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Note on the Tungabladra Scheme by H. E. OQlerk, Esq., Superintending ’E/'zyi'ﬂee‘/ on
d - Special Duty, daled 7th January 1502, : ;

) & - .
The waters of the Tungabhadra are tapped by cight minor anicuts in Dellary distriet, but
“they only command a very small area of la._ud. This 18 owing to t%lo fﬁie’.c that “l(f. ‘slope‘ of the
country towards the river is very rapid, while tho fall ‘of the river itself is smaull .eAuepn 11111 &Ltﬁ‘g )
~places. It is, therofore, impossible to get far away i’r?m the river. Below ‘{.]1‘15 are thae oA
" works of the Kurnool-Cuddapah canal ab Sunkesala. The accompanying s‘cnte'men..t shows tJmE
during five months of the year a considerablo quzmt}ty of water passes over the _anymﬁ and as at
~that time water is also passing over the Bezwada anicat there is no objection to its being used if
. possible. ] o
L 2. Proposals for extending cultivaticn under the Tungabhadra have, for a 1ong time, beon
sdisoussed. % : ' ) : : _
y When the Madras Trrigation and Ca,naI’ Oomjpaxiywas inaugurated, the projects ir} view
" gonsisted of (1) a Bellary section, (¢) the k11r1iool,-(mclda'pah c.anal,_a‘nd. extension to Somes-
“waram, (3) a Nellore section, (4) of supplementary reservolrs, »chmﬁy in Mysore, Of theso the
Irurnool-Cnddapah canal alone was completed, and the results of that portion gave no encourage-
‘mnt for the prosecution of the rest. But the ravages of famine in the Bellary district could not
Jub-constantly revive the hope that a large irrigation schome depending on t_ho water of 'thc
Tungabhadra might yet, it not dircctly a pecunlary success, nevertheless })rmg' in sufficient
YL financial returns to prevent its being absolutely
- ruinous and to warrant its construction as a
f:pmtee{,iou against famino, with the resultant l‘lilt:,)rt.’}.lit)', suffering and expense. Cgmsaquel}tly
“.gchemes for an upper and lower Bellary project, in forms oxtensively modified from time to time,
" have been under the consideration of Governmeunt for many years. g
N . The upper Bellary project (a) high level line comnegisted in taking off a'ca.nal frozn the
P g : Tungabhadra at Valvapur to irrigate 150,000
o ] acres and at a sufficiontly high level to supply
“Bollary town and cantonment with water. Tho length of this line was 66% miles to Bellary
‘and thenee 56 miles to the river 1lagari. Tho supply throngh the head sluice was to be 2,250
‘oubic Teet a sccond and the estimated cost Rs. 1,43,88,000, with a neb return of Rs. 3,74,500,
‘fqr ‘326 per cent. on direct charges, or 26 per cent. including maintenance and collection.
" "'he linc taken by this canal would have involved very heavy cuttings as well as a consider-
: able amount of tunnelling through rock, and
1 G.0., No. 1756 of 22nd March 1560, - the Government of Madras expressed an opinion
R ' unfavourable to its execution.
. There was also the difficulty that very little water is, in yoars of deficient rainfall, available
$ot the Bellary district except during the flood season. The demands of the Xistna delta render
“iipossible the supply for any furthor irrigation on & large scale from the Tungabhadra, unless

by storago of flood water.
c oy

Vincent’s manograph, paragraph 85, ¢¢ s7.

. Yineeut's monograph, paragraph 85, ¢ seq.

The above facts led to the consideration of another scheme, viz., the upper Dellary project

Vincent's monograph. (&) low level line. This consisted in taking

® a capnal from the Tongabhadra at Hosur, which

' 13 9 miles'in distance and 60 feet in level below V. alvapur, to carry 8,187 cubic feet per second

. and irrigate 212,500 acres. This canal would havo passed about 2 mwiles from Bellary and

¢orsiderably below it, affording therefore no supply to "the station. The length to the first

© proposed terminus, 2 mules from Bellary, would have been 75 miles, the extension to the river

‘“Hagari involving aun increase in length of 20 miles. The estimated cost was Iis. 1,65,24,640,

- with a return of Rs. 5,606,700, or 4:07 per cent. on direct charges, or 3'4 per cont. including
“maintenance and collection.

The same objection as regards water-supply applies to this as to thevhigh level project, and
“though there was not so much heavy cutting, some very long retaining. walls would have had to
be built. 4

" Altogether it was considered that both the high and low level schemes for a eanal from the

P.M.G., No. 210 of 28th Decomber 1875. ,Tungabhadra in the Bellary district were very

. o unpromising whether cost, result of outlay, or
~ probability of successful jrrigation were considered. '

o I’}'ojocts for lower Bellory were mercly extensions of cither the abovementioned high or low
Jevel lines and shared their disabilities.
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t wag rm"i‘;"red from time to timo, and in 1885 Mr. C. Nprfor, who had been deputed
rojecf- for the supply of drinking-water to Bellary station, submittcd a * Prelimi-
¥ in whioh ho advoeated the investigation of the “ Upper Bellary projeet” on a

~wSubmitted. The then Chie? Engineer for Irrigatiin considered that further investigation of
short dorafion was necessary.

In 18&9 Mr. A. 8. Russell was deputed for further investigation and in thal year submitted

R

a “ Preliminary Report ”* from which it was evident that it would take a long time to carry ouf

- all the investigations that he understood Government intended. |

.- The then Chief Engincer for Irrigation, Mr. G. T Waleh, therenpon made a personal
i . 2814 O ¢85 inspection and reported to Government that,
v+ 8.0, No. 521 I. of 28th October 188. irrespective even of the sufficiency of supply

““from the river in bad years, the scheme was one on which it was inadvisable to spend more.

“moxey in uny way. Iis reasons were that for 18 miles aut of 35 the canal wonld have {o bo
- taken along the slopes of rugged rocky hills such as form the distinctive feature of the Bellary
distriet, over and through ficlds of boulders lying on_ shattered gneiss where no =il is availabiy
for banks and where the water must be refained by miles of o:mtmuo’qs w-{dhng, and across ridges
-by cuttings of great depth and through hills by tannels some three wiles in length. The cost o
~-overcoming these difficulties he considered it impossible to forecast, hecanuse not only would much
" of the work be of an unusual character but beeause it scemed likely that along the hill slopes; i
.. the cuttings, and in the tunnels, the water would eseape through the flssuros and faults of tU.
-, shattered gneise, and thus necossitate living the whole eanal with water-tight masonry or cems+',
~As the resalt of such expenditure, not less than Rs. 50,00,000, the most thet would be possibin
would be the irrigation of 50,000 acres during six or seven montbs of the year, but it was'
extremely doabtful whether the land would boe taken up for wet eultivation, the soil,
climatie conditions, the nature of the crops which find favour with the people, and the pe:
themselves, being similar to those in the Kuudar valley through which the Kurnool canal cars’e
-its volume of water almost wnused. . ) . :
o 6.0, No. 621 L of 25th Octobes 1559, 1‘11%9 viows (evernment uerc:epted.
T , - . Mr. ’Congell reported in December 1807

“and Febrnary 1898, but bis investigation so far as it extended diselosed no new facts of importanes

T . G.0., Nov 222 T of £th Mazsh 1890 - material to the question, on which Govgsﬂmwut

R 4 ' obscrved that the suhject must not be diopped,

- sineo there was a vast quavtity of waler in the Tungabhadra ronning 1o waste which it was the
duty of Government to utilise, if possilile, in the interests of a district speeiall y liable to famirs,

: ‘T}fm iml'estigasicn was thercfore fo be resumed without being confined to any particnlar site or

cenannel, : ‘ . : . :

- . Colonel Baddeley submitted a report with a note by Mr. H. E. Clerk on 5th November 1655 -
- These officers reported on three possible reservoir schemes on the Tungabbadrat (1) a

reservoir within 12 miles of Hospet to irrigate Bellary and Alur taluks, (2) argstrvoir somewhire

~ west or south-west of Hadagaly to irrigate Hadagaly and Hospet taluks, (3) a reservoir at 4hs;

- best sito on the river, from which wator might be passed down and taken off by anients whe @}

~most required. Inregard to (1) and (2) they examined sites at Mallapur and Vallabhapur :

*, Mallapur site they deseribed as good but with douhtful foundations and 34 villages {of wh
" in the Nizam’s territoryy and a nt incounsiderable quantity of irrigated land would be sabm

while at Vallabhapur also 34 villages (of which 19 in the Nizam’s territory) wonld be subnys

50 tha.t_lrrespeatweyg‘af the serions objections to the destruction of so mauy village-sites ar
opposition of the Nizam, the compensation in both cases would bo enormous. e

., . After again urging the cost and diffienlty of the passage through the Darn’;ji hills, C
Baddeley insisted on the unlikelihood of utilising the water, in which his personal expe:
- eoipcided with the views of all the Revenuo and Public Works officers who were Tamiliay,

&

. the subjeck. = .

;- He f;lrther reported that hetween Bellahunsi and H ampasdgnram there wero sites nearly 2
good as Vallabhapur, but the fall of tho river above V allabhapur being slight no gain in comme '
- would be obtained and the Daréji hills would still have to bo traversed and by a longer channei -
; zl;ﬁ}efmm Hampasigaram to Honnog the conntry was flat and there were no sites for a reservoir !
e t"g?“? ho -5?"1315?"\9@ that the schist and indurated clays forming the river-bed wee,
;, wusui ': ¢ for the foundation of a dam, Ahove Honnur there wero no reserveir sites. o
A réciu;zéﬁf’riiﬂ?gsg gg,ﬂfe'thlrd alternative—of forming a reservoir and weing tho water where
G i piuce o placo along the river— he poiated out that the main ubilisation would by
neal apah and in the Kistna delta, which were not in guestion.
st :drxag?)i?g&eibxgs i)rgl{erf?nge -small reeerv_oirs;v on fributaries, as numerons and widely
* of villages and enlt{\;ated } 0 have fhe largest possible gaiehma\nm, tbg least p?sslbl‘e submorgence
- and e tnstanood e X Hfmd, ?vzth greater faclhtxes { T the spread_o,t irrigation in small areas ;
tribat o8 ab Hagaribommanhalli on the Chinna Hagari and near Hounur across o
friotary of the Tungabhadrg, . .

e Eh"’ﬂm@ report, the Government of Madras still considered,'did not settle the matter,

o S and
6.0, No. 222 L. of $th March 1899, directed the further examination of sites at

Hounur, where the river passes through the
and the preparation, if either were found suitable, of a dctailed

,Syfmd(irlhﬂ’l%, and af Vaimp‘ur,

Sfduced scale, which with certain remarks he was instrueted to do. Tn 1886 the result

3
estimate for a reservoir. If both were found unsuitable a site was to he sought for cn one of the
- tributaries of the Tungabhadra in Mysore. If a mitublg site was found, an estixfl_z}te_ was to be
" prepared in dotail for a channel to irrigate 50,000 acres in Bellary east of the Dardji hills and as
much land as it could command woest of the Dardji hills, .

In accordance with this Government Order, Colonel Baddeley once. again reported that the
only proper site for a rescrvoir was at Valvapur; since at Mallapur 39’ of command would be lost,
and at Honnur the foundations were bad and the channel would be much longer, that the channel
would, as previously described, be enormously difficult’ and would cost from 44 to 60 lakhs of

_ rapees ; that no apprecinble arcn was irrigable west of the Dardji hills; that a dam at Valvapur
~ tostore 18,000 millions cubic fect would be 42 miles long and would cost from 84 to 1003 lakhs
of rupees ; that a sum of quite 19 lakhs would be needed for compensation ; that the minimum
cust would theréfore ho 147 lekhs with a maximum gross retarn of 24 lakhs; and that even such
small return was, he believed, quite illusory. o
. It only romains to summariso the information available rogarding resorveirs on the tribu-
- taries of the Tungabhadra. While the Kurnool-Cuddapah canal was being constructed and the
happy anticipaticn, that the Ceded distriets could be converted into a largo scalerepetition of
T, N the great deltas, still existed, enquiries and
dm e X survevs were made on a considerable scals
. “woncerning fivo sites for reservoirs on tributaries of the Tungabhadra out of twenty-one suggested.
-These five sites werp— ‘ :
S (1) Maddak-Mageur on the Choardy. (4) Mari on the Hagari.
{2} Mudaba on the Tunga. . {5) Bajoli on the Tunga.
{3} Lakvalli on the Bhadra. ‘

« Tho fifth was soon rejected, as it was close to the second, which was superior. The fourth
~vas also abandoned after lon & correspondence, as the other three woere more favourable. )
No. (1) site, with a drainage area of H00 square miles, was estimated to be eapable of storing
57,800 millions of eabie fect with a waterspread of 40 square miles at a cost of 12 lakhs, or of
ring 17,388 miilions cubic feet with a waterspread of 24 square miles at a cost of 63 lakhs.
7 Tho compensation in the latter case as nssessed by the Mysore authorities was taken at 4°7 lakhs,
" but this'was considered far too low, since the site included tho bed of an abandoned native
- L]

Vincent's raonograph.

. reservoir which had all been occupied.

Ne.- (2) site, with a drainago arca of 760 square miles, was estimated to ho capable of storivg
128,250 millions of eubic feet, with a waterspread of 13 square wiles suhmerging roany villages,
epth of water 162 {cef, Tength of surplus 1,523 feet with 6 feet overflow, this length not being

. obtainable ; total cost 65 lakls.  This projeet was not consideved feasible, gs turther the compon-

;- sation demanded was 7035 lakhs, .
-t No. (3) site was considered best, the area of oceupied land being small and the enginecring
iffioultics much less. The drainage area was 760 square miles, and it was estimated that a

o reservoir of 81,075 millions cubic feat capacity
conld be constructed for 814 lakhbe, or including
establishment about 50 lakhs, phts a compen-

EEE o L + . sation estimate of 40-84 lakhs.?

3. It will be seen from the above that any extension of Tungabhadra irrigation must dopend
torago and it has first to be deeided on how the water is to be utilized. The original idea

#4787 ta irrigate the Bellary taluk and this has first to be counsidered. A reservoir and channel

2 This ilistory of tho preject ia taken from a note compiled
B by the Assistant Chief Enginser fox Lrrigation,

for this purpose has been estimated by Colonel
Baddeley to cost about Rs. 1;50,00,000,+ while
B : the prospsets of the water belug utilized in
nary years are almost nil.  The following are the reasons why irrigation would fail here 1—
_ "7 {1) The soil is stated to be unsuited to wet eultivation. o

v (%) Tho people of the country do not care for it and immigration is unlikely.

- (3) Wetb cultivation wonld uct pay as long as there is no pressure of population on the soil,
S (4) 16 would not improbably render the country unhealthy. The Conimission will doabt-
* 1esa obtain further evidence on this point which I regard zs a revenne and an agricultural rather

_than an engineering one and I will pass on to other means of ulilising the wator.

o 4. It is exceedingly difficult to make a foreeast of what would happen if this project were

. 1 s . E .
garried out, I believe, however, that the result would be something of this sort—

H.uliove this to bo a low estima'te and that Rs, 2,00,00,000
would be required, ’ . '

) . Tokbs of
R ' Tupoes.
’ Bependiture.
Capital cost. ... ses o 200
Annual maintenance vee e 2
Leturns.
. 10,000 acres permanent wet at Rs, 6 . ae 06
<o . 3,00.000 5 2 . ’
Once In five years = rp2s ==, 0 e vee 102

Total ... ]w'S

rey—
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. 1d pot, therefore, pay its working expenses. It would enalle crops to be
émvgl}z gﬁ:: ?)fw ;I;mi?; and wO}lld’iI}I‘ a large measure {but not entirely) protect the Bellary

~ taluk and a portion of Rayadrug. -

5. There are two places where the surplus water of the Tungabhadra could be conveniently

‘ ﬁtilieed«-—; ' ) . )
-7 (1) In extending irrigation in the Kistna. ' ‘ . ‘
i (2) In irrigating fresh tract of Nellore and possibly also a small arca in Cuddapah,

g egards the supply to the Kistna, the best way to extend cultivation there would bs -
e ghé‘c§§$i§§g1r0£ the K?sg;n}; reservoir, refg:arding which Mr. Reid has submitted a note. In -

" the event of its being considered that that reservoir s impracticablo, I consider the best place to

- utilise any waters stored on the Tungabbadra would be in tho Kistna district. Assuming the

i servoir scheme to be accepted, we have to look to Nellore as the destination of any
“Kéigrfga;,w fi‘:gglsge soeu that the Kzf)ali, ’a tribptary of the Pennér, rises close to the water-shed of

the 'fungabhadra in the Nandikotkur taluk and that the problem is how most econominclly -ty

he waters of the Tungabhadrs into that ’m}.sin: The ];{urnool e'zmal already passes t_111~ol{g§~g
:ﬁ:nv:atir-shed by a shallow catting at the 75th mile, and is an obvious mwans of attaining iba

desired end.  There aro, however, difficulties in the way. In thd first place, the canal s cariicds !

on a contour throngh difficult country and is 75 miles long when the cutting is reached. . Tae

" banks and the soil on which the bauis are founded are very porous 5o that thero is an JImmenss
Ilzss in percolation. From the 54th to 60th miles the canal passes through tho Pagadinla and

' Tangadentza tanks, where the banks, althongh mnot very high, aro continually giving trouble. :
“Thera is & great deal of percolation hére which leaves the ground iu rear in a most dangerous

‘vondition.

tanks,-

 to enlargo the canal very greatly if it wore propostd lo send down any large 'qu'ar}t;ity of water.

" 7. There are two different ways in which storagoe ean be cffected— S e
) o (1) by the eonstraction of a reservoir above tho canal and passing down only s “wch of
“water as would be required for direct irrigation, and ) E S
(%) by largely inecreasing the capacity of the canal and passing down large quantities
when available to be gfored in Nellors. The latter method would, if pricticablo, bo the best way
of disposing of the question.. There are numerous tanks in Nellore which can be commnnded by
a chanpel taken from an anicut at Somesila, Thisis the point chosen by the Irrigation Caral
Company for their anient and partially-sunk square wells of brick work are still in’ evidence af
- the site.. A chanrel on the right bank taken about 20 fect above the deep hed of the river: would
run for about 30 miles in the Dhasin of the Peanér, and from it all the tanks between it and the,
river as far as the Nellore tank econld be eommanded. The ridge into the Kandlern basin codld
- be crossed close to Yotur tank and from thence the chanuel could be taken to command a larger
- area of fortile land now cultivated with paddy. S

“Unfortunately there are not many large tanks. Thoe united capacity of thecxistiﬁg Yard

- commanded as far as the Upputern river is only a little over 2,000 miilions eubic feeb. w/
el h . roy ~yyr
* Sinee writing the above T have received a report saying hqu} el,‘,lcould pro%z}bly be} .dm}bhd . 3“
‘. ihat good sites for reservoirs can be found on the addxt}ona 4,000 mi ions eubie eob giver
~ Kandlern ‘*t‘.“wm}m“' The amount ofstatfgﬁ’t*‘apfg’v’“vy forming fiew tanks, making a storage of .,
- ‘ aba\'t? men xofled is, therefore, probably understated, millions cubic feet * or enough for 40,000 ge

S o, 8, In viow of the fact that the opportanities for storing wabter in Nellore district are nof B0,
- . good as one could wish, it is worth considering whether the construction of a reservoirat Som el
.. would not bo feasible. Some preliminary investigation of this scheme has already been mabi
- The site, cxcept s0 far as foundations arc concorned, is a very guitable one., 7Tho river pass. .
~ . through a gorge, 1,200 feet in width, and a dam 60 foet above the deep bed of the river would
*hold up 16,000 millions cubic feet=- This reservoir would fill several imos in the course of the
year and with the existing tanks it would be possiblo to irrigate at least 100,000 geros. :
-+ The priccipal diffienlty would be with the foundations for the dam. Borings have hec..’
- taken and show that hard rock is met at from 25’ to 30’ bolow the riverbed. The rock” whioh
-, forms the chain of hills here is quartzite and it is probable that the surface layers arc much’
- Bssured. Tt is likely, however, that at a depth of 40 feet sound fonndations could be formed.

The surplus and the water required for irrigation lower down would be passed through vents in

~the dam.  Such a work would be expensive, but if feasible would solve the question of storagoe
.-m Nellore,

o 9 A reservoir at this sito would have at its disposal practically all the surplus water of the
- Pennér, but 48 will be seen from the tablo af surplus discharges at page 173 of my report there
18 no certainty of water from the Pennér itsolf being available for storage until Scptember and in.

' £0me years such ab 1501-92 the supply would fail. An earlior supply could be given from the '

" Kurnool canal, “I'his could be done on a small scale in the following manner ;—

Much has been doue by draining, but the soil is of 8o troacherons a nature that I' do -
- not think that the local eificers would recommend any considerable raising of water level in thr .

" ‘The bed-fall of the canal in the first 78 miles is very slight, especially in the Vl‘a-ft'eri end o
it ‘e.g., in the 65th and 66th miles it is only *17 foot per mile. It would bherefore be NeGes ATy

5

The upper reaches of the canal should be improved and strengthened.. A contour channel
should bs made ronnd the Pagadiala and Tangadentze tanks and the reach from the 61st to 7gth
mile should bs widened and deepenod sufficiently to enable it to carry 2,500 cusccs. By thia
moans the discharge of the canal at the 75th mile “could be trebled as it can only discharge 800
cuseos ab present without heading up the water enough to endanger the tank above it. Of the
2,600 cusocs thus discharged through the Mittakandala cutting, I-estimate that abont 900 would
be required for the lands under the canal itself with extensions in Cuddapah. Of the remaining
1,600 cusecs, probably about.1,000 would reach the dam or anicut at Somesila. This supply
would be continuous from July to November and would be ample for all requircments in the
aarly part of the year. Later on the reservoir would be replenished by the sarplus discharges of
its own catchment, : ‘

10, Should it be considered that this schema does not utilise a sufficiently large proportion
of the waters of the Tungabhadra, it might be possible to take off a mueh larger quantity by

“{orming a dam across the river and making o tunnel throngh the high ridge which separates the

Tung:bhadra basin frem that of the Kundern. This wonld virtually amount to making a new

~head ts the Kurndol canal and would do away with the 75 miles of dangerous ehannel which now

oxists.’. Two possible sites have been suggested—

7 F (1) Near the village of Nagatur near the 42nd mile of the canal. From this point &

stonnel would be taken in a south-gasterly direction and the water would be discharged into the
7 Kunderu, somewhere near the village of Parumanchala.

P (2) A dam near Sangamesvaram a little below the confluenco of the Kistna and Tuﬁga-

- bhadta with a cutting and tunnel somewhore near the prescut cutting near Mittakandala. No

- surveys have been taken, but tho first of these proposals would probably be cheapest as a much

smaller body of water would have to be dealt with, -the length of the tunnel being about the same

~‘n cach caso.  The work would be very expensive involving a tannel at least 5 or 6 miles long

.. whether it would be found possible to construct a reservoir at Bomesila.

. ud on ‘further investigation may prove impracticable.

;11 Three schemes of varying magnitude may therefore bo proposed—

PR . o i . -
" L Tho improvement of the Kurnoal canal to carry 2,500 cuseos. The construction of an
anicut at Somesila and the formation of storage tanks in Nellore,

- fgggg,@ét‘ of this'may he roughly estimated as follows ;—

LAKHS.

[ERONY

“\Zf‘mp'rovementﬂ to Wurnool eanal above H4th mile ., et 075

. P e n % T, N . - L e

) (ﬂf’i"’ﬁfn‘{lﬂ‘fnn,f}; f}i@%ﬁﬁéllL‘f:ihf?gl..‘:fnﬁu“rarli mite T e e e DT
- -Aniut and storage works in Nellore .., wes oe e e 400D

Total ... 4600

e gm—

The. returns to be éxpcpted would be— :
. Increase of cultivation in Cuddapah, 20,000 acres at Re. 5 ... .« 1:00
"o - in Nellore, 40,000 acres at Re. 6 .., . sr 200

e snsam

Total ... 300

" This wonld give a yeturn of 6} per cent.

: * IL. The same improvements to the Kurnool canal, but the construction of 8 reservoir
' Semesila substituted for improvements to the tanks,

et The oost of this would he— L
' LAXHS,

Improvements to Kurnool canal as above ... ... ... .. 600
_ - Reservoir at Bomesila ... vee e w6000
-7 Distributaries, cte. . ve vee 2000

e Tolal ... 8600
’ . tv»"I‘he“‘remr@s would he— »

- 20,000 ncres in Cuddapsh OO 21111

100,000 ,, in Nellaro ... e vr o 300

- P -

, , Total ... 6-00
or a little highor yield on the capital outlay than the first scheme. It is, howerer, quile doubtful

2
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ud, with the sabstitubion of a new dam
Tho cost of such a work is very diffienlt
1v as.follows :—

" {11, The thir n the samo as the sesd
. T2 YT1. The third form would be 52 '
" and ént%ng for the improvements to tho Kurnaol can?,l. .
. auess even rougnly. It may be put down approximate

{; - : LAKHS.

A T ¢ - .. 120
" Pam and tunnel to Kuadera ase 60
"o Reservoir in Nellore oo e et T T g

Distribularies - e
o | Total ... 200

PR tho area irrigated would, practically, only be limited by tho demand
st tW .#‘hlt 1&‘; Q;fébég?ﬁ: }ilf’ 4111391; to éigeed 20,000 acres 1n Cuddapah and 100,0(.)0 acres In
.{analgieer. This would give a roturn of 81 lakhs or a little over 4 per cent. on the capital ouﬂay.

g bove imations are admittedly -very unsatisfactory, but they are enough to
: h \1&32??:11:3;%22;1};1%?%? go::e to improve cuibivatiqn south of the Pegnner in Nellore distriet,
N ;t % ﬁdon’btedly certain that, if water were provided, it would be 1‘@ud11){ ntilised on all clﬁ_aacs ‘
of ;Zilll . The existing tanks, especidlly those removed from the coast, received a very precarious.
o Iy and for some years past ragi has been the principal erop grown under them. Ona ‘rf’ﬁ?“}ﬁ“‘
: isx‘gP g::ion' T found that with the inftux of a fair supply of water into the tank the ragi, which
" had already been planted, was in many cases. being uprooted to make room for rice. T have
" not the slightest doubt, ther«fure, of thé* water being readily utilised if provided. ,
! - A W . . § . v s . h the
lym ot allud:a to the possibility of the combination of the Bellary project with the
nhlisﬁizoi 'lx;fa vtehxel water further dfwn as this pqint is, I believe, being taken up by the (Jhmf.
Engineer for Irrigation. ‘
"~ What is first reguired i
' nowgoestowaste, ..

s a full inyestigation of the best means of utilising the water whicli-
. ' o C . e

[

' i‘Suﬁifl,tS‘d‘ié‘charges of the Tungabhadra over Sunkesala anicat for tl}c last ten ycars,

; BB - - § - 3 N
- "Morths, - i 1851-92. 1 1892-83. l 1893~94. l 1894-95.

pme— |
)

189390,

e T

) el 7! { £}

i
. [ ‘ﬁILLS WC, PT. | MILLS, C, FI. | MILLS, €. FT. ] MILLS. C. ¥T. | MILLS {. FT. )liLLS. é. FT.
April e ST R . 257 1,082 1,970 ..
‘May . e e 4,267 4,692 8,801 6,936 ALY
R Y T O . 12,0484 31,744 39,837 17,139 © 31,644
oo July re e . Do 90,853 173,864 72,639 63,4456 77,823 3
CAngust s, e o e 97,217 132,119 2,601 89,263 105,91¢ 3,94% g
o Beplember 1 L. e, bl 33,082 123,879 55,078 29,352 89,413 | 46,376
s Qeteber 0 L0 D 000 L 40,042 52,671 74,841 26,726 50,271 | . 195,728
November . -+ ., T 11,203 15,099 15,552 14,728 17,994 326,676
" December L. ol s 7,289 4,313 1,181 3,615 {91
oo Japuary o0 0 L) . e 3,174 . . . oo
- February . -0 o - -, N . o .
» Maxch ..o L0 . 3,179 .. . - r
‘ " Total .. 201,560 | 554,600 354,679 245,859 333,301 |
) ’Mogths., . 1897-98, - 1898-938, i 18091904, 1900-1901, - Average,
N . i { . .
8 9’ { 10 1 T
: L . X . MILLS. U, T, MILLS. C. FT. MILLS. C. FT. MILLS. C.’ .F;l‘. MILLS, Ce §T,
R R 507 112 6.640 200 ‘1,078
CMay .0 L0 L 213 6,212 7,600 1 6,497 5,047 -
“dune L Lo .. 88,339 46,440 41,122 27,661 © 34,601
Cduly Lo T o 98,903 114480 8,121 286,394 - 107,543
JAmgast Lo 0 .. 217,850 148,745 48,776 27¢,89% 120,581
Septewmber . ., e 169,227 120,930 10,607 94,084 82,944
SOsteber ., Lo, - 104,751 136,062 34,255 58 451 77,417
Novemher© .- .. . 22,560 6,707 8,661 19,606 51,907
“ Deegmber .. ... " 10,198 24186 o 12,095 T8l
T w 416 13,304 - . s 5645
o PBebrearys o T 010 I 11,016 1228
“Mareh Ty . . v . L « < )it 1l
SIEIER Nw T e . T, “s ‘e . 2,028 1,722
Total .. | * 713,181 678,778 . 358,482 795,736 503,305
‘ ; .

I
i .
.
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Note on vhilisation of Tungabhadra surples by Colonel A, W, Smart, R.E.~

Hitherto the Tungabhadra project has boen rogarded as a project for irrigation in the Bellury
district and has been generally condemned because—

(«) The people do not want rico cultivation and will not utilise water for the purposc

(instances, Dardji tank and Kurnool-Cuddapah canal). ~The dry crops which they prefer are.
sholam, ragi, cumbu and cotton and, under ordinary conditions of rainfall, excellent crops are
-raised. ,

(&) The enginecring dificulties are very great and the cost for overcoming them will be
enormous. 1f the reservoir is located on the Tungabhadra itself, there would ho many villages
and much land submerged belonging in great part to the Nizam. The bill for compensation

“would he very great. ‘Fhese are sevious objections and they may be aceopted as thoso generally
held by all officers whether of the Revenuc or Public Works Department. :

"2, In bad years, however, with a deficient rainfall, the ryots would take the water for saving
“erops; as instaneed by the case of the Kurncol canal, where, in 1876, over 90,000 acres dry were
irrigated. The channel taken from Valvapur would command from 500,000 to 600,400 acres of
land ander dry crop and areservoir of 30,000 millions cubic feet would be safficient to irrigate
600,000 acres of such land. The total area caltivated in Bellary in 1900 was 2,130,017 acres.
To save one-fourth of this arca in a year like 1876 would be an incaleulable benefit to the
district. . . Tl

" 8. Thoe right way, however, is to deal with the surplus of the Tungabhadra as a whole and
".not piccomeal. If this is done a feasible probeetive and productive projoct is possible. The
engineering difficulties are great, but they are not insuperable. o
- Looking at the statoments of surplus discharges of the Tungabbadra af the Sunkesala anient
and of the Ilstna at Beawada, we may say that 100,060 millions cubie fect are available for
“iztorage from June to October and may be utilised in the districts of DBellary, Anpantapur,
-Uuddapak, Nellore, Kistna and the Nizam’s tervitory.  Of this suxplus 80,000 m:llions cubie feet
may be reserved for use in the Wizam’s Dominions. To tho absence of many essential levels and
of detailed investigation, it is impossible o more than indicate generally and superficially the
possibilities of the cage. Of these districis, the only one in which thereis any doubt with regard
- to irrigation iz Bellary ; in ordinary years it may be assumed that the water will not be used save
" to a small extent. On the analogy of the Kurnool canal we may take 30,000 acres as likely to bo
" the maximum of rice eultivation in Bellary ; in vears of deficiont rainfall 500,000 acres dry crop

.

v may be frrigated.

" 4, There are threo ways in whick the general project may be worked out-—

o {a) A large storage work on the Tungabhadra at Valvapar, which is the-lhest site vet
found on that river. If this is condemned for adequate ressons, then storage must be on one or
more of the branches, It will bo scen from the surplus statement that a reservoir of 80,000
millions cubic feet on the main river will give at least 50,000 to 80,000 millions cubie fect and
will be a much more powerful work thar any combination of storage works on the branches. The

i :channel would be taken, preferably on Gordon’shigh level above Bellary to the Iluggari ; it would
ross-that river (on which there should also be a reservoir, if possibls) and then brauch into two—
grbranch. passing down the right bauk of the Hurgari towards Adéni and the other across the
ter-shed -into the Pennér. The discharge of the main chaunnel at the hoad may be taken

... visionally at 6,000 cusees, or may have to be increased because of the large inevitable loss
5 absorption. . :

k)

=0, () The upper part, or Bellary part, may be dealt with separatoly and the Kurnoo! canal
¢’ improved 8o as to tako at loast 2,500 cusecs. Thisis a very poor substitnte aud is only mentioned
.88 a possitle combination. The discharge of tho eanal should be incroased quite independently
_ of these proposals. " -
.. {e)_A reservoir at Valvapur as in the first case and a high dam at Nagatur below Suuke-

. sla or below ab junetion of Kistna and Tungabhadra, with cut and pessibly tunnel into the
o 3 2 " 4 T . i ’ ! ; » o
‘Kondau;, an affluent of the Pennér.  In this caso the upper channel for Bellary may be designed

to take 8,000 cusecs and the Nagatur channel also 3,000 cusecs

.. 8. In Nellove irrigation will be taken up eagerly and will only be limiled by the ares
commanded. In the absence again of levels and of detailed investigation it is impossiblo to sav
what area is likely to be irrigatod. Storage will be required whether on the main Pennér orin the
distriet itself.” A 20,000 millien cubic feet reservoir on the Penndr will bo filled with
Tungabhadra water and with the ordinary supply of tho Pennér would be sufficicnt flling 11
times for 150,000 acres of rice cultivation ; with good distribution tho duty shoald rise to 200,000
acres of rice. (In the caso of the Periyir, a storage of 7,000 millions cubic feet is expected to

irrigate 100,000 acres.)

: 6. The importance of passing an adequate supply of water from the Tungabhadra info
the Pennér cannot he exaggorated.. It will not only bring a largo tract in South Nellore wnder
irrigation, but will steady the supply to the Sangam and Nillore channels and perhaps, most
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g it will release the upper waters of the Pennér and branches for utilisation in
‘,"Kn&?éggzrojna(}léldd;lxpah. There need be no fear then that reservoirs or anicauts on,the branches

of the Pennér will infringe lower irrigation rights.

d ith' +d to the Bellary part of the project, it may be for the present assumed that in
/ 'ﬁ#e'gﬁti};lgxr;g;:f the water, save }f)or 30,000 :Ezres_ of rice, will not be utilised. Can it Le utilised

dsewhere ? - Undoubtedly it could either on the Kistna or Nellore for gecond erop. ~At the end
" of the irrigation scason, when it would be certainly known f.hat ':Bellary did not require the water,

the reservoir conld be emptied at the rate of 4,000 cusees, of which 2,000 cusees may be assumed
" will arrive at Bezwada. A pertion could no doubt be utilised advantageously by the channels
_ taking off the Tungabhadra above including the XKurnool canal. Thg 2,000 cusces ar-iving at
 Bezwada wenld in the three months at tho end of the scason be suflicieat for 20(?,009 acres of
" sacond crop and would yield a revenue of Rs. 6,00,000. (&ssuggested by Mr. Lacey, in his answers
"4o the Public Works Department questions, it wonld be well to givo water in the Kistna for dry

" erop only and not for rice.) On the 500,000 acres dry which may be irrigated in Bellary in a

" had year, a charge of Rs. 2 an acre may be imposed. (In the case of the Kurnool canal the charge -

" for irrigating dry erop is Re. 1 per acre, but is certainly too low a rate for saving crop already
on the ground.) A tax of 4 annas an acre asinsurance would be pertmu}y justified for years when
" water is refused. It is suggested that this tax should give the right to one watering at sced time.

- 1t is often the case that deficiency of rain at the beginning of the season delays sowing most pre-

#

~judicially to agricultural operations. To give water for sowing should act as a great encourage:

“ment to the regular use of water thriughout the season aud the gradual extension of the practice

© of irrigation. On this point Mr. Wedderburnin 1863 (see his report printed with &.0 , No. 2778,
“dated 24th September 1863 said © with a prospect of water agricultural operations might -

o,

’ et sommence ab an earlier date than they ncw do, 'bccausg the first ploughing depends ab present
"« on rain falling in June cad July and it often fails.” ‘ ' T

" '8, Judging from the figures given by Mr. Clerk and from previous partial investigations, the |
" eapital cost of all the works required for storing and utilising the Tungabhadra surplus, including
‘minor reservoirs on the branches of the Pennér for nse in the distriets of Anantapur and

Cuddapah, may be taken at 3 rillions sterling.

-.{n the revenue side we have— - Bs.

-7 200,000 acres Kistna second crop at Rs. 3 (or say, 150,000 in ‘
' Kistna and 50,600 in Nellorey ... ee . 6,00,070
- 30,000 acres (rice} in Dellary at Rs. 4 ... v 1,20,000

* 500,000 acres Bellary insurance at As. 4 ... ... ve s 1,265,000
In Cuddapah — o S : h
. 30,000 acresat Rs. 4 - ., e e . 1,20,000
In Anantapur— - o
. 30,000 acres at Rs. 4. ... TN e 1,280,000
" In Wellore *—. ' S ; ' 2 ‘
~ 150,000 acres at Rs. 4 ... vee e e w.  6,00,000

~ o e

o ’ ; 16,85,000
' Loss in Kistna in bad year, say, 400,020, . :
- (It will be noticed from surplus discharges that water may bo
.+ stored in October so that affer supplring Bellary in a bad year
. up to October there should be some waber left for Kistna, o that
"loss of second-crop water in Kistna would orly be partial) -
- . Gainin bad yearin Bellary 500,000 sowat’Rs. 1£, ks, 8,75,000, ,
. This would give yearly (say) - ... ... v e 75,000

e

Total revenue ... 17.,60,000
Deduct for maintenance ... $,00,000

- -

Net revenue ... 14,60,000

© ora little over 3 per cent. on capital cost.

(* I more can be commanded more-will be irrigated.)

-

... The revenue in Nellore will bo greater than shown. Thero will he some”’sacofxd-crop culti-
- vation and as said before & much larger aren may be irrigated if commanded. It may be said

then under the best conditions that the project will pay from 3 to 31 per cent. But should it
- fail to do so0 and if the percentage wore reduced to 2 or oven less, would not the projoct
~even then be fjustified ? Colonel Hasted in 1883 speaking of the Kurnool eanal” (sce GO,
- No. 184 1, dated 23th February 18¢3) says *in ono respect it (the canal) is of groater value

t}(z‘:in can readily bc? estimated, that is, as & famine \protective work. In the late famine (of
 1876-7T7) the canal irrigated 90,373 acres, which without water would have been barren waste
~ and this,when its Jse was not known and appreciated. . . In future times of searcity it is oertair;
; ;ﬂ:&vt the people will f_wall themselves largely of the canal. It runs throngh districts which are
_ somp oH%wsc most liable to famine in this part of India and commauds a very large tract. of

. of irrigation in the Kurnool and Cuddapah districts. In any ease the all-important question of

"9

country, and when in the unproteoted parts of these districts people are dying of starvation by
hundreds and thousands who can pat a money valne on the produce of 500 square miles well
watered . ‘Lhis is an aspeet of the case which it behoves Indian statesmen to consider and it
remains for them to say whether the general ideas of Sir Arthur Cotton, modified by our

_ experience, should not, a8 regards this part of the Prosidency, be carried to complotion. What
- 1s pow, however, required is a full detailed investigation. -

——

From W. B. GORDON, Eq., ‘Seoretary to the Indian Irrigation Commission, to the Secretary
to the Governiment of India, Revenue and Agriculture Department, dated Nagpur, 9th
March 1902, No. 364.

T am directed by the President of the Irrigation Commission to address you on the subject
of o survey which the Commission recommend should be at once undertaken to determine the
best means of storing the waters of the Tungabhadra, Kistna and Pennér rivers, and of utilizing

: them for the extension of lrrigation in the

.1, Bellary. - - 3. Rurnool. B. Nellore, (I . ro : , s
2. Amantipur. 1. Cuddapah. five distriets of the Madras Presidency which

are noted in the margin,

. 2. These five districts—Nellore less than the other or Deccan districts—are more liable to
gevers visitations of drought than any other part-of the Madras Presidency. They wero devas-
tated by the famine of 187678 and since thon they have suffered, some or all and with more

‘or less severity, from deficient rainfad] in 1884, 1801, 1806 and 1900, or on an average once in
“every five years, In' 1876—78 the loss of life was appalling; the succceding census showed -

a decrease In the population of over 11 per cent. in Nellore, of 17 to 20 per cent. in Bellary,
Cuddapak and Anautapur, and of 26 per cent. in Kurnool. ~The populations of Jurnool and
Cuddapah are atill less than they were 30 ycars ago. In only six out of the nineteen taluks
comprised in the two districts has tho population. rcached its previous figure; the bulk of the
present conal irrigation lies in three of these, while a fourth is fairly protected by wells. The
cost of relief operations, wilh the losses of revenue duc to deficient rainfall in theso distriots

~daring the past 26 years, is reéported to amonut to over six crores of rupees. In Bellary,
. Anantapur and Nellore only about 3 per cent. of the cultivated area ean now be irrigated in a dry
. year, and in Kuarnool and Cuddapah only 8 to 10 per cent. In view of these significant figures
the Commission think it needless to dilate upon the extreme importance of thoroughly investi-

gating every possible means of extending irrigation in this part of the Presidency.

3. Al fivo districts lie within or near to the catchments of two large rivers—tho Kistna, with
its fributary the Tungabhadra, and the Pennér—whose flood waters if they can be stored and

" carried on to the land, will afford the means of irrigating a very large area. The proposals which
. have been muade for utilizing these rivers aroc clearly stated and briefly reviewed in the accom-

panying note by Mr. Higham. Of 8ir Arthur Cotton’s proposals for storage works and canals
dependent on the T'ungabhadra only one portion-—the Kurnool-Cuddapah canal—has been carried
out. Judged from a purely financial standpoint, that work has heen a failure, owing partly to an
exaggerated capital expenditure consequent on the arrangements made with the lato Madras
Trrigation Company, partly to the heavy expenditure incurred for the sake of rendering the

- canal navigable, and partly to the prevalence of black cotton soil in the tract through which it
was aligned, The Commission, however, have no doubt that if effect be given to the proposals

referred to in paragraphs 15 to 17 of Mr. Higham’s note, the financial position of the canal will
be materially improved, while its protective influence will be oxtended in the distriets of Kurnool

and Cuddapah and possibly also in Nellore,

. 4. For the protection of Bellary anud Ansntapur no works of any importance have yet been

_carried out. That portion of Sir Arthur Cotton’s schome which is known as the Bellary project

bas never been constructed. It was conceived solely for the pretection of Bellary, and would not
have directly benefited any portions of Anantapur, Cuddapab or Nellore. The scheme has been
frequently dismissed on the ground that the possible area in which irrigation might be extended
in tho Bellary district, which consists mainly of black cotton soil, would be too small to justily
the enormous expenditure required. It is now proposed (paragraphs 9 aud 10 of Mr. Higham’s
note) to substitute for the Bellary project a more extensive scheme for a canal which will not
only irrigate a large arca in Bellary, bu$ slso render possible a considerable extension of irriga-
tion in the Avantapur, Cuddapah and Nellore districts, in the last of which at any rate the water

" of tho canal would be fully utilized in years of normal rainfall, oven though the black soils of

Bollary and Anantapur would require but little water. As far as lovels are concerned the
project appears Lo be perfectly feasible, though the cost will mndoubtedly be high'; bat if detailed
surveys should show that this scheme is not feasible or that its cost is prohibitive, the question of
further inereasing the capacity of the Iluraool-Caddapuh canal will have to be considerod so as to
provide, as originally contemplated, for the requirements of Nellore in addition to an o:\:tcnmo%
storage of thoe flood waters will require very carefal investigation.
‘ ' 3
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© B Mr. Reid's proposal for a large storage work on th? Kistna river, and & canal to irrigate
- the uplands of the Kistna district ana that portion q‘f Neilore which will not be commanded by
" the proposed Tungabhadra canal or by the Kurnool-Cuddapah syster, is roferred to in paragraphs
.18 to 21 of Mr. Higham’s note. Kistaa and Nellore, especially tho former, are less in necd of
protection than the Deccan Qistrickss bub tho scheme promises to be remuuerative as well os

* protective, and the Commission cons ]

-~ plans and estimates prepared a3 s00n as possible. : :

" “ 8. For none of those projccts have gompleto surveys been made or plans and estimates

* ‘prepared; and it is obviously impossible for the Commission, at this stage, to form any final

" opinion regsrding them, pither from an engineoring, protective, or financial staodpoint, DBut

" after n careful consideration of the plans and proposals as they stand, the Commission are of
lost in completing the surveys, collecting the information, and

_opinion that no time'should be ompl the
preparing the plans and estimatos on which final opinion can be formed.

-7, 'With this object Lam to recomracnd that the most compotent officers available be employed
*""on, the early investigation and pre paraticn of the following projects ;—

: “(i) Remodelling the RKurnool-Cnddapah eanal, so that it may carry tfo the 75th riie as
%0 greaba supply as can be conveniently carried by that route (frem 1,600 to 2,200
. cusecs), and constructiog the Chepad, Velgodo and other suitable channels for
carrying the supply to lands in which wet cultivation will be practised.

"7 Pénnér, so far as this can be dono without prejudice to tho greater scheme for
| the cxtension of irrigation in Bellary and Nellore districts, or to the supply now
' " required for the Sangam anieat and Penuér river systems.
{ii1) The construstion of a eanal from the Tungabhadra rviver-—1bt merely to irrigate
“ah cparts of the Bellary distriot, but a much larger work fo traverso the Bellary
. disiriet, to cross the ITuggari river, and to pass into the basin of the Pennér, water
- The talnks of Pnlivendla and Kadixi in the Cuddapah distriet-are specially in need
: “of ‘protection, and the possibility of earrying a branch into these taluks across the
~ upper hasin of the Pennér should be investigated. In Bellary there will be but a
- small Grmand for water in ordinary years, while in years of drought it will be
necessary to extond protection to the largest possible arca of dry-crop oulbivation
in that Qistrict; and the canal must be designed to moet these varying conditions.
The extra supply required for Bellary in dry years will Lo obtained by restricting
* the snpply padsed into the Tungabhadra or Pennér for sccond-grop cultivation in
“i» the districts helow. : ‘

v Dharwar districts or in the Hyderabad or Mysore States ;.and on the FPennér and

. w any other rivers tp which water cen he supplied by means of the proposed canal,

N Stgz:qtgg szorks and a caral from the Xistna for the irrigation of tho Kistna and Nelloro
. dastniets,” ., .. o .

* 8. Ini the‘event of its being found impossible to secure adequate storage for project (iii),

= Nellore along the” Kurnool-Cuddspak ecanal route, and ‘the i ative
et e B ude pab canal route, he following alternatives ‘should be
_. (1) The complete reconstruction of the first 75 miles of the Kurnool-Cuddapah canal.

" {2) The: construction of a canal on the left hank of the Tungabhadra, to take off above the
... . Bunkesala anicut and to beesrried across the Tungabhadra lower down by means
.., of an aqueduct. A very slight examination of the country should suflice to show
.. vt whether this alternative dererves closer investigation. ' :

s (3) A dam ‘across the I’ungrﬁ)hgdm lower down with a cut or tunncl into the hoad of the
B Kundaur nullak. ’ ‘

© This scheme will also compris i el ‘
Uhis ) ls0 cemprise the construction of suiteblo storage works on the Tunga-
s }ﬁ?dm and-Penndr, but. these will of coursa be on a smallor aggregate scalo than roquired fgr ?lze
- ‘larger project, as-the Bellary, Anantapur and Cuddapah distrigts will be cut out of the scheme.

. ¢
LI BT I T g © .
‘ whexgésh;tdefcfftgm;ng. the best sites for storage reservoirs and generally in carrying out theso
e N, 1t :gd ;Ofgﬁ_:;mgggagy to *stiwgi ’;}he assns?n\? and friendly co-operation of Iis Highuess
1ne o ( s Highness the Mabaraja of Mysore. I am thereforo t
o 4 of His Highy e ysore. I am thereforo to suggest that, at the
‘:\%iﬂ%n: g}t;lii,:hsel; )E.:(xgkgnes‘sus should be invited to permit the prosecution of the S&;esmry i;urveys
" the oﬁicers‘én?: r%iieg’ ¢ *;f{rlttﬁrl?s and' to give such assistaneo as may be in their power ; and that.
“probable reqiroment wi »fm l}c mveishgatzgn should be iustructed to give due consideration to the
Endl to conetlor thg asd vg‘;z:lili?ff Sffauaé as Tal{‘ ﬂst }:l‘rxg&t;op‘from the proposed works is concerned,
2 be derive acvisabiiity of offering {o them a fair and. roasenoble share of the benefits to
A TETE }U.rom ﬂfe V»toz'age of flood waters within their territories, "

i

R

ider that tho surveys should be completed and the detailed

‘Meastres for utilizing the surplus wupply that will ‘thus be made available for the .

“* sufficient to protéct large aress in the Anantapur, Cuddapah and Nellore districts.

"itz) Storage works on the Tungabhadra and its iributaries, whether in the Bellary or

| 1 Yo carry:a canal of the required dimonsions through the Bellary distriet except at a cost which,
" will be prohibitive; the question.ghould be considered of carrying the whole sé)pply reqouired lf(gxl

- 11

f

10. In coneclusion T am fo observe that every alfernative put forward in eonneckion with the
Tungabhadra project involves great difficuity and great risks, and it is hardly possible to sappose
that any scheme can be formulated which will provo directly remunerative. Itison this account
that provious preliminary enquirics have not been completed and that the results have been
pigeon-holed on the strength of a priors arguments that no scheme can p()gs.ibly prove remunera-
tive. The failure of the Kurnool-Cuddapah canal has had a most unfortnnate effect in
discouraging other proposals for the extension of irrigation in the Deccan districts. But the
protective valuo of that canal, even in its present condition, is now gonerally recognized, sud
many think that the cost of its construction has been justified. Many lessons have becn
loarned from its failure to do all that was anticipated, and many of the mistakes which have been
made will not be repeated in fubure. It is now possible to formi & more relinhle estimate of the
protective and financial results of any new work that may be proposed, and it is realized that
Government will not reject valuable protective schemes merely because they do not satisly the
technical definition of a productive public work, but will be prepared to sccopt a certain excess
of interest charges over net xevenue in consideration of the valus of the protection that will bg
afforded. The Tungabhadra project thercfore shoeuld not be finally dismissed until all possible
alternatives have been thoronghly and exhaustively investigated and acevrato esfimatos have been
prepared of the areas which it msy be relied on to protect, and of the pormanent chargos on the
State whioch will resalt from its construetion. It will then bo for Government to-decide whether
tho work should be undertaken. All that the Commission can now say is that no such estimates

.aire at present available, and that an early and thorough investigation is carnestly recommended.

. districts, and au additional supply to be discharge
~_district. This has been constructed.

at———

" Nots on the Tungabhadra and Kisina Projects by T. Higham Bsq., C.LE., datcd
: ' . . 18¢h March 1902, :
1. The complete Tungabhadra project as

" The four parls of {he Tangabhadra project. originally conceived by Sir Arthur Cotton may

R . be divided into four parts, thus—

"~ * (1) Storage reservoirs on the Tungabhadra or its tribularies. ,

(2) Bellary project, for a eanal to take off from the Tungabbadra somewhere above
Hospet for the irrigation of Bellary district only, oventually tailing into the Kurnool-Cuddapah
canal somewhere near Kurnool. ‘ : '

"+ (8) Kurnool-Cuddapah project, for a capal to take off from the Tungabhadra above

Kurnool to carry a supply sufficiont for the irrigation of portions of the Iurnool and Cuddapah
:d into tho Pennér river for utilization in Nelloro

(4) The Nellore works, for the utilization of the waters of the Pennér when supplemented

by the Tungabhbadra water to be bronght down by the Kurnool-Cuddapah canal, -

" 9. On Sir Arthur Cotton’s recommendation, part (3) was first put in hand and is the only part
that has been exceuted. It is casy to understand
why a commencement was made with this

paxt.  No storage works were really required in order to su 1y this canal with the water reguired
PpL) g

‘Reasons for fivst construeting part (3).

., for'the irrigation of a first-crop only in the Kurnool and Cuddapah districts. I$ was no doubt
~* thought that this part could be completéd and broght into operation while parts (1), (2) and (4)

“vreve under discussion and this has indeed proved to be tho case. Tho completion of the three
. parts would not very materially improve the position of the Kurnool-Cuddapsh canal, It bas
. gometimes been said that this canal is but the middle link of & system and that its failure is suffi-

clontly accounted for by the fact that the head and tail of the system have never been construcled,
hut this is not the case, aud Sir Arthur Cotton himself origin:illy deelared that this middle link
when completed would yield its own returns independently of the other parts. The rcasons why
it has not done this will be considered presently. . .

'8, Tho next point to be uobed is that the irigation of the Nellere district depended on tho
o compietion of tho Kurnocl-Cuddapah canal, or
The irrigatien of Nellore depended on part (3) and not on part (3) of tho system. Goneral Fischer has told
part(®. - us in his evidenco that Sir Arthur Cotion
-originally proposed to irrigate Nellore by an cxtension of part (2) or the Bellary project, and that
the idea was abandoned, not becauseit Wwas absolutely impracticablo; but because General Iischer
Lad succeeded in convineing Sir Axthur Cotton that water could be more easily taken into Nellore
by the Kurnool-Cuddapah route, and that it was waste of time to consider the question of the
Bellary route, which has pow beon independently revived by the Chief Bnginecr, Madras Irrigation
‘Works. o : -
4. Bo this as 1t may, it is cortain that the Madras Trrigation Company proposed to adopt the
' Turnool-Cuddapah route for the conveyanco of

Pa?t-tOf $h§ gvﬂ 1:}1911!1&3 for which part (3) was designod, was  Pungabhadra water into Neliore, and always
intended for Nellors. - regarded the Bellary project us intended only

for the irrigation of the Ballary districk, The Kurnool-Cuddapah canal was therefore designed



E WEtﬁ‘a capacity ét the head of 3,000 cuscos.  Tt.is'mat clear how much of this supply was to be
e ool-Cuddapah districts, a )
| «g‘;iigf;tg;:?; gﬁ%ﬁ?ﬁ(:ﬁg Crddapah ditgricts should take betweon them the whols 8,000

: i mts of Nellore apnear to bave boen nndev-estimated if it were thought that

'eﬁsegs’lgsset?v%traiguslxxl‘%‘?;zl;?ro’sfh‘i;cdis‘uie‘g 1t is probable tha‘t the el}gineers of t'hose dsys{ ovoresti-
‘ in:te'g the natural supply of the Peanér river, or proposed large storage hasins upon it and its

yributaries. It was certainly not contemplated to pass down a -supplementary supply bydg‘e““g
" of the Bellary project, and it"was always proposed to feed the Pennér by the ,K“m?(}l'c‘il mpii
*. route alone.. 1t may be here remarked that it was not necessary to carry this additional supply

through the entire length (200 miles) of the Kurncol-Cuddapah canal. The full supply had only

ad haw much to Nellore. | It is certain that it was.

. “to be carried to the THth mile, or head<ct the Kundaur valley, from which point any required..

:z‘.'igguized merely for carryiag the local supplies, and for purposes of navigation.. ’

5. As a matter of fact, howover, the canal has never been capable of carrying anything like

coale ' 3,000 cusces,  We have it in evidepeg that the .
- Kurnool-Guddapsh conal connct carry more than 800 maximum supply that Las beon passed throwgh

cases. . ¢ . . ’ tie head reackes is ounly 2,00Q cusecs and that
" hot mare than 1,800 cusess could be contemplated as ordinary full supply. TFive jears ago the

maximum was said to be 1,200 cusees.” These are tho discharges in the head reaches for purpose

: P NP «woh 1o it i3 saic bo Impossible
* of filling the lakes. Below the lakes the capaeity is much less, and it is said to possl
,gfehni ;;:sé‘:v toepo.s: ore than 800 cusess into the cutting below the Tangadentza tank or the 61st

. mile withont endangering the swfety of the tank. As the canal at presont stands, it is impossiblre

therefore to pass any considerable and regular supply into the Nellore district.

"It skimated. ihat 1y of 3,000 cusecs is the least required for the Nellore -
6 Ttis mow estimaked that @ supply " district. Allowing for present and fubure

Estimated requiréments of Wellore distriet, and posuibility requirements of  Kurnool and Guddapa,h
of increasing capacity of Kornool-Cnddapab eanal tomest  Jigtricts, where there is room for some exten-
oothem. o . ‘ . gions of irrigation, a supply of something like
44,500 cusecs would ba required at the head of the canal in order to pass 3,000 cusecs into Nellore.
The questign is whether the first 75 miles of the present canal can be so remodelled as to pass this
extea supply. - It is said that the cost would be prohibitive. I do not think that it con bo said
- without further imvestigation that the cost will b greater than that of other alternatives which
“have been proposed, but it is doubtful whether such a remodelling eonld be‘carried out even at a
‘bigh'cost without interrupting the present supply for at least two seasons, and this at any rateis

. ‘a vexy serious objection. T . . S ;
.- 7. The first alternative proposed i3 to canstruct a high dam across the Tungabhadra imme-
ST 5 o diately above or below its junction with the
. Altergative ofa dam near junction of Tungabbadra aad  istna, and to take whatever may be required
i for the Nellore supply in addition to the quan-
+4ity that can he passid down the present channel by ;means of a_new canal taking off 50 or 60
. above the bed of the river and discharging into the head of Kundaar valley. ''he dam and
.- channel (which would be in very deep rock cutting) would be very costly, but could be earried out
without seriously interrapting the supply to the existing canal. . S
©. 8.-General Fischer has éuggested s second alterwative, viz., that the new canal should taie

s : off fronr the loft bank of tho river opposits the
‘ , ) present head of the Kurnool-Cuddapah canal
.-and be carried down that side until it can bo taken across the river into the Kundaur valley by
reans of an aqueduct. Until the other side of the river has been ezamined, i 18’ impossible £o

- Alternative of a lett bank vanal and agaeduot;

say whether this suggestion is worth serious consideration, but it is an alternative. to be borne’

in ~mind.. Even if the country is favourable, the fact that the canal will have to be carricd tor
* several miles through the Nizam's berritory is in itself a sorious objegtion. ) L
e 9. There are thus three alternatives for carrying water into N elloré through the Kurnool and
v.+7 Fourth altetnative offersl b§ t‘heBellary project. Guddﬂmh districts, .x{elther of which can be
e T , . regarded -as promising, though each may
- deservo consideration. The fourth proposal is to give up this route altogether and to carry the

rf:quz;ed sapply mto Ne{iore by means of a great canal fraversing the Bellary district, as at one
. hime-contemplated by Sir Arthur Cotton. The Bellary projest has hitherto been worked ot on

the assumption that it is only necessary to provide for the irrigation of the Bellary district, ‘and

it has boen considered that:it would be nseless to provide for a greator arca than 50,000 acres wet
. ?ra‘pﬁn)t}nﬁ district. It has not been difficult to show that the heavy expenditure which would be
involved- in earcying a canal through the Daréji hills eonld not” be justified for the sake of

-lrrigating so small an area, but if water can also be carriod into- Nelloro by this route, the projeot
+ may be less unpromising. : : . ‘ -

100 1f tais project is feasible, it will have many advantages as.compared with a scheme for
Advantages of ’ passing the same supply through the Kurncol
L project. and Cuddapsh’ distriets. It will traverse tho

: ’ .Bellary district and afford it all the protection
‘must be regarded as very unprowmising if its

supplying Nelloxe by mweans of the Bellary
‘ p*opo*ed in the original Bellary projeet, which

-

ply can be passed down the patural drainage line, the lower 125 miles of the capal being-
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seope is restricted to the irrigation of a corner of the Bellary district. Under this scheme it will
not, moreover, bo necessary to force wet cultivation on the occupiers of black goil in the Bellary

- district. Tho waber can be utilized for dry-crop irrigation in a year of drought and so afford

invaluable protection to this distriet ; but if not taken in ordinary years it can be passed on and
stored in the Nellore distriet when it can be made available for a sccond crop. Iadry years water
will not be available for a second erop in the latter district ; but it will bo sufficiently protected if
it has a single crop. Lastly, the supply will enter the Pennér river much higher vp than if

_carried down the Kundaur valley and 1t will be possible to make considerable exfensions of irriga-

tion from the Pennér in the Anantapur and Cuddapah districts.

11. As [ar as levels are concerned the projects appears to be perfectly feasible and if good
sites for dams can be found it seems probable
: that large storage reservoirs may be formed
below the points at which tho proposed canal would euter the Huggari and Pennér rivers, - The
question is, however, one of cost. Culonel Baddeley considers that the cost of carrying a channel
through the. Dardji hills would be prohibitive if the sole object were the irrigation of 50,000
acres of wet crops in the black soil of the Bollary district ; but this objection will 1ot necessarily
apply to a larger scheme on the scalo now proposed. It is at any yate not obvious- that this
project will bo more costly, in proportion to the area which will be brought under protection than
cither of the three alternatives for carrying a supply into the Penndr by the line of the Kundaur
valley, which have already heen discussed. Colonel Baddeley’s estimates aro bazed on
Mr. Gordon’s survey of 1366. Mr. Gordon’s alignment was acoapted after closs and caroful
examination by one of the most compstent of the Madras Irrigation officers (Captain Mullins,
R.E.), and it was probably tho best possible Iine for what was then proposed—a channel with a

Foasibility of the Bellaxy projoct.

“eapacity of 2260 cusecs starting from a certain level at Valvapur whioh was to command the

station of Bellary, and not to be carried beyond the Bellary district. It is not now considered
obligatory to command the station of Bellary,. and with new data a moro favourable alignment
might be found. 1t may, for instance, be possible to take off from a Valvapur reservoir at a level
40 or 50 feet highor than that originally proposed. This would somewhat reduce the storage

“available for the Bellary project; but if good sites for storage works could be found on the

Huggari and Pennér this would not be a matter of much imporfance, and the balance in the
Valavapur resexvoir could all be utilized for eocond crop on the Kurnool-Cuddapah and Kistna
canals, Qther possibilities may be suggested, and in view of the great advantages which this
scheme prescuts as compared with the alternatives which have been proposed, I do not think that
it should be dismissed unfil it has been thoroughly examined by the most competent officer who
can be fonnd. 1t should be realized that a feasible alignment through the Daroji Lills is the key
of the problem of providing adequate protection for Nellore and the four Ceded districts. .

12. We now come to point (i) of the original project, or the important question of storago
reservoirs without which any considerable ox-

& vt rs. 3 NS M M ‘
Storage rose: veira tensions of irrigation in the Bellary and Nellore

- districks are ont of the question. The sites which bave boen proposed are—

(i) General Fischer’s site noar Mospet,
‘(31) The Valvapur site, nine miles higher up the river.
‘ (31) Various sites on the tributaries in Mysors territory. 4
(i) would probably be the best site if the Bollary projoct bo abandoned and either of the

ather alternatives for earrying a supply into Nellors ke adapted. It is, however, 60 feet lower

than the Valvapur, and this will involve a great loss of command for any Bollary project I am
not sure that this consideration is conclusive against the adoption of this site, as it ‘may be found
advisnble fo sacrifice o certain amount of comwand for the sake of other advantages, a point
which can only be determined by comparative iuvestigation, Prind facie it would appear,
bowever, that a Bollary canal cannct tuke-off lower down the river than Valvapur, and it may
evey be advisableto go still further up the river. It does not necessarily follow that the resesvoir -
should be placed at the site of the take-off. 1f sutficient storage can be found on suitable sites
higher up the main river or on its tributarics, or lower down in the drainege lines that will be
croased by the Bellary canal, such as the Fluggari or Pennér, a simple anieut would suffice for
the take-off, but undoubtedly the most effective site for a reserveir would be one on the main
rivee,  Any storage work on the main Tungabhadra or its tributaries will however involve the
sul'snerzence of large areas of foreign territory, either in Hyderabad or Mysore,.or in both, and
very high claims for compensation, even if other chjections on the part of the States can be
removed.  This is o difficulty that must be faced, but a complete survey of all possible sites, and
a carcful estimatc of the storage really reqmired, will have to be made before any definife
peoposuls to the States can bo formulated. One point to be considered is that, unless special
arrangements are made, Hyderabad may be able to appropriate a large share of the supplies that
may be passed down the Tungabhadra from storage works, This is in itself a very strong argu-
ment for the Bellary project as now put forward. It must bo romombered, however, that an
arrapgement by which we can c¢nable the Nizam’s Government a share in the benefits to be
derived from storage roservoirs is in itself desirable, if it will secure the co-operation instead of

. provoking the opposition of the Darbar, and will increase the area under protection in Hyderabaa
. ternitory, a motter of great importance. It is understood that tho Madras Government now feel

it their duty to object to any estension of irrigation in Hyderabad which may involve the
slightest diminution in the cold-weather supply of tho Tungabhudra or Kistna. The coustruction

g
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i st 2 gabhadra and elscwhere, in such a way as may scoure the
of m?ple sﬁoﬁ?&o;ﬂi thanig:n'll:: I%%gc?‘ver:mmzn15, appéars to be the only wmoans of relioving them
Fr%ﬁs:cggq&vidious position. A principal object of our e‘nqu.irio_s when we go to };iydom}bud
shonld be to ascertain the limit of possible extensions of irrigation in the Nizaw’s {orritory from
thess two rivers, which should be considered in any proposals for storage works that may be
brought forward. A ) ' o .
S i snsion of irrigation in DBellary and Nellore disbricts which
., 18 Alltho shemes for tho exbousion o bave hcen noticed above are at present of so
. nebulous a character that no approximate idea
san be formed of either iheir cost or pro_bftT)la financial and protactive results.  We can only(
consider the figures given in Colonel Smart’s asthe most favourable that ¢ be }mzarded, m‘nl
jodge whether they are good enough to justify farther investigation. Colonel ‘cmart. puts the
cost of a great cacal in Bellary, and of complemcgz\xiz}rg irrigation worky in the Cuddapah,
Anantapur and Nellore districts, at Ras. 43 crores. i_lus ineludes all necessary storage works on
the Tungabbadra and elsewhere, but not the ecost of improvements on the Kurnovl-ﬂm}éapa}z
caual, which is a separate matter, to which I shall presently refor. It iy estimated that for this
‘expenditure we ehall be able to protect in a year of drought— ,
SO 30,000 acres of rice in Bellary,
500,000 ,, of dry crops in Bellary,
30,000 |, of rica in Cuddapah.
© 30,000 ,, of rice in Anantapar,
156,060 ,, of rive in Nellore. : ;
©. 183,000, of second crep in Kistna and in Nellore.

T Colonel Smart’s figures for the Tungsbhadea projeot.

s B

-

O Total ... 873,000

’*‘tf ’ In ordinary j'ears the 500,060 acres dry erop in Bellary would ba roplaced by 237,000 acres
of second crop in the Kistna vanals and in Nellor_e, and the total becomes 641,000 acres for
ordinary years,

14, N I * * * *

15, T now retum to the case of the Kuruool-Caddapah canal, which may be considered by

itaelf, apart from tho Bellary-Nellore project.
e - It is nsual to aseribe the unsatisfactory results
attained on this canal to the unwillingness of the rycts to exchange dry for wet cultivation. I
think, however, that if measures had been taken years agn to extend irrigation to tracts in which
wet cultivation would bave been more readily resorted to, and to utilize all surplus by passing it
through the Peunér into storage works in Nellore, the results would have been more satisfactory.
There is no doubt that, as General Fischer says. the canal has beea wrongly aligned, and thag
the main line should have been taken along the line now propesced for the Velgode distributacy.
1 shiculd like to see this channel construeted and extended ns far as possible, and other extensions

© - Case of the Kumoél-CuddapaH canal.

‘might also be carried out in Cuddapan district. We are warndd, however, that in dry years the

‘extent, he.remedied by remodelling the waste weirs as proposed by Colonel B
-Mr, Clerk, bowever, states in his nete on the Tungabhadra projeet that for an expen

wet lands thus brought under cultivation will get no water as it will all be requived for the dry
crops. Some control can at any rate be exvrcised over the distribution, but the argument is an
admission that the canal Las an insuflicicnt capacity, and is liable to fail when most wanted, Be

far as the requirenients of Kurnool and Cuddapab only are concerned, this might, to a great

addeley.

\ ditare of
Ks. 6,00,0.10 the canal might be improved so0 as to carry 2,500 cusecs, Colonel Swmart doubta

bl

~ whether it ean be made- to carry more than 1,600 cusecs, but it must he remembered that the

. The construction of the Somesila anicut or reservoir and of the de
-afterwards considercd, but this wiil .{forn part of 4

-remodelled Kurnool-Cuddapah canal will |
Bangam anicut and Pennér river works

+ present maximum supply below the 77 th mile is not more than 890 ousees, antd it is therefore o

question of doubling or trebling this supply. ‘The caral should he made to carry as mach as
possible, as any excess over Kurnool and Cuddapah requircments will pass on into the Pennér.

pudent channels may be

: 1 e general Tangabhndra project. Iven if
these works be not constructed at once, the additional supplies passed. isto the Pennér by a
be valuible in steadying the supply to the oxisting
» which is now éomewhat precarivus. '

-7+ 716. T venture to think (judging after the event) that i would have been botter paliey to

L financial rulss,

" in illhstration of the ne

5

‘must be met from rey

Tmproverent of this canal has been prevented by existing have spent 10 or 15 ]akh,?' Seme years ago in

, improving the canal and in making extensions

into tracts more suitatls for wet cultivation than

vial encouragement to the ryols to convert their

¢ way was probably the rule that in the case of

: emunerative, any additional capital expenditure

oxpehditane ot 1o ;I;\txe; and gat f_wf‘n]lo;n funds. In the case of Mudras this means that the

from| the orpendipe s rom Provineia Pnds which wrould not, however, derive any benefit

penditure, thbe?er O;DJE(:}t-ICtbﬁon than the Kurnool-Cuddapah caual could he given

cessl or reiaxing : e sapction acsi loan fu '

5 & matter to b deglb e sepz?atefy?msent rule regarding sanction v.lgumst loan funds,
..+ e )

L

to have ém;ﬁloyed_ as spéeia} officer in offering spe
dry into wet caltivation. 'The rpal obstacle in th
8o-called productive works which had proved anr

ri

1

18. Since the foregoing note was wristen in January last, I have seen Mr. R4
his reconmuissance -for a storage §
. . Kistna, and althongh such a wo§
quite independent of the Tungabhadra scheme, it will be convenient to consider it
time, Briefly, it may be zaid that Mr. Reid proposes to coustruct a dam across the{jg
site 90 miles above Bezwada which shall be 184 feet in height above the bed of the riv
bank canal will take off at this level, with bed 50 feet below the top of dam, or 134 gt &
the bedof the river, the proposcd depth of full supply being 10 feet, This canal will, thowg)
not run a fall supply until the reservoir hos filled to a Jevel of 40 feet below top of dam. Sl
is anficipated that in the most unfavourable vear this level will be attained by the 15th July,
and that it will be maintained unti] the L#th Oactober, or that the proposed high-level canal
wauld run continuously for at least fonr months. This eanal wounld traverse the uplands of
the Kistna district and might be continued through the northern talukas of Nellore distriet so as
to tail info the Ponndr. Such a canal would have a great protective value, as it would protect
almost absolutely a portion of the Neilore district which will fall outside of the Tungabhadra or
Kurnool-Cnddapab canal extension schemes ; but it could never bo contemplated to construct a
reservoir of this magnitade (it will impound 80,000 million eubic feet) for the mere sake of

Mr. Reid’s Kistna project.

" working this high-level canal for four or five mouths in the year. " It is, however, proposed to

utilize the balance of the immenso volume that will be stored below the bed level of the upland
canal for the cxtension of irrigation and of seeond erop ecultivation in the delta; or below the
Bezwada anicat. It is estimated that the area of single erop in the dolta may be increased by
800,000 acres, or from 700,004 to 1,000,010, and that 200,600 acrcs of second erop may also ho

velied on, and it is the profits that will yesnlt from this new irriation in the delta that will

render the seheme as a whole remunerative,  The Kistna delta is already so well protected that
the construstion of a resmvolr for the extension of single or second crop enltivation within it
caunob be regarded as s matter of great urgeney from a protective point of view ; but if, as is
auticipated, the project will prove directly remunerative even when weighted with the cost of a
work of such great protective value as tho high-level canal, the echeme appears to deserve very

~carly and favourable consideration. Mr. Reid has rosghly estimated the whole cost of tho

project at 2§ erores, and the incresse of gross revenuc at 88 Jakhs.  Allowing 8 lakhs for work-
g expenses, this would Jeave an ultimate return of 12 per cent. cu the total capital outlay.
These figurss must, of eourse, he taken for what they are werth, as a merve rough estimato based -
upon a proliminary reconnaissance, which shows that thers is prind facie good reason to beliove
that the scheme is feasible, and is likely o prove financislly remonerative as well as ‘of great
protective value ; as npart from the protection which it will afford to the tracts to be traversed by
the high-level canal, it will increaso the avea of food-erops in the dclta by sometbing like half a

-million aercs.  The report Las nct yet been exemined or oriticised by ‘the Chief Engineer for

Irrigation, or by the Revenuc offierrs, and the Commission can only consider it at present as a
maguificent scheme whieh is deserving of closer aud more detailed investigation. ’

19. Another important point which may be vrged in recomm%xdmion ]of the schemé s that

- e . it willrender the Kistna dolta entirely independ-

‘ Probable effoct on the Kisina delta and H::‘dgrabad. Cﬁ)t of zhr} cold and hot weather Eilfpplj’ I}‘f the
Tungabhadra, which may be reserved entirely for the Tungabhadra and Kurnool-Cuddapah
projects, and for use in the Nizam’s territorica.” It will be possible to utilize whatever water may
be available in the Tungabhadra to the hest advantage, without reference to the cxigencies of the
Kistna delta. There does not appear to be very great rocm for the extension of irrigation in
Hyderahad from cither the Tnngabhadra or the Kistna; but it is desirable that no objections
should be raised to such extensions as may be fecsible, on the ground that they will prejudice the
supply to the delta, and a reservoir in the Kistua will render it possible to waive such objecticus.
The Chief Ingincer for Irfigation, Hyderabad, has informed us that a project is now under
Investigation for a storago work on the Ki fra, near the Bombny-Xlyderabad beundary, which
will rendrr possible a large extonsion of irrigation in the doab formed by the Kistna and Bhima

“rivers. It 19 possible that the Government of Madras may be dompolled to object to such a

© echeme as likely to prejudice the delta irrigation, but the construction of a sccond storage work
o v - N P a . 3 .

-on the Kistun at the site now proposed by Mr. Reid will enable them to waive such an abjection.

It is also possible that a left bauk high-level cinal might be made from the proposed reservoir
whi¢lt would command a considerable arvea in the Warnugal taluka of IIyderabad, though it is-
coubtful whether tho land is suitable for irrigation. We have not been ablo to obtain n clear
and rolinble opinion on this point while i Hyderabad, and an examination of the country will
be necessary. As a matfor of priveiple, T think that the Nizam’s Government should be allowed
1o participate in whatever benefits can be secured by the construction of storage works vn cithor
the Tungabhadra or the Kisina it they aro willing to pay & reasonable share of the cost. Tt ey
bo added that the propused Kistna roservoir will submerge a large avea in Hyderabad territory.
20. From an engineering point of view the principal objections to the project are the great
hieight of the dam, and the possibility of a
serious inferception of &ilt in the proposed
reservoir, The former is not serions if a' further dotailed examination of the site shows that
thoroughly rcliable foundations may bo rolied on throughout. The silt difficulty has, I think,
been under-estimated by Mr. Reid, and ps in tho case of the proposed Caunvery ressrvoir, caraful

Possible ohjections to the scheme.




. 16

cEET L ) P i ¢ of the cunsequences
o d i ions are necessary in order to obtaln some measure o

~ and well-devised O.bsz;gatwln; (?;e respect the conditions will be more.unfavourable than on the
- that may be auticipatec. the flood season without cutting

: it wi i {v the reservoir during ,
 Camery, as 1t 1 ot }?{;l}:i?;}éiecgngP ’.{‘he reservoir will therefore have to be kept full for at

off the supply to the he T 3 1 undersluices proposed will no gdoubt
: onth tinnously. The powerful low-level undersiu proposed - no g

| 12?13; {gu;ligggg:stgzndliﬁiculsj, but it is nevertheless a real one, and will require very cgreful
. R -t : B ‘
’_'copside,ratlon.”g L .
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8. Choice admits of no doubt.~Scheme No. IT remains and this, though also expensive, ia
perfectly feasible. The site for a dam ig primd facie a good one, and if the foundations are
heroafter proved good, it must be considered excellent. The dam nced not be excessively high
and will yet give good command and very large storage, while a perfectly practicable line for the
main canal has been laid out as far as Daréji.  ‘The only serious drawback that at once presents
itwelf is that half the land submorged is Hyderabad territory. This drawback is however shared

" by tho other sites. This scheme may be therefors accepted as that which will bo adopted and will -
- be deseribed in a little more detail. . :

7. General fentures.~There will be o dam at Malapuram, 3 iniles above Hospet. From this
2 canal will take off running »id Nelapur and Uparhalli, thence by a tuanel to the foreshore of

S o T . : . ‘ .Daréji tank. From thonee the eanal will run vid Bellary to the Hagari, will cross the Hagari,
TUNGABHADRA PROJECT. - S ‘ picree the Hagari-Pennér watershed, and so drop into tho Pennér, along the course of which the
S - o , - wwater will run to the Bay of Bengal. The water will bo able to protect or irrigate a great part
' of Bellary, a part of Kurnool, a corner of Anantapur, large tracts in Cuddapah, and a very
~gonsiderable area in Nellore, ' L '

. ‘ PreriviNary REPORT.

e Ti:e fbfégoinév ﬁapers attached to this reporl should be read first :—

(1) “Mr. Clerk’s note for the Irrigation Qommissiop ;. ‘ . ‘ ’

{2) Colonel Smart’s note for the Irrigation Commission ; ’ -
"{8) Sir Thomas Higham’s note for the Irrigation’ Commission.

or s rep at different levels :—

t.—These pap’rs having been read in their order, it will be seen that the »
: irrigating a largé area depends, so far, . o , Storage and submersion.

The-first thing t7 do therefore is to as-

Tur DaMm aAxp RESERVOIR.

8. Deseription in grealer detail—Dam and rescrvoir near ITospet.—The dam will hold up .
about 130 fect of water. The following tablo gives ronghly the arcas submerged and tho storage

9. Seo e of this repor : 3
© project of Izad{r‘xg the Tungabhadra into the Pennér and

e : : : disjointed levels. ,
upon a study of the map and a few disjo; , ; ‘ , . o . ! .

" certain whether the project is really leasible, a.nd by means -of Skeleton, surveys to arrive at a , o p Conlt\f\g- ;‘bovo Dep t{;ag.bovo Area, ,{ "' Contents, Difference.
rough notion of the cost and of the area that will be commanded. It will then be possible to ‘ . e : i

" estimate what expenditure will be necessary in order to make (what the Irrigation Commission , : | ] v

. a N f - A . eredriTee . B . . PEET. * FEET. 8. MILESY, [ILLB, C. . . C. .

. reeommendgj accurate est;lma‘tcs.,. A very bhiief account of what has beqn done and what remuins 3 R 100 '% =T e M1 71’05"3‘ mw?.c ¥T.
to be done is here accordingly set forth. . L2 - o R ) 1,610 i 110 { 02 © 95,000 28,000
8. Disabilities of reserveirs on upper waters of Tungabhadra and .trz'butarz'es.~Tl)e fo_rmat'ion of S ' i’g;g ! ifﬁg ! ;é(’i %gg’ggg . gg’ggg

" Feservoirs on the upper waters of ine Tungabhadra or its tributaries h_ag been long since consi- . ‘ ‘ - Le0 l 140 i 163 198,000 41,000

. dered as a posdibility. - Such Teservoirs have inherent disabilitics. -Some have beon already - . !

. alluded to in Mr. Clerk’s note., Others are, lack of storage capacity, and lack of _power owing to - L . X . . o .

- amall oatchment. - These are 80 grave. that they render the ides of such reservoirs a pis aller at™ : 9. Water available.—~The following table gives the surplus at Sunkasala anicut, near Kurnool,

" the best. They need mnot be further discussed unless it is proved that transformation of the - .. for  §oT108 of years, month by month :— :
Tungabhadra lower down is impracticable. - . : o | —

L 4. Possible i‘*gseroot'r‘s on lower Tungabhac'lra.—'l‘urning thc}x to the course of the river in the Months, i 1891-92. 1892-9%, 1893-94. 1894-26., 1895-96. 1896-97.
“Bellary district, it is evident that there are four ways of diverting the Tungabhadra vid the town ‘

of Bellary into the Hagari, which is the first step in the scheme:  «. , 1 » T a 3 S p " ;
. 1. A'dam three miles-above Hospet and a cutting and tunuel through the Papinayakan- ,

halli pﬂss. o . ' . " ' B & i ‘ April . . ' . . MXLLS-.'C. ¥T, MILL?.- C. FT.| MILLS, 56;1' MXLLB]. g'%;’l‘. M,lLLBi C().?ZT, MILLS. C. F¥,

" ‘. IL. A dam at the same place and a canal rid Nelapur, Uparhalli, and Daroji. - : May . .. . . . 1,967 1,692 8,801 6,936 5,157 .

-« - 11I.- A dam at Valabhapur, about 10 miles further up the river, and a canal following the Juoe .. . v S BLTe4 80,837 17,139 81,644 ..
same course as in I or 1L. R - : - . : uly . . e . - 90,853 JZ- B84 72,539 63,455 77,393 s
8 3 . 3 . n e o o August ., . . .e 97,217 139,119 82,661 §9,283 106,814 5,243
- XV. A dam lower down the river near Humpi.and a canal »id Nelapur., © . L i’\’eptembet . . . o - 35,082 123,879 56,078 29,352 20,413 46,376
o : ks y . 4 p . Het e’ .o . *s 2 2,67 4] 2 K a6

L be Elimination f)f the less fa_voarabqu.—Schem_e No. 1V entails at the ouilset the submersion - )Yi?;}::!ber Ve ‘1‘%%6 f«’:’gg}; 53‘2‘35 %2’;;? ??'SZQ égg’z’“’

of the_celebrated ruins of Humpi and of the town of Fospet, and of several miles of raitway on - ~December \ . . . s10 {7,269 4,313 |. 1,181 3615 49:(1,"‘4,?
both sides of the river. Farther, the river-bed in the vicinity of Humpi falls from M S,L. + 1,400 ‘;2%;‘3;{ - e . . B . . e 39,243

: ::l(‘)h‘-]- 1,}51300, and az thefNelﬁpur saddle is + 1,644 an enormously high dam would be needful. March y .- »e - .. . oo . . :1;2,'3.1;%

.- 'I'his scheme can therefore be left aside, . .- o o : " o ! . vt . %

. Scheme No. III ihvolyés a longer canal by 10 or 11 miles than either No. I or No. Il Total .| 291,660 554,660 364,679 249,869 333,301 702,783
1F‘%ﬁh€r«1 the site for a dam is by no means a good one. The foundations on the left bank are. )

- extremely unpromising and even a low dam would be very long. This altcrnative may th
202 « e . ¢ erefore . .
also be left aside, g . y ' . 7 . : - Months. o 185798, 1598-99, l 1899-1900. | 1800-1301, |. Average.
. As regardsscheme No. I reféronce is invited to the acoompanying sections of the Papi- 8. 9 10 1 ®
; naiyakarjxhqlh roub?.,i From .t!;ese 1t will be seen that with— o r ; : : -
. Meight of offtake . ' ' o ’ " T
- ! > . . ) o . Length of tunnel ) - : MILLY. ¢ Pr. | MILYLE C. BT, | MILLH. C. FT. | MILLS, C. ¥T. MILLS. O, FT.
« Rbuve ;W&r-befl.M C ' - grequired. ¢ April ve . . . 507 112 6,640 200 e v],g:lrs
C - . e e . . LI&_V se .o e er ©213 ‘5,312 7,590 6,497 ‘f;1017
N e, ‘ : " dune .. - O §8,339 46,440 44,192 27,681 83,501
- ' . duly . - . o 98,993 | 114,480 98,421 285,304 107,633
. e . 9 4,280 . Angust ., . o e 217,980 148,745 £8,776 272,896 ‘120581
s ver . ‘e . 8 4,060 September . .o . 169,237 120,930 110,007 99,081 . 82'944
3 9850 \ October .., .- . . 10475 1 138500 84,265 © 88,451 17,417
. . November . . . 2156 66,707 8,66]. 19,596 907"
. s . o ... 7T 4640 - December - D I (A 1) 20188 | ., 12,093 ?i;ﬁ‘g’}
e ¢ e T 1,840 : Januery .. . v e 416 13,304 = 520 ° 5,666
- . February e . o .. 910 ve 11,018 . 4,228
- . e (T8 vee 7;; 3'-'20 . Mareh .. . . . . | o . 2 008 1'72?
‘ vee . 3 . . J— e e v ’
L XX 9 .
_ . y . Total .. 713,181 | 678,718 358,482 795,756 | £03,305
pet. cecond and a teetion o 1 1 of only 2 feet per mile, which would givoe a velocity of 4 feet ‘ ’ ‘ I ' ! 5,305
AR eetion of 1,500 square” feet for 6,000 cusecs. It would be quite prohibitively - ' 4

and this route méy be dismissed,
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SR Th foilnwi#g tablé giv;es the surplus of the Kistna at Bozwads anicut for a serieis Qf yoars,
. o ‘ o
mounth by month:— .

‘ 3 2-93, - 04, | 1894-85. | 1895-96.
, : 850-51. | '1891-92. | 1892-93. | 1893-94.
© "Months. - 1
S 9 3 | 4 5 6 7
ST me'AC‘ FTUMILLS, C. FT./MILLY. Vc. FIMILLE. €. FT.MILLS. €, PT.MILLS. ©, PT.
Lo o 3,369 8,026 7265 | 143120 0 88sA L 7,313
‘A l'ill o T e ' . e . .‘(lg’?;‘z - 51‘151. 4:117 . ) ]l:lﬁl 11,‘3'27 . 9,8?3
CMays L oeaw o b e 108,201 23,458 260,659 |, 677,048 180,310 10,153
B L A P 1 ga17o8k 497,454 | 1,153,067 717,104 | 1,388,849 607,565
July e cocr oot W) enaeal] 2,281,962 99%,190 | 1,087,005 | 607,008 | - 827,071
Apgust eenvles o e e ’204.300 404,946 | 1,660,151 832,689 [ Su4,800-( - 776,489 "
Beptember .. o' e N 217,778 295,087 )~ 747,180 737,318 262,514 416,014
October ... _.oes .- Ll siess 15,166 | 643,985 124,148 167,264 100,188 ¢
 November - " ©  »s +e e 20898 | . .. 42,404 | 21,748 22,760 £18,080
“Pecsmber - v ee {’ Coey A . ’ e 185,310 5;3“'.,“" ) 1,049 2,283
Japumary e et e ool amess| ol {0 st 1,346
. ]Lg{'ebr;ary,.., e R \ -: 7,007 8,356 70,929 Ve - 2,0]1' - 6,163
Marol ERELE m"‘,u S bR " - - .
e ey | 5,685,708 | 2,507,908 | 5,896,007 | 4,225,631 3,227,088°] 2,650,419
e T 18967, - -"1897-98, 1898-99. 18991000, Average.
‘o Months. T : - . — S
R I S 10 1 - oA
w;ié.r €. PT. | MILIS. C. FT..} MILIS. O, ¥T. | MILLS. C. FT, MILLS, €. ¥T.
co b mar - T 9,607 | 6,129
SR ot 2,317 8,389 12,905 8,216
Dol 203,202 161,236 176,509 88,370 186,026
e b B8 | 0 452,838 541,259 245673 747,567
o 1aeness 890,833 567,697 102,553 | 020,450
: IO 120,641 488,659 436,213 292,722 591,359
2 . L esasr | 489,643 - 833,480 | 15,622 350,582,
‘ SO - 16,008 " 28,051 80,486 | - 117 129,141
. 21,423 . 11,772 - - 15,900
o ‘ - 1,205 o 18,985,
ool . . . 12,524
S o2 513 |- 596 .- 9,498
. Total ) 2,344,685 2,474,088 2,147,887 769,475 2,996,585
N ‘g e * R " o R

Ta b ‘  ta it will be seen that, su posing the worst known year.at Bezwada tmc} the
. iwasfg?;xge;(;gbiisgzxggial: goincided, itgvouldgstﬂl Bp possible to abstraet abot}ﬁ 225,000
" millions of cupio feet without taking any water that doos not at present flow to waste in the seca. -
It will also ba seen that there will still be ample wator for any reservoir that may ba constructed
~on the Kistna hbove Bezwada and below the junction of the Tungabhadra. ) :
o0 10. Offtgke level.—In the preliminary survey it was assumed that the offtako of the canal.
.- would be at + 1,610 for full supply Iovel, and>the longitudinal seotion of the canal hns been
" roughly graded on this assumption., This, however, entails a reservoir of rather uemanageable
" dimensions, and it will almost certainly bo found bestto take off the canal with fp)) stipply l‘eml«
N - : at + 1,600, This rescevoir will hold a little
Uty Slomgebelowofftakelavel. . morg then 70,000 millions below ofttake level,
* for which or for j)art‘ of which a use may be found either for seqond erop inﬁ the Kistna de}ta, or
for passing through the Kurnool-Cuddapah canal into the Pennér.  Supposing the reservoir ran
"dry duriog the hot weather, the tables show thab it will fill fo offtake lavel (+ 1,600) always
| before the end of July except in one year. Thisis an important mattor, as it allows of fixing
. within a few days a date for the commencement of snpply $o the ryots,

-~ ;. 1Y Reguired storage above offteke level—~The quantity of water required to be stored eannot
- bs determined without a great deal more investigation on the agricultural side. 1t is necessary,
., however, 10 form a rough working hypothesis. Assuming then that 6,000 cusecs is required for
- six months, then 3,000 cusces 16t three mouths, the fotal above offtake level amounts to about
- +118,000 milliona enbio feet. .This would raise the water to ahcut + 1,638, and an oxtra 8 feot
- for evaporation would raise full supply to about -+ 1,646, But during several ‘months tho
.+ supply can easily be kept up to < 1,680, though evaporation and offtako are both going on; and
% if the reservoir is left at + 1,680 in October with no incomings, there will be enough to supply
- -‘both offtake and evaporation for the rest of the seagon. It may thereforo bo taken tha,('i about
et o ) 4 1,630 will be fall supply level in the
R ‘ , reservoir, . :

2200 2 12, Floods and #reir disposal ~The maximum flood dischargo of the Tungabhadm may he
. taken here roughly at 600,000 cuseos. Proparations must of course be mado for disposing of the
whole of this.  Thera ia little or no possibility of any high level eseape, and it may bo acecpted

F.B.L. in reservoir.
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- that the water must go either over or through the dam. It will probably be found best to
discharge it by Stoney’s sluicss, the lowest of which will bs at a lovel of about 4 1,550, but the
. question is obviously one that needs very cdreful thought. There will be cue or two very lows
level sluices for defence against silt and to disehsrge tho storage below offtake lovel. This, the
silt question, will not be as fofmidable as in other places, but will of cowtse need thorough
investigation. 3

- 18. Foundations of Tungalbhadra dam.—Tt is not yot possihle to enter in any detail into tha
subject of the foundations of the dam, thongh this is of eonrse the key of the situation. Itecan

- only be said here that the bed of the riveris granite both above and below the site. At the
site a dyke of very hard compaet trappoid crosses or neatly crosses the river. Near the banks the
rock ig overlaid by a rich allavium with occasional outerops of roek, trappoid, granitoid gneiss, or
Dharwar schist. The abutments, whero the hills on each side brank off and run down, are
Dharwar schist. Numerous visits to the site have been made buf the river was- always too high
for proper-inspection. [t is now low and is to be examined by Mr. Brace-Foote, the well-known
Greologist, early in April. As soon as the suzarcana crops are eub pits onn bo dug. A diamond

. drill hos also been ordered from England and a thorough examination will be made with i,

. A . .
. 14, First part of Main canal.—The 15t part of the main canal is the only diffiewlt pars. Tt
runs through very rocky and broken ground and will need the most carcful designing. A fairly
good lino has been laid out (see plates Nos. IIT and IV), but it can be improved with further
pains and, as already stated, the gradipg will have to be somewhat altered. Although this pices

- 18 difficult to design it will not in my opinion offer very great difficultiesin execution excopt that

of expense. The rocky country is certainly in places heavily fissured on-the surface, but I have

no dont that this will greatly decrease in the cuttings, and that such cracks as remain will
; Puddlé up: atonce. Sidewalling in rocky side-long ground has beon religionsly avoided, excopt
+ 10 one place where & short dam some 70 feet high will have to bo made to hold up the ond of a
+valley, "Here the foundations and abutments are granite. T

%

.15, Tunnel to" Daréji.—At 22 miles comes a point where it is necessary to depart from any
. alignment that bas hithorto been proposed in the many surveys that have been made in this
" much surveyed piece of country. If the canal is continued along the valley on the line of least
resistance it arrives at a place where it must cither. drop down into the plain and lose n great
deal of edmmand, and thereatier find infinite exponse and trouble in crossing from the Hagari to

- the Pennér, or else it must be taken along the side of steep broken hills, There has been no
hesitation in discarding both those alternatives and in striking straight info the hills through a

- funnel. It is here that the value of the high offtuke above river bed at tho dam chiefly showa

itself, 1t enablos the tunnel to have such a fall as will reduce the seotion o some 659 sguare

. feet for 6,000 casees.  Nevertheless it will be 10,000 foet along and an nnporfant undertaking,

‘ 16 Main -canal from Dargfi to the Hagari~The tunnel debouches on to the fo.reshum‘

of Duréji tank, and the level here is ono of the fixed points in the line. Tt cannot e taken lower

- owing to 1dss of command, and the hills prevent its being kept higher. From this point to the
vicinity of the Hagari there is no great dificulty. The country s mostly rolling black cotton
‘and the canal keeps near enough to the foot of the hills to ensure cross drainage works being
- trifling.’ It has to pass elose to Bellary town, and a poimt will be made of keeping slightly above
. ~the town for the purpose of a drinking waber-supply which is badly needed, - .
- A7, Crossing of the H-nari and passage through watershed inte the Pernér.—The crossing of
the Hagari and through the watershed into the Peandr is feasibls in a great many ways, and its
deoision will need the nicest judgment owing to the series of compromises tecessary. Koy
present purposes the canal hus been brought to the Hagari at + 1,480, & distanco of 70 miles
from Dardji with an average fall of 07 foot por mile. There is also allowod & dam of about 5¢
feet across the Hagari, as being probably cheaper and better thsn ronning on £ill river and
canal Jevel meet, erossing by an aqueduct, and then running back down the cther side. But thig
alternative mmust be estimated for. Allawaneo has also been made for an expensive eutting angd
tunnel straight through the watershed 8t tho noarest point. 'This, it has already been aseertained,
~can be cheapened by taking the canal further down the right of the Hagari and orossing the
watershed lower down, but there has not been time. or means to decide the mabber finally, Tt is
- at any rate clear that the thing can be done, and that the estimats allowed is by no means the

_cheapest. Beveral other questious, however, ereep in.  T'he roate followed ensails an aqueduct

across the Chinna Hagari, a wide though not u vory big river, It also entails the important
irrigated land of Kanekal (2,000 acres) being protectod by a bank, with provision for pumping

- out its drainage. Both these obstacles could be avoided by making the Hagari dam a fow miles
lower down, kelow the confluence of the Chinna Hagari, and this would inerease the full from
Dax6ji and cheapen the canal. But then the crossing of the watershed into the Penndr would
cost more, as the water-level would be lewer. Also the distributary conzal to Adéni wonld be

. lower, wonld cross the drainages where they ware braader, aud would command less country,
Worst of all it might render much moro expensivo if not impossible the protective distributar
into the Hindri valley, which is already likely to bo coetly in taking through the walershed. All
these matters, it will be scen, demand very thorougl enguiry.
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Thore is also the guestion ui we flood discharge of the Hagarl to be éxamined. On the

npper waters, in Mysore,

stato that thero will mever be any surplus from that reservoir. This must be indeopendently

examined. If true it leaves nothing but & small catchment for the Hagari, which is in any caso -

4

‘ 1 ith 11 and infrequent freshes. If a cheap enoug}x passage to the Pennér ean be
‘?og’:(’iri?:z; ;aavsbrgatake all theqﬂagri water through. Otherwise there should not be much
difficnlty in disposing of floods. . : o
" .. 18. Foundations of Hogari dam.—~The Hagariis a rather wide sandy river and no examin-
_ation of the foundations of a dam has been made. Rocky knolls however project from the
rolling black cotton on both sides, wells chow rock ab 18 ot 20 feet bolow the surface, and in
escape channels of tanks and in the beds of drainages rock crops out here and there. It is proba-

ble that rock will be found at no great depth. Thorough examination must of course bo made, -

but even without rock the dam might be of earth, or the canal taken across on an aqueduct.

710, Waler vuns in bed of Pennér—The level of the bed of the Pennér where it runs parallel
"o the Hagari is lower by 100 feet or more, so that directly the water comes to the surface on the
_east of the watershed it drops by gravitation into the Pennér. 1t then runs in the bed of the

. . Pennér to tho vicinity of Tadpatri, where an -
Aniout near Tadpatel. - 7 anicut enablos a channel to be taken off for the

"benefit o - : ar- district. The water then continues down the FPennér to
Doneflt of & comer of. Anantapur” dis Gandikéta. At this point & dam will bo built
To. . ..o Domuesr Gendikita. about 90 feet above the bed of the xirex, to
back the water op the Chitrdvati which here joins the Pennér. This will enable canals to be
I ' ‘ * taken off which will commend land’ on both
e sides of the Pennér in the Cuddapah disirict.
The river near Gandikéta is narrow, with stesp sides of quartzite rock, and there will probably be_
no difficulty in constructing a dam of moderate dimensions, The maximum flood at this point-i-
“probably quite 200,000 cusecs, the disposal of which will need consideration, but is not likely to
present any serious obstacle. - This dam will afford a certain storage, the exact amount of wh.r..
ha:{) nc;;t yet beert determined, ‘but it will probably. be not more than 2,000 or 3,000 millious ¢
‘gubie feet. .- ) . : ‘

- Irrigation in Guddajah,

.- 20. Dam at  Someswaram.—After Gandikita the water still runs in the Pennér as far ay
'Someswaram -on the Nellore boundary, where another dam will be required. The sito is
‘apparently excellent, the river running in a narrow bed between hills of quartzite. This dam
“will not need to be more than about 60 feet or 70 feet above bed, and will enable a large area on
bo@h sides of the river iq Nellore to be commanded. The maximum flood is here by caleulation
- quite 450,000 cusecs, which will need probably sluices for disposal, Tho storage afforded by thi |
dam will be about 10,000 millions of cubic feet. . T

e 21 . Distributimf and command. Bellary West block, 510,880 acres—The main canal from
. Daréii to thg Hagari runs alo_ng the headwaters of the drainage of the country and distributarics

taken along the watersheds will affect the whole arca between the hills and the Hagari, This
~ block is called Bellary ‘West and amounts to $10,880 acres. * B ’

. Bellary East_block, 760,320 acres,— After crossing the Hagari a canal will be run at a high
Jevel to Adéni. Branches from this westward and northward will effcot the whole area between

- the Hagari, the Taungabbadra, and ih tershod of the Hindri. Thi i
Tost s P ounts :?760,320 aand e watershed of the Hindri. "his block is called Bella‘f?ﬂ

w0 Hindri block, 512,640 acres.—Before reaching Adéni it should be possible without prohﬂ;iti;m
. expense to take a canal across the watershed into the Hindri valley. 'This canal has not yot been
_investigated. It is apparently feasible, but the approsimate cost has not been ascertained. It

i will affect the whole Hindri vall i ki Lindr
 Smounts fo 512,640 acres.#v oy as far as Kumool,_ and this block is called the Hindri block and

S “AIOhg the course of the Pennér to Tad atﬁ ‘{:hére will b ‘ nsi
; scultivation under river chanuels, but no blofk of any size, > o good deal of vs»ma,ll extonsion of

wi o+ Tadpalri: block, 77,440 acres.—The canal from the aniout near Tadpatri has been surveyed

and t ifficulties of j . s on N i
'Vkamggz:e;:) %?326%‘;‘;;293 of importance. The arca affected is called the Tadpatri block and

3

- Huddandrw block, 180,580 aeres:—The dam at Gandikéta will back the water up 'the Ciﬁbr‘ -

* vati, from whence a can
‘;,to Muddaniira. From
“and will affect the who

al can be taken by an expensive cutting th h

g through the Mangapatnam valle
IMuddanﬁru the canal can be continued Withougdiﬂiculty tgo the Papa ghniy:
6 area befwcon that river and the Pennér. 'This is calied the Muddanfiru

Bl o .
- block arft;i'a’!x'xguntts to 130,900 acres. ‘'Lhe same cakx)nal can then be transferred ncross the Pépaghni
" Cuddspeh blook “by an anicut and continued towards Cuddapah, .
Cudd ,pa‘ ock, 50,720 acreq. affecting another block of 50,720 acres cvﬁlc(i
the Cuddapak block, ‘

o takon o o oy 80 e —Hrom th s du o con con, withot el
- Kunderu. P ~e38twards, with a branch on the watershed betweon the Peuné ti
}i L em Th ik ‘f?ncﬁ the Jammalamadugu Llock and amounts o 174,080 acrc-s(fnn rand the

the Marikanave dam has just been constructed, and the Mysore officers -

" gither watered or protected. The cost of distributaries would then he—

'

Pulivendla block, 177,760 acres.—It should also be possible by an anicut 2 littlo higher up the
Chitrivati to run a canal down the Pulivendla taluk, which will affoct an area of about 177,760
acres. 'This canal has not yet been surveyed. :
 Nellore North block, 758,400 acres.—All the above blocks drain baok into the Pennér and
rejoin the main body of the water which continues down the river to Someswaram. From the
Someswaram dam two canals take off at a high level. Tho first runs north of the river and gocs
without difficulty and with a good gradient to Kaligiri. Here it branches into two, keeping on
the two watersheds, until it roaches the sea. The area affected is the whole country betwoeen the
canal and the Pennér, as far as Kaligiri, and boyond that the country as far north as tho Munnair
as well. This is called the Nellore north block and amounts to 758,400 acres,

Nellore South block 687,360 acres—Bouth of the Pennér another canal takes off and rons
with rather a low gradient till it attains tho watershed ncor the point shown in the map. Hero
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" one canal continucs along the watershed v Sarvapalli to the gea, Another kecps southward at as
‘high o level as possible to command the maximum of land down to the Swarnamukhi. The

whole area affected is called the Nellore Bouth block and amounts to 687,360 acres. The flow in -
the Penndr will further be steadied and all the namerous tanks in the Sangam and Nellore areas
will be abolished. . - _ _

All the above canals have been roughly surveyed excopt where ofherwiso stated.
Y Total area affected, 3,789,440 acres.—1% is of eourse impossible at this stage to say how much
of thoe arca affocted is commanded, how much commanded is irrigable, and still less how much
that s irrigable is likely to be irrigated. ‘What may be sald with certainty is that a tract of 33
million acres or nearly 6,000 squarc miles will never again know famine. :

. g ’ :

- AprroxivaTe Cost.

99. Cost of works.—Approximate cstimates of all the above works bave been made, hub

" although all possible pains have been taken they cannot bo accepted as anything but very rough.
"A great deal more investigation is needed before detailod plans and estimates can be prepared.

The following figures however will do as a basis for discussion. As far as they go it is believed.
that they are not an underestimate. They are for an offtake of 6,000 cusecs frora the Tungabha-
dra. : ' . ’

Works,
Rs.
. Tungabhadra dam ... e . wen- 30,000,000
e gluices .. . s vee  20,00,000
Main canal, 24 miles Ceve e vae . 48,00,000
Tunnel, 10,000 feet to Dardji oo e 80,00,000
WMain oanal, V0 miles to Hagari ... eee " 85,00,000

Hagari dam... Iy e e 20,00,000
* Cutting through watcrshed, 53 miles ... ver T eas 16,00,000
* Tunnel ’ 12,000 {feot ... vee  96,00,000
Anicut for Tadpate block ... ... e s ie 3,00,000
- Gundiketa dam ver  aee oee oo e 40,00,000
.y sluices . ... eee vee ens e e 10,00,000
Mangspatnam cutting ... - .. .. we  20,00,000

Someswaram dam ... ves ane e ver - e 40,00,000

‘ " sluices.e  aen e ee e 15,00,000 -

.Compensation - v o0 L e - v 40,00,000
Total ... . 4,58,00,000

[

» .
& Norz.—A section showitg 2 passage costing only 16 lakhs is forwarded (plate Ne. VIX).

23. Possible distributaries ‘yequired. —Until the extent and method of irrigation is decided, it
is of course impossible to estimate 'the' cost of distributarics. As it is necessary to start with some
sort of idea, however rough, of what is possible or not improbable, a guess may be hazarded that

e . N 500,000 acres of wet land will be irrigated
Possible distributa quired. 24, 1% 1gated,
ostiblo ditributaries required. . avd that 1,500,000 acresof dry land will b&;
. ' s,
: 500,000 acres wet at s 200 .., e 1,00,00,000
‘ . 1’5001000 k] dry at " 6 e e ee .o e 90100,000
L ' ' Total ... 1,90,00,000

@ rmsunman 1

The totsl for works would then amount to Ts, 6,43,00,000, The charge for establishment -
and tools and plant, being taken roughly ata quarter of this amount and conlingencies at 10 per

" cent., the grand total swwould amount 1n reand figures to 870 lakhs.
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RerURNs. ‘
‘04 Remm;.‘_.‘_\Vith theso figures of cost and area affccted, it is possible to make any num-

ber of caloulations of returns, all equally unreliable. The analogy of the Kurnool canal can be

: iyd joo c : rreat deltas, or any number
s of the Periydr project, or the analegy of the great de 28, or any
1;;8(3;;%3;;3;?@%} these objecf lessons. It is obvious that a Revenue officer, in whom the

Governinent can piace complete confidence, must be appointed, to make enguiry and to recom-

" mend a policy.” Ehere are three main lines which it is possible to follow. ‘The project may be

regarded. as & money-making concern, in which case irrigation must be pushed in every possiblet .
mannor, resort must be had to colonisation if the indigenous popnlation 13 unable or unwilling to
, Tes

- completely utiliso the water, an insurance rate on dry. land protected must be levied. Or the

{osing all or most of tho interest on the capital expended, merely in order to protect the famine~
=1

project may be regarded as philanthropic conoern, and it may be determined to stand the risk of

L4

affected tracts. There may, of course, be,compromises between these two lines of poliey, varying

in different districts, but in each tract one or other must in general be followed. The third,

* eourse which remains is to.abandon the scheme as too risky or foo expensive for the bensfits,
" likely to accrue; as to which it can only be eaid that if the worl is not done now it will ho done

N
%

®

well that this particolar example should be given its proper value. It is everywhere quoted,

them, and if on this ground it is sought to defer the project to a period when the popalsti

- the state of life to which the Government will then call them, it will have to be always rer
*~ed that without water this happy condition of things can mnever arrive, and that it is wator end

horeafter. It is inconeeivable that our descendants will for ever allow all this water to run wasto =

into the zea. ” . g
* At this stage it is useless fo cuter into all the arguments for any particular policy. Iﬁ,‘ how-
ever, it is urged that the people are not in a state yot to take advantage of the benefits affox:tod
1 I .
4313
becomes more numerous and wore wealthy, better equipped in capital, live-stock, and laboi: {or
mbar-

water alone which can render the people capable of utilising water. In the consideration of these .
matters, the Kurnool canal will be doubtless extensively drawn upon as a precedent, and it is

and without contradiction, as au hrrefutable example of the futility of supplying water to a tracs
‘which combines tho disadvantages of a sparse population and a black-cotton seil. * As to thers

" disabilities it may-be stated at once that much of the soil is not black cotton and yet it is not

* sparsely populated therefors wator must not be given it, is to areme in o vieicus circle.  That-bo
o~ N b ™

~asserted that in time—in the course of generations but novertheless eventually—all the irrigable

irrigated, and further that there is no proof that black-cotton soil cannot be irrigated. 1t com
certainly be watered for dry crops with immense advantage. It may morcover be eonfidently

land will .be irrigated, and that without water the people would never have been in a position to
do it. The principal cause of the paucity of irrigation under the Kurnool eanal can be nothing
cise hut the sparseness of population and the poverty of the people. The reason for this is the
want of water,,and nothing but water can remedy it. To argue that becanse a fract is poor ans

expense will not be repaid is another and quite a fair line of xvasoning; though no ome un
travel in Kurnool and obscrve the difference between protected and unproteobed tracts withoot.

believing that almost any concoivable sums are well laid out in such a cause,

- Even in this regard, as to the oxpense.involved, the accounts of the Kurnool canal must not,
as they stand, be accepted as a fair criterion of what would he tho result under sirailar conditio: s
elsewhere. The canal was built by a company under a Government guarantee of & per cent. (in
itself a heavy chargg), and those who have ohserved the. methods of companies with a free hand

. -and to responsibility can imagine the extravagance and the malversation which took plage during

¢onstrection. An instance is on record of contracts being given out ab three times the estimata

- rate while the estimate had only that moment been prepared and was still unsanctioned. Iustances

of bad work pulled down and rebuilt were numerous and glaring. There were instances, too, of

- over-hasty commencement of execntion, afterwards found unsnitable, and abandoned. The waste .

_ in these processes cannot bhe caleulated, bub it may be asserted at a guoss that the works could

have been constructed for 25 per cent. less than was actually expended. It is not necessary to
descant on the faults of alignment, by which unsuitable land was commanded and suitable land
omitted. This was an excusable mistake under the cireumstances, only noteworthy in orderto be

, :‘:vgdefi in thg future. But the crying extravagance was the combination of navigation and
imgation. The navigation portion of the canal was far the mere expensive of the two, and had

ltilﬁfm omitted the returns would have assumed a vastly different complexion. For convenienca
ot illustration, though with no pretence to precision, the following caleulation is made :— :

Real cost of Kurnool eanal— RS.
Sum paid for canal... ~ .. ... oo 17422,460
Deduct 25 per cenb. for extravagance and malversation in

'construchog vee eer  ase 43,556,615

1) . e, A, ettt
e : True cost ... 1,30,66,845
: D(”ducf ¢ t f 3] t. al l M 4 >
Jed st of navigation eanal where not obligatory for irrriga- -

'] e e —

63,00,000

eemee

~whieh is over 7 per cent. on Ras. 870 lakhs.

‘

‘ RS.
If this money were borrowed now the interest would be perhaps

8L per cent.  Allowing for inforest on interest during deve- §
lopment, the interest on 65 lakhs at, say, & per cent. is 3,25,000
Working expenses without navigation, 1900-1901 e 50,000
Total aunuval charges .... 3,765,000
Tlevenue, 1800-1901 ver eea 1,777,647
' Annual loss .., 1,97,353

———— . -

S

4 T]&is is the light in which it should be regarded at the present day and few will deny that
an’expendilure of 2 lakbs per annum is cheap for the protection enjoyed by a considerable tract of
country, which before suffered soverely, evon on the score of tho cash cost of relief, the dislocation
of business, thé strain on official personnel. None who are able to compare the appearance of

- this tract and its population with similar unprotected areas in the same distriet can feel a doubt
‘abont the matter. -

There is a great deal more that might be said on this topie of returns. Enough has been
written at any rate to indicate the momenious nature of the question, the enormous finaveial
And hnmaun interests involved, the obstaclos to 2 correet conclusion, and the extent to which the

. Grovernment must rest upon the officor deputed for its settlement. It should also net be lost sight

of that therc is quite a possibility of the project

- Pcsgj*-‘iéify of this project proving a « productive " Public  fupning out to ho not mercly protective but also
o aWake : . productive, in the official acceptation of theso
foterms.  There will be but little irrization in Bellary, but in parts of Cuddapah irrigation is

weleome and also in Nellore, and in the latter district experiments on the irrigation of a double

- dry erop are commencing. It is then for instance quite poseible that oub of the greatarea affeeted

1o following results might acorne :—
’ S,

500,000 acras wet at Bs. 4 ., cee e 20,00,000
200,000 ,, gecond crop at Rs. 2 ... .o 4,00,000
750,000 ,, doublo dry crop at Re. 4 ... .. 80,00,000

Total ... 61,560,000

e

750,060 .,, dry crop iusured at Ro. I ... e v 7,50,000

~ [y
25, Power~~There will be a certain amount of power available at H ospet, Hagari,
Gandikota and Someswaram, but this is a very minor matter and need not be discussed here.

26. Conclusion.—This concludes the preliminary report. It hes been purposely kopt as
bald: and brief as possible. Discussion of debateable points merely obscrires the general view,

. aud s of little service until far deeper investigation has beem carried out. The propoesition
- statement of establishment required for this is made out separately with an explanatory note.

(Signed) A, T. MACKENZIE,
Ex. Engr., Tungabhadra-Pennér Projects,

Note.~The following plans accompany this report :—

i PLATES.
Goneral plan in four shects . ‘e
Plan of Tungsbhadra reservoir ... ... .. . |
Seotion at sito of Tungabhadra dam e s . ¢ |
Canal line from reservoir to Dardji e T e R § |
Seetion of resorvoir to Dardji o IV
Hagari-Penndr watershed, plan ... e e ¥
Section through » direct ... . v VI

Do. alternative routo .. e .o VII
* Tadpatri canal, section ., ... VIII
* Section of Pennér rivor near Gandikota e .. IX
* Jammalamadugu canal, section ... .. X
* Muddanar canal, section ... .. € |
* Cuddapah » s eee ver XIX
Section of Pennér river at Someswaram ... con s XITT
* Wellore north canal, section e v X1V
* Do, south ,, ' e ... XV
Papiraikanhalli route, sevtion.- ... vee . XVI

* Will follow.



0
o~

FINAL REPORT ON THE TUNGABIIADRA PROJECT.

“ ‘\j'Thei prccédim papexs give chronologically and in suﬁicier}t'detail o history of the
‘ circnmstancés Whi(il have led up td the present report, The preliminary report, which was
" gubmitted to the Governruent of Madras in April 1903, was accompanied by au estimate of the

i i irveys i pleto desions and estimates,
further establishment required to make surveys in detail and completo designs ax

“This was sanctioned in May 1903 and the operations. contemplated lasted till October 1504,
resulting in the plans and cstfustes now submitted. -

N R . i \neineor . vorwhelming
- The scheme though large in the aggrezate contains 10 enginecring features of over w‘hs llmn_;.{,_
“maenitude or of a nature that has not already been justified by experience. Consequently ibs
© ] H ¢ dy N A 2 s ! o
deserivtion need not be unduly prolonged,since there are no portions demanding elc‘sbm ate dglen;e
‘or -explanation. The main liues have not doparted materially from those _sketohed in the
preliminary report. There have however paturally been considerable alterations in the compones:!

parts, and it is therefore necossnry in spiteof recapitulation to desecribe the project de novo

":‘_4 ’ A‘ ) PR . V" % ] o b - . K ’ v]“/h 1\-"1:}'
" 9. General features.—The project hinges on the dam across tho Tungabhadra river, whie
be.at Mglapuraé‘x, 3 miles 'a}:-og'e Jﬂospet.g ‘From this a_canal will take off rouning vid Nelapur
~ and Uparkalli, and thenee by a tannel to the foreshore of Dardji tank. ]ﬁ"rom this point t:he_ eana!
" will run past Bellary town to the Hagari river, will eross the Hagari, pierce the Hagam;]?e:nuer*
" watershed, and so drop into the Pennér river, along tho course of which it will run to a-reservour
- on the boundary of the Nellore district.

; 3. Tungabhad-a dam and reservoir~The bed of the Tungabhadra for purposcs ot store >
" may be taken at 1,500 feet above mean sea level, though-there is a narrow channel which gowe
down to + 1,476. The exigencies of the main canal oblige the offtake to be not lower than

"4 1,580, go that all storage to he used by the canal must be above this level. The level of full

supply in the reservolr will be 1,630, giving a total storage of 120,680 millions of cubie tfffgﬁ,,
\ofpwghyicb 13,908 milliohs will b;‘ bel,bw of?take lavel. T'he top of the dax v_nl] be at + 1,04&1,.
‘and above that & 3-foot parapet. “Thoe area submerged Wl!l be. 138} square mﬂes,_ o‘f which 7%
square miles is in the Madras Presidency, 57§ square miles in the Nizam’s dominions, and 5%
square miles in the Bombay Presidency. The defails of land and villages drowned will bo seen
“in tho Revenue officer’s weport, - .

" The %;é‘}.)le below gives the capacity and aroa at 10-foot vertical intervals above the offtake
Jevel :—’ S : : ,

Capacity of Aren of
. reservoir in waterspread,
: = . millions of eabic fest. square miles,
o Level 4 1,580 0 L. L0 13,200 - 2093
S ALE90 L 22,875 42
s FLB00 L e 38,076 5%
S LSO L e 58,268 85)
o+ L6200 L . ae e .. 83991 11243

. E 1630 e L e . 120683 138}

W

4. Floode and their disposal.—It was originally intended to pass excess water by sluices in
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- the. body of the dam, as at Assuan, in the helief that no high level cscape was available.

But since leave bas been obtained to survey in the Nizam’s dominions, it has been found that a

" portion of the hills which wall in the reservoir can be utilised as an eseape. It would be by no

means impossible to pass floods through the dam, but the other method is considered so superior
that it was at-oace adopted. The lowest level at which it is practicable to form the high level
oseape is + 1,600, and the configuration of the hills entails a depth of 30 feet of water 1o pass

‘tho maximum flood. This fixes + 1,630 as {ull supply level in the rescrvoir.

The catchment basin is 10,600 square miles and acnsists {o a certain extent of hilly country

~ with a copious rainfall, but is mostly dry and undulating. The rainfall throughont the basiu is

chiefly due to the south-west monsoon. Iu designing the escape the worst possible concatenation
of oircnmstances has of course been anticipated, namely, the maximum flood oceurring with the

reservoir full. The maximium flood to be expected from such a catchment would be about

217,570 cubic feet per sccond, with a co-efficient of 450 in Ryves’ formula Q = C M.
In the present case provision has been made for o discharge of 345,000 cubic fect-a second, by 30
vents with floor level at 4 1,600, built on a saddle about a mile to the north of the dam. Hach
vent will have a 40 feet span and the depth of water-allowed for in the vent is 26 feet., The
gates will he 30 feet high, so that when the reservoir is full and the gates raised 26 feet there
will be a head of 4 feet on them. . The escape water will find its own way back {o the river-bed:
‘Should the maximum diseharge provided for be exceeded, the rise of water in the reservoir will
cause & greater head on the gates and inerease the discharge ; and there will moreover be nine
low level sluices in the body of the dam, which will be hercafter referred $o.

. b, Foundations of the dum.—The foundations have been cxamined by two experienced
geologists, whose reports are subjoined (see appendix, page 4@). The rock on which the dam

‘15 to be built is a very hard compact trappoid, coutaining some hroad intrusive pegmatite bands

which are also extremely hard and massive. The trappoid rock runs in a broad band across the
river aud into the hills on either side and forms an excellent foundation. Careful borings and
excavations have been taken to determine tho levels at which sound rock will be met with.

6. Material—The dam will be built of uncoursed rubble in mortar. Thero will be a facing

‘on both upstream and downstream sides of granitoid gueiss, of which thers is plonty in the

immediate viciniby. 'Che hearting will be of selectsd trappoid, of which the supply is plentiful
and on the spot. The mortar will consist of Kunkur lime,surki, and river sand. Lime and
gurki éan be obtained in the immediato neighbourhood, and tests of their cost and behaviour srxo

being made. Sand will have to be brought by rail and its wse must be restricted.
. ) i

The floors of the low level sluices (sen paraéraph 13) and of the main canal head sluice (sre

~ paragraph 16) will be of selected superior trap, which is preseat in dykes of fine quality within
"7 miles.

7. Seclion of dam.—The sgection has been calenlated by the formulee recommended in
4w ;

Wegmann’s ““ Masonry Dama”, ¢is., (1) d = a AT (2) & + (7;- + ) x = % (w m + MY+ o

6 M

2w

and (3) «2 { (77 + 1) = and the nearest practical section has been taken. Tho weight

of masonry is taken as 140 1} per cabie foot which.is probably somewhat loss than actual, and
the limiting intensity of pressure 10 tons per square foot, ‘LChere will be nine low level sluices,
and for this portion the calenlations have been mado on the lines laid down by Bir B. Baker for
the Assuan dam, that is, the piors between the vents are made capable of withstanding the water
pressure without the assistance of tho masonry above the vents.

8. Opftake level.—The Roors of the main eaval head sluices and the bed of the main canal at
head will be at + 1,580, with full supply level in the canal -+ 1,600. This allows fall advartage
of the storage to be taken with a minimum height of dam and reduces to the utmost the quantity -
of idle water below offtake. A lovel of offtake still lower makes the main canal more difficult *
and expensive. The level solected combives the groatest number of advantages and fits in well
with the provision made for the disposal of floods.
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The following table gives the surplus of the Kistna_at Beswada anicut for a sexies of years,

recurdsof the water passing over Sunkesula anicut

4" Btsrmgs-—There /are. complete : 8 ‘ o
2 fmla& :Begw tho site of the dam, at the head of the Kurnoo/i—Guddgpah_canal for 25 years. . monthly t—.
¥ maéigfﬁxm reeords, month by n;onth,ﬁxgns follows = - * - T e R - _ :
' Ll e e — — Months, 1877-78. | 1878-79. | 187950, l 1880-81. | 1881-82. ‘ 1852-83. | 1883-84. | 1884-85.
gaiséx-sz.’ .1582-83. | 1833-8¢. | 188485, | 1885-86. : — : : ; - .
S L SIS SR -' S 1 , 2 3 £ | s 8 l 7| s 9
i & Tt e L1 S : — ‘ , T
- ' . ’ . 2 ‘ “ V 7 V ¥iL8, C. PT. MILE, T. FT. MILS. C. }'T.%MH‘S. <. !‘T.[‘\ULS. C. £7.0MI1L8, €. FL,IMILG, €. PT{MILE, C. PT. .

SMILS. C. FRMILS. C. FT.|3ULE. C. T 3OL LN S 3,000 9,000 5,000 6,000 | 5,000 9,000 |- 7,000

ol - 1,000] --1,000] D 2,000 9000 | 11,000 4,000 5,000 3,000 | L 11,000 | 11,000
L ";:ooo 1000 | . s'000 | 0 59000 2000 | 23,000 | 47,000 | 26,000 | 613,000 | 178,000 3,000
T ge0u | 64,000 |- 11,000 1 91000 | 35,000 99,000 | 568,000 | 450,000 | 1,063,000 | 87,000 | 96,000

. 85,000 | 168,000 ; 134,000 | 373,000 622,000} 601,000 344,000 | 782,000
e 95,000 | 104,000 76,000 § 378,000 280,000 | 840,000 703,000 | 633,000

v, 35,600 | 232,000 | . 162,000
.. | toz,000 | 122,000 40,000 | 278,000 ; 897,000 | 383,000 53,000 { 413,000

og7,000.| ¢ 29,000 | 116,000 |
131,000 6,000 | 206,000

“ag.p00 | 1,000 82,000 1 44000 25,000 | 25,000 1 223000 | 23,000 | 227,000 | 188,000 | 181,600
Jee00 - .. -} 29,060 b 24000 | 20,000 16,000 | 148,000 9,000 | 77,000 | 21,000 | 69,000
O C e ] 152,000 VUl 10000 | 167,000 | 22,600 9,000 5,000 | 11,000 12,000 | 20,000
2000 L 4,000 .. 1,000 4,000 2,000 .. v 1,000 5,060 1,600
SN . -1,000 . . 20,000 1,000 2,000 6,000 { 10,000 5,000 17,000

1 473,000 | 679,000 | 453,000 | 2,033,000 | 1,828,000 | 3,531,000 | 2,568,000 !2,685,000

o006 | 207,000 | 337,000 | 773,000 | ' 321,000
- . ) 0 : ]
! D S RS 1855-86. | 1586-87. | 1887-88. | 1888-89. | 1880-90. | 1890-9). | 1892-92. | 1892-93.
1820-91. | 1891-92. | '1892-93. | 1893-94. . i - ! - :
. . ;. 5 i
e = e « 10 1| 12 13 14 15 ! Y 1
i ~ 15 |1 17 ] 1s” M i S
R RO ] S . C f S ) MILS, C. BT,/MILS. C. m.kuw. ©. FY.MILG, € FT.MILE, C. PTUVMILG. O, TTUMILA. G, m.):um. [ o
AMILE, ‘,‘:. ¥T. xxm& €, ¥T. MILS. C. FT. MILS. C. F&. MIES. C. FT. : |
1o wannt - T S S T . 9,000 6,000 7,000 14,000 4,000 | 3,000 8,000 7,600
L er S I . gvf)‘gg. 000, ‘E(me ' é.ggg ‘< 10,000 €000 | 9000 | 37,000 | 13000 | 16,000 5,000 4000
1 aglpus i “"18°000 |- 15008 34'000 - il’o - . 35,000 240,000 278,000 114,000 136,000 109,000 | 23,000 281,0¢0
20 | 181008 1107008 | . 82000 | 1097000 1 ° 700 L U0 51000 | 740,000 | 1,623,000 | 1,619,000 | 94000 | 1,317,000 497,000 | 1,152,000
W Eperg i P Hieeco | B o | Tartes ,‘3,;'830' ' S 20000 | T30j000 | 752,000 1,105,000 | 926,000 {1,491,000 | 1,252,600 | 887,000
. E2.000 U T2al000 ] - 317000 1 115000 | éo’ocg ., Septembier . ..| 566,000 | 430,000 | 779,000 ) 48,000 | 1,037,000 | 334,000 © 405,000 | 1,660,000
S B4.600 17 20%000 ] - 36000 | 48000 6900 " Qetober . . 1 890,00 T 642,000 © 402,000 | 293,000 | 1,184,000 | 218,000 {295,000 | 747,000
arear s7e00 | - 2000 | 1 000 10:008 . . L. 198,000 | 231,000 | 212,000 76,000 | 1e7,000 | 118,000 15,000 | “G42,000
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sguet L. .. 1126000 ) L. | 2,000 | 10,400 | 84v0 | 10,400 | 8,000 | 26,800 | 4- 1,630 1 4 i onalysed i e wing : . ‘
Beptember ., =~ .. 80000} . . 10,400 | 10,460 | 10,400 | 8,000 | 28,800 | - 1 + i - R - = =
sQetober: L. 0 e ] BLo0G L Lo 4,000 1 10,400 | 6,400 | 10,400 | 8,000 -1 - EREAN ] ] g% g .
© November . {22000 L. ‘e 10,490 } 10,400 { 10,466 { 8,000 1,6 + 5 1 . ST g4
December .. ] 4000 2g00 ] .. 2650 [ 2,600 ] LI0G 1 ., 1 + &2 & B £3 1 £%F
o Famnary .. oL oaa] 2,000 26 .. 2,600 1,300 G 41 iy BT 5.5 o oeE B g
February .. I 400 o chezeosloozece | 1,300 41,6 A @5 22 @ el Ll .

ety - : % . ' . : 27 A= EE | HE 4
L SRBEED T e S 38 vt e .e .s . 41 -+ L & ~ LR6] v <

s o B P e ki m. 5 g% &

. 500 : 9 22 5& 2
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- It will he seen that all the proposed irrigation is steadily supplied, that an assumed fuming. \ P | g3 E 9 :

. 3 P g : ; - < . a . . o2 ] [t [ B 4
. Eiem?nd of protection for 1,000,000 acres of dry crop is also dealt with, and. that a contribution 13 e & < 3 =
is given for the development of power during the months when water is not normally passed z = E "L RE e & =1
. down for the Kurnool canal. = All these demarnds are successfully met, and the rescrvoir finishes o = & a 23 2 8 Z

with'a d deal : 1 : 10D ; farls & 2 : 8 5 £ .-
with a good deal mere water than it contained at starling. The Pennér year is peculiarly bad, “ e 2 By te R - ) i
ooy nearly three times as bad as the next worst, and very greatly indeed below average. E ) =) R i g 7
s ; BT ~ * . . @ = = Ta Tl oo 2 4
: =} & & = g1 £ - & '
" o, . ; - .
ST g -2 | 3 4 b 6 7 0 8 9 LURR N 3+
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In this case the Jungabhadra reservoir
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is assumed to start at -

tables show that it can mever be so low, even if two worst possible voars

Nevertheloss the reservoir micets the test sneressfully and finishes as

1,600, though the
sncecaded each other.

high as it started, There
o«
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: P g on which 1he depth
duily discharges shows the following nambers of days on which the doy
Analysis of the daily dischargos shows the following nambers of da)

would pot exceoe:

the river =

it ; e sluises will dischares the whols flow i
120, de, un which with that depth the sluises will discharge the w

Lrhec ' e . ] K
mightibe searcity for a fow days in June, if Penuér irrigation sturfed at the bngmmng of the orth. EILL ':: f }mf*;il .
month. . : - i -
! o T . . . R . \
“10. Empomh’ou and absorpta‘on,-—:In all the above gag’e:g'eva?oyjztn‘);x '{?I:d a:;iixfptzloifx ha‘vui ' o i ( \
for simplicity been taken fogether at 1 per month, which is of course much above the mark, . . . A | :q
%8 3 -t .t i : g
1L Thwill bo asked why more use is not made of the Pennér by increased sﬁqrage; thus . e - | 6
- diminishing the size of the Tungabhadra dam and ‘t.he gsize (3€ th2 main eanal to the Penndér. Thiis - " . o ; i
are several reasons which preclude this courso. First, the iurxgabhad?ga L.iam_m nst fq.r the purpos- . - - - h 5 s
‘of the main canal be buily up to + 1,600, and {or storage for the irrigation of Cnddapah and - o e ¢ w3 .
protection of Bellary anotior 15 is needed, brmg'l_z}g full supply up to + 1,615, The pioposad . . - b~ 1 i |
full supply level is only —+ 1,630, and the extra 15 does not add much o the cost. Second, the ‘ o - - - g i 27 @
Pennér is an uncertain viver and would ofton be unequal to tha demands on it unless an immenso Dosaminy 1 e . a1 31 3.
reservoir eapable of storing two or even three yeurs’ dm_nands'\‘vem fo‘rr{wd, which woufd be muel, S T petel L. 206 | 281 238 |
more expensive and in many wiys unsatisfaciory, Thirdly, $4c Penndr even at its best is g°lata 1 o o 3 |

river and seldom receives much water till August, sometimes not $il Septomber, OCC&S):?DRH}' not
till October, and the demands during these monthy must be it from the Tungalhadea® . L

It will also be asked why another reserveir cannot be built at the jnnetion of the Kistna and
the Tungabhadra, which would be msre powerful and wonlfl afford o ch_eaper. ]j.gw of waterway
theough Kaurnool district to the Pennér. .This coursa might be wonsidored if thure were no
_obligation to protect Bellary, North Kurnoo!, N orth-East. Au'antz.apur and Guddapzh., Ay this

‘obligation exists, the extra cxpetse due to the Nellora irrizration is confined to an exira 15’ of
dam on the Tungabhadra and an extra width for 100 miles of main canal to the Penngr, It iy
calenlated-that these expenses amount to Joss than a third ot the cost of 2 dam atross the Iistng
#ud a canal through Kurnool district, : o ‘ 5
. A furtber question that will be asked I8, why the reservois shonld not be -msde mueh largor .
".80 23 to be able to supply water for extension of first orop in tho Kistua delta, water for the
-~ extension of second orop, water for the expansion of irr gation thut is almost cortain in Nollore,
- and water for the development of much more power thanis proposed. To anewér this in fall’
" defail would be a very long affeir. It may he said penerally Lere that (1) the veacrvoir as now
proposed can assist the Kistng g good deal in extending the arvea of frst erop, (2) that it ean also
- 1f needed supply a large arve of socond erop in 19 years out of 20, (3) that the expansion beyond
- present forecasts in Nellors jg likely to take at least a generation, (1) that there is not at prosend
8 patent market for more power than it is proposcd to develope, But shonld the above
~ pessibilities develope niuch soouer than anticipated, the want may be met by constructing othes
reservoirs either above or helow that now deteemiced con. : ‘ SR

work
dre dam and the eire
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: 12. Derclopment of power.—~A certain amonpt of water has to-be passed down the Tungas-
bbadra for the Kurnool canal, say 2,000 casecs for &ix months and 1,000 cusees for throe months, ‘
3t will be no excessive drajn on the reservoir to expand this supply 16 2,000 ensecs for the wholg
- 12 mouths. Minimum water level in the veservoir will be + 1,500, while the bed of the river
" below the dam goes down to 4+ 1,480 and it may be taken that water level below the dam will-
never be higher than + 1,540, There will therefore he 4 uniform minimum discharge-of 2,040
cusees with & potdntial minimum head of 60 foot, equivalent 1o (say) 10,000 horse-power
developed. The extra water thus used will bo paszed on down the Kuarnool-Cuddapah canal into

the Ponnér reservoir where it will bp available for irrigation, o

1, BN w
1

C

13. Method of construction—A work so laxge as the Tungabhadra dam demands that -
practicable method of construction shall be devized and submitted beforchand, if only in order
to estimate cost.” o

7 There is Practically only one way to build this dam. Sluices raust ko built on the rock in
the high portion of the river-bed ¢n the right side at about + 1,530, Thoese must be big en ough il
to leci}&rg&tha normal flow during most days of the year without muohk bead. Next, ap the Anriace lovel, wl TR, OF 2 A e i
 beginning of the dry weather banko must be threwn across the deep channel above and helow the vends will bo 107 span Whe & aond, bo obl
‘8ite and connected on ench side, so as to encloso the deep bod, which must then be filled ap with ~reyairad 1RES S Wil b
raasanry &9 a height above water lovel during normal flow through the slidces, The . whole dam -
must then be eontinued in one pioce above tho sluices, Dwing heavy floeds it will always be
topped until escape level 4 1,600 is'reached, T greatest possible gi;evd of consfruction shonld
“therefore be ai:med-at. The mode of eperations will be simalar to the Assuiin dam, but easier,

LS P =
Tiis iv

- F

shutters will be of Blonay’s pattern,

- N i - . o
» I the slulces ars eventually £o be plugged the arch will be the diffeult place. If thev aro
nob plugged but are ket for use the less head on them the botter.  On both ‘geounds it will he |
: b_est to have them high and narrow, ard a width of 7 with a depth of 20" Wil be convenient’
V dlmensmn&-' Allowing 4’ head the velocity wij] ronghly 10’ yerseoond and with 907 above the R , g
Hoor the dlscl.xargc per gluice will Le L120 cusces,  Nine such sluices will discharge casily 16.600 - o ‘ ,
Fusocs and will oceupy 243° of the length of the dam, h R -

A . i -~

s 8
mass




“ ground has gonerally su

Bain conal. —Tn designing

valnes given to N, the cocfiicien

Ashlar e e
Rubble masenry e
Tirm gravel
~ « . B 3.
Canals in good order
o . imfair

o mbad 5

A
ol

bese{ 7
o

5

&

~

the

t of

4

o

main canal Kuiter’s formula bas heen osed. The vsasl
rouehness, in this formuls, are— ‘ ‘
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ial to keep os high 38 pe
nér watershed. &
., will bebeat scen in the plans (sheets Nos, 12 4o 03,
Leaving the resorvoir with bed lovel + 1,380, depth 20, the canal runmes in rock cuiting
youed the shoulder of the hill which forms the sonth abutment of the dam and orosses the
" Kottur branch of the Seuthern Mabratta Railway. The conulry is thes fairly easy and the
lue passes above the town of Hospet, crossing the Southern Muhratta Railway, and on into the
valley of Kamalapur or the sncient Humpi, but considerably to tho sowh of the old city;
deboneching ot 8 miles 7 farlougs 490 fosh into the subsidiacy vallyy of Ektulamaridi. Ifere the
ground drops very rapidly and a continuation in the eame direclion would follow * Gordon's
" line,” but would he higher apd even more difficult and costly.

fixed points,
“which 1t was not

1

The Fktulamaridi valley will

‘therefore bo closed by » smoall masonry dam 875" bigh at maxitaun snd 1,160 long ou top. The
“foundations are on greuite and stone will he olitained from subsequent puttings elose by. Leaving

the. ‘VQHE}“ ina S(’:\lﬂlfﬂ’iy direction thl} Hno Zoeg th;,‘)?;gh '}icavv rock cu{.ﬁng fur ovtera mile i'ﬂ

o A - . A N i el Téoe
order to attain another valley on a bigher level, along whish it ecntinues withoub great diflicuity
OL W avtan, ey 1 A o : o
to 18 miles. 'Tho nest mile is very heavy, being through n spur of the Chikwaras hill, almost
‘entirely in rock cutting with a maximum of nearly 8¢/, and {he last thres furlongs of the 16th milo
is through another spur almost equally heavy. Itis then casy ta 16} miles, where the Nelapur

7

pass begin, the heaviest piece of cutling on the line, the length being 1% miles and the maximuvm

- depth U0’; at the end isa drop of 10" into the Uparhalli valley, nlong which the canal passes
~without difficulty to 21 miles 2 furlongs. Besides the heavy rovk cuttinge the whole length so

far is expansive, since though the surface is soft-the sulwoil very spon becowes hard, and fhe

ch a stoep sidelong slope that the section oi the canal is of neeessity deey.

'

thronghout, .

e due

agari’

".. . Continuing, the canal again crosses the Southern Mahratta
‘to ‘the north-cast through easy country to the shoulder of an out

pnd gy

[as}

e

i

P . '

Railway and then curves round .

lying spor of the Séndr-

rango,. crassed in a short rock cutting close to Daroji station, which will have to be moved
“slightly northwards. From this point the country is easy as far as 53 miles, the ouly impoetant

points being two crossings
~the line. - At the 53rd mi

of the railway and a sligat diversion and raising of a short length of
i the line passs south and wost of Bellary town. Tho bed lovel here,
“is #-1,503-50 which egmmands the Brasepett or prineipal native quarter, but does not command

tho whelo'of the cantonment aud its ancillary native quarter of Cowl Bazwar. . The drinking!
“water-supply of the latter will therefore have to be pumped up a few feet.

. T proceeding, three lines through the town are possible. By far the cheapest and best ia
‘that followed-on the plan. It entails the destruction of certain native infantry lines, but any
-other courso is much more destructive. The Mjlitary authorities having had the matter placed

- fully before thom approve of the line chosen, and an approximal

“entered in:the-estimates.
teannof be avoided. -

o sum for compensation has been
In this length there is a rock cutting with a maximum of 32° which

i . Continuing ifi contoar, the canal crostes the Bellary-Bangalore road at 56 miles 3 furlangs

430 feot. ..

© After erossing the Bangalore road the main eanal ruus generally on confour throwgh country

-showing no marked features till it meets tho Chinna YMagari at mile 75 and afterwards the
-Psada Hagari at mile 91. It was first proposed to cross these two rivers below their junction
by means of a.dam and reservoir, but this was found to entail a very high, long, and expensive
_dam:.with-foundations at considerable depth below the bed, together with great waste of water,
50 this idea was abandoned. The Chinna Hagari is thorefore crossed by o regulator of 12 spany
of 80/, with shutters 12’ deep. The catchment is 9G0 square wmiles, and the maximum flood has
been taken at 70,000 cusces, which will pass through the regulator with a depth of #,, This
maximum is probably above the mark. but the error is on the side of safety.” In order™ save

Ly

_distanco the canal is dropped into the Chinna Hagari over a fall of &, but it is quite likely that

-some geonomy can be attained by omitting the-fall and crossing this river, and consequently the

- Pedda Hagari also, higher "up.

‘ 1 Betweon the Chinna and Pedda Hagari the country is ordipary rolling black ecotton.
‘Enquiries were made with a view to crossing the DPedda Hagari by a dam and reservoir, but

* the same objections were found to cxist as in the case of the dam mentioued in tho last para
This idea therefore was likewiso abandoned, and the Pedda ITagnri is crossed by a regulator of

17 spaus of 80" withishutters 12" deep. The cptchment is 4,270 square miles, and the maeximam
flood has been calodlated at 180,000 cusecs. Considering thé nature of the basin snd the
existence of a powerfel flood-moderator 90 miles higher nup in the shape of the Marikanvai
dam, this is daubtless an over-estimaate, but the dopth of the canal necessitates 12 shutbers and it

- was considered wisor nob to narrow the natural bed of tho river.
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These two regulators are the largest in the project. Inf both cases luakage ander them
wounld be a logs of water, and provision has t:hcrexom been made or sheqt--mm‘lg“m the up-stream
_gide of both. Clay is found at no great distauce boneath the river-Leds, These beds are all
sand, which is coarse and probably does n‘ot rise pnuc:h‘ off the bed bu,t is 'd oul')t-.!cs:f swapt along
during tloods. - The eanal sccordingly takes. off from ‘each, over a 3" weir. It will perhaps be

found advisable to drop the caual into the Pedda Hagari over a similar weir,
- The sheet-piling ahove mentioned will catch the subsoil flow in the Pedda Hagari, Slight

. . 3 i Hacar onvards Wy Teat i
consequently the masonry works in the canal from the Pedda Hagari opwards have been desigried

froshes also will serve to increaso the supply of fthe main canal fo be passed to the Penner, :xinci

to carry 400 cusecs more than roaches tvh‘e Pedds Hagarl crossi ng, bringing th net dischargo iilto
the Penner to 6,00 cusecs. The canal itself has not been estimated foy the incremze, but berms
‘admit of future widening. . o R

' The canal passes through ordinary country after leaving the Hagari to mile 119, whore it is

. decided after numerous surveys to pierce the Hagari-Penner water-shed. The ontiing involved

'is 4 miles long witif a maximum depth of 89". Tha top soil is light but below is rock, and'
a velocity of 10" a second is aliowed, thus redusing the. bed-width to 47°. A greater velusicy

~would bave increased thelongth uneqonomically_'.‘ The ecutting is regulated at. head by a

masonry work of 3 apans of 40”. : ) Co

From the end of the water-shed cutting the water finds its own way to tho Penner, with » .

‘g fall of some 245 in about 3 miles, & valuable sourcé of power in ihe future. E

* The discharge of the main canal at head will be 12,000 cusces. Of this it is estimated tha
2,600 cosecs will be lost by absorption en roufe, Tle distributarics of Bellary West Bleck will
take 1,200 cnsecs, and the Adom-Kurncol canal 2,600 cusess, and the remainder, 5,600 cusees,

- wiil be delivered into the Penner for use in Anantapur, Cuddapak and Nallore districts,

17. The Penner—~The Tungabhadra water, now mingled with Penner water, travels down
the bed of the Penner for about 33 miles till it reaches Ullikal, 16 miles above Tadpatri, where
a regulator will- be built. At this point a canal takes off on the right bank to command
Tadpatri, Pulivendla, Muddanur, and Cnddapah talaks. The rest of the water continues flowing

" in the Penner to Mailavaram, just below the Gandikota gorge and 3 wilas »” e Jammnlamadugu, .
~ where a regulator will be built to enable a canal to taks oif for the irrigar. ' and protection, of

- Jammelawadugu and Proddatur taluks. The remainder of tho Tungabh. -a water passes on
.for 79-miles to tho houndary of the Nellore distriot, elose to which, and haia by the temple of

- Nellore.

Somesila in a.gorge of the kills, a dam will be built and » reservoir forméd. Yrom this reservoir
two large canals take off, ane en eoch side of ©  :iver, for the lirigatien of north and south

N
i

18.. Somesicarain dam.—This dam is necessary in order to store water and to raise it to’

‘command sufficicnt arcas north and sonth of the Penner in Mellore district. . ‘

The river rans here through a norrow clean-cut gorge half a mile long and 1,200 fect wide
with high hills on each side. 'Fhe range onthe south side is rather wider than that on the north

side, and the river begins lo widen oul sooner onthe lstter side than the former. 'The hills are ot

very hard quartzite rock; see sheet No. 342, Sevoral metheds of buifding a dam’are - possills,
*First, a dem may bo built across the narrow part of the gorge and finod water allowed to pass over

-1t as over @ weir. - This is perbaps the cheapest dam, but i has hesn rejected, becanse of tho bad.

effect of the vibration of waler falling incessantly on to the-bod of the river immediately below

. on each side. Second, & dam may be built on tho skew or en"weurve, 50 a3 to be long enovg ™

-

to contain & sufficier.t number of vents to pass the maximum fleod. “1'his plan is the dearest anc

the most complicated. Third, a dam may be baill where tho gorge begins to widen ount, '

- which means a high level escape can be obtuiued ou the laft bau’é—il Tho latter course combin

the greatest numher of advuntages aud has been solected.

- I8, Poundations.—The river-bed js sandy, tho bazks are of precipitons quartzite rock. This

“the dam, and becanse of tho tronble and expense™di {uking off conals along the'hard high et -

rockMs excellent for o foundation acd for the construotion of the dany {see Geological Repor: -

ypago ¥4). Borings have hecn {aken near the line of the dam acrcss the river, and the section

on et No. 845 shows the result. - Other Lovings ware taken bigher upstream 1o see whether the

»;hard rock did not ocenr st s higher lovel, but the vesult was the same. The kard 1osk ot the-
bottom of the hore-holo has been taken out in core by e diamond drifl for a depth of 12" and it

may be accepted that nething seft exists underueath. : , ‘

- R0, Disposyl of fluods~—The eatebment basin' of the Penner is 18,710 square miles, the
general rainfall being modorate but with ccensional eyclonie dgwnpounrs. General Mullins in bis
Irrigetion Mannal gives the maximuwm flood discharge as 550,000 vusces, bus no details, ascribing
this ﬁood howover fo the bresching of numerous tauks combined with cyelonis rainfall. The
waxiraum recorded flood is that of November 80, 1382, which is said to have been ganged atthe
Nellore snicat, but there is considerable douhl as to the reliahility cof the gangings. Taking
the readings as they sfand tho result i3 447,000 ouseos. Mr. Stoncy in a paper il
before the Institnte of Civil Bngincers (Vol. CXXXIV) gives maximum tloods of the Penner
and its three great afluents, the Cheyar, the Papaghani and the Chitravati, as agpregating

Qn
.

;

700,000 cuseca in October 1874. This was, however, spread over three days, 24th, 25th aud 20th

&0
87 [/ .

.

of the month ard doubtless did ‘not ocenr simultancously in all the rivers. The same flood was
“gauged at Nellore avieut and amounted to less than that of 1882. It was prob}z}h]y in
Goneral Mullins' mind, as it was due to a copious sonth-west monsoon which filled all tanks,

.

£ clonie rainfall a sudden’ addition of
followed by au abnormal north-east monsoon with eyelonic rainfall and the sudden a :

the ;:ters}of burst tanks to the already swollen river. We may then on tho w‘tyholc aceept
500,000 cusees as the maximnm flood somparable to a co-efficient of 710 in the formula

Q= OM2.

An escape 1,064 fout Jong an tho left bank will discharge 350,000 cusecs -with a depth of

5 foot. This will be the length of escape, and the crest level, partly ent down and partly built
3153 :(l}iL;htlj;fl, has boen fixed m;{i— 285, thx:a foundatiou being sil hard quhrtzi_te. Thie erest of the
dam will be at 4+ 209, and the balance of the maximum flood, viz., 150,000 eusecs, will pass
" overtlio dam with a depth of 117, Should the maximum calcalated flood be escecded the result
“will be only a slight increase in the depth of water on' the escape and on the crest of the dam.
" The érest of the dam being 14" above escape, the dam will not be topped until the flood discharge

- excoeds 150,000 cusecs.

'he subjoined table shows that this will rarely bappen and forvery

.. :short periods.
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e M. M. -45 A, . i
2 |1878 61h Oct., 9-30 | &th Oet,, 9| 7th Oct, 1-30) 18" 07 ’} 0 0 8 0 10 189,411 0 18 6 -
V S AN F.M. AM. .
3 . 1882 30th' Nev., 9| 30th Nov,, | 2nd Deo.; | 28 3 ! 21 3 TG0 12 3 860,000 1 1 23 45
’ AN, 11-45 s, 8-45 a.x. ! ;
4 (18830 17th Oct., 4] 18th Oct. 18tk Oct, 6118 0 ;12 1 | & 9 | 3 1 | 228586'1 2 ¢
PML 5-45 A PM. !
{1884 10th Nov., lgth Wov.,, 2|10th Mov,, 8] 17 & 90 7 6 g 17 180,495 1 ¢ 10 €0
) 830 A, | B .M. b
18841 22nd  Nov., } 231d Nov., 3;23rd Nov., 12118 4 (11 8 g 6 28 208,260 . ¢ 17 - 1§
<ob ] T4 e AM. AN i
118868} 13th Och,, 2|15th Oct.,, 9)17th Oct, 8118 &6 13 9 4 7 49 207,491 i 3 8 0
o sl A .M. AN i ’
-7 1887} &th Sept., | 8th Sept., 11| 2th Sept., | 18 0 ( 12 1 6 9 31 194978 0 18 O
o 3-30 P M. M, 7-30 A, ' i i
1885] 17th Oct., 71137th Oct. | 19th  Oect., 8124 0 17 © 70 8 0 40141562 13 ©
A, 11-80 v.m, P |
'1892; 20th Oct., | 30th Oot., 12 31st Oct,, 119 0 113 © 6 0 & 0 227,084 01 23 45
' Y 6-45 B, 2., . 5-30 .M. h : .
Sy 1893 Tth Nov, | 7th Nov.,, 6!8th Nov,, | 1% 2 P12 7 8 5 3 7 23455110 19 O
R 12-45 B, P M. Poneib e, b
Y v 11895l 27th Oct. 4| 97th Och, 12]98th Oct, 18 0 |12 & | 5 6 | 3 4 | 19445010 15 15
R R (5 P, i-16 a.f (‘ ?

F 21.‘* Storaye.—-—The saﬁ(iy Led of the river in at about + 220, The level of the floor of the

:lfm"est bead sluico, that for the north canal, is +- 280, and between those levels the water stored
T will be idle. It amdounts te about 12,000 millions cubie feet, and will nover be drawn off.  Bet-

ween + 280 and + 285, the escape level, the storage is about 10,000 millious, and in neerly all

.- years this will be filled up by the Pennér, though lato in the semson. Until that time s major
.. part of the water required for irrigation must ba supplied by the Tunpgalbiadra. ‘

“

~In the course of time it will probably be found that the Nolloro irrigation will E,arge]y‘

» extend, and that use can be found for more storage, of which the Penndr is in mosé years highly
‘capable. In such a casp the storage can he inereased by raising the escape and allowiug a

~ not need to be attempted ab present.

greator proportion of high fleods to flow over the dam ; or both escape and daw may be raised ;
or the cseape may be Jowered and sluices substituted ; or subsidiary reservoirs may Lo raade sither
above or Lelow, there being several suitablo- sites.  An elaborate enquiry into.this question does

.
——
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50 Submersion—Tho ares submerged at +4- 285, full supply level, will bo about 20 squere
miles, but it is necessary to allow for the total submergence at maximum flood level, -+ 810.
This will amount to about 82 square miles. There are o few small vitlages and one, Obalum, of-

gome sizo, and there is also a certaln amount of cultivation, but a great part of the arca is sandy
waste, or steep stony uncultivated gronnd, or poor jungle. co :

23. Silting.—Thero is a good deal of silt in suspex_xsi_on in the Pennér durir_ag frouhes, {Lr':-.:."x:
plenty of sand is alse swept along the bottom, To & cortain extent both these will be eromt\:d
in the reservoir. But the cross section of the lake is not geuerzyhy htrge‘ and..thc*rq will be‘au
appreciable velocity, whieh will carry on a greab iem{ of gilt. Near the dam, In .‘r.he gorge, the
veloeity will be high, and there will be an undoubied scour. On the whole and in view of the
easo with which the storage can be increased, it is not considercd that this iz a guestion wlich
need be faced until, if ever, it becomes serious. ‘

94, Design of dam.—The dam will be of the same Iength cn top as f'h’e width of the river,
viz.,, 1,200 feet. The scctions show that there 15 8 «iept}} hratﬂ of f.‘,'i"‘).ut 30 of rand 1u the rives
bed. Underlying” thisis a bed, triungular in oross scetion, of & sliolous olay, p\?bhl(?ﬁ, congloe.
merate snd soft white rock, the thickness being little or nothing nese the banks but incruasing
to some 60 feot st the contre. Below this, hard parple guarizite is found overgwharey
foundation of the dam will be Jet 6 into the guartzite and built in b rd to the rock.  Frow
lowest quartzite surface lovel to the crest of the dam will be 170 sud for this ma
height the dom is designed. Water 117 decp is Hable to flow over the top, and though at
tima there will be & consderable depth of water below the dam it bas been desipned f
whole prossure, 1t ie assumed that less than 37 of water falling on the masonry of the da
stream face will not damage it, aud the latter has been desizped o that a yrester dopth v

45,

Py

fell
clear at aversge bed level. The limiting intensity of pressure has heen token at 10 fovu per
square foot, and the weight of masoury 140 1%s. per cubie foob R

] 95. Mairrinls,—'The principal material of the dam will B uncoursed rubble mascnry, the
stona being guarizite, of which the hillsall round are composed. Tho apstream and down-
sirenm faves will be built of uncoursed gneissie granite rubblo masonry, this stene being available
within & distande of 10 milcs. The crest will be of dressed granite. Kunkur lime i found iu
the vicinity, and the best of sand is in large quardtities in tho river bed. Surkican bo bumt
close by. o ‘ : : _ BERE

. The escape will also ba built up of} unesursed quartzite masonty vl.v'ith & fae:'ng of ganit{?ﬁ_
but the crest will be of dressed trap, a very hard tough stone capable of a high polish, which iu”
found within 12 miles. ‘ : -

" 96, Method of cdnstruction.—This dam, though confined within a narrow gorge with no-
cbance of diverting the river, should not he s difficult work to build. The Pennér rung very
dry during the dry whather and thero is a long. pericd, practieally from Felrrary to September,
when the discharge cafa easily be earried in a small flume.  Lhere will be a dopth of gome 80" of
gand to excavate, which can be supported if neeessary by wells ov piles or saud bage or slone
revetfacnt., Below this is the silicious dlay, ranning down in places for 60°. This willne
doubt take time fo escavate but will stand for some time without support. With suitahle
arrangements it should be foasible to gotin tho foundations in a sipgle working season, and
therefors the work will be ordinary. g oo

97. Distribution—Tho following table gives the irrigation and prolcetion required ia efu o
block and the discharge of each principal canal :— : g

t ' . 13
’ i v} et i PR
Bloek. Trrigation, © Protection,

i~

t

i

!; - l BEXCR, ACTUR

| |

i M

i { l ’

| |
Bellary West .. . o | Main eanal s .. oy el o7, 900 371,000 12,000
Bellary East . .. . niand Karneol canal .. N I LR ) 529,060 2,600
Tedpatri ~ . . e oo | Tadpatri canul ., . ool 55,600 . 1,888
Pulivendla - .. .. | Vulivendla cansl ,, . . ‘ 19,500 |7 95,000
Muaddanur e es .. ! Muddawvar canal ., | o ol 20,900 75,000
Crudfagah o . oo | Cuddapah eanal . e . ’ 82,200 ..
Jaanmalumadngs ., e ,. 1 Jammalamadugn cangl .. Lo 43,000 50,800
Nellore Worih ., .. .. | Bellore Worth ¢anal e o e L 3,000
Neilore South .. Cae . | Nellere Fouth canal ve o . #0400

Tatal .. 1,000,000 v
“ .

" - The main canal ia not to be considered as the aggrepnte of all the others. The Tadputr
~ capal also serves Pulivendla, Muddaour and Cuddapal, the Pulivendla canal serves also Mud-
danur and Cuddapel, and the Muddanur canal carries water for Cuddapak as well as for itself,

. - .

ya
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88, Bellary West block.—This comprises all. Bellary Dbetween the canal, and the Hagari
river, and is watered direct from the main eanal. Whe arcus under the branches are all small,
except under Nos. 4 and 7 whick irrigate respectively 34,807 and 12,502 acres. All the branches
of any importance have been surveyed in detuil, and make & good average {rom which to deduce
the probable price of others. ‘

29, Bellwry East biock.~The Adéni-Iurnool eanal takes off from tho main canal at 116 miles
2 furlongs 400 feet by a head sluico with two vents of 40° X 1. The discharge will bo 2,600
cusecs for an expected irrigation of 198,700 acres. The canal being a long one absorption is
specially allowed for. Owing to tho character of the soil a large seotion aud low velocity are
inevitnble almest throughout. The depth is 12. A berm of & bas heen allowed on cach
side for fnturs widening, = In ealenlating the section a value of “0I8 has been given to Nin
Yutter's formula. Cross drainages are disposed of in the some manper as in the main canal,
-azd dne provision is mado for bridges. . A

20 It will be possille if coneidercd safo to cheapen this canal by running it more out of soil,

- There are no special featurss in the canel til] Gruntakal station is approached near mile 374,

 'Thiz station, an important jupction of the Madras Railway, North-West line, the Southern

Wohratéa Bezwada-Guntakal live, the Scuthern Mshratta Bangalore-Guntakal line, and the

* Southern Mahratta Gadag-Guntakal line, Mes exactly on the Pennér-llagari watershed., The
" eanal has to drop B to pass under the rails, full sapply level boing 2" below rail level. It

“passes wnavoidably across the station, but has been arranged in the least objectionable manuer
'} wvoss only one metro-gauge track of the Southern Malratta Railway and one bread-gauge
track of the Madras Railway ; just before the station the Gooty branch takes-off.

Continuing, the canal runs in contour to the Molagavalli watershed which must be erossed to
reach Adéni and the Mindri basin, Fhis is & very heavy ocutting, 23" wide with a mazimom
“dopth of 92/, and ¥ wiles Jong. The top soil iz black eviton, with decaved crystalline rock below.
o canal then comfinues thromgh difienlt couniry te 84 miles. From this point the canal
divides. Omno branch goes past Adéni to the Tungabhadra, cofmpanding the conntry between
the Tnogabhedra and the Hagari. The most important braneh of 740 cusces erosses into the
Hindri basin and after irsigating varicus areas in Patitkosda taluk {ails into the projected
{3nzuladione reservoir. Continuations of the ehannels ol 3| tazuladinne
project enable this hraneh to irrigete a further cong

]
80, Tadpatri bluek —~At Ulliksll on the Pennér & reg
Iro shuotters will bo 9 high and the depth of water in th
of Btoney’s pattern. The eotzhment arca is 4,238 square miles, and
Yon at 150,000 ocuseos, with a coeffieient of 870 in Hyved formula @ = CM £ food
will flow through the regalatof at a depth.of 14 feet, and provision has ascordingly been made
ior raising the shutters this height. The foundation here, and in the case of all large rivers in
-Ouddapab, is sond.  The design for the shutiers is by Messrs. Ransomes and Rapier. The coun-
terweight travels down the inclined back of the pler, Lelng prolected from submergence by a

“wooden easing,
. -Ab this point a canal takes off and passos through the Tadpatri taluk to the Chitravati,
uk, but wiil also earry water for the Pulivendls, Mudda-

e

4

2
will not only command Tadpatri taluk,
i

uizy and Cnddapah blocks.

Doy 3 . . , | » . B oy -

;1}’16 hoead s]mrc?. consists of 7 vents 2V x 4" and is designed to pass 1,625 cusees with a head
oF034, In the Tadpatri black there will be only 33,500 seves of imigation.  The rest of the
vator will drop into the Chilravati. ”

; The Tadpatri canal will be 36 miles long, with a depth of & and a fall of T'} 55 b will
‘be gonerally in about 5 eutting, so thub the earlhwork balances the banks. At the begiouinge of

e 134k mile t1 - o N .
ﬂ;a-t f.n_l mile the canal passes through the Peddepappur bill by a tunpuel 900 feet long. The
s e § aocl am TR [ TR . : .
‘f.el;l.:.;?a proposed is 184" x &, nad the fall T Whieh gives o velooity of ahout Il. The
-hill is composed of good compaot limestone and neither lining nor arching is required.
.- At 307 miles another tynnel 1,020 long is needed ic
©EPYL : » Tt - . . . 3 T .
This will be in shaie and will need Haing and arching.

) pass through the Chinnagarugn hill.
he ssetion will be. 114" X & uad the

P

‘ fa:*}_ ~Foe - The roquived discharge Lers 18 1,236 curecs, which is obained with a velosity of
18" per s:ecr.rnd. Below this tho eanal will xun 77 desp, and reaches the Chitravoti above the
ruined village of Ohbaluparam, ; ‘

Tha only cross drainage work of importance is the Tdula Vonke at O miles 3307, with =
csg‘tchment of 615 square milps snd a meximum flood discharze of 7,700 cuseow, ,Thi;" iy
discharged under the canal by 22 vents of L0 span to carry 77 of water. o
Duo provizion has been made for hridges, S
dpygiégsfnbéa?g;cs '?iii (ttjt&]'{?%}?‘:)m} jonly 411};4121, “ar; ;f),f in?(;.-o%"‘;algc‘zzv have bgen surveyed and
the o imporfv;ut abr:w.uli}-_;es:, (:’ Vh,;"v\ ,:eu’%n ci )!.x.‘l. uLglf ¥ "ni:_,-&ny (‘)I p}m%erc:us eross sixeh‘uu‘s:a’ml
a vuches, elo, ¢ heen approximated from these, snd lumy sune allowed for

thom. The natura) full of the country is slecy and o good many drops will be needed.



31, Pulipendle .mi.n——'fhe r?e*uia&f}r on the Chttmvnﬁ wﬂl be bmlﬁ ;wrh szova the villag o6 0.
‘ Kodsmurti and” witl -be of 23 spans . of 30" with shutters 8" high. Ths estchment area is -
.200 square miles and the maximum ikud ‘bas been caleulated at 101,400 cusecs, with & caefﬁ» g
ient of ﬁﬂ@ in the: iormu{a € = C 3%, This flood wilt thm.xgh the regulator ‘with a
epth of §°5, and thc p;m and z-lmtzets Lam been dasxg‘n amerﬁmg;f. lhi‘% tvpa is similax
- o thet At Uiizk.al{- . :

.. At this point tbe esnalﬂtakas a&‘ far the Eahvemi’!a, Mu&é&nm’ and Cuddap«h !}}ncks.
F e hodd alaica’ will bave 6 vents of "0" 3 33 and will discharge 1,238 cusses with a head
of 0-38".7 The total orea {o be s&:ved is ?8 Gﬁﬂ wet and gardm iaz:da an& 360 D00, acres
pwtezxtwn of dry orops. ’ ;

The main eanal. 48 12 mx}es 2 52 0‘” is) ﬂxa pomt where tha Mudlanur mna}y‘,dwwes 20

ar the depth +.15e 7° and the fall Q oo he'eanal than continnes with a fall of ) { reto 18

ymiles, v&z@m it ﬁ,ﬂdes mw ma I*uhs sndla No.1 and No. 2 canals, which run 'on cach &‘sdf‘ o the s
‘ - The main c:zmu croms the Chmzwnwf:‘apaghm watershe& wz‘,,h ‘a eutting s

£ 14, : Fall m; depth 3 5" at bead gnd 2 a’ st emi,
35‘(, ¢ Tdamur B2 m}r LA alrea

; é.;r “atatod the. canal exvrying water for this block
i Gué&a sk 17ock $2kos 0T st 124 miles from the Pulivcndla mein canal thm.gh it iy nob aulike
»“that Jt way »e fongd mers esonowizal to carry tho Cuddapah block water eid Polivendls. . Th
- ‘reqaired dischnrgo iz 816 cusees; of which 822 cusoss is for Cuddapab talok, The length will he
*. 582 miles, and the mgafwax m t.,‘m ’bzwk wz}l }:m .36 9{}9 Mmew, -mih ;zwtemﬁxx of! e,t}sjﬁ acre ‘

- From & m?x% m‘iew ibﬁ sagal sairta t{xe h'“?s,aﬁssmg ihe ncmei thé rang npar’liﬁnﬁﬁpm
Y & tmm'q 3 160 fuel loug in the 11th mile. The ma‘nnai is shale, 8o the { :.nnsi will be lin;

‘aad arched: The seokion will be 837 by 7 and the: fall 'gap the welcsity, working oub1o 1225
* In the oase of this and a7l

taanels thzonghont the priject, s cltern il be provided at'tho tnd

< g sﬁx;w tha strezm. to settle dows and continue at a reduced velosify. At 191 miles, afm:
f;*}mﬁ&mg z\fﬁﬂgﬁﬁam, the eanal: eros:ea the- watemhai w:th a maximkum eatling of 44

*. the faii Bure tmmg 29%«}" weloeity &4 SN R R : S

. ?Mm 21 i m 283 mﬁea ma czmai fa 23 8!1‘ bv’ a semes sf érops Thsnce zi nms in contéu:
mihztf&ﬁ of ¢ é,} 5 and thra o ;:v;_;,ﬁ deptar heing ?’ ﬁ', ami 5" Ewnamn ik to ik
}{agamﬂm Vanka pear Mailazheravu village. © 1 n
Thera ars No efow dvainagoes of importance. Af !‘*quata ]\IQVI&GB k:xs made §

*The sams pt%ﬁrw 28 m ‘the nase of the Tadpatri eaual has baen a&agﬁa& mt}z t%m‘é
sranches sod distribataries. Tre av:%swi Nos, 2 ami b, 23 miw an&; 1&% mﬂaa I\‘mg,
bavs hﬂan eainm‘,zd o anmﬁ. o L X

ab, an&;&mm}:m‘

NI s
‘83, Cuddapa’

Ths wabar; bfxm,_,hi. '%w tzm Mn&&anm" mmﬁ &mi dmpped .
%{agam&m flowes thenas inko the Papaghoi, when it willbeoanght by & regulator below Tummai
‘and turnad into Hw Coldupah can “ Plg ehratters will bo 6° iu:,h “tho depth of water in the cana
being 5’ Ahers will o 3‘3 spsns ff 8 ﬁ’ and the general arrangement will be timilar to the othe
rogalatore 2 The eatehizud ‘ares is 2,450 squars miles, the maximum yun-off from which
caleulated at 169,206 ou m, with & codﬁe ient of ©00 in the usnal farmu}a ':Tms reprosenis
depth of 83" ou the fegulator which hes been designed accordingly-. = -
The head stuice consists of 3 vents of 26 x 2 :md *mn pass. th» reqmrea discharge
asécs with a hesd of U,

’”‘im emal m.& ba x&% mﬁas long, amif wm xmgam 3;5;}5\ aeres of wnt anﬁ garde :
The m; will be s}mzég rout, the depth . diminishing from 5 to 2§.0 Tu Ahe: 2od milethers.
s'shost ﬁ*‘&"? ﬂﬁﬁ sinig, meximum 19-3% 7. It finishes in the Lhnmkammadmng ks

The only: oross drsinage of im ranco is the’ Jzakaig Vanka at 6 miles 4, 220 Foats " T :
atehment ares is 51 square miles mﬁ' the ealeulated maxiroum flood discharge 6, A3 ousecs, which:
fiwm&ai ander an gequeduct by 25 vents of 10 & span, 83 3§’ to springing, Witb & veloeity of

41 ‘-'L/ ‘
n%wn has bmn mada for bridges.

‘xrzear}y all the:branches and distribotaries have been snrvevea, dosigned, and
so as to form 8 fair example to check the accuracy of the npmommadoas in
ot of the distributaries have not been worked out in detail.

o and will be used, viz., b\zddapau glab, and kank&r,‘

estiaated in dotail,
thimgase of the ﬂthex‘ blocks, where mos

“The fc~11mmng mai;euaxs are avaﬂabl

Iime e ' '
L mm«z&mmlzww &7001: —For thxa block a rogulator will be cons{mcted on the Pennéx
es above Jummalamadugu, and just below the well-known Gandikota

;234
7 g 1
m ga%ﬁ:ﬁ—gﬂlatﬁ will be of 19 spurs of 607, with shutters 7’ high. The catchmenb ared is
2}0 gquare miles and caleftated maximum ﬂoud 200,000 cusecs with o so-efficient of 530. This

wxﬂ mean & depth of 19" in the river and the plers and shutters have been designed aceordingly.
: 'ﬁm hend sluice will consist of 4 vents 20’ by 8 and will pass the requu‘ed discharge of 580
ca‘mth £ head of 0-23".
»ZWSS‘«?’ g arml __This canal: will be 203 miles long and wdl irrigate 43,000 acres m wot and

gamm ‘Jand and protect 50,000 acres of dry land. It will run 6 & deop wi r,oo

oiles the' Proddatur eanal takes off, and from this point the Nossam canal is of moderate size;
Dand meds no detailed deseription, the only pcuns worthy of notice being two str ct:ehes of embanL—

S ment I in the 18th and 1at}1 miles, the latter being 14 masgimnm.
The ‘Proddatur canal will be 20 miles long and will 1maate 33,600 acres of wet and garden
}“Ld; and prc'keet 50,000 acres of dry land It will run 6 deep at he&d with a fall of = ,\0 an d

gmdum}y fo }" deap ‘with a fall of g %E-'é It enconnters no dzﬁicul of importance.

Tho enly serious cross drainage work in this block is the Alugn vagu at 8 miles 4,260

% of the Nossam canal. This drain has a catchment of 146 squaro milos aud a maximum flood

liseharge of 12,600 cusecs, which is passed hnder the canal by &WorL of 25 spans of 10, with a

yith of water of 10 The bed of the Vagu is YOoKY.

th&ges hava been provided where necessary. ]

he branches and distribusaries have boon estimaled in t‘:.g same v way a8 for Tadpatri, ete.,.
being taken out in dotsil as a guide. ' |

The fnﬂsmng materials are available and will be used, viz, sanﬁsﬁanes Cuddapah slab, and
nkar Bme. .~

" In all cross drainages in ‘he Tadpaﬁn, ?uvvawdia, Muddanur, c uddapah, and Nossam
nals, the maximum flood discharge has boen calenlated by Dickens’ formula Q=0CM § with a
aoefficient"of 350, . In the caso c‘i the Proddatur canal, which runs through flat euuatr) , tho
x&e«@ﬁic*ent has beex “edx.pe& o 2 e .

3 /’{’he sites of all the reo-uls.tors ha"c boen very cqrefully chosen They arg all at *pots ‘
ﬁiwg% Lherivers eannot well thﬂf their coursss, and “where the deep channel runs close {o the
yiate zfaOf ‘the head sluives. All have a rmk abmtment at the head sluice end. 'The size of gates
pmpc; 11 is larger than hitherto used in India, but Messrs, Ransomes and Rapier are prepared fo
hott ;na:?g g’we built them elsewhere. Cateri pardus it is assumed that the bigger the span
mmm:rx’ theahmg lesg change in t}:e normal régime of the rwer, offering less obatmctlon and

amig g ehance of obgects lodging in the ’:Pntw ay. The works have been shown in the
eg nna.tea a3y foundﬂd on wells but this should not be necossary in praetice.

ﬁ.‘ Ael&rex\ réfz block E'ead
s stifce.—The floor of the head sluice will bo at 200 th
?;g;}; 12&‘ It will. bo built at the extreme loft of the escape, of guartzite rubble masotrv vnth :'
ol £1h eg;imetmd gneiss. The arches of the vents will be of granite, and the floors and side
qf 10 ol “&EB hThe discharge provide for is 3,000 cusecs, which will be passed by four vents
ufpm th:) caze ggd o)i 471", a (éenemnv bpeukmo the head on the shutters will be less than
8 heavy flood, it may be needful to manipulate th
f"mBS s Pattetn will therefore be empl};yed \ P e uner grestor boads,
N Zfore Nort’h ccmal Thi
b ~—This canal will carry water for the acreago allntted to it in t}
f}*m}xi t?;; 1}'2%5 %Btiﬁd aiso for the Sangam anicut system. The Jatter {zs ‘at present fed d:re::?s
Stush bo rery é rez*" CT 1112858 by ahsorptmn, c;v {;p@ratmn, and leakage under the Sangam anicut
i angam cauals will be retained, nd 1 o ti
33 ter bemg ﬁllmi from tLp e e froah és and also the reserveus for the present,

“The &
alss, ha‘; g)s% paxt of the canal runs through talus from the hills, very permeatle staff, and will

Willbe 4 flg 8} prﬁteded from the flood w vater spill. The talugmnst be lined and thonwh there
ot and ©over, égn it iy SOnsmer“d safer to arch the canal, Thb s first 1, 000" will therefore be i in
mposed of four tunnels 10’ wide. Threcarce ough, but another is allowed for.

acmiients‘an
rl for fu{ure  expansion, . -

11
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Beyond the tunnels the canal runsin contour, 2 berm of 20° being allowed for expansion.
At 8} miles it crosses the Kathumannar, & streara with o draivage area of 85 sqnare miles and a
maximum ealoulated dischargo of 11,640 cusces. The canal bed here drops 10" and the drain
goes over it in a suporpassage 500" wide between wings and 9’ dogp.  All superpassages are, for
safsty’s sake, designed of the full width of the river-bed. At 113 miles the first (ruuraveram
ridge is cus throngh with a maximum depth of 87, and at 15 miles'the scoond Gauraveram ridgo.
with 2 maximum depth of 88", 'The eanal then eontinnes on contour, passing under the two
branches of the Baggern river, the bed being dropped 10" in each onse.  ‘fne first branch hns a
druinage area of 184 square miles, and the width of superpassage allowed is 860, 'The sgeond
76 square miles, and the width of superpassage 770V, Both these works will be founded on raclk.
At 48 miles is the Birapara river, width of suporpassage 800, with a 10’ drop to the canal.
Theso drainages are so large that the method adopted for erossing t#em is considered the best, in
spite of some loss of commands- S

At 594 miles the main branch takes off, rnuning on the watershed between the Pennér and e

Upputeru! and terminates in the supply channel to Allur tank. ]
The rest of the canal runs along the watershed between the Mannora and the Uppuiern,

The prineipal branches have been sarveyed in detail, but for the smaller branches-—some of

them very minunte—lump sums are allowed.

38. Nellore South block—Head sluire~Thé floor of the head 'sluice will he at -4 262, and
full supply level 4+ 272, the goneral arrangement being the same ns for the North canal. The
discharge provided for is 3,0u0 cusscs, which will be_ passed by four vents 19" span. The sluice
will be located at the estreme right flanik of the dam. ! '

39, Nellore Scuth cgmal.———’fhis canal, hesidos its own area, will carry watar for the existing
irrigation under the Nellore anicut, the roasons for this course being siwilar to those mentivned
in fu.o caso of the North canal and the Sangaim anicut.

‘The first portion of about a mile has o be cut ont of the side of the hill in rock and will

have & bed widtk of 50, depth 10, fall 2" per mile. Three small ravines are crossed by building -
walls across them. The stone from the cutting will be used in the dam. Uu emerging into

botter country the fall is reduced to 9" per mile.

Both this avd the North canal ave calculated with,a value of 0-040 for N, in Rulter's .

formula in ordinary soil.

Alfter leaving the hills the cansl runs practieally in contour, throngh the firef part of tho
country being dithieult varions lines have had to be surveyed. Ab 26} miles it cuts through the

watershed betweon the Pennér and Kandleru with a maximum of 39, and at 41 miles the Rapue™

watersbed between the Kandlern and Venkatagiri rivers, The latter involves a maximun

cutting of 80’, hut is as cheap as following the contour and shorter. 4f milo 73 there is a short -

cut to avoid the Raja of Veukatagiri’s private gronnds, The canal eventually tails into the
Swarnamukhi river, beyend which 1t is not thought advisable to oxtend it at present. . '

This canal yunemuch closer to the hills than the North cenal and the. drainsg

erossed are far less serious. Tho first of tmportance is the Kandieru river. at wmile 854, tha cutahawmy
ment being 533 square miles. The canal is dropped 10’ and passes wnder this, Ab mile 684 thae 5
Veukatagiri river, with a catchment of 20 square miles, is passed over the caual in the same

manner, ‘
The principal branches have been surveyed in detail,
Due provision for bridges has been made in both novth end south bloeks.

40, Power.~There are two points in tho system wheve walor-power will be running t
waste and can easily be transformed. .

The first point is at the Tungabhadea Dam, where tho fall of the water passed downtho

river will never be less than 60 feet, A wipimum of 2,000 cuses for six months and 1,990 susecs
for three more months will normally be passed down for the Karnool-Cuddapah canal, and it will
be 1o great strain on tho reservoir o extend this quantity to 2,000 uusess all the year rennd,
especinlly as tho excess not neoded for irrigation car be sent through the Turnool-Cuddapuh
oanal into the Someswaram- reservoir on the Pennér and thers storod for the irrigation ’in
Nollore. In ecalenlating the working of the resovveir theso quantitics have been allowed. for,
There will thus be a minimum of some 10,600 horse-power slways availabio.

There is a market for quite 5,000 horse-power for factories, presses, ote., at Gndag ond

,Hubli, distant about 50 miles and 80 miles, respectively, from the daw. Tinquairies have beon set .

on foab to ascerbaim the prices of steara-power as now used at these places, buob the auswere aro

“

vagne and incomplete, aud the enquiry sheuld be prosccuted on ibe spot.. Certsin firms of high

standing in Furope nnd Ammerica have been furniched with deteils and asked fo preparc n schemo
and estimates for the development and tranemission, but all thelr unswers have not been reesived
in time for inclusion in this roport. Thematter onght to receive nloser investigation, and should
not be relogated to a time when the project sbull have been sanctioned, sitce it will be necossory

to adapt a portion of the Tangabhadra Dam for the usv of turbines. The oheapest celimates so

I 7%
for roceived are from Messrs, Exchor Wyss & Cqf for turbines and from. Mossrs. Brown Boveri
& Co. for electric plant. Compounding these est{mates and providivg for parts not included, we
got the following resulbi— - . { :

\

: DA
Turkines Lolb. e e 20,324
Freight to Mormugao o o 2,500
Carriage fo site e e ey s 1,600
Erection ond fitting v e o 3,600
Fleetric plant and transmission line 50,465
. Freight to Mormugao e T 8,500
Carriaga to site e 2,600
Erection and fithing ... - ver  avn T 5,000
8500 PostS e e e e e ane e 5,000
SUNAFES.  wn e e e e e e e 17210
Establishment and other percontages - . e 30,000

, Total for 8,000 horse-power ... 140,000
“or nbout’ £18 per horse-power.” ’ J
i i -

- - ! . ) :

The interest on £18 at 5 per cent is less than €1; allowing £1 per horse-power for depre-
ciation and £1 for working expenses, it would seem that any retwims over £3 or s, 4 per horse-
spower would be cloar profit, assuming that the total horse-power could be sold. The above
“ligures should be very Liberal and it 18 at any rate clear that the scheme is one of promise and
“would be a valuable factor in the progress of tho eountry around the head works.

 The sccond point where powor is available i3 where the main canal falls into the Pennér
with a d £ 945", The discharge of the mai i oat thi ‘ud is 5,600 cusies, 50 tha 2
with a drop of 240", Lue discparge of the main canal at this peiul 18 5,000 ensros, s0 that there
X will be an enormous quantity of powor running to waste. But for 3 wmonths in the voar the
“inain canal discharge will be very small. Also there iy no obvious demand for power in the
ficiuity. For these vepsous this matter has not been further investigaled.

jron ores by one of the severalyelectro-thevmic processes which ara either alrcady commercially
: fgasible or on the verge of b
_.according to the geologists of ve

A

coming s0. The Sandur bematite deposits ave near, dnd are
'y vwousual richness,

sl Cost.—The estimates for the project s a whole, work out as follows :—

P ) , BS.
‘Cost of Hevenus and Public Works Departmoent investiga- - ‘
:. f'_tl(}ns v “ne e ae e rin sea e " 63409000
~ Compensation for Tungabhadra Reservolr T 65,85,000
~ Abatewent of land révenue capitalised for the Tungabhadra
Toservoir e e v e e 8,238,378
~ Compensation for bead works ., o 60,000
. WoRKS -~ .
Tungsbbadra dam, escape and head siniees ... {,14,38,0100
Specicl machinery for eseape and bead sluices 6,00,000
Maiv Cawar— i 1
L . . ,
Compengation ... ws 2,00,000
DISTRIBTTARIES— .
 Compensation~—Bellary East and West blocks e 1,530,000
‘Abstemont of Jand revenue capitalised o 1,682,695
Wongg—— ‘
E\»’fa}u anal . ... en - 2,748,000
gximn can.:t] tunnel e /’,’,. 36,80,000
Bellary East and West blocks .., /.. v cen BYH0,74

- Tt voay not he out of place in this canueetion to draw atteation to the possibility of 'i:renting”w o



DrsTRIpUTARIES

Tadpatre Block—

. ) <Mty O
-Compensation . éx:m )

Abatement of land revenue capitalised ...+ ... . 58,000
. oy Sl Ta

Works—Head works and canals v s 33,185,800

Pulivendla and Muddanur Blocks—

 Compensation ... 1[3’9,‘?;(:)0‘
Abatement of land revenue eapitahised ... ire e 44,000
Works—Head works and canals ver e ~50,08,800

C’ugldapah. Blockv—

Campensatimi e ‘or 49,300
Abaternent of land revenue capitalised ... o £0,000
' 3 oar
Works— Head works and cannls 19,35,700
Jammalomaduge Block-— L ‘ k
| i . ’ . . =4 N
Compensation .. e e o0 B .},30&‘_
T Akatement of land revenun capibalised... e e 40800
i 1) - e -
Works—Head works and ¢anals e 10,711,709

»

Nelloie Blok—

Compensation for head werks ..o ... e j“.;. - 7,6&(3,9(‘9

" Cémpensation for main canal ... .- ol e ??ﬁ?{it)(}-

‘ {lmnpeixadtion for distributarics. e e ' 53;9‘:‘0
Abatement of land revenuse capitalised - e e e 8,898,300

Worrs— - ” : h . | P
Dam and head works we .. . e 44.90,000
Speeiai machinery for dam and head Tva?ks e it e 4,660,000

Main eanal cue wre v o ave i ese 1,04,61,400

Dihribataries oo e e i e e e 49,71,100
Fstablishment charges on works totalling Re. 8,23,53,740 at 23 e
\ ; 1,89,41,360

PQ].‘ Q‘ellﬁ- e ves e s “r Y] .
1 « T 9 35,301
Tooly and plant at-14 per cent. [, e e vee e .12,39, 304
" Leave and pension sllowances &t 1+ pov vent. on establishmont. 26,851,701

e

Totad ... 11,66,‘{[0,13’{)1).

P

——

5

The preliminary estimates amounted to Ra. 870 Inkhs. Qf thi:.s 40 3&1:}151 WS :-Qbﬁtcé 30 com-
prosation, which wasa hadnw_mdemgtmmte, sinee th«i compensation for th_e ﬁxxggabha.ull g \}& sr_m;;zr\,
alone is now assessed_ab 66 lalhs, and thut for Someswaram yesx:wmf at 7 lakbr;‘,) \ es‘xwee} e
compensation for Jard takeo up for the eanals, which aggrogates some 9 lfd;.}«l:?'. 1 ;i:= rufxamtgf,x
of the difterence 1s aceounted for by the onlargemont of the seope of tha p]"u](ﬁ(i{v,' mm \:1 lﬂld.;li
_canal of 7,000 cusecs af bead to a capal of 12,000 eusecs.  Dearing these fwo facts 1n mine the.
preliminary estimate was on the jw'h')]@ a good one. .

Tt is right to .say that nono of the works propesed are of a very unusnal rmtiuie, that ﬂ;gy
ave all to bo carried oub” on well-known ground, in a_healthy climate, and in #-;ae sn where the
Toeal rates jor work are established, There will bo a rise in prices during 'e}cgtittDT!, and 01’{ ‘c}us
acoount the local rates have in nearly all cases been inereased, Qf ten ‘lax’gely 1:191'013:};&(1,‘111 frammg
‘the present estimates. Eveeything, that it is po.‘;!sﬂ)fi‘e to nuticipate has heen (?-IOW-IM fnr3 and-
provision has been made for those unforescon detnils that ave certain to occur. (n the whui;g it
is beliovod that the estimates ave liberal, and it may be expocted with confilence that thoy

cennol b greasly exceeded. - Eoe

repared actording to the rules !
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Note on the Gealogy of {ke Tz;mqabr’md ‘a Dam-site by R. Druce l(rﬂfu’ By, 3 % =
: - 32
7.8, MU : A N
Hm’mg by desire of Governmen$ re-visited the 3%‘13;?\* at mhmh the topographical configur - 1o i &
tion of the comntry qwreh the loeativa of the great dam ’h; which it is pmpesei to powd haek : = S
the river, and the “Fi: Jiﬂr—i‘.‘!’lﬂ" plaus having been iuhy explained to me by My, AP M e P g
T will now state the conclusions I have fm.ah. arrived al as hriefiv-as com patible with r . 1§ : :;3
=
wder
reference to the annexed skeleh-map, which I have cmoured ail ¢ b
{i proper rlti* for the dam M)m._@f oi " boud M‘“ 3 . .- = e
= }‘y form the base of e Dha fad rast upun tLa = ‘ n
? of this rarrmm ’frn n the o : 11 o
g vns;ir‘a er 1t will &Ifut“‘ o pood safe f{)uhudglwl an h t-p bn_i‘aﬁ 11 : T TR ‘ 14
% < v
‘l‘hﬁ Tuugczhhaum norib-wostward from the end of the ~d : 3z
ke Tlonur Malai {n small ‘nl{ erowiiad m" & Pl : 4 o y
o = \
.g.h to foand t’w dam upon.  from the position o ot T - .
1 AG ip R,vvn‘i?}:& af D}g}‘. "’N’I‘Ir‘ﬂ {“1) F gr‘()'nt dthm a [ i - ::1%
seers urr*;, tely barrad. The a‘ﬁ.ﬁ}o}d ia ovar ,;,_1(1 by a gread thickn W x e o
ade-—themseites rooks of Imwm -"nw.e strength and durahility. Thesa rocks which form the Sl i @ é“ﬁ
ﬁle western sido of the great Sandur synclinal basin oecupy a soraswhat mvmrt«» v)oait:fma : N a S
oross the 7 \mrfﬂ“rl.a(.m ‘nllcv the dip of tho basin having been locally thrust ovor cas 9 L
aral pressure in ages long gone by; this ivakes the éhp apparently a wez%wv oue i ) < ‘§
beds be followed southward soro distance, they will be fonnd dipping. uomnally vasi e £ 5 @
L anglo of 807, whareas near Mnﬂapuram ami in the bed of the river close by, they d > = 13, o
ward from 75740 9U°.  lu rocks of such great autiguity thuir character for =€ren th and LR i o
is mot at all likely to bave been. ;sds"craelv affectod by *lus moderate overthrast, on the conts o T S
the heat, developed by 7& *great pressure which eaused it, will probably have ionﬁni to ren c i =
t}lpx gnncrsa! Mg 1eoTe :mmovene(vus. The intrusion of the Lﬂﬂ{_, poguat ite voins 1y M oy ?~ — :;_\: ;:—"
-havs had the same offect and tho themseives form rock-masses ﬂ‘* groat sirength and darah = . m =
i a 2w
. A rich source of material for the masoury of the dam, of & kind more suitable for B S z‘ T T s e
parposa than the Dharwar rocks near the dam site, will pro u,bly be found in the hilla of i-v LT - 2 =
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ﬁ ole on the Geology of the Tungabladre Dam-site by O, 8. Middleniss, Esq.,

Superintendent, Geologleal Survey of India.

in addition to the examingtion and ropert on the Tungabhadra dam-site made by Me H,
s Foote fu April 1903, a further «vmln&nal examination was considerad ‘Ldv'whie owing J&
imm;aautlv exeavated tronch aleng ihe site having expesed a eondition of the rocks which
uso for anwiety. At the rc*guea* of the Aadra Govwnmon* I proceeded to the placs on
ay 1984, and wnder the guidance of Mr. A, T. Mac skenuis, Dupanmem‘lmg fixlg?néer‘
v Trey was ahle to examins the whole length of the site as exXpose i
nid hilj side, inelnding those parts as to which there was eome uncerisi

,.,‘x'

prev nimg rock &lrmz), the site (trappoid of Foote) is strong and durable o
»H‘) 80 in the river-bed wheve *hu sounder material stands u‘i in ajagmed ra
vwa that even t.mre the lmi»pmdfﬁ. at their junotion with { mn pogm
4;;1‘)0"*&1 M p;ﬁm«s of --Lushmg- and shearin
}n the waler-worn ¢ river-hed

eetestl : 3 a.ionv the junction only
the voek; bat at ¢ reuch o the

i ‘WU‘”(")I“L(U‘.Q wators ‘h:"l.w‘. ent 1:n bmnfr
cks and a conversion of iPam info s lo

have with h }mtﬂr n.((x 6 I .Jm,h e
N H ~

VTS e

; "Lmru‘!};
al weathert
anmple te disinte
xDui

ver-he

supplemented by borine a8
otten fsm? uhuﬂu.vd vock

ia

e agn comant with Mr

E 1 oomsidering that the tra;ppohi rack snd the
Ves fuxm wci\c Uf ro 5

teih and Gurabilit y‘ That the plane of contact
s ev nu-m Pd by 1bommr», examination of the

1th ifh tormd,hun (‘f ?

n is snuuﬂ”ed into small

I‘pﬂlbl

{uf-

L2 i:e s by cou xp-msrm w
pormeable for all practical porpe

g0 T thiuk the trappoif rovk wherever it is found away
te will form a very mhamcbrv building material for the 4
tones which will naturally bo drawn from tha grey :-*neisko 8 i

1 -

ichbonrhood \m:z"]med green in
very suitable fine-grained and
rest of these is m;pareml" twe

Bfe, B k»m a map of the Bellary district
_dumpast slabs for lining the overflow dmr nals, eto.
’, and 4me miles cast-north-cast of Hf)spft on the road to H

:rffz.,a-n(d derived from the 70u I—; or 12an dykes
) would prob:

o

g f ”x: tho north side of t’
usions, and, thoogh somewhat ehaxtew‘i at l:a* &

i think, prove sntwfm-tcr}f enough.

river, the site of {he dam is generally free from pegmatite
surface o onv or two places, will, on the whole,

’

8. F‘urthor north still, the ridge running away ’m the place selected for ihe ovexﬂﬂw channal
is composed of extremely mund trappoid and uwee W gwe o causs for snxiety. ‘
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Eeport on the Suitability of the Froposed Sile of @ Dam on the Penner Biver near
Somasila, Nellore Disiricly Mudves, by I B. Simpsor, Geologieal Survey of
: India, '

Position of site~'The proposed sita for the dam is in latitude 147307 Jongitude
aad about 300" west of Someswaram pagoeds, which stands cu the left bank of the

ieal detasls.—This viver at this point is 1,200 lect in width and flows over a sand;

Phys N 3 Co-
wwon ouly A small How o

betweon rosky banks sloping at an angle of about 30°. In the dry
4 Y 3 NP i . ; A :
waler passoss but during the rains floods of {from 80 4o 35 fest ars experivnee

Beslogical defuils,—The locality has been geologieally mapped aud described by

formerly Director -of the Geoly
: India. o the broad bun
it is proposed to build the dam, Dz ng has givon the name of the ¥
ame beine teken froun the rauge of bills which thic Penner river picee
}ow-}}’ing:'ains of Hellore. 'The genersl rock gystem to which ﬁm 4
the Cuddapsh system and it is considered to be possibly of pre-eambrian age.
Nuture of the 1
buaff and brown. £t is of exivereely hard texture, of sub-vitreous lustre

ehoidal fracture and srougheved surface. Ity specific gravity i= 2

* Mamoirs, Geol

et
—

gl:1 Burvey of Indis, valows VI

~The reck from the actual dam-site is & purplish guartzite,
aud b
A mitroac
sous and slig

of the rock shows it 1o be cuiposed of guartz graing cemented by a s
titic coment. A few speoks of tourmaline oceur, Mo Intensp has been the metamor
.which the rack has been subjected that the bonndaried of the quart, grains are practically .
inte one anclher, Being alnost pare gilica the rock isinsoluble in a : -

.- Disturbance of the rocks—Tha bedding of the quartzife isnassive but vhsonre

Rince the time when these sediments were deposited they have been subjected Lo int ¥
W__;?_cﬁg;mdppm@nﬂy__ ciiefly in an approximately westerly direction. - The rosult of this o

Bree boon to-dold and fault the beds in a somewhst complicated manner ; whilst at the o
white quartz has been deposited it veins, from 1 1o 6 inches thick, which are found cut
. ;E}‘e Jmfm gand cleavage planes in-a most indépendent fashion. " he present topo;
" S‘”:aégl’%; g;ret(?t?o ;;:.Oﬂntry cconform to theso folds, the axes of which have a goneral N80

. (3 - .- . : e .
RN 3y —_This b : LU 3 .- Co, . :
e Leh..cfge‘. "'.{h;s‘»!folfinﬂgh‘us, ‘xlndu.c-cd npon the robks 2 most pronouneed eleavage,. which
although beet displaved in the drgillaceous rocks fuither to tho wost, whero irie slotber 1

hound, iu
L ngs 1s N, 40
In the fresh roek the ivaveso

age planes from | of an inehte 1 %

o + 3 . > . ; . . “ .

%%y *‘plmnl} e‘n.denf in the quarizites. At the dam-site the strike of the cleavage play
-and the dip N. 50 E. at an' angle of from #0° to G5° rock

appears somewhat coarse, but decomposition reveals cloay

aparf, = - ’ ’ :

) .,;oz"ni's.m]fn addition to the fissility induce
;enarox_]ou:ti, thef.most pronounced of which ran in a direction N, 55 B.—8. 55 W. ang
iﬁ% (:?g ;m‘s;g y }}3 %r ically. M.as‘tor. Joints aro sbout & fect and siwple joints not more Lhan «
'svétAi 3’-; . ‘Ae 301;1’& planes ata dep:ch of & feet arc coated with a red oxide of iron. . A%
‘Eﬁ-n::nf{ BanL:hure somewhat wndulating hut appear to havo a general dip N of 57,
jomnts, at & depth of about b feet, are oceasionally so open that & stick & fect iu lengths
pushbed into its Jimit, "Thav d t, how ; ot d dier
Ristance. 1o Jimit, l,t,y_ 0 not, haowever, sppdar {o be pontinnous, and die ont in &

= ,-; . ine dmer o think that they are cavitics produced Uy erushing stress, -
of?t, decompased bands ¢ arizi herd ' both lanes
fatte c-f,ihe sv‘;tw; 1 ;’1{( {m’.s tn L;ize g¢tarizzz‘e.f-0n”1he herizon of both the cleavage plancs anc .
vate joint planes, b:mrig of soft, sandy rosk ocour. Theso bandy-are 1
xturo from slightly decomposed quartzito to fine sand, sud in

;5 inches thick and vary jn te

. Trom buft to brow 4 brick.r ‘

, v brown and bnﬁ:}-}ed.. They are apparently due both to the desomposition -
wing iu of joints by sandy materfal derived from tlho

d by pressure the roek is trdversed by ny

quartzite 7 sty and the
decomposition; - T

Sandy debris vrerivg . SRR
the Waieris(if?srf;gw{{fg the quartzite—On the left bank of the river on the proposed’
~eRE { - srth-east oo ,- . 2 e pi 20
 covered o a dg th of F @ m’ftbﬁ east canal, designod to irrigato the Nellore plaius, the
doartzite debrisp' Thi fﬁ‘mﬂ. to 7 feet and possibly to a muuch greater depth further cs
. . b dtposit is composed of sand and anguiar to sub-angular pebbles «

which are as muel as 8 ; in @i ¢
' 8 mueh as 8 inches.in diameter . 1 extremel oula oppas
alightest resistance to the passage of wator At dsextremely potous and ”“‘4, OPP'D%?'

- 3 S ; 2ered vy 4 . c! .
time‘gsﬁi}; ({L:;Ttmi)g:fz;g;idw 1111 (.}’m bed of the river the thickness of f’he»san.gl hud not, «f the
below the dam-sito, In the ‘;;3:1?(};[ Two hore-holes have been put down at a point about 500 feot

feet, below ‘which carme 8 fo *t] 8; olo coarse and fins sands were passed through to a depth of 42
was thon eneounternh but ei;ch .0 r‘?‘mded _pcbh,iea from-2 of an inch to 1 inch thick, Quartzite
reason for this aband '-. e surface of it was merely broken and the bole abandoned, the

‘aonment being that threo chisels were broken in the attempt to picree tho

rock, The second bore-hole a1 '
- Jbore-hole, when 1 visited it at a de f 40 feet, wheren pebbile be
been cut info. This hole ja i)eing rz-’mtinuét}.n"was a dopth of 40 fect “lfuc ekt bel hm}

\Z
%

4

51

Conclusions.—An opinion has been asked for and will ba given on the following points in-
conncetion with the building of the dam on the site proposed :—

(1) Stability.~The rosk is undoubtedly n most suitablo one upon which to found a heavy:
ructure. 1t i hard, close-grained, and contains no soluble watter, No feaxs need, therefore, .

"Ly entertained upon this score. '
{2) Percolution.—The cleavage planes and the system of flat joints, detailed above, both

Stin under the dam-site from the water side, ie, north-onst. The pressure of the water will,
taereflore, tend to compress the sandy filling of these planes, but owing to their direction of dip
“hi aand would net bo washed through. In the case of the vertical joiuts, striking N. 65 E.
aad almost in the direction of flow, these joints are not open and contain no sandy filling.
1 am not inelined to think that they wonld prove to be asonrce of trouble, It would be advisabls
wvate the foundations to a depth of, way, 10 feet in the solid rock, to serape out carefully all
craoks, joints and fissare planes, and to Bl in such cavities with cement or some such
1 s the Engineors may think suitable for the purpose. Such being done, I have every
4 oo bhat a soitably construeted dam would hold water. At the saine time considerablo
ddd 1 avcurity against percolation would be obtained by the laying down of an apron of a
Swidth, eny, equal fo the width of the dam. I understandifrom Mr. Mackeuzie, the Superintend.
irg Tragincer, that such could be done at a reasonuble cost. In regard to the sandy debris
" tht whioh the north-east canal is to ba cat, this material will probably prove to be ex{remely

" 1 shonld recommend that water-channels through it be linod.

2y Diepth of sand in the river-bed—No precise information is available, but probably the

Boye-hole a6 48 feet was not far from the rock, if not actually upenit. Little reliance can,
5, he placed npon the information from this bore-hole, as it is quite possible that the hole

guartzite bonlder at the timo of abandonment. I should recommend that the bore-holes

., I undarstand, to be put down at intervals of 100 feet on the line of the dam-site,

should bo continued to a depth of 10 feet into tho solid racks. i

L 18y Switabilily of the quartzite as building wmalerial —Owing to its bardness and irregular

“fracture, tho quartzise is not suitable for making dressed stoue, 1t would, however, be perfectly

satisfactory w» » muderial for nfilding rabble masonry.
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