such pressure from forcing its
way underneath the dam, the design called for an impenetrable
curtain, reaching through the sand to the bedrock. It was to be
of interlocked steel piling driven straight down to rock, all the
way across the river. The heavy pile driving equipment was
ordered to be delivered at Maithon in August. But in spite of
D.V.C’s urging, it had not come on time. The piling had to
be driven along the centre of the dam before the earth could
be packed in place. Shri Das and the chief engineer decided on
an emergency solution that would save two months’ delay.
They would raise the upstream and the downstream edges of
the dam, leaving the central core low until the steel curtain
could be driven there. On 25 November the equipment
arrived and they began the slow job of driving piling. Had
they delayed their earth moving until then, it would have been
too late.

There were other unscheduled difficulties. Along the route
of the diversion channel boulders were scattered on top of the
ground. But benecath the surface, exploratory drill holes
showed only dirt and clay, underlain by gradually firmer rock.
The construction men believed the drill findings. But when
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the excavation got underway, the drills hit embedded boulders
—hard and big. The boulders could not go nto the new em-
bankment, where they would prevent packing and rolling,
They had to be sorted out, and that took time,

As the excavation got through the boulders down to soft
rock, a worse difficulty began to dog the projece. Shovels and
tractors and dumpers, though serviced regularly night and
morning, and checked up every Sunday when the work stop-
ped, began to break down. The disease became an epidemic
as the cight months drew to 2 close, D.V.C. had maintenance
men trained to repair the machines. The trouble was that
parts had broken in imexpected numbers, parts not to be had
m India, On the dumpers, it was the intricate cluwch and
transnuission parts that had to be ordered from England. On
the shovels, the brakes and other parts that conmolled the
loading mechanism had ro be replaced. Tractors waited for
spare parts for tracks, transmission mechanisms, fuel injectors
and pistons. Spares unavailable in India took six months o get.
Some were mgeniously manufactured on the job; not all
could be.

The interest on the money invested in a two and a half cubic
yard shovel, at four per cent, comes to Rs. 96 per day. The
machinie costs that much, ‘sick’ or working, But every idle
machine disrupred the intricate procession of other machines
which had been planned to depend on its owtpur, Dumpers
could not work without shovels, nor graders and rollers with-
out dumpers. But as the 1953 monsoon drew near, seven of the
nine big shovels posted in the diversion channel were our of
action, Taking the scason as a whole, Maithon had its shovels
and dumpers working only forty-five per cent of the time,

* » *

‘No doubt there were,” the chief engineer wrote me later,
‘many sleeplest days and nights.” Sha M. N. Das, who worked
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an average of fourteen and a half hours per day from January
to June, spent one sleepless night, as we have seen, or 8 June
rehearsing the evacuation of machinery to earn more time
in the excavation. As it turned out, he earned two extra weeks.
When the floods did come on 21 June 1953 his men pulled
their drills and shovels safely out of the hole. A year before,
the chief engincer had told his advisers D.V.C. could move
12,000 yards of earth and rock a day. He planned to place two
million yards of material in the dam. On 21 June 1953 there
were 1'6 million yards in the dam. For all its crippled machines,
the project had moved 11,000 yards of material per day.
Statistically, D.V.C. had fallen short of its target, just short.
But strategically it had won. And on that day, the new Mai-
thon Dam backed up the river and the muddy waters, lapping
over the upper end of the diversion channel, rolled safely down
through the mile of rock cut channel.

Suppose they had failed to complete the diversion when the
monsoon broke. It is possible to picture the consequence. Cer-
tainly the unprotected earth in the dam, overtopped, would
have washed away. The river might have escaped suddenly
enough to have flooded the Damodar Valley below. Men who
knew these risks had run them, for they believed in their orga-
nisation and their plans.

If this were an adventure story, it would end here. But it
is an account of a nation developing her river, and some ques~
tions therefore remain. Could Maithon have been built by
hand labour, even if it took more time, and thus made work
for more people: Was there good reason for the haste: Would
slower work have been cheaper:

Much to my surprise, I found that it was not the newer
school of engineering that provided answers to these questions,
It was nature. The Barakar River has done everything it could
to bar conventional dam-building. It cut a narrow bed 60 feet
down into the rock, and filled that hidden gorge with sand. To
build a high dam of masonry would mean digging out that
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sand, and starting the masonry 6o feet underground to reach a
secure foundation. The cost would have ruled out dhe site. On
the other hand, the broad, even weight of an earthen dam
could rest securely on the bed of sand, secpage of water beneath
it being stopped by the inexpensive curtain of steel piling,

As 1 probed into the reasons for the Maithon construction
programme, [ had to tum from the builders o the designers.
D.V.C. had decided three years before that the site called for
the most versatile designers to be had, regardless of boundarics.
They enlisted the Harza Engineering Company. [ went to
M. Franklyn C. Rogers who alone represents the company at
Maithon—all the designs are drawn by Indian engineers—to-
learn why Maithon was built this way.

An carth dam at Maithon could only be safely buile, he rold
me, if it closed off the river in a single season. Thar is because
of another peculiarity of the Barakar. Unlike the Cauvery at
Krishnaraja Sagar, or the Tungabhadra, 1t has no flood plain.
There was no room between its steep banks for both foods and
unfnished dam. (Unlike masonry, of course, earth dams can-
not withstand water running over them). The only thing to do
with the monsoon river during construction was to dig it a
new channel around through the rocky hill and meanwhile w
get the carth high enough to guarantee the siver would not
overflow there. Haste was not a marter of engineerng pre=
ference; it was dictated by the only economically feasible de-
sign. In Mr, Roger's words:

If singleseason closure had been comsidered highly improbable,
we should have resorted to a different basic d:ﬁ?iFn. probably a

canerete ot masonry dam extending for the width of the
river. The concrete or masonry dam would cost at lesst fifty

per cent more than our present desigm,

I began w realise how ingeniously the Muaithon design fits
the site and the habirs of Indian fivers. Every peculiar obstacle
of nature has been converted, not into an advantage perhaps
but into a facility for dam-building. The Barakar is like other
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monsoon rivers, two rivers alternating in the same bed. Tor
cight months it is a small stream—the wnnel was designed for
it then. When, in the monsoon, it becomes a mighty river, a
huge open cut was waiting for it

The Barakar’s bed was sand and the fanking hills were rock
—an arrangement the conventional designer would have
thought perverse. So the dam was made of earth, and the hills
of rock used to carry the tunnel and the diversion cur without
hazard from the rushing water. But the arrangements for cons-
truction were made, besides, to serve the permanent uses of the
reservoir. The left-bank tunnel has a permanent job as a wil-
race carrying spent water away from the hydro—clectric tue-
bines. The turbines and generators themselves are being
installed underground in a man-made cave cut from the solid
rock above the present nunnel. It is a daring innovatfon, used
not because it is daring but because it makes use of the natural
rock in the hill to save building an expensive section of concrete
between the reservoir and the turbines.

Likewise the diversion channel will become the permanent
flood spillway of the finished dam: Rock blasted from its floor,
properly crushed and mixed with cement, is going back in
place as the concrete spillway section of the dam. Expensive
concrete is kept to the bare minimum width to safely pass
Barakar floods down inro the diversion channel and thus away
from the carth dam. The channel thus does double duty;
quarry for earth and rock during construction, spillway upon
completion. The muoluple purpose idea makes its contribution
to dam-building as well as reservour use.

Could a dam like this have been buile without the investrent
of money and foresight required by machinest Could it have
given more employment to construction labourers: Again, it
was not the of the engincers but the nature of the job
that decided the question. Six thousand of the best coolies in
India could, in one season, have dug the earth out of the diver-
sion channel and pushed it on simple tramlines to the river-bed.
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Hard rock would have called for an unknown number more.
But when it came to packing the fresh carth and rock o a
carcfully designed solidity, human muscles are helpless. No
engincer in India, or anywhere else, would ey to build an carth
dam 162 feet high, compacted by hand. Only the machines
of the last twenty years—the bottom dumper, power scraper,
sheepsfoor roller—and above all the soils laboratory, daily
testing for solidity a sample of the new earth dam that the
scientists can be sure represents all of the day’s earthwork, have
permitted high carth dams to be built i any country. Cer-
tainly, of the Maithon site, old India's engincers, working in
stone or handplaced earth, would have had to say: "This place
is not fit for a dam to hold a million acre feet.” Mr. Rogers
and hiis designers could draw the plans that fit the Barakar and
its site best, because they knew Shri Das and his builders conld
build fust enough, with enough versatility in the use of materi-
als, to execute them.

The cost of digging the diversion channel at Maithon and of
placing the material in the embnkment is about two rupees
seven annas per cubic yard (Rs. 90 per 1000 cubic feet), Thar
would be exorbitant for the earthwork of a canal where the
material is moved 2 few hundeed feet and dumped. It is not
expensive for digging unselected material, for transporting it
several thousand feet, and for consolidating it to rigidly con-
trolled density. But machine work was not dictated at Maithon
by an immediate saving in construction cost. It was dictated
by the larger saving of storing water where it was neaded by the
only construction technique that could economically store i,
Maithon is one of the sitess—Hirakud, Bhakra and Nandikonda
are others—where machines and men who can wicld them have
made dams feasible for the firsst time.

Maithon's economy is in the things the dam will do for the
people, It is in the control of Damodar Hoods. For Maithon
is the lase place on the Barskar River where devastating floods
cotld be caught and stored. There are higher sites where it
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would be easier to build. But they would let floods rise and
:sweep down on to the level Bengal plains from water that-fell
below them. Maithon will, in flood season, always have room
in its million-acre-foot reservoir for one-third of the record
flood that came down the lower river in 1917 and again in
1935. The other two-thirds will be caught by D.V.C.’s twin
Teservoir at Panchet Hill, seven miles away on the Damodar
itself. Working the huge sluice and spillway gates of those two
-dams, D.V.C.’s water dispatcher will control the lower Damo-
dar as readily as a housewife turns her water tap.

Maithon’s economy is in its irrigation storage, too. For
beneath the space left for floods its reservoir will annually pro-
vide water to irrigate 270,000 acres—to grow two Crops a
year even when the monsoon fails. And the water that flows
down to the canals will flow through the turbines in the under-
ground power house, turning 60,000 kilowatt generators. That
electricity is worth 68 lakhs a year.

Maithon could be built because New India organized new
skills and wielded them with a new courage. It was built to
bring new safety and new wealth to people whom the old
methods had consigned to a ‘valley of sorrow’.



MEN AND MACHINES

DAM-BUILDING SILPIS

IT was an old question that drew me out to the quarry two
miles downstream from Tungabhadra Dam. I'wanted to know
whether, in a highly complicated job like dam-building, men
are left in the world who can hold their own against machines.

Fifty-three year old Vellu Pillai, squatting in the shadeless
quarry on a four inch slab of granite, ten inches wide and two
feet long, gave me the first clue. In his left hand, which he
protected from abrasion on the stone by a flap of inner tube,
was a flat-tipped chunk of steel. Its end had been coarsely ser-
rated in the forge nearby, and as Vellu Pillai’s hammer drove
it with casual swiftness against the face of the stone, it smoothed
the irregular surface like a powerful file. Five o’clock ended
the day’s work for the stonecutters. In eight hours, Vellu
Pillai had picked out a raw polygon of granite from the quarry,
split off the surplus bulk, chipped the surfaces plane with suc-
cessively finer chisels, and uniformly rounded one edge to
match the sheet iron template at his side. His finished product
attained the required accuracy, nowhere as much as a quarter
of an inch larger or smaller than the pattern. He looked sur-
prised when I inquired how many stones broke under his
chisel. The answer was ‘None.’

The stonecutter’s history explained why this work was not
difficult. In his Tanjore village forty years earlier, his father
put the tools into his hands. Since then, Vellu Pillai had cut
every variety of stone in South India. For ten prosperous
years out of a life of dressing stones for well-linings and walls,
he carved the ornaments and images of a Tanjore temple.
There were a thousand stonecutters in the Tungabhadra quarry.
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But there were hundreds more, under-employed, in each of
the southern districts where stone was abundant and rice
scarce, or where the public buildings of vamished kings had
attracted earier generations of ardsans; Salem, Coimbarore,
Tanjore, Ramnad. Here was 3 vast pool of skill.

Some of these men were more skilled than Vellu Pillai. One
such artisan had been commissioned by the engineers to carve
in granite a life-sized Pampatheswar, the mamifestation of Siva
identified with the river Tungabhadra or Pampa. There is a
niche for this statue high on the downstream face of the dam.
The sculptor, Shanmughachari, had execured the job without
a flaw, following the prescriptions of the Silpi Sastra, a Suns-
krit text of which lay tn his home in Ramnad District. He
readily explained to me the proportions of the nule body lud
down inn that code: the head one-ninth of the total height, the
throat one-thirty-sixth, the upper arm two-ninths. But Shan—
mughachari, the master artisan, balked at the creation of new
forms. ‘I will not undertake to give God a new shape,’ was
the way he put it.

When 1 asked Vella Pillai where his finished stone would
go, he could answer only, “In the dam.’ Tr was from a young
design engineer that T got the answer to that question Jater thae
night. He showed me 3 drawing to scale of every stone cut
for the faces of the dam, the spillwav piers and the stilling—basin
below. The round-edged stone 1 had seen dressed was destined
for the coping of the spillway piers.

It was only a week later thar I learned why, with simple
techniques, so much could be accomplished at Tungabhadra
Dant. 1 found seven miles away from the dam jtselfin 2 place
now called Hampi—the ruins of the old imperial capital of
Viiayanager. There was the evidence of the Silpi's craftsman-
ship four hundred, five hundred, six hundred years ago. The
invaders from the north having found it too much trouble to
demolish completely, there stood the same grey granite | had
seen in the Tungabhadra quarry; fashioned into a triumphal
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procession in bas-relief, an overhead aqueduct to supply the
queen’s bath, temple mandaps innocent of the arch but sculp-
tured as elegantly as the Gothic cathedrals of Europe. It had
been four hundred years ago that the Silpis from throughout
the South last gathered here to create work as daring, as ad-
vanced in their age, as Tungabhadra Dam was in this. (In that
age they had, for that matter, put up sizeable dams paved with
cut stone: it was on one of these, Krishnadeva Raya’s celebra-
ted Rayakeri tank, that the Portugese engineer De Paes had
seen the prisoners executed to expedite the masonry.) The tools,
the formulae, the lore of the craft had come down through
the generations from Vijayanagar to Tungabhadra, unimpaired.
But the inventiveness, the sense of design out of which the
Sastra originated had slept four hundred years. Had it now
awakened in a new profession among the design engineers?
Men who would not cut stone to ‘give God a new shape,’
were cutting stone to impound a river a hundred feet deep. By
the metal template at Vellu Pillai’s hand invention gave old
craftsmanship a new mission. The design itself was novel. But
the teamwork of brain and hand was a renaissance.

THE DISCIPLINE OF MASONRY

I realized now, with the involuntary awe of one from the
West who comes upon the clean lines and true curves of a struc-
ture laid by hand, why it could be done. I stayed at Tungabha~
dra to ask a more difficult question. Was this an efficient way
to build?

Tungabhadra is a big dam. It blocks a valley one and one-
eighth mile across to a depth averaging 110 feet. It is almost
exactly the size of Mysore’s pioneer Krishnaraja Sagar Dam —
a bit higher, not quite so long. Unlike Maithon, which because
it rests on sand is built of earth, Tungabhadra is solid masonry
straight across the river-bed. (On the Hyderabad side, there are
two small separate dikes closing gaps in the ridge. They are

7|
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buile mosdy of earth.) The amount of masonry required for 2
dam this size is staggering. To the engineer, it is 32 million
cubic feet—well over a million cubic yards. To the non-
engineer, a million cubic feet is a hopelessly outsized scale.
Imagine the masonry in Tungabhadrs Dam being lud as a
highway, 20 feet wide, 6 inches thick. It would extend from
Lucknow to Calcutta, or from Bombay to Madras.

Now the masonry of Tungabhadea Dam was complered,
from bedrock to parapet, in five years and some months. Te
keep up that pace meant laying 40,000 cubic feet a day, except
when special difficulties mntruded. The peak rate was about
50,000 units, Gong back to our imaginary highway, that
means a mile fimished per day.

When masonry is rising at that pace, it has the look of ram-
pant chaos. The future dam is a mile of uneven boulders,
their surface deliberately Ieft as rough as possible o anchor
the next layer. Upon them squat 400 masons, each gradually
extending the one-foor layer of new stoue, perhaps eight to ten
fect square, which s his d.'.l}r'; waork. In mgged file the stones
arrive, carried just as they were o the walls and mandaps of
Vijayanagar on the heads of women and the shoulders of men.
From the womens' heads the masons” helpers unload the lighter
stones they carry—stones weighing up to cighty pounds. After
half~a-dozen of these, arrives a cyclopean chunk of granite to
give weight and hence swbility to the mass. One or a pair of
these will weigh 300 to 400 pounds, a four-man load. The
weight is shing in a light chain, draped with deceptive casual-
ness from two stout bamboos. :

There is skill cven in porterage, a highly inefficient use of
human bones and muscles. In that skill these four-man teams
excel. Bred in the Telegu districes, they search India for heavy
weights and premium wages (at Tungabhadra they got Rs,
2-8 per day). Teams of them arrived early at the damsite from
“Burma whence they had been driven by war. Ar one place
‘where the masonry lay below the tram=track from the quarry,
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1 was astonished to see building stones carried down by these
Bezwada coolies. “Why not simply slide them down a chute2”
I asked. “We tried it,” said the engineer, pointing to a disused
wooden trough. ‘It cost us too much in breakage and the risk
of injuries from falling stones. These men take the stones down
as fast as we could collect them at the bottom of the slide the
other way.’

Among the masons at each level of the dam move men in
khaki, government overseers. Under their eyes the loose
mortar and dirt of the previous day’s masonry must be brushed
clean before the new layer is deposited. Steel probe in hand,
they check the mortar joints against cavities. The masons and
the coolies supplying them are employees, not of the govern-
ment, but of minor labour contractors. To ensure the quality
of their work, government engincers not only inspect it but
supply mortar of adequate ‘richness. The mortar, which
reaches each mason along with his stone on the heads of fe-
male coolies, is mixed in engine-driven machines, twenty cubic
feet at a time.

On top of a finished block of the dam, the seasoned con-
struction engineer R.. K. Gopalan, who had begun dam-build-
ing a quarter century before at Mettur, showed me a long
round cylinder of mortar and granite. It had been cut from the
heart of the seasoned random-rubble masonry by a diamond-
pointed core drill. It weighed, he told me, a bit more than
.concrete, and almost as much as the native rock itself. To the
-engineers that density was the crucial point, for against the
tipping pressure of a hundred feet of water against its upstream
face, Tungabhadra like other straight gravity dams stood fast
.by its own weight alone.

The system of construction by which concrete is poured
into prefabricated forms rigidly sited under the radii of crane-
‘booms, creates an order at once apparent, for it is geometric.
Behind the trackless paths of the coolies and the amorphous
-deltas of rubble beneath each mason’s trowel, however, I began
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to detect a different kind of order. It was an order of habit and
pace, but its relations were as sure as they were flexible. Un-
deterred by other builders, the mason and his helpers laid their
hundred cubic fect a day of mandom rubble on to the heart
of the dam. On the rwo vertical faces, the more skilled masons
brought the cut stone up proportionatcly, Five coolies—more
or less, according to the length and steepness of the bamboeo
ramps—supplied each man with stone.

Behind them the mvisible supply lines moved on wheels.
A narrow-gauge tram line brought the stones, dressed and
rough, from the idand quarry. The nearest bed of sharp clean
sand lay twenty-tour miles away upriver. It was collected, by
headbaskers, into tram cars. Thence from the milhead four
trainloads moved down the broad-gauge tracks cach day to
Tungabhadra. Cement came by rail from Hyderabad. Lime
and brickbats for soorki were bumed i improvised kilus at the
foot of the dam. For the fine chy required in the manufacture
of soorki the Madras engineers were indebted to the 16th cen-
tury monarch: Krishadevaraya. In all the sandy Deccan sodl,
only the bed of his great Rayakeri tank yielded the proper raw
material.

Some of the operations by which Tungabhadra was built are
far more ancient than recorded history. Lime mortar was
introduced in India by the second century s.c. Stones were
dressed and transported by identical techniques i the quarries
of Asoka. But the building of the dam was neither entirely
traditional nor entirely by hand. Modem core drills explored
the foundation and prepared holes for grouting — high pressure
pumping of mortar down into the fissured rock. Lorries and
trains moved the raw materials through the longer distanees,
A dockyard cranc on aach side of the rver lifted the greater
weights such as bridge girders to the top of the dam. Pi
water and clectricity served the whole site. Everywhere small
powerdriven mixers were relied on for the production of
mortar and concrete. Masonry was laid by hand, but the
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over-all method of construction was a prudent mixture of
hand and machine work.

In the worst crisis of construction, machines proved indis-
pensable. That was in the rainy season of 1951, when the
masonry was first thrown entirely across the river and the high
water funnelled through the temporary low blocks in the
spillway left open for it. Unfortunately there was also another
low notch in the dam, where passage of the river would have
done tremendous damage. It was the section through which
penstocks lead water to the powerhouse turbines on the sou-
thern side. These four steel pipes, eleven feet in diameter, had
been delivered late by the manufacturer. As the masons rushed
to embed them in stone, and to bring up this section of the dam
to its scheduled height, the river also began to rise. A low
semicircular dyke of earth was thrown up to keep the water
out of this penstock section.

On 26 July news came of a downpour in the headwaters. It
was like the warning of an enemy offensive to a besieged army.
Every labourer was put to work piling earth on to the cof-
ferdam. Their strength was about half enough. The earthmov-
ing machines were drafted, their number reinforced from the
nearest canal excavation and from the Hyderabad construction
organization as well. Two power shovels, three dumptrucks,
two earthmoving scrapers and two graders worked around the
clock to double the height of the cofferdam before the flood
crest arrived. Next day the river stood thirty-two feet deep
against the emergency embankment. It would have been
twelve feet over the top of the previous day’s defences. But
by now the embankment, though thinner than the engineers
would have liked, was 40 feet high. For six weeks the engi-
neers took turns standing an all-night guard lest the river
breach their precarious defence. Meanwhile the masonry
slowly rose around the penstocks, out of danger. Men and
machines, neither enough by themselves, had together saved
the penstock pipes and got the dam back on schedule.
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The relatively simple machines, the traditional crafts and
the familiar processes employed at Tungabhadra could readily
be added to when the need arose. In the logistics of material
supply, there was no dependence on complex mechanical
links that might be, broken by delays of imports or shortages
of spare parts. Supplements could always be found. Halfway
through, the engincers found the masonry lagging behind
schedule, By now the foundadon difficulties were overcome;
costs were known. Hyderabad and Madras chicf engineers
enlisted large private contractors to take major sections of the
masonry work. The contractors, doing a familiar jub, could
supply their own material and equipment. That way, the
work was brought on schedule.

But the schedule that can be set for masonry projects has
its limits. They applied to Tungabhadra as to Knshnaraja
Sagar and all the other dams built by handplaced stone. A
pew layer of masonry cannot be hid until the one beneath
has set. The unit of vertical progress is about one foot. But
concrete goes into its forms in lifts five feet deep (at Bhakra,
six feet). Ar Tingabhadm, 20,000 men could reach a daily
prak output of 50,000 cubic teet; at Bhake 2,000 mien attain
an output of 150,000 cubic feet. What is speed worthz It may,
in some sites, mean closing off the river in a single season
and thus avoiding exorbitant diversion costs. That was the
sinnation of the carth dam at Maithon. It may be the only
way of working through a narrow gorge, as at Bhakra, where
materials must move continuously at high speed or get hope-
lessly delayed. And it may sve money, by bringing returns
on invested capital with a minimum sum at interost.

Aside from speed, there are some dams so high that they
could be designed safely only with dhe uniform smength of
concrete @ Blakra and Nandikonda are of this' class, But
where the dam is long and no more than two hundred feet
lli.gh, the fundamental bouleneck of THASONTY construttion
can often be prudently secepted. In remom, the Indian builder
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escapes a number of subsidiary bottlenecks that plague the
engineer who relies on highly mechanized techniques.

“When you build a dam of concrete,” Shri M. S. Thirumale
Iyengar, Tungabhadra chief engineer, put it with characteristic
force, ‘you reduce a mountain of rock to gravel, then cement
the gravels together again. For high dams, you have to do it.
For dams this size, why not handle the rock in bigger pieces
and save the intervening steps:’ The chief engineer revealed
by his smile that he was not disposing of the question of tech-
nological efficiency by so simple a formula. But Tungabhadra
demonstrated that there was a solid economic truth behind his
words. Concrete required stone broken to six inch size to
pass in utterly repetitive processes through huge machines.
Masons, applying intelligence along with dexterity, could
handle much larger units, placing each stone according to
its shape. The question of masonry versus concrete (where
the choice was permitted by moderate height and availability
of stone) thus boiled down to a question of the labour and
machines in the market. India had a wealth of men whose
intelligence was geared to the application of muscles via hand
tools to stone and mortar. She had painfully to train each
operator and manager of automatic machines. Tungabhadra
was built with the utmost reliance on the ability India had,
and virtual independence of the ability India had not.

Already India needs a corps of dam builders competent in
high speed construction. She will become independent of
imported talent only if these men have carried the responsi-
bility on smaller dams of placing concrete mechanically.
Maithon, from that viewpoint, is a pilot plant of the Industrial
Revolution in dam building. It is recruiting for the future.
Tungabhadra needs no long range justification: it is a good’
job of work.

The unsentimental test of this economic logic is the cost
of masonry as compared with concrete placed by machines.
Truly comparable cost figures are not easy to get. Fortunately,
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both the Madras PublicWorks Department and the Damodar
Valley Corporation have gone to some pains to analyze their
costs of construction. They are themselves anxious to submit
the economy of their building to comparison. Each hundred
cubic: feet of masonry laid at Tungabhadra actually cost,
on the average, Bs. 128 or Rs. 132. Lime-soorki mortar per-
mitted the cheaper rate. D.V_C. has ar Maithon Dam the most
completely ratonalized, scientifically planned concrete-laying
plant (untl Bhakra) in India, But its product will cost Rs:
145 or 150 per unit. Bhakra, with its huge volume of pro-
duction is another story; its estimated cost of Rs. 160 per 100
cubic foet is not available by any method on lesser dams.
And remembering that both D.V.C's Maithon cost and
Bhakra's cost are advance estmates, whereas Tungabhadra's
figure is actually atmined, it is certamnly clear that, rupee for
rupee, big automatic machines have not been able yet o do
more work than men waorking with simple machmes.

THE DISCIPFLING OF THE PHOOWRAH

In Amecica, a hundred years ago, muscle-power gave
machine-power its last stiff competition in 3 sk demanding
erude steenpth alone. That was upon the laying of the mil-
roads. Out of the contest has come a folk ballad, sung often
to the thythm of the sledge upon the spikes anchoring rail
to slecper. Tt recounts the stubborn attempt of John Henry,
a giant among the railroad track-gangs, to race a power-
driven machine (symbolized in the song as a ‘steam drill’)
in the driving of spikes. John Henry, like the contemporary
labourers of India, had followed his sweaty trade all hus life,
and he had already tanghe his mfant son *You're going to be a
stecl-driving man." When the machine came on to the rail-
road, he offered to stake his furure on 3 direct test of specd.

John Henry rold his Captain
That a man is a watwral man



MEN AND MACHINES 105

And befor he’d let that steam-drill beat him down
He'd fall dead
He'd fall dead
With a hammer in his hand.

Rails are still spiked by hand in the United States, but in the
song where this contest symbolized a larger issue, John Henry
lost to the machine. ‘He laid down his hammer and he died.’

No more in India than in America can workmen outdistance
the machine in a sheer test of speed. But as to cost, the race
is by no means over. India may be one of the last nations of
which this is true; and it may surprise some economic theo-
rists. But again and again, on the simplest of construction
labour, human muscle still competes cost-wise with machines.
‘The race has been clearest on the earthwork of canals, where
men and women work alongside some of the most modern
machinery in the world, doing exactly the same job.

Like John Henry, the earthmoving labourers have produced
their own champions. I found them digging the 175th mile
of the Tungabhadra main canal. On the red and black table-
land of western Andhra, toddy palms as well as fantastic
-outcrops of granite boulders were scattered a mile or more
apart. In the uneven bed of the canal, five hundred men,
their tall bodies clad only in loincloths, were loosening the
hard soil with phowrahs and pulling it into iron pans at their
feet. Their women, pans lifted on their heads, climbed the
zigzag steps carved into the slope of the canal bank and dumped
the spoil outside. Not six feet beyond the rising heaps of
excavated earth stretched their row of a hundred or so straw
huts. There was not another dwelling nor road nor sign of
human habitation as far as the eye could reach.

These were the famous Palamooris, whose villages lay 150
miles north in the Mahboobnagar district of Hyderabad.
Their workday started at six when the sun rose, ended at six
when it set. As the hot months came on, they worked through



106 NEW INDIA'S RIVERS

the moonlit nights and slept by day. Three times they halted
work to eat, for thirty minutes each meal. Their rice was
cooked not by wives for husbands, but by a few old women
for the entire group. Men and women alike had deducted
from their earnings one rupee a day for the cost of food.
By as gruelling a day’s work as free men do in the modern
world, 2 man and his wife might thus earn above expenses
two or three rupees, calculated upon the volume of earth
they moved. Unfortunately, few Palamooris saved this
much. Toddy took its share. These men and women consti—
tuted, in fact, an earthmoving collective under the control
of the contractor who had brought them south across the
river. This man was the zamindar of their native villages.
Indebted to him for their railway fares to the job and in some
instances for agricultural loans as well, they were tied firmly
to their toil.

It was, however, a less simple motive that urged the Pala-
moori labourer to excavate at the rate of 120 cubic feet
day. Unrelenting digging was as much a social habit with
him as the code of the Silpi to the stonecutters. The Pala-
moori's first attachment was to his fields; he worked outside
only between harvest and ploughing. But in those four months,
nothing could stop his moving of earth save the limit of
physical endurance.

There was one exception. In 1952, three Palamooris on the
canal died of cholera. As one man, the surviving thousand
fled back to their native villages.

Reliance on great armies of men and women, like reliance
on' imported machines, produced its unexpected hazards
for the canal. Thirumale Iyengar proposed originally to
excavate it entirely by handwork, using a single power shovel.
In the end, half the work had to be done mechanically. The
reason will astonish those who think over-simply of mass
unemployment in India: for two years the engineers sought
in vain for labourers enough to dig the canal, Aside from the
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Palamooris (1000 on the Madras side, 5000 on Hyderabad’s
canals) and some industrious labourers from the Godavari
and Krishna deltas, nobody accepted the work. At last ma-
chines had to be ordered from abroad, not because they
were more economical, but to finish the canals in time.

Some of the engineers attributed the labour shortage to the
‘famine mentality’ of the villagers in the canal area. ‘For
generations,” I was told, ‘these people have tilled their fields
if the rains were good, and done only famine relief jobs if the
rains failed. They don’t know what it is to work hard for
wages.” It would, of course, be strange if centuries of capri—
cious harvests had not driven the more enterprising peasants
from this Rayalaseema tract.

Then why did not enough workers come from afar, as
they did to Tungabhadra Dam itself: The answer was obvious.
Long-term employment at the dam gave even common
labourers a chance to erect stout huts; they had water taps,
transportation, schools. Canal work, being transient, tradi-
tionally ruled out these amenities and canal wages were not
raised enough to compensate for them.

Is there a lesson in that experience which applies beyond
the famine-cursed Rayalaseema: Have labourers, especially
unskilled men and women, come to demand a larger share
of the nation’s income; and are they thus shifting the economic
advantage a bit toward mechanization: We need not speculate
on this point. Here are the percentages by which wages have
risen in India since 1939, compared to the rise in the cost of
cement (since it is used for concrete) and equipment for mecha-

nized dam and canal building:!

Per cent of 1939 cost
1946 1950 1953

Wages of skilled labour 233 315 345
Wages of unskilled labour 268 355 413
Price of cement per ton 173 239 248

Construction equipment 135 293 373
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The figures are not yet conclusive. But they suggest that
a revolution, at once economic and social, has unobtrusively
begun in India. Because men and women are putting a higher
price on their services, a higher degree of mechanization
is becoming feasible. Engineers from industrialized countries
have had to learn in India that the revolution is far from
complete: western ways of building are not necessarily
economical here. Meanwhile, Indian engincers are learning
that the revolution is underway: that by and large and little
by little, the workers of New India will demand more income
and that means using them at higher skills.

MECHANIZED EARTHMOVERS

On many of the new projects can be found today a variety
of engineer unknown to India ten years ago — the mecha-
_ nized earthmover. His hands are equally accustomed to the

bulldozer’s control bar and the slide rule, his eyes to grade
stakes and blueprints, his mental processes to miles-per-hour
as to cubic-feet. Most of these men are dam builders.

In Bombay, Shri G. G. Dhanak built an earthen dam some-
what bigger than Maithon’s entirely by high-speed scrapers.
On this Gangapur project he developed such interest in the
efficient selection and management of machines that the
Ministry of Irrigation and Power brought him to Delhi to be
secretary of an all-India committee on construction machinery.?

Uttar Pradesh is dotting the valleys of the Vindhyan range
with irrigation reservoirs for her southern districts. The
sixth of these, 100-foot-high Rangawan Dam, was put into
use in December 1953 exactly twelve months after its
construction began. Chief engineer B.P. Saxena, who
supervised the projects from their beginning in 1946, tells a
typical story of the new sort of engineer:?

When mechanical equipment arrived in Uttar Pradesh, trained
personnel was not available....So Shri G. L. Sharma, executive
engineer, took the wheel himself. He became a capable operator-
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mechanic in a short time, and then started training local men
with great perseverance. He has now built up a solid force of
150 dependable operators and 50 mechanics.

To test the costs of hand and machine work, the U. P. engi-
neers used them side by side on three dams. The labourers
moved earth over shorter distances; even so, their work cost
Rs. 65 to 80 per thousand cubic feet, compared to Rs. 26 to
33 for the machines.

High earth dams, as we have seen at Maithon, require
mechanized construction for another reason. Earth placed by
headbaskets cannot be depended on for the uniform density
to assure watertightness. But in digging canals, as Tunga-
bhadra showed, builders often have a choice of methods.
D.V.C. has run on its canals a closely measured race between
labour and machines, and the machines are in charge of a
man who personifies much that is new in the pew profession
of earthmoving.

A short, quiet, 40-year-old engincer from Travancore,
S. S. Pillai, manages D.V.C.’s general pool of earthmoving
equipment. When Independence came, Shri Pillai was a resi-
dent civil engineer in the Ministry of Fuel and Power of
England. He had gone there during the War to build mar-
shalling yards and aerodromes. He stayed on in charge of five
open-pit coal mines, using power excavators which were
among the largest in the world. In 1947, Shri Pilli sent a
letter to the Home Minister of India which went something
like this: I left my native Travancore when it was a princely
state. Now that my country is building big projects, I want
to work for the Indian Republic. Can the Indian govern-
ment put me to work?’

It took months, but his availability finally got to the notice
of the infant Damodar Valley Corporation. At the end of
1048 he reported for duty at Hazaribagh in the hills of Bihar.
His first machines were a second-hand Caterpillar tractor with
a bulldozer blade, and two farm tractors with ploughs. His
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first task was the levelling and bunding of new fields for the
peasants  dislocated from Tilaiya reservoir. Shri  Pillai’s
machines grew in size and number until his unit became, as
it were, contractors for the D.V.C. canal and smaller dam-
building operations. His unit is not involved in building
major earth dams like Maithon. By 1953 it operated the
largest force of earthmoving machines, not devoted to any
particular dam, in India — sixty-three power driven units.
Most of them had been working for three and a half years;
time enough to test wear and repair, as well as initial per-
formance.*

In 1953, Shri Pillai was asked to put his machines to work
on a six-mile stretch of the main D.V.C. navigation and
irrigation canal. Just below that stretch, four private con-
tractors were at work moving earth in headbaskets. The
-wet clay along the Damodar River kept the machines out of
action from June to October, while the labourers could work.
Nevertheless, the cost of digging one thousand cubic feet
.of earth by machinery was Rs. 24. By hand it was Rs. 30.
“This was on the huge main canal — twenty feet deep, and
.one hundred and twenty feet wide at the bottom. The eco-
mnomy of using machines depended, D.V.C. found, strictly
on the width of the canal to be dug and thus on the distance
to which the dirt had to be removed. In the case of channels
.only forty feet wide, handwork could be done for Rs. 20
per thousand cubic feet, cheaper than machines. But the cost
climbed to Rs. 30 as the bed width increased. For a canal
.of seventy feet or wider, machines saved money.

This contest of efficiency was with tractor-drawn earth-
‘moving scrapers. But for canal excavation there was a cheaper
and more reliable machine available. It is the dragline—a
.crane-like machine casting out a steel bucket suspended by
«cable from a long moving boom. As the heavy bucket is
weeled back to the machine, its toothed open end scoops up
she carth. Then a sweep of the boom swings the loaded
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‘bucket on ‘to ithe pile of spoil, where the operator dumps it
by remote control. Unlike the travelling scrapers, the drag-
line can keep working in soft earth and mud. In 1953 the
D.V.C. added two draglines to Shri Pillai’s equipment and he
;put them to work on a sixty-foot-wide branch canal. They
‘were small, as such machines go; each bucket held sixty-seven
.cubic feet. With two sweeps of the boom, its operator could
‘move in one minute exactly as much earth as a Palamoori
labourer moves in a day. After three months, although too early
to be sure, it looked as though draglines might make
‘handwork a luxury even on medium-width channels. The
first half-mile of dragline excavation cost Rs. 18 per unit.

Fven these costs, Shri Pillai believed, could be lowered.
“What he needed was a dragline with reach long enough to
.excavate the one hundred and twenty foot width of the D.V.C.
main canal while travelling on the canal banks. In 1954 his
.opportunity came. One of India’s two big draglines, machines
with buckets holding 135 cubic feet (more than a whole day’s
headloads) arrived at the D.V.C. canal. Those two machines
had been ordered originally for Tungabhadra canals. But
they arrived so late that they were dispatched instead to
Hirakud, whence one reached D.V.C. after completing its
work on Hirakud main canal. Economy in the use of such a
giant, costing five lakhs, calls for a steady succession, an
-orderly phasing of major construction projects which depend
-on foresighted legislation and administration. These are
beyond the capacity of engineers. But properly managed,
Shri Pillai is sure, scrapers and draglines can build India’s main
_canals as well as larger embankments both faster and cheaper
than hcad-baskets.

In 1954 the all-India engineers’ seminar, meeting at Nangal
.on the Bhakra project, reached this recommendation:®

Jobs requiring leads of less than about 500 feet and lifts of less
-than 30 feet need not be mechanised unless the progress schedules
- make it impossible to use only manual labour.
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Om cost considerations alone, human libour might not be given
carrying distances as long as recommended here. But there are
other proper considerations — considerations of the sociul cost of
idle agricultural labour, for msmnce, in an area which is to benefit
by & cumal In any cvent, even the mechanized earthmovers
would agree that up to some peint hand work is mare efficient.

What should not be forgotten is the improvement in relative
economy of operation that machines have shown in 1 mere
decade. Their costs steadily decline under the enthusiastic
nianagement of some of India’s most enterprising engineers.
What of the costs of phewrah and headbasker: They inevitably
rise with the nsing claim upon standards of living. It seems
evident that the scope for manual carthmoving will depend
in the long run upon applying to it some of the ingenuity
which has lately been invested i huge machines, so thar
even unskilled workers can eam morte by producing more.
With simple improvements of tools and conveyance — the
wheelbarrow and  bullock-drawn scraper are suggestive —
India’s carth workers need not go the way of John Henry,

Not machines or men; machines for men is the lesson of
India’s own cnsl and dam building experience. That is an
attractive slogan. But in the Tungabhadma mechanical work-
shops it is also a very practical engineering method.

THE THICENESS OF A STHING

A War-surplus hangar at the base of Tungabhadra Dam
houses not only the project workshops, but India's firs
hydraulic gate factory.® When 1 walked in and met the mecha-
nical engincer who directed both, Shri G. Srirangachary, and
his assistane Shri Ahuja, they said at once, "If you want to find
out how we make things here, you must ger acquamted with
our shop foreman. He has the secret.’

There was no question about it: they had succceded in
manufacturing steel structures o large and intricate thac
India had always imported them before, They were making
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gates worth one erore of rupees for Tungabhadra alone,

Water pours through the base of Tungabhadra Dam into the
irtigation canals via sluiceways six feer wide and twelve foes
high. The sluices are closed by dropping into them, through
cighty-three feet of water (if the reservoir is full) ren-ton
steel gates. The pressure of the water againse each gate equals
enie hundred and ninety tons; under that weight the gate
must slide freely and close precisely. Shn Srirangachary’s
Ectory has already made the gates to do that job perfectly,
complete with the electric hoists to operate them, Rece
another dam in Madras received similar gates imported from
Germany, They cost twenty per cent more than the Tunga-
bhadra ots,

On the day of my visit the gate factory was completing the
trial crection in the shop of the first spillway gate. It dwarfed
the earlier accomplishments. The dam's thirty-three spillway
gates are twenty feet high by no less than sixty feet long —
fifty tons of steel. 1 asked Shri Srirangachary how the intricate
muss of steel could be moved to the crest of the dam for in-
stallation. We weld five-ton sections here,” he explained,
‘When we have moved them piccemeal on to the dam, they
have only to be riveted together through those holes you see
prepared. When 1 asked what margin of error was allowed
m the final dimensions of the sixty-foot gate, he answered,
"A quarter mch.”

Shei Eswariah, the shop foreman, came up, a man six feet
tall in a long khaki work coat, Americans would call his
face Lincolnesque; its look of self-respect reflected not status
but responsibility borne. Through the vast hangar, the four
of us followed the route of the steel beams and plates from
tailway wagon to spillway gate. We warched clectric saws
cut the stccl to length, hydraulic presses straighten them in a
so-ton squeeze. Shri Eswariah tumed on the oxyacetylene
toech of a ‘profile cutter,” and cut out the curved shape of a
comier brace from 3 stack of eight plats of three—cighth

B
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inch steel as easily as a tailor cuts his pattern. Every operation
on the steel was, in fact, done to a pattern; prearranged,
controlled. For welding, the ten or twenty-foot parts were
lowered gently by pillar cranes into precisely st blocks or
jigs' which would not permit misalignment. Every step
had to be cleulsted beforchand in relation to every other;
the right cranes to pick up the assemblage, the right capacity
in each machine, the right speed of each operation to prevent
delays in the next. The gates had, in a sense, been manu-
factured twice; once in the engineers' minds and on their
drawing boards, only then in the factory.

When I expressed this thought to Shri Srirangachary he
shook his head, “You have left out the crucial step,” he said.
We walked over to a miniature spillway gate, completely
fabricated upon a one-sixteenth scale ("one anna to the rupee,”
in the foreman’s words). "Here is the step you missed,” [
was. told, ‘Eswariah made this model. That's why he cn
make the gares.

*You asked about permissible tolerances We'll ask him.'
1 could not follow the Tamil interchange, but it was clear
that the foreman knew the strain each member had to bear,
how precisely its dimensions must be controlled. Tt was his
gate, too. One word interested me in Eswariah's explanation ;
e wsed it repeatedly in explaining the fitting of parts. Ir
sounded like .

You've hit upon the missing link,’ Shri Srirangachary
exclaimed when T asked what pul meant. "That's the way
Eswariah's spillway gate gets to the workmen who make ir.
To them, a mul still means what it always did to the village
mechanic — the thickness of 2 string. To Eswariah it means
one eighth inch, no more, no less. And thar is what it means
on the steel too, for the men measure their meks with our
calipers.”

I saw much clse in the factory, There was a blacksmith
who had spent a lifetime bending three-cighth-inch  steel
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into bullock-cart tires over 2 cowdung fire. Now the mild
steel he pulled from the forge was two and three-quarters inches
thick, but he applied the hammer in his familiar way, At
the end of two and a half days he had made the circular fim
of a heavy gear-wheel to drive the sluice-gate hoists,

There was the X-ray machine, so powerful thac it conld
penemmate two inches of steel, which inspected the crucial
welds for internal faws: It was the last severe check upon the
strength of the thirty-five miles of welds in the spillway
gates, a check so minute thar every welder recorded on a
card the number of inches he had welded with cach electrode,
The work had indeed been translated into the vocabulary
of the traditional crafts, but not by compromising its engi-
neering tegrity.

Bur the profound lesson of the Tungabhadma workshop is
the lesson of the mul. A nation which enters late into the
technological race of mankind sets our to cawch up by pre-
fiting from other nations’ trial and error. Bue it finds their
technology produced and communicated in a complex lan-
guage of irs own accessible only via the lingua franea of science,
Thar walls it off completely from the skills of folk artisins,
Both from his profession as a mechanical engineer and from
his deputation to Detroir, Shr Srrngachary had mastered
the concepts of the machine age. But he had come home
determined to reformulate them mto the concepts and the
processes of Indian workmen. When, in a Madras highway
equipment repair shop he discovered the sheer mechanical
intelligence of Shri Eswanah, a man who could write no
more than his name, he knew it could be done.

The mild stee] isclf was the common groimd between
engineer, foreman, and ex-village blacksmith. Its propertics
and potentialities they all knew in different contexts, and once
they began communicating in muls it was as though the blind
men groping at different parts of the elephant, had suddenly
been restored to sight. The habitual patience and dexterity
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of the artisan made good the shortcomings of the available
machines. The machines, in retum, muldplied his strength
and speed and accuracy so that he could make the things New
India needs. It was not an English or American or German
technology transplanted to India. It was not Indian handi-
work fighting a lost cause against the machines. It was some-
thing utterly new under the sun, a technology of Indian
arfisans using machines in ways especially designed for them.
The techniques were not always the latest, but the guiding
idea was the essence of technological rationalization: skills
and tools chosen to fit one another in the most cconomical
combination.

A great river development project can be taken up as a
way of bringing electricity, irrigadon, and flood protection
to the people as quickly and cheaply as possible. Or it may

taken up as a way of giving employment to labour. I
doubt whether either approach alone can ultimately sansfy
India. Tungabhadra Dam was built to deliver its benefits
as economically as posable through enlisting the fullest measure
of Indian abilities.



7
A RIVER TOO BIG

amaNapt means ‘Big River The name is not mis-

placed. In an average year seventy-four million acre feet
of water run down it to the Bay of Bengal. Except for the
Godavari, which is a little bigger, no other river south of the
Ganga approaches this size. And it is across the Mahanadi
alone of its greatest rivers, that India is building a mainstream
dam. That dam, Hirakud, is proportionately big. It is, for
mstance, sixteen miles from end o end — which must cer-
tainly be the world’s record length, Tn its first five years it
appeared, indeed, too big for the organization that was trying
to build it. What India leamed at Hirakud in those five years
can save a lor of wasted money and wasted water and wasted
confidence, upon the projects that lie ahead.

THE DECISION

Men have been wrestling with the Mahanadi for a long time,
The first trouble with the river is that it now and again collects
from the highlands of Madhya Pradesh and Omissa (sloping
south and east from the Maikal Range) more water than it
can carry. At Cuttack, which is the head of its coastal delea,
the river branches out into dozens of almost-flat channels which
meander lazly to the Bay of Bengal. But all of them put to-
gether can carry only three—quarters of the water thar pours
down the great rocky bed of the Mahanadi above Cuttack.
When the floods get to that bottleneck, they convere the whole
delta into a shallow muddy sea, deposit at random an inch or
ewo of sterile sand or fernlizing silt upon the level fields, drown
out roads, wells and villages and drain off lazily into the Bay.

Markat Kesari in the 8th century had the first success againse
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the river.! He protecred his citadel, now Cuteack, with 4 stone
rampart against Mahanadi floods, The wall was raised with
a two-fuot coping in 1927—the job was done almost overnight
when the citzens of Cuttack found the river lapping within
inches of the crest—but it has never been u'-rcm:-ppcd The
fundamental reason was that Markar Kesari's floodwall, like
a feudal casele in a disordered land, attempted only a tny island
of safety and left the rest of the delta to absorh the fury of the
floods. When in the Bntish period an attempt was made to
extend his defences a few miles, the river in 1848 broke
through. For the next hundred years the hisory of the
Mahanadi was thar of the Damodar. Gradually and
mcompletely, engineers realized that enly upstream storage of
the highest floods would bring the delta within human
power to protect. But the cost of storage on so great a river
was outside thie gﬂ\rcrnmmt s horizons, Nothing was done,

Meanwhile, the years 1865 and 1866 showed that Orissa had
two tragic water problems. The rice had still to flower in
September 1865 when the rains ceased. The crop never ma-
turcd.  Next year, the e on which famished villages were
waiting was drowned out by flood. In Cuttack Districe alone,
a million people dicd of starvanon. Sir Arthur Cotton had
comc to the delta four years earlier. He had launched a com-
bined scheme of irrigation and navigation canals, on the Knsh-
na-Godavari pattern. As with the Kumool-Coddapah canal,
he had to undertake works which were essentially safepuards
against famine through a commercial corporation, because
the government was not interested. And as in Ravalaseema,
the venture failed in business terms. After the famine, the
govemment ook over and finished the canals. But with Aoods
washing them out every fow years, and with sixty inches of
fain permitting a good autumn rice harvest except when the
monsoon failed, irrigation was neither well administwred nor
well received. In recent years less than half the project’s 400,000
acres have been receiving water.
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In 1937 a Congress ministry took office in the new province
of Orissa just as a high flood devastated the delta, Mahatma
Gandhi, appalled at the suffering, appealed to Sir M. Visves-
varaya to see what could be done® The great engineer’s report
was prophetic, Reservoirs alone, he said, could check floods
and they held the answer to drought as well. Unfortunately,
at the moment when there was the will to ace, lesser engineers
fell into controversy over the detils of so bold a plan as dam-
ming the Mahavadi.

It took still another flood to bring forth a project for the
big river. News of the 1044 flood reached the Orissa Congress
leader, Hare Krushna Mahtab, in Ahmednagar jail. He knew
also of the plans being discussed to hamess floods on the neatby
Damodar and his vision of what could be done with Orissa’s
greatest resource—and problem—came clearly into focus.
From jail e sent a request to Dr, B. R. Ambedkar; the Govern-
ment of India Minister who had charge of such matters, to
take up the Mahanadi along with the Damodar. Again, the
idea had Mahatma Gandhi's blessing. In November 1945
Dr. Ambedkar called a meeting in Currack to see what sort
of hamess might be put on the Mahanadi. The head of the
Central Waterways, Irmgation and Navigation Commission,
Shri-A. N, Khosla, had alrcady reconnoitred the river. He said
that three damsites merited detiled investigation. One was
at Naraj, where the river broke through the last range of hills
above Cuttack. A second was Tikarpara, where the river
could be backed up in a deep and narrow gorge by a high dam.
The third was Hirakud, nine miles upstream from the town of
Sambalpur, Of the three, Tikarpara promised the cheapest
storage and the greatest head of water for hydro—clectricity,
But it was flady rejected by the rulers of the tiny native states
along the Mahanadi who attended the meeting, Tes reservoir
would have flooded the semi-feudal state of Athmallik, and
drowned its capital In 1945, that was a fatal obstacle. The
mecting produced agreement that the Central Waterways,
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Irrigation and Navigation Commission would investigate all
three sites, but thenceforth attention focussed on Hirakud for
initial construction.

Hare Krushna Mahtab was released from jail in 1946. He
found opposition gathering even to the Hirakud damsite. The
landlord heads of the villages to be submerged by the reservoir
—gountias they are called in Orissa—banded together to block
the project. It was not only the taking of their reservoir lands
that these short-sighted spokesmen of the Old India resented.
It was the abundant employment and relatively high wages
which dam construction would offer the cultivators, hitherto
held as serfs to their lands for want of other work. Dimly, too,
some of them realized that the coming of irrigation to Sambal-
pur District would end the dependence of cultivators upon
their usurious loans in times of famine. The hold of the gountias
upon rural Sambalpur had never been challenged. Shri
Mahtab’s campaign for Hirakud created a tempest within the
Congress Party. The Party’s Sambalpur leader resigned and
joined the opposition. Mass meetings at which Shri Mahtab
defended the dam were always turbulent and sometimes vio-
lent. But in 1947 he won the approval of the Orissa legislature
to a resolution asking the Government of India to build Hira-
kud Project. The way was open for the engineers.

PLANNER AND PLAN

The personality of A. N. Khosla is indelibly imprinted on
the Hirakud project. Twenty-eight years of his professional
career he had spent upon the greatest irrigation works in the
world, the barrages and canals of the Indus tributaries in un-
divided Punjab. As a designer he knew more than any man
alive about how low dams or headworks could be built upon
foundations of sand. Thus, in the North he had carried the
lesson Sir Arthur Cotton learned from the Grand Anicut in
the South to the stage of an applied science. But he was also
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a builder. At the confluence of the Chenab and the Jhelum the
Emerson Barrage had been designed to be constructed in four
years. Shri Khosla got it built in two.

Shri Khosla’s contacts, like his reputation, were worldwide.
From America he drew the conception of rivers controlled
from headwaters to mouth by multiple-purpose reservoirs.
Perhaps from America, too, he caught the vision of a single
national agency in which would be concentrated the design
and the building of the biggest river developments in his
country. That agency would be the Central Waterways, Irri-
gation and Navigation Commission, CWINC, which he
chaired. In any event the general consciousness after the War
of the need to plan rivers as units and of the need to fit all the
projects into one co-ordinated plan for the economic regenera-
tion of India offered comprehensive responsibility to the man
who would receive it. Shri Khosla did. CWINC had been
asked by Orissa to survey the Mahanadi, and Shri Khosla was
ready also to take in hand the construction of the huge dam.
It would demonstrate what CWINC could do. He chose
carefully the words with which he asked Prime Minister Nehru
to lay the first mixerful of concrete in the foundation trench
of Hirakud Dam:

- - » you will be laying the foundation of the development of the
entire Mahanadi Valley—nay more than that—you will be layi
the foundation of the rapid and progressive development Ogntl;l%
many other valleys in India for the conservation and utilisation of
their water resources.

Shri Khosla’s plan for the Mahanadi was ready in June 1947,
thirteen months after his agency undertook detailed investiga-
tion.? It called for damming the river eventually at all three
points in Orissa where dams were possible—Naraj, Tikarpara,
and Hirakud. At each dam would be irrigation canals and
hydro—clectric plant. But Hirakud would be built first, and
Hirakud would be a tremendous project. Of its sixteen mile
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dam, three miles would be across the riverbed; thirteen miles
of dykes would be required to close the gap in the surrounding
hills. For the site at Hirakud, in contrast to Tikarpara, unfor-
tunately is no narrow gorge. The reservoir would hold six
million acre feet: two Tungabhadras, or all the storage Mr.
Voorduin planned on the Damodar plus Krishnaraja Sagar.
Canals taking off from the reservoir would irrigate a million
acres, six lakhs by gravity flow, and more than four lakhs from
higher canals into which the water would be lifted by electric
pumps. Generators at the dam itself, and at an auxiliary plant
taking advantage of the further fall of the Mahanadi fourteen
miles downstream from the dam, could ultimately produce
321,000 kilowatts of power. It was considerably more than

the D.V.C.’s total hydro-electric capacity.
- That wasnotall. ShriKhosla saw in the Mahanadi an answer
to the crying need of underdeveloped Orissa: transportation.
From Sambalpur to Cuttack is 206 miles by river. There is no
railway, except the incredibly circuitous route of 532 miles
going around the northern boundary of the state. Hirakud, in
operation, would keep the Mahanadi flowing with 8,000 cusecs
of water, even in the dry month of April. Shri Khosla pro-
posed 2 navigable waterway the whole distance from Madhya
Pradesh, above the Hirakud reservoir, 380 miles down to the
Bay of Bengal. At the Bay end, there would be a great ocean
port, designed to handle half Calcutta’s pre-War commerce.
True, the intervening rocks and rapids of the Mahanadi’s bed
would interpose an obstacle. They would be removed by
blasting. All this meant that Hirakud would have to incorpo-
rate locks, for passing boats up to its reservoir. The channel
connecting the auxiliary power plant to the main dam would
form a link in the waterway; it would accordingly be
equipped with locks at its upper and lower ends.?

Like Mr. Voorduin, Shri Khosla offered a cost figure for
Hirakud before designs had been drawn. It was forty-eight

Crores.
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THE CHARTER

A project so sweeping, upon a river of the Mahanadi’s size,
would have presented a real challenge to the most experienced
public works department in India. But Orissa was a new state
which had never built even modest canals and embankments.
Shri Mahtab recognized his state’s inability to build the dam.
But when the Government of India hesitated at taking on the
financial commitment of so long-termed a project, he had the
courage of his convictions. ‘Orissa asks for no gift from the
Centre,” he told the ministers in Delhi. ‘Give us a loan; we
have faith that the power and irrigation returns will enable us
to pay it back.” So it was arranged in an agreement entered
between the two governments on the basis of which the
Hirakud project was undertaken.® The agreement is however,
vague at some vital points. What about the expense of flood
protection: The Central Government did not undertake to
make a grant for this purpose. But neither did Orissa clearly
commit herself to pay back the flood storage cost unless, as
was then hoped, the income from power and irrigation should
suffice to cover it.

As to the construction of the project, there was some division
of responsibility in the agreement. Construction ‘will be under
the CWINC and will have a Chief Engineer at its head with
such other staff as the Government of India may from time to
time sanction.” Designs would be drawn by a central designs
organization of CWINC. Hirakud would be one of many
projects with which this organization would have to deal. But
land acquisition, resettlement of people displaced by the reser-
voir and canals and development of the use of electricity and
water would be Orissa’s responsibility. Co-ordination with
the construction activities would be by a development board
on which the chief minister of Orissa and the chairman of
CWINC would sit.

Because Orissa, as the final owner of the project, had a vital
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interest in the economy of construction, there was also a board
to allot work to contractors. Its four members were the chief
minister of Orissa, the chairman of CWINC, Hirakud’s chief
engineer and financial adviser.

Diffusion, rather than clear location of authority and respon-
sibility characterised the agreement. But there was an even
more important point. The agreement was not law. It was
not debated in the legislature of Orissa and the national Parlia-
ment, and it was not therefore a commitment of public opinion
as to the lasting roles of the two governments, or the distribu-
tion of the cost burden among the various beneficiaries.

THE BRIDGE®

The whole length of the Mahanadi in Orissa is crossed by a
single bridge—the one at Cuttack. One of the requirements of
building a dam in the wilderness above Sambalpur was to
secure an all-weather crossing to permit heavy equipment to
be moved between the two ends of the dam and to link the
right end with the railhead at Sambalpur. CWINC therefore
proposed a bridge at Sambalpur. It had the advantage of serv-
ing the future requirements of the national railway expansion
and of the planned national highway between Calcutta and
Bombay. But to get it ready fast, CWINC undertook to build
it rather than to leave it to the experienced railway or highway
departments. The foundation was laid in November 1948.
The order that came from Shri Khosla in Delhi was drastic:
build it before the rains of 1949.

The job was to raise twenty-four piers from the rocky bed
of the Mahanadi, to link them with concrete girders each one
hundred feet long and to lay a concrete roadway on top. In
the emergency of a single season schedule, the superintending
engineer of the bridge hired an army of labour and paid them
on the basis of a daily muster. Five hundred labourers, in one

ase, were supposed to report cach morming toa single foreman.
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It was impossible to keep a foolproof check of attendance. In
March and April 1949, when the weather was hottest and the
pressure of work most intense, cholera broke out. The labour-
ers quit. Desperate, the project engineers let a contract for the
labour of placing the concrete to a Delhi contractor without
competition or even submission of a tender. He was allowed
the cost of transporting labour from Delhi and even Pathankot,
and the rates of pay on which his contract was based were not
the local rates of Rs. 1-4-0 to 1-8-0, but 2-8-0 or 2-12-0 per
man per day. The extra cost to the project was Rs. 2,72,000.

The usual way to put up concrete bridge girders was via
temporary centring supported from the riverbed. The superin-
tending engineer felt there was not time. So he bought from
the military authorities the Army’s device for building bridges
under combat conditions—Hamilton girders. These are heavy
fabricated steel spans, shipped knocked-down. Bolted toge-
ther, they have stiffness enough to be shoved out horizontally
from the abutment across the waiting piers a hundred feet
apart without support from below. The idea was ingenious;
but nobody at Hirakud knew how to place Hamilton girders,
nor how to pour the permanent concrete girders from them
when once they were in place. After the steel spans had pain-
fully been pushed across six spans, the idea began to seem im-
practical. By that time the Hamilton girder plan had cost
Rs. 6,09,000.

An executive engineer engaged on the bridge had another
bright idea. He had once used an overhead cableway, he said,
from which to pour concrete spans. So a cableway was bought
for Rs. 30,000. But he got it up no faster than the Hamilton
girders, and when it was erected it proved too weak to do the

_job.

By the middle of 1949, it became evident enough that the
Hirakud engineers had failed to meet an impossible target.
They fell back, therefore, on the slower conventional means
-of bridge building, and built up timber supports from the bed
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of the river to support the concrete forms. By the high water
of 1930, they finished this work, and in August the bridge was
done.

Designs and estimates, meanwhile, got sanctioned only two
months before the work was over. But the intercsting sequel
was that estimates approved in June 1950 were overrun more
than fifty per cent by the work completed in August 1950,
Some years later, an emiment outside engineer and accountant
appointed to appraise the work on the Mahanadi bridge con-
cluded that of the Rs. 68 lakhs the bridge cost, 13 lakhs were
wasted by errors of judgment, bad management, madequate
control over expenditure, and leakage of government money.
All the evils stemmed however, from one basic cause. The
meni i Delhi made demands beyond the abilities of the men
they had stationed at Hirakud,

EQUIFMENT
To build Hirakud amounts of materials had to be placed
which were unheard of in India: twenty-four million cubic
yards of earth (six Maithons) plus one and a half million of
masonry (one-third more than Tungabhadr). CWINC
decided that such a huge job would have to be mechanized,
but in 1948 mechanized dam building was new to India. Sud-
denly, a providential opportunity appeared to get the machines
at bargain rates from militry disposals. The povernment
ditector of disposals, anxious to wind up his operations, offered
vast quantities of military construction equipment at twenty
per cent of its value, if it were taken before the end of 1949.
After that it would be put up for auction to private purchasers,
CWINC could not let the bargain pass. Abour hve crores
worth of material was bought in 1949 and dumped at Hirakud.
The sheds to store it in were also boughr from disposals and
they did not arrive untl after the stores, so the material by
piled in the open for many months.
It is impossible for one who has not scen it to picture the
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vast miscellany of material in the Hirakud stockpile. Bull-
dozers were there, and binoculars; short wave radios and land-
ing mats. When the stock was finally taken, 60,000 separate
items were found. But that was in 1952. For Hirakud’s first
four years, nobody knew for sure what stores were in that
enormous dump.

The chief engineer tried belatedly to find out. He asked for
a special stores division to inventory and book the material
from disposals. Neither the Finance Ministry representative,
nor his own ministry in Delhi, approved the extra staff. He
could perhaps have hired accountants by some other arrange-
ment, but he did not press the point. By 1953, with the dam
half built, half of the 60,000 items had still to be priced. Here
Wwas an open invitation to waste the material in stock, or even
to let it get out of government hands. Effective check on the
cost of the dam became impossible.

On the right bank of the Mahanadi River stands a high steel
octagon, supported above a complex structure of cement bins
and endless belt conveyors. It is an automatic plant for weigh-
ing out the crushed rock, sand, and cement that makes concrete
and mixing it with just the right proportion of water. Engi-
neers call it a ‘batching plant.” When it was installed, this one
happened to be the largest in all Asia: it can mix 60,000 cubic
feet (2,222 cubic yards) of concrete in two shifts. But this
great machine, which cost twelve lakhs of rupees, can work
only at half capacity. The trouble is that the stone-crusher
which starts material moving up the endless belts to the batch-
ing plant can only crush stone for 20,000 cubic feet a day—one
third the batching plant capacity. Hirakud engineers have
supplemented that as best they can. By feeding on to the end-
less belt all the extra stone they can get from a battery
of portable hand-fed crushers, they keep the batching
plant running half the time, instead of one third. But that

will not keep up the original schedule at the original
estimated cost.
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I tried to find our why the stone crusher has become such
a serious: bottleneck. The reason is simple. It s the wrong
kind of crusher. It steel jaws could break limestone without
too rapid wear. Hirakud's granite cars them away so fst that
the machine spends half its time under repair. Hirakud needs a
rotary type of crusher. In Europe or America, one could be
installed in 2 few months® But importation of a new machine
to India would take years. Some mexperienced engineer in the
carly days of planning Hirakud saved some dollars by ordering
that inadequate crusher. It was a costly bargain.

What is true of the crusher is true of much of the heavy
cquipment ordered to build Fiirakod. The great steel arms
*booms” on the cranes cannot drop the conerete buckets into
all parts of the forms, Coolies pick up the contents of the
buckets from beneath the cranes and carry it by headbasket to
the outer édges of the dam and power house. The double hand-
ling costs money, and it needlessly disturbs the wet concrete.
But the cranes got from disposals happened o have booms of
seventy-five or cighty feet instead of one hundred-twenty and
no tracks were designed to get them nearer the work.

I jute bags, cement costs Hirakud Rs. 4-8-0. Transported
in bulk and pumped direct from goods wagens into the cement
bns, it now costs 4~4-0; in 1952 the project autharities thought
they could save much more, one rupee a bag, by buying in
bulk. But such is the arithmetic of giant dams that even
four annas a bag saves Rs. 12 lakhs over the entire job of
concreting, Moreover, the machinery for handling cement
in bulk was at the project; it was not in good enough repair
to be dependable. In 1954, Hirakud still used bagged cement.

DESIGNS

Wark got well underway av Hirakud in 1949. Two years

later, in 1951, detailed designs were preparcd. This & not

necesarily  wrong, Advance designs are desirable, but

there are rivers upon which building dams concurrendy with
)
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preparing designs, and thus saving a year or two in completing
construction, may be more desirable still. But beginning
Hirakud before designing it placed the full strain of planning
upon the judgment and foresight of the men in charge. They
were asked to begin without designs, a sort of dam they had
never built before, and to do it by novel mechanized methods.
That is why mistakes were made. *

There was of course, another danger in delayed designs. It
made it impossible to estimate the cost of a particular feature
of the dam before it was begun. That precluded supervision
upon the economy of construction by any one except the
executive engineer doing the building.

Designs and estimates were held up for a number of reasons.
CWINC contracted with an American firm, International
Engineering Corporation, to design the dam. But the drawings
supplied by that corporation were not detailed enough to work
from. CWINC, undertaking the preparation of working
drawings, had to recruit a new staff in a market where ex-
perienced designers and draftsmen were, if available at all, held
on to by their own state public works departments. But the
root cause of delay was the split in responsibility which made a
chief engineer at Hirakud responsible for building to sound
designs and estimates which he had no power to procure: for
drawing the designs was the work of the CWINC in Delhi.

The best evidence that dual responsibility was at fault came
in 1951. Shri Kanwar Sain was in that year made chief engi-
neer, in addition to his work as head of designs for CWINC.
By the end of the year, designs for the dam itself were ready.

CORRUPTION’
There was corruption during the first three years at Hirakud.

Every newspaper reader knows one or two of the incidents.
There was the executive engineer who bought from Punjab
14,000 deodar sleepers, and paid 25 per cent extra for them,
though they were not of selected grade. The Inspector-General
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of Forests called it a “sharp sale’. There was the superintending
engineer who hired bullocks from Punjab to pull sheepsfoot
rollers to pack down the earth of the right-hand dike at Hira-
kud. One of the suppliers happened to be a relative and some
of the bullocks turned out on arrival at the project to be she-
buffaloes capable of supplying milk to the establishment: they
did not prove capable of pulling the rollers. Questioned about
the transaction by the Public Accounts Committee of Parlia-
ment, the superintending engineer tried to cover up the deal.
These were the most fascinating cases of misconduct. There
were others in which more government money was lost,
though they were undramatic. Project petrol, for instance,
found its way unpaid into the vehicles of contractors. Probably
few officials of high rank at the project took part in the misuse
of government money and stores. But the moral atmosphere

at Hirakud was tainted.

GRANDIOSE COMMITMENTS

It was natural that a plan for one of India’s least developed
regions formulated in the year of Independence should be
ambitious. The 1945 plan for the Damodar likewise turned
out to be more than the nation proved able to undertake. At
Hirakud, the difference was that work was done at once on
some of the least considered and most questionable features of
the project. There were good reasons at the time, but there
was neither the foresight to see that the reasons might pass
nor the deliberate facing of the political decision as to the scope
of the project which stable plans require.

The 1947 plan called for a large canal leading from the main
Hirakud Dam to a subsidiary dam one hundred and twenty
feet high. The arrangement had two purposes; to generate
additional electricity by dropping the water a second time
below the main dam, end to permit navigation by carrying
boats through locks in the main dam down the canal through
a second set of locks 14 miles below. This would by-pass some
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of the Mahanadi's worst rapids. Work was rushed ahead on
these features. One reason was that electricity from the sub-
sidiary dam would involve a slightly lower investment; anc-
ther, perhaps that the smaller project would traim men for the
greater. The canal and foundations for the subsidiary dam
were dug. The bridge over the Mahanadi was followed by a
sccond bridge, high enough for boats w pass below i, over the
future navigation-power canal. Two hydro-clectric turbines
were ordered and delivered for the subsidiary power plant.

Ar this peint, in December 1951, the Planning Comumuis-
sion considering that the country needed irrigation more
urgently than electricity, suspended work on the whole
subsidiary power scheme. Its two turbines were shified to
the main dam. But they were built to operate under a comstant
head of 77 fect of water: since the depth at the main dam
varics up to 115 feet, they sacnifice some efficiency.

The navigable waterway clear across Orissa meanwhile
dropped quictly from the picture. That fundamental change
in policy (o0 more debated and legislated publicly than was
the 1947 plan) opened the way, as we shall see. to a more
realistic design for the subsidiary power plant.

REACTION

In 1951 malpractices began to come to light in the auditors’
reports. In addition, the chief engineer proved unable to exact
obedience from his engineering subordmates and CWINC
would not back up his request to discipline them, The chief
engineer was removed and Shri Kanwar Sain, who was
alteady m charge of Hiraknd designs as member for
designs of the CWINC, ook on the added, and thankless,
duty of chief engineer.

In 19352 a subcommuittee of the Public Accounts Committee
made a searching invesngation, They found trouble with the
bridge, the bullocks and the seepers. The indignation in
Parliament, i the press, and in the minds of leaders of public
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opinion was instant and sharp, India is not one of those
countries calloused to negligent or dishonest handling of
public money by officers of her higher services. The exe-
cutive engineer in charge of stores at Hirakud was dismissed.
The superintending engineer responsible for the hire of
bullocks was put under investigation for possible criminal
action. From: that time on, every Hirakud officer who may
have been guilty of malfeasance could expect to be brought
to book. By the end of 1953, not a trace of the old atmosphere
of moral cynicism remained at the project.

The reaction reached deeper than the punishment of indi-
vidual miscreants. It seemed to Parliament that all the wouble
stemmed from the atempt to build the dam from Delhi
The Public Accounts Commiteee found a fundamental defect
in Shri Khosla's triple role. He had the most important single
voice in the Board which dirccted construction: he chaired
the contral enginecring organization responsible for planning
and designing Hirakud {along with other projects); finally,
as additional secretary m the rcspmmhlc central ministry,
he had power in sanctioning and appointing men for these
activitics. Thus for Hirakud he was somethng of builder,
designer and supervisor, vet all three roles had to share lus
time with the planning of other river valley projects, and with
the interational engineering organizations he helped lead
‘Nothing could be more unsatsfactory,” concluded the Public
Accounts Commirtiee, ‘than the combination of all these
functions and imposition of them in one officer.” The govem=
ment agreed, and made the Central Water and Power Com-
mission, mto which Shn Khosla's CWINC had been trans-
formed, a body of technical consultants, and ook away the
chairman's administrative tole, Shri Khosls, whose health
broke under strain and criticism, retired. Hirakud had proved
the undoing of a man of great personal ability who tied to
do too much. The Mahanadi was too big, not for Shri Khosla,
but for Shri Khosla part time and far away.
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The government did not follow the Public Accounts Com-
mittee’s second recommendation to appoint ‘a high level all-
round Administrator of the widest experience and ability in
entire charge of the Project.” The concept that responsibility
to build should be unified and fixed and the concept that it
should be distributed, so that several officials could watch
against misdeeds, remained unreconciled. On the latter theory,
the government kept its faith in a Hirakud Control Board,
bigger in membership and power than the old contract board.
Orissa’s chief minister remained chairman, but there were
new members from Orissa (finance secretary and the commis-
sioner or administrator of the northern division of the state),
and from the Central Government (secretaries of finance and
irrigation and power). But the government also took a step
which insured, in practice, a powerful trend toward unified
responsibility. In June 1953, Shri M. S. Thirumale Iyengar
was brought north from Tungabhadra to become Hirakud’s
chief engineer.

As usual, the furore over waste and corruption at Hirakud
came to a head while the physical work on the project was
beginning to make real progress. Many sections of the dam
had all along been under the direction of able and incorruptible
engineers. To take only one example, there was Shri N. K.
Agrawal, executive engineer in charge of the left spillway
section. An honours graduate of Roorkee, the had post-
graduate engineering at Columbia University and an appren-
ticeship in the U. P. PublicWorks Department. By the 1953
monsoon he had his block of the dam paved, with abutments
built on both sides, to pass safely 2 high Mahanadi flood.
The output of such sections was handicapped by poor equip-
ment and by the deterioration in governmental confidence
in the project generally. But under Kanwar Sain’s direction
in the working seasons 1951-2 and 1952-3 such men got the
foundation exposed, and but for a nasty rift in the bedrock
on the powerhouse side, got it covered with concrete. They
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filled in the valley traversed by the huge carth dam, and got
half the left dikes done, It was unspectacular work, most of
it buried underground. But it brought the sprawling project

to a stage where the dynamism of a new chief engineer could
make irself visible,
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OPERATION HIRAKUD

FreRr Shri M, S, Thirumale Iyengar had been at Hirakud for

a few months, the new order began to irritate some of the
‘contractors —men without previous construction experience
who worked groups of coolies on the job, hired out their
lorries, or supplied small quantities of local materials. In the
good old days they had known how to divert govemment
petrol into their vehicles, and to get petry contracs without
being capable of the high-speed constructon the project
required. Those days were gone. Soon scrawled signs began
to appear on the walls of Hiraknd buildings: 'Go back,
M.S.T." Anonymous threats came to the new chief enginecr
by mail, the burden of which was that an oussider might not
be nally safein the wilds of Orissa. After the war ol nerves
hlmpmd a few weeks, one of the contractors called on
the chief engineer, told him he had seen the ‘unfornmare’ signs,
and hoped, in an unctuous manner, thar the chief engineer
was not concerned abour them.

Shri Thirumale is not 2 ll man, but he has 3 formidakle
bulk about the shoulders, and ar times Like this, his eyes ke
on a fury glint. ‘T was finding Hiraknd a bit dull until these
threats bcg:m.' he told the contractor. ‘Now it's getting inter—
esting. | have made up my mind to stick.” The threats stopped
coming after that visit,

BATTLE PLAN

After he ook charge of Hirakud Project on 7 June 1953,
Shri Thirumale lyengar came to refer to his charge as ‘Opera-
tion Hirakud," Iris cerminly e chat he mapped out a plan of

campaign with 35 rigorous an assessment of the requirements
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of the situation, and of his forces” capabilities, as ever a field
general did on the eve of an artack.

A dam is earth and rock, sclected, moved, and packed or
cemented into place. The plan for ‘Operation  Hirakud'
started, therefore with what the military men call ‘logisties”.
Hirakud rock comes out of a hill of granite, Lakshini Dumngri.
When he came to the project, Shri Thirumale Iyengar found
200 tons a day being quarricd. The existing construction target
called for 5,000 tons. The jackhammets, power shovels and
other equipment tequired to reach this outpur were not on
hand. Moving 5,000 tons of rock to the crushing and mixing
plant would keep 300 railway wagons busy night and day;
there were bue 200 wagons for all the project’s needs, Beyond
thar point, the defective crushing machinery and chronic break-
downs in the batching plants stood as further bottlenccks.
The chicf engincer set his sights realistically: 3,000 tons of
rock a day for the next three working scasons. It was stll
tenfold the previous outpur,

But Sh Thirumale lyengar was nor content to limit con-
structon to the capacity of the quarrying and crushing equip-
ment, Fle gave rein to an independent operation—masonry
construction. Using their own quarry, and making no. de-
mands on the crushing and batching machinery, the masonry
crews could step up their operations enough to take over part
of the dam that had been designed for concrete. It gave his
plan of campaign fexibility, a- deficiency in- the mechanized
sector dependent on equipment from overseas.

There was one other bottleneck, designs for the
works of the main irfigation canal: stmple falls, bridges, and
siphons. They were being drawn in Delhi, months after they
were needed. Furthermore, designs made at Hirakud, adapred
to the local materials discovered along the route of the canal,
and demanding only the available types of labour or equip-
ment, could save construction cost. Az Delhd, the headquarrers
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staff work had got too far from the field command; a canals
design organization was opened at Hirakud itself.

Having drawn up his battle plan, the new chief engineer
took a fresh look at the ultimate strategy of exploiting the
Mahanadi. Below Hirakud Dam, the rapids of the river offered.
much potential hydro-clectric energy. Shri Thirumale Iyengar,
renouncing the grandiose plan of navigation, could propose a
much more economical scheme for power. Instead of the
costly auxiliary dam, he designed simple pressure pipes to lead
the water down from the end of the power canal to the turbines.
at river level. The power canal already dug would not be
wasted. But at less cost than the old plan, this scheme would
provide 72,000 kilowatts of firm power instead of $7,000. It
would be one of the cheapest power projects in India, and
Orissa’s booming new industries of paper, cement, ferro—
manganese and aluminium, promised to require the power. It
promised, in short, to give a new lease of life to the auxiliary
power plant which for three years had been suspended.

ALLIES

In the popular notion, the general is 2 man who tries to
arrogate power to himself. The new chief engineer, once his
construction plan was drawn, quickly demonstrated how much
he differed from the stereotype. For every operation on the
dam that could be managed separately, he invited tenders from
private contractors. He made one stipulation—those who bid
must be experienced in doing big jobs fast; they must have
Jdeir own qualified engineering organizations. What he
wanted to do was to break through the bottleneck of
managerial decisions in his own organization. The response to
his invitations was heartening. Verma and Ranade, Bombay,
undertook to operate the entire Lakshmi Dungri quarry,
transport the stone, crush it, and deliver it to the bins in the
batching plant. The arrangement, at a single stroke, added
to the project organization a going concern of drillers,
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mechanics, welders, electricians, and  shove all, tested

SUPEIVISOrs.

On the powcrhouse section of the right end of the dam,
where the Egn‘lmcck of the cancreting equipment was being
by-passed by building with stone maseonry, another ser of new
contractors went to work., One of them, Sho Lal Chand Kalra,
was a Sindhi colliery operator. He came wo Hirakud with 4o
Punjabi coolies and plenty of capacity to command, When 1
talked to him in 1953 he had a hundred masons and
400 labourers at work on the dam. More workmen were in
his own quarry, supplying all his raw materials save mortar.
The contractor on the adjoining sections was a leading firm
&omSeuﬁ[udu,GannﬂnmdDunka:ﬂ}' They had been
able to bring to Hirakud, intace, an organizaton assembled,
complete from stonecutters to engineers, at Tungabhadra.
Cotmbatore and Salem stone workers were brought to Hira-
kud that way without expensive recruitment by the govern-
ment,

I told the executive eigineer directing the Gannon and
Dunkerly masonry work that T thought the pace set by their
workmen was a fast one. He was unimpressed. “The chief
engineer believes we can bring this section up rwice this fast,”
he remarked. “What he wanss on a job is action.”

The practice of giving full scope to able contractors was
not an innovation at Firakud, On the great six-mile dike,
closing a valley to the right of the river through which the
reservoir would otherwise escape;, Kalinga Construction
Company already had its own earthmoving machinery work-
mg full blase. Sho Thirumale Iyengar's new tactic was to
carve out a number of such assignments, make it clear to all
contractors that they must have engineering competence in
order to qualify (irrespousible firms bidding low would not
get the jobs and then forfeit their security after a year of failure)
and then accept the low tender. On the main dam, the new
tactic put top-notch contractors alongside construction
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divisions of the project itself. The competition was all to the
good.

DISCIPLINE

The layman may imagine that what a new chief engineer
does, when he comes to a job where indiscipline had become
chronic, is to get rid of the old leadership and install his own.
It is not so simple. It was not easy to determine, in the first
place, how much of the laxity was in the atmosphere, how
much was in the character of particular officers and super-
visors. Good new men would not, under Hirakud condi-
tions, be had in less than a year. Moreover, the disruption
involved in replacements was a cost to be set off against the
inertia of the old organization.

Shri Thirumale Iyengar kept most of the old executive and
superintending engineers. To those who proved capable of
taking on extra work, he gave it in abundance. They began -
working through two shifts as a reward for their ability and
zeal. For the rest, it was a question of infusing new standards
of performance into the daily habits of 10,000 men by the
relentless drive of a few determined engineers.

First-line supervisors began to learn that if they could not
get fast, waste-free work out of their crews, the chief engineer
could. The test case was the earthmoving operation. Ope-
rators, many of them of little experience, had successfully
defied past attempts to enforce reasonable care of the earth-
moving equipment. The big tractors, bulldozers, dumpers
and scrapers were the vital organs of the project: they cost a
lakh or more apiece, and they could not be replaced at any
price in time to finish the dam. Yet in May 1953, the log
books showed that 40 per cent of the machineson an average
day were completely out of action; another 24 per cent had to
have repairs before completing their scheduled two shifts.
All the difficulties experienced at Maithon contributed to the
‘sickness’, but in addition was this problem of neglectful
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driving. Within a month of the new chief engineer’s arrival,
he had his chance to break the habit. Word came to him that
a bulldozer operator had driven his machine, blade upraised,
into the rear of a parked earthmover. The blade slashed
through the rear tires of the forward machine. Those giant
tires cost Rs. 4,500 apiece. But the supervisor on the spot was
afraid to punish this case of apparently wanton destruction.
He believed the whole shift of equipment operators would
quit work if he did. The chief engineer went straight to the
work site. He climbed on to the frame of a machine and
summoned the operators around him. He explained to them
what one man’s careless driving had cost the project. And he
demanded to know whether any eyewitness of the incident
saw any excuse for it. None did. Thereupon, he dismissed
the guilty operator. There were fewer ‘accidents’ of that type
from then on.

But the drive against slipshod maintenance and operation
of the irreplaceable machines could never let up. One after-
noon while I was at Hirakud, the chief engineer defied a
temporary illness to station himself in the middle of the three-
mile haul road along which clay is carried to the main earth
dam in 14-cubic-yard dumpers. Waving down each machine
he climbed aboard, made a quick check of the maintenance,
and sent the driver on with a warning to tighten a few nuts
here, or see to greasing there. One unfortunate operator
came up at 35 miles an hour with oil dripping from the crank-
case of his grader. Upkeep of his machine turned out to be
so consistently and unpardonably negligent that it led to the
dismissal of the field maintenance supervisor responsible.

Building Hirakud was not a matter of giving orders. It
was following orders relentlessly to the ultimate executor,
and seeing that they became action. In 1954, that relentless
check-up began to improve output in the earthmoving section.
By the end of March, when I visited the project, earth placed
in the five and a half months of the current working season
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had exceeded the previous season’s eight months’ towal,

Tightening up the Hirakud organization so that orders
would be obeyed and deadlimes met was not a popuilar process.
“Two facts created a bond between the commander and the
men: he worked as hard as he insisted chey do. And they
gradually began to sense that it was not a chicf engimeer dnving
them: it was a construction schedule. A friend of mine from
the Secretariat in Delhi, visiting the project, once asked Shr
“Thirumale Iyengar why he mamtained an atmosphere of such
wnrelieved discipline n dealing with his subordinares. “You
‘will have the answer to your question,” came the reply, ‘when
the water flows in the Hirakud canals.”

LEADING STRINGS!

In 1954, Hirakud hummed with acovicy. Everyone was
about his business, confident that the others an whose work
he depended would keep pace. But the turpets ahesd were
difficulr, and the unforeseen hazards which are the loc of dam
«construction schedules might make them impossible. There
was one incxplicable handicap imposed on the dam builders
Their work was made about 25 per cent harder than it need
to have been by the leading strings in which they were kepe
by their pwn government.

Take the martter of purchasing, The chief engineer had
mormally to make his big purchases (over Rs. 40,000 for the
whole order) through the Central Govemment's purchasing
agency in Delli. That took an average of six mouths. If a
-machine lay wainng for expensive spare parts, that delay would
be nsufferable. So i January, 1954, the chief engincer won
from the Hirakud Control Board and the ministry a new
power. He could buy cven costly spares direct from the sup-
plier; provided there was an emergency. Bur ths still lefe hin
with two severe handicaps. The emergency purchase nuust
be at the Central Government's standard fates. Equipment
«dealers would not tske spares off theis shelves withour a
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preminm—20 per cent if the item would rake six months o
import, 15 per cent if it would take three months, etc, The
central purchasing agent would approve paying the premium,
but only if it were the lowest available—that took several
moriths to find out. It was a perfectly reasonable requirement
m general. But idle machines at Hirakud cost a grear deal
more than the premium on spares. The chief engineer needed
the right to substitute another reasonable rule, which would
fit construction requirements. The project would pay the
supplier the standard price on delivery. He could wait to be
paid his premium until the central purchasing agent found our
whether it was the lowest available price. Bue this was a
power the chief engineer did not yet have.

Or ke the martter of getting qualified construction engri-
neers to direct divisions or subdivisions ar the dam. There
were: two ways the chief engmeer could do it. One was by
requesting the mimistry in Delhi to ask the Union Public
Service Commussion to hold an examination. The second was
to ask the ministry to permic a temporary selection or pro-
motion until the Public Service Commission supplicd their
nomination. The first #s illustrated by the case of the safety
engineer who had just reporeed for duty when 1 visited Hirakud
I Scprember 1953, The chief engineer asked the minisery
for a safety engineer on the 23rd of October, 1952, The Union
Public Serviee Commission advertised for applicnts in Decem-
ber; they held interviews in June, 1953, and filled the post
eleven months after the requisition. Most construction jabs
<annot awair appointment that long a fme,

The chief engineer tesorted, therefore, to the second alter-
mative, temporary appointments. They are poor makeshifts,
from every point of view. The very bese men will not rake
them, and the chicef engineer could not offer those who did
take them any inducemont to extmordinary effort, since he
could not even assure them employment for tie life of the
project. Could not temporary appointees take the Public
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Service Commission’s examination and so get permanent
status: They could, if they were patient, but from the view-
point of construction ability, the examination is a lottery.
for it leans heavily on academic qualifications and familiarity
with the latest engineering formulae, rather than ways of
keeping equipment moving. I made it a point to find out
from actual cases, what had happened to these temporary
appointees. The experience of three assistant executive engi-
neers is typical. One to four months after they began tem-
porary appointments, a request for permanent selection was
sent to Delhi. It then took another seven to thirteen months
for the Union Public Service Commission to advertise the
vacancies. A year after the advertisement, in the best instance
twenty-four and a half months after the temporary appoint-
ment, no sclection had yet been made. All three engineers
remained uncertain as to their status, and the project uncertain
as to its officers.

What the chief engineer needed was not unreasonable. He
did not need power to give men positions in any Central
Government service. He merely needed to fill vacancies for
the durationof Hirakud project. But it, too, was a power
he did not have.

How one appraises these leading strings depends on one’s
perspective. Compared to the past chief engineers, Shri
Thirumale Iyengar had much broadened powers. And the
rules had their own logical justification from the point of view
of the Central Government. But from the point of view of
getting the dam built, they hurt. Shri Thirumale Iyengar
had been able to save a good deal of the time and energy of
his top engineers by letting out major jobs under contract,
That saving was crucial to his schedule. But it was more than
offset by the time and energy spent trying to adapt govern-
ment procedures to fit the situation at the dam. And from the
peint of view of Hirakud, that was not only a heavy burden:
it was, to use an auditor’s phrase, an infructuous expenditure,
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CODE VERSUS CORPORATION

INDI.A is making a set of decisions during the 1950’s which
will have even more to do with the pace of her future river
valley developments than the questions of which dams to
build, whether to build of stone or concrete, or whether to
use machines. These decisions all concern the question ‘How
shall river developments be governed:! The ordinary voter,
whose reaction will ultimately decide these questions, is
usually bored or bewildered by matters of legislation and
administrative organization. He is used to hearing aphorisms
of constitutional structure brought forward to settle the matter
—"‘decentralization’, ‘Parliamentary control’, ‘unity of com-
mand’, ‘undivided responsibility’, and the like. But there
are enough of these “principles’ to defend all the ways in which
river development is apt to be undertaken. Even wise men
differ at every turn. -

Luckily for her, India has a better way of choosing the
governmental machinery best suited to this job. It is one of
those rare things in government: something like a scientific
experiment. For over five years, India has operated side by
side the two most attractive devices for big-scale multiple-
purpose river valley development. On the Damodar she has a
corporation, chartered by special law, wielding an almost
complete set of powers to build and manage its projects.
Nearby, on the Mahanadi, is an organization within the re-
gular government department, regulated, except as special
dispensations are made, by the normal public works depart-
ment code. Both are national agencies. They are about the
same age. And though there is an essential contrast between
the two rivers, the jobs these agencies tackled is so nearly

10
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the same that their success can be measured by a common
yardstick. Here by sheer good fortune is an opportunity no
other nation possesses: to put the alternatives side by side, and
select those governmental arrangements for future rivers which
have turned the resources of the Damodar or the Mahanadi
to best account.

The remainder of this chapter draws just such a trial balance.
The accounting cannot be final; the agencies are still at work
on both rivers. Disinterested assessors from other backgrounds
and professions, and informed critics engaged on these projects
themselves, will wish to differ with some of the conclusions.
But, like any attempt at experiment, this analysis consists of
observations of fact, and of interpretations drawn from those
facts to explain them, and predict what will happen in the
future. In scientific spirit, the comparison below rigorously
segregates the facts from the conclusions. Upon the facts,
it should be possible to agree. Around the conclusions, debate
will certainly be in order, but it need no longer be pitched up
in the clouds of constitutional principles. It will be brought
down to the carthy matters of units of electricity, acres of
irrigation, and rupees of cost, in ail of which the citizen can
take an intelligent interest.

1. THE FACTS
DAMODAR MAHANADI
I. THE VALLEY
Area: 8,500 square miles 60,000 square miles; seven
: times as large
Flood threat: major—r1 million ~ Very slightly larger—1-2 mil-
cusecs peak lion cusecs

Water supply for irrigation and  Average flow nine times as
hydro-clectricity: average flow great, 100,000 CuseCs

11,000 cusecs
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DAMCDAR

Potential reservoir sites : small
and limited, compared to the
storage requirement for flood

control and regularized flow

Mineral resources: abundant;
partially being exploited

Coal: available on the river
State boundaries: divide Bihar

in which storage must be loca-
ted, from Bengal in which pro-
ject is most needed

State development experience:
Bihar relatively inexperienced;
Bengal experienced in small
irrigation and flood embank-

ments

Problems of construction: sup-
ply easy due to nearness of Cal-
cutta and to industrialization in
area; labour unionized and
somewhat higher paid

MAHANADI
Three main river sites, one
(Tikarpara) among the world’s
most attractive from an engi-
neering standpoint, each of
others capable of containing
entire flood. Additional tri-

butary sites

Abundant; almost wholly un-
exploited

Same

Orissa contains all parts of the
basin under development.

Before 1948, small princely
states affected plans

Orissa, newly formed, inexpe-
rienced and financially weak

Site on railhead, but remote
from su[iaplies; labour not uni-
onized, low paid

2. THE PLAN

Speed of formulation: six
months

Planning agency: Central Tech-
nical Power Board

Selection of reservoirs: all
known sites compared as to
cost and production of multi-

ple-purpose benefits

Thirteen months

Central Waterways Irrigation
and Navigation Commission

Of three sites on main river,
Hirakud selected because alter-
native site (Tikarpara) would
flood land of princely states.
Though objection altered in
1048, question not reopened
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DAMODAR

Allocation of cost 1o each mult-
'P 'IIIPQW HNSS: Onc 'ﬂ]ﬂd][xl
of allocation 1tmdil‘jr npplir.'d

Selection of fearures: each pare

of the plan melnded because
benches excecded costs

Intensity of development plan-
ned: 30 per cent of average
Bow to be stored; related soil

MAHANADI
Ch:mging theories of alloc-
ton

Navieas :cduded i o
nalplmwithummtml]jﬁi

Storage only 10 per cent of
Mahanadi average How. Plans
for industrmlization oot cuse-

conservation  and  thermal 1y connected to river develop-
power plans ment

3. THE DECISION
Occasion for public considera-  Perennial ~ flood  problem;
don: 1043 Hood and famne 1944 Hood not camstrophic®

Matonal interest:  to protect
main trafhic artery and nanonal
defence

Leadership in decsion: strong
at the nanonal level

Inter-governmenzal  disputes:

clearly revealed and reconciled,
as- between Bihar and J.'-mga!,
between both and the Centre

Inter-governmental tmmder of
power: clear and lasting

Leguslative debare: in both state
lepularures and  Parliament
prior to authorization

Decision made m laow

Nauonal intersst general, not
specific

Strong imitianive from the stare

No inter-state dispnhc. Dhiffer-
ences between Orissa and
Centre not clearly idenafied
and sereled i anthorization
of project

Temporary :tflmhkmtivc‘ah
rangement for  construction
only

In Orism legnliture only, be-

S

fore a

Decision made in admmismr-
nve form

= (Hustrois Bood eccurred m 1934
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DAMODAR

MAHANADI

4. DURABIITY OF THE DECISION

Onginal plan divided into two
P mn 1940, Ouly firse
hm}a,ﬁuumf.;.:rmdhm" 1 acre
L{u storage, Not profection

Hydro-cleetric plant ar Konar
suspended, nn;f now be rein-
stared

Waork suspended 1951 on sub-
sidiary dam and power plint.
This may again be taken up.
Navigation, in original plan,
not tken up

dropped. Delta irrigation and
Hood conrrol in 1953
for addition. i in
turn affects economics ul-
fimate development of Ti-
karpara and Naraj reservoirs
These changes made afrer work
had started

5. CONSTRUCTION

The task: to build four storage
dams in separate places, 124,000
kw., of hydro-electric inseal-
larions at those dams, two low
barrages, 456 miles of large
irrigarion canals, 375 miles of
heavy mansmission  line,
9 major substations and a large
steam-electric plant of 150,000
kw. capacity

Cost: high ot Konwr and
Tilaiys, where D.V.C. leamed
its lessons, Including Maithon,
too, the costs will be abour
B 182 per hundred cubic
feet of concrete, Rs. 99 per
i?nmd cubic feer of earth

To build a dam comprismg at
a smgle site as mm:hpr as
al DV.C. dams, 123,000 kw.
of hydro-elecric  installations
at the dam, plus posibly
72,000 kw, auxiliary, 531 miles
of large canals (including dolea
irriganon); 340 mules of trans-
mission lme and four  major
substations

Concrete  expensive —due tn
poor inmitial equipment plin-
ning —about Rs. 193, Bur
increased we of low-cosr ma-
sanry brings Hirkod's cost of
concrete plis masonry sections
to about l:h. 177. Barthwork
in the dam costs the same as in
DV.C — R ng Hirakud's
work isat one spor, bue requires
longer hauls
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DAMODAR

Stare: 1949, Little progress for
o Fm

In 5 years, by March 1954,
D.V.C. had placed 38 per cent
af all its concrete and 33 of
in dam earthwork, Tt had
doune only 1/6 of the earth-
work in its canal system

In addition, D.V.C, had buile
3/4 of its transmission system:
and substations, and finished the
150,000 kw. thermal station

MAHANADIL
Also 1940, Little progress for
one year
Hirakud bad finished the same
per cent ;:-E mn{n;mr,c and m:;
somry topether (389), 1)z
its rlr.rg:r quAnTITY I'III‘:II:M" carth-
work in dem and dikes, 2/3
of its Sambalpur canal earth-
work, but the same fracuon of
canals as D.V.C. (1/6) f delts
work is considered
Hirkud was just beginuing its
electrical work

6, OPERATION

Organizadion  cstablished for
power system and _pm‘tiﬂ! Teser-
Voir operation

No operation yet

7 SUTERVISION

Administration, mcluding con-
struction, operation, and pro-
poal of plms, completely
under the e of a cor-

rate board three mem-
the Centre alter consultation
of the states. They serve
full gme, and have no other

Untl 1951-52: administration
of comstrucdon was divided
berween a chicf  engpmeer,
FHirakud, :Tﬂl:f CWING ‘at
Delli. The chict engineer was
supervited, and relations bet-
ween  Orissa and the Centre
worked out, by boards chaired
by chief minister of Orissa mri_
COMPrismE representanves o
bnd:r;vmmmu. Chatrman
of CWINC had ll:ri'p|c role
ar coginesring supervisor  of
ﬂ?ddcf meer;  vice-chairman

I-'I.IPﬂ"H"HﬂI}' h{urﬂ, and
additional secretary of minis
my in Dclhi,
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DAMODAR.

Corporate board conducts its
own meric selection proce-
dure. Tt haz been free of sus-

picion of favouritism

Corporate board conducrs s
own purchasing under a quali-
fied staff It uses the Centre's
purchasing machinery when
fime permits

MAHANADL
After 1953: engineering admi-
nistration  concentrated in the
hands of chicf engineer, Hirs-

kud, but subject to normal
department . To make
exceptions to these roles 2
Board of Control meets

monthly, with chief muuscer,
Orissa, & chatrman and re-
presentatives of  finance and
irmgation  and power mimi-
gries  from Delbi among the

ITICIIL

Chief engneer, Hirakud, al-
ways required to recriit under
the deparrmenmal rules. But
since Union Public Service
Commission selections  require
about one }-"II‘;BI, many emer-
genlcy Appomiments Wioe -
sorted ro. In the ealy years,
this involved some favouri-
tsm, Now, it involves delay
or lms of continuity of
expericnce

Bound by departmental rules
from the begmning, Hirakud

nevertheless  acguired  vast
quantities of stores on etlier—
gency  basih  in 1940-1951.

Waste and possbly misa
priation R.mi‘fg-
snce  dependence on Centre's
purchasing  machinery re-
quires many months” waitmg,
chief  engineer has been given
some  power to buy Erm

from suppliers
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DAMODAR

A financial adviser not res-
ponsible to corporate board
checks every expenditure. He
may report his objections to
finance ministry in Delhi. He
also prepares D.V.C.’s budget
requests

Relations of the corporation to
the states watched over by
their representatives meeting
with representatives of finance
and irrigaton and power
ministries from Delhi. This
committee is advisory to the
governments and to D.V.C.

Corporation budget submitted
to state legislatures as well,
but only Parliament has effec-

tive power over it

Administratively, Centre has
power to direct D.V.C. to
follow central policy. Such
directives must be formal and
explicit
Parliament does not question
corporate  board  directly.
Minister of irrigation and
wer answers for D.V.C,,
ut does not always possess
full information, due to
separateness of corporation

Finality of Centre’s control de-
monstrated by reconstitution
of corporate board in 1953-54

MAHANADI

Approximately the same ar-
rangement. Hirakud financial
adviser also had, pending sanc-
tioning of over-all estimates
for the project, power to
approve  detailed  estimates
before they were adopted for
construction. This check did
not prevent waste and some
corruption up to 1951

Inter-government relations
worked out by board of
control, which has power to
make administrative decisions
within sanctioned plans, and
by a development board,
which has power only to
propose plans

Same arrangement

Centre has the same power over
Hirakud. But it may be exer-
cised in any manner

Parliament gets information
about Hirakud from minister
of irrigation and power

Centre’s control always com-
plete in theory; ineffectively
exerted until 1051
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B. COST AND BENEFTS
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hydro-electric
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9. VALUE UPON

Flood Protection: not
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Irrigation.:
NCW dCres 841,000
tmproved acres 185,000
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mnﬂnuwsly available
capacity, kilowatts 193,000
Estimared returnz in lakhs of
Fid [ g
sty Grozs  Net
Iragation® 135°4 1000
Power By 4129
Toral TING 5129

Original (r947) 48 crores;

1953 csamare : 71 crorss for
sanctioned prnju:t Prnpm.n:l
addition: delta irrigation (15
crores), and a mdmgncdsuhn-
dmy power plant {§ crores)

make 3 much more attractive
ecanomic armangement. Tgu]

93 oS

COIMPLETION

Flood Protection: not
:ppra.is:d

Irrigation:

new 3Crcs {S;mbalpur] 451,000
ncw 3CIcs {dﬂn} 584,000
improved acres (delta) 406,000

Tomwml L441,000

contnuously svailable

capacity, kilowatss®  r33.000

Estimated returns in  lakhs of
TupeEs per year;

Grosr Net

[rrgation 233'3 1837

Power 2800 241

Total 5224 4078

II. THE CONCLUSIONS

From these facts emerge two conclusions of crucial im-
putmtm,’nmﬂmisthatmdmwhmﬂm&swm
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twin threats to life and to production in their deltas, could be
converted by the scientific techniques and large-scale govern—
ment powers of New India into valuable servants to the people.
living in their valleys. It could be done as a paying investment,
because the water was used for power and irrigation, too.
Secondly, the smaller, less dependable river, the Damodar,
with an average water flow one-ninth the Mahanadi’s could
be geared into a plan producing benefits worth as much as the
Mahanadi’s. The smaller river is more intensively developed,
and coal resources are exploited along with water resources.
But the cost of this intensive utilization is no higher, and
the returns have commenced earlier. Here is unmistakable
evidence of sounder planning and more effective
management.

If she will extract the full lessons from this experiment,
India can develop rivers beyond the reach of existing organiza-
tions and methods. If she will employ the best devices of
government revealed by the comparative experience of the
Damodar and the Mahanadi, she can extract the fullest measure
of benefits which scientific engineering promises. To do so,
she must enquire why D.V.C. extracts more from less, and
why both D.V.C. and Hirakud have rectified some early
mistakes. This means trying, in a hardheaded mood, to explain
the differences in planning, chartering, building, operating,
and supervising.

Planning. Of course, plans should be based on the fullest
information about the river, the reservoir sites, and the econo-
mic needs of the valley. They should be well considered.
They should be comprehensive. But these obvious truths do
not take us very far. There was most incomplete data about
the Damodar in 1945, and the Mahanadi in 1947. One plan
was drawn up in six montbs, the other in thirteen. Yet the
first, having been divided into stages, is going into effect
substantially as it was drawn. The other has been altered,
even after construction began, and the basic economic
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relation berween upper and lower reservoirs in the ultimate
development of the Mahanadi upser. The reason is partly
that the Damodar, a medium-sized basin, came more nearly
within the scope of our present ability to plan and decide.

There is a very important additional reason. The Damodar
plan clearly assessed the cost and the benefit of cach alternative
reservair, and of each use of the water controlled—irrigation,
power, flood control, navigation. It proposed the schemes
that best stood the test. In this sense it was perhaps less “com-

ive’, more realistic, than the Mahanadi plan, which
included navigation and lift irrigation, withoue strict analysis
of their cost, relative to the cost of other uses of the water,
or other modes of transport and irmigation. That is why the
Mahanadi plan was duc for change.

There is 2 second explanation. Plans for big rivers, and
those which involve several works not all to be undertaken at
once, simply cannot foresce all the factors thar will decide
the final development, Some modification, some phasing,
some extension or elimination of works is inevitable. What
is needed is not a once-for-all commitment to build particular
dams, canals and power stations, but delegation of responsi-
bility to renew planning continmally, so that the plin can
change when there is any decisive change in the basic con-
ditions of the valley, or any necessary revision of the always
limited  data about the river, The Damodar plin was no
doubr saved, when the nation’s budget became tight in 1951,
by the fact that Mr. Voorduin’s 1945 plan had been divided
into stages in 1949, and thus brought within the country's
resources to iivest. It is expanding currently on the electricity
side as new demand is met in Calcutta. The Mahanadi plan
s too long frozen as a fixed list of works after the nition's
priorities altered, and ‘when at lase the government decided
in 1951 that there would not be money for the whole scheme
at once, the subsidiary dam and power channel had to be sos-
pended in the midstof construction. Pliming on developments
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of this scope keeps on during construction and after.
It must continue to be someone’s specific job.

Decision. At the end of six years, Hirakud is undergoing
essential modifications of plan (addition of delta irrigation
and reinstatement in modified form of the auxiliary hydro-
electric plant); it has been reconstituted with a control board;
an important question has come up concerning the financial
obligations respectively of the national and state governments
regarding resettlement of displaced villagers; and more such
questions lie ahead with regard to the cost of flood protection.
In all such matters, decisions made in chartering the Damodar
plan have proved durable. The reason is inescapable. Plan-
ners of the Mahanadi assumed that undertaking a great river
development promising so much good to both Orissa and
India, was simply an engineering and administrative matter,
to be authorised by the Orissa legislature, but decided by
administrative agreement.

But no governmental decision could be more fraught with
intrinsically political questions: How much will the Central
Government invest in one area of the country: Will the
Central Government assume any of the cost, corresponding to
the national interest in the development: Who will be res-
ponsible for building, and to what government and legislature
will they be accountable: How will the cost of building
reservoirs be shared among the cultivators, electricity con-
sumers, and others who use them jointly: Neither engineer-
ing nor economics can finally answer these questions. In a
democracy, representatives of the voters will in the last
analysis decide them. But it makes a tremendous difference
whether the questions are clearly and informatively put by the
technical planners in proposing the scheme. In the case of
D.V.C., they had to be faced, because the interests of two
separate states obviously conflicted upon these points. They
were faced on the basis of a technical plan measuring, as nearly
as technical men can, the cost and value of alternative answers,
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The tentative agreement thus worked out was then vigorously
and publicly debated in each of the representative legislatures
concerned, Political questions gor the authoriarive political
answer in a law.

Orissa and the Central Govemment have been fortunare
thar they bave enjoyed, so far in the life of Hirakud Project,
the control of the same political party. Even so, in the absence
of a Hirakud law, disputc and ambiguity have appeared.
This experience should wam us of the germs of future dis-
sension absorbed into a major river development in which
two or three governments are intmately involved if it is
undertaken merely by administrative  agreement—germs
which will be incubated only when different parties control
the differént governments.

Parliament has become somewhat disillnsioned with Him-
knd and D.V.C. alike. One reason is Parliament’s mability
to get current and realisuc cost estimates, compared with
estitnates of benefits and retums, It needs these facts m order
to make effective nse of its power to vote annual grants.
Genuine, annually exercised, legislanve power of the purse
over these vast developments is equally necessary with a
steadily-maintained long range technical plan. For the poli-
tical decision, like the technical plin, muost be perodically
renewed, but not completely re-done, as new costs and new
nceds come to light,

Building. Building 3 dam, like commanding a miliziry
offensive, 18 an exercise in ftting parts into 3 whole. The
dam-builder’s elements—earth and rock, cement and steel,
gates and turbines—are always less standard and less predies-
able than the permson w whom these things are only words
could ever realize. The means of assembly arc machines of
contiderable intricacy—shovels, dumpers, batching plants,
cranes—and men of a hundred skills and 2 thousand tempers.
Everything never goes according to plan, though nothing will
go without planning. No more than the general knows his
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_enemy's strength unal the bartle is over does the dam builder

know his foundation until he bares it, or the exact date of the
high food undl it is lapping sgainst his cofferdam. Co-
ordination proceeds in either case upon the joint effort of a
varicry of staff specialists, but it ends in the decisions of a single
general ot project engineer. For no institution can supersede
the unique capacity of & single human nervous system to
perform this sort of running readjustment.

In the days of Cautley and Cotton, the engineer in charge
of a projcet had the full powess of field command. He has
them now—to build roads or tmnks or school buildmgs. But
because of the practice in the state or central public works
department code, of defining an engineer’s powers in termns of
the number of rupees he can spend, not the project he is o
build, this power does not normally come into the hands of
the engineer in charge of big dams. There is a germ of justi-
fication for the limitation of his powers. For the man who
“builds s Hirakud, or even a Maithon, unlike Cautley or Cotton,
‘must hire 3 vanety of admmistrative and engineering officers,
_he must buy steel and cement that is in scarce supply, he must
purchase overseas, he must decide for or agamst using major
contractors instead of direct departmental labour. These are
not wholly engineering decisions, and they rise policy

-guestons.

There have been two solutions to the divergent require-
ments of unified ficdd command and, on the other hand,
sound recruitment and purchasing policies. One is to leave
the dam building enginecr restricted by the codes in gencral
but count on escape clauses to meet emergency situations.
That way, under 3 weak chiel engineer ar Hirakud, pemitted
_malpractices. But under a strong chief engineer, it is resulting
.Hm:d demands on his part for more powers, which are
v y granted, though piecemeal and not at once, by the
ministrics concerned. He devotes  good deal of his time and
.energy to winning exceptions to the code,
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The other solution ts that of D.V.C. The dam builder is
held more steadily to fixed rules of huring and buying than
if he were mnder a general code, bur the rules are made for
the particular river development by the corporation itsclf.
They are made for high-speed dam building, and not for
roads, culverts, or school buildings. Morcover, there are
personnel officers and selection committees to pick out the
engineer’s staff and decide on their rates of pay. There is a
professionally-trained purchasing organization available to
carry on the contaces with suppliers, and mspect equipment
at their plants, while the engineer sticks to his job at the dam.
But these personnel and purchasing organizations are just as
anxions as he is to finish the dam on tme and within the esti-
mate, for they answer to a3 common corporate board of
directors which will be judged by its success at just those
points.

When they are put side by side, the records of Hirkud and
D.V.C. in fact force one to a starding conclusion. The way
to insure honest buying at the lowest rates, and the way to
insure fair recruitment of the best personnel, is not by tying
the chief engineer to the rules of the Union Public Service
Commission, which he is compelled to waive by temporary
appointments, or of the central purchasing orgauization, which
force him, if he s in a hurry, © let out work Yo contract in
order to get it done, or indeed of the PWD codeitself, to
which continual emergency exceptions must be made in
building a big project, but to subject him to firm, but appro-
priate administrative policies, and to give him the best help
of gualified purchasing, personnel, and other managerial
organizations in carrying them out. Bur appropriate rules
and helpful managerial services and controls scem to be
possible only under the supervision of men directly responsible
for gesting the dam built—men who may lose their jobs if
it does mot get buile on time and cconomically, as well as if
it does niot get built honestly. Thatis the position of the D.V.C.

-
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board, and it is not the position of the Hirakud control board.
And that is the principal way in which the D.V.C. chief
engineer can work more effectively than the Hirakud chief
engineer, even today.

There are other aspects of dam building to which, with
minor variations, the same conclusion applies. There is an
argument, for instance, for separating the design from the
building of dams, and for pooling designs for several projects
in a central organization, as CWINC tried to do. Inthe carly
years, though, Hirakud was hamstrung by centralized design-
ing which never was ready in time. Central designing worked
well for D.V.C., and for Hirakud, when both designing and
building came under the charge of men who would be judged
on their success in getting the dam built.

The question is not whether centralized services are used,
but whether the decision to use them is left with an agency
responsible for construction results.

Dam building though kept under single direction, must be
fitted together with a host of other activities which are beyond
the scope of civil engineering: buying of lands, resettlement
of people from the reservoir, distribution and marketing of
power, setting of rates and distribution of water for irrigation,
control of malaria problems brought in by the reservoir and
canals. D.V.C. organization permitted most, not all, of these
things to be done by especially qualified men in D.V.C’s
employ, and, again, responsible to the same board of directors
that controlled the engineers. Hirakud’s dual arrangement is
now working quite well in the case of activities loosely con-
nected with dam building, such as resettlement or fixing of
irrigation rates. It has not proved satisfactory in the case of
purchasing and the employment of engineering personnel.
The lesson is that in undertaking each such project, a fresh
appraisal needs to be made of the non-engineering activities
—how important they are, and how intimately connected to
dam building. If they are important and intimately connected,
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the full-time head responsible for both enginecring and non-
engineering activities is the best solution yet tested.

Operation. Hirakud has not reached the operating stage,
and the arrangements to be made for that stage are a question
mark. D.V.C. is operating two reservoirs and its electrical
system, and two points are already clear. The first is that
controlling a multiple-purpose reservoir, still more a chain of
such reservoirs, is a delicate business. On the opening and
closing of the gates hinge the flood risk in the delta hundreds
of miles below, the supply of water in the canals six months
hence, and the money to be derived from the sale of clectricity
at the moment. These considerations are by no means equally
visible and pressing. Flood hazards tend to be forgotten in
the long intervals between catastrophes. So do the potential
needs of cultivators during the decade or so they are becoming
accustomed to irrigation. Power customers are insistent all
the time, and they offer the most money per cusec of water
released. Neither safety nor public confidence can be had
from divided control—power penstocks operated by one
department and flood gates or canal headgates by another.
There are really two alternatives for operating such a reser-
voir. One is to have a corps of water despatchers responsible
to a multiple-purpose agency like D.V.C. The other is to
have rigid rules, negotiated and agreed to by the departments,
or the different state governments, concerned with electri-
city, irrigation, flood control and perhaps navigation, with a
single department or government responsible for operating
the reservoir according to the rules. Either way is safe.
Reliance upon rules, however, wastes some water which
continual joint administration can safely utilize.

The second point is illustrated by D.V.C.’s agreement to
supply electricity to Calcutta and to the Bihar grid at Gaya.
This kind of periodic expansion is implicit in an electrical
system serving an expanding economy. Indeed, it is one of the
main reasons for undertaking river valley development.
1
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Someone should remain, at the operating stage, charged with
continual planning to foresee and meet such new demands
upon the water and power system.

Supervision. A factual comparison of D.V.C. and Hirakud
suggests a conclusion that does not fit in well with the cliches
of constitutional structure. The ‘autonomous corporation’
was promptly pulled up by the supervising ministries when
under pressure to get water stored, it signed a contract for the
construction of Konar Dam which permitted the contractor
to make many claims for extra payments. Though no question
of fraud was involved, an administrative committee later
conducted a searching enquiry. But at Hirakud, which was
directly under ministry control, serious incidents of collusive
buying and neglect of controls over materials and payrolls
came to light only through the investigations of audit
authorities. Actually, the ‘autonomous corporation’ proved
more accountable.

The explanation to this seeming paradox is that where the
nature of work involves on-the-spot decisions in any case,
separate responsibility for building and for supervision yields
more effective control than a mixture of the two in the same
hands. Thus CWINC, and arm of the ministry in Delhi, had
power to make important designs for Hirakud, and to approve
its engineering estimates. But it was the chief engineer at
Hirakud upon whom the real pressure fell to get them done
in time. So when designs and estimates fell way behind, and
loss of control over the cost side of the project followed, the
ministry came to the conclusion that “This ambiguity has made
it impossible to pinpoint responsibility.” The ambiguity
continues in the Hirakud board of control. There represen-
tatives of the irrigation and power and the finance ministries
in Delhi help decide whether, for instance, a new division is
required by the chief engineer to accomplish his task. Yet
it was absentee decision of just such a point (when in 1949
the chief engineer asked for a stores division to inventory the
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five crores worth of miscellaneous equipment he had got
from military disposals) that sowed the seed for waste at
Hirakud, The ministry remains in no position to review such
decisions in the light of their results, for it has previowly
taken its stand in the board of control.

The organizational defecr will probably make itself felt
no longer at Hirakud, where every person in power is-on the
alert against waste and corruption. [t lies in wait for untried
chicf engincers, new ministers and new secretarics, perhaps
i smre governments, where deciding, and passing judgment
on the propricty of decisions, are mixed in the same hands
by a control hoard.

The record of DLV.C., and especially of Hirakud, demon-
strates the indispensable function of unawed, relentless, Parlia-
mentary scrutiny ‘over work in which exceutive discretion is
mescapable. Legislative scrutiny has been most effective where
most direct. Parliament, or rather the members most interest-
ed, once got a much more revealing glimpse into the thinking
of the D.V.C. board inan informal mecting with them face-
to-face, arranged by a minister, than has been the rule. The
Estimates and Public Accounts Committees have, in the ar-
cumstances, conducted surprisingly constructive enquiries into
both agencies. But there is sill oo much suspicion of the
agencies on the part of an ill-informed Parliament, and wo
much insularion of the building and operating authorities
from legitimate Parliamentary curiosity and concern. Tt
could be remedied, without tmansgression of the ideal of
ministerial responsibility, in an annual hearing of the agency
heads by a Parliamentary committee in preparation for the
vote on demands for budger grans.

The aspect of D.V.C, and Hirakud alike which has most
defied cffective ministecial and legislative supervision is cer-
tainly the financial aspect. There has yet been shown no
way to ger realistic estimates, nor to hold the builders o
the estimares they made. Buc this iz precisely the aspect,
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and it is the only aspect, where the hands of the dam-builders
are effectively tied by strings ranning ultimately to the finance
ministry in Delhi. This i an astonishing and revealing face
to anyone who will leave his sterotyped conclusions behind
and examine the actual working of these projects. The present
variety of financial adviser has proved surprisingly uscless as
an aid to the financial supervision of ether project. At
Hirakud, where he had an unprecedented check upon both
estimating and spending, the most he could do in the familiar
cases of the hire of bullocks and the purchase of slecpers was
to keep records which, years later, put the Public Accounts
Committee on the trail of the miscreants. Audit could have
done as much, and without the unfortunate incidental effect
of conyincing the CWINC, and sometities the responsible
ministry, that there was a financial objection to almost every
step needed to build the dam.®

Right down to the present, objections (or the even more
characteristic Teservations) by a financial adviser may be
warnings of fraud, or breach of agency rules or the policy
controlling the project. But they may, just as likely, reflect
the view of the financial adviser, or of the finance ministry
in Delhi, as to what the agency ought to do. Accounting
control is not of much use for supervision when it gets mixed
up with this sort of back-sear driving. At the same time,
the men who have rosponsibility for building arc denied
genuine financial counsel. They sorely need at their right
hand 2 person experienced i accounting and fiscal policies,
and worthy of being listened to because he sharesthe nussion,
not only of being honest and obeying rules, but of giving the
people the most river control and utlization for their money,
That sort of responsible advice would equip them to submit
project estimates and budget demands meore accurate and
mformartive than the present ones. If their motivation to do
so were at the same time enlivencd by more direct legislative

scrutiny, and if the present audit reports were speeded up,
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ministers and legislators could begin to be certain they were
getting their money’s worth,

When the lessons of Hirakod and DIV.C. have been ser
down, two rather widespread beliels are mising. The first
is that some single pattern has emerged which can now be
reproduced in each new river basin taken up for intensive
development. The evidence has been, rather, to the contrary.
The corporation worked beeter than the code and the control
board. D.V.C. and Hirakud happen to be projects of about
the same size, but one river is moch smaller, one project
required the collaboration of two states with the Central
Government, one involved four dams, as against a single one.
A governmental solution, to be appropriate, would have to
be firted to these differences. Still more would it have to be
fitted to much larger or much smaller projects, to projects
requiring- little participation by the Central Government,
to single-purpose schemes. What emerges from the experi-
ment of Himkud and D.V.C. is nor a model, but a set of
cautions and reassurances. The creative sk will sdll await
the founder of each future development—the tsk of fiting
this considered experience with the conditions peculiar to his
river and the needs of its valley's population in his time.

There 18 another thing this record does nor show. It does
not show that dam building by the Central Government is
less efficient, or more efficient, than dam building by the states.
It is true that the lesson of DV.C. and Hirakud were learned
at a price, a price greatly lightened in the case of D.V.C.
because its founders had the sagacity and daring o profit
by lessons of the T.V.A, That is not the price of national
administration. [t is the prce of doing something big and new
wirhamwarganimdmhwnu]dbefmhshmm}rﬂnt
price again by setting up a new organization to do work
which an existing state engineering organization could do,
and which fell within the powers of the state, But 1t would
be no less foolish to discard the ability which has now
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accumulated in the Central Government—engincering  talent,
successful methods of work, cquipment and men to operate
it, above all, knowledge of what kind of men are needed.
and what consideradons deserve priority—where the alter-
native is to build sp an wntried state organization. This is to say
nothing of the demonstration D.V.C. affords of the capacity
of national powers, sensitively wielded, to overcome the
handicap of statc borders curting apart an inter=state valley
development.

India is in the singular position of having a Fair comparison
in progress between the corporation and the code. The
experiment is comung to its conclusion before her govern-
mental arteries have hardened, while she is sill considering
how to enact and execute her next great agenda of river valley
developments. Tt is the sort of opportunity which nations
gencrally leave unexploited, for panterns of govemment are
set mote often by inertia and accidents of political leadership
than by a ratienal weighing of the evidence. But in this, as
in so many other ways, India may tum out to be unique,
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MAZDOORS

Ir was the holiday of Sivaratri, and since the engineers would
not be in their offices at Himakud, T walked upriver to the site
of the dam. The great concrete-making plant was shut down.
But on the masonry abutment, comnecting the carthen left
flank to the concrete spillway, | was surprised to find 3 crowd
of contractor’s labourers busy. The usmal procession of men
and women bearing stones up the bamboo ramp was too
colourful for any amateur photographer to resist. While 1 was
preoccupicd with my camera, 1 was puzzled to have a protest-
ing male baby, about a year old, deposited at my feer. Three
young women, waiting to take their next stone, had snatched
him from the heap of warm sand where, with half a dozen of
his fellows, he had lan wavmg arms and legs in unartended,
and unconcerned, amusement. They tied up his legs with a
scrap of coir string so he could not escape, and made it plain
by signals that they wanted me to take his picture.

At this a fourth woman, quite evidently pregnant, ran up,
Showing a mother's concemn lest her baby be photographed
bare of clothing, she rolled him into her sari, untied his feer,
and restored him to the nursery in the sandpile. The merriment
of the whole gang of men and women, who had stopped to
watch, showed that the mother had been made the victim
of a good joke. Ponamal, as 1 leamed from the timekeeper
standing by thar the mother was called, recovered from her
discomfiture as soon as she resumed her work. Squatting
almost to the ground, she and the male labour opposite hoisted
another 8o-pound stone for one of the waiting linc of men
and women to carry off on shoulder or head. Fach lift followed
an animated appraisal of the prowess of the waiting bearer.
Ponamal joined in the chatter.
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It was passing strange to me that a woman engaged in
what, during pregnancy must have been arduous toil, could
appear so carefree. Hard work and long hours, had, however,
their compensations. Ponamal had her small family of three
together at the job, for her husband worked nearby unloading
sand from lorries. The contractor paid them every Sunday:
Rs. 1-8-0 a day to the woman, Rs. 1-12 to the man. Otherwise
landless labourers in a village at the edge of the forest a dozen
miles away, they had never got so much money before. Work
was hard, but it had a human rhythm and human respites.
Another woman took Ponamal’s place when the contractor’s
man brought round the moming cup of free tea. And before
I tarned away from the mazdoors whose holiday work began
at dawn, and would last until dusk, my eye was caught by
dots of dazzling pink, waving up the bamboo ramp alongside
the stones and pans of mortar. They were icicles of sweetened
and coloured water, bought from the ubiquitous hawker for
half an anna. Thirst for the gaudy refreshment was infectious.
Ponamal found it possible to lift her stones with her right
hand alone, while her left took care of the pink ice.

THE PEITY CONTRACTOR

Of the major dams undertaken since Independence, only
two—D.V.C.’s Konar and Vaitarna in Bombay—have been
wholly given over to contractors. The rest have been built
‘departmentally’ by government. But the truth is that even
on these projects, direct employees of the government consti-
tute a minority. Including both skilled and unskilled labourers,
the figures were like this in 1952:

Government Contractors’  Total

Employees ~ Employees  Force

D.V.C. (all projects) 10,000 15,000 25,000
i d 10,000 17,000 27,000
Tungabhadra (Madras side) 13,000 22,000 35,000
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6A. Acres of war surp]us machinery at Hirakud. The inventory
took five years. Chappelles, U.S. Int. Coop. Adm.
6B. Order and speed began to show in 1953. These lorries have just
dumped carth fill on the main dam. McPherson. U.S. Int. Coop. Adm.




74. D.V.C. built new houses of high standards for villagers flooded out by
Tilaiya Dam. This family has closed in the model verandah with a mud wall.

7B. Shri R-whumrh
Pradhan, pioneer rese
tler from Hnakud
Reservoir, in his new
ficld of paddy. Depuity
Commissioner Relocation,
Orissa.
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Among the contracrors themselves, 2 small minority had large
organizations, employed same skilled labour, and paid their
workers dircetly, D.V.C.'s contractors for Konar Dam o the
Maithon tunnel were of this type. Ponamal worked for such
a contractor at Hirakud, Except that they gave their workers
more immediate amenities like Ponamal's free tea, or 2 bonus
to dumper operators making the most trips with the lease
breakdowns, and less of the indirect amenities like housing,
sanitation and medical care, such major contractors offered
about the same conditions of work as government.

Very different were the petty cantracrors, employing the
overwhelming majority of all contractors’ labourers, They
undertook the performance of unskilled labour only: breaking
stones, moving carth, transporting material by head Joad,
They brought to the project gangs of workers, men, women
and children alike, who were in some way their personal
dependents. The petry contractor mighe in fact be nome other
than the headman, landlord, or money-lender of the village.
He might have advanced to 50 or 100 agriculrural labourers
the cost of their transporr to the project; some might be long-
standing debtors to him. By virtue of this debt he could
keep them at work regardless of their inclinations, and exact
from them effort more arduous than they would do for
wages alone. Worse off in every economie respect, the labousr-
ets of these petty contractors retained certain social advantages.
Families lived and worked together. The Gmiliar food,
traditional fesavals, and customary associations remained intace,
Except for the location of his work, in face, the labourer
scarcely knew he had left the agricultural village. He had no
more atiachment to the great canal system or dam to which
another had commirted his labour than be had to the land he
customarily ploughed or harvested, but did not own,

In Europe and America, the system by which labour used 1o
be engaged in gangs, their conditions of work wholly at the
mercy of an agent who had some personal hold upon them,
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was known as the padrone system, Economic histotians regard
its replacement, something like a century ago, by the direct
employment of workers ac wages, as one of the milestones
of the Industrial Revalution. In India, that system which dug
the old Ganges Canal for Sir Proby Cautley, served as well to
dig the canals of Tungabhadra and Hirakud. Engineers prefer-
red it for unskilled operations because it took off their shoul-
ders the time-consuming tasks of dircct supervision, They had
not, by the petty contrace system, to recruir labour, measure
mdividual production, sce that ourpur was maintaned, handle
hundreds of small wage payments, or end the services of the
accumulated work force when the job was done. But that is
not quite all the story. The fact 1s that under the complicated
procedures of the ordinary public works code, engmeers had
not the time w0 manage direct payrolls. Only D.V.C., with
more flexible routines, and more accounting help ar the disposal
of the field engincers, was equipped to dispense with the perty
contractor as a general rule,

WAGES

Contractors paid more or less, according to whether the
workers were their financial dependents, and the extra per-
formance they might be able to exact. On the other hand,
the wages of government employees on the dams and canals,
m 1953, wete something like the figures shown in the tble
on the next page.

Aside from the general difference among the projeces
(D.V.C. paid morc than Hirakud, Hirakud more than Tunga-
bhadea) whether these wages are high or low depends on your
point of view. Perhaps the most objective standard of com-
parison is the average annual income of the whole Indian
population. In 19so-s1 it was calculared by the government
as Rs. 265, But thar is per capita. Since, according to the
1951 Census, there are two dependents for every wage camer,
the average mcome per eamer was three times as much—



MAZDOORS I7r
DV.C Hirakod Tung:bhadm:

Mazdoor (unskilled) 2% Rs Rz,
men =8 to 20 4o per I-2 o 1§
WOTTEN I-210I-4  nonth o-10-6
{1-10)
Helper (semiskilled) 20 50 per -8 to 2~
monrh
{z-1)
Mason (skilled) 3=0 10 4=0 2-10 to 3-§
[rmper operator 175t 225 1250150 S0tolio

per month  per month  per month
Power shovel operator 250t0 300 165t0 205 160 to 200
per month  per month  per menth

Rs. 795. Before comparing the pay of dam or canal workers,
we must remember that they get, customanly, n most of
India, cmployment only during the non-monsoon menths, For
the working scason, the male mazdoor at Hirakud got Rs.
320. That is 40 per cent of the national average carmings.
Ponamal and her husband together got Rs. 640, assuming
they worked steadily berween monsoons—still below the
national average though rwo worked in a family of three.
Bur of course, these are the rates for the least skilled of workers.
The national average is very close to the camings of the
mascns and carpenters at D.V.C., or the fitters and dumper
operators at Tungabhadra. Our very approximate conclision
is that skill for <kill, the builders of river projects fare neither
better nor worse than the population of the country as a whole.

Of course, construciion wages were usually a- tremendous
mmprovement in the income of the particolar persons who
came to work. They would not otherwise have travelled long
distances to the project. Many of the mazdoors were farm
labourers havig litde or no land. Work on the dam gave them
income in months when they would otherwise be quite un-
employed.

For fanulies living at the level of subsistence, it is nor money
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that counts, but the amount of food that wages can purchase.
In this respect, Huctuating prices since the War added tremen-
dously 1o the insecurity of workers who left their agricaltural
villages to depend on money wagres and purchased rice. Madras
State kept accurate statistics on the cost of food and the cost
of living in general at a village (Madhavaram) near the Tunga-
bhadra main canal. In seven months from December 1947
to July 1048, the cost rose 30 per cent—meamng thac the
wages of canal-diggers fell that much in buymg power. In
the single month of March 1952, on the other hand, a wage

m rupees gained 1§ per cent in buying poOWCT.
Ar Hirakud, where by 1052, mazdoor's wages comsisted of
Rs. 13 per month basic pay, plus Rs. 40 deamness allowance,
money wages were cut o adjust to the fall in living costs,
A mazdoor who in February 1952 gor Rs. 53, gor Rs. 40
in March. He could buy as much rice as he could the year
before; but he never entirely reconciled hunself to 'the ad-
justment.

The king of the manual workers at the projects 15 the
operator of the walking dragline—the machine that was
ordered for Tungabhades, armved in dme for the big canals
at Hirakud, and moved on to dig the irrigation-navigation
canal m the Damodar Vﬂlﬂ}!. At Hirakud, dhe best aperator of
that gargantuan maching used to eam Rs. 300 per month.
Between that wage and the income of the mazdoor is a differ-
ence of six or eight to one, Even the normal dumper driver,
who eamns Rs. 140 ac Hirakod or 200 at Maithon, gets ahout
four times the pay of the mazdoor. The difference in wages
between the skilled worker and the unskilled i twice what
would be found in America; it is a good deal greater than the
difference between the mistry’s and mazdoor’s wage on India's
traditional masonry building operations, No doubt the output
of the modern Indian machine operator more than justifies the
contrast; but his comparative position needs to be remembered
when we look for discontent on the river valley projecrs,
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LIVING CONDITIONS

At six one evening, not long after I met Ponamal, I decided
to take an unconducted tour of the worker’s colonies at
Hirakud. From the Spartan grey concrete office building of
the engineers on the right bank I set off on foot. Taking the
upriver road towards the dam, I quickly left behind the plain,
spacious bungalows of the administrative officers, the fine
new high school and hospital. After a stretch of abandoned
fields, I came to a colony of mud-walled houses. Scientific
engineering had worked its revolution, however, on the
traditional building material of the poor. Mixed with a
trace of bitumen, the mud stood perfectly square after a
season’s rains. Asbestos cement sheets made a tight roof.
These were labour quarters: continuous rows of rooms 10
feet by 12 feet, with one family in each room. Unfortunately,
as usually happens, higher classifications of workmen, short of
housing, had occupied some of the quarters built for the
mazdoors. The man I talked to was a helper in the mechanical
workshop where the earthmoving machines were overhauled.
For each row of quarters there was one water tap and a latrine.
Since the water had been turned on in the main—it ran two
hours in the evening and an hour and a half morning and
noon—women waited their turn to fill their pots as they would
in any other Indian town. Frugal as they appeared, these
rent-free quarters were great prizes among Hirakud mazdoors.
Many families elected to share the room allotted them with
another household.

Kudaratha Bagh'’s habitation was a different matter. I came
upon it across some abandoned fields from the government
labour colony. It stood at the end of a row of leaf and bough
shelters, none more than waist-high. Kudaratha Bagh’s was
made, not of leaves alone, but of odd bits of asbestos sheets
and tin, perhaps a trifle less leaky. Two small children came
out; they alone could stand inside. Their mother, emerging
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next, showed me the man of the house coming back through
the dusk. He worked as a water carrier and servant to a
quarrying contractor. | could ger nothing else out of him
about Hirukud. He pressed into my hands a much folded
letter from the local revenue officer m a hilly district of Orissa,
showing thar he had applied for repossession of a tract of 26
acres, including five acres of rice land, It had once been pro-
perty of his forefathers, bur had fallen o disuse. It was the
hope of estblishing his elaim o this land that animated him;
Hirakud was a way-station. Kudaratha Bagh had no lasrine,
no light, no water nearer than the government colony half a
mile back; or the river a mile away. From the project  upon
which he worked he gat absolutely noching but his pay.
Yet he had no better place to go.

Night upon a major damsite is an mpressive scene. A
hundred feer up che cluster of foodlights dim moon and
stars. Through the dust, the dirce<dimensioned motan of the
crane-boom seems majestic and free compared to the workers
recesving and placmg the load of concrete it delivers. Far
below on the foandation, they look like insects,

A mile further on is the carthfill dam. As far as the eye
«can reach it is raw earth, criss=crossed by a thousand tracks of
clears, treads and sheepstoot rollers. A single mozdoor wets
«down the mass with a high-pressure hose. Through the jet of
water lumbers the next tractor-seraper, dumping irs 18 yards
of clay. On that aruficial ndge, vibrating under massive
treads, any pedestrian feels that he is a rash intedoper.

Yet, 4 hundred yards away, is the bazaar steet of a labour-
ers' village. The glare of floodlights and the noise of motors
penctrates, without impression. There are the sime crannies
filled with sewing machines, the same pan-shops behind
acerylene flares, the same knots of men at rea shops, that one
would sce an any small town at nightfall. Down the gullied
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street, the usual cows walk with placid dignity, the usual curs
nose gregatiously about. Men and women alike, a day’s
labour done, lie down on the smooth earth floor wrapped in 2
cotton cloth. Patiently, they endure all things. Has their
paticnee an end2

Hirakud's camp is as big as the dam, 1 walked nine miles
without rraversing all the scattered colonies. But otherwise
e differs lietle from the construction camp at any Indian
project. All show the same contrase between the best quarters
and the poorest. Tungabhadra had an mnustally well Lid our
colony—eventhe tharched huts of the mazdoors were separated
by lanes against fire, Durgapur Barrage of the D.V.C.istheonly
project Iknow ofin India, or clsewhere, where every common
labourer working fior the government has been provided a
weather-tight room, Even in DLV.C., contractors’ labour
shift for themselves—in a magic firc ot Tilaiva, 54 of their
flunsy hus bumed one afternoon: four babies died in the
flames,

While I was at Hirakud, a UNESCO committes went
round the Isbour colonies. ‘Animals would not be givett
quarters like this in Europe,” one of the visitors exclimed to
his guide, For parts of Europe, that is true. But dam-building
means assembling in @ wildemess the population of a good-
sized town—15,000 to 40,000 people. The buildings put up
for them have buta few years of use; they muse be paid for out
of the irmgation rates and power revenues of the projece.
No country, under these considerations; houses its construetion
labourers at standards sbove the counery’s bare minimum,
India’s peculiarity is only that the thousands of wskilled wior-
kers required by hand labour construction give each projecta
dozen sloms instead of one or two. It is one of the sobering
facts of life that while a Caterpillar tractor, LeTourneay
scraper, or Euclid dumper exact the same standards of fuel,
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maintenance and repair in India that they do in America or
England, on pain of collapse, the mazdoor scems to have a
capacity, not quite infinite, to absorb hardship and come back
for another day’s work.

HEALTH

Any man, woman or child who can get to a project hospital
at any major Indian river development can get a doctor’s
attention. It matters not whether he be the employee of the
government or a contractor, or for that matter, a cultivator from
an adjoining village. This free, accessible medical care is the
greatest single advantage that the mazdoor enjoys over the
agricultural labourer. Families in the construction colonies
make full use of the service. At Maithon in 1952-3, the average
camp resident went to hospital or dispensary every other
month; the same was true at Tungabhadra. The numbers
of doctors and nurses available to take care of these cases
were incredibly small—a doctor and two assistants at each
project, plus a nurse and various attendants. There were
24 hospital beds at Maithon, 35 at Tungabhadra, 65 at
Hirakud.

The only hope the medical officers had of keeping abreast
of their cases was to prevent disease. Immunization and sanita-
tion were the obvious answers. But vaccinating and inocula-
ting thousands of families for the first time in their lives is
less easy than it sounds. At Maithon, in a year when the
camp population increased by 10,000, there were but 5,000
immunizations. Almost no one would take cholera ino-
culations—until an epidemic struck an adjoining town. The
Tungabhadra doctor used a more timely incentive: no cam
resident could get a ration card for rice until he had his ‘shots’.
Some epidemics penetrated the camps. At D.V.C.’s Konar
Project, nine out of ten men in the initial crews got malaria,
D.V.C. learned its lesson—the next year the disease was wiped
out. Hirakud had a serious cholera epidemic in April 1952,
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It was the mazdoors who suffered; almost half of them fled
the project.

One sickness out of every six at the camps was intestinal.
Contaminated water was one source. At Hirakud, the rocky
banks of the Mahanadi made a popular latrine on the way
down to a cooling bath in the standing pools immediately
below. Contaminated food is even less amenable to control.

A baby was born almost every day at Hirakud and Tunga~
bhadra. Delivery was invariably in the project hospital, and
the mothers had pre-natal and post-natal care in their homes
as well. Probably no population of similar income in India
had healthier births. It was not a matter of medical attention
alone. The project doctors confirmed the popular supposition
that women had easier deliveries who, like Ponamal, worked
vigorously right up to the onset of the pains of birth.

THE STRIKE

The strike at Hirakud in the last week of January 1954,
moved towards its climax of violence and death with the
remorseless certainty of a Greek tragedy. But that was not
its only interest. The tense forces it momentarily bared were
the forces generated unwittingly not only at Hirakud, but
at all the great dams where thousands of men and women
worked.

A year before the strike, the administering engineers at
Hirakud saw trouble brewing. Men, particularly the equip-
ment operators, had begun collectively to resist discipline for
careless work. As an antidote, the management sponsored the
Hirakud Workers Welfare Union. It was inaugurated in March
1953, with an assistant foreman of the mechanical division as
secretary. He had contacts with the drivers of earthmoving
machines, for he had been a field maintenance man. The
project-sponsored union was registered with some 400 mem-
bers. It got no enthusiastic response from the men.

Soon trouble came over an incredibly irrelevant argument.

12
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The heavy equipment operators of the left side of the dam

warrelled with some contruct workers over a woman, In
the blazing heat of the aftemoon shift, on the first of May,
Operators on the letr side (it work. It was a Frday; and the
following Sunday, defying a government ban on assemblics,
the operators and other workers held a mass meeting. This
was the debut of a rival union, cerrainly nor sponsored by the
Hirakud management, called the Hirakud Workers: Union.
Its aftiliation was with the commuumst All-India Trade Union
Congress; its president was abso the orgamzer of the Omssa
Peace Commitree.

Both the management and the Hirakud Workers Union
got what they were after in the May strike, Management dis-
missed cleven operators who defied orders to retum to work;
the rest of the workmen were on their jobs the following
Monday. The organizers of the Hiraknd Workers Umnion
discovered the discontented workers and their natural leaders.
They had, i e dismissals; cases they could build into mar-
tyrdom, They said, of course, that the men were fired for
union activity.

Neither party, however, really dealt with the source of the
work stoppage. On any great outdoor work built in a mon-
soon climate, the hot, pre-monsoon months are the tense
season. At Hirakud the sun beat down so mercilessly on the
crews that the levers controlling the scrapes and other
machines got too hot to touch barchanded. fr was in these
months that the engineers, struggling to reach their scaso’s
margets and safeguard the unfinished works against high water,
could least afford an interruption. But it was also in these
hot months that two workiers out of three ar Hirakud, since
their jobs would be suspended in any case as soon a5 the
monsoon broke, began to feel indifferent to project discipline.
With three to four months of unemployment awaiting them
in any case, they had lirtle to lose by striking. That was why,
although Hirakud administrators had handled the union
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organizations with a little less sophistication than other pro-
jects, the stoppage of work in the hot months that they en-
countered had plagued D.V.C. projects aswell. Only Tunga-
bhadra, where few men did indispensable work like operating
earthmoving machinery, and where work could go on with
less interruption from the monsoon, escaped strikes.

Eight months later, the Union Minister of Labour visited
Hirakud. Trying to attract his notice, some of the operators
of the big scrapers deliberately kept their machines in low
gear. It was evidence enough of the gulf between management
and men. In those eight months, management had taken
one step toward bridging the gulf. An experienced officer
had been recruited to devote his full attention to labour
relations. (He might have been on the job at the time of the
strike in May, except that the government in Delhi rejected
the candidate of the chief engineer and Control Board and
substituted another.) But the Hirakud Workers Union had
strengthened its position far more. It had the leadership of a
real strategist.

The Workers Union leader was a native of Orissa who had
chosen engineering as his career. At Patna University (Orissa
then had no engineering college) he had failed the final engi-
neering examination. His engincering career thwarted, he
devoted his full energy to agitation. When he became general
secretary of the Hirakud Workers Union, he knew exactly
what he was about.

Having failed to ventilate their grievances to the Labour
Minister, the scraper operators refused to take out their
machines next day. They tried, unsuccessfully, to get the Mack
dumper drivers to join the strike. At this point the project la-
bour officer, learning of the trouble, first met the dissident
operators and found out what they wanted. The demands were
calculated to appeal to the maximum number of potential
strikers: an immediate raise in pay for the operators, and res-
toration of the old monthly wage of Rs. 53 for mazdoors.
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Up to this point, poor communications from the immediate
supervisors to the top had kept any inkling of serious trouble
from the ears of the chief engineer. The operators said their
immediate supervisor had promised a pay rise, and that it
had been vetoed by the executive engincer. However that
might be, every earthmover was idle on Saturday, January
23, when the chief engineer got news of the trouble. He came
immediately to the earthmoving section, called the striking
operators together, and asked them to state their grievances.
He accepted some of the wage demands, but the question of
restoring the old mazdoor pay he could only promise to
refer to the Control Board. The chief engineer had been
patient and reasonable, and the men seemed mollified. Then
one man gotup and demanded: “Will you put those concessions
in writings’ To Shri Thirumale Iyengar, his own word was
enough. The meeting failed.

Once more, a Sunday intervened as the strike was gathering
momentum. The Hirakud Workers Union took advantage
of the day of rest to call a general mass meeting. Now to the
economic demands was added one that went to the heart
of the question of discipline on the project. It was the demand
for reinstatement of the eleven men dismissed in the course of
the previous strike. It was a demand the management felt it
could not accept.

Monday morning was the strike’s critical hour. The chief
engineer had, unfortunately, to be in Delhi. At the left bank
colony, the superintending engineers were on hand to per-
suade the operators to load into the trucks for their ride out
to the work site. Gradually the trucks filled. Just as their
motors started, there was a voice from the crowd: ‘Send your
representatives, we'll talk it over. The men climbed down
and began picking out spokesmen. The superintending
engineers agreed to meet employee spokesmen. But the
Workers Union' officers, playing for time, said they had to
wait for their fellows coming over from across the river,
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The delay gave the idle operators time to mtercept workers
on their way into the mechanical maintenance shops. A
few joined the swike. The Workers Union leader aroved,
but he was wary. He would not talk with the superintending
etigritieers except upon their written request as representatives
of the chief engincer, What the Union leader demanded, in
other words, was recognition. But this was the very poinc
that the engineers, considering the sponsorship of the union,
were not ready to concede. One more attempt was made
upon the Union leader. Among the top engineers of the
project was a former professor from Pama, but to his erstwhile
teacher of engineering, also, the Union leader was adamant.

The engineers now issued the same ultimatum which had
brought the striking operators back to work cight months
before: to fifteen men they said, *Come to work, or lose your
jobs." But this time the union was well organized. It aroused
the sympathy of others w the fifteen “victims” and the strike
spread, When the Union's loudspeaker trucks reached the
project two days later, the workers generally were in the
hands of the Union leader. All earthmoving and most con-
ereting was at a standstill, The repair shops, too, were practi-
cally idle; mechanics who wanted to report for work were
detained by the serikers.

For the engineers at Hirakud, the smike had now got out
of control, They had @ resort to the police power. Accord-
ingly the beat of a drum was heard on Thursday noon in the
Hirakud colonies, and the words of the traditional districe
magistrate’s proclamation:

Whereas information has reached me that there i a :
of breach of peace in the. . . . area which is likely to cause ohstruc-
tion to persons lawfully employed or d.ﬂ:i:r t human life, heslth
or safety or result in dismrbance of the public tranguility ... 1, in
exercise of my powers 1:?&:!' Sjr:thtl:-::t 144 Cl:;lmualh]:’:oc:dm ﬁ
do hereby promulgate this order banns nblic meetings
mmwrdzuft permission, nn:ixminu!:igg of slogans and
maoving our of persons carrying deadly weapons, including lathis. . .
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Alrcady, the achievements of the Workers Union leader were
formidable. He had translated a wage demand peculiar to the
operators into a project-wide demand. He had translated that
into a demand for recognition of his union, and rvinstatement
of those who had disobeyed orders in its cause. Now all the
issues of labour relations were submerged by 2 smgle issue of
law and order, in which the maditions of the nation's struggle
for freedom were all on the Workers Union side.

That ‘night, in the tense calm of the ban, the distnct
magistrate and the top engineers of the project sat down on

“the verandah of the guest house at Hirakud for a meeting with

the Union leadership. The magistrate’s presence had a healthy
effect, for he told the union men flatly that they were making
impossible demands, but that there was no reason why their
economic demands should not be talked over with the chief
engineer. It was agreed that the employess should nominace
cight représentatives to meet with the chief engineer next
moming vpon his retum to Hirakud.
The moming session went better than could be e

More housing for mazdoors, which had now been added to
the demands, the chicf engineer could agree to straight off.
The workerss' representatives seemed to accept the chicf
engineer's promise to do what he could for a wage increase
before the Control Board. Even on the mateer of recognizing
the Hirakud Workers Union, 2 formula was found. The
Union could put forward its claim again when its stte regis-
tration had become final m March. Only the reinstatement of
the dismissed workers was considered too vital to project
discipline for the management to accept. The Unien leader,

‘however, had another card to play. How could the workers

generally give their assent o the understandings of their
represcntatives unless a public meeting could be called:
The magisirate was firm. The terms could be discussed with
the Union executive committee, not with emplovees en miasse.

It was agreed, and the strike seemed on the way to serdement.
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But as the district magistrate drove back across the river
from the meeting, he came upon a large gathering of striking
workers, In the middle of it, talking o the men, was the
Union leader who had just agreed to the ban on assemblies.
The magistrate mounted the roof of his car and told the
Union leaders on the spot thar they had broken their agree-
ment, as well as the proclamation against assernblies. Then
he ordered his special detachment of armed police, who wese
stationed at the damsite, to disperse the meeting.

Excitement ran far too high for men ealmly o go ro their
quarters. They no longer thought as workers—for almost
a week work had been paralyzed—they were a mob. In
sheer blind passion they headed toward the house to which
the chief engineer had retumed after his day of negotiations.
It stood between the mob and the Muhanadi River, and in it
Shri Thirumale lyengar was alone. The distnct magistrate,
on whose shoulders rested the responsibility for civil order,
could do only one thing. He interposed his armed police
before the mob at the gate of the chicf engineer’s compound,
He had halted their advance; it was another thing to release
their mounting tension. From the dark corners of adjoming
buildings, bricks cane hurcling at the police. Over and over
the magistrate issued his ultdmarum: "Disperse or we charge.”
The few who heard him reckoned not the future. At last he
gave the order. The police swung their lathis down upon the
packed heads: As those crowding upon the rear of the mob

to realize what had happened. the police fired into
the air, and the mob broke,

That night the Hirakud hospital overflowed. Thirry-six
workers were brought m with crucked heads. Two died the
next day. Nine police and three watchmen came in wounded
by bricks. Fury spent itsclf capriciously. During the night
somebody set fire to a project jeep; and miles away at the
canil construction camp, somebody else bumed one of the
engineers” offices, The leader of the Union was among the
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50 arrested in the next two days. He was not among the 48
in the hospiral.

On the Monday after the bloody Friday, men began going
back to work. By Wednesday, the dam began to rise again,
full speed.

CHANGING WORLDS

There were riddles in the Hirakud strike, and the strikes at
D.V.C. and other projects, to make men of varied sympa-
thies canvass their convicuions anew, searching for solutions,

Has collecave bargaining a plice in dam and canal con-
struction, where the life of the project gives litde time for
orderly relations to evolve: T.V.A. in America had made a
great landmark m labour relations by beginnmg with a straighe-
forward answer: "Yes'. D.V.C., like Hirakud, had first said
no, but in the end unions had to be dealt with in practice o
keep the project at work. Yer at D.V.C., where miahagement
reconciled imself to negonating with union representatives
much earlier than at Hirakud, the union demands were, if
anything, further from the scope of normal collectve bar-
gaining. As Bokaro thermal power plant drew to completion,
for example, the union struck for employment of the surplus
Bokaro labour ar other D.V.C, projects, though those were
already manned.

If a union chosen by the employees s recognized for negoti-
ation, will employees gain enough confidence i management
and undesstanding of its position so that agreements can be
reached? Will it hold the workers it represents to the agree-
ments it makes: The D.V.C. Employees Union (sponsored
by the socialisc Hind Mazdoor Sabha) was recognized in the
utmost good faith at Maithon Dam. 1 asked the labour officer
in D.V.C. whether ea:l} and sincere recognition of the wnion

ve of Maithon employees had fostered orderly
nu]lucuvc bargaining. He could say only, "At least it has done
oo harm.'
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But underlyng these questions of policy is a deeper riddle,
Who was so decply discontented at all these projects, and why:
The answer is as clear and consistent as it is unorthodex. It
was not the petty contractors’ workers, living in hovels and
paid at the caprice of a headman. It was not even murzdoors
working at Rs. 1-8 per day, and waiting for years to be allotted
3 one-room tenement, who felt the real grievance, though
organizers like the leader of the Hirakud Workers Union
were clever enough to arouse their support in the end. Tt was
the best paid among the workmen who struck first and most
wholcheartedly—the drivers of the carthmoving machines,
living rent-free in project houses, drawing a hundred to three
hundred rupees per mouth. The statistics of the Hirakud
strike support what the history has told us: 44 per cone of the
unskilled workers struck, 67 per cent of the skilled. Time
and again at D,V.C. it was the same story,

There is but one explanation that fis these facts. Pay and
housing and other conditions of the job are the counters
of labour relations on the big dams. They are not the moti-
vating factors, The men who serike are the men best teated,
materially, but most uprooted from the old allegiances—the
allegiances of che father's occupation, the village and irs
headman, the protection and censures of family and associates,
The men and women whose gaicty is most transparent, and
whose discontentment can harely be aroused even under the
blazing pressure of strike violence, are the Ponanials. Though
they build something utterdy unprecedented, they do it in the
bosom of family, caste, and even wvillige. They have been
trunsplanted, not uproored.

Tt is all an old paradox of the Industrial Revolution, and
the communist stracegists use it a5 efficiently in practice as
they deny it basically in theory. When 3 semifoudal apri-
culture gives way to a wage cconomy it is not misery thae
breeds unrest, but the changing of worlds. It is the men with
the new Lkl]il. the least .lﬂ.ﬂ-ﬂmt!]ﬂ‘ Whn mmﬂ LI}:; MOSL
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disaffected; they have both the most power to strike and the
least anchorage to the old values and groups. The materialist
motvation does not, after all, o t!.i':i'.,'.?l:&t.

This changing of worlds, ocoupational and socul, dus
willingmess 0 work at a higher skill where higher wages
beckon. to leam new rasks and go to new regions; holds the
economic hope of the New India, But it also holds che nnease.
For the men who make the metamorphosis from the long
millenia of hereditary tasks to the technological economy
need something besides pay and housing to attract thedt
loyalty. They need a sense of their place in the new cconomic
world as real, personal, and immediate as the tics of family,
land, and village. At the projects, as in other segments of the
economy, the Industrial Revolution had got ahead of the
cultural and social revolutions. No one had mvented any
ways of giving the new careers the warm flsh-and-blood
significance of the old. Among the vanguards of the new
order, the drivers of the machines, lords marerially, but lonely
psychically, the agitators found their tinder. _

Not long ago Prime Mimnister Nehrn paid a wisic to the
DN.C. dam it Konar, then in the midst of constructon.
Interrupting the explanation of the strucrure being given by
the project enginecr, he walked over to a labourer transporting
stones upon his shoulder. *Why are you domg this work:'
enquired the Prime Minister. *Sahib bahadur," came the polite
but matter-of-fact reply, ‘that man tlls me to take thes
stones over there. At the end of the week he gives me moncy,
That is why 1 do it." To the Prime Minister that was not
purpose enough in life for a builder of the New India. He
made that very plain to the member of the Damodar Valley

&unwhnwuu}nniﬂnwmdﬂm.hnwr!r
different way, the: mazdoors themselves have made it plain,
o0,



11
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TOWHN OF THE GOD NARAYAN

Tn:a orriciAL opening of Tungabhadra Dam took place om
1t July 1953. On that day there were sull some people
nearby who hoped that the reservoir would not fill. They
wore the residents of Narayana Deva Keri (Town of the God!
Narayan), Though their town was twelve miles from the
river, it was nevertheless on low land, and the rescrvorr was
designed to engulf it as it filled,

For over two years, the engineers and civil administrators
had been tellng the townspeople that their houses and lands.
would be flooded. The warmnings were not totally disregarded,
for a strong movement grew among the people of Narayana
Deva Keni to keep the water out, somehow. The citizens
even tried to persuade the chief engincer ro build a dike
around their town: but it would have cost too much, The
government men bought all the land and boildings. They
laid out rwo new towns for the people of Narayam Deva
Keri, one on the railway to satisfy merchants who liked that
feature, one on the highway to suit another faction in Nara-
vana Deva Kerl. At each welocation site they laid our plots
of land. dug wells, paved and drained the roadways: all free
to the people relocating. The rains of 1952, cautioned the
government officers, would bring the reservoir up into the
old town. Sull, few people moved,

Some did not wish to leave the remple. Its wll, rchly
sculptured vimane dominated the rown. People came from
afar to worship its God Narayan. A sentiment had
grown among the elders and the women that it would not
be right to abandon the temple, when Namyana Deva Ken
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reccived a prophecy from a mendicant pricst ('mﬂ'ln}rcr’,
the civil administrator called him): “The waters will never
touch the God Narayan.' Some simple people ook it as a
statement of truth, compared ro which the warnings of the
engineers were insubstandal. To others, no doubt, it was an
exeuse for deferring the evil day of moving. Besides, there
was the attracuve illusion that the government might make a
supplementary payment for houses and lands in its haste to
evacuate the people. Thus it was that when the dam was
commissioned, and the residents of all other villages had got
out of the way, the people of Narayana Deva Keri stayed in
their houses, watching the water edging over distant ficlds.

On the morning of 4 July the local administrator at Bellary
received a frantic telegram. The people of Narayana Deva
Reri begged 1o be delivered from their town; it was sur-
rounded by water on three sides. The lorries working at
Timgabhadra Dam, and prvate lorries as well, were ordered
mto service. Wealthier people in the rown hired hundreds of
bullock carss to move their belongings. Transport was free
to the poor. But by the time the vehicls arrived, the lag
road into the rown was under shallow water. Household
belongings could stll be carned to the waiting carts and lorries.
But building materials from the abandoned houses had to be
left behind and lost to the rising reservoir,

Wandering among the crumbling remains of Narayana
Deva Keni atter the reservoir waters had been drawn: down,
I got some appreciation of the dtachment of many uncl-
culating folk to their native places. People in industrialized
countrics find their roors in the fmulies of their own
generation, in theiwr relations to job and to country, in the
contact the newspapers give them with the stream of great
events. The roots of the Indian villager go deep, rather, i
the family of his ancestors, his caste, and his hereditary oecy-
paton. All hs tes have their manifestation m che village:
in the quarter and mecting place and well reserved for his
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kind, in the hut or courtyard of his family, in the tools or
fields of his ancestral work. On the whole geography of his
chmcmnmimr:thnunmzmuﬂnﬂag:wnpk looks
down. So | was reminded by the vimana of Narayana Deva
Keri overlooking the jumbled heaps of mud and stone that
unce were houses clustered round about.

Il occasionally 4 family or a village refuses w pull up roots
5o deep before the dams are bult, it is not extraordinary.
What 1s remarkable is the resignation with which thousands
of familics in hundreds of villages have moved. ‘It is our faule
we did not get onr soon enough,” said 3 Harijan woman, who
in her hasty flight from Narayana Deva Keri lost not only
the poor timbers of her house, but her bundle of personal
belongings, to. ‘It is foolish to blame the government.
They warned us in time.™

THE MODIL VILLAGE OF BACHHAIL

As in the case of Tungabhadra, so in the Damodar develop-
ment there is no doubt that the suffering of the displaced
people was for the pood of the greater number. DV.C's
four reservoirs will food our, for at lease part of each wvear,
#1000 acres of kind. In returm, more than 1,000,000 acres
will pet irrgation, ad most of them flood protection, too.
In human terms, about 30,000 people had ro move from
reservair land® For every one of thens, there are ten who
will get electricity in their houses, towns, or work places;
and thirty who will get water for two crops a year, forever
free of droughr,

Bur for the family or the village behind 2 D.V.C. dam,
moving was no less cruel a prospect for all that. Some of the
inhabitanes of the Damodar reservoirs were Santhal eribesmen,
with home ties even strongesr than those of agricultural people.
To such a one, g::[mriu_g the fleshy petals of the mahua ree in
April for the manufacture of the Santhal liquor, hunting small
game with bow and arrow, or stealing half-grown saplings
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from the reserved forests to cke out a dwindling livelihood,
cach rock and tree of the familiar Chota Nagpur hills was a
part af his L‘H:j.izg.

There 1s another reason why dislocadion from rescrvoir
lands carried a threat to the residents along the Damodar, It
is a reason common ro Indian projects everywhere; indeed itis
the fimdamental hazard of rural life. But m the case of the
Damodar villages, we can find out, from the careful records of
the D,V.C. relocation officers, the exact dimensions of the
threatd |

For pracrical purposcs, the people in the D.V.C. reservoirs
were dependent on the land alone (96 per cent of the income
earners were either cultivators or farm labourers). Generation
afier yeneration the number of mouths to bé fed inereased, the land
that fed them remained the same.

What had happened was clear enough from the case of
D.V.C.'s first reservoir, Tilaiya, Tt lies directly across the Grand
Trink Road where it runs through the Chota Nagpur hills,
But neither the dustry nor commerce which follows that road
has involved its people in any way. Out of 2,850 men and
womien who made a living in Tilaiya réservoir arca, only 111
had a non-agricultural occupation. Oue of the villages nearest
the highway was Bachhai, inhabited by 54 familics. Only two
of them had a principal support other than farming, But be-
rween 1911 and 19351, when Tilaiya reservoir was buily, the
size of the average cultivator's bolding in Bachhai shrank from
s} acres to 1§ acres. That s forty years, almost two
generations w the Indian cultivator. He had subdivided his
lands rwice among his heirs, who had no prospect of other
livelihood. The average cultivator in Bachhat by 1951 had 17
or 18 scparate fragments of land. Each averaged abour 16
yards by jo—one-tenth acre,

Bachhai Grmers did not submit to chis face w.it]mu!anmg_
gle. Though they could not expand the boundaries of their
village lands—on all sides they were surrounded by other
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villages—they could try to convert the steeper hill slopes to
paddy or potato fields, This they did: m 40 years they -added
ten per cent to the productivity of the village arca, But in acvs,
they lost as much as they gamed, for the hillside cultivation
often ended after some years in gullied, eroded soil unfic for
cultivation. The net resule was that two generations' of toil
added exactly two acres to Bachhai's crop area.

The outcome of the long struggle showed up i a simple
sanstic. o 1951, the }ric]d of Bachhai's ficlds per capita was
76 per cent of what it had been in 1911. One villager put it
quite clearly 10 a D.V.C. relocation officer = "My grand-
father's harvest was enough to feed his family three times a day.
Mine is enough to feed us twice,

That is why the building of Tilaiya Dam secmed such 2
catstrophe to the people of Bachhai. Along with 4,000 other
displaced people, they would be thrown upon the shrinking,
fragmented ficlds of the nearby villages, for like all rural folk,
they would not move far from their tradiconal homes. A
fair price for their old fields would not be enough to open an
economic future to them, Somchow, they would have to get
land. For this fundamental reason, Bihar insisted, and the
Govemment of India agreed, that those displaced by D.V.C,
damis should get land for land, and house for house. It was not
a new departure. Mysore had made an arrangement like that
for the people flooded our of Krishnaraja Sagar. But there was
one thing new about the way it had to be done. There was
no passibility in the D.V.C. reservoir margins to take some of
the land of the big cstates and divide it among the small culti-
vators. That had in effect already been done, There was only
one way to meet the need : to build new farms out of land
too tough to have been ploughed, even by the land-hungry
cultivators of the hills,

The engincers who needed the old fields for their reservoir
had, fornmately a new way of manufacruring replacemen.*
The same crawler tractors and earthmoving machines that
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built dams could terrace pallies; even light jungle overgrown
with sal trees. In 1048, it was an operation new to India,

‘With Shri S. S, Pillai, the man in charge of D.V.C.'s me-
chanized earth recliming work, readers of this book have
become acquainted in-an earlier chaprer. Bachhai's new ficlds
wore his training-grounds, and the work took longer than he
planned. Nevertheless,.in 1952 when Tilaya reservoir filled
with water, he had 4,500 acres of level, bunded croplind ready
for the displaced farmers. D.V.C. gave them land for land.
Since the new fields were above river level, whereas some of
the old had heen irrigated by ancient canals, Shri Pillai's sera-
pers equipped the new village site with an irrigaton rank,
capable of storing 100 acre feet of water. When it was all done,
by D.V.C. Enquiry Commitree’s meticulous accounting, the
purchase and reclamation of waste hillsides had provided firse-
class paddy land at a cost of Rs. 875 per acre.” In the existing
villsges, such land would have cost Rs. 9oo to buy—had any
been for sale. Only the new machines, and the new saences of
engineering and agriculture, could have done what Bachhai's
sturdy culovators had fuled for 4o years to do—bring new
land permanently under the plough.

Bachhai's farmers lost much in famillar surroundings; n
one respect they clearly pramed by the move. Their new ficlds
were carchully allotted to equal their old m erop-producing
capaciry, but instead of being scattered in 15 or 20 tny plots,
consisted of three compact tracts—house site, upland, and
paddy land. Generarions of fragmemetion were undone ac a
stroke. Whether the wasteful fragmentation would not set in
again was up to the farmers themselves, and to D.V.C's wider
efforts to make jobs for their surplus sons apart from the land,

The government had promised not only land for land, but
house for house, DV.C. sct out to build villages acceptable
to the le, without reproducing the unhygienic featurcs of
Mnmim- It tumed out to be more difficult to do, at
ressonable cost, than the aty-dweller would mnagine. For the
old bouses of Bachhai, though unprepossessing in appearance,



DESERTED VILLAGES 103

were not cramped. The average family of five or six persons
had three or four rooms. The rooms were mudwalled, but they
were big—10 or twelve feet by 20. To find our what the vil-
lagers would accept, D.V.C. put up four trial houses, two large
and two small, at the new Bachhai site. The reservoir fimilies
had plenty to say about what was wrong with them. Some of
the criticisms D.V.C. accepted—an intermediate size of house,
more loft space. Some, like elimination of all windows ('We
don't want people looking in our rooms to locate our valua-
bles so they can steal them by night.) scemed unhygicnic.

Between the designers and the villagers, three house
were evolved, and 54 of them put up on the knoll which was to
be the new Bachhai, The smallest had two rooms of 10%14
feet, plus small verandahs front and back. The largest had three
rooms 10 by 20, and big verandahs. Al had four main advan-
tages over Bachhai's old houses. The mud-brick walls were
sealed agamst the monsoon by a foundarion and capping of
bumt brick and an outside coating of cement plaster. The
verandshs with their concrete benches gave adults a comfor-
table place to sit, and children a place to play, in light and air;
There were shelves and niches to keep utensils off the Aoor.
And every kitchen had its chimney to carry off the smoke of
cooking,

Bachhai’s s4 houses were hid our in a rectanele around 2
big village square. The smullest were on plots so by 100 feet
and the biggest on'100-foot squares. Every house fronted on a
dramed, tree-bordered rosdway. Ar one end of the village
square was Bachhai's new “basic school’; at the other, the com-
munity centre building. There were three wells, and the village
was connected to the nearby Grand Trunk Road by a stone-
surfaced road.

The appearance of the model town did not quieten the
doubts among the villagers, Would the artificially-recliimed
ficlds grow paddy: Would the wells go dry: Were houses
equipped with windows safe: One day in 1952, all the paticne

13
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assurances of the D.V.C. relocation workers seemed in vain.
The new village site lay directly south of the old. As at Nara-
yana Deva Keri, a soothsayer putin his appearance, ‘South is
the domain of Yam: (God of death),’ he told the people, *To
move that way would be inauspicious,” The D.V.C. relocation
workers however, sensed the changed reaction of the villagers,
Presently another itinerant priest appeard. A southward
move, he agreed, was imprudent, in the ordinary case. But
tiere was no harm in moving south, if the rivers themselves
were imoving that way.

The real credic for leadng the people to their new village
goes to the  headman of Bachhai, Tokhan Mahito, He isan
intelligent leader in the prime of life—the best farmer in the
village, Tt washe who persnaded che sceptical villagers to plane
a trial crop on the new terraces the year before the move, With
proper fertilization, the harvests were as good as on the river
bottam lands. Iewas he who arranged for the moving of the
old village idol, or murti, to the shrine that D.V.C. built in
new Bachhai. There was a grand fesuval, and a blessing by
priests. When the water came up in Tilaiya rescrvoir in the
TILCHESOOHT of 1952; Tair.h;n'M:nhm lu:l EY pmc::uiﬂn i:-f M,
women, children, and laden bullock carts along the two-mile
road to the model town.

The people (when 1 talked to them a year later) had their
complaints, They wanted more wells, more temples. Some of
the newfangled windows they had stopped up with bricks.
But their crops were good. They had salvaged much from
their old houses before the water engulfed them, including
a season's fuel supply. They had a keen pride in the new basic
school, Already, fruit trees were appearing around their new
houses — some set our by D.V.C., but others by the citizens of
Bachhai.

The new houses cost Rs. §-8-0 per square foot of room and
verandah area. The small, the mediom and the large style cost
Rs. 1900, 2900 and 4000 respectively. This was one-third more
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than it would have cost merely to pay the displaced families
the value of their old houses. Some cniticism of extravagance
has, of course, resulted.” But the critics would have observed,
had they surveyed the wroublesome task of relocaton as it
has been carmied on at other projects, that this is as modest a
premium as it is possible to pay to quiet the conscience of a
democranc state which must make some of its citizens suffer
for the good of the rest. Bachhai, indeed, is a model of reloca-
ton, both satisfying to the people and elevating to their health
and welfare, for any country in the world.

The real shortcoming at Tilaiya was, rather, that reservoir
families refused to move into two of the four new villages that
D.V.C. builc for them. They took op almest all the new lands
provided for them; but they would not follow the example of
Bachhai and occupy the model houses. Perhaps the policy of
‘house for house’ allows oo little free choice to the displaced
family in a very personal matter such as living quarters. D.V.C.
has, at later projects, asked families to choose in advance be=
tween cash compensation, or compensation in houses or lands
to be provided by D.V.C. But at the cume time that D.V.C.
was being criticized for extravagance in building model vil-
lages, some political spokesmen were telling the unrelocated
villagers in Tilsiya reservoir that D.V.C. could be pressed o
pay them further in cash for their old houses if they refised to
voaupy the new.

Evacuating a reservoir site withour needless hardship o its
population is always difficult. Perhaps compensating them
farrly without pauperizing them, and making new land avail-
able, is enough of an achievement to expectof the dam-building
agency. If, however, the persomal tragedy of relocation is ta
be converted into the birth of a new cconomic and commumity
life, as it was at Bachhai, something more than good adminis-
eration and good engimeering s required. There has to be in
addition what Tokhan Mahto provided his people—staunch
leadership,
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CLEARINGS IN THE FOREST®

Raghunath Pradhan was nursing a quarter-acre of vegetable
garden through the hot months with water his sons dipped out
of 2 muddy pond, and conveyed in a channel of hollowed logs.
Leaning over the patch of tomatoes, brinjal, onions, greens and
tobacco, a large tree grew out of the bund that formed the
pond. In its branches was a crude platform, like a hunter’s
machan. ‘One of us keeps watch there every night,” explained
the farmer. ‘Once an elephant came out of the jungle and
trampled my vegetables. We are not going to let that happen
again.” Whether the lone watcher in the tree could indeed
frighten off an elephant by beating on brass pans, I do not
know. But, except for an antique bow and arrows, and a thin-
bladed axe, the uses of which had long since become ornamen-
tal, the settler in the jungle had no weapons at hand.

Shri Pradhan’s erect body, clad only in a dhoti, had a luxu-
riantly wrinkled skin that confirmed his estimate of his age
—‘about eighty.” His extraordinary gold necklace confirmed
his reputation as a man of wealth. He was the patriarch of a
family of 30, including great-grandchildren. Yet when his 26
acres in the village of Jogini (only one of his holdings) was
purchased to make way for Hirakud reservoir, he had without
hesitation selected the most isolated of the government reloca-
tion sites, and there bought 40 acres for his new farm.
Government authorities called the place ‘Sangramal A’. When
Shri Pradhan arrived there a year before it was no more than
a brushy clearing in the Orissa jungle, watered by a pond built
long ago as a water hole for wild game. There was not a house
within five miles. Working with his three sons and a son-in-
law, the old man planted five acres of paddy. Though the
pond ran dry before irrigation was complete (government men
promised to deepen the pond) Shri Pradhan harvested 45
maunds. The grain lay in his front room, safely stored in
raised round bins of coiled rice straw rope. Hiring some extra
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labour, he and his sons had in five months completed a strong
and spacious house, 45 feet by 20, walled with mud reinforced
by a bamboo lattice, and tightly thatched with rice straw. The
central room housed three pairs of bullocks. Five couples with
their children lived and dined together in the other two large
rooms. In the wilderness, the joint family came close to being
a self-contained community.

The only thing that made Raghunath Pradhan restless was
his craving for still more new land. He had gladly moved from
Jogini because Sangramal A, surrounded by untenanted forest,
seemed to offer unlimited scope for enterprise. Already he had
applied for more than his 40 acres, and because the government
did not want him to monopolize the rice land at Sangramal A,
he was beginning to look for other lands in the vicinity.

Raghunath Pradhan, a true pioneer at 8o, thrived in.the
wilderness. How many others, rooted in their villages along
the Mahanadi, would willingly follow him: Commissioner
Sivaraman, the resourceful civil servant who, in addition to his
general charge of administering the government of northern
Orissa, had the task of moving people out of the reservoir, gave
a confident reply. “We are fortunate with regard to the rural
folk,” he remarked. ‘If we have a fair proposition, and if we
explain it to them patiently enough, sooner or later they will
accept it.” Then he added : ‘It may take two or three years.
And all of us who speak for government have to be convinced.’

The Hirakud resettlement programme was, in fact, as much
an exercise in persuasion, based on the economic self-interest
of the cultivators, as D.V.C.’s had been an exercise in rural
reconstruction.

At ‘Sangramal B’, another relocation site two miles from
Raghunath Pradhan’s, Pitambar Barik stood watching carefully
while four hired labourers dug holes for the corner posts of his
new house. He, too, was a first settler, but it was not a pioneer-
ing urge that made him the first of his village to relocate. It
was a hardheaded assessment of the productive capacity of the
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old lands and the new. Jointly with two younger brothers and
his father, he owned seven acres in the reservoir willage of
Mura, Four acres wore paddy land. OF all the Mura farmers,
Pitambar Barik had been the most sceptical of the government
agent who told him, ‘For the money you will get for your old
farm, you can buy land just as good, and more of it, in a re-
clamation site.” Taking up the agent's offer, he had gone in the
govetnment lorry o examine every one of the fifteen sites
which were bemg reclaimed for the displaced families. But his
hardheadediess made him the most resolute to move, once he
saw for himself thae there was plenty of new land at Sangramal
B each acre of which would give him as much paddy as an
acre at Mura. On the day, therefore, that Shr Sivaraman's
Jand acquisition officer appeared i Mura to pay owners the
assessed value of the land, Pitambar Barik took the payment for
his family properry, Rs. 3,280, a few doors down the village
street to where Shri Sivaraman's second agent, the rescttlement
officer, sat waiting. From the Bnuly’s savings Pitambar Barik
added Rs. 220, and pur down Ras. 3,500 for a new government-
reclsimed farm. Land in Sangramal B, as in all other sites for
Hirakud relocation was sold at an average price of Rs. 213 an
acre—Rs. 260 for irrigated paddy land, Rs. 125 for upland
suitable for dry crops. At that rate Pitambar Barik knew he
would ger some fourteen acres to replace his seven, almose all
the new land fit for paddy.

Unlike Raghunath Pradhan, this younger settler never
would have moved by choice. Once convinced that moving
was inevitable, however, he saw the advantages m moving
carly. As the first seutler, he had his choice of all the house-
plots in Sangramal B. He chose one at the upper end of the
future village streer. There was no shade—too hastily the
govemnment men had cleared all the trees—bur Pitambar
Batik’s practical eye saw good drainage. Actually, building
his house was a simple matter. Between the stout poses would
go temporary screens of woven bamboo, later to become the
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reinforcement for the mud walls. A week’s work would thatch
the roof with paddy straw. His wife and father (Pitambar
Barik was childless) would move to Sangramal B before the
rains to help put in a paddy crop on the new land. Meanwhile
his two brothers, ploughing with a second pair of bullocks,
would continue to cultivate the old lands for two or three
seasons until the completion of the dam forced them out. The
double harvest was another incentive to early relocation.

While Pitambar Barik built his house, bulldozers levelled
and roughly bunded the fields he and other settlers would in
two months’ time plant with paddy. The land had been located
in the midst of Orissa’s forest preserves. In having this rich land
around the reservoir, the Hirakud authorities were more for-
tunate than D.V.C. Sale of the standing timber, most of it to
the dam construction forces, paid the royalty charges of the
forestry department. While heavy tractors rooted up the
stumps, half a mile away through the timber power scrapers
were raising an earthen dam across a small watercourse that
would provide 150 acres in Sangramal B with irrigation water.
The earth fill was rising rapidly. But it showed the mixed
soils and irregular lines of an amateur job. Though engineers
from the dam construction organization gave occasional ad-
vice, Shri Sivaraman’s enthusiastic and otherwise able staff
included not a single engineer.

The strength of D.V.C. resettlement was in its technical
planning and construction, Hirakud’s in its practical psycho-
logy. Shri Sivaraman’s strategy was to do everything econo-
mically possible to make an exchange of lands visibly beneficial
to the displaced cultivator, but to let him choose where to go.
If he wanted to take the money the government paid him for
house and lands in the reservoir village and waste it in a pro-
longed spree, there was nothing to stop him. If he bought
new land with the proceeds of his old, it was he who picked
it out and decided how much he would buy. How many of the
displaced families would take the prudent course could only
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be known two or three years later, when the lands had all been
acquired, and the rising watess forced a final choice upan the
villagers. The reservoir will cover 108 villages. Two years
before the water was to rise, the Orissa government had suc-
ceeded in buying the lands of about half of them (51 villages).
In each of the 51, at least one landowner had used his payment
to make a deposit toward the purchase of a new farm at a
govemment relocation site. Shd Sivaraman was confident
that this was enough of a lead to attract the rest of the culti-
vators to the new lands.

One thing was already clear. The more realistic strategy
of the Hirakud rescttlement had not avoided the government's
having to spend more on relocation than it bargained for.
Orissa first tried to get the land too cheap—at its 1947 value,
on the grounds that any subsequent increase was due to the
construction of the dam. In the end, not only were current
values assessed, but the state government agreed to buy the
land, and then o pay extra for rees, wells, and tanks.® The
ncrease of several crores was added to the cost of the dam.,
Hirakud's cost for reclamation was estimated 1o be Rs. 213
per acre, less than half DV.C.'s. But the actual cost of the
10,000 acres budgeted to be reclaimed through 1954 was the
same a5 D.V.C's.10

Certainly, leting a man build his own house in his own
time, wsing his otherwise idle labour, is a net saving over the
Bachhai plan. No doubt the Onssa strategy of voluntary
selection of the relocation site by the cultivator would succeed
in drawing him farther away from his native village to better
lands than would be available within a mile or two.

Moving people from their homes and farms to nmuake way
for a dam that will confer distant benefits is one of the maost
painful dutics of a2 humane government. The difficulties
India has experienced are almost all inherent in the 1, By
there are lessons to be leamed from the experience of bath
D.V.C. and Hirkud thae will permit the builders of farure
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dams to do it with more assurance.

Perhaps the most valuable of the lessons will turn out to
be the willingness of the Indian villager to make way for a
nation-building project, provided he is convinced that the
sacrifice he is called upon to make is unavoidable. Pitambar
Barik expressed the point in words that cannot be improved
upon. After he had told his story I asked him whether the
construction of the great dam at Hirakud seemed a good or a
bad thing. ‘For me it is bad,” he replied, and then, after a
moment’s hesitation: ‘For the world (dunya) it is good.’
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A‘I 11-45 on the moming of § July 1054, Prime Minister
Nehru let the warter of the Sutlej into Nangal canal, The
river had been backed up behind the 26 steel gates of Nangal
Dam, on the north end of which the Prime Minister stood.
Across the river, the new headgates controlling the entrance
to the canal rose noisclessly, lifeed by the electric control at
the Prime Minister’s hand. The water leapt out toward 300,000
acres of dry farmland prepared for it in Punjab, PEPSU and
Rajasthan. It had 2 long way to go. In its first forty miles,
through Nangal canal, it would drop past two hydro-clectric
plants almost ready to harness its energy. Beyond waited
298 miles of Bhakra main canal and main branch, ruming
west across the whole of Indian Punjab. Through five million
acres ran the branching smaller channels; evenuually 376
million acres would be irrigated. This year the hrst instalment
of a potential million tons of grain and three—quarters of a
million tons of cotton would grow under that sure watering,
witatever rain mighe fall.

This much had been done. Eight miles upriver from Nangal
the biggest work of all was only well starred—Bhakra Dam.
Five or six vears hence, water would pour from its blue lake,
680 feet deep, 45 miles long, to fill Nangal canal in the dry
months. As it shot forth, the water would turm the most
powerful generators in India.

Before opening the gares, the Prime Mnister talked in
Hindi, then bricfly in English.! He spoke extempore, as his
eustom 3. There was an intensity of personal feeling in his
words; he spoke as a parucipant in a great event, But exulra-
tion gave way repeatedly to reflection, to a search for historic

meaning.
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I want to know from you what you think and feel. . . on this
occasion, [be began] for in my heart and mind there & 2 strange
exhilaration and excitement, for many kinds of pictures come before
me. Many dreams we have dreame, are today coming near and
being materialized. There is perhaps some excitement in your
heart, and some exhilaration. What are these:

The picture must have come to the minds of many who
stood there (an enthusiastic correspondent reported 130,000
people) of the partition of Punjab which had been one heavy
cost of independence, For some, there was a seven-year-old
memory of exile, and an irrepressible image of the massacre
of relatives and friends. For all, partition had broughe the old
threat of famine close, The line drawn between Fast and
West Punjab in 1947 took no account of the world's most
intricate network of canals. Twelve canals went to Pakistan,
three to India, one was cut in two by the border. When' the
exodus of Muslims from East Punjab and Hindus and Sikhs
from West Punjab had run its tragic course, half 2 million
families of the latter groups found themselves transplanted
m India—on the edges of a desert

Bhakra-Nangal had been thought about in various forms for
40 years. Nangal Dam itself and the hydro-electric planes on
its canals were taken up in a small way in 1946. But the great
scheme for storing the Sutlej to irrigate four million acres and
light up north-west India was too bold, woo difficult, for those
days. Bhakra reservoir would have inundated lind of the
lietde  mountuin state, Bilaspur. Bhakra canals would have
cut across other and, but proud, principalitis. By 1048,
the new Republic could see the job whole. A country suddenly
challenged to replace & major source of its food supply twok
a new look at the engineering problems that lad scemed
msuperable, and began solving them.

J’mﬂm\ﬁd:th:wmmﬂ,lhcwuniﬂlmiﬂrcﬂamidﬂmmdﬂi

new enthustasm, new strength o take up this big work, and we
ook it up.
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THE BIG UNIVERSITY

Then again I considered that it was a big university where we
can work and while working learn, so that we may do bigger
things.

Up and down the Sutlej, and its new artificial course, one
could indeed identify the whole curriculum of engineering.?

Nangal, the finished diversion weir across the Sutlej, had
lessons to teach the most advanced designers in any country
of the world. It was the latest refinement of the technique
demonstrated by Sir Arthur Cotton who got his lesson from
the medieval Tanjore kings—the technique of founding low
dams on sand alonc. At Nangal, Punjab engineers no longer
wasted stone or concrete anchoring their weir against unknown
hydraulic forces. Men like A. N. Khosla and Kanwar Sain
had identified and calculated those forces, learning from
India’s repeated successes in bulding structures like this, and
writing texts for the engineers of other countries.

The refinement of design is_evident in one part of Nangal
Dam, even to the non-engineer. The Sutlej, fresh from the
mountains, carries past Nangal not only water, but mud,
sand, gravel, and ‘shingle’—those boulders the size of a man’s
head which make a2 mountain torrent so beautiful to the lay-
man, and so troublesome to the engineer. When he built the
Ganges Canal, Captain Cautley never dreamed that a fixed
dam could withstand such an onslaught of stone, so he arranged
for his temporary weir to be replaced every year.

The Punjab engineers not only made Nangal Dam boulder-
proof, they also installed in it an apparatus to separate the
boulders, sand and gravel from the Sutlej water diverted into
the irrigation canal. This ‘shingle excluder’, which embodies
the lessons of many earlier Punjab canal headworks, takes
advantage of a 'simple fact of nature—stone has twice the
weight of an equal volume of water. At the left end of Nangal
Dam, six subway passages permit the heavy stonerolling along
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the river-bed to pass harmlessly beneath the dam. The relatively
lighter water, at that point, negotiates a sharp left turn and
flows over the sill of Nangal canal, cleaned of its debris.

In other ways, too, Nangal canal made engineering history.
It crosses 55 mountain torrents, as obstreperous as the four
Captain Cautley negotiated. It has a concrete lining 92 feet
wide, plus 28 fect up each sloping bank, throughout its 40
miles of length. On the way, it drops its water through two
large powerhouses, already sending their electricity as far as
Delhi. No stone was available for the powerhouse founda-
tions; they ‘float’ safely on concrete rafts far underground in
the wet gravel.

A great work has been done. At least, one stage has been reached
which has given us strength for other stages. ... We may celebrate
the completion of this work, but remember, that the most difficult

work still remains to be done—the construction of the {Bhakra
Dam. .. The work bristles with difficulties and complications.

A university is a place not only for teaching but learning.
The highest dam India had yet built was Mettur in the South,
214 feet. Bhakra will be 680 feet high.

Is it the biggest job of construction going on in the world
today? Bigness, even in dams, has its various dimensions.
Across the Volga at Kuibishev and at Stalingrad, Russia is
building dams with more material in them; they will store
more water. Across the Missouri, America is building two
more very large dams. But though these dams are long, they
are not high. And since they are made principally of carth,
they make less complex demands of design and planning than
Bhakra’s concrete.

One dam that compares with Bhakra as an engineering
problem is Hoover Dam, across the Colorado River in
America, 726 feet high. But Indian engineers faced two
difficulties unknown even at Hoover. Bhakra has to rest on
rock seamed with clay. And it must withstand the pressure
of a lake 680 feet deep by sheer weight alone. For various
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reasons, including possible earthquakes, it cannot be arched
against the sides of the gorge like Hoover.

“When you double the height of a dam,” an engineer once
remarked to me, ‘you don’t double the engineering difficulties.
You multiply them by about ten.” It is possible, at Bhakra,
to see why this is so.

There is the problem of carrying the river safely past while
_foundations are being laid. Ordinarily there is room in the
river-bed for the engineers to share it with the river; not so
in Bhakra’s narrow defile. Before they could begin on the
dam, therefore, the engineers had to drive tunnels through
the rock on both sides of the gorge, tunnels fifty feet in
diameter and half a mile long. Prime Minister Nehru saw the
water pouring through one of them before he went down to
Nangal for the dedication.

There is the problem of piling up five million cubic yards
of concrete (three Hirakuds, or four Tungabhadras) on to
a foundation no longer than Tilaiya’s, or Maithon’s. Concrete
has to be manufactured and put in place faster than India has
ever done it; ten tons per minute through two eight-hour
shifts. Even so, it will take three years. That schedule requires,
among other things, two travelling cranes to deliver the
buckets of concrete where they are needed. The cranes will
be of a type and size never seen before in Asia. They will be of
‘T’ shape, with each arm reaching out 175 feet from the
central track and capable of snatching an empty concrete
bucket 200 feet up out of the foundation in 20 seconds.

But that is not all. When concrete is piled up that quickly
in so huge a mass, the chemical reaction of the setting cement
builds up heat faster than it can escape. The interior of the
concrete would, the engineers calculated, get 40 degrees
hotter than the temperature at which it was poured. When
the cold depths of the lake rose against it, it would chill,
shrink and crack. The remedy at Bhakra is to make the con-
crete, all five million yards of it, out of rock and water that
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have been ardficially refrigerated to within eleven degrees
of the freezing pomt, Chilling several million tons of rock
right through the scorching heat of a Punjab summer is one
of the novel tasks of the Bhakra engineers. In addition, they
will have to embed in the concrete coils of pipe through
which cold water can be pumped to carry off the futher heat of
cementation.

Up from the niver-bed on both sides of the Sutlej, the rock
rises so steeply that the engineers have used it for a black-
board; years ago they outlined the firture shape of the dam
with white lines on those steep walls. Tt is challmging ro work
beneath that picture of the goal, 680 feet up. But it is even more
challenging to try to find, on the sheer rock of the gorge,
room to marshal and process the huge quantities of maternl
that will go into Bhakra Dam. Planners of Bliakra construction
tackled the logistic problem this way, They drew up a ruthless
set of priorities in which only the essential opemtions were
to take place at or near the dam iself. The lise 1s interesting,
Concrete mixing and refrigeration, compression of air for the
drills, distribution of acetylene and oxygen to the welders,
assembly of the coils of cooling pipe, refuelling and quick
repairing of Euclid dumpers, of lorries and drills; first-aid
and drinking water for labourers, a dny office for field direction
—for these things level space has to be blasted out of or hung
on to the sides of the canyon. Other facilines—warehouses and
dumips for lumber, steel, fuel oil and grease, shops to assemble
the large stecl penstocks and other embedded parts, housing
for the labourers, can be located on the gender slopes below,
Main stores, structural steel workshops and  housing for
engmeers can find cheir places only on the first naturally level
ground—at Nangal township, eight miles away.

The problem of planning Bhakra construction is essentially
this. Before any of the millions of tons of ingredients arrive,
mdfcrthcmnstpﬂrbcﬁouthcymﬁrdcmd,mmnc must
think how each item will be delivered, where it will bo kepe,
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how it will be put in place—all in time, and out of the way
of other materials. Bhakra was a new type of engineering
task for India. But it afforded neither time nor space for
trial and error. India could have called in an experienced
contracting firm from overseas. Some very wise engineers
in Punjab and in Delhi thought that was the prudent
course. But in the end, India took it, in the Prime Minister’s
words, as ‘a big university where we can work and while
working learn, so that we may do bigger things.’

Under S. D. Khungar, the scasoned and thoroughly com-
petent general manager, were appointed the most able directors
of design, construction, and inspection Punjab could find.
Working alongside these men, India wanted someone who
had built high concrete dams before. From the United States
they got M. Harvey Slocum. He is among the three or four
living men who know how to get muck out of a site like
Bhakra’s, and get steel and concrete in. But all his life he has
been a construction boss, not a teacher. It was not as easy as
it sounds, in any event, to learn while working, where some-
one must be responsible that mistakes are not made. Somehow,
while tunnels were drilled, a railroad built, the gorge trimmed
down, and the crucial plans for construction laid, the university
functioned.

Just before coming here I had gone to Bhakra where the Dam is
being built and there I stood on the banks of Sutlej and saw the
mountains to the right and left of it. Far away, at various spots,
people were working . .. . From a distance they looked very small,
and the mountain very mighty .. .. The thought came to me, that
it is these men who have striven against the mountains and brought

them under control.

Pandit Nehru had later on to dedicate a plaque to 60 men
who had died drilling the tunnels. He may have had this
in his mind when he said, “Which place can be greater than
this, Bhakra-Nangal where thousands and lakhs of men have
14
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worked, have shed their blood and sweat and laid down their
lives as well?’

BUILDING THEIR OWN FUTURE

This work was a pledge that we feel we are building our own
future in which we are partners in whatever capacity we work.

The Prime Minister could well have been speaking of the
workers at Nangal and Bhakra and on the miles of main
canals. They had done a good job, and it was gratifying that
for six years they had worked without serious interruption.
But there was a wider meaning, even more remarkable, in
his statement.

A hundred and fifty miles away from Nangal, as the crow
flies, the tail end of the canal system fans out into the western
margin of Punjab, bordering on the Rajasthan desert. Those
little tail channels—distributaries, the engineers called them—
had been built not by PW.D. employees, not by contractors
and their men, but by the future irrigators themselves, or-
ganized village-by-village into labour co-operative societies.
It was a new thing in India, an unorthodox thing for farmers
anywhere, and it seemed to reach a long way into India’s
future.

Punjab’s labour co-operatives were, frankly, an experiment.
“Villages would rather work for the petty contractor, who
loans them cash,” said some sceptics. ‘Somebody will run
off with the pay cheque,’ others opined, ‘and that will be the
end of the co-operatives. “We would like to see them estab-
lished,” pointed out some of the canal engineers, ‘but we have
to get the distributaries dug in time to open the system in
18 months. We don’t have time for a social experiment.’

As the time grew short for completing the canals, three
men in Punjab determined to give the co-operatives a trial.
One was the minister of irrigation and power for the state,
Choudhri Lahri Singh, who in September 1952 assembled all
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the top canal engineers to hear the proposal. Another was
Pandit Ram Dhan, Punjab’s grand old man of co-operative
socictics—one of those selfless civic workers who carry on the
Gandhian tradition, The thied was the superintending engi-
neer in charge of canals in the western district of Hissar, Sardar
Ajir Singh Kalha, He got up in response to Pandit Ram
Dhan's ples and said, “We will give the co-operative socicties
all the work they can do in Hissar, if you can get them or-
ganzed.”

So the cxperiment was launched. The various govemment
officials made sure that the likeliest villages received the
idea, and thar the engincers had work staked out ready for
them to do. The representatives of the govemnment co-
operative deparrment explained the plan to the peasans. So
did Pandit Ram Dhan and several members of the legislature,
invited by the minister. The message was simple. “Enlist in a
labour co-operative, elect your own officers. The government
will pay your society exactly what it pays contractors for
digging channels. But you can carn it all, mstead of letting
the contractor pocket two or four annas out of the rupee.
And you will be digging your own canals.’

The response must have set some kind of high water mark
for popular enthusiasm. In five months from December
1952, fifty-three societies began work. And in nime months,
those societies, plus ten new ones, had moved over four
million cubic yards (1t crores of cubic feet) of earth. That
was twice as much as the D.V.C. machmes moved (of course,
under much more exacting conditions) in abour the same time
at Maithon Dam. To put it another way, in the year after
they were launched, the co-operatives, with their labour
strength of six to seven thousand, provided a fifth of all the
manpower building Bhakra canals in Hissar district.

At the end of November that year, | asked Sardar Kalha
to take me to see a few of the societics at work. We sct off
by jeep, and wavelling on the level sand across country, came
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wpon the cluster of mud-walled buts which is the village
Daiyar, Not over 100 yards from the houses ran a channel
labelled on the engincers’ blucprings Dhabi Minor Distributary.
It was no more than a double line of sandbanks, dwindling
where the excavation was in progress to two rows of stakes
on the sprouting fields of gram. But Sardar Kalha assured
me that upon its seven-mile length would depend 12,000
acres of irngated crops.

Seventy men and women worked in the ditch: the 57 mem-
bers of the Daiyar labour co-operative plus some unenrolled
relatives, When the sociery’s neat account book was brought
up from the village, I got the president to count the number
of members of the Jat caste (there were 29) and the number
of Harijans (18). The Harijans had their wives carrying head-
baskets alongside them; the Jat women stayed indoors. There
was no other distinction. High caste and outcaste members
worked, voted, and drew their pay shoulder to shoulder.

Every member acknowledged i the proper square of the
account book his receipt of each week’s pay. There were 10
signatures and 47 thumb-prnts. It was obvious that, though
a young sub-inspector of co-operatives came ‘every month
to audit the books, the president and secretary held great
power in dispensing moncy to their illiterate fellows. T was
anxious to know whether the selection of officers had been
really free ot whether (as so often happens in any rural commu-
nity) they were the wealthy or otherwise powerful farmers
whose leadership nobody dared challenge. Tt 'was intercsting
that when the Daiyar co-operatives met at the beginning of
the year to elect their officers, three candidates were put up
for president, One withdrew. On a secret ballot, another
was elected by 35 votes against 12, There was an element of
genuine choice reflected by those figures, as well a5 wide
interest in the outcome. (The people of Datyar were mceful
as well as democratic, and they proceeded o choose the m-
successful presidential candidate secretary).
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Had the co-operative way of building changed the men’s
conception of the huge irrigation scheme of which, in less
than a year, they would become beneficiaties? No single
visit could answer that question. “Why should I not work
for the co-operative,” one member answered me. “Lasc year
when I worked for a private contractor he paid me ten annas
for-a unit of earth, T get onc rupee from the society.' Bue
another digger made a comment that may be equally relling.
When we remarked on the true slope he was giving die em-
bankment, he pointed a long way ahead, along the rows of
stakes, ‘My fields are seven furlongs down. 1F the water leaks
out here, my own dicch will go dry.’

There is one other chapter of the Hisssr story that deserves
telling: In 1953 the co-operative experiment succeeded; but
the year before it seemed to have failed. Government or-
ganizers got the societies formed thar year; the engineers gave
them work. But instead of elected presidents and secretaries,
they had ‘group leaders’ appointed for them by the local
civil adminiscrators. Instead of letting members save the
contractor’s profit, the government set out to sve it, paying
the co-operatives seventy-five per cent of the normal rate.
Pay cheques were often delayed (the canal engineers were as
usnal shorthanded), but members could not wair for the
weck’s pay when there was no contractor o give them an
advance. The peasants lost hearr. By May 1952, the co-
operative work force was down to so0. It did no good, then,
for the government to restore pay rates to the contractors’
level.

Administrators had failed, late in 1952, when a politidan
wok hold of the co-operative idea, Trrigation Minister Choudhri
Lahri Singh, himself a Jat faemer, knew that if the villagers
were to accept Bhakra as their projet, the authorities them-
selves wonld have to treat it that way. One liccle change he
made was characteristic. It caused as much resssurance among
the diggers as it caused overtime work in the offices of
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sub-division engineers. He saw to it that every Tuesday, come
what may, each society’s cheque for the previous week’s
work would be waiting at the nearest engineer’s office. The
bigger changes were in the same spirit. The response to the
labour co-operatives in 1953 was all the more cheering because
a year before, any social reformer might have appraised
western Hissar as an unpromising place to win the people’s
participation. Had not the villagers, though famine-stricken
for three years in succession, just turned their backs on a

scheme specially designed ‘to help them help themselves?’

A NEW WAY OF LIFE

“When you tell a farmer to stop looking up to the sky to
water his crops, and tell him to look down to the ditch,” a
wise old principal of an agricultural college in one of America’s
semi-desert states once remarked, ‘you are asking him to
change his job as well as his philosophy.” It is quite true that
irrigation upsets every habit of farming. The cultivator has to
replace his crops with new ones; at the very least add a second
crop of new varicties. Where shall he buy his seed: When
shall he sow, how till, when reap: Where can he sell his new
sugarcane, or cotton, or grain: He has got used to his soil
dry. How will it behave wetz Will it pay to fertilize: If so,
who will loan him money for fertilizerz Can he pay the
water rates the government assesses? How shall he share the
new costs and the new income with his landlord, or tenant:
Will his fields get waterlogged: How much water does he
need to put on to give the best cropz What if his neighbour,
with whom he has not had to be friends before, takes more
than his share from the common sluice:

India has been continually at the business of irrigated
farming longer than any nation but Egypt; whereas Egypt
has basically one irrigation source, one class of soils, one
climate, India has learned to adjust to all of them, some time,
somewhere. Taking the country as a whole, it would be
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roughly true to say, ‘There is nothing new under the ditch.’
Every one of the new irrigator's problems has been solved,
either by the slow, shrewd accumulation of folk knowledge
through the generations, or by the work of agricultural ex-
perimentation that has gone on in the various states. Here
are some, from among many more, achievements from
distant regions of India in answering the intricate questions -
irrigation poses.

Knowing the Soils. Before a single canal was located in
Mysor¢’s new Lakavalli irrigation project, soil scientists found
out exactly which acres would take water best.> Moreover,
they found out which fields were best suited to which crop
rotations. That meant digging a test pit (one foot square and
three feet deep) every 200 yards over the whole commanded
area of a third of a million acres. It will be well worthwhile
when it comes to repaying the cost of the project out
of increased yields. It is now sure, for example, that
sugarcane, the most profitable crop, can safely be grown on
62 per cent of the acreage, provided it is grown with
paddy and lightly-irrigated crops like millet or gram in
rotation.

Spreading the Protection. There is water enough for the pre-
sent right bank canals at Tungabhadra to irrigate 250,000 acres.
It would have been easy, and cheap, to reach that much land
in a compact block not far below the dam. But all Rayala-
seema needs protection against monsoon failures. In planning
the project, therefore, the Madras government (since replaced
on the right bank by Andhra and Mysore) scattered irrigation
widely through 750,000 acres.® A team of one engineer, one
agricultural expert, and one land revenue officer went syste-
matically over the land under cach canal outlet and selected
the third of the total commanded acreage which would res-
pond best to irrigation.

“You have given irrigation to the poorest ryots (cultivators)
in the village,” I heard one hereditary village record-keeper
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exclaim to a member of the ‘localization team’. To the villager,
that in itself was revolutionary.

Having been localized, the irrigated third of the land was
further divided into a smaller, well-drained sector that could
stand very wet cultivation, like paddy, and a larger acreage
of the heavy black soil which produces wonderful cotton,
but has to be watered cautiously for fear of waterlogging.
Where the two sectors met, the team located a sluice with two
outlets. For 11 hours of the night, it would turn water on to
the paddy land. During the 13 daylight hours, the same water
would less heavily irrigate about three times as great an
acreage of cotton, millet, or groundnuts. The canal system
could run continuously full of water during the growing
season, while the fields took turns. The localization teams did
not, unfortunately, have the detailed maps of subsurface soil
conditions which the planners of Lakavalli used. But they
had another great advantage. Fifteen years before, Madras
had sct up an irrigation experiment station in the heart of the
area to be irrigated by Tungabhadra.” By the time the
land was chosen and the crop system fixed, therefore, the

lanners could be sure just how much water the sensitive
black soil could stand year after year, and what crops would
give the best returns with that much watering.

Every Field a Fertilizer Factory. Tanjore has been irriga-
ted by the waters of the Cauvery at least for the thousand
years since the Chola kings built the Grand Anicut. But with
more and more control over the river, it has lately become
possible to get water into the delta for a second and even a
third crop each year. Going over the records of Tanjore’s
two modern agricultural experiment stations, the Madras
director of agriculture, M. S. Sivaraman, discovered that
the key to higher rice yields, with two or three crops on the
same land, was to restore the fertility, especially the humus,
taken from the soil by each harvest. Green manure seemed
the only possible solution. But how was the hard-pressed
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Tanjore ryot to get itz Even if he could get water to grow a
green manure crop between paddy seasons, the unfenced
village cattle would graze it off. Even if he could gather
tree leaves, or make compost, how could he haul them
through the mire of the paddy fields at ploughing time: While
he was pondering the cultivator’s genuine difficulties, Shri
Sivaraman came upon two immigrant plants. Their Latin
names are famous now throughout Tanjore—Glyricidia and
Sesbania. The agricultural experts designate them as legumes,
which means that while their leaves are growing green ma-
nure, their roots are harbouring bacteria which add nitrogen
to the soil.

Their importance for Tanjore lies in their capacity for quick
growth. There is only one bit of land the Tanjore ryots
will spare from their paddy crop. That is the narrow raised
bunds bordering their fields. Glyricidia, planted on the bunds
when paddy is put in the fields, will have its branches up out
of reach of the goats by the time of the paddy harvest. After
that, all a farmer must do is strip off a season’s growth of
leaves—two tons from Glyricidia grown on the bunds in an
acre of land—and plough them under. Sesbania grows even
more green manure; it must be replanted each season.

Using green manure plants properly, the Tanjore ryot can
grow a good second crop even without buying fertilizer.
Within two years after the department of agriculture started
popularizing the green manure trees, Sesbania lined the bunds
of 100,000 acres in Tanjore. Shri Sivaraman’s target for the
next year (1954) now that the delta ryots had had a good look
at the results, was 430,000 acres making their own green
manure.,

The World'’s Most Intricate Irrigation. Every problem which
can assail an irrigation system has been met, and solved,
in the 6o-year history of Bombay’s Nira Canals.® Here again
we have heavy black soil, but far more vulnerable to water-
logging than at Tungabhadra. The Deccan water supply is
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inherently short and uncertam. But a succession of engineers
deeply interested in agriculrure have helped the cultivators
make this one of the highest-value crop areas in India. It
began in 1902, when the 20-year old project was already
partly ruined by waterlogging. The young executive engineer,
M. Visvesvaraya, worked out a way—the ‘block system™—
10 et sugarcane growers to rotate crops and rest the land?
The crnent Scots engimeer who headed the all-Iudia lmi-
gation Commission was so impressed by the practicality
of the proposal that he lad had it printed verbatim in the
Commission’s report, Twenty years later, C.C. Inglis, then
head of one of the first imganon research organizations m
the world, began an effective programme to rechim the
fields under Nira Canals which had already been damaged
by salt. Now the distribution of water is completely syste-
matized to protect the soil, and at the same time to use just
the amount stored in the reservoir. When the water supply
from the monscon has been calculated by the Bombay engi-
neers, » programme i3 worked out for each irrigator showing
just how many acres of cach crop he can grow. Water is
distributed in exactly the amount, and av the times, required
for that crop® It is an extremely intricate system gradually
perfected by the engineers, the cultivators and the large sugar
plantations.

There is no one best way o irngate throughout the whole
of India, Over the years, most of the provinces and states
have shown that they possessed the technical knowledpe
work out ¢ach of the adjustments necesary to fit an Irrigation
system to their own soils, markets, water supplics, and hahits
of cultivation. Cultivators who have mastered all the tricks
of irigation can be found among the Telegu-speaking people
of the Krishna and Godavari delms, the Sasvad Malis
Bombay, the colonists along the old Punjab canals,

Why then should the water from the new irrigation projects

like Bengal's Mayurakshi, the Damodar, or the Tungibhadm,
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be going begping for two or three years already: Were these
arcas where irrigation methods were not known: [ discovered
this was not the difficulty. Canal irrigation has been practised
near the Mayurakshi area, and within the D.V.C. irrigation
area, for twenry yeams. Even second crop irrigation has been
done on thousands of acres. Scattered through some parts of
the Tungabhadra area are the object lessons of the old river
chanuel irripation systems and the state~ experiment station;
a few villages have also the benefic of the practical experience
of irrigators recently migeated from the Krishna delta. More-
over, the planners of the project, both on the Hyderabad and
Andhra-Mysore sides have very comprehensive schemes
worked out to develop imigated agriculture. *I must have
writtett a hundred notes on how to get the cnals into use,’
one development commussioner told me. T read some of them
—they were mastecly. And in each of the villages T went to
there was at least one cultivator who was already preparing
his land for water,

Yet, though water was spilling over the dams, and even
running in the main canals, it did not get into many of the
fields. T was reminded of some of the newer irmigation pro-
jects in the great plains of America. The cost of these projects
is very high per acre irrigated. Farmers can grow satisfactory
crops with the nararal rinfall in the arca, most years, though
they could grow better ones with irrigation. They know the
government has already got the huge projects built, and fecls
great anxiety to have the water used. They are thercfore
waiting. Perhaps the govemnment will lower the water rates.
In India, too, it is 3 striking fact that the difficulties in getting
water used have not come in those areas where the changes
required by imigation were the most drastic. In colonizing
the early Punjab canals, whole villages had to be established
on a barren desert. But the water was quickly put wo good
mse. There the irrigators knew, as well as the govermment,
thar life depended on the canals,



230 NEW INDIA'S RIVERS

Technical adjustments India could make, then, provided the
psychological adjustments were accomplished, Each of the
big new projects was expected to ger lakhs of acres under
imigation in five or ten years. Their enormous storage réser-
voirs and long canals necessarily cost heavily — an average
of 277 rupees per acre. The country expected lakhs of cult-
vatars, who had never paid water rates or who had paid two
to four rupees under old canals, quickly to assume a burden
of the order of 10 rupees per acre, or for two crops, twenty-
five, plus payments toward the capital cost. Whe would pay
for levelling fields, building new roads, manuring, buying
new sceds and livestock —all expenses which the new culti-
vation required? The nation, which had mvested of its
development funds in irmigation projects, and postponed
other works to give them priority, was naturally in & hurry.
So were some cultivators, who knew the eaming power of
an irrigated farm. But most cultivators did not; understand-
ably, they were content to wait,

The psychological gap could discredic the projects. For
there was the possibility that should the government apply
pressure to get the water used (by levying a compulsory water
or capital tax, for instance) the cultivators might organize
resistanee, The transition to widespread irrigation which
requires the joint effort of peasanes and government agencies,
would then be difficulr indeed.

A farmer's change to irrigation requires him to change his
mmdﬁaphﬂumpiiy.ﬁmth:chug:ﬂf:hmdmd
villages to irrigation within a few ycarss requircs 3 social
and economic revolution. India’s engincering had certainly
been revolutionized since Independence. But had hcrhundm.l—-
crore, million-acte projects come too big, and too fast, for her
villages to accept: Or could her peasants move as fast as her
planners and her dam-builderse

Bhakra, by three times the biggest i irrigation. project of
them all, 5lmul:l be able to answer that question. Its success
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on five lakhs of cultivators, in villages like Daiyar,
They would have to change their tillage in step with the
progress of engineers who even now, could not be precisely
sure when they would have water stored. And they would
have to pay back their share of the cost of enormous structures
a hundred miles away, which they would never see. Had
Indian peasants enough imagination: Could they change at
the pace of the bulldozer and the double cantilever crane:
Were they, i shiort, ready for a rural revolution

For Bhakra, at least, I am satisfied that I gor the answer.
The peasants of Punjab gave it when they assented to a special
tax over and zhove the annual water rate, toward the extra
cost of building the Bhakra Dam and canal system. They
supported the enactment of a ‘betterment levy', by which
Punjab can take up to half of the new value which their land
acquires by virte of being irrigated, or irrigated better. The
betterment levy had been enacted in other states, first of all,
like so many irrigation institutions, under the sponsorship of
Sir M. Visvesvaraya, for the Knshnaraja Sagar canals. But
when the Punjab legislature passed it, the peasanis” eyes were
open, and their voices heard,

When the Punjab irmgation minister introduced  the bill,
he knew it looked like a p:iinfu? exaction. He called the leaders
of the opposition to his room and talked frankly. “You can
fight this bill in the Assembly,” he said, “and no doubt get a
few negative votes. But it will cost you the support of the
ecultivators. If you don't believe me, go back to your consu-
tuencies and ask them.” He gave them time, while the bill
waited in committee. And when they retumed to the legis-
lature, they passed the berterment levy withour opposition.

How had peasants, yet to receive water from the project,
grasped the need to tax themselves foric: By sccident, L had 2
chance to sec for mysclf. The imigation minister took me
along on one of his political campaign trips on which the
faimess of this very tax was at issue,
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We got out of his govemment automobile at the sun-baked
town of Fatchbad, and mounted a ‘desert jeep’ flying the
Congress Party flag, The vehicle: was acrually an antigue
sedan stripped of such non-essentials as mudguards and muffler
and mounted on oversize wheels. We rode it not only the
better to clear sand drifts, but because Indian political ethics
do not allow the use of a minister’s official vehicle in a party
campaign.

A sear in the Punjab legislature was at stake in a bye-election.
The Congress Party candidate, though he was a respecred
local farmer who had held local government office, was an
almost unlettered man who sid not a word on his own
behalf Winning uncommirted votes was evidently the ask
of the minister. Three times in one evening, beginning at
five o'clock and ending at midnight, Choudhri Lahri Singh
addressed crowds of voters. One of the specches was un-
scheduled. The ‘jeep’ as it crept berween the mud walls of a
village not laid out for motor traffic was so completely stalled
by rows of men, women, boys and girls pressing in upon it
from doorways and rooftops that the minister had no choice
but to stop and address the populace. His speech, delivered
by the glire of a petromax lantern in the crossroads of that
lonely place, sounded very little like a vote-getting talk.

It began with history. ‘Bvery conqueror of our country
has marched past your village,” he said, “Timur and Babar
and the British. Why did their armics win# Is it that the men
of this place will not fightz" At this sally, the local party chiief,
who stood with the minister behind the lantern, visibly puffed
out the bandolier which crossed his chest. “You know there
was another reason. You always fell to quarrelling before the
bartle was won, Some village, some leader, some caste, some
state had to go its own way. And the oumsiders conquered
India.”

*Then one came who taught vs to unite, Togedher, we
followed his lead, and together we drove the British out’
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*‘Now we are engaged in a sccond fight together. We are out
to conquer poverty. Again, we will [ail if cach man, each
village, cach caste, the rich and the poor, go their own way.
Again, we will win, if under the lead of Jawaharlal, you will
carry on the fight as one.’

He shifted to the local facts of life. "From where do yon
get the water which you drink, and your animals dronk:’
I leamned later from the young Sarpanch, or village leader,
that since their own tank was brackish they fetched it three
miles from another village. *You have a good harvest in
your houses this year, and your rabi fields have sprouted. What
will you do if the rains fail in the next monsoon, as they did
during the last three years: You will be afraid no longer.
From the next monsoon, the water will be flowing in your
ficlds, and flowing in your wvillage, from the canal. You
have scen the channels dug, you have dug some of them
yourselves, and so arc they being dug from the River Sutlej,
You have not seen the main canal, or the high dam which is
being built, which will fill the canals in the rabi season. They
are mot finished. They will cost more than a hundred crores
of rupees. From where will the money come: It an come
from but one source—the cotton, maize, wheat and sugar-
cane you will harvest from your irrigared fields, That is why
the legislature has passed the betterment levy, and that is why
you are willing to pay it. For unless these canals pay, there
can be no dam, no new canals. Famme will rerumn to Punjab.’

Finally came words that sounded like campaign talk. "What
do the other candidates say about the Bhakra project, and the
tax that will pay for it: Do they oppose both: Do they
praise the one and attck the other: Then you know they
really would put an end to both. Or do they say they are
for the irrigation and the wx: If so, will you vote for the

that had the courage to do these things, or the party
that lacks the courage cither to do them or oppose thems?

The crowd gave no sign of its reaction. Once there was 3
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great str at the edges, whre people were packed far into one
of the alleys. Tt turned out to be only a swing of camels
making their awkward way through the campaign meeting.
Out in the starlit desert, where the cart track we were follow-
ing back to Farchbad forked around a sand dune, 1 got a hint
of the affection in which the people held Choudhri Lahri
Singh, this man of their own who was now directing the best
work that had ever reached them. A band of small boys had
run four miles from the last village to meet the ‘desert jeep’
at that tuming, and point the minister on his homeward
way.

Punjab has some peculiar advantages in gettng it irriga-
tion into use, Among the refugees from Pakistan to the
Bhakra area are some whose fathers were drawn from that
same area to the canal colonies of Lyallpur and Montgomery.
In the meantime they had become expert irrigators. Ramfall
in Hissar district avernages 13 inches, which makes irrigation
2 more obvious necessity, than even at Tungabhadra, with
its 19 inches. Even 3o, there will be lags in some of the changes
irrigation requires—in developing the 30 planned  manidls,
or markets, for instance, and in improving roads. But the
crucial fact remains that the people will be working with
the government in creating the new era. The psychological
barrier is down.

It is as thoigh the ancient commumres through which
Indian peasants built and maintained their tanks and small
river channels had been expanded to encompass the biggest
srrigation system in the world. And the physical bounty and
reliability of modemn engineering had been jomed to the
human solidarity of the old village republics. 1f so, it will be
2 brand new achievement i this world, an achicvement of
engineers, of peasants, and of politicians who gave them both
the means, and the challenge, to work together,

We of our gencration—umny of us present here [fawahacll
Nehru said at Nangal| belong to that generation which tought for
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the freedom of India. ... We are children of thar revolution of
India. ... A revolution docs not mean the breaking of heads. A

revolution means chang; ingrs in a big way. . . and that revolu-
tion s not over. mm i E‘y h]y'lhc political sphere.
We have to continue it in the social and economic sphere. . .

See what millions of our people are doing, whether they are
working in the factories or in the fields or in these various constric-
tve schemes and projecs and community schemes and all that,
becamse  mallions anﬂj millions are working there. .. this great
country is in commotion.

There was a grear roar of ‘Bharat Maw Zindabad’; then
‘Nehru Zmdabad®, when the huge crowd on the right bank
of the Sutlej saw the distant gates go up, and the water shoot
foaming into the canal. Precisely at that moment, the peasants
on the left bank of the river, who saw the wall of water coming
down Nangal canal roward them set off hundreds of home-
made bombs. For 150 miles the boisterous celebration spread
like a chain reaction along the great canal and the branches
and distributaries to the cdges of the Rajasthan Desert; long
before the water got there.

15



EXPLORINGTHEELECTRICAL AGE

WHEELS OF THE FUTURE

[One] began to feel the forty-foot dynamo as a moral force, much as the
early Christians felt the Cross. The planet itself seemed less impressive,
in its old-fashioned, deliberate, annual or daily revolution, than this huge
wheel, revolving within arm’s-length at some vertiginous speed, and barely
murmuring—scarcely humming an audible warning to stand a hair's-
breadth further for respect of power—uwhile it would not wake the baby
lying close against its frame. In the end, one began to pray to it; in-
herited instint taught the natural expression of man before silent and
infinite force.1
THUS reacted Henry Adams, an American gifted with a

sense of history, to the steam-electric generating machine at
the great Paris Exposition in the year 1900. Half a century
later, the visitor to India’s Bokaro thermal power station,
though habituated perhaps to the marvels of a machine age,
stands no less awestruck. For the three immaculate machines
before him, encased in their green enamelled cylinders, produce
a controlled energy beyond even Henry Adams’ prophecies.
One of them, humming at three thousand revolutions per
minute, could supply Delhi’s whole need for light and power.
Another could drive all the trains connecting Poona and
Bombay, or Burdwan and Calcutta—this last job, in fact,
it will take on as soon as the East Indian Railway is electrified.
Teamed together, the three turbo-generators could light eight
lamps in every village in India—provided, of course, the
greater miracle of interconnection were accomplished.

To the physicist, even Bokaro’s conquest of the energy of
burning coal is far from complete. Of all the theoretical
power locked in a ton of coal, the newest, biggest, and most
efficient thermal power station in the world captures only 38



EXPLORING THE ELECTRICAL AGE 227

_per cent; Bokaro uses 36 per cent. But compared to the techno-

logy of Henry Adams’ dynamo in 1900, or the steam locomo-
tives still pulling trains today, which harness five per cent of
the coal’s heat, Bokaro stands for a new pitch of efficiency in
the adaptation of nature to man’s needs. Considered in another
light, it stands for the chance open to a newcomer to the
Industrial Revolution to by-pass some of the crudities of earlier
industrial systems. The standard, for instance, by which the
British Electricity Authority distinguishes its economical
generating plants is only 26 per cent of theoretical thermal
efficiency.

Bokaro, whose design was an application of higher mathe-
matics to a half-century of electrical experience, and whose
assembly required the skill of watchmakers operating on a
twenty-ton scale, stands for an even more basic efficiency.
Paradoxically, it was deliberately planned to bum the worst
coal used by any major thermal power station in the country,
coal with too little volatile matter to light up easily, and with
a most undesirable proportion of inert stone. Every ton, in
fact, produces 520 pounds of ashes. Those very liabilities
commended the coal to the planners of the Damodar Valley
electrical scheme. For India has a vast surplus of high-ash coal
like that. But of the very highest grade of coal suitable for
making coke, and producing iron and steel, her resources are
seriously limited. Supposing all India’s high-grade coking
coal were burned only in the blast furnaces and steel mi]]s, at
the rate contemplated at the end of the Five-Year Plan, the
supply would last only 360 years.* Hence the concern of the
government to discover that in 1950 most of this vital coking
coal that was mined in India was being used up in locomotives,
electric plants, and even in the boilers operating the collieries
themselves. For all these uses, the abundant high-ash coal
would do. Yet, from a shortsighted business viewpoint, its
use would be inefficient. For locomotives and city electric
stations this was true because to burn poor coal they would



228 NEW INDIA'S RIVERS

have to haul 500 pounds of inert matter in every ton of coal.
As for the great collieries of Jharia and Raniganj, which pro-
duce half the nation’s coal, how could they afford to haul in
less desirable fuel for their lifts and pumps when they were
mining the best coal in India?

India faced a dilemma in which the economic interests of
present coal users seemed to be pitted against the long-range
interests of the nation to conserve her metallurgical coal supply.
The dilemma was focussed in the Damodar Valley, where
both the high-grade coal, and the largest coal users, were con-
centrated. The basic efficiency of the Damodar Valley electri-
cal system lies in its resolution of that dilemma. The resolution
was accomplished this way: poor coal is bumed at the
pithead, thus avoiding freight costs, and sent where it is needed
—throughout the triangle Calcutta-Patna-Jamshedpur—in the
form of high-voltage electricity. Transmission costs (less to
begin with than hauling coal ) are recouped by the higher plant
efficiencies of a very large central power station. At the ends
of the D.V.C. power lines, mines, mills and city electric utili-
ties can thus buy electricity cheaper than they can generate
it themselves from high-grade coal. The drain on the nation’s
resources for becoming a great industrial power will come to
an end—painlessly.?

The conception of that high strategy was the work of men in
the Central Technical Power Board ten years before Bokaro
began production. But their plan could not have materialized
without calling upon the most advanced designs, materials
and techniques available to modern industry. India, therefore,
got the equipment for the Bokaro plant principally from the
General Electric Company, and retained an American con-
tracting firm to take responsibility for its erection. So far is
this arrangement from being unusual that in the United States
itself factory erectors customarily install the equipment of such
a plant; anyone who studies the intricacies of Bokaro’s
workings will see why.*
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The planners had first to find a plentiful supply of high-ash

coal, easy to mine, close to a river with enough cold water to
cool the spent steam. They found the mine—the enormous
fifty-foot Bermo seam—but it lies five miles from the Konar
River. Over that distance, therefore, the coal is moved in the
cheapest possible way, by an overhead cableway, to the Bokaro
plant. Mining is done by power shovels, not picks. These
economies are important to a plant that, running at full throttle,
burns a ton of coal every 40 seconds.

Behind each of Bokaro’s three generators stand two great
boilers. Each is a steel tower six stories tall, enclosing a bundle
of steel tubes. With the boiler burning, the tubes are enveloped
in a flame of 2100 degrees Fahrenheit, a flame fed by super-
heated air and coal ground to flour. Water entering the tubes
bursts instantly into steam; the steam is further heated as it
courses through superheater tubes atop the boiler. It leaves
the boilers for the turbines at 910° temperature, and the in-
credible pressure of 895 pounds per square inch. Steam ap-
proaching that heat and pressure had never been harnessed in
India—even the Calcutta Electric Supply Corporation’s post-
War plant generated only 630 pounds of steam pressure.

There is efficiency in this enormous heat and pressure.
There is also a terribly destructive power. Steel had to be
hardened with chrome, molybdenum and titanium alloys to
resist the corrosion of that steam in Bokaro’s superheater pipes.
Even so, the maze of piping is not foolproof. Once during the
trial run of Bokaro’s first turbine, for instance, a tiny leak de-
veloped in a joint of the main steam line. The superheated
steam sliced through the steel of the joint like a welder’s torch,
and the boiler had quickly to be shut down. Engineers traced
the trouble to an almost invisible flaw in the steel ring that
sealed the joint; it had rusted before it was installed.

Henry Adams would have found his dynamo crude and
clumsy beside a modern steam turbine. The steam jets are
caught on blades no bigger than a table knife, each of



230 . NEW INDIA’S RIVERS

high-alloy steel beautifully fitted into its place in the ring.
Twenty-one times the Bokaro steam passes from one ring of
spinning blades to the next. It is a smooth, swift progression,
wholly free of reciprocating motion. Thatiswhy the fifty-foot
shaft of the turbo-generator, spinning at the same speed as a
small automobile engine, shows none of its vibration. D.V.C.
engineers had no sleeping baby to demonstrate the point; they
did set a tumbler of water on the main bearing.

Spent steam is, in a locomotive, wasted from the cylinders.
Here it is kept enclosed and cooled again to water. Using the
same water over and over saves purifying anew the enormous
quantities of water required by the boilers; the vacuum caused
by chilling the steam also helps drive the turbines. But the
cooling or condensing operation takes an unbelievable quantity
of cold river water. It takes, in fact, 165,000 gallons per minute
—something like the municipal supply of Bombay or Calcutta.
That is why Bokaro depends on D.V.C.’s comprehensive
river plan by which Konar Dam, a bit higher up on the same
river, was completed in the same year—1953-54. Even in
drought seasons Konar’s deep lake is ample to pass down to
the Bokaro plant enough water to keep the great condensers
cool.

The electric generators which ride the other end of each
Bokaro turbine shaft are like the generators at India’s water
power plants, only turning much faster. There is one other
important difference, something entirely novel in India. The
sealed atmosphere in which these generators whirl is not air,
but pure hydrogen. For a reason it would take a chemist to
comprehend, hydrogen greatly reduces the loss of electrical
current among the coils in the generator. There is 2 remarkable
sequel. By increasing the pressure of the hydrogen, and thus
its electrical insulating effect, each generator can be made to
turn out more than its rated capacity of 50,000 kilowatts of
electricity. It can, in fact, be stepped up to 57,000. This will

an enormous advantage to meet brief peak loads, when,
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on a dark and chilly winter evening, everybody turns on his
lights while the electric trains and trams are still struggling
with the evening rush. But like high-pressure steam, hydrogen
cooling achieves its efficiency only by creating a potentially
explosive hazard—a hazard kept in check only by seasoned
designers and D.V.C.’s carefully trained crews.

Overlooking the generator floor is an air-conditioned room,
brilliantly lighted, and cased in glass. Down its rear wall is
a panel topped by meters which record, both on dials and on
permanent charts, the amount of current sent out along the
D.V.C. grid. The grid itself is diagrammed on the panels. Each
line of the diagram is punctuated by a control handle, no bigger
than the one that opens the door of an automobile, but capable
of sending, or interrupting, 132,000 volts through the inch-
thick aluminium cables that run east and south from Bokaro.

Bokaro-Sindri-Maithon is the initial trunk transmission
line. The great government fertilizer plant at Sindri has a
sizable surplus electrical generating capacity, 22,000 kilowatts,
to contribute to the grid. Available even before Bokaro, that
capacity served D.V.C.s first customers. When the first
hydro-electric generators at Maithon Dam start work, that
transmission line will begin delivering the benefits of an inte-
grated generating system, combining thermal and hydraulic
energy. During the 15 monsoon weeks when the river is full,
Maithon’s 40,000 kilowatt generators will work steadily,
harnessing water that would otherwise spill. Bokaro will not
be idle; its job will be to meet the peak demands for power a
few hours each day. During the remaining dry weeks of the
year, Bokaro will be the work horse, with Maithon storing
up its limited water supply to serve peak loads. Neither plant
alone could be as reliable or economical as the two together.
Nothing like the full hydro—electric capacity of a flashy, mon-
soon river could in fact have been made marketable except by
supplementing it with thermal generation. When the other
hydro-electric generators at Panchet Hill and Konar are tied in,
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too, D.V.C. will have a well-balanced generating systcm—
150,000 kilowatts of steam capacity (172,000 with Sindri) and
120,000 kilowatts of hydro.

So far, most of the customers at the ends of the transmission
lines are companies who had been generating their own clec-
ricity. They could get it cheaper, and more steadily, from
D.V.C. The big consumers are the government locomotive
factory at Chittacanjan, the Raniganj, Luchipur and Jhaoa
coalfields (1o which existing utility companies distribute D.V.C
power), the Kumardhubi Engincering Works and the indian
Iron and Steel Company ar Kulti, The Tata Iron and Steel
Company was to draw 20,000 kilowatts southward over ano-
ther high-tension circuit. From Jamshedpur it would extend
east to the copper mines at Ghatsila and the railroad centre of
Khara .

In 1954, only one of Bokaro's three turbo-generators was
busy; the other two awaited customers. The end of the wait,
however, was in sight. Instead of building its own new steam-
electric plant in 1956, the Caleutza Eleetric Supply Corporation
signed an agreement to get its additional clecrnicity from
D.V.C. The size of this demand, 45,000 kilowatss, is enough o
occupy the initial Maithon hydro-electric plant, or almost all
of one Bokaro generator. In 1957, morcover, the Railway
Board planned to use 30,000 kilowats of D.V.C. power to
electrify the trams running into Calcutta’s Howrah station from
Burdwan. The contracts with these customers assured that
Bokaro thermal power station would fulfil ics purpose of
replacing wasteful use of high-grade coal with cconomicy]
combustion of surplus grades. Meanwhile, D.V.C. had proved
it could deliver an abundant, steady supply of electricity o its
switchyards at a cost of about two-thirds of an anma per unit,
With those switchyards sported through 25,000 square miles
of country rich in minerals and well served with transportation,
D.V.C. was confident that there would be other new
CUSTOmETS, o0,
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BOOM IN THE JUNGLE

Sitting in his solitary office on top of a knoll at the out-
skirts of the town of Sambalpur, Commissioner Sivaraman of
the northern division of Orissa was wrestling with a novel
problem. His jurisdiction, which had comprised little more
than a vast jungle dotted by paddy fields, and a few small
towns connected by bus lines, was turning into one of the
fastest-growing industrial areas in India.

Just asHare Krushna Mahtab foresaw, Hirakud Dam started
the transformation. The government needed cement to build
the dam, half a million tons of it. Dalmia interests agreed to
put up a cement plant at Rajgangpur, 100 miles away, if the
Hirakud project would supply it with electricity. Until the
dam was finished, that was done by steam and diesel sets.
Meanwhile, Orissa has its first heavy industry.

Then came the Indian Aluminium Company, a subsidiary
of the Aluminium Company of Canada. Since it takes 10to 12
kilowatt-hours of electricity to smelt a pound of aluminium,
the company was looking for low-cost power. They found
plenty of it at Hirakud, and planned to take 25,000 kilowatts
continuously to make 10,000 tons of metal per year. They
decided to build their smelter at the damsite itself, where trans-
mission lines would be shortest, and a colony with all its
facilities would be left over from dam construction. There
were years between 1947 and 1952 when the businessmen had
their doubts whether Hirakud power would ever materialize.
But in 1953 and 1954, they were becoming increasingly defi-
nite, during their visits to the site, about construction plans.
They asked whether, five years from 1957 when they intended
to start production, they could draw double the promised
25,000 kilowatts.

The Orient Paper Mill near Jharsuguda had used up much of
the rapidly transportable supplies of bamboo. It sought new
sources of pulp—tall Sawai grass or timber. Processing would
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require 3,000 kilowatts of power, and now that Hirakud
assured it, the company was going ahead.

Like the Damodar Valley just to the north, Orissa is rich
in minerals, but hers are almost untouched. There arc small
railway collieries east of Hirakud at Talcher. They will be
electrified, and their operations brought to a higher efficiency,
by the high-voltage transmission line to Cuttack. Near the
northern boundary of the state, too, the Tata Iron and Steel
Company has long mined iron and managanese ores to feed its
Jamshedpur blast furnaces. Cheap Hirakud power opens up a
very attractive opportunity here. India has a large export
market, second only to Russia’s, for crude manganese ore.
If the ore could be smelted within the country into ferro-
manganese, India would capture a far higher value from her
minerals. That requires electric furnaces. Tata’s plans just
such furnaces in northern Orissa, using 15,000 kilowatts of
Hirakud power at first, 30,000 in full production.

“There is scope for the development of a steel industry based
on the presence of necessary raw materials in Orissa and the
neighbouring areas,” runs the vague, though hopeful, agree-
ment which Shri Mahtab exacted from the Government of
India at the time Hirakud project was sanctioned. In 1954 his
successors in the state government won for Orissa the Govern-
ment of India’s first steel mill in hot competition with West
Bengal and Madhya Pradesh. Though the mill may not
consume huge quantities of electricity when it is in operation,
for it will have its own source of energy, there is no doubt that
the availability of Hirakud power along the railway which
connects coal, iron ore, and limestone was a necessary factor
in the decision to locate the great plant at Rourkela.

While Commissioner Sivaraman struggled with the prob-
lems of converting jungle and paddy fields into mills—the
question of land acquisition, public services and labour supply
—the government officials in Cuttack were trying to plan
ahead for the longer-range requirements of an industrial
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revolution. Dr. H. B. Mohanty, the professor of physics who
has become secretary of Orissa’s unique department of river
valley development, prudently began in 1949 to arrange
scholarships for some 80 students a year to get technical training
in the colleges of neighbouring states. Orissa had no technical
college of its own. In 1954, it appeared that the gap would be
filled. Joint contributions from Tata’s and the state government
assured the opening of Hirakud Polytechnic Institute. The
state was taking care that the boom in basic industries ushered
in by the promise of Hirakud power, would also bring a boom
in career opportunities for Orissa youth. Orissa’s iron ore
and manganese were going to begin contributing their full
value to their native state. The same would now be true of
her ablest young men.

THE POWER-HUNGRY STATE

Madras has, within her present borders, neither coal mines
nor rivers of the first magnitude. The state made fuller use,
earlier, of her limited hydro-electric resources than any state
except neighbouring Mysore. But her farmers and industria-
lists have developed, even faster, an appreciation of the need for
power. Madras has natural resources, and the technical organi-
zation to fill the need. The state is one of the few areas on
carth where every other ingredient of economic acceleration is
present, but lack of electric generating capacity alone genuinely
holds back development.

It was the dynamism of Sir C. P. Ramaswamy Aiyar, com-
bined with a geographic accident, that started Madras in the
business of extending the benefits of electricity widely to her
populace.’ Her cheap power sources are not, like Bengal’s
coal, or Bombay’s waterfalls, near her big city. When in 1932
Madras opened the Pykara hydro-electric plant, using a vertical
drop of more than half a mile (3,080 feet) in a picturesque
stream near Ootacamund, it had to find its own market, quite
unconnected with the existing demand in the capital city. Tea
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estates and the lighting of small towns used some of the Pykara
power. Mostofit went to the industrialization of Coimbartore.
That dynamic city of textile mills, growing in the midst of the
cotton fields which supply 1ts raw marterials, was by 1930 using
a good deal more electricity than Madras city, twice its size.

Mertur Dam, the sanie size and shape as T.V.A.'s renowned
Norris Dam, though it was built five years earlier, created
another sort of opportunity for clectrification, Its tremendous
storage of Cauvery River water, two million acre feet, was
devoted firse to supplymg Tanjorc’s old and new canals. Water
could not be spared for turbines in the hot months. Madras,
thercfore, attracted to the damsie basic chemical industries
which could, in retum for very cheap cectricicy, afford to
(;ED!'['- EIUWI'I ml::r:ll mﬂntl'ls A YOEr,

By the cnd of the War, high-voltage lines tied together
Mettur and Pykara wirh Papanasam, a high-head generaring
station in the far south. The same basic grid connected the
heavy demands and steam plants at Madras in the north and
Madurai in the south. Seven thousind miles of low-voltage
lines took power out to the smaller towns. Madras had a
vigorous rural development programme underway? Oune of
its fearures was the electrification of a model group of villuges,
fifty or more, in each district of the state. In the bu:ghming,
the government found it took a great deal of propaganda o
get farmers and wvillage industries: to adopt electric power.
High post-War prices for rice helped change that amitude, and
the electricity department had more applications for connceting
pumps and rice mills than it could grnt. In some areas, clec-
-rification met another obstacle. The limited companies (with
two notable excoptions) and municipal undertakings which
served the towns showed no interest in rural eléctrification,
Their gencrating costs from small diesel or steam sets were high,
and theiwr profits lay in the densely populated towns, In 1940,
thercfore, the state passed the Electricity Supply Undma]:’mgs
(Acquisition) Act, by which it could buy these urban systems
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and integrate them in a transmission net having rural coverage
as well,

By 1952, Madras had 2,100 villages electrified: all the rest
of India pur together had about half that many. Underlymg the
enthusiasm was a solid economic advantage in the use of elec-
tric pumps for irrigation. A large landowner, or mirasdar, 50
miles east of Tanjore explained it to me. He had driven a
Ptrcﬂl:ltiﬂn will, of six mch diameter, into the delta’s subsoil
water. On top of it he mounted a simple rotary pump driven
by a seven homsepower electric motor. The fiow of 20,000
gallons per hour easily irrigated 12 acres. With 4 capital outlay
of ouly Rs. 2,500, and with electricity from the Madras gnd
at one anna per kilowatt-hour, the mirasdar estimated the
actual cost of delivering water at only Rs. 50 per crop acre,
This is perhaps too low; even so, he had a nice profit. He sold
the water to his tenants at 75 rupees per acre, ‘But look at the
tenants” side ofit,” he pointed out. ‘If it were not for my pump,
they would be lifting water by bullock power at Rs. 115 per
ACTT.

In 1952, Madras had 20,000 irrigation pumps comnected o
her electric grid. Bur 40,000 more farmers were waiting for
conmections, Tt had taken the state 2,000 years, probably more,
to accumulate its 33,000 small irrigation tanks, A pump-set
waters only a tenth as much land, on the average as a tnk,
Even 50, 20,000 pumps in 20 years was an achicvement to sct
alongside the classical era of village tank building.

Then, in 1952, the Madras grid received a heavy blow. For
four years in succession the monsoon had been shore; power
had been ratoned to the mulls seven months a year. But the
1952 drought was disastrous, The small rivers feeding Pykara
and Pa 1 dried up, and there was no storage above to
draw down. Mettur's reduced storage had to be spent on
irrigation; by February 1953 water was only 27 feet decp
behind the 214 foor dam. During the winter and the hot
months of 1952-53, the state had to cut its city customers to
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a half, and finally a chird of their normal consumption. The
loss in industrial production was 3+7 million pounds of yar,
3,000 tons of cement 3 month,” Coimbatore became a great
camp of unemployed textile workers, The cities were ‘brown-
ed our’. Exsting irrigation pumps were not rationed, but
new installations had to be deferred.

Power mtioning ended with the abundant monsoon of 1953.
That year and the next, Madras added 70,000 kilowates of new
waterwheel generators to the hard-pressed grid. Most of it
was at Pykara, and just below, where Pykara tail-water 1 drop-
ped another 1,300 fect into waterwheels at the bottom of the
Moyar Gorge. Further in the future were plans to build 2 new
high-head projece near Pykara at Kundha, and to develop
power from the Periyar River i the south. In 1955, Travan—
core-Cochin agreed to the use of her water for the latter
scheme. Each project would give 75,000 kilowarns initially.
But in the five years jt would mke to complete these hig
schemes, Madras would again have run out of power. And
her grid wonld still be ar the mercy of the monsoon.

The permanent solution must certainly include balancing
hydro-clectricity with thermal power. Having taken over the
large city unlitics of Madras and Madurai, the state added to
them 44,000 kilowatts of stcam gencrating capacity. Bue the
grid’s supply remained three-fourths hydro, That is why
Madras pins o much hope on the investigation of the South
Arcot lignite despasits, They are idelly located between
Madras city and the hydro swatons to the south-west. The
supply of soft, wet *brown coal” there is abundant. 1fje proves
economical to bum, Madeas hopes to 'build a thermal power
station a5 big as Bokaro. It is one way she cun be sure she will
not soon run- short of elecmcity again.

PRIVATE ENTERPRISE TN WATERPOWER

The largest producer of hydro-electricity, public or privage,
in India in 1045 was the Tau Hydro-Elecrnic System in
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Bombay. In 1915, when only Mysore was seriously engaged
in harnessing her rivers for electricity, the first of the Tata
plants began work. It turned out 40,000 kilowatts of power,
thrice the Mysore capacity.® Since then two new plants
have been built, and all three expanded. The hydro system
had a 1954 capacity of 236,000 kilowatts. The plants all use
the fall of very small rivers down the Western Ghats: their
waterwheels receive water under heads of 1660 to 1740 feet,
heads not so high as Pykara, but still very advantageous. The
streams are abundant during monsoon downpours, but storage
dams have had to be added to supply water during dry months.
The Tata policy of expanding capacity and reducing rates has
helped make Bombay industries the largest in India. During
the war, however, expansion stopped perforce, and as in
Madras, a power shortage developed. The Tata system drew
upon the continuous production of the 40,000 kilowatt coal-
burning plant erected by the G.LP. Railway for the electri-
fication of its Bombay-Poona lines. Working hours of the
great textile mills and other industries were staggered, the
city ‘browned out’, and still power ran short in the dry years
between 1948 and 19s52.

In 1955, a further sgreat addition to Tata capacity was
commissioned. At the site of India’s huge new oil refineries
on Trombay Island in Bombay harbour, the first half of a
100,000 kilowatt thermal plant was completed. Its design is
even more advanced than Bokaro's—steam is raised to a
pressure of 1200 pounds per square inch.

But the dynamic Tata system has shown also the limitations
of a privately financed system. There has been almost no
extension of electricity in Bombay outside the industrial
cities, Bombay and Ahmedabad. The state government
consequently took a hand. It began extending a medium-
voltage transmission network to the unelectrified towns, with
the ultimate plan of linking the major generating plants in a
high-voltage grid, and running lines to villages as well.
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Here ‘again, the DV.C. pattern will be repeated. The
strengths of hydro—electric and thermal capacity are being tied
together. The great dark spaces of the state are slowly lighting
up as the transmission network links them ro cheap, central
POWCT Solrces.

TRIFLE-DUTY WATER

Captain Cautley’s Ganges Canal, however modernized and
extended, left a lov of the alluvial plain av the foor of the
Himalayas unirrigated. Twenty-five years ago, Sir William
Stampe; a remarkable chicf engineer in ULP., launched his
campaign ‘to make the rest of the province green.’ His
technique, which is still a5 good as ever, was 1o drive tube-
wells into the vast reservoir of water imderlying U.P.'s sands,
and to lift the water to the surface by electric pumps. A UP.
tubewell is an entirely different matter from one in Madras:
it irrigates 250 w0 $00 acres, Where would the power for
heavy-duty pumps come from: U.P. had no cheap fuel.
While it had tremendous water power reserves m the Hima-
layas, tapping them meant dams and tunncls and power plauts
too expensive for those days: these were projects on the seale
{‘lr B]'L‘Ikl!.. But the western part oFrhc state lur.! a mt‘:-l.'il:ﬂ'[1I
widespread power resource which could be exploited step-by-
step at small cost. It was the cham of artihicial waterfalls aver-
aging only 10 feet in height, buil into the Ganges Canal w
and Allshabad. The U. P. govemment combined the 13
falls into 7, and in the decade 1928 to 1937 installed water-
wheels at each one. The 19,900 kilowatts of generating capa-
city were connected via the Ganga Gud. An equal amount of
steam generating capacity Was added in the next ten years
to carry generation through the months of canal closure atd
to meer mereased  demands,

The power cost more than Madras' high head hydro-
electricity, more even than D.V.Cs new capacity, There
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was no bulk demand from industry to pay for the cost of
the main transmission lines. U. P. tackled both problems by
a bold innovation. The state constructed and managed its
own system of tubewells, collecting the cost of pumped water
from the cultivators as in a canal system. The state could
run its pumps at hours when other loads were light, and so
use otherwise idle generator capacity. It had not to wait
so long as Madras for farmers to develop enthusiasm for
electric pumping. By 1936 there were 800 U. P. state tube-
wells; by 1946, 1800; by 1951, 2300. That was the first phase.
In the next five years 1951-6, U. P. planned to double her
state tubewell system, and in 1953 she was progressing on
schedule with over 400 wells sunk in the year.

The demand for power sprang up in central and eastern
U. P., beyond reach of the Ganga Grid. The state turned to a
newer canal, Sarda, along which a 6o-foot fall could be
obtained. It was a tough construction job. Foundations had
to be secured on sand, far below subsoil water level, just as on
Punjab’s Nangal plants. But in 1955 the first of three 13,800
kilowatt generators in the Sarda power house began ener-
gizing tubewells and towns between Bareilly and Naini Tal.
Eventually the electricity would go to Moradabad and
Lucknow.

Still further east, in the least developed part of the state,
U. P. is building small steam power plants to drive the irri-
gation pumps and devclop a demand for power in small
towns. In 1954, work was at last started on the great hydro-
electric project which, five or six years hence, will take over
the supply of electricity to this area as well as adjoining Bihar,
Vindhya Pradesh and Madhya Pradesh. It will help this area
catch up with the economic advance of central and western
U.P. This is Rihand Dam—a 250-foot high structure on a
tributary of the Son. Its capacity, 240,000 kilowatts, will be
a good deal greater then all U. P.s present plants, hydro and
steam, public and private.

16
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Sir William Stampe’s way of harnessing the Ganga was less
dramatic than Captain Cautley’s. But in the end its possibilities
- are at least as great. U.P., like other parts of the Gangetic
plain, has beneath its rich sands a reservoir of irrigation water
greater than man will ever build. Himalayan rains and snow
perennially renew it. It is a source of water to all those ficlds
too high or too remote for canals to reach; it is also a vast
cistern collecting the seepage from canal-irrigated fields,
and rendering it up to be used again. The modern steel tube-
well has answered the problem of a permanent duct through
the sand. Electricity meets the problem of energy. A U.P.
farmer driving one bullock up and down his inclined ramp
all day can raise 150 ten-gallon buckets of water—enough for
half an acre. A 12 horsepower electric motor, drawing
Rs. 7/8 worth of current a day, can water 300-500acres. Under
her state-owned tubewells alone, U.P. has more than a million
irrigated acres. Private well irrigation, of course, reaches
many additional acres, just as electrification serves many uses
besides irrigation pumping. But the key to U.P.’s current
rapid development is the triple use of the water. Two of the
uses are very old: surface canals, and irrigation by lifting water
from the unfathomed basin underlying the state. But the
third is new and very promising: to drop the water from the
Himalayan and Vindhyan heights, and in the canals themselves,
over waterwheels, and to convey this energy to the pumps
in tracts poorly served by rivers. The three-pathed Ganga
has come fully into the service of man.

A SAMPLE OF THE FUTURE

India has boldly set out, in 15-20 years, to quadruple her
electric power capacity. That will bring her average yearly
use of electricity to 43 kilowatt-hours for every man, woman
and child. What will it mean to living standards, to employ-
ment, to lightening the burdens of house and work: The
best way, by far, to find out what changes that degree of



EXPLORING THE ELECTRICAL AGE 243

electrification will bring is to examine a working model of
the future. It is the model provided by the state of Mysore,
which though blessed with sources of power no more fortu-
nate than most other states, and serving a predominantly
rural area along with its metropolis, distributed 66 kilowatt-
hours of electricity, on the average, for each of its inhabitants
in 1952.° Any citizen of India can thus have a look at the
level of electrical development which, in his lifetime, his
country as a whole seems likely to attain.

The first gain Mysore foreshadows is that many more
people, and communities, are destined to get the benefits of
electricity. Every twelfth Mysore family (130,000 families
in all) is a customer of electricity. Of all the states’ villages,
big and small, 650 (one in twenty-five) have electricity.
Another way of putting it is that Mysore has brought to
villages of 1,000 people the same access to electric connection
that people in towns of 5,000 people enjoy generally through-
out India.

Mysore at once impresses the alert visitor as a different
state on this account. The loud chirp of the oil engine, which
advertises the local flour mill in North India, is replaced here
by a silent electric motor. The state has 192 cinemas; whether
for good or ill, the screen’s lively picture of other times and
places and standards of living is accessible to most country
people as well as urbanites.

There are other differences that even careful observers
cannot fully assess. One is a surprising boom in agriculture in
some of the least productive districts of the state. Electric
irrigation pumps, being installed at the rate of a thousand per
year throughout the state, provide even some city youths
with a frontier of opportunity on the farm.

In the forests at the edge of theWestern Ghats, electricity
has permitted the steady growth of a totally new industrial
town—Bhadravathi. Mysore is rich in iron ore, but like most
other parts of India, lacks coal. Two big new electric furnaces
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at Bhadravathi are smelting pig iron without benefit of coke.
In the last 25 years, other power-using industries have cluster-
ed around the iron mills: steel, rolling mills, cement, paper,
creosote and other wood by-products. Plentiful power per-
mitted the operation of one of India’s first fertilizer plants
near Mysore City, and had helped draw three big industries
to Bangalore: Hindusthan Aircraft, Indian Telephone In-
dustries, and the National Machine Tool plant. Electrification
itself has, in turn, created a market for other new businesses
which Mysore has been alert to introduce. The Kirloskar
factory makes irrigation pumps, as well as machine tools;
the government porcelain factory produces insulators for
transmission lines; the REMCO factory makes radios and
insulated wire; transformers and electric meters are made,
under Japanese patents, at the Government Electric Factory.

Even more interesting, and unexpected, is the effect of
electricity on small town and village industries.’® Chenna-
patna, 40 miles from Bangalore, is a town of 18,000 people
where a dozen years ago, half of the families were engaged in
weaving silk saris on handlooms. The weavers’ work had
not changed in many generations. About 1940, electricity
reached the town, but for three years the weavers remained
uninterested. Then they saw the economic results of weaving
on power looms. In the next five years, 448 looms were
installed, each powered by a motor of less than one horse-
power. The work remained in the homes. Recently, at the
request of a U. N. agency which wished to make the experi-
ence available to other Asian countries, the Mysore govern-
ment enquired into the reasons for the popularity of electric
motors among the Chennapatma weavers. The table on
p- 245 shows the essence of what they found.

Here, in a nutshell, is the lesson of the relation between elec-
tricity and employment. It lightens labour; thus extends the
productive power of men. Will the increased output (in
this instance threefold) be disposed of: Or will some weavers
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Handloom Powerloom

Cost of loom complete Rs. 400 Rs. 6,000
Total expenses per year (including
labour, maintenance, deprecia-

tion and interest, and power) Rs. 850 Rs. 1,576
Number of saris produced in one

year 125 400
Cost of producing one sari, exclu-

sive of raw materials Rs. 6/8 Rs. 3/0

go idle2 The answer to that question, too, is foreshadowed
very broadly by the example of Chennapama. At lower
prices, more people want to buy saris and with the higher
wages of more productive work, they can.

With its people using electricity at five times the all-India
rate, has Mysore saturated the market: Has the pace of
clectrification slowed: Exactly the opposite is true. Elec-
trification goes on, and at a steadily increasing rate of ac-
celeration. Mysore was a world pioneer in hydro-electricity
with its 4,500 kilowatt plant in 1902. Since then every ten
years marked a 50 to 100 per cent increase in generating capa-
city — down to the last decade. Then between 1942 and 1952
Mysore’s power capacity almost tripled from 62,000 kilowatts
to 179,000. The quickening pace is evident wherever one
turns. In the first twenty years of rural electrification, Mysore
connected an average of 23 villages per year; now the rate is
70. Seven hundred and fifty new houses or businesses got
electric lights every month between 1947 and 1950; from
1950 to 1954 it has been 1,000 2 month.

Mysore is not essentially different from the rest of India.
Its electrification is just 20 years ahead. In 1932, its people
were using only 15 units of current a year, the present India
average. Since then Mysoreans have increased their demand
to 66 kilowatt-hours. That is not much more than India
proposes to do in the next 15 to 20 years. And we have very
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interesting evidence that lndia’s future rate of clectrification,
too, may be like Mysore's present rate ™ In ten years ending
1049, electricity consumption in 182 representative towns of
Bombay, U. P,, Madras and Punjab grew 12 to 23 per cent
a year, In the same period, consumption in 27 Mysore towns
and villages grew 21 to 32 per cent a year, Bigger wowns
always show a faster growth of demand, bur in Mysore,
villages of less than 1,000 people increased their use of clectr-
city as rapidly as cities of 100,000 to 250,000 population
elsewhere. Mysore's record shows thar the ceiling is unlimited
as to per capita use of electnicity, and the horizons of extension
into the countryside unlimited, too.

How had Mysore got ahead: Partly it was the sheer good
fortune of a conscientious ruler and & wise prime minister—
Maharani Vani Vilasa Sannidhana and Dewan K. Seshadn
Tyer—who gave Mysore an carly start in (902, at a time when
electricity. was generally thought of as an experiment. Partly
it was another providential blesing—warerfalls ac Sivasa-
mudram and Jog that could be cheaply hamessed. Most
Indian states, however, arc blessed either with coal or
falling  water.

Mysore would never have got ahead, even so, withour a
steadily wise policy. It might be called the goal of abundant
electrcity for all. The idea was not adding generators to
stave off a power shortage, it was deliberately promoting the
use of electricity to stimulate production. The fact that
Mysore’s power came from water, so that after the initial
installation each kilowatt-hour cost very litde to produce,
encouraged this idea of maximum use; hydro-eleciricity
generally does. But beyond that, Mysore's government was
willing to take wellcalculated financial risks, trusting in the
stare’s cconomic growth. Elecrric rares were kept low (they
still average half an anna). Thoogh the state was forrunare
in having an initial mcome from electricity out of which to
expand its plant, Dewan Sir Mirza Ismail took the crucial
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step of borrowing money to expand even faster than camings
allowed.®® That saved Mysore from a power shortage
during World War IL In its policy of abundance, finally, the
state ook advantage of the quick, certain, and high income
from industries and big cities to help pay the cost of lighting
up the wllages. Sivasamudram would never have been
possible without the sale of a large block of power to a private,
profit-making gold mining company at Kolar. But Mysore
made sure there was always additional power for the less
profitable users in towns and small industrics. The policy
was not orthodox, financially. ‘Rural electrification will
bankrapt Mysore, a finance minister once objected. “You
cannot tax all the pmple,' firmly replied Sir Mirza, 'to electrify
the big cities.”

Mysore’s other assct has been a succession of thoroughly
competent electrical engineers. They have contributed to the
electrification of all India. Shei N. N. Iyengar, now a consul-
tant to Tam’s, and formerly the chairman of the Central
Electricity Commission, who bore most of the responsibility
for planning D.V.C.'s power system, got his carly experience
in Mysorc. The member for hydro-clectricity of the Centeal
Water and Power Commission in Delhi, She M. Hyath, was
the long-time chief electrical engincer of Mysore. Why were
Mysore's standards so high: Undoubtedly a number of
reasons contributed: good engincering colleges coupled with
a practice of sending young men to the great manufacturers
of electrical equipment for practical training. Bur foremost
was the opportunity Mysore offered for sicadily doing newer,
bigger jobs. There was a time, fifteen years ago, when almost
every chief electrical engineer in India had some experience
at the continuously growing Sivasamudram plant. Mysore's
rural electrification engineers, too, broke new ground. They
lowered the transmission lines three feet; this simple step to
fic Indian conditions saved three per cent of distribution
costs. They saved the whole cost of meters and meter reading
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by charging village families a flat cight annas per lamp. One
of the finest rewards of an aggressively and imaginatively
expanding service has been its attraction for the able and
ambitious youth of the stite.

Mysore does not demonstrate that electricity is an economie
cure-all, Electricity plus accounting may, in Lenin's variously
quoted phrase, equal communism, Tr does not suffice for the
cconomic future India has determined upon. In spite of her
vigorous electnfication and the industrialization that accom=
panied ir, Mysore's industrial employment continued in 1951,
a5 101941, to absorb only 11 per cent of her population. To
the extent that the population grew, therefore, overcrowding
an. the land worsened. Industrializacion had o conie still
faster, or population growth be checked, if the state were to
turn its back on poverty, Thar new challenge may be in all
India’s future, too.
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PERFORMANCE AND PLAN

BIG PROJECTS AND SMALL

THB PROJECTS of which we have seen the most in this book—
Bhakra, the Damodar, Hirakud, Tungabhadra—are samples,
only, of what India is doing with her rivers.! They are the
giants. Each one will irrigate a million acres or more. Each
will supply more power than any of India’s pre-Independence
plants. But other medium-sized projects, considered as a
group, will do still more. North, east, south and west are
new irrigation systems which will water two to five lakhs of
acres apiece, and generate electricity as well: Sarda canal
extension and the Sarda hydro-electric stations in U.P., Mayu-
rakshi inWest Bengal, Lakavalli in Mysore and Lower Bhavani
in Madras, Kakrapar in Bombay, Kaddam (first element of
the modern development of the Godavari) in Hyderabad.
These are not plans or sanctions; they are already masonry
and embankments. Some are finished. Besides these are the
single-purpose irrigation projects built or being built since
Independence: Harike Barrage in Punjab, U.P.’s series of
irrigation dams in the Vindhyas (of which Rangawan is the
sixth and largest to be completed), Rajolibunda anicut in
Hyderabad, Malampuzha in Madras, Chalakudi and Peechi
in Travancore-Cochin, Gangapur, Gataprabha and Mahi in
Bombay. And there are the hydro-electric schemes, all
finished or nearly so: Machkund on the border between
Orissa and Andhra, Pykara, Moyar and Papanasam expansions
in Madras, Sengulam in Travancore-Cochin, the powerful
Jog station already supplying 120,00 kilowatts in Mysore,
and the additions to the Tata system in Bombay.

Even these thirty dams, with all their connected canals and
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power plants and transmission lines, do not tell the story of
New India's rivers. There are the small weirs, the large tanks,
the flood irrigation chanuels, the extensions of old canal nee-
works; the flood embankments; the navigation improvements;
the new gencrators, transmission lines and switch-yards con-
nected w existing hydro-electric installanions. There is the
mteresting work of research upon the ways of rivers, and the
testing of scale models of river projects, in India's twelve
hydraulic research stations. Beyond the rivers, oo, the work
of imgatng and of gencrating power goes on. Tubewells
and pumps lift water to the surface of the eastern deltas and the
Gangetic plain; thermal stations bring power to the cities.
The government has no prejudice for large projects or small,
for comprehensive muluple-purpose schemes like DV.C.,
or efficient single-purpose schemes like Jog or Machkund.

It is mot for their quantity of work or henchits that Bhakra
and the Damodar, Hirakud and Tungabhadra eam cheir place
of prominence in this appraisal, as i the public eye, Aswe shall
m,thcwhnlepmgrmmcufmwdwdupnumz.mchm
big and small schemes, is more noteworthy than these four
giants, not only in its size, bur also in its rate of growth. The
big multiple-purpose projects stand out rather for their quality
of newness, In terms of the country’s economy, they assure
a new kind of benefirs — dependable through the worst mon-
soon, dynamic in the most backward region. In terms of the
country’s histary, too, they stand for something India could
not build, and did nor will, before she became a naton.

PAST ACHIEVEMENTS

Let us recall, i large terms, what s old and what is new
in India’s use of her nvers, From Mohenjo-Daro to Akbar's
sanction of the Jumna Canal strerched some four thousand
years which we may call the traditional era of India’s civer
projects. It is a great heritage. Though the deserr kingdoms
of Egypt imgated more intensively, the Babylonians
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controlled the Tigris and Euphrates more systemarically,
though the Chinese dynasties built longer canals, India’s wells,
canals, reservorrs and embankments combined some features of
gach® But the inscriptions of Girnar Rock above the forgaten
Saurashtra roservoir, the Grand Anicut, and the old Jumna
canals are monuments to a technical daring, and an adminis-
erative power which lacked the capacity to improve upon,
or even to reproduce, themselves. Kingdoms and empires
fell; the conception of great miver works fell with them. In
the cpisodes of disorder and darkness it was the thousands of
plain litele works — ks, temporary diversion dams and
channels — that survived. Withoue, firstly, continuous poli-
tical order, and secondly, the scientific method, India at
the end of four thousand vears was able to do no more with
her rivers than she had been at the stare.

Then came the British Empire and the Royal Engineers.
Begmning work a hundred and chirty years ago, they irri-
gated the grear delas and vase traces of sand along the Ganga
and the Indus, as far as the natural fows allowed. All India
must have had, when they compmenced work, between one
and two million acres under permanent government canals,
When they left, India had cighteen million acres. Tanks and
wells had been inherited in a quantity unknown unril the end
of the 19th century. Berween 1892, when: complete records
began to be kept, and 1947, the acreéage irngated from wells
and tanks grew from 20 to 28 million.? All these figures are
for the present territory of the Republic of India. It isa record
of which the imperial power need not be ashamed, nor colo-
nial India, either. The Roval Enginecrs, coming from a
humid climate, received their firse lessons in irrigation engi-
neering out of India’s traditional era. Scientific thinking,
geared to an administrative system capable of mobilizing
vast amounts of monecy and manpower for canal-building,
enabled a few bright, bold tyros to ousstrip the great emperors
and craftsmen of India’s past. But even in the colonial era
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the new profession of hydraulic engineering, the new pattern
of administrative order, proved to be nobody’s monopoly.
It was an Indian engineer, employed by a ‘native state’, who
built the first multiple-purpose reservoir — Krishnaraja
Sagar.

Projecting an estimate of minor well and tank irrigation
back to the 1820’s, we can conclude that the 120 years of the
colonial era at least tripled, and perhaps quadrupled the sum
total of Indian irrigation. There were some kinds of irrigation,
however, which were more planned and talked about than
built in that period. Of the 18 million acres of government
canal irrigation, 1-1 million acres were fed by storage reser-
voirs. The rest came from Himalayan streams, or lay mostly
in great eastern deltas, where irrigation was relatively easy,
but not always needed most desperately. All the government
canal projects cut the toll of famines. But of the many pro-
jects planned primarily for famine protection, not earning
capacity, less than a million acres were actually built. Inci-
dentally, works outside ‘British India’, Nizam Sagar in Hydera-
bad and Krishnaraja Sagar in Mysore, accounted for one-third
of the storage of water against poor monsoons, and for
one-third of the famine-protective acreage.

Of hydro-electric capacity, the colonial period yielded half
a2 million kilowatts. At the close of British rule, all the
nation’s rivers produced just a bit more electricity than
the steam turbines of the Calcutta Electric Corporation
alone. Half the hydro-clectricity was in the Tata system,
buile by pioncering Indian capital to serve the ready
market in another great metropolis. With one excep-
tion, the eleven sizable hydro-electric installations were
of the inexpensive, simple design permitted where very
high waterfalls provided a drop of hundreds of feet upon the
waterwheels. The exception was Mettur Dam, in Madras,
Along with Krishnaraja Sagar higher on the Cauvery River,
Mettur showed the way toward large-scale storage, and the
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usz of the stored water for irrigation as well a5 to create a head
of water upon the turbines.

Financially, the river projects of the colonial era were suc-
cessful, Taking all government canal systems buile before
1940, Mr, R. A. Gopalaswami, in the Census of India Repon,
1951, calculated a net surplus of revenue aver operating and
interest charges of more than Rs. 50 crores. The net revenue
was, of course, far more handsome from the early than from the
mOre fecent projects: it was more than 11 per cent for projects
buile before 1801, s per cent for those built between 18g1 and
1620, and a lintle over 3 per cent for those built between 1920
and 1940, These figures, coupled with what we know about
the physical design of these projects, point ro onc conclusion:
India’s easy projects—river developments for which the de-
mand was unquestioned, the ratio of cost to annual benefits
low, and the engineering straightforward—were mostly buile
by the ume of Independence.

As the colonial era came to its end, two more things were
happening, The provinees, native states, and the Government
of Indix alike ook up the challenge to plan works on a generous
scale for the post-War development of the country, Tunga-
bhadr, D.V.C,, Bhakra and many lesser projects were survey-
ed, and more or less completely designed during the years of
the sccond World War. Presont achievements would have
been impossible without thar pre-Independence preparation.
But it is equally true thae the last twenty years of the British
Empire in India were years singularly sterile of actual bulding
on 2 large scale. Of course, the lucranve projects had been
finished, and years of economic depression were followed by
years of war austerity. But even these reasons do not fully
explain the loss of momentum which had been accumularng
m river construction wotk through the early 1030's. As the
future of the Empire in India fell into doub, the government's
zeal to embark on bold new wurks fltered. Indian political
leaders themselves were preoccupied with the Independence
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struggle. The imperial government was no longer one to
which they could urge their town or farm constituents to pay
taxes Or Wwater rates to support new irrigation and power
schemes.

THE NATION-BUILDING ERA

In each age there were the trail-blazers for the next. Just as the
Chola kings taught Sir Arthur Cotton, so Sir M. Visvesvaraya
and the British engineers taught and gave examples to the
builders of the current projects. One can even trace to one or
more of the older river works each of the distinguishing features
of the era of nation building which began with Independence.
But before their time, the new ideas could not dominate;
they could not become the measure of public demand. What
were the features which distinguish river development in the
era which began with Independence:

1. New Needs, New Benefits. In practice, the standard
test of the desirability of river developments in the colonial era
was their ability to repay their cost, including interest and a
fixed per cent of surplus revenue. It was in this exacting sense
that they had, with the occasional exception of famine-protec-
tive works, to be ‘productive’.

The perspective of the Republic broadened inevitably; river
valleys came to be viewed as parts of — using the term literally
— a commonwealth. Whatever damages rivers inflicted in flood
or drought hurt the whole nation; while any service the rivers
could render was of general benefit. On the procedural side,
that means a new yardstick for the scrutiny of plans, a new
definition of productivity. The aim is thatall the true economic
benefits be balanced against all the costs. Benefits of river
improvement which reach beyond the ordinary means of
reimbursement—water and power rates—are now repaid
through taxes of more general coverage. The betterment levy
is the prime example, though the income-tax, too, returns 2
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share of any general benefits to the exchequer. The test of
fiscal soundness is thus brought much nearer the facts of genuine
economic worth.

The new definition of ‘productivity’ merely registers a
deeper re-orientation, illustrated by the new importance of
flood control. Only since Independence, in fact, has India
planned major projects against floods. D.V.C., Hirakud and
the new Kosi project share that purpose. Why was it not
attended to before: Our review of che frustrating history of
flood control plans for the Damodar and the Mahanadi yields
the answer: because the Empire could not collect back the
cost of flood protection. It was only in lives, crops and homes
saved, in factory production and transport maintained uninter-
rupted, that flood control paid for itself. To the new govern-
ment, those payments count; it has even conceived a way,
through the betterment levy for flood-protected lands, to
translate them partly into revenues.

In other ways, too, the conception of needs and benefits has
expanded. Under-developed river valleys are considered for
the potential demands for water and electricity which may be
awakened in them. The ‘nursery scheme’ for electrification,
and the ‘village level worker’ demonstrating irrigated farming
typify the new era. Older projects aimed chiefly at satisfying
demand; the new at promoting growth. Electrification of rural
villages and industries is the pride of the new emphasis, just as
electric service for great cities and industrial centres was of the
old. However great the old regime’s professions of interest in
undeveloped provincesof India, it isonly thenation-building era
which has in fact begun developing their river resources regard-
less of their financial resources. The Republic appreciates its
national stake in pushing forward the present river projects in
Assam, Orissa, Madhya Bharat, Rajasthan, Andhra, and several
Part C states. In the development of river resources, this
nation-wide perspective of needs and resources has peculiar
merit. For nature has not located all the fine hydro-electric
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sites ot irrigable lands near the industrially advanced stares
which have the capital to exploit them.

The new projects, finally, are designed to be dependable
even in the years when the rans and the rivers misbehave.
That necessarily costs more than the old-=style canals which,
lacking adequate storage, ran dry when the monsoons failed,
or the old-style embankments which, like those along the
Damodar, were topped by the high floods. But a nation sensi-
tive to the bitter human cost of extreme floods and droughis,
and determuned 1o develop the complex, intwerdependent econo-
my which is most seriously disrupted by catastrophes can no
longer afford to give hostages to the monsoon.

2. New Engineering, It 1s the multple-purpose storage
reservoir that has correctly come to symbolize the engineering
of the eraof nation building. Simpler engineering solutions still
are, and should be, used for the majority of nver problems;
cach river is disuncave in this respect. Bur ir 1s storage for
comprehensive use that is new, Bhakea, D.V.C,, Firakud and
Tungabhadea all employ it; only Mettur and Krishnaraja Sagar
did so before. The multiple-purpose reservoir is not much
more than twenty-five years old anywhere in the world. But
in India there are special reasons why it was not used much
until recently, and why it is appropriate in so many cases today.
Far more than most countries embarking on dﬂvclupmmt
programmes, India had already psed up the simpler project
sites. At the same time, she was confronted with mapidly cx-
panding needs for water, electriciry, and flood protection. It
was a very happy comcidence by which the new engincering
technique of multiple-purpose storage came to her rescue. For
on lhier larger rivers and to meet her most intense needs, only
controlled storage, made economic by the exploitation of s
electrical as well as imgation capabilities; offered 2 frasible
solution. To India the larger reservoirs offer the grear addi-
tional advantage of storing water through a weak monsoon,
ot harmlesly conmining the most destructive of foods.
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3. New Management. Bhakra Dam leaves any observer awe-
stricken at the problems of design, and of construction general-
ship, presented by the very largest of the multiple-purpose
reservoirs. The other current projects are less difficult. Yet to
some degree they all demand the co-ordination of the labour
of men and the assemblage of materials and equipment at a
level of complexity new to India. The nation has a priceless
asset in an established profession of river engineering; but never
has the work of that profession changed so rapidly as it has
since 19047. Not all the new demands are technical ones. La-
bour unrest, for example, poses a real threat to construction
schedules today. In the old days, government could saddle on
a host of petty contractorsthe responsibility, and the problems,
arising from labour relations. Orderly, disciplined, but humane
relations with thousands of workmen is now a vital part of
building dams.

Good management is called for, too, off the construction
site. Big reservoirs require the relocation of whole groups of
villages. It is a high administrative challenge. Even higher is
the challenge to keep two or three distant and quite unlike pro-
grammes advancing in step with one another; the construction
of the engineering works, the agricultural development of the
villages to receive irrigation, and the economic development of
a market for large blocks of electricity.

In the large new projects, as we have seen, the same reservoir
stores flood water and releases it later to the hydro-electric plant
and to irrigation canals. In the enthusiasm for multiple-purpose
schemes, few laymen have pondered the implications of this
fact, though it presents important administrative and political
decisions, as well as engineering ones. How is the common
cost of the reservoir to be allocated among the flood control,
irrigation and power programmes it serves: The answer,
of course, affects the repayment obligation of each type of
user. Moreover, which use of the common storage space is
to have priority over alternative uses: After a serious drought

17



258 NEW INDIA'S RIVERS

thers comes an understandable demand to keep the reservoir
full in future monsoons, so thar the canals do nor go dry
m the hot months. But the consequence may be that an un-
commonly severe Hood will overflow the reservoir, wreaking
more havoc than the drought. Steadfastness of management
is a special requirement of the mult rpose TesCrvoirs,
along with a clear—cur distinction of the hydraulic and cco-
nomic facts from the politcal decisions which must be made
gbout them.

4- New Planning. India’s new river projects, like all else
in her cconomy, show the results of over-all national planning.
The river projects were themsclves selected to contribute what
the economy needs most. In the short run, that was food via
irrigation; in the long run, power. We have seen, in the case
of Hirakud, how other aspects of the project were deferred to
bring the irmigation features to completion more quickly.
The support given small irrigation schemos in the Five-Year
Plan was-calcalated not/only to distributc its bencfits widely,
but to vicld the quickest increases in harveses.

The big multiple-purpose projects are creatures of national
planning, too, m another sense. They made enormous demands
upon the very resources of which India was running short:
steel, cement, foreign exchange, spare parts for machinery,

rr facilitics; investment capital, top engineering talent.
Immediately after Independence, there were not four but
eight huge river projects beginning to compete for thoe
already scarce items. The government, cutting the coat to
fit the cloth, gave priority to the four that promised carliest
yields of food production and electricity. It was an exceedingly
difficule decision to withhold support from the other four
schemes on which a great deal of planning had already been
done by the states concemmed—Rihand and the Jumui storage
project in ULP., Koyna in Bombay, and Ramapadasagar
then in Madras. Without such realistic planning, though, ic
is wnlikely that any of the major river development projects
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could have been buile rapidly enough to produce new crops
or electricity by 1956,

That is only the negative aspect. To those projects which
did receive priority in the Plan, support and supplies were made
available which would have exceeded the engineers’ fondest
dreams in the colonial em, Obviously, that is rrue of bud-
getary allotments. Bur in addition, India's productive system
was expanded at certam points to supply materials to the dam
builders. Entire new cement mills were commissioned at
Hirakud and at Bhakra, to supply concreee ar the necessary
rate.

Engincers, adminiswrators and ministers who struggled to
get work underway on cach of the great projects we have
examined rightfully msise thae the Five-Year Plan, drafred
only in xgs51 and adopted in 1952, did not launch their pro-
Jects, True enough. The Plan frankly incorporated major
schemes already underway. The poine is thae those schemes
could not have moved forward toward completion withour
the Pln’s mobilization of resources. Beyond that, each of
the major schemes owes its progress to the nation-bulding
perspective. For, as we have seen, cach reached across old
state boundaries, each exceeded the financial capabilities of
the individual states involyed. National sieemgth, nanonal
derermination, overcame these stumbling blocks. If the pro-
Jects are marshalling the nadon's water resources o build
India’s economic future, it first took national planning to
marshall the nation's economic resources to build the projects.

5. New Seale, New Pace. The clear, unmistakable mani-
festation of all these far-reaching changes is that India has,
since 1947, developed her river resources on a scale, and ar a
pace, for which the old era offered no precedent.  Consider
these two comparisons of the old with the new. In the last half-
century before Independence, new canals brought irrigation
to 87 million acres; in the five years 195156, India's target
was 8:5 million acres more. In 1897 a dny plant at Darjecling
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produced India’s first electricity. During the fifty years
until Independence, an electrical capacity of 1°4 million kilo-
watts was installed; in the Five-Year Plan period, 1’1 million
additional kilowatts of capacity were added.* Considering
hydro-clectricity specifically, the five years of the Plan should
add 684,000 kilowatts to a capacity that was only 510,000
kilowatts in 1947. We come to an astounding conclusion:
India has set about building in five years as much irrigation and
hydro-electric capacity as she acquired in the fifty years before
Independence. That is in terms of physical production. But
the new projects must be far more elaborate, as we have seen,
because the easier sites have been taken. Expressing the com-
parison in terms of uninflated costs (that is, allowing for the
lower purchasing power of the rupee), the Republic of India is
investing more in irrigation and power in five years than was
invested in British India as well as the States during the whole
of the colonial era.®

WILL THEY GET BUILT:

Time and again, in second-class compartments of Indian
trains, my fellow passengers put substantially the same question
to me. Learning that 1 had spent some time at the various
construction sites, they invariably wanted to know: “What
about Hirakud and D.V.C. and Bhakra: What about the big
Five-Year Plan schemes for irrigation and power: Will
these projects get builts’

That persistent question prompted the writing of this book.
1 hope every chapter contains an element of the answer. But
the simplest and least biased answer can be had now from the
actual record of achievement upon the irrigation and power
programmes established in the first Five-Year Plan. Any
reader can make an up-to-date check for himself by consulting
the latest progress report of the Planning Commission. In
1952, the Commission fixed not only final targets for 1956,
but also targets for each year until then. These objectives
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have not been modified to allow for any of the untoward
events, such as shortages of spare parts, which occurred since
1952; they constitute the acid test. Here is India’s actual
achievement compared to her original objectives for the five
years of the Plan.6

Target Achievement
1951-56 1951-56

Acres irrigated by
medium and large
projects since 1951,
in millions 8's 7°0

Kilowatts of electri-

cal capacity installed

since 1951, in

millions I'1 I'T

In other words, 100 per cent of the power capacity scheduled
to be built by 31 March 1956 has in fact been built, and 82
per cent of the irrigation. There is room here for improve-
ment. To put it more realistically, there is a challenge here
to solve all the problems we have discovered besetting the
dam builders, so as to pull up to the mark. But to the more
fundamental question, “Will India get these projects built?’
the answer is indisputable. She is doing it.

That is not the whole answer. Projects are not finished
when the dams, canals, generators and even the transmission
networks and distributary channels have been installed.
Beyond the period of the Plan, and wholly outside the pro-
gress statistics reported above, lie most of the tasks of putting
water and power to productive use. Secondly, it is the purpose
of the Five-Year Plan not only to complete construction of
the four great, and innumerable lesser, river works we have
discussed, but also to begin work on new ones, including five

of great size.
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The initial Five-Year Plan is only one among many on
India’s road from hunger to abundance. We know little of
the targets of the subsequent plans, but we do know what
they will be, in general, for irrigation and power. On 13
October 1954, Shri Gulzarilal Nanda, Minister for Irrigation
and Power, indicated to the ministers of state governments
meeting in the Board of Co-ordination of River Valley
Projects some long-range goals: ‘Our aim is to make irriga-
tion available for 40 per cent of the land and increase the
available power from 1-7 million kilowatts to 87 through
the projects in the first three Five-Year Plans.” These
plans, in other words, are to double India’s irrigation
and multiply her electric power by five. Shri Nanda’s cost
forecast for the whole fifteen-year programme, Rs. 2000
crores, does not call for an annual rate of investment in
irrigation and power construction very different from the rate
attained in recent years, 1953-54 and 195455, roughly 150
crores per year. What of these further goals: Is India able
to attain them:

THE TECHNICAL CHALLENGE

Up to this point, we have rigorously trained our attention
on visible achievements. This is a book about earth and stone
and steel, about water controlled and made serviceable, about
the men who thus changed nature, and about the knowledge,
character and habits of working together that gave them the
ability to do it. But a book about New India’s rivers would
not be quite complete without examining what New India
has by now set about doing in the future. What is necessary
to remember is that the assessment of future capabilities in
the next few paragraphs cannot be as certain as the assessment
of accomplishments down to this point.

India’s second round of big multiple-purpose river develop-
ments has been inaugurated in the first Plan with five projects:
Chambal, Rihand, Koyna, Nandikonda and Kosi. As a whole,
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the five new giants correspond closely to the four now built
or being built—in size, complexity, benefits, and costs. Con-
sidered individually and in detail, however, they promise
some untried difficulties and potentialities. Now, as always,
the easiest projects have been taken up first. What lies ahead
is still in important respects, a pioneering job. To appreciate
the coming technical challenge at its most difficult, consider
the ultimate task of harnessing the Kosi.

KOSI

The world has at least one river more obstreperous than
the Kosi—the Yellow River in China. Butin India the Kosi
is unique in two respects.” It visits North Bihar with India’s
most devastating floods. And it seems to have the power
eventually to destroy any controls the engineers have been
able to demgn for it. Today, in fact, the Kosi appears to be a
rogue river.

It was up one of the river’s ultimate tributaries, the Dudh
Kosi, that Sir John Hunt led his party of British and Sherpas
on their way to Everest. Another fork, the Arun, penetrates
the backbone of the Himalayas to drain a great, high, north-
sloping area of Tibet, so that all of Everest’s glaciers, even
those of its northern face, melt into the Kosi’s catchment.
At lower altitudes, and further to the south, the three major
tributaries catch the heavy downpours of the monsoon, where
it beatsupon barren mountainsides of Nepal, from Kathmandu
to Kanchenjunga. Goats have long since stripped the last
plant from many of those slopes. Others through which the
Sun Kosi has carved a bed, are merely loose debris piled
up at the foot of the glaciers. Just short of the boundary
between Nepal and India, the waters of the Sun Kosi, Arun
and Tamur merge to cut through the last Himalayan ridge.
Through this famous gorge of Barakshetra pours more water
than leaves the Himalayas at any other point between the
Indus and the Brahmaputra. But the water carries with it a
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river of sand and stone —the stuff ground down by the glaciers
of Tibet and sluiced down by the rains of Nepal. In 1947-48,
when engineers first measured the quantity of that sediment,
they discovered that it amounted in a twelve months’ period
to 7,300 tons for every square mile of the Kosi’s catchment.
Considering the relative size of the catchments, that is rather
more debris than comes down China’s Yellow River,
which up to that time had been regarded as the gr:catest
sile-mover in the world.8

Southward from Barakshetra, the river falls steeply through
the Terai belt, dropping five feet in every mile it progresses.
Once across the border into India it levels off, the current
slows down, and before it empties into the Ganga some distance
east of Patna, it has left behind almost all of its sand and gravel.
The Kosi has thus turned North Bihar into the dumping
ground for a silt-moving operation whose scale makes human
efforts to move earth by means of draglines, scrapers and
headbaskets appear as the work of ants.

The Himalayan rivers, though they have not had long —as
geologists measure time — to do the job, have generally finished
their labour of stripping off the softer layers from the upward-
folded ranges and depositing the burden at their feet to form
the Gangetic plain. The Kosi alone, springing from the
mightiest of the mountains, restrained behind the foothill
range until it escapes at Barakshetra within 150 miles of its
mouth, still attacks that geologic task with the fervour of
youth. The face of North Bihar is a record of its work. As
lately as two centuries ago, some geologists believe, it flowed
cast from Barakshetra to empty into not the Ganga but the
Brahmaputra. Again and again since that time, its flood-
borne silt raised the level of its bed until it broke out westward
into a lower course. Measured sideways, east to west, it has
now migrated 70 miles. Each successively abandoned bed is
now a waterlogged trough, hospitable to kans grass and
mosquitoes, and not much else. It last broke out of an old
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bed in 1937, following the disturbance of ground levels by
the great Bihar earthquake of 1934. Since then, it has shifted
11 miles westward —averaging more than half a mile a year.

Viewed with academic detachment, this is a typical instance
of delta building; we have observed its counterpart near the
mouths of the Damodar, the Cauvery, the Krishna and the
Godavari. Some of the sediment the river carries is extremely
fertile; bumper rice crops grow in it, provided the fields are
not covered with floodwater or coarse sand before the crop
matures. But the Kosi differs from the other delta-building
rivers in two ways. It is working faster, and consequently
shifting its bed more capriciously, in direct proportion to the
extraordinary load of silt it carries. Since it empties, sccondly,
not into the ocean but the Ganga, it may find its outlet running
in flood just when the Kosi's own volume is greatest. The
consequence is the most damaging, most frequent, and longest-
lasting floods in India.

In its present form, obviously, the Kosi delta is not a hos-
pitable place of human settlement. At least every other year,
the villagers in Darbhanga, Bhagalpur and Purnea districts
flee to raised platforms while the paddy fields they need to till
lie beneath a tan sea. Drownings are few, for the floods
surprise no one. Typhoid and dysentery, endemic in villages
whose wells are flooded, kill many. Snakes, too, kill some of
their fellow refugees on the isolated embankments. Star-
vation is, however, the real threat. Yet this unhappy delta
holds a thousand people per square mile, as dense a population
as one finds in rural India. One reason is the chance of very
good crops in the seasons when the floods permit. The main
reason is that the villages the Kosi has engulfed in its westward
aggression have no place else to go. No doubt as the geologists
tell us, after some thousands of years the Kosi will have levelled
up its delta and completed its earthmoving job; its domain
will then be fit for settled habitation. But the million people
who live there quite naturally cry out that their government



266 NEW INDIA'S RIVERS

should make it safe for them now., No humane and demo-
cratic government could stop its ears to that cry.

The Central Water and Power Commission has an immediate
plan for the Kosi, and Bibar has undertaken to execute i,
It includesa barrage at Hanuman Nagar, on the plins below
Barakshetra, with flood embankments lining both banks for
miles downstream. From the barmage, irrigation canals will
take water to a million and a half acres, 180,000 of them in
Nepal. The barrage itself is being built on Nepal territory,
As a result of negotiations completed in 1954, the two nations
have agreed to facilitate the construction of the project.

In 195453, the 42 crore construction job was tackled in dead
camest by a diverse but very heartening alliance of forces.
Aside from the large crews of hired labourers, there were ar the
height of construction in April, 10,000 members of the National
Cadet Corps, 8,000 students working during their vacations,
450 shramdan workers, and 12,000 villagers working co-opera-
tively under their gram panchayats. Their til was rising the
great western dike at good speed; work was not going so
rapidly on the eastern side, which was not the Kosi’s aggresive
front.

Embanking the river wins time to work out a permanent
answer to- the river's challenge. As soon as the barrage and
dikes are finished, which is estimated to take six years, the Kosi
will commence filling them in with gravel and sand. Ir is the
old, msolved problem of a river heavy with coarse sile which
builds up its bed until men can no longer raise dikes higher,
and then breaks out int a lower channel. Can India dike the
Kosi more permanently than China has been able o dike the
Yellow Raver:

There was a more radical plan for the Kosi. Itwas announced
in 1946 by the government's enginecring adviser, Shei A, N.
Khosla, and it was no litde plan.? The proposal was to block
Barakshetra gorge by a concrete dam “possibly 750 feet high',
Thar structure, higher than Bhakea or any other dam yet built,
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would have to stand on rock subject to earthquake in an in-
accessible part of Nepal. Most troublesome of all was the
discovery after the plan had been announced that the Kosi’s
silt comes down so fast as to endanger the continued usefulness
of even such a gigantic reservoir. The great dam at Barakshetra
held bright promise — a million kilowatts of hydro-electric
capacity, or much more than all India has in 1955, several
million acres of irrigation, even navigation. But apart from its
prodigious cost and the problem of utilizing so much power
in an entirely rural area, storing the Kosi’s outpouring of water
mixed with coarse sediment is simply beyond economic solu-
tion by present engineering methods.

India is, meanwhile, doing what can be done. The dikes
will give villagers a provisional security. The irrigation chan-
nels will help offset the famine threat in flood years to the extent
that they water a second crop. But harnessing the Kosi is
another matter. To many engineers that seems as remote as the
summit of Everest did to mountaineers, before June 1953.

THE GOVERNMENTAL CHALLENGE

The Kosi is, in terms of the engineering obstacles to ultimate
control, the most obdurate of the rivers tackled in the second
round. The other four schemes just started in the first Plan are
Rihand in the Vindhyas (U.P.), Koyna on the Western Ghats
(Bombay), Chambal (Madhya Bharat and Rajasthan), and
Nandikonda on the lower Krishna (Andhra and Hyderabad).
Rihand and Koyna require relatively high concrete or masonry
dams, structures on the scale of Mettur. But unlike Mettur,
both will include extremely powerful hydro-electric plants,
about 240,000 kilowatts each. Koyna, in addition, will utilize
a spectacular 1,500 foot drop of water down the Western Ghats
into an underground powerhouse. There will be three
dams en the Chambal, of which Gandhi Sagar, the large
storage reservoir, is already under construction by Madhya
Bharat, Rajasthan having undertaken to build the Kotah
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barrage lower on the Chambal. The two states agreed to share
the water for irrigation, and in 1955 a board of control,
intergovernmental in its composition, was established to
supervise the project. Nandikonda, in a magnificent site at the
lower end of the gorge which the Krishna River cuts
through the Eastern Ghats, will bea concrete dam approaching
Bhakra’s scale, and like Bhakra will make water available to
some three and a half million acres.

Taking these four projects as a whole, plus the immediate
plan for dealing with the Kosi, India has a big and challenging
job ahead. Yet it is by no means so far beyond her proved
capacities in 1955 as were the projects tackled on the morrow
of Independence: Bhakra, D.V.C., Hirakud and Tunga-
bhadra. The nation can confidently expect that Chambal
will offer no problems of controlling an inter-state river by a
chain of dams more difficult than D.V.C. has solved, that
Nandikonda will come within the capabilities of the builders
of Bhakra, and Rihand and Koyna within the proved abilities
of those responsible for Bhakra, Mettur and Jog — provided
one condition holds. That condition is that the lessons learnt
on earlier projects can be carried over to the construction, operation,
and control of the new.

India’s ability to meet that organizational challenge will turn
on an issue the importance of which goes almost unrecognized:
whether the Central Government shall continue, concurrently
with the states, to take up some river valley projects for cons-
truction. The lack of public debate of so vital an issue no doubt
reflects the almost accidental way in which it arose.

Every one of the states of the Republic has a share—in terms
of the quantities of work and benefits, the larger share —in
river development. It is one of the great strengths of the work-
ing Constitution that federalism had a sturdy growth in the
functions of irrigation, electrification and flood control. It
is vital that state powers continue to be exercised. The care—
fully thought-out D.V.C. Act preserved them in the states.
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Building small irrigation and electric-generating systems,
distributing electricity and water even from large systems, and
collecting the rates from such distribution, would be most
awkward functions for a national government. The big new
multiple-purpose schemes rely on the same constitutional
powers, and are means to the same ends — irrigation,
electrification and flood control — as these long-standing state
functions. Yet, in all the ways we have noted as characteristic
of the nation building era, they present a different organi-
zational challenge.

In 1947-48, the new national government took up this chal-
lenge in Bihar and West Bengal, and in Orissa, and became a
sort of contractor for the Bombay government in building the
Kakrapar weir. This was the only solution at the time, though
the national government was then as uninitiated in major river
construction as most of the states. In the process of learning,
the central agencies D.V.C. and Hirakud lost about two years’
time, and made certain mistakes. These we have traced to the
lack of men qualified to head construction, and to the partly
related tendency to ‘build from Delhi’ —to keep centralized
checks upon estimating, designing, hiring personnel, spending,
or purchasing. The Government of India leamed by these
mistakes, and in the most public way.!? Every error, and
many an apparent error, was vociferously questioned in Parlia-
ment. This was natural since many of the critics came from
constituencies remote from the projects, and to them present
costs were more obvious than future benefits. When the cri-
ticism was fully reported in the press, popular scepticism of the
Government of India as a builder grew just when the basis for
that criticism was being removed.

The large projects under state construction went through
parallel delays. In the case of Tungabhadra between 1945 and
1949 the fault was outside the state government, at least the
government of Madras; and in the case of Bhakra it was partly
due to the novel complexity of the task. In any event, state
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legislators who felt the benefits closer at hand, and who were
aware that the national government was bearing part of the
cost, were less critical of those delays. This was the last of 2 long
train of circumstances, beginning with the incompletely inte-
grated government of the East India Company when modern
irrigation began in India, and including the devolution to the
provinces alone of self rule in these functions under dyarchy,1
which has produced the assumption that the actual construction
of irrigation and power works invariably belongs to the states.

It 1s assumed or decided, therefore, that Bihar will build
Kosi; U.P., Rihand; Bombay, Koyna; Madhya Bharat and
Rajasthan, Chambal; Hyderabad and Andhra, Nandikonda.
Yet the governments which had by 1955 already acquired
substantial experience in building giant multiple-purpose
projects were Mysore, Madras, Hyderabad, and Punjab, and
the central government through the D.V.C. and Hirakud orga-
nizations. Hyderabad whileit remained a state offered the only
prospect of carrying forward experience directly to the new
schemes.

One way in which experience can be brought to new works
though they lie in new states is by the development in India of
an industry of heavy construction contracting. That would
require several business firms staffed and equipped to make
tenders on entire dams, canal systems, or electric stations. The
basis for such an industry was laid when D.V.C. gave over
Konar Dam to a general contractor and Bombay municipality
gave over Vaitarna Dam. Now the award of Rihand to a
contractor by U.P. may give the large-scale contracting in-
dustry a further lease on life. If so, India will have an unap-
preciated national asset. Not only can seasoned engineering
groups and key pieces of construction equipment thus pass
from job to job, but harassed governments can be spared the
pressure of day-to-day supervision. Government estimates,
which have been none too exact, can have the check of inde-
pendent competition.
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But there are states, and they hold some of India’s finest
river development sites, which bring to the task of development
neither the financial resources nor the governmental experience
required to draw up the best projects and let contracts. It is
in these very states, perhaps naturally, that one finds the same
reluctance to make accurate plans, enlist top managers, engi-
neers or contractors, and then give them full responsibility for
executing the plans — which plagued the national government
in its first approach. Moreover, certain of the valleys under
development will always be interstate valleys. Even if compe-
tent contracting firms compete, can the states themselves take
on the whole list of future projects:

A fair answer requires an appreciation of the varied, often
pioneering activities the Government of India has initiated to
effect an indirect transfer of experience from project to project
and from state to state. Keystone of the machinery is the
Planning Commission itself, which holds up standards of ade-
quate planning and maintains procedures for selecting the best
claimants for national support among competing plans. Poli-
tical understanding of the projects is interchanged in meetings
of the state irrigation and power ministers with the central
minister, and in the latter’s meetings with M.P.’s especially
interested in project areas. The Irrigation and Power Ministry
has also since 1954 conducted a remarkable series of seminars
for the top engineers of the large projects, and appointed
nation-wide committees to make recommendations on such
general problems as the cost of a unit of earthwork, masonry
or concrete, or the cfficient operation and maintenance of
construction machinery. These activities, for which Shri
Nanda deserves primary credit, will insure as well as can be
that previous lessons are not overlooked at new projects.

Information, though, is not enough to build dams, power-
houses and canals of the new complexity, or to operate multi-
ple-purpose systems for irrigation and power. Had it been,
the problem would have been solved immediately after
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Independence by sending Indian engineers abroad and bringing
foreign specialists to India to impart information. Even the
long-discussed proposal to create an all-India service of irriga-
tion and power engineers so that individual transfers from
project to project might be easier would not suffice to avoid
old delays and errors. For governments themselves must be
experienced in the disposition of huge projects; while the
actual ability to build the new projects at top efficiency can be
carried forward at full value only by teams of key men — chief
engineers, with the mechanical, electrical, civil and design
engineers they rely on, plus managerial officers for running
colonies, accounting, purchasing and handling personnel
matters, and a few key superintendents. Ideally, with each
team would go certain pieces of strategic equipment. Even
such a team can master only some of the new techniques —
large dams, for instance, or high-head hydro-electric plants.
But once proved and put on an appropriate project, such a
team can be counted on to build to an estimate. And unlike
a contracting firm, it can be counted on also to be alert to the
non-engineering problems and opportunities inherent in
village relocation, colony management, labour relations, etc.

Can every state government prepare itself for planning,
decisions and management on the scale required by the largest
projects: Probably any but, the smallest can. Can it do so
without repeating the waste of time and perhaps of money
which were required to prepare the Central Government and
some of the states immediately after Independence: That is
more doubtful. Can India afford a ‘big university’ like Bhakra
in each statez Or can teams of engineers and equipment be
passed from state government to state government as new
projects succeed one another in different parts of India:

The alternative is not to make river projects, even major
river projects, exclusively central. It is to keep both the Go-
vernment of India and the stronger state governments — those
already prepared and likely to have a succession of major
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projects — at work. This assumes, of course, that the Central
Government will undertake construction through decentralized
boards, administrators, or chief engineers. This lesson has
largely been learned at D.V.C. and Hirakud. And where river
development crosses state lines, involves several related mul-
tiple-purpose reservoirs, and is intended to stimulate general
economic advancement, the semi-autonomous corporation
has proved itself to be the most productive central instrument.

Three things are certain. The states can manage distribution
of power and water and the construction of smaller projects
better than the nation can. Secondly, no nation on earth can
establish, or even maintain, some fifteen separate agencies,
each possessing the highest competence to build whatever new
type of river project may happen to fall within its territory.
Thirdly, the Government of India now has, like several of the
larger states, competent and dependable design and construc-
tion teams. The organizational challenge will extend to the
utmost all of the governmental resources that are available.
India can manage the building of the projects that lic ahead,
but not with one hand tied behind her back.

THE POPULATION CHALLENGE

In 1953 the Government of India published a remarkable
document: the Report of the 1951 Census, by the Census
Commissioner, R. A. Gopalaswamy. Shri Gopalaswamy
moved to his conclusions on the basis of a marshalling of facts
so authoritative, and reasoning so rigorous, that his Report has
to be the starting point for all later considerations of the prob-
lem he tackled. That was the relation between India’s popula-
tion and her food supply. Shri Gopalaswamy assumes India’s
numbers will be:

1951—36 crores

1961_41 2
1971_46 »
1981—52  ,;

18
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He assumes that the whole of the irrigation of which construc-
tion has been started will be realized, that all the other mea-
sures of the Five-Year Plan to increase agricultural production
will bring the expected results. He further assumes that India
will achieve the lower limit of the long-range goal set for
irrigation in the Plan—40 million new acres in 20 years. Along
with that irrigation, he assumes, will come other measures
such as reclamation of waste land, fertilization, better tillage,
and improved crop varieties which will improve the nation’s
total yield twice as much as the irrigation alone.

The conclusion which follows is so arresting that it must be
read from his own words:1?

At the end of all this, our estimate of the increase of agricultural
productivity is still only 240 lakhs of ANNUAL tons; of which
one-sixth is to be secured by an increase of acreage under crop;
one-third by increase of acreage under irrigation and one-half by
all methods of increasing yield per acre other than irrigation.
This increase will fall short of our needs before 1971. It will be just
about sufficient to overcome the present shortages and meet our growing
needs until our number reaches 45 crores — which will occur round

about 1960. . ..

What follows — that starvation is our lotz No. It follows that
we should make up our mind that we shall not go on increasing
in number as we do.

The challenge that comes from Shri Gopalaswamy’s analysis
does not depend upon his ability to forecast the precise quanti-
ties either of population or food supplies. His warning holds
so long as numbers go on increasing at not less than the pre-
sent rate, compounded, whereas each addition to food produc-
tion becomes, as we have observed in the case of irrigation
itself, a more and more costly effort. There comes a limit.

Let us test out this point by making the most optimistic
assumptions about the rate at which food production can be
raised—assumptions which Shri Gopalaswamy rejected as being
beyond what past accomplishments give us grounds to hope.
Let us assume the actual use of irrigation doubles in 24 years
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from 1951; in other words that India can add 50 million acres
by 1975, instead of 40 million by 1981 as Shri Gopalaswamy
considered feasible. This amounts to saying that all the projects
which Shri Gulzarilal Nanda called for inclusion in the first
~ three Plans could be brought into full production by that year.
Let us further assume, as Shri Gopalaswamy does, that the
10 million tons (one ton for each five acres of new irrigation)
this would add to annual agricultural production is only one-
third of the total improvement which might then be secured
by cultivating waste land, and raising yields by fertilizing and
other methods. We should have 30 million tons of new pro-
duction in 1975. But by that time India would already number
48°4 crores, and require 308 million tons of extra food. In
other words, a plan of development in irrigation and agricul-
ture so optimistic as this would only put off the predicted day
of reckoning by six years.

India could then face such a recurrence of the old cycle of
population increases, cancelled by famines, as controlled her
numbers down to the last generation. Or she could depend
more and more on imported food, a course against which she
turned decisively in 1951. Or she could, as Shri Gopalaswamy
persuasively proposes, immediately determine upon a pro-
gramme of birth control as extensive, and of the same order
of priority as her present Community Projects programme.

But suppose this admitted ‘near-miracle’ cannot be realized
cither by 1969, or at best, by 1975. Or suppose Shri Gopala-
swamy’s conservative estimates of population growth are
overrun by a sharp reduction of deaths, as might come, for
instance out of the current national malaria control campaign.
Suppose, as the Planning Commission itself assumed at one
point in its long-term calculations, that the population should
rise to 50 crores by 1975.1% Then the shortfall of food produc-
tion, even optimistically calculated, will already be 4-8 million
tons—exactly what it was when India began planning to
abolish it.
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On any of these quite likely assumptions, India will be faced
with an entirely new nnperative. She will find even doubling
her irrigation is ot cnough, At the end of a really heroic effort,
she will face the need of an equally heroic fresh stare. She will
by that tme have used up the sites which now scem feasible
and economic. She will call on her engineers for the now im-
possible feats—feats of the order of difficulty of permanently
hamessing the Kosi.

Here is the challenge o Indian planning. Even present
plans, which seem to extend the nation to the limit, may prove
wo lirtle, The conclusion would, however incscapable, scemy
theoretical and remote were it not reinforced by every other
conclusion to which this chaprer has led us. India’s challenge
is not metely to do the job she has set herself; it is fo prepare
herself 1o do still more.



DREAMS NO LONGER
INDIA AND THHE WORLD

S'n mucn for what the furure may hold. Bue this is a book
about what India isdomng. And if India’s present generation
will take stock of the economic rebirth which, i the case of
irrigation and power, has already ocourred, they will have
reasan to accept the challenge of the future full of confidence.
For what New India has accomplished by 1055 deserves, if any
work of avilization deserves, to be called 2 miracle, She has,
in the words of Chester Bowles, when he retumed from his
mission as American ambassador to India, "‘Gor in full swing
on her rivers the biggest construction programme any nation
has launched since the War." It is perhaps the least appreciated,
and certainly the least heralded ccomomic conguest of the
generation.

The supreme question, not for India alone, but for two-
thirds of mankind in Asia and Africa and South America, is
whether a poor country can peaceably overtake the headlong
cconomic progress of the commtries which have already achiev-
ed their industrial revolutions. That, 1 think, was the unex-
pressed question that still troubled the thoughtful atizens of
India with whom I discussed the obvious achievements of their
niver valley projeets. With what 2 new assurance they would
view their country’s future if they could realize a simple truth.
In developing her rivers, India has attined a rate of progress
that ranks hee among the most dynamic nations on earth.

International comparisons are treacherous; the more so
when one attempts to compare a nation like India which makes
full reports and disclosures, with nanons wlich do not. But
let us, with this cution, begin by comparing India’s plans with
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those of the US.S.R. In the 1953 Annual of the Indian Joumal
of Power and River Valley Development, a Soviet writer, Pro-
fessor Innokeno Kandalov, gave us an account of Russtan
irrigation and power programmes. He wrote:

The Directives conceming the Five-Year Pl of develop-
ment of the USSR, for 1951-1955, adopred by the Nineteenth
Congress of the Communise Parry of the Soviet Union pro-
wide a 30-35 per cent increase in the irdpated area  alreadv n
1954 and an 80 per cent incresse, respectively in electric power
output, the latter primarily in hydro-power development.

Now we know that India planned in approximately the same
five years to increase her irmigated area 38 per cent, and her
electric capacity 52 per cent. Forirrigation, we are given actual

antitics, Russia’s advance is from & small basé: she planned
to add some 5 million acres to her 16 million. India, of course,
is adding 19 million to her §0 million. Russia did not reveal
her elecrric plant capacity, but since she is reported to produce
20 times as much electric energy per year as India already, her
more rapid rate of increase is noteworthy. Bue this is Russia’s
Jilth Five-year Plan. It should not be oo disheartening for India
to realize that while her fiest Plan docs not march the Russian
rate of increase in clectrical output, her second Five-Year Plan
with its target of a 100 per centincrease will do so.!

We have fuller mformation, compiled by United Nations'
statistictans, for the nations other than Russia and China.?
They show that India, adding 11 per cent a year to her electric
plant capacity in 1951 to 1954, expanded more rapidly i this
respect than any large nation, including even the United Stares,
Japan, and Canada. Small, booming Venezuela alone grew still
faster. This 15 an electrical age, and many nations built genera-
tors very rapidly during and since the War, YetIndia is gainmg
a larger share of the total world production of clectricity. In
1938, she produced one kilowate-hour for every 166 produced
throughour the world. In 1951 her share was one in 164; m
1954, one in 160. India has far to go, but she is carching up.
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As to irrigation, India's unprecedented growth is even more
evident. No country with any substantial aréa already irrigated
approached India’s achieved expansion of five per cent per
yeir, 1951-54. This is the more remarkable, considering the
fact that India already has one-fourth of the world's irrigated
acreage. India need no longer ask, in short, when she will
artain the dynamism of the West, but only when the rest of
her economy will catch the dynamism of her nver valley
projects. Unoberusively, they have become the pacemakers
for the world.

China remains. While this book was being written, 1t
scemed quite hopeless to seek figures which might serve, even
with: rescrvations, to compare her status and progress with
India’s. Bur in September 1954 Premicr Chou En-lai made a
report to the First National People’s Congress m which he
announced actual quantities of production, including clectric
output. Andin March 1955, the U.N. Economic Commission
for Asia and the Far East published these, with much other data
on mainland China's cconomy. The outlines of a fascinating
picture begin to emerge.® It shows China reporting an annual
increase of electric output twice India’s (26 per cent in 1952-53
and 20 per cent in 1933-54). Her per capita clectric output s,
however, stll slightly lower than India’s (18:6 kilowate-hours
per year, compared to India’s 19°6, m 1954). Much of China’s
dramatic growth has been by the restoration of war-damaged
and looted plants, <uch as the great Fengmen hydro-electric
station in which three 100,000 kilowatt generators were re-
placed m 1954. In a longer perspective, 1938 to 1954, China's
output of clectricity has increased 36 times, compared o
India’s inerease of 3 times. Premier Chou En-lai announced
the goal of adding 100 per cent to China's 1952 electric capaciry
in'a somewhat mdefmite period of five to ten years. Perhaps
a roughly comparable Indian target i to merease electric capa-
city 131 per cent by completion of the projects started in the
first Five=Year Plan.
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China has added 10°1 million acres to her irrigated lands
in the five years 1950 to 1954. India added slightly more (102
million acres) in the first four years of her Plan (1951-54). This
by no means expresses the difference. For China has had vast
tracts under canals for centuries; in 1938 the area was estimated
at 107 million acres—almost half her cropland.* What she is
doing now is chiefly repairing and rehabilitating damaged
portions of that ancient system. The Economic Commission
for Asia and the Far East reports the Kiangsu Irrigation scheme
under construction to lead water between the Grand Canal and
the east coast. It is planned for 4-4 million acres — about
the commanded area of Bhakra-Nangal. The Chinese pro-
gramme otherwise comprises some eight million ponds and
ditches, a million wells, and 600,000 lifting devices driven by
manual, animal or mechanical power. Clearly this is compa-
rable to the types of irrigation rapidly expanded in India a
century ago: small projects or great canals in the river deltas.
China has barely tackled the technically difficult job of building
storage reservoirs. Her large-scale irrigation depends on natural
floods. By the same token, abnormal floods hang as a constant
threat over those same areas, just as they did to the old canal
tracts of the Damodar, Mahanadi, Cauvery, or Krishna deltas
before the positive control of those rivers by the great modern
reservoirs. China has only in Manchuria and in the Huai River
scheme the forerunners of the multiple-purpose reservoirs
India began with the commencement of Krishnaraja Sagar 45
years ago. In 1954, nature made that tragically clear. Dreadful
floods covered 25 million acres of the Yangtze and Huai River
tracts—a third of China’s irrigated land. Sixty per cent of the
dikes which had been strengthened in the great popular effort
of the past five years had to be repaired again.

There is no country to which India need defer for the scope,
the complexity, the sound planning, and the rich benefits of her
river valley developments. To her coming generation, she can
say: ‘Here is the biggest, most constructive work in the world.
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Youneed not patiently await it; your country is doing it now.”
For some two lakhs of men and women who want to build
dams and canals and power stations—to drive: or  repair
earthmoying machines, to perform or supervise construction
labour, to control turbo-generators, these projects offer an
immediate place in the next five years. The number to whom
they offer the challenge of taking upirrigated farming, of putting
electricity to workat pump-scts or insmall industries, runs into
millions. To all these, the nation can say, “Your own enterprise
and skill will be the limits of your advancement., Other nations
inherited a frontier of opeén land. This nation has creared iss own
frontier of opportunity in its mver valleys. Here 15 the future
in your mdst. These things are dreams no longer.”

MONUMENTS TO WHAT#

In ecach vigorous age; a civilizadon erects is monuments.
Some are, like the Pyramids of Giza or the Taj Mahal, dedi-
cated to the power or the beauty of the dead. Some are forts,
or tnumphal arches to recerve the parades of victorious armics,
Many honour the mystery of God. Surviving for centurics
after the last of the rites or ceremonies for which they were
designed, monuments like these nevertheless tell us much of
what we know of the civilizations of the past: the dominant
purposes to which they devoted their wealth, their work and
creanive skill. The grear works were, in fact, erected pastly
to teach these things to contemporary gencratons. To all
who came and marvelled, they subtly pointed the way to
greatness.

The greavsst of the monuments of froe India arc on her rivers
—the Sutle) and Damodar and Tungabhadra, the Mahanadi and
Chambal and Tapti, and many more, To these places men and
womien come, in a pilprimage growing scason by season, to
scc for themselves the dams and camals and power stations.
Each visitor, looking at the vast works, will draw conclustons
of his own. The workman or woman may perhaps ponder
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the toil that raised the masonry or earth. The farmer or indus-
trialist will think of the benefits of water or power. The rate-
payer will think of his taxes, the engineer of problems solved
or to be solved, the legislator of the needs of his own
constituency. Only the archacologist of the future, not privy
to any of these thoughts, will dare give any simple answer
to the question ‘Monuments to what?’

Yet to all who make the pilgrimage, New India’s river
monuments have certain things to teach. One lesson is very
old: here water is life. The Aryan singers of the Vedic hymns
acquired their very names—India and Hindu—from the Indus,
the first great river of their long migration. To all their suc-
cessors, the rivers were connecting arteries between the life-
giving waters of the monsoon, and the otherwise sunbaked
fields. To the channels in the Harappan cities, the tanks and
anicuts of southern villages and kings, the canals and embank-
ments of the northern emperors, these twentieth-century works
" are a fitting climax. Here men who still chant the names of
rivers, journey to their headwaters to meditate, and burn the
dead upon their banks, may take a traditional pride. Eking out
their poverty, they have raised upon their sacred rivers monu-
ments of magnificent proportions. It is the flowering of a
river-minded culture.

So, it may be, the pilgrim’s imagination runs as he stands
in the shadow of a great dam. There is in its very shape, broad
based and tapering upward, the appearance of strength in
repose. There is a certain kinship to the shape of other monu-
ments that survive through centuries—citadels, stupas and
temple towers.

But let the visitor climb to the crest to observe the reservoir
to its blue-green depths, cool, unfailing and obedient. Is this
the same river that held its dependents through the centuries
as much in terror as in affection: Is this the devourer of cities,
the deserter of crops: Or let him enter the quiet, almost
empty room that houses the turbo-generators. The industrial
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revolution is here, not crude but refined. Nature is put to
a use freshly conceived by men.

On India’s rivers these are the monuments to a2 new mind—
the universal mind of science. In India it is a century old. But
applied to these sacred streams it can make visible and common-
place a lesson of revolutionary import. Man cannot create the
forces of nature; neither have they created his fate for him
patiently to bear. By knowing them he can use them to free
himself from their worst visitations—want, disease and early
death. Thus he can make more room for his spirit. He can
do it in a measure which every year extends itself, and finds
its limit only in his ability to identify truths of matter and
experience with truths of thought. Ideas need not be useless
to be true, is the lesson of these creations of science, nor un-
earthly to be universal, nor wholly inward to have their
spiritual reward.

Through such works as these, what was the fate ordained by
nature comes within the choice of man. But science may serve
as well to destroy as to create. Purpose becomes the more
important. And the purpose of the civilization which concen-
trates so much of its surplus upon these river works must
suggest itself in the services to which they are put. Leaving the
river, the visitor who ponders these things notices overhead
the strands of aluminium conveying energy, perfectly control-
led, to hundreds of mills and towns, thousands of pumps and
villages. He travels the geometric banks of canals, engineered
against failure or flood, past a thousand sluice-gates into ripen-
ing fields. Has the civilization which began at the river banks,
and then turned to the rivers both to sustain and renounce life,
now returned to them to remake lifez Have the people, the
millions, who petitioned and blessed their rulers for good
works, begun enjoying—and creating—works too vast, and
too intimately serviceable, to be the work of any sovereign,
save themselves:

If so they alone, now, the people, can assert the ultimate
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purpose of which these great working monuments are both
symbols and servants. All we can hear now are the words of
the men who called the nation-building effort forth.

If I could persuade myself that I could find God in a
Himalayan cave I would proceed there immediately. But I
know I cannot find him apart from humanity.... I recognize
no God except that God that is to be found in the hearts of

the dumb millions.?

That was Mahatma Gandhi, who lived to see the great river
projects only begun. Some years later Jawaharlal Nehru,
throwing open a dam and canal which brought a Himalayan
river into the service of some millions of farmers and more
millions of townspeople, said:®

For me the temple or the gurdwara or the church or the
mosque today are these places where human beings labour for

the good of humanity, of other human beings.. .. Where can be
a greater and holier place than this:

o
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with the District Gazetteers to
bring it up to date, provides the
material in this section.
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technical account of the project:
Madras Public Works Depart-
ment, Tungabhadra Project Report,
Madras, 1942.

7. The agreement has been merged
in a new agreement allocating
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setting. I am indebted to eye-
witnesses on both sides for their
recollections, but errors may
have crept into this reconstruc-
tion.
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set up a Tungabhadra Board,
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Power, Mahanadi Bridge Com-
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Accounts Committee,
1952-3, Sixth Report, Hirakud
Dam Project, New Delhi, 1953.
and Ministry of Irrigation and
Power, ‘Memorandum on the
Recommendationsof  the Sixth
Report...", New Delhi, 1953.
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point, se¢e R. P. Vashishth,
‘Hirakud Dam, a Report of
Progress’,  Indian Journal of
Power and River Valley Deve-
lopment, March 1951.
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Chapter 8. OPERATION HIRAKUD

1. Anyonk familiar with the macs-
gerial aftsirs of rover construction
projects soon learny chat engn-
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in the contes with pamre thae
they tenld o regard any rules of
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Chapter 9. CODE VERSUS CORPORATION

1. The Admmueranve Comnuitee
of Enquiry headed by Shn P. S,
Rau eotcluded that ‘the semu-
autononiooe sorporation b the
best methad yer devised of cxe-
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of a Survey, New Delhi, 1953.
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Chapter 10. MAZDOORS

Aside from personal obser-
vation, this chapter is drawn
from reports of project labour
welfare officers, from engineers
who participated personally in

negotiations, and from brief
reports on strikes by ministers
to their respective legislatures.
My information from union
leaders is thus second-hand.

Chapter 11. DESERTED VILLAGES

1. Despatch from Hospetof 11 July
1953, published in the Hindu,
Madras.

2. D. V. C. Enquiry Committee
Report, p. 26 (with estimate for
Panchet Hill added).

3. These data appear in a valuable
paper by the D.V.C. director
of rehabilitation and develop-
ment, Shri K. S. V. Raman,
‘Studies in Land Use in the
Damodar Valley: Fragmenta-
tion’, presented at a symposium
on soil conservation, December
1951 (mimeographed).

4. K. S. V. Raman, ‘Land Recla-
mation in the Damodar Valley’,
Indian Journal of Power and River
Valley Development, October
1952, pp. 23-28

5. This includes imputed depre-
ciation and maintenance costs
beyond the D.V.C.’S booked
cost of Rs. 713 per acre. D.V.C.
Enquiry  Committee  Report,
pp. 26-8.

6. For data in this paragraph, plus
maps and plans of the relocation
village Bachhaj and its houses,
see D.V.C., Improved Land Use
in the Damodar Valley, Calcutta,
1951.

7- In its Fifth Report, 1052, the
Estimates Committee of Parlia-

* ment considered D.V.C. reloca-

I0.

tion extravagant and recom-
mended a special committee
investigation. The Rau Com-
mittee, in Chapter 3 of its Report,
examines all the grounds for the
charge and finds most, though
not all, the expense resulting
from the human and political
imperatives of an area lacking
good empty land, p. 25. Inter-
pellations on D.V.C. relocation
costs may be found in the
Parliamentary Debates, House
of the People, 12 June and 24 July
1952; and 26 June 1953.

. For material in this section I am

indebted to Shri Juganath Misra,
deputy commissioner, reloca-
tion, Government of Orissa, and
to Shri Ramachandran and
Shri Pujari, land reclamation and
relocation officers, who showed
me the sites described.

. For the issues raised and decisions

taken one must go to the minutes

of the Hirakud Board of
Control.
Costs and progress are shown in

Government of Orissa, River
Valley Development Depart-
ment, Hirakud Dam Project,
Budget  Estimate for the Year
1954-535, Cuttack.
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. Quotations are from the English

text of Prime Minister Nehru’s
speech, supplied by the Indian
Information Service.

. The whole engineering task is

described in the Indian Journal
of Power and River Valley Deve-
lopment, Bhakra-Nangal Num-
ber, November-December, 1953.
See S. D. Khungar’s remarkable
article, ‘Planning the Bhakra
Dam’, in the publication just
cited.

. S. Ajit Singh Kalha, super-

intending engineer, Hissar, des-
cribed and appraised the labour
co-operativesin a comprehensive
note to the Central Board of
Irrigation, 1953 meeting, of
which he kindly gave me a
copy.

My source on Lakavalli irriga-
tion plans is 2 note prepared by
Shri K. Krishnaswami, special
deputy collector for localization,
and Shri I. Sambasiva Rao,
special district agricultural officer,
Tungabhadra Project, Bellary.

. The planning reports on the

development of irrigation at
Tungabhadra ought to share
with the Columbia Basin Joint
Investigations in the U.S.A. the
status of worldwide classics.
For the Madras side, they begin
with the unfavourable report
on soils by R.W.Prestley. A
scientific, though not intensive,
survey resulted: P. V. Ramiah,
Soil Survey of the Tungabhadra

10.

Project Area, Madras, 1937.
The various interrelated prob-
lems of getting the water used
were canvassed by T. N. S.
Raghavan, Report on Develop-
ment of Irrigation and General
Problems other than Labour,
Madras, 1947; and Report on
Cropping Scheme, Madras, 1947.
For the detailed planning of
localization, there was an ‘Inte-
grated Survey Report’ present—
ing agricultural, economic, and
engineering data for the land
under each distributary. More
recent agricultural development
plans may be followed in the
papers of the Tungabhadra
Project Development Board,
Hyderabad,  especially the
meeting of 12-13 November
1951, and of the former Raya-
laseema Development Board,
Madras.

. A Popular Account of the Work

done at the Agricultural Research
Station, Siruguppa, Madras,
undated.

. C. C. Inglis, Development of

Irrigation in the Deccan Canals,
Technical Paper, No. 49, Bom-
bay Public Works Department,
1934

. C. C. Inglis, Note on Irrigation

on the Block System in the Deccan
Canal Tracts, Technical Paper,
No. 16, Bombay Public Works
Department, 1927.

The Bombay Canal Rules, 1934,
Government of Bombay, 1951.
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Chapter 13. EXPLORING THE ELECTRICAL AGE

- Henry Adams, The Education of

Henry Adams, Boston, 1927,
p- 380. I owe the quotation to
C. Herman Pritchett, The Ten-
nessee Valley Authority, Chapel
Hill, U.S.A., 1943.

. Committee on the Conservation

of Metallurgical Coal, 1949,
cited by the Planning Commis-
sion, The First Five-Year Plan,
New Delhi, 1953, pp. 385-8
Sudhir Sen, ‘Why a Steam
Power Station’, Indian Journal
of Power and River Valley Deve-
lopment, October 1952.

. Technical facts may be found in

an attractive inaugural pamphlet,
Bokaro Thermal Power Station,
published by D.V.C. 1953, or
in the article by P. K. Bhatta-
charya, ‘Bokaro Power Sta-
tion’, Indian Journal of Power
and River Valley Development,
October 1952.

- George Kuriyan, Hydro-Electric

Power in India—A Geographi-
cal Analysis, The Indian Geo-
graphical Society, Madras, 1948,
PP- 28, 30

. Shri G. Sundaram, chief engineer

for electricity, Madras, has told
this story many times. See his
remarks in Government of India,
Ministry of Works, Mines and

7.

10.

IX:

12.

Power, Proceedings and Report:
All-India Power Engineers' Con-
Sference, New Delhi, 1950, pp-
47-8. See also the outstanding
position of Madras revealed in
P.V.S. Ayar, ‘A Note on Some
Aspects of Planning for Rural
Electrification in India’, in the
same volume.

Statement of Shri D. P. Karmar-
kar, Council of States, 27
March 1953, as reported by
P.T.L

- For history of electricity in India,

see Central Water and Power
Commission, Planning for Power
Development in India, a Hand-
book of Information, 2nd. ed.,
New Delhi, 1951, pp. 6-16

. Shri G. Chandy, Mysore Chief

Electrical Engineer, supplied a
note which has been very helpful
in the preparation of this section.
From a study made for the U.N.
Economic Commuission for Asia
and the Far East by the Mysore
Electricity Department.

U.N. Economic Commission
for Asia and the Far East, Tech-
niques for Estimating  Future
Power Demands, Bangkok,
1952, pp-I16ff

From an interview with Sir
Mirza Ismail, 1954.

Chapter 14. PERFORMANCE AND PLAN

For a complete list, statewise,
of all the irrigation and power
projects with estimates of cost
and benefits, see Planning Com-
mission, Development Schemes in
the First Five-Year Plan, New
Delhi, 1952.

2.

oh

4.

Newhouse, Irrigation in Egypt
and the Sudan ..., cited above
in note 1, Ch. 2.

Data supplied by the Central
‘Water and Power Commission.
These figures are for public uti-
lities alone, excluding generators
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mmsialled’ W, scrve | pamcular
‘mdusiney. To amive ar the
planned hydro—lectric malls-
tion, [ bave added the cipacitics
of hydro schemes listed in
Dwvelopment Schidwes It tha Firet
Five-Year Plan,

£. Gulzarilal MNanda, A Paradise of
Cpportunity’, | COmMmEenceneme
address st Foorkee Universiry,
1053,

8, Targen: The' Fiet. Five-Yewr
Phm, p. 3st. Aducvemncls:
Minister of Plinmng, lmgabon
snd: Power replying to debate
on demunds for grang, Lok
Sabha, 5 April 1uys.

7. For 2 short saccount of the techni-
cal problems though not dhe
promme  praject; see CHINC
Chsinapignmial Report, pp. 13o-31.

. UM, Ecomomic Commistion
for Ans and the Far East, Flood
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Domage and Flood Conirol Aai=
wities fit Ada and the Far B,
Flood Comtrol Series, Mo, 1,
Bangkok, 1950, p. $o

oy CWING  Quinguenndal  Repors,
PR 1332, 1315

1o, The Ry Crnmiiled Report s
a meomrkible instance of a
government  anaglysing - past
ermors without losing peripec-
tive.

11, Sir Porcival Griffithe, The Bri-
fisfe Tmpact on. [ndia, London,
1952, P- 319

12, Quotations  arc - from. pp. 206
and z1o, of the Report, Censur of
Indiz. 1951, Vel L Pirr FA,
The z4olakh vons refer nor only
to foodaratng, bur to the yield
af ather crops 4 well, caleulated
il teron of food-grain equivi-
lenrs. Tralics in the Repors.

13, The Firg FiveYeor Plan, p.23

Chagter 15, DREAMS NO LONGER

1. have made this caloulation from
Epures given by the Secretary of
the  Mintury of Irogstion: and
Power, St T, Sivasankar, in
radio broadast, 1t May 1955,

2. Data on electric apacity from
L N Seatinticad Yearbook, 1953;
Food and Agnculture Organiza-
tiom, Yearhook of Food and Agri-
cultural Statigics, 1957, Pr. 1,
Rome, 1954 | have calmbited
Inthz"s share of world elecrrical
ontput from the U.N. Monthdy
Bulletin of Stasioicr, April rtoss.

World figurs exclude Boussia

3. Informagon on China i from
LLN. Tconomic  Commission
for Asis and the Far Bast, Eo-
vomic Survey of Asia g the Far
Ias, 19354, Bangkok, 1osg

4 In the famons Buck Report on
Chinese  agriciliure. But  the
F A, Yearbook carried 1 figure
of 75,000,000 actes for sz,

3 Quoted by, Louts Facher, The
Life of Mahatns Ganifh, Londan,
1951, p. 330

6. Address at MNangal, 3 July roci.
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