





Frontispiece

BIRD'S EYE-VIEW OF METTUR DAM AFTER COMPLETION.
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8 HISTORY OF ©THE CAUVERY-METTUR PROJECT

*“ The general effect of this alteration on the cultivation prac-
tices will be to make transplantation of both double and
single-cropped lands earlier, and this specially applies to the
single-cropped lands i the eastern part of the delta (i.e.,
tail-end lands) where transplantation is now delayed on
account of the frequent failure, in September and October,
of the flow supply which is generally available in July
and August (the south-wesl monsoon flood period). thus
leaving early transplantation fo wither for lack of water
before the mnorth-east monsoon rainfall on those lands is
available o supplement the flow supply. ™

The few sentences, quoted above, are perhaps sufficient to con-
vey to the reader, be he Engineer or layman, the benefits which
the construction of a dam and the storage and regulation of flow
of flood water, much of which would otherwise run to the sea as
waste, will bestow on those lands which, due to the ever-varying
conditions of floods and rainfall from year to year, have, in the
past, too frequently suffered through dronght or excessive floods.

In fixing the scale of ° duties® of water, or the number of
acres to be uncfm;cd for each cubic foot per second of flow in the
canals, Colonel Ell s was careful to make liberal allowances for the
old irrigated area, and based them, for the purpose of full supply,
on actuals for the combined Cauvery and Vennar areas for several
vears prior to the drawing up of his scheme.

Coronen Brris’s Dam S1rE—THE METTUR STTE SELECTED.

Let us now examine the very important matter of selecting a
suitable site for a dam of the magnitude contemplated. First,
the nature of the country should be such that the greatest possible
storage capuacity is obtained for every foot of height of the dam.
The Engineer has therefore to search for a site where the river,
after passing through a stretch of open flat country enters a gorge
where the geological conditions are such that sound foundations
are obtainable and materials suiluble for the construction of the
dam are readily available. Without these conditions, the. cost
inay run so high that the whole scheme becomes impracticable.
Where the dam must, of necessity, be of great height, and the
floods  to be surplused are of considerable magnitude it is not
desirable to pass surplus water over the dam but, if the natural
features admit, to pass it through surplus works at a flank, pre-
ferably away from the dam altogether.

_Colonel Ellis was able to secure these conditions when he select-
ed the Mettur site for his dam. The sites proposed by carlier
investigators all lacked one or more of these essentials. Before pro-
ceeding, it may here be as well to review the conditions which led
to the consideration and rejection of those sites.
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PLATE N$Il)

ALTERNATIVE SITES FOR DAM

CAMPBELL'S
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@ METTUR 5
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to 1925, during which the scheme was kept in abeyance. Plate
LIT illustrates the alternative sites for the dam rveferred to as A, B,
@ and D. The final site Y is also indieated on the map.
Colonel Hilis’s Dam (1910) briefly described.—We have thus
reached the point in the history at which the site of Col. Ellis’s
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CHAPTER IV

THE MADRAS-MYSORE DISPUTE AND KRISHNARAJASAGARA SCHEME,

Winee taE 1910 scheme was still under consideration by the
Government of India, it received an unexpected set baclk through

a dispute which arose between the Madras and Mysore Govern-
ments. {

The Mysore Government had already decided to construct a
dam for the storage of water at Kannambadi, on the Cauvery, some
12 miles above Mysore city. Their object was to develop irriga-
tion locally to the extent of 125,000 acres, and to use the con-
trolled water also for the further development of power at their
hydro-electric power station at Sivasamudram, which had been
constructed in 1905. The summer flow at that place normally
fell to below 500 cusecs while the proposals for development of
power called for a minimum flow of about 900 cusecs, involving
the storage of some 10,000 million: cubic feet of water for issue
during the four dry months in the year from February to May.
The claims of the fwo Governments regarding the rights to this
water were warmly contested, but in 1913 a Court of Arbitration
was constituted to settle the dispute and it gave its award in 1914.
I'he award, however, was of a nature which the Government of
Madras were unable to accept and they thercfore appealed to the
Government of India and later to the Secretary of State who there-
upon reopened the question. The prineipal objection of the Govern-
ment of Madras to the award of 1914 lay in the fact that, it did
not provide for what were contended by Madras to be their esta-
blished rights in regard to existing irrigation in the Cauvery delta.
Negotiations between the Governments of Madras and Mysore were
then commenced with a view to an equitable and friendly seftle-
ment of the points at issue. Joint gaugings of the supplies available
in the river in each month of the irrigation season, at the Cauvery
Dam (Upper Anicut), were continually maintained and registered.
The more exact data thus obtained, which showed that the pre-
vious flows had been much underestimated, marked the first step
in the final settlement of the dispute, and, in July 1921, rules of
regulation for the Krishnarajasagara, which also fixed the limit
gauge readings at the Cauvery Dam, were agreed to by the Chief
Engineers of the two Governments. A covering agreement for
making these rules of regulation operative and for fixing the rights
of the parties on other points at issue had to be entered into.

Further negotiations took place in 1922 and numerous meetings
were held during 1922 and 1923 in which the late Hon'ble Sir
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K. Srinivasa Ayyangar and the Hon’ble My. (later Sir) C. P. Rama-
swami Ayyar took a prominent purt in championing the cause of
the Madras Government. It was not until February 1924, at a
final meeting held in Bangalore when Mr. Gebbie, the Consult-
ing Engineer to the Government of Indiw, was present, that a final
and amicable agreement was reached. Under this agreement, exe-
cuted on the 18th February 1924, the rules for the regulation of
the Krishnarajasagara agreed to by the Chiel Engimeers of Mysore
and Madras, in July 1921, were confirmed and the limit of effective
capacity of the proposed Madras reservoir was fixed at 93,500 mil-
lion cubic feet.

The Krishnarajasagara  scheme—While this long-drawn-out
dispute was taking place, the Mysore Government were proceed-
ing with their reservoir scheme and the construction of the Krishna-
rajasagara Dam was started in 1911. Tt is a work of very
considerable magnitude and took 16 years to complete. With a
catchment arca of 4,100 square miles, the dam forms a reservoir
of 499 squarc miles, having a gross capacity of 48,335 miliion
cubic fect and an cffective capacity above the irrigation sluices of
44,827 million cubic feet. The dam is 8,600 feet in length, including
the weir portion, while its maximum height above deepest founda-
tions is 140 feet, the maximum depth of water being 124 feet.
One of the chief objccts of the Mysore scheme was to ensure a
steady supply of water for generation of power at Sivasamudram,
where the power generated has, through the construction of the
dam, increased from 10,000 h.p. to 46,000 h.p., guaranteeing
supplics of power to the Kolar Gold Fields and other important
industrial concerns, amongst which we may vefer, particularly, fo
the Mettur dam construction which received its power from Siva-
samudram for a period of six years. (This will be referred to in
detail in a later Chapter.) The estimated final cost of the
Krishnarajasagara dam was 24 crores, while the entire scheme,
including the hydro-electric scheme, cost about 62 crores.



CHAPTER V _
. CoroNEL ELLIS'S SCHEME REVISED.

In view of the unfavourable award of 1914, necessitating a
reduction in the new area to be nrigated under the Meftur Reser-
voir Project, Col. Ellis undertook the revision of his 1910 estimates,
credit being taken only for such water as could not be intercepted
by the Krishnarajasagara Dam operating under the rules of regula-
tion as awarded by the arbitrator in 1914. The principal engi-
neering features of the scheme were retained without alterations,
but the new area of 829,896 acres originally proposed for irriga-
tion wus reduced by 32,396 acres and the probable area to be
double-cropped was also reduced from 75,000 acres to 10,000 acres.
The extension of second crop in the cxisting area was also reduced
from 70,000 acres to 65,000 acres. The time necessary for making
these revisions afforded an opportunity at the same time to exa-
mine certain proposals which had been made by Sir John Benton
regarding the design of the dam. Sir M. Nethersole also inspected
the site of the dam in August 1916, and made further suggested
modifications. It is to be recollected that the Great War, which
broke out in 1914, had by this time caused a general rise in rates
both for material and labour, while the price of machinery and
even land had risen considerably since 1910. The estimate as revised
in 1916, therefore, made provision for these increases in rates,
and the estimated cost of the scheme rose to 409.5 lakhs. The
anticipated return on the outlay was estimated at 5.97 per cent.
This 1916 estimate was submitted to the Government of India with
Madras Government’s letter No. 614 I., dated 28th December
1916. There the matter rested, pending the passing of final orders
of the Secretary of State on the Madras-Mysore arbitration case.

The revised rules prepared and provisionally approved by the
two Governments in 1921 now necessitated further revision of the
Mettur-Project. estimate and Mr. Morgan, HExecutive Engineer,
was placed on special duty for this work and completed his work
early in that year. By this time the cost of everything had fur-
ther risen, and the 1921 estimate, as now _ revised, jumped fo
Rs. 558:9 lakhs, as compared with the Rs. 885 lakhs estimate of
1910. By the beginning of 1924, when the Madras-Mysore arbi-
tration case was finally settled, rates had risen again, and the pro-
ject estimate was once more revised and now amounted to Rs. 612
lakhs. As we shall see later, even this was by no means final
fer it eventually rose to no less than Rs. 737 lakhs, due mainly
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“to radical changes both in design and materials, the dam alon(
finally costing about Rs. 100 lakhs more than Col. Hllis’s entire
1910 scheme. ¥

The 1024 estimate amounting to Rs. 612 lakhs as mentioned
above was forwarded to the Government of Tndia for the Secretary of
State's sanction in G.0. No. 94 I., dated 3Lst March 1924, and
was Teceived bacle sanctioned by the Secretary of State for India
on the 3rd March 1925.

Phis estimate, based on the conditions set forth in the Madras—
Mysore Agreement of 1924, provided for the construction of the

dam on Col. Hillis’s site. ¢ Cyclopean * masonry with 25 per cent
of ‘ plums’ was substituted for ¢ rubble  masonry, © crushed

stone ’ was substituted for * natural sand’ in the concrete required
for the cyclopean masonry, as it was ab that time presumed that
little natural sand could be obtained from: the river bed which is
mainly of rocky nature. Coursed rubble was to replace randoni
rubble for the upstream face of the dam while the downstream con
crote face was merely to be ¢ treated * to remove unsightly marks
left by the forms. Col. Ellis, in the original project report, had
proposed constructing the dam of small rubble in surki mortar, bub
anticipating that it might be impossible to make satisfactory pro-
gress owing fto the difficulty of obtaining sufficient masons, he pro-
vided for plant for building fwo-thirds of the dam in concrete, if
such a course should be found desirable. M. (later Sir Hugh)
Keeling, who had been to America to study dam-construction there,
strongly favoured the use of ° cyclopean *~ masoury, consisting of
large stones set in concrete for the hearting of the dam, a method
of construction then popular in America and in Australia, where the
Olive Bridge and Barren Jack dams were under construction. It
is interesting to note that in the latter dam the use of large * plums,’
as the height of the dam increased, was abandoned as the cost
of handling large stones ab great heights became uneconomical.
The same difficulty was experienced at once dmring the construe-
tion of the Meitur Dam and the use of really large ° plums,’
originally” confiemplated, was not attempted even in the founda-
tions. This matter however will be dealt with in its appropriate

place.
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OBELISK COMMEMORATING THE 1925 INAUGURATION OF THE PROJECT,






18 HISTORY OF THE CAUVERY-METTUR PROJECT

in this Presidency. Our principal available irrigation supplies may
be classed under two heads : the normal flow in the rivers—practi-
cally the minimum flow in the irrigation season—on which alone
we can depend for irrigation by direct flow without storage, and the
much greater flood discharges which can be utilized only by means
of storage. In this Presidency there is no possibility of any more
cheap schemes of any magnitude such as the Godavari and Kistna
systems, depending upon direct flow. Our resources of that nature
have practically been exhausted. Yet we have large areas of valu-
able land as yet unirrigated, and we have enormous volumes of
water, in the flood discharges of our rivers, passing to waste into
the sea. We can utilize these supplies only by means of storage
projects of which the Cauvery-Mettur Project is a great example,
We hope that it may fall to Your Excellency to inaugurate also
another storage project, on the river Bhavani, to irrigate a large
area in the Coimbatore district, the estimates for which are now
ready and being submitted to Government, and that these will be
followed by storage works on the other great rivers of this Presi-
dency.

The first proposal for storage on the Cauvery was put forward
by the late Sir Arthur Cotton in 1834 hut thal great and enthusi-
astic Irrigation Engineer, who left such a mark on (his Presidency,
brought to fruition as much work as could possibly be cowpressed
into the foo short period of his strenuous career. Since that date
one after another of four Hngineers have proposed storage works
on the Cauvery, Bhavani and other rivers. In this connexion it is
of interest lo reler to the competition between the various sites pro-
posed for a reservoir on the Cauvery and between a Cauvery reser-
voir and one on the Bhavani. In 1856 Major Lawford submitted
proposals for an earthen dam on the Cauvery at Nerinjipet, about
nine miles below the place where we now stand. Major Fraser
was al this time examining the Bhavani for a suitable site, and
after consultation the Nerinjipet scheme was withdrawn for the
time. Mo pass over the intermediate period: during which storage
on these rivers was persistently advocated by the Engineers, in
1901 alternative proposals for storage on the Cauvery and the Bha-
vani were placed before the Inspector-Cenerul of Trrigation. and
i accordance with his advice the Government of Madras decided
in the first instance to prepare a detailed project for a reservoir on
the Cauvery.

Mr. Moss who was placed on special duty submitted in 1904
es‘tlmabes amounting to Rs. 992 lakhs, for a reservoir of 40,000
million cubic feet capacity, having a masonry dam 130 feet high
to be situated three iles above Nerinjipet. This project proviSe(i
for 216,000 acres of new urigation in Tanjore and 46,000 acres in
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Salem and Coimbatore, the latter area to be supplied by channels
from Nerinjipet. The project also provided for an increase of
second crop irrigation in the Tanjore delta and for the protection
of the existing irrigated area. The proposal to irrigate land in
Salem and Coimbatore was subsequently abandoned in consulta-
tion with the Inspector-CGteneral of lrrigation, owing to the very
high cost of the necessary channels in comparison with the area
that could be irrigated. This question has recently been taken
up again and re-examined with some care and with much sympathy
for the desires of these districts for a share in the benefits; but we
have to admit with regret that the prospects are not very promising.
We find that a water-rate of nearly Rs. 30 per acre would liave to
be levied in these districts as compared with Rs. 15 in the Tanjore
area.

Colonel Ellis, who was afterwards Chief Engmeer for Iiriga-
tion, was then deputed to prepare the detailed project in accordance
with the final conelusions, and in 1910 estimates amounting to
Rs. 885 lakhs were submitted to the Government of India. These
estimates provided for : constructing a masonry dam at Mettur and
forming a reservoir of capacity 80,000 million cubic feet; excavat-
ing canals and a distributary system taking off from the right bank
of the Cauvery just above the Grand Anicut for a new irrigation
of 285,300 acres; remodelling and extending tlie Vadavar for irri-
gating 43,094 acres of new area; and for extending double cropped
area under existing channels by 70,000 acres.

At this stage the unfortunate dispute with the Mysore Govern-
ment arose which led to the postponement of the Madras project
for some fifteen years. The history of the dispute is well known
and need mnot be recapitulated. It is sufficient to say that the
Mysore Government having, with the concurrence of Madras, sanc-
tioned a storage project on the Cauvery at Kannambadi in Mysore
with a dam 80 feet high to store 11,000 million cubic feet, applied
for permission to increase the storage to 41,500 million cubic feef
with a dun 124 feet high. The issucs which arose from this were
most complicated and the Government of India werc unable to
pass the Madras project until the matter was settled. 'I'ne matter
went to arbitration, but the Government of Madras were unable to
accept the award which was made in 1914 and confirmed by the
Government of India in 1916, and appealed under the terms of
the arbitration agreement to the Secretary of State, who admitted
the appeal. Negotiations were then started between the Chief
Engineers of Madras and Mysore in an endeavour to arrive at a
friendly settlement.

In 1921 a partial agreement dealing with certain technical
details of regulation and supply as between the Mysore and Madras
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reservoirs was arrived at. The question of the division of the sur-
plus waters of the Cauvery between Mysore and Madras was then
taken up and the negotiations proceeded. The importance of this
lissue may be gauged by the fact that at the end of the year
1923 the Government of Mysore still adhered to their claim that
Madras should surrender all right to any further extensions of irri-
gated area under the Cauvery or under its tributarics rising and
ﬁo\uno in Madras territory whether by improvement of duty or
obherwme and should refrain from constructing sny reservoirs on
these rivers other than the Mettur reservoir.

During this stuge of the unegotiations a number of personal dis-
cussions -took place in addition to the prolonged correspondence.
In June and July 1922 the late Sir K. Srinivasa Ayyangar, then
in charge of the Iirigation portfolio, discussed the issues with. the
Diwan of Mysore in Mpysore and Ootacamund. There was an
informal discussion at Bangalore in January 1923 between Sir
Charles Todhunter and the Diwan and in April 1923 the matter
was taken up by the present Hoxi'ble Member for hrrigation who,
with Sir Charles Todhunter, met the Diwan of Mysore and the
First Councillor in Bangalore, In the following June the Honoura-
ble Member proceeded to Simla and discussed the cuse with the
Government of India. In September 1923 Sir F. St. J. Gebbie,
the Consulting Engineer to the Government of India, was deputed
to be present at a discussion between the Chief Engineers at Ban-
galore, but the Conference failed to arrive at a settlement. An
agreement was finally arrived at affer a five days’ discussion in
Bangalore in February 1924 at which the Uonsulting Engineer was
again present. The agreement was ratified by both Governments
on the 18th February 1924. Under this agreement Madras secured
the right to extend ii'rigation under the Cauvery amd its branches
and to construct additional reservoirs in Madras territory and the
capacity of the Mettur reservoir was increased from 80,000 mil-
lion cubic feet to 93,500 million cubic feet. A mnoteworthy and
pleasing feature of these prolonged uegotiations was the cordial
and friendly atmosphere in which they proceeded, culiinating in
a settlement fair to both sides.

. From the moment that Sir C. P. Ramaswami Ayyar assumed
charge of his office he took a close personal interest in getting this
longstanding dispute scttled and a beginning made with this pro-
ject and it must be a great source of satisfaction to Your Hxcel-
leney’s Government and the public that we are able to mect here
on this occasion to inangurate the project.

The estimates, revised to cover the increased cost of labour and
materials, and amounting to Rs. 612 lakhs, were submitted to the
Government of India on the 31st March 1924 and the sa,nctlon of
the Secretary of State was received in March 1925,
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Headworks.
(HAPTER  VII

COMMUNICATIONS—ROADS.

Murrur, geographically situated m the Coimbatore district on the
right bank of the Cauvery, is actually nearer Salem than Krode,
both important junctions on the South Indian Railway, but in 1925
direct -communication with the former place was practically impos-
Sible. The Cauvery, some 1,200 feet in width and subject to heayy
floods, ‘was at that time unbridged, the nearest bridge across the
river being at Bhavani, 26 miles from Meftur, and there was no
foad of any description on the left bank within several miles of
{he Dam site, Nangavalli and Mechcheri being the nearest villages
possessing roads. The country lying between these villages and the
river was rough and difficult and even country carts were rarely
to be seen in any of the smaller villages and hamlets in that area,
for the villagers could not use them. '

*;- The country lying,beﬁweep Bhavani and Mettur, however, was
served by a cart-track running almost parallel to the river. There
is.evidence that this track was at one time a road of some import-
ance for it formed a fairly direct route to Kollegal on the Mysore
border via Cauveripuram, . though from the latter place it passed
through mountainous and thickly wooded country. There is, here
and there, .evidence of  this track having been metalled, but in
recent years it. had received very little attention. The old. mud
fort at Samballi, two miles north of Mettur, lends colour to the
suggestion that Tippu ‘Sultan used this route when he came down
from Mysore. on hi¢. raiding expeditions into British territory
i@l}rpng}i Trichinopoly and the South. At all events, the existence
of this ,_,t}‘ack-through comparatively easy country, bordering  the
river between Bhavani and Mettur, influenced the decision of the
Public Works Department to make Erode the ‘point at which
materials for the construction of the dam should be unloaded from
the railway. The reconstruction of this road, to render it fit to
carry the very heavy traffic between the railway and the Dam Site,
thus became a matter of urgent necessity, and was put in hand
immediately in December 1924 in anticipation of sanction to the
Project estimate. The old track was devoid of bridges or culverts,
and abounded in water splashes at the crossings of streams, the
approaches generally being at very steep gradients. The new
road, in many places re-aligned, was designed with a 14-foot soled
and metalled roadway with wide berms on either side, and well
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CHAPTER VIII

PRELIMINARY OPERATIONS AT THE DAM SITE.

THE ACQUISITION of lands required for any scheme is a matter
for earliest consideration if the work is not to be delayed. Under
the rules of the Land Acquisition Act, the many formalities that
have to be gone through usually take considerable time before
possession of the land is” obtainable. Accordingly, the Revenue
Department were early on the scene at Mettur and lost no time
in effecting the acquisition of the land required for the head works,
thus enabling the Engineering Department to commence their pre-
liminary operations without delay. For the temporary housing of
the small staff that was then beginning to arrive, the villages of
Mettur and Thukanampatti, comprising in all some 200 thatched
mud huts and 3 or 4 tiled buildings in more or less dilapidated con-
dition, were first made available. Of these, the most substantial
buildings were the old Roman Catholic Church and the adjacent
Priest's house. In November 1925, the first Headworks division,
known as the Stores and Tests division, was created and the two
buildings mentioned above were utilized for the Executive Engi-
neer’s office and quarters, respectively. Most of the old huts were
unfit for occupation and were pulled down, the remainder being im-
proved and re-thatched for occupation until such time as perma-
nent quarters could be constructed. A standing camp of tents was
maintained for the use of inspecting officers, and many a time the
occupants must have wished themselves elsewhere, for Mettur is
subject to violent storms and more than once this camp was razed
to the ground. Tt is interesting for one connected with the Pro-
ject to look back to those days of discomfort and compare them
with the present when the inspecting officer has the advantage of
staying in & well built furnished house, equipped with electric
light and fans, good water-and almost every other home comfort,
including ice ! For this digression we crave the readers’ indulgence.
Tet us now return to our mair subject and examine what was be-
ing done af the site of the dam.

Tven before the Inauguration Ceremony took place in August
1925, some work had already been done in opening out trial pits
along the alignment of the Dam at Col. Ellis’s Site ‘“ D.”” By the
end of that year this investigation had been considerably extended,
and further trial pits were excavated to greater depths to ascertain
the levels to which the foundations of the dam would have to be
taken, the removal of jungle growth and the blasting away of boul-
ders on the hillocks on the alignment of the dam being proceeded
with at the same time. These early investigations at once made
it apparent that the site was not nearly so favourable as had origi-
nally been supposed. The trial excavations revealed the fa.ct‘Lhat
between the rocky hillocks known as Smith’s Knoll, Stoney’s Ridge,
Campbell’s hill and the rocky ledge at the right flank which had
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been selected for the dam line, there existed deep pockets of schist
of a very [riable and porous nature, whilst the removal of boulders
from the tops of these hillocks showed that they consisted of deep
masses of ba,dl) fissured rock.. Where anything in the nature of
sheet rock was encountered it was found to contain large faults.
Tt was clear therefore that if this line was to be adopted, the depth
of foundations would have to be very much 'n(\n.tcl than the esti-
mate mntemplated while the use of the valleys between these
hillocks as supply channels from the sluices in the dam would
necessitate heavy expenditure to render them fit to withstand the
effects of heavy discharges and to protect the rear toe of the dam
at these places against erosion.

At this time it happened that two geolo(ﬂsts Dr. Smeeth of the
Mysore Geological Survey and Mr. Vinayaka Rao of the Geologi-
cal Survey of India, were on a tour of inspection in the District
examining the lime stone deposits in connexion with the supplies
of lime required for the Project works and they were called in to
inspect the excavations. at the dam site. Prior to their arrival
Mr. Barber, the Executive Engineer, Stores and' Tests -division,
under the direction of thethen Superintending Engineer, Mr. R. E.
Stoney, had been examining . possible sites fm‘ther up the "valley
and had found a site called site ‘“ Y "’ a short distance above the
old site “ B *’, which appeared.to have many advantages over the
site already under examination, though, until further trial excava-
tions and horings were made, il ‘was not possible to determine
whether those advantages were’ real.

The geologists, after examining the exeavations on' Col. Hllis’s
slte, agreed that the bands of schist and other decayed rock which
lJay up and down the valley almost at right angles to the dam align-
ment might' be expected (o run to great depths. The rock strata
dipped at an angle of 70° fo 80° to the horizontal, and it was evi
dent that these wide bands would present many difficulties. - They
then examined the new site and considered it far superior from
the geological aspect. At that site several of the bands of schists,
which, from a point- below the old site spread ouf rather like the
fingers of one’s hand, the wrist representing the wide belt along
the right bank of the river, had petered out and lelt only one or
two fairlv well defined faults in the otherwise sound rock: The
geologists were of the opinion that the foundations towards the
right flank for a dam constructed at the new site would have to be
taken down to a depth of about 12 feet only, but subsequently excaya-
tions proved that they: were unduly optimistic in their estimate,
though excellent foundations were encountered at somewhat: greater
depths.* In view of their favourable report on the new site, further
examination of Col. Ellis’s dam site was stopped, and worL ‘was
concentrated on the examination of the new site:

* For details of Geologist’s report see Appendix A, R



CHAPTER IX

TaE 1924 FLOOD AND ITS INFLUENCE ON THE SITE.

TuE PRoJECT estimate of 1924 had already been completed and
submitted for sanction when there occurred in the Cauvery. the
greatest flood in living memory. During a period of 42 years prior
to that occurrence the highest recorded flood, as has already been
observed, was in 1896 when 207,000 cubic feet per second "pdssed
the site of the dam. Col. Ellis had allowed for a flood of 250,000
cusecs when designing his surplussing arrangements, but this greaf
flood of the 26th July 1924 was computed to amount to no less
than 456,000 cusecs, nearly two and a half times as great as the
highest flood previously recorded, and over 200,000 cusecs more
than the discharge which the present scheme was capable of pass-
ing! But for the long dispute between the Mysore and Madras
Governments, it is probable that the dam would have been con-
structed and completed several years before the occurrence of the
great flood, and one shudders fo contemplate what its effect would
have been on that work. Apart from its effect on the surplus works
the dam would most likely have been overtopped to a depth of
about 5 feet, and the extent of destruction caused by this mass
of water passing over the top of the dam and falling down the rear
face from such a great height is difficult to conceive. We have
since experienced the effect of a mass of water falling 100 feet
over a specially prepared spillway into a water cushion in rear of
the present dam during its construction in 1933, which leaves but
little doubt that portions of the dam would, under the circumstances
have been undermined, and that the greater part of the structure
would have collapsed with appalling consequences. That dispute,
therefore, must be regarded as providential. i

As soon as the effects of such a flood on the scheme had been
carefully analysed, it was evident that the arrangements for sur-
plussing flood waters would have to be entirely revised. It was
not entirely practicable to extend the surplus works on the Ellis
Saddle without cutting’ far- into the hills on either flank, though
the effective discharge was capable of being greatly increased by
providing larger surplus sluices and discharging at a greater depth
over their cills. The natural facilities for surplussing flood water
over the other saddle to-the West of ¢ Tiger Hill °, near the right
flank, were now examined, and a detailed survey of the site showed
that it would be possible to lower the, crest of that saddle to the
required level at no very greab expense, and provide a by-wash' of
suitable dimensions to dispose of a super flood even 25 per cent
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greater than the 1924 flood, an event which the Meteorological
experts now declared was not beyond the bounds of possibility,
since the rains which caused the 1924 flood, though very heavy,
were not as widespread as they might conceivably have been. Ilere,
then, we have the curious coincidence of finding the original
scheme unsuitable, firstly from the point of view of foundations
for the dam and secondly because, as designed, it could not cope
with a flood such as had just been experienced, and at the same
time discovering a new site, hitherto not even considered, which,
while having the prospects of affording good foundations, present-
ed an unique opportunity to provide supplementary surplus works
near the right flank. The new site (site ““ Y *’), being about a mile
upstream of site ‘“ D *' (see plate VI), had the additional advan-
tage of being at a higher level so that, while the height of the
dam did not have to be increased materially to obtain the requisite
depth of discharge to pass a high flood through the Ellis Saddle
Surplus, it was at the same time unnecessary to lower the cills of
the surplus sluices to any great extent. Under the old scheme the
cutting down of the * B’ Saddle at the right flank was of no value
as it discharged at a point above the old site of the dam.

This strong combination of circumstances naturally led to the
complete abandonment of the old site, and preliminary work at
the new site was taken up in earnest. Trial trenches were opened
up all along the new dam line and power drills were put to work
making deep borings to locate and examine the nature of the rock
underlying the hard alluvial deposits on either bank of the river
and the wide band of gneisso-schist near the right bank which
later became popularly known as.the ** Deep Hole.”” With regard
to the river crossing, that most important part of any dam, the new
site was seen to have distinct advantages over the old one. The
latter had a deep rift towards the left bank, the closing of which
for constructional purposes would have presented some difficulty.
The presence of this rift in the river bed pointed to a weakness in
the rock structure at that place, and so was not, in any event, a
desirable feature. The river bed at the new site, on the contrary,
was comparatively flat and uniform, showing no particularly weak
formation though later, when the foundations were actually exca-
vated, it was found necessary to remove much of the rock to a depth
of some 50 feet in order to secure really sound foundations for a
structure of this great size, particularly as it was necessary fo sur-
plus the annual floods over the dam at that site during construe-
tion, and no risk of scour at the downstream toe of the dam could
under any circumstances be tolerated.
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CHAPTER X

CAMPS AND BUILDINGS AT METTUR HEADWORKS.

LEAVING THE work on the dam line for a while, let us now con-
sider other preliminary works on which the whole constructian
work, where many thousands of persons are to be employed at one
spot, must depend.

A preliminary scheme had been sketched out .for the location
of the camps, offices, workshops and all those essentials for a work
of this nature, assuming, of course, that the dam was to be con-
structed on Colonel Ellis’s Site. The preparation of plans for such
a scheme had of necessity to be held in abeyance until the new
site, a mile further up the valley, had been finally selected, when
all previous proposals had to be scrapped. In 1926, while the pre-
liminary investigation of the new dam site was being made, labour
was beginning to pour in and several temporary coolie camps had
sprung up. On account of the delay necessitated by the shifting
of the dam site, it had not as yet been possible to make adequate
provision for a protected water supply to these temporary camps,
and the coolies, as was their custom, had recourse to the river. Ags
a result, that dread scourge cholera made its appearance, and the
small and somewhat ill-equipped medical staff, working heroically,
had the greatest difficulty in keeping the epidemic in check.

Tmmediately the new dam site had been selected, working plans
and estimates for the lay-out of a regular Township at Mettur were
prepared and put into execution as rapidly as possible. In plan-
ning the housing scheme for the very large number of work people
to be employed here, many basic principles had to be considered.
One school of thought considered that buildings of a cheap and tem-
porary nature would suffice, and that quarters might be constructad
with mud walls and thatched or tiled roofs, that there was no neces-
sity to provide elaborate drainage arrangements, and that sanita-
tion, generally, eould be left to look after itself, a very dangerous
policy when one recollects the appalling death-rate that resulted
from lack of attention to such details on many other large projects
in the past, notably the early attempts of the French to construct
the Panama canal. :

In 1925, Mettur and other villages in this part of the Cauvery
valley suffered severely from malaria, and the Health Department
very rightly stressed the necessity to eradicate and prevent the
recurrence of this wasting disease, the prevalence of which would
very seriously undermine the health and efficiency of the people
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to be employed at the headworks. Very strict measures were taken
in this direction and the subsequent anti-malarial campaign pro-
duced results of which the. Health: Officcrs and their staffs could
rightly be proud.* Without a really efficient drainage scheme, the
work of the Health Department would have been in vain. Wiser
counsels therefore prevailed, and it was decided to adopt a more
liberal policy and provide for all measures which would ensure the
health and comfort of all. Al the: commencement of the work a
few coolie lines had been constructed with mud walls, but these
suffered such damage during the frequent and violent storms to
which Mettur is subject that it was soon evident that this ¢lass of
construction was entirely unsuitable, and that the cost of frequent
and heavy repairs, besides causing much discomfort to the oceu-
pants, would ultimately far exceed the cost of structures built in
burnt brick or stone, in the case of outer walls the former being
protected with lime plaster, and the latter being pointed with lime
or cement.

Though mud mortar was used almost execlusively for the con:
struetion in the superstructure of buildings it was found that the
protection afforded made them entirely weatherproof and very little
was spent in maintenance during the whole period of the work.

All roofs were tiled, some with locally manufactured pan tiles
while the better classes of buildings were roofed with Mangalore
tiles, received by rail at Hrode from the West Coast and then tran-
sported by lorry to Mettur via the new road. Various cheap forms
of flooring were uscd, the public buildings being floored with
locally made pressed clay tiles. Officers’ quarters were floored with
third class 9 inch flooring tiles, obtained from the West Coast,
laid on a prepared mud floor and cement pointed. This was a very
cheap and excellent type of flooring and proved most satisfactory:
No timber of suitable quality was available locally for roofing. so
all the smaller types of quarters were provided with bamboo rafters
obtained from the reserve forest in the hills within a few miles of
Mettur. For the larger buildings, requiring timber for trusses and
joists, conntry wood was obtained from the Forest Department whe
adopted special kiln-drying processes for the rapid seasoning ol the
timber supplied. Some jungle woods did nof, respond very readily
to this rapid seasoning process and were found (o be congiderably
warped or buckled when received. The doors and windows for the
coolie lines were mostly constructed with reinforced concrete frames
and braced corrungated iron shutters. All other buildings had doors
and windows made of one or other of the various kinds of country
wood, pillamarudu being the most widely employed. i

* Kor a more detailed aceount of the work of the Hea]th Depaltmenu,
see Part TT—Chapter II.
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~ Gamp roads.—All the more important roads in the camp were
well constructed from the start, being soled and metalled and these.
with proper maintenance stood up to the heayvy traffie excellently,
proving that it pays, on a work of this magnitude, to provide really
well-constructed roads in the first instance. Roadside drains of
ample capacity were provided to deal with the heavy run-off from
rapidly falling ground, so that flooding, even during the heaviest
storms, was of short duration. Suitable masonry road culverts
were constructed at all the more important stream crossings, nota-
bly at the Kullavirampatti and Thukkanampatti varis.

- A glance at the layout-plan of the headworks (see plate VII)
will ¢onvey to the reader the general arrangement of the roads,
workshops, hospilal, officers and residential area. In planning this
scheme every endeavour was made to group and locate the various
classes of buildings in suitable relation to the work. The power
house, workshops and machinery stores were localed as near the
site of the dam as possible, but allowing ample space in rear of the
dam for the laying out of an adequate tramway system, on the
efficient working of which satisfactory progress of the work would
depend. Space also had to be provided for the construction of a
large supply channel by means of which the discharge from the
irrigation sluices could be conducted with safety to the river below
the dam. The Hospital and Health Laboratories, next in impors
tance from a works point of view, were located between the work-
shop area and the residential area so thad accident cases could be
treated promptly at the hospital without the necessity of convey-
ing the patients long distances, while it was also within easy reach
of the most thickly populated portion of the residential area. Next,
working southward from the dam, the main offices, Magistrate’s
Court, Treasury and Police station were located, the police lines
being constructed near the police station. To the West of these
buildings the coolie lines were constructed facing the West main
road. These were in blocks of 20 quarters each, quarbers being
designed for two or three persons. Ample space was provided be-
fween the blocks, which it may here be noted, were given an ample
piped pure water supply, with flush latrines connected to the main
underground drainage system, and later, the streets and many of
the quarlers in these lines were lif by-electricity. South of the
coolie lines, to the west of the main road, were constructed blocks
of peons’ and menials’ quarters, and quarters for mechanics. Be-
tween the Bast and West main roads were located mechanics’ and
clerks’ quarters, appropriately graded and classified. Hast of the
Tast main road the post office and school and a few blocks of clerks’
‘quarters were located so as o0 be within easy reach of those who
would frequent those places most. A market square, containing
numerous shops and stalls, occupied the centre of the township,
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while, to the south of this main area, quarters for Government
_ officers and subordinates were located. The quarters of the
senior officers, enclosed in conveniently arranged compounds,
occupied the southernmost end of the town furthest from the dam,
as such officers would generally possess motor cars or other convey-
ances and could get to and from the works and offices without
inconvenience. The distance of a mile and a half or so from the
work site to their quarters therefore presented no difficulty. Rest-
houses for both Buropean and Indian Visitors were provided mear
the officers’ quarters. This, briefly, is an outline of the layout
scheme for the works and residential area on the Mettur side of
the river. For detailed descriptions of the various types of build-
ing and quarters the reader is referred to Chapter IIT in Part IT.

With the exception of the senior officers’ quarters, which lay
outside the drainage area of the township, all houses and quarters,
including the hospital, were connected to the underground drain-
age system, while all were provided with piped water supply:
The sewage disposal works consisted of a pumping station equip-
ped with the necessary screening chambers and suction well, with
storm-water overflow to the river, the sewers all operating on the
gravitation system with the exception of the hospital system for
which an air cjector was found necessary on account of the pre-
gence of a rocky ridge between the hospital buildings and the head
of the Town Sewer System. The raw sewage was pumped to a
farm located between the West main road and the foot of the
hills which form the valley, which, while sufficiently far from the
nearest residential area also possessed excellent light soil, well
suited for the purpose (for detailed description, see . Part 11,
Chapter V).

The construction of the Mettur township was commenced in
March 1926 and completed about the end of the following year.
During the construction of the camp a temporary water supply was
provided on a small scale from a reservoir situated on the top of
Smith’s Knoll, one of the hillocks nearest the river at the old dam
site. The water pumped from the river was treated in a portable
type of Paterson Filter and chlorinated before : discharge to the
works., Prior to the construction of this temporary plant, water
was pumped from the best of several old wells which were in exist-
ence in the Mettur village when it was acquired. The water from
these wells was somewhat saline and being unprotected, was liable
to contamination. The well from which water was pumped was,
however, protected and the public had no access to it after the
pumping plant was installed. The permanent water works situated
on the left bank of the river were designed and constructed only
after the bridge across the Cauvery at Mettur had been built and
made that side of the river accessible,



CHAPTER XTI

CONSTRUCTION OF THE (CAUVERY BRIDGE AT METTUR.

Unrin 1927 communication between Mettur and the left side of
the river could be effected only by means of coracles, light ecir-
cular basket boats covered with raw hide. This is the only type
of craft employed in the lower reaches of the Cauvery both for
ferry purposes and for fishing. The men who operate these craft
show considerable skill in navigation of the most difficult water
and accidents are of very rare occurrence. Owing to the very high
velocity of the stream during the flood season, however, it was no
uncommon experience to find that by the time one reached the
opposite bank, the coracle had travelled perhaps a mile downsiream
and one then had the pleasure of walking back to the starting
point and wasting much time in the process.

The transport of anything in the shape of heavy machinery or
materials by means of coracles during the flood season was thus
out of the question though, by constructing a large raft consisting
of four coracles, lashed together with bamboos surmounted by &
timber platform, some of the smaller plant required urgently on
the left bank was actually transported safely across the river before
the bridge was constructed.

In the original sanctioned estimate, provision was made for the
construction of a bridge across the Cauvery at a cost of Rs. 1.5
lakhs. This was to be situated at mile 25/2 on the Bhavani-
Cauveripuram road. This bridge was quite necessary for conve-
vance of large quantities of materials during construction from
one side of the river to the other. Tiater on, when a through-
road was completed, the bridge would establish communication
between the districts of Salem and Coimbatore. Tt was seen that
the construction of a new road from Thoppur in Salem district to
Bhavani via Mettur over this bridge would reduce the distance
between Madras and Coimbatore by fourteen miles. The District
Boards of Salem and Coimbatore were inyited to contribute towards
the cost of this bridge, but they refused contribution on the ground
that the locality in which this bridge was to be constructed would
never be of any importance commercially; that the trunk
road, if diverted as proposed, would be far away from the import-
ant town of Salem, and that the route was mostly through hilly
and malarial country of very little econcmic or commercial import-
ance. 'The bridge had therefore to be constructed entirely at the

cost of the project.






PLATE No. VIIL

THE CAUVERY BRIDGE UNDER CONSTRUCTION.
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cross braces. The main girders were temporarily fitted with 90 Ib.
fails clamped to the bottom flanges, and cast irori rollers mounted
on suitable brackets were fixed on the abutments and piers.

The braced pair of girders was aftached to wire rope tackle
passing over a fixed pulley block on the left bank returning to a
steam winch on the right bank. -

They were then jacked up to the proper level so that the heads
of the rails below the girders just rested on the rollers at the
abutment. The pair of girders was then pulled forward by means
of the winch. As the piers were at 70 ff. centres, and as each
girder was 140 feet in length, the rear portion of the girders
balanced the front portion when the leading ends reached the
tollers on the second pier and thus received support. The rear
ends were, however, loaded to prevent any risk of the leading
ends dropping before the final points of support were rveached. The
girders were thus successively launched and the process continued
till the first pair reached the abutment on the other bank. When
the girders reached their final position they were jacked up for
the removal of the remaining rollers and rails and then lowered
and traversed into their final positions. In this way all the girders
were conveyed from the right abutment towards the left and fixed
in position. The first pair of girders was launched on 20th Octo-
ber 1927, and the last girder was in position by the middle of
March 1928. Expansion joints were provided at alternate piers,
i.e., on even piers at intervals of 140 feef, the other ends being
anchored to the bed plates on the piers. The bridge was completed
and opened for traffic in June 1928, with certain restrictions as to
the class of traffic.

In July 1930, on account of very heavy tramway traffic on the
biidge, improvements were made by adding a side-walk on the up-
stroam side for the use of pedestrians. This consisted of cantilever
girders fished on to the eross girders of the bridge over which re
inforced concrete slabs were laid. - This side-walk was provided with
handrails on the outer side. .

The whole bridge in its original form was completed at a cost
of Bs. 2,57,368.  The additional cost of the side-walk was Rs. 5,761,
thus making up a total of Rs. 2,63,129.






CHAPTER XIIT
Tae SAaLem Camp.

‘WirH THE opening of the new bridge the construction of the second
camp on the left side of the river, at a high clevation and within
reasonable distance ol the surplus works and the left flank of the
dam, was put in hand. This camp, known as the Salem camp
(being on the Salem side of the river) was located on open sloping
ground which had not previously been built upon, but was mainly
waste or was under dry cultivation. The land had been acquired
for the project along with the other headworks land very shortly
after the scheme was sanctioned in 1925 so that, as soon as the
layout had been planned and the estimates prepared, the work
of construction on this camp went on very rapidly. Tf consisted
of blocks of coolie lines, each block consisting of 20 huts, for the
accommodation of 2,000 coolies. The quarters of the permamnent
staff, which would remain for the maintenance and confrol of the
works at the dam after its completion, were also constructed in
this camp, on the presumption that the main duties of the staff
would be connected with the operation of the surplus works.
Besides quarters for an Assistant Kngineer, quarters were con-
structed for supervisors, maistries, mechanics and peons, while a
rest-house, suitable for the accommodation of either Indian or
Turopean visitors was also provided. For the Salem camp the
installation of an underground drainage system was not considered
necessary, as the camp was situated on steeply falling ground.
Surface drainage was accordingly provided, the open cemenl-plas-
tered masonry drains of ovoid section proving entirely adequate.
The sullage carried by this drainage system was gravitated to a
small sewage farm some distance fo the south-east of the camp,
which was leased out to contractors annually and proved profit-
able.

A filtered water supply was obtained direct from the high
level reservoir on the top of the hill immediately to the west of
the camp, and a piped supply was given to every block of quar-
ters. During the period of its occupation this camp was quite
a model village, being compact yet with plenty of space between
the blocks of buildings.

A dispensary and police outpost compleed the requirements
of this camp. To the north of the camp, blocks were reserved
for the construction of shops which later did a fair - amount of
business, but it was noticed that the inhabitants of this camp
generally preferred to do their shopping in the Meftur market and
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CHAPTER XIV

TeMPORARY Cooriz CAMPS.

In THE foregoing chapter the reader will have gathered that
while the preliminary investigation of the new dam line was being
attended to there was great activity in the construction of the
camps, with their water and drainage schemes and the bridge con-
necting with the left bank. It was only when these had reached
a stage of completion in 1928 that really intensive work on the
dam line could be started, and labour could be introduced on a
large scale. While the permanent camps were under construction,
several coolie camps of a temporary nature had sprung.up for the
housing of the labour employed by pieceworkers and contractors,
the permanent camps being occupied almost exclusively by depart-
mental employeces. Two of these temporary coolie camps were
situated to the north of the dam line, mainly for the accommoda-
tion of voddas or quarry men whose work lay upstream of the dam
line at the right flank and they continued to be occupied till the
time when the rising of the water in the reservoir necessitated their
removal. Another large camp, which grew steadily as the con-
struction work proceeded, was situated near Kullavirampatti, to
the south of the-dam line and west of the workshops. This camp
was maintained right up lo the completion of the work in 1934.
The Health Officer was responsible for the proper layout of the
huts in these camps and for their maintenance in thoroughly
sanitary condition. A piped filtered water supply was given in
each case, and ‘ dry’ latrines were provided departmentally and
properly maintained by the Sanitary department under the direc-
fions of the Health Officer. The camps which had sprung up in
{he Mettur camp avea in the earlier days of the work were demo-
lished when the permanent camp was built. Another coolie camp
for pieceworkers’ coolies was constructed on a piece of open ground
immediately to the south of the Salem camp, and remained there
almost till the completion of the work. » :

The necessity for these camps may be realized when it is
stated that at one time the population at headworks exceeded
18,000, of which perhaps one-third were actually employed on the
works.

The customs prevailing in India differ considerably from those
of the West. In FEurope, and more especially in America, labour
on a large project is usually accommodated in bunk-houses, with
common dining-halls. This is possible where only male labour
is employed, but in Tndia, when a man seeks work, he takes his
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40 ftt. MThe strike of the strata at Mettur being approximately
upstream and downstream, a series of minor fissures and faults
were in evidence which might cause seepage of water underneath
the foundation of the dam and thereby create a certain amount of
uplift in some sections. As one of the precautions taken to eli-
minate this, the bore holes werc utilized for injecting cement under
pressure into the arevices of the rock foundations.

The foundation eut-off french under the upstream face was
taken sufficiently deep until the over-burden of all the decomposed
and disintegrated rock was removed and all loose boulders and
Tnyers of soft rock had been blasted out and cleared till sheet rock
exposed throughout. To prove the quality of this rock further,
two sets of holes were drilled in the upstream area. 'The first
ot consisted of @ series of bore holes 40 ft. deep and 40 ft. apart
drilled along the entire length of the dam line with calyx drills
producing a hole 31" diameter and yielding a 23” cylindrical core.
The line of these holes was just in rear of the ‘‘ impervions face ,
or that portion between the front face of the dam and a line 5" 9”
upstream of the centre line of the dam. The cores from these
holes were carefully examined and the excavation, by blasting, was
continued until it was made sure beyond all possibility of doubt
that the foundation rock was absclutely sound.

TUpstream of the ~calyx holes and staggered with them, a
serics of holes 20 ft. deep and at 40 ft. centres were made by
means of tripod drills operated by compressed air. With this
drilling no core was cbtained. The evidence of the nature of the
strala passed through would he mainly gauged from the behaviour
of the drill and from a careful exammation of the washings from
the bore holes blown up from the bottom by the water and com-
pressed air. By comparison with similar washings obtained from
Inown samples of hard rock and wibii experience gaimed as to the
nature, effort and speed of penetration, a fair knowledge of the
composition of the rock could be obtained. These holes were made
about 3 ft. inside of the upstream toe of dam. Originally, it was
proposed to drill these also with the calyx machines but this was
later given up as it was found {hat the latter method was very much
slower and more expensive. The core-drilling, thercfore, was
restricted to the line of 40 fb. holes just in rear of the “ imper-
vious ** face of (he dam.-

Between the calyx holes, and in line with them, another set
of ripod holes 20 ff. deep was drilled at suitable intervals, and at
all suspected joints and depressions in the foundation trench. Tt
was possible for a calyx hole to have penetrated absolute solid
+ock, while within a fow feet of that spot there might be a houl-
der resting on it or a faulty seam punning across, and the hole
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All unnecessary ornamentation was thus cut out and the upper
magonry work, being straightforward, proceeded almost as rapidly
as in the lower stages. The upstream corbelled face incidentally
serves as a wave-breaker at F.R.L. or above. This change in
design for the top of the dam undoubtedly enabled the dam to be
completed many months earlier than would have been possible
had the arched design been adopted, while the saving in cost,
divectly and indirectly, was very great. Had the arched design
been adopied, it would not have been possible to complete the dam
before the 1934 flood season commenced. This would have neces-
sitated keeping open the spillway section in the dam for another
year and in view of the extraordirarily weak monsoon of 1934,
the effects on irrigation in the delta, which was already counting
upon improved supply, would have been disastrous, and had the
dam not been completed and the reservoir filled to the greatest
extent possible during that flood seasom, the crops would have
failed completely.

The final appearance of the dam due to the above modifications
in design is not unpleasing, and its plain and solid stateliness is
impressive.



CHAPTER XVII
MATERIALS FOR CONSTRUCTION OF THE DAM.

IN GIVING a very brief description of the profile of the dam as
first revised and then as finally adopted, we have lightly referred
to one very important feature which had an enormous influence
on both the time and methods of construction and on the selection
of machinery for the construction of the dam. This was the
substitution of cement for lime, and it will here be appropriate to
relate the sequence of events which finally led to the adoption
of cement.

CEMENT REPLACES LIME.

As we have already seen, the earlier proposals and estimates
for the construction of the dam all provided for the use of lime
-or surki mortar, the latter being lime mortar with a proportion of
surki added at the time of grinding. Now, the 1910 preliminary
myestigations and surveys were of a somewhat general and super-
ficial nature as they had, of necessity, to cover a great deal of
ground. In consequence, the survey of the swrrounding country
for the determination of the extent of suitable lime deposits proved,
on more detailed investigation during 1925 and 1926, to be of but
little value. Many exploratory excavations were anade over a very
wide area in the places where large deposits of lime had been
reported, but the results were disappointing. With the exception
of the lime stone deposits near Sankari, between Bhavani and
Salem and some 38 miles by road from Mettur, the deposits
examined consisted mainly of kankur nodules widely scattered and
nowhere in large quantities so that it was early realized that the
collection of the millions of cubic feet of lime required for this
vast work would entail very special arrangements. Another diffi-
culty was that, on analysis, the samples of lime from the different
deposits showed considerable variations in quality so that much
difficulty would have been experienced in maintaining a proper
standard of quality of the mortar had lime been employed for the
construction of the dam. Nevertheless, there were certain officers
in the department, who, on the strength of their experience on
much smalier works on which lime surki mortar had been used,
strongly urged the use of lime for the construction of the dam,
considering that what was good enough for one work was good
enough for another; that speed of construction was a minor matter,
and that the use of special machinery was entirely unnecessary.
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Mz, (laver Sir' (@, ) Multmgs, at this time Chief Engineer for
Irrigation, the only officer of the Madras Public Works Depart-
ment who had previously had experience of large masonry dam
construction (in Hyderabad in 1913-15), strongly advocaled the use
of portland cement in place of lime, showing amongst other things,
that the use of cement would enable the dam, then estimated to
contain 45 million cubic feet to be constructed in about seven years,
as against 15 years that would probably be required if lime were
used. That the speeding up of construction by the use of cement
would result in a corresponding acceleration in the development
of irrigation and that the greater height and dimensions of the
dam at the new site made the use of cement desirable to ensure
its structural safety were some of the considerations favouring the
choice of cement. But the substitution of cement concrete in
place of surki masonry involved an extra 50 per cent in the cost
and the use of special and expensive plant and it was contended
in some quarters that as the new area was not likely to develop
within the 5-year period assumed, the project would loose more
monecy by way of interest on the capital if the agricultural deve-
lopment did not actually muterialize. Rubble masonry, it was
argued, had some inherent superiority over concrete because it
required less mortar, was more imprevious and could be turned
out at any desired rvate provided sufficient manual labour were
forthcoming. 1In view of the peculiar circumstances in India,
where manual labour is cheaper than machinery, it was further held
that the use of machinery should be limited io the extent required
to supplement manual labour, which should be preferred to
machinery for work, wherever possible. A reversion to the origi-
nal proposal for a dam of surki masonry with a 15-year construction
period was now suggested but it was turned down” on the general
ground that, whatever the rate of development in new irrigation
might be, a saving of eight years in construction would admit of
eight years earlier development and hence would yield eight more
years of full revenue (estimated to amount to the enormous figure
of Rs. 3% crores) which would repay—eight times over—the extra
outlay on cement and plant involved in the shorter programme.

The Government, before finally deciding on the use of cement
and on the use of the special plant proposcd, referred the matter
to the Central Board of Irrigation, inviting technical remarks on
the issues (1) whether cement concrete in the proportion suggested
was superior to rubble in surki mortar, (2) whether stresses of 10
tons a square footi might safely be allowed in such a concrete, (3)
whether the programme of machinery and methods as proposed
was gencrally acceptable and (4) whether, with the arrangements
proposed, the dam could reasonably be expected to be completed

6a
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of the dam near Cholapadi, and made provision in his estimate for
such dredging operations. Under such conditions, however, the rate
of sand collection would have been slow, while the cost per unit
would -have been comparatively high. It may seem strange now
that his report does not mention the existence of any appreciable
sand shoals at or near the site of the dam, though, in fact, the
quantity available from 1925 onward was more than sufficient to
construct a dam nearly 50 per cent larger than the one for which
his 1910 estimate prowided, without touching the shoals to which
he refers! This peculiar change in the sand situation appears to
have been brought about entirely by the extraordinarily high 1924
flood which carried down sand in such quantities that shouls were
deposited where they had not previously existed—Hence Col. Ellis’s
proposal to convey sand from Cholapadi. In 1926, labour for sand
collection was fortunately available in sufficient numbers. Tram-
ways, with ramps down the banks were laid in the river bed as
soon as river conditions each scason permitted, and large reserve
stacks of sand were formed on the banks at safe levels as near
the site of work as possible so that, as the work proceeded, train-
loads could be conveyed to the concrete and mortar mixers as and
when required. In the earlier days, winches were used to haul
the trucks up the ramps from the river bed, but later as the number
of locomotives was increased, trains of sand were hauled direct
from the river bed and the rate of collection was much accelerated.
‘When conditions were fayourable, the tramways were supplement-
ed with large coracles, by means of which sand was collected from
shoals as far as 54 miles above the dam site. The loaded coracles,
floating down with the stream, delivered sand directly to the work
in the river bed during the building of the construction-sluices
while the masonry in that section was still low.

As the reserve stacks of sand collected on the river bunk up-
stream of the dam were used up, others were being formed below
the site, and, when the quantity of rolling stock had been con-
siderably augmented and more locos became available, the convey-
ance of sand from these stacks to two large sand-dumps on the
right-bank just in rear of the Dam and East of the Cauvery bridge
proceeded day and mnight for months at a time. In order to avoid
double handling, sand trains, as often as possible, delivered sand
collected in the river, direet to the sand bing at the work spot, and
by this means considerable saving in cost of handling was effected
and a large reserve stock was maintained. ¢

‘As the shoals nearer Mettur became exhausted, it was found
necessary to extend the tramline along the Bhavani road, and
eventually the length of that line was about 10} miles, exclusive
of the numerous sidings connecting the sand dumps on the river
bank with that line.
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The total guantity of sand collected amounted to no less than
08.717 million cubic feet, after allowing for a bulkage of 17°9* per
cent, while nearly 904,000 cubic feet of stone dust delivered from
crushers was also supplied in lieu of sand, making a total of 29-621
million cubic feet. For the accurate measurement of this vast
quantity of sand it was necessary to make due allowance for wastage
in the various processes of stacking and loading and for bulkage.
The latter proved to be a great problem for the bulk of sand changes
according to the amount of moisture it contains. As this was ever
changing, a more liberal allowance was made than finally proved
to be necessary, with the result that some 457,520 cubic feet of
sand was still in reserve when the works were completed. This was
as well, however, for had there been a shortage instead, the com-
pletion of the work (which happened to oceur after the flood season
of 1934 has commenced) might have been seriously delayed. Fur-
ther, it has since proved very beneficial to the Hydro-Electric
Department who are drawing their requirements of sand for the
construction of the power house at Mettur from this reserve.

Tt is also likely that in the near fnture additional protective
works will be required in the great spillway below the Hllis Saddle
surplus works, when what remains of this reserve stock of sand
may prove invaluable.

The actual issues of sand during the construction were as fol-
lows :— 3

O.FT.
Tssued for work on the main dam .. 56 .. 26,651,286
Tssued for subsidiary works .. i e .. 1,608,628
Balance found surplus 5 &) =5 b4 457,520
Issue of crusher dust to main dam oo o0 903,837

Total .. 29,621,271

Of the above 2,239,000 cubic feet of sand were delivered at the
site of the dam by coracles, of which no less than eighty were in use
at one time. These coracles varied in size and carried between
35 and 60 cubic feet of sand per trip which averaged about 3 miles.
After delivering their sand it was usual for the coracles, which are
very light, to be talken from the water and conveyed back by land.
as that involved less work than paddling them back against the
stream. On the Cauvery one rarely sees a coracle being paddled
upstream, but it is no uncommon sight to see a procession of gigan-
tic mushrooms with human legs proceeding up the road! One man

* Ineluding 10 per cent for deduction in stack measurement. Actual bulkage
was only 7:9 per cent.
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is capable of carrying the largest coracle long distances on his
head, the coracle being inverted to render this process more simple.
Incidentally it may be remarked that a coracle makes a splendid
umbrella, or, propped up on the ground, affords shelter for a crowd
of people during a storm. Is it to be wondered at, therefore, that
this primitive form of craft has survived throughout the ages? It
draws but a few inches of water even when loaded, and is so flexihle
that it can safely be squeezed through a gap of considerably less
width than its own normal diameter, but its ability—in the right
hands—to ride the roughest water and shoot rapids is perhaps its
greatest asset in a river studded with rocks and abounding in rapids.

Sand collection was done through piece-workers who were paid
on the measured stacks, or, where the sand was despatched direct
to the work spot, on the contents of each wagon, the sand being
loaded to a fixed level in each truck. As a check on the measure-
ment, log books were maintained on the concrete and mortar mixers
in which the gquantities of sand actually consumed was regularly
noted.

To give the reader some conception of the rate at which sand
was consumed on the work it may be recorded that in one month,
March 1932, the quantity issued was as much as 880,000 cubic feet,
while the maximum quantity hauled to the headworks from the
shoals in any one month was 647,000 cubic feet. Hyven at the busi-
est times, when the train crews worked in double shifts, it is notfe-
worthy that there was never an instance of delay in the despatch
of trains due to the rakes of trucks not being filled in time, either
by day or by night, and the time table was strictly adhered to.

Of the subsidiary works, on which large quantities of sand were
consumed, the principal ones were the Ellis Saddle Surplus Escape,
with its massive masonry piers and apron, and the combined High
and Low Level Channel which contain a number of large masonry
drops and a considerable length of high refaining walls.

After adjusting all debits against sand collection, the cost worked
out to Rs. 27-7-1 per unit of 1,000 cubic feet, while the estimate
provision was Rs. 50 per unit. The saving in cost of sand collection
amounted to Rs. 6 lakhs and was effected partly through the rapid
fall in tendered rates and partly through the untiring efforts of the
officers in charge of that section to maintain a high standard of
efficiency in the organization and handling of such a large quantity
of material.
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brought down was very good for the charge of explosive employed,
the individual masses of rock produced were of such size, and in
such high proportion to the whole, that a great deal of secondary
blasting was necessary, and, in view of the limited area available
for these operations, the rate at which the material could be cleared
. was slow. The use of the shallower charges helped much to reduce
the amount of secondary blasting, but, even then, a great deal of
handbreaking by the ° plug-and-feather *' method was necessary
before the stones could be handled and despatched to the work spot
or crushers, as the case might be.

Tt was originally intended to construct the Dam entirely of con-
crete and, with this end in view, three batteries of heavy crushers
had been obtained from Messrs. Hadfields, Litd., in England. The
primary crughers in each unit were of unusnal size and were capa-
ble of taking stones up to 2% tons in weight each, but there were
many things which militated against the handling of stones of such
size, which would necessitate the use of a fleet of steam or electric
cranes or Nayvies and special bottom-discharge trucks for deliver-
ing them at the crushers. The sites of the quarries did not admit
of the use of such plant economically, and in view of the heavy
capital cost which their purchase would involye, it was found
better from every point of view to break down the stone io such
a size that it could be handled by coolies. This became more and
more evident as the price of labour fell.

Since the required outturn of stome could not be maintained
at these main quarries, subsidiary quarries were opened and operated
by power drills or manual labour, and it was soon *found that the
cost of stone obtained by the latter method was considerably lower
than the former. As quarry labour became more plentiful, new
quarry pits were opened up in places which werc far more con-
venient for the delivery of stone to the work spot. It must be
explained that the quarry at Tiger Hill which was intended to feed
the crushers at a considerable elevation was rather far from the
Dam and for masonry works stone had to be conveyed down a
steep ghaut railway some mile and a half in length. The number
of wagons that could be hauled on this line was strictly limited so
that even with a large fleet of locos, the rate of supply was in-
sufficient to meet demands. By opening up quarries at or slightly
above the level of the work in a wide area upstream of the Dam on
the right bank of the river, it was found that locos could handle
four or five times as many trucks in less time. During this pro-
cess of quarry development the cost of stone obtained by manual
lahour steadily fell and it was found that it was no longer econo-
mical to continue with mechanical methods, and long before the






CHAPTER XX

CHOICE OF HEXPLOSIVES.

THE QUESTION as to the type of explosive to be used for quarrying
and for excavating the foundations at Mettur was carefully exa-
mined. As already explained, the local quarry men and well-
excavators in these districts are accustomed to use black powder
only, and they are most proficient in its use. Through long prac-
tice they know exactly the charge required to produce a particular
result, a result, be it noted, that cannot easily be obtained by the
use of any other type of explosive where square stones or slabs are
required. Fowever, it was realized that for the bulk of the work
for which rough stonc was needed, we should require a more power-
ful type of explosive, and in the earlier days of the work gelignite
was employed in large quantities. The Great ‘War, however, had
been instrumental in producing an entirely new form of explosive,
liquid oxygen, and a Company in India was already attempting to
markel this product when operations were started at Mettur, and
their claims regarding it were duly considered. Tests were car-
ried out with this material at Mettur early in 1927, with impres-
sive results. In consequence, it was generally adopted for this
work., Herc we cannot do better than reproduce the note by Mzr.
F. M. Dowley, Officiating Engineer-in-Chicf, Cauvery Mettur Pro-
ject, written on the 22nd July 1929, in which he describes this
new explosive and its uses in some detail.

Note by Mr. F. M. Dowley, Officiating Engineer-in-Chief, Cavvery-
Mettur Project, dated 22nd July 1929.

[Liquip OxYGEN EXPLOSIVES.]

The first blast with liquid oxygen in India was sel off at Mettur
on 3rd May 1927, in the presence of the Tngineers of the Cauvery-
Mettur Project, and Doctor Sheldon, Chief Inspector of Explosives,
India.

Several demonstrations, proving its efficiency and safefy in hand-
ling followed, and upon the Lightfoot Refrigeration Company,
TLimited, who own the rights of these explosives in India, under-
taking to guarantee a definite rate per ton of rock broken fo a given
size the contract for the supply of explosives for the project was given
to them. The required tonnage will at times veach as high a figure
as 3,000 tons of rock daily.

History.—During the Greab War (1914-18) Germany required
large quantities of nitrated compounds for military purpose, and, as
supplies were TuDDING short, the Government issued restrictive
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orders to all mining companies and other users of explosive regulat-
ing the supplies of explosive mixtures. Accordingly bthese com-
panies were forced to seek another form of explosive and liquid
oxygen was adopted in the form of a cartridge. 1'he Weber (Patent)
Cartridge is mow being used at Mettur.

Its progressive use in Hurope can be judged from the following
figires :—

Tn 1919 the cartridges used were 634,412, in 1928 the num-
ber was 9,818,995, The tonnage broken in 1919 was 1,000,000,
and in 1928 it was 17,000,000.

In 1927 the Lightfoot Refrigeration Company, Limited, pur-
chased the rights for India, Burma, Ceylon and the Straits Seftle-
ments and it is interesting to note thati greater progress has been
made in India than in any other part of the British Empire. The
company’s connexion with the manufacture of oxygen dates back
to the time when Mr. T. B. Lightfoot and Professor Linde were
closely associated in the experimental stages of preparing oxygen
gas.

Liquid owygen.—Liquid oxygen 1s & pale steel-blue liquid hav-
ing a specific gravity of 1.1315. Tt is not inflammable and there-
fore can be stored anywhere with perfect safety.

Manufacture.—There arc two main principles involved in the
manufacture of liquid oxygen from air; first, when a gas is sub-
jected to a certain pressure and temperabure it will liquefy; the
second principle is in the separation of the nitrogen from the oxygen
and this is effected by taking advantage of the difference in the
boiling points of these two liquids. Oxygen boils or evaporates: at
.~182°C. and nitrogen at —195°C. Therefore by allowing liquid
oxygen to fall throngh perforated plates the nitrogen will evaporate
first leaving liquid oxygen which is collected at the bottom of the
column.

Applying these principles to modern practice, the air is first
purified, compressed to 3,000 Ib. pressure, cooled and allowed to
expand, when it liquefies. The nitrogen is separated in a column
ag explained above. i3

Two plants are in operation at the Mettur Project. Hach of
these plants is capable of producing 20 litres of liquid oxygen per
hour. One plant is sufficient to meet the full demands of the pro-
ject but the Lightfoos Refrigeration Company decided fo. erect two
complete units, one being standby. These plants are managed by
the company.

Transport of liguid oxygen.—ILiquid oxygen is tmnsl—')orted in
metal-walled vacuum containers built to stand the ronghest hand-
ling. The liquid can be easily poured from these containers into
vessels in which the cartridges are soaked.
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CHAPTER NXIL.

TrE TRAMWAY SYSTEM AT HEADWORKS

Wirnn 1R railway from  Salem  was under construction, the
tramyay system at Mettur was heing steadily developed. For fhe
handling of the large quantities of materials of all deseriptions
at headworks it will be realized that a vast tramway system was
. required, and, as the work advanced, it was [requently necessary
to -change or extend the temporary feeder line fo the various parts
of the work to suit the changing conditions. The system was
therefore divided into two parts, one, in which the lines remained
permanent and undisturbed throughout the period of construc-
tion, and the other which was subjecl to changes of alignment
and extension. The well-designed permanent tramways ensured
efficient running of lrains at all times and the original layout
underwent but few minor changes and improvements, generally
in the shape of additional loops or sidings fo facilitate the hand-
ling of trains as the traffic became heavier. With the extension
of quarry operations over a large area, numerous  extensions and
sidings of a temporary nature became necessary. Twenty-four pound
rails were used throughout the system.  Tungle wood sleepers,
much wused in the earlier years of the project later gave
place to steel-trough sleepers of heavy pattern as it was found thatb
the ravages of white-ants and rot did not justily their. continuance,
particularly in those sections where the shifting of the lines was
necessarily frequent, Creosote, while delaying the. deterioration,
did not entirely prevent rot, some’ of the softer species of timber
having but w short life under any conditions.

Tt is scarcely within the scope of this work to deseribe the
tramway layout in detail. Buiefly, we may say that with the
workshops. loco sheds and wagon vepair sheds just in rear of the
dam as the ceutre, the lines radiated in all directions; to the
quarries, where imnumerable sidings enabled trucks to be taken
right up to the workings, thus reducing the lead by head-loads
to a minimum and admitting of several rakes of trucks being loaded
at one time; to the sand dumps, and to the railway station. The
double track laid over the Cauvery bridge continued up a gradient
on the steep side of the Chettamalai hills which necessitated the
provision of a reversing station about half way up, thence through
a cutting at the top of the hill and over the surplus escape bridge
2t Hilis Saddle to the railway stalion. Before the construction
of the hridge over the escape the line ran up the valley at the
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left flank of the dam, but as this alignment eventually interfered
with the construction of the dam at that flank it had, of course,
to he diverted to the new alignment up the hill already described.

All lines were inter-connected so that materials of whatever
kind and from whatever source could be conveyed by rail o all
parts of the dam from the river banks to the extreme flanks. As
the height of the dam increased, many diversions and extensions
became necessary. Where the methods of construetion admitted,
particularly on the right side of the river, trains drawn by locos
could actually run along the ledges on the duwm ilself, delivering
the materials where the work was actually in progress and so
saving much hoisting by other means. Tn all, above 60 miles of
tramways at onc time existed at the headworks.

T,000S AND ROLIING STOUK BMPLOYID.

For the conveyance of materials at a speed necessary {0 uiain-
tain a high outpul the earlier estimates of the number of locos
and trucks required proved quile imsufficient. Tt may be taken
that, for every loco employed, about three complete rakes of truclks
were needed, with a muacgin of frucks on the sick list undergoing
repairs or general overhaul. Tf this proportion were nofi maintained
it meant that some locos at least would be standing idle while
trains were being loaded or mmloaded. It was always arvanged.
(herefore, that while one loaded rake was being hauled from, for
instance, a quarry to the dam, another rake would be loading sa
that by the time the train relurned empfy the next rake was ready
for despafich. By this means—and it may be stated that 1t needed
a lot of organization—fthe rate of supply was very steadilv main-
tained.

Particalars of the locos and various types of trucks employed
on the work will be found in Appendix C.

The first two loces Lo be brought to the project were old and
of the usual horizontal type, but these were not found particularly
suitable for this class of work where pretity stiff gradients had to
be negotiated. A few new Sentinel Jocomotives with vertical high
pressure boilers and chain driven by verlical high speed engines
were received from Wngland shortly after the work starled and
{hese proved so efficient, both from haulage and fuel consumption
points of view, that several repeat orders for this type of loco
were placed. Ultimately some 38 Super-Sentinel locos were af
work. Being all of one pabbern, parts were inter-changeable and
their maintenance in perfect running ovder was thus rendercd
comparatively simple, while the stock of spare parts was not lieavy.
When sufficient numbers of these locos hecame available, the old









CHAPTER XXIIT
HOUNDATIONS OF DAl DESORTRAD.

Iy Cuaprer VIIL, we had reached the preliminary stage of the
examination and opening up of the foundations on the dam line.
TLet us now proceed to deseribe the further progress of this worlk.

The physical features of the dam line are clearly indicated in
Plate XTI, where the reader can see for himself the classes and
depths of sand, soil and rock of different kinds discovered hoth
by boring and actual excavation. The most noticeable features
are, starting from the left flanlk; (1) the steepness of the hill at
the left fank, (2) the great depth of hard alluvial soil overlving
the rock between 300" and 1,000°, (3) the depth of faulty rocks
overlying the charnockite in the river bed between 1,000” and 2,200/
) the ‘ Deep Hole * between 2,300 and 2,800 with its mass of
alluvium overlying a very deep band of schigt, all of which had
to be removed before the hard gneiss was encountered some 50
to 60 feet below the original ground level, (5) the hillock, popu-
larly known as  Hill 60 " at 3,600 ft. from the top of which a
large quantity of fissured or otherwise faulty rock had to be removed,
(6) the ““ Tittle Deep Hole ™ at 4,000 ft., the existence of which
‘was never suspected by the geologists, but which involved heavy
excavation to a depth of nearly 70 feet, (7) a somewhat smaller
depression at 4,300 ft. and (8) the houlders and faulty rock over-
lying the excellent charnockite rock between about 4,600" and the
right flank at 5,300 ft. The hard rock shown in the section is at
the mean level of the actunal foundations ati any cross-section.

It is interesting to observe that in the dim pust the river must
have flowed nearer the left flank than it does at present, for a
bed of water-worn pebbles extends for a length of 600 feet at almost
the same level as the present river-bed, under the deep alluvial
deposit on the left bank. It is somewhat remarkable that the
the ancient bed never apparently occupied the position marked by
the deep band of schist on the rvight bank which, for ages past,
could not have offered much resistance to scour.

PRELIMINARY WORKS IN THE RIVER-BED.

The River section.—As is always the case with the construction

_of a duw across large river, the preparation of a careful programme

of work in the river-bed section was a matter for first considera-

tion, the annual working season in that section being limited to

the low water period when the occurrence of freshes is least likely
to interfere with the work,
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Though there is always the element of uncertainby as to the
date by which monsoon floods will subside sufficiently to admit of
work in the river-hed, it was estimated that lowest watcr level
would occur about the middle of Tebruary and would continue
low fill at least the middle of May. The programme of work in
the river-bed wus accordingly prepared on that assumption.

River diversion.—The river-bed at the dam gite is approxi-
mately 1,200 ft. in width and in order that work should proceed
in the river-bed as rapidly as possible during the brief low watier
period, concrete coffer-dams were to be constructed so as to divide
the river-bed into three main sections, the summer flow being
diverted to flow through any one ol these seclions while excayi-
tion for foundations of the dam proceeded in the other two.

A detailed survey of the river-bed extending above and helow
the actual site of the dam was accordingly made, and the align-
ment of the coffer-dam walls was selected so as to utilize as far as
possible the highest rocky outcrops, avoiding deep [aulls and
depressions which might involye heavy bunding and pumping in
order lo reach safe foundations for the coller-dam walls, and so
delay their construction. Plate XIT gives some idea of the actual
layout adopted. Sand and shingle available on the spot was selected
and hand-mixed with ecement to constitute a cheap and very
suitable concrete for the purpose, and the coffer-dam walls, both
transverse and longitudmal, were constructed [rom both flanks
with the use of simple wooden-box forms. Vents from 6" to 107
in width, provided with grooves into which steel shutters could
be fitted, were located at all places in the upstream and down-
stream walls where the rock level was lowest so that the neormal
dry weather flow of 1,000 cusecs or so could be passed through
any one of the three sections without risk of endangering work in
those where excavation of the foundations for the main dam would
be in progress. The construction of the coffer-dams commenced
during the low water season in 1926 and in 1927, with the aid of
a few small petrol engine-driven purnps to keep down the water
in successive small sections, the work made rapid progress and
wag sufficiently far advanced by the lime the floods arrived to
enable work to bo started on excavation of the foundations of the
main dam in the right and left flank coffer-dams early in the
following dry season. It was cssential that the work during that
season should be concentrated at fhe flanks in order that the
magonry should rise sufficiently high to exclude flood water from
the excavations on the banks. The main feature of the work
during 1928, the [first construction season, was therefore the
building of two masses of masonry to form bulk heads, earthwork
ring bunds with stone pitched outer faces being formed in exten-
sion to prevent the out-flanking of the excavations on either bank,
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where suitable sites for the erection of the two large concreting
towers required the very early construction of short sections of the
dam up to tower track level.

On the right flank, the comparatively high level of the rock
from T..S. 1,900 to 2,300 simplified the work, but on the left bank
the rock was lower and an erection site further from the river had
to be selected where work could proceed without risk of the excava-
tion being flooded, the construction of the bulk head on that flank
having been delayed by the necessity of taking the foundations
much deeper than was originally contemplated. ’

On the right bank, immcd'iately to the west of the tower site,
borings and excavations revealed a very deep and extensive fault
extending from about L..S. 2,300 as [ar as I..S. 2,850" where the
rock level again rose sharply. It was evident that the excavation
of foundations in this reach would be a long and arduous business
and, while the foundation work in the river-bed continued apace
during the dry season, work was concentrated in this heavy exca-
vation, popularly known as the * Deep hole’ during the flood
season of 1927 and throughout the two following years. In por-
tions of this reach excavation of decayed rock and boulders con-
tinued down as far as 75 feet below ground level before sound rock
was reached, 40 to 50° below river-bed level. The work in this
reach was seriously delayed when on the night of April 24th, 1929,
there occurred a very severe storm with 7-63” of rain, recorded at
the Mettur Observatory in about 23 hours. This storm occasioned
a sudden rise in the river and the water overtopped and breached
the ring bund on the upstream side of the right bank bulk-head
and flooded the excavation in the deep hole to a depth of nearly
50 ft. All the electric pumps in this excavation were submerged
and put out of action. MHvery available pump was requisitioned
from other parts of the work but it was about two months before
work could be resumed there. Here, indeed, was an illustration
of the grave uncertainty of flow in the river even at a season when
all previous records showed that no sudden rise might be expected.
The coffer-dams referred to above, provided with shuttered vents
were originally intended to divide the river-bed into two sections,
diverting -the dry weather flow through one while excavation pro-
ceeded in the other, but, since it was necessary that the walls
should follow the line of the higher rocks in the river-bed, an
equal division was not practicable and the right hand portion was
found to be incapable of carrying the whole flow without the risk
of the walls being frequently overtopped. A third section was
therefore opened on the left side, the bed thus being divided into
three compartments, referred to hereafter as the right, central
and left coffer-dams (as viewed when looking downstream). In
view of the varions alterations which took place in successive years
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CHAPTER XXIV
[EXCAVATION OF FOUNDATIONS.

Ler us now follow the work of excavating the foundations for
the dam. We have seen from the sectional diagram of the site
(Plate XI) that there were several places on the line where vast
quantities of material had to be removed before sound rock was
reached. Barly in 1928, apart from the urgent work in the river-
bed, excavation was started on the ‘ deep hole * on the right bank
and at several other points nearer the right flank. The lett bank,
being more or less inaccessible at that time had barely been touched.
Tabour had by now begun to pour in and rapid progress was made.
Between January 1928 and April 1929 the rate of excavation was
greater than during any other period. During November 1928
alone, nearly two million cubic feet of earth and rock were removed
from the foundations.

Where the sound rock occurred at a high level and the exca-
vations were comparatively shallow no special means were pro-
vided for lifting the spoil and it was done entirely by manual
labour, the coolies carrying the spoil up ramps by head loads and
depositing if direct either upstream or downstream of the dam
line or dumping it into trucks for conyeyance to more distant places
where material was required for preparing embankments for
tramways or fillmg up depressions. In the case of the deep exca-
vations, such as, the ® Deep Hole ’ and ° Tittle Deep Hole * to
which we have already referred, every conceivable means was
employed to excavate and dispose of the spoil rapidly. Trains were
run down ramps which circled around the ¢ deep hole * and every
available crane, perched on the brink of the vertical cutting was
commissioned to lift truck loads of earth bodily and deliver them
on rails at ground level, with a lift of perhaps 60 to 70 feet. ‘When
the rock to be removed was hard, blasting operations took place
regularly every day often in the early morning before the Iaboqr
arrived on the work, at midday when the coolies left for their
meals, and always in the evening after labour 1?a»d knocked off.
In cleaning foundations preparatory to receiving copcrete or
masonry, work was sometimes carried on through the night W_lth
the aid of flood lights suspended above the excavations on wires
stretelied across ab ground level, but night work was avoided as
far as possible.

During 1928, work was concenlrated at those places where the
two greaf concrefing {owers, which had already been‘ ordered, were
to be erected, and where they would start conereting operations.
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Tt was decided to erect one of these near the right banlk 2,200 feet
from the left flank. At that place fairly sound rock had been
located almost at ground level. - So the site was cleared and pre-
pared for constructing the masonry required for the support of
the tower during erection. Similar foundations were prepared for
the second concreting tower on the left bauk of the river early
in 1929, so that by the time the compounent parts of those machines
had arvived at site the masonry was ready fo enable erection to
be put in hand without delay.

Rock occurred near the sarface at another point on the dam
line which came to be known as ‘ Vellore Station *—presumably
because the arched construction of the rear ledge which formed
the lrack for the concrcting tower somewhat resembled thal
station—and as the old road o Samballi and villages further north
crossed the dam line near (hat place the foundations were excavated
and replaced by masonry up fo ground level so that traffic could
be maintained over it without interruption while the exacavation
on either side proceeded. This crossing soon became one of the
main tramway tracks by which sand, collected from the shoals
higher up the river, was conveyed by train to thé dumps on the
south side of the dam, and was refained as a ° pass > through the
dam for the conveyance of stone from the quarries when the masony
had reached a much higher level (see Plate XXI1I). The road,
meanwhile, was diverted towards the right flank and crossed the dam
line at a point where no intensive excavation had yet been started.
Next in importance and wgency was the site for the low level
sluices which were to pierce the dam between 3,7207 and 3,860
on the longitudinal section. The level at which the cills of these
sluices were to be constructed was still somewhat uncertain, for
it appeared that the level of + 665 originally proposed would
involve very heavy cutting in solid rock, hesides the lowering of
the ground in front to form a suitable approach channel. Then,
the site for the four great hydro-electric pipes which, during the
earlier part of the comstruction were to serve as additional con-
struction sluices, received attention and excavation of foundations
at both these sites was pushed forward. When the excavation
work in all the coffer-dams in the river-bed was at last completed
and masonry works there had been started, labour was released
for work clsewhere and the other lcss important sections of the
d‘é,m line in point of urgency were opened up. Some heavy exca-
ation was found mnecessary om the left bank of the river where
the rock was very defective for some depth and, as in the river
‘section, required to be taken down much deeper than had origi-
nally heen indicated by borings. The work here was difficult and
slow so that there was some delay in bringing the masonry up
to the desired level before the 1929 floods arrived. Again, to the
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west of the low-level sluice site, the ** Little Deep Hole '’ involved
very heavy excavation, and cranes had to be employed to lift the
spoil from the deep rift which was excavated to a depsh of some
75 feet before it petered out and the hard rocks on either side
united. Further to the west again, at 4,300 feet, another deep
oxcavation wag necessary as a mass of rock, atb first deemed fo be
sound enough for founding the dam was, on further investigation,
found Jo be very fissured and irregular in structure. This was
" all blasted and removed, excellent fresh rock being found beneath
this mass.

It was only after actual excavation had clearly revealed the
nature and level of the sound rock towards the right flank that
the site for the °° High Tievel ”’ sluices was finally determined.
Qriginally, it was intended (hat they should be located somewhere
between 4,400° and 4,600" in order to allow ample space in rear
of the dam for the tramway layout at the foot of the right flank
stone-crushers, where trains would be required to draw their mate-
rial from the bing, and where it was proposed that they would
follow an oval track to avoid veversing. However, when the
excavation of the foundations for the dam had made some pro-
gréss in that reach if was found that an excellent and almost level
bed of solid rock stretched almost from 4,600 to 4,900" but dipped
towards the south when well clear of the rear toe of the dam.
Here, therefore, was an almost ideal site for the sluices which
would be required to pass large supplies down the supply channel.
The rock at the original site, on the other hand, dipped rather
steeply aloug (he dam line towards the cast and would haye made
the construction of a suitable water cushion and channel a very
difficult matter, involving the construction of a high earthen bund
to form the left bank. his would have required extensive masonry
works to protect it. The mew or upper site was therefore chosen
as the ridge of rock at 4,600 feet formed, with the hill at the
right: flank, a natural valley which only required to be opened up
and deepened to provide an excellent and safe course for the
channel immediately in rear of the sluices. The sloping rock in
rear of the dam at that place eventually became a large cascade,
by means of which the water discharged through the sluices dis-
sipated most of its energy, further aided by the natural water-
cushion which was left to form of its own accord at a fault at
_ the foot of the cascade, some 200 feet in rear of the dam. We
may now say that all the benefits which the new site fer the
sluices offered huve heen amply proved during the three years
that the sluices have so far been in operation, nofi-the slightest
deterioration being found in the rock of which the cascade is com-
posed. Tt is unfortunate that a site having such excellent features
was not available for the ow Tuevel Sluices, which are 50 fect lower






HISTORY OF THE CAUVERY-METTUR PROJECT 81

than the high level sluices. There, the enormous energy stored
in the water issuing from the sluices has to be dissipated by other
means, involving very considerable expense. But this matter will
be discussed in its appropriate place. :

Thus the excavation of foundations went on side by side with
the more urgent portions of the construction from 1928 to 1932.
The last portion of the excavation was at the extreme left flank
where the work had been postponed to admit of tramway commu-
nications being maintained as long as possible between the left
flank quarries and the railway station and the concreting tower
on the left bank. This tramway cut across the flank of the dam
and prevented much progress in the preparation of foundations
there. It was only when a very deep rock cutting had been com-
pleted through the Chettamalais for the diversion of the tramway
that the site could be entirely released for excavaftion. Tn con-
sequence, the rest of the dam had reached a considerable height
before the foundations at the extreme left flank were even started.
The rock there was of an unsatisfactory nature and a great deal
more excavation was found necessary than had originally been
contemplated. It was stratified and dipped steeply into the side
of the hill, so that when the cutting had to be extended into the
flank to reach sufficiently sound rock, enormous quantitics of
overburden had to be removed, necessitating an almost vertical
cufting, with but one ledge, nearly 160 feet in height. Had it
been realized that this work was going to prove so heavy, there is
no doubt that it would have been taken up and completed much
earlier for, in actual fact, it caused a great deal of anxiety and,
at the beginning of the 1932 flood season which commenced rather
carlier than usual, the position was such that the construction
was very nearly out-flanked by the rising water and only by the
most strenuous efforts of the entire headworks staff with all their
resources was this prevented. Thereafter, the work of excavations
at this flank was pushed through, working day and night without
ceasing, till the foundations were secured and the masonry raised
to a safe level above the highest flood to be expected that year.

The progress in the excavation of foundations for the dam
cannot be more clearly indicated than in a progress diagram. The
reader is invited to inspect the diagram given in Plate XIV,
which shows at a glance the progress both in the excavation of
foundations and in the magonry and concretc construction. It
will be seen that the total excavation amounted to mearly 323 mil-
lion cubic feet, or considerably more than half the entire bull of
the completed dam !

Only from aboubt December 1927 was any real progress ma.de,
but from then till April 1929 progress was very rapid. Thereafter

8






CHAPTER XXV

THe (ONSTRUCTION OF THE DAM—EARLY METHODS COMPARED.

BEFORE PROCEEDING to attempt to describe the actual construction
of the dam it is necessary to acquaint the reader with the more
salient features of the dam as redesigned. The revised estimate
of 1928 not only provided for the use of cement in place of lime,
thercby admitting of a considerably accelerated programme of
censtruction, but also provided for the many modifications in design
which the 1924 floods had shewn to be necessary, involving the
entire redesign of the imrigation and surplus sluices and the use
of machinery on a large scale. The design of the dam itself under-
went some modification in view of the adoption of a higher specific
gravity for the masonry and concrete than had previously been
allowed, and the top of the dam was entirely redesigned to admit
of the use of Goliath cranes for the operation of emergency gates
at the sluices without obstructing the roadway. The arched pro-
jections to produce the required clear width of roadway were
retained, but were provided on both the upstream and downstream
sides, though later in actual construction, these arches gave way
to another form of construction. Making provision for all these
changes, the revised 1928 Project Estimate amounted to Rs. 737-08
laklis. Tt provided also for certain modifications in the Canal
System ncluding the realignment of a portion of the Main Canal.
The estimated net revenue from the Project became Rs. 55,563,967
or 6:31 per cent on the sum at charge. i

The dam, as redesigned to satisfy all the conditions enumerated,
has the following main features :—

The 16-feet roadway over the top of the dam is:af 48010,
the tops of the parapets being 3} feet higher, at ~+804.5.
The dam is designed for & full reservoir level of +790-0
and a maximum water level of +796.0, which may, how-
ever, be exceeded by another 2% feet, since the later pro-
vision of the emergency surplus escape at the right flank
safeguards the dam even with water standing at that level.
The design provides for a further raising of the masonry
by ten feet at some distant date to compensate for the loss
of capacity of the reservoir through siltmg, so is of more
than ample strength and stability to meet the worst possi-
ble conditions that may ever be encountered. e »

The cills of the main surplus eluices at Bilis Saddle are at
7700, allowing a depth of no less than 26 feet over their
cills with water in the reservoir standing at ** Maximum

84
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Water level,”” while the surplus gates, being 20 feet in
height, retain water up to ‘! full reservoir level.” A
separate chapter will be devoted to a description of this
work. (See Chapter XXXII.)

The dam is plelced by two sets of mrrigation sluices and a
set of large pipes for the generation of power. The high
level sluices, cight in number and each 16 feet in height
and 10} feet in width have their cill levels at 720 or 50
feet below the surplus sluices. The low level sluices,
five in number, each measuring 14 feet by 7 feet, have
their cills at +670-0 or 50 feet below the high level
sluices. The Hydro-electric pipes have a front cill level
of +640, 15 feet only above the original river bed.

These sluices will all be described, as the construction work
proceeds, since their erection is intimately connccted with
the masonry work.

The normal section of the dam adopted is clearly shewn n
Plate No. IX and it is not necessary here to describe the
section further. The rear toeof the dam below level +670
has a battar of 1 : 1, but in actual construction, for reasons
explained in Chapter X VI, the toe in the deep foundations
below + 610 was cut off. The upstream toe was retained
as indicated in the normal section throughout the length
of the dam, except at the sluice sections where the section
is modified to withstand the higher stresses caused by the
introduction of the vents. The sections of the dam taken
through the centres of the vents are illustrated in
Plates XVIII, XIX and XX.

The first batch of concrete was laid over the rock at the right
bank of the river, at about 2,100 feet from the left bank,
in April 1928. Af thai time it may be remembered, it was
intended that the entire dam, with the exception of the
extreme flanks should be constructed of cement conerete,

- and with a view to speedy construction, steel shuttering
was to be employed, the forms being designed in such a

manner that the shuffering climbed as the pouring of
concrete proceeded.

Before any of the steel shuttering was ready, however, about
200 feet of the rear portion of the dam had to be constructed
to accommodate the first of the large concreling towers, so
the conerete was retained between masonry retaining wa,l]s,
the ledge, on which the front of the tower was to be sup-
ported, being constructed of masonry in the form of 6-feet
semi-circular arches supported on 3-foot piers. These are
clearly illustrated in Plate XV,



PLATE No. XV.

CONCRETING TOWER IN COURSE OF FRECTION,
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.The masonry face work was of roughly coursed rubble in
cement mortar. :

Prior to the completion of the tower erection when the
number of concrete mixers intended for the preliminary
works was limited, it wag found expedient to do a consider-
able amount of construction in masonry. Various methods
ol combining concrete and masonty were tried in an endea-
vour to speed up construction using only the preliminary
plant then available. In much of the early work in the
foundations, therefore, we find such methods adopted.
One method was to construct hexagonal masonry cells with
walls built in random rubble, so that, seen in plan, the
work resembled a gigantic honey-comb. Tramways were
laid over the walls forming these cells and truck loads of
concrete were run along these lines from the mixers and
dumped in the cells. The concrete was rodded and consoli-
dated by small gangs of coolies stationed in the cells. The
walls were usually built in 6-foot stages. Hydraulic tests
carried out on the concrete in these cells, however, indicated
that the mixture was not sufficiently impervious, and it was
suspected that surplus water in the concrete, released when
it was consolidated, crept along the faces of the walls and
" created voids. This method was then discontinued in
favour of parallel zigzag walls between which = concrete
was poured- DBesides giving more working space for the
men, this system admitted of more rapid progress and was
generally adopted, but the hydraulic pressure tests on the
concrete, as in all cases where 1:4:8 concrete was
employed, were not entirely satisfactory. However, since
the design of the dam provided only for impervious con-
crete in the front portion of the dam from a line 6 feet in
front of the centre line, and the concrete in rear of that
line was properly designed for strength only and was not
intended to be water-tight, the results of “these tests were
more or less to be cxpected. It was only when solid random
-masonry was tested that a vast improvement in the
hydraulic test results was apparent. Owing to the shortage
of concrete mixers in the early stages of the work solid
masonry construction was started in one reach mnear the
Vellore &tation. Since masonry requires considerably
less than 50 per cent of its volume of mortar, a concrete
mixer employed for mixing mortar only could, in a given
time, produce matberial for twice as much masonry as it

* could for concrete. So, where sufficient masons were
available, the concrete mixers were far more profitably
employed mixing mortar only. When the block of masonry
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had been allowed a few days to set hard, holes 16 to 20 feet
deep were drilled in it at intervals, ‘capped ’ with steel
_pipes and subjected to hydraulic tests to ascertain the rate

_of percolation in the masonry. Despite the fact that the

stones were set in ‘ weak ’ mortar it was soon proved
beyond all doubt that this class of masonry was highly
resistant to water pressure, while concrete of an equivalent
mix was, by the same tests, proved to be extremely porous,
despite all efforts of certain officers who put their faith in
concrete to improve its qualities in this respect. Tor pur-
poses of comparing their densities, large test blocks of
masonry and concrete were built in identical steel boxes.
These were cured and dried out. On weighing them it
was found that the random masonry was definitely denser
than the concrete, being no less than 2 to 3 pounds per
cubic foot heavier. Other things being equal, therefore,
it is seen that masonry is definitely superior to concrete,
- using angular stone such as was produced by the crushers
at. Meftur as the matrix. Tt stands to reason that where
stones ‘of suitable shapes are selected and fitted together
by band so as to displace surplus mortar coming between
them, the density must be higher than that of a mass of
stones coming together at random as is the case with con-
crete, particulary where stone of unusually high density
is employed. Thus, the dam was still in its early stages
of construction when the substitution of masonry for con-
-crete first received serious attention, and this method of
construction- came to be generally  adopted in all those
reaches where the concrete-placing plant could not be
expected to work. A small concreting tower, fitted with
chutes, was erected and employed for some time in placing
concrete in the area where the ® Red ’ tower was to start
operations, but later this small tower, known as the
¢ Mulsht ° tower, was dismantled and re-erected elsewhere
after conversion for use simply as a lift or elevator. In
* that capacity it did much useful work raising truck loads
of mortar from a battery of mixers at ground level to a
considerable height on the dam, a.movable steel bridge
being constructed to connect the: top: of the tower with the
‘rear face of the dam, whence the mortar was delivered on
_ rails at any desired spot and at any level. ~ |

- The bulk of the material used for ﬁl]ing the ¢ Deep Hole ™

was concrete, delivered by the ‘ Red Tower,” and it may
‘here be a,pproprlate to desecribe bneﬂlv the erectxon of this
outstanding piece of machinery.



CHAPTER XXVI

CONCRETING TOWERS.
)

In Aprin 1926, Mr. W. P. Roberts, then officer in charge of
workshops and machinery, was deputed to England to ascertain
from manufacturers in Europe and America the methods of concrete-
placing in large dams and the various fypes of plant employed for
such works. Fis investigations led to the consideration of the
following alternative methods of dam construction :— f

(1) Ropeways, with a continuous series of comparatively small
tipping buckets for conveying both raw materials and
mixed concrete to any point on the dam from the flanks.

(2) Cableways or cable-cranes each with a single travelling
carriage to lift a large skip of concrete or block of stone.
These were to run from the flanks to the desired distance,
dump their contents and return with the empty skip.

Both these methods were found unsuitable since the rate at
which they could carry materials was far too low to. ensure the
required outturn. Further, the length of the dam prohibited the
mixing of concrete at the flanks on account of the time requirved
for the skips to reach their destination which was the centre of the
dam some one mile away from the flanks. Also these methods
involved the construction of a series of very high intermediate
steel towers along the alignment which would have interfered
with construction. It was calculated that with eight towers placed
at about 800 feet intervals their height would have been as much
as 450 feet, while if fewer towers were used the height would have
been considerably greater. To obtain the required rate of feed of
material’ for construction as programmed it was. found that no
less than 8 sets of cableways wonld have been needed, and their
cost and maintenance would have: been excessive. I'he only
alternative therefor was to employ either travelling transporter cranes
or travelling hoist towers with chutes, the concrete being mixed
on the cranes themselves in the case of the latter.

After numerous designs had been submitted by firms, it was
finally decided that the travelling hoist tower with chutes was the
most suitable for the peculiar conditions obtaining at Meftur, and
two such towers were ordered.

The two towers, designed and constructed by Messrs. Stothert
and Pitt of Bath, England; are identical, so the description of one
will suffice. i

dng of these, the ** Black * tower was partially erected at the
works at Bath, and while this was being dismantled the parts of
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the other, known as the ““ Red ' tower, had already been des-
patched. By the beginning of 1929 the Red Tower parts had
arrived at site, having been shipped by steamer to Madras and
from there despatched direct by rail to Mettur Dam Station.
Construction of this tower was immediately put in hand on the
masonry which had alrcady been prepared at LS. 2,200 feet. A
special party of Huropean erectors was sent out from England
by the firm, and these, aided by a gang of Mappillas who are
skilled in hesvy erection work, carried out the entire erection of the
towers. By May 1929, the front and rear chasis of the Red tower
had been erected. Plate No. XV shows the stage of erection on the
Ist August 1929. By December of that year the tower had
reached a height of 180 feet, and by March 1930 the erection was
completed. Plate No. XVI shows the tower completed and with
its chutes in working position on 3rd April 1930.

The erection and operation of these stupendous machines
excited tremendous interest, not only amongst those connected.
with the work but also of the thousands of visitors who came long
distances to see them. They were 306 feet in height above the
reat rails, weighed some 1,800 tons each in working order, were
operated entirely by electricity, and travelled under their own power
at a speed of 10 to 12 feet per minute up and down gradients as
steep as 1 in 36. When working or travelling on a gradient, the
tower was kept truly vertical by an ingenious system of powerful
jacks mounted on the two front bogies which, controlled by a
single operator, conld be operated while the tower was in motion.

The amount of thought and ingenuity put into its design can
scarcely be realized by anyone who did not actually see it in opera-
tion, and it is greatly to the credit of Messrs. Stothert and-Pitt that
both of these towers fulfilled their duties without the slightest
trouble. Oue or two minor breakdowns did occur during the course
of the.work, but these had uothing to do with either their design
or workmanship, being occasioned by other causes. On the night
of the 22nd May 1931, a terrific sform caused the chuteg of the
Red tower to break away from their anchorages and they were
partially wrecked. They were, however, quickly reconstructed in
the local workshops.

On another occasion rats were responsible for a burnt out arma-
ture in the rotary converter on one of the machines.

Hor a more detailed description of these towers, the reader is
referred to Part 11, Chapter X.

PowER SUPPLY. j
. The power required for the entire plant at Mettur amounted
103,400 K.W. and the towers and crushers alone accounted for
over two-thirds of this quantity. To generate this electricity by



PLATE No. XVI.

CONCRETING TOWER COMPLETED.
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an addition of 10 per cent for every 1,000 feet of elevation above
sea level and shall be according to Mysore Government standard
practice.

10. Meters.—The energy supplied shall be measured by means
of three similar three-phase meters which shall be supplied and
maintained by the Mysore Government ; the Madras Government
shall pay the full cost of supplying and maintaining two of these
meters; ecach threephase meter shall be complete with a separate
set of current and potential transformers. The meters shall be
read monthly and the consumption shall be tuken to be the average
of the reading of the three meters but in the event of one of the
said meters varying more than 2.5 per cent from lhe average of
the other two meters the mean between these two shall be taken ;
if only one meter shall bo considered acourate then the readng of
that one shall be acted upon ; and if all three meters are manifestly
inaccurate then the charges for the period of sime in question shall
be a just charge having regard to the average of prior periods and
the circumstances of the casc.

11. Accwracy and testing of meters.— Should any dispute arise
between the partics to this agreement as to the accuracy of the
readings obtained under the preceding clause cither party may upon
giving notice to the other have one or all the meters tested by the
Professor of Blectrical Technology of the Indian Institute of Science
and if upon these tests being made the inaccuracy is found to be
more than two and a half per cent the Mysore Government’s
accounts shall be adjustcd as may be required. Should the inac-
curacy prove to be less than two and a half per cent mo adjustment
shall be made. The expenses of such testing shall be borne by
the Mysore Governmeni in the event of tho account ' requiring
adjustment bt if no adjustment follows then the expenses ‘shall he
borne by the party at whose instance the test is made. 3

19. Tariff—The Government of Madras shall take the energy
and the charges for the energy supplied shall be according to. the
following sliding scale :— ‘

(@) Quantity of energy supplied in the month (Board of Trade

units) supplied us per the meat Jfollowing clanse:—

Rate per
Board of Trade
unit,
§ ANNA.
Up to 374,999 units .. o o 0-750
375,000 to 399,999 units A 0:-725
400,000 to 424.999 ., 56 Sl 0:700 |
425,000 to 449,999 ,, 5o <% 0:675 i
450,000 to 474,999 ., o o 0 660 per unit-
475,000 to 499,999 - ,, o s 0:625 .
500,000 to 524,999 .. e e 0600
525,000 to 549,999 . 5l e 0576

550,000 and above 20 5o 0°550
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«(b) The rates in () above shall be daylight rates for 12 hours,
namely, 6 a.m. to 6 p.m. or any other period of 12 hours: to be
agreed upon from time to time to suit the Madras Government’s
work at Mettur and also the above rates shall apply for all night
consumption except as provided for in the next following clause.

(¢) For all power consumption after the period referred to in
(b) above the rates per unit shall be 0-40 anna per unit for the
power consumed during any period of not less than three hours in
which the average load is not less tham 750 K.W. The consump-
tion under this clause shall not be used to determine the rate at
which the power supplied under (b) above will be billed.

(d) When the heuvy motor driven construction plant is
erected and ready for service the Government of Madras shall notify
the fact to the Government of Mysore and from that date the charges
for energy shall be subject to a minimum charge of 300,000 units
per mensem at 0.75 wnna per unit, and for this purpoese the period
from when the full supply is available under clanse 8 of this
agreement to the date when the abovementioned notification is given
shall be limited to six months.

(¢) When, owing to natural deceleration of construction, the
normal power requirements diminish the minmum charge specified
in 12 (d) above shall be reduced proportionately with the rednced
power requirements subject Lo an absolute minimum charge for
100,000 units, but no reduction in the minimum charge will take
place before the expiry of 60 months under the terms of full supply.

13. Monthly accounts—The Mysore Government ghall send to
the Madras Government a statement of accounts of the electrical
consumption during each calendar month and the Madras Govern-
ment shall pay the amount due within thirty days of the receipt
of that account.

14. Liquidated damages for power supply stoppages.—(1) The
liquidated damages for power supply stoppages shall be—
(a) Rs. 1,000 per hour or part of an hour after one hour
during the working period of the construction plant.

(b) Rs. 100 per hour or part of an hour after one hour when
the construction plant is not working.

(@) Provided, however, that no penalty by way of liquidated
damages is payable under the above clause (1) (@) and (b) if the
stoppage is due to canses beyond the Mysore Government’s control
such as vis major, war, riots, storms, fire and floods.

15. Period of agreement.—This agreement shall continue for
nob less than 80 months from the date of notice referred to in clause
19 (d) and for so long thereafter as power is required for the con-
struction of the Mettur Dam works. The Madras Government
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shall give not less than three months notice of the expected date
of completion of the construction. The Mysore Government shall
remove all plant and line belonging to them and situmated within
Madras territory within a period of six months of this said date.

16. Arbitration—The Madras Government and the Mysore
Government hereby agree that, if at any time, there should arise
any dispute between the Madras Government and the Mysore
CGiovernment touching the interpretation or operation or carrying
out of this agreement, such dispute shall be referred for settlement
to arbitration or if the patties so agree shall be submitted to the
Government of India.

Action was at once taken by the Mysore Government and the
power-line 63 miles long from Sivasamudram was crected and
completed by November 1928. Current was actually made available
by 27th November and on 18th December 1928, the Mysore Govern-
ment informed the authorities at Mettur of their readiness to supply
the full load provided for in the agreement. The tenure of 60
months began six months from this date (i.e.), on 18th June 1929,
and it may here be recorded that throughout the period of supply
there was no serious breakdown worth mentioning.

The power-house itself is described in Chapter VI, Part II,
where a more detailed reference is also made to the use of the
power from Sivagamudram. 4

Considerable criticism was levelled, in the euarly stages, at the
wisdom of accepting an agreement on the basis of a guaranteed
minimum consumption for such a long period as 60 months. It was
argued that at least during part of the time the consumption was
likely to fall below the minimum limit fixed when it might have
been advantugeous to develop the power at site. Without entering
into the merits of the case we would point out at the outset that
the critics had not considered the savings in interest charges on
the outlay amounting to Rs. 7,000 a month and, further, that the
actual consumption did never fall so low as fo justify the assump-
tion in the criticism that it would have been more profifable to
generate the power locally. Without further argument we may
conclude that the arrangement was profitable and undouhtedly the
best in the circumstances which then prevailed.

By 18L June 1934, the contract period came to & close and the
demand at headworks had considerably decreased owing to the
shut-down of most of the heavy plant, the Electricity Department
of the Madras Government was in a position to undertake the
supply of the power now required from their Pykara Power station.
The Sivasamudram supply was therefore stopped from that date.
(For a more detailed reference to the Pykara works and the vast
electrification programme in which the future Mettur is to play an
important part the reader is referred to Chapter XIX, Part IL.)



CHAPTER XXVIIL

CONTRACTION JOINTS IN THE DAM.

T~ 4 DAM of this length and heighs, the question of expansion
and contraction required very early and careful consideration.

The effect of temperature changes on existing dams in other
parts of the world was accordingly studied. Nearly all straight
gravity dams (such as was now being constructed at Mettur) deve-
lop temperature cracks which, unless controlled, may lead to much
trouble and danger. The Assouan Dam, constructed without spe-
clal provision having been made to counteract its contraction in
length during the winter season, presented cracks in the masonry
aggregating over 9 inches, and must have been a source of great
anxiety to those respongible for its mamtenance.

Though the seasonal range of temperature ab Mettur is less than
that nsnally experienced in other countries, it was determined
that the Mettur Dam was too big and important an undertaking
to admit of any risks being taken. Accordingly, all known ways
and means of counteracling the tendency for the masonry to crack
were studied. Even in his 1910 design, Col. Ellis had suggested
means by which cracks due to contraction could be minimized.
His scheme was to leave ‘* construction joints * between adjacent
blocks of masonry al the close intervals and to fill these with
magonry at the appropriate time. While such a method may be
simple and convenient for dams of no great height it was now con-
sidered hardly suitable for the rapid method of construction with
concrete placed by the concreting towers. 1t was decided, there:
fore, to arrange for through joints in the dam ab intervals of
1926 feet throughout its length, the Tower chutes having been
designed with a working radius of this length, so that an entire
section could be concreted in one operation without moving the
tower. S0, whether masonry or concrefe was employed, alternate
sections of the dam, each 126 feet in length, were constructed,
steel ‘shublering being ervected at the cnds of each of these alter-
nate seclions so that the masonry built againet it presented a -
smooth surface. The shuttering was staggered at about 10-foot
intervalsiso as to produce a key which, while preventing lateral
movement between adjacent sections, allowed freedom for each
section to contract independently of its neighbour. The inter-
mediate sections were then built up m close contact with the
ends of those already constructed. Since the bond between two
smooth faces is far less than that of amy part of the masonry
or concrete in each block it is to be assumed that when contrac-
tion takes place ‘a ‘ crack *’ will occur at the smooth unbonded
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junction. Now, when this * crack ' occurs, water under high
pressure on the upstream side of the dam will find its way through
the junction. Iow i this prevented? Two independent means
of staunching have been employed on the Mettur dam. Near
the upstream face of the dam a reinforced concrete diamond-
shaped column is precast in position with corners facing up and
down strcam, i.e., along the joint between btwo adjacent blocks
of magonry. The face of this diamond staunching-bar is given
a liberal coat of marine-glue, applied hot to the smooth concrete
surface, and the masonry on either side is built up against it
The sketches given below will perhaps make thig clearer.

|

I I

The left hand sketch (I), indicating the staunching-bar in plan,
shows how it fits between .the adjacent blocks of .masonry in
the dam at the time of construction. The right hand sketeh (TTL),
in which conditions arve shewn much exaggerated, indicates what
happens when the blocks of masonry contract and separate afb
their joint. The water pressure on fhe fwo upstrearn faces of
the bar forces it back against the rear face of the masonry,
thus sealing the open jont in rear. Now, in theory, this will
appear a very simple and excellent means of preventing leakage
through the joint when it opens, buti, in praclice, we can conceive
that, for one reason or another, {he bar might not always move
as desired. If, for inslance, it sticks to one side, the water
will leak past the other side, and since, after construction, we
have no means of observing the movement of this staunching
bar which is lost to sight in the mass of the dam, we have no
means of knowing whethier i is actually carrying out the func-
tions for which il was designed. To admit of the desired move-
mient, heavy non-ferrous plates have been provided at the foob






~

HISTORY OF THE CAUVERY-METTUR PROJECT 97
joints. Where seepage occurs to a mnoticeable extent it occurs,
as might be expected, at those places where the vate of con-
struction was most rapid and where the succeeding layers of
masonry or concrete have prevented the rapid loss of heat in
the mass lying beneath them. * To minimize the cracking of
masonry in a large dam, without the introduction of special means
to accelerate cooling process, it would be necessary to carry out
the construction in thin layers, allowing ample time for each
layer to give up its heat by radiation before the next is applied.
Under such conditions the time of construction would be very
protracted. In the great American Boulder City Dam, very ela-
borate measures were taken to accelerate cooling, iced water being
“civculated through a network of pipes embedded in the masonry.

Al Mettur, no such elaborate precautions were taken, it being
considered that the raising of alternate sections allowed sufficient
time for the intermediate ones to cool. Temperature observations
made in the heart of the dam during the earlier days of the con-
struction in the ‘* Deep Hole * indicated, however, that the tem-
perature continued to rise in the mass over a period of 14 to 15
weeks after which a fairly rapid drop occurred; though it was
evident that the rate of fall of temperature became slower as ftime
went on and that several years would elapse before the dam entirely
guye up its stored heat. Tt is unfortunate that temperaturc observa-
tions in the dam were not sysfematically made and recorded through-
out the period of construction. The somewhat rough and ready
tests referred to above were sufficient to indicate that very valuable
data might have been obtained, but it was not till the dam was
practically completed that some continuous tests were made in
the masonry near the top of the dam. The small mass of masonry
and the variable external conditions rendered these tests valueless.
the duration of the tests being far too short.

During the years of construction the writer made frequent
superficial observations at the contraction joinfs in the dam and
noted with interest the behaviour of these joints at different
seasons. During the hot weather the joints at the rear face of
the dam, which is exposed to the sun’s rays throughout the day,
are prachically invisible- and reveal only the smallest hair cracks
even during the cold weather. On the upstream face, however,
in the portion of the dam above water-level, the joints generally
show a distinet hair erack during the summer months and open
up sufficiently in the winter to admit of a visiting card being
thrust into the joints. Se far, no cracks are discernible anywhere

* An interesting technical paper relating to this subject entitled ¢ Correlation
between laboratory tests and observed tcmperature in large dams ” by N. Davey,
PH.D., AM.LO.E., was published by His Majesty’s Stationery Office in 1933,

9






CEAPTER XXVIIT
DRAINAGE SHAFTS AND INSPECTION GALLERY IN DaM.

W mAVE remarked on the unusually small leakage which is
apparent in this dam: ILef us now see what provision was made
in its design to guard against and observe such leakage—for
nothing which conld materially contribute to its safety has wil-
fully been omitted. In the Chapter relating to borings and. the
exploration of the rock on which the dam is founded, we referred
fo the 40-foot ¢ Calyx ’ holes drilled through that rock, ab frequent
intervals on a line a liltle in front of the centre line of the dam.
Any of these holes which, when subjected to high pressure tests,
showed signs of fissures or other faults were extended by means
of 3 inches or 4 inches pipes up through the masonry into the
inspection gallery. The gallery which is 7 feet wide and 73 feet
high extends at approximately ground level from the extreme
left flank for a lenath of about 4.000 feet tlirough the heart of
the dam, being situated slightly upstream of the centre line. Tt
terminates a little to the east of the high-level sluices where the
section of the dam. on account of the height of the ground, is
relatively small, the top being bufi 81 feet above the cills of these
sluices. 3

The gallery is everywhere constructed on a gradient and is
connected at its lowest points with the rear of the dam at ground
level by means of cross-galleries. There are five outlets of this
nature, two on the left flank and three on the right hank of the
river, and these are so situated that any leakage water entering
the gallery is easily led off and drained away in rear of the dam
at ground level. At intervals of 15 feet throughout the length
of the gallery (except in the T.ow-level Sluice Section and Hydro-
Hlectric Section where they are omifted) 12-inch diameter verbi-
cal drainage shafts enter fhe gallery. Bach shaff extends into
the foundations below ground level and up to the top of the
dam. These are in staggered formation, half of them entering
the gallery just inside the upstream wall and the other half on
the downstream side. The object of these shafts is to trap
any  water which penetrates the front face of the dam, whether
through, the contraction joints or at any other place, and to
deliver it into the side drains in the gallery whence If can be
led off freely at ground level. Tn many smaller dams where no
such provision is made it is not, possible o know at any time
what is actually taking place within the body of the dam, neither
is it possible to examine or check serious leakage except by the
labofiGus and somewhat doubtful process of: boring and grouting.
The Periyar Dam in South India is an example where this pro-
cess had recently to be carried out since the leakage, which
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For the construction of the drainage gallery, which has a semi-
circular arched roof, collapsible steel ‘centering was used. Rails
were laid on the floor of the gallery and the centering, mounted
on suitably designed trolleys, was advanced as cach scction was
constructed. Tn some reaches concrete: was used for the arch;
the vertical walls all being constructed of coursed rubble masonry,:
but where the gemeral construction was all of masonry the arch
rings were built of stone in mortar. The latter method actually
admitted of more rapid construction of the gallery since the arch
could be turned in advance of the surrounding masonry.

The drainage shafts were formed as the work proceeded,
collapsible - steel eylindrical: moulds being used. Since the mortar
set in the course of a few hours, it was not necessary to use
long moulds as they could be withdrawn a couple of feet at a
time the lower end remaining in the shaft and acting as a guide.
The positions of moulds ‘were carefully checked with reference to
the centre line at frequent intervals so that the drainage shafts
continued straight from the gallery to the top of the dam, any
deviation from the vertical being easily corrected. The pipes con-
necting the calyx holes beneath the foundations with the gallery
were generally brought up above the floor level of the gallery and
terminated in small niches thus rendering them accessible without
causing any obstruction. The pipes were capped to prevent. any
foreign matter getting into -them, reducing sockets being provided
for easy connexion to the pressure-grouting machine should this
at any time be found necessary. :

The cross-galleries were * constructed in exactly the same
manner as the main drainage gallery. The gide drains which
run along both sides of the gallery are of semi-ovoid section, their
widths being 4 inches, 6 inches or 9 inches according to the length
of gallery to be drained, the larger size, of course, being at the
outlet. For the measurement of leakage into the gallery, vee
notches, cut from metal plates, are fitted at the outfall of cach
drain, so that the total leakage in any section of the dam can
readily be measured. ; ;

In the light of recent observations, however, it would now.
appear degnab]e to extend the tops of the drainage shafts which
extend downwards from the floor of the gallery to a height of a
few inches above the side drains in the gallery. By this means
any water collecting in the lower shafts would be free to rise
and overflow into the side drains, while the leakage down the-
shafts above the gallery would not be admitted to the lower shafts.
Many of the latter are actually found to be performing the func-
tion of drains, so that the total leakage is not actually measurable.

10



CHAPTER XXIX

SELECTION OF SITES FOR THE IRRIGATION SLUICES.

THE TRRIGATION shuices which pierce the dam differ very consider-
ably in size, number and location from those originally proposed,
and - the circumstances which led to these changes may be of
interest.

At Col, Ellis’s original site for the dam the configuration of
the ground naturally suggested the location and levels of the
sluices. These were to be in three sets known as the ‘ Deep
Supply,” ‘‘ Central Supply ’ and ‘‘ Right Supply > sluices.
With the shifting of the site of the dam and the considerable
modifications rendered necessary on account of the extraordinarily
high flood experienced in 1924, the sluicing arrangements had to
be entirely reconsidered. The position of the slmces now depend-
ed upon the finding of suitable new sites for the approach and
outlet channels, the maximum head which could be permitted
at any set of sluices, the capacity of the reservoir at those levels
which would admit of the required discharge for irrigation pur-
poses, and the ability of the high-level sluices to assist in the
discharging of high floods.

After the new dam site had been. fixed, a detailed survey of
the water-spread area of the reservoir was carried out by the
Survey of India and excellent contoured maps were prepared.
From these, the capacity of the reservoir at all levels was caleu-
lated and proved of great value in determining the size and
capacity of the sluices.

One of the matters requiring careful consideration was with
regard to the maximum velocity which could be permitted through
the sluices. Many opinions had been expressed on this subject
and they differed very considerably.

Bearing this in mind and considering the discharges required
at different seasons for irrigation, reference was made to the
working tables which had been prepared by Col. Ellis. Origin-
ally the gates for the sluices were fo be more or less square but
on the advice of the sluice gate manufacturers, high and narrow
gates were shown to have advantages by reducing the stresses
on the gates, the thrust on the piers between the sluices, and
overcoming the risk of the gates jamming when being raised or
lowered.

As a guide to the design of the sluices let us consider the
conditions of supply required for the original scheme.
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irrigation sluices was not definitely fixed pending the opening up
of the dam foundations on which both the location of the sluices
and their levels would depend. i

Meanwhile, the question of velocities to be admitted through
sluices was carefully studied. At the Krishnarajasagara dam it
was seen that, with the sluices operating under a head of water
as great as 95 feet, the cut stone linings of the sluices did not
appear to show any signs of wear, the stone used being very similar
to that available at Mettur.

Considering, thereforc, that much greater heads and velocities
might be permitted than had originally been assumed, it was now
possible to reduce the number of sets of sluices to two, terming
them ** High level ** and ‘ Liow level,’” providing the pipes through
the dam as already suggested, and employing temporary con-
struction sluices which would be closed permanently as soon as
the dam reached the requisite height to enable these pipes to
discharge the dry weather flow. This proved to be the ultimate
arrangement, after the possibilitiecs of an hydro-electric scheme
had been discussed with ‘the officer in charge of Hydro-Electric
developments in the Presidency. The details of that important
scheme will be discussed later.

It was not until 1930, that the sites for the high and low level
sluices were fixed. For some time there was a discussion as to
whether the low-level sluices could not be situated in the river
section where no supply channel below the dam would be required.
If this could be done there was a possibility of forming an inde-
pendent supply channel for the high-level sluices by making a
cutting through a rocky spur near the right flank, a quarter of a
mile or so below the dam, and discharging the water into the
Kullavirampatti vari, a well-defined water-course which ' enters
the river a little below the Cauvery bridge. It was thought that
the cutting through the spur would serve as a very convenient
quarry for stone, but it was soon found that the spur consisted of
inferior material unsuitable for building purposes. This spur,
it may be remarked, was to have formed the right flank of the
dams located at sites ' B* and ‘ C’, so it is as well that those
sites were ‘abandoned as they would have proved most unsatisfac-
tory, necessitating the removal of most of the spur and theleby
adding enormously to the bulk and length of the dam.

Tor various reasons, Mr. Mullings, the ' Engineer-in- Chief'
could not see his way to approve of the low-level sluices being
situated in the river-bed section. In the first place, this would
seriougly interfere with the operation of the concreting towers
which would not be able to cross the sluice sife (d.nd as a matter
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of fact, it may be observed, that neither of the towers ever did
cross the river). Secondly, the protection of the rear toe of the
dam at that site would have presented difficulties, since the water
discharging from the sluices would have to fall 45 feet over the
back of the dam, and as the velocity of discharge through the
sluices was high, a normal type of spillway section would have
been unsuitable.

Accordingly. it was decided to locate the low-level sluices to
the west of ** Hill 60 *’ between L.S. 3720 and L..S. 3860, with
a sill level of + 660. On further excavation of the foundations
at that site, it was found that hard rock existed at about 665
level while the ground level there was about +680. There seerned
no justification for the removal of a large mass of solid rock in
order to keep the sluices at the level proposed, and the sill level
was, therefore, raised to +670, since the capacity of the reservoir
between those levels was too small to be of any consequence from
the point of view of irrigation. By raising the sill level thus,
the extent of cutting both in front and rear of the sluices, though
still rather heavy, was considerably reduced.

As we have previously noted, the original site selected for the
high-level sluices, was found to be not nearly as good as the site
finally selected between I.S. 4680 and 4880, where a large mass
of sheet rock presented almost ideal foundations, whilst its con-
tinuation in rear of the dam was of such a shape that it formed .
a perfect cascade down which the energy stored in the water
emerging from the sluices could be dissipated. In addition, the
high rocky ground on either flank of the sluices at this site ensured
the safety of the dam at those flanks, though it involved some heavy
rock cutting to form the chanmel.

" Thus, the sites for both the high and low-level sluices came to
be fixed.

" Mentatively, the Engineer-in-Chief had previously proposed
vents of 16 feet x 16 feet with sills at + 700 level for the high-level
sluices and 4 or 5 vents with sills at +660 for the low-level sluices.
These sizes and levels were further modified, and by the time
the sluice manufacturers, Messrs. Glenfield & Kennedy had been
consulted, the proposal had boiled down to having all vents 6 feef
wide only, on the score that one emergency shutter and one type
of motor-driven gearing would serve for all sluices-and the parts
would be interchangeable, thus reducing. the cost of spares and °
replacements when required. However, the matter at this stage
was left to the manufacturers to decide in view of their world-wide
experience with this class ol work. SR kg
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. Ultimately, therefore, the manufacturers’ plans and proposals
were accepted. - Their proposals were that the high-level sluices
should consist of 8 gates with™ clear opening 10} feet x 16 feet,
and. the low-level sluices should comprise 5 gates, each with 7 fest
x 14 feeli clear opening. The sill levels were fixed at - 720 and
+670, respectively. ;
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HYDRO-ELECTRIC PIPES.

REFERENCE HAS already been made to the pipes which served as
construction sluices when the temporary construction sluices were
closed. The size and position of these pipes was not decided until
the question of hydro-electric power development had been gone into
very thoroughly.

The history of these pipes may be of interest. In Col. Elhs’s
original scheme, it was proposed to insert four 24-inch pipes through
the dam with the intention of developing power locally after the
third year of construction by means of low-pressure turbines
coupled to electric generators to provide the power required for
lighting and for the operation of plant at headworks during and
after the construction of the dam. It is not clear what head was
expected to be available in the reservoir at the time of operating
these turbines, and of course, the power contemplated then could
only have been a [raclion of fhat actually consumed on the work
many years later when practically every machine employed
during the construction was driven by electricity.

With Sir Clement Mulling’s proposal to utilize pipes, first
as construction sluices and later, for the development of power
on a larger scale, the final scheme began to crystallize, and in
1928, the Chief Engineer, Hydro-Electric Development, took up
the study of a sgheme to ascertain the possibilities-of installing
a hydro-electric power station at Mettur for operation in conjunc-
tion with the great Pykara System then in course of development.
Under the orders of Government, he visited Mettur in 1929 and
discussed the matter with the Engineer-in-Chief.

Now, the Mettur Scheme was originally designed ecntirely
for the. storage and regulation of water for irrigation purposes;
and since compensation water only was to be let down the river
below the dam during the non-irrigation season, the availability
of the requisite discharge for maintaining a power supply from

- this.source for all the twelve months of the year was a matter for
special consideration. During the irrigation season, the supply
of water passed down is, of course, far in excess of the needs for
hydro-electric power development, while during the closure, the

- discharge-is-normally limited to about 1,000 cubic feet per second
discharged from the reservoir when it is at a comparatively low
level. A power station erected at Mettur, therefore, would have
to have its power output based either on the minimum dry weather
flow ‘during the peuod February-June or else on a higher
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discharge for part of the year with assistance from another source
during the remainder of the year. This matter has been duly
considered and a complete scheme worked oub. A pamphlet
prepared by Major Howard, the Chief Tngineer for TBlectricity,
is reprinted in Part IT, Chapter XIX of fhis book. It may be
mentioned that Major Howard's scheme is now (1936) in hand
and the preparation of foundations for the power-house and
erection of power transmisgion lines have already made consider-
able progress. i :




110 HISTORY OF THE CAUVERY-METTUR PROJECT

The four sets of 102-inch pipes were supplied complete with
needle-valves, screens and dispersers in 1930 and were laid in the
dam at 1.S. 965, 1,013, 1,061 and 1,109 feet, respectively, being
set at 48-foot centres. The sill level at the inlets is + 640. These
pipes first functioned as additional construction sluices during the
dry weather of 1931, when the temporary construction sluices were
closed, and continued to be operated, when necessary, during the
remaining years of construction. When the construction of the
foundations for the power station was put in hand towards the
end of 1935, the pipes had, of necessity to be kept closed.

The general arrangement and construction of the pipe installa-
tion is described below.

Screens.—The water from the lake passes into each of the
pipes through twin inlets'7 feet by 25 feet deep, the two
streamns merging again at the down-stream side before
entering the . pipes. Screens (or racks) have been pro-
vided at these inlets to exclude foreign matter such as
debris, stones, floating logs, etc., from entering the pipes
and turbines. These screens are 7 feet by 25 feet, built
up of 3 inches by 2 inch thick plates spaced at 245 inches _
~ . centres and contained in a steel frame complete with
guide-rollers and hoisting chains extending to the top of
the dam. The freeway area of each screen is 150 square
feet and the velocity is 33 feet per second when the cul-
verts are each discharging 1,000 cusecs.

Should the screens get choked with debris, there would be
an appreciable difference of level between the water in
the reservoir and in the wet well in rear. This difference
would represent the velocity head through the culvert
plus the loss through the choked screens. This head is
shown by a mercurial differential manometer, to be located
lJater in a suitable place in the power-house but, for the

“present, fixed in the needle-valve chamber. When this
difference of head reaches the allowable maximum it would
give a warning that the screens are getting choked, thus

o restricting the flow of water into the pipes. It is then
I necessary to remove the screens for cleaning. Before

removing them, the two spare screens are lowered into
position in the up-stream grooves. These latter screens
are intended to function while the main screens are being
repaired or cleaned. The lifting and the lowering of the
sereens is done by 50-ton electrically operated travelling
_ Goliath crane, which is also used for lowering and with-
" drawing the emergency free roller gate. L

'
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The spave screens are also 7 feet by 25 [eel deep exactly
_similar to the main screens, but fitted with a hinged flap
at the top to screen the horizontal gap when the regular
sereen s raised and the spare screen is lowered in the
up-stream groove. ;

The screens roll along C.I, double grooves for the bottom
36 feet ahove sill. These are in ‘lengths of 9 feeti and
anchored to the concrete with binding bolts. The roller
faces are unmachined, while above 86 fect the grooves are
formed in the masonry itself.

The culverl from the bell-mouth up to the wet well is built
of masonry, the sides arve built with ashlar facing, the
flooring is of cutstone slabs, and the roofing is of reinforced
concrete. The nose of the pier where the twin inlels merge
into one, is provided with east iron lining to safeguard the
walls against any possible erosion.

The Roller Hmergency Gale—Passing the screens the water
enters the wet well just in front of the centre line of the dam.
Here the flow into the pipe entrance is controlled by a roller
emergency gate 7 feet by 14 feet high. This gate is intended (o
shut off the water!’ when repairing or remewing the seats of the
needle-valyes (the main regulating valves in rear). The pressure
of the water keeps the gate tight in place. Tt is hauled up by the
Gooliath crane at top and drops into place under its own weight.
The gate seatings are of special Tiow Moor Iron plate to withstand
wear and ensure a durable and satisfactory seal face for the gate
bottom, The gate consists of a series of anti-friction rollers
moying against a cast iron machine facing with a gun-metal seal
on either side to prevent leakage of water. It is claimed by fhe
makers that these gates effectively stop the flow under pressure.
‘The gate is guided throughout its travel by mild steel angle guides
extending from the top of the frame casting to top of dam.

Sluice 'well.—This well is intended to serve the double function
of a surge tank and a well for the insertion of the roller emergency
gate. The sides of this well are protected with cast iron and
steel linings up to level 680-875 as this arca wall be subjected to
a static head of nearly 150 feet and considerable agitation on
account of the rush of water past the entrance, or surging when
the valve is operated fo increase or diminish the flow into the
turbines. Behind the wet wolls the dam for a width of 12 feet
is built of reinforced conerete from the top of pipes to counteract
any tension that may be created on account of the reduced width
of dam,: = ' ; 7

Bell-mouth special entrance.—The velocity through the 1027
Dr. pipes for the full capacity is about 17 feet per second, i.e.,
(about the maximum that good practice allows). To cut down
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vertical shaft passes into the head-stock and carriés a worm
wheel of manganese bronze which is engaged by a worm cast steel
forged from the solid, all gears being machine-cut thronghout.
The worm shaft is fitted with ball end-thrust washers and the
whole is totally enclosed to run in an oil bath. The worm shaft
ig extended through an end-bearing and carries the spur wheel
of the second spur reduction. The pinion wheel is connected
through the head-stock to the operating fly-wheel which is pro-
vided with a handle. The second spur reduction is totally enclosed
by a sheet steel guard. It takes ordinarily about 20 minutes for
2 to 4 men to close or open the valve. The outlet of the valves
is connected to 2 lengths of 72 inches diamefer C.I. pipes each
9 feet long. The valves were used as free discharging valves during
construction of .the dam and, if retained, will operate as main
regulating valves for the future hydro-electric installation.

The design of the turbines as well as the construction of the
power-house is deseribed in the Chief Engineer for Electricity’s
pamphlet (Part IT, Chapter XIX). -

Dispersers.—The energy of the discharge through the pipes
during the dam construction was dissipated by rotatable jet-
dispersers fitted up to the 6-fool diameter pipes. The dispersers are
not part of the hydro-electric installation, but were provided only
to prevent scouring of the foundations and the river bed in rear
of the dam, when the pipes were discharging freely, 'I'he outlet
nozzle pieces are 5 feet in diameter and are angled to give the
nozzle a rotation of 10° in either dircction horizontally, so that
the jet might not foul the rear bogie of the concreting tower when
in its working station in the hydro-electric section. The dispersers
have all-steel outlet nozzles tapering from 6 feet to 5 feet, fitted
with internal disperser vanes and are a Glenfield and Kennedy’s
Patent.

Steel platforms with hinged covers, locking bars, and hand rail-
ings were algo provided to span the screen openings at dam parapet
level. These platforms are used when it is desired to clean or
inspect any screen when raised by the Goliath crane. :

Goliath crane—50-ton—Electrically operated travelling.—The
crane is capable of lifting a maximum working load of 50 tons
on the main hoisting gear and 10 tons working load on the
auxiliary hoisting gear. The crane is capable of hoisting, travers-
ing and travelling with the heaviest emergency roller gate, 20 tons
in weight. The main hoisting, auxiliary hoisting and cross-
traversing motions are done by independent electro-motors, while
the travelling of the crane is done by hand power.

" The crane consists of a steel structure carried by four double
flanged rail wheels on each of the dam parapet walls running op
90 1b. rails fixed to the parapet walls at 18 feet centres. Eainy
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The main hoist gearing arrangements and the auxiliary hoist
gearing arrangements, with automatic brakes, are fitted in the
crab frame on the cross-tray. The motors provided in the crane
are as follows :—

Main hoisting motor ol .. 10bh.p. at 575 R.P.M.

Secondary hoisting motor 5 b.h.p. at 570 ,

Cross travelling motor .. .. 23 bhp.at 570 ,,

The following are the speeds :—
Main hoist . . % S 50 tons at 1’ 6” per minute
20 tons at 3’ 6 23

Auxiliary hoist .. o .. 10 tons at 3’ 6” 55

Cross traversing .. = .- 20 tonsat 30" 0" .,

Long traversing .. . .. 20tons at 15/20 feet per
minute 4 men exerting
15/20 1b.

The approximate weight of the crane is 40 tons. Its cost was
£2,560 f.0.b. Glasgow.

Erection.—The erection of the hydro-electric pipes was started
in November 1930, after isolating the freshes in the river by
erecting a temporary coffer dam in front with steel shutters bolted
on to girders, closing the inlet openings of the culverts. An
earthen ring-bund was raised in rear fo prevent the rear water
from encroaching into this area. ;

- Temporary tram lincs were laid from the place where the
materials were stored on to the rear of the dam, with suitable
branches along the centre and between the pipe lines at level
+636.0.

The masonry of the dam where the pipes were to be fixed was
laid out in terraces having a drop of 1 in 20 to correspond with
the inclination of the pipes; and rectangular blocks of MasoONTy
about 20 feet long, and 1 foot thick were built and finished off
to within 1 inch of the bottom of the pipes, being suitably spaced
and leaving enough room to admit of the pipe flanges being bolted
together.

The heaviest parts of this plant were the bodies of the needle-
valves (about 12 tons 5 cwts. each) and the two halves of the
bell-mouth special entrances which weighed about 8 tons each.

The erection was started from the needle valves and. con-
tinued towards the upstream end. Masonry stools for the feet of
the needle-valves were first built to the proper level and on these
the sole plates were fixed with batt bolts carefully levelled to
receive the feet of the valves. -

For handling these heavy pipes and valves a gantry was built
up by erecting a 12 inch lattice derrick post on one side of the
valve and a masonry pier on the other with their tops connected
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by two 12 inches by 6 inches R.S. girders tied together by
means of four 9 inches by 3} inches back-to-back channels. Two
10-ton Morris worm-gear blocks suspended from this girder lifted
the body of the valve off the bogie which was then hauled back,
and placed it in position on the sole plates. The final adjustments
such as raising and lateral shifting were carried out by means
of three 12-ton traversing screw jacks suitably placed and opera-
ted underneath the body of the valve.

The tram line between the 2 lines of pipes was used to convey
the bell-mouth specials and pipes. The same gantry arrangement
was adopted to put the two halves of the bell-mouth casting in
position on the piers just behind the centre line of the dam. The
1027 diameter pipes were brought to site in bogies, rolled over the
masonry blocks into position, packed -with broad gauge sleepers
and wedges and fitted up tight one by one from the valve and
aligned to the correct inclination by means of iron packing pieces
underneath. Finally, the two halves of the bell-mouth. were
joined together and bolted to the pipe-line and. the entrance thus
completed in front.

The fitting of the 6 feetdiameter pipes in rear of the valves was
similarly carried out. Two lengths of these pipes were added and
lastly the jet dispersers were fixed. y

The pipe flanges were all grooved and the joints were made
up by means of half inch diameter India rubber card ‘packing
inserted in.the grooves, thus ensuring an absolutely" water-tight
joint. :

The four pipe lines were completed by March 1931 and the
sereen frames, screens and linings for the wet wells were fixed by
June 1931. On the whole, the work comprised about 900 tons of
heavy iron work. :

After the pipes line was completed, it was completely cased in
concrete of 1: 2 : 4 mix, two feet thick all round. Over this the
normal masonry of the dam was continued.

The cost of this pipe installation alone, exclusive of constric-

tion of the power-house, the turbines and the electrical machi-
nery was approximately 8 lakhs of rupees.



CHAPTRER XXXI

IRRIGATION SUPPLY CHANNELS.

Unmin T sites and levels of the two sets of irrigation sluices had
been settled, it was not possible to design the supply channel
required to connect these sluices with the river, and even then,
it was not possible fo determine the position of the falls or drops
required in the channel to lower the water from the high-level
sluices, with their cills at +720 to the river-bed at 4 625—a fall
of 95 feet in a distance of 4,000 feet only. The bed-fall of the
channel had to be kept within limits to prevent undue scour and
this necessitated the provision of a number of masonry drops
across the channel. TUntil the channel was actually excavated,
the nature of the bed could not be determined and since it was
desirable to locate the drops only at those places where good rocky
foundation could be found, very little designing could be done
in advance. However, a maximum discharge of 25,000 cubic feet
per second was the basis of calculations for determining the bed
width and depth of the channel. Hyen this gave the designers
something to think about as never before had an artificial channel
been constructed: by the department for such extracrdinary con-
ditions of discharge. The designers, with all their experience in
the design of canals and irrigation channels having velocities up
to about 3 feet per second, had no data to assist them in designing
a channel of this nature. The width of the channel had of neces-
sity to be kept to a minimum in order that the cost of the many
masonry works might be kept within reasonable limits, as also
the oxtent of excavation. Accordingly, a hed width of 142 feet
was selected for the normal channel section, and it was estimated
that a discharge of 25,000 cnusecs would produce a velocity of
about 18} feet per sccond with water flowing at a depth of 12 feef,
agsuming the banks to be sloped at 1 : 1. Tt was considered shat
a free-bonrd of 3 feet would suffice, and the tops of the banks
‘were, therefore, to be 15 feet above channel bed. M. Dowley,
the Officiating Engineer-in-Chief at that time, alb first suggested
that the channel might be left to cut its own course, providing
only a narrow leading channel to induce it to follow the desired
route to the viver. But with such high velocities, the dangers
of retrogression had to be carefully considered while the danger
to which certain buildings near the course of the channel would
be subjected could not be overlooked. A large cement-shed stood
near the right bank of the channel about half-way down its course
while the general stores and power-house stood a litile further
away on rather low ground. Again; it is probable that, left to
its own devices, the stream would have out-flanked the Cauvery
bridge near the right abutment, where the natural ground lay in
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a depression. This proposal could not, therefore, be seriously
considered and it was eventually decided to cuf the channel to a
proper section, with revetted banks throughout its entire length.
Trial excavations revealed a variety of soils along the alignment
of the channel, but a rocky bed was found throughout the greater
part of its course. Whether the softer rocks would be able to
stand up to a velocity of 134 feet per second without undue scour
was problematical, but this was a matter which could only be
proved by actual experience. Prior to the excavation of the
channel, numerous feed lines for supplying materials to the dam
crossed its alignment, so the work was delayed as long as possible
in order that there should be as little interference as possible with
the dam construction. It was realized that eventmally a bridge
would have to be constructed across the channel for the conveyance
of materials to the Red Tower and for the removal of machinery
and materials on completion of the work. Accordingly, a bridge
of four spans of 31 feet each was designed and later constructed
at a point a little below the junction of the high-level and low-level
channels. Excavation on the line of the channel revealed several
broad bands of hard rock at suitable intervals between the junction
of the channels and the high-level sluices, and at such places the
masonry drops were constructed. The highest of these drops was
12 feet and, to dissipate the enormous amount of energy stored
in the water when 25,000 cubic feet per second passed over these
drops, very effective water cushions had to be designed and con-
structed. In construction, the rock was cut back roughly to the
shape of the finished drop and first class coursed rubble masonry
was built in close contact with the rock not only for the drop walls
but also for the wings and side walls. This ensured the maximum
strength and stability of the masonry, and it may here be stated
that ail the drops have stood up to the buffeting without so far
incurring any damage whatsoever.

High-level channel.—The high-level channel, as we have
already remarked, starts at the foot of the rocky cascade some 240
feet in rear of the high-level sluices, or 335 feet from the centre
line of the dam. At 700 feet from the head a drop of 10 feet is
provided. The bed fall of the channel is 1 in 480 throughout.
‘At 1,066 feet a second 10-foot drop is provided, while at 1,450
there is & 12-foot drop. At 2,100 the high and low-level channels
meet and continue as a combined channel to join the river about

. 4,000 feet from the high-level sluices—at 2,158 feet from these
sluices the channel is crossed by a bridge of 4 spans of 31 feef
each. The high-level channel is entirely in cutfing, the tops of
banks being generally ahout 18 fect above bed level. The sides
were revetted throughout with rough stone, dry packed, 18 inches
thick, but the heavy wave action on the banks has since necessi-
tated the grouting and cement pointing of the greater part of the
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when they meet the cushion wall at &, thus losing much of their
former energy. This water then overflows into the stilling chamber,
the bed of which is 1} feet below the top of the cushioa wall:
Here the vertical wave action is almost entirely suppressed. The
bed of the hydraulic jump is all solid rock. The side walls and
the jump wall are built in solid masonry. They have a batter
of 1 in 6. The foor of the stilling chamber is paved with
masonry in cement wortar. After leaving the stilling chamber,
water flows over the natural bed of the channel and then to the
river through a succession of drops.

There are two 6-feet drops in this channel between the stilling
chamber and the junction with the high-level chanmnel. For the
drops in the combined channel below the bridge no masoury
aprons are provided as the bed consists entirely of rock at these
places. This channel is also 142 feet wide with side slopes 1 : 1.

The excavation of the low-level channel was started in May
1931 and completed in August 1932 including all the masonry
works. The total cost of excavation of the low-level channel and

. masonry works was Rs. 3,83,160.

In excavating the channel the problem of disposal of the spoil
was a matter of some importance. A good portion of the spoil was
utilized in filling up hollows and in forming high embankments for
laying tram lines for feeding of materials to the dam. In fact,
the ground in rear of the dam has in places been raised on an
average by 10 feet with the aid of the spoil from the chanunel
excavations. The spoil at the tail end was dumped into the river
just below the confluence of the channel with the river. Most of
the stuff deposited in the river was washed away during the floods
of 1932 and 1933. :

Good building stones removed from the excavation was partly
used .on the dam and partly on the masonry works in the channel.
Three locos and about 250 trucks were engaged in the disposal of
spoil from the excavation of the channel.

Tn some parts of the channel the rocky soil was found to be
very hard. Some of the piece-workers employed on the work found
it very difficult to make satisfactory progress with the excavation
by hand methods; so certain reaches were taken over departmentally
and the excavation was done with the aid of pneumatic tools.
Pneumatic picks or busters were used for the decayed rock while
jack hammers and tripod drills were used where blasting was neces-
sary, and large masses of hard rock were removed by this medns.

General —Since the channels were constructed and brought into:
operation, it has been found necessary to carry out numerous
improvements. The original free-board allowed, particularly in the
low-level channel has been found inadequate. The wave action

11a
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with the channels running -at anvthing like full discharge is very
heavy and the banks were overtopped during 1935, with consequent
damage to the revetment. Slips occurred in several places and the
stones were torn out of the banks by receding waves. The surface
of the water at the bends assumes a considerable super-elevation,
the water level on the outer side of the bend being as much as
3 to 4 feet higher than at the inside. In consequence, it has been
found necessary to replace the revetted portion of the right bank
of the low-level channel between the ** hydraulic jump ' and the
junction with the high-level channel with masonry retaining walls,
the height also being considerably increased. Even in the straighter
portions of the channel below the bridge the banks have been raised
another 3 feet and may still require further raising. In the weaker
places the original dry-stone revetment has been replaced with
masonry. particularly 1mmed1ately in rear of the bridge. The
afflux at the bridge is very considerable and the water has been
up to the bottom of the girders. To protect the girders, the piers
of the bridge have recently been extended 12 feet upstream but it
is probable that the channel will ultimately have to be widened at
the site and an extra span inserted on the right side as the restric-
tion of waterway is excessive.

There is a tendency for the softer rock in the channel bed to
scour. and for pot holes to be formed. Above the drops and both
upstream and downstream of the bridge apron the deeper scours
have been filled with rough-stone masonry set in 1:5 cement
mortar-

In the course of a few years one may expect to see the entire
channel bed lined with masonry, for nothing but the hardest
varieties of rock can withstand the high velocity for any great
length of time. As the softer rock is eroded the channel had
become increasingly rough, the harder rocks projecting well above
the scoured bed. These at times become detached and are carried
down the stream and deposited in shoals on the inner side of the
bends and at the junction of the two channels. It is anticipated
that the channel bed will require attention and repairs every year.

The layout of the channels, the cascade below the high-level
sluices and the bridge across the channel are clearly illustrated
in the general view of the dam given in Plate No. XXIX.

The spray thrown up at the hydraulic jump immediately in rear
of the low-level sluices makes it difficult to obtain a good photo
of the jump in operation, but to the spectator, it is an impressive
display of a fight between man and nature, a fight in which nature
always tends to get the upper hand.



CHAPTER XXXII

TeE Erris SAppre SurPnus WOoORKS.

FREQUENT REFERENCES have already been made to the Ellis Saddle
surplus and a more detailed description of the site, the design and
construction of the surplus works here follows :

The surplus sluices are located on the left side of the river
Cauvery at the original site proposed by Col. Fllis, R.E.,
when Superintending Engineer in charge of the Investigation of the
project and are not adversely affected by the dam itself being about
a mile higher up the valley than the site selected by him. The site
is fairly ideal bemng a saddle with natural hilly abutments for the
sluices while a natural valley below (Thottilpatti vari) serves as a
water course of almost unlimited capacity for the surplus water to
flow down and rejoin the river about three miles below. Hxcept
for one or two hillocks the saddle was moderately level, occupying
an area of ground measuring about 1,200 feet by 650 feet. It had,
however, to be lowered by some 10 to 20 feet to bring it to + 770,
the required sill level of the surplus sluices.

The works relating to the surplus sluices may be classed under
four heads :(—
(i) Lowering the saddle to the sill level of the surplus sluices.
(i) Constructing the surplus gluice bridee and the masonry
piers for carrying the overhead platform for operating the
sluice shutters.
(iii) ‘Providing sixteen 60 feet by 20 feet barrage gates and an
overhead regulating platform.
(iv) Providing a masonry apron in rear of the sluices.
These are described in some detail below.

Lowering the Ellis Saddle—The original proposal was to pro-
vide 25 vents of 40 feet span each. The original estimated quantity
of cufting to the sill level of sluices, viz., +770 was 17,199,000
units and the estimate cost was Rs. 9,12,000. Tt was, however,
finally decided to substitute 16 vents of 60 feet span and, as a
resulti, there was a saviug in the total amount of cutfing which, on
completion, amounted to about 15.000,000 units and included the
lowering of the whole area to level +768:5 (i.e., bottom of floor)
instead of to + 770-00. A workslip was sanctioned for Rs. 6,00,000
in Engineer-in-Chief’s No. 114 TT.W. of 1928-29 during execution
of the work. A second workslip was sanctioned for Rs. 4.71.000 in
Ingineer-in-Chief’s No. 137-S.T., dated 5th March 1930, but the
total actual expenditure was under Rs. 4 lakhs, after allowing
credit for the quantity of stone taken from the cutting and used
up on works.

Surplus sluice vents and bridge—Size and number of vents and

alignment of sluices.—Towards the right of the saddle there was a
big knoll with its top at about level 810, 40 feet above the sill level
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of sluices. This was believed to be of fairly solid rock and the
original surplus sluices were accordingly designed by Col. Ellis in
two sets with 13 vents of 40 feet to the right and six to the left
of the knoll. The two sets of sluices were so aligned that the dis-
charge from one set wounld have impinged on that of the other at
some point, on the downstream side of the knoll.

The maximum discharge provided for by Col. Ellis through the
surplus sluices was only 120,080 cusecs on the assumption that the
maximum discharge to be provided at times of maximum flood would
be only 250,000 cusees and that the supply sluices could be made to
function as surplus sluices in addition to the main surplus sluices
during floods. But as has already been stated, the unprecedented
flood of 1924 brought down a flow of some 456,000 cusecs and this
necessitated the entire reconsideration of the surplusing proposals.
Finally it was decided with reference to working tables prepared
for July 1924, when that flood occurred, to provide 16 vents of 60
feet by 20 feet for the surplus sluices at Ellis Saddle.

A straight line alignment between the two abutting hills of
the saddle would have placed the sluices in a pocket in the valley
between the two hills since the saddle itself took a curve to about
500 feet east of the hills. The sluices had, therefore, to be aligned
on this eurve, which is concave to the reservoir, in order to avoid
the valley, and to provide sufficient length of escape to meet the
requirements and afford good junctions between the ends of the
sluices and the hills at either flank of the saddle- The alignment
finally selected has a radius of 800 feet and was selected with the
highest available foundations both for the sluices and for the rear
apron retaining wall.

Design of the road-bridge over the surplus sluices—Level of
roadway.—The present top level of dam is +801 (M.S.1.) but
the dam is so designed that it can be raised to +810 if considered
necessary at a future date. A level of 810 for the road over the bridge
has accordingly been adopted. The springing of the arches is at
+794.4. With an assumed M.W.L. at some future date of 805.00,
with the water level through the bridge being reduced by afflux, the
arch springing mght be submerged to a maximum depth of 4-1
feet. As the arches are of the open spandrel type this need not be
considered objectionable.

The road bridge consists of 16 spans of 60 feet each on vhe up-
stream side, the same as fixed by the requirements for the sluices.
The bridge is of open spandrel type with four R.C. arch ribs and
conforms to the standard requirements of a * B’ class bridge, the
roaud width between kerbs being 18 feet. For the comparatively
large span of 60 feet the arch rib design was found lighter and
cheaper than a steel girder bridge with R.C. decking and so this
has been adopted. The R.C. deck slab is divided into panels of
5 feet by 5 feet supported on T beams at all the four edges. The
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R.C.T. beams rest on R.C. pillars whicly are in turn supported on
the arch ribs. The four arch ribs are at 5 feet centres and are braced
together.

Each arch rib is a parabola represented by the equation
Y =X2/75 where (Y) is the depth of the axis below crown at any
place and X is the horizontal distance from the centre of the span.

The bridge is designed to carry a double track of tram lines, the
tracks being at 10-foot centres. The maximum live load on each
span allowed is for a train load of 60 tons on each of the tracks and
a crowd load of 80 1b. per square foot on the remaining space.
Actually only a single permanent line of tram track has been laid,
the remainder of the space being open for road traffic. The rails
are set flush with the road surface.

Parapets.—'I'he parapets and kerbs are also of reinforced con-
crete with panels and pilasters except over the piers where they are
of cutstone masonry. 'The surfaces of panels are given a pebble-
dash finish of granite chips.

Piers.—Tivery fourth pier is an abutment pier having double the
thickness of an ordinary pier. Even the ordinary pier is designed
to withstand the pressure transmitted by the shutters when they are
closed and when water stands in the reservoir at M.F.I.. They are
also designed to withstand the cross thrust due to water running
full only in one of the two spans adjacent to the pier.

The front extension of the piers of the bridge have been given
a modified section, raised for carrying the overhead regulating
bridge platform.

There are two masonry towers of ocL.wmul shape at the extre-
mities of the bridge to give access by means of spiral stair-cases to
the operating platform. These are provided with brass ornamental
finials, reinforced concrete stair-cases and are surmounted by rein-
forced concrete domes. Masonry pillars rise from the piers of the
operating bridge. These contain the switch-gear and also support
R.C. posls carrying the electric overhead hnea for feeding the
operating motors, ete. Satisfactory illumination of the road and
operation bridges is provided by lights suspended from brackets on
the posts, efficient types of reflectors being employed.

The masonry of the piers and abutments is of first-class coursed
rubble built in surki mortar, each course being one foot deep. The
exposed faces of the stones are single line dressed throughout, and
are cement-pointed.

Delails of commencement and completion of work.—The
masonry portion of work was entrusted to twe contractors Messrs.
S, Sambasivam Pillai and Ramaswami Goundan, surki mortar for
the masonry and cement and sand tor pointing, etc., being supplied
departmentally.

Cement concrele in foundations and all the reinforced concmtc
work were done departmentally.
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The laying of concrete in foundations was started at the north
abutment on 15th July 1929. A memorial stone was laid in this
abutment on the 5th August 1929 by His Bxcellency Sir Norman
Marjoribanks, the then Acting Governor of Madras.

The deck-slab of the last span was completed on 20th June 1931,
the whole of this somewhat imposing work thus taking less than
two years to complete.

Special features and details of work.—This is the first open-
spandrel type of ribbed arch bridge fo be constructed in the Madras
Presidency.

The arch-ribs are of paraboiic shape with a span of 60 feet and
a rise of 12 feet. The width of each rib is 1 foot 3 inches and the
depth varies from 1 foot 6 inches at crown to 3 feet at the haunches.
The weight of each individual arch rib is about 18 tons. One was
pre-cast experimentally on the ground and raised into position but
the handling difficulty was so considerable that this method of
construction had to be abandoned. Timber centerings at such a
height were disqualified as too cumbersome, and finally, three-
hinged steel arch centerings were adopted. A pair of steel arches
“was used for each rib. Each half of an arch consisted of a bow-
string type of steel truss. The two trusses forming an arch was
connected by a steel pin 2% inches diameter at the centre of the
span. The haunch ends were supported on eccentric pins resting on
special cast iron blocks placed on masonry corbels at the sides of the
piers. The eccentric pins were readily rotated with the aid of a box
spanner and the easing of the centerings presented no difficulty.

The steel arches were braced together by angles, and planks
were laid over these arched trusses so that the whole formed a com-

_plete wooden arch over the full width and length of the span of the
bridge. Wooden side forms for the reinforced concrete ribs and
braces were attached to the planks. All the four ribs and the braces
in each span were concreted in one day without cessation of work.

After removal of the rib centerings, the forms for the columns,
tie-beams and deck slab were put up. The T beams and deck slab
of each span were also poured in one continuous operation. There
was some trouble at first with timber forms for the reinforced con-
crete work on account of warping and these were later replaced
by sheet steel forms, which served very well, not only for the above
work but also for the moulded parapets, kerbs, elc. -

A small hand roller 6 feet long und weighing a quarter of a ton
was found very helpful for the quick consolidation of the slab
concrete. . ] s :

Super-elevation.—As the road runs on a curve of 800 feet radius
a super-elevation of 0-38 feet for a width of 18 feet of roadway has
been given. This super-elevation was effected by casting of the
different rows of columns to different heights. .



PLATE No. XXV.

VIEW SHOWING ARCH-RIB CONSTRUCTION OF SURPLUS BRIDGE.



‘SHDIATS SNIdU0S @TAAVS SITTE

I < i
ke s L

TAXX ON HLVTId



TOHLNIdNOD SHDINTS WIAAys SITTd

ki e RO, L
“V-IAXX ‘ON ELVIL




TAIIA AVEAL—SOTIAAS WIAAVS STV HOAOWMHL SA00TL

“HTAXX 'ON HLVId




HISTORY OF THE CAUVERY-METTUR PROJECT 125

Proviston for expansion and contraction of the R.C. slab.—To
allow for temperature variations causing expansion of the deck-
slab the masonry of the piers on which the ends of-the slab resf was
plastered smooth with cement mortar and two layers of oiled paper
of the required width were spread before laying concrete.

During laying of the concrete for the slab a thin plank with
wedges was fixed between the ends of the slab and the masonry
face of the pier adjoining it. The plank and wedges were removed
after the concrete had set and the % inch gaps thus produced were
filled with hot asphalt and jute fibre to serve as expansion joints.
The road surface of the bridge was finished by laying a wearing
course of 3 inches of 1: 2 : 3} cement concrete divided at 30 feet
intervals by ‘‘ elixoid ** expansion jomts. These joints have proved
very eftective as they do not ‘ bleed.”

Floor of the vents.—'T'he flooring consists of 1 foot 6 inches depth
of what was known on the Project as red cement concrete of
1:38: 6 mix. Thisis a concrete in which 20 per cent of the weight
of the cement is replaced by surki. The floor of the vents has a
rising slope of 1 in 16 from the front edge up to the steel sills of
the sluices and is then given a fall of 1 in 200 in rear.

Retaining walls of random rubble surki mortar have been pro-
vided in front and rear of the floor, the width of the walls is 8 feet
and the depth varies from 4 to 6 feet according to the depth at
which suitable soil upon which the masonry retaining walls can be
built. Tn the first span where hard rock was met with, the depth
of the rear retaining wall is as little as 2 feet.

Grouting of ground under front apron floor.—The disintegrated
rocky ground under the upstream apron floor was given special
treatment as it was suspected to be fissured. It was drilled at 10
feet intervals in both directions to a depth of 10 to 12 feet and
grouted with a liquid grout of cement and surki in the ratio of 5 : 1
before laying concrete [or the floor.

Slits in floar in rear of shutters to relieve the upward pressure.—
Vents } inch wide and 9 inches long cxtend down to the bottom of
the concrete floor downstream of the sill for relieving uplift pres-
sure. They are spaced at 5 feet intervals along the sill.

Surki mortar for masonry.—This is the only work in which
lime-surki mortar was msed instead of cement. Surki mortar
1:2: 4 (surki: lime : sand), being found cheeper than even 1: 6
cement mortar, was used in the work for all masonry. No other
reason for not using cement mortar for the whole of this work is
forthcoming. The required proportions of unslaked, pulverized

_lime, sand and surki were mixed and fed into power-driven mills
where water was added and the mortar ground, slaking of the lime
being effected only while grinding. : : i

" The surki mortar thus manufactared was found to have
hydraulic properties.
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Provision for tram traffic on the bridge.—A single permanent
track with guard rails and tie bars has been laid imbedded in the
8 inches wearing surface of fhe road over the bridge the top of
rails being set flush with the top level of concrete. The centre of
the frack is kept 6 feet away from the face of the upstream para-
pet of the bridge. The above arrangement allows of the simul-
taneous use of the bridge by road vehicles and trains of tram
trucks.

Apron and apron retaining wall in rear of the surplus sluice
bridge.—The off-take from the surplus sluices takes the course of
the existing natural vari called the ° Thottilpatti vari ’® down to
the point where it rejoins the river. 'I'he original deep bed of the
vari about 1,200 feet from the sluice line was 40 feet below the
sill level of (he surplus sluices. Tt was first proposed to negotiate
this fall or drop of 40 feet by means of 3 or 4 masonry drops spaced
100 feet apart with aprons between the drop walls. Rough estimates
were prepared and the scheme was dropped as it was found that
the cost would be about Rs. 15 lakhs and the circumstances did not
warrant such a costly scheme at the outset, it being considered
preferable to allow the surplus water to cut away the softer rocks
before coming to any decision as to the position of those drop walls.

The soil and sub-soil in rear of the surplus sluices for about
500 feet consists of very mixed disintegrated soff quartzite and hard
granite. The small surplus flow allowed through the sluices during
the 1934 and 1935 floods—both being bad years with very weak
monsoons—has shown that the bed of the channel in rear of the
surplus sluices is liable tio considerable scour; and deep pockets and
gullies have been formed in the solter masses ol rock in rear of
vents 9—12. At the time of writing, there has not been
sufficient flow available to clear away much of this soft material by
methodical scouring. When this becomes possible, and the harder
rock is exposed it is likely that extensive cushion walls will have
to be constructed so that the surplus discharge may be dropped
in successive stages down to the point where the bed of the chan-
nel ceases to secour. Since the water will, of its own accord, trace
out and remove all the weaker material, it is expected that very
little excavation will be found necessary and rapid construction of
the ‘cushion walls wili thus be possible during the brief season of
each year when water level in the reservoir is below the sill level
of the surplus sluices. One or two small masonry cushion walls
haye already been constructed between the harder rocks at the
bottom of the gulley in the channel bed in rear of vents 9—12.
These may be ' incorporated with the higher and more mas-
sive walls to be comstructed hereafter. The piers and abutments
are protected by masonry cut-off walls resfing on fairly hard founda-
tions and constructed in front and rear in line with the returns of
the abutments, with a solid concrete floor 1 foot 6 inches thick laid
between the cut-off walls. In addition to these, another long apron
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wag constructed in rear further to safegnard the pipers against any
serious cutting back of the surplus course.

The apron is 3 feet thick, 109 feet 9 inches wide and extends
from the rear cut off wall to a retaining wall founded mostly on
hard rock, but which may, in course of time, require further pro-
tection as indicated above.

The apron is of cyclopean masonry in surki mortar. Bond-
stones 3 feet deep and at 8 feet centres either way were first placed,
with a one-foot layer of masonry built between. The remaining
2 feet depth of masonry was made up of large hammer dressed
squared stones measuring about 2 feetx2 feet by 2 feet set in
gurki mortar. A thin layer of fine cement concrete 1: 3 :6 was
laid over the above apron to give a neat finish to the surface, though
the life of this surface is somewhat doubtful. The retaining wall
is of coursed rubble, third sort, and of gravity section with. the
front or downstream face vertical. The depth of the retaining wall
is as much as 35 feet'in places where good hard rock was not found
at higher levels. The top 2 feet of the retaining wall is finished
with cement concrete 1 : 2 : 4 with 1 inch broken stones, reinforced
with two rows of old 24 Ib. rails running throughout the length

- and anchored in masonry to enable it better to withstand the dis-
ruptive force of the water passing over it.

The rear apron has been divided into four sections by masonry
walls built rvadially in line with three abutment piers of the
bridge and to a height of 10 [eet above the apron level so as to
prevent cross or lateral currents developing and also to facilitate
repairs in one section of the floor without interruption to flow of
water through the sluices in other sections. At the flanks of the
apron, side walls in extension of the abutments are also constructed
to the same height as the above dividing or partition walls. = The
partition and end walls are built of coursed rubble, in' surki mortar,
the exposed faces being single-line dressed and pointed with cement
mortar to be in keeping with the adjoining masonry of the piers and
abutments of the bridge. g

The slopes of the earth embankment above the side walls at ends
and also the earth slopes for a distance of about 60 feet in front: of
the bridge have heen finished with a cement concrete facing 6 inches
thick 1: 3: 6. The concrete is provided with horizontal ledges on
its under face, 3 inches x 3 inches projecting ribs at 3 feet ‘spacing
run horizontally throughout the length projecting into the earth so
as to prevent the slipping ol the concrete down the bank. To give a
neat appearance, horizontal and vertical lines have been cut on the
surface to a V' section and to a depth of about § inch, marking
off the surface into panels of about 3 feet x 3 fect. ]

The concrete work and the supply of surki mortar for the
masonry were done departmentally. In the interests of guick exe-
cution the earthwork and masonry construction was shared by four
pieceworkers. i E
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Surplus sluice shutters and overhead requlating bridge—Tenders
and selection of contractors.—Tenders were invited for the supply
of the 60 feet x 20 feet steel sluice gates, the details of the gates
to be designed by the tendering firms. The following four tenders
were received :—

(1) From the Public Worls Workshops, Madras.—This was
the lowest tender but the gate design was considered fo be
the weakest of all and the gate was also the lightest. The
Public Works Workshops, Madras, had had no previous
experience of the consfruction of gates of such a size. Tn
the event of their estimate being exceeded during execution
a not unlikely contingency, the excess would have to be
met by the project, while such would not be the case with
private tenders. Under the circumstances this tender was
set aside.

(2) Tender by a Zurich Firm.—Since mere sutline sketches
of the shufter design were sent by this firm, detailed scru-
tiny was not possible and this tender also had to be set
aside.

(3) and (4).—Messrs. Ransomes and Rapier, and Glenfield
and Kennedy were the other two tenderers. Glenfield and
Kennedy's tender was the higher to the extent of Rs. 1 lakh
but it was accepted for the reason that their designs were
of magsive construction. Ransomes and Rapier’s design
provided for lighter sections and the constructional details

_ appeared to be too slender for a work of this magnitude and
importance.

The multiple girder design of the Glenfield and Kennedy shut-
ters ensured better support for the skin-plating and more even
distribution of total load on to the end frames and rollers. Their
rollers and roller cages were also of a betler type. :

Glenfield and Kennedy had a reputation for large high class
irrigation sluices and their designs were preferred on account of
their massiveness. Further, ag the construction and supply of the
irrigation sluices had already been entrusted to that firm, 1t was
held advisable, from the constructional point of view, to obtain the
whole of the sluices from them. The contract for the surplus works
included the supply of sixteen free-roller sluice gates each &0
feet x 20 feet with rollers, rocking paths, staunching tubes cast iron
roller grooves, staunching faces, rolled steel sill girders, built-up
steel counter-balance boxes, steel charmel guides for balance boxes,
high level steel bridge to carry the operating gears. hoisting chains
and the operating gear consisting of sprocket wheels, head-stock,
shafting, roller bearings, etc., the operating gear being suitable for
hand operation when desired. Wlectrical equipment comprising
motors, contractor panels, limit switches, and also galvanized steel
netting for fencing in the sides of the operation bridge were included
in the contract.



CHAPTER XXXIII
“H *’ SADDLE SURPLU:Q WEIRS.

Ix rEB original designs for the Metitur Dam prepared by Col. Eilis,
the provision allowed for fhe maximum capacity of the surplus
aluices was 253,100 cusecs. This figure was not revised when the
estimates were revised and submitted for sanction early in 1924.
But after July 1924, when the record floods in the Cauvery occurred.
the necessity for providing increased surplus facilities arcse. Tt
has been calculated that the maximum discharge of the Cauvery ab
Mettur in July 1924 came to 456,000 cusecs. One of the reasons
for which the site of the dam was shifted to the upper site was to
admit of increased surplus facilities so that, in addition to the HEllis
saddle which was the originally designed surplus site, the F saddle
on the right side of the river might also be utilized. However, up
till the end of 1935, only the Ellis Saddle surplus escape had been
constructed, the question of opening up the F Saddle escape having
been left in abeyance.

From an examination of the files of the Engineer-in-Chief,
the following information has been gathered :—

The design for the Ellis surplus sluices was taken up in
December 1927, and as the question of the co-efficient
to be adopted in the formula for the discharge over the
escape was an important factor, Mr. Mullings was of the
opinion that a value of 31 for C in the formula Q =c.1.h.3/2
would be suitable. There was, however, some discussion
on this subject in the office of the Fngineer-in-Chief and
finally Mr. Mullings accepted a value of 3:4 for C and
the number of vents in the surplus escape which he had
origmally intended fo be 20 was eventualiy reduced to
16.

In August 1928, Mr. Mullings drew up a note on the maxi-
mum flood discharges in the river Cauvery at Mettur, the
tacilities for surplus provided in the dam and the probable
reservoir levels for the stages of flood that had actually
occurred in July 1924. In this note, two sets of condi- -
tions were examined by him. The first was that of the
actual 1924 floods with the rises and falls that had been
computed from information gathered at stations higher
up the river. For the surplug discharge he agsnmed a
co-efficient of 3-4 for the Flhs Saddle escape as had been
approved by him in January 1928 and he also took the
flood-moderatling effect of the rescrvoir above the ordinary
full reservoir level.
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Before going further, it may be as well to note once again the
main features of the dam-design on which this note was based :—

Sill of the Ellis Saddle Surplus sluices - e+ T70

Full Reservoir level .. ) - L= = 790
M.F.L. assumed under present condmons .o B )
Road level over the dam e e .. - 801
Top of para pets with weep holes in the parapets at + 8045
road level.
Level of gra.velled approaches on elther side of the
dam " 20 Ie3 5 Y e .. -+ 801

The section of the dam is designed to suit an eventual F.R.L.
of +800, with a maximum flood level of +805, the top of the
dam being eventually proposed to be raised to +810. Mr. Mull-
ings camc to the conclusion that for the first set of conditions
referred to above, the water-level in the reservoir would have
risen to 795-4, and it was presumably on the basis of this that
the M.F.L. was taken to be 796. For the second set of conditions
he assumed a flood 25 per cent in excess of thai received in July
1924 right through the flood period and, in calculating probable
water-levels in the reservoir under these conditions, he allowed
not only for the discharge through the surplus escapes with the
co-efficient of 3-4 but he took into consideration a supplementary
flow through the irrigation sluices of 20,000 cusecs under these
exceptional conditions, and also the flood moderating effect of
the reservoir. He found that the maximum flood level of the
reservoir under such conditions would have been 798:7. As this
appeared to be safe for the design of the dam actually adopted,
the question of providing an uddmonal surplus escape at F Saddle
was dropped.

~ In November 1929, however, Mr. Mullings, as Consulting
Chief Engineer, Cauvery-Mettur Project, again took up the
question and expressed the opinion that the value of ‘C should be
only 3% as against 3-4, the figure he had previously accepted
with some reluctance. He was also of opinion that the reservoir
should be safe for a discharge of 500,000 cusecs and he advocated
the construction of the I Saddle escape after taking into account
the assistance the irrigation sluices could render in passing the
flood discharge up to the capacity of the channel in rear, viz.,
30,000 cusees. After further discussion with the then Engineer-
in-Chief (Mr. Dowley), Mr. Mullings expressed the opinion that
“ we must be absolutely safe for all conceivable conditions and
not only for all known conditions,”” but that he was quite willing
to leave the matter to his successor (Mr. Hart) for settlement.

The question whether the Cauvery basin above Mettur was
or was not outside the influence of cyclones and whether it was
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not possible to get heavy and continuous rain during the south-
west monscon both in the ghats and in the interior of the catch-
ment of the reservoir, was referred to the Director-General of
Observatories, but his reply was not quite definite. The Director-
General stated that it was exceedngly improbable that heavy
and continuous rain would fall during the south-west monsoon
both on the ghats and in the interior but he added that it was
possible to have heavy cyclonic falls of rain throughout the catch-
ment during the months of October and November. This opinion
of his did not lead to any definite conclusion on the question at
issue and, as Mr. Mullings remarked ‘ we were left as we were.”

Tn May 1930, Mr. Mullings again téok up the question and he
then came to the conclusion that it would not be safe to allow
any higher value than his original figure of 3-1 for C owing fto
the restricted access from the main reservoir fo the site of the
Bllis surplus; and he was of opinion that a flood discharge of
570,000 cusecs, that is, a discharge 25 per cent in excess of the
maximum of 1924 flood must be considered as reasonable. He
came to the conclusion that for these conditions an escape at the
F Saddle would be necessary and he suggested that the ground
here should be cleared to +784 and an earth bank formed over if
in such a way that the bank would breach when water-level reached
+ 795 or + 796. No further action was taken on this suggestion,
as Mr. Dowley was of opinion that the value of 3-4 adopted for
the co-efficient C needed no reduction.

During Mr. Hart’s regime the matter was not further con-
sidered. The question was again raised by Mr. Barber, the
Superintendent of Works, and the whole question was re-examined
and the calculations and diagrams prepared in the past were
again revised and fresh diagrams drawn.

Tn the first place, it may be mentioned that the deciding
factor in this examination was the value of the co-efficient to be
adopted in the discharge formula for the surplus escape at Ellis
Saddle. Mr. Mullings started with a value of 3-1, accepted
later a value of 3-4 when passing the design and about two yeats
later, he came to the conclusion that the value that he had
adopted was too high and finally recommended a value of 3-1.
Unfortunately we have not got values derived from actual observa-
tions for such large surpius escapes as have been constructed for
the Mettur Dam. The value of 3-4 originally accepted was
taken from ¢ Parker’s Control of Waters,” where a value of 3.4
and even up to 3:5 has been advocated, but with the proviso that
the slope in rear should be at 1 in 10. At the Ellis Surplus, the
rear slope is only 1 in 200, so far as the sloping apron is con-
cerned. We have got some experimental values for the surplus
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sluices in the Krishnarajasagara Dam as a result of joint gaugings
by Madras and Mysore and these give a value of 3-03 for the
+80 sluices. The co-efficient worked out was for a depth of
from 10-5 to 11-5 with ‘* clear >’ or weir conditions. These sluices
are only small vents 10 feet x 20 feet and there would be a lot
of side contraction in them, whereas our vents are 60 feet x
20 feet and with such large vents we may reasonably expect a
slightly higher co-efficient. The Chief Engineer for Trrigation,
Diwan Bahadur R. Narasimha Ayyangar, was, therefore, of
opinion that until we had the results of actual observations on
our surplus escape, it would be safer to adopt a value of 3-1 as
was originally suggested by Mr. Mullings when he took up the
design of the surplus escape and eventually recommended by
him in May 1930. There remained, however, the fact that we
could not afford to wait for further experimental observations
of the value of C, as a maximum flood might occur at any time,
even before we had concluded our experiments. It was essential
that a decision should be reached on the point as early as possible
to ensure the safety of the dam.

The next point to be considered was the maximum discharge
that we might expect in the river. It would be but reasonable
and prudent to assume that we might receive a flood which would
be somewhat higher than the maximum flood previously expe-
rienced.

The maximum discharges of the floods in the Cauvery at the
Upper Anicut have been in—

1896, 313,000 cusecs

1911, 357.360

1924, 462,500 ,,
and this would have been about 488,000 cusecs but for the breaches
that occurred higher up the river. Seeing that these figures have
been on the increase, it would be reasonable to allow for a possible
higher flood exceeding that of 1924 by 20 to 25 per cent.

In the case of the Krishnarajasagara Dam, the original design
for the surplus escape of the dam as allowed for in the project
estimates was for a discharge of 250,000 cusecs. It is observed
that, during the peak stages of the flood of July 1924, the maxi-

_ mum discharge for a 12-hour period was 279,000 cusecs, as per

corrected inflow in the regulation statements received from
Krishnarajasagara. In the pamphlet printed by the Mysore
Government regarding the Krishnarajasagara, the figure for
maximum discharge was taken as 290,000 and they provided for
a surplussing capacity of 350,000 cusecs. The above figures
would indicate the general lines on which it was considered
prudent that we should proceed.
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In view of these factors the diagrams prepared by Mr. Mul-
lings in connexion with his note of August 1928 were revised.
A value of 3-1 for O was adopted in the revised calculations and
the flood moderating effect of the reservoir was taken into
account at the higher stages. It was also assumed that when
the discharge to be passed is in excess of about 300,000 cusecs
o supplementary discharge is sent through the high-level irriga-
tion sluices also as a measure of safety. Though the discharging
capacity of these sluices is nearly 50,000 cusecs, a maximum dis-
charge of only 30,000 cusecs has been assumed for our purposes,
this being the discharge that the channel in rear is capable of
passing withoul overflowing its margins. For these conditions
it was worked out that with the 1924 flood stage as it occurred,
the maximum flood level i the reservoir might have reached
+795-50. But if we had to allow for discharges 25 per cent in
excess of the 1924 floods, culminating in a peak discharge of
456,000 + 114,000 or 570,000 cusecs, the water-level in the reser-
voir would have risen to + 800, if the I Saddle escape were not pro-
vided. It was not considered advisable to allow the water to
rise to such a stage under existing conditions, especially with the
possibility of waves breaking against the parapets, and it was
therefore proposed to cut down the F Saddle fo a reasonable level
and have an additional surplus escape there. Under mnormal
working conditions, once the south-west monsoon season is past,
the reservoir will be maintained at about +790 in order to store
as much water in it as possible. With a water-level of +790
and the surplus escape fully open, it is just possible to dispose of
about 296,200 cusecs, 266,200 cusecs being through the Ellis
Surplus and the emergency discharge of 30,000 cusecs tthQgg‘li
irrigation sluices together, giving a total of a little under 300,000
cusecs. Floods of over 300,000 cusees will occur at very rare
intervals and the F Saddle escape as now proposed would ‘come
into operation only when the reservoir level rises fo -+791, i.e.;
when the surplus discharge exceeds 316,400 cusecs.  Taking into
consideration the flood moderating effect of” the reservoir, at the
higher levels, a length of escape of 800 feet would; it was caleu-
1'ate_d, keep the maximum flood Tevel at 798-8 for conditions with
a discharge in excess by 25 per cent of the 1924 floods.  The
ground at the F Saddle was to be cut down to +791 with ‘i
masonry wall crest at +791 founded upon hard: rock, and
the rear sloped to a fall of 1 in 1,600. The main object of Leeping
this saddle at +791 and not at +790 was that there should be no
flow over it during all ordinary floods or even high floods up to
300.000 cusecs. We  should try to _maintain a reservoir lqve]
of +790 during the greater part of the irrigation season’ if
possible, and in case of any sudden rise in the reservoir level there

12
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should not be any flow down the F Saddle escape which woul
damage the road dam in the valley lower down. :

The cost of this cutting was roughly estimated to be within
9 lakhs and this was considered but a small amount to pay for
the insurance of such a.costly work as the Mettur reservoir.
Mr. Mullings had proposed to cut down the escape fo +784 and
form a bund over it which would breach when water rose to
4795 or +796. As mentioned already, occasions when floods
of more than 300,000 cusecs occur will be very rare and a bank
that might have become consolidated for a number of years might
not breach all along its length when a sudden emergency arose.
Hence it was proposed to have an escape at +791 which would
be at a suitable level above the F.R.L. which it was proposed
should be maintained at present. The F Saddle escape would
then come into operation only when the discharge to be passed
down the river was in excess of 316,400 cusecs.

Tt will be observed that in the two main roads running through
the Mettur township to the dam there are two road dams across
the valley which forms the continuation of the F Saddle. Every
time the water level in the reservoir rose above +T791, there would
be water flowing over these road dams in the valley, and the
fall being great, there would be heavy scour preventing regular
traffic over the road dams, and in such a case the approach from
the quarters of the staft located at Mettur to the dam site would
be cut off unless the staff resided on the Salem side of the reser-
voir. This aspect was taken mto consideration and a suggestion
was made to provide a foot bridge over the I saddle cutting, but
in view of the fact that the F saddle would be submerged only
very rarely and the purchase of a motor launch for use on the lake
was under consideration this proposal was dropped.

In February 1934 the Superintendent of Works submitted
an estimate for cutting down the F Saddle. Tt provided for an
escape with a crest at | 791, 645 feet in length at the eastern
portion of the Saddle, and another 160 feet in length on the
western side, a high spur occurring between the two. The esti-
mates for the two cuts were Rs. 1,05,600 and Rs. 94,400 res-
pectively. It was anticipated that the amount of rock cutting
in the western cut would be very heavy, but when the proposals
were sanctioned and the work was carried on in 1934, the extent
of solid rock was found to be far less than had been supposed,
and the cost was accordingly less than had been assumed the
actual booked outlay being only Rs. 1,15,983. Credit was received
for much of the useful building stone excavated from the top of
the saddle which was later utilized in the construction of the
foundations for the hydro-electric power station. The crest walls
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with the increage of head, the closure of these sluices may be-
come increasingly difficull and in any event will call for con-
siderable ingenuity and forethought if a really satistactory closure
is to be effected. An unusually cheap and simple method worked
out by the author for the final closure of the construction sluices
at Mettur will be described in another Chapter. (See Part IT,
Chapter XVIT.)

Now, consiruction sluices ave intended to pass only the
maximum dry weather flow that is normally to be expected. As
soon as the flood-season commences and the flow at once increases
considerably, it is passed over the work in the river section and
all work there comes to a halt until dry weather conditions are
restored in the following season. When the work is sufficiently
advanced, the falling flood can be drawn off through permanent
sluices situated clsewhere provided they are ab u lower level than
that of the masonry in the river-bed.

In the Cauvery, the working season in the river-bed was
asually from January till the middle of June, but a particularly
early or late monsoon could never be foreseen even to within
2 month of the normal date, so there was a good deal of specula-
tion as to the actual duration of the working season, but where
one geason proved mnusually short the next might be unusually
long, so on the whole no very great variation of the programme
was necessary. G

Before the floods commence, it is essential that the work in
the river-bed be secured against damage and that the downstream
toe of the dam in particular be well protected from scour. 0§
one can assume in advance that a normal high flood will have to be
dealt wibl, it is not very difficult to provide the necessary protection
by constructing a suitable water cushion in rear of the spillway.
The rear coffer dam wall was accordingly designed to hold up
the requisite depth of water to form an efficient water cushion.
Small vents were left in the wall in order that the water could
be drained off when the flood subsided. As‘the drop over the dam
increased, this wall was raised in two successive years to form
a decper water cushion.

Tet us now study very briefly the actual conditions in the
river section during the successive years of construction of the
dam.

When the 1927 flood season commenced only the coffer dam
walls had been constructed up to their first stage and very little
excavation had so far been done, and that consisted mainly of
the removal of rock boulders and shingle overlying the river-bed
within the right coffer dam. The flood" passed harmlessly over
the walls,
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In 1928 the conditions were similar, but some of the coffer
dam walls had been raised and excavations had extended. At
the end of that flood season a quautity of sand and silt had to
be removed from the excavations before work could be resumed.
The only masonry constructed up till then was on the high rock
at the right bank which had been constructed as a bulk-head
between the river and the ° deep-hole ’’ excavations.

By the time the flood came down in 1929 work in the river-
bed had made some progress. X

I'he masonry had been raised to river-bed level in the right
coffer dam and the walls for the construction sluices had been
raised some 6 feet above their sills. On the 6th Junc 1929, work
was still in progress when the floods started unusually early
and on the following day the entire work in the river-bed was
submerged. While the water was rapidly rising, strenuous efforts
had to be made to remove the concrete mixers, rails and other
small plant from the river-hed to a place of safety, within the
course of two or three hours. Between the construction sluices
and the high masonry on the right bank a large block of masonry
had been completed to a somewhat higher level than the sluice
area in order that work might be resnmed there some consider-
able time hefore the sluice area again became accessible when the
flood fell. On the dst October 1929 work was again in progress
on this portion of the dam. !

By the end of June 1930, when the first floods of that year came
down, the masonry above referred to had been raised to a height
well above high flood level and the track for the Red Tower had
been constructed over the rear of the westernmost set of, con-
struction sluices. Very little consiruction had so far been done
in the central coffer dam hut a cut-off wall had been raised on
the left bank to protect the excavations there as also the black
fower which was still in course of erection. The flood passed
over the work inm fthe river-bed without causing any appreciable
damage, as the drop, even over fhe construction sluices, was only
a few feet. When the 1931 flood arrived the foundations of the
dam for the full width of the river-bed had been raised several
foot above bed level, averaging about 10 to 12 feet. The Red
Mower by this time had been working for nearly a year and the
masonry on the right bank had risen uniformly to about +677
level or 52 feet above river-bed level. On the left bank progress
had been slower and there was a race against the flood to raise
the bullk-head wall in time to prevent the flooding of masonry
works in rear. Till now almost the full width of the river was
available to pass the floods. i

The width of the spill way was now restricted to 630 feet in
order that the works on either flank should not be endfmgered,
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and when the 1932 floods arrived the masonry in the spill way
was between 30 and 40 feet above river-bed level. The flood
that year came down rather unexpectedly and the masonry in
the rear portions of the spill way was still of rather irregular
shape when work had to be suspended. In consequence, the
water falling from a height on to the rear ledge did a small amount
of damage to the ledge and Tower Track in one or two places,
gaps in the musonry above causiug the water to accumulate
there. Despite this, it was surprising to observe that stones laid
on the rear lip of the dam only an hour or two before the water
passed over them were still in position and undisturbed at the
end of the flood season. Had lime mortar been in use instead of
cement fhere is no doubt but that much of that green masonry
would have been washed away.

The 1933 flood demanded very careful preparation in advance,
for the crest of the spillway had now risen to + 725, a hundred feet
above the river-bed, and it was necessary to pass the bulk of the
Cauvery flood through the 630 fect spill way with this terrific
drop in rear. It might be asked, ‘* Where was the necessity to
raise the surplussing section to such a height?’’ The answer to
this is that, even with the crest at this level, there still remained
76 feet of dam to be constructed during the following brief season,
and a carefully preparved programme of work showed that it would
have been very difficult to raise the dum to a safe height before
the 1934 floods arrived if a lower crest level had been adopted
to pass the 1933 floeds. It was essential that the whole of the
1934 floods should be passed through the surplus sluices and that
the masonry in the temporary surplussing section should be raised
above the highest reservoir level.

Now, in order that the rear of the dam in the spill way section
should suffer the minimum amount of damage, a stream-line
section was required. The crest of the spillway was therefore
constructed in a curve on the downsfreain lip and the junction of
the rear face of the dam with the ledge currying the Tower Track
was given a reverse curve to prevent impact at the bottom of the
fall. Thus, the flood-water passed smoothly over the crest, down
the 1:1-41 rear slope, and was then deflected horizontally to
discharge over the ledge at the foot. The Tower Track ledge was
at +648 level and above normal flood level, so a clear discharge
was obtained into the water cushion formed by the rear coffer
dam wall. With the flood at its height the jet shot some 50 to
60 feet clear of the ledge, well away from the rear toe of the dam.
Tt was estimated that some two million horse-power was actually
dissipated when the 1933 flood was at its height, and it was soon
observed that portions of the coffer dam wall in rear had been
displaced. 2 i
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Lo avoid the necessity of cutting away a large mass of masonry
to obtain a bond at the top of the spillway when the dam con-
struction was to be resumed, two courses of concrote blocks with
curved outer faces were pre-cust and secured by mcans of anchor
bolts to the masonry. [The holes in the slabs were cast so that
the ends of the bolts and the nuts which secured the slabs were
counter-sunk flush with the face of each slab. The slubs were
backed with greased paper to prevent tue masonry in rear stick-
ing to them and making their removal ditficult when no longer
required. On removal of the slabs a ledge was left in the rear
face at the tangent point where the curve mef the straight face,
and, by means of the bolts which had secured the slabs new
masonry coustructed in their place was securcly bonded to the
old work. Had these blocks not been provided, elaborate scaffold-
ing would have been required to support the pneumatic tools and
workmen on the rear face. Blasting could not be permitted for
lear ol cracking or otherwise damaging the masonry below. The
only alternative to the form ol lemporary construction actually
adopted would have been to construct the top of the curved por-
tion of the crest in brickwork or other soft material which, while
strong enough to resist erosion, could be removed with pneumatic
picks or ‘' road busters.”” This would have increased both the
time and cost of construction and demolition. Nevertheless, it
was later regretted that an easily removable skin of some sort
was not provided over the top of the spillway for, at the end
of the flood season, it was found that a variety of small shell-
fish had taken up its abode in the roughly finished masonry and
the clearing of this surface was very difficult though wire brushes,
air and water jets and pneumatic picks were all employed to
scour and scarify the surface of the stone before further construc-
tion was started. To remove the top layer of stones in this
random rubble construction would have involved blasting over
the entire surface and this could not be folerated. Subsequent
floods have revealed a distinct line of seepage at the junction
between the new and old masonry, though it is seen to be dimi-
nishing each season, and in all probability will stop altogether
in a year or two. It is too slight to be of any real consequence
but the rear face of the dam is somewhat disfigured by the lime
deposited on the face below the junection.

The normal section of the dam has a 1: 1 batter in rear below
level +670 but in the spillway the slope of 1: 1-41 was confinued
downwards and developed into a parabolic curve to join the hori-
zontal ledge above lhe rear toe. 'This curved portion was faced
with cut stone go as to be as smooth as possible. Afi the end of
the flood season it was found that the 90 Ib. rail tracks on the rear
ledge, which hLad been subjected to the full force of the water
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descending over the spillway, had been ripped out in several places,
together with the concrete in which they were embedded. A
small area of the cut stone face towards the left flank of the spill-
way had also been stripped. The damage, however, was quite
superficial and easily repaired.

As for the rear tower-track, situated 80 feet away at the bottom
of the water cushion, it was found that this, together with the
massive reinforced concrete foundations on which part of the track
was constructed, had practically disappeared along with the greater
part of the coffer dam wall still further in rear. Large masses of
masonry of which the wall had been constructed, and which had
successfully withstood previous floods in successive years, were
found several hundred yards further downstream in the river bed!
The bed of the river within 30 or 40 feet of the toe of the dam
remained practically in its original condition-and had not been
scourcd at all. 'We must attribute this to the ledge, the height of
which caused the water descending over the spillway to strike the
water surface in the water-cushion for away from the toe of
the dam. The force of impact at that point was terrific, and the
spray rose to a great height. When the wind happened to be
upstream, one frequently saw the spray passing back right over the
dam into the lake 100 feet above!

It was never possible to obtain a photograph of the spillway _
in operation when the discharge was very high as the entire site
was veiled in a thick mist. Under more moderate conditions,
however, when the wind was favourable, a good photo of the fall
was obtained and is reproduced in Plate No. XXVII. It shows
clearly how smoothly the flood passed over the dani in this 630-foot
spillway, changing directions without any commotion as it reached
the rear ledge. The line of white spray on the ledge is caused by
the obstruction of the 90 Ib. rails, though they projected only about,
1} inches above the level of the ledge.

This passing of a Cauvery flood over the dam and dropping it
about 100 feet was a soniewhat awe-inspiring spectacle. It aliracted
visitors from far and wide, for never before had am artificial water-
fall of such proportions been seen in this part of the country. It
is unlikely, too, that those responsible for the v.ork at that time
will forget the moment when the rising flood reached the spillway
level and commenced its wild descent which was to continue
unabated for several months, for had anything serious occurred at
the rear toe of the dam they knew that they would be powerless to
do anything till the flood season was over. Buf the excellence of
the materials and workmanship together with fhe safe design of the
work left little or nothing to be desired and inspired in them com-
plete confidence that it would stand the test.

13
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As the 1933 flood abated, water was discharged through the
low level sluices, and as soon as the water level in the reservoir fell
to a foot or so below the spillway level the work of construction
was very soon resumed. By the end of December 1933, the
masonry had risen about 18 feet, and by the end of April 1934, the
work was complete except for the road and permanent traniway
construction and the erection of the parapet walls.

It had originally been presumed that the two towers would
enter the river bed and complete the construction of the dam in the
spillway section but it was evident to some (and certainly to the
author of this book. that the possibility of the tower tracks in the
river bed withstanding the onslaught of the 1933 floods was very
remote, and events subsequently proved their surmise to be cor-
rect. The time required to reconstruct the rear coffer-dam wall
and to relay the tracks for the towers at the end of the flood
season would have been very great. Accordingly, no attempt was
made to restore them. The two towers were brought down to the
flanks of the spillway which had not been affected by the floods,
and three steam cranes were erected on the top of the masonry on
either side of the spillway. Stone and mortar were railed along
the top of the dam from either flank and lowered by means of these
cranes to the level of the work in the spillway. Meanwhile, the
towers were usefully employed mixing and delivering rortar, and

. the side jibs on the towers hoisted truck loads of stone bodily from
the tracks at the foot of the dam and delivered them on the spill-
wiy. By these means the construction went ahead rapidly. While
raiging the masonry on cither flank of the spillway in the previous
season, masonry steps had been provided in the centre of the danm
<o that labour could easily reach the site of these works in the spill-
way from the top at any time. Temporary iron ladders were also

~ provided on the rear [ace, and these, offering the shortest route
to the works, were despite their great lengths, much used even by
the women labourers. Though, during the cowrse of the work,
one or two men fell into the lake and were rescued without injury,
there was not a single case of a fall down the rear slope of the
spillway. In order that the work might be well distributed, tem-
porary tramway tracks were laid alternatively on the upstream and
downstream sides of the spillway area, the trucks of materials,
lowered from the top of the dam by the cranes at either flank, being
run out on these lines and dumped wherever necessary.

The raising of the spillway section is clearly illustrated in
Plate XXVITL. As the work rose and the width of the dam section
became narrower the number of masons cmployed had, of course
to be reduced. The closure was completed well in advance of the
1934 floods which, as it turned out, were so small that the water
level in the river did not rise above +774 at any time.
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CHAPTER XXXV
P’roGriss IN THE CONSTRUCTION OF THE Daa.

I wourp bewilder the reader if an attempt were made (o des-
cribe the progress of construction in detail month by month. In
the various reaches of this mile of dam so many methods of con-
struction were adopted, each fo suit the conditions obtaining there
that to describe them would be quite beyond the scope of this
book. .

Briefly, two main methods of construction were adopted. The
bulk of the dam between L.S. 615 and 2800 was constructed of
concrete by the two great concreting towers. Here both upstream
and downstream faces were built of coursed rubble, this being done
by hand in one section generally while the tower in each case was
working in an adjacent section. The speed of construction of the
face walls, however, was such that it was often found possible to
be raising the walls at the same time as the tower was laying con-
crete in one and the same section. The advantage of this method
was that a tower was required to move from one section_to another
less frequently. Tach lime a tower moved half a duy’s work was
lost: so, in the interest of the work, the towers were moved as little
as possible.

In tie sections of the dam not commanded by the two con-
creting towers, only a limited quantity of concrete was laid by
meins of what was erroneously ternied the * Preliminary Plant 5
power-driven concrete mixers having capacities of %, § and 1
cubic yard per batch. These mixers did yeoman service from
the earliest days right up to the time of completion of the dam,
and through this agency the greater part of the dam was actually
constructed.

The woar and tear on these machines while used purely as con-
crete mixers was heavy and the renewal of mixer blades and liners
was frequently necessary. When, however, they were used solely
as mortar mixers, a function which they performed admirably, the
wear and tear was very considerably reduced, the life of a set of
blades being five or six times longer than formerly. Hence break-
downs and overhauls became far less frequent and a higher rate of
outturn was maintained when the machines were employed as
mortar mixers. As we have previously observed, a batch of mortar
from a one-cubic vard mixer suffices for over two cubic yards of
masonry ; so, with a given pumber of machines, the rate of con-
struction was more than doubled when masonry replaced concrete,
cufficient masons being available. to cope with the mortar supply
from the mixers. This fact, no doubt, contributed considerably

134
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to the substitution of masonry for concrete and, generally speak-
ing the great bulk of the dam outside the range of the towers was
constructed entirely of masonry. The rate of progress of the
masonry work surprised even the most optimistic. This class of
construction had an advantage over the towers in that it could be
carried out simultaneously in a hundred different places while the
tower concreting was limited to the section in which a tower hap-
pened to be working. As a result the portions of the dam
constructed in masonry rose at a more or less uniform rate.

.«The monthly rate of progress both m excavation of foundations
and construction of the dam graphically shewn in Plate X1V has
been tabulated and will be found in Appendices D and E. Construc-
tion was started in a very small way in June 1928 by the first
construction division. By the end of that year 814,335 cubic feet of
concrete and masonry had been placed. In March 1929 a second
division was created, the first being then known as the Construc-
tion division, West, operating from about the middle of the river
towards the right flank of the dam, while the new division known
as the Construction division, East, operated from the river-bed
towards the left flank. By the end of 1929, the two divisions had
constructed_ 3,522,247 and 1,491,335 cubic feet, vespectively, total-
ling a little over 5 millions cubic feet of concrete and masonry.

From June 1930, a third division was created, operating on the
extreme left flank of the dam. By the end of that year the total
outturn by the three divisions was over 13 millions cubic feet.

By 1931 a very high rate of progress had been attained, and
previous records were broken. The end of 1931 saw 30} millions
cubic feet of concrete and masonry constructed. During the month
of May alone 1,770,939 cubic feet of work was done. In 1931, the
same high average was maintained and that year saw the fotal
raised to 46,406,553 cubic feet. By this time a length of the dam
had been completed (except for fhe road surfacing) from the
extreme right flank up to the site of the high level sluices, i.e.,
from T..S. 4,900 feet to I..S. 5,280 feet.

As the work rose higher all along the dam, the rate of outturn
began to decrease, the working area becoming more and more
restricted so that the feed of materials had to be limited.

By the end of December 1933, the three divisions had turned
out 32,932,913, 14,825,619 and 5,926,009 cubic feet, respectively,
bringing the total construction to 53.684,541 cubic feet.

The third division, known as the headworks division, was
closed, so far as the dam construction was concerned, at the end
of September 1933, thereafter the work being completed by the

west and east divisions, the former in June and the latter in July
1934 '
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CHAPTER XXXVI

SURFACE FINISH AND ARCHITECTURAL FEATURES OF DAM :
UsSeE oF PRre-cAST CONCRETE.

THE ORIGINAL design of the dam showed an elaborate series of
arches carried on corbelled piers for obtaining the requisite width
of roadway over the top- In actual execution these were entirely
done away with. Reference is invited to Plate VIII, which shows
the final profile adopted. In front, the masonry was given a
reverse batter or corbel near the top, wlile in rear the vertical
face was carried down to meet. the curve of the rear face. By this
means 15 inches was added to both upstream and downstream
faces. thus increasing the total over-all width at the top of the
dam from 18 feet to 20 feet 6 inches. The parapet walls are 2 feet
3 inches thick, thus leaving a clear roadway of 16 feet, which is
sufficiently wide to admit of the conveyance of the largest emer-
gency shutter for the sluices along the top of the dam. This form
of construction gives in the finished work an impression of digni-
fied yet simple solidity which is in keeping with the rest of the
structure. The top of the dam has a clean appearance being
devoid of the projections and obstructions so often found on dams
elsewhere, where overhead gear in one form or another is erployed
for the operation of sluices. The sluice gear is entirely housed
in chambers beneath the road surface and chequer-plite covers
over the chambers are the only indication of their position to
a person passing over the dam. The sluice chambers are reached
by means of neat masonry gangways connected by flights of steps
formed in the rear face of the dam. During the construction of
the dam, numerous flights of steps were constructed on the rear
face for obtaining access to any section direct from o1ound level,
and these extend up to the road way over the top. Thongh pro-
vided with hand rails they ave scarcely visible from a short distance
and so do not mar the appearance of the structure.

The surface finish of the dam is the same throughout and is
of coursed rubble. The courses are small being 7 inches to 9
inches thick only. The faces of the stones were all roughly
squared before setting. On the upstream face, the joints are
pointed with special cement mortar, while on the downstream
face the joints ere merely struck flush with the same mortar in
which the stones are set, and, in view of the enormous size of the
dam, the general effect is that of a clean smooth surface..

Pre-cast concrete blocks were freely used in place of large and
heavy cut stones. Concrete string courses 15 inches thick run
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the entire length of the dam at road level on both faces. The
parapet walls are ol coursed rubble, the inner faces of the walls
being finighed in fine dressed ashlar. The coping blocks through-
out are also of pre-cast concrete, and are each 3 feet in length
and 12 inches thick.
E The parapets possess some unusual features. Few people
would suspect that for a considerable length of the dam both high-
tension and low-tension cables are carried in ducts in the upstream
parapet wall. The top course immediately beneath the coping is
provided with a line of special pre-cast duct blocks designed to
carry the cable. Small closing blocks, cemented into position,
oy seal the duct. This system
admitted of the laying of the
cable with a minimum of trouble.
The cable was laid out on’ the
road and merely lifted into the
duct. Junclion boxes are pro-
vided at intervals so that the
cable may be drawn and
replaced at any time, without
difficulty. At the contraction
joints copper plates shield the
cable duct and prevent the
ingress of moisture.

In the sections where the Goliath Cranes work, 90 Ib. stecl
rails are embedded in specially pre-cast coping blocks provided
with dove-tail grooves, the rail being grouted into position after
careful aligning and levelling. The rails are open-jointed at every
contraction joint in the dam, that joint being carried up to the
top of the parapet, allowing free play for expansion and contrac-
tion. Tntermediate vail-joints are also ° free,’ the fishplates being
rigidly ‘coupled to one rail while the end of the adjacent rail is free
to slide longitudinally.

As the top of the dam is subject to very great changes of tem-

_perature, undue stresses in the masonry in the parapets have been
guarded against as far as practicable. Since the entire dam is
exposed to the weather, fillets have not been provided under the
projections of the coping blocks as they wonld serve no useful
purpose.

A considerable amonnt of pre-cast concrete work was done hoth
for the dam and subsidiary works and much time was saved n the
eonstruction , particularly where archwork was 1'equi1‘ed.

The semi-cireular roofing of the vents of the high and low level
sluices as well as the construction sluices consists entirely of pre-
cast arch-rings. TFach ving was made in three sections  fwn
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‘haunches and a central closing block. These were designed in

such a manner that they weve set without the use of any cenftering,
a small gantry only being employed to lift and place the blocks in
position.  Since pre-cast work can be manufactored very accu-
rately, very thin mortar joints only were required. Steel moulds
were used entirely for such castings. A special concrete-block
moulding yard was equipped with smooth moulding platforms over
which thick steel plates were laid. By means of these a very
smooth and clean finish was obtained to pre-cast blocks when
desired.

Much of the material used in the construction of the memorial
pavilion and the shutter-houses was pre-cast at this vard. The
materials for the large fountain in the park and the concrete seats
were manufactured there, also the circular pillars for pergolas,
etc. When it is remembered that no less than four miles of
coping and string-course blocks alone were built into the parapets
of the dam, it may readily be believed that the concrete yard was
kept very busy for several years. The materials were handled,
stacked and loaded on to trucks by means of a travelling ganfry
which ran the length of the curing yard. The curing was done
mostly by means of sprinklers fed from a water main which also
ran the length of the yard. The cost of pre-cast concrcte is but
a fraction of the cost of cut stone. The difficulty of handling Targe
stones at the quarries in enormous quantities would have been very
great, so much time and money was saved by the free use of pre-
cast concrete manufactnred af one central station under the super-
vision of a single maistri.

It may be remarked that even the dome of the pavilion which
now graces the top of the hill at the left flank of the dam was
entirely pre-cast. Had ordinary methods been employed there,
it 1s certain that the pavilion would not have been completed in
fime for the inaugural ceremony, ax the desion of the building was
received only four months before the ceremony actually took place.
‘While the basement was under construction, the lintels, beams,
chajjas, ornamental railings and the dome were all in process of
being pre-cast in suitably sized sections.

At cither end of the dam, massive pre-cast terminal pillars of
simple design, surmounted by electric lamps, give a clear finish
to the work. The electric light standards on the roads at both
flanks and also on the surplus bridge are all of reinforced concrete
manufactured locally.

In order that the coping blocks and other concrete featurves on
the dam might match the masonvy, their surfaces have heen lightly
chisel-dressed so that the concrete is nof easily distinguishable from
masonry.
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CHAPTER XXXVIT
PREPARATION FOR INAUGURATION OF THE PAVILION AND PARK.

AS S00N as it was learnt that the construction of the dam was
likely to be completed by about July 1951, there was considerable
activity in making prepavations for the inauguration of the scheme.
The work carvied out was of such magnitude and importance that
the Government of Madras considered its completion worthy of
special celebration. Mo commemorate the completion and formal
apening of the system, therefore, an ornamental payilion was
erected at the fop of the hill af the left flank of the dam while a
Jarge park was laid out in rear of the dum Lo the west of fthe
river.

The site of the pavilion was chosen so that from it one obtained
an excellent bird’s-eye view, not only of the dam but also of the
lake, the surplus works, the camps and the surrounding country.
The site of the pavilion is near a point formerly known as
 Mullings’ Seat,”” which, as its mame implies, was a vantage
point from which Sir Clement Mullings, when Engineer-in-Chief
of the project, was wont to view the works of an evening. During
the hottest weather there was always a cool breeze passing over
that hill, and it was deemed to be ideally situated for the erection
of a memorial. The actual site of the payilion was on a mass of
large boulders a little to the north of the rocks which formed
Mullings’ Seat, and the stone used for the construction of parts of
pavilion was to a greaf extent faken from these rocks. By their
removal a large terrace was formed and this, after levelling,
formed an excellent site for the entertainment of the large assembly
of people who gathered there on the occasion of the mauguration
ceremony.

A description of the pavilion which was designed by Mr. Dann,
the then Consulting Architect to the Government of Madras, may
be of interest to such of our readers who may not have had the
opportunity of visiting Mettur since the work there was com-
pleted.

This building is of unusuval design and workmanship. Since a
view is to be obtained in all directions from the pavilion it has
been designed in the form of an octagon. It stands on a massive
stone basement perched on the rocks on the steep western facc
of the hill, the floor level being some 11 feet above the level of the
terrace which extends to the south and east. A wide balcony
extends all round the central room and is carried on cantilever



PLATE No. XXX.

VIEW OF MEMORIAL PAVILION
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brackels. Over the veranda a wide roof extends. This also is
carried on ornamental brackels and is entively unsupported at ils
outer edges.

The building is surmounted by a hemispherical dome provided
with an ornamental finial. The pavilion is approached from the
eastern side by a balcony over an open arch-way by a flight of
stone steps leading down to the level of the terrace. Ornamental
wrought iron gates with pillars bearing lamps give access to the
balcony.

The inside of the building is impressive. Tt is floored with
* black and grey marble. The walls for a height of about 9 fect are
of fine dressed ashlar while, aubove a cornice, the walls are fine
plastered, and formed ns a series of arches. Immediately below
the dome an upper cornice conceals a number of electric lights, the
concealed lighting throwing a glow over the inside of the dome,
which being white, produces a soft light in the room and throws
no shadows. The door and the four windows of the building are
provided with massive brass-studded teakwood shutters, while the
windows are fitted also with ornamental brass bars. The remain-
ing three walls of the room carry tablets. That lacing the door is
of delicately carved stone bearing an inscription surmounted by
the Royal Arms in hronze, which stand oul in high relief. The
ingeription, which is in sunk gilt lettering reads :—

“ Phis Tablet, commemorating the completion of the con-
struction of the Mettur Dam, was unveiled by Iis
Bxcellency Lit.-Col. the Right Honourable Sir George
Frederick Stanley, P.¢., G.¢.S.1., G.C.I.E., ¢.M.G.. Governor
of Madras on the 2Ist of August 1934.%°

. The tablet on the north wall is of brass on which is etched a

profile of the dam and furnishes the main particulars of the scheme.

On the south wall a brass tablet of similar dimensions bears a
list of officers who were engaged on the investigation and execution
of the project. The list includes the names only of those officers -
of the rank of Executive Engineer or ahove who served for nof
less than one year on the project.

The greater part of the construction of this pavilion is carried
out in reinforced concrete, a material particularly well adapted
for this unusual type of structure. Even the railings round the
balcony are of reinforced concrete, all but the actual floor of the
balcony being pre-cast at the concrete-mounlding yard. The
seclions of the dome were all pre-cast, the reinforcement at the
joints being placed at the time of evection. The delicately carved
finial which surmounts the dome is of conerete finely dressed by
hand. Though small, the completed structure is pleasing and
attracts many visitors,
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A concrete road, suitable for motor traffic, has been constructed
on and § shaped frace at a gradient of I in 12 from the foot of the
hill near the surplus sluices to the terrace in front of the pavilion,
while a flight of rough stone steps is constructed from the archway
under the balcony down to a point on the road opposite the eastern
end of the dam. Turfed banks with slhiubs and flower beds have
been laid out on the northern slope on either side of the steps.

The park which was opened by Tady Beatrix Stanley, com-
prises the whole area lying between the dam and the supply
channel and covers about 34 acres. It is divided into two by the
channel from the low level sluices. The upper park which is
on steeply falling ground has been divided into a number of ter-
races supported by dry rough-sione retaining walls and contains
several broad walks. Between gravelled walks along the centre
of the upper park a masonry lined channel cascades, shady avenue
trees and wide flower beds being planted on either side. The
whole area is turfed, informal shrubberies being dotted about to
break up the more open spaces. Pergolas. arches and fountains
give the finishing touches.

The upper park is only accessible to persons on foot, entrances
being provided over the gangways in rear of the high-level and
low-level sluices.

The lower park, which covers about two-thirds of the whole area
is flatter and is not terraced. A large ornamental fountain is the
central feature of this park, drives radiating from it in four direc-
tions. A road also runs completely round it between the dam. the
river and the supply channels.

Masonry-lined channels for the conveyance of water for water-
ing the orass and flower beds run alongside most of the roads.
Water is supplied from the lake by means of a special pipe -built
through the dam at the upper end of the drainage gallery near the
high level sluices. This supplies the channel in the upper park,
whence it is distributed to the various branch channels. A second
pipe supplies water to the fountains.

The trees in the lower park are mostly of the fruit-bearing
variety, and in course of time it is expected that a considerable
revenue will be derived from the produce of fthese trees. The
avenues along the channel marging are lined with gold-mohur
trees. These, during the hot weather, are ablaze with scarlet
blossoms, while at other seasons ftheir bright feathery foliage
affords pleasant shade.

A view taken in the upper park early in 1936 will serve to

illustrate how rapidly the trees have grown since they were
planted less than two years previously.
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His Hxcelleney then pressed an electric button connected (o
the electrically-operated sluice gates and opened four of these greut
gules simultaneonsly, releasing the water from the reservoir dowimn-
the new surplus course. Though there was no great depth of water
against these gales at the time of the ceremony, the opening of
fhe gates was an pressive sight, of which the assembled guests
obtained an excellent view from their vantage point on the top
of the pavilion hill which overlooks the surplus works.

His Dxcellency then opencd the doors of the pavilion and
unveiled the memorial lablet fo which reference was made in
the last chapter. To commemorate (his great occasion @
representative of the firm of Messrs. Glonficld and Kennedy who
had sapplied and erected the steel work for all the sluices both
in the daw and the sarplus escape. presented His Rxcellency witih
a beautitul ilver cup. Thus concluded the inanguration of the
Cauvery-Mettur systen as it was hencelorth to be called.

Leaving the pavilion, Their Hxcellencies then proceeded on a
tour of inspection along the top of the dam to the right fanic,
stopping at intervals to inspect the ““last stone,’” the yarious
duices and the obelisk which commerorates the initial 1naugura-
tion of the work by Ifis Hxcellency Liord Goschen in 1925, nine
vears earlier. They then proceeded via the right flanlk ghat road
down to ihe park, where many of the guests had meanwhile
assembled.  Having arrived at a small pandal in front of the large
ornamental fountain, the Superintendent of Works, Mr. @. G.
Burber, then vead an address giving o brief account of the park
which lie now requested Tiady Bealrix Stanley to declare open.
Her Txcellency had taken a very great interest in the design and
construction of the park and it was fitbing, therefore, that it
should be named affer her.

Cutting  ribbon which controlled a lever on the water supply,
Tler Excollency opened the fountain, at the same time declaring
the parle open. This function over, MTheir Excellencics, afler
partaking of lunch, left by road for Ootacamund.

Then commenced a great round of sighl-seeing by fthe guests
and other visitors after a very well atbended Tunch, for many had
not had a square meal since the might before. A number of
guests stayed oo to witness a display of fireworles at (he dam that
evening. During the alternoon & special feagt had been provided
4t Government expense for a large number of men and women
coslies in appreciation of the excellent work they had done in the
construction of the dam. And so concluded a happy dwy which
will live long i the memory of those wlio were fortunate enoungh
to be able to attend the celebrations. j

The speeches delivered afi the inauguration  ceremony are
reprinted in Appendix F.



CHAPPHR XXXITX
ADMINISTRATION OF THE PROJECD AND IlUSTABLISHMEINT.

Wirs mHE sanctioning of flhe project estimate, a special circle
was created under the Superintending Engineer, ©* Cauvery-Mettur
Cirele.”’ This circle commenced to function from the 21st May
1995, The office was first stationed at Coimbatore but later moved
to Hrode so as to be nearer the scene of operations. There were
as yet no buildings available at Meftar for the location of an
office there, while the opening of a new railway siding af Krode
for the receipt of materials and machinery for the headworks and
the construction of the road from Hrode wia Bhavam: to Mettiur
constituted the first works of importance. A construetion division
for the headworks to carry out these works bad ifis headquarters
a2t Bhavani while a © canals division ' was created with its head-
quarters at Tanjore. At the end of 1925 the stores and tests
division was created with its headquarters at Mettur.

Do divest the engineers of non-techmical responsibilities as Lav
as possible the administrative functions of the project were, at
this stage, entrusted to a senior officer of the Indian Civil Service
who was appointed Commissioner for the project, and he was made
divectly responsible to the Government for its gemeral manage-
ment. His main duties lay in the rapid acquisition of lands for
the project works and camps. .

As the work developed, an Tngineer-in-Chief having the status
of a Chief Hngineer of the Public Works Department was
appointed from the Lst May 1927 for the exclusive charge of the
project. Soon after, the post of Comuuissioner was abolished, Lis
duties devolving on the Engineer-in-Chief.

With the appointment of the Hngineer-in-Chief, progress
the development of the works became very rapid and several new
divisions were constituted. At headworks, the original stores and
tests division, which had 4ill now boen carrying out fhe investi-
gation of lime, sand, and other materials vequired for the worl,
besides preparing schemes for the layout of the roads, camp and
water supply and drainage schemes, became & stores and tests
divigion in reality, and four more divisions were created to cope
with the other branches of the work. They consisted of two
divisions for the dam construction, a camps and buildings division
and a workshops and machinery division. Hor all matters relat-
ing 'to the design, purchase and erection of special machinery and
plant at headworks a special * Supermtending Tngineer, Machi-
nery ' was appointed. For the canal works, a Superintending
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CHAPTER XL
TUABOUR AND REASONS WHY 1T WAS PLENTIFUL AT HEADWORKS.

Ty PrROJBCT was started in 19256 when the effects of the Gueat
War were still being felt. Prices of foodstuffs woere high and
work was scarce. The villages round about Mettur, both in Salem
and Coimbatore districts, weve practically famine-stricken owing
to the scanty rainfall during the years 1923-25 and the failure of
crops: Liarge areas of land on the river banlks were also rendered
useless by heavy deposits of sand left by the extraordinary floods
of 1924 and were thus unfit for cultivation. People thereforc
began to pour into Mettur from these villages, as soon as they
found that work was available. The excellent housing arrange-
ments which had been provided for labour, the plentiful supply
of good water and other amenities were largely responsible for
the influx of coolies who, on obtaining work, were thus assured
of a steady living wage and the means of living a contented life
throughout the duration of the work. Anti-malarial and other
health measures vastly improved the healtls of the locality and
the coolies, who had hitherto been too poor and ignorant to consider
fhe interests of their health, soon appreciated the many benefits
that Government had provided at Mettur.

Contrary to eavlier beliefs regarding the scarcity of labour,
there was little necessity to imporf labour from distant places,
involyving the payment of heavy {ravelling expenses. nevertheless
the customary psyment of advances to labour by contractors was
fairly common even though it was wiostly vecruited in neighbour-
ing districts. In the latter part of the constructiont even local
labour had to be turned away as it greatly exceeded the demand.

The villages of Mettur and Thukkanampatti had a total
population of under 500 people when the project was started.
Most of the labour was unskilled and accustomed only to light
agricullural operations. Yet when the project work was at its
height there were nearly 11,000 coolies working in different
capacities. The construction of the great dam required a large
number of stone wodders and stone entiters and these were mostly
drawn from places within 50 miles of Mettur.

Nearly 1,800 huts for coolies were built departmentally. All
coolics working directly under the department were houged 1n
these huts free of rent. Coolies working under the contractors
were given free sites for building their huts. The huts were all
built in rows in compliance with the rules laid down by the IHealth
department and over-crowding was prevented. Water taps and
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CHAPTER XTLVII

METEOROLOGICAL OBSERVALIONS AT METITUR,

Prior 10 the occupation of Mettur by the Droject staff there
wag no meteorological station at that place and no records, even
of rainfall, were available. REarly in 1927 a rain gauge was
insfalled, buf it was found desirable to record other conditions
which might be of value, and in June 1928 a more elaborate equip-
ment was provided. Melbur was subject to vielent cyclonic storms
and it was considered necessary to record wind velocities. Such
information would be useful in defermining the wind pressures to
be allowed in the design of stecl structures, particularly with refer-
ence to the gigantic concreting towers then to be constructed for
use on the work. Records of temperatures and humidity were also
required, while a record of the extent of evaporation of water was
important for the calculation of losses by evaporation in the lake
at the various seasons of the ycar. It had been estimated that the
evaporation in the lake would amount to about 9 feet per year,
representing an enormous loss of water. The daily water tables
. took into account both rainfall and evaporation as affecting the
coulents of the reservoir.

The Mettur Observatory was accordingly equipped with a
Symon’s rain gauge, thermometers and hygrometers, two anemo-
meters, one for measuring wind velocities at the ground level and
another above the terrace of the Test House, 21 feet above ground
level, and an evaporation pan.

The whole was enclosed in a fenced arvea 25 feet square, wire
nefting 5 feet high extending all round to a height of 5 feet:

At g later date an anemometer was also fixed at the top of one
of the concreting towers for recording wind velocities at a height
of about 300 feet above ground level. An instrument shelter of
standard desion was provided to house the thermometers, ete.
The evaporation station was installed and maintained in strict
accordance with the specifications of the American Weather
Burean. The evaporation pan was 4 feet in diameter and 10 inches
deep, and was made of galvanized iron supported on a levelled
base, the pan being only one inch clear of the ground. The still
well was mounted on foot screws in the evaporation pan e
Tevel of the water in the pan was muintained at & level about two
inches: below the top of the pan. The water level was observed
by means of a hook gauge with vernier attachment enabling read-
ings to he faken correct to'a one-thousandth part of an inch.
Readings were taken and recorded at 8 a.m, and 4 p.m. daily from
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January 1928 until May 1934 when the observations were dis-
continued. ;

Barly in 1936 the observatory was shifted from the old site
near the Test House, which had by then been dismantled, to a
new open site near the obelisk at the right flank of the dam. The
old site being rather mear the rear of the dam was liable to be
affected by that great mass of masonry which cut off the breeze
during the north-east monsoon and radiated a very appreciable
amount of heat by reflection of the sun’s rays at all times. The
new station, being situated at a level slightly above the top of the
dam and at the flank would be likely to give more aceurate read-
ings of the mean temperatures at Mettur after the completion ol
the construction and the filling of the reservoir.

It was to be expected that the creation of a reservoir covering
an area up to nearly 60 square miles would have some congiderable
influence on the climate of Mettur and the amount of humidity in
the'air. Since, however, the prevailing wind is up the valley from
the south' for the greater part of the year the presence of a large
expanse of water tothe north of the town has actually no appre-
ciable influence on the temperature.
©  Biuce the dam was completed in 1934 there had been two vory
weak south-west monsoons and the rainfall in 1934 and 1935 was |
far below normal. Tt is, therefore, too early to mnote whether the
presence ol the reservoir has any cffect on the local rainfall.

The following tables show the monthly rainfall recorded at
Mettur, from January 1927 to December 1935, the number cof rainy
days at Mettur in each month, and the monthly evaporation
recorded.

A table is also given showing the net effect on the reservoir
level due to rainfall and evaporation. The quantity of water 1u the
reservoir gained or lost by direct rainfall or evaporation of course
depends upon the waterspread which is continually varymg and
this has to be worked out daily from tables prepared for the pur-
pose, the waterspread at all levels being known. We see from the
table that the average evaporalion in March for the six years,
1929-1934; amounts to ever 121 inches, us recorded at the land
evaporation station. The uactual evaporation in the reservoir is
assumed to be 67 per cent of that recorded at the land station-
Owing tio the violent disturbances due to high winds and storms it
was not found practicable to maintain a floating evaporation station
in the reservoir itself.

The average maximum and minimum
at Mettur are interesting and show the un
between the day and night temperatures, being about 30° almost
throughout the year. A really hot night there is almogt unknown,
.@I}d’, despite the high average day temperature even duriﬁg the
winler months, the compensation of cool nights makes Mettur a

temperatures vecorded
usually high variations
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depth of water over the sluices precluded any possibility of the
experiment; being repeated.

Most noticeable amongst the fish which passed up the fish-
ladder were the Carnatic carp and Iiabeo, possibly becauge these
fish are capable of leaping to a considerable height and were thus
able to negotiate the 6-foot drops constructed in the channel more
easily than other species. When the depth of water in the channel
was great enough, numbers of Mahgeer were also seen in the
channel and, no doubt, many of these also gained access to the
reservoir-

During 1938 and 1934, the Mahseer afforded very good sport
to the keen angler in the chanmel between the low level sluices
and the river. Though (hese fish appeared to run up to about
25 1b., the largest caught did not exceed 13 Ib. Thoey are tremen-
dously powerful gwimmers and could be seen lying in columns in
the middle of the channel, even in white waber.

The angler may be interested to learn that the Mahseer would
not look at a spoon or other artificial bait, but would readily take
boiled sweet-potato and plantain when flosted down fhe stream in
the niost natural manner possible.

Unidentified fish of enormous size have been seen leaping in
the rveservoir from time to time and, during a rccent imspection
trip, the upper reaches of the reservoir in the gorge below the
Hogainakal Falls were observed to be literally boiling with fish.
There is no doubt, therefore, that the reservoir already contains
an enormous stock of fish, and the proposals made by the Director
of Fisheries for the scientific stocking and fishing of the regervoir
is deserving of very early and earnest consideration. Iiyen if his
estimates of annual catchcs arc considered unduly optimistic, there
is not the slightest doubt that, with proper organization, an enormous
revenue could be derived from the scientific stocking and fishing
of the Methur Reservoir, and as a start, the very early construction
and stocking of a small fAsh farni-is to be heartily commended.
This important subject has not, so far, received the attention of
the Government which it rightly deserves.

A Mugger * goes a-Tiling.

Many © tall * though perfectly true yarns could be told with
regard to the fish at Mettur, but the strange adventure of another
inhabitant of the Cauvery waters is worth relating.

One night about the middle of May 1936, the customary string
of bullock carts was proceeding down the ghaut road near the lefit
flank of the dam when the driver of the leading cart raised an
alarm. Imagine the surprise and fright the party received when
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4. In Germany, the ordinary amnual yield of well-managed
ponds where Carp are grown solely in a natural way and without
any artificial feeding is about two cwt. per acre, with an average
depth of water of 7 feet. On this basis the Mettur Reservoir
should be capable of yielding 3,840 tons of fish yearly. But it
must be remembered that fish i a cold country like Germany
grow very slowly and during the summer months only. [his
estimatc therefore for tropical waters is extremely conservative.
Hyven estimating at a value of one anna per Ib., which 1s a
quarter of the usual rctail price of fresh fish in the Presidency
markets, the value of the yield according to the most congervative
estimate runs to the surprising total of nearly Rs. 5% lakhs a
year. Should, however, the figure based on Mr. Thomas’s esti-
mate be adopted, the value of the Mettur fishery veaches the
enormous figure of nearly 2% crores of rupees annually. This,
of course, assumes that such a vast area is capable of being fished.

5. Hven a much smaller irrigation reserveir, the Maduranta-
kam tank, which is only about 4 square miles in extent, is com-
paratively shallow, is eusily poached, frequently dries up, and is
dependant on its own natural stock of f(ish for replenishment,
vields an annual average fish rent of Rs. 2,500 though the lessee
has to provide the fishermen, watchmen and nets and then find
hig own profit.

6. Calculations so far made are on the hasis of fthe natural
resources of the viver. There arve, however, several favourable
circumstances in the case of Mettur which may be taken into
account when considering the potential productivity of the lake.
The upper reach of the reservonr for 5 mules below Hogainalal
Falls has been conserved for the lash 20 years or more as a sanc-
tuary for fish, though unhappily, it is seen thal (he crocodile has
mude this reach his favourite haunt since the lake came inta
existence. The Hogainakal Falls and the masonry dam at Mettur
form effective barriers at either end of the lake to the egress of
fish, thus confining the fish to the lake. These factors themgelves

" will tond to augment the fisheries of the lake in course of time.
In addition, since 1914, the Fisheries Department have been
taking measures to improve the fisheries of the river. For the
scientific improvement of the fishcries in inland waters various
methods are available, but the most certain, the most eagily
carried out and, thereforve, as a rule, the least expensive ig the
introduction of new kinds of fish suitable for the locality where
for some reason or other they do not already exist. Besides con-
serving the fisheries of the Hogainalkal Falls, attempts hayve been
made since 1921 fo stock the rviver with the valuable North Indian
Carp-* Catla. Owing to limiled funds, the experiment could
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he made only on a modest scale. Hvery year a few thousand Catla
fingerlings were introduced into the river at the Falls. Recently
a number of catla have been eaptured in the leased reaches of the
Cauvery lower down showing the success of the experiment. The
creation of the lake from 1934 has made even more easy and rapid
the process of establishing catla, or [or that matter, any other
exotic - fish.* MThis has already been successfully done by  the
Fisheries department in the case of another new irrigation reser-
voir—Mopad in the Nellore district. Cultural treatment will add
materially to the quality and improve the quantity of the (isheries
of the lake.

7. For the adequate cultural treatment of the lake, the estab-
lishment of a fish farm with trained staff at Metlur iy indispen-
sable. Investigation has shown the availability of an ideal site
including an unfailing supply of ‘water (without having recourse
to expensive pumping) which are the primary requisites for a
successful farm. Tt would be more economical to raise fingerlings
for stocking on the spot than to transport them from a long distance
with the attendant risk of casualties and the heavy freight over
railways, which charge full rates for the conveyance of live fish.
For intensive stocking operations, experience has shown that the
maintenance of a fish farm on the spot would be far cheaper than
stocking waters with fish brought from a distance.

8. It is to be regretted that the small investment required for
the proposed Mettur farm—ingignificant as it is compared: with
the value of the fisheries, it is intended to develop—has not so
far been made available to inibiate the work.

9. Bqually important is the question of exploitation. We
have already seen that the physical features of the lake are in
themselves conducive to the successful development of fish. Con-
servation, stocking and cultural treatment of the waters will
further augment the supply. If the maximum return is to be
derived [rom the fishery, scientific exploitation should go hand
in hand with protection and development. Tt is well known
shat fish, like most animals under fayourable conditions, grow
rapidly during early life. After reaching maturity, growth ceages,
although the quantity of food consumed continues the same. Tt
is uneconomical, thercfore, to allow fully erown fish fo continue
in the lake, the waters of which can only support a given Wéighf
of fish af a fime. A scientifically planned and continuous ﬁshing
of the lake, in order to remove the full grown fish and give the
younger generation a chance to feed and grow, is the only way to

* Tarly in 1936, several large specimens of Catla in fine 11

g 5 condition
weighing hetween 20 and 30 Th - each were netted in the river ixnme?lizu?erig
below the Dam, These were weighed and measured by the author. Woeight
(in pounds) approximately = 13 times length cubed (in feet). 2
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constructed on the left bank of the Cauvery, (2) a group of scour-
ing sluices and (3) the regulators al the heads of the Cauvery
and Vennar, the two main channels into which the Cauvery
divides for the irrigation of the delta.

The Grand Anicul is situated 20 miles below the Upper Amnicut
at the lower end of Srirangam Island, and is designed to regulate
the supply which comes down the Cauvery from the Upper Anicut.
When the supply exceeds the requirements of the delta channels
(now, the Cauvery, Vennar and Grand Anicut Canal) the gates on
the Grand Anicut are raised and the surplus is passed down into
the Coleroon whence it proceeds down to the Lower Anicut.
There, it is again regulated and utilized for irrigation by means
of other camals, with which we are not here concerned.

The Grand Anicut, in its original form, is believed fo be the
oldesti work in the Cauvery Delta, having been constructed many
centuries ago, by the Chola kings. TIts presence points to the
engineering ability and resourcefulness of the pcople of those
far distant days when a very fine irrigation system evidently
existed in what is now the Tanjore distriet, but which later fell
into w state of neglect. It was a plain masonry anicut, but about
the year 1840 a bridge was built over it, the existing work being
used as the foundation for the bridge piers. The anieut is 1,080
feet in length. The construction of this old work is infervesting,
for, on examination, it has been found to consist of a core of
roughly dressed granite set in mud, covered with an outer facing
of roughly dressed gramite blecks set in lime mortar. Tike most
old irrigation works to be found in Southern Tndia, the anicut .
was not of uniform section or shape. A portion of the crest was
built in ogee form, while the rest was constructed in a series of
steps, the foot of the solid dam being protected by a rough stone
apron. In 1830, ten small scouring sluices, 3 feet wide and 4 feet
high, with the cills at +179:6, were built. The crest of the dam
was at 18892 or a little over 9 feet higher. MDam stones were
constructed on the top of the dam, projecting 2% feet above the
crest.

By the construction of the bridge piers and the damn stones, the
effective length of the dam was reduced to 735 feet. In 1886 the
dam stones were removed and automatic falling shutters, 2 feet
10 inches high, were fifted on the crest. Four were fitted in each
bay of the bridge for 274 bays, the bridge consisting of 30 spans
of 32 feet each. The remaining 2% bays were oceupied by the
scouring sluices.

Thirteen years later, in 1899, the falling shutters were removed

_ and replaced by 80 lifting shutters of 82 feet span and 5 feet height.
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In the 1909 floods, three arches were washed away in the
scouring sluice portion. These were restored, omitting the scour-
ing sluices.

The Cauwvery and Vennar Regulators.

Immediately downstream of and constructed almost at right
angles to the Grand Anicut the imposing regulators of the Cauvery
and Vennar head divide the main stream. They were built in
about 1886 for distributing the available flow between the Cauvery
and Vennar, and for excluding from both, during floods, the
flood water which, prior to their construction, would have flowed
down uncontrolled and would, at times have been far in excess
of ugeful requirements for irrigation.

Since that date, they have undergone some modification in the
shutter ajrangements. The existing shutters are constructed of
wood and are sometimes difficult to operate. These will no doubt
be replaced by free roller steel gates in the near futmre.

Since Colonel Bilis wrote his report in 1910, various improve-
ments hayve been made at the Grand Anicut. The construction of
breast walls in the Cauvery and Vennar regulators afford [acili-
ties for entirely cloging the regulators and excluding flood from
the old delta.

New scouring sluices provided with radial shutters hayve
been built between the anicut and the Cauvery-Vennar regula-
tors. These are capable of discharging a maximum of 16,980
cusecs and prevent mndue silting of the bed and keep open a
low level watcr course as an approach channel to the sluices. {

To protect the Grand Anicut foundations from scour, a bed
regulator has been constructed for a length of 1,100 feet from
the nose between the anicut and the scouring sluices on the up-
stream side with the object of deflecling the low waler course
away from the anicut towards the Vennar Regulator and thence
to the scouring sluices.

As an outcome of the record flood of 1924, which was esfi-
mafed to amount to 475,000 cusecs at the Upper Anicut, a road
dam or bye-wash has been constructed in the low padugai about
a mile upstream of the Grand Anicut on the left bank of the
Cauvery. In the event of an extraordinarily high flood this bye-
wash can surplus about 98,600 cusees into the Coleroon thus
safeguarding the works at the Grand Anicut to a considerable
extent. L

The Grand Anicut Canal Head Sluice.

As has been velated in the earlier history of the project it
was, after much discussion extending over a number of years,
decided that the new canal should take off at the Grand Anicut.
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ofl-tukes, irrigating 2,114 acres in the aggregate, draw off some
68 cusecs of the canal flow which thus deereases to 4,068 cusecs
at the end of the first reach. Throughout this length, the bed
width and depth of flow are 180 feet and 7 feet respectively, and
the bedfall is 0-15"/1000". ’

Reach IT—R.D. 3/9466 to 9/0597.—The Sholagampatti vari.
tho largest cross drainage above Tanjore, is crossed at R.D. 4/0755
by means of a syphon aqueduct of 24 vents (12 feel by 7 feet) and
then the canal crosses the Tanjore-Trichinopoly line of the South
Indian Railway at R.D. 4/1418. A bridge of 5 vents 40 feet by
10 feet has been designed and constructed by the railway autho-
rities, but the cost has been borne by the project. The Afyanat
puram vari (R.D. 5/5354) and Nandavanampatti vari (5/9930) are
two other important drains crossed by the canal through syphon
aqueducts before encountering the *“ Budalur cutting »* which is
about 2 miles long (6/30 to 7/50). The cutting through this ridge
is about 17-5 fect at its highest point and in the valley beyond the
ridge the Chithrakudi veri is crossed by a syphon aqueduct at
R.D. 8/6560. The Chaklwa Samantham channel which is the
first important channel branching from the canal takes off at R.D.
9/0597 and supplies an ayacut of 4,815 acres. The bed width and
depth of flow in the second reach-are 177 fcet and 7 feet respec-
tively, and the total draw off down to the end of the gecond reach
is about 180 cusecs for an ayacut of 8,534 acres. The width of the
canal is reduced to 172 feet at the head of the third reach, the
canal carrying only 3,958 cusecs from this point.

Reacly TTIT R.D. 9/0597 to 12/8899. —Hast of the Chithrakudi
vari crossing, the canal runs through the Alakkudi ridge, the
cutting being about 11 feefi deep at the crown of the ridge. The
second largest vari above Tanjore, called the Muthalai Muthu vari,
is crossed by a syphon aqueduct of 12 vents (12 feet by 6 feet) at
R.D. 9/9844, passing which the canal enters a stretch of flat land.
To the right of this streteh is the Vallam vidge, composed of laterite
stone, and to avoid a cutting of some 44 feet in depth through the
ridge,.the canal was, after several alternafives had been examined,
taken through the Tamnjore town. Col. Hllis was not originally in
favour of the canal being taken through the town as he anticipated
that the cost would be prohibitive, but Mr. Allan Campbell showed
that this new alignment was more fayourable and economical, to
say nothing of the benefits which its passage through the town
would afford to the inhabitants of Tanjore. Iieaving fhe Vallam
ridge to the right, the canal turns north-east and runs through
the Ramanathapuram ridge in a cufting of 12 feet (maximum)
near o village of the same name. This cutting was necessary, nof
only to avoid the high embankment involved in aligning the canal
below the village on the lower side of the ridge, but also to secure

17
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headway at the railway crossing at R.D. 12/3315. This railway
bridge of 7 vents (40 feet by 10 feet) is crossed on (he skew and
was designed and constructed by the South Indian Railway autho-
rities at the cost of the project. Reddipalem vari is crossed over
by a syphon aqueduct of 3 vents, 6 feet by 6 feet at R.D. 12/6050
and the canal then enters the Tanjore town cutting. There is no
important irrigation off-take in the third reach and only 23 cusees
in all are drawn off by seven small channels; so the canal has the
same bed width of 172 feet at the head of the fourth reach also.
There is an important ‘ B’ class bridge (width 18 feet) at R.D.
10/1807 where the canal crosses under the Vallam-Alakkudi road.
Three foot bridges and one ‘€’ class bridge are also provided
where existing communications in the reach are cut by the camnal.

Reaches IV to VI—R.D. 12/8999 to 14/8565.—The “* Tanjore
town cutting '’ which practically begins at R.D. 12/8899 may be
said to extend to R.[D.714/8565, a distance of nearly 4 miles. The
approach to the town is“in deep cutting (about 26 feet at 13/30)
but through the town itself, the depth of cutting is such as to keep
the full supply level as'far as possible below ground level. The
cost of land within the town limits was very high and it was not
an economical proposition to maintain the normal width of the
canal through the town. Besides this, the width of land available
for tlie passage of the canal threugh the Muhammadan grave yard
on the canal alignment was limited to about 80 feet which neces-
sitated the reduction of the canal to this width by a special tapering
from 172 feet to 84 fect and this had to be effected in a distance
of 440 feet (R.D. 12/8899. to 12/9339). To make up for this
constriction, the depth of flow has been increased to 10 feet and
the slope of the canal to 0-205"/1000". The increase in depth and
slope results in an increased velocity and as a profective measure
against scour, the whole course of the canal within the town has
been lined with slabs of brick-on-edge plastered cver with cement
laid on a suitably prepared soil-backing. The full normal width
and the full supply depth of 7 feet are restored beyond the town
limits by a reverse taper between R.D. 14/1492 to 14/1932. 1In
the tapered section between R.D. 12/8899 to 12/9339 the bed of
the canal is given a slope of 7-297/1000" while in the reach R.D.
14/1492 to 14/1932, the reverse slope back to normal is 7-02'/1000°.

Tmmediately on entering the town, the canal has to cross the
Seppu Naickan vari, supplying a tank of the same name. A foot
bridge at R.D. 13/2989 provides access to the police ‘** rifle range *’
on the left bank of the canal and then the canal runs through the
soush Fort ditch alongside the southern rampart of the big Tanjore
temple of historic fame. The Vallam road crosses the canal near
the big temple at R.D. 13/4932 by a special class bridge of 3 spans
of 27 feet the roadway being 36 feet 3 inches in width. The
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Realignment of canal below R.D. 20/4750.—The course of the
canal fraced so far follows the course proposed by Col. Ellis with
a very few munor changes in alignment. From R.D. 20/4750,
however, an entirely new alignment has been adopted. As originally
aligned, the canal was to pass through the eastern portion of the
Pudukkottah State for the irrigation of certain lands in that State
put, in view of difficulties which cropped up later regarding the
control of irrigation supplies, the collection of revenue by the
State authorities and the administrative control over*the canal
zones in that territory, that course had to be abandoned und it
was found necessary to realign the canal so as to run entirely within
Madras territory. The alterations due to this radical deviation in
the alignment have been manifold. An area of over 20,000 acres
has been thrown out of the commandable extent, since the shift-
ing of the canal to the east has thrown part of the area over to the
right or uncommandable side. The height of embankments cross-
ing the valleys of the Maharaja Samudram, the Agniar and other
important drainages have had to be increased as the canal has to
cross them at -a sufficiently high level fo command the lands lower
down. Besides these, the canal bed has had to be dropped through
27 feet in a succession of drops to cnable the crossings of the
valleys to be effected at practicable levels. The extra cost involved
in these additional works has been counsiderable.

Reach XVI—20/5715 to 22/5420.—I.eaving Col. Ellis’'s align-
ment at R.D. 20/4750, the canal now takes an eastern bend so as
to avoid the Pudukkotah territory (which it approaches at about
R.D. 22/00 in the present alignment) and then runs southwards.
In the reach of the four miles between 20/5715 and 22/5420 there
are a series of 8 drops (one of 4 feet, six of 3 feet and one of 2 feet)
which lower the canal bed by 24 feet so that at R.D. 22/5420, the
total drop in bed in the reach is nearly 27 feet. Sillathur channel,
supplying 2,100 acres, takes off at R.D. 22/5420 and four other
minor channels in the reach supply about 1,000 acres. Foot bridges
are combined with four of the six 3 feet drops and there is also a
separate ‘ C ' class bridge at R.D. 21/7015. The canal carries
1,390 cusecs at R.D. 22/5420 where it is only 77 feet wide.

Reach XVII—R.D. 22/5420 to 24/30.—At R.D. 22/6305,
where the canal cuts through a hamlet called ** Vettikkad,” a * C*
class bridge is provided to connect the two portions of the village.
Another 3 feet drop, which is the 9th in fhe series, is constructed
at R.D. 22/85. This point practically marks the entry of the
canal into the valley of the Maharaja Samudram river, a large local
drainage with a catchment of 153 square miles and an estimated
maximum run-off of 28,600 cusecs. (For a detailed description
of the embankment and aqueduct the reader is referred to Part 11
Chapter XXVII). This valley is over 2 miles wide and is by far
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the biggest encountered by the canal, the maximum banking in
the reach being as much as 26-5 feet above the ground level. The
syphon aqueduct across the river af R.D. 23/60 consists of 20
vents of 12 feet and is the second largest in the whole course.
(The largest is the Agniar aqueduct at R.D. 30/ 25). The Akkara-
vattam main channel, designed for an ayacut of 2,800 acres, takes
off from the lefs bank at R.D. 24/30. The tolal ayacut secured in
this reach is.about; 3,300 acres.

Reach XVIIF—R.D. 24/30 to 25/4656.—The Alivalam chan-
nel, designed to carry 100 cusecs, takes off at R.D. 25/4656 above
a regulator at the same point. Besides the 6,300 acres under this
channel, another 1,200 acres are supplied by sluices in this reach.
At R.D. 24/4656, the canal carries 1,250 cusecs with a bed width
of 75 feet. The bed-fall is increased from this point to 0 -1657 /1000
(against 0-167/1000" in the reach above).

Reaches XIX to XXIT— R!D.25/4656 to 29/5990.—The Nadu-
vikkottai, Kayavoor and Pannavayal channels arve three important
irrigation 'off-takes in this reach, and the ayacuts supplied by them
are respectively 3,100 aecres, 3,300 acres and 3,200 acres. It is,
however expected that ultimately about 6,000 acres may be brought
under irigation through the Pannavayal channel by suitably extend-»
ing it. Pheltotal ayacut supplied through channels in this reach iss
over 16,700 acres (excluding the area under the Pannavayal chan-
nel extension).

Reach XXIII—R.D. 29/5990 to 30/60.—The Agniar valley
extends from R.D. 29/71 to 30/43, a distance of 7200". A detailed
description of the works in this valley is given in Chapter XXVI,
Part II. The embankment across the valley is 1563 feet high at the
deepest point and the syphon aqueduct at R.D. 80/25 is the largest
of its kind in the ‘whole course of the canal. The catchment of this
river is 335 square miles from which area a potential flood of over
58,000 cusecs may reasonably be expected. The syphon aqueduct
consists of 36 vents of 12" x 11-5’. There is a combined regulator and
¢ @ elass hridge at R.D. 30,60 and the Pudupatnam canal, designed
for an ayacut of 31,500 acres, takes off above this regulator.

Reach XXI1V—R.D. 30/60 to 35/80.—The canal at R.D. 30/60
has an ayacut of about 40,000 acres and discharges about 550 cusecs
with a bed width of 40°, full supply depth of 5-5" and a bed fall of
0-175/1000°. It ends al R.D. 35/80 with a bed width of 30" and
full supply depth of 5-25" from which point the channel continues
under the'name of ** Grand Anicut Extension channel .

~ Reach XXV—The Grand Anicut Ewxtension channel.—The
Grand Anicut Extension channel has a bed-width of 29% feet and
carries a discharge of 312 cusecs with a full supply depth of 45" and
a bed fall of 027/1000, After running for a short distance through
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Pattukkottai taluk, it enters Arantangi taluk. The Villunniyar, an
important drainage is crossed by means of an aqueduct at R.D.
1/5102 (measured from the head of the extension channel) and
the Mayavaram-Arantangi branch of the South Indian Railway
crosses the channel at R.D. 2/82. There is also another agueduct
at R.D. 3/3684 across the Marudangudiyar before the final tailing
off of the channel into what is known as the ** Thiruvappadi chan-
nel ** occurs at R.D. 6/56. A photo of the Marudangudiyar aque-
duct is reproduced in Plate XXXVIIL. The Thiravappadi channel
runs east and is 13" wide and 35" deep at its head.

The Hixcavation of the New Canal.

The formation of the canal system involved excavation amount-
ing to 560 million cubic feet of earth at a cost of Rs. 42 lakhs,
and about half this quantity was in'the portions of the canal which
carry more than 300 cusecs, over 6,500 acres of land in strips aggre-
gating in length to no less than 2,650 miles had to be acquired at a
cost of about Rs. 40 lakhs., The canal runs in a maximum cutting
of 26/ depth just above Tanjore. At other places it is as far as pos-
sible in balanced cutting, while a maximum banking of over 30
occurs. at about the 45th mile where the canal crosses the wide
valley of the Maharajasamudram river. A comparison ofsthis hieavy
embankment, with the next two largest is made below in order
that the rcader may have some conception of the great amounf of
earthwork involved :—

Leinézth Mﬁmximum Average Barthwork = Cost in

Name of embankment. eight ‘Theigh million lakhs of

feet. in feet. in feet. cubic feeb. TupDEes.
1 Vettikkadu .. .. e 10,250 30 20 29-0 65
2 Thattankulam G 55 3,000 21 12 72 1-2
3 Agniar o0 05 e 7,200 15 6 76 08

It may be noted that the class of soil available at site for the
construction of the heavy embankment at Vettikkadu was not well
suited for the purpose and better classes of earth had to be railed
from the neighbouring reaches. In view of the peculiar condition
of the soil obtaining at the site, the * hydraulic gradient,”’ the
“ earth cover *° the final front and rear slopes and other engineer-
ing data to be adopted for the design of this embankment were deter-
mined by actual observation of the behaviour of an experimental
tank (constructed on the canal alignment itself) when filled with
water to vavious depths. The tendency for the saturated soil in
the banks to slide was also carefully studied (see Part IT, Chapuer
XXVID).

Disposal of Cross-drainage.

In its 70 mile course on sidelong ground, the Grand Anicut Canal
intercepts a right side catchmiens of 780 square miles which can
oceasion a combined potential flood of over 80,000 cusecs. The









CHAPTER LIV
PRELIMINARIES AND INCIDENTALS.

Ir is to the credit of the original designers of the project that
all possible improvements were. fully foreseen and provided for in
these estlmates The designs for Works in the canal area were
worked out in those estimates in the minutest detail so thaf, when
the scheme was sanctioned, it was possible to start constructional
operations immediately and simultaneously throughout the area.
Alignment of canals on the ground was followed by the acquisition
of lands, manufacture or collec’mon of materials, construction of
store or work sheds, and then a start was made on the works them-
selves. Some delaw in the early stages was occasioned by the some-
what unexpected dlﬁelences which led ultimately to the exclusion
of the canals from the Pudukkottai State lands. An increase in
the waterway of the svphons as we have arleady noted, was thereby
occasioned, necessitating the re-design of some of the works, but
as these changes did not affect the final scope of the project, the
changes were éLda,pted without much (}éfﬁ(}ulﬁy. b

Considerable delay in the execution of works below the Agniar
crossing was however caused by the agitation raised by the ryots
of the Salem and Tuchmopo]y districts who claimed that their
districts should first receive a share of the benefits which the con-
struction of the reservoir afforded. In 1928 these ryots contended
that part of the new area under the project should be found in
their districts in preference to localizing it entirely in Tanjore.
Investigations were then ordered by Government to see if such
extensions would be economically feasible, but in so doing, they
ordered that works in the canal zone below the Agniar should be
kept in abeyance fill a decision was reached with regard to the
proposed irrigation in Salem and Trichinopoly. The investigations,
however, showed that the Salem canal scheme would be three
times as costly, acre per acre, as a similar scheme under the Grand
Anicut Canal. In addition, the nature of the soil and topographical -
features of the Salem district were such that the irrigation of lands
in that district was likely to prove most wasteful, the cost of
heayy cutting and numerous cross-drainage works being very con-
siderable. To make such a scheme pay, a water rate of over Rs. 30
would have been necessary and as the payment of such a rate was
out of the question, the proposal was definitely abandoned as
impracticable. As for the agitation from the Trichinopoly ryots, con-
ditions were found to be more favourable and resulted in the pro-
posal for the Kattalai High Level Channel scheme (since completed).
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This scheme, however has been carried out us an extension by im-
provement of duty so that the new arca under it does mob form
part of the project. Though the agitation from the ryots of Salem
eventually ceased to have any effect on the final scope of the project,
yet it contributed in no small degree to the delay in the start and
completion of works in the area below the Agniar.

Regulators, syphons, drops and” headsluices for branch canals
have heen constructed where ﬁecé'ssary and bridges have been pro-
vided at averagc intervals of a mile and a quarter over the canals
and at intervals of about 2 miles over the distributaries. Thanks
to the convenient situation of Tanjore and Pattuklkottai, two im-
portant and populous towns served by the South Indian Railway, nc
elaborate arrangements for accommodation were necessary for the
constructional staff. A few inspection bungalows were constructed
at key points along the course of the canal and lso a few office
buildings at Tanjore and Pattullottal bub these v’&éuld have ulti-
mately been necessary, in any event, for the permanent mainten-
ance staff of the project. Temporary sheds sufficed fér housing
the section staff. The temporary dispensary constructed at Vetti-
kad was the only one of its kind found necessary in the canal area
and this was provided and maintained oul of the project funds.

Permanent  teleplione communications have been installed
between Mettur (the regulating source for all supplies of water for
the delta) and the canal divisions at Tanjore. This line has proved
of immense advantage from the date of opening of the Cauvery
Mettur System by facilitating judicious regulation and distribu-
tion of supplies to the delta. The Grand Anicut is now linked
up by telephone with Mettur on one side and with all the impor-
tant stations in the delta on the other, so that the officers, even
at the more distant control stations, are in close touch with one
another and advance information, more or less complete, of the
probable state of the river at Grand Anicut can be obtained some
two or threc days in advance. During the north-east monsoon,
the local rainy period, telephonic reports regarding the intensity
of vain in any portion of the delta can easily be communicated and
regulation of supplies at Mettur can now be made earlier than was
formerly possible, so that wastage of water can be reduced to a
minimum.

Labour and Machinery.

Scarcity of labour is a characteristic phenomenon in the delta
as all available labour is concentrated in the periodic operations
of transplantation and harvest of paddy when labouwr is required
everywhere in the delta at the same time. There is, in view of the
migration from one area to another, bound to be a general shortage
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(HAPTER LV
AYACUT INVESTIGATIONS—INTRODUCTORY NOTE.

Iy tHE following paragraphs will be found an outline touching
upon some of the more important and complicated investigations
which had to be taken up prior to the actual opening up of the
new area for eultivation by direct irrigation. These investigations,
carried out by the special Revenue staff in close co-operation with
the special Engineering staff appointed for the purpose, constituted
such an important part of the work in the canal area that it has
been considered desivable, to set them out in greater detail in part IT
of this book. Only by perusing those chapters can the ordinary
reader realize the extraordinary amount of labour which the thorough
investigation and provision for control of irrigated land involves.
To those not conversant with irrigation operations, as practised in
Tndia; many of the technical terms employed in those chapters
may be unintelligible. Accordingly, a glossary of terms has been
prepared and will be found in Appendix M.

Field Bothies.

As in all earlier schiemes, the Government, at the time of sanc-
tion to this project, undertook only to deliver water at a command-
ing point in each village leaving to the ryots the task of construct-
ing the necessary ‘* water courses ” for conveying water from the
Government channels to the fields, following the instructions of
the irrigation officers only as to alignment. Even this was subject
to the proviso that Government channels should be carried into or
down to the border of the lands of each village when the area to
be irrigated was not less than 100 acres in extent. On the other
hand, the ryots were not to be called on to construct any channel
having & eapacity exceeding b5 cusecs.

However, during actual execution of the work, this policy was
liberalised, and Government channels were excavated down to a
point where they would deliver water for blocks of 150 acres or
less. The rapid extension of irrigation and the avoidance of petty
quarrels amongst the ryots has been further facilitated by the
Government undertaking the aligning of field channels and of ;
acquiring the land required for them down to a point where they are
required to irrigate not more than 25 acres each. The excavation
alone has ordinarily to be done by the ryots but, in particular cases
where the excavation has been found to involve much labour, it has
been done at Government cost.
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Land A cquisition.

This is the first project in which the acquisition of land for
field bothies has been undertaken by Governmenf. The special
Revenue staff appointed to deal with this work consisted of one
Indian Civil Service officer and eight or ten Deputy Collectors with
the necessary subordinate staff. Of the 7,000 and odd acres acquired
in the canal area, nearly a third was for the field bothies.

Much of the land traversed by the canal system is zamindari
unsurveyed land, and the adoption of the normal procedure would
have involved considerable delay in starting the work. These diffi-
cullies were got over by sending out survey parties in advance, under
the control of the Survey department, to prepare correct maps
of the villages before land acquisition was started. Unnecessary
formalities such as preparation of land schedules in the. Public
Works Department in the first instange were dispensed with. The
initial organization of the proceedings was in the hands of Mr. P. T.
Sreenivasachari, Collector and Tiand Acquisition Officer for the
project, whose ability and tact had not a little to do with the smooth
and rapid progress in the land acquisition proceedings.

Delimatation of Ayacut.

An artificial limit is set fo the new irrigation permissible under
the project by the terms of the Madras-Mysore agreement and the
canals and channels have been designed only for that limited supply.
To secure the best results in the circumstances, it is essential to
prevent haphazard development which might lead to waste of water
and to circumseribe the actual irrigable extent by having it regu-
larly defined. All extensions beyond the limit thus fixed are to
be discouraged by heavy penalisation. It has accordingly become
necessary to introduce a ** permit system whereby the authorities
““ authorise ** irrigation by the issue of permits which give the ryot
the necessary title to the water for a particular field from a project
source. Anyone taking water to his lands without such a permit
will now be obliged to pay the penal assessment for irregular irri-
gation.

Before a project of this magnitude and complexity could be
undertaken, it was necessary to prepare contoured plans both for
purposes of localising the ayacuf in the most suitable areas and to
secure the best alignments of channels and field bothies in the inter-
ests of economy and efficiency. This, however, involved detailed
investigation and the preparation of special maps with levels shown
thereon. This preliminary and important work was entrusted to
a Special Bxecutive Engineer with two Assistant Tngineers who
worked out the engineering details and completed the work after
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oblaining additional information furnished by the Special Revenue
staff. Block maps, showing in great defail the result of all investi-
gations, have been prepared for the whole area. ‘L'hese are mow
printed and constitute a permanent record for easy reference.

The Ayacut BEnguiry.

Tt wus desirable to see that the' maximum possible ayacut in -
each village was secured without detriment to future expansion of
the village, and the ° ayacut enquiry ™ by the Special Executive
Engineer and Special Revenue Officer was designed fo secure this
end. This was a sysbematic invitation to the ryots of cach village
to represent their requirements and views for consideration, and
at these conferences information as to the irrigability of their lands,
the extent, if any, to which' their lands would have to be lowered
in order to be easily subject to gravitation flow was ascertained.
Close -collaboration between the Public Works Department and
Revenue staff was ensured at each stage with a view to expedite for-
mulation of proposals and the acquisition of lands. Village sites,
roads, cart tracks, drainage courses, grazing grounds, cremation
places, threshing floors and land for other communal purposes, that
might reasonably be required in years fo come, were all examined
and specifically and permanently excluded from the project ayacut;
comparatively high areas were reserved for residential purposes and,
generally, the areas so reserved came to about 8 per ccnt to 5 per
cent of the total area of the village. A thorough examination was
also made of the need (o retain such of the existing shallow tanks
as might be useful in supplementing or serving as small storages
for' irrigation in future.

As a result of these investigations, extending throughout several
hundreds of villages, it was found that, on an average, a gross area
of 100 acres atforded an irrigable area of abont 70 acres only. The
earlier estimates, however, had counted on the availability of nearer
80 acres per 100 acres gross area to be available for actual Lrrigas
tion. As a result of these ayacut investigations, the possible shor-
tages were discovered in time and steps were taken to localise the
anticipated shortage elsewhere in the best manner possible. The
position will again be reviewed some ten years hence, when the
lands have further developed and, if any of the fields now included
are mot irrigated by that time, their possible inclusion by the
removal of defects in the system, or the localisation of an equal
area elsewherc, will be carefully considered.

The < Ayacut -Register > and *“ Permits.”’
A record of the results of these ayacut investigations to which

we have just referred, clearly specifying in what manner each field
is to be irrigated, is now maintained in an ‘‘ ayacut vegister ’ and






CHAPTER LVI
EFFECTS OF THE RESERVOIR ON EXISTING IRRIGATION.

WHILE THE arrangements for the conservation of water by the
construction of a reservoir were being (aken, the possibilities of
effecting economies in the use of the water so conserved were also
investigated, dtherwise, the full benefits of storage could not be
secured. It was decided to follow up the improvements in supplies
to the delta storage with the remodelling of sluices and river con-
servancy operations. The deltaic rivers were of the inundation
type and served as handy flood valves to supplement the Coleroon in
times of flood. These naturally had a far greater capacity than is
now required for irrigation purposes alone and when conveying
merely the Tirigation supplies, the rivers ran very low with result-
ing loss in command and relatively large wastage and losses in
transmission. ?

During the pre-project days, the floods, usually coincident with
the busy transplantation period used to be passed on fo the delta
without abstraction of its waters and what was not capable of uti-
lisation simply ran to waste to the sea. These conditions with the
advent of the Reservoir have now been entirely changed and, here-
after, floods of moderate intensity will be more or less completely
absorbed while intense floods will be greatly modified. There is
now little or no need for the use of these distributaries as flood-
valves and this makes it possible to restrict their sizes as far as
possible. It is hoped that eventually the remodelling and river con-
servancy operations now under way will ensure a more stable and
economical regime and improve command in the delta.

System of BRaised Sills.

Experience has shown that in nearly all gravitational systems
the channels and sluices in the upper reaches usually take off a
greater supply than is actually required and the cumulative effect
is that the quantity that reaches the tail end of a system is dis-
proportionately low. - Tn order to ensure proportionate supplies to
the lower reaches at the critical irrigation periods, it is advisable to
arrange that the sills of channel sluices in the upper reaches shall
be located at a level somewhat higher than the theoretical bed of:
the canal (or parent channel) so that, during periods of low supply,
the water taken up by the upper channels is limited and sufficient
water reaches the tail-end distributaries also. To obviate silt trouble
in channels, scouring outlets are provided where practicable. In
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about half the area in 1932 and, thereafter to adopt a programme
that would give supply to the whole system by 1938. By adopting
this programme, it was estimated that a saving of about Rs. 15
lakhs on interest charges would have resulted while, at the same
time, the area for which irrigation could be provided would be far
in excess of the area actually likely to take water. This proposal
was, however, given up on the general ground that whatever the
rate of irrigation assumed, development is likely to be proportionate
to the avea for which water is available, and that, therefore, the
wider the area for which water is made available, the greater the
area that will take it. Then there was also the consideration that
if excavation were delayed, the labour for excavation of
canals would compete with the labour for preparation of dry
fields for irrigation, resulting in a shortage for both. Further,
when water is available for the whole area (and the object is to
make it available to the full area as rapidly as possible rather
than conserve the supply) it is a sounder policy to distribute water
widely from the outset than to restrict it to certain reaches. Ac-
cordingly, the programme of works was so adjusted as to speedily
throw open for irrigation as large an area as possible without
hindering in any way the completion of the.remaining works. The
Vadavar system was opened in 1932-33 to command a new area
of 20,000 acres. In 1933-34 the entire Vadavar system, intended
to serve the ultimate new ayacut of 43,000 acres (including the
area by improvement of duty) and the Grand Anicut Canal System
down to the 37th mile, commanding an area of 150,000 acres,
was also thrown open for irrigation. In 193435 the entire Vada-
var and the reaches of the Grand Anicut Canal down to the 58th
mile (with an ultimate ayacut of 220,000 acres) were brought into
operation and water was made available in the canals and all their
branches down to this point.

As regards the development of mew irrigation, it has lo be
noted in passing that it is bound to be slow for the' reason that
the area thrown open for irrigation and the final ayacut are the
same. A growth of an ultimate area of 300,000 acres in, say, @
total of 400,000 acres, on the assumption of a 75 per cenf deve-
lopment in ten years, would have admitted of a more rapid advance.
The area actually irrigated under the project at the end of the
fourth season, from the time watler was made available, was
96,000 acres as against 104,300 forecast in 1932. Tt is believed
that development would have been more rapid but for the: present
economic depression and for the fact that the new area 1s _predo-
minantly zamindari. Differences over the matter of sbarlng of
payment of water-rate [requently avise between the zamindar and
his tenants, and these differcnees take time to settle.
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inter-taluk roads had fallen into disuse. The Government have
also sanctioned a loan of Rs. 1 lakh to the Tanjore District Board
for the acquisition of land for new or improved roads. The taluk
roads are now also recelving attention and some of them are likely
to be metalled in the near future. Villages which had been almost
abandoned are now reviving and green patches of paddy cultiva-
tion are springing up where formerly the land lay fallow and there
was even occasionally scarcity of drinking water. In such places
there are now plenfiful supplics for wet irrigation, while the per-
sonal needs of men and cattle are amply provided for.

The South Indian Railway Company has recently surveyed a
new direct railway line [rom Tanjore to Pattukkottai, through the
heart of the new area and, if this railway project materializes, it
will afford easy rail communication for the conveyance of crops,
etc., m that area where the construction and maintenance of good
roads present such difficulties. Tt is not easy to see how such a
line can fail to be of immense benefit-in the development of that
stretch of country. Railways, however, are now having to meet
such keen competition from rapid motor transport that there is natu-
rally some hesitation in launching a new line at the present time.

The Government have opened an experimental agricultural
farm in the arvea near Patlukkottai where several commercial
crops, mcluding varieties of sugarcane, are being grown. The
ryots, -it is hoped, may profit by the demonstrations which are
being made there. When fully developed, the new area will pro-
duce annually more than 100,000 tons of paddy or other grains.
The tract is as yet sparsely populated, the density of population
being about 400 per square mile, while the minimum density in
the neighbouring delta is about 700 per square miile. It is reason-.
able, therefore, to expect that the new area of 625 square miles will
eventually attract at least 200,000 inbabitants to settle there
permanently, and this aspecti should be of more than local import-
ance.

No Danger of Owverproduction.

Tt may be argued that thc relatively large area mow thrown
open for new irrigation will result in overproduction of raw mate-
rials and foodstuffs, especially in an area, which, for centuries,
was noted for its high productivity. In broaching this subject,
come observations by the Hon’ble Sir Archibald Campbell (Revenue
Member, Governor’s Executive Council), during the inauguration
ceremony of the Cauvery-Mettur System, may again be quoted :—

1t has been sometimes said that it is a mistake o encourage
the irrigation of mew areas for the cultivation of heavily
irrigated crops, especially rice, owing fo the danger of






CHAPTER LIX

REVIEW OF PROJECT ESTIMATE AND ACTUAL EXPENDITURE.

Bur suiGHT reference has so far been made to the estimated and
actual expenditure on the project.

The estimate was, as we have seen, repeatedly revised and it
wae not until 1928 that the final estimate was drawn up and
approved. This estimate amounted to Rs. 7,37,08,000, and pro-
vided for the many changes in the design and scope of the scheme
found necessary since the first estimate had been sanctioned in
1924.

In order to compare the expenditure with the estimate provi-
sion under the various heads and to condense the subject into as
small a space as possible, the two are treated together, and are
briefly reviewed in their several aspects below.

Closure of construction estimate.—In 1928 1t was contemplated
that it would be possible to utilize the storage and open new irri-
gation from the reservoir in 1932, to complete construction in
October or November 1933 and to close the construction estimate
in June 1934. However, on account of subsequent important
changes found necessary in the construction of the dam, and the
delay caused by the excavation of deeper foundations than had
previously been contemplated, the re-alignment of the Grand
Anicut Canal outside the Pudukkottai State, the extension of
canal to a greater length to. secure the full ayacut, etc., and the
consequent delay in arriving at a decision in respect of these pro-
posals, the completion of works was somewhat delayed. The works
at the *“ Headworks '’ were completed by the middle of 1934, but
the operations in the canals are still in progress and are not expected
to be completed till the end of 1936. However, since the major
portion of the canal system was thrown open for irrigation in 1933—
34, the date of closure of the construction estimate was fixed as
30th September 1934, about a month after the inauguration of the
Cauvery-Mettur System.

Cost of the project—The project was started at a time when
post-war conditions created a rise in the cost-index; this was fol-
lowed towards the close of the project by a worldwide depression
so that the tendency was for the cost of materials and wages to
fall steadily during the construction period. This, together with
the substitution of magonry for concrete, contributed largely to the
savings of about Rs. 70 lakhs (about 9-6 per cent of the total) on
the project estimate. The savings in the cost of headworks would
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A noticeable deviation in the present schedules from the ins-
tructions i the latest civcular of the Government of India in
respect of preparation of estimates for Irrigation Projects is the
merging of ** V. Water Courses ”’ in ** 11L. Distributaries '’. The
question of re-arrangement of expendibure on the works (o show
the expenditure on the two heads separately was considered but
was given up as it was found that the expenditure on the works
was already too far advanced and involved, to admit of easy
rearrangement of expenditure in the form preseribed. The original
arrangement was thercfore followed in the subsequent revisions
and in the preparation of the completion report.

General abstract of the actual and estimated outlay.—DBy the
date fixed for the closure of the construction estimate for the pro-
ject, the major portion of the works had been completed and nearly
98 per cent of the anticipated net ouflay had been spent. A
general abstract summarising the ** Capital * aspect of the scheme
as it stood on 30th September 1934 will be found in Appendix J.
The net outlay of Rs. 667 lakhs forecast comprises a positive
expenditure of Rs. 697 lakhs set off by credits of abont Rs. 80 lakhs
realizable by salvage of plant, sale of buildings, ete. It is interest-
ing to notc that, of the total credits of Rs. 30 lakhs anticipated
at present, Rs. 14 lakhs were actually realized even before the
construction estimate was closed. The realization of the balance
amount is entirely dependent on the disposal of plant and build-
ings which, in the nature of things, could only be gradual and
would take time to accrue to the full extent of the forecast. (The
position by March 1936, was, however, very much advanced as a
further sum of Rs. 10 lakhs had been realized by that date, leaving
only a balance of about Rs. 6 lakhs to make up the total.)

~ In respeet of the salvage of the plant remaining to be disposed
of, it is to be said that a considerable part has till now been reserved
for use on the Tower Bhavani Project in the expectation of that
project being launched in the near future. The (ransfer of the
plant reserved for use on that project would fetch some Rs. 3 to
Rs. 4 lakhs. Besides this, the development of industries at Met-
tur, proposals for which are receiving the consideration of Govern-
ment, is likely to lead to further sales of plant and buildings and
if any of the proposals fructify, amounts considerably in excess
of those provided in the schedules would accrue to the project. Much
of the plant is also being disposed of by open sale.

The ultimate probable savings of Rs. 70 lakhs forecast now
forms 9:5 per cent of the total for the scheme sanctioned by the
Secretury of State in 1928, and as only about Rs. 6 lakhs of the
savings remained to be realized on March 1936, it may be said
that a savings of Rs. 64 lakhs has already accrued to the project,
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A good deal of criticism hag been levelled agninst the scheme
on the score that the benefits due to the reservoir have not so far
been as great as was claimed. Perhaps there is some slender
foundation for this argument because irrigation experience in the
delta, dating from time immemorial, has evolved a system of cul-
tivation which adapts itself to the peculiar natural conditions of
supply in the Cauvery basin. The transplaniation season coincides
with the period of maximum demand on the stream flow and has,
in the past, been timed to utilize the greatest percentage of the
flood flow directly on the land. Irrigation in the delta in the past has
been much less dependent upon storage than on direct flow but
this, to say the least, is not an unmixed advantage. The actual
supply that may be available later in the season camnot, by any
means, be foreseen and by the time it is known cultivation.is
alveady far advanced. It not infrequently happens that a year of
scanty rainfall furmshes as much water early in the season as a
vear of plenitude. 1In such years, the monsoon spends itself very
soon, the supplies run low much earlier and the shortage is
seriously felt towards the latter end of the season. A good deal
of wasted labour and failure of crops has thus been a frequent
experience.

It is true that the reservoir by itself could not augment the
supplies if the drought were to continuec over consecutive years,
though 1t would certainly ensure a miore even distribution of the
available supplies and prevent any wastage other than that due to
evaporation and transmission losses, both of which are inevitable.
Stream flow records, covering a continuous period of several years,
all show that periods of extreme drought as well as of extreme
plenitude oceur only af very long intervals and that a full supply
to all the lands under the reservoir could be ensured in most years.
In exceptional years like 1918, occurring probably once in a life-
time, it might perhaps be necessary to he content with less than
a full supply for a short period; but, by a more judicious distri-
bution and use of the available supplies and by the adoption of
improved methods of cultivation, results could be obtained which
would approximate to the normal even in those years. The reser-
voir is of particular value in such years of scarcity as it enables

_one to forecast the threatened shortage some 380 to 60 days prior
to its occurrence and makes it possible for a modification of the
cultivation operations fo be pnt into effect much earlier in the
geason than could otherwise be the case. Where such a course is
found desirable, it may even be advantageous to forego the culti-
vation of a second crop altogether or to restrict cultivation to an
area for which a fair supply may reasonably be ensured. Such

20






PART II

Headworks
CHAPTER 1

HoOSPITAL AND MEDICAL AID

Trm nwopssiry for a well-equipped hospital was anticipated from
the very ecommencement of the project. Mettur was then a mala-
rial place like its neighbours, Boomanur in the north and Chinna-
pallam in the south (which even in 1933, were still highly malavial
with a spleen index of 93 per cent), and continued to be so, until
anti-malarial operations were carried out and the scttlement was
made healthy [or habitation. The officers’ Medicine chest, which
was pub to the fullest use at the commencement, was soon found
to be inadequate and a regular dispensary was opened on 3rd May
1926 with a Sub-Assistant Surgeon in charge and was housed in
a portion of the old church which was the only public building
then available. . ;

From June 1926, there was a regular influx of officers and sub-
ordinates and the labour force also was steadily increasing.
Insufficient accommodation, consisting chiefly of thatched huts,
with an unprotected water-supply made life in this jungly area,
one of extreme hardship. To add to this, cholera broke out in
July 1926 and therc were several deaths. A regular panic ensued
among the labouring classes and hundreds of coolies bolted. The
resources of the Medical and Samitary staff were taxed to the
utmost but the epidemic was brought under control. Some 27
cholera patients were treated in the hospital during that out-breal.

As the works were progressing it was not found possible to
deal with all the cases with the available equipment. Several
cases required hospital accommodation and such cases had to be
taken to the Government hospital at Erode. As such instances
became more frequent it was decided to maintain an ambulance
car to take serious cases to Hrode. This car was subsequently
used for conveyance of accident cases from the workspot and
serious cases of illness from the quarters to the hospital.

Meanwhile, the population of the area was steadily increasing
and Mettur soon assumed the proportions of a town. The dispen-
sary became inadequate and the work became too heavy to be
managed by a Sub-Assistant Surgeon. Thereupon, in July 1927
a Oivil Assistant Surgeon was appointed. After his arrival neces-
sary instruments, equipment and drugs were indented for to cope
with the increased demand.

In May 1927 the temporary hospital was shifted nearer the
Workshops and was housed in a portion of the corrugated iron-
shed as it was thought that accidents which were then rather
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CHAPTER II
HEALTH AND ANTI-MALARIAL MEASURES.

In cases of large wrigation projects in tropical countries it too
often happens that malara casts a shadow beneath the sunshine of
an increased and improved water-supply. The explanation for this
is mot far to seek. Numerous excavations are made for quarrying
stone or for digging earth and these get filled with water during
the rainy weather and encourage the breeding of mosquitoes which
carry malavia. A large labour force is imported into the camp,
amongst whom there may be carriers of malaria. The malaria
germs are rapidly transmitted by the mosquitoes from the carriers
to healthy individuals and a severe outbreak of malaria in the
labour force is the sequel. Such an outbreak causes much inva-
lidism and consequent loss of efficiency and results in delay in the
execution of the work.

Realizing this danger, the Government determined to wage
war against the mosquito from the beginning of the Mettur
Project.

Accordingly, a health officer, specially trained in malariology,
with a suitable staff, was appointed to tackle the problem of mala-
ria as well as the general sanitation of the camps.

A preliminary survey was made of the country round about
the site of the dam which revealed the incidence of malaria in
endemic form in all the neighbouring villages. About 25 per cent
of the children examined had enlarged spleens, a sure sign of the
extent to which malaria existed in the locality.

The ¢ Mettur camp ' on the right bank of the river Cauvery
and the ‘ Salem camp * on the left bank were treated as two dis-
tinet and separate umits for the purpose of anti-malarial opera-
tions. :

The area in which anti-malarial operations were carried out
in Mettur Project is described below :— -

The Mettur camp comprises the area lying between the Pala-
malai hills on the west and the river on the east. Tt is about two
miles in length and 3,000 feet in width. The land slopes fairly
steeply from the foot of the Palamalai hills to the river and the
rainfall is therefore drained away to the river within an hour or
so of its occurrence. There are three main © varis’ or streams
which carry the water from the hills to the river. These streams
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PLATE No. XL.

TYPICAL QUARTERS FOR EUROPEANS AND INDIAN OFFICERS,
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We will not weary the reader with details of construction of the
various types of quarters which were provided to suif the many
classes and grades of employees engaged at Mettur.

Lists showing the number of buildings and quarters of each type
and the actual cost of construction of u quarter of each of these
types both in the Mettar and Salem camps will be found in Appen-
dix L.

The hospital buildings have been briefly described in a separate
chapter.

Of the other public buildings the central offices, the combined
Magistrate’s Court, Sub-Treasury and Police station, the sehool
and post office are the most important. ]

The combined central offices form the most imposing group of
buildings at Mettur. These are constructed in two blocks, the main
block being constructed round three sides of a square while the subsi-
diary block, with two shorter wings forms the fourth side of the
square. A road-way runs between the blocks and crosses the square.
The main building is a two-storeyed structure containing spacious
halls with verandas all round on both floors, the main staircase
being situated in a room in the middle of the block, with other
staircases at the ends of the two wings.

By means of movable screens, the larger halls could be sub-
divided into separate offices, the sizes of which could be expanded
or contracted wt will to suit the requirements of each officer. As the
staff and the number of scparate offices varied a good deal during
the course of the construction of the darm, this arrangement proved
very convenient, while, for special meetings and entertainments,
the screens could be removed and plenty of space made available.

The smaller block, which was of similar design but single-
storeyed, accommodated the offices of two Executive Tngineers and
several Subdivision offices, while the offices of the Engineer-in-
Chief, two HExecutive Engineers, the Audit Officer and several sub-
divisions were located in the main building. The telephone
exchange was also in the main building. -

= Thus; all the more important offices were housed in one place
and this arrangement proved to be extremely convenient and a
great deal of correspondence was avoided, since officers could meet
and discuss their problems without dlfﬁculty Every means of cut-
ting down local correspondence was availed of and this housing of
all the ez\ecutwe officers in one building undoubtedly 1e=m]ted in a
great saving of time. i

The Magistrate’s Court, Sub-Treasury and Police station were
conveniently situated near the main office, This building is of
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The interior arrangements of the filter house have been adjusted
to suit the working plans of the Paterson HEngineering Company
but the outside walls, etc., have been designed to suit the peculiar
nature of thig hill-side site. The filter walls have been designed
for a head of &, the inside being lined with brick in cement for 9”
thickness and cement plastered. The walls of the filter house are
of brick in lime mortar and the house is roofed with ** Madras
terrace * 97 thick. The plant was completcly erected and run
on trial and handed over by the Paterson Fngineering Company
as per terms of their contract. The buildings and the masonry
portions of the work relating to the fixing of the plant werc crected
departmentally. The cost of construction of the masonry part of
tho filter house was Rs. 22,000 and the cost of the three units
of Patersons Filter plant including erection was Rs. 55,000.

Service reservoir—The low level service reservoir consists of
two compartments each with a superficial area of 57" x 40" with
a depth of water of 14 and a free board of 2". The floor level is
plus 760 and the capacity of each compartment is 200,000 gallons.
The walls are of brick in lime mortar, the 9” next to the water
face being built of brick in cement and cement plastered. The
floor is lined with 4%” brick-on-edge in cement laid over a levelling
course of concrete and is cement plastered. The roofing is of cor-
rugated G-I. sheets carried on steel trusses and supported at the
ends by gable walls with door openings to allow of access into the
compartments for periodical cleaning and inspection. Masonry
cisterns 3° x 3’ x 3’ have been built one in each compartment
just below the inlet pipes to serve as a water cushion to break
the impact of falling water when the reservoir is nearly empby.
An overflow for cach compartment is provided with a flap-valve
having its sill level at plus 774-00. The supply main to the camp
and works, which is a 127 one, is fixed in the walls of the reser-
voir with sill 6” above floor level and is fitted with C.T. bell mouths
‘at the intake. A 127 scour valve is provided for each compartment.
To complete the germicidal process thechlorinated water is allowed
a, period of five hours in the reservoir before 1t is supplied to works
and camps. The cost of construction of the reservoir with roofing,
etc., was Rs. 35,900.

High level reservoir.—The capacity of the high level. service
reservoir is 200,000 gallons. The reservoir consists of two com-
partments with a floor area of 60" x 25" ‘each and a floor level of
plus 860-00. The depth at F.R.L. is 10 and a free board of 2 is
allowed. The walls are of coursed rubble first class in surki mertar
lined with 437 brick in cement and cement plasteved. The floor
is also lined with brick on edge in cement over a levelling course of
lime concrete and cement plastered. The roofiing is similar to

23
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peons and coolies, cfe., street fountaing. with single waste-nol cocks
were provided at the end of each block of quarters. In the case
of elorks’ quarters; fountains with single waste-not cocks were also
provided at the end of each block of quarters. In addition to the
above, water-supply was freely provided to all temporary coolie
camps in and around the work sites all over the headworks. The
pail depots, dumping pits and flushout latrines had their overhead
tanks supplied from the distribution mains, and, in addition, sepa-
rate taps were provided inside pail depots and flushout latrines for
washing purposes. The permanent ° dry * latrines, particularly
those in the Salem camp were also provided with taps for washing.
Beyond the officers’ bungalows at the south end of Mettur camp,
a water main was extended to the ** shandy ** and later to Matha-
yankuttai -village, three miles along the Mettur-Bhavani road, as
a lazge proportion of the coolies working on the project resided
that side and no other source of supply existed: there.

All cast iron and galvanized iron pipes were laid in trenches
at sufficient depth to. protect them [rom injury and to keep the
water cool. The lines, after being jointed, were tested for leaky
joints to a safe working pressure of 80 Ib. per square inch before
re-filling the trenches. 4 = o

Air valves at all the highest poins and scour valyes at all lowest
points have been provided on the distribution mains. All valves
are provided with masonry valve pits provided: -with C.I. surface
boxes. Ten Fire-hydrants of 23 size were fixed at suitable places
to command conveniently, by means of a 600-feet lengths of hose,
almost all the buildings in the camps (excluding officers’ bunga-
lows to the south and the workshoeps, power-house, efc., to the
north of Mettur camp). 7ol £ =

Water meters.—As the projech estimates for works did not pro-
vide scparately for water charges and as there was a special pro-
vision in the revised estimate for the project for the maintenance
of water-supply, it was decided not to charge for water supplied
to the works and camps but to introduce meters only at important
places on the distribution mains to record the proportionate supplies
to works and camps and also to ‘help the detection of wastage Aa,nd
leakage. Accordingly, some meters were _obtained and Vprowded
at imporfant places, the sizes being fixed fo suit the discharges
required. Regular pro-forma cost accounts for water-supply to
the camps and various works were maintained.  Shop-keepers,
non-official residents and the South Tndian Railway were charged
for the water supplied to them ab a rate of one rupee per C_shousaind
gallons. They had fo bear the cost of pipe connexions inclusive
of centage charges as also 8 per cent on the capital cost of meter
as its rent per annum, The amount realized from private parties
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The scheme was designed for a population of 5,000 (taking the
underground drainage area alone) and allowance at the rate of 20
gallons per head had been made. Coolies residing in the camps
outside the drainage avea totalled about 2,500, and provision for
them was made only at 15 gallons per head. Besides the above
there was the discharge from the flush-out latrines, pail depots and
dumping pits for which an allowance was made at 34,000 gallons
per day. An allowance of 3,500 gallons for discharge from the
Recreation Club, slaughter-house, ete., was also made. Thus the
total expected dry weather flow in the sewers was about 125,000
gallons per day. The camp was conveniently divisible into two
blocks with reterence to the position of the pumping station, about
90,000 gallons of the above discharge coming from the north and
35,000 gallons from the west side. The drainage duc to rainfall is
mainly led off to the river by a system of storm water drains but
a small quantity falling into the open courtyards of supervisors’,
clerks’, mechanics’ and maistris’ quarters finds its way to the
underground system through the open drains. Thus, though it is
common to design sewers to carry about 6 to 8 times fhe dry
weather flow about double this allowance has been made in the
design of the two outfall sewers mentioned above to allow for the
small quantity of rain water cntering the sewers and- to provide
for any possible future development.

General outline of Scheme.—The distance of the camp from
the power-house and workshops with the deep Kullaviranipabti
vari coming between rendered the inclusion of these in the drain-
age scheme impossible cxcept through the medium of a sub-
pumping station which was considered too expensive. 'I'he work-
shops and power-house were therefore provided with permanent
dry latrines. Regarding the dam, as the site of construction varied
in concentration of labour, portable dry latrines were provided. The
nightsoil from these latrines was removed by the conservancy staff
and emptied into the dumping pit at the nor; f’hew n exlbremity of the
drainage system near the maistris’ quarters.

_The officers’ bungalows which are situated far from the main
cm:np have large compounds, and sullage water was discharged
through surface drvains lor irr igating their gardens. The night-
soil was removed and emptied into the nearest dumping pit at
Thulkkanampatti which is connected to the underground system.

The hespital buildings, being of importance, haye their own
underground = sewers the sewage discharging into a special
manhole . whence it is lifted by means of an Adam’s
pneumatic ejector and discharged into a manhole at the head of
the nearest gravitation sewer at the north end of the main systemn
near the coolie lines,
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velocity of 24 feet per second would be maintained with sewers
running half full. In the majority of sewers, the gradients are self-
cleansing under almost all conditions of flow. ‘I'he maximum and
minimum gradients actually employed for the various sizes arc
noted below :—

Diameter of main. Maximum Minimum

gradient. gradient.

12 inches 1/85 1/181
B o o o oo 1/46 1/150
6 s 8o oo dig L 1/36 1/125
4 6 1/36 1/ 84

25

The above 01adlents in the cage of the 12” pipes though a little
steeper than those usually allowed, have been adopted on account
of the natural fall of ground and the low ground level at the pump-
ing station. Had the gradients been reduced, it would have been
necessary to construct leP manholes of greati depths, which were
not considered desirable with the rocky subsoil of Mettur. The
fault was on the safe side as the velocity was generally rather
greater than that requived to obtain self-cleansing conditions. As
however, the sewers did not require a life of more than 10 years,
the question of weur was of no consequence and all sewers remained
remarkably clean with the minimum of attention.

The lengths of the difllerent sizes of sewers as actually laid
are—

477 800/ (cxclusive of house connexions).

6"—12 1007 (exclusive of flush latrine connexions).

97—3,500".

0 71 ,895",

The homse connexions number about 836 and the size is 47,
the average length being 127

Gully-traps.—These connect the open drains in rear of quarters
and coolie lines to the sewer and prevent the admission of sand
and silt into the sewer line and the emission of sewer gas from
inside the sewer. A cast iron grating placed on a square scating
on top of the gully trap arrests any rubbish leaves, ete. In the
case of block-quarters, such as were provided for supervisors, clerks
mechanics and maistris and which are provided with twin latrines
and kitchens, a single gully-trap is utilized to draw off the waste
water from two adjacent quarters. In the case of fittermates’ 5
peons’” quarters and coolie lines there i one at the end of the surface
drain in rear of each block. The gize for all the above.is 4”. In
fAush-out latrines 67 syphon ftraps are cmployed for connecting the
manhole at the end of the latrine (o the sewer branch. %

Manholee —These haye ‘been constructed at. all junctions of
main and branch sewers and at every 200 to 250 feet in straight
reaches. They have been constructed also ab every junction of the
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6” branch sewer from flush-out latrines with the main sewer line.
The depth of the manholes iz generally within 4’ 67 from invert
of ‘pipes to the under side of the manhole cover, but in a few of the
manholes the depth varies from 4’ 67 to a maximum of 77 6”. All
the manholes are of rectangular section with inside mcasurements
3 67 and 2" 6”7 and are built of brick in mortar and cement
plastered in the inside. The top is corbelled in to take the manhole
cover [rame which is 307 x 20" clear (inside dimensions). The cast
iron frames with covers, not being situated in roadways, are of light
pattern and were obtained from the South Indian Export Company,
Madras, ab a cost of Rs. 32 each, the weight being 276 lb. each.
The covers are provided with four slit holes for insertion of keys
for lifting and also [or purposes of ventilation to a small extent.
Drop-manholes have been constructed where necessary to avoid too
steep cradients in sewer lines and, where the drop is more than 2
feet, special Tee branches and bends are fitted immediately belore
the manhole so as to discharge at floor level of the manhole. Hor
smaller drops, a sloping channel is formed in the concrete ilsell
ingide the manhole.

Flush manholes.—To remove the silt deposited in the pipes
owing to variations of flow, flush manholes of convenient capacities
were constructed at the head of each sewer line, the capacity
depending on the size and length of the sewer to be flushed. The
three different sizes constructed ati Mettur are 100 gallons, 250
gallons and 500 gallons. Wilh a widsh of 2 6” as for an ordinary
manhole, and a depth of flush level of 2 73" the lengths for the
three sizes work out to 2 67, 6/ 6” and 18. Thus, an ordinary
manhole itself with water-supply arraungements has served for the
first size. In the cage of the 250 and 500 gallons manholes, an
overflow is provided by means of a tee-piece and bend. The mouth
of the sewer pipe is provided with a flap door worked with a chain.
Weater iz supplied from the water main through a 2” pipe with a
stop-cock and trap in the delivery, to prevent sewage gases enter-
ing the water pipe and contaminating the water in 1fi,

Flush-out latrines.—These are provided for the thickly popu-
lated lincs, fittermates’, peons’, scavengers’ and police lines as
well as for the new and old markef sites. The distribution of the
latrines is as follows :—

Coolie lines (50 blocks of 20 quarters each) 12 numbers of 20 seat each.
Fifter mages (6 blocks of 15 4 ) 2 2 20 E
Peons lines (12 blocks of 15 3 ) 4 ” 20 "
Police lines (2 blocks of 10 euch and 1 of 3) 1 5 8 b
Hospital 2 G Gy be 1 ) Wb o
Combined offices. - ) AL 2 5 2
New and old markets 2 ”» 2 »

£ 1 5 10 5
Post offico and elementary school 1 ) 10 =

Scavengers’ huts 20 numbers at Thukkangm -
patbi o 50 ot e J6 o5 1 v 6 3,
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about 2 furlongs from the south-east of the camp for use #@s-a
sewage farm. The night soil was disposed of by the dry system in
trenching grounds available to the south of the camp.

The scheme as finally sanctioned provided for the construction
of a completed system of open masonry surface drains for a maxi-
mum population of 5,000 with a water allowance of 20 gallons per
head per day. The storm water falling in the camp area is excluded
from the drains by employing suitable storm water drains and
culyerts through which it discharges into a vari below the camp.
Provision was, however, made in calculating the sections of the
sullage drains for a small extra quantity of drainage due to rain.
The disposal of night soil was by the dry system, the officers’ and
clerks’, mechanics’ and maistris’ quarters being provided with dry
latrines and the coolie huts and market site being provided with a
system of pan-type dry latrines. Later, the Sanitary Engineer to
Government did not consider the system of disposal by trenching
desirable and recommended the construction of a septic tank with
a dumping pit in front of it. Accordingly these were constructed
before the end of 1929 and the sullage water from the camp as well
as the sewage from the dumping pit was passed through the septic
tank and the effluent passed on to the 10-acre farm for irrigation.

Types of open drains.—The drains are of ovoid section and seven
different sizes have been wused, the particular size at each place
being sufficient for the total maximum discharge at that place.
The largest drains were designed to carry nearly three cusecs which
is five to six times fhe maximum dry weather flow. As the slope
of the country is more than the slope of 1/200 adopted for the drains,
necessary masonry drops were provided as required.

The sullage [rom the peons’, maisiris’, clerks’, mechanics’ and
supervisors’ quarters was conveniently led away to the south of
the peons’ quarters for irrigation of a small three-acre farm, worked
independently of the main sewage farm.

Septic tank.—The septic tanlk was designed for a dry weather
flow of 60,000 gallons per day and it is divided into two sets of
compartments by a longitudinal partition wall in order to admit
of the isolation of one set when necessary for removing the sludge
and scum. Taking each sef, the dimensions of the first two com-
partments are 12’ x 12" and that of the last two 13°x 12 the depth
of the tank being 8 feet. The connexion between the first and the
second compartments is through two vents 2'x 2’ situated at floor
level. A partition wall 6 feet high divides the second and third
compartments. The connexion between the third and fourth com-
partments as well as from the 4th to the drain outside, is by means
of four 4”7 bends fixed in the compartment walls with sills at 7 feet
and 8 feet above the floor respectively. A free board of 2 6” has
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pipes embedded in the channel bank at bed level with sockefs facing
the channel. No difficulty is experienced with regard to the drain-
age of the plots as the soil is mostly sandy ov gravelly and is -
capable of absorbing-8” to 4” of irrigation at a time.

Working of the farm.—The farm commenced to work in August
1928. At that time the quantity of sewage was very little and was
accordingly distributed over small areas in plots in the southern
portion of the farm. But with the working of the pail depols and
flushout latrines during the middle of 1929, the sewage began tc
increase and farming was accordingly extended. The total quantity
of sewage pumped at one time amounted on an average to 17,000
gallons per day. With 3” irrigation this quantity will' cover aboub
94 acres. With irrigation once to™wice a weel, the sewage would
be sufficient for 9 to 18 acres. Hence, from 1930 onwards, the
cultivation under garden crops was confined on an ayerage to 12 or
15 acres and that under dry crops to about 30 to 33 acres. It was
decided to run the farm departmentally for the first few months in
the beginning as an experimental measure with the idea of leasing
it out afterwards if it should not be found to be a paying concern.
Under instructions and advice received from the Agricultural Depart-
ment and with the practical experience gained during the initial
stages of working, it was soon found to be a profitable concern and
the farm has heen completely run by the department throughout the
duration of the project with increasing annual profits, as the
annexed table of expenditure and realization will show. A farm
Superintendent with agricultural qualifications on a salary of
Rs. 50—5—75 was appointed in June 1930. The employment of a
qualified man has proved to be a wise step and has assured the
farm being operated at a profit.

Establishment.—The permanent establishment of fhe farm con-
sisted of a Farm Superintendent (as has already been mentioned),
one head coolie to assist the above, two watering men and ftwo
plough men. Besides the above, casual labour is employed when-
ever nceessary for sowing, weeding, harvesting and other operations.

Equipment.—The equipment of the farm consists of two Jat
ploughs, one Meston plough, two country ploughs and one Guntakka
(a species of weeding plough) besides an adequate number of mam-
mootics, ete. Regarding live-stock, there are five bulls, one for
conveying silt from the pumping station to the trenching ground
at the farm and the other four for ploughing purposes. For inifial
ploughing before planting the first crop, the Jat and Meston ploughs
are used. They have an advantage over the ordinary country ploughs
as the furrows are deeper and rectangular in section and the soil
is well turned, whereas the country plough works only V-shaped
furrows leaving ridges of unploughed land between, and the soil
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realization most satisfactory. The crop when maturing is
usually auctioned out.

Yield per acre—100 maunds of 25 Ib.
Tixpenditure to auctioning per acre—Rs, 85,
Plantains.—Next to chillies this has been found to be a pay-

Plantains.—Next to chillieg this has been found fo be a pay-
ing crop. The different varieties grown at Mettur are Mon-
dan, Poovan, : Pachanadan, Rasthali and Chakkarakalli.
The last variety was obtained from Vizagapatam. Of these
Mondan is grown as a green plantain to be used both as
a vegelable and fruit while the others arve grown only as
fruit. There is a demand for Poovan by merchants in
neighbouring towns. ;

The suckers ave planted about 8 feet apart either way in pits
9 x 9 x 2 in the beginning of Junc and cattle’ manure is
applied. TInter-cultivation commences in the third week. Tn
about gix months the tree begins to flower. The superfluous
side suckers are removed to help the growth of the main
tree, only the best of the sword suckers being retained for
the second crop. This is done at the time when more than
50 per cent of the trees begin to flower. When the full
bunch of fruit has formed, the flower at the end is nipped
off to improve the growth of the fruits. - The fruits take
about three fnonths for completely maturing. In' the farm
it has been found that the second crop always grows much
better than the:first one. Whereas in the first crop, there
ave only 6 or 7 skeins in a bunch, in the second crop there
are usually 9 to 12 skeins. d

A Mondan bunch (second crop) was sent to the Agricultural
Hixhibition held at Salem in 1983 and it was commended.
Tt was more than 3 feet long, having 13 skeins with 13
plantains in each, thus bearing 169 plantains.

The Rasthali and Chakkarakalli fruits haye always been
esteerned by the higher classes while the poor take only
to Mondan. Plantain leaves arve also sold to thie public
the third crop being used only for this purpose. The area
under plantaing has been, on an average, 4 “acres,

RS.
Realization per acre per annum. . o i o 350
Expenditure oo vl Aoy i 5l i) B

_ Profit e e 200

Elephant grass.—This is-one of {lie chief items of fodder in
the locality for cattle and at one time was much in demand.
About 5 acres of this have been planted.
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CHAPTER VI

POWER-HOUSE DURING CONSTRUCTION PERIOD.

As 95 por Nt of the plant used for building the dam, was driven
by electricivy, it was essential that a well-equipped power-house
should be erected.

9. Preliminary electric power plant was put into service in 1927,
consisting cof two 3-cylinder, 165 b.h.p., 300 R.P.M. Mirreless
Bickerton & Day, Limited. Diesel Oil engines, each driving a
195 KVA., 440 volt, 50 eycle, 3-phase Metropolitan Vickers Alter-
nator. i

3. The supply was fed through a 5-panel Metro-Vick polished
slate switch board. During the execution of the preliminary works,
this plant was used for supply to the workshops, waterworks,
drainage pump motors, and the camp lighting.

4. As the work increased, the two units stated above were
obviously too small, and instead of installing additional generating
units in the power-house, as had at first been - proposed, it was
arranged with the Government of Mysore for bulk supply from their
Hydro-Electric station at Sivasamudram, 63 miles away. The line
had to be constructed through very rough country and elephant-
infested forest. The current was transmitted at 35,000 volts, 3-
phase 25 cycles. On receipt at the Mettur Power-House, however,
the. voltage was stepped down and delivered to the distribution
high-tension busses af 3,300 volts at 50 cycles—three gynchronous
motor generator sets, changing the frequency from 25 to 50 eycles.
The Mysore Government maintained their own staff at Mettur
for supplying us this 3,300 volts current. The charges made for
electrical consumption by the Mysore Government, were based on
a sliding scale, and were as follows :—

For @ monthly consumption not exceeding 874,999 units the
charge was at 0-75 anna per unit and was reduced to 0-55
anna per unit for a monthly ¢onsumption exceeding 550,000
units. The maximum units consumed during any one
month totalled 447,000 units, the connected load beil}g
approximately 6,000 kilowatts. :

5. The current was distributed by means of overhead trans-
mission at 3,300 volts, to a number of sub-stations suitably located
for supply to the different cections of the dam and camp. These
were all Johnson & Phillips 500 KVA., 3,300/440 volts transformers
and 125 KVA., Metro-Vicks Transformers of similar rating, All .
motors employed on the works were of the 400 volts 3-phase, 50

cycles type.
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while fresh, is only a litfle below fthat of new cement and is
entirely satisfactory for ordinary building work when a very high
standard of quality is not essential. At Mettur the nse of sweep-
ings or screened cement in the dan itselt was prohibited.

All ccment and other materials used on the construction of
the dum was regularly tested at the well-equipped Test house at
Mettur., Samples of mortar were taken daily lrom the mixers on
the works and w high standard of quality was maintained. It
any swuples on Lest were found to give results below the stan-
dards vequired, cnquiry was immediately made to ascertain and
correct the causes. Any slackness in proportioning and mixing
wag thus detected and on the results of many thousands of tests,
the correct water cement ratios were accmrately determined and
maintained. It frequently happened, however, that the laboratory
requirements and the actual requirements to suil the conditions
of work did not entirely agree, for, while the laboratory tests aimed
at ideal proportioning to obtain maximum strength and density for
any particulsr mix, such proportioning was found to be unwork-
able in the usctual execution of work. In the case of concrete which
was conveyed to the work down the tower chuties, a considerably
higher water cenient ratio had to be maintained to vender the
mixture sufficiently fluid to slide down the chutes. With a dry
luix the concrete would not flow properly and much gegregation
of the stone from the mortar ook place, causing lamination of the
concrete when laid. Too much water had a similar effect, and
with the lean mixers employed for the rcar portion of the dum
much difficulty was experienced in keeping the concrete of uni-
form consistency, though the mixing was carried out with the
greatest care. It is evident that if segregation is to be avoided
the chubing of concrete will have fo be abandoned and it should
be placed in batches by other means, particularly where the pro-
portion ol cement used is low.

Tven when chuling mortar ywhich has been perfectly mixed,
the segregation of sand for the cement lukes place. This is parti-
cularly noticeable where the chutes are inclined at a steep angle,

 as was sometimes found necessary when conveying mortar by this
means from mixers stationed at ground level down to the work
at the bottom of deep trenches in the foundations. In such cases
there is a tendency for the cement to adhere to the sides of the
chutes while the sand, rolling down at a high velocity, throws oft
the ccment adhering to the particles. During the construetion,
therefore, chuting of morlar was avoided as far as possible and it
was found that mortar delivered in tip-wagons direct from the
mixers to platforms at the site of the actual work remained in its

original condition and required but little turning over and remixing

hefore use.
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season of 1929. During the course of execution it was found, due
to changes in the condition of the river marging that the height of
the walls was insufficient and in order to prolong the working season
in the viver bed, the walls were raised to 657-00 and completed by
May 1929.

When the excavation of foundations for the dam in the central
coffer dam avea was started in December 1929, it was considered
necessary for ensuring uninterrupted work, to further raise the
upstream central coffer dam wall and a portion of the side walls to
641-00. So the vents were all closed and solid wall was built up
to 638:00. The further raising to 641-00 was donc with 107 x 8
steel shutters fitted between piers. These were completed in the
dry season of 1930. During the early floods in 1930 it was found
that the steel shutters could not withstand the heavy flood and the
impact of Hoating tree trunks that passed over them. So, to ensure
uninterrupted work for the dry season of 1981, the vents were all
built up and the whole of the front wall and the side wall up to the
left offer dam were built up to 641-00. IKor the same reason, to
prevent backing up of water from downstream, the vents in the
rear wall were also built up to 635:00. The above items of work
were completed by March 1931. The total cost of constructing this
coffer dam was Rs. 63,450.

Left coffer dam.—This consisted of a series of vents 25 in num-
ber connected with the cust wall of the central coffer dam from I..S.
1,310 eastwards up to the high margin of the river at the left banlk.
These vents were situated just on the upstream side of, and nearly
parallel to the dam line. They were of 8 feet span on the skew and
7 feet when measured at right angles to the stream. The piers were
2 feet wide and 11 feet long and built with top level at 634:00.
This arrangement was intended to dispose of the summer flow and
also to form a bridge for the carriage of materials and for the
passage of labourers for works in the river bed. The arrangement
is clearly seen in Plate XIL. "This work was started and completed
in the dry season of 1928. The rear wall of the left coffer dam was
290 feet long connecting the east wall of the central coffer dam
with the left bank of the river. The wall wag built with a casing
of concrete (I : 5 : 10) all round, and had a hearting of rough
stone. Seven vents of 10 feet width, with 3 feet thick picrs between
them, were also provided. The cstimated cost of this work was
Rs. 11,200. Tt was started in December 1928 and completed in
February 1929.

During the dry season of 1929 excavation of the dam in a portion
of the left coffer dam adjucent to the left bank was in progress after
diverting the summer flow with the help of a ring bund through the
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PLATE No. XLV.

_ ONE OF THE LOW LEVEL SLUICE CULVERTS WITH SECTION REMOVED TO SHOW
TREE-ROLLERS.
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penetrate the water standimg in rear of the dam causing it, ast
nears the baffle wall, to boil up to a considerable height.

'I'he original proposal was to line the whole of the vents with
cutstone both in the floor and the sides. The length of this special
lining was, however, limited to 28 feet, as mentioned above. to resist
erosion immediately behind the gates where the turmoil would be
greatest.

The original design of the vents allowed for a flat roof in rear of
the gates. This flat roof would have had the disadvantage of being
struck by the water as it emerged from the sluice with the likelihood
of ils causing a vacuum in the space behind the gates which would
set up water hammer action and cause severe ‘ chattering * of the
gate. Mo prevent a partial vacuum, air vents were provided in rear
at +770 level to connect the dry wells, and, by making the roof
semi-circular, these defocts were avoided as water could never reach
the rool, and air could enter freely also from the rear of the vent.

The cast iron toof of the front of the tunnel had a relieving arch
built over the top so as to limit the load coming directly on the
lining, even though it could safely take a load of about 13 tons per
square foot.

‘The soetion of the dam at both the low and high-level sluices
has heen increased both in front and rvear. In front it is modified
for providing the bell-mouth entrance (o the sluice and also o pro-
vide a straight path for emergency gate. In rear the width of sec-
tion is increased to compensate for the reduction of masonry due to
wells and vents and thus maintain the stability of the dam in the
sluice sections.

Design of emergency shutters.—'I'he emergency shutter for the
low-level sluices is constructed on a somewhat novel principle, and
consists essentially of a number of large hollow steel rollers mounted
on bearings in & rigid steel frame of such dimensions that the rollers
completely close the entrance to the sluice vent. The rollers which
are 1417 in diameler are mounted at 154" centres so that they are
not in contact with one another but are free to roll indepcndently
when they come in contact with roller paths down which the whole
gate slides, or when in contact with the machined cast-iron sides of
the sluice entrance. The parallel space between the rollers are
closed by smaller [ree rollers of the same length but of 4” diameter
only. Small roller stops attached to the side frames are provided to
prevent these staunching rollers falling out of position hufi, at the
sarme titne, permit them fe have free play within certuin limits.
Thus, when the gate is subjected to water pressure on the upstream
side the small rollers are torced mto close contact with the main
rollers. Being truly cylindrical and machined to a fine smooth
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finigh, each staunching roller malkes a linc contact between adjacent
main rollers and effectively seals the gap between them. When the
main rollers votate while raising or lowering the gate the small free
rollers naturally rotate with them but in the opposite direction. The
triction when raising or lowering the gate, even under high waler
pressures, 1s thus almost negligible, for every part of the gate is a
free roller in itgself. The massive steel frame in which tho rollers
are mounted does not make contact with the face of the dam but
serves merely as a carriage for maintaining the rollers in their true
relative positions.

A certain amount of end clearance between the rollers and the
side frames is inevitable and here most of the leakage through the
gate oceurs, but, to reduce this as far as possible, specially shaped
flexible phospor-bronze staunching strips are mounted on either side
of the frame so that, under high pressure, a seal is created on either
side of the gate. When in its lowered position the bottom roller of
the gate makes contact with the machined cill of the sluice entrance,
while one or more of the top rollers make similar contact with the
Lintel or top of the sluice [rame, thus closing the entrance effectively.
Tlor this type of gate to remain efficient it is essential that the
rollers be kept scrupulously clean. If they are permitted to become
rusted or pitted, leakage will occur between the rollers, but as an
emergency gate, as its name implies, is used only for short periods
while painting or repairs are being carried out to the main sluice
gale which it temporarily replaces, it need neyer be in use for long
periods. It may be vemarked that the three bottom rollers of the
gate are made of special toughened steel to resist abrasion.

Ior the protection of the gate when not in use it is housed at
the end of the dam in a special shutter house. It has heen found
that the emergency shutters lose some of their officiency when, the
machined face of the sluice entrance becomes foul -and uncven.
There is a tendency for small fresh water barnacles to form in
clusters on the face of the casting and uuless these are removed they
tend to hold the emergency shutter away from the face and thus
permit considerable leakage at the sides and top of the vent. Tn
practice these parnacles are crushed and looscned from the face when
the shutter is raised and lowered a few times, but it would be better
if @ seraper-frame were designed and used [or seraping the faces clean
before the emergency shutter is lowered. The growth of these
barnacles was never suspected atl the time the shutters were ordered
and no provision was made for cleaning the machined faces of the
castings.

The low level emergency shutter weighs about 15 tons. The
high-level shutter which is similar in design bul considerably larger,
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A double circuit 66/110 K.V line between Mettur and lirode
will be provided for operating in parallel with the Pykara System
and for supplying the Trichinopoly and Tanjore districts.

Special arrangements ave to be made at Torode Receiving Station
for synchronizing the two systeius together.

The Trichinopoly-Negapatim transmission systew is already
constructed and is now in operation. This system forms a natural
part of the Mettur Scheme although till the Mettur Station s in
service, the power-supply will be from Pykara. The amount of
energy which can be transmitted satisfactorily to those areas from
Pykara is limited, so that it is highly important for those districts
o be supplied from Mettur as soon as possible.

There are two 66 K.V. cireuits from Erode to Tanjore 112 miles
long and a single 66 K. V. cireuit of 50 miles from Tanjore to Nega-
patam. A 33 K.V. line 16 miles long supplies Papanasam and
Kumbakonam from Tanjore. The important loads of the Nega-
patam Rolling Mills, the Golden TRock Workshops of the South
Indian Railway, the Trichinopoly-Srirangam Electric Supply Cor-
poration, and the Hast Tanjore Electric Supply Corporation, are
being supplied from these lines.

This transmission system is of particular interest as power is
transmitted direct at 66 K.V. from Pykara to Negapatam, @ dis-
tance of about 270 miles. This is unusually long and belicved to
be onc of the few examples on record of direct transmission of 4,000
K.V.A. at 66,000 volts. Interesting relay stability and regulation
problems were involved. The stabilizing equipment is installed at
Thichinopoly and consists of two 2,500 K.V.A. specially designed
gynchronous condensers with voltage regulators capable of adjust-
ing the specd of exitation response.

The total cost of this complete system is around Rs. 46-5 lakhs
which is to be debited to the Mettur Scheme as soon as it is trans-
ferred. This expenditure has already been included i the project
osbimates. As soon as Pykara is relieved of the load al Trichino-
poly and Negapatam, it is proposed to transmit power fo Madura
in a similar manner and when the demand for power at that
place reaches a certain limit the Periyar Hydro-Electric Project
should be taken in hand.

The Brode-Salem System was the first Tlectricity Distribution
Seheme started by the department. The system was consiructed
at a total cost of Rs. 43 lakhs in 1931 und until Pykara power was
available, purchased electricity from the Mysore Government. Tt is
proposed to transfer this property to the Mettur Scheme as being
hearer it can be more economically supplied from Mettur than
Pykara. The total cost of the system is to be debited to Mettur
and has been included in the estimates for the project.

31
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A summary of the approximate mileage of transmission and dis-

tribution lines included in the project is— =
MILES.
110,000 volts lines double circuif .. o e 99
66,000 x o ELEE e
66,000 s single circuit .. i i 20(3
SIG00MENE . st e e T
22,000 % % e sc s 90
11,000 » &5 5 a0 5 150

Sub-stations—One of tle features of this scheme is the rural
distribulion system at 66,000 and 33,000 volts mainly in the North
Arcot area. In many cases distribution is to be effected dirvect from
the high voltage lines. For this purpose an economical and gtand-
ard type of 66 K.V. transformer station has been designed, capa-
cities ranging from 100—500 K.V.A.

The sub-stations contemplated in the scheme are as follows :—
Receiving and transforming stations ab TErode, Singarappet,
Trichinopoly and Negapatam, with stations of lesser impor-
tance at 'liravarur, Tanjore, Papanasam, Karur, Villu-
puram, Vellore and Tiruvannamalai. Smaller transformer
stations are to be located @t Tirnppattur, Ambur, Vadakat-
tapatti, etc:

Districts served.—The districts to be served are North and
South Arcot, Chittoor, Salem, Trichinopoly, Tanjore and later
Chingleput and Madras. Generally speaking all towns and villages
in the above districts will be given an electric supply whenever the
demand is sufficient to justify the investment in lines and frans-
formers.

Demand for power—The estimates of load and revenue are based
on the actual requivements of the various licensees who have agreed
to take a power-supply, on the results already achieved in the
Pykara area, and the experience of the Mysore and the United
Provinces Hydro-Electric Underfakings. Particular attention 1s to
be paid to agricultural requirements for which the area to be served
holds out great promise. In the Coimbatore district alone, in less
than two years, over 1,000 horse-power, in pumps are already con-
nected or agreements signed, and the development of this class of
load is, as yet, only in its preliminary stage. Boring for water in a
systematic manner, as in the United Provinces, is being advocated
for those areas where water is scarce. -

In]'bfdcr ta sp‘eed up development beyond that contemplated
in the estimates, proposals for starting certain specialized industries,
at or near Meftur, have been suggested in the project report.









CHAPTER XX

GAUGING OPERATIONS AT HEADWORKS.

‘"IN ORDER to ascertain the discharge from the various sluices in the
reseryoir and over the surplus works, gauging stations were set up
duving the construction of the dam both in the supply channel and
in the river at Nattarmangalam, a village siluated about 3% miles
below the dam and about 4 mile below the confluence of the surplus
course with the Cauvery. Though the results of the gaugings reveal-
ed slight changes from year to year they proved of much value in
regulating the supplies let down the river. Some slight sconring
ol the bed.of the supply channei may have caused some modification
of the discharges at the gauge well, but since the drops above the
site and the bed regulator below the site of = the channel gauging
station are unchanged the alteration in discharge for any gauge
reading must be too small to be of any consequence. p

In the case of the river gauging station at Nattarmangalam
however, if is clear that the original gaugings are now entirely
unreliable. The reason for this is that since the surplus course first
came into operation during the flood season of 1934, an enormous
quantity of material has been washed down from the bed of the
natural surplus course and, since that course enters the main stream
at right angles, a very large shoal has been thrown up immediately
below the confluence, and is of such a size that it covers more than
half the width of the original river bed. The tendency is. therefore.
for the course of the main stream to be deflected towards the right
bank and this will become more and more pronounced as the floods
during a succession of years bring more scoured material down the
surplus course and deposit it in the river bed.

The maximum flow in the original river bed above its junction
with the surplus course can now only be that due to the combined
discharge of the irrigation slmees and the hydro-electric pipes. and
may never exceed 35 to 40 thousand cusecs, while the flow in the
suri)lus course may be anything up to 400,000 cusecs.

The original river between the dam and the junction has thus
become a minor stream, while the surplus course is the major one.
The right-angle junction of that stream with the river must even-
tually cause the river to change its course below that point and an
S bend will be created. After the gauging operations of 1934 it was
observed that the shoal thrown up below the mouth of the surplus
course had considerably affected the flow of the stream at the Nattar-
mangalam ganging site. since the normal course of the stream was
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thereby deflected, and gauging operations at that site were therefore
discontinued, the resulls being too unreliable and variable to be of
any value.

A description of the gauging operations as actually carried oub
may, nevertheless, be of interest.

The river at the Nattarmangalam site had a fairly straight course
and was comparatively free from rocky obstructions, the bed heing
tolerably level. At no other site in the river bed near Mettur were
conditions suitable for the erection of a gauging station for measur-
ing the velocity of flow.

At this place, fherefore, where the bed of the river is 1,020
feet wide, two lines of steel cable of §7 and 3” diameter respectively
were stretched across the river. They were supported: on either
bank on steel trestles fitted with pulleys and winches so that the
tension on the cables could be adjusted as required.

These two cables were utilized for marking the observation points
at vegular distances from one bank to the other and for
securing the ganging boats carrying the measuring apparatus.
About 50 feet downstream of thesec cables another #” cable
was stretched. 'Lhis cable was used for steadying the boats at the
observation points. On investigation it was [ound that the £ cable
intended for securing the boats was not strong enough to withstand
the pull of a boat carrying the observer and coolies with a maximum
stream velocity due to a flood equivalent to that of 1924. This cable
was therefore replaced during August 1934 by another 11”7 dia-
meter. The trestles were also shifted to higher ground on either
side so that the lowest point of the wire with the required sag would
be well above the maximum flood level at the sife.

Two gauge posts with zeros at 611-71, capable of being read up
to 25 feet, were fixed 500 feet above and below the gauging station.
The surface fall at the site was measured from these gauges and
varied from 0.1 to 0-4 according to the intensity of the flood. As
the gaugings were required only temporarily till the correct values
of discharge co-efficients through the surplus sluices could be ascer-
tained, construction of proper gauge wells and fixing of automatic
gauge recorders, ete., were not deemed necessary. The discharge in
the river was calibrated with reference to the average of the readings
on these gauges. The discharge curves were plotted for each set of
observations. :

.« Velocities were observed by current meter at 50 feet interval
across the full width of the viver. Up to 15 feet in depth, discharges
were calculated on actual soundings taken each day. TFor depths
above 15 feet they were arrived at from the readings on the ganges.
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Cross-sections of the river at the site were also taken at the begin-
ning of each season. As the bed is generally of a rocky nature, very
little change in bed levels was observed. Two jolly-boats fastened
together and towed on the main cable across the river by a man
working on a cradle suspended from the cable were used by the
observer to take his meter gaugings. A Price current meter fitted
with two fish weights of 17 Ibs. each was suspended from the boat by
a 1~ steel flexible wire. Velocity at 0-6 depth was observed at each
station. For velocities up to 2 feet per second, two observations of
90 seconds each were made, while for velocities above 2 feet,
about 150 revolutions were counted. The gauging staff usually con-
sisted of an observer, a boatman for controlling the boat, two coolies
for steadying the boat on the observation line and one coolie stationed
in a cradle to tow the boat on the main cable across the river, to the
various stations. The daily observations generally lasted from 7-30
a.m. to 11 am. Observations were taken by this method for all
depths up to 17-5 feet on the gauge.

This depth corresponds to a discharge of 150,000 cusecs with an
average velocity of 6 feet per second. Ab some stations the velocity
was as high as 8 feel per second. For stages above this, obser-
vations would have to be done from the cradle with rigid rod suspen-
sion for the meter. There was, however, no occasion to resorf to
this method in the river though necessary tackle was provided for
such emergency at the gauging site. No correction for the deflection
of the current meter from the vertical was made for the velocities
arrived at and owing to the tendency of the meter to rise when velo-
cities were high, it is probable that the velocities were all too high
for gaugings when the depth exceeded 10 feet or so. So, as is the
case of all large rapidly flowing streams, the results of gauging
for the higher discharges cannot be accepted as reliable. An abstract
of gauging operations conducted during the years 1929-1933 is
attached :— ]

o
c 25
g g%
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CHAPTER XXI
DEMARCATION OF WATER-SPREAD OF HULL RESERVOIR LEVEL.

THE DEMARCATION of the water-spread of the reservoir had been
carried out during the preliminary investigation of the project in
order that the amount of land acquisition required could be estimated
and provided for in the original project estimate.

As a result of the Mysore-Madras Arbitration case which
permitied a greater capacity for the reservoir, and the extraordinary
floods of 1924 which led to the shifting of the site of the dam, it
became necessary to raise the full reservoir level from 4785 fo
+790. The raising of the F'ull Reservoir Level necessitated the
fresh demarcation of the water-spread avea, for determining the
limits of the submersible area and the additional lands to be acquired.

Staff.—For the demarcation of the new Full Reservoir Level a

* special subdivision with one Assistant’ Engineer, four surveyors and
twelve lascars was sanctioned by Government for a period of eight
months. Three peons and one clerk for the Assistant Engineer were
also sanctioned for the same period. To ensure accuracy in the
obviously important work of demarcating the Full Reservoir Level
1t was represented that it would be desirable to post supervisors of
the department in place of the surveyors who were to be entertained
temporarily for the work. Two of the surveyors had joined duty
early and in the place of the other two, two supervisors were
appointed.

I'he subdivision came into existence on 2nd Hebruary 1927 when
the Assistant Engineer assumed charge of 1t. Of the two surveyors,
one joined duty about. the middle of February and the other in
April. One of the superyisors joined on 8th June 1927 and the other
was available for out-door work only from 10th August 1927. Due
to this delay in getting the full sanctioned strength of the establish-
ment, the Government accorded sanction for the continuance of the
subdivision for a further period of six months, thus extending the
life of the subdivision up to 2nd April 1928. But all the out-door
work was completed by 21st December 1927 and one supervisor and
the two surveyors were dispensed with on the same day. The
office work such as the preparation of the water-spread m‘éa‘ map,
ete., was completed and the subdivision was abolished from 26th
January 1928, i.e., more than two months earlier.

The suryeyors were passed upper subordinates of the College of
Engineering and were subsequently appointed as supervisors in the
Fublic Works Department.
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CHAPTER XXIT

SOCIAL AMENITIES AT HEADWORKS—THE HEADWORKS CLUB
AND (0-OPERATIVE STORES.

WHERE A VERY large number of people are gathered togethef for
the execution of a large work such as this, and where there are very
tew facilities for getting away from the spot for a number of years
it is essential that both physical and mental recreation of the workers
should be provided. The-old saying ““ All work and no play.”.

is as true in this case as in any other. Accordingly, the Head-
‘works Committee, who had the entire control of the administration
of the camps. permitted public entertainments to be given at
Mettur at fairly frequent intervals, and the place was visited by
circuses. cinema shows and other travelling entertainment parties.
But, for the daily recreation of the headworks staff, a club was
necessary and, through the generosity of the Government, a club
building was provided. A brief description of its activities is given
in the following pages. The opening of the Headworks Co-operative
Stores also proved a very popular move for it not only provided the
members with necessities but was instrumental in controlling the
local bazaar prices.

The Mettur township was still in the making, when a few officers
and the staff then on the spot, realizing that they were in for a long
spell of unrelieved upcountry life, conceived the idea of creating a
social centre which would afford relaxation and recreation to the
employees after the day’s toil. At a public meeting held on the 15th
August 1926, the formation of a club was decided upon.

It was first proposed to be called the Mettur Project Club, but
at the first committee meeting was re-named the © Mettur Project
Headworks Club.” ]

Owing to paucity of buildings in the village, the club was housed
in the first instance in a very small one-roomed thatched hut at
Thukkanampatti overlooking an open and level space which served
as a playing field.

It was considered that a proper club building might, with the
approval of Government, be provided at the expense of the project
and on 10th Janunary 1927, the Goverﬁment, recognizing that a
recreation club for the use of gazetted officers at Mettl‘lbr was a
necessity, sanctioned a sum of Rs. 2,590 towards the cost of the
construction of a suitable building for the purpose, and af the same
time called for proposals to provide similar amenities but on a suitable
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scale for the non-gazetted staff also. Iixactly six months later, L.e.,
on 9th July 1927 Government were pleased to sanction Rs. 5,400
for a elub building for the use of the non-gazetted officers at Head-
works.

At a public meeting of the gazetted officers at Mettur on 21st
August 1927, under the chamwmanship of Mr. €. T. Mullings, the
then Engineer-in-Chief, the gazetted officers with commendable
self-sacrifice and a solicitude for the welfare of the more numerous
but less happily circumstanced subordinate staff, resolved that the
funds allotted for the Officers’ club should be diverted for the equip-
ment of the Mettur Project Headworks Club building which was
already under construction, subject only to the proviso that two
tennis courts should be provided near the officers’ quarters for their
use. Government having approved of this arrangement, a fully
cquipped building with two tennis courts, furniture, fixtures, ete.,
was soon made available for the * Mettur Project Headworks Club *
which entered on a newer and brighter lease of life with the occupa-
tion of its new home on 19th November 1927. z

The actual expenditure incurred on the club building and all
tennis courts was Rs. 9,170 against the sanction of Rs. 8,990 but
Government, on the recomimendation of the Ingineer-in-Chief,
generously passed the excess.

The club was maintained largely by subscription from members.
The only other sources of income to the club were dramatic enter-
tainments by the members themselves and donafions from members.
The maximum strength of the club at any one time was 165.

The first “ Club Day *’ was celebrated on 18th June 1927.
Thereafter, the Club Day was annually held during the Pongal
holidays in January. The Club Day was usually marked by the
holding of tournaments in various games and sports, tea or light
refreshments being provided to members and their friends, and a
happy day finished off with the staging of some dramas or farces
by the members of the club.

The BEngineer-in-Chief was the patron of the club, while the

president of (he club was elected aunually from among the officers
at Headworks.

The club proved very popular, and the relaxation which it
a,ffm'de_d must have contributed much to the cheerfulness with which
the staff carried out their arduous duties year in and year out on what
wag perhaps the greatest work ever undertaken by the Public
Works Departiient. Members of other departments stationed at
Mettur also took a keen and active interest in the club. Some of the
more important contractors were also admitted as members.
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‘With the starting of work on the Hydro-Electric Scheme the
Tleadworks Club hag been revived and continues to provide the recrea-
tion so necessary to those whose duties rarely permit them to leave
the place for a holiday.

Co-operative Stores.

The Co-operative Stores was constituted ‘in  about Oclober
1926 with a view to provide the ordinary requirements of the
project employees at rcasenable rates. Membership was open to all
Government employees to whatever department or category they
belonged, e.g., Postal, Police, Revenue, Hxcise, efc., departments
and also Government employees borne on the work-charged establish-
ment of the project. The stafl of the Government of Mysore Hlectri-
cal department, stationed at Mettur, were also admitted under the
special exemption of Government.

Management.—The management of the stores was vested in a
body consisting of ten honorary directors elected from among the
members from year to year.

The executive [unctions of the directorate consisted of control of
purchases and sales, selection of markets and fixation of selling
prices. The verification of stock, internal audit and such duties
were delegated to sub-committees and individual directors.

Staff.—The paid stafl varied according to the extent of business
transacted, but for the most part consisted of a clerk, one or two
salesmen for general stores and one salesman for petrol when a
petrol puinp was added to the business of the stores during 1950=31.
A part-time checker and two to four boy assistants for weighing and
packing goods were also employed. The parvi-time checker was a
Government servant and his duties consisted in checking from day
to dwy the entries in day-books, personal ledgers and stock ledgers
with reference to the original bills.

Gemeral working.—The chief usefulness of the stores was the
means it afforded of controlling market prices and the prevention of
profitecring by local shopkeepers. The articles stocked consisted of
all the usual requirements such as grain, groceries, oilman’s stores,
piecegoods, and petrol. That the stores grew i popularity fromi
year to year is evidenced by the figures showing the increase in
gales. This increase in sales permitted a reduction in sale prices
and a corresponding dcerease in the levy of profit on sales. The
added profit on petrol sales was also contributory to the reduction
of profily on sales. Sales of petrol to the general public were made
regardless of the rules relating to membership; otherwise the
ingtallation of a petrol pump would not have been commercially
possible. A






_CHAPTER XXIII
MerTUR—ITS INDUSTRIAL POTENTIATITIES.

Tur HiGH efficiency obtained in the generation and transmission
of electricity over long distances in recent years has, no doubt, made
the choice of many industrial sites almost independent of the source
of power supply. Nevertheless, the availability of cheap electric
power and labour is still an important factor when determining the
site for modern factories. In addition to being the source of supply
of ample and cheap power, Mettur offers important facilities for
industrial development. Among these are: the availability of
ample water for industrial purposes, the proximity to cotton and
groundnut growing areas, the existence of good communication and
the promise of an ample supply of labour (proved only too well
during the construction of the Mettur Dam). The combination of
all these favourable factors should go very far to recommend the
locality of an industrial centre.

Ample up-to-date accommodation exists in an attractive and
healthy township and is available for the labour and the staft of
an industrial concern, while the gravelly subsoil of the area is very
suitable for the construction of buildings and factories. The large
waterspread of the reservoir and the increased degree of humidity
of the air is expected to prove favourable to the opening up of
textile industries. Enquiries regarding local conditions have already
been received from companies interested in these industries.

* The bamboo forests in the hills in the vicinity of the lake and
facilities for cheap water transport for the conveyance of bamboos
to Mettur offer scope for the developiuent of pulp or paper manu-
facture at that place. The local manufacture of alkalis and other
allied chemicals may also become practicable as soon as cheap
electric supply becomes available, and the hydrogenation of fats as
substitutes for ghee, etc., utilizing the oil seeds grown locally, would
be commercially possible for the same reason. The possibility of
reviving the smelting of the iron ores in the Salem district may also
be mentioned. The ores have a tradifional reputation for high
quality but the obstacle in the way of their extraction has, in the
past, been due partly to the lack of a continuous and sufficient supply
of cheap fuel. The availability of cheap power may justify the
re-examination of the prospects of the production of iron in the
district. Besides ivon, there are very extensive deposits of some of the
finest magnesite in the Salem district. This magnesite, when
calcined, is considered the best in the world for the manufacture of !
composite floorings and other products employed in the building
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it was inexpedient to operate the hydro-electric pipes on full throttle
while the dam construction was in progress and they were generally
throttled down for long periods in each season, the normal stream
line through the valves thereby being modified. To eliminate water-
hammer, however, the air valves situated at the rear end of the
valves were kept partially open and it is evident that violent agita-
tion of the water took place in and around the down-stream nose
of the needles. Therein, it is believed lay the seat of the trouble,
aggravated, to some extent at least, by the presence of gases or
acids in the water due to decomposition of vegetable matter which
had accumulated in the bed of the reservoir immediately upstream
of the dam.

In the presence of acids in the water, corrosion or cavitation due
to electrolytic action may be greatly accelerated, but much research
work has yet to be done in this connexion. There seems little doubt
that where a smoothly flowing stream is broken up and agitated,
such action occurs. Now it first became evident that something
unusual was taking place at Mettur, when, on opening the hydro-
electric pipes after a long period of closure, it was seen that the
rocks in the river bed in rear of the pipes became stained a bright-
oranged colour and that there was a strong smell similar to that
of sulphuretted hydrogen emanating from the water as it emerged
from the dispersers on the ends of the pipes. This was also notice-
able in the case of the low level sluices, which are situated only 30
feet higher in the dam than the hydro-electric pipes. This pheno-
menon, however, became so pronounced in the case of the latter
that one of the pipes was shut down for a thorough examination.
After lowering the emergency shutter and draining off the leakage
water through the drain situated near the needle valve, it became
possible to enter the pipe and examine it as well as the valve.
The pipes were found to be in perfect condition and showed no
sign of corrosion or pitting, but, on examination of the valve, it was
found that the portions of the castings near the valye seatings and
the downstream ends of the webs which support the central portion
of the valve were very badly pitted. The pitting was in places so
deep that portions of the heavy webs had been eaten away entirely.
The makers’ representative, with whom the examination was made,
had apparently never before experienced such an extraordinary
case. The matter was referred to the makers in Scofland and
towards the end of 1934, the writer, while on home leave, took the
opportunity of calling at their works and discussing the matter with
the designers. While there, he also saw actual laboratory tests
being carried out on metals to ascerfain the causes of rapid corrosion
or cavitation,
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Experience elsewhere points to the fact that the valves in the
dam at Mettur should have shown a much slower rate of deteriora-
tion. The fact that it has been so rapid points either to the design
of the valve being unsuitable for operation on part throttle which,
after all, is the normal function of a needle valve, or that the
presence of acids in the water during the earlier years of the work
was unusually high. Another matter which may possibly have
some influence on the rate of cavitation is that of temperature.
The normal water temperature in the Mettur reservoir is a little
above 80° F. while in most other projects, particularly those in
Europe or in the hills of India, a much lower mean temperature
prevails.

Whatever the causes of local corrosion, we may at least learn
one lesson and consider the matter when taking up the design of
sluices in future works of this nature. The less iron is used in
situations where water is subject to violent agitation and aeration
the better, particularly where conditions are such that the parts
concerned are not easily accessible or replaceable ; that, regardless of
cost, the material used for needle valves and the like should, as far
as practicable, be proof against corrosion. Results elsewhere seem
to indicate that for needle valves gunmetal is superior to cast iron
while cast steel is better than either. It may also be assumed that
unless heads and velocities obtaining in irrigation sluices are much
higher than those at the Mettur Dam the use of cast iron linings
for sluice vents is unnecessary and, in fact, undesirable in situa-
tions where the water passing into the vent is liable to severe
agitation. A good quality of fine cut stone for sluice linings, even
under severe conditions, is probably the best material that can be
used as it is not liable to cavitation or any of those diseases to
which practically all metals are prone and is, moreover, generally
considerably cheaper.

Many interesting technical papers have been written on the
subject of cavitation. Still, opinions differ so widely that it would
not be expedient here to discuss the matter further. It is hoped
however, that this brief note may be of some interest to those of
the department who may in future be connected with works of this
nature.



CHAPTER XXTV-A

Motor LAUNCH AND CAUSEWAY.

AT ABouT the time of completion of the dam construction, an
order was placed at Howrah for the construction of a motor launch
of suitable size and power for use of inspecting officers. It was
also to be of service for securing and towing to a safe place of any
large trees or floating objects which might drift down the lake
during floods and be of danger to the sluices in the dam.

The great size of the lake, which covers an area of nearly 60
square miles at full reservoir level and its irregular and very long
shore line measuring about 180 miles, makes it extremely difficult
for officers of the Public Works Department, Revenue, Forest and
Figheries departments to inspect the foreshore by land, since there
are no roads and, for the greater part, the margins are precipitons
and heayily wooded. A glance at Plate T will reveal to the reader
the very broken nature of the coast line. By means of the launch,
however, any part of the foreshore is made easily accessible from
Mettur. The return trip from the dam up to the lower end of the
rocky gorge immediately below the Hogainakal falls, a distance
“of aboul 65 miles, can easily be made in about 8 hours. During
1934 and 1935 a good deal of illicit cultivation of foreshorc lands
which was extended into the bed of the reservoir as the water
level fell, was practised by the villagers, but by means of the
launch, the authorities were easily able to Jocate and put a stop to
such cultivation. ;

A brief description of tlie motor launch may be of interest
Appropriately, the launch has been christened °* Cauvery.™
It has an over-all length of 50 feet, a beam of 10 feet
and a moulded depth of 4 feet. The draft aft is approximately
91 feet. Tt was specially designed to have good stability and to be
able to withstand rough and squally weather, the forward sections
having a good flare to render the boat dry in choppy water. The
hull is divided into six compartments. These consist of (1) the
fore-peak and chain locker, with accommodation for the large
petrol tank, (2) the motor room, (3) first-class accommodation with
cane seats and folding table, (4) a lavatory and store-room amid-
ships, with passageway between, giving communication with (5)
the third-class or servants’ accommodation, which is fitted with
wooden seats on either side, and lastly (6) the Aft Peak with door
in bulkhead. 3

The hull is strongly constructed of steel plates and angles of
British manufactory, ship-building quality, all well galvanized
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after fabrication. A teakwood awning carried on steel stanchions
runs the whole length of the boat from the engine room to the
aft end of the third-class cabin.

The steering is done by wheel located at the fore-end of the
engine room. The propellor shaft runs beneath the teakwood floor-
ing and is easily accessible. The propeller bracket is fitied with
a skeg, to protect the tips of the propellor blades.

A Thorneycroft Marine Engine, of Type R.D./6, developing
75 B.H.P. propels the launch at a speed of about 11 miles per
hour. A dynamo is driven direct off the engine and provides
lighting throughout the launch. In addition to the usual navigation
lights an electric spot light is provided. Two anchors and all the
usual equipment is provided. A teakwood dinghy or tender accom-
panies the launch. The total cost of the launch and dinghy was
Rs. 23,300. The launch crew consists of a serang or steersman,
an engine driver, a cleaner and three or four lascars. This dinghy is
essential for getting ashore in places where shallow water prevents
the launch approaching too near. The shore line is for the most
part very rocky. The dinghy is provided with a mast and a balanced
lug-sail in addition to oars. Since the boat was launched at the
end of 1934 various minor improvements have been made. These
include a cupboard for charts and maps. The entire reservoir area
has been contoured. The charts used for navigation show these
contours in different colours so that, the lake level at any time
Leing known, navigation at any stage of the water-level is com.
paratively safe and easy.

The water-level in the lake varies very comsiderably during the
irrigation season, and may rise or fall as much as 80 or 90 feet,
though it would not normaily exceed 60 or 65 leet during a season.
For thie reason the construction of a causeway or landing stage
was found necessary so that the launch could be brought alongside
with safety at any water-level.

The causeway is situated about 200 yards above the right flank
of the dam where the natural slope of the ground near the entrance
to a well-profected bay was found eminently suitable for the pur-
pose, the bay affording a safe anchorage during stormy weather.
The construction of the lower end of the causeway was starfed
while the dam was still under construction and before the water-
level in the lake had risen much above the cill level of the low
level sluices. At its lower end the top of the causeway is at about
+ 680 and a height of about 9 feet above bed is maintained through-
out its length of some 1,000 feet. The normal slope of the cause-
way is about 1 in 10, and where it is steepest the gradient is 1 in
5. Tn such places the paving of the causeway is stepped. Tt was
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being sufficient to enable them to negotiate gradients up
to 1 in 10. Allowing for the laying of the traclk, shifting
it from one position to another, cte., a speed of 80 feet
per hour was obtained when the excavators were actually
moved from one working position to the next.

The excavators were the largest of the Diesel-electric type
manufactured by the Firm of Ruston-Hornsby and these
were the first machines in which they had employed com-
plete electric drive for the numerous operations of hoist-
ing, slewing, digging and travelling. The electrical gear
was all supplied by the British 'Thompson-Houston Com-
pany, Limited. It may be of interest to note that one of
these excavators was actually inspected by His Majesty
the King-Emperor, when Prince of Wales, before despatch
from the Maker's Works at lincoln.

2 3

and °“ Bhavani’

The excavators were named ** Cauveri and
were comparable to ‘° Mars ’ and ‘‘ Mercury *’, two other
excavators that had worked in the Sukkur Scheme. The-
excavator parts, shipped to Madras, were all unloaded at
a small railway station on the South Indian Railway called
Tiruverambur, and were trammed over a distance of six
wiles to a spot near the Grand Anicut. They were
assembled by December 1927 and January 1928 respcctively
and started regular excavation work in the main eanal in
Tebruary 1928; they worked for four years and completed
operations by the end of March 1932.

When the machines were obtained, it was anticipated that
they would have to work for 44 years and that their work-
ing expenses would be Rs. 4 per unit of 1,000 c.ft. of
earthwork. The recorded expenditure was Rs. 5,43,850 and
depreciation at 1 per cent per month, taking their life to
be 100 months, was assumed. They were worked in three
shifts of six hours each per day of 24 hours, and in each
shift, half an hour was treated as an idle period to permit
of oiling, etc. The number of working days in a year was
taken as 250. The depreciation charges thus worked out
to Rs. 1313 per engine working hour.

The salvage valuc at the end of Murch 1932, when the execa-
vators ceased work was taken as Rs. 1,14 450, but they
have not yet been disposed of.

The following is a brief extract of the work done by the two
excavators, for the 483 months they were in use.

The total outturn was 99,333 units of earthwork or nearly
100 million cubic feet, giving an average of 1,024 units
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area are private ones not provided with proper surplus
arrangements and far from acting as flood moderators, they
actually intensify the flood by geftting breached after any
heavy ramnfall. In October 1930 when work at the Agniar
had just been taken up, there were very heavy floods through-
out the project area, consequent on heavy rains from the

10th idem. The maximum rainfall in 24 hours was 11'68

inches at Pattukkotiai and 125 inches at Trichinopoly (on

the 23rd). Due to these rains and consequent breaches in

a number of upland tanks there were heavy floods in the

river. Calculations made from observed flood levels on

that occasion both at the site of the work and at the rail-
way bridge lower down showed that a value of 1,210 is to
be adopted for the cocfficient. The discharge to be pro-
vided for at the aqueduct had therefore to be raised from
48,000 to 58,300 cusecs. The Executive Engineer in charge
therefore reported in November 1930 that a more liberal
waterway had to be allowed and that the number of vents
should be increased from 30 to 86. With 30 vents the vent-.
way provided under the aqueduct was only 27 per cent
of the natural waterway at the observed M.F.L. and with

36 vents it would be about 33 per cent. This proposal was

accepted by the Superintending Fngineer and the Engi-

neer-in-Chief.

. Before fhe work was put on hand, trial borings with boring

apparatus and probings with ¥ inch rods were made at close

intervals for studying the conditions of soil and sub-soil.

These operations revealed that the depth of sand overlying

clay varied from 6 feet to 15 feet, the greater depth being

only in small pockets here and there.

When the work was started in July 1930, open foundations
presented great difficulties owing to the high spring water-
level and the large volume of sand involved in the excava-
tion. Tt was necessary to go down nearly 7 feet below
spring water-level to reach the bottom of foundations and a
cofferdam was required to keep out the inflow of water and

>

sand.

A cofferdam with piles was fivst tried. T'wo rows of casua-
rina piles 7 feet to 8 feet long and 4 inches in diameter were
driven at 2 feet centres, the rows being 5 feet apart. One-
inch planks were laid against these piles and the space
between cleared of sand and plugged with clay. It was
found that this work was laborious, slow and uncertain.
The cofferdam was not quite effective in keeping ouf water
and was not sufficiently strong to resish lateral thrust due

()4
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every sixth pier served in the first instance as already statec
above as cofferdam wells dividing the foundations into sisz
compartments which could be opened out for laying concrete.
and later as foundation wells for the wing walls, abutments,
piers, drop and lift walls and as effective curtain walls in
front and rear of the aprons.

(b) These wells were prepared i sitw after removing the
sand in the bed down to spring water-level. The thick-
ness of shell was 3 inches and the wells were either 3 feet
or 2} feet in internal diameter. The reinforcements con-
sisted of hoops of 2 inch British or 7/16 inch Continental
rods, at 6 inches intervals with 1 inch British, or 5/16
inch Continental, vertical rods at 9 inches centres. The
moulds were 3 feet in length and were made of galvanized
jron sheets 20 B.W.G. stiffened with iron strips } inch x
1} -inches. Bach mould consisted of two outer halves
with external flanges bolted together. The inner core
was in one piece with a wedging arrangement which on
removal permitted the withdrawal of the core. These °
moulds cost Rs. 50 each. 5

(¢) The sites at which the wells were to be sunk were first
levelled properly and small wooden blocks or thin cemcnt
concrete slabs laid to serve as a base for casting the R.C.
well. The moulds were then assembled in position. Small
wooden distance pieces were inserted at the bottom to
keep the inner core in proper alignment. Cement mortar
1 : 3} was then poured in for a height of 1 inch to 2
inches to serve as bottom cover for the reinforcements.
The grill previously tied and gol ready was then placed
inside and sand cement mix was then gradually add:d on
and rodded properly. .The mortar set sufficiently hard
i two to three hours to permit the removal of the mould.
No special difficulty was experienced in withdrawing the
moulds. Wells of 43 feet, 5 feet and 6 feet height were
manufactured by raising the mould and refitting it over

. the portion already cast. The reinforcements in such
cases were in one piece. The length of well required
was generally fixed by a reference fto the subsoil contour
map for clay. If on sinking, clay was found to be deeper,
the height of well was increased by adding one foot rings.
The top plugging n such cases was carried through these
rings and a further 1 foot 6 inches into the main wel..

(d) About 10 moulds were used for manufacturing all these
1,000 wells and daily 10 wells were made. All the wells
were cast in a periad of about six months.

33

































PLATE No. LVII.
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