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28D Aveust 1882, No. 603 1I.,

T R A R N O A A A A N e i

Pusric Works.

GOVERNMENT OF MADRAS.

PUBLIC WORKS DEPARTMENT.

Irrigation.

No: 13;

Reap—the following Note by the Acting Chief Engineer for Irrigation, dated Ootaca-
: mund, 24th July 1882, No. 68 1. :—

The accompanying Monograph on the Madras Water-supply and Irrigaﬁou
Extension Project, compiled by Mr. Vincent, under instructions by Colonel Mullins,
has been prepared in compliaunce with letter No. 159 M., dated 23rd May 1881, from

the Assistant Secretary to the Government of India, and is submitted to Government.

(Signed) J. 0. HASTED, Colonel, R.E.,
Ag. Chief Engr. for Irrigation.

To the Joint Secretary to Government, Public Works Department, Irrigation Branch.

No. 14.
OrpeEr—dated Znd August 1882, No. 603 1., Public Works.

. Ordered that the Monograph on the Madras Water-supply and Irrigation Exten-
sion Project be forwarded to the Government of India, with reference to their letter
No. 159 M., dated 23rd May 1881.

2. Ordered also that a copy of these Proceedings be forwarded for the informa-
tion of the Secretary of State,
(True Extract.)

(Signed) J. 0. HASTED, Colonel, R.E,,
Ag. Joint Secy. to Govt., P.W.D.,
Irrigation Branch.

To the Chief Engineer for Irrigation,

- »  Buperintending Engineer, Fifth Circle,
»  Examiner of Public Works Accounts,
»  Financial Department,
»  Revenue do.
»  Board of Revenue.

No. 15.
Exporseyunt—dated 9nd August 1882, No. £04 L., Public Works.

Forwarded to the Gorernment of India.

(Signed)  J. 0. HASTED, Colonel, R.E.,
Ag. Joint Secy. to Govt., PW. 0D,
Irrigation Branch.

Exd. 8. T. Austin,

Spare Copies
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.. 4 The head-sluice to the suppl h iy
inches, with their sills at the same leggliscmmeifﬁﬁgfﬁg’g e D oot T
supply channel from the head-slqice to where it enters the Ch:lfa e::r i Tl;‘? leng _
* Of 66 feet, %4' chains, Tn sact;o:m it gkst)s ;38311?:
, ; ttom Width, with sida «].a.
;‘l_‘ge depth of ?rdmary flow is 21 feet, Theotoglﬁfw;%gh;gggh. Sldebzlg e of 13 to 1.
1de 18 about 83 feet above bed-level, The bed-fall of the channé% ‘a#erag?a]; ;h; xzorth
:  fee
e R mile, and the volume of its dischargepg,;

ordin i i
i :gﬁgs'vel 18 therefore 9407 cubie feet

The number and deseri tic;n of th,
the Cholavaram Tank are a:&xpfollca\vv':—--e masom;y egedon | the head-sluice and

No. Descriptic g

Head.
/ o e

—

Inlet, 30 feet l_dﬁg % M, cng, BT,

FE
Bri 20 | 7519
Bridge (3 vents of 18 ;
Outlet, (Katta.n]?al s 95 22:84 (floor)
weir, 147 feet long. 60 { 63-86 (epest)
Inlet, 20¢ feet long: 66 86 (wll)

Do. 24 do. 67'86

Do. 24 go. o |0t

Do. 20 - do. 63 64.98 ‘

SRR

I1 vents of 18 feet). ol

Inlet, 24 feet long i 22 gggg (floor)
g 44 | 63.05

68 |63:79

11 16523

L

i

T30

gl

55 |53

b S
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vt Bl e bt e

Tt will be obs

~ have often breached the su
their outlets have he

. 5. The total length of th
but the length frbmé;g‘ere thetha
Red‘Hﬂls Tank is only 2 miles
The inside

e X.T.L. is at ¢
_ contents§ of the
respectiy

3

6. The head-sluice to the Red Hills Tank supply channel is, as above stated, at
2 miles & 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 the Red Hills Tank ; the section of the channel is the
same as that of the upper supply channel already described. 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 3976, at 2 miles 29 chains. : Seen

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, 1s the same as
that of Cholavaram Tank. The top of the bank is at 5231, and there is a dry stone
wall above this, raising the level to 55:31 along the deeper parts and to 5431 along
* : . : those of intermediate depth. The full
o B b tank level is at 46:31.* The greatest

e depth of water against the bank is over
the sill of the north sluice, where it is 2565 feet at F.T.L. There are four irrigation
sluices and one sluice for the municipal supply channel in the reservoir.

The following particulars refer to the irrigation sluices :—

|
Distance from | Level o
No. | Head of Tank.| of Sill. Description.

M§. CHS, 5 ; :
15 n us weir,
On:‘gg)nt 2 feet x 3 feet.
Two plugs; one plug, top
diameter 74 inches, bottom
diameter 62 inches ; other
; lug, top diameter 84 inches,
£ SRS L gottom diameter 7} inches.
32 34 North sluice.
gne vent 3 feet X G&feet. ;
| Four plugs, upper diameter
10 &d%:s, loI;vp:r diameter
9 inches.
Four  do. do.
Polal sluice. ;
gent ag in No. 3
our pl 0.
Soorall))edug;; sluice,
One vent 3 feet x 4 feet.

1

: | - The municipal sluice is at 3 miles 15
rPrﬁmﬁ;n W°f ft};e -M%E'd’dulgs"z“’mment’ chains, and eonpfaalms six pipes of 21
gty skt A diameter each, placed as followst :—

L Three pipes with sill at the level of 31-81 - 4 ;
; : One do. do. 3531 s
. One do. do. 8931
e ddo, doi - . CABBLL i »
18 weir at the extreme north end, which is 1401-33

¥

(46:31). Tn this weir there is 2 10-vented surplus

 sluice at 2] ‘being 6 feet x 6 feot with its sill at 31'31. These

£6.0,N0. 2522 of August 110, 1975, *1tces, which did not form pust f the
SR L R original design, were deemed? necessary
as a safeguard owing to the slips which occurred in the bank of the reservoir
after it had been raised, ' :

¥

: 1sed. The surplus weir is of ample city to discharge all

the water to bo disposed of, but it does not. come info action until the wator hes

misen above FT.L. It was therefors considered to be desirable ;opmvxdemeans a::; :
he water level, should the bank be in danger of giving way, as also

plus without mocesitating e s of e puicy el i

i 2

e
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the reservoir to as great a height above F.T.L. as would

* Proceedings, Madras Government, No, 8497, SWP1U8 to be passed over the weir.* The
of Decem er 9th, 1881. J a.l‘?a and contents of the reservoir at

F.I.L. are respe tivel T
square feet and 27448911 mill; . pectively 212-103 million
Shod i ot e 1 million cubic feet. The level of the lowest point of the

8. The portion of the works outside the Red T
- - v d
Municipal Delivery Channel, are briefly deseribed in Ohagzgrsl

Reservoir, that 1s, the
Town Supply of Madras,”

V, which treats of * The

CHAPTER 171,
IMPORTANT PHASES OF IT8 HISTORY

del O 3 : icious sand which runs ; >
3 urfa:eg::; ;t g;l_lbwtﬁ :; a matter of course that a portion of thesﬁ:;ltzngofﬂitggrgg :lllle
the water of & very large number of we:mcal o Government, who analysed

1Y o excoptions,the drinking wate of o, L1 1 Tosults showed dhat, with

a8 Was as bad as it possibly could be.
P iy ;l:ltlde by Lieutenant (now Major-General )

er mto the Kuam (or Cooum Ri
: P ver. The supply
I, to sup ly the followin: ?{@i i mles‘m.‘.lﬁngth, Wasz in iiz course to the
Puttalur, i £ulam Pakkam gPal t tanks ; Senji, Pudumayalan ai, Kadambatir,
. a'l“d“fa and Mittanemal;, Aftef sripplying these
PP rgi'sz 4 ]g[l;dras Was t0' be stored in the Red Hills
) : to two basing jn M cet. open channel was to convey
settling reservoirs, and pagseq ; n Madras, wh : i

of this sgheme were preqmn. ’ istribution. iled pla:
objections to it— i i i ."‘h‘?‘:‘? Were, according ‘]il:f)légi.[r ‘%‘I:aiitmg;i I)Y}f;?
(1) that virtuall MR T j
e e e
(2) that the supply woulq hary at of filling the eight irrigation tanks ;
the Kortalaydr so cloge ;e&?%deﬁmnt hid the chuunel been faken from
most of the flood and a]] the e asavaram dam, which i supposed to turn

for the supply of the Chembrumbaulym oo o Ko talaydrinto the Kuam-

No action was taken on Lieutenant O’Copnel: , 204 other tanks,

was done till October 1861, when the Munie: nell’s Proposals, and nothing further

recommended the suh : e Municipal (o R  POCALIR AN
. Goverumat o at o SR slcno it o i e
o e consideration of the Publie Wi, bL°2*mber 20th, 1861 roferrod the subjoct
Hine of lovels Mr. Roberts confiy ona o et 20 excoption of one frinl
il oo 3 {enant 0'Connell, I 18608, how-
e, of improving upon Lieutenant (\Gepas Xriter, C.E,, suggestedt the
- directed to undertake the re-investigation of the iy?‘llig dosign, and’ he s forthwith

Projeet.

be necessary, were al! such |

S RO W ST
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3. Mr. Fraser's first report was submitted with his letter, No. 60, of Febrpiary
26th, 1866, and on 30th April of the same year the Madras Government, when
: replying to the Budget Orders of the
* Letter No. 1376 of April 30th, 1866. Government of India, intimated* that
it was proposed to devote Rs. 1,10,800 ¢ to the project for the; storage of water in the
Cholavaram and the Red Hills Tank, with a view of Increasing the capacity of those
reservoirs for irrigation, as well as of providing the city of Madras, its garrison, and
public establishments, with an abundant
t In Proceedings, Madras Government, and wholesome supply of Wﬂtel', acco?d-
No. 1102, of April 11th, 1866, from ing to the plans and estimates which
which most of the above details have been .76 heen prepared in full detail by Mr.
taken. Fraser, C.E., and have recently receivedt

the approval of this Government.”

4. Mr, Fraser’s scheme consisted of—

RS,
I. The construction of a dam across the Kortalaydr ... e 30,710
II. The construction of a channel with head and other sluices,
and all requisite works from the anicut to Cholavaram
Tank, a distance of 84 miles 1,22,055

ITI. The enlargement of the capacity of this tank by raising its
bank lg feet " ...y e 1,838,762
IV. The construction of a channel with sluices, bridges, &e., from .
the Cholavaram to the Red Hills Tank, 24 miles in length. 65,964
V. The enlargement of the capacity of this tank by raising its
bank 15 feet see e aas .- Sk 11171934
VL. The construetion of a channel with itssluices, accommodation
bridges, &ec., from the Refl Hills Tenk to the Spur Tank in

Madras P 28,032
VII. Sundries, compensation for land and houses, superintendence,
g s N 1,33,483

Total “... 6,36,930

The scheme also’ contemplated the irrigation of between 8,000 and 9,000 acres
of waste land, and it was anticipated that the returns from irrigation alone would
suffice to pay a high interest on the estimated outlay. :

Sanction to the project was accorded by the Government of India by telegram}

+ Proceedings, Madras Government, No. 2374, ©°B July 14th, 1866, and by letter§ on
of July 27th, 1866. ' 19th,

§ Proceedings, Madras Government, No. 3298, sanction being Rs. 6,11,759, Item VII of
of October 16th, 1866. Mr. Fraser’s estimate being reduced to—

RS.
Five Per cent. for contingencies ~ ...° .. .. . .. 25,172
Compensation for land ARG e DA A O R

Total ... 1,08,312

o

5. In the meantime, however, proposals had been sent to the Secretary of State

for the carrying out of the works by a private Company, it being considered| that the
Il Despatch No. 46 of 1866, dated September

fina. cial prospects were so good that
fun(s  would be readily forthcoming.
The 3ecretary of State replied in Despatch

13th.

No. 22 of 1866, dated November 24th. He considered that the promising nature of
the work was rather a reason for not secking the c>-operation of a Financial Company,
even had there been any probability, which in tie then state of the money market
was very doubtful, that any Company would be orepared to co-operate. It appeared
to the Secretary of State that if Government took upon itself the irrigation part of the

scheme, it could thereby render the mere convey:nce of water to a reservoir in Madrag

t

July 19th, 1866, No. 626 C, the total
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Governor-General in Council, moreover, requests that it may be dmtmctly pmnted’
out to the Municipality thnt the free use of water from the Govemment reservou's
must not be looked for.”

8. Asthe works in connection with the storage p ugesssd, it baeame evident that
the original estimate for them would prove wholly insufficient, and a revised estimate,
amounting to Rs. 10,42,649, is noticed in Proceedings, Madras. ‘Governmont, No. 1100,
of April 26th, 1870, This, however, was not forwarded to the Government of India,
as doubts hatf 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
revised estimate was submitted for sanction. But as it was not possible to delay the
progress of the works, the outlay soon largely excceded the sanction, and the revised
estimates were repeatedl called* for.’
: P"’“f“’lgm mhf}%%mm No. 2697, Not being ready, the {}ovemmmt of
of November ‘ expen
e Yo iy ”“‘i‘iﬁ, 1%% flhould bf’a"‘éi?mfﬁ
T 1) ¥
ioultural grant instead
+ Proceedings, Madras Government, No. 233, S TR E ::I
of January 26th, 1871. inary (L Funds)
Madras ’;Govemment No. 520

' tns expen-

} 9 Tha Maém Govemmmt even-
tually demdad:t that a Committee ehould
s e -beappomtedtomp@rt Gt oo g

(1) the oompleﬁe onﬁay reqmred moréer to phoe tha ers ur a '

| »dated Jul Mth, 1871,*@:1& was ferwaxded, to tha
vernment of In r.ﬁ‘;:le,____




8
regard to this it was said that the supply was

Dot expected to reach more than 312,000%
* Out of o population of 397,000, The P mhabltants, and even assuming that each

of 1871 showed th person took as much as 20 'gallons a da
lation of Mp dr:s s at the supposed popu- g v,

v h this would only giy | s
v €ry much la han .. y give a yearly consump
Proved to be the case, g tion of 2,277 &

million gallons, or at the
rate of 16,824 gallons per rupee.
2% e Government of Tndia accepte
T Proceedings, M

d ftl}x;{s reasoning, and with letter No. 05 I.

adras Go 50, oL Mayt 10th, 1872, forwarded a copy of

of June 19¢h, 1879, onU Ne. 145, afletter it had,addrex;sed to the Secretary
sh of State recommending that the proposal
ang“%ﬁebﬁa?gggzegotha:h8 lakhs of the expenditure should be n:etg from LOEIF F I?ndS,
1 the same source in the fipgt instance, but to be repaid by annual

kh, one-half of each instalment being met from the Ordinary grants

to the Madrag Government, i :
the Provineia] Assignments ;’(’; t%f:f;ii?l, Works, and the other by a reduction of

12. 'The Secretary of State di
% Proceedin f
162 B.?Zf JMadIas

d not, however, approve of this proposal. 1In his
Government, N, despatch} No.59 of J uly 10th, 1873, after
anuary 24th, 1874, " reviewing the circumstances of the case,
he said he regretted he could not concur
d be met, it being entirely opposed to the
: ney, that any porti et
unre .3 Portion of the cost of a work which is shown to be
0 P::?ﬁ?:ﬁversi}:g? 1dlbe debited against Loan Funds, It was therefore ordered that
| e dinalx)-y . ulrds?r 1nterest of the money laid out should be eventually debited

i3 ;
No. 854 T a5 Government, of India, in forwarding a copy of this letter from the
%, 354 1. of Devember 9th, 1873 i Becretary of State to the Government
ngs, Madras Government, a5 abi);:. Prosced. of Madras, remarked that the Accountant&

Teport i . General, Public Works Department, ha
inggagdoglg; t?; éléﬁlmate expenditure wag likely to’ amount to more Ehan 156 Ia:khs,
ving been inad; i ’5318 a8 Teported by the Committee of 1871, owing to no provision.
actual outlay to th;ne ¢ estimate for establishment and tools and plant charges. The

following resylts . nd of 1872.73, combined with the grant for 1873-74, showed the

N&:&;-_&m e e BT
—_ Loe.nFunds.’ Ordinary. Total. . |
ﬁ*“_g‘f‘mw' y e HI

Works 2By RS. | v T

Establishmont |~ | 245,616 | 3719890 | 19.17,605
Toohbhshmd Plagi | LB423L | 105045 | 260276 |

and Plant 7,901 9,123 | 17,024

Total ... 1 10,17,748 | 4,86.157 | 15,038,905

S f

; made accordingly amounted to Rs, 10 i :
i afoﬁngdie\'ery assistance in its power to the Govenfmeni’;lzgl]%&dar:g’ tvl:;tléivll:nvf
ment of India authorised the Aeoount_;antr(}eneral, Public Works Departx,nent, to debit
‘ %’ %Zl;it: mt'.%lhl Rsl 5,70,000 in the accounts for
refunded, which it was suggestod shaixfdbedo‘né i vhe fzﬁof'i;;g*ﬁ;?’*é i;tilllxstgro?:
H<in 0360 ) €O encmg from 1874-75, and
Wt - *ﬁ M@Brl,&gﬁmﬂtural. Sugﬂ:i‘
Rl Were included under Tmperi
, 2nd the refunq had therefore to bepmad‘;

§ Proceedings, Madras Government, No, 849 1
" of Docember 9th, 1881, 0 N o8 L

Y e e T e heen
. tarried out in the i‘c_jllowing§ way :— )

RS,
.. 50,000
By transfer in 1876-77 s DDLODD
Do. in 1878-79 .. 1,00,000
Do.  in 1879-80 e MO el g
Do. in 1880-81 “ea s s iz s PO 1’00,000
Do.” in 1881-82 e ok el e
Do. in 1882-83 % < i G i

Total ... 4,47,748

* Entry in Budget for 1882-83.

14. But this does not constitute the whole refund. The %sflm?tfr,o:glgﬁzsﬂllgtio
Rs. 12,25,558, sanctioned in Government of India letter, No. 6951, 0 Sagine s g
1871, only included works and petty establishment charges, the regull g e e
charges, and those for tools and plant having been omitted, as Weired s rmi
charges. It was found also that several of the component works requ ctens

e s e and a revised
modification, so that an additional provision under works was necessary,

in submit-
estimate to include all these additions was caltl.ed fq:. G(;e?: (1;3::;5’ lgszu:ill"fdt;lt S;thmlo :
ing it, an _ :
Proceedings, Madras Government, No. 849 1. D egemi)er 1881 that. the revised estt;gmzi
was forwarded for the sanction of the Government of India, It s ichid
Rs, 18,564,463, divided thus :—

RS.
: .. 95,839
1. Anicut and Head Works ... 0.45.670
2. Cholavaram Tank Supply Channel T DT67
3. Cholavaram "I'ank ... Sis " 1a2s8
4. Red Hills Tank Supply Channel e e ey
5. Red Igi]ls Fapk' i bivs 4k e 0l
6. Distribution Sl i . 5079
7. Land other than for the Madras Municipality ... 1%8,596
8. Miscellaneous e e T gy
9. Items chargeable to Provincial ... o )
’ 113,67,816
Deduct amount charged to Works, which belongs i
to Establishment y

e e st

Total, Works ... 13,42,950

: ,265
Establishment oo 2,13 o
Tools and Plant e )
‘ 15,70,406
i ; : 1,167
Less Receipts on Oapital Account ... ... oo ee e

P

Total, Direct Charges ... lg,?g,gg%
Capitalised Abatement of Land Revenue ... ... - 1o, . RIS
Interest :

e

e o e LS

Grand Total, Direct and Indirect ...  18,54,463

The total of this estimate is divided as follows :— g =

. Impe.rl:}d ; .6-;\ eew Ceww ew sre (een ece "E.“ 8,72,358
R ; Gl peri d only

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

Rs. 4,47,748, as above stated, added to Rs. 23,214 originally mef ft‘f’mRPrZ"glll";glé

having been refunded of the Provineial share, there ('118 stl%ll.‘ h?s re'frnh%epbee:' . r,der’ed,‘

. 1 . 0w
* Letter from Government of India,No. 228 A-G, ;c: t?)eb? Za:ried out, in the Civil Accoun;S,

? .
s e . b . e ne.

4

 year, inéltidiq‘g 1882-83, until the whole debt has been paid.
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CHAPTER 111.

I IFEICULTIES E
) ’ ENCOUN J y

: erity to which every irrigation

res prised in the proj écm?n mfthe» original method of executioxg1, the
requiring therefore exceptionally careful g tormed by additions to old works, and
oy treatment, which unfortunately they did not

rege_ive, to ensure homogenity betw:
ansing from these two causesywill b:etx;kgxes:;ir:tg]; $ N ew. | The diffoulties

- L. Damaces proy Froons,

e the crest of the anmicut,
The anicut was but slightly
carried away, and a large
ice, being only 15

The supply channel
rainage brought into

oceedings, Madras Govern-ment, No. 714, by the two streams called

of November 18th, 1879, i the Kattankal and Busikal, the existing

works being insufficient to pass the dis-
~ charge across the' channel, *

; © anicut, and breached extensively
i consequence, considerable damage to the
njury, but a small portion of the

. sy The breaching of the south flood-bank

Kattankal and Busikal thence into th@?‘xntry beyond, which found its way into the
back to the Kortalayar, The additiong] v LY. Cannel, which was breached, and so
consisted of — : A ‘ij'k“ Which the flood showed to be necessary

t Proceedings, Madras Governm, ' (1.) Lengthening the anicut
No.2132, of August 26th, 186%’ by 150 feet, mal?ing it 624 feet long.
The actual cost was Rs, 23,437, ‘kl;e,zgsgiénate for this amounted to

i il | O‘T
th‘? head-sluice to the supply channel,
- 7% the flood of November 1872, The
iment, %ee;:ary raising was recommended,
873. ,° O€ eliected by closing the spaces

apet ohi?nghw“ 8t either end to the level

side below it. %hn Aanicut and on the south

th. et eenk:he piers which carry the

the 1872 flood, that. eet above the level of
auk bank, and th: Wi 18 terminus on the Veliyur
uth " a village boundary mark.

Was a flood embankment

Lhe flood-level below

bove the dam. At

Was 76-96, so that the

o8ed terminus of this

et making the flood-
gamargin of 151

ively high ground, but
Ty e e
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feet, but on the whole it was con-
* Proceedings, Madras Government, gidered* safer to make the. bank here
No. 1222, of May 7th, 1874. 3 feet higher or, say, 84:3L. This
e high ground had to be connected with
. Pf\lof Bdﬂ%"(;fhg"fgﬁ’;t%"b‘;‘;m’fg‘}'g’ the left bank of the supply channel,
o ’ as in 18727 the water in the Kortala-
yar had risen considerably above the level of the crests of the then
existing weirs. The level of the top of this connecting bank was also

fixed at 8431 feet. The estimates for these banks were—

. RS, g
Flood-bank north of Kortalayér above anicut ws 5,550
Do. south do. above and below do. - ... 6,800

and were sanctioned in G.0,, No. 1222, of May 7th, 1874,
; 4, In October 1874 a higher flood
+ Procecdings, Madras Govornment, No. 2011, even than that of 1872, occurred in the
Pyt e ; Kortalayér, the levels of the water in each

: case being given} as —
' 1872.  1874. Difference,

i 2 ‘e ani : R 87:32 9085 853
b fpd bpcink ippabini st 8286 8420 134
The embankments above the anicut were not much damaged, only three small
breaches, which perhaps were intentionally caused by the villagers, having been made in
the south bank, but it was discovered that the terminus of this bank did not fulfil its
purpose, as it proved capable of being turned. Estimates amounting to Rs, 2,668 for
completing the right flood-bank, and to Rs. 4,900 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- -
mined for a length of about 120 feet, the front row of wells disappearing almost entirely,
and the second row settling considerably. The crest wall went out of the upright,
o i  parts of it also being carried away, and a
§ Proceedings, Madras Government, No. 2011, grack appeared in the rear apron. The
BT e | 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 side of the crest. The supply channel was also
damaged, owing to the impossibility of discharging through it, when the Korta- .
laydr is in high flood, all the land drainage coming into it. The drainage basin of the
ol T ’ Kattankal is estimated at 62| square miles
Procoedings, Madras Government, No. 2785, and that of the Busikal at 44 square miles,
R skt and it was calculated that, allowings
M.W.L.in the channel to be 101 feet above the hed or 41 feet above F.8.L., weirs of
280 feet and 216 feet in length, respectively, would be required to discharge the drain-
ages. This was supposing the weirs to have flush crests, but by adopting self-acting
revolving shutters for the vents the lengths were reduced to 144 feet and 135 feet, res-
v pectively, and estimates for these improve-

; A”gSubw%ently increased to Rs. 19,000, ments, amounting to Rs. 18,400,9] for

0. do. | Rﬂ. 17,400. - tha Kattan‘kal e‘qape an.dto R'g' 16,900..‘

for'the Busikal cscape were snotionsd in G.0., No. 2785, of October 17th, 1876.

Their execution had, however, to be deferred ending the sanction of the revised
estimates. The me. amﬁgements,' even w%en e:gﬁe& out, do not promise to be
wholly atisfactory, 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 occufong when these unfavourable
— 5 ircumstances may combine, the left bank
1t Pri)eeetflmgs. lgerad;ati vaemment, No. 849 'glfmuﬂ?;s MQ%?IB bal’)ly ebreeach ‘at .
(oD SR ASL - poiats which will b left exceptionally low
e - s0as to fix the site o fl L

5. An estimate, amounting to Rs. 2,135, for raising the connecting b e
d-bank of the Kortalayér below the anicut and the bank of the

- LY ¢ ~
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the necessity for which had been shown by the same floods of 1874, was sanctioned
m (0., .No. 368 1., of October 3rd, 1877. The condition of the river embankments,
of the anicut, and of the supply channel was generally satisfactory on the occasion of
the inspection of the works by the Chief Eungineer for Irrigation in November 1881.

I1. DaMacEs 1o THE Riservorgs,

(1.) Red Hills Tank,

6. In February 1570 leakage was first noticed in the bank of the Red Hills
Tank near the north end, when only 43 feet depth of water above the old calingulah
crest had been admitted to the tank out of the additional depth of 15 feet which it was
designed to hold, The leakage was considerable for o length of 867 feet, and for an
additional length of 4,596 feet the water passed through or under the bank in smaller
quantity. The new earthwork which had bheen placed on the top of the old bank had, it
Was supposed, been rendered impermeable by means of a puddle wall, but it appears
to have been taken for granted that the old carthwork below this puddle wall would
also be impermeable even under the pressure due to the increased depth of water. In
those portions which were composed of clay soil. no leakage took place, but under
certain portions of the embankmeut laterite gravel and rock crops up, and there the
water found its way through. The remedies proposed and carried out were—

(1.) At 5 or 6 feet from the foot of the revetment a trench from 8 to 9 feet wide
was carried down to a little below the original ground surface and filled
in with puddle. The soil between this puddle and the revetment was
then removed to a depth of 4 feet in short lengths at a time, and also
filled in with puddle, the whole of the excavated earth being then placed
over the puddle, well watered and rammed.. The cost of this was
estimated at Rs, 14,595,

(2.) Low retaining walls were byilt at the foot of the rear slope where the

Proceedings, Madras Government, leakage was heavy to prevent slips. The
No. 1959, of Aug. 17th, 1870. eost of this was Rs. 1,905,

7. In November 1871 about 178 feet of the bank of the Red Hills Tank settled
slightly, owing, it was supposed, to heavy rain having sunk down to the new earth in
the rear of the puddle wall. The settle-

Proceedings, Madras Government, No. 72, of ment was slight and no danger was appre-
January 11th, 1872. j hended.

8. In October 1872 another settlement occurred* in precisely the same spot, the

i 5 .. maximum subsidence being 095 of a foot,
« Proceedings, Madras Government, No. 2466, Exaggerated reports as to the subsidence

of October 19th, 1872, were current in Madras and excited some
alarm, but the Chief Engineer for Irrigation reported (1) that the tank was in no

danger of breaching, and that (2) even did it breach, the water ‘would not inundate
Madras, but would find its way into the Ennore backwater, some 5 miles to the north
of the city. Certain remedial measures were proposed, but before they could be
completely carried out very heavy rain again fell and the bank again slipped on
October 14th to 18th in the same place. This time the slip Was more gerious, and the
sinking consequently greater. A length of 437 feet was disturbed, the depression
being greatest at the two ends, where it was 2:11 feet and 1°41 feet on the north angd
south sides respectively. The slip was attributed to the use of clay with a large
admixture of inferior yellow soapy soil for the bank, together with the qbsex}ee of a
gravel backing that should have been provided to the revetment., A searching inquir

was ordered in Proeeedings, Madras Government, No. 3014, of December 18th, 1872,
the results of which are given in Proceedings, Madras Govel:nment, No. 1926, of
August 1st, 1873. A note by Major Scott, R.E., who had beep in charge of the works
for many years during their construction, is printed therein, which throws much
valuable light on the causes of failure. The new work having been raised on the old
bank, obviously hung on an inclined plane represented by the back slope of the old
bank, so that when the new work settled on being permgated l}y water under pressure,
the o’Id work did not participate in the movement, and dislocation therefore took place,

R———
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the line of fracture being along the back slope of the old bank. The fail.ures were
favoured by the slippery blue clay which formed the lower part of the backing, as the

- water would naturally have a tendency to travel along the line of junction of the old

and new works, especially if assisted in its passage by the remains of roots of trees,
grass, or vegetable soil. Dislocation having once taken place in this way it is easy to
see that the addition of earth to make up the bank to its proper level would, by
addin% to the weight of the mass in a state of unstable ethbmum, .tend to renew the
slide downwards. This is what actually occurred, the bank continuing to sink as fast
as earth was added. The slips were due partly to an grror in design a{lq partly to
errors in execution. It would have been preferable to provide for the additions to the
bank being made on the inner instead of on the outer slope, as the pressure.of water
would then have held the new earthwork against the old bank. But even if this were
not done, as in the case of the work as executed, failure might have been guarc}ed
against had the old bank been thoroughly eleared and broken up to ensure junetion
with the soil added.

9. On December 2nd, 1873, another and very extensive slip oceurred,* 1,600 feet
north of the Polal sluice, or about-half way
" Proceedings, Madras Government, No. 238, petween it and the slips of the previous
3 el i B year, very heavy rain having fallen during
the previous few days and saturated the bank. A quantity of what was descglbe(r} }z]w
“ utter boggy stuff,” which had been covered by gound earth, was_,- exposeé. A 0(?
remedial measures adopted were similar to those previously ordered, viz., the rainage
of the fallen mass so as to form a sort of retaining bank, and the reformation of the
bank with sound earth,

10. The bank stood well during the heavy rains of October 187”4, and was not
subjected to any further severe test till 1877, when, on November 17th, a slip again
occurred, duet to the saturation of the
T Proceedings, Madras Government, No. 38 I., lower part of the rear of the bund, result-

i ek ing from the porous laterite subsoil.
The drainage of the bank where the slip took place was again ordered.

The new sluices in the waste weir failed} on the same occasion, owing to water
working under the covering stones of t}}e
1 Proceedings, Madras Government, No.387., vents and forcing them up by hydrostatic

of January 14th, 1878, pressure. The insertion of these sluices
for the purpose noticed in the 7th paragraph of Chapter I had been sanctioned in
Proceedings, Madras Government, No. 2322, of August 11th, 1875, at an estimated
cost of Rs. 17,100, It was discovered in 1877 that the concrete foundations on which
the piers of the vents stood had to a great extent been washed out, having been
made of bad material. “When the floods had subsided a coffer-dam of earth was put

round the sluice-vents pending the preparation of the estimate for all the repairs the
tank was held to require.

11. In May 1879, however, a cyclonic storm passed over Madras, the fall of
rain being very heavy, with the result that a portion of the coffer-dam was washed
away. The breach was with difficulty closed. In passing orders on the papers

oporti i Government
P i - reporting thlg oceurrence, )
: ﬁﬁ?ﬁﬁﬁés @overnment, No. 8741, signified a desire§ to have complete infor-

3 mation on the following points before
deciding what further work should be undertaken for the security of the reservoir :—
(1.) The cost of draining the rear portion of the bank which had been reported

by the Chief Engineer for Irrigation in September 1878 to be still
saturated with moisture for 5 considerable distance. s
(2.) The cost of raising the Parapet wall of the tank. The top of the bank
referred to M.B.L. is 92'31, but there was a dwarf parapet wall of
laterite stone at the top of the revetment which made the margin above
F.T.L. nearly 7 feet, T¢ was considered that it would add considerably
bo the safety of the reservoir to raise this parapet to 55-31 along the

deeper parts of the tank, and to 54-31 along those parts which are of
mtermediate depth.
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(3~2 The cost of repairing the surplus sluices in the waste weir of the tank.
(4.) The cost of rendering the tank bank completely secure from the right
wing of the surplus weir to the end of the apparent leakage a short
distance south of the Polal sluice by the insertion of puddle core
wall in the bank with a longitudinal q

\ rain at the back 1
wall, and cross dramy to the rear toe of the bund :,t ?ﬁteﬁ55?0¥u§.%;
90 to 75 feet according to the amount of leakage manifested.

Until this information had been furnished it was directed that the surplus sluices

; : should be left unrepaired and th

oo o Fy e Mol e weir keptat ts thon Tovel of 4331, witon
. % Rt emng retained as near to the F.T.L. of

4631 as circumstances might indicate to be : A% il

: : prudent by means of te -
ments, as had been done since the first failure of the leices in 1877fnporary T

12. The preparation of the estimates required by Government as mentioned
above involved borings being made in the bank, and these confirmed the previous
evidence of the very mixed character of the material used in the formation of the
embankment, and showed moreover that the old as well as the new portion was con-
strugfed n a very unreliable manner. Tn two of the borings water was met with at
22 feet from the top of the bank or at 14 and 12 feet, respectively, below the actual
water,levgl, and in one bore hole the water rose to about 6 inches below the water
level, indicating a very unsafe freedom of colil{munication between the water in the

‘ ; i 47 tank, and the interior of the bank.t This

T Proc gs, Madras Government, No. 4061, ~proved very conclusively that ;Jp\iddle

of June 24th, 1880, | k e ot i Wi ol A i

CE e R e ol core wall could not be inserted in the

bank without first lowering the water level in _the_‘tank"’mﬁai&eiﬁbly. Nor did it

appear at all certain that the insertion of a puddle wall would be sufficient to stop the

leakage. Its effect would be to cut off all but subsoil leakage from the hank behind

it, and such leakage might, it was evident, be disposed of by means of drains. But

the front part of the bank would still remain in its then condition, 1.¢., in some parts
of the consistency of butter, and settlements might therefor ce place s h

- which would involve the rupture of the puddle wall and ac e

- of the bank. Tt seemed, therefore, that nothing less than

could render the tank secure, and to carry this out it would have been necessary to
empty the tank and to keep it empty for many months. But to do so, and by so
doing to cut off the supply of water to the city of Madras, was out of the question,
even had the necessary supply of material been forthcoming, which was not at all
certain. ) DS i S 4
 Whatever remedial measures might be ultimately adopted, it was certain, how-
' ever, that transverse drains under the unstable portion of the bank would have to be
inserted, and in view of the above-mentioned difficulties it seemed advisable to see
first what would be the effect of these. It was considered possible that they would
so far induce consolidation of the bank as to allow of a connecting longitixd};nal dry
stone wall being inserted on the line of the inner ends of the drains, which would
have the effect of securing freedom from water to all the rear part of the bank, and
 to ensure its stability, The result would then be a front part of the bank not much,
if at all, altered in condition, and a rear part so arranged as to afford the front part
adequate support ; between this support in rear and the water pressure in front
practical »ﬂtaﬁﬂ:ity‘misht be found fo exist. ' i
- 13. " Tn accordance with the above recommendations the following estimates were
 sanctioned in dings, Madras Government, No, 406 I, of June 2g4th, 1880 :—

f A R8.

a N

Ay

constructed bank inside the existing bank at the places wk latter was rotten

- completed
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14. . The following is a copy of the specification for carrying out the above
works :— -

“ Transverse drains.—These drains will start at the level of 21:00, at which level the sole of
the drains at their outfall will throughout be fixed at all places at which there is a pool ‘.’11' 1‘”3;"
und in rear of the bund. Where the ground level is higher than 21°00 a drain P”-m%l‘}*l to . a.lel
%:xc;ld will be cut along low ground not less than 80 feet from the toe of the rear slope with a
of 1 foot* in 10 chains starting with the level of
"8 foot & mils. 21-00 at the lower end. The head of this drain
to have a width of bottom of 1 foot and side slopes of 1 to 1. The bottom width to maggase };)y2g :
inches at the end of every 10 chains, i e, at 10 chains from the head it will be 1 feet wi & 8 i
chains 2 feet wide, and so on. The soles of the transverse dram_s at their ou@fal wﬂl»!)e 33 C(v)
above the bottom of the parallel drain. All open transverse drains to have a fall of 1in T
“ All drains filled with stone to have a fall of 1 in 30. The fransverse drains under the bun
to be run into a line 22 feet from the rear face of the bund parapet. As the lengths and starting
levels of these drains will vary, so will the sole level at the inner end.

“2.  Eucavations for transverse drains.—These drains outside the toe of the-bund to be 13
feet wide at bottom with side slopes of 1 to 1. = e Wbt

“'The cuttings into the bund to be at right angles to its alignment and to be ; 68f tv:"ll e.
Taking the rear slope as on the average 2 to 1, the cutting will be about 8 fect deep at, ege e;’s
from its commencement, and, so far, the sides may be left unsupported. All the chttlpg ta}{ r pos
this to be supported by close planking with struts or distance pieces at 6 feet apart horizontatly
in the direction of the length of the plank, and vertically m':ﬁ to mreumst.a.xwe:}.1 S

~ “The simplest arrangement will be to lay the planks parallel to the sole of the g

soon as about 30 feet in length of the cutting for a drain has been completed down b‘;o. ' ;
the stone for the drain should be laid in and handpacked, This stone should i malregul:;
roundish lumps, 4 to 6 inches in diameter. Turf sods should be laid vertically ?itbe eﬁn:}dgs’ :;th
the next the stone, and on removing the planks the space left vacant shoul . thmbund
goom well tamped. = The stone to be covered in with turf sods, grass downwards, e th esoil o
reformed to section, the planks being removed one by one as the filing in progresses; the

Bead T3 g 3 ey 2 5 * ed
bec Iy tamped in 8 or 4 inch layers. The stone at the end of each length of drain thus form
to be protecte Pi(:ﬁm being: obstmotyed by the earth by a plank placed vertically against th‘;e Stl.:l?g.
~and ¢ rf ; this plank will be removed when the next length of stone is about .to

“Should much water be met with as the cutting progresses, the drain should be laid in with
stone, and the bund reformed over it in shorter lengths, say of 10 feet, so as not to leave “nyt
greater length open at one time than can be quickly and completed, should the ad ao:nt i
soil show signs of being washed out by the water. The width of the cutting being 'Onlzig :t?anti
is probable that the face of the bund at its end, which may be cut at a slope of } to 1, will st e
without support, but preparations must be made for supporting it b{:horf? pipocs °f. i]““k’ t:’
cleats fastened to the side planking if n . Al the planks will be 2 inches thick, so il
_planks for the face shounld be 2 feet 7} inches {on‘g, and wedges should be driven between tlvm‘en
~and | planking to hold the short planks unil the cleats have been fixed. °
- “8. Longitudinal dry stone wall—On the completion of cutting for a transverse drain,
- will bo seen what the nature of the bund at this pfint is, as also whether water finds its o .
through only at the bottom or at points above the level of the drain. It will then be determin Jatr
whether a longitudinal dry stone wall is to be inserted or not. 1f this be ordered the excavations ;
~ for it will be made mlengf;ﬂom oi 10 or 12 feet at a tum&l on bithe:;f side of mﬁ-;dogf m@ o
verse drain, commencing from, the top of the bund, with a lining of close planking on eithe Al
o tla e and sizei i trench to be 3 feeg’wxde aom:the, 19%091 the surface of the
d at 23-00, except where original
‘;‘m:cﬁ less than 2 feet below g

where tho bund above tho level of the
Vit (e

mthﬁ skl
stable, AT T P e e o
“4. Order of execution of work.—The longitudin

¥
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“ 5.  Drainage of pool in vear of bund.— Arrangements are to he m
to keep the water level down to 21:00 as a maximum, and to this end the sole of the outfall
channel at its head must not be higher than 2050 and it may have to be lower. On the plan
(tracing), dated 2nd September 1879, of the tank there is a drainage from the pool marked, but
thero is nothing to indicate that it is effective, and it is ot showy as running into any channel
which would carry the water away.”

15. A report regarding the works as executed is
Madras Government, No. 307 L., of May 10th, 1881, Fro
transverse drains and about 1,000 running feot of longitudinal drain had heen
completed, but that the 2,000 running feet of dry stone wall allowed for in the
original estimate -had not been found necessary, the longitudinal drain being found

: » on examination of the interior of the bund
* Proceedings, Madras Government, No. 498 I, to fulfil the required purpose. The cost
of August 6th, 1881. , of the works was therefore reduced to

i i Rs. 9,800.% a0

The parapet wall, the raising of which had been recommended ‘ag stated in
paragraph 11, had been completed at a cost of Rs. 2,384. The Chief Engineer for
Irrigation, who inspected the tank in November 1881, remarked that : “the fransverse
drains which have been inserted in the bank have acted well, but until the water has
risen to somewhat above F.T.1.., their suffici must not be taken for granted.” The
« being so maintained as a

weir crest was then only at 43:31 or 3 feet below F.T.I,
measure of precaution pending the completion of the surplus sluices. Provision for
this has been included in the revised estimate for the project printed in Prdéeedings
Madras Government, No, 849 I, of December 9th, 1881, ' e e
. 16. The dangers to which the Red Hills Tank has beo ed, and th
difficulties that have been experienced in meeting them :: Zum’;ﬁﬁﬁoibév:? aﬁorg

a very valuable precedent to Engineers engaged on similar works, and it be well
to point out briefly the causes q%,ﬂ;'g, difficulties that have arisen ’aﬁ"&ﬁg@&‘ﬁs

ade by an outfall channel

contained in Proceedings,
m these it appears that 50

i Tk e ;;:‘fé‘r that should have been originally taken.t

e g - Unfortunately th istakes of the pas
ation, dat ‘ ely the mistakes of the past are
Irrigation aedﬂeptmgbg: 30 hardly a ']‘16}'01- zbsra B Paas ¢ ,

in the present. The slips that have occurred at seve;
to water gotting into the bank, whether at points above gr
sub-soil leakage has not been very clearly ascertained, but probably bot
of the leakage is to be found in the omission to provide—(1) an adequate puddle wall
in the first instance, (2) for the freedom from soakage of the base of the rear slope,
while (3) the widening of the bank was made on both sides instead of only on the
‘tank side, and (4) the puddle wall was placed in rear of the revetment and jts backing
but was carried down only into the foreshore of the old bank instead of below originai
ground level ; its thickness and height were likewise inadequate. Seeing that much
of the old bank was founded on porous laterite, it is probable that no puddle wall
~ placed as above mentioned would have been fully effective, for water v be
liable to pass through the sub-soil and to eome to the ground surface under the bank
The proper arrangements would therefore have been— Benpnals I8 lyn
(1) To have aligned the enlarged bank so that all, or nearly all the necessary
o widening should have been on the tank side of the ol bank,
- (2.) To have placed the puddle wall on about the centre line of the new bank
;utl; its foundations 4 or 5 feet as a minimum below original ground
Yowelll: - NI
" (3.) To have constructed a longitudinal drain at ground level immediately in
. rear of the puddlewah, with cross draing at intervals, to, carry leagzge
away fo the rear of the bank. These precautions, if carried out at the
time, would not have a ded t:!l;ch to the cost, and so arranged the bank
Cholavaram %h&n% allx&ve been very similar
Voo, oogree.  The bank of the Cholavaram
A comni‘mm é?g:to ﬁgﬁ?ﬁe&tm for a. 10%%-ﬁf 112
: Ot i G,y T C11 2 Ppo 10 foe IS Tl
head-sluice to the delivery channel, after the heavgl; ram: ofn&g?l&je;;;é?ﬁgf d the

The origin

for water would have been -
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No water was found in the bank, and it was therefore considered* probablg that

the slip was not due to any percolation of

* Proceedings, Madras Government, No. 2774, tank water, but to the rain having found

vk November 15th, 1570, its way down the eracks to the lower part

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 feet wide down fo 3 feet below the level of the
water in the rear of the bank, and filling these in with large lumps of
laterite ; F
(2.) Cutting a longitudinal trench from end to end of the slip in rear of the
bund, also to a depth of 3 feet below the water level, and in this building
adry stone wall 6 feet high, with width of base 6 feet, and pf top 3 feet,
the batter being towards the rear of the bank. The face of this wall at the
original ground level was on a line with the toe of the rear slope _of the
bank where undisturbed. 'The soil below this wall was Yvell consohdatpd,
that over the transverse cuts being also carefully filled in, so as to give
additional support to the wall. :
(3.) The earth of the slip was consolidated by means of rammers, and stepped
: 80 as to give a firm base for the new earth required to bring the bank to
section, . o e , 2
(4.) The bank was raised to the height ag wi;lllach it sfrood ‘ll_)‘:ﬁc:gr lzheb esll;g
; 's occurred, the newt ea
me empoilaidfg i:la %ﬁ'@ﬁ?ﬁ removed from the back to the front of
ings, Madras Govern- the old bank, and the rear slope brought
ment, No. 1926, of August ¢y gection. The cost of these repairs,
W 1st, 1878, _charged as new work, was Rs. 30,675.
. These precautions proved successful, and during the monsoon of 1871 no further
signs of failure were apparent. S .
18, But during the rains of 1872, when as stated in paragraph 3 the Red Hills
bank élip‘ie‘d-,‘ the Cholavaram bank also slipped at a point a short distance to the
north of the slip of 1870. The portion then repaired contiqged to.stand well, and the
new slip was considered? to be due to the mature of the soil, a light-colored clay of
; 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,
and new soil was in process of being added when the continuation of the slip was
RN e " announced§ and a full report on the pre-
§ Proceedings, Madras Government, No. 3014, ventive measures to be adopted was called
- of December 18th, 1872. : e e 0 Rl ;
i g i for. Slight slips occurred at the same
spot in 1873, but these were not of much importance axtalcll were cOhBﬁfderedfll :ﬁ be dt? \
i W ' rather to the evaporation of the water
i Pl'gf Ap g é31‘d, 18?4(::}9vemment, No. 1045’ used in remakin the bank than to leak-
; age through the bank. It was eventually
decidedd] to reform that portion of the bank wh'ch had slipped by Mg ltd33 =
Proceeds : in the same way as had been done by
ﬂmﬁbﬁﬁaﬁ%%mm@ oo Ay Major Scott for the first slip of 1870,
e s - The estimate for this re-formation amount-
ed to Rs. 30,675** and was sanctioned in
Proceedings, Madras Government, No.
i 271, of February 4th, 1874, :
1 Tank bank stood very well during the heavy rins and
ds of October 1874, only a small general settlement oeﬁurring§dwhere the bank had
Priscedi e ey onyy - been turned over, and as it has given no
" of .wynlgg’ti{ ?%r;g;%vmmt, No. 204, Bivther oanse for anxiety since that date it
i (R : ;i may now be considered as stable. When
inspected by the Chief Engineer for Irrigation in November 1881, a

as by no means in good order,” this referred solely to the

hich ordi gg{e;mpa.u's would suffice to put right,
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| returns of 1871 as not likely to exceed

CHAPTER IV | e mnpied dné B e by the i 312,000,* the higher number that had
: * Vide inter alia Proceedings, Madras Govern- heen assumed by Mr. Fra:ser being attri-
THE TOWN SUPPLY OF MADRAS ment, No. 1287, of May 5th, 1875. butable to the erroneous ideas held as 'tO
; | + Proceedings, Madras Government, No.2981, the number of inhabitants of ‘Madl‘as n
S _ of October 21st, 1875. 1866.+ The 864 million cublctfleett W:f:;
‘ held to be quite sufficient for the wants of 312,000 people, though why that ex

Tae town supply and the principal phases of ¢ e : Tt appears to have been purely arbitrary,
naturally so intimately connected that a good deal cont(l:: history of the project are i volume was fixed upon is not very clear ApP

] 675
| it ' i operly have been assumed at 07
bly been stated in Chapter II. The circumstances W’i’é}llngr :h:rgozmgz has inevita- and the reduced supply required might m(r)xll‘?lli%; Pcub};c e e hig
amplified and completed so far as the records of th o o it may now be

: + St . re allowed an
e Irrigation Office ren oy ot : *+ Proceedings, Madras Government, No. 2981, yards, which would have

but it must be premised that as the Public Works De : of October 21st, 1875, :n even for the development
! . . . Partment has nothing to do wi ‘ ample margl ) t vet

the supply when once it has left the Red Hills Tank g to do with . X : 1 i 1875, but which has not ye

conﬁngd to statements of the volumes supplied, tﬁe » the account mus Decessarily be o MteSiarRe s Miegin, Pahooios NE G Whe DroIee o tho | lity of the Munici-

¢ by : : : . A toabi
: : s LT Price paid, and so on, and been, nor is at present likely to be carried out, owing to the ina ok
g0 ato the detals.of disiriinuint e : gl pality to provide the necessary funds. Under these circumstances even the resets

of 675 million cubic fedt was clearly excessive. In the letter of the President of the

9. In Mr. Fraser's original scheme 40 million cubic yards* constituted the

o . : i Madras Govern-
Municipal - M lity, No. 271 G., of July 21st, 1875, printed in Proceedings,
* 1,080 million cubic feet. adﬁ?ﬁf;ﬁ:} Sharo. ‘of the assumed  total m:xllltmlgi 12523’8100f Octo't;er 2ls’c) 1875, it is s;:s?ted that the Commissioners hope byhths
t 9,700 million cubic feet. yards. T;!;lpply of 100 million cubic . | extension of pi’pe-laying to reach ulti’mately a consumption of 20 gallons per nea
, 0 of rt, but h 10 thens; ¢ Population of Madras was | er day for a population of 312,000, or a total of 364+5 million cubic feet per annum,
; Pag;géflﬁht}ar fI I:ES ﬁotl;. Qb ing it lgxi;)se}(} iy 470,000, and assum- | %ut ityis adde% pthey neither desire nor expect to exceed that consumption to any
it i 20 gallonsi d::lf-a-mllhon, and allowing 5 considerable extent. In the same letter it is stated that the actual consum%rt}ollidZ‘;ftS
to be a very liberal allowance, Mr. Fraser found thaty per head, which he stated | then 9 gallons per head per day for 280,000 consumers. Tn the report of the Fresident,
585.686.295 cubic feet. The difference was to mak fthe required supply was rintedgin Profeed'm s, Madras Government, No 620, of April 4th, 1876, the (301:}13umP;3
tion: spe’cial cases of consumption, &e. © Up tfor waste, loss by evapora- z fion is said to amour%t to 920,376 cubie feeiz (34,088 cubic leardq)uper %1:{3& e;}::g: 1;21.
ring its distributi ' . | to 20 gallons per head for a population of 280,000 or 12z miton . oo
ado t?ihelgﬁlg‘g%ﬁlgfg giit%;%tx:g;m%; sg::ilf;t?g: ﬁe:’ ;he Municipality preforred to a(;mumg Tl}lli, Ilj'z:son for this é)u(fden increase in consumption is nota ziaf;&ealiltd fxlll:;el:
ent:la)iled by the use of steam-power in raising the vfraer to escape the expenditure - probably some discrepancy in one of the refurns, but at the pres

ter and delivering it under " said that the actual consumption is not

artificial pressure. This advantage was necessarily gained by a : : l P h 9 of G.0. No. 492 I, of August 1; . ed 12 million§ cubie yards_

in e i I et b b s of o e Sl v ' * IR O B e e e aty 0.0, Nor AL
a rigin: U . : - o

rzri?a,ced 2?) §6Zv?nillion cul?ic gfe:t, ya?; mplgi(:.tiog he supply available was thereby , October 10th, 1879, it was settled that no more water than at present would nee

4 of munici ol Sewd al
affected in another way. There is no doubt that it s sug&lg g

be reserved for municipal use.

: 0 L was not contemplated originall : 1881.
to make any charge for the water supphec}, axlxd it was not till the raising gof thz 4. 'The following table shows the consumption yeaé bty g‘farﬁle% t(’)co elgileofM e
§ Paragroph 2 of G.0., No. 2081, of October i) of delivery of the water, and the N

s : v : ing May to
9lst, 1875. , consequent loss of 4181 million cubic feet | Proceedings, Madras Government, No. 1287, pality from the re%el‘g'ogl‘o d;;lz:rgd of ythe
: ., of storage, that the question of payment | of May 5th, 1875. September 1873, bul I
for water actually delivered arose. This change in level reduced the estimated retur ‘ volume used is extant :—|
from irrigation under the works to Rs. 53,000, and it was considered that the ¢ 1113 I ;
not be deemed remunerative unless 7 per cent., or Rs, y cou -

! ;i 66,000, was reali & 5 ; T ) i i
estimated expenditure of 8 lakhs. There was thus a deiicit,’of Rs. e:%a 6?)%(1 Oa]:l(;hl(;; t\}::; ? g P IR A Dtts
proposed that this should be met by charging the Municipality the same i)riee 46 thit { , eriods. Ly Fect. .
estimated fo be yielded by irrigation, or af the rate of Rs. 7 per 189,000 cubic feet, or ; . . PR e i e
7,000 cubic yards, which was the volume said to be required for the irrigation of G i Fron Fananrs 1878 to Deckiabor 18787 il 588 14175
acre. The Government in affirming the proposed charge said that it recognised a prior | From % 1874t 1874 536 14472
|| Procesdings, Madras Government, No, 4309, °.aim on behalf of the Municipality to 864 ‘ From  ,  1875to March =~ 1876 .| = 136 8638

of Octobes 30th, 1868, B el ol nilll;hontocﬁbic fget per annum.| The é : From April 1875t ,, ig?zg lézgg %3.846
i charge to be made ' ‘ ; From ,, 87640 o e L st ) et
i 0 WMol d8a7. oF Tuly T80 00 00 dotvis oo e o Lally confirmed Biroen 1877 to lo76 1 " gags | 92886

: gy om the Government of India \ i n 5693 153-711

No. 126-A.L, of June 25th, 1869, in which it was said that the price would be at the 1 ‘ f;‘”’“ ” ig;g ttg # 113?3% 507 13689
rate of Re.\ 1 per 1,000 cubic yards or 27,000 cubic feet. No doubt a great mistake | Fﬁ?ﬁ ’: 1880 to ., 1881 2. 6006 162:162
4 Proceedings, ,Madraa' Government, No.‘ 1287 o m?‘deaﬂ fr OII{aPUblic Works point of ¥ : From ,, 1881 to Dt;:aembar 1881 .. 8,859 ki kg
of May 5th, 1875. Rl ’ Yiew, in the wording of G.0., No, 3409, of | : ' 9 o

have been equitable that the Muniexpa 7"":531,23?13?;;30&’ 1868, for it would only

i 3 e T g e id for the whole of the 864
million cubic feet (32 million cubic yards) which w. oLkl oo @ s
also no doubt it was then Buppomd’that'f) AT TR Beserved for it uﬁﬁze(tihgzz rl;

t the whole volume would be
profit that were made at and after this time,

ity ‘ , - of the
5. It was stated in the last paragraph of Chapter II that the total cost o
project has been divided in certain proportions between Imperial and Provmc:;} Fu:;l: .
and the reasons that led to this division, the proportions adopted, and h"lv; 3}713 of
: . obtained may now be explained. A brief recapitulation of gar?,graphs ?that the
The population to ~ ‘Chapter II is necessary as a preliminary. When. in 1873, it Was foun:

year, for in all the many calculations of

e o O St

Rs. 32,000 were invariably entered among the probable receipts.




i '
actual expenditure amounted to Rs. 12,25 558
met from Loan Funds, it was proposed by the G et of India in g despatch to
the Secretary of State, No. 27, of February 215t 1873, to charge only 8 lakbs, the
amount of the original estimate, finally against Loan Funds, ang to recover the
‘balance from the Ordinary Agricultural "and Proyip..; .. 2048,

The Government of India in giving efféct to thes s inform .
ment of Madras in letter, No, 854 1., of December 9th, 1873, that it was bk
that 2 lakhs of the outlay from Loan Funds shoulq pe made good from Provincial
Funds, leaving the balance, which then amounted ¢, Rs. 8,17,748, to be met, from
the Ordinary Imperial grant. The theory, that Provincial Funds should bear the share
of the total cost represented by the proportion of the volume regey ad 3

the Munioipality to the total volume stored, appears to have bae
graph 17 of the Note of the Chief Engineer for Teriontiani
Madras Government, No, 1548, of June 2nd,
supply Agricultural Funds have_properly not

* Proceedings, Madras Government, No 21, of
" January 5th, 1876, Y

: Cﬁohmam Tﬁ.nk iy

o=

f‘Prdeeédings, Madsas G&vmmgﬁi,'} :

capacity
January 5th, 1876, fommencement of th
il e L  beeut— o
' N Millions Million
; of Clggia © of Cubic
s ards...
Cholavaram

e
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. 9. The water on issuing from the munic; P : :
discharged into a basin 80 fegt in diameter, Wﬁ):l: Ejiltsulc(itiavil(xlletf};:3 It“d e
6 feet apart. The space between was intended to be filleq with 1517 Al i
as a filter, but as this horizontal filtration proved to have no eﬁc z;.;rcoal, e bl
_ water, the filtering medium was removed., The water in this eg 'Wl}“te"er on the
depth of 23 feet. From the basin the water falls over an ordin asulxl " usually o

the mun.lcq‘)al supply channel. In section, this channe] whi ha.ry T v
regular, is 6 feet broad at bottom, with side slopes of 9 to lc '11§h ey
%evel of the top of the banks is 7—;— feet, so that the extreme bre‘adth‘ betdepth from the
15 36 feet. The depth of flow is 81 feet. The outside slopes of thee :;:aeix; lfilge' Ezn]]?

nks

LI ; 11 to 1. whe : .
* The observed velocity is 58 feet per minute. are 'z 10 1, whether in cutting or embank-
# Tho level of the sill of the municipal sluice v 116 length of the channel is
is 3131, miles 334 chains, and the fall being at

th s :
of the bed of the channel where it ends is 29.6?.11“&& ot 8 inches per mile,* the lovel

The water from the channel is delivered into
called the masonry shaft. From this well, which is withi ; o
distribution takes place. The head available 182961 feot ey limits, tho
chanuel, plus 33 feet, the depth of water in 1t, or a total of 88411
lgtv'el. : Tlie main pipe from tl}e. masonry shaft is 42 inches in df‘eet above mean sea
yards in length, It there divides into two pipes of 36 \ameter and 1,485
respectively, from which minor offtakes proceed. and 30 inches diameter,

10. Large numbers of the inhabitantg whose
of mains have the water brought into their hoy

. houses are situated in the vicinity
paid for by the house-owners, cost from Rs. 50

ges. T 1
These house services, which are

»r Al Lo . - to .
much as Rs. 700. Their adoption ig developin g, tﬁsﬁzggezaﬁh? and in some cages as
: eing—
Upto April 1878 ... . .
o end of April 1878 ¢ N0,
RS gl e L T e
»  of Beptember 188¢) igg
In some cases people have joined to 574

1C use, eisterps : ;

the numbers of each being 49, TO8, wall tg : T is practi
g 49 : PS8, and pil .18 practically no
Wt far vt § %% 84 and 113, ho oy PO Tountaing are employed

Rs. 1,200 to Rs, 1,500 estic purposes is ghyr e

11.  The actual Gost of the maes e

i : L e mumcipal disteibiae:

a t Pal distr
s i ol of A3 n vork e b 149,00
: : . yever that the worky. nec 2% of Chapter TE It
from the Red Hills Reservoir at a lower leye], as eﬁ)‘;‘;‘é t;))i;): t;mﬁr_oved. ‘ ﬁn_q{ty‘ggke
S : SNl i ' Madras, an
Tlﬁuﬁ;gf %lfgfnz;l’x;m(lgd XDI‘kJs 1s from the :fg?.}ze?ng works, would g’ee{n m@ll‘.lg
z 1 - A. Jone ; i ; st R WIS e

roport, printed in_Prosoedings, Madras Girs. 18 Scaroe] S I o o
ernment, No. 1038 W., of April 22ud, 1881 nem%ryyfm ds?;o P@smog;tomdevote the
s  unds to these objects, ‘A g

i {5 ; . for th vem
prepared by the Municipal Engineer 3 ! o hprovement of
but no action regarding it hasgge.'s %re;:; tl,:\:gﬂ “-‘ N sstimated Q’“\?gtﬁh

|
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CHAPTER. V.
THE IRRIGATION UNDER THE WORKS.

THE only 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
that might be irrigated. The point is ome that has always been of the highest
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 qf_ necessity been directly dependent on that which has had to be reserved for
municipal consumption.

2. In Mr. Fraser’s original estimate 60 million cubic yards* wl(ire saic; 3% ge
1 - ; available for irrigation. This at 7,000
_\4;22301:)1111121.1 e cubic yards pergacre, which was Sir
e act, Arthur Cotton’s allowance, would suffice

for 8,57.  res, on which the increased assessment, assumed at Rs. 7 per acre, would
amount to nearly Rs. 60,000 a year. The raising of the sill of the municipal sluice
1o the Red Hills Tank 6 feet (from 25:31 to 31-31), noticed in the last chapter,
involved however the sacrifice of 161

e million cubic yards} available for irriga-

+ 418} million cubio feet. tion. On the assumptions, that about 53§

§ 1,431 million cubic feet. million eubic yarﬁs would thus t‘)ie left fo:{

: . : : d that the irrigating duty an
EMENe by T Bamilingy the Predilent i gs:éerﬁte remained as above stated, the
T Pidlen N, datel Ontolier 1963, probable return was thus reduced to

; Rs. 53,000.] ‘ :

3. The Committee appointed in 1871, (G.0., No. 1518, of June 5th,) to report
oun 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, took¥] 160 million cubic yards as the
4P ﬁqzeg‘?ﬂ,gmgovemment, No, 2171, average (;lTxantity. of water stored by the

b ; tanks in one year, from which he deducted
45 million ecubie yards for loss by evaporation, and 82 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 average area of old wet cultivation
was_4,980 acres, so that a.bout 6,000 acres of additional area were expected to be
cultivated. The average increased assessment was now however reduced to Rs. 3%, so
that the net profit became only Rs. 18,000, thus :— : ‘

it : . R8.

D stree b R BF- o ol BT - e 0000
Add average remission saved on old wet ... ... .. .. 7,500

i ieg K00
i Deduct for maintenance ... 11,500
e - 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 las chapter. The volume that could be

deg?ndfed , bon amounted, it appeared, to 712 million cubie yards, or 1,922-4 million
cubic feet. ¢ lormer average area of irrigation was now assumed as 3,284 acres,
though it is not very clear whence these figures were derived, and on the assumption

that the increased‘ wa‘ter;supply‘ available for irrigation would suffice for an area

o f

23 : Nm-—m ﬂgurel in this chapter, so far as regards acrenge and rovenue, refer to the prpjeet asa whoﬂle. :

it
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proportionate to that irrigated by the volume contained by the tanks when unimproved,
the 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.
Trrigation revenue ... . .. e AL [
Add averagoe remission ... il 1000

S 88T
Deduct for maintenance ... 11,500

Total ... 22272

5. It wes not however till the revised estimates were submitted in 1881%* that

4 it the correct return was caleulated, The
* Madras Government, No. kg ‘ b i, ¢
Pr:f%géggﬂ;er 9th, 81880{8 ol 0. O Sy irrigable area is therein taken at 9,852

T ¢ acres as above, but the average old culti-
vation is increased to 3,829 acres, leaving 6,023 as the ﬁlﬁmate increas%d irrigated

area, Of this it is estimated that 4,926 acres will be double cropped, and the ult?ranate
gross receipts are taken at Rs. 24,741. From this maintenance and colleetion charges

o haYe ‘to be deducted. The average

+ Works, at 10 per cent. on average old = . =~ maintenance charges from 1870-71 to
revenue .« 1,311 1879-80 have been Rs. 8,969, excluding
Establishment, &c., at 80 per cent. on  1871-72 and 1873-74, in which years the
works sse e et 893 outlay was abnormal. From this amount

e the assumed cost of maint f th

Total ‘... 1,704 : mamtenance of the

; o . old tanks, Rs. 1,704,1 has to be deducted,

Proesdings, Madras Government, No. 2650, leaving Rs. 7,265. This again has to be
- of October 2nd, 1876. .« divided into the proportions of 54 per

IR : . .. _cent. chargeable to Irrigation or Imperial
and 46 per cent. chargeable to Provineial, for reasons that were ex%lained in ﬂfe last
chapter. The irrigation share is thus Rs. 3,923, To this has to be added the charge
for collection at 7-2 per cent. on revenue, > g8
charge against revenue account Rs. 5,704. and +t o G
irrigation’ Rs. 19,087, The tevise&'ést}i:;;atg ﬁ%&%f%u1{mam earnings due to
perial share of this in the above-menti R 8>541563, and the Im-

Aivited tud-— oned proportion of 54 poy gent, 3 Ry, 0,82.105,
Diseetishitgen.: i s R BRGSO
Indirect ohfl;ea MBS Vb e i &QM :

The estimated Toturn from’ fevigabion ar. o T 1-49:131

Direct charges, and to 19 per mhf;lngahﬂn’ghem v

S S ; » ammwtﬁ 2:28 per cent. on
. 6. Thelast year for which actu] Bt e i
irrigated area under first crop was 2,648 a
The gross receipts were Rs, 12,149, the mam =
collection charges Rs. 875, total Rg oy

7. A description of the irm
following is the deseription angd ¢
the workg s> -

rvaney . 0N in Chapter I The
s ‘wbhﬂmmt mointained 107

%

or Re; 1,781,makmg the total ultimate

, 1879-80, and then the
816, leaving Rq 5 oo, "or° Rs. 3,441, and the

Lo
cn
. :
Ty
e

CHAPTER VI

HYDRAULIC DETAILS.

It will be sufficient to confine the hydraulic inform?.tioq to be given in th13
chapter to that which concerns the Red Hills Tank, which is by far the largess an
most important of the two reservoirs. Colonel 0’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 Is_mg?s
have been abstracted for the last five years in Appendix A, and after having first b'ne .y
explained how the abstract has been prepared, the conclusions to be drawn from it
will then be summarised.

2. Colone! O’Connell’s tables for the Red Hills (Appendlx B) only Sho‘;‘f ﬂi:
difference of area and contents at each half-foot, but for the purposes of Appen 1? :
it has been assumed that for each half-foot the differences between each 0°1 1osf 1 00
proceed in arithmetical progression. On this basis the contents -at the leve . 8 0“;?1
in column 2 for the beginning of each month and in column 8 for the end E)f efac : mo'i‘l} :
have been calculated and are therefore approximately correct to 0-05 of a ooh.f lll
method adopted does not give absolutely correct results, but is accurate enough for a
practical purposes. ' : :

Similarly columns 16 and 17 show the areas corresponding to the contents ;n
columns 3 and 9. Columns 4 and 5 show respectively t';he receipts through tl-le supp 5{‘
channel and by means of rainfall. The former are obtained by direct measur i‘ll{e_“tﬂf’
the depth of water passing over the sill of the head-sluice In Cholavaram Tank ; “;
latter by deducting these from the total receipts' as caloulated l}_y the differences ©
water level. Column 6 shows the total receipts, and 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 muonth, 7.e., the difference between the
above sum and the volume in the tank at the end of the month. R o

Columns 11 and 12 show the issues during each month to Irrigation and to the
Municipality respectively by direct measurement. Wit

Column 13 shows the total of these, and oy b

" Column 14 the difference between this and the total loss, which is therefore the
loss due to evaporation and overflow. : 1
- Column 15 gives the proportion that the total volume lost bears to the tota

volume issued.

Column 18 gives the mean area of the tank during the month.

Column 19 shows the total depth over the mean area lost by evaporation during
the month, and lastly 02 ek 2

~ Column 20 shows the iéerage depth eV&Pmted daily.

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

the month i&lm than 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 aceuracy of the results,

Again, as the discharge over the weir and tlirbﬁghl the weir vents has not been
gauged, no oa}culatlon 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—from the caleulations, to which may.

MW September, when I}eavy rain often falls.

- The general result obtained is however as follows.

for instance in June 1877 when the total at the end of the month is more than ﬂ.lf :
sum of the receipts and of the volume in the reservoir at the beginning of the month ;
or as in Mﬂﬂ)ﬁr}ﬁﬂ:aewhen the difference between the beginning and the end of




That in the five years the average daily evap
average mean area is 1495026 million square feet,
* But see next paragraph. | gzi)ll}; 1§:§tb! evaporation is 3:4884 million

The average result month by month is as follows 1—

oration is 0-28 of an inch, and as the
it would result that the average

How obtained. Average
| daily”

evaporation,

From four Januarys ... INCHES,
» two Februarys .., b foens: 1 |
,» five Marchs e Lt A
» ' five Aprils ... R

o Cifive Mawe L S el e gt i TS

,»  four Junes ... 4 o TR 11 g

awsc 0048
A se 1 0°33
so o 0:32

»  four Julys ..,
» five Augusts aee
» one September .,
»»  two Octobers wash T Teay] - 1 088
» one November ... . 027
»»  two Decembers ... s i 8'27
Taken as a whole these results accord ve fa" Al
i irl . :
the evaporation increasing gradually up to the l'h?rot moitﬂt:ngl&z;mghz be expeoted,
ing. The figures for September, for which it has been ibl S i
calculation, are undoubtedly too high. Possible to make only one

4. The statement further shows that t g
bears to the average volume used is as high a8h59 : Spil:'gplortﬁgg tg;: .g.velrage volume lost
the igsues to irrigation were stopped for some months and tho'sglt‘: udngS;-’{ 7 when
were very limited owing to the low level of water i the Fesetvos the Municipality
fore the issues in ea,oh case were very much below the i r, and When thene-
ing 1877 this proportion that the volume lost bear rage (see below ), Exelud-

The average receipts during the five yeses Weieu;) —t-he volume used is 2-888 to 1.
1‘1;1;’;?{3‘11?1“4 Cl>nnel i ar H-.;' f Gubichﬁ?:et,
R PR B e e o
D RTINS
The average issues were— Gk W - 1517-0967
To Irrigation : Mil!im;'

‘» Muniﬁp&ﬁty Al ‘ 2 :'- o _,,b, '“‘. i : Q'ﬂtio Feétt
: “: AT A 7 A 30 .‘. S %35'591
‘ i S e 1.822?

‘. : mmmhst given. The
Trrigation i g 1 0 307,

A Gvapﬂmtion plm the "di!ﬂ] el
- column L4 of Appandix A is 9134073 mayy

differ

PRSI o i nillior 1486 evaporation obtained from
. Zockim: 8o yoarly surplug diggh %E’?m“%mvmﬂw
~ sl "aporation of .90 ¢ . orerage yearly evaporatio? o)

this interesting: point, and though results of a 1
the figures given in Appendix A, it is not cons
would be sufficiently reliable to be of value.
near approach to accuracy is essential, and thi
unless observations have been specially taken

Water continued to run slowly off the catchment basin for n

to 2489, which shows &

eir.  Thie present the loss by
Thm erence iy on the average

ST

27
ike nature might be deduced from .
idered that the conclusions so derived
In calculations of this sort, a somewhat
s can scarcely be considered as attained,

with reference to the object in view.
The rainfall at the Red Hills Tank during the cyclone of May 1877 was :—

INCHES.

: 100
CRiMay Trth 1 e T Rt s G i e o
(e A e N R L it o ) 2 123:;
DO e o D

Total . 1791

——

The rise in the surface of the water during this cyclone was entirely dne..t(; :ﬁ:
drainage from the catchment basin of 23 square miles, which includes Hio 8.0
reservoir itself.

The rise and the correspondihg drainage are shown in the fOQOWing table :—

; ‘ ADI;I'A'IONAL VOLUME ENTER- thra.insge i? ”
i1y differ- ESERVOIR: |inches over catch-
Levelof |Corresponding myoglg::i ahiig ;| ment of ﬂgis%uqre
v I Al o ey e
WEO AN .} ibla el ) SHEAS O Fheiien Cuie foet | ‘roprosented by
; A cubio feet. | Persecond- 1 golumn .
1 2 e | 3 e 5 6 1 7
i b oonay i bmmentg 0 . L
DD).( 18th ... 30-95 5170018 365 2633132 3,047 ?5339
Do. 19th ... s 34:256 | 8380862 3:30 | 3210844 3,766 e
Do.20th .. ..| 3479 | 9213674 074 | 832812 964 .

’ T kel : : ! uﬁts to a total of 12-489 inches.
The quantity draining off in the three_dayn amo early a week after the

rain had ceased to fall, but the total quantity thus run off did not exceed one-third of

‘ 5 ‘ ¢ ; : akin h day
~ an inch, so that the total quantity run off fell short of 13 inches. Taking eac
| ﬁepamély\.the,ﬁguyes in column 7 for the 18th and 19th of May give coefficients of

discharge of 377 and 466 respectively for Ryves’ formula
D= OM2 |

" and co-eﬁéients of 290 and 359 respectively for Diekens"fonnula :

. D=cCMg ° (el
It is more than probable however that these co-efficients are too small to represent
the maximum discharge, which, especially in the case of cyclonic rain, would doubtless

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

age basin between the 18th and 19th of May was 6:009 inches P:;’dl::‘ ' ti
e figures given ahove furnish the nearest reply possible to the mformation
asked fo . (V) of Circular No. XXX, dated September 24th, 1880, from
‘the Government of India. The percentage .which the volume stored bears to_ the
- volume falling on the catchment area, excluding that of the reservoir, after certain
- recorded falls of rain is there referred to. But accurate information on this point 1s
almost impossible to obtain except in the case of a very small catchment. 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.
ki ‘6.:‘:. The following figures comparing the average consumption for irrigation and
- municipal use with the storage reserved will be of interest.
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Table showing Water Surface, Areas, and Cubical Contents at half foot vertical, &c. —cont.

?

Height abo i : ; 3 Difference of Cubical s Lo
Gl Mipmegioete b At g Soamm s e
& 2 g 4 £lcg
FEET. MILLION 8Q. FT. | MILLION $Q. FT. MILLION C. FT. | MILLION C. FT.
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57-68 ‘54516 god s 522491
1:628 27661 .
5818 56144 550-152
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5868 57795 578'633
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5918 3 59-315 { 607-910
1'589 TR 30071 £ah g
5968 : B e - 637981
, 1559 ARl 80875 ot
6018 62:413 % 668856
: 1579 e 31:689 § 4
60-68 3 63992 R 700545
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