‘.

(1) vssdmallar srotnadsms
(2) q;liﬁg, Sopudu  mrdr

[%0

1689

4

-

e (3) a4 smdGTaumy m@&@&nhulb

4‘/-;\"‘4'
&7

SOPEIE o

. | R N .
e ST Al S TN ““W/‘*‘nﬁ‘f«}'] P T Y R

| g,Lﬂ.g)gBrr@ Q1,01ETE  STLILSID.

-

Al il

P a2

14

14

. T f.amsﬁmcm era. 2 ?g‘
| . Gamiyz gndr ere, /‘)

(22

SFFEHID
HAAUNS

T TR =57

1y4ECan sewLLL GRUTTCAIT Fabrg)

e R W oAl b B 357

oy
H .

4

(e, 8Iv1=18,008—u1inla3], i

, 4
N
, .
ot v Piany Sadihnad - e 5otn_ S G g

5 . ] | |
o * : -
\ . . .

e



et ~— A

T AL et e et st

131 May 1889, Nos. 1326, 1327 W., Purric Works,

RS e APl AP el PP gy a8 i g o i ey PN e it g i i P i .

P e e o i
vy

r

GOVERNMENT OF MADRAS. ‘ \ 3%

PUBLIC WORKS DEPARTMENT, 4&1‘

——

“

Buildings and Roadas.
Military Works, . $

RBAD—;again the following paper :— )
G.0., dated 16th July 1888, No. 2147 W., Public Works.
Note by the Chief Engineer, Public Works Department, dated 7¢th J uly 1888.

——rnana—

-

Order—dated 16th? July 1888, No. 2147 W., Public Works.

The investigations made of late years with the object of obtaining a pure water-
supply for the troops stationed at Bangalore having failed to produce an effcient and
econumical scheme, the Government resolved to offer a reward of Rs. 1,000 for the
best essay on the subject on the conditions specified in the notification published in
the Fors S George Guzetfe of the 1st November 1837 and subsequent issues, " the
award being left to the Chief Engineer, Public Works Department. ‘ :

2. A npumber of essays have been received in compliance with this invitation,
and bave been carefully examined by the Chief Engineer, who awards the prize to
. Mr. Standish Lee, Sanitary Enginecr, Mysore. The sum of Rs. 1,000 will accord-
ingly be paid to Mr, Lee by the Esecutive Engineer at Bangalore, and will be
adjusted against Military Works under instructions from the Examirer, Public
Works Accounts, '

S. The essay submitted by Mr. A. H. Garratt, Executive Engineer, Bellary, is,
in the opinion of the Chief Engineer, a very good oue, and does him great credit,
- The essay of Mr. 8. Tomlinson, Deputy Chief Engineer, Bombay Water Werks,
s al30, in Colonel Hasted’s opinion, a very creditable paper. DBoth these essays came
near to winning the prize. :

4. A copy of theso Proceedings will be published in three successive <issues of
the Fort St. George Gazette for the information of competitors. -

(True Extract.)

(Signed) J. 0. HASTED, Colouel, R.E.,
Secretary to Govt.,, P.W.D.

D ———

Redp—also tho following papers :—

From 8ir I N. D. PRENDERGAST, x.c.5., V.C., Officiating Resident in Mysore,
to the Chief Secretary to the Government of Madras, dated Bangalore, 22nd

December 1888, No. 4366/371-8.
I have the honor, with reference to your letter No. 479, Political Department,
dated 14th July 1888, to forward coples
* No. 19, dated 3rd December 1838. " of a letter* from the Dewan, and of a
' memorandum by the Secretary t? Govern-
ment, Public Works Department, Mysore, on the subject of "Colonel Hasted’s note on -
the Bangslore water-supply.

-
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nion that Sapkey’s TESCIVOIT is capable of improvement, go that jt |
:

9. 1 am of opi b1 than at present, and there is no doubt that water from the

might be far more el upplement the supply for the ci\'i_l and military station
ﬂe(;) bﬁl tankiczg boer rt?:lgtt:u;}&' for the eivil and military station and troops can be )
and the garmsol, :

anks near the head of the Pennakini river, or that a good
P“mped from on: Oszhie%c:l Zn than any of the above, can bo stor ed in the assar.
Sul‘é’ly{af;ﬁ Eofﬁe c:\rkavathy valley ; but the object of the Madras Government seems
gutta '

; : « water available for the troops at a moderate cost, and I
to be to ottain the purest wale nin ten miles of the barrarks is the streamlet,

ink ¢ source of supply withit of the barra
t}:;:]bﬁiﬁle?tt}ff ctllizni,kavathv river, that might copveniently be impounded neer the
8 : \ )

S iles n the MAgadi road.
5th milestone 0 o . . -~
3. Mr. Larminie has been deputed to examine the projects for obtaining water

i <+ when his reports give the meaus fo
cavathy and Pennakini valleys; ¥ hen .
fr‘om;tgilein‘?’ﬂ;:}‘ﬁch )project is capable of giving the needful supply at the cheapest
i;:g it will be possible to determine whether one reservor should h’u}“ply the troops
and’the civil and militsry station, or the troops and the pettah, or the troops and

both station and ettah, L -
’ d heen selected for execution, it will be a fit time to settle

. When a project has . .
the r:siaecti:g rightjs of the Government of India and of the Government of Mysore

{o the water in Sankey's ICSeIvoil.

sk w0

ExcLosURES.

SHADRI IYER, Es, cs1, Dewan of Mrsore, tothe Resident in Mysors,
From K. SHESHA dated Mysors, 3rd December 1888, No. 19,

e S eI TN o . r—— -

; our cffice letter No. 2448/288 of the 18th July 1888, forwarding, for the opinion
of Hg‘ }rl?s}gntgsg the Maharajah’s Government, copy of a nots by the Chief Engineer, Pullio |
Works De%artment. Madras, on the subject of the water-supply of Eanﬁg&lorf', 1 have the bonor
to forward herewith, for your information, copy of & note therecn by the Superictendirg Engineer
of Mysore, which gives axpression generally to the views entertained by the Durbar regarding

the merits of the various sohemes proposed. {
-9, T fully agreeo with Colonel Hasted in Lis opinion that Sarkey's reservoir cacnot eontain )

-

s pure supply £o long as the rifie rangzes remain in their presert position ot the hrad of the
basin, Their removal, I would add, eppears equally necessary, whether the reservoir 1s intended
to supply the pettab or cantonment. ut this reservoir by itself is, in my cpinion, quite insuffi-
cient for the supply of the pettah. Colonel Hasted (in para. 22) estimates that it will supply 8
opulation of 50,000 at 4 gallons & doy. Experience 1n the Mysore city, whero cnly a few
fountains bave yet been erected, goes to show that about G} gallons would be the lowest raie |
per head which any proper water-supply scheme should provide for. The Durbar are already 1
carrying out some works intended for a supply to & part of the pettah by means of the Jeakags A
from Sankey’s reservoir. The supply thus cbtained Lus to be comsiderably supplemented before
a suitable scheme for the pettah can be worked out.  Both by reasen of proximity and the lower’)
3,

A
1

1ift required, the Mégadi valley is more appropriate for the sapply of the pettak than that of the
oivil and military station, but the Durbar will refrain from any further investigativn of the
capalilities of this vallay for the peitah supply until some Qefinite deoision ia arrived st by the:
British Government as to utilizing it for the aivil and military station and the tronps.

to the observations in Mysore Public Works Department Secretary’s letter to Assistant Lesident,
No. 1548/268, dated 14th April 1888, vor do I cousider it neccssury in this place to refer to the
very unreasonable views entertained by the staticn mupicipali‘y on this subject. The Durbar §
will gladly agres to ary arrangement which is convenient to the British Government. Tl\?ﬂ,
would gladly have the fulluse of this reservoir 80 a8 to be able to utilize it {or the pa.rtis.l supply I

3
\ !
3. On the subject of the use to which Sankey’s reservoir is to be put, 1 have nothing to sdd ) '

of the pettah, and in that way obtain some return, however snuall, for the large capital sunk 10 ity

Or, if the Dritish Government prefers to utilize it for the supply of the troops and the station 10

aceordance with the original olject of its construction, then in that case the Durbar will be !

satisfied with receiving some moderate return therefrom, s contemplated in the orders of the
. Government of India in letter No. 584 C., dated 25th June 1569,

4. Under such cireumstancee it appears to be somewhat premature now to discuse the
question of any esehange as between this reservoir and the Mégadi valley, which is moot

i e, bl

e ki e 25 s g <o T e

3
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ty Colonel Hasted in para. 22 of his note, and I have only to add that the Durbar will offer
every facility in their power for the investigation and execution of the Mégadi valley or 37

other scheme by the British Goverument. ‘ | )

B

NOTE.

" The Chief Engineer’s note ‘on the Bangalore water-supply deals with the several essays
«ubmitted in response to the notification of the Madras Government offering a premium for
the best solution of the wuter difficulty. In so far as Colonel Hasted’s recommendations affect

"Mysore, I have to offer the following remarks.

2. The first point 'requiring congideration and settlement is the right to Sankey’s tank,
the subject of paras. 2, 3, 4 and 5 of Colonel Haxted’s memorandum. In my note of 14th April
1848, I endeavoured to c;xp‘.ain, s0 far as I could, the position of the Mysore Government in regard

to this tank, 1oy rematks concerning which appear to me still to hold good. Colonel Hasted
observes, however, that whilst the expenditure by the Mysore Government of nearly 5§ lakhs

' on the works coustitutes a decided claim on their part to fhe tank-supply, the contention of the

municipality that the surplus revenues of Bargalore may be assumed to have met the expen-
diture should not be lost sight of. In disposing of this argument it must not, I think, be
forgotten that ﬁrior to the rendition the surplus revenues of the province as a whole were
given to the Public Works generally, according to the necessities of the various claims and in
the order of their relative importance, and the net result of this expenditure of the surplus
rovenue was, in consequence of the famine, a State debt of 80 lakhs at the rendition. It is
not unreasonable for me to infer that, had the Oopparhully water-supply scheme never been

attempted, either this debt would have stocd at -

74} lakhs, instead of 80," or that the 51 lakhs
spent thereon would have gone to other works
from which the Mysore State would now be deriving & direct benefit; or, had the scheme

& This should be 80.

* proved a success, the Municipality and the Military Department would now be paying to the

Mysore Government a moderate percentege on tne outlay incurred. As it is, not only does
the burden of the outlay rest on Mysore, but the municipality claim sole right and title to the

_results of that outlay and decline to rect any charges whatever therefor. However, an early

gettlement of this question is most desirable. As matters now stand, the Public Works Depart-
ment of Mysore are hampered by the rival elaims of station and pettah and have to incur an
annual outlay on the maintenance of its feeders, without being able, at same time, fo improve
them in any way.

3. T may note here an error in para. 4 of the memorandum, into which Colonel Hasted has

_apparently inadvertently fallen, s regards the possible reduction of losa by leakage. It was

to 16 million cubic feet, not to a mean botween 1%} end 15 million, that Major Kensington
thouglt, might be reduced the loss from evaporation and leakage combined, which General
Mullins computed to be 20} million cubic feet. — )

4. As regards the merits or demerits of General Fisoher’s 1ebbal scheme and Mr. Standish
Lee’s Migadi road valley scheme, I have already submitted brief notes embodying my views.
Both these involve the cession of land sppertaining to Mysore, but until it is decided finally
whether one or other of them is to be taken up, the question of compensation need not be
worked out. : T '

5. As regards the second Pennakini drainage scheme, Major Kensington’s, I have not had

the opportunitg of going into it carefully, but I have personally expressed to Colonel Hasted
what I thought about it. I agree in his remarks thereon, paras. 13, 14 and 15. I doubt

_whether on this scheme being theroughly worked out ‘it will have any special advantages over a

modified project for the Ilebbal tank. Here again compensation would be a serious element,
and the interference with the supply of other tanks will have to be considered.

6. 'The only other point in the papers in which Mysore is directly interested is the decision

_of Colonel Hasted, recorded in his Iﬁara.. 22, that the troops and the civil and military station
t

should receive their supply from the Mégadi road valley, Sankey’s tank being left for the
supply of the pettah. The Mégadi road valley, it is clear, is the most suitable place for the

_ supply of the pettah, and this being the case and Sankey's tunk not affording an ample supply,

" however much we may improve it, it is not obvious why the pettah should relinquish its clairas

to this valley in favor of the civil and military station. The troops only might certainly draw

. their supply from this valley’ without detriment to the pettah, and if the Mégadi road reservoir

ig to be oons.txructed, it might be utilised for the troops and the pettah, not for the troops and the
«civil and wilitary station, the cost being borne by the Military Department and the Pettah

- Municipality, in the proportion of the quantity of water drawn off by each. I presume the

Pettah Corporation will not object to such sn arrangement, and will be prepared to meet their

" share of the outlay necessary.
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1 ! > 8 Bel-v rainst the grant $
he rights to Sunkey's tank sbould le 8 set ‘ﬁ' agains grant of
the 1716::1;%? f(wr:g?;ﬁgla}fthysgre for less thau the actusl valutt of :?ré‘;‘:c}hl:(hs:ili}: 8 fuir
one as"the title to Sankey’s tank stands on grounds altogethmia; B\‘mLe L ! t,mlk o on l{’»w
rai:;:ad This would be equivalent to making Mysore pay moiﬁmor Sanhey .k than they
have ;.va.id already without obtaining therefrom any adequate retu - 1o o worked out |

8. If what I have advanced above mest with approval, the [:roﬂe}(:d (;mm orked :Ut dym‘l d
be the’ construction of & service reservoir nelar thg p::tiz}xll:} ttzﬂbne bshp; it 4gndi road

i iei Rz

valley with wtor ruffcient for 0000 FOOE 4 "Wl to bo borue Ly the Mititary Depmctmont
plu(; 211’ Pogzho Municipality in the proportion of the water given to each. The Militury -
ix)le art;mni would then set up their Ulsoor enzines, pumps, and maine to send up tLe water )
iroxr)n the above service cistern to the service cisterns in the barracks, .;

(Signed) €. BOWEN, R.E, :
Supg. Enginwer, Mysore P.W.D,

BANGALORE,
27th July i»88.

e —————

Transferred to the Public Works Department,
(Signed) J. T. PRICE,

9th January 1889. Chief Sceretary. .

p———

Rerort by J. C. LARMINIE, Esq., dated 2ud February 1839,

¢ estimate for Water-supply to the Cantonment and Garrison of Dangulore ;
and to the estimate for supply to the Garrison alone, :

In accordance with No. 3 reference, instructions were given for the investigation

: of two schemes fur the supply of wuter
References. to Bangalcre. . _s:

(1) Letter from the Government of India, First, that propored by Mr. Lee, to .
No. 1182 M.W., of 14th June 1887, ghose essay was awarded the reward of .
recorded in G.0., No. 1924 W., of 188 Ry 1000 (rcference No. 2), and second,

Report to accompany th

1887, - (reference Ne. 2), and s
(2) G.{)‘.l,lyNo. 2810 W., of 20th October 1887. that proposed l_)) Major Kensington.
(3) Chief Engineer’s mote printed with G.O,, 2. The instructions given were:

No 2480 W.—4, of 14th August 1388, general, and were to the effect that every |

(4) Chief Engineer’s note pl‘mfedl s‘g?)th G0, jtem compesing the estimates was 1o be |
No. 25 W., of &th January 1689. gone into in minute detail and most |
carefully estimated for. i

3. Accordingly, some time was devoted to consideration, from every point of f
view, of each detail. Mr. Lee's, commonly called the M4zadiroad scheme, being the
most promising, was first taken ia hand. : i :

4, The country was carefully examined ta secure the bLest site for the dam, as’
also for the best and most economical line for the supply main to Bangalore, and
endeavours were made to obtain further data regurding rainfall and run-oft. !

_ 5. Some time was also devoted to the preparation of a fairly accurate survey |
with levels and contours of the propesed Mégadi road reservoir, site and the design,
of the masonry dam was made out in detail, x ;

6. According to somewhat modified instructions received in Docember, approxi-'
mate estimates, to admit of a comparison ;
of the various schemes, were considercd ;
, n the first instance eufficient, Had it
been understood that ‘sketch-plans and estimates were only required, the work could’
have been done much sooner ; as it is, the projects are now submitted well within the’
two months mentioned (refercnce No. 4). However it is hoped that the time which;
has been devoted to minor detail will be of value hereafter ; for, of the estimates |
herewith submitted, that for the Migadi road scheme has been pl’-epared in consid-

erable detail,] and is believed to be a very close a imati :
be expected to cost. ¥ close approximation of what the work may:i

Reference No. 4.

4
1
/
]
1

]
{
3

|

e sent down from Ravkey's tark,
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'

7. To tho Nagavaram scheme, that for the TIcbbal tank, and for the smaller scheme
for the garrison supply (instructions regarding the two latter received in December
last) it has not been possible to devote so much attention. The surveys and estimates
are, liowever, believed to be close approximations. '

8. The accompanying comparative statement gives the leading features of the
geveral schemes and their estimated cost. Kach scheme will now be reviewed in

~ : detail. They have all been based on the
sime general data as laid down in the
, Chief Engineer’s note, and regarding
which a few observations may, it is hoped, be permitted (vide paras. 12 to 18). .

9. The more correct name for this scheme would be Maligal, near which village *
. it is proposed to construct the reservoir.

The catchment area of 9 square miles (as
measured on the Topogruphical Survey,

Reference No. 4.

Migadi road or Maligal scheme. |

" vide sheets 42 and 63) extends 3 miles to the north and 1 mile to the south of, 2 miles

of the road from Bangalore to M4gadi (4] to 61 miles).

10. In every particular except cost, it is by far the most promising of the three -

schemes investigated for the supply of the cantonment and garrison. DBut, provided
a scheme is admitted to be promising in other particulars, the mere question of even
a few additional lakhs to the cost should not, it is thought, weigh much against it.
The comparative statement shows the small additional quantity of watert (some 20
M.C. feet extra for a year’s supply) which has to be stored to provide for loss from
evaporation, leakage, &ec., owing to the favorable conformation of the reservoir site,
a narrow deep valley, thoe arca of waterspread at F.S.L. being 85 acres.

Advantages of Maligal scheme. - 11. The other advantages are—

(1) The whole of the catchment may be considered free.
(2) Probably not more than one-gixth of the area is at present under culti-
vation ; there iz, however, a growing tendency to extend it, chiefly
~ casuaripa plantations; so the Mysore authorities have been requested
- to check its further extension for the present. . . )
(3) The catchment area chiefly consists of steep, bare lateritic hills, from
which personal observation showed that even moderate showers are
very quickly run off {vide also para. 18 of Chief Engineer’s note, refer-
_ence No. 3). In this connection also vide paras. 17 to 19 regardin
percentago of run-off, '
(4) Analysis of the water taken from the stream under unfavorable eircum-
stances—shortly after a flood—shows it to be remarkably pure, and
the accompanying table compares it with water’ from "the other
sources, as also with that now pumped up for the use of the Bangalore
garrison. Even in the driest season there is, it is stated, a small
, .stream of pure water always flowing. '
(8) A supply for more than cne year can be more advantageously stored
here than elsewkere, o

12. Regarding the quartity of water to be stered, f.e., 40 M.C. feet or only one
' year's supply. As a compsrison between

Quantity of water to be stored and run-of the various schemes, it may suffice:to
catchment azea, : estimate for storing this quantity ; but it

is considered that with only cne year’s -

sapply in store a Led season or two cannot possibly be tided over.

13. The minimum sapply, 7 M.C. feet per square mile of catchment, which
according to the accepted B[yéore data might always, it was thought, be expected to
flow off, cannot, it i3 now found, be counted on as a certainty.

* Situated about one mile below the bridgs over the stream at furlong stone @on the M4 yadi road.

+40 M.C.F. roquired for-aupply of the cantongpent and gartisog, se 60 M.C.F. must be stored for 8 year’s supply, |

2

e A e T .;—-(,ﬂ:‘;&v;‘(v '3 I R S TR LA L

PR I

I



. A g e

R

arn a1y

- e ———

- ay -

6 - e

187 May 1889, Nos. 1526, 1327 W., PraLio Wosxs,

g,

ches of rain run-off cach squure mjle,
Taking 17" as the lowest rainfull, 301~
would be almost 18 per cent. of that {ota]
continuous rain 5 inches in 24 hours. Per- fall, while there 13 ahun.dant evidence to
contage Teceived by Sankey’s tank 13 per show that, to obtaiu so high a percentage,
cent. ~ the {all must be in sharp heavy showers,
Everything depends on the character! of
the rainfall. TIn the course of only en average yesr's fall (36 inches) provided that
some of the falls come down in quick heavy bursts, the 18 per cent. might safely be
counted on, while light continuous rain, although the 24 bours’ fall might be Ligh,

would yield a much smaller percentage.

15. The lighter the annual rainfall the smaller and fewcr are the chances of
obtaining heavy showers of short duration, so that in a scascn of minimum fall it my
happen, and very probably will, that the run-off, instead of bemg?’ M.C. feet per
square mile, will be almost #il. (This il is known on the best authority has already
been experienced at the Mysore water works.) Consequently how essential would it
not seem to store as large a supply as can consistently be done ?

16. Two and even thrée years’ supply have been advoeated. The reports that
bave during these investigations from time to time been submitted regarding the
Mégadi road scheme advocated the storing of 13 years’ supply (60 M.C. feet), which
requires, allowing for waste, evaporation, &c., a3 near as can be 100 M.C. feet in the
reservoir (vide table of consumption and waste).

17. That this quantity can be impounded in an average year is hardly opea to
question. The Mysore data gives 11 M.C. feet per square mile as the average,

14. Seven M.C. feet means 301 in

Esperience of 2nd November last. Light

ek A S e s

as deduced from Sankey’s tank, a most unfavorable catchment. As noted in para. 18 j

of Chief Engineer’s mnote,® the run-off -

* Reference No. 3. of tho Mégadi road catchment must be
higher, and observations made during the

course of these investigaticna give the following approximate results.
t'ailf.s ell)etézgig It}he period élih Sgpteml’)er' to 2nd October last, the total fall from
g?square miles)sm(gﬁ;slv(;%?% Ml.% ?Sét. This fall over the catchment (taken as only
The quantity that passed down the stream was approxixhately computed to be
42711 M.C. feet joort = 04 or 40 per
cent. average, Individual falls gave for
half an-inch in 1} hours (after @ long

eriod of draught) 3 per cent. Even on this oceas] tres iner
{alf an hour after the rain commenced. ' lon the strear hegan to increaso

t Sufficient for a yeai-’s cdnsumption. '

Fora? inchifall .. o

w13, DL g

” 1'1 ” ov E 1 x] ..Il s e . ‘40
11 |

1 » .ae s e sen

. o «e 30 Catchment by this
All these were falls of short duration from 11 to 3 hours, - ‘ time well wet.

" N » -
ghowlv%il:taut a,tli)ough the dat_a 13 admittedly very approximate, still it suffices to
! 1gay 6 expected in an average year. Tho year um’ier reference was
owever, under the average, as the total fall was only 34 inches | ’
20. To impound 1% years’ supply, d
off the 9 square miles of Mégadi road ca
year’s fall,

100 DLC. feet, 478 inches of rain must run-
tchmert, or only 13:3 per cent. of an average |

e o —— S s e

f%
}
)
;

1

21. The dam, to impound this quantity, should be 03 feet highér than thét for 2

)
|

Rs, one year’s suppl : . (s
32,720,370 e PPly now estimated for (sce
" 1,92,?40 fle“,ff’n)s and the additional cost, as per |
—_— etailed estimate, for g masonry and con-

77,620 erete dam for the full width of this section

would be Bs, 77,630.%

i
}
I
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" does not represent a compound engine.

~will be sufficient provision.

29. The advantages of the -scheme are detailed in para. 11. The chief dis-

advantage will now be alluded to: it is
that the run-off being so very quick the
o ) water, even in small freshes, comes down
highly charged with silt. It is consequently propesed not to draw off water below
13 fect above bed of stream at site of dam (level 33:43 on survey), thus utilizing a
Jength of the river.bed as a silt trap; with a view to keep this clear it is proposed to
place two or more 3-foot iron pipe scouring sluices worked by equilibrium valves in
the foot of the dam, and & special design for these valves has been partly worked out.
But even with all possible precautions it is feared that silting up will go on. -

23. Messrs Richardson and Cruddas, the well-known Engineering firm of

’ ; ' Bembay, have taken considerable trouble
in furnishing particulars and cost of the
o . best description of pumps and engines to
work against the heavy heads involved in the three schemes, that of Mégadi road
being greatest. The heads in each caso kave been deduced as follows, M4gadi road

Disadvantaga.

Pumping engines.

* being taken as an example :—

Top water-level in settling ponds 3,0900 M.S.L.
Lowest off-take at reservoir e 2,741 71
| N Actual lift 34829 feet.
Pumps can be placed 25° above draw-off ... 25
. ‘ ' . 323
Head allowed to overcome friction in supply main to
Bangalore at 6" per mile ... .. .. . s .83
Total head to pump against - 356 feet.

24, It was specified that the pumps should be able to throw up a week’s supply
in six days of twelve hours, or at the rate of 66,540 gallons per hour.

'25. For this work Messrs. Richardson and Cruddas recommend three sets of
engines, pumps and boilers, any two of which working together shall work up to the
required quantity, leaving a third (engine, pumps and boiler) in reserve.

28. They recommend direct acting, compound condensing engines and pumps.
21 inches diameter,

High pressure steam cylinder oue
Low pressure ... . . 36
Pumps 48 inches stroke 12 ,, diameter, and

. Lanecashire boilers each of 35 ﬁ.P. n.c;t.nina.l:" . ‘
Their estimate for three sets of the above delivered in Bangalore is Rs. §3,000.

27. An idea of the combired pump and engine can be obtained from the wood-
cut at page 35 of Messrs, Richardson and Cruddas’ catalogue. The woodcut, however,
It i3 extremely compact, each pump and
engine only occupying a space of 28 X 31, so the three pumps can be arranged
alongside in a room measuring about 48’ X.36". These pumps are made for lifts from
250 to 1,500 feet for quantities of water from 3,000 to 50,000 gallons per hour.

28. A provision of Rs. 12,000 has been made for engineand boiler houses.
A detailed estimate has not been made out, as one ameunting to Rs. 9,260, based on
very liberal rates, was framed in connection with the Agram tank scheme ; rather
more accommodation will be required in this instance, for which the extra Rs. 2,940

29, The Agram tank scheme estimate for quarters, Rs. 14,000, has also been

adopted ; provision is made. therein for quarters for one European Engineer and two
Yuropean or Eurasian drivers, for native stokers, and for a store-room and ofice, the

whole surrounded by a wall, &, At Mégadi road (Maligal) a good site for the-

quarters will be on the hill-top above the right end of the dam. :

Kt
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30. As in Maligal reservoir with one year’s supply stored there will be 314 feet

‘ difference of level'.l bet{;&'von highest and

” : - . lowest water-levels, and a8 pumps cannot

Site for engines and .puml be place d more than_about 25 feet ahove

the lowest level to be pumped from to avoid the necessity of placing the pumys bel?w

engine level, it has been decided to place the pumps 10 rear of the dam; the site

marked on the survey will be a suitable cne. Although perhaps not so safe as if

placed above the dam and above M.W.L., the arrangement admits of the cheaper and
more compact form of engine described. -

31. To store one year’s supply a dam 45 feet above present bed of stream st the
proposed site wiil be required. At the
centre section a hLeight of 601 feet hog
been allowed for; the cross section of the
valley at site shows the various levels of foundations proposed; they are probsbly
lower than will be found necessary. . ,

: 32. The site selected js a little higher up the stream than that intended by
Mr. Lee. At the latter, the line of strike of the rocks, with all the joints and fissures, '
are parallel to the axis of the stream, while higher up the line of strike is perpen-
dicular to the river, und the bed of rock is much harder and sounder as far as can be
judged by gullies, trial pits and other indications. This bed of rock extends all over
the valley at no great depth. .

33. Takirg the Bhim Tal dum near Naini Tal as a precedent, it is proposed to
form this dam of two outer skins or walls of coursed rubble in cement mortar, thus
obviating the necessity for supporting planking when carrying up the coucrete
hearting of the dam. It wes intended to use Portland cement for the entire mass of

. concrete, but the Chief Engineer being of opivion that an outer casing of cement
concrete would be suficient, the estimate has been framed accordingly, allowing for
tbe rubble casing in front and rear, and a thickness of 2 fect of the concrete in rear
of the front rubble face to be in cement mortar. The remainder of the concrete to be
of ordinary lime mortar. The additional cost of the dam, laying all the concrete

in ccment, would be Es. 77,353.* Pro-

(3,223 at Rs. 24, the difference of rates for bubly a lighter scction thsn has been

cement and lime concrete. estimated for near the flacks would
suffice. ° - C
34. A diagram showing the section of the dam with the curves of pressure, and |

_"a table of w.eights and pressures and also the required dimensions if caleulated by
Molesworth’s formula, accompanies the estimates, . ’
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Dam of masonry and concrete.
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35. After some consideration the right end of the dam was fixed on as the best

site for a surplus weir ; there is evidently
2 bed of rock at no great depth below the |

: . . surface ; a trial pit sh t level 1
59'0. The weir has been designed for a drop, still é feet lowg osf t;wti';: (;l:h?chblZ:s !
been found to answer well and is much less expensive than a cl:ear drop.

36. As designed, the 150 feet of weir with a depth . a1
discharge half an inch of rain per hour from the catchnlz)entpjf ?{; fsf;utafgsxilﬁgs? ror i

) i&l'f. A(}chordifng to Mysore Public Works
inch per hour from 8 catchment of this area and descri tion ionally be ;
expected ; but to provide a weir for so exceptional occasions seem;n Egnz(c}:z:i(;l}lfa &); an

arrangement might be made to pass such excessive rain fall over the dam. T};e staff .
in charge of the pumping machinery could easily look after and work any simple L

arrangement decided on. Water so surplussi NEX,
up to depth over crest of 3 fest, urpiussicg will fall on the rear slope of the dam

38. As shown on the reservoir survey, the we: ' .
+ 50 and carried along till this level rung oZ% of mx‘:texz bye-wash bed is placed ot
-passed over the rock into an existing ravine, It is &

bed will be met with above this level (te, 4 50),

Surplus arrangements.

Department experieace, as much s |

i

%

j
ng, where the surplus can be !
behgved, however, that a rocky §
|
!

b

i

1
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" 30, The left embankment of the bye-wash can be formed from the cutting;
provision is made for a substantial, grcuted and pointed revetment to it for a length

of 400 feet below tho weir rear wings.

40. The pump valves will be placed at level 5848, or 25 feet above the lowest
take-off level in the reservoir; from the
pumps the supply main to Ban~alere will

Supply main to Dangalore. .
upply g be carried round the left side of the

reservoir for a short distance and thence strike away in a'north-easterly direction,

crossing the road from DBangalore to Mégadi near furlnpg stone } ; thence the line
will run, with three slizht bends, to the Mantapum hill, where it is proposed to
place settling ponds, filters and service reservor.

41 The line will not pass near the pettah, and in selectine it (the line) the
objerts kept in view were to secure the shortest route, subject to facilities of laying
and the avoidance of sudden rises and dips; two or three sall ravines will have to ba
crossed, for which a Jump sum provision has been made in the estimate ; the cheapest
arrangement will be to support the pipes on the roughstone posts so universally used,
or on light bridges formed of old rails. The line crosses the Mysore State Railway
to Tumkur about a mile north of the Pettah terminus. -

43. Asthe pipes nearest to the reservoir have the heaviest head to withstand,

a heavier section of metal has been allowed, 1”in thickness for the first mile, 13" for
the next, and 2” for all the rest.  For practical reasons the pipes cannot well be of less
thickness than 2”. A sufficient nnmber of scour encks, air and back or relux pressure
valves have been allowed for. All the items and rates have been earefully considered.
43. As noted in para. 23, the size of the main has been caleulated (as also for the
other schemes) taking a head of 6 feet per

mile, the week’s supply being pumped
up in 6 days of 12 hours ;;%%?%ﬂ%‘;
2:96, say 3 cubic feet, required discharge per second. An 18" pipe by Kutter’s
formula will at 6’ per mile discharge rather more, or 34 C." per 1”. However a 17"
pire would be too small, discharge 2:86 feet per 1”; so the larger size has been
adopted. : ; ,

Messrs. Richardson and Cruddas, in connection with the engines, considered the
size 18" as'specified suitable.

Size of supply main.

44. It is proposed to construct these on the Mantapum hill. The oaly disad-
vantage of thigsite is that it necessitates
about a mile extra of supply pipe to the
cantonment, but there are several counterbalancing advantages.

(a) The site is at the highest available level.

(8) 1t is well away from all dwellings and their accompanying sources of
contamination. , .-

(¢) The land can easily be made available and no existing rights of any conse-
quence will be interfered with.

(d) The only other suitable sites are either the golf ground or the high
ground ; for the former floor of service reservoir should be placed at
level 3,030, for the latter 3,0 10, thus reducing the head for distribution,”
and ncither site affords the same facilities for construction, and they
are besides much used as recreation grounds by the officers of the
garrison and other Luropean residents. The constructions in question
wounld completely spoil either. .

(¢) The site selected on the slope of the hill admits of the settling ponds,

- filters and service reservoir being arranzed at suitable levels with
reference to one another (#ide plan No. 14) o L
(/) For either Hebbal or Nagavarém schemes the one disadvantage noted

disappears,

Settling pond, filters and service reservoir.

3

b
37
5
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() Borings to depth, lower than necessary for exca.vatioq, show the goil to
be pretty similar to that visible on the surface, i.c., hz_ml compact
lateritic soil; mixed with water the clay from the borings secmed
almost fit for puddle, so that there can be no objection to constructing
ponds, filters and scrvice reservoir as proposed, f.e., in cutting, with a

ood facing of cement concrete laid cn the slopes, cut into steps, if
constructed with masonry sides, the wotks would be considerably more
expensive. -
45, “The question of placing these works neer the supply reservoir has been
considered and the idea abandoned as it would involve additional pumping, as there
is 1o suitable site below the reservoir where they could economically be constructed.
The pumps proposed are specially adapted to the pumping of muddy water,
-~ The plan shows’ the general arrangements. :
46. The settling ponds have been desigqed for a depth of 8 feet of water, of
which 7 fect can be drawn off leaving
Details. 1 foot of depth for silt accumulation, each
pond to hold one day’s-supply. It will
be & question for future consideration if a greater number of ponds should not be
provided. With a view to deliver the water into the ponds as quietly as possible,
the supply main from the pumps will deliver into a large circular well, whence the
water will be conveyed by iren pipes, regulated by valves, to masoury chambers,
and thence by overfalls which can be regulated by shutters, into the ponds.
47. From the ponds the water will be drawn off by means of adjustable (or
floating) suction pipes, which the drawings will fully explain, into the filters.
48. Two have been provided for, each capable of filtering a day’s supply in 24
hours, at the rate of 50 gallons per square
Filters. - fooPz per ‘.?4 hours. A liberal allowance
) as 7o gallons is commonly take
duty of a filter. The draw-off sluices from the ﬁglters to the scrvi*céy ::sl;rgoiil: S:é
arranged so that the necessary bead on the filters can be arranged to any required
extent, from 1 inch up to 3 feet; probatly 18” will be found sutlicient ; the arrance-
ments for turning the water from either settling pond to either filter are shown on
the plan.
49. Designed to contain rgther wore than three days’ supply. With a view to
.~ kecping the water as cool as possible, a
;oof {;)rmod by a eeries of flat-brick arches
) as been prov 1 z
admitted that service reservoirs should be so c<>w'e1-§d0i111(.led'l‘h(31 tr;zfl?s“tlonggneili‘i'lxlr};
allowed for are universally used in Mysore and they are cheaper cleal?er and I()'cut
less space than brick arches would. Rolled iron beams b b, \ ' o It
old railway rails would do equally well and 1d 1y bo chon allowed for, Lut

50. Town distribution’ will Di)w be d v.:'(:)ucl P;Obamy e

oU. ) (1] cadi 1
as a whole have been considered. et _en the Migadi road scheme Wl‘u
 The remarks regarding the settling pond: i ; istri
bution will be common to ?he other tvgo Pschezeflgzs’t}i?;:ce lrestervmr and dlsm(i

* garrison, so there will be no nced to recapitulate them. I.)I‘ J to cantonment on

Service reservoir.

51. The distance fixed, 600 fect, in a straicht line .
need 'lnﬁt be bl’ouihf. to any house, gre’atly simpliﬁ%s th:ansez'srtlce;m* than which water
'he propesed lines of piping are shown on the accor P
T.opograpl}mal Survey of tl_le cantonment, and the state(r)xrllgl)lin}c’;]fngi -tt‘:(}))s?'eetsd()ft:ﬁe
gives particulars of the various lines proposed. ' stribution etinls

52. The original intention was to hav ked’ .
detail, by taking careful measurcments a:c; ele:rvé)llskef(zr Og:;}fhlq ystem 1 greatlcr
preparation of detailed drawings and estimates for each special éne, as 3180 -y t§ le
rf:quu:ed (as was donfa for the Ootzeamund distribution). Put uur]v? and connee m[f
tions it was not possible to do all this, so the estimate is baged Or: t(;er:ﬁ:zym.ségge
: r
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1led and many of the survey B.Ms. checked, and, with one
exception, the latter have been found to agreo well with recently taken levels; some
differences have also been found between the levels of the troop supply cisterns.

53. All the levels connected with the various schemes are taken from D. M,
No. 2 at the N. L. corner of the golf ground opposite this office (No. 6 Bellary road)
gateway ; this B. M. was recently moved, but has begn again put in at the same
level as that given for it on the Topographical Survey 306748 M.B.L. A connecting

level to the 8. W. corner of the office plinth gives a value to the latter of 3056-83.

A list of the levels of various other points which have been levelled to accompanies,

54. For purposes of calculation the population has been taken—IEuropeans
5,000, natives 100,000 ; this latter figure 1s probably 6,000 over the actual at present,
but the allowance of 6,000 for increase is not excessive. It has been decided * to

allow two cubic fect per day for Luropeans

and one cubic foot for natives. To
; properly proportion the pipes statements’
ation, street by street, weuld be required, but no such infurmation
e; all that could be obtained was a statement of
areas and population, and even this is very incomplete and doecs not include the whole
however it has been used to some extent and partly by guess the

of the population; . ;
population has been divided amongst the various lines as shown in the distribution

statement, and the sizes of the pipes thus de(lucgd scem reusonable enough and are
capable of distributing the required quantities in eight hours,

55. The statement of distribution fittings gives the particulars of the various
fittings allowed for each ‘line. The European Infantry barrack cistern will be

of the lines have been leve

* Reference No. 3.

of the popul

supplied by No. 2 branch of msin line No. 4. This latter line will at its termination
near Trinity Church join the existing supply pipes to the Cavalry and Artillery

tarracks. :

56. Probably here and there short lengths of extra piping will be required to
bring certain localities within the limit of distance, but there is ample provision in’
the estimate for such contingencies. : :

57. The rates allowed for actual pipe-laying are much lower than were allowed
at Qotacamund, but they are believed to be sufficient, each item, lead, yarn and
excavation have been separately ailowed for.

58. Of the two lines for the main from the reservoir to the bifurcation of the
distribution mains, the alternative line to the west is some 700 feet shorter and will
probably be preferable; the estimate has been made out for the other, but no great
difference wonld result, as though the grade would be increased from 54y to ;45 the
discharge of the pipe would not be materially increascd, and so its size 163" could
not well be reduced. :

59. From the comparative statement of eost and other particulars this scheme

would at first sight scem most promising.
The tank also is well calculated to attract
popular attention, situated as it i3 on the

om the station and at a higher level than
204 acres in

JIebbal tank schemoe.

high road to Bellary at no great distance fr >
any of the other sources of supply, a fine looking sheet of water, of
extent, at present weir level.

60. The total catchmnent area is 13 square mil
free, as marked by a dark green line on the map,
has been decided that only free catchment can safe
with the run-off, even from free catchment, the remarks
be lost sight of. :

, %1. The catchment can hardly be considered a steep one, and in the middle it is
very flat.

62. The tables of capacity and areas

es, of which only 5 square milesare
and in considering these schemes it
ly be counted on, and in connection
in paragraph 15 should not

and the table of consumptin and waste
show that to store one year's supply (40
M. C. feet) it is necessary to 1mpound
123 M. C. feet, so that 83 3L C. feet

b

Bupply required.

»
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" nd lost 1n evap v

wasted :1’ (74 fect above Wil

Mw-,—&“rmw*—mw -

oration owing to the great water-epread of the tank,

. . W)y N b .
would be ) required 10 stre 123 M. C. feet is some

which at the lev
201 acres in extent.

4

3. It only remains to apply the
‘ data of run-off, per square 1aile, of free
Supply available. catchment— | )

5 me; — 55 M. C. feet available in a‘ bad season. ’}

. téX 11 = 55 M.-C. in en average seasch. )
. 5;2 17 = 85 Masimum supply. ‘ _— |
ace fall, with. the m:_\r.ar‘tcr’ o”({ :{Tftm.;m at l:
an be little doubt that the rcqm.ml qumsm\;‘- u'u.“ {( ‘“-I"fm}ded, |
all favorable, there can be h\ atiro eatchment of 13 sauare miles could e counted |
T mtlll Oiirfcr:rn(]est sf etlu-se jnvestigations the tank has surplused ecveral &
‘on. During the pregres

‘ NURTVIR N thut ot least
’ . - belioved, tole atsolutely mecertary, : :
times, but if it be decided, as is beb ey £ 900 M. C. feet weuld be required, lnvolving

: of aver
64. In a year, however,

ed, ove .

18 months’ supply should be stored, ove the Taising of the tank about 29 feet and

the submerging * of a large arca of
voluable Jaud.

e e, the tank Yund carries the

5 A1 for particular motice, the 4 carri )

65. These do not seei to e ¥ Bellary road, lkenee the necescity for the |

& ' top width alluwed.  The present wors §

Eetimafes croscell by a bridge of 7 vents of 9 fect }

j

* Vide contour survey of tauk.
i

. . Yo micrs ntd raising the remainder,
ision 1 moving two of the purs s O .
ovision is wade for remeving Tt T ites cpe ,
eac}f' inI;rthe arches with rolied iren beams and buckled piates, and raisicg the weir
replac s '

i i 1 on the seetions. s

body wall 12 rear of thie bridge as chown cn.thu t te disgram %
66. The natura of soil in rear of burd is shown ca the bore hale ciagram. ‘,

67. The distance of the tank from the filters and service ryer:bozr}be\fng 0 n;mch ;

: d 1y main wter distanes

i €5 ost of the supply main, and tais short 0ce |

han Mdgudi road reduces the ¢ . istance

131? tsmwllvr %i{'t materially Teduces the first cost of the engines snsdl the waxing :
‘ it 1 3 y (68 |
2xpen<es The same establishment would however, it is considered, bo necessary 88

¢3. This tank is in the same valley as the Hebbal, about 11 m

Nagavara tank scheme.

its total catchment being Hebbal catchment of 13 square miles 4 2 6 = ) 6-6 square -

miles to obtain the 83 miles of #ice catchment alluded toin G.O., No. ‘2-’: W.& Oi §th
January 1889 the O sqnare miles of Hebbal free catchment must be reckonc‘ (j]u.s o
Major Kensington proposed to increase the catchment and take up the 8:’"1‘1,n" a
Jukkur tank by a catch channel, but the unfaveratle epinin reported r(,‘;“lipl,t &
work of the kind has becn endorsed by the Chicf Epgincer, so the Qmposzd s o .
been carried farther; indeed the Mysore experience pf catch channels is not uw‘oy“r‘:{ge
ing, and in this instance, as tte tank should be raised 111 feet, the {fall avaua
from the Jukkur tank would not then be sutficient.

60. The tables of cepacity and consumpticn ehow that fora year's eupply ( ‘
. C. feet) 106 M. C. feet must be 1m

Bupply required, &e.

being under wet and garden cultivation. The comparative statement gIve
for the other schemes) the approximate cost of compensation, and if for th

the Hebbal tank were deprived of the water from the five square miles of i/f-g f‘z‘t}:
catchment, it would happen that in bad years the Lcbbal tank could not sUPD y 0

land irrigated by it; hence in both estimates appears the same sum Rs. 1Y
compensation for land deprived of water. ' ‘

for the more powerful engines required at Migadi road. } on Tower dowato ;
the east. The weir is 23 feet lower thr}n :
that of Mellsl  Correctly speuking, 1t
free catehment is only 30 square miles,

i~
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70. Applying the data as in para. 63— -
T iles.

86x 7==59-5 M. C. feet minimum.

8:6x11=93-56 M. C. F. in an average
Supply available. season.

806x17=1445 M. C. F. meximum

against 106 M. C. F. required.

As in the case of Hebbal tank (para. 64)in an average year a supply from the
total catchment might be counted on. )

71. To impound 1} year’s supply, though the area submerged, while it would
not be so great as at Hebbal, would involve the acquisition of much valuable lang.

792. The estimates seem to call for no re}nark, as t.hey have been prepared on the
same lines as the others. The bore hole diagram gives the results of two borings
made below the bund. :

73. The catchment areas of bLoth Ilebbal and Nagavara tanks cannot by any
: means be considered clean; they are
both hizuly cultivated, and being close to
_ Bangalore receive a considerable amount
of night-soil manure; parts of the Nagavara catchment are most offensive. Neither
catchment can be nearly so clean as that
of the Hessargatta tank, which has heen
condemned as a source of supply partly

,  for this reason.*

74. As shown, both ITebbal and Nagavara tanks fail when reviewed in the
o o light of the data available. So, as has
Rachanhalli. been reported, the only cheap alternative

to the Mdgudi road scheme would be the

Rachanhalli (or Dhasarhalli) tank ; this is at the same level as the Nagavara tank,
énd only 2 mile further out to the north. It is in a narrowerand deeper valley than
the Nagavara and so the water-spread would be smaller, and to store a year’s
supply it need only be raised about 8 feet. Its total catchment is 36 square miles,
of which 15 square miles may be considered free, as the tanks in this area are
shallow and unimportant ; and the chicf one, the Jukkur,. irrigates but a small area.

A more detailed report and approximate estimate for a supply from this source will
shortly follow. ‘ ~ .

75. To briefly summarize for the three schemes which have been worked out
for the supply of the cantonment and

Tmpurity cf catchment areas.

® Reference No. 4.

e —t o oo e

0L

pounded, and to do this weir level mps: ;
* be raised 114 feet, the water-spread beirg ;

jnereased. from 86 to 334 acres, the land wkich would be submerged i8 \'zzlr:iqﬂ:}f{;
g s wisY

8 s(lh('me ;

AT TN

Summary,

Pros,

Most advantageous catchment basin, valley
steep and narrow, insuring & rapid and high
Ee;centage of run-off, the whole catchment

eing free,
exﬁ2ﬁ.ﬂ?af:c}n(ziaen%1 ntow only cultivated to a small
and that wi i
extent, | at with crops but slightly

3. Advantageous site for the formation of
the supply reservoir, a deep narrow valley,
height of dam to store one year’s supply 45
feet above river-bed, area of water-spread at
that lev’el 85 acres.  Height of dam to store 18
months’ supply 541 fect, area of water-spread
at that level 124 acres. A still larger suppl
could be stored if necessary. Y

4. Analysis shows the quality of the water

from this source to b
of the others. e much purer than any

A. Constantly flowing stream of limpid water

flow, said to continue even ; .
weather to a small extent, en in the driest

garrison :—

Maagspr Roap.

Cons.

1, Cost of the project and annusl working
charges. : ) _
2. Possible difficulties with the reservoir
owing to the amount of silt brought down by
floods. - )
3. Possible difficulties in obtaining permis-
sion from the Mysore Government to carry out
the works as the supply of the Pettah from
this source has been talked of ; however there
should not be great difficulty from this cause
as Sankey's tank has been handed over to

Mysore.
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76. TIesBAL AND NAGAVARA SCHEMES.

Pros. ) Cons. .
Smaller initial cost with lower annual cost 1. Water not so pure 88 that of Mégadi
for working. Distance to sources of supply road. © o
being less as also heads tobe pumped against. 2. Shallow tanks of great water-spread |
These advantages are also in favor of the involving the storage of alarge volume of

water to meet Joss by evaporation and leakage.
3. Catchment basins not large enough to}

furnish required supplies in any but favorable!

Hebbal scheme as compared with Nagavara,
while there is but little ocounterbalancing
advantage in favor of the latter, as here the

compensation for land submerged would be seasons of rainfall. . .

much more costly. The latter tank is now 4. Catchment basins highly cullivated and
rapidly drying up. Rather than rescrve the manured and generally not favorable to a
5 square wiles of free catchment Lelonging rapid run off. o

to Hebbal to supply the Nagavara tank for 5. Cost of compensation for land submerged !

supply of the town, it would be better to and deprived of v'va:ter-would be expensive, as ¢
adopt the Hebbal tank as a source of supply land in both localities 1s valuable.
and increase its free catchment by taking up ;
some of the tanks above it. ‘ L

77. General Summary.
catchment areas would be very expensive. :
estimate for each scheme, but has been added, at foot, in the |
amount for Mdgadi road has been made out in detail by the Mysore Revenue i
Department, for the other schemes approximate values deduced frem total areas and
average value of the land have been entered. {

78. A statement accompanies showing how the annual working charges havei

3
{

—All in favor of M4gadi road. To reserve t_he free |
The cost has not been brought 1into the
general abstract. The

been arrived at. As in previous esti-

* mates 15 per cent. interest and deprecia-

tion has been allowed on the machinery,:

r iron-work, pipes and fittings, &c., and 4 per cent. on|
The entries for establishment should suftice, and in!
engines which drive the cotton |

4

Cost of working.

but only 7 per cent. on all othe
the balances of the estimates.

making them out the cost of working the elaborate
spinning mi

sively by a far smaller establishment than had now been allowed for, but even this;

latter is only about half of the present Ulsur establishment, where also the cost of|
firewood is greater than at the eotton mills, the reason assigned being that the mills |
are at liberty to make advances to contractors which a Government department:
cannot de. At Ulsur works wood fuel has been costing from 217 lb. to 270 1b.
per Re. 1. At the cotton mills, Re. 1 per 3161b. 300 1b. per rupee has been taken
as the cost for these calculations, the consumption of wood per hour has been taken
as quoted by Messrs. Richardson and Cruddas for each engine. Of course the com-|
paratively antiquated engines and pumps of the Ulsur works could mnot be as econo-;
mically managed as the more perfect machines now in the murket.

And in considering the cost of working the schemes under reference, the cost of
the present Clsur supply for the troops alome (Rs. 16,605 for establishment and
working plus allowance for interest on first cost, this latter has been caleulated to

amount to Rs. 31,889, total Rs. 48,454*)1
should be deducted, it represcnts almosta
an annual dead loss to Government. . .If a]
combined supply to garrison and cantonment were carried out, the annual total cost
could easily be met by a very low water-rate, about Re. 1 per head of the population,
who already probably pay as much or more for their present unsatisfactory supply.
As far as has been ascertained a water-rate would be cheerfully paid. '

e i d i

T

s o s e Sl

* Cost for 1,000 gallons Es. 2}.

SuppLY SCHEME FOR THE (FARRISON ALONE. ) l

for the garrison, in the event of -its not

teference No. 4. being found possible to carry out a supply|

scheme for the garrison and cantonment!

combincd, being recognized, the estimates, amounting to Rs. 2,34,130, have been!
prepared ; the comparative statement gives the cost and other particulars side by side|

The importance and urgency of obtaining a pure and unfailing supply of wateri
1

lls at this place has been looked into. These are worked very inexpen-! .

N

o

g,pj;
%
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with the hrgt; schemes. The annual working expenscs a i

A . I timated at Rs. 20,000
cost per 1,000 gallons being Rs. 0-14-0 against 21 mer 1.( ¥ tho
existing Clsur cupply. gaiust Rs. s per 1,000 gallons, cost of the

2. Tt is proposed to draw the supply from the same . ;ombi
supply from M4dgadi road, only in this case a smaller cata}?z?gsf ’aa;zfogeitg: zzm:;;ild
a point has been sclected § of a mile above the bridge over the stream at 52 mqilns‘o%
the road from Bangalore to Mégadi, Above this pownt the catchmont area is 5 squar
miles, as colored by a pink line of deeper tint on the Tepographical Survey .

3. Taking as laid down the required s;z}{}l)ly at 10,000* cubic feet per day the
* tables of capacity and consumption show
Reference No. 4. ( evaporationL and waste as befofe, 0-7 feet

per month) that for the ! ly of
3:65 M. C. feet 8 M. C. feet must be stored i 01 Theight of daw
required being 28 fect above river-bed. red in the zeservelr, the he}ght of cam

4. The dam is colored pink on the cross sectio

. ) n of the vulley, the secti
dam for 50 much of the height from the top to be the same as dZs’ivm:d fggotzlllg §a§l’z )
reservoir. The estimato provides for cement right through as it is ;roposed to sur 1%
over the dam, provision being ade fur a mass of rough stone in rear. P

5. For the reusons set forth in paras. 12 to 18 of th i
supply, it is thought that 18 months’Psupply should here }aelsr: %(;rtstgtr\eflheaﬁomglfl ed
supply for the native troops in garrison should be included. The sup 1 ;fo 1(;l %t()g
cubic feet per day is basced on the requirements of the European troops 'poyx;l a slight
addition to the height of the dam would be needed, the engine lo';rer y'ds o
provided for i3 capable of pumping up a larger supp]y., pOTEr e mam

6. Trovision is made for two sets of direct acting compound engines, pumps and
boilers, either of them eapzble of pump-
ing up a weck’s supply in three days of
] . ten hours through a 10-inch main

7. The size of the main has been calculated as before, a head of 6 fest per

e bei . .
mi e#;géglg allowed, seven days’ supply pumped up in three days of ten hours, 7.
y hebe

10560 %60 = 0648 cubic feet per second, a quantity the10-inch pipe will discharge,

——
Engines and pumps.

8. The same arrang i

rrangement of settling ponds, filters and service reservoir as for
the lagge.r schemes has been estimated for,
the service reservoir to hold ten days’

' ) supply and to be roofed in wi ick
arches supported by stone pillars and rolled iron beams simflaiog) ihemonw;;.go;gg}i

for the larger schemes.

o th% Ezrlltt%};le Sltf w%l be on tle South Parade as shown on the Topooréphical Sufvey

o ho &a Servtixzen - Dorings show the soil to be a firm red clay with some sand
e reservolr the supply can be conveyed to the Infantry barracks cistern

Settling ponds, filters and service reservoir.

-and on by the existing lines of pipe to the Cavalry and Artillery cisterus.

(a) In drawing up this report endeavours have been made to make it as
concise as possible, consequently nothing
has {)ieer.l.noted regarding topographical
S . peculiarities of the country, climate, rain-
Chaster Iiallz i&c. ; qu,lte enough has already been written on these subject’s.
the samep o hlmt Mr. Lee’s essay contaivs a general description of Bangalore, and in
. me pamphlet 13 a diagram showing the rainfall for ies of 5, ’

given in the pamphlet are howing fall for a series of years. The levels
S ference to thaDhe re incorrect and the estimates extremely sketchy, and with
(pnge §it of M Lgel’ eaatl'on published with G.O., No. 2810 W. of 20th October 1887

g 8 8 essay), it may be noted that the essay has not in any way been

adopted as the foundation of the Maradi
indicating the locality and Os ) é]:;e}ééosﬁ)lp{;:ad scheme as now prepared except so far as

Concluding remarks,

LJ O -
ver 11,000 cubic feet per diem have besn pumped up from Ulsur in the dry season.

%
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guppLEMENTAL REPORT DY J. C. LARMIN

DBANGALORE Warkr SCUPPLY.

Garrison and Cantonment front the Rackanhalli

osal to supply the:
(or Dasaralli Tt unk).

i

|

!

!

. ]
Supplemental Report on the prop ’
4

been already submitted treats of the question of obtaining)
|

\

1

|

H

3

|

- a supply from thr
| P('/'t're.nce‘ ' 1st—Mégadi Road.
Tara. 74 of report which accompanies the find——-lvlcbbz'xl Ta'}}k.I
estimates which have been glready submitted.- 3rd—Nagavara 1an (.f .
is 1 » + o scheme, both for first construction
The frst named 18 likely to provedn expensive schem¢, DOTL . i
and subsequent working, and is not besides without 1ts drawbacks, the chicf being
. it { o new masonry dam.

the uncertaint attendant on the construction 0 : ' .
d 1 considered in the light of the data

2 o latter schemes com lotely fail whe t !
| bk to the sm{)ﬂl areas of free catchments available § consequently }
M

. b T " i.ﬂ
decided or, chiefly 078 iqe the advantages of the two latter schemes,:

e of suppl which, while combining '
Fon cor 'Ppﬁf high Jevel and proximity to Bangalore, with @ larger catchment !

.. comparatively ] \ 1 v
;:e’aﬂi;?)gld comply with the necessary requirements. The Rachanhalii tauk fulfils:
"y ” R )

these conditions fairly well. . . ) !
3. Tt is just § of a mile further out, to the north, than the Nagavara tank and

almost at the same level ; the accompanying compurative statement compares its parti-
culars with those of the three schemes for the combined supply as already submitted. |

4. The conditions of the catchment basin are more favorable than those of cither

The report which has

ee sources—

P

iles, and here it rouy te remarked
Il prevailing in Mysure a large|
of value, as the chances then of )

3

" (a) As to the total -area, i-e. 36 square m
t{hat under the conditions of rainfa

" catchment, thongh even pot free, 13 s the chs
catching local showers are SO much better, Major Keusingtou, RE.,.

who has had considerable experience of Mysore, considers that, by far;
" the best tank filling rains, are not those of the monswons, but the local !
chowers that fall Lefore and after each monsovn; this quite agrees with |
the experience (limited of course) gained during these investigations, i
and it is from thesc very local showers, which usually come duwn in .
sudden heavy bursts of short duraticn, that the greatest percentage of
rug-off is obtained. ‘ . » ;
(b) The catchment i3 not so highly cultivated, and being farther from DBangalore i
and more out of the way, receives but little (if any) of the clearances !
from the dust-bins. The good quality of the water is shown by the!

table of analysis. i
() The catchment is steeper and parrower, and observation gfter heavy rain;

<howed a rapid and copious run-off. | ;
(d) The catchment of 15 square miles, which may be considered free, is colored ,

.

" purnt sienna on the 1 inch Topogmphicul sheets which accompany the

first report. : o

5. Tt is true that several tanks appear in this arca, but the printipal one, the
Jukkur, wonld disappear, as its ayacut would be submerged by the reising of water|
achanhalli tank, so under the head land compensation provisiou is
3

level in the E :
made for taking up this area (only 87 acres). All the other tanks are shallow pond

of no importance. ‘
. 6. The remaining 2] square miles of the total catehment extend away to the,
north of Yelahanka as marked by a blue pencil dotted line on the map. The Yelu-|
.hapka is a considerable tauk, which at times passes off much surplus. N
7. The table of consumption shows that to store a veat’s supply, present full

tank level must be raised 7§ feet, when the three tanks will compare us under.

Yt e

|
R {
R |
;

:

?

i

. '\"l""‘““"'“«gw.u»‘

N e

]

e At NP .
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) l Hebbal, Naguvai'a. l Racl’.anlml:i..
Extra depth required to store one year’s supp! N
* Ares of water-spread when so raised uppy e e et Kt 11} 73
Corresponding capacity . 8-01‘652%64}: o 323"
- ; » b ) 108 118

[

8. It has been already shown that of th

. G 3 SHOY e two t: . . . .

balance of advantages is rather in favor of Helbal, s(;n(};fl’vH\i?g;ﬂthaig(}alt\fagivaT; th&
) er tank nee

further comparison be drawn.

9, Tor one year's supply the ar ' " '

'S suf » area of water-spread ¢ squi ;
flﬁ?)]&e:; atf; Rachanhal’u, as shown by the statemenxi (of ;ﬁgﬁchl}luued {paclly axe
a hn h?ll compensation for land submerged by the. reservoir P d:r[§ ando cost) ; the

achanhalli, but it i3 belicved that the former (IIébbal) is und:: esbtsi'ml’:oao m(grehat ‘
: er- ated and that

more wet land would be submerged than is allowed for

There was no tiine to obtain

exact particulars hke those now given for
i ) iven for Rachanhalli - whi
the Tnd sabmerzed in this oase. alli tank, whil o avai
i } ulii ;fl;r’ﬂe;gui) in this case v_vould_be the land obtainable arizs(? tsft off against
bo 1o 1 ank, the WP][:.Of. wt}leh might be lowercd 6 feet, and }.e margin of
onger required for ‘irrigation {vide para. 5), the stone now ?zrmt i tm']tk ey
¢ ing 1t3 revet-

ment could be utilized for the Rach
g chanhalli tank, : \ :
revetment has been allowed in the estimate for the ];ft%ra"cordm

gly a lower rate for

10. But it is in the compari ‘

10. 5 > srison of the run-off f

halli wit at fr P . off on the catchme Rac :

aa}otmtn(hf t}}’at from Hebbal and Nagavara areas as compared gvtitfeah()f \acl}an-

: f water that the advantages of the former sckeme become mzsf oy
| ; appurent.

tallen since early in November

— Hebbal. Naguvara. | Eachanhalli.
lequired for one year’s supply 123 ot “irs. |
A:mi}able. Ve, free .. PP ? .. 51:5 3 .109 "US.
Catehment x 7 M.C.F. ... ' ‘3‘3 ?2;(2 10117
- ) 2" ':)
Deficieney ... &g 80-8 13 |
A i

11. 1t ] ittec it wi )
it 3 b it il ok dn it o g iy
it el un-off, : as menths’ must be . i
advautagex;a'x( ’{‘gege(git‘x ledfblly~ be. done, then the Rachanhalli tank ha:t;): ﬁ(ll,‘rr}t)}llceh
e T s amf t(;]? storing the greater supply, for, as the contoured surv ;
Srconsidorable are:;.’ : gr her rise of level of the water would only subme;‘('e o
B Hobtl “"?tnho tt g right gmd left margins ; 18 months’ su’pply c&ul?i 15)’2
2s b for o ealJou~ submgrgmg a large area of valuable land, raised 72 feet
ot botow (b Wg'im sf btuhpply., the water-spread (of Rachanhalli) would th4é'1 blo
sapplemontal reservoir: Oth e J ukkur_ tauk, so that this lattar might be ﬁsed‘as;
B AL C. fout Detor: “:0. e other. aIt'IS a doep compact little tank, containing about
fort inches el FAS Lelr’ctre,.st and 6 feet beioxy that level M.C.F. and is now only a
pointing to the i, n? withstanding & gons1derab1e draw off through the sluic{**
stence of copious springs in the valley, s no rain worth noting h‘ahé

12, 1f th g X oy
e Jukkur tank be utilized as a supplemental reservoir, the Rachan-

halli tank need not be rai
T e raised for any gi
t : P for any given supply to so an ex
me available now will not admit of this tc’luestionpbpeiy;ig; Workf:aotut cxent, but thg

- 13. The ; . , )
1 quantity of water required, if stored in the Rachanlalli Tank for 18 -

months’ suppl
i o perigcll) );’f 1::1; hrg:)'i’e:;‘r ‘P;een compuled and is shown in the consumption table
nths 210 M. C. F. would be required. Present tank level

should be raised 13 f aral
s a1 eet (ngainst 73 feet for a twelve months’ supply) or to level 63

461 acres,

' color ‘
¥» colored green, and area of water-spread at that level would be

i - .
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4th March} 1889,

Executive Engineer. 3

'{ {

From an examjnation of -the catchment arcas and from the chemical

analyses, the Hebbal and Dhasarhalli water-supplies are shown to be subjected to

: annual pollution, aud as there is always danger lurking in a water which is known to

1?" Sir]. A. IANBURY, .2, K.C.B 'Su rgeon-General, Her Majesty’s Forces, 1 & be contaminated with animal matter, they are not in my opinion advisable sources of
rom Sir J. A, ITAD :B., X.C.B., BU . > - . .

- to the Secretary to Gm”ernm’ent, Public Works Department, dated Qotaca- ;

i A
4
: - W oRES. ) . 18rm Mav 1889, Nos. 1326, 1327 W., Pusue Wonks. | 23
22 : 18t May 1889, Nos. 1326, 1327 w., % 5 . - : S
: 3 : ! purity. The cleanliness and nature of tk.xe gathering grounds, extent of cultivation,
BANGALORE WATER-SUPFLY. _ Pro: i : the amount of manuring, &ec. and points of a similar kind bave to be consid-
. S of annual working expenses for the Rachanhalli Tenk Project.] : ered and .su.pplemented by a chemical examination. In the schemes mentioned in
ConpamsTIvE urmgx:;r tes to store a supply for three different periods. : ) ; Mr. Larminie’s report, the tanks or reservoirs are to be filled with the rain-water that
stimales - S i . runs over the surface; 50 the cleaner that surface is the purer will be the water collected.
Estouars Prncsstacss axp WoRKixg Exrexess. ,) . , In none of the schemes, however; will the water be entirely -free from the risk of
! : P contamination from surface drainage, as in each catchment area there are villages and
+ yuonly. | For 18 montbs’ supply. | For 24 monthaeupply. ¥ = - manured cultivated lands: The gathering ground of the Mégadi road scheme is one
. For 12 monthe’ supply- - { Co which is least objectionable and which is most promising as regards the purity of the
tronot | Per | Anual | Ttem of | Per | Annual | Itom of Jer | Annual j . water. In this catchment area there are very few villages (and those are small ones),
cotimato. | cent. | charge. [ostimate.| cont. | chaTge. jestimito- EHE ge- r : «very little cultivation, and that with crops but slightly manured. The catchment
— 1 : ~ area of the Hebbal, Rachanballi and Nagavaram schemes cannot be considered at all
et 5 ool asio00| 15 is0 | 4500 18 ?750 A cleanl, ax;d, ?S th%’ulzfva%g;e?: c;:'_{;?gi’ ‘Oiflilllldﬂ? : :1 :) © expectgg tobgive a wholesome
Mackinery .. = o | 45,000 B i el 1 13,669 154,140 1| e { supply of wa er. v s ean the dg a considera le extent, and in
2 B E Strivution “loggees| 1| 16082 329,744 7 ,053 2,29, ' i places with crops which are highly manured and in the Hebbal and Rachanhalli
Balance of estimats on whic 5310 236750 | 4| 9470 295600 4 4 1LA2 catchment areas there are also many villages. The waters of the Hebbal, Rachanhalli
ordipary interest is charged .. | 2,07,750 | 4 e — Toiast| .. y 1 . A and Nagavaram tanks or reservoirs would therefure be liable to dangerous contam-
Total of estimates .. | 6,76,634 | .. . [T05634 .. S 3 | ination as they would not ¢nly flow over highly-manured cultivated lands, but the
Establishment. 400 ) 2 t00 ; ﬁ : tanks would aiso receiye the surface filth of the villages situated in their catchment
i .- . 2400 | .. f e ' ol ‘480 ) areas. :
gﬁ?ﬁ?ﬁﬁﬁ?ﬁ on 81:'2%00:: . .- ol IR B bl B ORI B 4 , 3. While at Bangalore I requested the Deputy Commissioner to favor me with
Four 23‘;2;2‘;:‘,,?2;13 of Filters| B 180 e - 180 | the number of villages, population of each, extent and kind of cultivation in each
F::rd mugmt on i:'cﬁf ol - 180 ] . N B o ) - % catchment area; but thlts information has not yet been received. 1 will forward it
336 e | o0 oy ; o . e it ‘ 4
Clgu':ing filters end  settling . 5.000 . 5,000 | .- .. s.000 1mm<;dm;‘ely 1 receive 1 b £ h tchment th /M Soadi 4 sch :
e . M. ; ’ . | 4. From an examination of the ca chment areas the Mégadi road scheme, as
| Saob. \ . nas2 ! mentioned above, is the one which will give, as regards quality, the best water, and
: Pudl. . |a744 bourd IS I T B 1+ D 1500 this is also borne out by the chemical analyses, copies of which T have received this
Small stores . LI - - } morning from the Chemical Examiner and herewith enclose. It is not stated at
Total annual ?ﬁ:,ffso . ' 66,8031 .. | .. 1 es0s8| .. .- 70407 ; ‘which part of the stream (Mégadi road) the sample was taken, but, if this was knoxyn,
Contingencics, repairs, o, oo | o » noi | . | - LT | .. . ' the amount of nitric acid, &e., found on unalysis might be explained. According
. - - to Mr. Larminie’s report, dated 2nd February 1889, vide para. 11 (4), the water of the
; Total cost for 22211!3;1:1011 . o es000] . | .. | 622000 o f 71,600 ‘ M4gadi road scheme, which was analysed, was taken from the stream under unfavor-
Rate per 1,000 gallons 047 | . able circumstances, yet the ?esults show i!; to be a much better water than eith_er that
Rclivered . Ea. | .. ol oa el o] oasl ] T 1N of the Hebbal or Dhasarhalli (Rachanballi) tanks. - The remarks made regarding the
' = i M4gadi road water apply also to the Iebbal and Dhasarhalli tank waters,but toa much
(Signed) . J. C. LARMINIE, / o greater extent.
| |

; drinking-water supplies. The scheme therefore which I would recommend is the
; q . M4gadi road one, as from a sanitary point of view it undoubtedly would give purer
~ ‘) " s o . ) .
mund, 25th March 1889, No. 822. ) S : water than either the Iebbal or Dhasarhalli. _ L
In reply to your letter No. 1223 C., dated 9th mstaxllt,.I ‘have t}ilt; honor to "‘; .
inform you that, basing my opinion on the statement of apalysis received irom you, 3 ( ’ |
1 consiger the ’Water %f good quality and fit for the use of the troops and towns- | ‘ Excrosvres. _ Migadi
’ i road.
people. ' ; Totel solids «.. Grms. per litre oo eae wee 0250
] . . . Y i Xolatile solids .., e Do. N 08;(1)
: A i issi the - Chlorine Do. s e
Trom Surgeon-Major J. A. LAING, Sanitary Commissioner for Madras, to . Jo. )01
Secre%ary to JGovernmenf;, Public Works Department, dated Ootacamund, % ) gzgif&nﬁiidnés; . Clarl}:):’ scale O %°§?g
. 10th April 1889, No. O/1. IR : " ; ‘K;‘ge amm'onia‘ . . Mlgrmé. per litre e e ,Torg%%-
) YWith reference to your letters, Nos. 1222 C. and 1620 C., received 11(11 March - : L Ibumenoid smmonia ... Do. R L
and 1st April, I have thy; honor to state that I have visited Bangalore and ms_pected Nitrie acid Do. _(as ammonia) ... 0300
\ C . ‘ the catchment basins mentioned in Mr.

Cr———

. . Apparent lit 1 ‘ th ults obtained
. . ., N Larminie’s repcrts,‘ and submlt the fol- ’PP qua y of the water as lnfened frOm € Ies
* Herowith returned as requested with map.

i o E inati ‘Nil
3 : 3 '( R on examlnatlon 1Y) s e LEL] ase (13 e .~ mes . .
, lowing remarks as regards the quality of E Remarks~—The physical characters of the water are unfavorable; the tthk” reddish
‘ ‘ the waters. ‘ : - od : P sedimeut under the microscope showed abundance of siliceous particles ( ¢ river sand )y & few
2. In deciding upon a water-supply, the value of the supply must be determined ‘

infusoria and masses of disintegrating vegetable tissue. The volatile solids are suspiciously

by a local examination of such proximate and remote conditions as may affect its high and the albumenoid ammonia excessively so, probably due to vegetable pollution, but the’

-

et B AW gy e e Seop
- -

2

) 2

PPN T PR

.
NN,
et wey,



m%ﬁg‘;&" - —————. W -

e
‘ SUSEN AP

L e TR SRR Y

.
= e 3
Anrt-ee®”

_SLAVE P »

- e e AR A AR o ccas autll
P e Yl T N 7,,“,:-.,,&n..-rg«{:}mw.‘:,.”m,wm oo P B e S (T
P s g w—4 e, st *
R

e

CIEF

¥ N

[
327 W., PUBLIC TWoRES.
ST SUSSIUUSEU.

24 18t May 1889, Nos. 1326, 1

.

of the catchment

careful sanitary survey o
in order to make

amount of nitrio acid indicates the necessity for 8 oy s taken
grea, in the neighbourhood of the position at which the sample was )

sure of the absenoe of any sources of animal pollution.

‘ I;’o. I No. IL.
Hobbal tank, ~ Dbpsarhell
s milos Borth  pileg north
I of Bun-
' & ore. galors.
Total solids ... . ... Grms. perlitra oo gégg gﬁlli.l’g
Volatile solids Do. 0014 009
Chlorine con . Do. . " g0 2°-868
Total hardness Clark’s scale A T A
Pormanent hardness .. . Do- oo T o 57
Free ammonia ... Mlgrms. per litre® ... . 0!:%2%. : Ox:;l(‘)%
Albumenoid ammonia. 0. - . .
Nitrio acid .ei Do. (a3 ammenia) 0-750 0-600
i ter as inferred from the
Apporent auefiy o e o aimat ... Suspicious. Suspicious.

results obtained on examination
tter present in water, also fine clay sand.

Remarks.—Large amount of vegetable ma: .
(Signed) 7. L. VAN GEYZEL,
. Chemical Examiner.

e

Orper—dated 18th May 1889, No. 1326 W., Public Works.

With G.O., dated 16th July 1888, No. 2147 W., was forwarded to the Govern-
ment of India a note by the late Chief Engigeer Colonel Has'ted, R.E., on the §evem1
schemes for supplying water to the troops in Bangalore which had been elicited by
the offer of a prize of Rs. 1,000 by this Government, and in_pursuance of the recom-
mendations therein made, Mr. J. C. Larminie, Executive Engineer, was placed on
special duty to work out those of the suggested schemes which appeared most pro-

o read above, and also those, of the Surgeon-General, Her

mising. His reports ar nd ¢ !
Majesty’s Forces, and the Sanitary Commissioner, Madras, on the quality of this water,

and of the sources in question.

9. The schemes investigated by Mr.

(1) The Mégadi Road Scheme, which was that proposed by Mr. Standish Leo

_in the prize essay. Two projects for"supply from the Miégadi road

valley have been investigated, the one to yield sufficient for the whole
civil and military station, and the other for supply for the troops

Larminie were—

' alone. : :
(2) The Hebbal Valley Scheme.—General Fischer proposed to utilize this valley

as a source of supply for the troops and the civil and military station,

and for the pettah or native town, or a population of 150,000 in all;

but it has been shown that this is impracticable and Mr. Larminie’s

project for this valley contemplates supplying the civil and military

station (i.e., the troops and cantonment) only. :

(3) The Nagavaram Scheme, which contemplates the utilisation of the Hebbal

N T atchment area in addition to a further tract lower down, involving a
- higher lift. : i

(4) The Rachanhalli Scheme, which depends upon a valley lying to the north

" of the last two. All these schemes are gimilar in character and

propose the construction of storage reservoirs whence the water is to be

pumped to a service reservoir on the Mantapam hill.
it is to be distributed thence by gravitation to the cantonment an

barracks. The quantity intended to be provided is a year's supply |

at 121 gallons per head per diem for 5,000 troops and 61 gallons for
the remaining population of the civil and military station taken at
/100,000, The garrison supply scheme provides only for. the troops ot
121 gallons per head per diem. , ‘ ' :

ot

After filtration -
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181m Mav 1889, Nos. 1326, 1327 W., Pusc Wonxs.

A P S o N T N

3. The Iollowing are particulars of the cost, &c., of th
out by Mr. Larminie i— , ' y &C.y e several schemes as worked '

-

Magan: Roap.
For a year's ;mpply. Civil and . H
! Military _ Gzl:;wn ebbal, ‘Nagnvara.m. Racbanhalli.
station. y- .
) BS. A. P. BES. A. P RE. AP
Cost for works e ..l 902124 0 0] 2,34,13¢ 0 oy us. 4. P ES. A P
Annusl charge; {including ’ ’ 0] 698264 0 0} 6,565054 0 0| 6,76,63¢ 0 0
interest and depreciation). | 91,000 0 0| 20,000 0 0 ' :
Cost per 1,000 gallons . 06 9 o014 0 61’003 g g 65,5000 2 g 68,003 2 0
. 6

The Government are of opinion that any scheme i ;
for the storage of at least 18 months’ supplg ; and th:%:)si Z%tltli?: ‘61(1);9),7 {;2:1;1]-2 f'rovidg
for the Mégadi road and Rachanhalli projects, and also of a two years’ suppl ’ }m:he
last I}amed. From paras. 63, €4, 70 and 71 of Mr. Larminie’s re orf Pig ;n -
questionable whether more than one year’s supply could be countedI:)n or st I?p(elzarsA
%Iﬁbba.l or Nagﬁvaram, and certain that the additional cost would be very great0 leT}?Z
p‘:-o;:zg? ire the results for the larger supphes in the Mdgadi road and Rachanhalli

'Mw.un Roap. RAacHANHALLL
One and half yeats. bne and half years, _ Two years.
_ Rs. A. P. RS. Al P
Works . '9,79,75¢ 0 0| 7,056 1 0 0
o e 5634 0 0
| énnual charges . we ] 94105 § 0| "ere00 0 0 7'31’%33 o 0
ost per 1,000 gallons oo 0 511 0 405 "0 4 2

4. From the .ﬁgures above gi\;en it a i
n, ppears that the garris
nilayv be left out of account, and that the Hebbal scheme, for oge ye::;}ss:g)g sciI;etx}I;:
::heapest. As regards quality of the water, the Mégadi road catchment give{;b far
H:bll))‘;{e:: sll\}{:gly, and thi’}ghof é%achanhalli is appreciably better than that of ezyther
avaram, e Surgeon-General, Her Majesty’s Forces, is of opini
:hat the Rac‘hanhalh water is of good quality, and fit f'})r tly;e use ofs,thle t(;oo(;)gu:;g
owns-people ; but the Sanitary Commissioner after an examination of the catchment
greas gives unqualified preference to the M4gadi road scheme, and considers the others
Ga;geerr;);‘sit;s (Ehe caitlch?.elntsdcontain villages and cultivated and manured lands, The
1 Council while admitting that the objections of the Sanitary Com issi
lv:’ai:fiihfci)tr:eel,f ;)sbi?)l;;vgi i’:ﬁa(t}:l the'yf appllty also in some degree to the M:gadi ro?ésil:snizf
- ear of cultivation. The cost of obtainin teh
adequate extent and free from the dan 5 neat Bangalovs
nt s , gers adverted to anywhere near B
g}c;ulgulizepro!_nblpve, and the Governor in Council considers t}iaat the water oi}nﬁ;'o;?
e sour G‘? exarxluned may be regarded as practically safe, and that the opinion of the
parge ]; Ifenex:a may be accepted. There is no doubt that any of them will be, so
" as quality in concerned, a vast improvement on the existing supply. ’

Nagai:ar?;? R'%(lzlhanhalh scheme presents undoubted advantages over Ilebbal and
o agavar tl;e : ese as being nearer Bangalor.e are more exposed to contamination by
p— 5 e aslms. are pqt so favorable glther for catchment or storage ; and the
Jakku'rytarik l1)1p_p y, if sufficient can be obtained at all, is much less assured. The
bl euilglsppersedeq, the ¢ free catchment,” i.e., the area draining directly
n Na"avaraman 'I‘?hh reservoir, will be treble that at Hebbal and nearly double that
o et 3 3 afr.e is no doubt at all that an ample supply can be obtained
e oo chanhalli valley, and the cost of the water is hardly in excess of that

gavaram. As compared with Mégadi road the water may be somewhat less

£
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- sing the views of Government thereon. In doing so I am to commend the project

S

26 187 May 1889, Nos. 1326, 1327 W., PreLic Woeks. ,

pure, but the considerably larger catchment at Rachanhalli and the great cheapness -

far outweigh this disadvantage in the opinion of the Governor in Council.

6. A further reason why the Rachanhalli should be preferred to the Mdgadi
road scheme is that the appropriation of the-latter valley would interfere with the |
claims of the Mysore Government upon it as the most natural and attainable source.
of supply for the pettah or native town of Bangalore. The lift from it to supply the

ottah would be much less than is necessary to gain command of the civil-and i
military station, and it may be said roughly that 1} years’ supply for the latter would
be only a year’s supply for the two together. It is, moreover, doubtful whether
the catchment area as taken by Mr. Larminie would yield 13 years’ supply for both
the cantonment and native town. With the claims of the pettah, on Sankey’s tank, .

4

adverted to in the papers forwarded with the Resident’s letter read above, the Govern- | -

ment of Madras has nothing to do ; but the Governor in Council is strongly of opinion
that, whatever be done as regards the supply of the pettah, it is very desirable that an i

independent source should be adopted for that of the cantonment and the troops. {

7. For the foregoing reasons, His Excellency the Governor in Council resolves
to recommend to the Government of India the adoption of the Rachanhalli scheme,
for at least an 18 mounths’ supply, as the most suitable. IHow this scheme is to be
financed and how this burden should be shared between the military budget and the
municipality are matters for the decision of the Governor-General in Couneil.

8. Ordered that the following letter be addressed to the Government of India,
Military Department. ‘ :

(Hero enter No. 1327 V., dated 18th May 1882.)
: ] (True Extract.)
_ (Signed)  R. R. E. DRAKE-BROCKMAN, Lt.-Col,, R.E, i
: Ag. Joint Secy. to Govt., P.W.D.

To the Political Department, for communication ‘
to the Resident in Mysore.
Military Department.

»

' . |
LerTer—to the Secretary to the Government of India, Military Deprtment, dated ;
Ootacamund, 18th May 1889, No. 1327 W. '

I am directed to forward, for the consideration and orders of the Government of
India, copy of the Proceedings of this Government, No. 1326 W., dated 18th May
1889, containing certain papers relative to the water-supply of Bangalore and expres- |

called the Rachanhalli scheme to the favorable consideration of the Governor-General

in Council. .
(Signed) " R. R. E. DRAKE-BROCKMAN, Lt.-Col., R.E,, )

Ag. Joint Secy. to Govt., P.W.D.|

P 1

L3

Yxd. J. Henricus.
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BUILDINGS AND ROADS. . V/ / *7 16t JoLy 1888, No. 2147 W,, PCBLIC WORKS.

Goit. of (1sso) $adras. I . '/ N

_PUBLIC WORKS. : . . ' | . GOVERNMENT OF MADRAS, /5

e s

o Bd e e
t
§

PUBLIC WORKS DEPARTMENT.

{
EE R R . st

Buildings and Roads.
Military Works.

~ Reap—the following paper :—

r et e

v ' i Note by the Chief Engiﬂéer, Public Works Department, dated 7th July 1888.

X
LA

v

Dated May, 18th | ' - OrpEr—dated 16th July 1888, No. 2147 W., Public Works. _

_ The investigations made of late years with the object of obtammg a pure water-
supply for the troops stationed at Bangalore having failed to produce an efficient and
economical scheme, the Government resolved to offer a reward of Rs. 1,000 for the
best essay on the subject, on the conditions specified in the notification pubhshed in
the Fort 8t. George Gazetle of the 1st November 1837, and subsequent issues; the
award being left to the Chief Engineer, Public Works Department

. : ; - ! . A number of essays have been received in compliance with this invitation,

.0, 18th IfIay 1889, Nos. 1326 W, . : " - § b ‘ and have been carefully examined by the Chief Engineer, who awards the prize to

1327 W ) o i " Mr. Standish Lee, Sanitary Engineer, Mysore. The sum of Rs. 1,000 will accord-

* - ingly be paid to Mr. Lee by the Executive Engineer at Bangalore, and will be

adjusted against M1htan W’orks under instructions from the’ Examiner, Public Works
Accounts

%

i

f The essay submitted Ly Mr. A. H. Garratt, Executive Engineer, Dellary, is,
: t in the opinion of the Chief Engineer, a very good one, and does him great credit.
" | The essay of Mr. 8. Tomlinson, Deputy Chief Kngineer, Bombay Water Works, is

[ also, in Colonel Hasted’s opinion, a very creditable paper. Both these essays came
near to winning the prize.

' 4. A copy of these Proceedings will he published in three successive issues of
- the Fort St. George Gazette for the Saformation of competitors.

Recd. " Enck

MAY.

-y -

L R P

% ' ' ’ (Here enter No. 2148 W., dated 16th July 1888.)
: 4 (True Extract.)
] : (Signed)  J. O. HASTED, Colonel, R.E.,
. S 1 ‘ Secretary to Govt., P.W.D.

. To the Superintending Engineer, V Circle.
» Examiner, Public ‘Vorks Accounts.
» Military Department. .

»  Superintendent, Gazette Press.

ExporseMENT—dated 16th July 1888 No. 2148 W., Public Wqrks.

b S , Copy of the above forwarded for the {nformation o£ the Government of India, °
;e Mdltary Department ’

Water-supply of Bangalore % T (Signed) 1. 0. IIASTED, Colonel, R.E.,

For warding copy of Proceedings on report ) _ L . : P g I
from Mr. Larminie, Executive Engineer, . . : : Lxd . Banﬂema_n | ‘» t
on the several schemes for the —, and . . R
recommending for favorable consideration
the pro]ect called the Rachanhalli schente.

g Spare Copies

L
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BUILDINGS AND ROADS,
MILITARY WORKS. -

@0t of 11888} S adras.,
PUBLIC WORKS,

/i

Dated July, 16th,

Reed. o Encl,

G.0. 16thJuly 1888 Nos 2147
2148 W

JULY.

Bangalore Water-supply Scheme

Forwarding to the Government of Indis,
for information, Proceedings of this Gov-
ernment awarding to Mr Standish Lee,
Sanitary Enomeﬂr, Mysore, the prize of
R hs 1,000 offered for the best essay on
the —,
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e to the Garrison alone.

' /&MM A e, a ' . IR E o In accordance with No. 3 reference, instructions were given for the
)/ N - ! - H

investigation of two schemes for the supply of

. . . ‘ ' e - o 1 : ol - - Bevssrscss. water to Bangalore
. ) : Cfs 7 - : i : ‘ s ST
% ﬂ/f’f - ﬁ W: ,& ; T / Y O.)c/v‘p(/é«,\/é;m aa}&,@ < ' © (1) Lelter from the Government of India

No. 1182 M. W. of 14th June 1887 1st.—That proposed by Mr. Lee,to whose
recorded in G.0. No. 1924 W, of 18th essay was awarded the reward of Rs. 1,000

. . ’ o : ./9 43 4l Pf ) ~ July18s7. . (reference No. 2),and 2nd, that proposed by
'y ﬁ:, b Lo 5 ‘ . ' LS N B I (2) G- 0.No. 2810 W. of 20th October 1887, Major Kensington. * o =
) ' (3) Chief Engineer's Note printed with G. O. - 2. The instructions given were general,

N N _ 4 ‘ s Ne. 2480 W—A of 14th August 1888.  and were to the effect that, every i‘em compces-

&) Chief Ensisecr's Noto printed with G.0. ing the estimates was to be gone into in minute
© No. 25 ng:fe%th Jamary 1889. detail and most carefully estimated for.

: R ‘ 3. Accordingly, some time was devoted to consideration, from every point-of .
; view, of each detail. Mr. Lee’s, commonly called the Magadi Road scheme, being the
most promising, was first taken in hand. : - ~

4. The country was carefully examined 1o secure the best site for the dam, as
. AR , : ~ DR - also for the best and most economical line for the Supply Main to Bangalere, and
.ﬂfvéf[ LZ/ / ?/ﬁ & ' . ’ { f4—mn _  endeavours were 1ade to obtain further data regarding rain-fall and run-off. ’ )
L B 1 : j 5. Some time was also devoted to the prepare}ﬁgah- of a fairly accurate survey . 24
A ‘ % i g !, with levels and contours of the proposed Magadi Road Reservair, site and the desigr - = - =
fﬂ*-";"‘ /_,(;7 ¢ / o - LT T ! b : Jof the masonry dam was made out in detail. . .
SV I TR e '

i
3 L]
4
v - Ce.
P

LN

™ . ,&cfﬁv}?lﬁ 'a

3,
YLk

“4 SR 5. According to somewhat modified instructions- received in December,
) " approximate estimates, to admit of a comparison of the
» various schemes, were considered in the first instance
sufficient. Had. it been understood that sketch plans and estimates were only
‘ required, the work could have been done much sooner;as it is, the projects are-
. . - R RS . now submitted well within the two months mentioned, (Reference No. 4) However
, # , - - N ' it is hoped that the time which has been devoted to minor detail will be of value
L > ) E . . o 1 . hereafrer. -For, of the estimates herewith submitted, that for the Magadi Road scheme
“ : . , o ‘ ... has been prepared in considerable detail, and is believed to be a very close approxi-
‘ | ' : ! _mation of what the work may be expected to cost. - (

) ‘ . a8 7. Tothe Nagavara scheme, that for the Hebbal tank, and for the smaller
S | - i , ' R scheme for the Garrison supply (instructions regarding the two latter received in
. _ : : . . . ] 3 _ .December last) it has not been possible to devote so much atiention. - The surveys /

/ - : ‘ - ‘ - and estimates are howevtr believed to be close approximations. - Y
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Reference No. 4.

T T e - e A
Y

-8. .The’ accompanying comparative statement gives the leading features of the
several schemes and tbeir eslimated cost. Fach scheme will now be reviewed in
. ‘ detail. They have all been based on the same general

Rel; No. 4. Y 3 ! g
erenee 8¢ data as laid down in the Chief Engineer's Note,and

}
: H
1 ; % | . ‘ ‘
' _ _ . . ‘ ) e ' regarding which a few observations may, it is hoped, be permitted. (Vide paras 12
et . ’ . f ” 3 ’ ?
fret : G ,fw/g//@/,m. ﬁﬁ? (1] e B
i
;
!
A4

PURE (SR 3

9. The more correct name for this scheme would be Maligal, near which
Magadi Foad or Maligal Scheme. *village it is proposed to construct the reservoir. The

] - catchment area of 9 square miles (as measured on the
Topograpbical Survey vide sheets 42 and 63) extends 3 miles to the north and 1

) m}ie )to the south of, 2 miles of the road from Bangalore to Magadi (4} to 6}
v miles). , ‘ ‘ A .

5 -
*Situated about one mile below the bridge over the stream at furlong sfone@ on the Magadi Road.
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1ast. Light continuous rain 5 inches

o 2

10. 1In every particular except cost, it is by far the most promising of the three
schemes investigated for the supply of the Cantonment and Garrison. DBut, provided
a scheme is admitted to be promising in other particulars, the mere question of
even a few additional lakhs to the cost should not, it is thought, weigh much against
it. The comparative statement shows {he small additional quantity of *water (some
90 AL C. feet extra for a year’s supply) which has to be stored to provide for - loss

' from evaporation, leakage, etc., owing to the favorable conformation of the reservoir

site, a narrow «decp valley, the area of waterspread at F. S. L. being 85 acres.
-11. . .The other a;ivanthges are: — ]

Advants:ges of Maligal Scheme. )

(1) The whole of the catchment may be considered free.

(2) Probably not more than one-sixth of the areais at present under
cultivation ; there is however a growing tendency to extendit, chiefly
casuarina plantations ; 80{ the Mysore anthorities have been requested

-to check its further extension for the present.

(3) The catchment area chiefly consists of steep, bare lateritic Hills, from |

which personal observation showed that even moderate showers are

very quickly run off (vide also para 18 of Chief Engineer’s Note,
reforence No. 3) In this connection also vide paras 17 to 19 regarding -

percentage of run-off. . :
R Analysis of the water taken from the stream under unfavorable circum-

_ stances—shortly after a flood—shows it to be remarkably pure, and .

the accompanying table compares it with water from the other
- gources, as also with thatnow pumped up for the use of the Bangalore

Garrison. [Even in'the dryest season there is, it is stated,a small
. stream of pure water aiways flowing. S
(5) A supply for more than one year can be more advantageously stored
* " here than elsewhero. : '

ev B Kl = Ymrra A s e

e 1; B;agarding the quantity of water to be stored, i.e. 40 M. C. feet or orly ]
' oneyear's supply. Asa comparison between the vartous: —.

Quantity of water to Le stored gchemes, it may suffice to estimate for storing this
aod run-off catchment area. _quantity ;but it is considered that with cnly cne year’s
gupply in store a bad season or two cannot possibly be tided over. o

13. The minimum supply, 7 M. C. feet per square mile of catchment, which
according to the accepted Mysore data'might always, it was thought, be expected
flow off, cannot, it is now fournd, be ‘icounted on as a certanty. _ )

14. Seven M. C. feet means 501 inches of rain, run off each square mile.
) Taking 17° as the lowesl rain-fall 301”7 would be
almost 18% of that total fall, while thereis abundant
1o 94 hours. Percentagereceived by  evidence to show that, to obtain so high a percentage

'Experienoe of 2nd November

" Sankey’s Taok, 13 per cent. the fall must be in sharp heavy showers. Everythin,g
depends on the character of the rain fall. In the courseof only an average years

»

18% might safely be counted on, while light continuous rain, although the 24 hours’
fall might be high, would yicld a:much smaller percentage.

fall (36 inches) provided that some of the falls come down in guick heavy bursts, the

15. The ligihter the annual rain-fall the smaller and fewer arg the _cha'nces of |

_obtaining heavy showers of short duration, so thal in a season of minimum fall, it may
happen and very probably will,  that the run off, instead of - being 7 AL C. feet

r square mile, will be almost nil. (This, it is krown, on the best authority, h_as
already been experienced at the Mysore water works). Consequently, how " essentizl
would it not seera to store as large a sapply as can consistently be dose ? ‘

i »

- 16. Two and even {hree years’ supply have been advocated. ., The reports that
have during these investigations from time to time been submitted regarding the
Mazadi Toad scheme, advocated the storing 'of 11 years supply (60 M. C. feet),
which requires, allowing for waate, evaporation, &c., s near as can be 100 M. C.

* 40 M. C. F. required for supply of the Contopment and Garrison, 80 60 M. C, F. mhust be stored
for & year's supply. - T : . . ‘

- feetin the reservoir. (Vide table of consumption and waste). “ | \

4
H
}

|
|
|
|
|

R R e TR RN

g~

\ 2%5 P
3 | (-/%7
17. That this quantity can be impounded in an average year is hardly open to

ciues’cion. The Mysore data gives 11 M. C. feet per square mil th
as deduced from Sankey’s Tank, a most unfavorablgatc%nment. gsaiot:d %Zergfr:{

*Referenco No. 3. . is og Chief Engineer’s *Note, the run off of the Magadi

S e ) 04 ?atChffleﬂf: roust be higher, and observations
mas.ﬁ;)tdurmg the course of theso investigations give the following approximate
results. . :

. _]8. During the period llth Sepltember to 2nd October last, the total fall from
. certain selected showers was 54 inches. 'This fall over the catchment (taken as
_ only 8} square miles) means 10663 M. C. feet. . : e

"' The quantity that passed down the stream was approximately ccmputed

4Saffciont for & year’s consumplion. to be 1'42'7_'1. M. C. feet. %éﬁg;:t)' 1 or 40 per cent aver-
, . ' age. . Individual falls gave for } an inch in 1} hours,
. (after a Jong period of draught) 3 per cent. Even on this occasion the stream
began to increase halfan hour after the rain commenced. ) .
S . Fora 2 inchful = .. .. 58 percent.
. T 13, .- e 29 7, :
cL . 5, 11 o B [ I
c. n 08 . . 30y, Catchment by this
: time well wet- .

ATl these were falls of short duration from 1} to 3 hours.

19. * Bat although the data is admittedly very approxima’ce,{ still it -suffices to
show what may be expected in an average year. The year under reference was how-
ever under the average, as the total fall was only 34 inches. '

1 30, Toimpound 1} year's suppl‘y,jloo M. . feet, 478 inches of rain must run

- off the 9 square miles of Magadi Road catchment, or only 13:3 per cent of an average
Cojyearsfallo e e -

~ st
o

one year’s supply now estimated for (see section),’ and

t Rs. 2,70,37 cre . .
Rs. 270,370 the additional cost, as per detailed estimate, for'a

Ty 192,740

21 The.dam,_ to impound this quantity, should be 9} feet higher than that‘fgr

TSy

o masonry and concrele dam for tbe full width of this

TRES0 ‘ section would be Rs. {77,630.

e 22 The advantages of the scheme are detailed in paragraph 11. The chief

Dissdventage. - - disadvantage willnow be alluded to: it is that the run
R 2 ) off being so very quick the water, even in snall
freshes, cqme‘% %mn highly charged with silt. . It is consequently proposed not to
draw off wal® Bolow 13 feet above bed of stream at site of dam (level 3348 on

survey), thus utilizing a length of the river bed as a silt trap; with a view to keey-

s .

t*‘h *

. this ::lear itis proposed to place two or more 3 foot iron pipe scouring sldifes, -
. worked by equilibrium valves in the foot of the dam, and a special design for these "

valves has been partly worked out. But itd i i it 1
foarod that Sﬂtingaup)ivill o a eveq with all possible precautions )lt is

23. Messrs. Richardson and Cruddas, the well-known Engineering Firm of
Bombay, have taken considerable trouble in furnishing
ond enoine ] particulars and cost of the best description of pumps
and engines to work against the Heavy Heads involved in the three schemes, tbat of

- Magadi Road being greatest. The Heads in each case have been deduced as follows,
Magadi Foad being taken as an example. . : ’

~,  Pumping Engines,

Top water level in settling ponds T '
Lowest off take at Reservoir . T 274171
S
’Q P ) Actual Lift.. .. 34829 feet
W urnps can be placed 25 above draw off . 25

- .‘\ o ' o . %
; Head allowed to overcome friction in supply: main |
.. to Bangalore at 6' per mile .

" 323
33

<%

1
L}
o,
v
s iafa,

30900 M.S. L. ' %

. . ?, : - R
: _ Total Head to pump against.. .. 356 feet M -

e W

ey -V,

i

e
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24 It ms‘s;;eciﬁed timt the pump; should be able to throw tp a week’s supply |
in six days of twelve hours, or at therate of 66,540 gallons per hour. o
. dson snd Cruddas recommend three sels
which working together shall work up to
ps and boiler) in reserve.

95, Tor this work Messrs. Richa
of enzines, pumps and boilers, any two ofW
the required quantity, leaving a third (engine, pum

26, They recommend, direct acting, compound condensing engines and pumps.
Y :

~ High pressure steam cylinder . .21 inches diameter
" Low pressure.. . . .36 inches.
- ".. Pumps 48 inches stroke ,". 7 L ea1a digmeter, and ]

7" " Lancadhire boilers Gach of 35 1L:*P. sominal. |
© Their estimate for -threo” sots of the sbove delivered in Davgalore is
Rs. 53,000, o . g - ~ . .
" 97. Anidea of the combined pump and engine can be o}ztained from the wood
cutat page 35 of Messrs. Richardson aad Cruddas’ catalogue: The weod cut, however,
does not represent a compound engive. It is extremely compact, each' pump and ;
engine only occupying a space of 28" % 3V, so the three pumps can be arranged

L
'
i O TS

Gl /}/17/44 ,

the cohcrete to be of ordinary lime mortar.. The’ additi‘onalr cost of the dam, layi;mg
3.223at T 24, the differenco of all the concrete in cement, would be *Rs. 77,353.

Liddat i 2 d lime concrote, Probably alighter section than has been estimated for
near the flanks would suffice, - ’

31, . A diagram showing the section of the dam with the curves of pressure,

and a table of weights and pressuresand also the required dimensions if calculated by
Molesworth’s formula, accompanies the estimates.. -

35. Afier some consideration the right end of the dam "was fixed on as the

£ best site for a surplus weir; there is evidently a bed of
o rock at no great depth below the surface, a trial pit
shows rock at level 55:0. The weir has been designed for a drop, still 5 feet
lower, of a {ype which bas been found to answer well and is much less expensive

Surplus arrangq%nehts.

" than a clear drop.

36. As'designed the 150 feet of weir with a dé th of 3 feet. assine over. wi
discharge % an inch of rain per hour from the catchmle)nt of 9 Squa}; H?;ﬁai, over, will

37. According to Mysore Public Works Department experience, as much as

* 1 inch per bour from a catchment of this area and description may occasionally be

expected'; but to provide a weir for so exceptional ‘occasions seems unnecessary, as an

* arrangement’ nught be made to pass such excessive rain-fall over the dam. The

&)oN
é{ .'.«//') ’/ ’

Cur e ST 1 gty

o about 48’ x 35" These purapsare made for lifts from

alongside in a room measurin L , : ] _ ssi
250 :t,:ol 1,500 feet, for quantities of wate from 3,000 t5 50,000 gallons per hour. ‘ P slaff in charge of the pump;ngrmachmery could easily look after and work any simple
" ) : e qer b 4 i »arrangement decided on. Water so surplussing will fall on the rear slope of the e
' 98, A provision of Rs. 12,000 has been made for engine and boiler houses. . ,,. ’ dam, up to depth over crest of 3 feet. - _ ; -
A-delailed estimate has not been made qut, as one amounting tQ Rs. 9,260, based on - W o : . . . , '
very liberal rates, was framed in connection with the Agram Tank scheme ; rather ! 38, As shown on the reservoir survey, the weir bye wash bed, is placed at {. v
more accommodation will be required in this instance, for which the extra Rs. 2,940 | h , +00dand cax:ged aling till this level rups cut of cutting, where the surplus can be b )
- i i ision. ‘ _passed over the rock into an existing ravine. It is beli reve ,
. qu be sufficient meswp e : : 3 -~ " ped will be met with above this level (i. e.+50). Ia believed how (_evgr_th?ff _a:(?ck{_ é_j., R
. 29, The Agram Tank scheme estimate fox; quarte;‘ﬂs, Rs. 14,%00,_ hnsl a]ss been i " se The Lt . & . | . § L
.-, adopted ; provision s made therein for gaarters for ono Hurcpean Engineer and (W0 | . 39. Tho left embankment of the bye wash can be formed f N
- ’i Earopeazl or Lurasian drivers, for native stokers, and fur a store room and office, the : R provision is made for a substantial, grouted and pointed revetment t;mix’: til';i ac¥:;m§ﬁ
i~ whole surrounded by a wall, &. At Magadi Road (Maligal) a gocd site for the i | . of 400 feet below the weir rear wings, - b  leng
\ i the Hill top above the right end of the dam. ~ ) . |} : _ | | -
i quarters will I')a on .e 1l top . v. ©ne = e _ i - 40. -The pump valves will be placed at level 53-48 or 25 feet above the lowest
7 50. ~As in Maligal Reservoir with one year's supply stored, there will'be 313 1 g , Supyly Main to Bargalore, take-cff level in the reservoir, from the pumps th
pohe gt e oot ip © foet difference of level between highest and lowest 4 i e supply main to Bangalore will be carriod I;u P; the
i e Bite for ngines s umPs. pater levels, and as pumps gannot be placed more , left side of the teservoir for a short distance and thence strike awa inolgnnorﬂ?
than about 25 feet above the lowest level to be pumred from, to avold the necessity § . ; ; easterly direction, crossing the road from Bangalore to Magadi near furljt,)hg stone & ;

of placing the pumps below engine level, it has been decided to place the pumps in " thence the line will run, with three slight bends, to the Mantapam Hill, where it is
?

rear of the dam, the site marked on the survey will be a suitable one.¥ Althcugh - 5 . proposed to place settling ponds, filters and i i
perhaps not so safe, as if placed above, the dam and above M W L, the arrange- i | £1. The lie i ponds, hlters and service reservoir.
- ment admits of the cheaper and more comypact form of engine described, , : - objacts ke e line will not pass near the Pettah, and in selecting it (the line) the

;. . Pt in view were to secure the shortest route, subj iliti i
F pt ; . subject to facilities of laying
i:(i st;:f 2}3 I(‘)l‘dvz}le_lc}e: of sudden rises and dips, two or three small ravines will bave tz be
arr;nrre,xrient wl'(l:l l? lump sum provision has been made in the estimate, the cheagest
heed Soens licl)' e g to support the pipes on the rough stone posts so universally
b (e ridges formed of old rails. The line crosses the’ Mysore State
bz ¥ to Tumkur about a mile nortk of the Pettah terminus.

42.  Asthe pipes nearest to the reservoir have the heaviest Head to withstand
?

a beavier section of metal has been allowed, 1”7 in thickness for ths first mile, 2

for the next, and 8” . ) 116
less thicknens '?ha?x ; ”J.r all the rest. For practical reasons the pipes cannot well be of

A sufficient number of scour cocks, air and back or reflux

31. To store one year’s supply a dam 45 feet above present bed of stream at

Dam of masonty asd concrete the proposed site will be required. At the centre

i " gection a height of 503 feet has Ierrallowed for; the

cross section of the valleyat site shows the various levels of foundations proposed; ‘
they are probably lower than will be found necessary. -

1

et

G

Mr. Lee. At the latter, the line of strike of the rocks, with all the joints and fissures, |

- Lo .o . _ « ' - . 4
39. The sile selected ‘is a little higher up the streani than that infended by
_ . are parallel to the axis of the stream, while higher up the line of strike is perpendi-

" “ewdar to the river, and the bed of rock & much harder and sounder as far a3 ean be
judged by gullies, trial pits and other indications. Thisbed of rock extends all over: pressure valves hay . . ,
L) 'theavalley at no g’rea’c depth. S S B ' , considered. © been allowed for. All the items and rales have been carefully : )
o 33, Taking the Bhim Tal dam near Naini Tal as-a precedent, it is j v 43. As noted in para 2 i oy ‘ “) >
proposed to form this dam of two cuter skins or walls of coursed rubble in cement ~ Size of Supely Mot para 23, g;; :;Zsec}?gg: m{:& has be;:an &:alc;‘xlated (as also for the *f'/ /
mortar, thias obviating the necessity for snpporting planking when carrying up the . ; ' : ‘ 6 of Supply Main, week’s sur IS)be' Gng a e(zia of 6 fest per mile, the .
conerete lparting of the dam. It was intended to use Portland cement for the , | e fet =296, say 3 cubic feet, re ufx)rpe?i7 disl::]ﬁ Do or so de ays of 12 hours
entire mass of concrete, but the Chief Engineér being cfopinion that an cuter casing | ! Kutter's formula will at 6’ ver o 8TES par secont. An 18" pipe by
of cement concrete would be sufficient, the ‘estimate has been framed accordingly, : : ‘ " ever a 17” pipe would be t per mile, (};scharge rather more, or 84 (. per 1”. How-.
alloying for the rubble casing in front and rear, and a thickness of 2 feet of the ) been adopted. oo‘s‘mall, discharge 286 feet per 175 so the larger size Las -

concrete in rear of the front rubble face to be in cement mortar. The remainder of

. . B} . g
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_puddle, so that there can be no objection to constructing ponds, filters and

45.

considered and the idea abandoned as 1t would involve additional pumyping, as there is
no suitable site below the reservoir where they could eco
The pumps proposed are specially adopte

46,
Delails. *

It-will be a questio er ¢ ould
bé provided. With a view, to deliver the water into the ponds as quietly as possible;the

supply-main from the pumps will deliver into a large circular we

Messrs. Richardson and Cruddas, in connection with the engines, considered the
gize 18" as specified suitable. i

44,
Settling pood, Blters aod servizs gxtra of supply pipe to the Cantonment, but there are

e e

6

It is proposed to construct these on the Mantapam ill. The only disadvan-
tage of this site is that it necessitates about a mile

several counterbalancing advantages.

~ The site is at the highest available level. T
It is well away from all "dwellings and their accompanying sources of
contamination. ; ,

The land can easily be made available and no existing rights of any conse-
quence will be interfered with. .~ ° C ‘

The only other suitable sites are either the golf ground or the high ground;
for the former floor of service reservoir should be placed at level 3030, for
the latter 3040, thus reducing the head for distribution, ard neither “site
aff>rde the same facilities for construction, and th_ey are besides much used

as recreation grounds by the officers of the Garrison and other European
residents. The constructions in question would completely spoil either. '

The site selected on the 'slope of the Hill admits of the settling pondé,
filters and service reservoir being arranged at 'suitable levels with -

reference to one another (vide Flan No. 14).-

1

i

e, e,
s iy e it -,
B e I s et oD

P

(f) -For either Hebbal or Nagavara schemes the ona disadventage noted l
. disappears. . ¢ '

Borings to a depth, lower than necessary for egcavation, ghew the soil
10 bepretty similar to that visible on the surface, 1.e, hard compact lateritic
goil ; mixed. with water the clay from the borings seenied almost fit for

service reservoir as proposed, i. €, in cutting, witha good facing of cement
concrete laid on the slopes, cut into steps, if copst-ructed with masonry sides,
the works would be considerably more expensive. -

ot T g o e, bt

The question of placing these works near the éupply' reservoir has been

IR

nomically be constructed.
d to the pumping of muddy water.

The plan shows the general arracgements.

The settling ponds have been designed for a depth of 8 feet of water, of
which 7 faet can be drawn off Jeaving'l foot of depth for < ~o
gilt accumulation, each pord to hold one “day’s supply. -

n for future consideration if a greater number of pouds should not

Wl

B B i T
3

11, whence the water
bers, and thence

will be conveyed by iron pipes, regulated by valves, to masonry cham »« 7
© by over falls which can be regulated by shutlers. into the ponds. : =

floating)

- 48.

Filtexjs.
taken as

. TESErvoir
any required extent, fr

47. :’Fx'(mi the p-onds the water will bedrawn off by means of adjustable (or - !

L

suction pipes, which the drawings will fully explain, into the filters.
Two have been provided for, each capable of filtering a day’s supply in 24
. *" hours, at the rate of 30 gallons per square foot per *
. . ~ 24 hours. A Tiberal allcwance as, 75 gallons is common! 14
the duty of a filtler. The draw off sluices from the filters to- the service
.are arranged so that the necessary head on the filters can be arranged fo.
om 1 inch up to 3 feet, probably 18” will be found sufficient 5 the . 3

-

arrangements for turning {he water from either settling pond to either filter are

shown on the plan. ‘ Do

o~

.
t
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. ' 49, Designed to contain rather more than three days’ sumly-ﬁth a; view to
 ervien Resorve. keeping the water as cocl as possible a roof formed by
] . aseries of flat brick arches has been provided. It is now
generally admitted that service reservoirs should be g0 covered in. The rongh sto
pillars allowed for are universally used in Mysore and they are cheaper. cle ne
and occupy lessspace 'ghan brick arches would. Rolled iron beams Liave bg:n’afl an:;
for, but old railway rails would do equally well and would probably be cheaper. o

. 50. Town distribution will now be described whea' :
will as a whole have been.considered. ried whea the Magadi Road scherue

. The remarks regarding the settling ponds, filters, servi . )
. . 'y M r“n .bl]
tion ’_wﬂl be' common to theaother two :chemes, for the su?pfes‘tao (ofxt!;dnmdlstn 1
Garriscn, 80 thgre will be no need to recapitulate them. i ent and

51. The distance fixed, 600 feet, in a straight line .
reed not be brought to any l;ouse, grea’tly simplif%zs the s}stlg?x.rer than which water

The proposed lines of piping are shown on_the accompanyi ‘ N
_ n
Topographical Survey of the Cantonment, and the statenriznzlgig dﬁbﬁ?ﬁ?ﬁ%}g

gives particulars of the various lines proposed.
S

'52. The original in‘enti X .
ginal in‘ention was to have worked out the system in greater

" detail, by taking careful measurements and levels for each line, as also by the

preparation of detailed drawings and estimates for each special curv i

. ’ . e

required (as was done for the Ootacamund distribution). But under rec?gg ixgg':lrrllliﬁgmr;
it was not possible to do all this, so the eslimate is based on the survey, some of the
lines have been levelled and many of the survey B. Ms. checked, and with one

exception, the laiter have been found to agree well with recently taken levels; some /
. :

differences have also been found between the levels of the Troop supply cisterns

e - — s e tam o s

53. All the levels connected with the various schemes M
No, 2 at the N. E. corner of the Golf ground opposite this oﬂia;ee(llg];eg 13{;?3 II;{oa]g
gateway ; this B. M. was recently moved, but has been again put. in atL t{; )
level as that given for it on the Topographical Survey 305748 M.S L A conti3 sz;me
level to the S. W. corner of the office plinth gives a value to the latter of *Ogég‘i’»g
A list of the levels of various other points which have been levelled to acco::q;anies.

54. For purposes of calculation the ion hat
P . g population has been taken:—Eur
lt':,OOO, Natives 100,000; this latter figure is probably 6,000 over the actual zﬁm SE:: nts
ut the allowance of 6,00 for increase is not excessive. It has been *degdedx;c:‘ '
?Hn;wf? cubxg feet p%r day for Eurcpeans and one cubic
. ~ foot for natives. - To “properly proporti ipes
lis;z;(t)?;l?rtlit:n :;sf the;i {);\ppla’(;}nn, ;Itreet by street, Wouldpgeyré)quig?ed,wgutthgogfs}:
a available in the Municipal Office; all that could be obtai |
statement of areas and population, and even thi Tis v ool aad o act
inclade the whole of the ﬁopula.ti(;n' howev o oo wad o s bsent. ot
: ) s however it has been used to some ext )
partly by guess, the population has been divided amongst the varicus lines az sgswiﬁg

*Reference No 3.

- the distribution statement, and the sizes of the pipes thus. deduced, seem reasonable

er,xough, and are cgpable of distributing the required quantities in eight hours.

55.- The statement of distribution fittings gi i
. Che ) ives the particulars of t ]
fittings allowed for each Lne. 'The Euro;ea% Infantrly)‘a Barrackocist}e]:in ‘;?ilnlogz

. supplied by No. 2 branch of main line No. 4. This latter line will at its termination

Barracks.

56. Probably here and there, short length ivine Wi

. 3 Jy nere an s of extra pipin 1 i
bring certain localities within the Limit of distance, but tlIx)e{")e g :;llge riqx}} e
the estimate for such contingencies. ple provision im

pear Trinity Qhurch join the “"existing supply pipes to the Cavalry and Artillery

57. The rates allowed for actual pi i '

actual pipe laying are much lower t , .
s Onsfamund ey s Llioad o b SuoRe, cach Ham, T, 3o
excavation have been separately allowed for. . , y s ¥ an

. 58. Of the two lines for the main fr ervos ‘ on of
. 8. ) g om the reservoir to the bif i :
distribution mains, the alternative line to the west is scme 700 feet ;ﬁgfagosngf\tbﬁ

Y

, probhbly be preferable, the estimate has been made out for the other, but no great

2

o -
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difference - would fesult, as though’ the grade .wou}d be increased .from_ a;;:., to
L, the discharga of the pipe would not be materially increased, and so its size 154"
could not well be reduced. | o |

59.. From the comparative stalement of cost and other particulars, this scheme

wapld at first sight seem most promising. The tank

Hebbal Tavk scheme. ;145 j5 well calculated to attract popular attention,

situated as it is on the high road to Bellary at no great distance from the station -

and at a higher level than any of the other sources of supply, a fine looking sheet of
water, of 204 acres in extent, at present weir level. ‘

60. The total catchment area is 13 gquare miles,.o'f which only 5 square miles
are free, as marked by a dark greenline on the map, and in considering these schemes

it has been decided that only free catchment can safely be counted on, and in con-

nection with the run off, even from free catchmeqﬁ, the remarksin paragraph
15 should xyt be lost sight of. -

61. The catchment can hardly be considered a steep one and in the middle it
is very flat.

69. The tables of capacity and areas and the table of consumption and waste
: show that, to store one year’s supply (40 AL C. feet)
e it is mecessary to impound 123 M. C. feet, so that 83
M. C. feet would be wasted and lost in evaporation owing to the great water-spread
of the tank, which at the level, (7} feet above weir), required to store 123 M. C.

fest is some 361 acresin extent. ) .

~ Supply required.

63. It only remains to apply the data of run-off per square‘ mile, of free

Supply svailable. cafchment.

Mils. -

5x 7=35 M. C. feet available in a bad season.

R | e

5x 11—=55 M. C. in an average season.

5% 17—=85 Maximum supply.

64. In a year however, of average fall, with the character of the rainfall at
all favorable, there can be little doubt that the required quantity could beimpounded,
as then the run off from the entire catchment of 13 square miles could be counted
on. During the progress of these investizations the tank has surplussed several
times, but if it be decided, as is believed, to be absolutely necessary, that at least
18 months' supply should be stored, over 200 M. C. feet. would be required, involving:
the raising of the tank about 20 feet and the *submerg-

*Vide contour survey of tauk. 3, £ 5 Jarge area of valuable land.

65. These do not seem to call for particular notice, the tank bund carries the

. Bellary Read, hence the mnecessity for the top wid
Estimates. allowe{;.., The present weir is cro);seq;by a -bﬁdg?%
.7 vents of 9 feet each. Provision is made for removing two of the piers and raising
“the remainder, replacing the arches with rolled iron beams and buckled plates, and
raising the weir body wall in rear of the bridge, as shown on the sections. ,

- :66.  The nature of soil in rear of bund is shown on the bore hole diagfam.

L

‘

67. The distance of the tank from the filters and service reservorr being &0

/ . ‘ rmtich less than Magadi Road, reduces the cost of the supply main and this shorter
¥

. to the east.

distance and smaller ift materially reduces the first cost of the engines and the

working expenses. The same establishment would, however, it is considered, be
necessary, as for the more powerful engines required at Magadi Road. . -

68. This tank is in the same valley as the Hebbal about 1} miles lo;;vér down

. Nogavers Task scheme. Hebbal. . Correctly speaking its freé catchment is only

\ %6 square miles, its total catchment being Hebbal' catchment of |13 square miles
L R . ? . ) )

13

BB

The weir is 23" feel. ' Jower than that of-

R
-
e T

7
Atk et e
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9

+3-6==16:6 square miles to obtain the 8% miles, of free catchment alluded to in

"G. 0. 25 W, of 8th Jenuary 1889 the 5 square miles of Hebbal freecatchment must

be reckoned on. : ‘

Major Kensingten proposed to increase the catchment and take up the
surplus of Jukkur Tank by a catch channel, but the unfavorable opinion reported’
regarding a work of the kind has l.)eeu endorsed by the Chief Engineer, so the pro-
posal has not been carried further, indeed the Mysore experience of catch channels -
is not encouraging, and in this instance, as the tank should be raised 114 feet, the
61l available from the Jukkur iank would not then be sufficient. ‘

69. The tables-of capacity and consumption show that, for a year’s supply
(40 M. C. feel) 106 M. C. feet must be imepounded, and
' "to do this weir level must be raised 11} feet, the
water-spread being increased from 86 to 334 acres, the land which would be sub-
merged is valuable, being under wet and garden cultivation. The comparative .
statement gives (as also for the other schemes) the approximate cost of compensation
and if for this scheme, the Hebbal tank were deprived of the water from the five
square miles of its fres catchment, it would happen that in bad years the Hebbal
tank could not supply the land irrigated by it, hence in both estimates appears the
game sum Rs. 10,770, compensation for land deprived of water.

~ Supply required, &c.

\ . .
70. Applying the data as in para 63

Supply svailable, . o
t _ ﬁ‘“‘jE_P i,tv' ° R - w__,_w__,,.m_,‘»m Aree v Fiius R R i :-ﬂ:—z—cav~ LEa =R g i 1
T ' Mies .
~ 85x7=595 M. C. feet minimum.
85x11=935 M.C. F. in an average season. _.-ﬁ_r -4

. - 8:5x17=-1445 M. C. F. maximum, hgainst 106 M.C. F. requeu.

As in the case of Hebbal tax; ara 64) in aa a ) ag lv frc .
the total catchment might be counted 15;1.@ o ) verage year, a supply frozg

: 71. ' To impound 1} year’s supply, though the area submeréed, while it
;; (r)xl(li]d nol be so great as at Hebbal, would involve the acquisition of much valuable

.72. .The estimates seem {o call for no remark, as they have been‘ repared on

the sama lines as the others. The bore hole di i ing
the pamo linge & -y ' bore hole §agram gwes tbe results of two borings

i

\ 73. ;The‘ catchment areas of both Hed and Nagavara tanks cannot by any
Lpurily of catchment arens. means be consied clean ; they are both highly culti-
derable ' amount” of n; _ vated and bei close to Bangalore receive-a consi-
offonst ount” of night, scil manure, parts the Nagavara catchment are most

sive. N, ext]'n_er catchment can be nearly xlean as that of the Hessargatta tank,
% Reforence No, 4. ~ which has beerondemned as a source of supply partly
: for this *reason _

- 74 Asshown, both Hebbal and Nagara ‘tapks fail, when reviewed in the
Rachierhalli, - light of the datavailable. So,as has been reported, the

nglaﬁ betthe Rachenhalli (or Dhasarhalli) mk ; this is at_the sae level as the
deei’)e:a:;]l ankﬂ? ud only # mile further out »the north. It is in a narrower and
store a eae’y an the Nagavara and eo thevater-spread would be smaller, and to
square gnil iy ‘Z,“Pply it need only be raised aout 8 feet. Its total catchment 13 36
area are he:l,]o which 15 square miles may b considered free, as the tanks in this
small ar e KW and unimportant ; and the clof one, the Jukkur, irrigales but a

ea- s.more detailed report and aproximate estimate fora supply from

t‘bis source. will shortly follow.

only cheap altnative to the Magadi road scheme ...
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75. To briefly summarize for the {liree schemes which ‘have been worked out

Summary.

. Pros.

Most advantageous catchment basin, valley st:zélp ‘

and narrow, insuring 8 rapid and high perceutage
of run off, the whuls catchment being free.

‘2, Catchment now only cullivated to a smgll

extent, and that with erops but slightly manured. :

3. Advantageous site for the formation of the
supply reservoir, a deep narrow valley, height of

dam o store one year’s supply 45 feet alove river- -

bed, erea of waterspread at that level 85 acres.

" - Height of dam lo store 18 months' sapply 344 .
feet, area of water-spread at that level 124 acres,
A still larger supply could be stored if necessary. § .

4. Acalysis shows the quality of {he water fronéz‘e;'

this source to be much purer than any of the otherss,

5. Const’autly‘ﬂowing stream of limpid water

flow, said to continue even in the dryest weather &cf
a small extent. ¢t

[ e T E i R

Pros.

Smaller initial et with lower annual cost f(;r

MAGADI ROAD.

for the supply of the Cantenment and Garrison :—

CDhs.

-~

charges. . }
9. Passitle difficulties with the reservoir owing
to the amount of silt brought down by focds.

5. Possille difficulties in obtaiving permission
from the Myscre Government to carry out the
works as the supply of the Pettah from this source
has been falked of ; however there shculd not be
"greal difficulty from this cause as Saukey's tank
" has been harded over to Mysore.

76. . HEBBAL AND NAGAVARA SCHEMES, -

o

P

U .-
ALEY RN rco”s. » o‘\_..,_u\)

1. Cost of the i:réject acd eonoal working

* merged would be much mere costly.
“tank is now rapidly drsing up.

working. Distanca 1o sources of, supply being
less as also heads to be pumped agairsl, These
advantages are also in favor of 1he Hebbal scheme
as compared with Nagavara, while there is bat
little counterbalaucing advautage in favor of the '
latter, as here the compensation for land sub-
The latter -
Rather thao re- -
serve the 5 square miles of free cafchment belong<

ing to Hebbal, to supply the Nagavara tavk for~ §

supply of the {own, it would be better to adopt
the Hebbal tank as a source of supply and increase
its free calchment by taking op some of the tanks
sbove it, . B

1. Water not so puré as {hat of Magadi Read.’

9. Shallow tanks of preat water-spread invclving
+{he storeage of a large velume of water to meet
loss by evaporaticn aud leakage,

3. Caf«.;bment Lasins not large enoupfx to furcih
required supplies in any but favoralle scascus of
rain-all, .

S Ca!pf;:nent basios iﬁghly cultivated and

manured ard generally pot favoralle fo a rapid
run off, ' :

5. Cost of compensation for lard submei'lged. ard
“deprived of waler would be expensive, aslacd in
both localities is valuable.

77. Gesezar Somvary—All in favor of Magadi Road. To reserve the free
catchment areas would be very expensive. The cost has not been brought into the
estimate for each scheme, but has been added, at foot, in the general abstract. The

' amount for Magadi Road has been made out in detail by the Mysore Revenue
Uepartment,™ t5t™ the “other schemes zoximate values deduced from tofal'areas =™~

and average value of the land have beentered. |

78. . A statement accompanies, sking how the annual working charges have
Cost of working. been arrd at.  As in previous estimates 15 per cent

5 interest 1d depreciation -hag been allowed on the

% machinery, but only 7 pericent cn all aer iron work, pipes and fittings etc, and 4

per cent on the balances of the estimate. The entries for establishment should suffice,
and in making them out the cost of wising the elaborate engines which drive the
ic;’(:ton SPml"“i)g mills at this place Is been looked into 'Fhese are worked .very
t-h‘:ll)z?tswq y { a far smaller establishent than had now been allowed for, but even
ﬁr‘e oo degsls only about % of the prese; Ulsar establishment’ where also the cost of
are g Ky tgl iater than at the colton 1ills, the reason assigned bemg that, the mills
cannot dor .7:& toUI?ake advances to catractors which a Government Department
TTe 1 AvH sur works wood ifu, bas been costing from 217 lbs to 270 Its
Esethe ;:os.f ; th‘e cotton Mx.l]s,‘Re. 1er 316 lbs. 3001bs per rupee has teen taken
e or these caleulations, the cnsumption of wood, per hour has been taken

a3 quoted by Messry Richardson and truddas for each engine. ~ Of course, the com=
paratively antiquated -engines and pums of the Ulsur works could not be as econo<

mically managed as the more perfect nachines now in the market. .

' -
&; ‘ o : TA

-

1]

T e el e e LGB e

Ry

J

. I
e "““-‘*f. e lalo meemm

- s Ve e s

ER i Y

R

PRI

[N T

RS

-
R N

S e S

. g

LI UL e+ e e At

4. The dam is colored pink on the cross section of the vally, the section of {he
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‘And in confidering the cost of working the schemes wnder reference, tha
cost of the present Ulsar supply for the Troops alone (Rs. 16,565 for establichment ,
and working +allowance for interest on first cost, this latler Las been calculaled to
PO o o amount to Rs. 31839, total Rs.*48,154) should be
chst)for 1,000 gallons Ra, 2}. deducted, it represents almos§ NS S
Government. If a combined supply to Garrison and Cantonment were carried out, the
annnal total cost could easily be met by a very low water rate,about Qs. 1 per bead of
the population who already probably pay as much or more for their present unsatisfac-
tory supply.. As far as has been ascertained a water rate would be cheerfully paid.

7 SUPPLY SCHEME FOR THE GARRISON ALONE.
The impbrtahce and urgency of obtaining a pure 2nd uafailing - supply of
"+ Beferenco No. 4. found possible to carry .out a supply schems for the

G:n’n'swn and Caaf,:tjnment combined _Leing recognized, the estimates amounting to
Rs. 2,534,130 haveDeen prepared, the comparative statement gives the cost and other

particulars- side by side with the large schemes. The annual working expenses are.
against Rs. 2%

estimated at Rs. 20,000, cost per 1,000 gallons being Rs. 0—14—0
per 1000 gallons, cost of the existing Ulsur supply. .

. . . $ )
9. It is propesed to draw the supply from the same source, as for the. com-
bined supply from Magadi road, only in this case a smaller catchment area being

required, a point has been selected % of a mile above the bridge over the stream at
_««:M“{' 5% miles of the road from Bangaldre to Magadi. Above this poini the catchment
: area is b square miles, as colored by a pink line of deeper tint, on fhe Topographical -

Survey.

- 3. Taking 2s 1aid down, the required supply at $10,000 C. feet per day the
' tables of capacity and consumption show (evoporation

) ‘ .. and waste as before, 07 feet per month) that for the
year’s supply of 363 M. C. feet 8 M. C. feet must be stored in the reservoir, the
height of dam required being 28 feet feet above rever bed. - : -

Reference No. 4.

dam fur so much of the height from the top to be the same as designed for the
large reservoir, 'The estimate provides for cement right through es it s propcsed
to surplus over the dam, provision being made for a mass of rough stone in rear. .

. B.. Tor the reasons set forth in paras 12 to 18 of the report on the combined
supply, it is thought that 18 menths’ supply should here also be stored, also that a

supply for the native {roops in Garrison should be inclnded., The supply of 10,000 * -

Q. feet per day is based on tle requirements of the European, troops ; only a slight
-addition to the height of the dam would be needed, the engine power and main

" provided for is capable of pumping up a larger supply. . -

6. Provision is made for two sets of direct acting compound engines, pumps

and boilers, either of them capable of pumping up a

‘Er?gines aod Pamps, week’s vsupply in three days of ten hours, through a

10 inch main, ) o .
_ 7. Thesize of the main has been calculated as before, a head of 6 foet per

mile being allowed, seven days supply pumped up in three days of 10 hoursi.e,,
0 _==0618 C. feet per second, a quantity the 10” pipe will discharge. -

'8. The same arrangement of settling ponds, filters and service reservior as for
_ Seliling ponds, fillers and service  the larger schemes has been estimated for, the service
- Reservoir.” ‘ ' reservoir to hold ten days supply and to be roofed in

. with brick arthes supported by stene pillars and rolled iron beams similar to the
one I:’mpo.sed for tbe larger schemes.

" “A suitable site will be on the South Pa;'adé as sﬁown on the Topographical

. Buryey of the Contonment. Borings show the soil to be afirmred clay with some sand.
From the service reservoir the supply can be conveyed to the Infantry Barracks
cislernand on by the existing lines of pipe to the Cavalry and Artillery cisterns.

.'to"f" 11,000 Cubic feet per diem have been pumped up from Ulsocr in the dry season.

I

water for the Garrison, in the event of its not being -
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A ( s have boen made to make it as
o concise as possible, ccnsequently notling hias been noted
Concludicg remarks.
climate; rainfall, &c. &o,; &cj quite enough has already been written on
theso subjects. «  "z.5.

Chapter 11 of Mr. Lee’s essay contairs a general descriptich of
Bangalore, and in the same pamphlet is a disgram showing the rainfall for
a series of years, The levels given in the ramphlet are incorrect and the
estimates extreinely sketchy, and with reference to the notification publish-
ed with G. 0. No. 2810 W, of 20th Oclober 1837 (page iii of Mr. Lee's
essay) it may be noted tkat_the essay bas a0t in any way been adopted as
the foundation of the Magadi Rdad scheme asnow prepared except so far as

indicating the locality and source of supply. ﬂ

All the edtimates which bave hitherto been prepared for the water supply
of ‘Bangaldre, made provision for stand pipes, an obsolete expedient, now -
hardly ever adopted, the necessary pressure to force the water through the

mnaing i3 now-a-days always communicated by tbe engine through the -

rocdium of an air vessel.

For the sake of comparison a table is appended, giving the estimated
amounts of the Garrison supply estimate as now prepared and that drawn

up by the late Captain Romilly for a Garriscn supply from the Agram
. tank. v C .

" catchment is nol a very serious one; the table of analysis shows the water:

’

The projects as now submitted are by no means as cemplete, particularly
as regards plans as the undersigned could have wished ; but as time was
an object most of the plans are sent just as they haye been roughly drawn
out in pencil. ) '

The Hessargutta t‘ank on the Arkavati river has been bronght fpljwérd as
a source of supply by Colonel Vibart and has been briefly allided tom

paragraph 73. It is thought that_the objection o the impurity_of the;

TN

el g W i

to be good. There can be no question that a very large volume of water.
could be impounded in an ordinary year,as per figures given in this office”

report No. 74 of 26th November 1888. Notwithstanding the greater. dis-
tance—11 miles from service reservoir site—the level of thetank Dein

regarding Topographical peculianties ol the country,
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higher, the head to be pumred against would be 18 foet less than af ™

" Magadi Road. To impound a two years’ supply the cost would not probab-

ly be much more than at Magadi Road and at the latter locality would
be the risk and chances of leakage, attending ‘the construction of a high
dam. At Hessargutta the existing tank of a capacity of 91 M. C. feet
with ifts massive old bund would be, as it were, a reliable foundation to,
start from. o K BRGNS o ‘

1889. J.C. LARMINIE
' - Ezecutive Engineer.
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‘ o . ' S © 7 Bangalore Water Supply. : /
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e o e Comparative statement showing cost and other particulars §e. of the various schemes proposed.
{ ; i ) Lo Magadi Road-" | * “ . ‘ ' %?
1 ‘ ‘ Maligal, ¢ Hebbal Tank. - Nagavara. Garrisor Supply.
; | }* T " Distanee from soyrce of supply to service - 5 miles, i 2t b 3 By mees Net distances.
- A Creservoin o0 o ‘ i
By ! e \ ] ' - ' : : :
3 R " Head to be pumped against | e 0T 456 , Po162 188 232 5@% Inclades *head allowed to overcome friction ia
34% ‘ L Head R ‘P p Lt e e e . . ¥ ) supply main st 6° per mile. Head calculated from
: (Q ; K C ‘ . . . level of pumps to dolivery level in the settling
ST T o L IR iy ’! Ponds. Pomps placed 25’ above lowest take-off.
P X ! ‘ .t wl : Jd ;
3 r D . Lowesttake-off level . e el 274170 -, 29180 . 28970 219227 X
5 ! . . ! o, U : KK % , [ rf v .
+I 3 h J " . ! ' KR o arnn. i
I RN + - Delivery level in settlingpoods oo © 11 o 80900 30900 30900 301'&?63 , “
; d' . ‘ ' %L;, o ' iy [ S ' C ’ B ' e ’ a ‘ ‘ ;;i g
; e "% Arcas of Resorvoirsat 8. Le e v s 8475 acres! 361 . 3346 acres. 1222 :
) - o ‘e L : ' . ' T . . ‘7. . B ' ' b ’
§ 0o D M mart b b do S €054 -4, . 0 1234 . 106 M., C. feet. £324 Regnired sopply 40 M. C. F.4+waste from all
b B L‘H’““"f“@ of ‘do a S { 3}5 K ‘ , P sources. For 1, 2 and 3 required sopply 40 M. C. F.
I T C R 4 "o AT X I P %f for Garrison 4 M. C. F. - y
A g : . 1 [ e . : H ' N
: E L o Tc't’&l‘cﬂm}lmcnh area oy : L eew o " aee i 9* % 13 ‘ . ) 13 6 ;5 - Lt . "
%t B Free do . do o L e "9 ra T 50 .1 o 36 ‘ b o { oo
3 ) M ‘ ' ‘ ) . " ) “*" % ‘ o N . ' ! o s N R " » .
I B X : ~ ABSTRACT OF ESTIMATES, "} - ol E‘ ‘ .
; B ‘ B - O B B, : ' oL
N . " l"‘)l‘ S s i vl 2 1,02740 Tolese50 0 s 30,500 50500 To store. 13 months’ supply at Megx{dl Roud add
i . ‘L‘w N “':f "o 4‘1701 Lo i s . . ‘ R ko ‘ C } 1 IRV J‘ Ras. 77,030. :
; \v ‘ v [T J ‘:" " o P o ‘ L, oo ::' 1 “ | 00 ]‘  qu‘j ' 131!‘{)(}
R i " ‘Eugines, Punips &nd BOllEI:B oy e e 03,‘000“ ' il L 4\0,0 A b SR . !,n ‘ .
‘:," o tpnnection with'Resu:n-vo‘%rt Co - L , s ;1,0‘3'? . f ‘ S w eee é s N
S o PumpWel G 00 4| 1500 L1500 100 :
: ©0 U Hngiveand Boiler Houss . e 12,000 « © 12,000 12,000 | 6%*(90
S Climmey T e e | 5000 3,000 8,000 4400 | x
., v '1 K t " . A ,“ ““ o, ' v . " ' é" ‘ ’ \ ‘
. Quarters for Bstablishment =~ n . ‘ lu‘L,OfJO " 14,000 14,000 n,grao ' 5 -
e | i - 51,500 © L1200 18 inch mainfor1l, 2 & 3; 10 inch main for
‘ ﬁ)‘upp])‘ nrl al{n ‘ . » . |‘-‘o : 2’57,000‘ 111;5!400 - . 1’” e 4 ‘ ;‘ . Garrison supw- ' )
‘ C L - ' , 4 | o 14490
: " { Seitling Ponds . . Ll ensso 87,350 £ 37,350 ! e
AT Rl el om0 | 36860 . 3n800 e
i | . Cero N PR ORI ' #’“ o ‘ ‘ o o . S I
| ‘ ' Bervios Reserveir T . SO B V% 53430 <} 53430 L Lo
¢ Ched ‘ o ' P P g ‘ '
.- © . Towa distribution o’ el 220,748  2,29,744 P 2eTid R .
' 0 L 85 acves at Rs. 200, 1100 scres at Rs. 1001200 acres at Rs. 100 1+ 18 aered 26 Rs. 50
‘3‘ ; P , N I 57 'y a8t , 150 53 ,, + at,, 200 = ’
! ‘ , T cle o e o ‘ o - b
F ;, " * ! Compensation for land submerged by Reservoir... ©o8500 ¢ o 18,550 © 80,000 o0 , o
1 \ ) - . . . ) L : ‘ ) o . .t7k. ‘n‘ Tl R ' : X
i I : o | AN : EE ’
Lo T Lo g
Q I Do o . oot o i 2 ]
‘ g AT ‘ —_— v C Assezssment x 10 10770 ’ i
E i “Do | forland deprived Of‘WMEI‘ e R S - 10,730 10.7 1. Major Kensington s-ates that the Tand v&nwl (.}Pdﬁf
T, : : L " A rasnt e T on o = O ol Nagavars fank conld be supplied by Raclenhalli
ﬁ “ S 1 Lo BRI Total... . 9’03’1?‘1 SRR I ‘ja,Qh,Za-i I 6‘50‘0"4 ,;3%0 fdﬂt?\', 50 no sllowance is madc.pAs r.i'l the walt‘rifrff)m
LI E S S PN I S ' I Y , ‘ £ 800 - * o0t 1 Tebbel free catchment wounld be reguicsd for
% ‘ ,':Anvnual cost of working .. - . e f b FOLO00 o "o x61,000 L * 63,500 400 Noowvar ?l‘:mk, neng ookd he spdrg.\l for irz-?;..;uLir]m,
o el L o R R N R D s A ' W0 14 80 the pmmount for bud deprived of waler is also -
‘é L +, Gost of waler per 1,000 gallons - .. i Ba0 5 90 B0 3 3_ o 02 . A ¢ ertered against the latter estimate
by oy : Lo S . ' .
1. ey s SV e R . ‘
{’; \:: . ) Cf E‘ }w& - f?.w . [ i E‘,,, ; s . { - ‘
A'j: ‘ . et ' “" Lo . ' . ' L ’u, h YT "
f ‘g s © % Tucluding intercst on cost of constraction, © o QF ,}/ ‘ “ J. C.LARMINIE,
Yo - s y Lxecutive Evgineer.
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~ BANGALORE WATER SUPPLY. - / 1

‘Supplemental Report on the propos&l to supply tké_ Gafri.ébn
and Cantonment from tfw Rachenhalli (or Dasaralli Tank. )

. The rebprt which has been ‘already submitted treats .of the guestion of

- obtaining a supply from three sources, ' :
REFERENCE: ' ' n

Para 74 of report which accom-
panies the "estimates which have , .

© . beenslreadysubmitted. - i /3/“/ ' -
- o , 1st—Magadi Road = . ‘ : /Z7 .
. : "+ 2nd—Hebbal Tank ' ' )-7 . -

R  3rd—Nagavara Tank. ’

The first named is likely to prove an expénsive scheroe, both for first

construction and gubsequent working, and is not besides without its draw-backs, the < Lf
.. "+ chief being the.uncertainty attendant on the construction of a new masonry dam. AN 5
) 2., The twolatter schemes completely fail when considered in the light of the o :

~ data decided on, chiefly owing to thé small arcas of free catchments available ; conse-
~ quently a source of supply which, while combining the advantages of the two latter
schemes, 1. e., comparatively high level and proximity to Bangalore, witha larger

. Tank fulfils these conditions fairly well. o . e -'

: 3. Itis Just 2 of a mile further out, to the north, than the N agavara Tank and}
,.almost ab the same level ; the accompanying comparative statement compares.its parti—{
culars with those of the three schemes for the combined supply as already submitted. }
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: 4. The conditions of the catchment basin are more favorahble than those of
+ either Hebbal or Nagavara Tanks. : :

. (@) Asto the total area, i. e. 36 square miles, and here it may be remarked
‘ that under the conditions of rain-fali prevailing in Mysore a large catchment,
though even not free, is of value, as the chances then of catching local :
showers are so much better. Major Kensington, ®. E., who has had consider- - T
able experience of Mysore, considers that, by far the best tank filling rains,
are not those of the monsoons, but the local showers that fall before and
afler each, monsoon ; 1his quite agrees with the experience (limited of course)
ganed during these investigations, and it is from these very local showers, -
-, which usually come down in sudden heavy bursts of short "duration, that
= the greatest percentage of run-off is obtained. '

. (®)" The catchment is not so highly cullivated and being further :from

' Bangalore and more out of the way, receives but little, (if any) of the

‘ clearances from the dust bins. The good quality of the water is shown by
"the table of analysis, - 4 o

L _(¢) The catchment is steeper and narrower, and observation after heavy rain

showed a rapid and copious run-off. . -
. . ., " . . ] ‘) (‘,,4
7~ (@) The catchment of 15 square miles, which may be considered free, is colored i . .
burnt sienna, on the 1inch Topographical sheets which accompany the ™~ ;
first report, ‘ ‘
5. Ttis true that several tanks appear in this area, but the principal one, the Y

- Jukkur, would disappear, as its ayacut would be submerged by the raising of water
level in the Rachenhalli Tank, so under the kead land compensation, provision is

made for taking up this area (only 87 acres). All the other tanks are shallow pends
of no importance. : :
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ST o. ‘[D ' 6. The remaining 21 square miles of the total catchment extend away to the
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north of Yelahanka as marked by a’ blue pencil dotted live on the map. The L , . 13’- The quantity of water required, if stdrgdin the Rachenhalli Tank, for 18 "
Yelahanka is a considersbla tank, which ab times passes off much surplus. . 1 * months’ supply, has however been computed and is shown in the! consumption table, ‘
e - ST ’ : _ in one period of six months 210 M. C.F.would be roquired. Present tank level

7. The table of consumption- chows: that to store a year's supply, present full _ should be raised 13 fect (against 73 feet for a twelve months' supply) or- to level 63
tank level must be raised 73 feet, when tbf three tanks will cqmpare a8 under :— on the tank survey, colored green, and area of waterspread at that level would be
D L I N : . . -

_ . A 461 acres.
T S T e "7 7'] Hebbal, [Nagavara. Racheohalli. 1 ‘ " .. 14, To obtain 210 M. C. T 6 inches of rain ahoﬂdﬁn off the free cat hm |
| : \. N S ) : : of 15 square miles.. Much more than this would be available in ordinaryc;e:rs. et ' /‘/ /l/ 0
Exten dapts rquized o storo o083 sor's mpply ci ’ L) fet T nj 7} ‘ SO (o ‘15.}i The wa%eir u} theltar_lk)s in t%uhs vgéy i remarkably pure and clear looldnu'
| R . d e B Dt | - 23 1 Lz i . (fer quality see table of analymis), 8O e culties on account of silt, likel v
. Area of water-spread when so ral , f _ peres.dbiy S ] '4 met with at Magadi Road, would here be avoided. . . b Lxely to be
. Correspondiog capadty - . -« o e o #1234 ] 106 118 : T i i
Core | _ ) s : __16." The tank has two weirs of 80 and 90 feet in length ; these could inexpen-
sively be raised, for which a lump sum of Rs. 5,000 is allowed in the estimate for
raising tke bund. o .

. T A - L AR TR

P

P i it

?
%

o A agics v 4 AR -
‘ o

RS oot

" - 8. It has been already shown that of the two tanks, Hebbal and Nagavara,
] - the balance of advantages i3 rather in favor of Hebbal, so only with this latter tank
' . need further comparisen be drawn. - ' ‘ S !

17. The item of estimate, raising the bund (. e. dam), is less costly than eithe .
Hebbal or Negavars, the bund being much shorteg-, _), yl an i er

i - a e T s
. i e .
N .

9. TFor éne year's supply, the area of water-spread and.required capacity are

o , smaller at Rachenhalli, as shown by the statement (of particulars .and cost), .the
S amount of compensation for land submerged by the Reservoir is Rs. 1,300 mcre at 1
' ) Rachenhalli, but it is believed that the former (Hebbal) is urderestimated arid that ! .
ﬂ *  mmove et land would be- submerged than is allowed ‘for. There was no time to i .
obtain exact particulars like those now given for Rachenhalli Tank, while as a set-off ; g

" against the land submerged -in this case, would be the land obfainable- around the _ o
margin of the Jukkur Tank, the weir of which might ‘be lowered 6 feet, and as the . g \ , B 3

- o J. C. LARXINIE,
- 18tk February 1889. ' Ezecutive Engineer.
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tank would be no longer required for irrxl'gation (vide para b) the stone now’ forming i
its revetment could be utilized for_the chenhalli Tank, and accordingly a lower :
 rate for revetment has been allowed in the estimate for the latter. i
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10. Dt it is in the comparison of the run-off on the catchmeut area of Bachen- |
halli with that from Hebbal and Nagavara areas as compared with the required i y
amount of water, that the advantages of the former scheme becomne most appatent. ]

e s

eV R
L]
A

b , *
oL * | Hebbal. Nagavara,] Rachehalli-
- ; ' — ‘ y

: ‘ : MC.FIMCF] MCF |
" Required for one year's sapply ... .y 128 106 118 ¥ : A
Available i, e. free .. ’ vos e o Bx7 [¥6XT - 15x7 5 . s
Catchment x7 M.C.F. .. .| 35 | 252 105 : ¥ :

i
: 4 ‘ 5
. - Deficiency..... 88 808 13 { ;,?

¥ >

R

SR } ‘j‘,:\) 11. Butifit be admitted that it will not do to trust to oblaining invariably a ]
g minimum of 7 M. C. F. run-off, and that at least 18 months’ must be stored, which i

) 3

N in an ordinary year can easily be done, then the Rachenballi Tank has still’ further
) advantages over Hebbal for storing the greater supply, for as the contoured survey
of the Tank -shows, a further rise of level of the water would only submerge an ;
inconsiderable area along the right and left margins; 18 months' supply could not :
bo stored at Hebbal withont submerging a large area of valuable land, raised 7% feet i
as shown, for one year's supply, the water-gpread (of Rachenhalli) would then be !
L 6 feet below the weirs of the Jukkur Tank, so that this latter might be used 8sa
L S e 6 /‘w(»supplemen’ra.l reservoir to the other. It is a deep compact little tank, containing { |
- Zfi "o d/_aboqt“}‘lM. C.F.and is now only a few inches below F.S. L, notwithstanding a ; ,

: ceavLeetr tedgonsiderable draw off through the sluices, pointing to the existence of copious 1 : 1 . o ’ .
EAPAT/ (Zal4Lsprings in the valley, as no rain worth noting has fallen since early in November. j 1 ' r , ﬂ}, ‘.

‘f.; ; 12. If the Jukkur Tank be utilized a3 a supplementﬁl reservoir, tke Rachen-
L -~ halli Tenk need not be raised, for any given supply, to o great an extent, but . the |
' ~ time available now will not admit of this question being worked out. ]
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. BANGALORE WATER-SUPPLY.
Comparative Statenient showing cost and other particulars
of the rariows schemes proposc(l‘ for a combined supply to
Garrison and Cantonment.
. . ’Mﬁﬁlﬁigﬁﬁd Hebbal Tauk. | Nagavara. ' “ Racherballi. \
* Distance from sourca ;;f supply lo Sel:vice Reservoir. 5 miles. 2} 3 'l 4
Head to be pumped agaisst | 356 162 ’186 . 194 '
‘ Lowest toke off lovel .. 274171 29180 28970 | 28950 | 2lower ban Naguwan,
b Delivery lovel in setiling ponds - .| 30000 | . 30000 3090-0 " 50900
. Areas of Reservoirs at F. S. L. o .ol 8476 acres. 3610 |- 334'25 acres. | 338 acres. )
\ g h Capacitiesiof B st B '. 6054 1234 | 106 M.C.feet 118 M.C. F. For ane year's sl B
; ‘E Total catchment area ... | . - "9 13 166 | 26 8q. miles.
?: Free do do 9 , 50 36 | 15~ ) N
' ADSTRACT OF ESTIMATES. ‘ ‘
s Dam  ew ’ 1,92,740 | 25650 30,500 .16,000‘ ,
: -  Engines, Puiops aod Beilers 53,000 40,000 44,000 45,000
| : E Counection with Reservoir , 1,000 ‘ S v
S Pamp well . 1,500 | 1,560 1,500 | 1,500
s f Engive and boiler house ol 712,000 12,000 ; 12,00 12,000
§ s ' ’* Chimney w.. . - 5,000 3,000 3,000 3,000
} A Quarters for estallishment’ . 14,000 14,000 14,000 1 14000
| ,; Supply Main 2,57,000 1,15,400 1,51,900 1,94,400
s  Setiling Ponds - 57,350 37,350 87,350 37,350 |
Filters ... - - 36,860 | 36,860 36,660 36,560
’ :} Service Rgsmoii N “ 53,430 53,430 53,430. 53,430
: Town distribution ‘ L ol 2,290,744 . 2,29,744 2,20,744 5,29,744
i : ': | c‘;;ltlpinjs‘aﬁon fo;' iand subme;ved b".Reservoi"r { e “;‘3 acr:-; a“i& }% 223 mf.s * Rj ;gg G nene dr’l?: 100 ;»te 7.1::1:;: "ﬁ(".‘l):ubs , i
; . ged by ( 47 ,, wetat . 150 merged bv raising of © 3
E 4 . . . ‘ - 8,500 18,550 30,000 19,650 - | Radhenhalli Tans, :
v
. - Assessment X 10] fsessment x 10
Do for land deprived ‘of water - L 10,770 l - - 10,770 r 13,500
| " Dolal...| 902,124 | 508254 | 655054 | 676634
| o " Aomusl eost of working......| 91,000 © 61,000 65,500 63,000 o
Cost of water per 1,600 gallons...'i.. Rs.0—5—9 | Re.0~3—3 | Rs. 0-——4—:3_ Rs. 0—4—% & A
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