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MONOGRAPI ON THE MADRAS WATER-SUPPLY AND IRRIGATION
B " EXTENSION PROJECT. (a) R

CHAPTER L -
DESCRIETION OF TIIE WORKS AS EXISTING.

) . lied with water from a reservoir known as the Red Iills Tan.k fed by
M:l?;i‘*seisff:‘ﬁpthe river Kortalaydr, which passes through a reserve reservoir known
:s the Cholavaram Tank before it arrives at the Red IIills,

‘The alaydr has its origin in the surplug escape of the K4vdripdk Tank,

hicl%is %11: I;fil;fcipZI Teservoir f,eg by the PélgpAn.icut. It has a length of about
;V4 miles above the dam which supplies the Red Hillg Reservm_r, and of about 22
: iles below the dam to its outlet into the sea at Ennore, 7 .mlles' to the north of
A dras. ‘The area of drainage basin of the river above the anicut, including that of
o r?n;:i al affluent, the Nagari, which reccives the Tirutani, is about 1,105 square
Lts:lprl. bu%; 268 square miles of this area has to be excluded, being that of the drainage
Sasin f the Kortalaydr above the Kasavaram dam, which is 30 miles above the Thama--
msu]l{ (i&n‘icut- The water coming down the river is almost all taken off at this point
Nes d into the Kuam River.. This leaves 837 square miles as the area actually
wnd turne drained.* The catchment basin consists
chiefly of the hilly country forn;ing t111e<

. indari in the North Arcot District. This country was formerly
Kéﬁv:yt::(%:g %3? irrll;l;:rzflthe jungles on the slopes of N agari Hills have now been cut
ve ish frewood for the Madras Railway Company, and as they have not been
o furnis . , replanted, the rainfall ig saidt to have -
t Mr. Fraser’s original report. much diminished, 'I:he average -rainfa]l

+ Averages of five years (1877—81) at the . on the catc.hn{ent basin may be.\t_aken at
* tollowing statious, eide sketch map of - about 37% inches. The river is in flood
Catchment Basin :— imnfay. -~ during the north-east monsoon, and in an
Y Siation, Rainfull average year runs in full flood for four op

:L"‘s Tirutani ... ’ v 8470 five days, then with a flow of about 3

%

* Mr. Fraser assumed 770 square miles.

Polar wr e w3786 feet for thirty or forty days more, when

Thamarapakkam ... " ... 3825 it subsides to the small summer channe]

Kavéripsk “e w8340 which runs, as a rule, all the year round,
" Kasavaram e e 4116

3. Thedam isbuilt at a place called ‘
Thamarapak, where the normal breadth
, A of the river is about 500. feet. - The
: is 624 feet long, with the crest at 69°86. The foundatlons. consist
3?1:&% Eggsvoe‘fr,xsfe‘lls, 6 feet oult:sfide diameter and about 6 feet deep, on which rests -
' feet of solid brickwork. - . -
a dep’lt‘llieo‘f) (;ldye:v all is 6 feet high, 6 feet broad at the crest, and 71 feet broad at the
level of the top of the foundations, the batter being on the upstream side, On the

.

General Average .., 37-07

* downstream side there are two aprons; the first, 6 feet below the crest, being 32

) ick; the second at the same level as the ﬁrs?, being 33 feet
foot gr,fgg {;ngeétft()lfitckt.h c’I‘l:,lere are eight under-sluices on the south side, each 7 feet
brof feet, with their sills 6 feet below the crest of the anicut, or at 63-86. The bed-
fzﬂ of t.h’e river averages 31 feet per mile, and there are embankments on either side -
upstream and on the south bank downstream. The south embankment above the

P ut is 2} miles long and the north embankment 2 miles long. In section the
;l)glllcks are 4I feet broad at the top, which is 5 feet above F.S.L. in the river, and have

'side slopes of 1} to 1. The bank below the river is of simil_ar section, and is 3,900

feet long.

‘dect e i ted.
i 4 decimals, and are referred to menn sea level, unless the contrary is expresaly stat
(Y }, %H-li?,::isaﬁeglaréﬁofna:ubifrfl;lt asa rule, but as until quite lately it was usual to state quantities in cubic yards,
o these have had to be retained in some cases. .

-
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' ; ; h 5feet x 5 feet 7
- _aluie the supply channel has 10 vents, _each 5 fe
i i }?qadsi%:l;tetltg sarfle leszIe)lj;s those of the under-sluices. The len gth of -tlhe
inches, with their sluice to where it enters the Cholavaram Tank is 8 miles

supply channel from the head- 14* chains. In section it is 30 feet in
* Of 66 feet. , bottom width, with side slopes of hl% toﬁl}i
rdi flow is 2% feet. The top of the retaining bank on the nort
'I:he 'depl’gh ?821231;?2{)0\; bed-leifel. The bed-fall of the channel averages 2 feet per
fide 18 about S » mile, and the volume of its discharge at
ordinary level is therefore 9401 cubie fect
per second. :
The number and description of the masonry works between the head-sluice and
the Cholavaram Tank are as follow :—

+ Kutter’s formule. -

s | e [l g,
, . MS. CHS, FEET.
1 | Inlet, 30 feet long ... 0 20 17512
2 | Bridge (3 vents of 18 fect). 0 55 |62:84 (floor)
3 | Outlet, Kattankal surplus } 1 6o [ 6986 (crest)
weir, 147 feet long. { 62-86 (sill)
, 4 |Inlet, 20§ feet long 1 66 |67-86
5 Do. 24 do. 2 8 [6724
6 Do. 24 do. 2 39 |6598
7 | Do. 20 4o e 2 63 6412
8 | Do. 24 . do. 2 69 |6340
9 | Bridge (3 vents of 18 feet). 3 3 {5830 (foor)
10 | Inlet, 24 feet long T 3 26 (6281
11 Do. 20 do. 3 44 6305
12 | Do. 20  do. 3 638 ;63179
13 | Do. 24  (o. 4 11 ;6523
14 81(1 Bu%kal division . 4 53 5660 (crest)
15 utlet, Busikal surplus weir, . 54 ;
' 141 feet long.mp o } 4 64 { 5669 (sill)
16 | Rémapuram Bridge oy 473156692
17 | Bridge (3 vents of 18 feet). | 4 79 |54:39
18 Do \ do. ) g 55 5300

19 Alacheri aqueduct 12 ‘52'10

1 These levels are referred to de Haviland’s B.M. at Madras, which was taken at 6-83 foet above M .S.1,.

: : . The correct
lue is now given as 7:83 feet, but the original level has been retained here for convenience of comparison,
. va,

Tt will be observed that there are ten inlets and two outlet.s. The Busikal and
Kattankal are strcams draining 44 square miles and 62 square niles, respectively, and

have often breached the supply channel. Estimates for lengthening and improving:

their outlets have been sanctioned.

5. The total length of the bank of the Cholavaram Tank is 2 mileg 92 chains,

he length from where the supply channel enters it to the channel leadine to the
ggltlfills Tank is only 2 miles. 5 chains. The top of the bank is 10 feet broad.
The inside slope is at 1 to 1 with rough-stone revetment and a parapet wall at the

top. The outside slope is at I} to 1. The F.I.L. is at 61:68, and the areca and’

. contents§ of the tank at this level are
§ 8co Chapter IV for fuller details. respectively 67-21 million square feet and
766-405 million cubic feet. There are two irrigation sluices. The first, called the

3 13 . - . . . 4 B
1 s at 1 mile from the head of the tank. and consists .of a vent 3 feet x ‘
?:ertt.h sTlixlgeile]:ad of water over the vent at F.T.L. is 19-85 feet, its level being 41-83.

ice i 1 feet 1 he weirs
The other sluice is formed by a vent 1 foot x 11 feet in the body of one of t y
43'682 chains from the head of the tank, with its sill at 5268 ; there is also a plug 6
inches in diameter at top and 6 inches at bottom.

There are two weirs. The first is 9 chains from the north end of the tank and

166 feet long, with its crest at 63-62. The second is 43 chains from the same c;nd, »

187 feet long, and has its crest at 6168,

e R

2 ..

{feet long, and has its crest at F.T.L. (46:31). In this weir there is 5 10

'és a safcguard owing to the slips which oceurred in the bank of t

R PR -

' <
», -

’

6. - The head-sluice to the Red Hills Tank supply channel is, as above stated, at
2 miles 5 chains from the north end, and consists of 10 vents, each 4 feet x '3 feet,
with their sills at 45-33 feet. The length of the channel is 2 miles 50 chains to the
commencement of the bank of che Red Hills Tank ; the section of the channel s the
same as that of the upper supply channel alrcady deseribed. There is a siphon sluice
across the channel at 1 mile 25 ‘chains from the head, and a- girder bridge of 40 feet

span and floor level 39-76, at 2 miles 29 chains.

7. The Red Hills Tank bank begins at the left wing of the north (Mr. Fraser’s)

weir, and is 3 miles 27 chains long. The section, speaking generally
that of Cholavaram Tank. The top of the bank is at 62-31, and there

. . : those of intermediate depth

. ly reduced to 43-31, vid h i i

Telr?,p(gg;})g;:eﬂuﬁe 0 295 wide paragrabh gank level is at 46-31.* The greatest

‘ . depth of water against the bank ig over

the sill of the north sluice, where 1t 13 25°65 feet at F.T.L. There are four irri
sluices and one sluice for the municipal supply channel in the reservoir,

gation
The following particulars refer to the irrigation sluices :—

Level
of Sill.

Distance from

No. | Head of Tank.

Description. /

31-42
86-43

One vent 2 feet x 3 foet.

f
!l < T

1 15 - In eurplus weir.

iTwo plugs; one plug, top
diameter 7} inches, bottom
; dismeter 6% inches; other
Elug, topdiameter 84 inches,
oftom diameter 7} inches.
North sluice,
2066 | One vent 3 feet x 6 feet.
30-66 | Four plugs, upper diameter
10 1nches, lower diameter'’
9 inches.
, 4066 | Four  do.- do.
o 3 | 1 2707 /21'10 | Polal sluice.
30-10 { Vent as in No. 2.
40-10 | Four plugs  do.
Soorapedoo sluice,
27-31 | One vent 8 feet x 4 feet.

2 132 34

4 | 3 39

e T e . , o
. . The municipal sluice is at 3 miles 15
chains, and contains six pipes of 21
diameter each, placed as follows+ :—

Three pipes with sill at the level of 31-31

dings of the Madras Govemment,
f Pﬁg?eléﬁ W., of April_ 22nd, 1882.

One do. do. - 3531
. One ‘ do.. - do 39-31
One . do. do. 4331

The reservoir has one surplus weir at the extreme north end, which is 1401-33

) r there 1s -vented surplyg
sluice at 2106 chains, each vent being 6 feet x 6 feet with its sill at 31-31. These

: .. sluices, which did not form part of the
% G.0., No. 2322, of August 11th, 1875. original design, were deemedt necesg

T . 0C he reservoir.
after it had been raised. The surplus weir is of ample capacity to discharge al]

the water to be disposed of, but it does not come into action until the water has
risen above F.T.L. It was therefore considered to be desirable to provide means for
rapidly lowering the water level, shou}d the bank be in danger of giving way, as also
to allow of the discharge of surplus without necessitating the rise of the water level in

’, 18 the same ag

varam is a dry stone
wall above this, raising the level to 55-31 along the deeper parts and to 54-3] along

The full

R g b e

e
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th - - |

o Teservoir to as great a height above F.T.L.as wczld be necessary, 1 sucl

* Proceedings, lfadrn.sﬂ(} . . ’ surplus to be nass ssary, W(‘I'C' all suci

o Do e oth, 188 f,‘ ernment, No. 843 1., ?ca and ci) E::Z;;l o(x)'t(.}r lt}l:g weir.* ‘.Th‘t}

square feet and 9744-5011 milli . JL.L. are respectively 2 O.YCS‘Serlr.a

tank-bed is about 20-00. vmllhon cubic feet. The level of the %“Zi{gﬂgt?fnm

8. The portion of th : : : .

Municip: L ¢ e woxlgs outside the Red Iills T .

T 1c1§al l)e]ucry Channel, arc briefly described in Ch Ills P:cscr\:mr, that is, the
wa Supply of Madras.” apter IV, which treats of ¢ The

e

CHATYTER I1.
IMPORTANT PHASES OF ITS HISTORY

Tue question of supplying Madras 3

; 1 lying ) with an abundance

haq occuplcd the attention of‘ Go‘vcrnmcut fur munyCLyngxrsI;mlr»(?f Wate}f b that

action was taken on the subject in 1866, Numerous feports EZZtsfnfi:fﬁffils
»D ¢

been submitted by professional Engineers a T, el

" SI¢ ung s and others, eithe :
(wvei'n.meut,for1 from hiwl{llg t'hcu‘ attention dirocte(’l to t}feusgli;egécb%} r;}iz (f(ifrtiﬁi
complaints 0 the gradually increasing impurity of the water drawn fr : :

1 the only source of supply. rawn from the \\-ells,

which then formee

The reasons for the deterioration in the quality of the well water were not far t

seck,  Madras being built on the belt of silicious sand which runs along the Coroman?

del Coast, it followed as a matter of course that a portion of the flth evllected on the
us nature of the soil, washed down to the water-bearing

gurface was, OWing to the poro
strata during eve The Chemical Examiner to Goverument, who analysed
1ts showed that, with

ry mogsoon.

the water of a very large nunmber of wells, reported that the resu
very few exceptions, the drinking water of Madras was as bad 83 it possibly could be.
made by Licutenant (now Major-General)

2. The first pro osal on the subject was .
PS5 who cubmitted @ scheme estimated to cost Rs. 43,39,476.

'C 1 LE., in 1329 3
,?p(j:??iil;dzdlfo’r an uniczlt across the l(ortula)::ir at Pushali, some distance above t.he
¢ the Madrus Lailway and 3or 4 miles below the Kasavaram dum, which
turns some of the Kortalayir water jnto the Ruam (or Cooum) River. The Csupply
chanuoel, which was to have been about 08 miles m”len)gth, was, in its course to the
Fd Hills, to supply the following eight tunks : Sen)y, ludurpavalungm, I\a(!ambatur,
IPuttalur, Tannirkulam, Pakkam, Pulaveda, and Mittanemall. Aftcr.supplylzlg these
tanks, the surplus water for the supply. of Madras was to be storedin the Red Hills
to be raised 9 feet. An open channel was to convey

asins in Madras, whence it was to be pumped into

Tank, the Lank of which was
the tank to two b hence 1t _

for distribution. No. detailed plans

ding to Mr. Fraser, two vita

crossing ¢

the water from ]
sottling reseryoirs, and passed into the mains
ofthis‘Sc?hemc were prepnrcd, and there were, 8ccor
)"""StOit*- :
¢! ‘“m((nl) that virtuallys t admittedly, it made th ing ¢
. Mudras a matte . {o that of filling the ¢ight irngatic

(2) ‘that the supply would Lave been deficient had the channel been ¢
i¢ go closo to the Fasavaram dam, which is supposcd to turn
ater of the Kortalaydr into the Kuam

the Kortalayi
J and all the summmer w
nd other tanks.

most of the tloo
for the supply of the Chembrumbaukum @ .
als, and pothing furthor
rs drew atte

Nop action was tuken on Licuterant O'Conncll’s propos '
was done till October 1861, when the Aunicipal Commissione ntion to an
rccmnnu'-ndod the substantiully gimilar scheme put forward by Mr. Deter Ol‘}l;,. Ot
Madras. Giovernment, in 1ts Troceedings of December 20th, .1861 referred the su jec
iJeration of the 'ub May 1862 Mr. obfzg:i

o storing of water for
n tanks;
aken from

lic Works Department, and 1o - ;
But with the exception

for the cons
C.E., was aplmintu_l to report ont the scheme. on ¢
\r. [loberts coufined his observations to the grn.und previous Q“} -
by Liouten;mt() Connell. In 1809, ;
., suggested‘l’ the

lino of Jovels
863' v A MraRer C . '
ever, Mr. Fraser, L~ geste L with

O'Connell’s design, ¢
fthe whele pr«qcct.

o. 1741 of July 2nd, 1
Lientenant
ij:;l'.iun 0

t+ Letter N
assibility of improving upot Lic
di‘m'tc-l to undertake the re-inyest

v

’

5 : .

3. Mr. Fraser's fi :
26¢h, 1866, and on 3 01';?11; zepqit was submitted with his letter, N
v ' pril of the same year the Ma derr, No. 50, of Februar
' 0. 1376 of April 30th, 1866 replying to th as Government Whéx};
}1t was proposed to devote Rs. 1,1 ok Govern?nent Ofe I:Bu‘,iget_ Orders; o the
y ChOIavz}ram and the Red Hil‘l "1 ‘ 0,800 _‘f to the project for th ndia, intimated* that
reservoirs for irrigation s Tank, with a view of inc e storage of water in th
gation, as well as of providing the city r:fas]l;;g d’;he capacity of thos:
=2 la g1 .
public establishments, a;i;ﬁs gﬁ” ;;ﬁdand
ant

SONU [
SO e
N
o e

i

No. 1102, of Apri
: ’ il 11th, 1

which most X , 1866, fr

b o, st of the above details have be(:allxl1 .

ing to the plans

h and esti i

Fi;:efegnEprep?irii in full }(Iirﬁ;? b;lll\lic .
, C.E., an i

the approval’ of this ‘gol;?::ﬁggn;‘e’?eived‘l'

. .

RS,

I Th :
& ho coustruction of o dun neross the Kortalaytr |
. channe W't L aee s ,
&};.dn]fu quumlte works from ltl};eh:g(.i and other sluices, 30,710
III. The enh;ra istance of 8} miles icut to Chola varam
bank lgement of the capacity of thi L =
IV. The 00nstrg {?Et f i ) is tank by raising its
. ction of a-channel . - o
the Chol el with sluices, bri 4 . 1,38752
V. The enlarg:gae;imfto the Ked Hills Tank, 2 ;'lggles’ &e, from 52
bank 15 of the capacity of this tank by inlength. 65,96
VL. The const i;qer s tank by raising its 964
. onstruc jon of & channel with its dutees. o .
b - nel with it: .
ridges, &o, rom the Tied Hills Tack £ fhe Spae Fam L17,934
ur Tank in

1,22,055

. Madras
VII. Sundries, ¢ meation £
, Iries, compensation for land e
&o , nd and houses, superi 28,032
T . » Superintendence, o
‘ vee ven . 1,833,483
Total ... 6,36,930

S Sy
——
A TN s e
N ot et .
e e,
N - ey .
. e

The scheme also ¢
templated Y
of waste land, and it ontemplated the irrigation of :
suffice to pay higil intorest. glglfﬁted that the rezurﬁﬁtﬁiﬁ f 000 and 9,000 acres
' : o estimated outla rrigation alon
y- e would

Sanction to th j
e project was accorded by the Government of Indi
ndia by telegr
gramz

1+ Proceedings, Madras G ;
s S, 1500, overnment, No, 2374, o0 July 14th, 1866, and by lett
roceedings, Mad T She.
of October 16“{:‘? S(ggvernment, No. 3298, sanction being Rs. 6,11,759 b
S M. Frasosn S i 11109, Ttem
Fraser’s estimate being’reduceXIt(I) of

Five per cent. for conti .
Compensation fg: f;}lrllémgencms I RS,
. s ave eu . .',. e 257172
. vee P 83, 140
Total ... 1,08,312

5. In the meanti '
for the carrying out O?Tlfé ilvc:)\;c’ﬁ;f%r, proposals had been sent to the
{I Despatch Nol 46 of . Y a private Con}PanY’ it béinﬂ foge.cé‘etary of Stato
spoteh, . 46 of 1866, dated September 2;1];1(113:131 prOSpeCtSOWeril s(l)‘ed“ ﬂl(iit the
Ko, 2 ot 1966 dated N The Sec:gg;-ld fbe readily fortgl(l)((z)omtihat‘
B as T y dated | pvember 24th. He considered y of State replied in D ng.
eason f . ered that th s espatch
even had there been any pr bOIi)]‘lqt seeking the co-operation of 2 Pinaneig nature of
was very doubtful, thatyaz? OCa ility, which in the then sta(’z 2 Financial ;
to the Secretary of State thyat ‘(Empany would be prepared to o ho foney market
scheme, it could thercby re dl Government took upon itself co-operate. ' It ap rea ed
y render the mere conyeyance of :tert?: ;rrngation partlof zie
, ’ reservoir in Madrag

Company,

n Proceedin i 9 -
b CCOl‘d :

July 19th, 1866, No. 626 C, the total
otal -

)
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so profitable a business that it could afford on liberal terms to place the water in the
reservoir at the disposal of the Municipality. It would then only remain for the
Municipality to construct the distribution works, and if any difficulty were found in
raising sufficient funds’ for that purpose, it appeared that Government would incur
little or no risk in advancing the money on the security of water-rates, fixed sufficiently
high to be likely to pay off principal and interest within a limited period. The
adoption of this plan, besides preventing the water from being made needlessly dear
for the profit of strangers, would, the Sceretary of State considered, not improbably
be bencficial in showing to the Madras Municipality the advantages which they might
confer on the town by themselves providing for ordinary municipal requirements. °

6. The Government of Madras accordingly recommended® to the Secretary of

_ State that the Governmen ndia

* D(‘;Spﬁcgfﬁ Secretg.rg of State, No. 70f 1867, ghould be authorised to raiste ‘z)zf lolan of

ated e r“""r}.' th. e 8 lakhs to be applied to the construction

+ Letter from Government of India, No.40 L, | of the works comprised in Mr. Fraser's
of March 25th, 1867, in Proceedings, Madras roject. 1 pris alr. rraser

Government, No. 1139, of April 13th, 1867 ; project. In reply it was pointedt out to

also Despatch from Secretary of State, No. 13, the Government of Madras that the

dated April 8th, 1867,in Proceedings, Madras G.OVGrnment of India had full power to

Government, No. 1455, of May 14th, 1867.  dispose of such questions, and application

+ No. 967 of March 27th, 1867. was therefore madef to the Governmcent

) of India to sanction the loan of 8

lakhs. As, however, the requirements of the project for the year (1867-€8) had been

§ Telegram of March 8th, Procecdings, Madras stated§ to be not more than 3 lakhs, the
Government, No. 696. Government of India appeared to think]]
I Letter No. 40 I. that the loan was unnccessary, and that
‘. funds could be provided in the ordinary

way.
7. The Municipality, however, required a loan for the construction of the distri-
bution works. Mr, Standish Lce, the then Municipal Enginecr, prepared the scheme
for these, which were estimated to cost Rs. 12,80,000, and application was accordingly

A ) : made¥] to the Government of India for a
T Letter No. 3410 of October 3_Oth’ 1868. loan for this amount.

The Government of India, in replying to the proposal as regards the loan,

sted** that the Municipality should
** No. 55 AL of M hnth,\ 69, i _ suggested inicipality shou
’ (i)nfrs, Mad(x)'as ggvemmenf? )l%ol.n ﬁff:ee ((l)f become joint owners with the Govern-

March 24th, 1869, n}ulent of the work. The case was stated
” thus :—

«The whole additional supply of water stored is 2,700 millionstt cubic feet ; of this 1,431
millions are to be used by the Government and
N ; ) . 864 millions by the Municipality, besides 405
millions which are of no use; in all the Municipality has 1,269 million cubic feet stored for its
purposes. If, therefore, the cost (8 lakhs) be divided in the proportion of 53 to 47 (1 431 to
1,269), it gives 4} lakhs for Government and 3% lakhs for tho Municipality ; it is then pr’o rosed
that the Municipality shall be considered as joint proprietors of the rcservoir; and be allowIéd to
pay the interest on the above capital, plus a proportional share of maintenance ’charge.”

+1 Stated in cubic yards in original.

The Municipality declined,}} however, toaccept the offer of joint proprictorship, and

++ Proceedings, Madras Government, No. 1622, the loanof s.12,80,000 was sanctioned§§
of May 17th, 1869. S by the Government of India on the terms

§s Proceedings, No. 126 AL, of June 25th, orlglnally prop.oscd by the Madras
1869, in Proceedings, Madras Government, Government, viz., at 6 per cent. per

No. 2327, of July 17th, 1869, Z}Iltnum, f4 pei'1 cent. to be considered as

_ . . , interest for the money and 2 per cent.
to be credxtqd to a sinking fund for the liquidation of the debt, the {Iunicipalirt)y being
further required to pay Rupee 1 per 27,000 gubic fe}e)zt for the supply of water reccived
il Go t of Tnd; , . . from the Teservoirs. This latter po.lr}t
‘;Ofr: ng}uge 2%&:‘1;’?&0}“1011’ No. 126 was strongly insistedjfon.  “The Muunici-

. pality has elccted to be treated as a
c2§t0f11er in refspect to the water supplied, and it cannot therefore reasonably hope to
enjoy more favourable terms than those granted to the public gencrally, The
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Governor-General in Council, moreover, requests that it may be distinétly pointed
out to the Municipality that the free use of water from the Government reservoirs

must not be looked for.” .
3. Asthe works in connection with the storage progressed, it became evident that

the original estimate for them would prove whelly insufficient, and a revised estimate,

amounting to Rs. 10,42,640, is noticed in.Proceedings, Madras Governmont, No. 1100,
of April 26th, 1870. - This, however, was not forwarded to the Government of India,
as doubts had been thrown on the estimated returns from irrigation, and it was con-
sidered advisable that a definitive decision should be come to on this point before any
imate was submitted for sanction. But.as 1t was not possible to delay the
ks, the outlay soon largely exceeded the sanction, and the revised

: ‘ estimates were repeatedly called* for,

revised est
progress of the wor

* Proceadings, Madras Government, No. 2697, Not being ready, the. Government of

" of November 10th, 1870. India ruledt that all expenditure after
Proceedings’afa%r? ?gfgrmn‘?l}t’ No. 2009, yapuary 1st, 1871, should be debited to
of December <nd, 1717 : No. 233 the Ordinary Agricultural grant instead

+ Proceedings, 1\5’(‘3‘,}1‘:"31 Sggvermne‘n s NO- 9% of to the Extraordinary (Loan Funds)
of January 2V, 100 - at, No. 520, graat, from which the previous expen-

of February 21st, 1871. . “.diture had been met.

$ Prococdings, Madras Government, No. 939, tu;lly decided} that a Committee should
of May 20th, 1871. | be appointed to report on—

(1) the complete outlay required in ordcl" to place the works in a satisfactory
condition; : ' L
(2) the total return to be equitably credited to the works;
{3) the charge for maintenance. -
The Committee’s Report§ is dated July 1'th, 1871, and was forwarded to the
) , Government of India with letter No. 2172
§ Procecdings, Madras Goverument, No- 2171, ¢ August 23rd, 1871. It is therein stated
‘of August 25rd, 1871. that the estimated total cost had risen
* to Rs. 12,25,558 owing to— '

(1) increased rates;

(2) improvements in design ;

(3) additional rates; )
(4) increase in land compensation. ,

The estimated return had also fallen from Rs. 1,12,166, at which it was taken in

’1A870, to Bs. 49,000, Itwas suggested that the portion of the expenditure on which
this return would pay 6 per cent., or Rs. 8,16,666, should be met from Loan Funds,

" ]eaving the balance, Rs. 4,08,892, to be defraysd from Ordinary. .

10. The Government of India did not, bewever, approve of the latter part of this
~ roposal, considering]| 1t to be unfair to tax

I Letter No. 693 L of November 10th, 1871, the publicin the Madras Presidency gene- |

in Droceedings, Madras Government, rally with one-third of the cost of a project
No. 65, of January 10th, 1872. undertaken principally on behalf of the city

of Madras, and for which there seemed no doubt the city could well afford to pay. An
enhancement of the price to be paid for the water by the Municipality was therefore
recommended. It was pointed out that in Caleutta only about 2,440 gallons of water
were obtained per rupee, and in Bombay only about 8,000 gallons, against 168,750
: - galons per rupee, which would be the

39 million cubic yords = 5,400 million gal- rate in Madras. In reply to this the
lous for Rs. 32,000. - . ‘  Government of Madras pointedq] out that

« Letter No. 1015 of April 18th, 1872. g distinet engagement bad been made with
the Municipality not to charge more than Rs, 32(,1000 peélr annuﬁ.l flofi thia water, on which
o . understanding it had declined** to become
Letter No. 1015 of AP“‘ 18th, 1872. a joint proprietor, and that, morcover, the

cost of supply should be estimated on the volume used, not on that available. In

9, The Madras Government even-
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regard to this it was said that the supply was not expected to reach more than 312,000%
. ' inhabitants, and even assuming that each
Out of a population of 397,000. The Census person took as much as 20 oallons a day,
of 1871 showed that the supposed popu- 1o would only give a yeabrl consump-
lation of Madras was very much larger than tion of 2,277 million gallonsy or at the

. 7

proved to be the case. rate of 16,824 gallons per rupee.

11. The Government of India accepted this reasoning, and with letter No. 05 I.

. \ v 1450 Of Mayt 10th, 1872, forwarded a copv of
t Proceedings, Madras Government, No. 1432, jotter it had’addres’sed to the Secrgt{try

of June 12th, 1872. s
. of State recommending ‘that the proposal
should be adopted that 8 lakhs of the expenditure should be met from Loan Funds,
and the balance from the same source in the first instance, but to be repaid by annual
Instalments of 1 lakh, one-half of each iustalment being met from the Ordinary grants
to the Madras Government for Agricutural Works, and the other by a reduction of
the Provincial Assignments to that exent.

12.  The Secretary of State did not, however, approve of this proposal. In his

. , despatch? No. 59 of July 10th, 1873, after
% Proceedings, Madras Government, ‘_NO' reviewing the circumstances of the’case;

162 B., of January 24th, 1874. . he said he regretted he could not concur
as to the mode in which the difficulty should be met, it being entirely opposed to the
policy under which expenditure on remanerative works was permitted to be undertaken
from borrowed money, that any porton of the cost of a work which is shown to be
unremunerative should be debited agaiist Loan Funds. It was therefore ordered that
no part of the principal or interest of the money laid out should be eventually debited
to Extraordinary Funds, _

13. The Government of India, in fogwarding a copy of this letter from the

. . ecretary of State to the Government
N‘;;Jf?ﬁ;}gfﬂ?‘ggiﬁzﬁ’ :88 2%’0;3. Proceed- of Madris, remarked that the Accountant-

&% ’ ) General, Public Works Department, - had
reported that the ultimate expenditure was likely to amount to more than 15 lakhs,
instead of Rs. 12,256,658 as reported by the Committes of 1871, owing to no provision
having been made in the estimate for establishment and tools and plant charges. The
actual outlay to the end of 1872-73, combined with the grant for 1873-74, showed the
following results : — : ‘

P

—_— ' Loan Funds. { Ordinary. ’ Total.
' . RS. R8. R-S.
Works ... . | 845616 | 371,989 12,17,605

Establishment ... ...' 164231 1,05,045 | 2.69.276
Tools and Plant e 7,901 9,123 17,024

Total ... 10,17,748

4,86,157 ) 15,03,905

The refund to be made accordingly amounted to Rs. 10,17,748, and, with a view
of affording every assistance in its power to the Government of Madras, the Govern-
ment of India authorised the Accountant-General, Public Works Department, to debit
the Ordinary and credit the Extraordinary grant with Rs. 9,70,000 in the accounts for
1872-73 for the Madras Water Supply Project. This left L. 4,47,748 still to be
refunded, which it was suggested should be done in the following way: 2 lakhs from
Provincial Funds by annual amounts¢f Rs. 50,000, commencing from 1874-75, and
the balance in three instalments from the Ordinary grant under Agricultural. Subse-
quently all Irrigation works, including Agricultural, were included under Imperial,
and the refund had therefore to be made
entircly from Provincial. It has been
carried out in the following§ way :—

§ Proceedings, Madras Govemment, No. 819 1.,

of December 9th, 1881.
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By transfer in 1876-77 ORI ¢ X 1111
Do. in 187879 . o e e e 50)000
Do. in 1879-80 . e 1,00,000
‘Do. in 1880-81 ves - 1,00,000

Do. in 1881:82 e e e e el 100,000
. Do. in 1882-83 e ep e e e T4TT4
Total ... 4,47,748

*® Entry in Budget for 1882-83. '
14. Dut this does not constitute the whole refund. The estimate, amounting to
Rs. 12,25,558, sanctioned in Government of India letter, No. 6951, of November 10th,
1871, only included works and petty establishment charggs, the regular establi‘shment
charges, and those for tools and plant having been omitted, as well as all indirect
charges. - It was found also that several of the component works required extension or
modification, so that an additional provision under works was necessary, and a revised
estimate to include all these additions was called for. Great delay occurred in submit-
’ ting it, and it was not till the 9th of
Proceedings, Madras Government, No. 849 I 1y o0 P01 '188T that the revised estimate
was forwarded for the sanction of the Government of India, It amounted to

" Rs. 18,54,463, divided thus:—

. Rs.
1. Anicut and Head Works ... vee  ens on e we 95839
2. Cholavaram Tank Supply Channel ses on e 245670

3. Cholavaram Tank ... e T e cen e 2,67,867

4. Red Hills Tank Supply Channel e eee o 1,32,882 -

5. Red Hills Tank ... es e 2,98609
6. Distribution os e ees 27,201
7. Land other than for the Madras Municipality ... e 1,45,079
8, Miscellaneous = ... e een 58,596
- 9. Items chargeable to Provincial ... ... o+ ee 96,573
. 13,67,816

Deduct amount charged to Works, which belongs .
to Establishment T 24,866
Total, Works ... 13,42,950 '

Establishment e e we e e e e 2,19.255
'1‘0018 and Plant ees e »ee Y con e ese . 8,201
Co : 15,70,406
* Less Receipts on Capital Account ..., ... ... 1,167
: Total, Direct Charges ... 15,69,239
Capitalised Abatement of Land Revenue ... ... ... + 2,138,320

Interest ae XYY sae .o YY) see 71,904
| Grrand Total, Direct and Indirect ... 18,54,463

The total of this esfima‘ge is divided ‘as fdlows :—
’ ) ' RS,

Imperill v wee e ae e e ae e 9,82.105
Provineial e aee " ees e 8,712,358

so that the whole of the charges having been originally met from Imperial, and only

Rs. 4,47,748, as above stated, added to Rs. 23,214 originally met from Provineial,

having been refunded of the Provincial share, there is still arefund of Rs. 4,01,396

\ o ) to be made. This, it has been ordered,*

* Letter from Government of India,No. 228 A-G, s to be carried out in the Civil Accourts,

‘of June 5th, 1882. by continuing to refund one lakh year by
year, including 1882-83, until the whole debt has been paid.
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CHAPTER 111.

ERING DIFFICULTILS LNCOUNTERED, AND oF
IN WHICH THEY WERE OVELCOME

ACCOUNT oF THE ENGINE
THE MANNEL

t—

TrE proj i
o It)lrxgjgif:i«lllf:t :uoﬂe.reé from its commearement to quite an unusual extent, lﬁt}g
work is 1t anxd ‘I\:mf., to f'.«)fnls of unexpected severity to which every 1rTigd ghe
two reSC‘ﬁ'Oir; c‘om L -_Ol Il'r..nn mxstukv_s mzulo.,! 19 the original method of vxc‘vutujﬂ, .
requiring thcreforeILT(f in f.!s(! roject being furmed by additions to old “"Orh“:llzmt
reccive, o onpn 'C(Euqnully carcful treutment, which unfortunately ;he_}"‘d‘ ltics
arising frop i omogenity between the old work and the pew. ‘Ghe ditfict

o ol these two causes will be taken scparately.

L. Daxaces rrox Freons.
rising to 16 fect ubnve‘(:}?w ‘f]r}' Leavy floud came down the Kortalaydr, the nicut,
2nd 4 feet above the ] 1-1 b e sill, or l()- foct above the crest of the '?'"
damazed Tt 1o ! )1( cs_«:l as onginally e<timated.  The anicut was bul ¢ l.-i’uve
breach. va. formedpsb r; ‘}ml\m:_:;s of the heal-sluice were carried away, und 8 Iy ;5
feet abuve the level ofttl}mt 1”.“‘”'-. ,'Hm roadway of the heal-sluice, being m)nel
from fhe Hiven v 16 sluice x:llxs, was 1 fuul under water. The mipply chad to
Was also breached in several places by the liad drainage brought

* Proceedin : the channel by the tw treams (‘3_0
tedings, Madras Governme o, 957 (hannel by the two & oting
of Noveraber 1610, N ment, No. 274, (e Kattankal and Dusikal, the C"l‘l”‘t&i;

works Leingz insutlicient to puss the
charge acro<s the channel.®

2. In October 18 . walcl

3. Novembe - e
above thelnmigt‘%r?b:}felss'g a still higher flood ceeurrsd, the water rising to 13 f:::
Kortalaygr. The i) tamr.rut, aud also over the tunks cn both sides of th"".r‘_c
the south flood-bank gl l.lm?d the north wing of the anicut, and Lreached extensi¥as
upply channcl, The snieut ey U i1 Comsequence, considsralle damiz® (0
wing-wall which was turx::; w“"""” sustataed no injury, b_ut a small porties ©

b was carried away,  The breaching of the south ﬂ‘)‘. to the

et a larpe ben

Kattank:ﬁ a‘x’l(g‘flr}r:z'(ﬁf, ]“ a}t“'r to the eountry Leyond, which found its way 1P 50
back to the Kbnaligl"idr’ tjlf‘lilf?c 1:’Eto the supply channel, which was breached, 80 o
consisted of . Dot theadditional works which the flovd showed to be DeCe

. nuiﬁut
t Droccedings, Madras Goverirme N (1) Ll-ngth(-r:mg flm‘ oo
No.2132, of .»\n:u.ut{.?txzfnﬁsrn:if Ly 130 feet, making it 624 fect V5

The actual cost was 12a, 23,437 The estimate for this amount®

DY . . 1:5. 2") ““O.
(=) A ful:'_thli‘r Tuising of the roadway of the }u_-ﬂ:!-slui‘t‘e to the supply “han,;l;lé
which had ouly teen 6 in-hes above the flood of November 1872 od,d
_ .. ndeds
3 Proceedings, Madms Gove Deessary ruising wag recominit o
Al Mas VO Imer, t' N S . v B gt
No. 2132, of August 201, 1573, 12, Pe effected by clesing ”.‘.:rr)E the
shutter geqr : X between the pters which ¢
of the ¢ gear, aud by rainng the carthwarks at either end to the
(3.) T 16 tops of the parapets of the winga, th
. ‘a(:?tlllﬁ.t%m ﬂ-()"d.l,".mks on each sido above the anicut and on the souof
the(lri-g“ffilt'l The bunksabove were raised to 5 feet above the lfﬂ;‘ -ur
Tank“ ;'-. kOOI + that on the svuth side having its terminus on the ** ’I‘r i
vank, and that onthe north sido on ‘ace boundary mi
Bclow the anjcut g 6n a4 vuiage kmuﬂt
extonding (uf on the south bauk there was a flood emban®i ¢
g three-fourths of a mile g comparatively high growi

:lﬁ; :r;,?:ﬁrt pa'rt}of t!‘nsﬂl{;:mk was much too low. The flood-level be At
10,300 fee reachied 80-83, or 205 feet Lelow that shove the dan: ¢ the
surfuce f:llt,“fr rla.fgher less thun 2 miles, its level was 7696, 0 ! lnf this
bank, a len t}as £3 f7 fect per mile, and 'to the proposed terminus Oﬂ()nd—
level’hem '(gf.}.loo 1900 Feet, the fall would be 1456 feet, making th 1-51
10 13:37. The ground here was at 81-32, giving a margit®
L 3

.
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. {eet, but on the whole it was con-
* Proceedings, Madras Government, sidered* safer to make the bank here
. No. 1222, of May 7th, 1874. 3 feet higher or, say, 84-31. This

+ Proceedings,' Madras Govci‘:'nmeﬁt, 4
No. 2132,0of August 26th, 1873. : 1 _

0 & » as in 18721 the water in the Kortala-

yér had risen considerably above the lev:el of the crests of the then
existing weirs. The level of the top of this connecting bank was also
fixed at 84:31 feet. The estimates for these banks were— ‘

. ’ ' -\"d:" : ) . N RS,

F¥lood-bank north ofdliortala.yér above anicut e 5,650

~ Do. south .do. above and below do. ... 6,800

_ and were sanctioned in G.0., No. 1222, of May 7th, 1874.

"4, Tn October 1874 a higher flood

 Proceedings, Madras Governmeut,jNo. 2011, even than that of 1872, occurred in the
of July 15th, 1875.- : Kortalaydr, the levels of the water in each
: cage being given} as —

‘ ‘ - . “ 1872. 1874, Difference, _

At 1 mile 1,293 yards above anicut ... 87-32 9085 353
*Apicut ... . e )
The embankments above the 'anicut’ were not mucl} damaged, only three small
breaches, which perhaps were intentionally caused b)_' the v1llag_ers, haviqg been made in
the south bunk, but it was discovered that the terminus of ' this bank did not fulfi] its

purpose, as it proved capable of being turned. Ystimates amounting to Rs. 2,558 for

R completing the right flood-bank, and to Rs. 4,500 for extending it, were ‘sanctioned

in G.0., No. 368 I, of October 3rd, 1877. The anicut suffered more than the embank-

" ment, but principally from local scour. The foundations of the crest wall were under-

: r a length of about 120 feet, the front row of wells disappearing almost entire]
;x:;ge&iosecond?ow settling considerably. The crest wall went out of the uprighstr:
. - . part 1t also being carried away, and a
Proceedings, Madras Government, No. 2011, crack appeared in the rear apron. The
" of July 15th, 1875. © remedy proposed§ besides the restoration
of the damaged portion, was to lay an apron of rough stone 21 feet wide and 2 feet thick
at a gentle slope on the upstream §1de of t‘he crest. The supp.ly channel was also
damaged, owing to the impossibility of discharging through it, when the Korta-
Jayér i in high flood, ~1l the land drainage coming mto it. _The drainage basin of the
: Kattankal is estimated at 62/ square mileg

| | Proceedings, Madras Government, No. 2785, and that of the Busikal at 44 square miles,

of October 17th, 1876. - and (it was calculated that, allowing
M.W.L. in the channel to be 103 feet above the hed or 43 feet above F.8.L., weirs of
980 feet and 216 feet in length, regpectwely, wou.d be required to discharge the drain-
ages. This was supposing the weirs to have flusa crests, but by adopting self-acting
revolving shutters for the vents the lengths were reduced to 144 feet and 135 feet, res-
SRR ‘ , pectively, and estimates for these improve-

« Subsequently increased to Rs. 19,000. ments, amounting to Rs. 18,400, for

. * Do~ do. Rs. 17,400. the Kattankal escape and to Rs. 16,900*#

for the Busikal escape were sanctioned in G.0., No. 2785, of October 17th, 1876.

Their execution had, however, to be deferred pending the sanction of the revised .

estimates. The proposed arrangements, even waen carried out, do not promise to be
wholly satisfactory, but it is impossible to devise adequate arrangements at a reason-
able cost. Should the river be in extreme fresh when the local rainfall approaches a

. maximum, the discharge of the drainages cannot be disposed of without exceeding the

proposed M.W.L. in the channel, and on the rare occasions when these unfavourable
S circumstances may combine, the left bank

't Proceedings, Modras Governme’t, No. 849+ of the channcl will probably breach at

L, of December 9th, 1881. poinis which will be left exceptionally low

‘ : . soasto fix the site of the breaches.{+
5. An estimate, amounting to Rs. 2,135, for raising the connecting bank between
the flood-bank of the Kortalaydr below the anicut and the bank of the supply channel,

high ground had to be counected with -
the left bank of the supply channel,

. 8286 8420 134 \ |
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l . = : : 1 f the old bank.. The fail
; Pt £ fracture being along the back slope o ailures were
12 ,, : : gsdlxi?:doby the slipperyoblue c%‘ag which formeci. .t?e lowlfr 1part; off the backing, as the
the necessity for which } , , - . s ned . :  water would naturally have a tendency to trayel along the line ol junction of the old
in G.0,, 1\'0).( 368 L, of Ocad been shown by the same floods of 1874, was sanction& . E&

tober 3rd, 1877 The condition of the river cmbankments, ok ‘ and new works, especially if assisted I its passage by the remains of roots of trees,

of tl ; ) . [ . v vewotable soil.  Dislocation having once taken place in this way it is easy to
the ixg;ll’zﬁ?g;l:l}dlgf theksuPply cha'm.zel b gonemlly ratisfactory on the occuslo!_)“{ :\"/ i E;:S:ilzgé Z]ig addition of earth to make u; the bank to its proper level would, by
¢ works by the Chief Enginecr for Irrigaticn in November 1851, 2 " addine to the weight of the mass in a state of unstable equilibrium, tend to renew the
1L D | slide downwards. This is what actually occurred, the bank continuing to sink as fast
« VAMAGES To THE RESERVOIRS. s : ag earth was added. The slips were due partly to an error in design and partly to_
(1.) Red Iills Tank oy ’ " errors in execution. It would have been preferable to provide for the additions to the
6 ‘ — ) Re iy Tunk, ) * : ‘ " bank being made on the inner instead of on tl.le outer slope, as the pressure of' water
Tank s Int hI' ebruailry 1670 leakago was first noticed in the bank of the Red Hl”}: A would then have held the new eartlliwork agautls(t1 tl;e_(l)ld banl_:.htBﬁlt evei)n if this W;rg
near the north end, when on'ly 1} feet depth of water above the old calingula ‘ ' t done, as in the case of the work as executed, failure might have been guarde
crest had been admitted to the tank out ) AT aore i " o no ’

; t of the additional depth of 15 feet which it w33
designed to hold. The leakage wasou id R e d for an
additional length of 4,596 fect the WZ:?;X o o leogth of 807 fuct, an

quantity, ‘The new carthwork which bad
Was supposed, been rendered impermeab
to have been taken for granted that the

acainst had the old bank been thoroughly cleared and broken up to ensure junction
"with the soil added. e .
passed through or under the bank in slrlnzn‘lfz B R _ . 9. On December 2nd, 1873, another and vele‘ly efrgleni)lvle IShIP .occurreg,* g’lf(;g feet
been placed 1 bank had, : - __ B north of the Polal sluice, or about half way
lellj)' xxn:::xis g? Lhcéﬁglzf&% Oll()u; it appears -t ~ * Proceedings, Madras Government, No. 238, between it and the slips of the previous
old earthwork LCII;W this {»u(’ldle wall would SR I of February 2nd, 1874.  year, very heavy rain having fallen during

S L e et

. also be impermcable even under the press: . , -ater. 1B L 3 ous and saturated the bank. A quantity of what was described as
i Forns whih s mpoed o g e S S e e e o by s oxpo. T
. ; B akag CC,y . . : 5 .. " L, 3 :
certain portions of the embankment laterite gravel and rock crops up, and there the S remedial measures adopted were similar to those 'prevmus'ly ordered, viz., the drainage
water found its way through. The remedies proposed and carried out were— : . of the fallen mass so as to form a sort of ';‘e\tzu}mng bank, and the ;eformatlog of the

(1.) At 5or 6 fect from the foo! of the revetment o trench from 8 to 9 feet Wi(_le bank with sound earth. N

was carried down to a little below the original ground surface and fille P . 10. 'The bank stood well during the héavy fa_in_s of October 1874, and was not
i with puddle. The scil between this Iizddlcgraud the revetment W33 ‘ g o subjected to any further severe test till 1877, when, on November 17th, a slip again

o

i with pulle. bo il between th : et Mo E , occurred, duet to the saturation of th
e n sh t a time, 8 - ‘ : : =
Ellod o with il B3 of 4 feet fn sxg;tv;tcendg(t‘l;it }‘: b?‘in" then placed | 4 Proceedings, Madras Government, No.38L, lower part of the rear of the bund, result-
over the. paii v iole of th excavated garth b “of this was oo of January 14th, 1878, : ing from the porous laterite subsoil.
estimatod ot T 3 {has, . b " The drainage of the bank where the slip took place was again ordered. . _
(2.) Low retaining walls were built at the foot of the rear slope where fﬁg - - ~ The n:w. sluices in the waste weir failed} on the same occasion, owing to water
Proceedings, Madras Government, leakage was heavy to prevent slips. T : ! ) : v . ' ‘ working under the covering stones of the
| o 1950, of Avg. Jmesntr (eakage was heary 1503, L " 1 Proceqdings, Madras Government, No.381T., vents and forcing them up by hydrostatic
7. TIn November 1871 about 17
‘ > & fe

' f January.14th, 1878, ressure. The insertion of these sluices
: . i k scttl(:d 0 , p . se sluices
;trzifnt}l;:vt{:ﬁks &f) ﬁhfo“fgdg:}l}; 3':£ warth iD . for the purpose noticed in the 7th paragraph of Chapter I had been sanctioned in
g : .

slightly, owing, it was supposcd, to heav

i : ottle- v cedings, Madras Government, No. 2522, of August 11th, 1875, at an estimated
Proceedings, Madras Government, No, 72, of the rear of the puddle wall. Th(; :;;)re- f‘ _ irsotcg?dngﬂ,lOO. It was discox’rered in 1877 that the concrete foundations on which -
_ January 11th, 1872, . ’ﬁ“f“t was slight and no danger w8 , f the piers of the vents stood had to a great extent beecn washed out, having been

8. In Octob - ended. he \ f made of bad material. When the floods had subsided a coffer-dam of earth was put

- In October 1872 another setilement occurred® in preciscly the same spot, t : P round the sluice-vents pending the preparation of the estimate for all the repairs the

‘ meeédings; Madras Government, No, 2460, r}gaximum subsidenco being 09 Olfaﬁlf‘%%é E ‘tank was held to require. | o ' . -
of October 19th, 1872. t-‘faggerated reports as to the 8‘},c‘d some b 11. In May 1879, however, a cyclonic storm passed over -Madras, the fall of
alarm, but the Chief Engineer for Irr atic‘: ore current in Madras and f‘c‘:tas in no I rain being very heavy, with the result that a portion of the coffer-dam was washed
danger of breaching, and that (2) even ﬁid itr;x ;Q?Orécd (1) that the tan + jpundate B away. The breach was with difficulty closed. In passing orders on the papers

- Madras, but would find its Way into the It reach, the water would nouthe nort be - ' S reporting " this occurrence, Government
of the city. Certain remedia] m »nuore backwater, some 5 miles to d be ] ' § Proceedings, Madras Government, No. 3741, gonified a desire§ to have complete infor-

' casures were proposed, but before they coul ‘ of July Ist, 1879. ati followi i
completely carried out very Leavy rain aeg; I} poscd, 2 inped 0B £ . - mation on the following points before
‘October 14th to 18th in the same plase, Tﬁ;;[:im‘;ut 1imdl.the bank again S;P‘fnd the E deciding what further work should be undertaken for the sécurity of the reservoir :—
sinking consequently greater, A length of 437 feeto“s- lpd‘; o ngo:-lc stc}::f déprossion i (1.) The cost of draining the rear portion of the bank which had been reported -
being greatest at the two ends, where it wag 911 feet anadsl' :iu; et ? "the north and i by the Chief Engineer for Irrigation in September 1878 to be still
south sides re§pept_1vely. The slip wasg attributed to th ;e .1(-m with a larg® b saturated with moisture for a considerable distance.
adm}xtll)lre of inferior yellow Soapy goil for the bapk too‘;txse o'ﬂi a?},w absence of & b (2.) The cost of raising the parapet wall of the tank. .The top of the bank
grav Cldaclfilqg that should have been provided to the re Tetme netr wa orehing inquiry o o referred to M.S.L. is 62-31, but there was a dwarf parapet wall of
gxas or 0{9 1fn P }x;gcliedlngs,_ Madrag overnment, No. 3014 Of.Dccc;ni)el' 18th, 1872, % ’ laterite stone at the top of the revetment which made the margin above
Ax? r::‘i;i: ‘i 8';‘27’: 1c Aatfet g{)"eirl{l Proceedings, Madras Government. No. 19205 ‘ff R F.T.L. nearly 7 feet." It was considered that it would add considerably
P grlrl;an i ;Iurinrrotgeiz ajor Scott, .., who had been in charge of the work$s I . to the safety of the reservoir to raise this parapet to 55-31 along the -
valuableylight on the oouses ot CfOI}Structmn, is printed thercin. which throws mu¢ 1 | k . deeper parts of the tank, and to 54:31 along those parts which are of
bank, obviously hung o . ‘ailure. The new work having been raised on the © o b intermediate depth. -
bank. 5o that Y hung on aninelined plage represented by tha hack of the ol Sy :
, when the new work settled presented by the back slope T ot
the old work did not Participate ip cd on beng permeated by water under PIC o b
| ® movement, and dislocation therefore otk I ﬁ ; v N
i .
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((4‘)) Th: f‘zat offropm'rmg the surplug sluices in the waste woir of the tank. ' 14. The following is a copy of the specxﬁcatxon for carrying out the above J
wirﬁ f(J }m“‘wrmg the tank bLank comypletely seeure from the righ , ~ works :— - - lovel of 21 i 1 the sole of i
103 of the surplus weir ta the end of t} arent leakaoe @ short ’ "« Tyansverse drains.—These drains will start at the level of 21-00, at which level the sole of
distance south, of the Polal sluice bLe <0, apparent Jeasdst o core { i, ~ ho drains at their outfall will throughout be fixed at all places at which there is a pool or lower .
“.an in “m l k ‘ Gidl & !}!(‘D ] l:_v ﬂxi.‘ 1sertion Uf a Pu““'(‘ “, : N . o the 310:5 w ar of the bund. \Vhex?e the ground level is higher than 21:00 a drain para}lel to the
wall, and i .'_.m -“lth a longitudinal drain at the back of the 1'“(1‘ N i ) %roun ﬂlfbrecut along low ground not Jess than 30 feet from the toe of the rear slope with a fall
: o0) t’ L Lross drains to the rear toe of the bund at intervals of from -+ bund wil} be cut afong o © . . of 1 foot* in 10 chains starting with the level of Lo
Until thisui £ oy .fc‘#t according to the amount of lm.L"w.«;, munifested. iz * 8 feet a mile. ' 21-00 at the }Ower end. The head of this drain ; h
*T1 » tlormation had been f urnished it was din‘(’te-& .t} xt t! o surjlus sl €% ' " to have a width of bottom of lthOt e Si(}:el%opl?s'c’f %rt?nl’ghe gggdbggt:{:;lgdﬁ ftgetl:n v?i‘?l?ea,?y2g ’ %
.- . . SR e ' : 10 chains, ie., a chains fro v 3 1@ ] - Co
rf,ﬁ;tf’,ff;},‘,"l weir had been lowernd terpo- b}m.u!‘l be l"',{t' unrepaired and t,],w :m.!”t‘;:' { le}-les gtfg;: ?:ige()fa?éeg ontc %11111: sz)le; of the transverse drains at their outfall will be 0-50 foot : S
ol Novermber 1877, weir Keptat itsthen level of 43-51,2 W8 f e cém?sthe bottom of the parallel drain. All open transverse drains to have a fall of 1 in 330.
46-31 as circumstances i ‘ht inds beirg retaised as near to the FTI- € b ‘ v ‘A1l drains filled with stone to have a fall of 1 in 30, The transverse drains under the bund
ments, as had been ¢ ‘ my_} it indicate to be prudent by means of temporary arranges é’: , ~ to be run into a line 22} feet from the rear face of the bund parapet. As the lengths and starting
12 Tl‘ i tho Lrst failure of the sluices m 1577 3 t : lovels of these drains will vary, so will the sole level at the inner ?nd. - .
above ;;IV(lvml P}r('p_uratmn of the estimutes required by ( . t as m.v-ntivﬂ"d' Lo Go - Frcavations for transverse drains.—These drains outside the toe of the bund to be 1}
¢ Hved borings Leine c ey St by bovernmen T vious i ' ot ttom with side slopes of 1 to 1. . T : S . _,
cvidence of the very mi:\'od‘;hfxnr{“l? . the bank, and these eonfirmed the pn‘“t)}l:c R foet ‘Zl'%%:tcggtirfos into the bunc{) to be at right angles to its alignment and to be 3 feet wide. L
embankment, and s'howol aracter of the material used ia the formation of the Vo Taking the rear srfope as on the average 2 to 1, the cutting will be about 3 feet deep at 6 feet deep SR
structed in a very ’ ‘U moreover that tlie ol us well & 3 the new portion was con- L T m.%s commencement, and, o far, the sides may, be 1_eit mlsupported, _All the cutting beyond |
22 feet from t} J ;mml;u}},]e manter. In two of thy Lepn o3 w ter “I s met with ut ot f]{l(?:lt; be supported by close planking with struts or distance p&;acestu{_: 6 feet z}cpart borizontally or - T
18 1op of the bank ¢ Lobenies water was : ot ! *act] noth of the plank, and vertically according to circumstances. -
water level, and j ANk or &t 14 and 12 fect pes - . the actudt ; .1 the direction of the length of the plank, : 3 . .
h and in one \ <. leet) respectively, below the § in the ; A . he planks parallel to the sole of the drain. As
lew], mdic,ating a \'Ié(;);h‘ﬁ.t(l‘shdg the water rose to :ﬂr’nut K(j i!‘t*hv};' below the water 3 «The simplest arrangement will be to lay the planks |
84 M M )

| C / e in has been completed down to sole level, -
fe frecdom of col rin the by soon as about 30 feet in length of the cutting for a drain has been comp ; ’

} . nmunieaty ot weg ~te : B . ) i be laid in and handpacked. "I'his stone should be in irregular
Tpmc“e‘hn&f“, Madras Gove oA tark.a '-; It}} oo h't wertt yﬂm N ;:t‘t This | t + the stome for thz tglgl?n:ﬁ:;l }g di?mmzzer: Turf sods g)hould be laid vertically at the sides,owith
of June 2 tth, 180, roment, No. 496 1., ,n;:.i‘ln". e mtcn“r.('f the bank- wddle o roundish llﬁfst’he stone, and on removing the planks the space left vacant should be filled in with
bank without fip ] I,( X v ”"”-V (-ﬂn("lusn‘d_\' . that 8 Iin the ! ; : the gﬁtﬁ well tamped. = The stone to be covered in with turf sods, grass fiownwards, and the bund | : e ]
appea irst lowerine 4y e wat core wull could not he u:surh't} it P gofo d to section, the planks being removed one by one as the filling in progresses; the soil to 4 .
o;})k-ar at all certuip that the nserty ' (*rile\'(l m the tark considerably. NoF d“t L ‘; . {; 2f;éefully tamped’in 3 or 4 inch layers. The stone at the end ofleacg leng_thﬁf drain tsllzutshfoxs:tmed S
conages s effeet W R ruddle wall w ot glop ¥ BooL : com bel bstructed by the earth by a plank placed verticaily again, e gtone cor
ould . wie wall woull be suffeicnt to : | : to be protected from being obs y the. : : .
it G&I;(rl such l(»akuge m.li;xx\t “’: ‘:-(;:m’ ‘(-‘x’f all but sudani) leakne ;:r“m the bank 1»(“4{‘!;“ ‘J, . ‘ &(;ld edge of turf; this plank will be removed when the next length of s'tone 1s‘ about to be ‘lmd
Nty a8 evyd. . s RALE L y . i ‘ X . ) | e e . .
o theos»t Part of the bank would ::}‘1 nt, \:C t'lx.vl-. sed of by means of drains ,,,:rgs e downe Should much water be met with as the cutting progresses, the drain should be laid in with
08 Consisten ¥ of butt SR Tematn i s ey con Vo, 5 €. in gome P R i - d the bund reformed oveér it id shorter lengths, say of 10 feet,s0 as not to leave any
Which woulg ipe. °Fy and gett]y, ents m L cenditiotly 4 L any W 4 stone, and t1 ’ time than can be quickly closed and ecompleted, should the adjacent
of the bank‘ nvolve the Tupture of r}... T3 might therefirn take place at @ S e port A : greater length ope}x)x at one ﬁg than can b wgter' Tho width of the sutting being only 3 feot it
Constrqe -l. S eemed, thepefore ;"‘ Pust'“}:lu wall and admit water to the e erly 5 ¢ soil show Blgl?stotfl efl;}(i ‘Z?sthe bund gt its end, which may be cut at a slope of % fo 1, will stand
0 . IR 1nsida oo e BOULLE esg thay the formation © tcn o . X 1ons must be made for supporting it by short pieces oI y Wl
¢ © 1);1.1’1 X Ty o, thee L ¢} 1 ) f . a Yr\l ; ‘ . 18 Probable that the + it by short of plank th
uld reader the tan} the CXisting bank at tha )t vt Lo latter Wi ol T without support, bﬂt prgpm‘latl(l?s : if a All threpplank% will be 2 inches thick, so these
anK see o HOR BET e the latte SRR T R - . i anking if necessary. 1
“Mpty the tank and t() Lir(', and to carry this out I t‘l o3 Tfl}n ,t “ o pecossary f(‘ i ~ cleats f{;m?}fei E;cg 51 (S)L 1‘(31 :‘é fegt 74 in che;{ong, and wedges should be driven between the ends : .
OI0g to cut off the su (. ] ot tinpty for nn'h . “‘Y e ,,;uut.' Jdor €0, A1 by © S Plaén]t(ﬁe cgd's planking to hold the short planks until the cleats have been fixed. .
even.ha‘l the nc('esa-xf- Py of water to tha oy - g ;r‘iu....m. W f the ‘1““5“0“ 2 . . « g8, ' 'Longitudinal dry stone wall.—On fthe completion of cutting for a transverse drain, it :
certal{{;} T supply of material €¢ Cx‘ { 34§m_‘1, v O‘;t‘ ;‘ wis B te (e will be secn what the nature of the bund at’ this point is, as also }vhet}ilﬁr av;atel}’) ﬁlédi its _Wa.(}i -
: v . ' een fertheoming, which Wi ‘ : ' 1 \ ints above the level of the drain. It w en be determine
ever, th;':;t: VeT remedis) measupe . . oy bW’ ’, ' through 'u‘n}l! m';tt}zi?r}ﬁtfﬁm Sc.l;n?g gﬂﬁt?si};o’;)g insexzed or not. - If this be ordered the excavations
1nserte anran-sv"?(’ draipsg unrlc-‘ ' }m, hit ba ultimtuly adopted, it was © rtaifh o be . ' thﬁ;h::‘ﬂ? bfgn Ea,ge in lengf:chs of 10 or 12 fect at a time, on cither side of the head of the trans-
first w} ! 10 view of the “F the unstyh e pertion of the bank wonld pave 10 é ; for 1 o commencing from the top of the bund, with a lining of close planking on either side
80 far Eatlwould be the effué “;Nn‘o.mcz:tin-m.l i p‘(,:!‘(: “‘; ‘“nm, 1 mhiiu‘ulu to -1 l . v?rtsﬁ dz?clﬁ(’;%nd struts. The trench to be 3 feet wide down to the level of the sm'i;ucci of thﬁ
Dduce eg oSG Of theap g LS QL SCRIMeS RO ey WORY { of tho Lt d level, below which a width of 2 foet will suffice. The bottom of the wall -
stone wql] . Msolidation of the t. It was consjdored possible that .U”"- a1 dry¥ : natural soil or ground 1eve, POV V¥ . 11 hed at a higher level, in which case
ave the (P : l\?ﬁgmscrtcd on the l}f;;f‘hgfnk 83 12 allow of o C(’{in(‘di“.‘—: l”nf':’t.wlm:vovl‘l § to b(?nlaﬁd ?fo‘tz Si(?g, il‘iggpg ?;Zrigﬂglnjlogu?;n I%W}:{et}:: r:::cxcf depth b:ing determined from the o h
?0 ensure jtg st' b'f' secwing f"(‘mlo’ of the Inner enda of the Jdrains, Wbt 1‘ . gt q - 1tzv_1 g '?he L Lwhieh, it porous, ill necessitate excavation being cgme(} lower.. The wall
if at all, glter eal ility.  Tha result r: ! "’;" :ator to all tho rear part of the pn el : ‘:}glfrbe in some cases founded lowér than thehhezlxd. Olf t?et;clmxtfverse dra(lin. ) ljilew tﬁ{ﬁé&?ﬁ V;;‘;g
41 econditiy ould then b + hank 1Y t i . ‘tv where the bund above the level of the transverse draini er-tig
Adequate gy, Qditiog, 5 1t beafront part of the ban : A 111 not be a necessity where 1 ¢ .
s ort . » and . I . , front T ERA will 0 : ., to the level at which the bund is good and
Practica] sta{)irii)trf  betwee this s.nt:l r('a F 1art 50 arranged us to attord th(’.fri“ froot ‘ ‘ ; its height ma{tbe aotcﬁrg;?ogretgecégtﬁﬁfxgin;iiglzhe 02 fe?a’t ei)f a simple longitudinal gdmiu to -
1 3 ¥ might be founi t' “m-'t 1 orear and the water pressuft SRS ‘water-tight. uﬁn o e'mate to F.T L. Generally it may be considered unlikely that it will -
S&DOtion. d 0 accordapce with t} o cxist. wer? i thafl‘zh’};’gc::ried ;Pxfefxgbove the surface of the old bund, but in all cases it should cut off ’
ed 1n roceedjngg, Mad;‘;:!c’;)\'e recommendationa the following cstir;\gi(;;,,.- ; ‘ _ . ?f;ﬁ '?he bund in rear all water passages, s0 that the rear of the bund may be left dry and : o ?_
overnment, No. 406 L., of June 24th, 1557 Lo stable. - : ‘ . o :
(L) Parmll C ’ " do C ' «4. OQrder of execution of work‘.—The .longlt.udma-l open Qrmn in rear of t]‘ledbu%lhmltlst be
(2) Fijy et drajn i rear of gou S : loted before the transverse draing having an outfall thereinto are commenced. lhe trans- |
(3) T o transverse druine in LoD Part of bark " ’ i oy edi . s into the bund ‘must be formed before a longitudinal drain or a longitudinal dry
(1. whgtudingl qrqjp o sIm bk . po00 ' C verse Cratet t in because the transverse drains are required to carry off all water tapped or
3 anue] to ower th, "‘_ dry gtone wall | s,'.‘ﬂo TR stone lel. 18 PY vating for the L drain or dry stone wall. .The excavations for these latter are ,
e “Cleved of yool in pe 0100 St . ' - ’ i tod drainace to the transverse drains on either side,
water dovel of tocl in rear of Lask to 21 00. j00 : ;ne{;)ewg)h;?r:rfg:d as gco afford uninterrup 2 he ¢ drai ither sid .
X - ' (?aro to bo taken that the heads of the transverso drains are not choked by silt from the excava-
¢ 00 , ' ' ) '
Tutal B X tions.
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“5. Drainage of pool in rear of bund.— Arrangeme ‘ nnel
,f;)] keep the water level down to 21:00 as a mnxigxtﬁx.n?nflmt}otot}r’i‘: ?x?getkg tigeogtfh;%ecgﬁtfﬂl
Ct annel at its head must' not be higher than 20-50 and it may have to be lower. On the plan
th:;09ng ko(:ﬁge(i sfznd_ September 1879, of the tank there is a drainage from the pool marked, but
i) Wouldlgf rr; tﬁlﬁztzrt::&ta; Is effective, and it is not shown as ruoning 1nto any channe
15. A report' regarding the works as execated is i i ceeding®y
Madras Goven_lment, No. 307 L, of May 10th, 1881, Frorfxoillfislagei(}: ;;p(?az‘(; that 5
- transverse drains and about 1,000 running feet of loneitudinal drain had been
completed, but that the 2,000 running fect of dry stone wall allowed for in the
original cstimate had not been found necessary, the longitudinal drain being foud
. . on examination of the interior of the bun
Proceedings, Madras Government, No. 498 I, to fulfil the required purpose. The cost
of August 6th, 1881. of the ‘works was thercfore reduced t0
™ . Rs. 9,800.» .

_ The parapet wall, the raising of which bad been recommended as stated 1B
paragraph 11, had been completed at a cost of Rs. 2,35+ The Chicf Engincer for
Irrigation, who inspected the tank in November 1881, remarked that : the transverse
drains which have been inscrted in the bank have acted well, but until the water has
risen to somewhat above F.T.L., their suffictency must not be t’aken for granted.” The
woir crest was then only at 43-31 or 3 feet below F.T.L., being so maintained 8s 3
R‘i’as}‘;m {))f precaution pending the completion of the surplus gluices, Provision fof
o ?h' as been included in the revised estimate for the project printed in Procecdings,

adras Government, No. 849 I., of December Jth, 1881.

16. The dangers to whic - the
Lifonls gers to which the Red Hills Tank has been exposed, and
iificulties that have been experienced in meeting them as summarised above, affor
a very valuable precedent to Engincers engaged on similar works, and it may be W¢

_ to point ou?: briefly the causes of the difficulties that have arisen and the prOCﬂ“ti"nS

+ Inspection Notes of tHe Chief Enei \ that should have been originally taken-
Irrigation, dated Septemb(:;ell()thl,lﬁlg;g for E nf(;)lrtlmatc}]{ th;)ll)n istake{pf lthe p;xlsct 5:;'0
. . ardly capable of being entirely re '
in thet present. '_I.‘he slips that have oceurred at severI;I points we?e undoubtedly due .
0 l:va %rlget’tmg into the bank, whether at points above ground surface or throug
sub-sol leakage has not been very clearly ascertained, but probably both, The origif

of the leakage is to be found in the omission to provide—(1) an adequate puddlc wa

in the first instance, (2) for the fr cao g lope
while (3) the wioe: n(g )0f A recdom from soakage of the base of the rear S10F¢

( e bank was made on both sides instead of only OB
tank side, and (4) the puddle wall was placed in rear of the revetment and its bﬂ‘ikl.ng’

but was carried down only into the foreshore of the o ins ow origin?
ground level ; its thickness and height were like\vis;di:::;cqug;stt:adSoje}f}r that much
of the old bank was founded on porous laterite, it is probable that no ;uddle' wall
placed as above mentioned would have been fully’eﬁ'ectivc for water would have been
liable to pass through the sub-soil and to come to the grm;nd surface under the bapX
The proper arrangements would thercfore have been— ‘ 4
(1.) To have aligned the enlarged bank so that all, or nearly all the necessary
widening should have been on the tank side of the old bank.-
(2.) To }qu placed the puddle wall on about the centre line of the new baok
;gtg its foundations 4 or 5 feet as a minimum below original grount
(3.) To have constructed a longitudinal drain at ground level immediately m
rear of the puddle wall, with cross drains at intervals, to carry leakago
away to the rear of the bank. These precautions, if carried out 8t the

time, would not have added much to the cos -cd the bank
would have been perfectly stable. 0 the cost, and so arrang

(2.) Choluvaram Tank.

regards the Cholavaram Tank have been very similar
ough’in a minor degree. The bank of the Cholavaral
ngth of 80 feet and'to a less extent for a length ©
nd, commencing at a point about 900 fect north of the
channpel, after the heavy rains of Qctober 1870.

: 17.. The circumstances as
to those of the Red Ilills, th
Tank slipped badly for ale
feet more near the south e
head-sluice to the delivery
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it was therefore considered* probable that

No water was found n the bank, and the slip was not due to any percolation of

~ * Prooeedings, Madras Governmeﬁt, No. 2774, tank water, but to the rain having found

its way down the cracks to the lower part

of November 18th, 1870.
“of the new bank, which in settling might have been pushed outwards by the rear.slope

of the old bank. The remedies consisted in—-

© (1.) Making transverse cuts 3 fect wide
water in the rear of the bank, an

@) Cl:’:f 1rite;a. ionvitudinal trench fr(;m end to end of the slip in rear of the
) butlxg.'g also tooa depth of 3 foet below the water level, and in this building

a dry’ stone wall 6 feet high, with width of base 6 feet, and of top 3 feet,

(ol . 8
: ing ar of the bank. The face of this wall at the
the batter being towards the rear e o roar tlopo of the

original ground level was on a line with t

‘bank where undisturb wel :

Egzlxlt’ ov;ef rthL1 transverse cuts being also carefully filled in, s0 as to give
dditional support to the wall.” ' '

" (3) T%e (lealrth of tﬁg slip was consolidated by means of rammers, and stepped

7 s as to give a firm base for the new earth required to bring the b@k to

4.) Tf:h‘t?::;k' was raised to the height at which it stood before the slip

. ’
TPa‘rﬂéﬁgEaid(fﬁfﬁ ‘;ﬁﬁgﬁtﬁ removed from the back to the front of
'ings, . Madras Govern- the old bank, and the rear slope brought
ment, No. 1926, of August  to section. The cost of these repairs,

1st, 1873. charged as new work, was Rs. 30,675.

down to 3 feef below the level ot the

. These precautions proved successful, and during the monsoon of 1871 no further

'signs of failure were apparent. : . .
' 18. But during the rains of 1872; when as stated in paragraph 3 the Red Hills
benk slipped the Cholavaram bank also slipped-at ap(npt a short distance to the
north of the ’slip of 1870. The portion then repaired ccontinued to 'st{:nd virell, and the
Y :dered* to be due to the nature of the soil, a light-colored clay of
new slip was consiGerety the regur class, of which the new bank
+ Proceedings, Madras Government, No.1926, was composed at that point. The por-
of August 1st, 1873. : " tion that had slipped was cleared away,
) was in-process of being added when the continuation of the slip was
and new So}l v ot © announced§ and a full report on the pre-
§ Proceedings, Madras Government, No. 3014, ventive measures to be adopted was called
of December 18th, 1872. - for. Slight slips occurred at the same
1 but these were not of much importance and were considered]] to be due
spot in 1873, bu ' ‘ rather to the evaporation of the-water

| Proceedings, Madras Government, No. 1045, yeed in remaking the bank than to leak-

- of April 23rd, 1874 . “age through the bank. It was eventually
decidedd] to reform that portion of the bank which had slipped by advancing it 33 feet

S .. in the same way as had been doneb
4 Procoodings, Madras Government, No. 2876, yr,000" goott for the first slip of 1870,

of Novembe; 27th, _1873' _ The estimate for this re-formation amount-
' ed to Rs. 30,675** and was sanctioned in

** Actual cost Rs. 29,832. .
' 271, of February 4th, 1874. -

19. | The'.Chdlavaram Tank bank stood very well during the heavy rains and -

floods of October 1874, only a small general settlement occurring§ where the bank had

‘ _ ' ~ been turned over, and as it has given no
4+ Droceedings, Madras Government, No. 2011, fyrther canse for anxiety since that date it

of July I5th, 1875.

insp'ccted by the Chief Engineer for I.rrigation in November 1881, although. reported
as ¢ by no means in good order,” this referred solely to the general condition of the
bank, which ordinary repairs would suffice . to put_rlght, and not in any way to the
sinking of or leakage t rough the bank, both of which have now quite ceased.

d filling these in with large lumps of - °

ed. The soil below this wall was well consolidated,

occurred, the mnewt earthwork being -

Proceedings, Madras Government, No.

may now be considered as stable,. 'When"
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CIIAPTER 1V,
THE TOWN SUI'PLY OF MADRAS.

Tre town supply and the prine; ; oject 8re
: I prizeipal phases of the history of the projec .o -
E?;ugilii S;f;altrzt(;m_ately connected that 4 good deal concerning the former has meﬂt‘)‘e |
amplificd and oo ml Chapter 11, The circumstances with regard to it may n?"‘;)le
but it must b mpleted 8o far as the records of the Irrigation Oflice render poss! 'th,
15t be premised that as the Public Works Department has nothing to do ¥!

the supply wh Ry . -earily be
conﬁnﬁ t); staetzrssggslz has Ieft the Bed Hills Tank, the account must pecessarily

go into the details of disft:i}l;it‘igzl‘f’nes supplied, the price yaid, and so on, and conact
al scheme 40 million cubic yards® ""“’Stimwd ottg?
Municipal share . of the assui®® i,
additional supply of 100 "“uml“ g was

. Yyards.t The population of Mn‘qumm'

o paragraph 10 then supposed to be 170,000,320 I?A;Win”
ing it to be half-a-million, am}1 b etated

- 20 gallons a day per head, whic )
to be a very liberal allowanco, Mr. Fraser f‘ lzr;ilxsth:xti't}gl‘ ".qui’,-cd suppl)

ra~
085,686,295 cubi if "
tion’ - - : ¢ feet, The .dxffcrc'n(rc was to make up fur waste, loss by €
» Special cases of consumption, &, ‘
crr(‘d to

pditure
. . s . pder
-power 1n raising the water and dch_vmnf.'. 1 ml;ltit)',
the water havine. i ntage was necessarily gaiced by a sucrifice of q} "r a
level 6 f‘eetaybmg’ I consequence, to be drawn off from the Red Ilills ]:es(ﬂollereby
reduced o {Slﬁ(i‘e that that originally contemplated. The supply available wa3 t;lq s
affocied e anmhmxllvxon cubic feet, and the question of municipal supply “:‘;inﬂuy
er way. There is no doubt that it wus not contcml'lat“d orig ¢

to mak@ g aroe . et
_ any charge for the water supplied, and it was not till the raising Od ho

§ Paragraph 2 of G.0. N level§ of delivery of the wateh an’ feet
B AL .’,1\0‘ 2081, of Octoter consequent loss (3- £18} million cu}:lb ot

f . ' of storaze, that the question of P g
f(r)gx: ?lt':ltn:tc,xt ey delivercd arose.  This change i)n 1]"::v,c:] ;'::ducod ?hc estimate ro(t-gflld
not be d:em:(lll undt_.r the works to Lty 53,000, and it was considered that thf'{ then
estimated ex, erflr.““"""“"twe unless 7 per cent., or Rs. 56,000, was realised o8 “'i was
proposed thastgislts‘;,r:u?é S Iakl‘m. There was thus a deficit of Ls. 3,000, ‘fne ;5 that
¢ wet by charging the Municipality the same pri¢ feet, OF

esti REN . .

7000 cubts bgrﬁmldc}? A irrigation, or at tho rate of Bs. 7 por 189,000 €0t (Cone
acre. The GS;)\- o .lcl} was th? volume said to Le required for the jrrigat1o yrior
ernment in ufﬁrmmg the proposed chargo said thatit WCOH’”S"d 21

claim on behalf of the Municipality ©
of October 30th, 1308, million cubic feot per_ “‘}?;“Z}mﬁnned
i To 9a: charge to be made was 5ipa dia, -
lli'lo.%‘u(’)é,ualo. gfa ;2]:[:[1 Of)_Ju]y 17th, 1569, on Icfter from the Government © fxlg the
rate of Re, | . ¢ 2oth, 18_09, 10 which it was said that the price Woul" © c ¢qke
per 1,000 cubic yards or27,000 cubie fect. No doubt a I{“a, oint of
was made,€ from a Public W or}d“m of
view, in the wording of G.0- 4 O'utld only

2. In Mr. Fraser's origin

* 1,080 million cubje foet.
12,700 million cubio foet,

% Paragraph 10 of re
2 port, but ge
of Chapter II, and Note. -

3. In pr(‘p'irinrv its distributs PR T | f
FEPANnA Us distribution scheme, however, the Municipality pre

adopt the principle of distribut; 1e, however, the P ,
. stribution } ation i r ti escape the espe
entailed by the use of steam ¥ gravitation in order th escape '

Il Proceedings, Madras Government, No 4300
. ’

ﬁProcwlings, Madras G()vex:nmont, No. 1287
i

of May 5th, 1875. o
have v : .. O(Zt()}ml‘ 30&1. 1\‘_\['8, for 1t
milliolr)lciﬁb?g]?fz}tm? .Ehat. the Mun_‘c‘l’ality should have paid for the whole ©
also no doubs .‘t(' ‘(5~ million cubie yards) which were reserved for it. Jised everY
year, for i 1]l was then supposed that the whole volume would be uti lsyl,ia time
Rs. 39 000n : the many caleulations of profit that were made at and after l-ktioll to

et were 1avariably entered among the prolalle receipts. The popu®

-

porﬂ' '

PV S S

. considerable extent.
~ then 9 gallons per head per day
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’

i turns of 1871 as not likely to exceed
be supplied had been shown by the Censgs ;521,16180’* the higher number that had

* Vide inter alia Proceedings, Madras Govern- been assumed‘by Mr. Fra}ser being attri-
ment, No. 1287, of May 5th, 1875. butable to the erroneous ideas held as to
t Proceedings, Madras Government, No. 2981, the pumber of inhal?it{cmts of .Madras in
of . October 21st, 1875. 1866.+ The 864 million cubic feet were

‘to i i ' hough why that exact
hel ficient for the wants of 312,000 people, thoug _ |
vgl(}m’:g VIY?::S %‘223 sﬁlpoxc(ilis not very clear. It appears to have been purely arbitrary,

: : erly have been assumed at 675
an(,l the reduced supply ‘requu'e'd might mxﬁlﬂﬁpcub}i’c feet or 25 milliont cubic

1 Proceedings, Madras Governmert, No. 2981, yards, which. would have allowed an
of October 21st, 1875. - ample margin even for the development

2rke’s Drainage Scheme, which was prepared in 1875, but which has not yet

%i(?xf r.n(o}xl'agx{ :t? presentblikely to be carried out, owing to the inability of th}? Munici-
palit;r to provide the necessary funds. Under these circumstances even the reserve
of 675 million cubic feet was clearly excessive. In the letter of the I]’&es?d;len& of the
Municipality, No. 271 G., of July 21st, 12%75, printed m_Proceedu.lg% adras Govern-
ment. No. 2981, of October 21st, 1875, it is stated that the Commissioners hope by the
oxtosion. of pipe-laying to reach ultimately a consumption of 20 gallons per head
per day for a population of 312,000, or a total of 3645 million cubic feet per annum,
but. it is added, they neither desire nor expect to exceed that consumption to any
. In the same letter it is stated that the actual consumption was
for 280,000 consumers. Inthe repOrg oé thl(la President,
; i dings, Madras Government, No 620, of April 4th, 1876, the consump-
fil(?x]lltizdsla?; :gc:riouxi to 920,376 cubic feet (34,088 cubic yards) per diem, equivalent
to 20 gallons per head for a population of 280,000 or 123 million cubic yards per
annum. The reason for this sudderfl irﬁcreatse in cci)nsumtptlﬁn isnot s:aigd, agtd there I:S
iscrepancy in one of the returns, but at the present time it may be

probably some discropancy said that the actll)xal consumption isy'not

L

" gPﬂmgmph 2 of G.0., No. 492 L, of August likely to exceed 12 million§ cubic yards

5th, 1881. - annually, and by G.0., No. 598-A.1., of
October 10th, 1879, it was settled that no more water than at present would need to

" be reserved for municipal use. -

4. The following table shows the consumption year by year up to end of 1881.
. ‘Water was first supplied to the Munici-

* || Proceedings, Madras Government, No. 1287, pality from the reservoir during May to

September 1872, but no record of the

£ May 5th, 1875. .
or S volume used is extant :—|

-—_-—-’f : . . Quantity in- | - Quantity in
Periods. Million Cubic Million Cubic
X Yards. Feot.
From January 1873 to December 1873 ... 525 14175
From , 1874 to ’ 1874 ...| 536 14472
From 1875 to March 1875 ... 1-36 3672
From April  1875t0 ,, 1876 ... 11986 323622
From ,, 1876 to ,, 1877 ... - 5698 153-846
From 1877 to ,, 1878 ... 3428 92556
From ,, 1878t0 1879 ...| - 5693 153:711
. From ,, 1879 to ,, © 1880 ... 5-07 136-89
. |From ., . 1880to ., 1881 ... 6006 162162
‘ From 1881 to December 1881 .. 3:835 103545 -

5. Tt was stated in the last paragraph of Chapter IT that the total cost of the
roject has been divided in certain proportions between Imperial and Provineial Funds,’
and the reasons that led to this division, the proportioas adopted, and how they were
obtained may now be explained. A brief recapitulation of paragraphs 12 and 13 of"
Chapter II 1s neccssary as a preliminary.- When, in 1873, it was found that the
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. : ' : . | : " combined with the contents of the tanks at different dates, it appeared that the
actual expenditure amounted to Ds. 12,25,558, R+ 10,17,748 of which had been : ents o proportion of issue,s to consumption aver-

met from Loan Funds, it was proposed by the Government of India in a despﬂt“h go * The necessity for allowing for evaporation aged 1-to 21,* so that 12 -million cu.bic
the Sceretary of State, No. 27, of February 21st, 1573, to charge only 8 lakbs, the - had been strangely lost sight of in all yards, or 324 million cubic feet, being

amount of the eriginal estimate, finally arai - d to recover the- o1 P provious caleulations, The proportion $}. ectimated yearly supply required by
, L ate, finally against Loan I unds, and to TeeOn K assumed is v 1 b vid - e estimated year:) = et

bala’ncc‘frox_n the Ordinary Agricultural ‘and Provincial assiguments. I'his PE"I:S&; ; = I : gmxe‘; of (‘ﬁ%t:f ’%{ correctrid® P the Mupicipality ’811% * fif N 30b.m 1}110;1
however, did not mect with the approval of the Sceretary of State, who directed 1 h ~ : ‘ " cubic yards, or muuon cubie Tect,
despatch No. 59, of July 10th, 1873, that no part of cither principal or igxtore_st of t se R I would have to be reserved for it. Thus _altogether 20§§ t'.*' 1{05?6:; 330 w—\-raglti4
money laid out on the scheme should be eventually debited to FExtraordinary 1{n : oo million cubie yards, or 1,661-58 million cubie feet of the addi mi]a e 719 m’ﬂ‘].('g
The Government of India in giving effect to these instructions informed the Govern total estimated amount required to be reserved for the town, leaving /1°a Inililo

was consider.ed ~ cubic yards, or 1,922-4 million cubie feet,

ment of Madras i vo. 85 e 7 1 ' ) i
h n letter, No. 854 1., of December 9th, 1873, that ltfrom Provincial R A : t Proceedings, Madras Goverament, No. 1090s 55 the average annual amount available

that 2 lakhs of the outlay from Loan Funds should be made good

A . b B f May 1st, 1876, irrication.
Funds, .leavmg thq balance, which then amounted to Rs. 8,17,748, to bo met %:;2 A N ’ a)" ” e : fOfbm:I‘léa“O:ﬂL being, as above stated
“t}igff‘;gﬂmpmal grant. The theory, that Provincial Funds should beali thiie of | 7. The total additional supply Prmdeim{m‘te‘g 4 1327 million cubic yards,
of the total cost represente : - served for the . I PR . . e ok
the Municipality tlo) the to t(zlzlbg 1the PTOPQI'UOD of the volume ri”cr;i‘dt ctated in pars- A ; 3 ol + Tt will be shown in Chapter VI, paragraph 6, the portions rescrved for the purposes of
graph 17 of the Note of th volume stored, appears to have been firs] Proceedings i : that the assumption that one-fifth more mynicipal supply and _irrigation . were
Madras Grmrermx;ex]t:a "i’ 1G’§J 311 wi‘ } ngincer for Irrigation, prmtffl‘ i?“ith the towB : {7 than the full cfff,wﬂhls a‘g";“z‘ila‘;g‘;ﬂ{ respectively o2 and lg—’?, or in round
o. 1: D) - : , : " . 1 18 Iine t, e aadinio 101! - .
supply Agricnltural Flunde i’mvéo mumi :Ud,tg's‘n). {t N tllxe;? bs‘linr‘iﬂl Funds appes” N I e To therefors loss than 1327 milliom pumbers 46 and 54 per cent.  This there-
to be the only other so o f hheh Shis shas A ean b Jefrayed.” The R cubio yords. The municipal share of the fore became the proportion in which the
prineiple boine g T 1(111'053 rom v‘lna}'n this share of.the cost can be de - fer that had _ ol ~ expenditure should properly, therefore, be (1 aveg of Capital and Revenue expendi- -
P 2 admitted, it only remained tv determine the volume of W2 ' ! _ higher than 46 per cent. ture had to be divided.}

to be rescrved for the Municipality. .

ation Was 1 ‘ Of the total of the revised estimate, printed in Proceedings, Madras Govern- -

a

from certain calculations that had been made of the issues and recc’l

* Proceedings, Madras Government, No. 21. of 6. The necessary calcul: 1y of the : I ment, No. 849 I., of Degemng:.gtg,'ISSI, amounting t(? Rs. 18,564,463, the Provincial
January 5th, 1876, * made in 1876. The tota:) Cﬂ[’ac(; S S R share is thus Rs. 8,72,358, divided into— as
' tw - ated® to be as N N ) : - . ;
Wo tanks was state _ ‘ B Direct charges 71%%%%;
- Miiilions ‘“i!!lﬂn'” ¢ ' e . Indirect do- aes en “ee oes e ase eve ’ ) R
of Cubic ol]}:':‘m s ’ o ‘ The share (25 thle ann;al mainte-
Yards. e ‘ R . . Tadrs ; Vi -charges debitable to Provincial i
. ‘ P P dings, Madras Gov ernment, No. 849 I., nance- charg ncial 18
Cholavaram Tack v e e vee 2447 76369 . ; ; orf°°§§c§,’;%er 9th, 1881. Rs. 8,342,§ so that the charges against
Red Hills  do. .- 101-08 2,753'4(’ " I ‘ ‘Revenue amount to—
e — i ‘ RS.
, . g5 o Tnterest on Rs, 7,36,295 at 43 per cont. v ww .. 33,133
Total” ... 13049 -—’_’_____ : ) Maintenance charges = - e 3,342
‘ , re the [ Total .. 36,475
t Procecdings, Madras Government, No, 21, of #0d the eapacity of the tanks ,‘ b: f(iming ] [ ‘ ' ’ -
January 5th, 1876. y MO 21, commencement  of the prh]t‘-c [ : || Under recent orders the charge for interest will be reduced to 4 per cent.
beent— P Against this the receipts from the Munieipality are not likely to exceed ultimately
Milions  Dfillion® o Rs. 12,000, so that the Government eontribution to the water-supply of Madras will
of Culic o . ; be but little under Rs. 24,500 a year, and at the present time it is considerably more.
C’holav:}ram o e '3‘-‘;‘6. 9072 i ‘ 8. The following is a brief dpsgription of the arrangements for the conveyance
Redlills ... .. 7 70 = ot g00g 55290 , ‘ b of the town supply from the Red Hills Reservoir to within municipal limits.  Mr.
o e e o .o . Fraser’s original proposal was to take the municipal supply channel from the reservoir
_ 0384 64368 ‘ ‘ to the Spur Tank in Madras, and thence through properly prepared filter beds into a
Tetad ... 23% i U I T S  covered-in water basin. From this basin, which was to have held three or four days
the additional _ -_— 0 §7847 B ' supply, the water was to pass to the pump well, placed at some central point, whence
¢ additional storage provided amounted to 106:61 million cubic yards of < ly .Y it micht have been raised into an elevated cistern, and so distributed to various parts
million cubic feet. One-fifth of the total : e extra SUfl H ° ' of the city.4f The area of land to be taken
‘during the i 1 total capacity was assumed ag ¢ . vards, L REE , . ent. No. 1102, of J: . -
auring the year, making the total amount =0.5 lion cubic YA L - _ 8 Proccedings, Madras Government, No. »0l  up by the supply channel of this design
4,22658 million cubic foct, and the a(ldi:ignq;tzred i?bs}):r(gn ]130‘7 million cur; 1 April 11th, 1866. was 562 acres. g
- . ayye . . Et mou ' - . 1§ 4 : . . . . . . . .
yards, or 3,582 million cubic fect. The sill of t}‘w lowest municipal pipe be ?}Tore gy But this arrangement did not suit the Mummpail}ty, which E}sl}lled tlo hin'e the
N ) ‘ o = oot below 10400 or : ; ) water delivered at a higher level, so as
3547017 mxl’hon cubic fect, according o Col. felmo,llihegr 910‘,)4 Sfe‘;lt]illion cubi¢ yardsihis, R v+ 156-08 acres actually taken (Proceedings, to be able te distribute it by gravitation
. O’Connell’s table given in Appendix A. F RO 11t o foet, beloW S . ‘Madras Government, No. 849 L, of Decem- throughout the town, and thus avoid all
§A. head of 6 feet had been decided on as o.')", 90: million Cuhlc Olll ’.have to e Iy ) ber 9th, 1881) the e?:pense of pumpino' A new line
3 o ¢ : : . ‘ s . : : g ce
_ 2‘1*‘:38‘;1'Yrm G.0., No. 2981, of Octoher which in any case ¥ the to suppty j i | Proceedings, Madras Government, No. 4921, 0f - 0 o1} oo osore chosen, which however took
21st, 1875, and no authority is quoted for Treserved to keep.up ead of B¢ 1ot August 5th, 1881. of 160-28** acres, and i
the reduction. , FurtLer, it was found that t;his gill was i € Proceedings, Madras Government, No. 819 I, upeaasz dar:sl?e land compens Gon 1=
. ‘ ‘ N . bove her LI ] -cember 9th, 1881, - cere c alion  1rom
required to ensure a proper flow down tvheh:]imti?r%?nl 3(-lezfrtxttx§‘l,iend“fi"g afgi‘gt:lly, i 1/ of Decenther B Rs. 15,887 11 to Rs. 42,270.5%
reserve of 11-06 million cubic yards, or 29862 millivn cubic feet, necessar J ts of wotch f :
8
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.. 9. The water on issuing from the municipal ¢luice in the Red ills Tank 38
discharged into a basin 80 feet in diameter, which is divided by two parallel walls
6 fect apart. The space between was intended to be filled with charcoul, and thus act
as a filter, but as this horizontal filtration proved to have no cffect whatever on the
water, the filtering medium was removed. The water in this basin is wsually at @
depth of 2} feet. From the basin the water falls over an ordinury shutter weir into
the municipal supply channel. In section, this channcl, which is not however very
regular, is 6 feet broad at bottom, with side slopes of 2 to 1. The dcpth from the
!evﬂel of the top of the banks is 74 fect, so that tho extreme breadth between the banks
13 36 feet. The depth of flow is 31 feet. The outside slopes of the retaining banks

are 14 to 1, whether in cutting of embank-

. « I
T%"}lxlzcl)}::gvsfd :}floc}lt 1; 53 foct per minute. ment. The lepgth of the channel 18
. o : . g X
is 31-31. sill of the municipal eluice ¢ nijog 331 chains, and the fall being at

the rate of 3 inches per mile,* the leve

of the bed of the channel where it ends is 20-61.+

Loahe water from the channel is delivered into a circular well 22 fect in diamelch
fl?itst(;ibgtl? mzﬁsnry shaft. ‘ From this well, which is within municipal hm‘ts’f :hg
Cpstribu 10}1 ta s place. The head available is 20-61 feet, the level of the bed of t .
chan ¢l, plus 33 fect, the depth of water in it, or a total of 33-11 fect above mean ST
evel. The main pipe from the masonry shaft is 42 inches in diameter and 1,459
yards in length. It there divides into two pipes of 36 and 30 inches diameteh
respectively, from which minor offtakes proceed. i
o mali(x:;; hifrgti nut'nbers of the iphnbitzugts whose houses are situated .iu the' V}‘?{l‘r‘;tr%
paid forh tle1 1? water brought into their houses.  Thiese Louse services “hf" s 08
much 1%7 e house-owners, cost from Rs. 50 to Rs. 200 cach, and 1n Fume Cis¢

as Rs. 700.  Their adoption is developing, the figures being—

NO.

Up to April 1878 ... .. 240

To end Of Aprﬁ 1878 see Xyl see Y] vee -~ 293
wooof G, 1879 LUl s

»  of September 1830 ... 574

12.:::1{; C::,Z?? pegple have joined together and paid the total cost of the main I 0 as
high as Rs. 4 8%001' t‘ll,l}(: sepurato house scrvices. The amounts o paid have be(el tho
amount allowed 1 0(.9 water-tax is at the rate of 4 per cent. on the rental, ﬂﬁ o
measurement, F ) )0, gallun§ for each 4 annas paid, but there 1s practica y 1

ut. For public use, cisterng, wall taps, and pillar fountains are employed

th : =
e n?én‘t)ersfof each being .42, 84, aud 113. The cisterns do not answer.
Rs. 1 9%5 1;0011; noln:_domesuc purposes is charged 2 annas per 1,000 gallons, nnd‘ f
1,I o 8. 1,500 yearly is collected from this source. y
against 't,h ?' actual cost of the municipal distribution works bas been Rs. 14,30,0 It
I;um eﬂongma! estimate of Rs. 12,80,000—rile paragraph 14 of Chapter 11. xo
from t‘fgsﬁ g ﬁdmxtted however that the works need to be improved. AL oftts
ed Hills Reservoir at a lower level, a closed pipe to Madras, and pumpite

hat
This account of the municipal : and filtering works, would seem to bo Wl'

. . ¢ 2 lt
Municipal Engineer’s (J. Xc.)ﬂ.(]ixl;:m?sﬂ“)’ are most required, b}xg the Munfcltgﬂ y
report, printed in Proceedings, Madras Goy. 18 Scarcely in a position, to devo o
erument, No. 1038 W., of April 22nd, 1881, necessary funds to these objfi‘.lctso ﬁﬁ; was

. . for the improvement of the WOl
prepared by the Municipal Engincer in 1877, st an cstIimatod cost of Rs. 13:b6’334’

but no action regarding it has yet been taken,

rom

l‘ thcir

S
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CIAPTER V.
TIE IRRIGATION UNDER THE WORKS.

r—————————

ToE oilly point that need be noticed -with regard to the irrigation under the
project is the various estimates that have been formed from time to time of the area
t might be irrigated. - The point is one that has always been of the highest

that m1
importance in connection with the works, for on account of the small demand for water

made by the Municipality, and the extremely low price at which the supply has been

given, the project has always virtually depended on the returns from irrigation to
cover’the charges for maintenance. Nevertheless, as the project was primarily under-
taken for the supply of water to the city of Madras, the volume available for irrigation

has of mnecessity been directly dependent on that which has had to be reserved for

municipal consumption. | N . ‘
9. In Mr. Fraser’s original estimate 60 million cubic yards* were said to be

< . ) available for irrigation. This at 7,000
* 1,620 million cubic feet. cubic yards per acre, which was Sii
+ 189,000 cubic feet. Arthur Cotton’s allowance, would suffice
8.571 acres, on which the increased assessment, assumed at Rs. 7 per acre, would
i(::xowtx’;x)t to near’ly Rs. 60,000 a year. The raising of the sﬂ} of ‘qhe municipal sluice
in the Red Hills Tank 6 feet (from 25-31 to 31:31), noticed in the last chapter,

involved however the sacrifice of 153
million cubic yards} available for irriga-

“tion. - On the assumptions, that about 53§
million cubic yards would thus be left for

‘. . _ use, and that the irrigating dut

| Minute by His Excgllenc?i’ th(‘i’ (%) ie%dexllgeg Wbat’er-rate remained as above statg:i, z’tcrkll(:
~ Council (Lord Napier), dated Uctober 2009 1, y5hable return was thus reduced to

: ‘ Rs. 53,000.f

3. The Committee appointed in 1871, (G.0., No. 1518, of June 5th,) to report
on the estimates for and the probable return from the works, arrived at a very
different calculation of profit. Major Ryves, then Acting Chief Engineer for Irriga-

, ‘ tion, tookq] 160 million cubic yards as the

€ Proceedings, Madr:i,g 7Glrovernment, No, 2171, ayerage quantity of water stored by the
of August 231d, ‘ , tanks in one year, from which he deducted

45 million cubic yards for loss by evaporation, and 32 million cubic yards as the
reserve for the town supply, leaving 83 million cubic yards available for irrigation, or
enough for about 11,000 acres. The then estimated avetage area of old wet cultivation
was 4,980 acres, 80 that about 6,000 acres of additional area were expected to be

% 418} million cubic feet.

§ 1,431 million cubio feet.

cultivated. The average increased assessment was now however reduced to Rs. 3%, so

that the net profit became only Rs. 18,000, thus:—

, : : RS,
6,000 acres at Rs. 33 ... e e 22,000
Add average remission saved on old wét * ... e 7,500
29,500

Deduct for maintenance ... 11,600

Net profit ... 18,000

4. In 1876 more reliable calculations as regards the amount of water available
for irrigation were made, as was stated in the last chapter. The volume that could be
depended upon amounted, it appeared, to 71:2 million cubic yards, or 1,922-4 million
cubic feet. The former average area of irrigation was now assumed as 3,284 acres,

" though it is not very clear whence thgse. figures were Qenved, and on the assumption
. that the increased water-supply available for irrigation would suffice for an area

N nTE.—The ﬁ-g:;—GS in this chapter, so fur a8 regards acreage and revenue, refer to the projoct as a whole,
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proportionate to that irrigated by the volume contained by the tanks when unimproved,

the t o rn bl . . C .
total area of irrigation was taken at 9,852 acres, giving an increased area of

6,568 acres, which would yield a gross revenue of Rs. 26,272.
The net return thus became :—

: Rs.

Irrigation revenue e 26272
Add average remission .., e e 7,500
v 33,772

Deduct for maintenance ... 11,500

Total ... 22,272

’ hd . - i
9. It was not however till the revised estimates were submitted in 1881* th{llt
* Proceedings, Madras G - the corrcct return was calculated. The
of December 9th, 18801Vzemment, No.819T, irrigable arca is therein taken at 9,802

P . acres as above, but the average old culti-
vatio g . ’ 5% U,
1 18 Increased to 3,829 acres, leaving 6,023 as the ultimate increased irrigated

area.  Of this it is estimated that 4,996 ; i
. at 4,920 acres will be double cropped, and the ultimate
gross receipts are taken at Rs. 24,741, From this maintcnance grrx)d éollecﬁon charges
have to bte deducted. The averaze

¥ Works, at 10 per cent. on average old " maintenance charges from 1870-71 to
E:‘:Zﬁﬁgg ... 1,311. 1879-80 have been Rs, 8,969, excluding
ment, &e., at 30 per cent. on 1871-72 and 187374, in which years the

works .
“* s« .. 393 outlay was abnormal. From this amount

—— the assumed cost of maintenance of the
T . 1,7 ‘ y

' otal ... 1,704 old tanks, Rs. 1,704, has to be deducted,
Proceedings, Madras Government, No, 2¢30, leaving Rs. 7,265, This again has to be

of Octol, ~ ] 265 ’ . . ? =
ctober 2nd, 1876. : divided into the proportions of 54 P"]r
cent. chargeable to Irrigation or Imperidl,
zﬁg %frpe!;l‘%en?. Qhargeable to ?rovincial, for reasons that were explained in the last
P Eollé ; e Irrigation share is thus Rs. 3,923. To this bas to be added the charge
o c"m‘n at 7-2 per cent. on revenue, or Rs. 1,781, making the total ultimate
irrivitioaDHIl{nSt revenue acconnt Rs. 5,704, and the net ultimate carnings due to
perlpal shI;re (s)f {1(1)?0.37. hThe revised estimate amounts to Ris. 18,54,463, and the Im-
Rivided oo of 13 1n the above-mentioned proportion of 54 per cent. is Rs. 9,82,109,

RS.
Direct charges .., .. 3
Indirect charges - - f:gv?éf

The estimated return f irrigati A
. o e rom irrigation therefore amounts to 2:28 per cent. ol
Direct charges, and to 1-9 per cent. on Direct and Indirect charges.ﬁ ’

6. The last year for which a i i
< . h actual figures are available is 1870-80, and then the
ax:}rllegaticlsa:ea under first crop was 2,648 acres, and under second crop was 2,769 acres-
eollecgtrioﬁ cﬁt;elfts were l;:_s. 12,149, the maintenance charges were Rs. 3,441, and the
rges Rs. 875, total Rs. 4,316, leaving Rs. 7,833 as the net receipts.

7. A description of the irrigation sluices has been given in Chapter I The

following 1 ot _ A
the w Oﬂ,{-,sl:_the deseription 'and cost of the conservaney establishment maintained for

. RS,
1 Superintendent .., . . . o5
0' . .. X3 ve .se 'r
4 Lascars at 7 rupecs ... . .- - 15
2 Do. até I:, - - o .- . ?g
4 DO- &t 5 » ave s :: - o " . 20

PUSEE

Total per month ... 100

psm—————

Totsl per year ... 1,200

—ra———
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CII}\,PTER VI.

HYDRAULIC DETAILS.

It will be sufficient to confine the hydraulicﬂlinformation' to be given in this

- chapter to that which concerns the Red Hills Tank, which is by far the largest and

most important of the two reservoirs.” Colonel O’Connell’s tables of area and contents
at 1 foot intervals for the Cholavaram Tank are however'given in Appendix C, as
well as the corresponding information for the Red Hills Tank in Appendix B.

In addition to these tables the Monthly Statements of Receipts and Issues
have been abstracted for the last five years in Appendix A, and after having first briefly
explained how the abstract has been prepared, the conclusions to be drawn from 1t
will then be summarised. _ Lo

9. (Colonel O’Connell’s tables for the Red Hills (Appendix B) only show the-
difference of area and contents at each half-foot, but for the purposes of Appendix A
it has been assumed that for each half-foot the differences between each 0-1 of a foot
proceed in arithmetical progression. On this basis the contents at the levels shown
lumn 2 for the beginning of each month and in column 8 for the end of each month
have been calculated and are therefore approximately correct to 0-05 of a foot. The
method adopted does not give absolutely correct results, but is accurate enough for all

practical purposes. - - ,
Similarly columns 16 and 17 show the areas corresponding to the contents in

v

columns 3 and 9. Columns 4 and 5 show respectively the receipts through the supply .
_ channel and by means of rainfall. The former are obtained by direet measurement of

the depth of water passing over the sill of the head-sluice in Cholavaram Tank ; the

latter by deducting these from the total receipts as calculated by the differences of

water level. Column 6 shows the total rcceipt.s, gmd column 7-the sum of these
receipts and of the volume in the tank at the beginning of the month. ’
Column 10 shows the loss during the month, ie., the difference between the
above sum and the volume in the tank at the end of the month. - o
Columns 11 and 12 show the issues during each month to Irrigation and to the
Municipality respectively by direct measurement. o
Column 13 shows the total of these, and :
Column 14 the difference between this and the total loss, which is therefore the

loss due to evaporation and overflow. R
Column 15 gives the proportion that:the total volume lost bears to the total

volume issued. -

Column 18 gives the mean area of the tank duriﬁg the month,
Column 19 shows the total depth over the mean area lost by evaporation during

the month, and lastly - v .
Column 20 shows the average depth evaporated daily.

3. The figures entered as above stated show discrepancies here and there; as

 for instance in June 1877 when the total at the cnd of the month is more than the
" sum of the receipts and of the volume in the reservoir at the beginning of the month ;

or as in December 1879, when the difference between the beginning and the end of
the month is less than the consumption. But in'a long series of somewhat elaborate

" measurements which cannot be constantly checked by a responsible officer, it is inevi-

table that some such discrepancies should occur, and they are not numerous enough
to prejudice the general accuracy of the results. : A : - L

~ Again, as the discharge over the weir and through the weir vents has not been
gauged, no calculation has been made as regards the amount of evaporation for those
months in which surplus is discharged. This removes to a certain extent the mon-
soon months—October, November, and December—irom the calculations, to which may
be added September, when heavy rain often falls, - ‘ ' '

The general result obtained is however asﬁg}lows.
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That in the five years the average daily evaporation is 0-28 of an inch, and as the
average mean area is 149:-5026 million square feet, it would result that the average
daily loss by evaporation is 3-4884 million
: cubic feet.* _

The average result month by month is as follows :—

* But see next paragraph. -

Average
How obtained. : daily
evaporation.
. INCHES,
; From four Januarys e 024
» two Februarys o e e e e 024
»» five Marchs ven w026
» ﬁVe Aprﬂs ees sne . (X3 L4 . 0.3

e BveMays .. L L 0 .. 087
» four Junes ... . - . . 03
»  four Julys ... v e e e e e 033
» five Augusts . . we 032
» one September e een . . 0-38
»  two Octobers . cer . e w. 027
»» one November ... ve 027

»  two Decembers ... 0-13

Taken as a whole these results accord very fairly with “.'ixat might be expected,
the evaporation increasing gradually up to the hot months and then gradually gubsid-

ing. The figures for September, for which it has been possible to make only one
caleulation, are undoubtedly too high.

4. The statement further shows that the proportion the average volume lost
bear.s to the average volume used is as high as 58 to 1, but this includes 1877 when
the issues to irrigation were stopped for some months and those to the Municipality
were very limited owing to the low level of water in the reservoir, and when there-
fore the 1ssues in each case were very much below the averase ( seé Lelow'. Exclud-
ing 1877 this proportion that the volume lost bears to the \’glunle used is 2-888 to 1.

The average receipts during the five years were :— |

Million
Cubic Feet.
From Sapply Channel e : )y .
Rainfall U ... BR32094.

Ceen e e e 6277070

Total ... 1,517-0067

The average issues were—

Million
B i Cubic Feet.

ses . w.  403°591
st b ess’ voe “aee ves - 131-8222
\ P

- Total .., 5374132

" To Irrigation
» Municipality

The proportion of average issues to average receipts is thus 1 to 2-82, which shows 2
very Cl??" qu-eement with wh_at_: 18 practically the same proportion la’st given. The
proportion issued to the Municipality to that used for Irrigation is as 1 to 3-07.

The difference between the receipts and issues should represent the loss by
evaporation plus the discharge over-the weir. This difference is on the average
979:6835 mullion cubic feet a year, while the average evaporation obtained from
column 14 of Appendix A is 913-4078 million cubic feet. This leaves 66-2757 million

. cubic feet as the averago yearly surplus discharge. - The average yearly cvaporation

as last given represents a daily evaporation of 0208 of an inch as against 0-28 of a
inch as given previously. From this the general conclusion may be derived that the

daily loss of depth due to cvaporation is over 0°2 of an ineh and under 0-3. Probably .

one-quarter of an inch might be assumed with fair accwacy.

5. The following figures show the quantity of wuter draining into the tank after

a heavy fall of rain. They are obtained from Colonel ()'Connell’s report on the cyc]oxlle
of May 1877, printed in P’roceedings, Madras Government, No. 38 1., of January 14t lr;
1878.- This is the only occasion -on which observations have been made ©
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his interesting point, and though results of a like nature might be deduced from = .

¢ .ven in Appendix A, it is not considered that the conclusiens so derived

?ju?&g 1ll)];eeSsugi;iciently rIéIl)iable to 1’)e of value. " In calculations of this sort, a somewhat-
near approach to aceuracy is essential, and this can scarcely be considered as attained,

" tions have been specially taken with reference to the object in view.

The rainfall at the Red Hills Tank during the cyclone of May 1877 was 1—
' C ’ ' - " Ixcuss. i

O May 17th  vee e e e e e e e 100
Do Y 18th s e et e 1203
Do. 19th  cr e e e e e e e 488

| —

' Total .. 1701 -

. The rise in the surface of the water during this cyclone was entirely due to the.
drainage from the catchment basin of 23 square miles, which includes the area of the

reservoir itself. » . _ - - ‘
The rise and the corresponding drainage are shown in the follpwmg table —

T ADDITIONAL VOLUME ENTER= 'Draina.ge in
’ : Daily differ- ING RESERVOIR. inches over catch-
Level of Corn;spond_mg enceyof level ment of 23 square
Date. water surface v?nli’fﬁgnm of water | . : milgs, which. in-
[T T | e | Ty in g g | St
Rubic feet, | Per second. column 5. |
1 ‘ 2 3 -4 5 -8 ) 7
, W | ors0-| 2536886 VAT EE IO S
iy Javee e G095 | S17w018 | B6s | 2638132 3,047 492
D et | 3i2s | 83%0862 | 330 | 3210844 | 3,768 | . 6009
Do goth .| 3479 | 92103674 | 074 | 832812 | 964 1:56

RO o ep——

" Phe quantity draining off in the‘three. ‘days amounts to a total of 12:489 inches,

‘\Water continued to run slowly off the catchment basin for nearly a week after the-
“rain had cea

sed to fall, but the total quantity thus run off did not exceed one-third of
hat the total quantity run off fell short of 13 inches. tl‘akmg ea.ch day
ares in column T for the 18th and 19th of May give coefficients of
. - i ' f 1 ‘
lecharge of 37‘ and 466 respectugl);:fo(zih}%y%vcs f)rmu a
and co-efficients of 290 and 359 respectively for Dickens’ formula -
. . : D = CM % : - ,

It is more than probable however that these co-cfficients are too small to represent
the maximum discharge, which, especially in the case of cyclonic rain, would doubtl.gss
considerably exceed the average discharge from which they are obtained.

The table shows that the average rate at which the rain was discharged from the
drainage basin between the 18th and 19th of May was 6:009 inches per diem,

an inch, so t

The figures given ahove furnish the nearest reply possible to the information .

in paracraph IV (V) of Circular No, XXX, dated September 24th, 1880, from
:]slléegizzmrgentoof %ndia.( : '%he percentage which the volume stored bears to the
volume falling on the catckment area, excluding that of the reservoir, after certain
recorded falls of rain is there referred to.- But accurate information on this point is
almost impossible to obtain except in the case of a very small catchx_nent. . In the case of
a large area no reliance could be placed on the results unless the rainfall were registered
at several stations. In.the instance given it has: been supposed that‘: the whole of the
rain that fell was stored, but if the registered rainfall at the reservoir of 17-91 inches
was taken over the whole catchment, the percentage stored would be 69.- .

6. The following figures comparing the average consumption for irrigation and

}nunivip:ﬂ use with the storage reserved will be of interest. '

-+ A

-
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The capacity of the reservoir when fﬁ]l 18 2,744-8011 milliox} c}xbic fect, f’f, “'}:li(fh
1-9311 are increased capacity due to the improvements. This increase divided m

2,19

the proportions of 54 and 46 as explained in Chapter IV gives 1,183-6428 nfillicill
_ cubic feet as reserved for irrigation, and 1,008-2883 for municipal use. The average

annual consumption in each case given in paragraph 4 above is therefore 342 per cent.
and 13 per cent. of the rescrve respectively, ° :
But it is to be observ

divided do not appear to be correct, It was assumed in making the calculation, as
explained in paragraph 6 Chapter IV, that 4 more than the whole ccntents of the
reservoirs was annually stored, but from paragraph 4 above it appears that the average
annual volume stored in the Red Hills Reservoir, which may be taken as represcntative,
is only 1,517-0967 million cubic feet, or 69 per cent. of the whole capacity of the reser-
voir. - As, however, the level of the water is never supposed to fall below 3431, 1t
would be sufficient to assume the full rescrvoir as the volume annually available, and
the average amount actually reserved for Municipal use would then be :—

Million.

: Cubic Feet.
Volume below *34-31 ... ... .. e e o= 85138
t2:883 times average consumption 380-7v

Total ... 1,232'28

eerpmasen
——

: : t Paragraph 4 above, * pig, paragraph 6 of Chapter 1V, _
which is rather more than 56 per cent. of the increased capacity. This therefore
leaves only 44 per cent. of the storage available for irrigation, and the proportion of
volume used to volume reserved Becomes 49 per cent. for irrigation and 10-7 per cent.
for municipal use, . °

7. This Monograph is followed by three Appendices—-

APPENDIX A,

n B.—Colonel b’Connell’s Tables of Area Contents at Ialf-foot intervals for Red
Hills Reservoir.

” C.—Colonel O’Connell’s Tables of
' - varam Reservoir.
Also by two plates— _
+ Prate_I.—Catchment Basin of System.
»  1L.—Component Works of System.

A

Area Contents at Half-foot intervals for Chola=

-

\ - (Signed) €. VINCENT, =
June 1882, o e Jor Chief Engineer for Irrigation.

= oy "
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ed that the proportionsin which' the whole volume is.

——Staltggllent of Receipts qnd Issues of the Red 1Iills Reservoir from 1877 to
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TaBLE showing Water Surface, Areas, and Cubical Contents at hal
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Areexpix B.

RED HILLS TANK.

f foot vertical intervals up to

crest of new Calingulah.
' _. . : | Difference of Cub; .
LTI | LSRRI | AN | o™ | Conetew Leve
— -

1 - 2 3 ‘ I 5
FEET. MILLION §Q. FT. MILLION B8Q. FT. MILLION C. PT. MILLION C. PT.
22:31 . 25503 25'5015

3-847 136970
22-81 29-350 39-1985
' 4117 156873
23-31 33467 54-8858
4387 178125
2381 37-854 72-6983
4-657 20-0729
24-31 42511 . 927712
4927 22-4682
2481 ' 47-438 115-2394
, 5197 24-9987
2531 52635 140-238}
2160 26-8557 :
2581 2203 54795 . |* 167-0938 .
' 2 27-9465 .
2631 2247 56-998 1950403
: : 29-0590 |
- 2681 59245 224-0993
. 2:290 30-1932
27-31 2334 61-535 254:2925
. 3 31-3491
27-81 63-869 285-6416
. 2:377 32-5267 .
28-31 66246 ' 318-1683
_ 3-459 . 337912
2881 69705 3519595
_ 3548 355329
2931 263 73253 387-4924
635 _ 37-3184 .
29-81 5723 76888 424-8108
. 391477
30-31 2811 80611 4639585
‘811 . 41-0208
30-81 2890 84-422 : 5049793
, : A 429377 '
31:31 88-321 547-9170
_ , 3580 450528 ‘
3181 © 91-901 : $92-9698
3651 | 467604
32-31 95552 639-7302
3722 _ 485036 ,
32-81 99-274 6882338
: 3792 ' 50-2824
3331 103066 738-5162
3864 : 52-0968
3381 ' 106:930 790-6130
3935 , ' 53-9468 ’
'34:31 11 110865 . 8445598
4177 : 564762
34:81 { 115042 . 901:0360
4955 - 58584 .
3531 i 119-297 959-6202
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e vt e

g e ot e e
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Table showing Water Surface,
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Avreas, and Cubical donténfs at half foot Yertical intervals up to
crest of new Calingulah—cont.

el i Diﬂerinczo:til;gfal . Coﬁteni.:s at’ Lev:‘l
mn nten P ~
Hoight above benn | Difforenes of fren | & riAney Compalt foot, in Column 1
. Sea Level.
1 3 . 3 . 4 5 .
- \ C. FT.
;‘EE;r MILIJON £Q. FT, | MILLION s:.)_ FT. MILLION C. FT, MILLION;
| 7‘ 2 ; N 607308 1 020-3510 '
51 3 123:629 o20160 : |
35 ' h |
a1 4409 128038 ' es1508 1,083-2670
36' ) . ' . - . : )
81 4486 132-524  eriom 1,148-4068
36 _ i |
' 4564 137-088 04502 1,215-8090
37:81 ' ; 45 -
' 642 - 140°630 , 1,285-2682
37-81 asaT | 2414 8505006
' 387 144217 | ,
- 3831 B 73-0462 ‘ L 4595558
63l 147-848 - 4295558
3881 3676 . : 748736 5044204
| ' 151524 ,
w (e | 707230 1,581-1530
' sl 155245 | : ,
e 67 785962 1,659-7492
' 3T 159-012 L )
. 4031 835 D §0-1173 7595605
2 161-847 eL5407 ,
4081 2859 4706 . sraadr 1,821-4072
ral &8 164706 620766 ;
4131 Sl 29766 )
| 2884 167500 - 1,904-3838
4181 910 SR 84-425 L osagoss .
. 2:910 170500 r 1088 |
e bz 178 rsRen 2,074:6947
" - 178434 87-3593 ’
81 . 8735 |
“ 2960 176394 - 9,162-0540
43-31 5723 : 89:6239 -
o fee 182117 | 2, ‘
@ 5816 | PO pausnen
o o 187-932 N 2,
44-31 5906 ‘ 90'_4841 s06703
et o 193:838 vy | 200
481" , )
) 5997, 109-835 Lol 7008 2,538-2216
4531 _ . ' |
e 6088 . 205023 L 2,639-9314
4581 180 | 1049597 wesoll
o ' 6180 212103 ~ 2,7
4631 , )

PO P g S
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APPENDIX C.

CHOLAVARAM TANK.

gulah.

Areas, and Cubical Contents at Lalf foot vertical intervals up to
crest of new Calin

Height above M . T D, et |
‘ Sea Level, Dxﬁ;:ecﬁcm ‘(\.,Y:: for Are:mn I:*:l in g &g::?i .n::mf‘l:hha.: C““%’Lﬁﬁ:’fd "
—— —_— ! 00 '
-~__l__.____ 2 3 ? ¢ 5 __

YPEET, MILLION 5Q. FT. | MILLION 8Q. PT. | MILLION C, FT- MILLION C. FT.
4418 l'47 9000
18562 35:123
4463 1183 9-583
1221 19745 44706
5 0-184
4568 1257 10603
19 22223 65693
4618 <33 11441
1 23-516 77134
4668 331 12:006
24847 £9-230
4718 1284 12743
13 26131 101973
47-68 17 13394
135 27448 115-367
4818 3 14060
1.382 28797 129427
48-68 14743 -
) 141 20-179 144170
4918 1 15-442
. 1 31593 f . 159-612
4968 47 l 16157
‘ 1 23040 175:769
50-18 241 16823
19 34-281 192:598
5063 63 17455
1 25544 210-053
5118 286 18092
_ 36-830 228'143
51-68 1309 18741
1330 33139 246686
52-18 332 19-401
o 39-471 266287
5263 oo 20073
: 40-825 -286:360
5313 1194 20710
42:019 30707
53-68 1211 - 21-311
43-230 : 328-381
' 5418 1:228 21920
; 44458 350-301
5168 1245 22:538
LGS 45703 372-839
5518 1-262 23-165
s . 46-965 396005
5568 1279 23-500
TR 43-244 : 419804
l618 1-532 24:502 -
; 155 49776 444-306
;- b668 6 25273
: 51-332 469-579
VAR S B L

e T

P e

»

e g e e e s g TP T T
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Table shc‘)wing \Vatef Surface, Areas, and Cubieal Contents at half foot vertical, &e. f-corat.

Area at Level in

Difference of Cubical

Contents at Level in

e e e pei 29 e

Heigéx:aa}x‘(;zzelean Diﬁgzﬁclfa({if’ ﬁ)f)? for Column 1.‘ Contentsfitof.a ch half Column 1. .
1 2 3 4 5

:E:EET. MILLION §Q. FT. | MILLION Q. FT. | MILLION C. FT. MILLION C. FT.

’ 1:580 ‘ 26058 .

5718 52912 495637
1-604 . 26-854

5768 : 54:516 522:491
1:628 27:661

5818 56144 550:152
1-651 28-481

5868 57795 578633
1:520 - 29-277

5918 59-315 607-910
1-539 : 30071

5968 60-854 637-081
1559 , 130-875

60-18 - 62413 : 668856

‘ 1679 - 31689 )

60-68 63-992 700-545
1:599 . 32513

61-18 | 65-591 733058
1-619 33347 -

61-68 67-210 766-405
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GQVERNMENT 0 AS.

pPUBLIC WORKsS' 'TMENT.

Irrigé,tion N
A e
No. 13. - . i oo :
Reap—the following Note by the Acting Chief * T for Irrigaiion, dated Ootaca-
o mund, 24th July 1882, 8L.:— o
The accompanying Monograph on the 1¢ Water-supply and Irrigation

1<tension Project. compiled by Mr. Vincent, w Structions by Colonel Mullins,

]h?; %I(l}sgg prepgu'eci in compliance with letter N L., dated 23rd May 1881, from

the Assistant Sceretary to the Government of -4 i3 submitted to Government.
| ~ (Signed) ~ IIASTED, Colonel, R.E.,

: * Ag. Chief Engr. for Irrigation.

'i‘o the Joint Secretary to Government, Public Wort  tent, Irﬁgation Bra‘nch. ‘

L

No. 14. L
Orper—dated 2nd August 1882, No. 603 I '-Ql‘ks- o \
" Ordered that the Monograph on the Mad supply and Irrigation Exten-

sion Project be forwarded to the Goverament with reference to their letter
'No. 153 M., dated 23rd May 1881.

9. Ordered also that a copy of these Prc  be forwarded for the informa-

tion of the Sccretary of State.
: ' v ' (True Ext -

1 Secy. to Govt, P.W.D,
Irrigation Branch.

To the Chief Engineer for Irrigation.
,»  Superintending Engineer, Fifth Circle.
»  Examiner of Tublic Works Accounts.

,,  Financial Department. Ye .
. » - Revenue do. . v . Y., , B
_»_ DBoard of Revenue. .
!
. ' A : :‘ 3
Exd. S. T. Austin. - . ' .
~N . 1 o
{ .,‘) Spare Copies o ‘ ’
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' @.0.,2nd August 1882, No. 6031.
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