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GOVERNMENT OF MADRAS.

PUBLIC WORKS DEPARTMENT.

Buildings and Roads.
Civil Works.
ReAD again—
G.0., dated 5th October 1883, Nos. 2794-95 W.
13th June 1884, Nos. 1473-74 W.
25th July 1884, No. 1814 W.

» »
» ”

JE————

Reap—also the following papers :—
G.0., dated 23rd February 1885, No. 427 W., Public Works.

Read—the following letter from Colonel H. L. P RENDERGAST, R.E., Superin-
tending Engineer, V Circle, to the Chief Engineer, Public Works Department,
dated Madras, 19th January 1885, No. 3900 :—

T have the honor to forward Captain Romilly’s report on the supply of water
for the European troops at Bangalore, as called for in G.0., No. 1473 W., dated the
13th June 1884. ; by 24

Captain Romilly has taken up thoroughly the investigation of the different
schemes, and gives the cost of them in an abstract statement in appendix Y. There
are added, at foot of the table, the annual maintenance charges for the three projects
A, B and C. .

9. The object in view is to have really good water supplied to the barracks ; and,
in my opinion, this object can only be attained by distillation. By this process the
water obtained from any source available is supposed to become perfectly pure ; and
it will be most convenient to make use of the Halsur tank water, with condensers at
the rock, new cisterns at the rock for drinking water, to be conveyed by new mains
to the barracks, and with arrangements for pumping water direct from the Dhobies’
Wells to the service cisterns at the barracks, to be used for other purposes than
drinking.

This scheme is deseribed in paragraphs 23 to 35 of Captain Romilly’s report.

The first cost of providing distilled water, Rs. 1,67,000, is a good deal less than
that of pumping filtered water from Agaram taqk, Rs. 2,90,000 ; but there will be a
much higher annual expenditure, which, with interest and depreciation of stock, is
estimated at Rs. 84,600.

3. The objections urged in the Military Department are entered in appendix R,
and consist in condemning the use of the water in the Halsur tank, in deprecating the
conveyance of ablution water through the same pipes as the drinking water, and in
showing the danger of depending on a single condensing apparatus, with no source to
fall back upon in case of accident.

These okjections appear to me to be fully met by the proposals to have a separate
main-pipe for the pure drinking water, to use the water of the Halsur tank only after
<:o.ndens.ati0n, and to have a double condensing apparatus, so that there will be no
failure in the delivery of pure water, even if the machinery in use were to be disabled
temporarily.

4. The engine now at work at the Dhobies’ Wells is an expensive one in fuel.
It is in good_ o'rder, and is saleable. The rock engine is old and liable to break down.

Hence it 18 desirable to get rid of the two old engines, and to provide a pair of
new engines, each of 12-horse power, to be placed at the Dhobies’ Wells, and to pump
the water to the cisterns at the barracks. ;i
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To obviate the risk of a failure of water in the wells, it is proposed that there should
be filter beds of sufficient capacity toallow of the tank water being filtered-and pumped
up to the service cisterns at the barracks.

The present small pure water cistern is not large enough to allow of sufficient
water being pumped up ; and it is proposed to utilize this cistern as an additional filter
to let out water by gravitation to a new pure water cistern at the wells.

5. The condensing station is intended to be upon the Halsur rock ; and it is
expected that the Engine house on the rock will, with slight alterations, hold the
condensing machinery ; a plan of the building has in the mean time been sent to London,
and the Normandy Company have been asked if there is sufficient accommodation.

A condenser producing nominally 9,000 gallons, but working up to 12,000
gallons, will in six days provide water sufficient for eight days’ consumption ; and it is
proposed that there should be two complete condensers so as to provide against an
accident happening to one.

Captain Romilly shows in paragraph 81 that it will be advantageous not to pump
the condensed water over a stand-pipe at the rock but to place cisterns on the rock
for the condensed water to gravitate to stand-cocks at the barracks. A lower pair of
cisterns will each hold a day’s supply for the Royal Horse Artillery, the Royal
Artillery and the Cavalry, while an upper pair of cisterns will have command
sufficient to give each a day’s supply to the Infantry barracks.

The main pipes from the cisterns at different levels will be kept distinet for the
delivery of water to the stand-cocks at the Agaram and at the Parade barracks. Asa
further precaution for maintaining the purity of the water, the estimate provides for

iron water-carts, to take the place of the leathern buckets that are now in ordinary use
for carrying water about the barracks.

6. The scheme would be more complete if the improvements to the Halsur tank
were combined with it in part of the project C. The condition of the tank would be
much improved by completely diverting the town drainage, filtering the northern
drainage, and bringing in a fresh supply of water from a better gathering ground.

The additional cost through would be as given in paragraph 63 :—

RS.
New channel masonry works, compensation ... ses .. 26,130
Improvements to tank ... .. 83,730
Add for contingencies ... wesr 12,990
Total ... 62,850

and as the condensing system is not affected by the natural quality of the water, the
improvement of the Halsur tank will not be for the benefit of the British troops.
The advantages of a better supply of water would be felt chiefly by the civil

population of Bangalore ; but I fear the municipality would not consent to pay even a
half share of the expenditure.

Order—dated 23rd February 1885, No., 427 W., Public Works,

The above papers will, in the first instance, be referred to the Sanitary Commis-
sioner, Madras, for an expression of his opinions, and will then be forwarded for the
remarks of His Excellency the Commander-in-Chief, who will be requested to return
them to the Secretary to Government, Public Works Department, with a view to

examination in detail and final orders by Government.
(True Extract.)

(Signed)  J. SHAW-STEWART, Colonel, R.E,,
Secretary to Government, P.W.D.

From the Resident in Mysore, dated 14th March 1885, No. 2456/1280.

i
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tv Surgeon-General G BIDIE, M.B., ¢.1.k., Sanitary Commissioner for
FromM]ngl);s,y tou;hg: S[:ecretary to Governn;ent, Public Works Department, dated

Madras, 15th April 1885, No. 414.

i ondence* regarding the Bangalore water-supply, referred
In returning the corresp under G.0., No. 427, of 23rd February
% 1, Report by Captain F. J. Romilly, R.E. 1885, I have the honor to submit the

9. Letter from the Superintending Engineer, following remarks to the Right Honorable
V Circle, No. 3900, dated 19th January  the Governor in Couneil.

1886 2. In deali ith this question it

tary to Government, . In dealng with this question
e N(])?tl?b?iy; I%gfﬁs Sﬁcggaﬁeﬁt, dated 19th appears to me that, in restricting 1nquiries
February 1885. to the requirements of the troops, a some-

what narrow view has been taken of the
ossiti tation. A large civil population has been allowed to settle down
?fctﬁseltﬁ&i tgfe ’fhz cant;onment,g and to outgrow the available water-supply and
pollute its sources. These conditions are no doubt greatly to be regretted, but from
a sanitary point of view they cannot be }gnored. If the bazaar population be con-
stantly exposed to epidemic and other disease from insanitary conditions, all our
recautions to protect the health of the troops will be rendered more or less nugatory.
¥ would therefore suggest that steps be taken to move the mun}clpal}ty of Bangalore
to adopt some contemporaneous measure to secure for the inhabitants generally,
independent of the troops, a sufficient 'supply of fairly goog water. It appears to me
that this might be obtained by adopting Colonel Mullins’ scheme, with the additions
proposed by Captain Iilomlf]lyl'r for exclu;

is report, and clause 2, ding the whole of the foul sewage o
! Se;ﬁfgﬁfgﬁ’%fogfchgfoﬁ Mullins’ report. thegtown from the Halsur tank, and for
bringing into it the drainage of a tract of
open cultivated ground to the eastward of Bangalore. The supply‘ thus obtained
would not perhaps be unimpeachable, but 1t would be greatly superior to the existing
one. The cost of these improvements 18 egtlmated at close on Rs. 30,000, which would
not certainly be a heavy tax on a population of 81,810; and I have hopes that if the
matter were placed fairly before the townspeople, they would not grudge so moderate

an outlay for such an important purpose. : .
3. Of the schemes suggested by Colonel Mullins and worked out by Captain
Romilly for securing an improved vyater-supply for the troops, it appears to me that

the proposal to use condensed water is, all things considered, the best.

' aram tank, which is mentioned as a possible source, receives the
draini-g(;r 1(1; E%lglr villages, and although the sewage of two of these could be diverted,
that of the remaining two could not be excluded. The proximity of native villages
to the reservoir would also be objectionable, as it is almost impossible, under such
circumstances, to prevent bathing, washing of clothing and cattle, and other objgctlon-
able practices. Captain Romilly puts the whole case very clearly when he says  there
can be no doubt that the Agaram tank water is liable to dangerous contamination,
and if adopted as the future reservoir for the troops, it is urged that the source of
supply must not be accepted as, or expected to be, pure.” Looking also at the
chemical analyses of the water, they.are not, so far as such results give warning of
danger, of a satisfactory nature.

- * ys v . tin
5. As regards the scheme for improving the Halsur tank and utilising the existing
system with (;gertain additions and modifications, there can be no doubt that, although
caleulated to effect a great improvement in the quality of the water, 1t 1s not such as
can be recommended where the health of a large body of European troops is concerned,
as they are much more sensitive to the effects of water of inferior quality than natives
appear to be. b

$ stated by Colonel Mullins, ¢ it is nearly certain that water of perfectly
sutisf(;cti; quality ycould be obtained at Bangalore only by distillations.” It 1s
proposed, therefore, to use Normandy’s condensing apparatus, and to have, in case of
a break-down, two sets, each capable of producing 9,000 gallons in 24 hours. The
water for distillation is, according to Captain Romilly’s modification of the scheme, to
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be drawn from the Halsur tank, and supplied to the troops for drinking and cof)tk,mg;'
purposes through a distinet series of cisterns, plp('r“.‘dn(l stn'ng-coclﬁ, att ﬁhe])fd gie(;’
3 gallons per head daily. Water for other purposes 1s to be ‘h‘&wnl %oTn ' ft ]?qtem
Wells, which yield a tolerably pure supply, and dxstmbuted‘ f111011g'1 4 szpala e tsyd .
of pipes. These arrangements seem to meet .thg wants of the Cgi’e-'. bls tpm}? 5,8 b
by His Excellency the Commander-in-Chief, 1t 18 10 d.oubt un I.LSEIH;. 1(; o ‘i B ER0
qualities of water, the one potable and the other doubtful, supp 1((13 1;10 dnaJaut’i i
it is to be hoped that, by a careful arrangement of stand-cocks an et 1§r prec Hipne,
the anticipated risks may be nullified. I have therefore mo hesita d10,n in e
mending the adoption of the scheme for the supply of water by Normandy’s appa :

——

JE. -General, to the

From Brigadier-General R. C. STEWART, Quartermaster !

Secretary to Government, Public Works Department, dated Ootacamund,
2nd May 1885, No. 970 B.

In returning the documents received with
on the subject of the water-supply for Bangd g ideration
remarks of the Commander-in-Chief, T am desired to say that’_‘afé?; é?lhfﬁgil Roberts
of the three schemes which are adverted to in the above papcrlb, 1vidin0 i o Sephrate
prefers project B, or that for retaining the present system, “(F( I')-rto'on b
service of water for drinking and culinary purposes by condensatiot.

] : : er when

9. The difficulty of inducing people to make 1nvar1able' ucsle ‘?f OIl))q;itiZgztli)ll'eWanY
another and less wholesome supply is equally at hand, ren egd quter of sufficient
system which comprises two sources, but the difficulty of Sccurﬁl-'f ‘Etx'cé ke Gybed
quantity and of adequate purity at Bangalore 1s 80 great .ﬂmt i 1:0 ; ﬁservatioh of the
it best to accept project B, provided that at the same time ]le' ',)t area increased.
Halsur tank will be taken in hand by Government and the catchment b= =

: 1 about

3, The cost of these improvements, as stated by Dr. ]iadleiofﬁrlt%e:):frogl to

Rs. 30,000, and taking into consideration the beneﬁ:t that woulc aéﬁief;s opinion, be

the civil population of Bangalore, it would, in the (Jomrflander-m- : el onghisivE 8

reasonable to expect the municipality to bear the cost of them, or at U Hlission,

portion of them. Should the municipality not be prepared to accepf unless these

then it is hoped that Government will bear the whole expense, (ir satisfactory.
improvements be carried out, the water of the Halsur tank can never beé S

No. 10 E., of 17th April 1885,
ly;)(::,r which We’re forwarded for the

From A.H.T. MARTINDALE, Esq., Assistant to the Resident in Mysor(t’,, t((l)attlelze
Secretary to the Government of Madras, Public Works Department,
Bangalore, 23rd May 1885, No. 477/236.

In continuation of this office letter, No. 2456/ 1280, dated 14th March I%Ba,e rI
am directed to forward COpPY of ethé
number and date as per margin, froue e
President, Municipal (lommission, Pt
and Military Station of Bangalore, asking to be furnished with the _plans_ 0 .
recently selected gathering grounds in connection with the late Captain Romilly
scheme for the improvement of the Halsur tank.

i if
2. I am to request that the pl : ; be forwarded to this office
they are available. plans in question may

No. 286, dated 13th May 1885,

f

From Colonel J. SHAW-STEWART. R.E., Secretary to the Government. 0

Madras, Public Works Departme]’lt to the Resident in Mysore, dated 2nd
June 1885, No. 173 E. ,

o the honor to

With reference to your letter, No. 477 /236, of 23rd ultimo, I bave,
forward, for communication to the, Pr:s.idzzt/ of ;he Bangalore Mummpﬁhtlyi’agl::rptlans
prepared by Captain Romilly for adding to the gathering grounds of the
and improving the quality of its supply,

A I P P Sl P I A I P A I A I BRI
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9. At the same time T am directed to forward copies of letters from the Quarter-
master-General and the Sanitary Commissioner for Madras, in which are recorded the
opinions of His Excellency the Commander-in-Chief and of the Sanitary Commissioner
on the alternative schemes for improving the water-supply to the British troops at
Bangalore.

3. You will observe therefrom that, whilst supporting the projeet for the distilla-
tion of the drinking water to be drawn, as at present, from the Halsur tank for the
use of the garrison, both the Military and Sanitary authorities strongly advocate the
contemporaneous adoption of the moasurgzs_proposed in Captain Romilly’s project C for
adding to the supply available for the civil population of the cantonment, excluding
foul sewage from the tank, and improving its conservancy.

4. The estimates for these improvements amount to Rs. 59,860 (not to Rs. 30,000
only as stated by Dr. Bidie), and I am to inquire whether, in view of the decided
benefits that will be conferred thereby on the general public of Bangalore, the
municipality are prepared to contribute towards the cost of same, and if so, to what
extent.

i ———

From Major J. H. NEWILL, Assistant to the Resident in Mysore, to the
Secretary to the Government of Madraf, Public Works Department, dated
Bangalore, 6th November 1885, No. 2172/70.

With reference to correspondence ending with your No. 173 E., dated June ‘an‘,
885, 1 have the honor, under instruc-
1. Note, dated 6th July 1885, on the Halsur tions from the Officiating Resident, to
tanks, by Captain C. H. M. Kensington, forward a copy of further papers, as
) noted on the margin, relative to adding
s i oy A 10 to the gathering grounds of the Halsur
S;‘ill;ﬁf;‘};’g\f;‘:;ﬁ’pal Commission, Civil /114 and to improving the quality of the

3. Letter, No. 838, dated 27th July 1885, from water-supply.
the President, Municipal Commssion, Civil 9. The municipal commissioners
and Military Station. having agreed to deepening the Lower
4. Letter, No. 1193]53, dated 3rd August 1885, tank, and raising the waste weir at a cost

f?wﬁ’flnﬁ‘ﬁﬁﬁffg é%&?é?)al Commission, e pe 10,000 and to the purchase of the

5. Demi-official letter, dated 27th August 1885, Jevanhully tank, th.e work of excavation

frem Mr. McLaughlin. was begun early in August and was
6. Letter, No. 1468/70, dated 3rd September actively carried on till the heavy fall of
" 71885, to the President, Municipal Com- rain in the latter part of September stop-

mission. : ’ ¢ sk pes
oy " pedit. In all some 34,000 cubic yards
7. Notification by the President, No. 12, dated of earth have, at a cost of, Rs. 5,546-11-4,

September 1885
8. Litlttet;,eg})ofa mll(;:j, d;ted 95th September been removed from the bed of the Lower

1885, from the President, Municipal Com- tank to form an island and an embankment
mission, with enclosures. on the eastern side, which are now being
laid out as ornamental grounds; 1,450

lineal yards of hedge have been planted ; 8,000 square yards of embankment have been
sectioned and turfed ; two culverts have been lengthened, and some minor works
have been completed. The constant rain of the last six weeks has so raised the level
of the water in the Lower tank that it is impossible at present to undertake work on
the weir. The necessary notification has been given for acquiring the Jevanhully
tank. This, when it comes into the possession of the municipality, will constitute a
valuable reservoir. The result of what has been done is to lessen, in the Lower tank,
the area exposed to evaporation, and to increase the capacity. As the level in the
Lower tank sinks, the Upper tank will be drawn upon to supply what is wanting, and

so long as the water in the Jevanhully tank admits of so doing, the Upper tank will
be similarly replenished from it.

3. With his letter, No. 3150, dated September 22nd, which forms an enclosure to

R.E.
9. Letter, No. 943[44, dated 15th July 1885, to

No. 1173, dated September 25th, 1885, from the President of the Civil and Military
Station to my address, Colonel Burton, the Exceutive Engineer of the Presidency

,,,,,,,,
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Division, who is also a municipal commissioner for Bang
great interest in the work of improving the Hulsur tan
involving a total expenditure of Rs. 21,500, Of this sum, Rs. 5,546-11-4 had, as shown
above, been spent up to the date of his letter from Municipal funds. In his letter,
No. 838, dated July 27th, 1885, to my address, the President of the Civil and Military
Station has communicated the expectation of the municipal commissioners that the
Madras Government will bear its share in the undertaking. As the commissioners
have contributed so generously, I trust that their action may now be liberally supported

by His Excellency the Governor in Council, and I would express the hope that a

similar sum of Rs. 10,000 may be put at our disposal to help in the completion of the

work. Independently of that amount already subscribed by the commissioners, there
will devolve on them the further cost of compensation for the J evanhully tank and for

raising the waste weir of the Lower Hulsur tank. Hence the necessity for a large
measure of assistance from outside,

alore, and who has taken a

4. The most important feature of Captain Romilly’s scheme for improving the
quality of the water in the Halsur tanks was to abandon the present catchment area on
the west, which is mainly covered by the cantonment bazaar, and to substitute, as the
gathering ground, a tract. of high and sloping land to the east which belongs almost,
if not entirely, to the Mysore Government., Mr. Girdlestone visited this locality some
weeks ago, in company with Colonel LeMessurier, R.E., Colonel Burton, R.l-)..'.\Iajor
Bowen, R.E., Mr. McLaughlin, C.E., and Major Maltby. The last-named officer is
the President of the Municipal Commission, Civil and Military Station of Bangalore.
The general opinion was that the proposed avea for catchment is larger, and that its soil
is more holding in its nature than are the area and the soi] of the reservoir constructed
by Colonel Sankey on the Tumkur road for the use of Bangalore ; that for the contour
channels sharper gradients than those recommended by Captain Romilly are desirable
80 as fo ensure the prompt and efficient passage into the Halsur tanks of even slight
rainfall ; that if the land were taken up its cleanliness would have to be secured, as in
the case of the English War Officers’ Fortification Act, by reserviug to the municipal
commissioners the right of clearing trees, of preventing the erection of new buildings
or a change in existing levels, and of forbidding the construction of unauthorized water
channels. Conservancy powers would also have to be obtained over villages now in
the area. At present there is sewage forming on fields within the area. Were this
practice deemed prejudicial (there was a difference of opinion on this subject amongst
those who accompanied Mr. Girdlestone to the spot), the municipality’
to this tract would need to be discontinued and disallowed.

5. There docs mot seem to the Officiating Resident any likelihood that the
municipal commissioners would contribute towards the cost of the proposed new
catchment area; and in the event of opposition, Mr. Girdlestone would not, under
existing circumstances, feel justified in using his influence to overcome their objections.
As at present advised, he himself is not prepared to acquiesce in the belief that the
proposed scheme would result in water for the garrison much more pure than that now
supplied. The municipal commissiorers entertain grave doubts as to the value of
contour channels for supplying reservoirs ; and at any rate they have for the moment
before their eyes the failure of Colonel Sankey’s scheme on the Turkur road, which
depended to a large extent on this source of supply. They also urge that the water-
supply, as it now exists, is acceptable to the townspeople and not unhealthy in itg
effects ; and consequently that as their first care should be for the townspeople, they
would not be justified in sharing an expenditure the necessity of which has pnot been
proved to their satisfaction. From this it follows that if the Madras Government
still regards this part of Captain Romilly’s proposals as imperative, it will rest with
itself to provide the funds required for its accomplishment. Tt seems desirable that
if the scheme is undertaken, the supply from the western side should not be cut off
till the success of the new undertaking has been fully established.

6. I am to take this opportunity of intimating that much attention has been paid
of late to the question of purifying and maintaining pure in its passage to the Halsur
tanks the water which runs thither from the western side. Within the gatherin
ground on the west there is much cultivated land. This it is practically impossible,

s sale of sewage

k, has forwarded estimates
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i ibiti ompensation, to throw out of cultivation. But
S crt'o 0ﬂi1: sp:;);:}:ttil(:iell; (:ifrr(i)gdcout? and patrolling frequent in all places of publie
ecavenolrio h: :Yncr been found that on the occasion of heavy rain in the cantonment
i th t t“lfllll drain overflowed into the main sewer, the dividing wall between them
bazazgr iz:?b:d so as to prevent this evil. The nuisance caused by the pollution of
s e(; ; and abo;1t the tanneries and potteries has been stopped. New sites,
ground tlkrl1 s limits of the catchment area, for small-pox and cholera camps, are being
beyolrll '(i‘l : estion of allowing the Hindu burial-ground to be still used has be.en-;
e o0 f lihqu o ions of the Officer Commanding the Division and of the_clyef
refer_re% Ozh ?t'(;gl?n Bangalore. If their opinions are unfavorable, the Officiating
geﬁ (llca tauillortis:a his influence to put an end to such use. For the protection of the

s = -w]- ioht watchmen have been appointed at a cost to the municipality of
Hulb’u'r o \Stlflo Should there be any other practical safeguards which the Madras
l('{;‘s.vign?nlz\lx‘l)t“mz;v ;vish to suggest in the interests of the troops, Mr. Girdlestone will
glzdly, on receiving details from you, give consideration to them.

pe——

From the Resident in Mysore,.da,wd 17th November 1885, NO- 2293’70.

—— et

- ART, R.E., Secretary to the Government of
FromMSfrI'?: elPJu'bISi?%rE;rEgZpartment, to the Resident in Mysore, dated
h Jan 86, No. 68 W.
In resih f: l;‘tl)irry A]sssist’ant’s letter, No. 2172-70, dated 6th November 1885, I am
i % { te that. after full and careful consideration, and _takmg into account the;
Freue t(()i st'a :s mm’le by Sir Frederick Roberts and the Sanitary Commxssmuel:, the
gecom.m s ?: t)uf Madras feel convinced that the most appropriate method ef securing a
ovemmte)n oply for the troops and civil population of Bangalore is to adopt the.
s W? c;;gzpby the late Captain Romilly as set forth in his ?ro]ect B, with the.-
E(ri‘c)lli)&ii;sof the ﬁrzt seven of the estimates which PPt project C, :

9. The cost of project B is estimated at Rs. 1,(?7,'000; andlthat p(()ix_'ttlon oi.
roject C that it is propused to carry out, at Rs. 59,860 ; or a tota %xligndl ure (t)
},{ % 96.860. In this connection I am to say that the Go_vernment of Madras note
thttd:che’ municipal commissioners of Bangalore are unw111mg to cofu/:ﬁmgel anytsuign
towards the cost of taking up a new catchment area to the e‘;lst 0 : de' a sul: an :
But it is hoped that they will raise no objection to this muc -ne(la1 e 1mpr:\ e;n:lxll
being carried out by Government. The two items to which the consent o ?

mun?cipal commission is requisite are—
(1) Diversion of t:le tovlvn d;am;gt:,naé!;tdion
N s-channel and compe ) 53
and I afz )t(:\ gxiz?tpil:)lgtctr: lrluatter may %e laid before the municipal comlx}xllsgloners a:
early as practicable, and that you will move the commissioners to accord their consen

to the scheme. :
i i incur 1d it be finally
i he expenditure that will be incurred shou
d 'd?e’:'d Itg zzll(:'t‘?* O(futth:heu\i:oyrks fI:bove mentioned, 'ghe Governme‘nt of Mfad‘ras rigr.et
tl?;::: they are 31111ble to contribute towards the estimate of Rsilﬂ’sgok (1)11 i:o}lx.an (;n
conneétion with the tank which the municipal co.mtlmss;or;izssu:::eex; ei o by o ;
t will be prepared to pay a moiety o .
B:rtrmtxlilaiiglovozu$§:ks which pwiﬁ render any of the items from 1 to 7 of project C
St i i : h 5 of your letter under repiy,
iverting to the concluding portion of paragraph 5 of y |
I am4=;u3|c(t‘rr?zl;a(llng) give the assurance that the Halsur tan]fl supply ;fox“(z:lnd tltlg Xlzszearsx:_
gide shall not be cut off until the success of the new gathering g
11 have been fully established. : ' :
2 5. The enclosures received with your letter are herewith returnetz, :;n%{ m'g::c;lx:d
gion I.am directed to solicit that the early consent of t!le Governmen Otch u);:nt areat
f the municipal commissioners to the scheme for taking up a new catchn , 418
20 thz east of pthe Halsur tank may be obtained and communicated, 1(111i view to the
proposal i)eing submitted for the final sanction of the Government of India.
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G.0., dated 1st June 1886, No. 1386 W., Public Works.

Read—the following letter from Major E. A. FRASER, Assistant to the Resident in
Mysore, to the Secretary to the Government of Madras, Public Works
Department, dated Bangalore, 15th April 1886, No. 1022/705 :—

With reference to letter, No. 829 C., dated 1st March 1886, from your office,
requesting an early reply to letter,
Letter, No. 2194, dated 9th March 1886, from No. 68 W., of the 8th January 1586,
th%g}?f?gent’s‘:\jsmemfa}g Comfmssmn’ Civil regarding the proposed improvements to

and Military Station of Bangalore. 1y, 1Lt Sgtel o
Letter, No. 902/705, dated 7th April 1886, to the de}?o_‘ilo% J.“_atfm‘ Sl-llt)‘l)lyy Iam dm,ct(,d
the Chief Secretary to the Dewan of Mysore. to forward, for information, a copy ot ﬁ.xe
correspondence noted on the margin

which has passed on the subject.

——

ENCLOSURES.

From Major E. P. MALTBY, President, Municipal Commission, Civil and Military Station,
Bangalore, to the Assistant to the Resident in Mysore, dated Bangalore, th March
1886, No. 2194.

1 have the honor to acknowledge the receipt of your letter, No. 396/70, dated 23rd ultimor
forwarding copies of letter, No, 2172/70, dated 6th X ovember 1885, from the Assistant to the
Resident, to the Secretary to the Government of Madras, Public Works Department, and letter,
No. 68 W., dated 5th January 1586, to the Resident in Mysore.

2. In reply, I have to state that as the Government of Madras is willing {o bear all the
expense of bringing water into the Halsur tank by a new channel on the east, and as that
Government gives an assurance that the bazaar drainage which now enters the tank from the
west * shall mot be cut off until the success of the new gathering ground to the east shall have
been fully established,” the municipal commissioners now raise no objection to the proposed
improvement to the Halsur tank.

3. The commissioners were afraid that the present supply (which, indifferent as it is, is still

better than none) would be cut off before it was proved that water could be brought in in sufficient
quantity from the east.

4. Having now the assurance of the Madras Government that such shall not be done, they
will be very glad to see the work put in hand.

—_—

-

From J. H. NEWILL, Esq., Assistant to the Resident in Mysore, to the Chief Secretary to the
Dewan of Mysore, dated Bangalore, 7th April 1886, No. 902/705.

T am directed to forward a copy of the correspondence noted on the margin regarding

improvements to the

No. 2172/70, dated 6th November 1885, to the Secretary to the Government of Madras, J]alsur tank’ and to

Public Works Department, ¥ith enclosures (to be returned). express the h £
No. 68 W., dated 8th January 1886, from the Secretary to the Government of Madras, L0l Op? o

Public Works Department. RS the Officiating Resident

No. 2194, dated 9th March 1886, from the President, Municipal Commission, Civiland that the Government

Military Station of Bangalore. of His Hi ghness the

4 Maharaja will give the
subject its most careful consideration and favor him with an early reply.

Read—the following letter from Major E. A. FRASER, Assistant to the Resident in
Mysore, to the Seccretary to the Government of Madras, Public Works
Department, dated Bangalore, 22nd May 1886, No. 1430/705 :—

" 1n continuation of letter, No. 1022/705, dated 15th April 1886, from this office,
regarding the proposed improvements to the Halsur tank, I am directed to forward a
copy of letter, No. 1159/60, dated 28th idem, from the Chief Secretary to the Dewan
of Mysore stating that every facility will be afforded by His Highness’ Government
in the matter of acquiring land for a new catchmeut area to the east of the tank.
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2. T am to request that you will favor the Officiating Resident with an expression
of your opinion on the considerations urged by the Durbar in paragraph 3 of its letter
above quoted, with regard to certain rights proposed to be reserved to the municipal
commissioners of the civil and military station for the purpose of securing the clean-
liness of the Halsur tank.

—

ENCLOSURE.

From M.R.Ry. R. VIJAYENDRA RAO, Chief Secretary to the Dewan of Mysore, to the
Assistant to the Resident in Mysore, dated Ootacamund, 28th April 1886, No. 1159/61.

I am directed to acknowledge the receipt of your letter, No. 902/705, of the 7th instant, on
the subject of the Halsur tank improvements, and inviting the consideration of His Highness
the Maharaja’s Government thereto.

2. It would appear from the correspondence that the Government of Mysore has no direct
concern with the project under reference, beyond that connected with the acquisition by the
British Government of the land to be taken up for the proposed channel to the east of the Halsur
tank, which channel will, for the greater part of its course, run through the territory of His
Highness, and in regard to this T am desired by the Dewan to say that every facility will be
afforded by His Highness’ Government for the transfer of the land on reasonable terms.

3. I am to invite attention, however, to paragraph 4 of your letter, No. 2172/70, of 6th
November 1885, to the Secretary to the Government of Madras, Public Works Department,
where it is proposed to reserve to the cantonment municipal commissioners the rights of clear-
ing trees over the catchment area drained by the cha.pngl, of preventing the erection of new
buildings or “a change of existing levels,” and of forbidding the eonstruction ‘of unauthorized
water-channels. Further, conservancy powers over the villages in this area are to be vested in
the dommissioners and apparently the manuring of fields is to be prohibited. This proposal
involving, as it does, the abrogation of immemorial occupancy rights may, the Dewan appre-
hends, complicate the question considerably ; and I am to request the favor of a reconsideration
of the necessity for conferring on the cantonment municipality powers to this extent over lands
outside their jurisdiction. ﬁis Highness’ Government fully recognizes the desirability of improv-
ing the water-supply of the Bangalore cantonment, and will gladly facilitate the furtherance
of any scheme to that effect, but they desire to lEoint out that interference with the rights of
land-holders outside the municipal limits should, if possible, be avoided. Extensive powers, such
as those indicated above, would probably necessitate the throwing out of cultivation of ,a large
area of land, and the payment of compensation far in excess of what was contemplated by the
projectors of this contour channel.

Read—the following letter from Major E. A. FRASER, Assistant to the Resident in
Mysore, to the Secretary to the Government of Madras, Public Works
Department, dated Bangalore, 21st May 1886, No. 1418/3495 :— r

T am directed to forward, for your information, a copy of the Officiating Resident’s
Minute on the water-supply of Bangalore.

—_—

ENCLOSURE.
Minute by the Officiating Resident on the Water-supply of Bangalore.

_The object of varions measures to which the attention' of this Residency has been given
during the past fourteen months has been to increase the water-supply of Bangalore and to
improve the quality of the water,

2. To this end the bed of the Shoolay tank was deepened and the weir and the embankment
which surrounds it were raised in the spring of 1885, the result being that an add.itio:::l !gtlapaeﬁf
two and a half feet was secured over the whole reservoir. The cost of the work was Rs. 7,200.
There still remains the work of enlarging the catchment area of this tank and that at Héldti;nan-
hall, wﬁerﬁsmgrgoga?r is };':‘mh “e‘lm"*f hTh" outlay on this account is estimated at Rs. 4,000,
of whic . ave been entered in the present year's budget, and will be sancti ’
foeder on the side of Trinity Church. dget, sanctioned, for a

3. During August and September 1885 about 85,000 cubic yards of earth were d b tro
the bed of the Lower Halsur tank, on the northern and eastern syides, at a cost of :fmut 01‘15 6031
and were formed into an island and an embankment on the eastern side, which are being laid ol 5d
ornamental grounds. In the conduct of all this work the help received from Gdlone) Bovton, B
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was very valuable. The total sum voted by the municipality of the civil and military station
for the improvement of this tank is Rs 10,000, Since the end of last September the progress of
excavation, and the raising of the waste weir, which was a part of the ge

stopped, owing to the high level of wa i

very desirable that both works sh

Here, as elsewhere, it is of great importance to increase the capacity of the reservoir. For want
of a higher waste weir much water ran off and was lost last October.

4. In connection with this particular supply, the municipal commissioners have exercised &

wise forethought in acquiring the J evanhully tank. The cost of this has amounted to Rs. 6,675.
The tank will serve as a valuable feeder to the Upper Halsur tank.

5. The result of what has been done at Halsur is to lessen in the Lower tank the area exposed
to evaporation, and to increase the capacit

] Y. As the level in the Lower tank sinks, the Upper
tank 1s drawn upon at once to supply the deficiency, and so long as there is water in the
Jevanhully tank, the Upper tank will similarly he replenished from it. The chief loss of water,
In an extensive but comparatively shallow reservoir, such as the Lower Halsur tank, is due to

evaporation, not to consumption. The device of preventing evaporation by means of aquatic
foliage has not proved satisfactory in India. ence the necessity for meeting the difficulty by
restriction of area and corresponding excavati

on.
6. The Madras Government has a separate project under consideration, whereby, at a cost of
about 2} lakhs of rupees, it would £ the

: Lower Halsur tank entirely from a new catchment area
on the east side of the tank. The under

taking is prompted by the wish to afford the European

soldiers, who are entirely dependent on the Halsur reservoir, purer water than it is believed can,
with the best conditions, be s

ecured under the present system. As the Madras Government is
ready to bear all the expense, and as it has given an assurance that the rain drainage from the
cantonment bazaar, &c., which now enters the tank from the west, shall not be cut off till the

success of the new gathering ground to the east shall have been fully established, the municipal
commissioners of the civil and military station have raised no objection to the proposal. Thev
are averse to sharing the cost, not only because it would be difficult to find the necessary funds,
but also because they do not feel justified in making such a marked change, so long as the water-
supply, as ' at present it exists, is acceptable to the townspeople and, not unhealthy in its effeets.

The scheme is now before the Mysore Government, whose consent has been sought to the aliena-
tion of the land involved by it -

7. Much has been done of late to purify, and to maintain pure in its passage to the Halsur
tanks, the water which runs thither from the western side. Within the gathering ground there
is much cultivated land. This it is practically impossible, owing to the rohibitive cost of
compensation, to throw out of cultivation. But scavengering is systematically carried out, and
patrolling frequent in all places of public resort. For the protection of the tanks eight watchmen
have been appointed at a cost to the municipality of Rs. 56 a month. It having been found that

on the occasion of heavy rain in the cantonment bazaar the main drain overflowed into the main

sewer, the dividing wall between them has been raised, so as to prevent this evil, and has
satiafactbrily withstood the test of the late sharp storms. The nuisance eaused by the pollution
of ground in and about the tanmeries and potteries has been much diminished. New sites,
beyond the limits of the catchment area, have been chosen for small-pox and cholera camps, with
special regard to the accommodation of the homeless poor in time of scarcity or famine ; for
experience has proved that the inhabitants of the town are best treated for infectious and
contagious diseases in their own houses. A new site has also been chosen for the Hindu burial-

ground, which it is hoped that the Durbar will concede. In such case the present one will be
closed with as little delay as possible.

8. The supply of water to Miller’s tanks, which is the third of the three great systems on
which the civil and military station depends, has been facilitated by t

vil A he construction of a
diversion sluice in Cunningham road to serve tenk No. 3. The chan

' nel with which such
diversion is connected is one of the principal feeders of the Sampangi tank, which lies for the

most part outside the limits of assigned tract. Consequently, as the Durbar has direct interest in
the matter, it has been suggested that it should be left to the Public Works Department Secretary
of the Mysore Government and to the President of the Civil and Military Station to agree when
the diversion sluice should be used, and that in case of difference, the Resident should settle the
question, This arrangement I hope that the Durbar will acquiesce in.

9. Advantage would be gained, T believe, b
that the lower soil is tenacious enough to hold w
free malarious influences if the present bottom 1
excavations at Shoolay and Halsur,
Hayes, municipal commissioner,

vicinity to the Shoolay tank. The configuration of the ground is such that the undertaking ig
not likely to be very expensive. Mr. Hayes puts the cost at Rs. 15,000, irrespective of compen-
sation for house-property. Population in this neighbourhood is numerous an

d apparently on the
increase. Hence the desirability of intercepting and holding water which, as actually happened

y deepening all three Miller’s tanks, provided
ater, and provided that there is no risk of settin

e disturbed. Such has not been the result of the
I also think favorably of a scheme advocated by Mr. J. W

for the construction of another reservoir below, but in ;ﬂose.
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. i i t of
i t te. In the present year I am afraid there is no prospect

Rsxfd{eg:inza{w:flgﬁ?xrrg}fis ;Zf. I am also strongly impressed with the necessity of tat.;k}cl}llg

water nearer to the houses of the inhabita.z;ts as :g;m as xpaglneyl hc:m b% spsllir‘eragi.in tAhte g:zzzlrllm en:
i i have to go for water, specially those who :

%;szt:;ce itso ;l;;ciléez?:&l;.l)el"f‘%ril: ixf;rovefnent may i)}e)rhpps be best -eﬂctaobedt by p?mpn:l;glegﬁz
istin, i h pipes into cisterns or open basins at convenient centres. In co

ﬁt%l;}cgi:ﬁ:s:g:ﬁisstl}luﬁi% ofp :ilﬁnking fountains and drinking troughs at places of general resort

seems desirable,

i he civil and
o it was represented to me that the water level in the wells of t i

militxlxg)‘r gg’figﬁnga:%een steadil;ly? getting lower for some years past. The fall has been variously

ttributed to the increased growth of casuarinas, which have a great tendency to absorb moisture,

b diminution in the rainfall, and to other climatic 1nﬁgenves. The subject is, I think, worthy

t(; xianv:ast; ation. At present the information at disposal is too limited to ~warrant the assumption

:hat the v%a.ter level in general has sunk. Till this fact has been established it is premature to
speculate on the causes which may be at work.

: vel sluice from Sankey’s reservoir for the benefit of .the

it llf.BTge ;13311: téggzlzﬁtoiitl:s;ozvpifion imperil the interests of the civil and military station.
(8 { o1 Sa ’s main object of continuously supplying the ngl; Ground and _nelghbour}%ood
PEaRs m[l, 4 failed, and there being no present means or likelihood of achieving that object,
ik wa(tierbeavmigtaof selfishness to oppose the utilization of such water as can serve the city
i (;v i sitL:noes when the high-level sluice cannot be worked. Apart fro.m this consideration
under cxrc}tllm claim by reason of the catchment area of the Dharmabudi tank having been
iy 'basdal') the formation of Sankey’s reservoir. The distribution of the water can always
(13)11.(?1x x?scn_:ed 1{ the Resident and the Dewan in comsultation. It was by mutual agreiement
tl(:at %{E’ﬂrﬁ’s tanyl’cs were thus replenished last autumn in a season of exceptional drought. As
difficulty was then esperienced, there is reason fox: anticipating as satis aotc:ry resultg in cases
2? future Zecessity. There seems no likelihood of raising the level in Sankey’s reservoir, except

at inordinate expense, and with risk of taking from the supply of other tanks in the neighbour-

hood. » it
i - the limits of the
importance of not allowing present sources of water-supply beyond f
Assi 12;(1'1"{‘1:&;?50 be interfered with for purposes of irrigation or otherwise hfxﬁ bee:l reﬁuog'mse»dl,l
and g&:lssurances have been given on the part of the Durbar that it wi I not allow suc
interference, and that practically now it stops such interference in all cases which are brought to
its notice. ;
en leisure, on the part either of myself or of the engineer officers who
ha.velfi'voTrggrin};a:vi‘&ttﬁgir help an’d advicepin the _a.bove-ment_mned matters of more lmmedm:te
importance, to go deeply into the larger consideration of making Bangalore independent of its
. nt system of tanks and wells, Kven the preliminary inquiries involved in such schemes as
fl:i:eof le)slzding water from Nundidroog and of pumping fr(_)m the Cauvery would necessitate the
employment of specially qualified proifessional men at no slight expense. That the cost of either .
chgmg7 would be very great is beyond doubt. Buch cost could only be met by a water-rate on
:h opulation which would be unobjectionable, if it did not exceed the present cost of fetching
etp pb t which otherwise might press on a community that believes municipal taxation to be
wlae?:c‘i . uite high enough. Geologists have hitherto declared against the practicability of
Zrtesianboring. It may be that this process, when more Rerfected, may solv;e the_ difficulty.
S 4 h a measure would be less likely to be hampered by questions of compensation ; it would be
l'11(:3hou1: the risk of intermediate interruption which is attendaat on the other two schemes, and
xlmi ht be comparatively inexpensive. The deep borings which are now being made at various
oint§ on the Kolar gold fields may show what volume of water is to be hoped for at specified
{)evels under known conditions of intervening rock or other m.a,t.;enq.l,_ and may yield m_fnrmatx?n
ther important points. Meanwhile, I think that the municipalities of Bangalore will be wise
g: :estrictin% themselves, as regards improvement, to the lines which they have been pursuing
of late.

12th May 1886. (Signed)  C. E. R. GIRDLESTONE.

B e

Note by the Secretary to Government, Public Works Department,

1885 the three projects prepared by the late Captain Romilly, R.E.,
for iz:: f(l)evgll;ugartyhe water-supply Ef giangalore. were referred to the Sanitary Commis-
sioner for an expression of his opinion, and, in his No. 414, dated 15th April 1885,
Dr. Bidie approved project B, which provided for drawing the supply from Halsur
tank and distilling the water by means of condensing engines. His Excellency the
Commander-in-Chief also expressed his preference for project B, « provided that, at



T sy g

i
BT __ww_wm&dqa—‘m_-._;;..ﬁ____. —_— _“.-As..,

PR

12 10Te SepTEMBER 1886, Nos. 2292, 2293 W., Punric Wogks.

i

N AN A~ i S

the same time, the conservation of the Halsur tank will be taken in hand by Govern-
ment and the catchment area increased.”

In order to carry out the foregoing proviso it was found necessary to adopt the
first seven items of project C, in addition to project B ; and the Resident in Mysore
was informed, in January 1886, that the Government of Madras were convinced that
that was the most appropriate method of securing a pure water-supply for Bangalore.

Of the first seven items of project C, two required the previous assent of the
Government of Mysore, which was accordingly solicited.

The items were—

(1) Diversion of the town drainage.
(2) New supply chaunel and compensation.

With regard to (1) it was proposed to divert the town drainage from the west of
the Halsur tank, and to draw the supply in future from a new catchment area to the
east of the tank.

The area of the proposed new catchment basin was 24 square miles, or 1536

acres ; and the compensation provided for
Further information regarding the items in the estimate was Rs. 2,680 for the
referred to will be found in paragraphs o ntour channel, and Rs. 2,635 for 527
zfl ;lfiihOfis gz:tp;éﬁ:dRomﬂly 8 roport, copy . .ves of land thrown out of cultivation

' under the Kadarampolem tank.

In requesting the approval of the Bangalore Municipal Commissioners and the
Government of Mysore to the two items above referred to, the Government of Madras
gave the assurance that the supply from the catchment on the west should not be cut
off until the success of the new gathering ground to the east had been fully estab-
lished ; and, on this assurance and on the understanding that the British Government
paid all expenses, the Municipal Commissioners, in March last, stated that they had no
objection to the proposed improvements.

In a communication, dated 28th April 1886, to the Resident in Mysore, the
Government of Mysore state that every facility will be afforded for the transfer,_on
reasonable terms, of the land required for the new catchment area ; but invite attention
to a letter from the Resident, dated 6th November last, in which it was stated that, in
the event of the new catchment area being taken up, its cleanliness would have to be
secured, as in the case of the English War Officer’s Fortification Act, by reserving to
the Municipal Commissioners the right of clearing trees, of preventing the erection of

_new buildings or a change in existing levels, and of forbidding the construction of

unauthorised water channels. The Resident further expressed his opinioa that con-
servancy powers would have to be obtained over villages situated within the catchment
area, and that, if it were deemed prejudicial, sewage forming on fields within the area
should be stopped.

The Mysore Government now represent that the prohibition of manuring of fields
would involve the abrogation of immemorial ocecupancy rights, and might, it is feared,
complicate the whole question considerably ; they request that the necessity for
conferring on the cantonment municipality powers to the extent indicated above over
lands outside their jurisdiction may be reconsidered ; and add that, while the Mysore
Government will gladly fuacilitate any scheme for improving the water-supply of
Bangalore, interference with the rights of land-holders outside the municipal limits
should, if possible, be avoided. Extensive powers, such as those indicated above,
would probably necessitate the throwing out of cultivation of a large area of land, and
the payment of compensation far in excess of what was originally contemplated.

The question now to be decided is whether the proposed new gathering-ground,
lying to the east of the Halsur tank, may be added to the drainage area of the tank
without taking any special precautions for securing its thorough conservancy. The
only alternative appears to be to acquire possession of the land which forms the
proposed new gathering ground, and to throw it permanently out of eultivation ; but
it is to be observed that this alternative course would involve very heavy additional
expenditure.

(Signed)  J. SHAW-STEWART, Colonel, R.E,,
31st May 1886. Secretary to Govt.,, P.W.D,

L —~
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Order—dated 1st June 1886, No. 1386 W., Public Works.

.. These papers, with the note thereon which has been drawn up in this department
will, in the first instance, be referred tv Surgeon-General Bidie, who, with advertence
to his letter, dated 15th April 1885, No. 414 (written as Sanitary Commissioner), will
be requested to favor the Government with his opinion on the point which has lately
been raised.

2. The papers will then be forwarded to the Quartermaster-General,* who will

| be requested to obtain the opinion of His
* Vide his No. 970 B., dated 2nd May 1885.  Excellency the Commander-in-Chief, and

to return the papers to the Secretary t
Government in the Public Works Department. syl g5

(True Extract.)

(Signed)  J. SHAW-STEWART, Colonel, R.E.,
Secretary to Govt., P.W.D,

From G. BIDIE, Esq., M.B., c.I.E,, Acting Surgeon-General with the Government
of Madras, to the Chief Secretary to Government, dated Ootacamund, 23rd
June 1886, No. O/191.

In returning the papers referred to me under G.0., No. 924 C, of 8th June 1886
1 have the honor to submit the following remarks on certain points connected witl;
the proposals for the improvement of the water-supply of Bangalore.

9. The chief point on which my opinion is invited is, ¢ whether the proposed new
gathering ground, lying to the east of the Halsur tank, may be added to the drainage
area of the tank without taking any special precautions for securing its thorough
conservancy.” ’ :

3. From a sanitary point of view it is no doubt desirable that the gatherin
ground should be thoroughly conserved, but as that end could only be attained by
throwing the whole of the laud out of cultivation, I am not prepared to advocate such
a measure, inasmuch as the water prior to delivery to the troops is to be purified by
storage in a reservoir and distillation. ‘

4. T have not inspected the proposed new gathering ground, which is said to
embrace an area of 2-4 square miles; but from Colonel Mullins’ report (paragraph 34)
learn that the soil is of a “light sandy character,” for the most part under d
cultivation, and extensively manured with more or less filthy material collected from
the barracks, the station, and the bazaars. Such land will undoubtedly contuminate
the surface wash more or less, the amount of impurity depending to a considerable
extent on the weight of the showers and ‘the season at which they fall. A heavy
shower, occurring shortly after tillage and the application of manure, would carry off
a considerable amount of organic matter; but on the crops attaining some size,
the surface water would be comparatively clean, as growing vegetation rapidl
disposes of nitrogenous matter in the soil, and any of it on the surface not got rid of
in this way would speedily be converted into nitrates (inorganic matter). :

5. As a precautionary measure, however, I would suggest that arrangements be
made for the exclusion from the tank of foul water resulting from heavy showers
falling immediately after the manuring of the gathering grounds.

6. If this be done, the only other precautions that seem necessary are—

(a) The prohibition of any extension of the present cultivated land within the
gathering grounds, L !

(6) The institution of some arrangement with the Mysore Government for the
surface conservancy of the villages that exist on the protected area, and
for the prevention of the erection of any more buildings except in
substitution of those already existing. .

(e) That oﬁ;(;nsive trades—such as tanning—be forbidden on the gathering
ground.

R



A .

e e S—

14 10rm SEPTEMBER 1886, Nos, 2292, 2293 W., PusLic Worxs,

- e

7. As already stated, I make these suggestions clearly on the understanding that
the water is to be purified prior to use by a Normandy’s condensing apparatus ; and
have only to add, that the supply obtained from the proposed new gathering ground

ought to be much purer than that now deposited in the Halsur tank the densel
populated and filthy town of Bangalore, 4 fom the densely

No. 318 D.

Forwarded, with adver‘tence to G.0., No. 1386 W, dated 1st June 1886, to the

Quartermaster-General, for favor of His Excellency the Commander-in-Chief’s opinion.
2. Copy of a minute, dated 12th May 1886 on the water-supply of Bangalc

by Mr. Girdlestone, is en’closed for informyution. : it o

OQoracAMUND, (Signed)

J. SHAW-STEWART, Colonel. R.E.
30th June 1886, STEWART, Colonel, R.E.,

Secretary to Govt., P.W.D.

From Colonel E, FAUNCE, Officia
to Government, Public Works
1886, No. 2797 B.

ting Quartermaster-General, to the Secretary
Department, dated Ootacamund, 24th August

In returning the papers received with G.0., No. 318 D., dated 30th June 1886,
relative to the improvement of the water-supply at Bangalore, I have the honor, by
order, to state that, although the Commander-in-Chief would prefer the alternative
measure of thoroughly conserving the new gathering ground to the east of the Halsur
tank, by throwing the whole of the land permanently out of ecultivation (similar
arrangements being made as regards the old gathering ground of the north feeder) yet,
as the cost of these measures would apparently be prohibitive, and great difficulty
would arise in acquiring the necessary land, His Excellency accepts the scheme as
proposed, viz., that the town drainage” having been diverted, a new gathering ground
lying to the east of the tank be added to the drainage area of the Halsur tank, the
precautionary measures in connection with the entire gathering grounds suggested b

y
Dr. Bidie (in paragraphs 5 and 6 of his letter, No. O/191, dated 23rd June 1886)
being fully adopted.

2. I am to request that, if convenient, a printed copy of the correspondence now
returned may be forwarded for record in this office.

Orper—dated 10th September 1886, No. 2292 W., Public Works,

Frequent outbreaks of enteric fever amon
strong representations respecting the quality
water-supply available for the use of the troo
station, this Government, after careful conside

g the troops at Bangalore having led to
of the water and the sufficiency of the
ps and of the cantonment bazaar at that
ration of the subject, arrived, in October
1883, * at the conclusion that the best
means of providing the troops and town
with wholesome water would be to extend
and complete the scheme known as the Ooparhalli project, which had been originated,

in 1868, by Major-General Sankey, R.E., (.B., when Chief Engineer of Mysore.

2. With that object, Colonel J, Mullins, R.E., was placed on special duty to
investigate the subject ; and, on the 31st March 1884, that officer submitted a report in
which the whole subject of the water-supply of Bangalore was exhaustively treated,
The results of Colonel Mulling’ inquiries were summed up by the Chief Engineer in
his note printed with proceedings, No. 1473 W., dated 13th June 1884, as follows -

(1) The Ooparhalli project is incapable of supplying the station or troops.

(2) The Halsur tanks are not capable of being made a satisfactory source of
supply for the troops.

* G.0., No. 2794 W, dated 5th October 1883.
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(3) Wells may be sunk which would yield a sufficient supply for the troops for
. drinking and cooking purposes, but the quality of the water must remain
doubtful. ' : \
(4) The Agaram tank offers a new source of supply of suitable water, having
an ample and sufficiently clear catchment basin.
(5) Water of unexceptional quality is probably obtainable at Bangalore only by
distillation.

3. In their order, No. 1473 W., dated 13th June 1884, the Government recorded
their opinion that the Agaram tank scheme offered the most promising solution of the
question of the water-supply to the Bangalore garrison, and directed the late Captain
Romilly, R.E., to elaborate the scheme, and to prepare the requisite plans and esti-

mates. In the following month,* orders
* G.0., No. 1814 W., dated 25th July 1884.  were issued to Captain Romilly to include
\ in his investigations the alternative

‘scheme suggested by Colonel Mullins for condensing a supply of water from the dhobies’

icient to meet the requirements of the troops for drinking and cooking
;fll.})s;s:: ﬁ]f;::}fng the water reguired for other purposes to be pumped from the
Halsur tank. Captain Romilly was further ordered to investigate the question of
taking in an area of additional gathering ground to the eastward of the Halsur tank,
and to include in his estimate for the Agaram tank scheme all compensation for land
rendered necessary thereby.

4. With hisyletter, No. 3900, dated.19§h January 1885, the Superintending
Engineer, V Circle, submitted Captain Romilly’s report, accompanied by three alterna-
tive estimates. The first, A, provided for the supply of water to the barracks from the
Agaram tank, and amounted to Rs. 2,90,000 ; the annual cost of maintenance being
Rs. 44,385. The second, B, provided for drawing the supply from the Halsur tanlf
and dis,tilling the water by means of condensing engines, and amounted to Rs. 1,67,000 ;
the annual cost of maintenance being Rs. 84,600. The third, C, _provxded for certain
improvements to the existing source of supply, and the augmentation of the supply by
taking up a new gathering ground. The cost was Rs. 1,353,000, and the annual
maintenance charges, Rs. 27,000 '

i t having been referred to the Sanitary Commissioner, and to His
Exce?l.exlrcl;ihl‘: p(()):mmandg-in-()hief, for qpinion, the former officer condemned project
A, and concurred in Captain Romilly’s views that the Agaram tank-water was liable
Eo’ dangerous contamination ; and, if adopted as the future_a reservoir for thc_a troops,
the source of supply could not be accepted as pure. Dr. Bidie approved project BHa_Ls
the only means of insuring a supply of pure water for. the use of the troops. His
Excellency the Commander-in-Chief also expressed his preference for project B,
« provided that, at the same time, the conservation of the H’alsur.tank will be taken in
hand by Government, and the catchment area increased.” His Excellency was of
opinion that, as the civil population of Mysore would benefit by the improvements, the
municipality should bear a portion of the cost; but he expressed a hope that, if
the municipality were not prepared to do so, the Government would carry out
the improvements and bear the whole expense.

5, the Resident in Mysore was addressed on the subject. The
planssz;nfin(ililxﬁzt:ss f)iéptared by Captain Romilly were forwarded with the remark that,
whilst supporting the project for the distillation of the drinking-water drawn from the
tank for the use of the garrison, both the military and sanitary authorities strongly
advocated the contemporaneous adoption of Captain Romilly’s proposals for adding to.
the supply available for the civil population ; for excluding foul sewage from the tank ;
and for improving its conservancy. These improvements comprised the first seven
items of Captain Romilly’s project C, estimated to cost Rs. 59,860 ; and the Resident
was asked whether the Bangalore municipality were prepared to contribute towards
the cost, and, if so, to what extent.

. In his reply, dated 15th November 1885, the Resident intimated that the muniei-
palit; hf:i alzeagyy,incurred considerable expense on works undertaken })y themselves
in improving the Halsur tank; and, with respect to Captain Romilly’s proposal te
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substitute a tract of high and sloping ground to the east of the tank for the existing
catchment area on the west, Mr. Girdlestone did not think the Commissioners would
bear any portion of the outlay involved, inasmuch as the necessity for the change had
not been demonstrated to their satisfaction. The Resident intimated clearly that, if
the Madras Government still eonsidered the change imperative, it would rest with this
Government to provide funds to the full amount required for its accomplishment, ()n
an assurance from this Government that the supply from the catchment on the west
shall not be cut off, until the success of the new gathering ground to the east has been
fully established, the municipality have given their assent to the proposal to divert
the town drainage from the tank. The Government of His Highness the Maharaja
also have intimated their willingness to afford every facility for the transfer, on
reasonable terms, of the land required for the new catchment area, While doing this,
the Mysore Government pointed out that complications would arise, and the cost of
compensation would be greatly enhanced, if attempts were made to thoroughly conserye
the new gathering ground, and throw jt permanently out of cultivation. With reference
to this point, the Government haye received the opinion of Surgeon-General Bidie
(who, as Sanitary Commissioner, previously reported on the water-supply question)
that, if certain precautionary measures bhe taken, the prohibition of cultivation in the
new catchment area need not he nsisted upon ; and His Excelleney the Commander-
in-Chief, in view of the great outlay which would be involved if this Government
determined to acquire the whole of the gathering ground, has accepted the position.

8. His Excellency the Governor in Council considers that the question has now
arrived at a stage when the Government of India may be addressed, That Govern-
ment will accordingly be asked to sanction Captain Romilly’s project B, with the
addition of the first seven items of project C, involving a total estimated outlay from
Imperial funds of Rs. 2,26,860,

9. The measures suggested by the Surgeon-General, in paragraphs 5 and 6 of his
letter of 23rd June 1886, will receive consideration hereafter, should the Government
of India sanction the proposals now to be submitted.

10. The following letter will be addressed to the Government of India :—
(Here enter No. 2293 W., dated 10th September 1886.
(True Extract.)

§ (Bigned) J. O. HASTED, Colonel, R.E.,
Secretary to Govt.,, P.W.D.
To the Military Department.
»  Superintending Engineer, V Cirole,
»  Examiner, Puglic \ggrks Accounts,
»  Public Department.

-
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Lerrer—to the Secretary to the Government of India, P-dﬂic"!!ﬁ‘ks Department,
dated Fort St. George, 10th September 1886, No. 2293 W.

I am directed to forward, for the consideration of the Government of India,

copies of the proceedings of this Govern.

No. 2794 W, dated 5t1111 October 1883, ment marginally noted, relative to the
w 2196 W., ', - 8th proposals for improving the water-supp]

w I3 W, : 13th June 1884 of the troops at Bangalore, £

£ igﬁ g: % 1172:11: Ty = 2. The history of the question ang
w 2292 W, ,, 10th Sept. 1536, its present position are stated in the last

with Captain Romilly’s report annexed. quoted proceedings of this date; and it

i will be seen that the sanction of the

Government of India is required to a total estimated outlay, from Imperial Military

Funds, of Rs. 2,26,860.

3. It will further be seen from the correspondem’{, that the question of im proving
the water-supply of Bangalore has been the subject of exhaustive inquiry by this
Government, who are convinced that the only feasible means of giving the garrison a

10t Sepremser 1886, Nos. 2292, 2293 W., PusLic WORES.
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er- t sonable cost, is by adopting Captain Romilly’s project B,

Putrisnf:::(tleiosggsg Sii: laﬁ;?gOO, with the’ addition of the first seven items of project C,

:stimated to cost Rs. 5,9,860. The annual cost of maintenance of project B is esti-
ted at Rs. 84,600. : ;

i e4 The Arl’ny Sanitary Commission in England have frequently noticed the high

rate of. mortality from enteric fever among the troops at Bangalore, and have urged a

1 i i 1 ving the water-supply ; and I am to forward, for
consideration of the question of improving s sy o O R

India, copies of the two last reports of
that body, printed with the proceedings

i i ili t, marginally noted.

f this Government, in the Military Departmen  marginally . .
g i Ioz‘:mr theref:)re to express the hope of His Excellency the Governor in Couneil
that the Government of India will take tgigﬁsélé)(])ect ;111:0 :ﬁgly t]c;,onz‘tderatxon, :nc;

i diture of Rs. 2,20,860. 0, that the Government o
;Zitisogvi%%epf;ﬁzzeeg :: p;I;kle ae substantial grant for inclusion in the budget for

No. 4290, dated 5th August 1885.

SR ] S

1887-88, in view to the early commencement of the work.

Exd. E. Fernandez. -

Spare Copies

(Sigued)

J. 0. HASTED, Colonel, R.E.,
Secretary to Govt., P.W.D.
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into the tank to the main bund a little to the north of the present surplus weir, which latter
would be lowered and a new weir built in the new bund ; this tank receives drainage from foul
ground at its north-west corner, and this also would need to be diverted into the western feeder
above the culvert just referred to.

Moreovér, the water-supply of the upper tank is far from pure. There is a large popula-
tion on this part of the gathering ground, and there are tanneries and a large native cemetery,
which are quite sufficient to account for the quality of the supply.

34. Tt has been ascertained that a considerable area of fresh ground could be drained into the .
lower tank by running a supply channel at a gradient of 2 feet per mile to the eastward.
The position and general circumstances of this area are shown on the general plan,* and on
LD, a larger scale and in more detail on plan No. 9.
P This ground measures 3:10 square miles, and
the soil is generally of the light sandy character which is common to the neighbourhood. The
water-supply from it would be of a better character than that now received by the tank, but it
certainly would not be even approximately pure, for, though the land is for the most part under
dry cultivation, it is extensively manured with all the various more or less filthy material which
is conveyed from the barracks, the station, and t}xe bazaar by the conservancy carts. There is
further the additional objection that the construction of snch a channel would interfere with, and
diminish the supply of, a great many small tanks, some of which belong to the Mysore Govern-
ment, while others are privately owned. ; A
The settlement of compensation would be difficult and troublesome, because there are not
only the tanks of which the supply would be direetly diminished to a demonstrable extent, but
many others which get water from the surplus of the former, and no reliable estimate could be
formed of the extent to which the supply of these lower tanks would be affected  On the whole
* then, promising though the plan of bringjng in a supply from the open country to the eastward
appeared in the first instance, it is considered that the circumstances are too unfavorable as
regards quality of the supply to warrant relief being sought in this direction.

'o secure the drainage from the 3°10 square miles above mentioned, a channel 93 miles in
length would be needed, but a fresh area of 2:174 square miles could be secured by stopping the
channel at 5 miles, and, as this would more than compensate for the 1:68, plus 0°22, equal to 1-90
square miles of the present catchment, which would be diverted from the tank, and as'the shorter
channel would interfere with but few existing tanks, it would be the better arrangement.

.

Gobt. of (1886} $adras.

o | PUBLIC WORKS,

Dated September, IOék.

Recd . EM /.

G.0, 10th Sept. 1886, Nos. 2292,

9299 RS.
A 3 W. Tho cost of diverting the western and north-west feeders of the tank
would be ghout .. 18,850
The supply channel 93 miles in length for the catchment of 310
+  square miles would cost about .. e 120
The channel 5 miles long for the catchment of 2174 square miles
=y would cost about - .. 6,460

So that the larger scheme: would require an expenditure of Rs. 29,970 and the smaller of

Rs. 25,310, exclusive of compensation for water diversion. Approximate abstract estimates and

specifications are given in Appendices Nos. 16 to 17-C. In either case it is proposed to raise the
@ full tank level 1 foot, and so increase the storage by 5113 millions of cubic feet.

SEPTEMBER.

35. The Halsur tank, prior to the formation of the upper tank, held, when °
full & ... ape - SLUE ...  millions of cubic feet. 38293
At present the capacities of the two tanks are— :
% Upper tank wes ... millions of cubic feet. 11240
Lower do. ‘ do. - 37°633
——— 48873 .
.
Increase ... 10580
A table of capacities-has been drawn up and will be found in Appendix No. 10. Statements

of particulars of water-supply have been worked out from the registers for the years 1880 to
1883 inclusive, Appendices Nos. 11 to 14, and a summary is given in Appendix No. 15, From
the latter it will be seen that the year 1880 was one of exceptionally heav, rainfall, and the
tanks received no less than 165372 millions of eubic feet, but in neither of the other years was

the yield of the basin equal to the capacity of the tanks. g
years were indeed only just one-half o?athat{ capacity. The average receipts of these thzes

Bangalore Water-Supply -
36. Tt has been alleged that the falling off in the supply of the Halsur tank has re;mltc;d

Proposals for improving the — for troo

0 - AR iversion of part of the drainage by the catchme ' ]
submitted for th : P, o from the diversion of P go by the catchment channels of the mew (Ooparhalli)
ment of Tndia. e sanction of the Govern- i + 53 acres (vide paragraph 23). reservoir, but the area of drainage so verted

mA
is only one-twelith T of a square mile, and would

. .
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account for only 1:32 millions of cubic feet in the last three years or on the average 0°44
millions per annum, or 1'8 per cent, ' J

Compared with the period prior to 1864 the supply has no doubt suffered material reduction
by the construction of the main sewer, but th® idea of the prejudicial effect of the Bangalore
water-supply rroject works doubtless originated in the contrast between the abundant supply of
1880, when the waste weir discharged surplus on no less than 88 days between the 14th August
and the 7th December, and the short supply of subsequent years. The real cause is explained
by the rainfall register, and a reference to the statistics of the Halsur water works, Appendix
No. 20, will show that the water level in the tank on the 31st December was much the same in
1878, the first year in which the new reservoir held water, as in 1877, and that in 1879 and
1880 it was at a higher level than in any year after 1872,

37. It will be noticed that the rainfall registered at the Halsur rock is about 18} per cent.
1,900 yards less than that registered at the Bowring civil
i X bospital, which is distantbut little more than

amile. This is due chiefly to the gauge at the rock being on the top of the rock, or indeed some

feet higher than the latter.

An examination of the monthly abstract of the registers shows that, on the other hand, in

Appendic Na. 19; February the rainfall gauged at the rock ‘has

always been higher than that at the hospital,
only 6 months.

; ; egister at the Bowring hospital is not always a
de to the rainfall over the catchment of the Ooparhalli reservoir, distant about three miles,
or 1880 was only.r an average year in the latter locality, the rainfall being 89-56 inches a gainst

51°69 at the hospital, and again in 1881 the figures are 21-63 and 27-44 r'espectively. In 1882
and 1883 the two sets of registers agree very nearly.

but for the other 44 months this was the case in
It is further noticeable that the rainfal] r

38. The yield of the Halsur catchment basin for the four Years averaged 0174 and 0146 of
the rainfall registered at the rock and hospital respectively. The proportion at the ( Joparhalli
reservoir averaged 0-12 for the same period. Omitting 1880, the propcrtions for the Halsur
catchment are 0-085 and 0:071, and for the Ooparhalli reservoir 0:127.

39. Wells.—These, as & means of procuring water, are in very general use, and, seeing how
small a proportion of the rainfall runs off the ground, it might be expeeted that a fairly abundant
supply yould be met with below the surface. The ordinary surface soil is very sandy, and
below this, at varying depths, a subsoil composed of gneissic rock in a more or less advanced state

of disintegration and decomposition is met with ;' this overlies gneiss in either the massive or

detached state. In many places the rock comes to the surface, but, more generally it is at a

considerable, and sometimes at a very considerable, depth therefrom. Many houses possess wells
which are seid to yield water of excellent quality, but there is no certainty that two wells, though
only a short distance apart, will contain water of at all similar character. The water of the we‘fls

in that part of the station which has for a long time been thickly populated is generally con-
feasggy bad, asisto be expected, but besides these there are many wells the water of w);ﬁch is

unfit for domestic use because it is impregnated with salts, which render it brackish or bitter,

ere is at Bangalore ample space on fairly ealean ground for a sufficient number of wells
to produce collectively a much greater quantity of water than is required, but while it is certain
1s wgu]d contain brackish water, there would be
‘ 3 s of good water would be obtainable. Borings
would afford primd jacie evidence of the character of the soil at the t, and the water dmfu
. b e, zevenlctih?bne itfwzuld not be demonstrable that the water taken from
a large well , spot wou of t i i tity tak
Bbdune, Siitidoedtie, the i o e same quality, for directly the quantity taken ont

awn { : : -
PRI a ki : rom would be extended proportionately, and new condi
e ?ﬁg‘cﬁ l‘:eﬁ‘; generally-distributed water-bearing stratum, containing good and pure water,

can be sunk, and a supply of this character obtained with certainty.

40. To the south of the South Btatioy hospital there is a small water course on the banks

Plan 15. of which some wells were sunk in the famine

: : . years 1876-77. One of these wells, No, 2,
at 760 yards from the hospital and conveniently situated as regards the «Field Artillery and

Vide first entry in Appendix No. 26. %, Eurg}ienn C:E?i:y barracks has been tested, and
# : o A ia b . v
direetion of the Deputy Srirgaon tonaalh: fa,iﬂ})ufatvom 1();1;1 ive) analysis made under the

If an abundant supply of such water could be obtained, this source might be i
i conside

satisfactory, but the experiment made in March with an _engine and pump Ieﬁt for the!}:u;?;:
by the Secretary to the Mysore Government, Public Works Department, shows that at a time
when the yield of a well 18 certainly not at its minimum, the inflow averaged during 135} hours
only 537 cubic feet, or 3356 gallons an hour. On the average of four years the hourly
Abrmdte No. a1, gog:gx;ﬁ{gzs of water by the troops has been
It would therefore rextuire 70 such wells to suf)ply the total quantity required, and probably
8, distributed so asto drain the greater part of the basin of (he

a

-
: & D

watercourse, which has an area of 258 acres, would suffice, while there would be always the
possibility of the failure of the supply towards the end of the dry season. With a bund across
the valley above the road, it is probable that sufficient water would be obtainable for cooking
and drinking purposes for the Cavalry Regiment, the two Field Batteries, and the hospitals, as
this part of the supply might be taken to be one-sixth of the whole, or say 400 gallons an hour,
which quantity might be obtained from, say, six conpected wells of 20 feet diameter each, and the
supply could be lifted by a pump worked by coolies'or bullocks, which would be less expensive
than a steam engine, as the cost would not exceed Rs. 1,000 per annum.

41. Similar arrgements might be made for the supply of the Horse Artillery and the

European Infantry at a cost of about Rs, 1,500 per annum, but for other purposes two-thirds of

~ the present supply would still have to be pumped up from the Halsur water works, and the cost of

thése two-thirds would be but little less than the Rs. 10,400 expended at present on the whole
supply of the troops. : : _ ; ;

= %he register (E)f the pumping operations at No. 2 well will be found in Appendix No. 22.

42. Some of the data—e.g., the number and length of the connections with the several

buildings— for an approximate estimate of the cost of the arrangements above indicated would

require more time for their collection than is now available, but the following summary will

give a tolerably good idea of the probable outlay required. The way in which the calculation

has been made will be found in Appendix No. 23. ’
i RS.
Seven wells ces g t7 R )
Pump with gear on e M o o l,?()()
Pipes and laying e 8,354

Trench for connecting pipes ... s et Kl
Unwatering during construetion e e R sl emen 0000
Taps and fittings o ?,ggg
Coutingencies ... b S e $ad b= o o 7 oeb y

- 7 —

Total ... 24,000

.

ual amount wonld berequired to supply the Horse Artillery and the European
InianAtE;ulg,:;i:)%nt with water from wefl%, or, say, Rs. 50,000 altogether. The current charges
being estimated at Rs. 1,000, plus 1,500 annually, this, ca_.pltahzed at twenty-five years purchi}se,
would represent Rs. 62,500 ; so the entire cost of supplying vcrell water for drinking and cooking
purposes only to the European troops would be about Rs. 1,12,500.

3. None of the heretofore considered sources of supply being likely to be acceptable and
also :(feq;ate, attention has been given to others which it seemed possible might be better suited
to meet the requirements. Necessarily there could be no adequate supply obtainable without
pumping, and all that could be hoped for was sufficient water at a level not very much below
that of the station and at a moderate distance. The Hoskote tank, which is much the largest in
" the neighbourhood, was visited. It has a catchment basin of 510 square miles, and is the terminal
f a very large group of tanks, of which at present only one sub-series has been surveyed,
80 the statistical information is incomplete. Notwithstanding the large number of tanks al.)ove‘
it, the supply is said to be good. *In 1876 there was some water, but not enough for cultivation ; -
in 1877 the tank got a good supply. About twenty years ago (probably 1366) the tank was
entirely without water. In 1875 the supply was so great that it was feared the tank would
bl.‘-mf.{ahe extent of irrigation is about 2,000 acres and the revenue about Rs. 5,000 ; the assess-
ment has been reduced since 1877. The season of cultivation is from December to August or
September.  Only one crop is cultivated, and this is commenced from December to Agnl, the
harvest being from June to September. The tank is from 12 to 13 miles from the ks,
and it is about 104 feet lower than the Halsur tank. There is a small hill, 2 miles west of the
14th milestone, which would be a convenient site for a stand-pipe as it is 190 feet above the
tank level. The appearance of the water in J anuary, when the tank was nea.rl'y if not quite full, ;
was not prepossessing, and the native og'ilnion of it is unfavorable, the expression used being that
“they would not give it to a horse to drink, and they say, that to bathe in it is apt to produce
fever. The inhabitants of the town use the water of a small tank to which lies immediately east
of the large tank and north of the town, and its water is altogether diﬁarynt in appearance. !
Under these circumstances, it seemed 'unn to carry the investigations further. The

information above given was obtained from the native accountant of the amani tanks.

- 4% About three miles south-east of the Race-course, or Cavalry and Field Artillery
barracks, there is the Agaram tank, which on the whole affords the best prospect of beinga
suitable source for the supply of the troops. It has a catchment basin of 32'10 ,Sqpare miles, ﬂ?f :
which, however, a considerable part is rendered non-effective or only partially effective, by the

_upper tanks in the same basin. It rcoeives ng drainage from thspattahw mﬁoummh It‘-’xﬁ o
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st"i:;l :;)ug‘:rge’}emuy _Well supph?d‘, though in 1876 it was, in common with nearly every tank i
o full uy’t Otrhu ilgme dry. This season, though the rainfall was below the :L\:erago) the ta ”L;
March thepwot : 1 dt? January, or 43 weeks after the last considerable rainfall. On the (,'!;1
i ater had fallen 0-96 of a foot, so that, inclusive of the water drawn off for cultiv 1
, the water surface had fallen less than one quarter of an inch a-day. e

The position of the tank with ; : .
] regard to the barracks and that of its catchment basin wi
seen on referring to plan 1, sheets 1 and 2, and the survey of the tank is gi"elrlnf‘?tpll:xl?; e

The area of the waterspread at full tank level is 131 acres, or 5706 milli

g ; 259 s million

tll?il: :il]lll IOf't}l? lowest sluice is at 7°16 feet below full tank level, and the area 0? ?vfa.tz}‘:;:saii&(:é
b fe‘l ftls lgomput_ed to be about 1-017 millions of square feet. The capacity between sluice
e thelfl 2 an klevel 18 a_bout‘ 24-068 millions of .cgbm feet, n.n_d it has been ascertained that
g uT htan level raised three feet, 20601 millions of cubic feet would be added to the
i ; ere are‘280'17 acres of land classed as wet under the tank, and of these 129:10

s are usually cultivated and yield a revenue of Rs. 617-8-0.

The full tank level is 58:25 feet b ;
' elow that of the Halsur tank, and the water woul .
to be pumped at least so much higher in order to secure as much command as at presenotl.1 4K

45_. Samples of the water have been analysed by the Chemical Examiner with th
?}longllﬂm,f&gpendlx No. 26.. It will be seen that thc_s water has obtained only the qualified ch‘iul':z;g:
W e,t b:t that is the highest character given 1n any of the analyses of Bangalore water, and

'E;B CoA more than (_loub!:ful whether anything more favorable is likely to be found.
ditferenf' gar(titm water 1s slgghtly clouded, but it 8 goqd wholesome looking water and very
il T nl?i eg from that whl.ch even at the best‘of times is to be found in the Halsur tank. It
vk oticed that the analysis differs somewhat in the case of the two samples, though the water

s all taken from the tank at one time and at one place. =

46. It was at first intended to i
s at ) get rid of all matter capable of removal by filtration f
2;‘:1 Zillltsr by sinking a large well in a convenient spot near the north-west corier of th;1 t;gyl?
Chemicarﬁ]g no water to enter the well except through several feet of soil. The analysis by the’
xaminer, however, of the water of one well to the north-west of the tank, .and the
o rtial analysis at Bangal f the w f
Sl Py pa ysis at Bangalore of the water of
2 gy by gg_g' four t(\lrells butha short distance from its water-
! spread on the west side, which, and mo
:ggcm}lllyw l]x?(:f' 3 tm(l1 4, were chosen to serve as an index to the probable quality of the sorifi
men‘:gmi i atesu'P{)l y well would be sunk, render it more than probable that such an arrange-
e g inm:,i] nl?e y injure the quality of the water. The fixed hardness, for instancé, is
Water,g,wleeshﬂe inzthe:t,r goéc:’ tgf these four wells against 14 to 1:75 degrees for the tank
i the s Joc ks, chot :r. e well water is considerably less pure than that in the tank,

ﬁltrag'o :t::llg be desirable, 1f possible, to avoid the expense and complication of artificial
of the ta‘:lk to te &“y calsxa ﬁt would be desirable to have an experimental well sunk in the bed
e i st be;-e . r(:!xl:gi ; tts : f;;g:er ther?]fromtdll)‘lawn, tlhe character of the soil through which
gl s upon the potable qua ities of the supply. S les of

ave been taken from two wells or pools in rear of the western end I:)I; )the ba;l:x%,esa;)nd ‘:ﬁ::

anal i : :
yses will be found in Appendix No. 26-G. The results are satisfactory as the turbidity o’

the water is
irrigation. no doubt due to the wash of the water on the soil, the pools or wells being used fo

47. On plan 14 are shown the i
tha ; 0 relative levels of the tank and the several ice ci
attached to the barracks, hospitals, &, Also the proposed height of the stand-ssg:la?ew(i;?iﬁr?:

intended to
g be rather more than 15 feet above the water surface, when full, of the highest cistern

48. i ; ok X -

done, andA E%ﬁiﬁﬁr’n? Oo?tztns specifications and approximate estimates for the work to be
capacity of the tank if thry e tt o latter is subjoined. It appears to be essential to increase th

wewn glatutit sich increa.s: ;Vﬂ- er be_drawn direct from the latter, and in the estimate for th'e
water by the troops has b asél2t Will be seen, been provided for. The average consumption 1;
the contents of thlt)a tank eend 92 millions of cubic feet per annum, or less than One-se\I:enth of
tho eetimatid maximum.’ an Probﬂ-bly not more than one-twentieth of the quantity recei (;,) 7
year, or perhaps one—twel‘faghnm;mptmn also has been taken as 5256 millions of cubic feet inveth >
‘?extel’lt of land, viv.. about 2? the supply coming into the tank. Were, however, a correspondi .
paid, there would still lll) ; aﬁreq, thrown out of cultivation and compensation oy thutl;cc m%
nddit’;ion 53 tho. store e much risk of the storage proving insufficient at times \Vitl(l)un

probability of there bg.e‘ 08'1)1“°1ty of nearly four times the maximum off-take there is e =
B b 0 caival betw‘:mg always in the tank an ample reserve to meet the co’ntingenc O‘Eery
it 1t weonld sk be’ths‘“ﬁ’esswe receipts from rainfall. It is indeed worth considiarat'an
the tank, to enlarge th: tmfk z"ste;ypslglziotiaven ;1f1 wate:_be drmyn. from a well within or bell;):
tank would be avoided, and that is a mattel;g:)f imgsreti;g. DU, S0 BHE o R

Particulars.,

Engines and pumps e

57

Stand-pipes including masonry ... ag .o

Delivery mains
Suction pipe from
Supply well

Suction pipe from-éa.mk
Do. from pure-water well ... = e

Two filters ...
Enlarging tank
Ground for pump

wee

supply well

ing station

Engine-house and chimmey .. ¢
Quarters for Engineer, &c.

Enclosure walls

49. Tnquiry bas_boen made ss to whether

Contingencies ...

Total ... 2,20,000 1,88,000

works would be suitable and available for transfer to ‘
with new boilers it would be serviceable for some years to come. The

the rock is an old one, but

engine at the Dhobies’ wells is comparatively new,

duty than has so far been
compared with work done,

ase of a small delivery pipe
However, the chief di

supply arrangements un
ready to be substituted.

perhaps longer, and so the
for the new works. 1t ma

economical and satisfactory plan to get complete machinery,
be done, from a firm which understands the special requirem
need to be well carried out in all respe
plant will fetch something considerable whe

ipes, now in use ought to fetch their full value, or some of
o distribution arrangements to the lines occupied by the officers of the regiments

for ex.tending th

| Bangal

investigations by ascertaining
potable water in this way.
requisite information. In Apgglvidix No.

working of the new and

any of ht;le pumping plant at the present water

Wire
P -
Water drawn
‘Water drawn
: from supply
direct from well in or

tank. below tank.

~

RS. R8.
36,500 86,500

f... 3930 8,500

1,18,000 1,18,000
2,570
900
e 4,800
5608 ...
. 15,000
e 13,000
250 . 250
12,500 12,500
3000 3,000
4,000 4,000

2,11,340 1,81,220
8,660 6,780 ’

am water works. e engine at

and it ought to be capable of a much higher

obfained from it. At present it is costly as regards fuel consumed as
but it seems probable that this is in a considerable measure due to the

-

Moulty would lie in the necessity for continuing the present water
til other and better arrangements have been carried out and are perfectly

The troops cannot be left without water for two ar three weeks or
engines and pumps must be kept where they are and others be provided

y be taken as certain, however, th:

old

cts, and all t1.1e parts
n done with though much less than its value. The

them might with advantage be used #

at will it in the long run be the more
suited in all respects to the work to

ents of such works. ~ Water works
should be in harmony. The old

50. It is mearly certain that waber of perfectly satisfactory quality could be obtained at
ore only by distillation, and it seemed desirable, therefore, to complete the water-supply
the cost of the mecessary apparatus and the expense of producing
General Hyde of the India Office has obligingly furnished the
95 will be found a statement giving the results of the

ernment condensers at Aden, as well as t%ose of two private

_owners. The new condensers were made by the Normandy Company and are considered to be ; *

the best and most economical known. -

Also two letters from the Normandy Company to

General Hyde and estimates for three sets of apparatus. Tt will be seen that the cost of two sets
of apparatus to produce fogether 12,000 gallons in 24 hours would be ... £ 4,362
: One set to produce 9,000 gallons e P !

One set to produce 12,000 ., e
These prices are free on board in London, and the corresponding prices ab Bangalore would

probably be Rs. 65,430, 45,780, and 60,690.

Aden, prod
larger or
en, prod

The smaller or

uced in 24 hours ... ses  eee

. .

6,000-gallon size has, in an experimental trial at
e T R B SBF e T S
9,000-gallon size has, in an experimental trial at : ¥ -

- e 5y 3,062 *
e 3 4,046

GALS.

oY ORE

.v.. 12’110 > ;
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But the average yield is shown by the statement to be about four-fifths of the above. Coal is the

fuel used at Aden, and one pound of coal is equivalent to four pounds of wood, the fuel available -

_ at Bangalore. ™ ’

- The yield is 16 1b. of condensed water for 1 1b. of coal, and therefore 4 lb. of water would
be obtained for 1 1b. of wood-fuel,

The Company’s estimate of outturn is higher than the above and varies slightly according to
the size of the apparatus, the yield being 180, 18'8, and 19-8 1b. of water to 1 1b. of coal for the
three sizes respectively. 4 i '

The Aden experience may, it is considered, be accepted as a safe guide.

No better water than that of the Dhobies’ wells could be obtained for distillation. Assuming
that 9,000 gallons a day would meet the requirements of the troops if the use of the condensed
water were restricted to drinking and cooking purposes, one set of apparatus at a cost of Rs. 45,780
would suffice if keg: constantly at work, but as at any rate it would be advisable to stop the
machinery on Sundays, it would be desirable to have a 12,000-gallon sef which would produce
in six days enough water for eight days’ consumption, and its cost would be Rs. 60,690. The
weight of 12,000 gallons is 120,000 1b., and the wood-fuel required would be 30,000 1b. The

present price of wood is 1 rupee for 268} 1b., therefore the daily cost of fuel would be Rs. 112
nearly, and the annual cost 52 x 6 x 112 = .. Rs. 34,344
Small stores, &e. B i~ 1o L 4en s asnilR, - 206

Working expenses ... 34,600

The apparatus includes pump&apable of delivering the water where required. It is stated
that {he attendance of one man will sufice to work the apparatus, and therefore the existing
estahhs}}ment at the Dhobies’ wells would suffice ; and, as the engine and pumps there would not
be required, the buildings would be available for the condensers.

The only other outlay would be for pipes, cisterns at the barracks, &c., say 25,000, and the
total annual outlay may be thus estimated :—

RS

15 per cent. interest and depreciation on the cost of the cbndensers... 9,104
10 per cent. » do. on rest of outlay we 2,600
‘Working expenses i Lok Bl e Sty bow < L den 1 e 204,600

e

: e « ik : Total ... 46,204
“or about 15:40 rupees annually per head. The present cost, about Rs. 10,400 a year, for th
working expenses of the Hn{mr ‘Water works would remain unaffected, as wnmor o;th;
purposes would have to be pumped up by the Halsur rock water works.
51. The results of the investigations that have been made are briefly these :— &

(1) The Bangalore water-suppl ject was designed and . ;
of the greater part oF Pt{eproJeo as designed and has been, with the exception

distribution works, i
tion generally with good water. ST or carried out to supplx the popula-
The”(00parha]1i) reservoir is inadequately supplied. It has never been full or

ly so for nearly fiv i

3 e nearly y five months in the
g year; on the av f six

* water level therein has been below the sill of the oﬁ-take:aﬁ:iooe. mfhzmlg

LR this failure is the very small extent of

it aragraph 28. _the gathering ground, 21 square miles

which is not more than about one-third of the area necessary :2 enable the

reservoir to perform the duty for which the works were constructed. = -

There is but an insignificant extent® of additional ground, the

. i g f
® A littlagver ans squase wlle. which could be brought into the ?.ufk
' ' & o ~within a distance of eight or nine

a h ! miles, and, owing to the low level
the intervening country, the cost of bringing in wat.exg 4t
y out of all proportion fgits quantity and vn.hige.' ;_the thmfmm 4o
. The Bangalore water-supply project is therefore incapable of supplyi statio
or the troops, and its utility will necessarily be confined to the improvement ;
the supply of a part of the pettah or native town and to occasionally supple-
menting the supply of Mi]ler’s tanks, which are of much importance toppthe
B i inhabitants of the cantonment bazaar.

; v The high ground at Nundi i
_ nearest and indeed only locality in which there fsmany consid d:o(:;gxt;tﬂ;;

ground on a sufficiently high level to command Bangalore, and even there the

¥
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area between 9 and 12 square miles is much less than would be desirable. It is
* not yet certain that a*suitable site for a reservoir in that neighbourhood can be
. found, but, if there be such a site, the cost 8f sapplying Bangalore generally
including the garrison would be between Rs. 24.87,000 and Rs. 28,80,000,

. depending upon the thickness of the cast-iron mains. These amounts represent,

toether with an allowance for working expenses, annual charges of from Rupees
1698 e:owll'963nper-(1,1v;:d of a population of 150,000 and of from Rs. 1960 to
2:262 per head of the present population of 130,000.

2) The Halsur tanks, the present source of supply for the troops, are supplied from,

o for the most part, a densely populated. ia_.thenng ground, and the quality of

the water is therefore unsuitable for g and oookm%purposes. It would

be possible to exclude the whole of the foul drainage from the lower and larger of

the tanks, and to compensate for this exclusion by bringing in the drainage of

open cultivated country to the eastward. This new gathering ground, however,

though comparatively clean, is manured with the dirt and refuse of the canton-

ment bazaar, barracks, &o., and is therefore not capable of yielding anything like

pure water. It is, moreover, not practlcable to get rid of the foul supply of the

_upper tank, which receives drainage not only from ground carrying a consider-

able population, but from that occupied by tanneries, a large native cemetery, &e.

The Hg.lsur tanks therefore are not capable of being made a really satisfactory
source of water-supply for the troops

" The cost of such improvements as aré feasible would be from Rs. 25,310 to

Rs. 29,970, the former for a new catchment of 2:174, and the latter for one of
3'10 square miles. ¥,

8 :
' - rainfall M does not run off the surface of the
(3) The. proportion of the annual Lot Avhinic e whecsbot thseeliys i io
Baragraph 30 avor of wells
there is still a large extent afopen and fairly clean ground in the neighbourhood
wf the barracks oceupied by the troops, 10 W ch we. could be sunk to obtain
‘the water-supply required for drinking and cooking purposes. -
The nature of the sub-soil composed of sic rock in a more or less advanced
state of decomposition makes it difficult to find subsoil water of suitable quality,
and there is great uncertainty as to the quality of the water which wells sunk
in any given locality would yield. <
Separate sets of wells would, moreover, be needed to supply—

1st. The European Cavalry.
The two Field Batteries.
The South Station Hospital.
#2nd. The Horse Artillery. \
3rd. The Buropean Infantry Regiment.
The North Station Hospital.

The water-supply of one well, No. 2, about 760 yards south of the South Station
hospital has been tested as regards both quantity and quality. The latter is
satisfactory, and the former indicates that, for drinkinﬁe and cooking purposes
only, six supply wells, each 20 feet in diameter, would be required for the, first
section above mentioned of the garrison. :

‘The total cost of supplying the troops from wells is ‘estimated at Rs. 1,12,500,

representing the following annual ex-
Paragraph 42, penditure —g- '

RS.
Interest and depreciation on cost of works at 10 per cent. ... 5,000
Working expenses .- ... - ees  Lees  Leee ees . 2,500

.

| Total ... 7,500 .
which would be in addition to present charges on this ‘account.

The difficulty of forecasting the quality of the water and the uncertainty as to the
maintenance of that quality if found suitable in the first instance render it
unadvisable to resort to wells as a source of supply if any better arrangeme

* can be made. %

(4) A new source of supply for the troops has been found in the Agaram tank,a

PRI reservoir situated about three miles to
, ; the south of the South Station hospital,
and having a catchment basin of 3210 square miles, of which, however, a

“considerable part is rendered non-effective by a number of tanksin the upper

part of the valley. The tank is well supplied ; it receives none of

s as a source of water-supply, and ~
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of Bangalore, and the quality. of the water, which has been analysed by the
? Chemical Examiner, is described as

Paragraph 45. “ usable,” the highest character given to

any water, from the neighbourhood of Bangalore, which has been examined.
The surplus weir is 56:62 feet below that of the Halsur (lower) tank, and water

Sl ' APPENDIX No. 15.
Haulsur Tank. ¥y |
‘Susmary of Particulars of Water-supply from 1880 to 1883 inclusive.

would have to be pumped up to a level sufficiently higher than at present to - ; =, e o : e G
cover this diﬂerencg a.n(ll the ll)lea,d due to the-greater distance. The water could 2 b xxrmnn.F 'a.;:? 5% 'E -5
either be drawn direct from the tank, filtered, and then pumped. into the exist- . S = g o E '§,g .g 5 e ks
ing service cisterns, or it could be drawn from a supply well in or below the . ey % 4 ;g 2 : _§.§ '§'§_ g 35 °8 | °% gl
tank, in which case artificial filtration might not be needed. . o . 3—3 2 5 §.§ Eg.;': H £ wg _S'g %g d
The tank at present h acity of 24:068 millions of cubic feet, and, by raising - - A % | 82 8 |=28| 22 Ea : §
the weir g fe:’lcl anas:dg?gonn{ storage capacity of 20°601 millions wonld be ® 5 g " é §§ 3‘5 g%g gg E:g ¢ gg 2| 83
secured, ma.king, the total 44:669 millions of cul;ic fee}f;. tTnlf es’c(iimlg.tedl ggté%{) o 4 i 3 \ g
required is Rs. 2 if water be taken direct from the tank, an 8. 1,08, - 0-52 | 35-023 1 : 3 ¥ N
i??t be drawnsfrr;i();o:uop;fl; ieelll' within the influence of the tank. These amounts : : o e 4, { 0-47 | 35272 } 165:123 | 3-379 |161°744 || 165:372 | 4308 | 464 | 0-349 3490 X
would represent an annual expenditure as follows :— B 1881 & { g:g gi.ﬁ: } 29-852 | 8:300 | 26'552|| 19-395| 23-28 | Do. | 0-077 7-70 . <
No.1. N 2. : s . | 20| 24700} scese| soss | 206400 26784 | 8113 | Do. | 0080 | 800
» S Rs.  RS. , I'& © 1883 LA rs e} arse] sear| w07l s | 2875 | Do | 0087 | 80 b
" Interest and depreciation on cost of engines, g ) - ‘ - . ' :
pumps and bolijlers, &e., at 15 per cent. s 5475 5,475 . = s o 3 oo | e N238732) 127714 | .. | 0174 | 1740
e h tlay at 1¢ . o L . W inf
- : sy oo Hospital, e
Total ... 23,825 20,626 1 1880 5 e pess = 7 oo 1 S o |"ores | .. | oo 207045
= = b~ 881 . .o .w .. % v . . 27-44 .e ' E e . :
or from Rs. 7:94 to 6:87 per head. A . o toabout Re. 10,400 e }882 2 ik e g | A w, 3;1-02 . 343'35‘ 2.38 g
The present working expenses for pumping, &e., :ﬁlmugmg ; s l:hzl;ew imml’)ing ' L R SRaR ool g R e st s e 3480 [ .. | 0072 7-20 o B
sufhce for t = % : & s : i A i,
Troops and families, 3,000. &zi{;ﬁx{uﬁhwfhe engines and pumps at the ’ ". ) v o> e i) e 238-732 | 15095 3 0-146 »1,4'00 3
Halsur rock and Dhobies’ wells could, after the new arrangements had been . 5 3 u Y";‘{;s lssflial‘lszsrz. gg ' ‘ v ' -5 ey
. completed, be disposed of. : % rain register i et SR 5 @ .. | 73360| s316| .. |oo0ss1| 851 e (s
5) Waterpof % ﬂexceptfmﬂble quality is probably obtainable at Bangalore only by = D%’vil d;lom&owr;:g
distillation. . : 5" reguter" = | is = B Do. | 9926| .. |o 13 .}
It has been ascertained that the best knc:iwn élppmt“,s for 3115 P“Ipﬁfi(:ﬁ thii o ‘ o3 | 713 y
ompany’s condenser, i . ! , : == :
; , ‘ P ph 50 g\(t)x?:':gelﬂzly int};odgced for the Government b = 4 miniiv x;f;;' s‘:“ﬁ‘;a{;tfmle = 3,097,600 square yards = 278784 millions of aquare foet; 4'64 square miles = 129'356
AN ; water-suppply at Aden. { 5" S e
, Taking 9,000 gallons, or 3 gallons o head, as the quantity essential for tho use of iy APPENDIX No. 16.
the troops for drinking and cooking purposes, the annual gxpeuditure on this® . * ! ;
. account would be about Rs. 46,204, or,Rs.15'40 per head. A ArproxiMaTE Abstract Estimate for diverting Drainage of Western Feeder from Halsur Tank.
" The working expenses of the present water works would be unaffected, as all the Al ‘ ! :
rest of the supply would have to be obtained from the Halsur tanks. ! e Quantity. Description. Unit. Rate. Amount. | Work Totals. :
The Dhobies’ well water would be the best for distillation, and the bmldmg! oy ' '
L  there would be suitable for the condensing apparatus. . B - : i 3
The Normandy oondensei produces pure, cold, palatable, and well aérated water. e A e W PRI AT e 203 A i o e M) B o ) e Wi, g 7 - :
52. The thanks of the undersigned are due to Captain Kensington, R.E., the Becretary t0 SRS feeder to main bund of Halsur tank. 10,95,465 :
the Mysore Government, Public gv?vorks Department ; to Lieutenant-Colonel Burton, R.E, e . -D“'mn"'“"‘d"‘“s" Joidle 1.21.770 ' N '
Executive Engineer, Presidency Division; and to Mr. J. Smith, the Engineer of the Halsur Gy AR Diverting drainage revet- '
Water Works, for much valuable assistance given in carrying out the investigations referred to e e 10155 | DIt dsion, +v " 120,640 X ,
in this report ; as also to Dr. T. Tarrant, Deputy Surgeon-General, Bangalore Division, for the TR <t : : Dacking e A e S ' ; , & '
very useful information afforded, at short motice, as to the quality of samples of water taken R T 306270 1,000 3 76| 2738 00 < .
* from several wells, and to the President of the Madras Municipal Commission for particulars of = @ = : ;g&!}g wﬂ’ L . i lsgg g k) 571 0 0 e Vg
the consumption of ;nter, cost of distribution arid maintenance, and of pipes and fittings, &o. ‘-"—j— - . 639-60 | Gravel backing Loy )t S Ay s :{:;% o0 A ! i
; i g ,r‘ o 3 . '3 3 Nm w‘“‘ ,r"r-_cr-t’ OOM_ . 11 5 g y v r
15t March 1564, T it Togines, o Sl el Tl B3a T ooty i SSh oo . Ll L e L 00 .l
: el Engineer, on Spect uty. : A loo:@_ Rubble masonry .. .. e = 100 14 1 0 1,417 0 0 =+
& LR ool B oo g -G SRE, 100/ 980 00 g
) s ‘e .. ol s i 39 0 0 -
v’ o . . | ' 1,993 0 0 €
. - L = Lowering old waste weir 4 f680¢ .. o e it o { 300 0 0
et o ing North-west Drain estern feeder. %
, P e o 42126 k forming channel .. s ; ol 3
——— g e _" \‘j’.’ ! 5y Acnlmnnderct%umd 6l e o 3:000 ,,24 S ;:2 g g
& » ." o ,j ‘v: — %nﬁnmu
 N.B.—The rates were obtained from the u?‘ii(
& . S
: & fﬁﬂ?k:;r%‘
. - ’ - >' X 3

. ' Ty 4 3 ) : 3 e 2o e 0r
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ESTIMATE FORM.
A BSTRACT.
Quantity. Description of Work. Rate. Per l Amount. ’ Total.
1 E
Detailed data for 100 cubic feet of Conerete of Ro. AP 0. F1. BT ey et o P TR IEES
the follvwing progortions. ‘ 1
50 | Broken stones 3" to 1" cube 6 0 4 100 l 3 0.2
8% | Screened and washed gravel .00 ; D4
16% | Slaked lime be 48 043 C. ¥T. 4 610
1 Soorkee o 0% F 0 = l 15132
25 | Sand 118 9 100 | 07 4
4 | Men coolies 030 Each. f. 012 0
12 | Women coolies 061 .8 Do. ! 1 49
Contingencies i i ‘ 0 8 5
Total for 100 cubic feet .. o = . oo 12 8 0
Do. 1 cubic foot .. - N o3 ‘ B
Grand Total of Estimate .. e ‘. ' 7 |
NOTES.

Rererence 1o Mapras P.W.D. Cope.

Paracraras 1074, 1075, 1086, 1087, 1091 To 1094, 1108, 1111 1o 1114, 1130 axp
; 1145 1o 1147.

1. Abstract of estimates should be prepared under such sub-heads as are to be separately
shown in the accounts (register of works, work vouchers, &c.) of the work. For repairs of
buildings and roads, the classification of the budget estimate should be strictly followed, one
estimate only being framed for each budget entry, and if a further estimate is required, it should
be supplemental to the first; by this means, as the work abstracts follow the estimates, the
register of works, the schedule of expenditure and the books of the Central office will show by
one entry the entire outlay on repairs to each work for the whole year, which is not the case
when several estimates are sanctioned for the repairs of one work in the course of the year.

_ 2. Quantities are to be entered as so many units.
3. All rates are to be quoted in rupees, annas and pies. v

4. Annas and pies are to be excluded from the abstract estimates, the cost of each item being

brought to the nearest rupee. Totals of estimate need not be brought to round numbers.

—_—

Specrricarios for the Diversion of the Western Feeder of the Halsur Lower Tank.

1. A bund 2,460 feet in length, as shown on the survey, from which the table of waterspread
Plan No. 11. and capacity was Erepm-ed, to be run from near

i the left wing of the 5-vent culvert at the |
end of the feeder, in a curve to near the point marked M, and thence nearly parallel to the 1?0‘:31:

at & minimum distance of 90 feet between the rear top edge of the bund and the to :
: 2 . p edge ot the
m :1}}36'3‘?’ 0512 fl‘?“;.the site of the new weir whence the bund will curve to the eastward to connect
2. The ground to be cleared of all vegetation, and a trench 6 feet wide
ted . ) and 3 f
be excavated and filled with puddle formed of well-tempered clayey soil taken from et‘ite dl()fg :)(;
the tank before the formation of the hund is comm ;

enced.

3. The top width of the bund to interi .
2 to 1. The top of fho bund will be 81 fet stove tull g, 10 1 @24 the exterior slope

4. A puddle wall to be carried up simultaneously wi & R
; 1 y with t d,

el th apof e It il & Wi f 3 k. Th 0 hs i ot bt

. Lhe interior slope to be revetted to 4 a foot above fall tank i I
long 1aid ot xght anglos to th tlopo en 1 foot of gravel bucking. This height of yeveiment
oty olmnill b':’“f‘:m at the time of the year (March; when the easterly winds are
& T om 3 to 34 feet below the top of the revetment. The rear SIOYB

to be similarly revetted to the level 2927- :
i emgwork. el 2027-97, e revetments to be carried up simultaneously

6. All earthwork to be well watered and ;nmmed
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7. The general arrangement of the channel between the bund and the road is shown on the
section.

8. The present waste weir of the tank to be lowered 4 feet or to 2025-97. This is supposed
to be as lowl; Jevel as can be secured without reconstructing the bridge, but it would be advan-
tageous to lower it still further if found to be feasible.

ir wi t 90 feet long and 1 foot above the present full tank levels
Vel BRI Ot e N et c'.%., at 2930°97 instead of 2929-97, to be con-
i - mgmcted a few feet from the present main bund

in the line of the new bund, as shown on the survey. - 3 ;
& Tt is caleulated that the new weir will with a depth of 11 feet passing over discharge 654
R cubic feet a second, whereas the present weir
D = 90 X 3-56d/ 4. with a nominal length of 90 feet but actual

only 76} feet and with a wide irregular crest does not discharge more than 422 cubic feet.

- Consequently maximum water level will not be
D =76} X 3 4 d. more than 18 inches above the new crest level,

and it probably will very rarely exceed 1 foot. : : -
10 pThe drainage channel which now enters the tank at its north-west corner to be diverted
along the west of the road forming the western boundary of the tank, and to be dropped into

lled the western feeder. A
s c’lh‘%l;nc;ailvlelfsvivoncs clfanne? to be 4} feet wide at bottom with side slopes of‘} to 1.

Its length will be 2,340 feet.

APPENDIX No. 17. ”
: oo : Channel 5 Miles in length to bring into the Halsur
A”Roxm”zll,‘:osv?;el%emfﬁr tﬁ%ﬁu&i zf 2:174 Square Miles to the Eastward. £
Sy ‘ ‘arh Length. Area of Cross Section. Tho%d:e:.f ol
\ 5,280 48 253,440
R ik 200,640
‘.l 5,980 2_8_%%1 129,360 "
5,280 21+13 *2’13 89,760
5,280 B-zﬂ_o 60,720
733,920
i. - — -
== £ Totals of
= L i Unit. . Kate Amount.
. Deicnptwn- L * l Works.
Quantities. .
3 : ; RS. A. P. RS. BS.
33-920 | Cutting channel and forming left bank .. l’mw-fm - 214 3 2,15%})
i Rock cutting .. . o i e o b — 2,621
S Rl 0 2 2L O N o b SR LT 1,500
; A A 330
© | Teilweir .. SN e CF | — i
Cilvert for cross road, Knoxpett o % 5 300
in road, Binnamangalam .. ke .
: £:.ot ;g: ;?,Tf,’;m for. 3 tracks .. i 120 0 0 480 ba
2 . : : 6,431
: ' &5 29
Contingencies «+ X : ' S
\ . | Acres. ., -, 5 0 0 - 1,000
20 | Compensation for land - ' 6,460
& E? o F
Compensation for diversion of water X 3
i 3
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ArrroxiMATE Estimate for constructing a Channel, 94 Miles in Length, to brin
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APPENDIX No. 17 A.

Lower Tank the Drainage of 3:10 Square Miles to the Eastward.

g into the Halsur 4

Length. Area of Cross Section. Thousa%ds of Cubic - P ;
‘eet. 3 ’
5,280 48 253440 e &
48 + 40 8
5,280 b} 232320 ¥
40 4+ 36 s
5,280 : 200640 &
30 ¥
5,280 24 174.240 i
5,280 30 & 26 147-240 |
5,280 7 22 147840 .
5,280 22 + 18 126720 ..
2 e
5,280 18 + 14 105600 -
2 g |
5,280 14 + 10 84:480 .
2 ’ . “ ‘ v.. . 2
2,640 10+ 8 63:360 A
- 7 - 23760 Y
' & Total 1412:400 '
Quantities. Description. Unit. Rate. | Amount. |- ol - . %
. : g B8, AP RS. BS. i .
1412400 | Cutting channel and forming left bank .. | 1,000 cubic feet .. | 2 14 3 3,083 BN
Rock cutting 5th and 7th mile ~ ,. .. i % 800 R
Rock cutting elsewhere REESSECUIN B A 700 e ! '4 | R
500 | Waste weirs | Romningfoct . ..| 5 00 2,600 '5 e -.fl"“
' y X 50
T e ST A L 330 e - B
: , 330 S
| Culvert Knoxpett ., = e . e
%g. gg:%mBm - e 3232 ot 3 ,ju»-
- y . . m - e e < 4 " 5 i
| Nine other culverts for village tracks - £ o 126 0 0 1,‘{';2 " P8
i 1,906 4
Contingencies . .. .. .. e o ‘_
35 Oumpennﬁonforhd A e o 50 0 0 Iz g:%g
. 11,120
Compensation for diversion of water 2 : ?.?- 7
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APPENDIX No. 17 B.

DimMeNsION, &c., of Channels for additional Catchment to eastward of Halsur Lowér Tank.
(1) Channel for Catchment of 3'10 square miles.

' —n: Area of pischarge,
Miles from Lower | Side Depth | pottom | Areaof | /7 |C. Wrw v gxgghsgge Catchment | 12 1nches,
End. Slopes. Width, (Waterway.| - - [Feet per [Cubic Fect "y *| draining
Water. Second. [per Second.| " oo off per
: § Day.
FT. FT. sQ. FT. BQ. MLS.
3.7 Ltol 3 12 4050 147 | 1-236 | 1-817 { 83-59 310 1
o do. 3 12 4050 147 | 1:236 | 1-817 | 8359 3:10 do.
9o do,, 5 11 3062 1:36 11176 | 1-60 49:00 1:80 do.
# e do. 2 8 23-12 1-30 1-139 | 1448 34-22 1-44 do.
5 . do. 2 8 2053 125 | 1'106 | 1-38 2833 1:00 do.
8 i do. 2 8 18-00 120 1074 | 1-29 2322 0-84 do.
T es do. 2 6 | ~14-00 1:16 1:049 | 1-22 17-08 0-67 do:
! 1 do. 2 4} | 1100 110 | 1005 | 111 12-21 0'4‘,? do.
g % do. 1 4 8-53 1:04 | 0960 | 1-00 8§53 050 do. *
9} do. 1 3 562 | 094 | 0887 | 083 466 015 do. .
(2) Channel for Catchment of 2174 square miles. ¢
Fowd jtol 2 12 | 3312 | 137 | 1'180 ) 162 5366 217 1
2o do. 2 12 3312 1437 | 1180 | 1-62 5366 217 do.
3. do. 2 8 18-00 | 1°20 | 1°074 .} 1-29 23-22 0-85 do. g
7 do. 2 5 12:00 | 113 | 10026 | 1-16 13-92 050 do.
5. do. 1} 4 712 098 | 0916 | 0-897 639 023 do.
e

¢

APPENDIX No. 23.

SPECIFICATION AND APPROXIMATE Estivate for the quply of ﬁhé European Cavalry iment,
{wo Batteries of Field Artillery, and South Station Hosgltal with Water for Drinking and
Cooking from Wells in the Small Valley to the south of the Hospital.

1. Welis.—The wells to be seven in number and 20 feet ’fn diameter.

The sump well to be in the centre and to be placed at or close to the present well No. 2, with
Vide plan 12. its bottom at 2886-00.

The remaining six wells to be arranged as a hexagon, at a distance of 500 feet from the i
sump well, centre to centre, and consequently 500 feet apart. Their bottoms to be at 2888:00. : ‘
Tt is estimated that these wells will collect the water from 72 acres, or from a circle with a
radius of 1,000 feet. The six wells to be conn: | with the sump well by 6-inch cast iron pipes

, laid with their ends af the external wells at
The sheining from ot 2202‘;’:&'01‘01‘_?;}’“(0‘;%0;0?;)@3 3:90'(2(])1 and at the sump well at 2888:00. All A :
to be stepped in 4 inches Zor -3 - the wells to be steined with stone in mortar g
Wi 10 feet, a o 1
i&ﬁ:ﬁiﬁ?&?&'} %;n:?t:):;m e % from 1 foot above d level to 5 feet below ; S
: - that level, and below this with dry stone. The
space at the back of the masonry steining to be filled in with red soil, like that used for compound
walls, vlvlrzll puddled and carefully trodden 1in, so as to prevent any surface drainage getting into
the wells. . A » ,

The platform of the sump well to be at 291200, the beam-stones for the pump at 2909-33,

and the rose of the suction pipe at 2890-00, the lowest level to which the water is to be drawn off

being 2891-00, or 18:33 feet below the valve of the pump,

2. The water-supply required being taken at 400 gallons per hour, or 9,600 gallons a da '
and the pumping time at ten hours, thegpumP should be oapabl{:roi rm;mg 960 gallons an hou{

7. Taglor and Sons' treble burrel S-inch pumps with frame, Fig. g, price £31, are

- estimated to raise 940 gallonsanhourtoahaightoflrggfeetwithfonrmem W e
. i * ‘ ] test lift requi is from 289100 S
Floorofcxtemo.ftemale S 2084-75. e tout %’00' or?;lqmiaet. heos SR
Two sets of coolies, or eight men, taking tum and tarn would be needed. The.cost of this
arrangemont including suction pipe and fixing, freight aod carriage may be taken to be Rs. 600.,
With bullock gear treble 5-inch pumps would be better, and_the cost would be about Rs. 1,200.
This latter will be entered in the estimate, as the work would be hard for coolies. I
3. For laying the pipes connecting the outer wells with the sump well, a deep trench, 3 feet
wide, will have to be cut and progerlfy shored. The quantity of soil to be removed will be
6 x 500 x 3 x 23 = 207,000 cubic feet, costing about 1,500 rupees. The rest of the
3,000 rupees allowed is for planks and bars for shoring. A A eau g




B e i

s

Tt is doubtful whether the quality of the water would not suffer from filtration through the

be 161 feet. , vy apaprir o i : e
e 1 ot SH bR o) i 000 feet of 10-inch pi inch thick, X 79 = 1,422,000 Ib. = 635 tons. (o byt ot S
;Vlglﬁw altemd ;txve arra ;hgment ﬂ:Ee maximum height is estimated at 151 feet. A 1?2000 ﬁzt o 7_3:11 p_fpﬁz ggeh ek 5 A8 '39 5,900 Tb, — 146 ,, - D ia
v "ﬁ';“ 6“"{ umps.—1The quantity of water being ubic feet a llnitlmte, and the | o . 1,200 feet of 3-inch 3 inch thick, x 124 = 148801b. = 6%,
- maximum lift 161 feet, the nominal engine horse- . 5 +.300% 62% 16 \ fh e _ ! L LI P gAY RS, g
L . power required is — o —— = just over . . : ol i e O U
i 33,000 f A 787} tons of C. pipe, at Rs. lfm, e ) 'v.: ::: .‘_ ; :: ‘..." Q&ggg "., 4

w
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-Fuel being .dea,r, the present price being Rs. 8:34 per ton equivalent to Rs. 33-36 a ton for

4. Pumping will be necessary in connection with the well sinking and the laying of the ooal, it is essential that, in designing the engines and boilers, economy of consumption should be

‘connecting pipes, and as it is difficult to estimate the time required, Rs. 3,000 will be allowed.

.
: ey i §

. | 3 B Y 1 RN

B el an it A el Bed pa Login o gl Tt R S o

% Pawirand, ¢ i studied. :
Approximate estimate ig specmj}ts;np&_'rhm should be of the ordinary plunger kind, and there should be a set for each
7 wells at Rs. 650 ... e TR e YR L PR B ¥ L engine. Bach set to consist of three barrels about 8 inches in diameter and from 20 to 24 inches
6 x 510 ;-. 3,060 feet of 6-inch C. 1. pipes, § inch, metal, ke -1‘ i ts(:rokeil '11‘12:«3 d(;&ggystwiih the f.omtxer stroke would require 17-20 strokes a minute nearly, and
at 23-4lb. per foot, 71,6041b. w. 32 tons. ot . - with the latter 14 rokes a minute. e Ao X
4,500 feet ofp3-inch . L pipe 0; inch, at 12-41b. per foot, 295 o The other requirements will be noticed in connection with the alternative arrangements.
55,8001b. or SRR T 5 ... 24 tons. . 5 An air vessel of ample capacity to be provided to equalize the pressure and flow, g
1,000 feet of 2-inch C. I. pipe, 2 inch, at 8:7lb. per foot, B i amount entered for engines and pumps is based on the cost of thejmachinery at Dhobies’ wells, g
. 8,700lb. or o LA oo 4 tons. - which is said to have been £1,138 in England. - : 4
s o 4. Stand-pipes—These to be three in number, and with 10 inches internal. diameter, one up %
60 tons. e : pipe and one down pipe connected by a bend at 2
- . Vide plan 14. : : -
s oA ¥ P the top, and one waste pipe connected with a g,
g%g‘(’)“: of Of i[ pipe, at Rs. 95 ... = 5700 S vertical pipe from the summit of the bencfl 3 hnmh connection to be at 4 feet above the centre of 4 24
;000 feet of 1}-inch wrought iron pipe, at Rs. 0-8-6 ... SRR R b1 B the bend and 4 feet below the open top of the pipe. oY : : £
L"'I?)"ng 1,020 yards of 6-?5011 pipe,ll)ztp Rs. 0-10-0 vs 0637-8-0 St NS The length of the pipes above the mmOnrytgle&ﬂme Wlndlﬁer by about 7 feet in the two SEAE
o. 1,500 yards of 3-inch pipe, at Rs. 0-7-6 vee +T03-2-0 o AR arrangements for the supply, but in either case are intended to be set up with a batter
1,000 yards of 2-inch pipe, at Rs. 0-4-0 v 250-0-0 ot of 1 in 12, and to be strutted and braced at intervals of 2, or at mf)ﬂt 3, .1811 » Of"plpe, 1.0
P th _— 1,591 o probably at every 18 art2t‘£"f‘eet, 5o as to o:(xlake the whole structure quite rigid and able to with-
e T iy 0 LR p stand the severe gales at times experienced. = J
%‘Ireneh for c%nnecting pipes' }3,328 : The pipes shg(;a-lu]{)le rest onrs. ga;e tegl:ﬁe oft gnitable form, and they, as well as the connecting
nwatering during construeti T e ’ yipes below, should be securely bolt ereto. Pt ~ o
2 Taps and ﬁ%tings 2 ruc hor.l._ 3'888 p Im’l‘h@ metal is supposed to be % inch thick, and a special rate isallowed to cover the subsidiary
QBB Gid e ey T TR R e 0 T sog - |

490x 79 = 38,7101b. = 18 tons.

6 sets of struts and braces. by SR

Bed plates— _ LM RS. e
18 tons at Bls.‘ 120 P e P ‘e e ess e = 2’160 ; - o b i “'_‘_".u >

- El‘ecting e sse new aee iR vad g hnd EERy 340 \:' '

¥ Total ... 24,000

' APPENDIX No. 24.

Masonry foundation if water. drawn from tank direct Sk 430

Seecirrcation AND ApProxiMATE Estivares for the supply of the 'I_‘roopﬁ from Agaram Tank. L i
Do. do. if drawn from supply well in tank ... Al B ¥

g8 1. Data for Supply.—The ordinary supply, on the averaf}:a of four years, has been 56,376 ;
' _gallons per day, the greatest 71,040 gallons. It is probable that 60,000 gallons would be 5. Deliery Mains.—The main from the foot of the stand-pipe to a short distance from the 5
- sufficient, which are equivalent to 9,600 cubic feet, but to allow of a possible extension of the o Racecourse cistern, Cavalry barracks, a distance of about 18,000 feet, will be of 10 inches : §
tion, it is proposed to provide for a maximum quantity of 14,400 cubic feet a day. A diameter and £ of an inch thick. (18

O eh !lmabb this mwli:h‘mld be capable of delivery into the cisterns in 8 hours and
mtity per minute will then be 30 cubic feet.
Agar _,-,'h‘?#”; about 3 miles from the old Racecourse barracks and nearly 4} miles
cistern which supplies the European Infantry barracks.
latter cistern is also at the highest level at which water hasto be delivered, viz.,
b ok e gt g
. the requir or di ge ugh the pipes, the water must be lifted
 forced over a atmzd- ipe, the'b?nd (centre) of which is intended tgel?,e at 3015:00. - 4
; 2. '.[’!(:g-e are two alternative ways of obtaining water from the Agaram tank :—
~ (i) from a supply well sunk in the bed of the tank, in which cl
.. obtained and artificial filters would not be needed ; R
% (ii) from the tank direct, and in that case filtration prior to pumping would be requisite,
o Itwpnldforthmumsmtbenpoessary also toinerease the capacity of the tank.

Flanged pipes are provided for. The working head, exclusive of the margin for bends,
which will however be very slight, is arranged to give a gradient of 0°60 of a foot in a thousand

feet.
By Nevilles’ formula—

O - ey
Y= 140,\/ r.s.——lll\/ r.s.
R= 10— 283 8= 0006
o p
.V = 140x01118—11x°05 = 156——55 = 101 x g
A — -5454 and D = 55 cubic feet a second = 33 cubic feet a minute.
ackson’s tables the discharge would be 29°64 cubic feet a minute. e
%y:ermporti'onal zgsoh:rge intogthe Racecourse cistern will be 18:60 cubic ‘feet a minute,
‘ and the .tbthisoishmheinghiﬁg.yiz.,lﬁieetma_thomd, a 7-inch pipe will be
 ample. length of this branch will be about 500 feet. i
The discharge of the other branch will, for 1,500 feet to the head of the Horse Artillery
cistern branch pipe, be 11°40 eubic feet a minute, and for the rest of the distance, about 5,000
feet, to the Elp]g’ecmtom, 9 cubie feet a minute; a 7-inch pipe has been allowed for all through.
For the R.ITA. pipe 3 inches will be a suitable diameter. ~Its length will be about 1,200 feet—

0?) soil into a supply well sunk in the tank bed, secing that water taken from wells, not
fmmanfo a’%gve‘thetank, has been found to be fnferior to that of the tank 'i:seﬁ?l:h?gugﬁr%:
remains aetermined whether a well sunk in the tank, or perhaps below the tank, would

‘The maximum height to which water would have to be raised under this arrangement would

-
(LS e LEmaTL

it ;s intended therefore to provide tw ' *

o by 0 engines each of 12-horse power nominal, and thes
should be of the compound condensing type ; there should be three boilefz poll; vamrn o‘;ﬂs up:f;:
ing, with wood fuel, full steam to one engine. The three boilers to be fixed side by side and to
be connected by means of the usual steam domes and pipes with valves, so that any one or two

adjacent boilers may be used at a time.

9 2,333 y ards, at ,, 0-

Laying 6,000 yards, at Rs. 1-2-0 ...+
%ntinmd“ LA LR PR
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6. The cisterns and subsidiary distribution are intended to be left as at present.

7. Arrangements at Agaram Tank and Pumping Stavion.—First— With a supply well i
below the tank. In this case the only special works required would be a well in tll)g ybed6 ]<1)fmtl(1)le'
tanlg at the deepest part of the small bay near the waste weir bridge, and a pipe therefrom to the
engine at the pumping station.

The well would be 30 feet in diameter at top with its bottom at 2&50:00, and its top at
288000, the excavated soil being arranged round that part of the steining which would be above
tank bed level, so as to prevent any surface water passing into the well. The steining to be

constructed in masonry down to 5 feet below

* About 2868'63. bed or ground level,” and below that in dry
o stone.

The steining above bed level may be arched as shown in the section, or it may be stepped

Plan No. 14. in 6 inches for each course, and then covered

The well wi ; \ in at top with slab stones. -
and 254 i?e 1“1“ 11 be 30 feet in diameter for 3 feet below bed level, 27 feet for the next 7 feet,
e : e% 4805[' the last 7 foet. The contents of the well, from ostimated L. W.L. 285563 to bed
s alri?h 3 08:10?1% gu:;no feet, 31' rather more than half the supply required in the 24 hours.
ate - . o - ;.
required inflow of water 18 14,400—7,480 _ 8641 o. ft. per hour.

The surface for inflow is— S
1st—The area of the bottom of the well .- oo 452:89 sqr. ft.
2nd—The sides, where lined with dry stone, 1404-29 square
feet which may be taken as ith unobstructed .. 17554
{ 62793
so that 14 cubic foot per square foot per hour will be needed. b
BS.
The probable cost of the well will be 9:800 earth-work, at
: ‘Rs. 15-10-0 per 1,000 cubic feet ) 148
17-82 dry stone steining at Rs. 12-8-0 per 100 cubic feet ... 223
17-17 steining stone in mortar, at Rs. 18-12-0 » 322
Slab stones ; : 50
Sundries B Pl o T 37
: 780
Contingencies ... ais o 120

Total ... 900
Suction pipe, 12 inches diameter, § inoh thick, about 500 feet.

500 x 93'2=46,850 1b.=say 21 tons of C. I. pipe at Rs. 95 per ton = 1R9853'
Laying 167 yards at Rs. 1-4-0 per yard 44 ¥ 3 = ,218

Trench to pumping station, for lay ipe, av
ying Dipe, average depth about 12
ok ;:izi, 500 x 4 x 12 = 24,000 cubic feet, at Rs. 10 per thousand ... 240

” 125

: Total ... 2,570
The suction pipe would have a connecti i i i
nection, with a suitable valve, with each set f
Seoondly—-lgwatel.' be drawn off direct from the tank. The special works areo— Mt
8,)) i sugho;l ﬁpilpe from the tank to the pumps
e Pu;zgs(; ters with a pure water well attached and a suction pipe therefrom to the

(8.) An increase to the capacity of the tank.

(1.)—The suction pipe, which would be connec i
—Lhe ) ted with each set of be 121
in diameter, and to be run out into the deep part of the tz.nlgjll;)psa’;otoeb}a a};llgh:g

draw off water to about Y ;
* Tevel. The length Willgbe tal'fmnggOG?eggfel, or 672 feet below present full tank

960 feet x 937 = 89,952 1. = . €3
40 tons C. I. pipe at 95 g P

Loying S e st Ba 145 T = Yoo

rench for pipe, average depth 6 feet, 960 x4 X 6 = 23,040 cubic

feet at Rs. 7 per thousand : = 161

Sundrles 23 e e -ne “ew - ; 239
4,600
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Another suction pipe will be required from the pure water well : it will be 10 inches in
diameter, 150 X 79 = 11,850 1b. = 5 tons. i
RS,

5 tons of O. L. pipe at Rs. 95" ... = 475
Laying 50 yardsat Rs. 1-2-0 per yard --- = 56
Sundries ... = 29

560

(2)—The quantity of water to be filtered being 30 cubic feet a minute, or 1,800 cubio feet
hour, and the usual allowance being 2 square foet of filter bed for every cubio foot per hour,
3,600 square feet will be the area of each filter, or say 90 by 40 feet. The filters will be placed
side by side, with a pure water well in connection With both. Depth of filters 10 feet and of
well 13 feet; diameter of well 15 feet. Probable cost of the whole Rs. 15,000.

(8.)—The present capacity of the tauk above the sill of the lowest sluice is 24-068 millions
of cubio feet. It is proposed O raise the full tank Jevel 3 feet, which will increase the capacity by
90-601 millions, or to 44-609 millions of cubie feet.a.ltogether. _ The present height of the bund
varies considerably. There is only one waste Wel; 119 feet in length, of which about 115 feet
are offective, and this is not sufficient for the ared of the catchment basin, 3210 square miles.
There was formerly a bywash at the other (east) end of the tank, but this was closed some time
ago. The lowest estimate of the maximum discharge would be 2,646 cubic feet a second, Viz.:—

D — 350 ’\'4/3'722 — 3,528 cubio feet & gocond, with the time extended one-third by

the action of the upper tanks.

v oo between full tank level and M.W L. should be li.ngited to 3 feet and the
pmpgr}ﬁn(zgjt%eg; weir will then be 157 feet, say 160 feet, or 45 feet, additional are required.

The revetment being out of section from settle_ments, will be r.ebullt with a %'a.vel and
small stone backing, and the addition to the bund will be n'.}ade, as i8 a.lv_vays desirable, on the
inside, so far as may be praoticable with due regard to securing a good alignment for the road

The top of the bund will be 628 feet above full tank level, and the clear width qf roadway
15 feet ; a width of 18 foet has been allowed at road }evel. 5o as to admit of side ridging, which
adds to the security of the traffic and tends to maintain the edges of the bank in good order.

[here being & greab length of bund at the east end with but very little water- spread,
it will be cheaper and better to make a Cross bund to the high ground {mmedlately west of the
village of Agara, and the connection of this bund with the main bund will be at about 2,920 feet
on the longitudinal section, the zero of which is at the 7th furlong of the 6th mile. For thisnew
bund a top width ot 6 feet and slopes of 14 to 1 inside a:nd 2 to 1 outside have been allowed, and
revetment 13 feet thick up to 2 feet below the top, which is the height to which the revetment

ill be carried up- : 3

geuer{‘mllllgr n“élvlvl v?eir will be %uilt towards the south end of this cross bund. The estimate for it
has been made out on the supposition that the crest will be at 3 feet above ground level, but it is
probable that a good site may be found on & higher level, in which case the cost will be propor-
tlon&’tfiir?&u:egmall irrigation sluice to the eastward of the position of the cross bund, and
it is proposed to put & 6-inch pipe in or under the crest wall of the new weir to supply the lands
under that stuice. The discharge of water through the pipe can be regulated by a wooden plug.

" Tlie surplus from the new weir will have to be passed across the road at the old outfall
by lowering the road to about 1-28 feet about prqsﬁni? full tank level with ramps of 1 in 25 at

: d. : : )
eltheiie:he low level road be 9200 feet in length, the maximum depth of water passing over will
not exceed one foot, and if the lower side be well‘revetted with 3 or 4 feet of rough stone apron
at the toe of the revetment, no other protection will be ﬂlred. ; Morgovet, if a cut, 9 feet wide,
be made on the south side of the road to the two-vent © vert, which is on a low level, no water
will pass over the road in ordinary seasons. Rs. 509 have been allowed for these alterations :
sufficient stone will be obtainable from the present bund to the east of the cross bund.

levels of the Agaram tank, as lotted, require an addition of 1:63 feet as noted on
lans 13 'l;}ge&n;els&o Thz levels were o;'dergddtohbﬁ talen mfmr;ln the ﬁoo(xi lfi.:.o the sou;h :%dQ%f .fthe
: i S tahsmﬁ DH it an! the were Rit ysta,rbe m an ofise o cot
Oavalry port o P on FLp above the floor. It has also been found that
ide section at end of paper on Halsur water-works, No. the 107.618 on Lieutenant Romilly’s section are
COCLIL, in No. 41, July 1881, of Ruorkee Pf°f?"‘°“1 not quite correct. His levels make the floor of
Papers. k the hospital 30-38 above datum which is 11:50
feet below Halsur tank waste weir, or the floor is 18:88 above the weir.

The zero of the tank gauge is 11-95 feet below the bench mark on the offset on the south
face of the rock engine-house, and the difference between that bench mark and the floor of the
Cﬁjalry hospital is 2.60 feet, so the latter is 19-55 feet above Halsur full tank level, or a difference
of 067 feet. § th oof the Halsar 1 t. :

0 d level (Karwar mean sea leyel) of the zero of sur lower tank gauge is
2929%;8 Zﬁdﬁff ﬁog:eof(the Cavalry hospital 1s 994952, and the bench mark on the offset 295048,
’ . \
v L] (

18
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In levelling to the Agaram tank the valve, 18-88 + 292097 = 294885 was used for this bench
mark ; hence the connection of 1'63 feet requiring to be added to the plotted levels above referred
to. The levels entered on plan 14 have been corrected as regards the Agaram tank, but the levels
of the several parts of the garrison distribution have been left as given in Lieutenant Romilly’s
section, as no connected series of check levels of the cisterns have been taken, and the stand-pipe
has been designed so as to secure ample head.

9. The following is an abstract approximate estimate of the cost of enlarging the Agaram
tank :(—

Quantities. Description. Unit. Rate. Amount. | Work Totals.
RS. A. P. RS. ES,
476-857 | Earthwork to bund and forming cross
Bl P s L. [ 1,000 O.15. 376 1,654
ey 1,654
50602 Rebuilding old revetment e o' 100 C.ft. 1 8 0 760
+ 337356 | Gravel backing to do. Rk 7 ® do. 2 00 675
- 1,435
36344 New revetment is 40 p] A do. 9 8 0 3,453 2
24229 Gravel backing to revetment . k3 EL do. 2 00 485
3,938
Alterations to waste weir and 1l-vent
culvert A o F = K s T 840
Alterations to west sluice . hi) ks £ o 350
Hell s 1,190
Nev_v waste weir, 45 feet crest with sluice
pipe ., " o o 1 R vk & =
4625 Rubble masonry Y o5 ke e 100 C.ft. 14+"Y~ 0 650
1224 | Rough stoneapron o v ot do. 9 8 0 116
6 | Feet sluice pipe 6 inchesin diameter and 3
inch thick with elbow at tank end 5 v s 10
Sundries i - o S ’ 37
it vt rtend 813
Lowering road to pass surplus from new
weir, with cut on south side of road to
2-vent culvert va 4 ve w4 ald oh 500
et 500
533 Land compensation for additional water-
spread , 3o 5 ¥ - s Acres. 60 0 0 3,198
N 3,198
Donbingenedes s 0 7 v 5 e o * 44 -+ o 272
Total .. fthe oo o 13,000

The additional capacity being in round numbers 204 millions of cubic feet, the cost of storage
would be per million cubio feet I%s. 634, which seems reasonable, as the rebuilding of the old
revetment and the new waste weir are works appertaining to the security of the present tank, and
without these two items the cost per million would be under Rs. 525. '

10. The ground selected for the pumping station measures 4:54 acres, and provision has

Vide plan 13 been made for enclosing the whole with a wall
: 3 : of stone in mud pointed with mortar, and coped
with stone in mortar. The wall to be feet in height. The item, Rs. 4,000, is a considerable

Z:!?;l r:{‘)ite;“ms to be important to exclude all but employés, as otherwise perfect cleanliness

11. Subjoined is a general abstract of the alternative arrangements for the supply of the
troops from this source. ~ As the present establishment at the Halsur rock water works would

suffice for the Agaram works, and as th ki 11 1
o e Lo A t’his a'(mun;a.wor ing expenses generally would be much the same, no

Wator Srawi Water drawn

/ - from Supply
Particulars, du'ti‘c:nfgom Wells in or
. below Tank.
Amount. Amount.
E ; d RS. RB.
ngines and pumps 36,500 36,500

Btand pipes .., .. T 2,500 2,500
Masonry foundation Pipes ... 1,430

_ : 1,000

Delivery mains T IS A 1,18,000  1,18,000

Suction pipe from supply well 2,500

Supply well “... k s . '900

Suction pipe from tank b 4,600
Do. do. from pure water well ... 560

Two filters ... 15,000

ST
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Water drawn

Water drawn trom Supply

P articulars. direct from Wells i or
Tank. below Tank.
Amount. Amount.
RS. RS.
Enlarging tank e e T 13,900 ey
Ground for pumping station aye 250 2
Engine-house and chimney 12,500 12,500
Quarters for Engineer, &ec. . 3,000 3,000
Enelosure walls ¥4,000 4,000
2,11,340 1,81,220
Contingencies b P e 8,660 6,780
Total ...  2,20,000 1,58,000

—

CONDENSER LIST No. 1.

Pure Corp Fresa Warer rrom Sea WATER WITH GrEAT EcoNomy oF CoAr.
For Yachts, Ships, or on Land,

v -hundred gallons, or 20 tons for 1 ton of coal. (Results guaranteed
Four-thousand and five-hundred g el e

Normandy’s Improved Patent Fresh Water Distilling Machinery.

i i i i , eold, fresh water, equal im
This machinery converts sea, or other impure, water into pure, cold, er, eq
appeaml:ce and tast); torthe best siver.of spring water, and fit for Jimmediate use as it leaves the
machinery, which will also force it to any distauce, and to a height of 40 yards or metres, or
if desired. ;

moreﬁ is well known that an insufficient or impure water-supply is a constant source of danger from
a sanitary point of view. There are many places where such a state of things exists, and where the
introduction of this machinery would at once provide a cheap, pure, and abundant water-supply. .
Over 1,080 machines have been supplied, and some of the land stations and ships supplied are
given on the last page. -

—_—

The process may be briefly stated as follows :—

Water distilled by the ordinary process, viz., by a boiler for generating steam, and a worm
for condensing steam into water, is open to these objections :

1. The entire heat of the condensed steam is lost.

2. The water formed by the condensed steam contains organic impurities, which give it a
disagreeable flavour. :

3. This water is destitute of air, which it has lost in the process of boiling, and it is hence
flat and vapid to the taste, besides being somewhat heavy if drunk in quantity.

These objections may be, to a certain extent, removed by exposing the water to air for a
long time. But on board ship, and in doubtful places, the water may absord air which is not pure.

Normandy’s improved apparatus removes all these objections, by using over again the heat
liberated by one or more successive condensations of steam, tl}us increasing the amount of dlgtllled
water to from 12 to 2} times the water evaporated by the boiler. The distilled water is aérated
in the process of condensation and is cooled down to the temperature of ox'dm_a.r}7 water in the
outer air, and the taint of organic matter is completely removed from the distilled water by
passing it through u filter of prepared animal charcoal, from which it flows out cold, pure, well
acrated, and equal in tuste and appearance to the best river water as usually supplied to towns.

Resurr of the Trial of Normandy’s Improved Patent Diﬂﬁﬂilﬁg Machinery, erected at Flushing
for the Dutch Government, January and February 1877. .

This machinery was supplied as suitable for producing 8,000 gallons of pure fresh water,
per 24 hours, from sea water.,

By the direction of Mr. Van Diesen, Chief Engineer of the Waterstaat, in the Provines of
Zealand, Holland, this machinery was carefully tested by being worked under the inspection of
officials appointed for the purpose, the result being that in 19 hours’ work this machinery pro-
duced 28,500 litres of fresh water, and consumed 1,545 kilos. of coal. This is equal to 6,270
gallons (or 28 tons) of fresh water, produced with 1} tons of coal in 19 hours’ work.
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The fresh water produced, as it flowed from the machinery, was bright-looking, clear, eold
and agreeable, without any peculiar taste, and, in fact, equal in appearance and taste to the best river
or spring waler.

It will be seen, therefore, that this machinery, when worked for 19 hours, produced 33 per
cent. more water than it was told to produce in that time, and yielded 4,100 gallons (or 18'3 tons)
per 1 ton of coal ; it would have produced more had the machinery been less overworked, as
:imilaér malchines at Aden and elsewhere have yielded over 20 tomns or 4,500 gallons of water per

on of coal.

In the above trial, the productive power and consumption of coal were ascertained as fol-
lows :—The machinery having been fairly started, the coals were removed from the furnaces and
+the working was continued, under inspection, with weighed coalls. After 19 fours’ working, the
unconsumed coals were removed from the furnaces and weighed, and their weight was deducted from
the quantity of weighed coals put into the furnances, the difference being taken as the weight
consumed. The fresh water produced from the sea water was collected in an iron tank and
carefully measured.

Rerorts on the qualily of the fresh Water produced by Normandy’s Improzrpgl I"atml Machinery jfor
producing from sea-water pure, cold, and agrecable fresh water for drinking purposes.

Alicante, 11th Septémber 1879.

OPIN'ION of DON JOSE SOLER Y. SANCHEZ, Licentiate in Pharmacy, Doctor in Sciences,
late Profpssor of Chemistry to' thel‘g‘aculty ’of Sciences of University of Madrid, Professor
of Chemistry and Physics to the Institute of Alicante, &c., &e.

I hereby certify that havin i laboratory a sample of pure fresh water in
order to see{f the sa{;ne was drinkgx;.b?: agﬁle%viﬁcl!ln{ample waslY delivered to me by the 1’resxdente
Alecalde (Mayor) of the most illustrio:m Municipality of Alicante, the said sample being drawn
according to his declaration from Mr. Normandy’s Distilling Engine.

This sample of fresh water was received in the presence of the Notary, Mr Nereo Albert,

ifnutwo glass bottles duly sealed and stamped with the lefters J.0.B., the result being as
ollows :—

1st—Its hyrotimetrical degree is 5°. 4th—Contains 1764 ce. of air per litre of waters.
2nd—A litre of water contains 0:085 grammes | 5th— Does not prevent soap from dissolving.

of mineral substance, 6th—1Is clear, without colour, limpid, and
3rd—Does not contain any organic matter. transparent.

) Therefore, by its character and condition, it is to be considered @ most eminently drinkable
water,

Dr. J. SOLER Y. SANCHEZ.

Rerort of Dr. NOAD, ¥.RS., Professor of Chemistry at St.Greorge’s Hospital, London.

I find the water to be absclutel aic matter, which ail river and well wita
eontuq, more or less, and which ié’ “{’ﬁ"r:ff:&g (Z(i]ato g predisposing cause of disease. {t 1:
also bright, colourless, well aérated and agreeable, and it contains an exceedingly small percentag
of saline matter, which is the case with 851- waters derived from the best natural sources. L

m a sanitary point of view, I consider this water to be quite equal, and, 10 its a x.sqt x

om from organio matter, superior to that obtained from the purest natural sources ;1

therefore well suited for alimentary purposes,

Rerorr of Dr. LETHEBY, w5 : : ;al College of the
e Mol Mag, P £ Chemistry in the Medi g
London, Hospital, and Medica! Oifeer of Health for the City of Londor

The sample was colourless a It contained

small i 8 and well d it eeable to the palate. 1b 4

a uvaeixl"{ . 1;hProPO!‘!;lon of saline matter, wﬁzidla?e":u ;‘22 :ﬁl‘advm)mge' R {,l,prommates ’:ﬁz

gropex? agratignwagetlilto that derived from the best natural sources. For dietetical P“'t'g;se:!’l dit

18 very soft. o Bﬂsenm The water was absolutely free from orgamic mateess e
ap

I am of opini is well ad
for all domes&gﬁml.n these results, that the water is very wholesome and 1s we

%
)
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List of Particulars of Normandy’s Improved Patent Distilling Machinery for converting Sea
water into pure, cold, Fresh-water, equal in appearance and taste to the best River or
Spring Water, and fit for immediate use as it loWs from the machinery, which will also
force it to any distance and to a height of 4()‘vuds (or metres) or more, if desired.

[See Reports and result of Government trial at Flushing, on other side.]

(Results guaranteed abroad if required.)

QuaxTiTy oF FRESH-WATER PRODUCED BY oNE Ton (om 1000 kn.os.) or
Quantity of Cold, Fresh-water Coan. UNDER FAVORABLE CIRCUMSTANCES THE QUANTITY WILL BE
produced from Sea-water in 24 hours. ABOUT 10 PER CENT. MORE.
Under favorable circu;)mstg‘z)lces
the production will be about AN i d
P30 per cent. more. Single Distilling Dilble Distilling Treble Distilling
' Arrangement. Trangement. Arrangement.
g
’ Tons or Gall Tons or Gallons Tons or Aratts
Gallons. Cub. Metres.- onS- | Cub. Metres. * | Cub, Meters,| Gallons. o Meters.
'
1,000 45 1,560 3 fo o b
e I O :
; 1,250 . : .. o
% 1,500 67 1,600 72 2,660 e
& 1,750 78 1,600 72 > 4 ¥ .t
X 2,000 9:0 1,700 7'6 2,700 12:2 3,400 16-3
a 2,250 10°0 1,740 77 . e 15 5
g || 2500 y 112 1,740 77 +. 2,700 12-2 3,500 16-7.
< 3,000 }g'; ;,ggg g~g 2,950 132 3,500 157
3,500 : ; .. . s £
2 4,000 179 1,830 82 3,000 13'8 3,650 163
Z 4,500 201 1,880 84 = 4! 2 ¥
2 5,000 22-3 1,950 88 3,100 14:0 3,900 177
,g 6,000 270 1,950 88 3,200 14-3 4,000 18-0
2 ) 7,000 312 3,200 14-3 4,000 180
i 8,000 357 A 3,300 148 4,100 184
@ 9,000 402 vt s 3,400 154 4,200 18-8
Q
o~
oy 10,000 446 4 T 3,400 154 4,300 193
& 11,000 491 - Y 3,400 154 4,400 196
P 12,000 53-6 i 3,470 1565 4,500 19-8
<o
g 13,000 580 2 é v 3| 4,500 200
14,000 625 e .. e 4,500 200
L| 15,000 670 o .. oo 4,500 200
.
100 05 1,000 46 1,680 75 : Tt
g fl 1% 07 1,000 45 1,680 75 v s
225 1:0 1,000 4°6 1,680 75 2
&
e 300 14 T| 1,280 65 1,680 b re 5
" 400 18 1,230 56 1,900 85 i o
- 500 22 1,230 55 2,120 95 ;
8 625 28 1,230 55 . . 4 ol
“m 750 33 1,230 g'g 2,120 96 . 5
2 875 40 1,230 b ‘e o o o
> 1,000 45 1,230 6 | %120 96 2,800 125
o] 1,125 50 . 1,840 60 . o Iy .
E | 1250 56 1,340 60 2,240 10-0 2,800 125
B i.,ﬁlgg 67 1,340 :'g 2,350 106 2,910 130
z 3 78 1,450 b5 . . 3 K ;
'; i ,ggg S0 1,450 gg 2,350 106 3,020 135
) 4 F 1,450 g . o =
2 2,500 112 1,450 65 2,350 105 3,130 140
2 g,ggg }g-: 1,560 ;-3 2,350 106 3,130 14°0
) 15 1,560 ¢ s ¥ It iy
= 4,000 ﬁ 17-9 * = = 2,460 11-0 3,130 14-0
g 1| 5000 223 e, o5 2,680 12:0 3,250 145
& l 6,000 27-0 iy ¥ 2,680 12:0 3,360 150
7,000 812 A i i i 3,360 150

8ee Condenser List, No. 2, for i of Normandy's Improved Patent Double Distilling Condensers (withous
boilers) for steamships, yachs, .m.f b‘:gedm:m’o for '{rﬂng with greasy steam from main boilers supplying the
engines, so as to produce good, cold, -water for drinking, and also hot fresh-water, to keep up thof:‘? ﬁypmpf j
fresh water in these boilers, to prgvent scale accumulating therein. =

See Condenser List, No. 3, for particulars of Single Distilling Condensers (without boilers) for producing from sea-
sos-water, but

water good, cold, fresh-water for drinking, when worked with clean steam from boilers fed with
economy of fuel. A
&
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Estimate for complele sets of Normandy’s Improved Patent Distilling Machinery for producing good,
co}d, drinking water from Sea-water, and for forcing the Fresh-water to ‘a great height or
distance, with letter, dated 215t Fdruary 1884, to General Hyde.

The drinking water as it flows from*under-mentioned machinery is clear, cold, bright- -

looking and agreeable, without any peculiar taste, and equal in quality, taste and appearance,
thth)e best river-water as usually supplied for drinking in towns. (See the reports on other
side.

. Full instructions for putting .to,%}ether and working will be supplied with the machinery, and,
if desired, special arrangements will be made for the machinery to be supplied and erected abroad,
and also worked for an agreed time, the consumption of coal and the quantity and quality of the

_ fresh-water produced being guaranteed.

Note A.—TUnder favorable circumstances, this machinery will produce from 20 fo 30 per
cent. more -wate{ per 24. hours than is stated below, and the quantity cf fresh-water produced by
1 ton of coal xylll be mcr.eased by 10 to 15 per cent. (See results of Flushing trial on other side.)
For long continued working, however, best results will be obtained by working so 8s not to
prodt:ce much more than the quantity spéeified below, as the production per 25 hours.

.t

3 Bach complete set of machinery includes one of Normandy’s Improved Patent Condenser
with ﬁ_lter, suitable steam boiler and steam pumps for supplying sea-water to the condenser
and boiler, and for foreing the fresh-water produced to a great heignt or distance. . Also all connecl-
ing parts and pipes in between above, the whole being arranged to a suitable plan, ready for putting
together on a level surface abroad. Tt also includes iron chimneys for the boilers, complete wit
guy chains, 40 yards of suction pipe from sea to machinery, 20 yards of waste gea-water pipe,
and 20 yards of fresh-water delivery pipe. Also a quantity of useful stores and tools, such
as spare fire bars, stoking and cleaning todls, spanners_ for tightening up, oil cans, gauge glasses
and sundry useful stores, so that the whole may be readily set to work and kept in order without
delay or difficulty. The surface on which the machinery stands should not be more than 8 yards
(or 7 metres) above the sea-level. .

~ The condenser tubes are of solid brass, tinned inside and outside. The pumps are of
strong and simple construction, and easily adjustable to compensate for wear. The water is
drawn and forced by plungers moving through stuffing boxes, easily packed and kept tight by an
external gland, thus avoiding the troublesome and dii%onltly repaired leaks, which so frequently
stog other kinds of pumps. They work at a moderale speed, so as to avoid the excessive wear
an

knocking about of the valves and other parts, always resultin{. from quick speed. They

have fly-wheels, and have all valy i lungers and working parts in contact wit

water, made of brass | wpper,‘-wo;;;,t}:‘::?ncg:;d}) sw%s, and steel piston-rods. The boilers have
furance plates of Moor or Bowling iron, snd have dampers Bourdon’s pressure gauges,
safety valves, and all necessary fittings. They . proved to dougfe the working pressure, and the
working pressure is from § to § of the butsting pressure. '

1;%!0 B.—If delivered in less than the ma.xim;lm times stated below, then 4 per cent. extra
onpfesfor every 10 per cent. less time, s

W oinher of Rabbioatan. st iy > 516‘7‘8
i L )
K ' - .‘ _——__—_‘___———’/—_’
umber of complete and ind, P
included in cach entimate ve ndg.“dm ) 1 '
'l‘?o e ¢ included in ekiniate
o ey Ao EIEEE heblé diptilting) e X, .Treble oy 4 :
ype of boilers included in cach estimate .. | Lancashire. | © do. do.
Fresh Water produced per 24 hours (See Note A above.) .
Gallons ' :
- - .. .. 2 ooo
Tons, or ecubic metres (1 cubic metre equals 1,000 12,000 | . 9,000 g
Milres S lagh) e TR G | ST 1'0?? 53°6 403 ﬁ&d
Economy of Coal and Wood (See Noto A sbove,) F
wm.terw .on:umod i‘l?e gﬁm the Mﬁﬂ Coal 8 |Coal 2-15 | Coal _ 2'67
Mghtinmwumemmu)nwm Thours } Wood 12 | Wood 86 | Wood 49
Tons of water {or cubic metre : - 4 :
T g ot ot 0 B amor () Gl 2| S 4T | W 49
o * ‘

i“' | ¢ - ‘

-
o

' Opmviox of DON JOSE SOLER Y SANCHEZ, Licentiate in Pharmacy, Doctor in Siences, late

4o see if the same was drinkable, and which sample was delivered to me by the Presidente
- Alcalde (Mayor) of the most illustrious wm]ity of Alicante, the said sample being drawn,

»
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( Continued.) ' ' »
x .
Number of Estimate. : 18 2 3 14 ls e‘ 7|8
Time required from receipt of m:dcr for delivering the v : / \
mach_inery in London. ; - ; . . - %
for delivering all the independ :
mizzlf;edei;v:bn;geaesﬁm?tzs epel.l.ent “Rmt‘,l?‘- _§ 45 to 120 40 ¢0 100 4520120 | to | to | to | to | to
or else - : l ‘: & !
» 1) first 1) ” » " . = to to to to| to| to| to| to
) 35 0 second ) ” " it} 2 to . to to 1 77] to | to | to to
”» » third » ” ” ” J é to . to to to | to | to | to | to
R ” fourth ,, 9 ” » to R to o to | to| to| to | to
Prices, delivered packed and free on board in London.
Brices for all the oomploto apparsins (1 cech SHIRT| SSoii | 3003 4,046
Euxtras if n'qm'rad. : : ¥ :
Iron roofs, supported on iron columns to contain the .
above machinery .. ve e e g £ ;
Tanks of galvanized iron to contain the quqnﬁtiea of
fresh:water stated above as the production per 24
o R A R R e * 3
X : ]
- ~
REPORTS on Normandy's Improved Patent Machinery for producing from Sea-water, pure, cold, Q’
E and agreeable Fresh-water for drinking purposes. > o
Resvrr of the trial of ‘Normandy’s Improved Patent Distilling Machinery erected at Flushing * B
for the Dutch Government, January aud February 1877.. . o
' This machinery was supplied as suitable for producing 6,000 gallons, or 27 cubic metres, of R 9
good, cold, drinking water, per 24 hours, from sea-water. ﬁ L 1 e
By the direction of Mr. Van Diesen, Chief Engineer of the Waterstaat, in the province of "
Zealand, Holland, this machinerywas carefully tested b being worked under the inspection of
officials appointed for the purpose, the result being, that in 19 hours’ " work this machinery
produced 28,500 litres of fresh-water, and consumed 1,545 kilogrammes of coal. This is equal to
6,270 gallons (or 28 tons) of fresh-water, produced with 14 tons of coal in 19 hours’ work.
The fresh-water produced, as it flowed from the machinery, was brig4t-looking, clear, cold and
agreeable, without any pecusiar taste, and, in fact, equal in appearance and taste to the best river or spring
water. :
» It will be seen, therefore, that this machinery, when worked for 19 Zours, produced 33 per cent. :

more water than it was sold to produce in that time, and yielded 4,100 gallons (or 18'3 tons) per 1 e
ton of coal (equal to 18-3 cubic metres per 1,000 kilogrammes of coal) ; the economy of coal would &
have been still greater had the ‘achi,yry been less overworked, as similar machinery at Aden and
Alicante has yielded over 20 fons of water per 1 ton of coal (or 20 cubic metres per 1,000 kilo-

grammes of coal). : Sl : ;
In the above trial, the productive power and consumption of coal were ascertained as
llows :—The machinery having been fairly starte the conls were removed from the furnaces, and

the working was continued, under inspection, with weighed coals. After 19 hours’ working, the
wnconsumed, coals were removed from the furnaces and weighed, and their weight was deducted from
the quantity of weighed coals put into the furnaces, the difference being taken as the weight
consumed. The fresh-water produced from the sea-watéf was collected in an iron tank and cares

@ully measured. The results were as above stated.

. e

Professor of Chemistry to the Faculty of Sciences of University of Madrid, fessor of
Chemistry and Physics to the Institute of Alicante &o., &c. -
¥ ' }

 Alicante, 11th September 1879
I horeby certify that, having analysed in my laboratory a sample of pure fresh-water in order -

according to his declaration, from Mr. Normandy’s Distilling Bogine. : =
This sa.tm)le of fresh-water was received in the moe of the Notary, Mr Albert,in
‘two glass bottles duly sealed and stamped with the letters J.C.B., the result be §ime
1st.—1ts hysétimetrical degreo is 5° Jar e e e
9nd.—A litre of water contains 0-085 grammes of mineral substan
3rd.—Does not contain any organic matter. gosimitia ] Al
o , BURSE
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. 4th.—Contains 1764 co. of air per litre of water.
5th.—Does not prevent soap from dissolving.
6th.—Is clear, without colour, limpid, and transparent.
Therefore, by its character and condition, it is to be considered a most éinently drinkablé
water.
And in order that the interested party make use of this certificate as he may think fit, at his
own request I grant the present document attaching my signature thereto.

PR

Rerorr of Dr. NOAD, Ph.D,, F.r.s., Professor of Chemistry at St. George’s Hospital, London.

I ind the water to be absolutely free Jfrom organic matter, .wbieh all rive.r and well waters
contain more or less, and which is acknowledged to be a predisposing cause of disease. It is also
bright, colourless, well aerated and agreeable, and it contaius an exceedingly small percentage
of saline matter, which is the case with all waters derived from the best natural sources.

From a sanitary, point of view, I consider this water to be quite equal, and, in 1ts absolute
freedom from organic matter, superior to that obtained from the purest natural sources ; it 18
therefore well suited for alimentary purposes.

R

Rerort of Dr. LETHEBY, M.B.,, M.A, Professor of Chemistry in .the Medical College of the
London Hospital, and Medical Officer of Health for the City of London.

The sample was colourless and well aerated, and it was agreeable to the palate. It .contained
i s it approximates the

a very small proportion of saline matter, which I regard an advantage, as1l
quality of the water to that derived from the best natural sources, For dletetlcgl purposes, th_e
proper aeration of the water is essential. The water was absolutely free from organtc matter, and it
18 very soft. _

I am of opinion, from these results, that the water is very wholesome and is well adapted
for all domestic purposes.

» ¥ e

Krasnovodsk, 1st October 1880.

1, the undersigned; Doctor of Medicine, Doctor-in-chief of ¢heTrans-Caspian Expedition,
certify that the water of the Caspian Sea rendered potatle by Noramanpy’s DISTILLING APPA-
ra1Us has been submitted to me, by being taken as it flowed from the apparatus, and that after
an examination of fifteen days I found it to have the following qualities :— ‘ ;

The water was perfectly pure, free from all organic matters, contained a sufficient quantity ?f air,
was without any taste of machinery, or of any other unpleasant flavor. I persona.lly used it a.m_i
found it ‘suited me well. I consider it pgrfectly suitable for alimentation and for all domeshc
- purposes.
In consideration of which I have delivered the present certificate.

Dr. OSCAR HEYFELDER,
Councillor of State.

p—

All sizes supplied,Jproducing from 100 to 15,000 gallons of water per 24 hours, and yielding up to 20 tons, or 4,480 gallons
of water per 1 ton of coal consumed.

ittt

Notes and Remarks. .

The price of the treble distilling arrangement exceeds that of the double, and that of the
double exceeds that of the single aistilling arrangement, but this eztra first cost is soon repaid by
the great saving of coal.

Applications for prices and further particulars ghould state size, kind of arrangement pre-
ferred, and whether required to convert sea-water into cold fresh-water for drinking, for a land
station, or on board ship, or whether to produce hot or cold fresh-water for feeding locomotive
boilgrs, or other manufacturing purposes, such as for saltpetre refining, dying works, brightening
colonrs for calico printing, &e. :

This machinery will force the fresh-water produced to'any distance and to a height of 40 yard
(or metres) or more if desired, and it may be placed at any convenient distance from the sea ;
but the surface on which it stands should not be more than 8 yards (or 7+2 metres) above the sea-
level, which would necessitate Bpecia.l arrangements according to"“circumsta:n ces. )

The attendance of one man will suffice to work one or more sets of this machinery, provided
that the total quantity of fresh-water produced per 924 hours does not exceed 8,000 gallons if-

single distilling, 15,000 gallons if double distilling, or 20,000 gallons if treble distilling.
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ot iull instructions for putting together and working will be supplied with the machinery, and,
if desired, special arrangements may be made for the machinery to be supplied and erected

abroad, and also worked for an agreed time, the consumption of coal, and the quantity and quality of the
fresh-water produced being guaranteed.

Note A.—Each of these complete sets of machinery includes one of Normandy’s Improved
Patent Condensers with filter, suitable Cornish or Lancashire (double flue Cornish) steam boiler
and steam pumps for supplying sea-water to the condenser and boiler, and for forcing the Jresh-
water produced to any distance, and. to a height of 40 yards (or melres) or more if desired. Also all
connecting parts and pipes in between above, the whole being arranged to a suitable plan, ready for put-
ting together on a level surface abroad. It also includes iron chimneys for the boilers, complete
with guy chains, 40 yards of suction pipe from sea to machinery, 20 yards of waste sea-water pipe,
and 40 yards of fresh-water delivery pipe. Alsoa quantity of useful stores and tools, such as
spare fire bars, stoking and cleaning tools, spanners for tightening up, oil cans, gauge glasses and
sundry useful stores, so that the whole may be readily set to work, and kept in order without
delay or difficulty. The surface on which the machinery stands should not be more than 8 yards
(or 72 metres) above the sea-level. B

The condenser tubes are of solid brass, tinned inside and outside. The pumps are of strong
and simple construction, and easily adjustable to compensate for wear. The water is drawn and
forced by plungers moving through stuffing boxes, easily packed and kept tight by an external
gland, thus avoiding the troublesome and difficultly repaired leaks, which so frequently stop
other kinds of pumps. They work at a moderate speed, 50 as to avoid the excessive wear and
knocking about of the valves and other parts, always resulting from quick speed. They have
fly-wheels, and have all valves, bearings, plungers and working parts in contact with water,
made of brass or copper, wrought-iron crank shafts, and steel piston-rods. The boilers have furnace
plates of Low Moor or Bouweling iron, and have dampers, Bourdon’s pressure gauges, safety valves,

. {usible safety plugs in crowns of furnaces, and all necessary fittings. They are proved to double

the working pressure, and the working pressure is from # to 4 of the bursting pressure.

Note B.—Each of these complete sots of machinery includes the same as described under
Note A, but the boilers included take up less room, and do not require setting in brickwork,
being of the vertical, or return flue, type, and of simple 9onstmction g0 as to avoid difficulty in
cleaning and working; they are, however, not 8o economical of coal, and boilers as described in
Note A are generally preferable, especially for the larger sizes, as they are the most economical of
coal, and easiest to clean, and keep in good working order, and are easily fixed in brickwork, con-
crete, cement, stone, &o.

Note C.—Tanks for containing the fresh-water produced are supplied as extras. They are
best made of galvanized iron, fitted with drawing-off cocks complete. 1t is convenient to have
tanks large enough to contain at least the production per 24 hours, as per list on opposite page.
For convenience of shipping, large sizes are made of flat or curved pieces, easily bolted together
abroad.

Extra length of sea-water suction pipe, waste sea-water pipe, and fresh-water delivery pipe,
including bends and joints to suit various positions, are supplied at per yard as required.

Tron roofs supported on iron columns for containing this machinery for land stations are
also supplied as extras if required.

Some of the Land Stations supplied with various kinds of Normandy’s Patent Distilling Machinery.

Aden, Red Sea. Gibraltar. Ismalia (Egyptian War).
Flushing, Holland. Alicante. Island of Ascension.
Abyssinian Expedition. Peru. Krasnovodsk, Caspian Sea.
Malta Chili. Galapagos Islands.

Cape Coast Castle. Australia. ~ China IgIospital Ships.
‘West Coast of South America. Brighton. - Heligoland.

Iqui}ue. Packam and Co., Croydon. | Fort Moultrie.

8t. Vincent, Cape Verds. Red Sea Laght-houses. Pure Water Co., London.

Some of the above produce 20 tons or 4,500 gallons of good, cold, drinking water from sea-
water per 1 ton of coal. &

Some of the Ships supplied with Normandy’s Patent Distilling Machinery.

British Government,
H.M.S. Nelson H.MS. Rifleman H.M.S. Forester
»  Victor Emanuel ,  Frolic ,»  Northampton .
, Flying Fish , Dee ,, Foxhourd
,  Iron Duke e Goshawk ,  Foreward
,, Lord Warden , Swinger ,  Emerald
,»  Lord Clyde ., Ready ,» Medina
, Crarewitch % ,  Serapis » Medway
2 Crocodile o5 Jumna ’ Sabrina
,,  Euphrates , Undine ' »  Spey
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B British Government—(Continued). 79
8, | ¥ 1 5
5 Van;:ru(; H.M.S. Amphion H ‘
5  Swiftsure ,,  Caroline M.8. Tay : Royal Mail Steam Packet Compan
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80 | 8 From A. NORMANDY, Esq., for Normandy'’s Patent Marino A ’“é"%é“'&i‘&?éﬁ&f’m -
From A. NORMANDY, Esq., for Normandy’s Patent Marine Aerated Fresh Water Company . (Limited), to Qen%r:lak HII;P?’ hi?lﬁﬁofﬁ“ YT P
(limited), to General HYDE, India Office, Westminster, 8. W., dated Custom House B | | Station, Victoria e 7 : 1 is not acted upon
Station, Victoria Dock, London, 21st February 1884. . : Tn reply to your letter of the 29th ultimo, a8 th"le%’t:fazgdtha:gﬁ% ﬁi‘t?m"ﬁaiﬁlﬁgs not rquire
With reference to Colonel J. Mullins’ letter to you, dated Bangalore, 17th January 1884, a itself, but acts as explained in paragraph 7 of our le _ » s
s il e enough to show me, respecting the water-supply at Bangalore, I beg to s me;‘.n%vi:tv?ozﬁ:cniyi?sfoum .—When the machinery is first started, more or less rusty

water is produced for a few mintites ; this should bﬁ run off 80 as not to pass into the filter. A

= , ulate
, Filtration will not make very foul water reasonably wholesome, and though filters may at E & ; B finds its way in, and in the course of about a year may accun
[ first somewhat improve the quality of such impure water, they very soon lose this power and . ;ﬁgﬁerﬁgi);ol?:é?;ﬁchvzﬁ; layer of Ohma’leatgz -sh%gled g:;:: fgﬁ&f ﬁﬁ(ﬁn i(si :.lll)zotv;n b:;gt;
get out of order. 1 and the rest of the charcoal should be removed from : :
i Such impure water as Colonel Mullins describes may, however, be converted into geod and * : dense by the constant flow of water through ¢); it is then simply replaced in the filter.
‘ "‘ agreeable drinking water by distillation with apparatus such as we have supplied for Aden and el b i X
i other places, and which are very economical of fuel. § 13 AL n j
" Ordi distillation converts salt water into fresh water, but such fresh water is heavy and 3 ! ector-Greneral of Railway Stores, India Office,
E % unwho{es::;?: asswleﬁ tllznu;plievasant to drink, owin% to want {’f proper aeration, and to its being From the (%%mmm.sary-G%n%a_ﬁL dizeghﬁ oxlnﬁ)ssy, 98th August 1883, No_yE, 25-5554.
% tainted by an extremely small quantity of a very ollensive oil. b “Wes e A e = ¥ :
'l’ If 2:'?), allons of orfiinary (ilistilledywater be very slowly evaporated at considerably below the ' ‘ ‘-j‘ ' With reference to your letter of 8rd instant, I hagxp tfhe ho_nor to méor_lll vou that the two
' boilin Oiit at the end of several weeks the little platmum dish last used wiil be found covered : o . new condensers were tried at Aden in June last Wlth i nll‘ Owing results : : b A
SR gl b e . i film of oil is redissolved in 25 gallons of good T ¢ worked for 24 hours, and the water produced dm_mg that
with a film of a most offensive oil, and, if this J e % B o The 6,000 ons condenser was wor ¢ Wik s outturn of 21 Ib.
S Sl it il pive 1 the yplosmnt fase R v e 8 period was,7,08 gallons with the expengltuxe of 13 tons of coal, which gives an \
was extracted as above. 8 e of water to every pound of coal consumed. 2 B Sk ced during that
. , : for 24 hours, and the water produced during t

The above film of oil results from as follows :— i e . oy g R ’o'ghe- 9,2(2)01 -~ gﬁllla ::::g:hs?h:w worked @iﬁ% ?gmll prartifs bR ',w&ioh Slac gives 21 h.

The im tor to be distilled is evaporated in boilers, and the organic matter in suc A riod was 1e, oonsinads, 11 TAIBLS L e e At LT N Y |
water comin%u;: vggni;ct with the heated surfaces of the boiler is decomposed, thus creating a i Sk geoz. of water to every pound °£°f°:;em ¢ showing the results of the worki of these new
minute quantity of volatile oil, which mixes with the steam and is condensed therewith. e . 2.Ibegto 09;'?31&%%@ inuse and those of private companies, from which it

In our apparatus the distilled water, after being properly aerated, is passed through a large #;"i'-.f' i oo.ndenms oonet‘lin:tw e re o i’.v&y satisfactory. Pl o o Al i
mass of prepared animal charcoal, which, without being acted upon itself, has the property of {’ i ynllbe Ob”’. e A ; e o s b LRI f
inducing some of oxygen dissolved in the water to oxydize the above-named offensive oil, so as R , s s T T R e '

to in effect burn if, the product of such oxydation being a minute quantity of water and SR ‘ )

carbonic acid gas, and the consequence is that the distilled water “ultimately produced is purified P i, 2
from the above oil and rendered quite tasteless and agreeable to drink as well as wholesome. B =4 : ge

The reason why distilled water on boardship is often not palatable is that the condensers
are worked with greasy steam, which is good for driving the engines, but qnsmtz_zble for condens-
ing into drinking water ; but it is sometimes collected separately for washing with our improved
steamers ; . such steam is sometimes so greasy that I have known pipes in our condensers more
or less obstructed with a black fatty substance, and the filter rendered impervious to water from
the same cause. Sometimes this greasy steam yie ds an oil more or less volatile, and catches
fire in the filter if a light is introduced,

- With reference to the existing boilers, they are not large enough for distil}ing, and, even if
they were, they would not be suitable for obtaining good results as to quality of water and
economy of fuel.

‘We should recommend working the proposed distilling machinery night and day, as they
do' at Aden, Ra.r_tly because it economises fuel, but principally because it saves 50 per cent. of the
price of the distilling machinery, as less powerful machinery is then sufficient.

There would be no difficulty in arranging for our boilers to burn wood instead of coal.
‘We therefore beg to submit the following estimates for consideration :—

No. 1 Estimate—Two complete sets of Normandy’s improved patent treble distilling
machinery as supplied for Aden, producing together 12,000 gallons of good, cold, drinking water
per 24 hours, with a consumption of 3 tons of coal, or 12 tons of wood (assuming 4 of wood
equal 1 of coal as in Colonel Mulling’ letter) ; price packed and delivered in London, £4,362.

Wo. 2 Estimate.—One complete set as above to produce 9,000 gallons per 24 hours, with
215 tons of coal or 86 tons of wood ; price packed and delivered in London, £3,062°

No. 8 Estimate.—One complete set as above to produce 12,000 gallons per 24 hours, withe.
2:67 tons of coal or 10-7 tons of wood ; price packed al:ld delivered in London, £4,046.

In above estimates each complete set of apparatus includes distilling condenser and filter,
steam boiler with iron chimneys, steam pumps for circulating water, and for forcing the distilled
water produce wherever desired, and all connecting parts in between so that the whole may be
readily erected abroad, also suction and delivery pipes and spare stores, all as described at length
in annexed printed estimate from dated this day. v

P.S.—In case some other size or kind of our apparatus should be preferred, we send bere-
with our No. 1 condenser list, giving particulars of all the sizes and kinds we make.

You will observe we only estimate for ¢reble distilling arrangements, as the saving in fuel

. they effect soon repays their extra first cost as compared with the single and double distilling
arrangements also described in our No. 1 condenser list herewith.
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APPENDIX Z

D NOT NECESEARILY INJURIOUS.

i iner, Madras
nounced bad by the Chemical Examiner, ’
i ssioner for opinion as to whether the water was

oo}
—
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g

g
ly in the tank with-

The following analysis of certain water pronol
after analysis, was referred to the Sanitary Commu

necessarily injurious to health:—

e new
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s Volatile solids ost Do. 0014
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1 Total hardness e i 5 Do. 23
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‘ Free ammonia g aer Do. do’ 0-80
Al.quen.odld g Do. as ammonia. 0-60
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¥
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out for diver
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H
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2,170 | DD, scheme for im
present s
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out diverting town drainage,
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7,800 | ABC, cost of

4,360
1,447

LR Y sen LR

DD.
1,073
7170
16,300
4,630 | CC,
1,570
9.210
5,315

1,08,553
1,10,000

8 : ‘ | Renarks.—Scanty deposit composed of vegetable debris.

435

RS,
18
5
24
-

9,210
5,315
59,565
60,000

W, . ] ) 1y §—
i is the Sanitary Commissioner's rep : 455
4 1 et : n-General M. C. FURNELL, M.D., ¥.R.C.8., Sanitary Commissioner for hio
‘. e Dﬁms t‘t)r %ﬁ: Chief Secretary to Government, dated 31st January 1884, No. 96.
h, honor, with reference to the query contained in memo(xiandu;nt, No. t1}3’9, (;{;e lt_h;;
- 25thIJ h&uV:r; 588 4. Judicial Department, to answer suceinctly no; I do not think the w
! an 84, 2 e
" necessarily injurious ﬁg&(ﬁﬁh-that 1 give reasons for my answer. I examined the locality wx(;c;
A M ét = n?lc:z.ssa;{i)orted in letter No, 1501, and it seemed to me the place was in every resp
‘ e e i formator A : ’
' a most eligible site for a relormarery: dsto be the same as is drunk by the Chief Justice
B 1] The water 1:(1 r:ﬁf’r:s% ebgfﬁ;_sﬁ) _li‘,), Mr. Justice Kernan, and others living tg thefAhdyixtr};
~ 8 {1 hisve asoertainec L mS ond’s family for some time. ~As 10 sickness or (3etenora ion of hea
3 ?.lnd g dzﬁnﬁznzd:{ thg:; persons, it -follows, I think, the water is not “necessarily injurious
= i as 0CeuIT! . .
to health.” o hat a water is unwholesomej all he can do is, having
dNO chemiit cadI;: &1 t()}}o;f&%; elt)(') I;;(;, e ted to him for analysis depart in certain
‘ fixed upon a stande ,d )
il respects from that ideal standard. st30o using water, and with impunity for years, so dirty
1 o We constantly 5"9};“ Indl’;x;(;mlg::: 131:}8 u;-, gNo ovil seems to result, until presently that
. E 1Y that the marvel is (f ny{f 11111110111115% aﬁ epidemic of cholera. But the chemist cannot tell us by
= something is added whie and after the outbreak.

: : the water before '
analy'ls.‘l}: theb?::: rl?:: iabt:;;’vfenen thrashed out in & most interesting paper, and debate thereon
........................ e i

Ay 7 : VIII

e B < e § ) f the Institution of Civil Engineers, Volume LX
T RS e N ) : = 3 gp&fefség)th&:ﬁtﬁem 1553913??5:1;&%1 Chemists and Physicists took patt. In this paper
. ’ . rt' ns, €.0. :
: and debate we find these most startling assertions, ith the author and Dr. Thudichum as to the

« ; i d wi
« Mr. Ekin (Analytical Chemist) q;]:;:i:ﬂ?org"‘nic matter in water, because he had over and

little value to be attached to the determ I given rise to typhoid fever and found that
3 i t had undoubtedly g ypi ver !
J i soptemed ?:?:yng(}mﬁa?:no?:t of organio ;11&:;91’» and he had sk lci‘t}?r o?)llf:rilgt:v mﬁr‘;’fﬁg
{ contamination and exm_nin 6 Springs, rivers, b A A
. ;:;igegil;of:ﬁ;tdoa i’gll'lge amount of organic matter that by no test could be distinguished fro
“the organic matter in sewage.’ . ; ' .
Mr. Folkard (Analytical Chemist) : ; ; A .
o 'lll‘he existence of an infectious property 1 water ({;nnothbe pm:eghl;y chel’{gl;‘glunﬂ'&‘:l&?e
The various processes of water analysis had one i 9ihen s owhli . (as far as the power of
wo:tl‘;laer;s, an?l he had endeavoured to prove that th_ey w‘;fiehwortui::?l 10 technical knowledge
indiestivg whglecnibiol® BeF w:lces?egzdb{romn;ﬁgtfap;umly conclusive evidenomf ea%
/ inent water analysts I 3 e T ;
:rooizgl%:s;tss oEfn;.lllll(;)!io;:ses of wa{er analysis except theu: own, and he WiS, Son YD i
opo of those chatints was S udichum that chemical analysis would afford but
g 4 dall “agreed with Dr. (g n other eminent men
e Rl B 1itt1£$§gfti£y:s to thegd_rei}dliest things thot might be in water.” Many ’
1 expressed much the same opimon. | i 4 22
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The outeome of it all is that, if water has been drunk with impunity by people without any

injury to health, it would be folly to condemn it because chemists demonstrate it contains 8o
many hundredths or thousandths of g grain of organic matter per litre. On the other hand, if two
waters were for choice, one would naturally take the one chemists pronounced most pure.
;i i of the proposed reformatory  site, it must be owned that
the amount of organic matter i very high. I visited the place again this morning (January 30th)
ings could account for this, and I found in the well itself a
: t to condemn any water. There were pieces of broken sugar-
cane and plantation s ves, &c., floating and decaying on the top. The
house is not inhabited

0t 13 » and the wel] ig evidently uncared for. If it were cleaned out and allowed
to fill again, it would most Probably yield a better water.

General Specifications to accompany the Projects for Water-supply for the Troops at Bangalore.
The various deseri

The sections and paragraphs of th

: e standard specifications referring to th different descrip-
tions of work are noted oppos s bl i Rcdoe i o

ite the work to which they refer :—
Description of Work.

’ Reference to Standard Specification.
Carriage TEL=1-4.
Earth-work V 1-34,
imes, mortars, cements VIII
Concrete e e e RN B Lt S IX 1—-12.
Pisé-work X 2
Brick-work XII i, 1—30—ii, 1—3—iii, 1—2.
Stone masonry

o L e R XL, 118, TSty |k M)

Plaster-work = . o XIV i, 1—=12—ii, 1—3.

Foundations ., XV 1—13.

Well-sinking s+ XVI i, 1—8, 11—18.

Roofing s e XVIT i, 1—8—ii, 1—4—iii, 1—2—iy, 1—3
—ix, 1—5.

Flooring .. XVIII i,2 and 8—XIII, ix, 2.

Metal-work Ly XTX.

Painters’ work ... XX.

Drainage of buildings ... .. PRRED e al T

‘Wood-work e St - 0 X XTIV

Lightning conductors ... : Appendix A,

The various details of the projects are to be carried out in the following manner :—

e "en

Proseer A.

The general arrangements of the different works are shown on sheets No.

The earth for the empa.nkments for the settling beds, raising the existin
ing the protective bunds is to be takep from the tank

g bund, and form-
are made within 8 yards of the

; ank-bed, care being taken that no excavations
: rtion of the cutting line of the toe of any embankment in its
completed section, except where oundations have to be cut for sluices. The raising of the exist-

ing weir must not be commenced unt;] the new weir and new embankments are completed,

The Engine-house and Chimney are to be constructed of well-burnt brick-in.
pointed outside and plastered inside, rick-1n-chunam,

g Flooring to be stone-flagein on concrete, the
ordinary til.ed roof carried on teakwood queen.pgosts, and trusses gg’(ledgin the usual znza.nn;;(-).of i
The chimnéy must be placed so that its foundations have a clear interval of 1 yard between
their outer edge and those of the main huilg; ue must not be bonded into *
the chimney shaft, The lightning conductor for the chimney is to be attached to it by wooden
hw built in at about 6 feet 1ntervals, and the i rmed by a sound attachment’
with the cast-iron main to the barracks, ade by laying the conductor
along the main f%a. length of 4 feet, binding them together with iron wire and forming a
metallic connection with molt.en Zne,  The whole connection to be then tarred and covered with
tarred rope to prevent galvanic action, y
All necessary details are given on plan No. 11.

Boilers.—1If hOﬁZO‘_ltﬂl. hoilers are used, the walls on which they iest must be only 3” to 5%

: ) ork in the interior of the flyes and next
the boiler must be set in fire-clay as lime rapidly corrodes the iron. An inelination of §* in 10"
of length must be given towards the blow-off cock, so that the boiler can be thoroughly drained.

L
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i nd the upper part of the boilers must be covered
e i mustél};%e ll<;?sfst (f? rhzzzetmi:;gr:c%:,tfiigfa a'The flue area should be about 4§ square feet for
with sand to PreVboiler and the fire-grate to allow of wood fuel being used should be 32 squalll-e
: 25-h?I‘r;? Pk(r)lz:: of fire-bars 1” distance apart 3, and the height of the dead-plate above the
- ’ 4 3
Eiesct)r of the stoke-hole should be 2" 8”. g

. : i e following mountings:—Furnace front, door,
'The boilers m(;.ls:d I-Jelgal’uga;:;ip :gm(ll);?;; ;ltg‘:ge ) wegi ght, flusibglf‘a plug, one safety valve

fire-bars, beaﬁerﬂ, ‘cjlt g’ne . g'uuge, one set of water-gauge mountings, two gun-metal try
with lever sﬁ welﬁo s Oé’e feed check valve, and one steam stop valve. Before delivery they
cocks, one ow-cze 3 tco have been submitted to a test-pressure of 120 Ib. to the square inch.
should be g}la:ia;)] _le are used, they will merely be set up on a bed of concrete 1 foot thick

oI ve?tlllca ¢ % Zﬁbs 6" thick. They should be of the new patent multitubular type, and be.
g]wjvaemmdt:?dt belfi'otx):edelivery to have been tested to 120 Ib. pressure per square inch.

; i compound condensing horizontal direct acting
Engines ancg g},uﬁgl:e—.—g}::ereagl?gfhzzsebepoWerpa.s may be deciaied on, fitted with automatie
steam engines 0 nd supplied with condenser, feed pump, and foundation bolts and plate”s complete.
expansion gegr a it ;I:%)e d of brick-in-chunam floored with flag gtongs.dressed and 6" thick.
Thexl‘i?;ﬁm;::r; to be treble-barielled iron pumps With cast-iron’air vessel and plungers.

The Filters.—The walls to be of brick-in-chunam carefully built of close joints and plastered
inside with surki mortar. ;

. ick on edge over concrete and laiq witl} an inclix}ation
e T, s s
towa.xi‘dﬁ ﬁ?terin material is to be laid over a layer of slabs and _broken stone arranged soba_s ko
form dr:.ins towagrds the culvert, the walls of vt;lhioh on the inner side are to be built of open brick-
work to admitl wa,tiel;st gttigr%litgehrguvtﬁﬁsdlie;;?mée into troughs along one wall, w]lx‘enoe the water
+ i dnazapgly fopthe filter bed down the surface of the wall, at -the foot of which rough stone
:]vﬁtl;so:ﬁ;gf; b?anla.id along the surface of the sand to prevent its disturbance by the overflowing
water. ; . : ulvert by iron pipes to the pure-water
s 1 tate from the delivery ¢ y _
basinThgaili\lrgesrea‘.it ?‘fiﬁlﬁg pginr%:lbeing fixed to allow of the water being turned on or off, as

desired.

The charcoal used for the filtering bed is to be animal charcoal broken to small pieces and
S The ¢

i i i : beds that are
i fine white sand, if possible collected from nullah :
g?};};cgg:;i%a 51;202?33 tﬁet(&rl;?na?e from no villages or pools that may possibly be contami-
s .
npt i ir in the lower strata of the filters clogging their action
forf;tg(;ei‘;iitp%;&ﬁmtll?zu[l)ﬁg):rtioofnaﬁ inper 500 square feet of surface are to be set up, their
er )
i the flooring of the filter. o
kg ref‘tmgt;’:‘ Ui:!ern.--fgts general construction will be similar to that of the filters,
it Pure-w(;ed with masonry arches carried on wrought-iron beams, Dqtmls are g'u_renf 01; .
ety I:jf rOO27 The beamsin the outer bays must be tied with iron tie rods atA six e:
Bheek NO‘bl lt:(li to an angle iron wall plate to take the thrus.t off the outer .Walls-t o?esse :
intervals bo ill be obtained through a small roofed chamber with a ladder of iron uﬂlo%e; «,o;'{l e
the cistern w s at the ends of the arches through which ventxlatmp is obtam:ltli 2w it h‘i)g 11yto
?:vtil;fcﬁz:iﬁlg’e the ground, the reservoir should be enclosed by a low mud wall 2} feet
6 . : - -
dirt and dust being blown into 1t. ; : .
pmve;'lte St i:ll- ipe and Mains.—The stand-pipe is to be constructed of-cast-}:lroxés ﬁ}Ia:fel «11)2:193
> A 3i pg r in the form of a tripod braced and guyed as shown on shee b
ig 01"1‘%10 str:créllfr: will rest on a triangular masonry foun};d:;m'tlxaof bnck-lln-ctl,nig:dm (i);- wio i
; : i i ht-iron . bed-plate securely bolte to
tmhasonrye v oﬁ;}folgilggddgxﬁ;wa};?id ptl:t:sw;:d ed in ooneretg. The structure will form its own
ing i ic '/ U >
.caﬁoldmglgizx:ntg le;e:t legst?'erns will be 12/, 7, 8}", 3, and 2 or 10/, 6", 2l§9, and 2" cast-iron
plain socketed pipes, the general arrangement of which is shown on sheet No. 19.

The pipes are to be supplied under the following conditions :—

i i hout.
i dsand to be of uniform bore and thickness throughou
The %rzyt: r;etgagtes%?l:eltnd%rgn:na;‘demﬁhs? sufficient head of metal to guarantee solidity, the
heag being subsequently cut off in the lathe.

and defects.

The metal used is to be good grey metal, remelted in the cupola, and free from all flaws

All
B fﬁlt E:g:s are to be coated within and without with Dr. Angus Smith’s solution.

to be p
removal if necessary.

)

-3

,\" i

ipes to be tested to a pressure of 130 lb. per square ingh, equal to a column \of ‘water X

: valves are necessary, these are
' to be laid in trenches 2 feet deep, and where valves are fdbw iy
Th]:ﬂe{ipl eins asmreo,ll wells 4 feet diameter, closed in by Bhbv stone oam~mg' »’vtf- i "I ‘?i,

3
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The joints in the flange pipes are to be made water-tight with red lead. In the socket
pipes the joints are to be formed by running in molten lqad at the sockets. .

The pipes are to be laid with the sockets facing the direction of flow to avoid sudden contrac-
tions in the case of badly-fitting joints.

QUARTERS FOR ESTABLISHMENT.

Engineer’s Quarters.—Foundations to be rough stone-in-chunam ; superstructure of brick-in-
clay. All timber in roofs, doors, and windows to be sound teak. The flooring is to be stone-
flagging on concrete.

Engine-driver’s Quarters.—Foundations to be rough stone-in-clay ; superstructure, brick-in-
dlay ; flooring, stone-flagging on concrete ; roofiing, ordinary tiled roofiing on teak-wood couples
with hip ventilators and teak-doors and windows. .

Native Stocker’s Quarters, Cook-houses, &c.——TO be built of sun-dri'ed brick-in-clay A stone-in-
clay foundations with jungle-wood timber work and concrete flooring. The stoker’s quarters
to be enclosed by a mud wall 5 feet high, coped with pantiles-m-chunam- :

Store-room and office.~To be built of brick-in-chunam or stone-in.'c'hunam foundations
with stone-flagged flooring on concrete and jungle-wood timbgr. The windows of the stone-
room to be provided with iron bars Y thick, let three inches into the frame-work, and secured
by iron cap and sill plates.

All the buildings, within and without, to be plastered with two coats of chunam. :

Enclosure Wall.—To be rough ;stone-in-mud, coped with dressed stome and pointed with
mortar. An iron entrance gate to be provided. :

The whole enclosure to be properly levelled, cleared, provided with suitable metalled paths
and proper drains to convey the surface drainage into the adjacent nullah.

All details are shown on sheets Nos. 16 and 17.

Prosecr B.

For the new engines, mains, and boilers the same specifications as given under the head of
Project A will suffice.

Additions to Engine-house.—These are to be constructed with brick-in-chunam on stone-in-
chunam foundations and teak timber work, the whole to be completed to correspond with the
existing buildings. . i ;

The Pure-water Basin in general construction will bg similar to that'descnbed for Project
A. Tt may, however, be provided with an arched roof as in the former demgrn, or the roof of the
present pure-water cistern may be removed and placed over the new one. The specification for
construction will apply generally to either. 3

Stand-cocks —These will be of cast-iron buried three feet in the ground and standing on a
bed of concrete two feet square X 6 inches thick. The stand-cocks must be provided with self-
closing taps to prevent waste from carelessness.

Condensers.—To be supplied by the Normandy Company, who will afford the necessary
specification. 1

Tower and Cisterns.—The tower to be placed ou the top of the Halsfir rock and 18 to be

onal in shape. The foundations and lower portion to be built of stone-in-chunam with

vertical sides, the upper portion of brick-in-chunam with an outside batter of 1 in 8. The -

sides are to have arched openings sas shown in the Plan Sheet No. 24, and those in the lower
portion are to be closed by iron railings six feet high with a gate in one to give access to the
tower. :

‘Wrought-iron beams are to be built into the tower, at the levels indicated, to carry four
wrought-iron eisterns of the dimensions and construction shown on plan. The iron girders are
to be fixed on stone templates and to be painted with Carson’s anti-corrosive paint. Over the
girders timber balks, weﬁ tarred, of the dimensions indicated on the plan, are to bp placed to receive
the cisterns, the balks to be slightly recessed to fit on to the top flange of the girders. _

The girders are also to carry timber platforms as shown in the drawing, to which access will

be afforded by iron ladders inside the tower, whence the cisterns can be examined. The tower
will be open at the top, a light wooden gallery being carried round above the level of the highest
cistern. The upper cistern. is to be roofed with corrugated iron sheeting without trusses and
supported by tie rods, and a zinc gutter at the eaves of .the shgetmg is to be connected with
zine rain-water pipes carried down inside the tower and discharging on to the rock at tl%e base.
Two copper lightning conductors projecting five feet beyond the apex of the pediment are
4o be attached to a copper band carried round the top cornice and then inside and down the
tower to its base, where a good connection is to be made with the main in the manner described
r Project A. e
e Th]e girders and cisterns are to be connected with the lightning conductor.

~

89

The pipes to supply the cisterns are to be carried up insi ;
) he ¢ o ¢ up inside the tower, hei

:;)i%a;s to wooden bricks bmliz in at six feet intervals, and the valves :o cowr;::é‘l ?ﬁ:ngu:;f;e '::)e(tlhng

be placed at the foot of inside the tower. At the cisterns themselves branch pipes from the
Yergma&l e&nams with suitable taps will allow of the supply being turned on to whichever cistern
is desired. ;

The waste pipe from each cistern is to discharge into the one immediately below it, the
lowest cistern of all surplusing on to the rock at a suitable distance from the base of the tower.

¥

PEOJM‘On ’;--

The Channel from the Eastern Ouatchment.—Before execution a line of levels to be run to enable
the best possible line to be secured. " The channel is then to be excavated to give the fall a.ng
bed widths shown on the sections. The earth to be formed into a 3 feet berm and embankment
on the lower side, the berm to be 1 foot above F.T.L. and the top of the bank to be 3 feet
above the berm. The top breadth of the embankment to be 3 feet or more where there is a
surplus quantity of earth to deposit in spoil. :

All masonry works to be built of rough stone-in-chunam, and the banks at the junctions of
wings to be revetted with rough stone for a length of 6 feet from the end of the wing. All
rough stone aprons to be formed of large stones closely packed. '

For other works the specifications given under Projects A and B will hold good.

(Signed)-  F. J. ROMILLY, Captain, R.E,,
. ’ Executive Engineer.
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for its construction would be wasted, and Colonel Mulling’ investigations tend to
show that other feasible sources of supply would not be obtainable except perhaps
from Nundidroog at an enormous cost.

Under the above considerations, plans and estimates for the alternative schemes
suggested by Colonel Mullins for impgoving the existing arrangements are submitted
under the head of projects B and C.

23. Prosecr B.—The proposed arrangements in connection with this project are

as follow :—

The source of supply is to be the Halsur tank and Dhobies’ wells as at present.

Condensing apparatus and cisterns for producing a supply of pure drinking
water are to be located at the rock, the condensers drawing their supply from
the tank. - 4 .

New mains are to be laid down from the drinking-water cisterns at the rock to
the barracks communicating with stand-cocks, whence drinking water only
will be drawn. A

Arrangements for direct pumping to barracks from the Dhobies’ wells station.

The details of these arrangements will be as stated below :—

Pumping Station at Wells. ‘
(1) New engines. ; :
(2) Additions to existing engine-house.
(3) Repairs to existing filter.
(4) New pure-water cistern at the wells. :
(5) New connection with rock stand-pipe and wells.
(6) Conversion of present pure-water basin at rock into a filter and connection
with 5” main. ‘
(7) Connection of pure water well with Halsir tank.

Condensing Station.

(8) Condensers. :
(9) Tower and drinking-water cisterns.
(10) Mains for drinking water.
(11) Stand-cocks at barracks and water-carts,

Details of the above will be found among the plans or sheets Nos. 19 to 27.

94. MODIFICATION SUGGESTED 1N COLONEL- MULLINS' PROPOSAL REGARDING CONDEN-
sers, —Colonel Mullins proposed that water for condensing should be obtained from
the Dhobies’ wells, It is submitted that it would be better to use the tank water for

this purpose. It would seem that the process of condensation can be relied upon to

produce a perfectly pure water however impure the source, and by using Halsér tank
water for condensing, the Dhobies’ wells water, which is a better natural source of
supply, would still be available for transmission to the service cisterns for other
purposes. b : : ‘ it

~ho site at the rock also offers great advantages for the location of the condensing
~apparatus and cisterns, and by very simple additions to the existing engine-house it

can be rendered suitable for the aoeoMosation of the condensing apparatus, renderin
the construction of new buildings unnecessary, and the pumpi 8 g’gg gy - eent:§
separate systems of supply would be kept entirely distinct, Ping _

Again, if Dhobies’ wells water were set apart for 'oondensa:ﬁon, more tank watet

- would have to be filtered. With the present capacity of the filf . water
impossible unless additional filters Wefe'oonst;‘ucted?mgyw%oﬁ yibas ?o’l'; fﬁi’iﬁ@d b: &

wells ground, whence

be found at the rock, but must be looked for at the ‘Dhobies’

i)

tered water would have to be pumped np to the rock. The wells en

T

cannot be adapted to contain the condensers as well as the Eumpinsgm:ahnmm e
separate accommodation for each is necessary, S T e SR
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25. N - \
rogads fuel, Tn s semm e ing engine at the walls is very expensivo an
R i hoursxpeg";en't n Septe'mber }879 the rock engine burnt 2.355 Ib.
oo and during that time raised 128,565 gallons 78:00 foet. The

same quantity was raised by the wells eneine 36
nine hours to accomplish this and bu:ninsgj,]bu;{ ?l? (:)2' fv('};gdon e sl

The effect T
pure-water basigfagh:hzm:(l)lk? main that at present connects the wells engine with the
bebwson tho, two enOinesc ’l?xplams much of the disproportion of fyel expenditure
discharge 4 73 gall?ms ¢ : 'l']e head necessary to overcome the friction from a
600 yards of 5” main WOH})(;E[) (the rate at which the engine was pumping) through
a force equivalent to a lif % 4.1'46 feet, so thﬂ_t the engine was practimllr‘:' exerting
g 1t of 36 4 41-46 — 77-46 feet, or virtually the s;.nm: as thz

rock engine. In sni .
still heagvy o prr(l) ;g;‘ﬁ) I‘])f ﬂzll‘sh,ellowl(lwer, the expenditure of fuel in the wells engine is
be disposed of at g fajp price. Wells engine 1s 1n very good order and could probably

The rock en
steadily at work in connection wit T e fret ingtance, and has been

h the present water-works for more than ten years.

of important alterations being eﬁ'eclenewmg at no distant period. With the prospect

ltself.of renewing the machiner te((il = t]'le Sy Wm‘kl\.’ A good opportunity offers
also, in { Ty and placing it on an efficient footing. At present

the event of g b
reakdown in eithe :
Water-eupply Rt b Wi m either engine for want of reserve power, the

disabled, owin ol & Bmer bo seriously curtailed. With the wells engine
water co’uld nogt‘ l?()) })Ill)ialslll(ég trat(\j of filtration of the filters, sufficient supply of gure
supply, and, in the event of 0 enable the rock engine to send up the necessary daily
powerful en’Ough 23 nt of the rock engine breaking down, the wells engine is hardly
et en: 5 80 connected., as to admit of its pumping direct to the barracks.
pure-water basingtl}?;r:tt th(; Dhobws’- wells would have to pump -the water from the
barrack cisterns s -lo ,tle stand-pipe at the rock, whence it would gravitate to the
stand-pipe 3010-47 ‘:h evel of the pumps being 291500 and that of the top of the
600 yards from the ,welle iy will be 9547 feet. As the stand-pipe is. situated
the friction through 1;h;3 Pil mping station, a head of 1-50 feet is required to overcome
250 gallons a mingte wﬁi E"gt.h of 10" main, assuming the rate of pumping to be
equivalent to a total lift fc 9?_““ raise 120,000 gallons in eight hours. Hence work
engine, ' This will noceccitan. - Y 100 feet. for safety, will be required by the
say 12-horse power, mn&t_e an engme of ’%Tsl,“?)b%‘& == 757, or, adding 50 per cent.,
As two engi g L »
ing will s‘lﬁce?l.::si:r;tz = %’Wld@d to allow for reserve power, this rate of pump-
filters at a low pressure an?lnm ered that both may be worked together—one on the
The simultaneous breakd, sn;all expenditure of fuel and the other on the cisterns.
6evorking tw:ﬁ;% both engines is not probable. and with one disabled,
: y could pum 'If“rs a-day on the cisterns and filters alternately with
engine were in working ordf,', P three days’ supply if necessary until the disabled
when the supply in the we 4gam.  The double' pumping would only be necessary
Py e wells proved ing Hoient =
Thtire are three ways for arrap e ufficient.
(1) The present Shiring ging for new or reserve power :
the Dhobiey’ well.:n R e retained and one new engine added, placed at
PUMDING t0 the hap 4 1108 being so connected as to admit of dn'elct
- engine to be djsabg:’aek‘- With this arrangement, suppose the wells
' m, whence the the new engine could supply the rock pure water
éngine. In th supply would be senton to the barracks by the rock
Lew one coyld ©event of gnything happening to the rock engiue, the
TR Pump dj
(if) The present syt P direct to the barracks. : e
at.each Pumping Bt!:gzxfe retained intact and a duplicate engine plac

el engines may pe disposed of and a pair of new e'ngi“es
su gy )
Pplied to be Placed at thy e BhobigS’ wells and pump direct to bar racks.

In any case the 3 3
by a 10” main as mié’.g:fnt lg;egdﬁ between the wells and rock should be replaced

P T L
whasAeet RO Ll i 1
Gl P ol

i
S
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The cost in machinery for these three arrangements would be about as follows :—
‘ RS. RS. RS. A
Twelve-horse power engines wo e 2750 s 5,500
Boiler oy ees " 2,150 4,300
Eight-horse power engine ... # e 2,000
Boiler P ng AR . v ¢ T W 1:445 :
T'welve-horse power engine LT R
Boiler P e 14t e L R 2,150
Carriage ... Ty R/ e ,087 0 1,067 02,134
New boiler for rock engine ~  we  + =+ 2150 2,150

Total ... 8,117 12,562 11,934

To accommodate the additional engine at the Dhobies’ wells engine-house, the
alterations detailed on sheet 26 are considered necessary. Owing to the restricted
size of the boiler-room, vertical boilers must })9 adfptqd, two of which can be readily
accommodated in the space available, viz., 27° X 83" with 12 feet headway at eaves.

As the rock engine, which is 12-herse power nominal, would be sufficiently power-
ful to pump from the wells direct, it might be worth while to retain it as one of the
pair to work at the wells, providing it with a new boiler, in which tase the cost of one
new engine would be saved. Before deciding on this, however, it ought to be
thoroughly examined by an expert and, as 1t might probably be condemned, the
estimates provide for entirely new engines. -

If either of the two first arrangements 18 adopted, the present engine-house at
the rock must be retained for pumping machinery and a new building for the accom-
modation of the condensers must be constructed near the rock at a cost of about

' Rs. 8,000. The third arrangement will, it is thought, be the best and will have the

advantage that the machinery for pumping up the two supplies of water will be kept

quite distinct and allow an existing building to be utilized for the condensers. To |

allow of the boilers for both engines being accommodated in the present boiler-room,
the new engines must have vertical boilers. ‘

The engines and pumps should be of similar description to those proposed for
project A, :

96. Pure-wATER Basiy.—To allow of the water from the filters being collected
and pumped up at the required rate, the existing small pure-water cistern must be
replaced by one of suitablg_wapacity. . g

Details for two puré=water basins are given on sheet 27—one similar to that

designed for the Agaram pumping station with a masonry arched roof on girders and -

one to allow of the roof on the present pure-water basin being removed and placed
upon it. The floor of the pure-water basin is to be placed 1 foot below that of the
lowest adjacent filter. With this head at a distance of 10 yards, a 6” connecting pipe
would give an ample discharge. All three filters must be connected with the pure-
water basin by suitable pipes and valves,

97. UriLizaTioN oF THE PRESENT PURBE-WaTER BasiN AT THE Rock.—With
pumping direct from the wells, this will no longer be of use as a pure-water cistern. It
can however be converted into a filter, and by connecting it and the present filter at
the rock with existing 5” main from the wells to the rock, they could send a supply of
filtered water by gravitation into the new'f}:ure-water basin at the wells. To enable
them to be charged by the wells engine, the new 10” main from the latter station
must be connected with them and provided with suitable valves and junctions.

To convert the pure-water basin into a filter, it is proposed to bring the floor to a

slope of 9” in the whole length with concrete, lay down perforated pipes along it -

* connected with the 5” main, and put in layers of filtering material as detailed for the

other filters. The depth of the cistern being 7 feet, there is room for the storage of

2 feet of water on a filtering bed 5 feet degg. To lead water on to the new filter thus
obtained, the 10” main will be connected with

placed over the new pure-water basin at the wells. With these arrangements
filters will be available for filtering tank water, should the yield of the wells at
prove insufficient, ~ v S LU Ak AT

a perforated pipe laid along the top of
the inner side of the cistern wall, The roof of this cistern will be “m‘,’”i and

B .
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The pure-water basin woylq Bive a filter with a surface of 3,960

ey rould, at 16 gallous per fquare foot per 24

that time,

hours, filter about 64,000 gallons in
The floor of the I’urtf-wutur cistern of the roc

: Istern at the we
600 yardg

long, will be 13
< filters to th

| ly being sent up so
d spare set for one day in the week WOéﬂddzg}lrgW of a reserve supply g 1
k being at 203229 and the . ' doy g the, etk : ' e
eW pure-water lls being 2919-00, the fall through the g as torle‘gz})éelslﬁlgpggﬁe attacheg to the plantofbthseaﬁ)ﬁ?gggs r%(;fé::ivould prObably
feet .\.'1\-" 130 gallons a "”.I””(‘, could run % | o ho plan : ; ] | | o
iy : 4 | . i b B i ide by side. - With slight alter
¢ Pure-water cistery at the well, or 187 200 zallons in dimensions of : engines and boilers side by side. A
heir n'ltcriug “@pacities, which, :x‘t tb(.' r:n:' ulm-rvmll in rlfb present : be no ()b‘]ecglqltlI ’C(;;l phlf)laftge Igggeg;lgl}lrlii i e illength ofTI’t;oﬂe;dti};iiIIl);esgﬁf
mt, ok ' o .4 ions to prévide the s i ol s .
08 a day, eonlq be fully lg:;m foot per 24 hoyps and would only amount to 66,381 Zf]l;ﬁw 3 oluse at the rock could hold .theh(;ir;ge;e siown o Shget The additi s
= . A - i : | .‘ | |
f € 9" maing from the rock to the wells are carried along low ground, so sidered necessary to the emstltntgo etrtlliullv i Company g e i
o g e rater 2lves are to be placed here to allow of their of the building has been E:ieution for their apparatus. : .
“Ig scoured oyt » Otherwige Water will lodge abouyt céntre of the piping. provide sufficient accommoda P oS e Fany elthl(:r
¢ 2 EW CoNNECTroy WITH STAI\-D-PII-E.—'I‘hiS Is essential and should be carried 31. Tae CIST};RNS.—ThiTG 1%1‘;9 al Horse Artillery, Cavalry and I nfantr}’_Ba‘nt';a:hz
, i(:l‘ie:;:(? 1o other alterationg to the works were contemplated. It was originally to have sepamt‘i\l mstelglz; :2 dt vSaterywould e blf pmipeddmrlef ¢ Séa&délig;eitzte o
‘ .0 bave ap g~ main to gonp ct the pumps g¢ the wells with the ure- in Wiioh oase the ddilis i Ravets be Fumped over a .
V;a:z‘: basin, by from motiyes of ecoxtmmy ap 5 Ix)nzu'?l Wzmc ‘:;bstitutcd, as gipes rock or the cisterns may be p'lflk(;gdla(;?e:]ils cOIII)SideI‘ed oy kot Ge ive{;e
18 81z¢ wepg availahle gt band, 7}, result has been thqt since the engine came stand-cocks at the barracks. Gasogwar il el T
exerting a pressure eduivalent to 40 feet of water about, it way. . If the formier plan ikedopted.
with o to work up to 77.,
co

! : er the
ised the full height required to give the Sti‘;g;g;%‘; :ggﬁ pr?r:to(:n f?:ﬁgag(‘),ns and
compared with what would haye been ;i:‘ll::ntl‘y Barracks {Junless tWE Standgl.llg)lllt)ee:e:sr eo? cisterns, By placing the cisterns on.
o ain of the gjy, originally Proposed been laid dogwn, A 10" mmt covers will be required for three
basin s o 24 to connect the wellg Pumping station with the stand-pipe and pure-water
I at the ro. See sheets 19 anq 95,

W . e Royal Horse rtillery
inat one cistern on a low level will suffice for th | i\ ;
the rock in a tower, R H A

ister igh level will meet the
. : d one cistern on g high
illery and Cavalry supply, an
Royal Artillery anc
: NT PURE-waTER WLy WITH THE TaNg.—T,
Sur tank he;j

allow of
g drawn off and

-
-

© +at the rock,

Ure-water wej] at the Dhobi

the tank }, es’ wells is to be
€ tan 710" o . go
being 291937 an J Pipes as is the ca

500 feet from the

tank margir,
bove jtg floor, i

CONDENSING STATION. .

AND Srrusrroy,—1¢ is proposed to erect
&nd the machi p

chmc_ary selected is that of the N

30, APPARATYg

8
® Drospecty Teport anq ¢},

Pumped up to the filters of the rock,

connected with the
se with the filters. The tank bed

the pipes may enter

the condensing apparatug
ormandy Patent Distilling
Ol Cpmpany, regarding which full details are given in baragraph 50 of
onel Mulling e statements acoompanying it. For faei];
S and statemen '

: ill not be called upon to lift the greater
: ’ nd the engines will no‘ . : in the
requirements of thel Illllfi dlifg’ ,tla;an is actually necessary with a restlzll'téggatéc&?:?oyc g
portion of the supply lg With the supply of condensed water § 5 tho'suipal and
expendituredoi- t};: i{:led. one roof will suffice for all the cisterns a
set of foufl 6 :10 be regulated with greater nicety. Beet No 20" Ths cistortr ool
expe%ﬁtu&gt;ﬁ s of the arrangements are_gzven in:li:met er and arranged in two sets of
e 5 feet interna he Royal
. tagonal tower 25 g h hold a day’s supply for the ya
be placed in an octag The lower pair must each ho Y, d their
e Royal Artillery and Cavalry, a0 h contain 6,400 gallons.
Horse Artillery, Roy ' X 4’ when quite full, they will each con e Sl s
s n%hhildx ezilc?l hold 5,651 gallons 5for 1t1he Inffggr?&ﬁnd Xéeii ilglroposed
The upper pair ' ill each hold 5,625 gallons wh nl. at y T
; ' &' X 4/, they wi i ; ovision is sufficient. To
being 15" X .1‘) 0 45 it 1s considered that the above pt Saturdavs
to have duplicate c;st?u‘ll: 1 Sundays, two days’ supply can be _storiﬁ O;Iin :le cistZl‘ 1,1
R cosion of no ‘“il‘es repair, with continuous pumping, the Kb i
andilf i a?ytﬁmiczglisrtgndémauds until the defective cistern was in wor g
could mee e

o, : : 1d remain
in. There would also be a large storage capacity in the mains which wou
i s : ter in the cisterns. ! A
g as there is any wate for the large filter origi
; 7 of referencg g E of the rock is perfectly 1ev.il’;£:mfg’u§(i’ﬁl%nfﬂto many years back and
to thig p M I received from the company in Lond_on are attacheq v veduosed. to-he constructed upon i brought up to a uniform level with sound
sheet No 48 i G4l g i TET e i el tphe whole surface which has been g
g o D covering
When, in e 1869, the ; | ice for drinkine
fHoin the ﬁhobies’ b the ideq of a separate service for drinking
submitteq for

PUrposes o]
: Was entertained and the plans and estimateg fo ¥
Sanction, the e,

e s . T the scheme
and Was fixed at gallons per hea pPer da

"overnment orde i :

R e i Ted certain modifi,

9 f

b b

- d over the

: ill give the lower pair ample comman 2
- i ar e ok, WIXCEI;Z:‘H 5111‘;1 Cavalry Barracks, and the lower clst:{l: 3
gall : Tecida o0 1 Artillery, Royal Horse oy tain the required command over

Cations on the designs forwardeq and decideq that Roya y i S BB o) of 3,000-77 to obtain the req
tion, 7,330 ail OnsdI;el' head Was sufficient to provide for, On this tter assump. of the upper p ‘
. s a day v, troops, but Colone] Myp:
t condensepg capable o)fr pro?ild Suffice for the troops. u

lling Suggests
in sj daily shoulq },
would in six days prodyeq 723 ning 12,000 gallons daily e

ks O 4

h for eight g ® Provided, Wwhich
roei :
9,000 gallons, 000 gallons, enough for eig ays

: : . i and held
- is to be roofed in with corrugated ren Shesting without ffiﬁ?}?,%er inside,
el 1ﬁb toiron ties, and a wooden gallery will Sonrauid fhe top municating with
. consumption g togetl}e{‘1 qzcess will bs obtained by iron ladders inside the towerkc(:imand ek
> Y 8allons pey head daily. Tt is obseryed from the Statementg 2R ey the cistern levels whence the valves can be worke
orwarded by the Company that the actygl productien of thejy apparatus is mgp, than platforms on
¢ nominal outtury 4,4 that'condengem estimated to produce 9,00 gall
water in 24 ‘hours really yield g4
9,000 gallon conden i

{ ons of fregh
$ much as 12,000, It js thought, the
nsers, if Provided, w0114 be, found to meet the estimated require-
ments, and, Supposing tw, complete gogs ¢ b /purchased and got up to guard against
a possible temporary breakdown in the maelinery, the oceasional work;

I/ :

I

T ms wi w i il ied on three wrought-
1 Il rest on wooden balks. 12" % 3 carrie :
_inspecitre&lérs ;sl;esﬁlswteu i?l tllle Erawings. Waste pipes from the cisterns will carry the
iron g s

i 11 which
' ' in the case of the lowest one of a
. surplus water into the lower cisterns, except

i i trances at the
i ipe carried back into the tank, .The'arched entran :
must have its c;x;e:&?lwb%%?osed by iron railings 6 feet high, in_one of wémél; \:erg‘;) ;
bas{}i " t’?:big“iock will be placed to allow of access to the cisterns an.
wit suitable ; . . :
autho}}‘mﬁddggisignasx:e given on the plan and necessary calculations in Appendix H.,
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% : 32 MaiNs AND Distrisurioy,—The detailed calculations for the sizes of the In fact unless this is practicable there must always be the pos_lsibility of the
bk . : AR e Appendix 1. ¢ . system breaking down. "
« It is _as.sumed that the contents of the cisterns which take 24 hours to fill will be 34. MegTHOD OF ExzcurioN.—To enable the Work to be cax:rigd out Wi?hout inter-
drawn off in 6 hours at the several barracks. The mains from the cisterns will fering with the supply of water for the troops during construction all that is necessary
terminate in stand-cocks at the barracks whence the water can be drawn for the use of is to arrange that the new connections with the stand-pipe, new engines and alter-
the troops. The positions of the mains and stand-cocks are shown on shéet No, 19— ations to' the engine house, ghall be completed before the existing engines ave moved.
21.. As the mains to the Royal Horse Artillery, Cavalry and to the Infantry Barracks When this is done and the present cisterns and pur_e-water basins all filled, the supply
will work under different pressures, it will be necessary to keep the pipes from the two stored in them would with economy last the troops for three weeks without a fresh
sets of cisterns quite distinct instead of having a single main to carry the whole supply supply being required. In this interval, the new engines and boilers at the wells
to the point where the mains diverge, as would be the case with the wiole supply engine house could be fitted up with work continued day and night if necessary.
pumped over a stand-pipe. i The ature of the additions to the wells engine house will admit of the new pumps e
In place of the customary water skins for the conveyance of the water about the being fitted up and connected while the present engine continues to work. Il ¢
barracks by the pakali bullocks, it is proposed to provide iron water-carts holding ’After the new engines are set up at the wells station, the troops can be supplied 3 -
100 gallons each, which could be drawn by @ single bullock. 'The skins at present with water for all purposes from the wells as at present until the condensers are ready l
- used are difficult to keep clean, easily foul and often give rise to considerable waste of for work at the rock, when the dual system of drinking water supplied from the
Water. from leakage and P!‘im,itivg )a;n' angements for filling and discharging. The " rock and water from the wells for other purposes can be commenced. :
quantity also carried by a pair of skins i'sc very small. (Clonsidering the great expense With the present system rotained and merely the condensers added no interrup-
- that will be incurred in condensing water for the supply of the troops, it is reasonable tion in the existing arrangements would take place. . .
. to incur some additional expense and provide for its collection and conveyance to the o5 GENERAL REMARES. __The scheme proposed would ensure the supply to the

i : dily accessible form at the.barracks of a good supply of really pure v i
(11;231 ?nlg :v;(z:r a};g ‘a supply of Dhobies’ wells water or filtered tank water for other o 3
‘hitial outlay. The great drawback to the project is the.# o

t asonable inl } j : .
E:;Iv);smuﬁ ;;penses that will be incurred in fuel, which as explained by Colonel

Mullins in paragraph 50 of his report, would probably amount to Rs. 34,600 for
working the condel alone. L » 0 e
kl’i‘]fe present establishment of the water-works could work the condensing appa-
ratus with the addition of two stokers and perhaps one engine driver to the staff as
the condensers to be worked economically should pump 24 hours at a stretch, There
would also be additional expense on this account for lighting. Altogether assuming
¢hat for the wells engine the expenditure of fuel is 20 1b. per nominal horse power -

per hour, ‘the monthly cost of the dual system may be estimated as follows :—

points where it is required i & 11e manner. With iron carts as proposed the
water could be colle((lzted, t;:;il;oi)te:g pg;fldzllglivered without waste, would be brought
to the consumers in a clean and whofe%me condition, and the amount of consumption
could be closely checked. It would suffice probably to provide 20 such carts, 10 for
the ’Infantry, 4 for the Cavalry, 3 ~for the Royal Artillery, 2 for the Royal Horse
{)&rtlllery, and 1 for the Hospitals ,at the Agaram Barracks. The 9() carts would contain
2,000 gallons and with 6 trips a day to D’thc stand-cocks would carry away the \}'hnle
contents of the storage eisterns at the rock. Scouring valves are provided at suitable
. points to enable the mains to be emptied if desired. _

33. Cost oF PROJECT AND ALTERNATIVE AREANGEMENTS,—The total cost of project
B. as above described will amount to Rs. 1,67,000.

The cost of the several items is as follows :— Ly
L d ; RS. : 506
* ensers ; . Present establishment ... R ; ; |
2. %:::?8! and cisterns. .. ; - 80,180 Additional two stokers and one engine driver .. 25 a ¥
- PR - - ae . eed o esnll e 9,880 1s efiggi R R 132 -
3. New mains and : E Fuel for wel i .
4 A3 an Bt&nd-ooﬁk soe “en -. e ces 17),‘140 }.“uel fo conde 3 Al o v s g 3’600
5. Adﬁiﬁonittzm"k B e e e Yo 2,320 . Lightin‘g i s gih el . 6
B : 6. Na‘lz-h(’mweus dO: s .ee e v ok 2,1 70 0il gre&sé Bundries &e. 131
7. Repairs to mtem";?ﬁames and pumps ... e T T . : ; :
8. 'Alterations to IR 1,570 TR
pure-w. : Total per month ... 4,400
1?). g:;p&mmﬁ*?mbﬂsmm basin ... e S Eon 3,223 P )
. (3] ons R ot wee “es en arn L .
}é %"’t moirttz bm&elmd'p‘p" ]’g’},ig Total per annum ... 52,800
. ater "es y B s s “an e Oyt 3 | e
v .': ten P PP b & dis oy 2'000 .
. ' ' e The total annual outlay would therefore be—
" U . Total ... 1,61,990 . ‘ RS. ‘3"‘.
- : @ g Somiungenoics ... BARY ’ 15 per cent. interest and. depreciation or cost of condensers and . g
' i o engineg = . ey £3 4 s was e 14,355 [
Sh n] e , Gmd Tot&l ixe 1,67,000 10 per Oent- on othel‘.mks e e ‘ e e 5';,%'%% \ o ’g
ould Government obj ‘Working € ses RN . s : e
3 = Ject to th o 1 . ; 1 ate ase e e tes e wen 4 023 o
ments for pumping direct from thee ‘ge ngoz;l fl(:: entirely new engines and arrange- Renewing E{bers _ i s o
new engine house at the rock for score of expense, the addition of 8 ¥ » T
Total 84,600

i : : ' the condensin o

system being continued in its g apparatus would admit of th t :
: Present form. A new engi of the presen S e .
:3:13 b:nb‘:il: ‘;nootémamddnorth of the rock and“;hee cist:rl:)?s;x{?lr s condensers o
o de o muthlioey MoyhR L o A e Gl ad £0nld. be placad iu O
machinery, and sto W the details actually neces itions to the existing
4 orage and distribution of water. Th sary for the condensing
Rs. 1,14,000, but it is considered that it would be Bokie e cost of these would be

direct pumping from the wells station. in every way to arrange for

é

& ;o
For which a mixed Futopean and Native population of 4,846 souls. :v;ill he
supplied by a dual service with water for all purposes for them:ﬁesm % it
A 60,000 gallons per day or 21,900,000 gallons per azmum be 00 per
therefore be Rs. 17°4 and the cost per 1,000 ga o:u Ba ko Lo
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III.

36. SueersTIONS IN CoLoNEL Myrrins' REPoRT FOoR IMPROVING 1HE Ex1stiNG
SourCE oF SurpPLY.—In paragraphs 33 to 38 of his report Colonel Mullins discusses the
feasibility of improving the present source of supply to the Halsur tank, but givesas
his opinion that the idea, though quite practicable, is not favourable as regards quality
of the supply.

The suggestions made have, however, been worked out in detail as directed, and
it is thought possible that, with one or two additions that have suggested themselves,
the scheme might be more favourably regarded. Any project resulting in the real
improvement of the Halsur tank water would be of immense b_eueﬁg to the garrison.
Many of the houses near the tank inhabited by officers and their farmlles are supplied
with water by pakalies, who take it from the tank itself or wells in the immediate
vieinity, and those dependant upon this sourcé of supply are, of course, exposed to all
the dangers resulting from its impurity.

The municipal authorities, before whom the scheme has been laid, are alive to
the great importance of the better conservancy of this reservoir and are prepared to
co-operate in the furtherance of some of the measures suggested. They are also abo_ut
to undertake important alterations in the present system of drainagc' connected with
the main sewer, which will certainly improve the present state of affairs.

Against the most important measure suggested, however, the entire di\:ersion .of
the town drainage from the tank, the Native Commissioners are opposed owing to its
leading to fancied encroachments on their immemorial rights. This objection might,
1t 1s believed, be overcome if the Resident gave his support to the scheme.

37. CoroNEL MuLLINS’ PRoPosaLs,— These provide for the diversion of the western
feeder, which brings the’ drainage of the cantonment bazaar into the tauk, _uud the
construction of a new feeder to bring in the drainage from about 21 square miles new
catchment to the east of the tank to compensate for that lost by the diversion of the
western feeder. Also for an increase to the capaeity of the tank of 5-116 M. cubic
feet by raising the present water level 1 foot. ;

The improvements to the tank proposed by Colonel Mullins would undoubtedly
do much to improve the quality of the water, and it would also diminish the danger of
flooding to which the portion of the cantonment bazaar about the junction of the
western feeder and the tank is exposed to, by increasing the fall at the end of the
main drain and rendering it better able to carry away the storug@water during excessive
rains in a limited time. It is thought, however, that more might be dome. The crying
want for the Halsur tank is a rigid conservancy, and as matters exist this is practi-
cally impossible. The population have free access to the tank at every point, cattle
can stray down and graze on the exposed parts of the bed where they naturally leave
deposits, and any one walking along the tank, morning or evening, will see natives
washing their feet and teeth in the tank water, and the undersigned has personally
observed nativg ehildrf:n sitting down in the tank bed and using it as a latrine not far
from the pumping station for the water-works, Horses may frequently be seen standing
in the tat}k an(_i being WaShed, and the numerous pakalies who collect their water from
the tank invariably stand their bullocks well in the water. Itis believed that by con-
structing watering places at certain points to which the public can have free access at all
times but shut off from the rest of the tank, and fencing the tank in wi
to keep out cattle such conservancy as would be practicable as would remove the evil
effects of the practices above described,. A further improvement could be effected in
connection with the northern feeder anq upper tank. "It is of importance that the
water in the Halsur tank should be kept at as high a level as possible ; as the fuller
the tank the better the yield of the Dhobjes’ wells. At present the water collected in
the upper tank is often allowed to stand in it for a considerable time before it is passed
into the lower tank with the result that the loss by evaporation is increased to a con-
siderable extent, and it is thought that the water from the upper tank should pass into
the lower tank as quickly as possible. The gathering ground tapped by the northern
feeder contains numerous elements of dangerous contamination, and it is suggested
that, by constructing a filter in front of the waste weir of the upper tank through
which the supply would have to pass before reaching the lower tank, much of the
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impurities contained in the water would be removed. ‘With these improvements and
a proper conservancy, the possibility of contamination of the Halsur tank water would

* be very materially reduced. The suspicious drainage of the cantonment would be

entirely diverted from the tank on the north-west and west, the supply by the north
feeder would be purified to a certain extent and the curtailment of the water spread
by the bunds to divert the west feeder and increased height given to the new waste

weir would maintain a greater depth of water in the tank to the improvement of the -

supply in the Dhobies’ wells.

38. Tur Duosres’ WeLLs WaTER.—AS explained in paragraph 22, the analysis
of the tank and wells water made in 1871-72 showed that the water of the wells was
classed as wholesome and was of better quality than that of the tank, but as later
analysis shows that there is now little difference in the two waters, and both
are classed as bad. The evident deterioration of the wells water can, it is thought, be
satisfactorily explained. In 1877-78, when it was decided to construct an additional
filter, the site selected was close to the Dhobies’ wells. The filter was built here, and
is entirely below the ground level. From the first the filter was found to leak con-
siderably, and though subsequent measures dlmm18hed the leakage to a certain extent,
still it has never been entirely arrested, and the fact of the filter being filled from the
tank by gravitation and lying below ground level, caused this leakage to be regarded
as immaterial. The result of this leakage has been, it is believed, the mixture with
the Dhobies’ wells water of unfiltered and imperfectly filtered tank water. The latter
is certainly the case, for the filter is in direct communication with the pump well of
the Dhobies’ wells, so that the water drawn off frqm the filter circulates freely among
the wells, and if any water leaks from the filter without passing through the filtering
strata, which apparently it can do, this water at once finds its way through a few feet
of earth into the nearest wells. There are therefore grounds for presuming that the
troops for some years past have not been supplied with bond fide Dhobies’ wells water,
as has been supposed, and that very imperfectly filtered tank water has found its way
into the service cisterns,

If the present system is retained in any form, it is recommended that the Dhobies’
wells water be filtered previous to its being sent up to the barrack cisterns, and all
connection between the wells and the filter completely cut off. b

The Dhobies’ wells water in any case is admittedly of a better character than that
of the tank itself even after filtration, as more than one analysis has proved, among
others that taken so receptly as August 1888, and it is reasonable therefore to suppose
that the water if also ected to artificial filtration would attain a fair standard of
excellence, if not a high one. Artificial filtration of this water has never been resorted
to, owing to its character in former years being considered so good as to warrant its
transmission to the barrack cisterns in its natural state, and*with the present connec-
tions of the engine delivery pipes it cannot be turned on to the filter beds to allow of
the experiment being tried.

The proposed addition to the present F. T. L., and increased capacity given to
the tank thereby may be reasonably _expected to increase the yield of the wells, and
with the construction of more wells, frequently recommended but never carried out,
these wells might be made to meet the yearly demand for the troops with proper

economy. of consumption with filtered water of unobjectionable quality .

39, Proreor C.—The proposed arrangements under this head will be as follows : —

]"Ehefpiisent source of supz%y to be retax(;led and measures taken to improve the
quality of the water in the Halsur tank and the existin nts ad

admit of filtration of the Dhobies’ wells water. Bt )

The details of the scheme are as stated below :—

Tmprovements to the Halsuy Ty,

e

. Diversion of western feeder.

Do.  of north-west drainage.
. New supply channel from no:;'iieast.
. Filtration of north drainage.
. Construction of public watering places,

o Uvp O

. Fencing in of the tank. . . %
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Pumpi : ,
7. Repairs to filter. ping Station at the Wells.

8. New filter beds.
9. New pure-water basin.

10. New engine and pump, and ile
11. Addition to engine hg)\;se at ?ﬁz ‘3')::)11115L 2
12. New connections with stand-pipe :
13. Iron loop to cisterns. R

'40. Impro :
divaion of th:nflcl) FST(;F:.IOD:H: TASK'.-—The first th_ree items under this head, viz., the
fRorth-oast ath dosigriad genegrallan' construction pi a new supply chanuel from the
ko nitrnadibil: dhvicot ol th y in accordance with Colonel Mulling’ suggestions, and
] e several arrangements are fully described in paragraphs 33

and 35 and Appendices 1 ¢ [ SRR
ST pﬁgls Nos 3f :1?:11 f}g of his report. The details will be understood by a

4]1. New Su v

eyl catchmggz fiﬁhNEL.——The.survey and sections of the feeder from the
Zanic el vl thee lflzast are given on sheet No. 28 and tables of the dimen-

e e tghbu ] nc annels and weirs are shown in Appendices K. and- L.
Mullins i his report g - ecgzsary to n}odlt'y the dimensions proposed by Colonel
PR Al ook ment i oy ‘i]g Dnels] (}(’sq.:ned by him were caleulated to discharge
a channel capable of ru;ninou(fff " Tf o hottlr, thelestimatos rrbmag s o
- fer 8 § of rain from the catchment per ho ¢ he
fOuO‘r}ﬁl?f alll‘:S:he r;aa:i;ms upon ?vhu}h this modification is based. g B
catchment?1 Whe:%nhe(; > dealt with is that of a channel to carry off the rainfall from 4
supply the oL ‘l‘y ?t°r"’s of short duration occur. It is these heavy storms that
moé)eZa to ;howeisag;an;e:§ elatrgeh 12P0portion of the annual rainfall which falls in
M e as no eftect whatever upon the tank feeders and must be left out of
zczoll'tasslgr?(‘)lit;o(?f 1&3‘;:5;&?{;: afci]lfmi‘{}l lWhi(:h 1lzzj.s to bring in an upprw-iuhlotsufplf into
: ! city of the Halsur tank. During the past 3 years 10 heavy falls
:;emrsgﬁsf:e-g2' azeragmg 8" in 2 hours, 50 minutes, and twice d‘uring these storms,
i and‘ of rain fell_ in 30 minutes. In previous years heavy falls have been
gl n;)p one occasion as much as 1:2” fell in 15 minutes. With a channel of
suitable cadll;:cit? Bt?;zsa: IE'OPosl;at}l;)y C(t))lonel Mullins, unless provided with weirs of

g PACLY) ‘off such heavy bursts of rain, the banks w ¢
3 | : : Tain, would be breached
bulk o?the' er‘;;i;)fl;ﬁu andllg constructed with weirs of proper discharging power, the
ar 3 hotns saliane 2’:“1‘ pass straight over the channel, which would run full for 2
reing Unlesptﬁe ch:nmsl into the tank only a very s portion of a valuable
ShusMMicakice, ft Halise tiok would i taking full advantage of the heavy falls of
R 2ty ssorclh fa:h would derive but little benefit from it ‘T :iki;ncv the
faken as the average heav of 1 e past 3 years, 1t appears that 0-25” p('l" hour may be
R Saenad et the ren!;a i?x d'e : Sougggsmg ‘half of this to be absorbed by the grohnd
¢ A ’
the channel. As the catchment is broker(x)ru; ?I?Iohz‘;::: mlay oty B ke
ments whose drainage will be led into the channel by tlilae Xfll-deﬁne%minor ok
: . merous nullahs the

especially gs these h fall ght to be under what may reasonably b s that tap
; ‘ eavy falls of rain 11 onably be expected
light showers, that more or less saturagaen&lr: S(ynoﬁc}xr af‘o?r bt L O%

The total area of catchment drained i DESOR e e heavy Il !
ined is 2:4 square mi y falls take place.
q miles, and the average annual rain-

fall may be assumed at 36”. Experi

, . .Experience shows that - . ;

expected to be the yield of a Catchmentein t(l)lesvic?xlit03r7ngf];::ngl:;al e o ]
2

tho channél may bring: 2:4. X 38 % 075 X 38— 149 M. subis oot or. this Tate
2 e tar

: annually or rather more than 4 years’ supply for the troops at 6
Ds )

Waste weirs are provided along intervals of the cmmm(),(l()() gallons a-day.

drainage. They are calculated to dispose of the heaviest pro to get rid of surplus

assumed at 1” per hour, and are arranged along the channel, so I,:“ble storm, which is

the excess water that the channel has bat at no point sh
to carry exceed w ¥ satan T all
more than 1 foot above F. 8. L. The weirs in most caseswl:;; zltl‘lm?ese;th fhf‘.c'. L.
; points

where the natural nullahs meet the line of channel

of conveying away the storm water. The weirs Tt :

pullah is about the same level as that of the chann:pwlfegatche% :;t:{ eltt he bed of the

expense of protection against a deep drop for the surplus water. (');ﬁ"in{’; tt?; nt;’::’ld 1}3;
Py ! rapi

which will afford a ready means

e

" rainfall from higher showers ata suita

1 tol witha 3, feet berm.

. in 24 square miles. Of th

“b the fact that the cantonment bazaar drainage is all carried away by the main

| passed of by the sewer wl
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fall of'the nullahs this can be secured by a deviation of from 100 to 9200 feet from
the channel line in most cases. Where deep_mlllahs are crossed, the channel is to be
carried over them by aqueducts, the weir to intercept the' drainage being placed at a
suitable level higher up the nullah and catch-drains carried from it on either side of
the nullah to the main channel. These catch-drains are to be 2 feet deep with 4 feet
bottom breadth and sides slopes of 1 tO%. To enable the channel to discharge the

¢ velocity, a narrow channel is to be carried
along the bed on the lower side at a foot lower level with bed width varying from
9 feet in the 4th mile to 6 feet at the tall, and the rest of the bed to slope towards .

this channel with a slope of 73 R
Particulars of their length, discharge, &c., are given in Appendix L.

_ One culvert is required where the channel crosses the Madras road near Beirna-
mﬁngalam and others where village tracks have to be ,PI’OVIded for. At 1 mile 1,056
feet a nullah receiving the drainage from St. John’s cemetery crosses the line of
channel. This drainage, it is thought, should not be allowed to enter the channel at
all, as besides draining the cemetery referred to, the ground in its basin was once

occupied by a cholera camp- To avoid this drainage a_syphon is to be constructed

to convey it away under the chaunel directly into the Katherampolyam tank. This
channel will terminate in a tail weir in the o lah that enters the Halsur tank by the
9-vent culvert on’ Kensington road, by which the discharge from it will enter the tank.
"The gradient of the channel is calcula d to give a surface fall of 2 feet per mile,
changes of depth being obtained by mcreasmgh bedfall where necessary. The
slopes are to be 3 to 1, > nd the embankment on the lower side only will have slopes of
. ) -
i masonry works are .ven on sheets 33 and 34.
]S:)lfzaulllg ge sch::a}; be aa,pp:t'ovc;gd1 and the channel have to be constructed, it will
level it to obtain a proper working section, as slight deviations at -

gsary to Te- P : -
l;zenggetwgoints will enable the quantities of cutting and embankment to be better

ioned. : Rove/
Prop?ff::];;ints where these deviations are practicable are shown on the survey and

= oll-defined B. M’s. legibly le_tterqd have been left along the line now

gllllru;z;%?ls \:lfich will allow of its being readily traced out hereafter. These B. M’s. G >§
are entered on the survey. The estimates are prepared from the section actually g !

surveyed and may safely be accepted as showing the cost of any better line traced
approximately along the same ahgnment." " v ﬂl
49. CAPABILITY OF New CATCHMENT TO COMPENSATE FOR THAT D1vERTED.— 54
The total area of catchment diverted amounts to 19 square miles, of that brought i
| e former area 4/5ths or say '1'5 square miles is occupied by the A

0-4 square mile, is fairly open ground. The area

t bazaar, the remainder; V' ]
ﬁ;ﬁ:ﬁ%y the bazaar, consisting as it does of well made metalled roads with numer-

ceup 1 dings may be expected to yield a much greater proportion of the annual
g:isnglﬁdtll)lzg 1vfrlguld ge received from 2 catchment of open country such as itis

PrOPOIsI(id t:r;)gr::ghlg-s of his Teport Colonel Mullins goes into the question of the
ronortig)n of annual rainfall received in the Ooparhalli and Halsur tanks to that ;
gallin on their respective catehments, aud it would seem that taking the statistics of A
& arhalli reservoir received 0°12 of the rainfall on its ‘ i

i infall, the OQop
c::ﬁ;ixﬁ;fdg;ytﬁ:uflﬂal;ur tank 0°085 and 0071 of the rainfall according to the

betpes o t the Bowrin THospital and Halsur tank respectively. The average ) S
rain reS‘Steer: the Halsur ‘tfnk catchment may be taken at *078 of the rainfall on its (R

. ta?l catchment, the total offcotive area of which is 4-64 square miles. These figures

‘show that in spite of the very favoralgle conditions for yield of a portion of the Halsur * ; ': e
tank catchment, T

the proportionate yield of the whole catchment is rather less than
that of the (oparhalli gathering gmjpd, which is all open country. Thisis explained

ot in the case of heavy svtfoﬂm,“?nd ‘does not reach the tank at all, while
selvx‘:i: h?a(\}v.;rprain occurs a portion is still carried away by the sewer. Cclonsl Mol &
¥ snfall on the bazaar catchment not exceeding 41" per houris  * \ o

thout entering the tank. |
*

et
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In the absence of data of duration of period of flow and depth atdl ;
main channel of the bazaar during these pI:eriods, of which not}:ingoifviﬁgrkliz;}]i:
available, it is not pOSSible to make an accurate estimate of the respective portions of
rainfall received and discharged from the two sections of the Halsur catchment, viz., that
occupied by the bazaar and that in open country. The tabular statements of rainfall
&e., that accompany Colonel Mulling’ report hewever enable an approximate calculatioxi
to be made.

In the year 1882, the total rainfall was 31-13” and the total quantity of water
that the Halsur tank received was 2¢-7 M. cubic feet. This quantity is about 0-075 of
the catchment over the whole area of 4-6 square miles. Out of the total rainfall only
994" fell in storms equal to or exceeding -’ per hour and would have caused the
main channel to discharge into the tank. Now, for the sake of argument, let it be
assumed that the whole of this 2:24” yan off the bazaar catchment of 168 square miles
and that of the rest of the catchment of 2:92 square miles, the proportion of rainfali
received into the tank was 0078 of what fell. Taking 1” of rainfall to give 2:52 M.
cubie feet per square mile we have— .

224" oft 168 square miles = 12:09 M. cubic feet.
078 % 81-13" " 292 o 1646 5

Total ... 460 28-55 9

”

As stated above 26°78 cubic feet was actually received by the tank during the
year, so that the preceding calculation errs on the side of excess as may be expected
from the fact that the whole rainfall of 2:24” received by the bazaar catchment
is assumed to run off, whereas a definite quantity is known to be diverted by the
main sewer and an unknown portion would of course be lost by absorption and other
causes.

It is clear therefore that the run off from the bazaar was less than that assumed
for the purpose of argument, and if that quantity is decreased, the proportion received
from the remainder of the catchment must be increased to make estimated distharge from
the entire catchment agree with facts. By increasing the proportion run oft from the
re%ﬂthe catchment, the percentage will agree more closely with that observed to be
the ease in the Ooparhalli catchment, which possesses similar characteristics, and with
what is observed on catchments in open country throughout the province. To keep
on the safe side, however, it will be as well to continue to assume the run off from the
open catchment at 0-078 of the rainfall. Suppose the bazaar drainage diverted as
proposed and the new catchment of 2-4 square miles to the eastward brought in
which will give a total catchment of 4-9 square miles to drain into the tank.

In this case taking the rainfall of 1882, viz., 3113” and assuming 075 of this to s

be run off, the total quantity received by the tank would have been— :

31-13 X 075 X 4'9 X 232 — 97-50 M. cubic feet or a little more than that
observed when the western feeder brought in a portion of the supply to the tank.

These figures are necessarily approximations, but it is considered that they
indicate clearly that the new feeder may confidently be expected to compensate for
that diverted. Should experience hereafter prove this not to be the case, an extension
of the channel up to the 5th milestone on the Madras road will bring in the drainage
of about one mile more of catchment, The alignment up to this point is shown on the
survey.

It must also be remembered that with the western feeder diverted and the new.
catchment brought in, the capacity of the tank is to be increased by 5:16 M. cubio
feet, as the new weir that forms part of the arrangements is to have its crest at a foof
higher level than the existing one. The loss to the tank by surplus over the weir

will therefore be greatly reduced, and the efficiency of the tank as a storage reservoir

considerably improved.

48. CompeNsATION.—The line of channel surveyed has been ploughed out and
inspected by the Revenue authorities, who estimate the compensation for the land
required at Rs. 2,680. The channel will intercept the drainage from part of the
catchment of three tanks, and in Appendix J will be found a statement of their
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acreage and the probable effect of the channel'upon their supply. It is not considered
that they will be affected to any extent calling for compensation. They lie in well-
defined basins of limited area and it may safely be assumed that a large proportion of
the rainfall over their {ree catehment will run of into them. Probably oue-third of
the annual rainfall is not too much to expeet, and in this case the statement shows that
two of the tanks will not receive less water for storage than the crops under them
require. No account is taken of the surplus of heavy storms that they will reeeive
from the surplus weirs in the channel, Under the Kadarampolem tank 52-7 acres of
land may be thrown out of cultivation, for which compensation at Rs. 50 per acre
must be paid.

44. Fiurer For NorTH FERDER.—AT present the upper Halsur tank surpluses into
the lower tank over a masonry weir with an ogee fall, in which is a smail vent for
drawing off water from the upper tank when below crest level. The maximum head on
this weir has not exceeded 9” and is generally about 6", This weir is to be demolished
and reconstructed with vents 6 X 4' as shown 1n plan No. 36. In front of the weir
a perforated wall is to be constructed, and the space between it and the weir, which
will be 10 feet deep, packed with filtering material in vertical layers.

With this arrangement, whenever the upper tank receives a supply, it will be
free to gravitate to the lower tank through the filtering material and reach the latter
tank in a certainly purer condition than it does now. Considering the few days in

‘the year that the upper tank surpluses directly over its weir, with the large continual

draft on its contents that the proposed vents will oceasion,.it is most probable that the
M.W.L. would not again rise above the weir crest. If it did, it could surplus direct
as at present, but the quantity so surplused and the duration of the direct overflow
would be small. .

45. Frxcine.—Tt is proposed to fence in the tank (along the-line shown on plan
No. , in chain dots) with wire fencing b feet high and 7 strands of wire carried
on iron standards. . i : .

With a fencing of this nature round the, tank it would be impossible for pakalies
to take their bullocks for water to any but the authorized wells at the watering places;
and the access of stray cattle to the bed of the tank would be effectlially barred.

With the addition of a hedge planfed behind this fence, the public would be

_ shut off from the tank cxcept at the points set apart for their use, and it is probable

that the very fact of the fence being there will render people less ready to trespass
on the tank-bed than would he the case did no obstacle stand between them and ready
access to it. The existence of the fencing combined with proper notices as regards
trespass will also make the detection and prosecution of the offence easier and more
certain,

46. WatERING PLACES.—The places most resorted to in the tank are the north-
west, north-east, south and west corners, which are conveniently situated for the
inhabitants of the Sapper lines, Kalhalli, Halsur, and the cantonment bazaar, and
where any day natives and bullocks may be seen standing in the water and collecting
it for use.

At these places it is proposed to build wells, two or more at each as may be
necessary for caste distinetions, on the tank side of the present bund. These wells are
to be surrounded by a bund and the water from the %ank brought into them by pipes
arranged, so that the outer end drawing water from the tank is floated about 18"
below the surface of the water to ensure its being drawn off free of silt or surface
scum and impurity. To ensure a supply in the wells as long as there is water in the
tank, channels are to be cut from the deep bed to the wells in which the fixed ‘end of
the delivery pipes will lie, and the bottom of the wells is to be carried down to 3 feet
below the deep bed level. The ground round the wells is to be brought up to the
level of the tank bund and metalled for about 6 feet round the wells to ensure cleanli-
ness, and suitable wheels, &e., supplied for facilitating the drawing of water.

~ "These wellsare to be freely accessible to the public at all times, and with these
provided the native population can obtain their water (whatever be the level of the
water in the tank) close to the edge of the bund without the necessity of going down
into the tank as at present. The supply also will be constantly fresh, drawn from the
. ik '
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best possible source, and pollution :

st p 4 of the tank by the conti
primitive and dirty system of obtaining water will be prev:ult«l-:]m
'Z;le ](El{etaﬂs will be understood by a reference to plan 34,

. Repatrs 10 Existine Finrgg.—.As lai
filter at the wells leaks and allows its c‘o:fxe]l)l;lm
is probable that much of the leakage takes A
a thin layer of brick on puddled clay whic-}
the weight of water brought on it.  The £

ance of ‘the piesent

d in paragraph 38 the existing
to mix with the wells water. It
place through the floor which consists of
ch probubly settled in the first instance utder
Rt Sk by Portlan, womdnil he filter is to b’e emptied, the plastering stripped
TR ey » and a layer of 6” of concrete laid over the floor.
1cate with a new pure water cistern in place of the present

one and not with the pump well :
ATiee fo b hemaitios descrilbed_is t(())fbtohi d\gtcl({s as at present, and a small subsidiary

48, ADDITION :
retained, the me(;flillfor;'l;‘i’f?rlz{lst.’-lt = nea_rly certain that if the present system is
present iilters has been noticel({n'1 B4R be, inoroased. | The slow xate.of filtration of the
obthe supply has heon obtaine d“" paragraph 9, and were it not that hitherto the bulk
limited action of the-filter b ; drom the Dhobies’ welis without previous filtration, the
the supply to less than two-tLl( 9 dwou.ld long ago have rendered it mecessary to restrict
6 58 o brovide S dtbisnsl lilftlit:r(s)t tl{;lqutntlty ’d.mt. the troops have been accustomed
. . . 1 (%) wo >, Y § AT f
punf;\lf'llng mlore than about 35,000 gallon: a_duye(::ﬁl'ng ) o e
o absollflt(::i y ns;te where new filter bads can be placed is near the Dhobies’ wells. There
Yy room at the rock ; the only unoccupied ground near it at the boat-

h is i ¢
ouse is too low, being at nearly 2 feet lower level than the floor of the pure-water

basin.

On the assumption that the Halsur water#o be properly filtered cannot be allowed |

to pass through the filter beds at a greater rate than 16 gallons per square feet per

24 hours, an additional double filter—each compartment having an area of 100" X 70

8=h'7a000 S(lllual‘e fe;et——is proposed to be constructed at the Dhobies’ wells situated as
fozv(l)l()?)n the tracing sheet 25. This, with the existing filter bed, which has an area
of 4,000 square feet, will give (allowing for oge compartment out of use for cleansing)

- 11,000 square fee# of filtering surface. During 8 hours’ pumping 11,000 X ' =

fo..

A,

55,333 gallons would run through i i o G

g R 1 gh, leaving, with 2 feet stored on the surface, 137,500
gullonslto be filtered, which at the above rate would be passed off in about 17 hours
more, altogether about 25 hours. The quantity stored in the filtering strata is left out

;fo uegsn.sldemtion, so the time for completing the filtration would really‘ be less than 25

In the event of the Dhobies’ wells ieldi i
) : not yielding a sufficient supply, these filters will -
have also to purify tank water, and to a]low of this, the pipes at prc?sg;;t connectfgz‘:ilje ,

existing filter from the tank must be connected with them. It is proposed, i i
case, fﬁ) allt;ny the delivery pipes from the tank to flow into the maiE fﬁ::ﬁg : tlllrll'othlli
a small subsidiary filter shown on the plan, which will intercept much of the suspend%d
:Elatte-r, and allow the water to reach the main filters'in a chemically purer conditi(;n

an it does now. r;‘he subsidiary filter will in some degree supply the place of
settling beds, and being of such small capacity could be cleaned out at least once a
:.élﬁk by the water-works establishment gt little trouble and expense. As the filters

| befilled from the tank by gravitation, the slow rate of supply owing to the flow
bemgr retardg_d. by the subsidiary#ilter will not be of comsequence.

_The posmon/‘selected for the filters js shown on the tracing sheet No. 25 and the
details on plan Ko. 27. They are generally similar to. those designed for the Agaram
pumping station except as regards area; which is calculated on the assumption that
whgn using the D}lqbles’ wells water or that from the Halsur tank first cleansed by the
action of the gubmdmry ﬁlter,. the rate of ﬂ]‘tration may be nearly three times as rapid
as at present observed. It might be found that with the wells water and Halsur tank
water collecte_d as proposed, the rate of filtration may be as much as 30 gallons a
minute. This might be tested before constructing the new filters, and if found to be
the «case, the expense ai@endant on their provision could be partly or entirely saved.

49, New Pure WATEB CISTERN.—A new reservoir for this purpose would be
necessary at the Dhobies’ wells ; its details would be similar to those described in para-

graph 10, part I, except as regards depth, See plan 27.° ‘

g
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~ would be very small, and at such t
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50. New ExciNes AND ADDITIONS TO Exeive Houvse.—As in this case accommo-
dation for condensers is not required, the new engines might be arranged on either of
the three plans explained in paragraph 29, part LI, the most economical of which would
be the retention of the present machinery and addition of a new 12-horse power engine
at the wells. The alterations to the engine house already described would be suitable
in the present instace, und new boilers for the engine at the rock and at the Dhobies’
wells would be necessary ; in the latter case 2 vertical boiler should be provided on

‘account of limited space.

51. NEw CoNNECTIONS WITH THE ST}ND-PIPE-—Thefse would have to be made as
already described to admit of direct pumpiig from the wells station if necessary.

52. Avprrioxar Werrs.—In 1879 the total yield of the wells amounted to
14,419,800 gallons, of 450,620 gallons per well. By adding 10 more wells, a total
annual yield of 18,900,000 gallons might be eXpec'feﬁi,_ which would rather more than
suffice for a daily demand of 50,000 gallons. .A‘{dltlonal wells were commenced in
1876, but the works stopped at the request of the Commander-in-Chief on the grounds
that their construction o the site propoged endangered t.;he safety of the Halsur tank
bund. By sinking the wells on the alignn}ent Shown_ in plan No. 25, in rear of the
nullah entering the tank on the east, the tank-bund will in no way be affected. The
cost of sinking the ten additional wells and connecting them with the present ones
would amount to Rs. 5,580. In the event of the wells not yielding the entire supply
for the year, the deficiency to be supplemented by filtered water drawn from the tank

imes special attention might be directed to the

ater used and the measures adopted for its“'fu?ther filtration at the barracks them-

selves. : : ok :
“Details of the wells and connecting dgains are given on the tracing sheet No. 25.

. 53. Cost or THE Prosrcr.—The total cost of Project C would be Rs. 1,383,000,
Tt would improve the conditions of the Halsur tank by completely diverting the town
drainage, fiitering the northern drainage, and bringing in a supply from a cleaner.
gathering ground. It would also ensure the proper conservancy of the tank and
supply the troops with filtered Dhobies’ wells water for all purposes except in years of
scanty rainfall, when the yield of the wells ﬁmght be insufficient and & small quautity
of filtered tank water would have to be used. 2
‘The cost of the several items would be—

RS
. 1. New channel, masonry works, compensation ... ast 28130
2. Improvements to tank . SR, LD 33,730
1 3. New engine and pump ... =~ it 7,800
4. New hoilers for present engines 4,360
5. Alteration to wells engine housg‘ 2,170
6. New wells PR 5,580
7. New filters il R e ab T e v 15050
8. New purc-water GiStern .. = wse ot eee e e 4,630 ;
9. Connections at station ... 2 s 1,073 &
» . 0. Do.  with stand-pipe = ..o ' ees oo win i e 7,170
11. Repairs to filter ... g e e 1,570
12. Roofs to cisterns ... iy . 18910
) " ' Total ... 1,20,678 +

Unforeseen diiitingencies ... 3,327

* Grand total ... 1,33,000

¢

The working expenses would be much the same as at present, the existing estab-
lishment sufficing, so that the annual expenditure would be as follows :—
. ; ‘ 2 |

TFifteen per cent. interest and depreciation on new machinery we 1,140 ¥

Ten per cent. on other works ... e 12,230
g IR 400

. WOI .ng expenses o —an LA SN e i

Renewing filters . g LS | Lere ol P e e MO

y . ' w 1 : i

| L X2 Total “bimlg 27,000
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With a supply of 60,000 gallons daily, the cost per head due to the
would be Rs. 55 and the cost per 1,000 gallons Rs. 1-2.

.Adding to the total annual expenditure shown above 10 per cent., or Rs, 5.00.592
previously spent on the works, the cost per 1,000 gallons would be Rs, 26, =

improvements

54. POSSIBILITY OF IMPROVING EXISTING SYSTEM WITHOUT DIVERTING THE TOWN
DRAINAGE.—The following remarks are now offered with regard to the possiblc‘ reteI;-
tion of the existing system in a somewhat improved form, and they are offered with
diffidence as it is known the ideas they embody are directly opposed to those of man
officers of high standing and experience, and particularly to those of His Excelleuc)t
the Commander-in-Chief, who has recorded a strong protest against the continuance o)f
the Halsur tank as a source of supply to the troops in any slmpe whatever,

It is an undoubted fact that previous careful analysis of the tank water has
pronounced it * usable” after filtration and that of the Dhobies’ wells water as usable
without filtration, and at the time when the condemnatory analyses were made (in
May last year) a long season of scanty rainfall had lowered the water in the Halsur
t-qnl; considerably. The recent analysis of the Agaram tank water shows that under
similar unfavorable circumstances if may, equally with that of the Halsur tank, be
pronounced unfit for domestic use,

It is suggested that, by increasing the supply of the Halsur tank and ensuring
the storage of a greater volume of water, its deleterious characteristics may be so
reduced in quantity as to remove the objections to its use as a source of water-supply.
The question of the unfitness of water for domestic use is one of degree, and a usable
water, or even a pure and wholesome one, may contain precisely the same impurities as
a ba(_l water, but may be used with safety owing to the smaller relative proportions of
the impurities contained. With a small ®olume of water stored in the tank any
impure supply it may receive naturally affects it to a greater extent thaun it would do
if the tank contained a larger volume. :

The supply that the Halsur tank receives from the western feeder is undoubtedly
derived from a gathering ground containing numerous elements of contamination, but
it is believed that the conservancy exercised over the cantonment bazaar together
with the action of the main sewer teud to reduce the amount of contamination to a very
considerable extent, as in fact analysis has proved.

The cantonment bazaar, which occupies about one square mile of the catchment of
the western feeder, is .covered with well-metalled roads and good stone drains, all of
which discharge direct into the large sewer that runs alongside of the main feeder
and on a much lower level, and only during heavy storms, which are of occasional
occurrence, can the street drains discharge into the supply channel of the tank. Befort
they. do this, they must have been thoroughly flushed and much of their contents
carvied away by the sewer. The drains and roads are frequently inspected, cleaned
out at intervals during the day, and refuse accumulating about the town and on the
roads is collected .and stored in proper receptacles to be removed by the conservancy
carts. It is certain that a very large quantity of the cantonment refuse has no chance
of reaching the tank, and as, from the nature of the surface of this catchment, a large
- portion of \Z'hich is occupied by metalled roads and masonry or tiled roofs, tlxé run-off

in the case of heavy storms is very rapid, the contact of the dramage with impure
matter is probably of shorter duration than in the case of a drainage from (I) hen
cultivated country, where the ®infall finds its way slowly through soil saturated “I, il
manure and other refuse. giving it ample time to absorh impurities. Of course, sor 1
- portion of tl}e foul cantonment drainage does reach the tank at times, and .{h’is ;‘:l(t
must bfe admitted, ’bUti were the tank always fairly full, it is believed th:lt the pmpo:--
:;?)11111 &; 4 ;Ifg);glty in the tank water would not be greater than what proper filtration

If the western feeder were allowed to supply the tank as at present and th
drainage of the additional catchment on the east also brought into the tank (whicﬁ
should at the same time be placed under proper conservancy as proposed in paragraph
37), the quality of the water would certainly be improved. ks

The Dhobies’ wells water is admittedly of a better character than that of th
Halsur tank, but filtration of this water has not hitherto been resorted to. With thg
Halsur tank constantly full, as might be expected with the new drainage brought in,
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the supply in the wells would certainly be increased, and by the construction of
additional wells as described in paragraph 52, these wells could be made to meet the
demands of the garrison with proper economy of consumption.

The working of the present filters might, it is thought, be greatly improved by
more frequent renewing. Last year they were cleaned out only once during the year,
and it is considered that this should be done oftener, say once in four months, or three
times a year.

The surface of the filter beds should be scraped once a week, the top three inches
of sand removed and fresh sand to the same depth substituted, for which purpose a
sufficient store of fresh sand should be kept stacked at the pumping station. The
most expensive item in the filtering strata is the charcoal. This, it is thought,
need not be entirely renewed more than once & year, and by keeping a sufficient stock
of charcoal on the spot, one supply for the filters could be kept in use for twelve
months, The layer of charcoal removed at one cleansing could be screened, sifted,
and left exposed to the sun and air to oxydise and be replaced by a fresh layer from
the stock, which in turn should be similarly treated at the next cleansing, being
replaced by the quantity previously removed. All this, of course, would increase the
annual expenditure on the works, but artificial filtration of water is an expensive
matter, and, unless proper measures are taken to ensure the filtration being really
efficient, it had better not be undertaken. : Wiy _

" If the drainage of the eastern catchment is brought in without at the same time
diverting the western feeder, the present waste weir must be lowered as proposed and
the new weir constructed in the tank about the point shown on plan 34 and connecteii
with the south-west embankment by a cross bund. The drainage area being in this

2k Mkt case 7 square miles, the flood discharge
- U . T A
Over 1" per hour over the whole catchment. mlght be — 8507 79 = % 1,505 onbia

feet per 1. This could be discharged with a head of 13 feet by a weir 188 feet long,
and the bridge over the existing weir, which has nine bays of 10 feet span (if the
weir be lowered 4 feet), would pass the above discharge with a velocity of 4'3 feet per
second and a depth of 4 feet of water on its floor.

All the other arrangements, excluding those for the diversion of the western
feeder, should be the same as proposed under the head of project C. _

The cost of this scheme would be Rs. 1,10,000, allowing for a new engine at the
Dhobies’ wells to provide reserve power, new wells, and filters.

IV.

55. GENERAL REMARKS oON THE Prosecrs.—The Agaram tank project, though
the most expensive, is undoubtedly the best owing to its greater simplicity, but it
labors under the disadvantage of the quality of the supply being even now of doubtful
character and the possibility of its being condemned at some future time.

‘Tanks receiving the drainage off cultivated land must not be expected to yield a
pure and wholesome supply, and the remarks in Colopel Mullins’ report on the tanks
he visited indicate this very clearly. Theresults of the numerous analyses lately made
prove that such examinations really give most uncertain data to work upon in deciding
on the fitness of tanks as a source of supply. They show that the water in the same
reservoir is liable to constant change, and in fact can only be accepted as indicating
the character of the water at the time of its examination and do not give any guarantee
as to 1ts average or permanent quality. The Agaram tank water has been pronounced
“usable ” at one time and “ bad ” at another ; so has the Halsur tank water, and it is
more than probable that analyses of other tank waters at'different times would give
equally contradictory results,

The only course open is to accept this fact, and, where tanks have to be rosorted to

as a source of supply, to provide ample arrangements for thoroughly efficient artificial

filtration. With this object, large filters have been provided in the Agaram scheme

and the possibility of its being found necessary to still further increase them pointed | |

8
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gcl:rt.to Zl?:bgt:ﬁ‘:gnt?dpor(;;;lqed’ some considerable outlay annually must be provided

R ok : eir duty efficiently.
ds nking ‘Ssat(::eengi;‘fl(;ngggit}niuza.tgr wil} ensure the troops being supplied with
MREEaorr of T L considpl-c{ﬁn’ tiurd by no other means can tl.ns be done.
A paconk bchioe s the Heavy At ‘:’rd & though little more than half that of the
back toit. The outlay incurred ‘fl’evﬂ‘ht'lll'c 1t will involve in fuel is a serious draw-
may bé expected to settle deﬁnite’l 0\¥ ever , will ensure a .pvrluf:tly certain result and
for the troops, which sehemes basedy tl%pmph‘-‘lllg question of a pure water supply
do. It may be so artnged it th ont .0 natural sources of supply attainable cannot
to arrangements for dire?:t i in: I;I'Ch(lllt system remains unchanged or be adapted
urged, for, as pointed out in p‘ug e the wells. This latter proposal is strongly
collapse unless direct . Paragraph 25, the present system 1s liable to a temporary

e eehamed pumping from the wells is practicable.
diverted ;q ;;?);Zsc? 5 I}I;?rf,:;{lﬁ};hg Uulsur_ tank, unless the town dr:'tinuge 18 .eutirely
they carnot guarantee reSlIltthhct ) can ().n]‘y be regarded as (}()ul)ttlxl expedients, as
R i b at will satisfy the condl.uuns laid down by analysts as

or chemically “ pure” or ¢“wusable” drinking water, The uncert
data that analyses afford has bee < inking wa er. 1e uncer ain
G L e e Sz;.nita en r'loted_m.pumgraph 53, and in Ap'pt;m‘lnf X will be
Goverimeit quoting the view I'}f" (.omnnsgmr_xcr at l\Iud1‘g§ to the Chief b«-crctq_ry to
Tendall. as to th fl'-’. B 8 of various eminent avuthm‘m'os, among others Professor
yndall, as to the shght practical value of analyses as a basis of opinion regarding the

suitability of a water for domestic purposes. In the letter under reference a water
reported on by the Chemical Examiner as ¢ bad ”and containing « very large amount of
albumenoid ammonia 18 considered by the Sanitary (lommissioner to be not injurious
to health. I_t is believed that no scheme of water-supply for the troops ‘at Bangalore
with any of the tanks in the neighbourhodd as the source of supoly will fulfil the
chemical conditions that will admit of their waters unless artificially filtered being
classed as pure or usable. ;

If the town drainage is diverted from the Halsur tank (and it must be remems
bered that at present a very large proportion of the actual sewage never reaches the
tank, only part of the storm_water of the town enters it), it seems reasonable to

. suppose that the conditions of its atchment would then be very similar to those of the
Agaram_tank, and that its water, which undoubtedly in previous years bore a high ¢

character, might regain its former quality.

So long as tl}e tank receives a supply from the western feeder, the fact must
remain that a portion of its supply is derived from a foul source, and no improvements
in the town drainage can entirely divert this. 1t is a question for doctors to decide
as to whether, by increasing the supply of water to the tank as proposed and providing
greater faC}lltles_ fgr ﬁltrfxtion, its water may be rendered wholesome and fit for use.
On this point opinions will probably differ. The Rivers Pollution Commissioners in
England reported that the waters of the Thames and Lee were so foully polluted that

by no possible means could they be rendered suitable as a source of water-supply for

London, and therefore. recommended their entire abandonment for such a purpose.
The Water-supply Commissioners ” on the other hand reported that with proper
filtration the waters of these rivers could be rendered perfectly wholesome and fit for
use. Both oonl.m{ttees included men of high scientifie reputation and of unquestioned
ability, ax_ld their irreconcilable views on this important subject only tends to illustrate
very forcibly the uncertainty that exists in all questions where a natural source of
supply of doubtful or suspicious quality has to be considered. »
With either of the schemes for utilizing the Halsur tank it has been proposed
to ﬁltc_sr the Dhobl_es’ wells water, so that, except occasionally, when the wells might
nof;yleld a sufficient supply, an already naturally-filtered water would be further
subjected to artificial filtration previous to use. :
A return kindly furnished by the Deputy Surgeon-General shows that -in the
years 1879 and 1880, when'the Halsur tank contained a large volume of water through-

out the year and nearly the whole supply the troops received was obtained from the

Dhobies’ wells in a natural state, there were 1o deaths at all in the station from causes
that could” be attributed t0 a bad water-supply. Deaths from such causes have

increased regularly in the three successive years during which the Halsur tank has
received a scanty supply and has been steadily getting lower. Of course all tanks and

=3 schemes, so that they have had a good deal of practy
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wells in the cantonment suffered to a similar extent. This would go to 'prove that
with a good supply of watér in the tank it may be used with safety, and the suggestions
practicable and would ensure a greatly-increased

for increasing its supply are perfectly :
storage, the maintenance of a higher level throughout the year, and a better supply in
the Dhobies’ wells. Vi ;
" To sum up, the arguments for and against the several schemes may be thus
stated— .

Acaram TANk SCHEME, Prosrcr A.
Con.

_Present doubtful quality of water and possi-
bility of its being found bad hereafter. gossi-
bility of requirements for cultivation at times
interfering with the demands of the garrison.

Pro.
Simplicity. Quality of water at present
better than that of the Halsur tank.

ScEME FoR CONDENSING, Prosecr B.

. : inki Dual system of supply. H o1 e
A certain supply of perfectly pure drinking 1l system of supply. Heavy annual ex
water. Utilizart)iou of existing works. penditure in fuel.

SCHEME FOR IMPROVING Harsur Tank, Prosecr C.
oy . . . * btflll ut f 1 Ob. 4
Utilization of existing works. Supply from Dou quality of supply. Serbinhu o
a so&r;a }:nown to beg sufficient as regards the part o.f the mumog).ahty. to a portion of the
uantity and to interfere with no existing rights. scheme, viz., that for diverting the town drain-
}mprovement in quality of supply. Bulk of age:
the supply obtained from a na_tura.lly-ﬁ_ltered : 2
source gurther purified by artificial fileration. »

G ; Alternative S uggeftion.

Doubtful degree of improvement in quality.
Known inflow of a certain quantity of drain-
age from a foul catchment.

Tmprovement in quality of supply and utili-
zatior}) of existing system. Bulk of supply
derived from & naturally-filtered source and
further purified by artificial filtration. In-
creased storage and consequent Increase in the
Dhobies’ wells supply- : : .

56. CONCLUDING ReMARKS.—1t 18 believed that all possible requirements are

included in the estimates submitted, and allowances have been made for unforeseen

ingeneies. A ,
contl%%zncprices of machinery and jron work have been taken from the published

alogues of Messrs. Richardson and Cruddas, Bombay, and Messrs. Bolling and Lowe,
(I;?(f;g)(;:cand the charges for carriage allowfqor freight by sea from Bombay to Madras
and rail from Madras to Bangalore except 10 the case of machinery, for which carriage
by rail from Bombay is allowed. The rates by sea include bunder fees. :
In selecting the engines, the only guide has been the descriptions in the
illustrated catalogues, and possibly communication with the firm from whom it is
decided to procure the machinery would enable more suitable engines to be selected.
The prices of engines of gimilar power, bub different construction, do not differ greatly, -
and the amounts entered in the estimates may be relied upon to cover the oogti ‘of
Whate'nh‘?e: %?gdgf;"i:;e”orgi?ct acting steam pump (Tonkin’s patentg mxglllt beh found
suitable, and, if so, would occupy less space,.be more easily Segu&d a[;r cosgih ess Zalan the
engines and pumps proposed. 1t is imposmble, however, to decide : i eﬁ?ﬂ , (%gtl;ﬁs
whether these would be suitable to the present ‘?;39’ 91-;‘1 P‘;"ﬁ"g‘" wlc?li{)scb e‘oll:e c(:a - 18
machinery, with information gafihered on the spot: from the MAKELs, W sary
to enable the point to be decided. ! than io Bombay, but the carriag
Prices of piping are rather higher 1. Madm?ar, et thaz’it SN bet?gg

from the former city of course less. It is, bowev 3 3 >
o nd Messrs. Richardson and Cruddas o
to obtain the whole of the plant from one firm, & b ith ; they have alrea 3% st

Bombay seem to be a suitable firm to contract W 4 !
: . holapar, Tanna, and Kola water-suppl
g g e N iyt ':zal eXP:Arience in this Particula{
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g:f‘lg’bo'f(l)lgofost of the piping supplied for the Jabbalpore works amounted to
: In all the projects provision is made for reserve engine power. This does not exist
in the present system, and, as already pointed out during the last fourteen years that
the troops have been drawing their supply from the Halsur water-works. the : h‘“‘_u
been liable to an entire failure in the supply in the event of the breakdoxv’n of yoné of
the engines.
~_ An abstract of the cost of the various items for the different projects is tabulated
in Appendix Y, from which, if desired, a decision can be arrived at as to what savings
may be effected by the partial execution of one or other of the projects. It is possible
that some of the additions or alterations proposed may not be considered necessary, but
all the suggestions have been carefully thought out, and it is believed that none of the
proposals made are unsupported by sound arguments in favor of their adoption. ;
%The report on the water-supply for the troops at Bangalore now submitted deals
with all the suggestions made by Colonel Mullins in detail, and is of much greater
length than was at first anticipated to be necessary. Looking, however, to the fact of
the doubtful analysis of the Agaram tank water ‘that was obtained subsequently to
Colonel Mullins’ investigations, and with the past experience of the uncertainty of tanks,
although pronounced suitable at first, continuing to yield a satisfactory supply as
regards quality, it was thought advisable to go as thoroughly as possible into the
whole question of the various schemes suggested in Colonel Mullins’ report. In
attempting to do this, the undersigned ventures to hope he will not be considered to
have exceeded his instructions, nor to have been at all desirous of advancing his own
views on the subject in opposition to those expressed by (Colonel Mullins.
 Inall the projects numerous alterations have been proposed in the existing works
L they S.hOllld be in any way retained. When the Halsur water-works were
originally designed, it was unfortunately assumed that the summit of the rock had
sufficient command over the various barracks to allow of their being supplied by
gravitation from a large filter constructed on its crest. When the works were
considerably advanced, this was found to be impossible owing to the infantry barracks
standing at a higher level than the rock itself attained. The result has been that the
pumping station at the rock is situated where Qlcre is insufficient filter ,accommo-
dation.

Doupts as to the suitable quality of the Halsur tank water that arose during the
construction of the works led to the commencement of the Dhobies’ wells scheme for a
separate supply of drinking water. Careful analysis of the Halsur tank water having
in the interval proved it to be of a sufficiently good quality to warrant its use by the
troops for all domestic purposes, the two schemes Wwere amalgamated ; but, as they at
present exist, they are entirely dependent the one on the other and are incapable of
affording reserve power. The possibility of a breakdown in the system through one
of the engines becoming temporarily disabled has been commented on in previous
paragraphs. y

COIMBATORE,

_J. ROMILLY, Ca tain, R.E.
16th November 1884, 0% el :

Executive Engineer.

(Signed)

e m————
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APPENDIX A.

Prosecr (GENERAL).

Statement of Troops, Families, &ec., to be sugplied wr.h Water.

EUROPBANS. Native * .
Corps. Followers Horses. Remarks
Men. ,Women.l Children. l Total, 1.
Battery, R.H.A. 181 31 48 260 1,303 196 | R.H.A. cistern. ;
2 Batteries, R.A. .. 324 39 60 423 489 234 || Cavalry B.K. or R.C. :
1 Regiment Cavalry .. 482 48 82 612 1,307 396 } cistern.
1 Battalion Infantry .. 993 58 94 1,145 207 14 | Bakery square cistern.
i .
-
" Statement of Gallons required daily at 14 gallens per European, 1 gallon per Native, and 12 azllo
: - per Horse. TANE ¢
. Corps. iEni-opeans. Natives. | Horses. Total. Remarks. Y-

1o do: v RA,

| Baftery, RELA. .| 8040| 1,808 | 1852 6205 RHA. cistern.

1*Regiment Cavalry .| 83568 | 1,807 | 4752
1 Battalion Infantry

5922 | 489 | 2,808 | 9,919 .
; 1 4,627 R-C. cistern.

16,030 207 168 | 16,405 | Bakery cistern.

L
T'otal ... | ‘84,160 |° 3,306 9,080 | 46,546
: 1 * )
2 R
Statement of Working Demand adopted. 3
; GALS. ’
For Royal Horse Artillery ... B O «. 8,000
. Royal Artillery and Calalry ... = o o e 80,000
,» Infantry e 22,000
o Total ... 60,000 per diem,
. A el ol
. .
, APPENDIX B. | L
g : Prosecr A. ; il
» : Statement, of probable Engine=power and Fuel required. _ AR
By experiment it has been found that the 12-horse power (nominal) engine at the Halsur b
rock consumes 230 1b. of wood per hour, with a resulting indicated Horis gower of 255, or more IR g
at 20 Ib. per nominal frh i

" than double the nominal. The expenditure of wood-fuel may be assume
horse power per hour. O b A ; 12
The water from the pumping station at the Agaram tank will have to be raised 150 feet s 4
above the pump level, and this can be effected in two Ways :— ' b
I. With a single engine ]'i»lumping on to the filter beds and to the pure-water reservoir
alternately, in whie c _ :
gailons in 8 hours, which would require a rate of pumping of 370 gallons per minute. o
TI. With two engines, one to fill the filters and one to pum
two days’ supply :
delivery may be 250 gallons ,
The lift to the filters will be 10 feet. [ence the horse power required will be as follows :—
1. Witha single engine— g i ' Y
To pump to cisterns 370 X 10 X 160 3 1 6.0 horse powe?, or adding 50 of, say

To charge the ﬂlters 35000 n-i‘-;I; ‘say_z:horse_ power.

case it mustbe capable of raising three days’ supply, or 180.000

th to barracks, in which case oY
only need be sgnttenp at one day’s pumping and the rate of i
minute. ' y

33,000

24-horse power.
370 X 10 X 10

Y 9 . ; ’ "
> ' 4 ’ o P

iy
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APPENDIX D.

APPENDIX C-2.

. Prosecr A.®
Prosrer A.

_ Caleulations for Mains from Agaram Pumping Station to Ba :
; . g rrack Cisterns,
Statemen‘t showing probable amount of Pumping monthly, supposing three days’ supply sent up at a time. rack Cisterns

GALLONS POMPED. Sats of norer l Gallons ' PrANGRIRE
S T SJsle 07 pu required to]
e To ﬁlier To cis- water basin rf(ii’lllllistc:ms Remarks.
*| terns. at 6 A.n. at 6 A, | °*
e T e R
- | gt Full o 6,000 | Demand 60,000 gallons per day.
2T 3 180,000 | 120,000
3 180,000 3 II?::.H: _ .. | The pumps would be working five days a week
4 i b Fnlf ¥ 60,000 | alternately on the filter beds and cisterns.
5 b ¥ : 20,000 | :
6 .. | 180,000 18(.)'.000 %;“t 5 I..‘ " For four days it would only be necessary to send
7 o W 120,000 Ful{’ s ¥ 60,000 | up two days’ supply at a time; on other davs
S. 8 4 o & full o = | three days’ supply must be pumped up, which at
9 Wi 120’000 .: éi::u :: 60,000 | SU’OUO gulluus a dﬂy = 180,000 gallons.
10 | Leiiong | 150000 [l Fun | 120000 |
i2 o RS (8,000
14 | 180,000 (.)’000 g:\nt o k.u' To fill all the cisterns whilo meeting the daily
8.15 e o : Ful%) ¥ 0,000 | demand, wonld “require eighteen du}_'n continu-
16 o . 18(-),-000 Full 120,000 | ous pumping on the ‘r:ml‘:-rns and filters alter- A
17 oo | 180,000 | T Bmpty | .07 | nately. See Appendix C-k. PUMPING STATION
18 % we ve Fall o 60,000 |
'l’g S 180,000 Eull s 120,000 i
- . s ‘e impt ‘e .
8 - 2 i~ ;f‘f‘l{, | 3 At V¥ 150 feet. T tok tem ik ing station at A will have to deli .
.22 7 b Ey ull i 3 ~ g e e p e 1e mains from the pumping station a ve to deliver water over the stand-ni
23 L% 2 | 2 g | Rateof pamping . 370 gallons per minute i . g T the stand e at
- | 1 ('11000 s, %:ﬁu % li(f.()o - g K g M ¢ S to the Race-course cistern at C, the Roya.l Horse A.rtlller{ cistern at D, and the Euzx):)%gan
2% | 180,000 v ) Ty g 60,000 | } Infantry Barrack cistern at E. The following are the levels, length of mains, &o, ;—
5? . } i sl ;;ng o | 120,000 i | Level at pumps at A e . 2879:00 » “
28 =1 1880000 - %'E::lpzy | 6s000 - Bl AR Do. at top of stand-pipe ... - 3030-00 6
8.6 i o o 1 1300000 | ’ = | Do. of main at B - 2967-00 AB = 6,400 yards. :
3? 12 faat l 180,000 1[;'11]1 5 000]! . ; 5 : Do. o =ab (2 . 2975°00 BC =& 60 .
i A b Smpty ; | B , Do do. at D 297300 BD =
| ' & . : = 600
5 — RIS Vel L g Do. ~do.atB.. .. .. .. . 300000BE=28300 | \
—_— E | The required discharges are as follows :—
- g ‘. & By
APPENDIX 0-3. a i : i, . ! _ Into the cistern at C .., A e+ wes ... 190 gallons per 1.
* Proseer A W ) BO- do. atD .., ke - un R e 20 do.
¥ s . : ; = 1) ‘ ; 0. do. atE ...
~ Btatement showing probable amount of Pumping required per month, supposing tico days’ supply sent : 130 do.
: > ' : —————
T Ay , up at.a sime, 4 e » o hotel . . <870
.. . § . GALLONS PUMPED. Gallons » ; ¢ ey
. ‘ ' State of pure- et The total quantity must be delivered at B in 8 h i t
. i g re | requi q : elivered a ours, which at 370 gallons 1 =
Pt To filter. T‘:.,,c:" ' 'nnttgr::m ﬂﬁ %ieh:" . Zie i 180,000 gallons. . p : g e e
- : o5 The question is solved by Box’s hydraulic tables—
L]
8. ; g e i s Demand 60,000 gallons per day. (1) Asswme a 77 main f:rou.l Bto E. By tl}'e tables, the head neces to discharge
: i % b % : 130 gallons per 1 minute through a 7" pipe — 00413 feet per yard. Hence head |
4 .. | 120,000 | 120,000 60,000 | The two pumps would work four days a week, on necessary = ‘00413 x 2,300 = 9-49 eet. As B is 800000 — 2,967 = 3300
z 8 G i SRTD s | ™ day only sending up one duy's supply. 29296 9bef:low E, the total head required at B to secure the necessary discharge = 7
B ’ v ; :  42°49 feet, say 421 foet ' t IR
7 .| 60,000 | 60,000 ) 7 Mot Loy § . - ’ : .
58 ad i AV ab.'ooo L e N, e (2) The main BD rises 6 feet from B to D, hence head available at 13”:(; 42:50 —
- ¥ g . s pumps workin s i e 3 . . i
: e b 0, : 0, i B e kg for nige miit.‘,‘f’g“‘:ﬁ’;‘ﬁﬁﬁ}; o : 4= 385?. The length being 600 yards, the working head = 5+ =-0641. :
g‘i 5 e B P07, | Qoo »  The required discharge is 50 gallons por 1 minute, and by the tabies a 3" pipe o
y l_: v ‘28% b o o o o Wﬂdl dl_sclﬁi'ge this with a head hmrd :: bgtl?is é's pipe may be adopted, 5 Y
s i 60,000 3 ift 5 oo 150 foet. and will allow a margin for loss o ue y & : 4
8.15 b i ¥ 7 Rate of pumpin .. B35 ; r : . 38-50"—
. 18 -« | 120000 | 120,000 || {ga.  ..¢| 60,000 | Horse power of engine | 1o S /08 ber minute. (3) For th: :;mn"h to the cistern at Cythe head per yard with O 8 feet above B =°0—%
.. e .. 4 .. P é 0- A 3 . -
:g .| 120,000 | 120,000 60,000 ga) ="~ = '608. To discharge 190 gallons per 1 minute with this head, a 31" o
» <3 azo000 | 126000 v 60,000 | 8. = Sundaye, ' ¥ Atpge will more than suffice, the actuql head per yard required being ‘28'feet.. ¢ A 2
21 | 60,000 | 60000 p 1) the total head necessary to secure the necessary discharge in the branches is
8'«3 R R 23 o 42:08 feet. The top of the stand-pipe being at 3030°00, and the main at B
24 i bt 5 ' 3 i , — 2967°00, the command over B = 6300 feet and the head available to work on
25 oo | 120,000 | 120000 » 60,000 ‘ %33?;1 7 %1? = 6300 — 4250 or 2050, say, ;’g feot. Hemie he&dtePer yard =
2 . % o N : . e required di at B being ons per 1 minute, a 12” pipe
.- | 120,000 | 120,000 | 60,00 : : < ] ; . : P '
gg T e eo,goo , Sifon : : would discharge this with a head per yard of 00228, leaving a margin of 7 feet R
.29 s e T % . per head to overcome loss due to bends, &e: - | |
30 o | 120,000 [ 120,000 | 60,000 e . , 10
31 . & oo S R : : ' A i
et 2 CHIEAREE i T Bl e i SR ; : ol
' - k 'aj':
- i ‘i‘r,»‘l-‘:{ cl
vig . S naA
o & & y 3




- Taking the weight of such pipes at 77 1b. per lineal feet, the weight of each 1
= 11,550 1b. = 5°15, say 5} tons, .ang

ok stability about any foot will = 16 x 15 — 240 tons, or less than

" =079 square inches ; which, taking the resistance to erushing of cast iron at %6 tons

Hence the mains may be as follows :— ; .
AB “":':‘ LAA s ) . s s e aee e e wen 12’,
BC FUCEET 0 S S R U
BD R I L T i e O
BE & ey

and the above sizes will meet contingence of loss due to bends, incrustation, &e.
Suppose two days’ supply at a time pumped up, which would require a discharge of 250
gallons a minute, the water must be delivered in the following proportions :—

L AL0 Airiiaes ... 124 gallons per minute.
e e ok e R ) T do.
I e 2 een 590 "dot do. ®

Total ... 250 gallons per minute at B. >

Calculating asbbefore, it is found that the dimensions may be as follows :—

A—B e s ) e see e ew e 9") 10” i -
BO 2%'say o
BD R R e ol

BE . EL “ae e wen L) s 6“

APPENDIX E.

Prosgcr A.

Caleulations for Dimensions of Stand-pipe.

It will consist of three cast-iron flanged pipes bolted together in 15 feet lengths, each pipe
having atotal length of 150 feet. The diameter of each to be 12” and thickness of metal §".
x: B - will be 150 XT}';I
total weight of three pipes = 15%, say 16 tons. e
pipes to be connected at the top, and set up with a gatta of 5 orplge;eet base, 4
is necessary to examine whether the structure is safe, (1) against overturning under wind
».(33 sg;mt cm;hmg near the bed joints under its own weight, (3) against collapsing
(1) As regards overturning.—Taking the wind pressure at 50 Ib. uare feet horizontal
| assuming the e on a oyhndngn.l surface to be } that,on a !}rtrzgrfm, of a breadth
equal to the diameter, we have the total wind pressure on one length of pipe = 116 x 50 x
3 x 150 = 4,350 Ib. = 2 tons nearly. . ¢

The centre of pressure will be 75 feet above the ground, ’lanoe moment of wind pressure about

~ base of structure = 3 x 2 X 75 = 450tons. The total weight of thethree pipes'is = 16 tons, and

the weightrof the braces, &e., would probably amount to at least another ton, T.
the weight of the pipes alone which would zot vertically through the apex of the
cut the at a point 15 feet from the points of contact of the tripod with the base

, however,
and

4 2 ,_tl(xle moment
’ : , © i e moment of wind pressure.
The structure, therefore,—supposing the pipes to be rigid—will not be quite safe Bgaill:st over-

tmingnnd.m::tdbe ﬁed. i

(2) As regards crushing at the base.—~Fach pipe has to support its own ht

extra mntannfim' braces, &e., or say 6 tons. p'Behe area of tge annulus of:i?pipjl:ltu lbf::;

PURTS:
is,

pipe would have a tendency to.ben%vmrdt

o ain a weight of 26°4 tons; giving a factor of safety of about 4, The

) s poaapeiag.-?g' The l‘ma

* under their own weight, and this must be met by horizontal compression stays.

Two pipes will always-be full jof water, shence the weight' in each = 6'tons + § ton water
say altogether 6} or 7 tons. This Will act vo:l:.l;oﬁ}lf through the centre of’ﬁgumgfmhripe:
producing & horizontal thrust of about § a ton'at the centre of the structure. At each joint
dongthe?pes,thmmnbetvgohonmt.loompmmonm”,andiit.heymdmignedgom
a thrust ofi_t:on ewh,,ﬂ];?wxllbeof amplo strength and the structure rigid with regard to

effect of its own weight. :

- For the braces, each section of the pipe must be tied downtotbaombelowto-preventlifting-
under the wind pressure. " If each brace can sustain a tension of 1 ton, they will be amply ‘
or }” diameter braces will suffice. St ’&Z

»

For guys. Suppose them to be attached 100 feet from the ground at an angle of 45°. The

; th , supposing the pipe unsupported by the rest of the structure, would be under
??::;O:n ?inl i - f;bymsrgm wire rope would be ample,—having a breaking strength of 3 touns.

ve
Y » . 7
_ : . |
- % :
39 ..
é & ‘
w Calcldatio'" 0f qﬁmpresm Bmees. : ’w
Lt — fonoo in Ib. in irection of longth L 1120 I, 2 i
¢ — ultimate resistance to b .
a = factor of safety for live load = . L - : ‘_‘;.-f-
£ — 4500 Ib. ' ; o B
- . : 4 S ; A
1 = length in inches. aed i d bars, L G
4 = 5o for bottggnds fixsC AR "
. WA (RS
i : 5 i ey s B
. 2_2x‘£='32(1+9';;": : J * g
AT —ap . s
. It 1= 216" Tty ' , . 32 : ok
- i =1y 4 ‘ Bt :
b = 48 f s e
APPENDIX F. | | ERE s
Caleulations for dimensions of Chimney Shaft. § '
| Stmtorins alles ST I8 VIR i
" "*Leta = aros of firegrate in squarefest =5 S iRl
Let; — height of chimney 1 feet, S ‘ . e’
A.—..léastareaofﬂnemﬂlmm"h‘?’ # o e
108 x @ FRse 2 . e : ,
i -AT g ; ; s i"
Make diameter at bmmhfeet. G : : £ | ke
. f batta = 3" per foot, the diameter at the top will = (ﬁ-—ﬁ)hﬁ?t=§5 ee e S
e B
b
2. 9. 0
A==XpT7T ‘ 4
25
22 9 A 180 x 32 .
5 180 x 32 X 28 X 25 _ 936363 . » e
Ry 28 198 N 2 G bt LS
g re L aecsie AR
R e I b s
— 172354208. 2
Log.‘52’91051 = 1'7235420. iR

i i Ca
C B Tafuntry, 1,145 do.

Chimney may be ...~ -e
* Mop diameter ~ «s et T T
' Bottom diameter .. e

APPENDIX G .
Wﬂefwﬁwdfor Dri (o v =’, 780 3
el SRR e i
Cawlry, 612 doi =S e = 3,435

-

N
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40
r the Infantry and a low-level cistern for Prosror B.

There being two cisterns, one high-level cistern fo
they may be made to hold the follow-

the Cavalry, Royal Axtillery, and Royal Horse Artillery,
ing quantities :—

Calculation of sizes of Drinking-water Mains,

For plan and sections of line-piping, see sheet No. 19.

GALS.
For Infantry .. .. 5,601 Main ABI S
For Cavalry and Artillery 6,349 B ARG 0 daa e i R e 52’%265 foet, sy 1’%%% yards.
) . s i ' §h 0y )
Total ... 12,000 D 6D ... b s s B "
’ Dow BB | ool e =8,000 . . 1,000

- pead of 46 gallons daily for all the Europeans

e ¢ F

#  The mains should deliver in six hours at H, D and E the quanti i
_ , ) ity re d
Cavalry, Field Batteries and Royal Horse Artillery respectivel(ylr, z'.e.j N D
At T ... w. e e 5,651 gallons, or 16 gallons per 1 minute say.
14

”» i 4 B e eas vee 5;082 » ” 9 1 ” ”»
,, B cos ees s 1:26.7 ” & ” it} 1 »” ”

The levels at these points are—

which will allow a margin and give & supply pe
" in the barracks including women and children.

APPENDIX H.

e ek 4
e

ProJECT B. ] A
Qaleulation of strength of Grrders carrying Cisterns. s D e SR S e R R e e seslit | eus 232?33
” E “ew e e see “ew Lt e sen e 2957.00
” H "ee ves vesr . e oy 2944'00

For Infontry Main ABI—With floor of cistern at 3,009, the head over I = 3009°00 —
9988-00 — 21 feet, .-. head per yard = ;o5 = 0105, or a 2}” pipe will rather more than suffice.

~

B=45£7

ek < Z >

J ’ Using a 3” pipe the head necessary would be 0043 per yard or 8% feet, and there will b

fr: | 3 o _head of about 12 feet, which will be ample to meet all contingence—for loss due to bend:,avl:iso?i‘:;
Q¥ e ks of entry, &e. ' L

= . £ v A 27, 7 .

. ; 1 - \ %éf/ //// " /v S/ 7 //ﬁ At C the mains to the Royal Horse Artillery and Cavalry divide.

' 4- The portion CD must deliver 14 gallons a minute at D at a level of 2967-00, the level

A of C being 2958'50. To discharge 14 gallons a minute through CD with a 24” main, the head
per yard must be .00825 or 847 feet above D, and a total head at C of 2967-00 — 29585 +

847 = 16°97.

To deliver the quantity required at C for the (Cavalry, Artillery, and Royal Horse Artillery
or 18 gallons per minute through a 3” pipe, the distance being 910 yards, the head per yard must
be ‘0055 or 505 feet the whole distance. Hence the total iead above C must be 5:05 4 1697
— 99:02 feet. This would be obtained with the cistern floor at a level of 2958'5 4 22:02 =
9980+52. It is placed at 298200, so that there is a reserve head of 1} feet to overcome loss due

y to bends, &e.

‘ v, The point E being 2957-00 or 1'5 feet below C where the head is 5°05 feet, the total head
on the branch CE is 6:55 feet, and the head per yard %%5 =018, Hence to discharge 4
gallons per minute, a 13" pipe will more than suffice.

The lower cistern at the rock might perhaps be placed 2 feet higher with advantage.

¥
A J

LAALE Wy

The clear span is 24 foet and the larger asterns Lo > 10 We U 2580
16 feet of the g?gd.er. The total weight full of water being 27 tons, each of the three girders

will carry 9 tons on the centre 16 feet. .
The section selected is No. 5 on the catalogue of Messrs. Richardson and Cruddas, shown

above.
In the figure showing the position of the load which is partiall

B the letters have the following values :—
s l=2U,y=4,3= 16’,¢=12’,uz=9ton§. '
The moment of flexure is greatest at the centre A and is equal to o

y distributed on the girder,

I—(y4 3= i
(¥ z B (4 gy )P0 iy The level at D being 2967-00, and that at the further stand-cock in the Royal Artillery
e p . barracks, G, being 2,951, the head on this main is 16 feet. To deliver the quantity for the Royal
ot ox14 % 2 Artillery of 6 gallons a minute through 1,800 feet, the head per yard being o5 = 026, ora 1"
_9x12  64x9 b 1 - pipe will be ample. ‘ : : .
= =S5+ {gx 2 = 12 tons. P The branch FH to the hospitals is 1,000 yards long and the head 2,966 — 2,944 = 22 feot,
“ Th ‘ t of resi P! ™ .. head per yard == -0022, a §” pipe will discharge nearly 3 gallons per minute. .
o moment of resistance = v : LasE All the branch pipes to stand-cocks may be 4" pipes.
1= BD? —1226 d? ¥ - The drinking-water mains, therefore, will be 88 follows :— -
: ‘ “ d ABI CEE ew by 1 . ane e wee Lodhod 3” iping'
_ 5} x 14— 4% x (12)° 1 ABO S T e s R e 3”,,P "
A 12 5 CIE) Ay ol " e “ne T e ' s § L & %g” i
4948 C . TS Py Lah o e i o ey 'I.' Y4 %
e T = 412‘3 DF oo “ne e ‘wa "Lk ave v e 0 2 ” 2
FG aas e s .o 35" sos R i ik s 1%” 4
sk Rassiirgni o0

FH

e e .. e . wen A 11

fo_—_5tons,y°=7

153
. moment of resistance = x7 412 — 295 tons

times the moment of flexure. The section chosen is therefore of ample
buted load for this section and span entered on the catalogue is 11 tons.
LS

or rather more than fqur_
.trength. The safe distn
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: APPENDIX L.
' e Proscr C.
% Statement of Position and Dimensions of Waste Weir on New Supply Channel.
‘ APPENDIX J.
i g DiscHARGES SUPPOSING
- 5 3 PoSITION. ACREAGE. 3" 10 RUN OFF PEE | Werr.
ROJECT U. HOUR-
D e | ey
Btatement showi R
owing Tanks alo"g . E Remarks.
the Ui new Supply Channel for th ‘ Part of | Portion || ITobe Surplus
ne of prly Sfor the Halsur Tank. | s | ¥ |lotad catoh ] drained || disposed el 1. | H.| D
g . ment. by weir. [of by weir.| can Carry-
e mdE g S e ,
: A :.s ﬁ:lt or OATCH- g §:§ : g E " . FEET. | FEET. | FEET. :
: 3 | g8 | dagiERl g 1%5) g . AR wo | oms | g || 0| Mo pontwih e cannel
Nam 2 B2 ° 3 2oms | 2 | g 2 - - '789 60 e Lh 63 7 o 50 | atno point will the channel
- s ot Tank, | =~ «E € % 55 813 1E% s n .2 bg87 6 1% 63 il g 6:0 | have to carry a discharge in
! . - °q = § «8. %8| 5 |22 Y Remarks. H 577 [ 18 5 79 el 5:0 | excess, or only very slightly
g o . ar 2 LoEs | ¥ |v8 ¥ v | 100 4 9 3 Th 7:9 | in excess of what it can
: e | 25 lod | 3 [BSg33| 3 |5=|5|% 0 3 ot S 8 e S B s b
g8 % PEpgs | B | 8% (3|3 1 4,668 s 15 e 3 19
& d.g S g 8 g~'% g g = Sl g 4:260 || & 9 6
4 23| 2% | sd| 3 [ZewEE| 3 £3 | &€ A A | abs | ape [ 10| s .
k. .L =8 g |=2° |5 |@ 10 g,ggg s 375 32'2 a0 35
_ : 11 ! 22+5 32" e 21
i sl o 4 B4 B 5L 000 : 5w i ) 1 4 3515 7 0] 3
’ B 2| 26| &6, waes| se-ss|| 2469.807| 14| oo f o] The first three 1 3 : . & 35 | Weirs 13’and 14 might be
1 s B d 88 4 S Lo | Towr | vesl 216,608 195| o |- | oo | tanks would only L4 s E 198 - ik e 4 oy 11 5 amalgamated, but it s better
Thippamndra .. | 4| 7| 1,512,000 97| (3988l eoozse8| 277f .. | f.-f PP affected by & 16 07 |5, 76 76 ) 44 0| i 42 | to surplus at the points pro-
Binamanial | 8| 12| 2592000 20496 | 5327 2,821,748 107 o | oee ) channel 9} miles g 4,886 70 525 580 40 50-0 | - posed, so as not to interfero
‘ o, 6 ,000 | 16815 | 203-19 (| 8,861,802 | 4001 .. .o ¥ ong. }; 3,796 } 179{ 110 895 684 70 | .. go:o with the existing supplies to -
yenpolya. 7 64 | 13,834 Not affected. For b62'7 acres X 480 340 340 . 200 3 bl S
4 834,000( .. | codn) 2462,428| 113 63T .. | .. | WAEEE T T8 i - ik it s in S =
| i:},t;::m:&:ﬁi? 21 a:esg i a1 3825 | 700 20 il s o
[ apbes Lo0e : w| o | 7 , 1275 | 732 B | 180 | Tail weir. 2
i paid. o
.v» 5 ' e = %
: { % == Ao % S . i I"-
i: APPENDIX M.
3 Prosecr (GENERAL).
3 e 1o . . . .
fﬁ?;\_ Particulars of Compound Oondensing Direct Acting Steam Engines.
e TR T e Nominal horse power .. e e 8 12 20 9
Actual horse power at 60 1b. pressure o 20 30 50 s.f o
g;:l;eezg; g: }ggb e cylinder . (i lsijj 104" 112'| Taken from the catalogues |
s ol 0. i o 13 i 1; 3 18 1: 20 1’ of Messrs. Richardson )
Diameter of crank shaft 3% 34" 2 A 2?,}"' aod Cruddse, Botatey,
Length of  do. (over all) i i 46" 53" 6 2" 74102
APPENDIX K Diameter of iy wheel .. oo ¥ 850 R 6 0" w3
: ' Width of face of y wheel .. w LR 93" 14 " 15 “
Number of revolutions per minute. . .8 176 140 96 85
= ] . Prosecr C. gnc(f of engine .. o A .| Rs 1,100 | Rs. 1,650 |Rs. 2,550 |Rs. 3,200 "
atement qfdi A eed pump 4 P ae oo ,, 60 | 4 B0 | 455206 100
men 8 of new , Condenser and connections oo s 510 630 892 2 g
' | : Supply Channel from Eastern Catchment. Automatic exnansion gear i¥ put LS AGTRn 186 * 432 g 233 .
5 5 I%’“P‘}f'm;n plates and bolts il P e 30 d, PN (R ¢ 530 B0
g §, % = = eight of engine complete o | Cwt. 30 |Cwt 56 Owt. 120 | Cwt.150
&g g % £8 2
s 3 =] 2 ]
3 ] —
§ 3 gg 5 §,§ |* | | = zg o~ | 3 - Remarks. R : Z
vl s B L B S 2% |85 | 28| 8 APPENDIX N :
s © > h < — . '
v gl wl o] s ]imfw sies Proraun (@
.. 3y a4 5 1+ ‘87 99 | 107 1040 B . ROJECT.— ENERAL). j
! igg;’ L8 e e {gg; N S g Al e x::lifx"hcf.m are for . : ) e
e i L 8 | V161610 | 1705 | 121 | 2as £ | 31 | anddo not i he Particulars of Boilers. g
T B 2‘2’2 e ; 136 %2: }:is ig: 345 | = g‘é: :;:';ge:o t:lmnna;ﬂ c‘llit ;‘n 3
O e o s | Ay H4 i 703 | minfall. et ]
‘ . y 480 | .. 10 ; 1 | 121 | 1°71 | &6 1 A
g 3 mr| .. 500 | 22191 | s lavasg ras | 148 3L T - B e e g 5 . 25 | Taken from the cata- o
: ST LT S R TR AR R R 1090 o R S A 93" | 25 | logues of Messrs. B
il e 13 » i - 78'6 o e wen - e . f ] e
&% 3,351 8300 Ll 15 }g 24'6 124 | 184 | 801 § ::g; Dialgleter . prd o Ly iy g Richardson and ! i P
1| 12| 1170 .. | 23 | 154 Jer |} 161 188 o33 | = | 1489 orgr A . 4 48| 64 ¢ Cruddas, Bombay. '
o :,3(2)8 }’ggg i g; ! 1-25 135 ;ig }g: :g;g g ,ﬁ gg v e1g chmplete, homtal. Cwt. gg th. g C'Wt. 125 CWt. 182
.- ] 3 "5 ‘58 126 . 5 { e L] . > ve; s 60 73 -
7, GO 1,417 | .. ; 1430 | 2:05 | 1638 268" : . & y Yo ”
' 26 | 1'58 181 [ 1-30 | 2:05 [ 170°3 277~3 Price complete, hongonta.l ... | Rs. 1,400 |Rs. 2,100 Rs. 8,375{Rs. 4,950
“ Do. vertical ...| » 1875 |, 1,575| ,, 2,350 ,, 2,800
= — X
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APPENDIX O.
Agram Tank.

Total solids. ... Grms. per litre ... . 046 With 3 "
e T e R U | vl
Chlorine e Do SO0 ] ¥ :
Total hardness ... - ... Clark’s scale vae IO

Permanent hardness ... Do. do. e

Free ammonia ... Mlgrms. per litre ... Aol g L

Albumenoid ammonia Do.  do. L w. 040

Nitric acid P R T ] .. (as ammonia) 90

Apparent quality of the water as inferred from the results e
... Ba

obtained on examination

A Remarkg.-—The water is very opaque and of brownish yellow color owing to suspended mud.
Ordinary print ean scarcely be distinguished through § inch of it. It is still muddy after several
filtrations through paper. The water remains muddy after keeping for 48 hours. It clears
pretty well after boiling. The deposit is rincipally clay and sand. The albumenoid ammonia
1s probably mainly of vegetable origin. The most favorable feature of the water is its softmess.
This water might perkaps be rendered of good potable quality by filtration through sand and
charcoal after depositing heavier suspended matters in settling tanks, but the filters would require
frequent cleansing. It is still very muddy after filteration through three inches of sand.

a—

APPENDIX P.

From Brigadier-General R. C. STEWART Quartermaster-General, to the Secretary to Govern-
ment, Military Department, dated Oz)mcamund, 18th September 1884, No. 981 C.

I have the honor, by order, to submit, for the consideration of Government, letter No. 349,
: dated 30th August 1884, from the General

1. Direct from Halsur tank. Officer Commanding Baggalore Diw:ision, re-
II. After passing through the filter bed. questing the publication ot the analysis of three :
TIL. Dhobios’ yells. samples of water taken on the 24th August 1883

: from the sources as per mz}riu}, and to state
that His Excellency the Commander-in-Chief sees no objection to the analysis being published.

PR

From Major-General H. ROWLANDS, v.c., C.B., Commanding Bangalore Division, to the
Quartermaster-General, Ootacamund, dated Bangalore, 30th August 1884, No. 349.

T have the honor to forward letter, No. 202, dated 27th August 1884, from the Engineer in

ge, Halsur Water Works, with 00pi,es zf analysis of three samples of water taken on 9th May
1883 and on 24th August 1883.

2. The analysis of the water tak 9th May 1883 appears in the report on the water-
ol suppl{' of Bnnpgalore by the Chief Engineer
on special duty, dated 31st March 1884, as
shown in appendix No. 26 B., page 95 of that
report. T{:e three different samples of this
3. But th water are reported as “ bad.

. But the three samples of water tak the 24th Angust 1883 from the same sources are
?;"}{1“‘?“ by the Ohentical Examiner £y o, T« bad,”g Nos. IT and III “usable.” This
ysis does not appear in the report alluded to.

on JmlAhnnguve‘t, tli%rgfa?m, the honor to solicit the publication of the analysis of the water taken

Pl';::dingn of Government, No. 1473 W., dated 13th June

—

» Engineer in Charge, Halsur Water Works, to the Assistant Quarter-
Bangalore Division?cfated Bangalore, 27th August 1884, No. 202.

I have the honor to encl . les of
ose, for your i ti f the analysis of three samples O
ek o G R T 00 o e e e
Tk will bs e ot bty ot on spectl duty, defed 1ot Mare i was probobly
: 18 si is stated to be bad. .

;‘Z‘e‘i‘é‘eﬁ%ﬂ‘; :ﬁﬂgﬁ‘}g}‘t which Pfe;ilt:d“ ta: 151:: “E?&fe,“—?&y hnll)f-au-inch of W:;«er havmgalmbeetz

taken,—a8s
the water in'the tank l;)e‘;x:lpwards of four months before these samples were ¥ i
: : he level of the waste welr,

and to the large quantit g very low, vig,, 5 fect 11} inches below t p

y of water bej 1 i ., 72,249 lons per diem.
thI ale)b(?eg to enclose a copy of thel:tgal i sft 1;thhx-ee'lt Mi;;::;,f water taken from the same places
as those above alluded to on tﬁe %4th A !81!; 38 g and-a-half months later, and e

ugm £

From J. SMITH,
master-Gene

45

tank had received 182 inches of fresh water, which shows that the water taken after passing
it through’the filter bed * and that taken from the

VNod Dhobies’ wellst was usable; the quantity of water

; 3 used at this time being 52,144 gallons per diem.

As this analysis does not appear in the report above alluded to, I would respectfully submit
that, in fairness to the general quality of this water, the analysis of the samples of water taken
on the 24th August 1883 should be made as well known as the analysis of the samples of water
taken on the 9th of May 1883 and published in the Chief Engineer’s report of 31st March 1884.

—

No. 1. No. 2. No. 3.

i s Sample of water | 8 le of wat
D e ko s el o
e s e the ﬁ!{ter be]{dg. e weli)s.les
Total solids ... Grms. per litre. 0- 27 0" 26 0- 23
Volatile solids ... D do. L 0 06 0- 09
Chlorine a3 S S B do. 0-081 0-078 0-053
"Total hardness ... ... Clark’s scale 3% 5 S-S 3°: 86
Pemanent hardness ... N o Al %45 1o 3° 15
Free ammonia ... Ml%rms. per litre. 0 4 0 48 0- 08
Albumenoid ammonia ... 0. do. 0 56 0 48 0 8
Nitrie acid Do. do. G hil L 3 3
Remarks.
Apparent quality of the water as inferred from the
results obtained on examination ... Bad. Bad. Bad.

Remarks.—No. 1. Deposit abundant and composed of vegetable debris.
No. 2. Deposit scanty and composed of vegetable debris and argillaceous matter.
No. 3. Deposit scanty and composed of vegetable debris. All three samples contain a very large amount of
organic impurity.

(True Copy.)
(Signed)  E. H. EYRE, Lieut.-Col,
Taken 9th May 1883. Oftg. Deputy Quartermaster-General.
i No. 1. No: 2. No. 3. Remarks.

Total solids ...Grms. per litre.| 0- 27| 0 25 | 0 31 |No.1l—A sampleof watertaken

Volatile solids ... Do.  do. 0- 08| 007 | 0 08| directfromthe(Halsur)tank
Chlorine = Do’ do. 0-085 | 0042 | 0-089 it gp.m. on the 24th August
883.

Total hardness .. Clark’s scale ...| 2 8 9°- 45 | 8 5 |No.2—Asampleof watertaken
Permanent hardness. Do.  do. 1 4| 1> 75| 1> 75 | direct from the Dhobies’
Free ammonia. Mlgrms, perlitre.| 0° 4| 0 24| 0 48 Yggg on the 27th August
A Themencid smmonie: Do 805, ot~ BTRpEIEn S No.3— A sampleof water taken

" Nitric acid ... (5. Po. > dos 076 |- 2 4 9. 4 | direct from the Halsur tank

(as ammonia) water after passing through
the filter bed on the 24th
August 1883.

Apparent quality of the water as :
Ii)xP;ferred(flrom tyl’le results obtained }Bad. Usable. | Usable.

on examination.

e

=N, L A Vel abundant deposit composed of v ble debris.

Remarks Ng, 2. A smrz}:ty deposit composed of vegetable debris and sand.
No. 3. A very scanty deposit composed of vegetable debris and argillaceous matter.
No, 2. Is the best sample.

(True Copy.)
(Signed)  J. SMITH.
12
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No. 4665, Military.
Transferred to the Public Works Department.
(By Order.)
(Signed) A. R. KENNEY-HERBERT, Lieut.-Col.,

Offg. Secretary to Government.

19th September 1884.

Orper—dated 2nd October 1884, No. 2438 W., Public Works.
Recorded in continuation of G.0., No. 1473 W., dated 13th June 1884.
(True Extract.)

(Signed) J. SHAW-STEWART, Colonel, R.E.,
Secretary to Govt., P.W.D.

APPENDIX Q.

. Prosecr (GENERAL).

Tabulation of results of above analyses.

—- | & |B|ec D’h\b\uixi.ll]J
|
- - | | i
$0t1:iﬁohdfim «» Grms. per litre. | 0428 [ 0:27| 027 | 0-26| 0 25| 0 23| o 31 l( 0-25 ! 0 25| 046
Toluiilo wiide .- go. do. 0:043 | 012 | 08| 0 06| 0 07| 0 09| 0 08| 010 0 10} 017
P e ST o.  do. 0043 | 008 | 0-08 | 0078 | 0-042| 0.053 | 0089 | 0043| 0043 007
& hardness .. Clark’sscale . | .. [35|2% 8| 2 8| 2 45| 886 | 3 5| 4> 2| 4> 55 85
mmenz:;ﬂnﬁ;gsuk ulic:le ;v ; 2045 {14 | 1= 75| 1> 76| 8- 15| 1> 74| 1> 75 ‘ 1% 4] A%
Frea ammonia, . per litre - 0 . o4 g o . . 12 : 0°16
Albumenoid ammonia. grms. A Bt PRl (2 Sl et lql 0096{
it perlitre ..| 0 10| 066 | 1-92 | 0 48| 0 4| 0 8| 0-48| 016| 016 0-4¢
Nitric acid .. Mlgrms. per litre, " 300 | 075 8017344 3 3 (BN 3 0 ! 3 0 l 9-00
Apparent quality of the water as ‘ | &
inferred from the results
obtained on examination .. U B B B A B T U U B
A. Dr. Parkes’ mnlda.rd for usable water, F. Dhobies’ wells water, May 188 ¢
s . °Ty 83,
g. H%:nr ttmk‘;water, May 1883. l G. Halsur tank water, Augus’t 1883, filtered.
s 0. August 1883, H. Agaram do. May 1884.
2 S do. May 1883, filtered. & el do. do.
. Dhobies' wells water, Auvgust 1883, J D0 do. August 1884,
APPENDIX R.

Letter from the Surgeon-General, Her Majesty’s Forces, to the Quartermaster-General, dated 18th
August 1884, No. 180 O.

I have the honor, with reference to G.0 . 1814 W, dated 25th July 1884, ¢ k
follows for the information of His Exeellenc} glz Commander-in-Chief. ¥ Dby by

2. In paragraph 1 of the above, the alternative scheme is alluded to, viz., that for supplyi
drinking water from the Dhobies’ wells by condensation, while for ablution purposes, wa&g {;nt%
be drawn from the Halsur tank. With yeference to this, I beg to point out to His Excellency
that the dual supply here proposed for the use of the men is, in my opinion, objectionable. 1t
will be very difficult, if not impossible, to prevent men from making use of the impure ablution
water for drinking purposes. Enteric feyer has been very prevalent amongst the cavalry and
artillery during the present year, and since the ocourrence of rain, there has been a renewed
outbreak of the disease in the infantry regiment, there being at the present time as many as
thirteen cases under treatment in the north station hospital.

3. In connection with this matter, I beg to remark that as regards the Dhobies’ wells supply
I do not consider that the large natural filtration of this water through the laterite bank is any
safeguard against such subtle impurities as the germs of typhoid or any other contagious fever.
It is well known that the enteric fever poison has passed from village to yillage in England by

i ———
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means of water which has filtered naturally t]}rough long distances of solid earth, and I allude to

the subject, particularly, at the present time t0 show that, in the event of the condensing
b} ry ’

i uld be dependent for its wate th
%)ﬁmratus breaking down hereafter, the garrison Z)ohealtlg. ependent for its water upon the

bies’ wells, a suppl which would be dangerous : ;
; 41681 therefore II)):)gyto represent the grea need for & supply of pure water being provided for

the ﬁanison of Bangalore, and this end ca, I believe, be best attained by the abandonment of
the

alsur tank altogether and the adoption of the Agaram tank scheme.

—t

¥ the Secretary to Government, Military Department
Letter from the Q,ua.rternmstex('h %eﬁth tzugﬁst 1884, No. 768 C. Y A% ’

. Ohief has perused order of Government, No. 1814 W., Pgblic Works,
A ‘;fggtg%?lrlx;atllggz ll:eg.ltl;;; tﬁhg Bangalore water-supply, which was communicated to His

Excellency with G O., No. 38 19, dated 7th August 1884, and which provides for consideration of
X! oy . ]

the alternative scheme suggested by Colonel Mullins, B.E., for condensing a supply of water from

the Dhobies’ wells at Bangalore sufficient to meet the requirements of the troops for all drinking
and cooking purposes.

2. The Commander-in-Chief cannot too strongly deprecate the entertainment of any measure

; o of the waters of the Halsur tank, and His Excellency. .
&wh{ch woulczo te;d ‘Iﬁa fg::utaﬂt: t(l}lgvzinm ent will support him in the opinion he has alread?
emm:ser(;lethat th)e’ Halsur tank should be entirely abandoned as a source of supply of water.

o herewith to forward, for the perusal of Government, & letter on this subject (number
3. I am herewl ) and date as per margin) from the Surgeon-
No. 180 O., dated 18th August 1884. General, Her Majesty’s Forces, and to express

the Commander-in-Chief’s entire concurrence in the ﬂ;WB ﬂ;?rem‘tmnt:tm]:i P TR
me after condensation, it must be remembere that the
wa.te:. dgxeﬁgm??fetilfdz:?:aﬁ}; ote:i)l purposes besides that of cooking and drinking, must
reach the barracks by the same means and through the same pipes as the pure water, and th;e
difficulties of preventing men and families from using the impure water would, in Excellency’s

opinion, be insurmountable. ™ i X

5. Tt would, moreover, be extremely dangerous to rely on a single condensing apparatus for
supplying pure water, there being no source to fall back upon in case of accident, except that
which has been universally condemned. : : :

6. This question of water-supply at Bangalore_ha.s been for many years und.er discussion,
and it has at last arrived at a stage at which a solution seems possible. An experienced officer
has reported on the feasibility of a scheme which is caleulated to afford a pure supply of water,
and His Excellency trusts Government will concur with him in thinking it exceedingly impolitic
to consider any scheme which contains the retention of the Halsur tank as a source of supply.

No. 4497, Military.
Transferred to the Public Works Department for consideration and orders.

(By Order.)

(Signed) . A. R KENNEY-HERBERT, Lieut-Colonel,

12th September 1884 Offg. Secretary to Government.
h QP B ) YO

p—

No. 673 E, Public Works.

4, on letter from the
! nartment, No. 4497, dated 12th September 1884,
Sdrennia iy éHuzZ‘:?egngjtzz-General, dated 20th August 1884, No. 768 C.

Copy forwarded Yo Captain Romilly, RE’Nf';hrol%gll‘i %lv? Superintending Engineer,‘ V Circle,

3 i i d 25th July 1885, No. :

in coxzxtu’;;ﬂtlz:j ::ti(:;g '1’:;:: by the Mﬂftm-y a;thorities {0 the alternative scheme for condensation
. The

i ith in th rt under prepara-
ot the Dhobies’ wells should be carefully considered and dealt thh;n @ Tepo prep

tion.
. AW-STEWART, Colonel, R.E.,
ﬂ? g:ac;mg: Di 884 (Bigosd) = o Secretary to Government, P.W.D.
15 ptember . Faisd
. No. 2358.

&

Forwarded to Captain Romilly, R.E., Exeoutive Engineer, on Special Duty at Bangalore.

i i ENDERGAST, Colonel, R.E., o
18th September 1884 (Bigned) Hs Superintending Engineer, V Circle.
ep :
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APPENDIX S.
Statement showing the Lands below the Agaram Tank.

TESCRIPTION OF LAND.

]

i Trriga- | .
Particulars of Dry. Wet. Garden. tion. lJ s 1‘
Land. e R & vE \
3 2 ' o hy - w % = o
) | = =} B+ g g5 i 3 28
= Alr<® | g | <R & ]< !
| | : P \AC G8.| RS, A p\
o0 g ine. Ak vlialan os- A, 2 a0 A8 AR A pams B 187 9/394 0 0
g | Kandayem land. [26 2| 34 6 0|53 26263 2 0} 721 % 4 Al £l B 25\33’5 10 0
5 |Kharatland ..| ¢ 8| 5201017) 82 8 : s i3 7 is i s
E | emland .| 221| 30036 9{167 8 0 B L
é"’ —_—— dry land also as
| " 149 24/6562 2 0 pe \ A
3231\4280‘19012‘513 g 0| T2 6600‘.3080 ‘n [y T

L+ "

=

Signed A. W. MACINTIRE,
IQtEXIg;;)tR]]%M. i) Deputy Commissioner.
i e
APPENDIX T.

From the Deputy Commissioner, Bangalore District, to the Elxec.rutive Engineer, on Special Duty,
dated Bangalore, 6th November 1884, No. 1138.

With reference to your letter, No. 145, dated 99th ultimo, I have the honc\m to Sltﬁtithlnl ;31“;
lands below the Agaram tank are held by inamdars and ryots, of whom 'somel' :nt tnpr v
expressed their intention to retain their lands if the. assessment 18 ulterndl into f(_x) ra _s;‘,a o
others will have to be sent for, and after taking thetr statement, exact amount 0 v(};f};}}]pﬂm e
is to be fixed. This will take much time, 8o a rongh calculation has been made, which amo
to about Rs. 4,000.

e—

APPENDIX U.

From the Assistant to the Resident in Mysore, to the Executive Engineer; on Specif§141[)~u6tg, Madras
Public Works Department, dated Bangalore, 15th October 1884, No. 1454/700.

: i ire that the
With reference to your letter No. 127, dated 7th 1nstant,'I am directed to state _

Resident has no doubt thy;zt the My;ore Gove;nment would agree, if pressed to do Sg.i t<} ttltlle t}?x:e%
up of the land on which the houses of the Jacksundra village stand and the removal 0 A e s
4o another site in the same village estate on the other side of the road ; but com ens:.hlon_ﬂv uld
have to be paid to the Government and to the villagers for both plots of land, and to the Vt'} agert;
also for disturbance and for damage to houses, &c., by removal and for cost of v%remnstruc 1onm,)z;)e
this would, I am to add, probably cost some 5,000 rupees or mOTe, and if thenk ge}:s atl;)efore -
prohibited 'in future from bathing, watering cattle, and washing in the tank as :ﬁz vi]laée
small separate tank would have to be constructed for them for these purposes, near )

below the waste weir of the tank.

9. After visiting the place, Mr. Liyall thinks, and understands that you &grequthh. )}1{:;
that the drainage of the village can be diverted from the tank without moving e v;_lxla,ge 2k i
it seems to the Resident that it would be better not to move the village at any rate t1 :tlecci:s;o);
is proved, but simply to make a diverting drain and to construct & small separate tan
watering cattle, &e. :

3. If you require estimates of cost of removing the village, Mr. Lyall will ask the Durbar
to allow the Deputy Commissioner to have them prepared. . :

4. The Resident observes that it is assumed_ that by gaising the weir at;d e(!lnbank;nglf;v (;t
the tank, and so increasing its capacity, all necessity of lfaymg compensatmnf or “:ﬁa% st
cultivation will be avoided. This does not 8eemd to Mr. Liyall to be a BT e bgl p o
seasons of scanty rainfall the supply of water in the tank will often probab % : gﬂg e
its capacity has been increased. R‘he Military authorities are then likely t:o objec . g
drawn off for cultivation and disputes will occur. ; g

5. Thf: Zakn}:; 8‘;1) for eandt:fment supply of & tank used hitherto by villagers for irrigation,

is, in fact, rather & difficult business, and it is not easy to decide
)

os wll us fo ofbr LD, e f you wiahy M. Lyal will ok € Durbar to have

an estimate prep:
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APPENDIX V.

From A. NORMANDY, Esq., to Captain F. J. ROMILLY, R.E., Executive Engineer, on Special
Duty, Public Works Department, Bangalore, dated London, E., 15th August 1884.
In reply to your letter, dated 14th ultimo, respecting the water-supply at Bangalore, I beg
to observe as follows :—

The annexed No. 1 Condenser List gives particulars of the various sizes and kinds of our

distilling machinery ; they all produce good eold drinking water from sea or brackish water, but,

.

as you will observe, the economy of wonl varies very considerably according to the kind of
apparatus selected.

If you require a large quantity of water produced per day, with a small consumption of
fuel, the kind of apparatus most suitable for your requirements would be our ‘complete treble or
quadruple distilling machinery, including as described in note A of annexed No. 1 Condenser
List, and we have supplied soveral large machines of this type for the Government at Aden and
Gibraltar, also for private Companies. ]

I therefore send you below estimates for & few sizes of these types, and the cost of other
sizes would be in nearly the same proportion to the production.

The annexed drawing No. 624 shows two complete arrangements of treble distilling
machinery including as described in note A of annexed No. 1 Condenser List, and the dimen-
sions A, B, F, for various sizes would be as marked on this drawing.

The general arrangement of double and quadruple distilling machinery would be very
similar to that of the treble distilling machinery as shown on annexed drawing No. 624, but
for equal daily productions, the boilers would be larger in the double Mistilling and smaller in the
quadruple distilling, and the dimensions A, B, F, would be nearly the same in the quadruple
distilling, but in the double distilling the dimensions A and B would be rather larger.

The machinery could be arranged to burn wood instead of coal if desired, but of coure

much more would be required as it is an inferior fuel. .

As to using the existing pumping engine in connection with our distilling machinery,
possibly it might be used to pump up, somewhere, the condensing water usually allowed to run
to waste from our distilling machinery, as it escapes therefrom at about 120° Fah. and might be
useful for other purposes, if the blow off water from the boiler was not run into the waste water
pipe as shown on drawing No. 624 ; but to secure really good cold drinking water and economy
of fuel, you should have our complete arrangements as deseribed. _

We shall be happy to render any further information you may require.

Prices of com-
Gallon of water | Gallons of water | plete machinery
Number of estimate. produced per produced per packed and
24 hours. 1 ton of coal. delivered in
London.
£
1 9,000 3,400 2,689
2 4,200 3,052
3 v o 4,800 3,560
4 . 12,000 3,470 8,538 |48
5 e 4560 | - 4,046 4
6 5,150 4,720
7 . 15,000 4,500 4,946
8 5,150 5,770

~

Above are the estimates for complete arrangements of Normandy’s patent distilling machinery
for producing good cold drinking water from sea-water, including as more particularly desoribed
in annexed printed estimate form. e ;
Prices of other sizes in about the same proportion to the production.
#

e

E.sﬁﬂ’late or comple&ft’- sels oj' Narmandy’s 'mprwad patem‘, d‘l.&tf:lﬂﬂg machinéry for p'roduct"ng good
cold drinking water from sea-water, and_for forcing the fresh water to a great height or
distance, with letter, 15th August 1884, to Captain Romilly.

The drinking water, as it flows from under-mentioned machinery is clear, cold, bright-look-
ing and agreeable, without any peculiar taste, and equal in quantity, taste, and appearance, to
the best river-water as usually supplied for drinking in towns. -

" (See the reports on other side.)

Full instructions for putting together and working will be supplied with the machinery,
and, if desired, special arrangements will be made for the machinery to be supplied and erected
' 13

. ;
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abroad, and also work
) ( L —(:dfo’. an a . 51
the fresh greed ‘ .
he f){fé&T:agr p{})d:iced being guarantg’:"f’, the consumption of coal, and the quantity .
s —Under favor i y and quality of J I3 1 : :

cent. more water per 24 hom:blﬁ circumstances, this machinery will , 4 Reports on Normandy s improved patent machinery for _producing from sea-water, pure oold
1 ton of coal will be increas ‘d an is stated below, and the quantity I'I:rn]u(:n from 20 fo 30 per and agreeable fresh water for drinking purposes. ) )
FOI‘ long Céntinued wOrk’i Sel hby 10 40 15 per cent. See I‘t‘lsu(lt 1Ly ‘)g fre§h water prl)l_lut'l’d}i)\' ]
prodlize ks ors Hhan tllll%,quoaw?ter, the best results ;vill 'b(’ ;béf_:ill;({'i'“;’p:ly trial on other side ¥ —_—

. Each complete set of nntity specified below, as the A working so as not t . ' Result of the t i N dy’s 1 istilli :

?t%l filter, suitable stea{n %gfi/é}:";"yd includes one of ,Norm'ull’g(‘)y(’l;] (Lln)]“ I"‘rl’.H hours. e . s Ltl(l);nll;l;)ti{x Eﬁgzﬁgngage::u(ifylgilr(llgl:“?b{ﬁlmer{g e_;' ected at Flushing for
oiler, and for forcing the fi and steam pumps for s LY yroved patent condens I s j ary 1877.
. ' he fres ps or sunl s o b —and condensers F . x v -
parts and pipes in bg e fresh water produced to @ grec [“ ying sea-water to the condens R 1 * This machinery was supplied as suitable for producing 6,000 1 .
# etween abov : great height or distance nser, and e . 3 " il W gallons, or 27 cub t
ogether on u level surft e, the whole being arranged distance. Also all connetti | good cold drinking water, Per 24 hours, from sea-we er. ) ic metres of
i aglpe T L g o o suiable SO MY g o | By the direction_of M. Van ours, 1 ief Bnginoer of the Waterstau, | .
20 yards of fresh water (811:3(131 lon pipe from sea to nmchinory 3::(}.3_?1‘ the boilers, complete “l,{i,l Zeal‘und, Holland, this machinery was carefully tested by being worked Su?f&é u;hthe. s ¥
fire bars, stoking and eleani; ‘irytplpe. Also a quantity of ;mu.ﬁglujt‘ -*f)# waste sea-water l'ili;*. s . officials appointed for the purpose, the result being, that in 19 howrs’ wo,.l},. &imspectlpn of
sundry useful stores, so that th ools, spanners for tig:hteuiu” s ores and tools, such as spare » S pruduced 28,500 litres of fresh water, and consume 1,45 kilogrammes of il ;ﬁrhlilaghlnery
‘1,613}’ or diﬁi(;u}ty.’ The‘ e whole may be readily set tg 1}" ‘_”l cans, gauge glasses ‘m(i to 6,27V gallons (or 28 tons) of fresh water, pl‘Od‘l"ed with 13 tons of coal in 19 '] agir equal
8 yards (or 7 metres) abov s‘ﬁ;faflc on which the machiner 2 \;\.urk‘ and kept in_order ithook R The fresh water produced, 28 it flowed from the machinery, was brig /Lt-lool: il e k.

d The condenser tubes ;e ?f Sellx'(llevel‘ ry stands should not be more than s ! < and agreeable, without any pecuiiar {aste, and, in fact, equal tn appearance an 3 fnsts t(;'lz;wdz “"; cold,
and simple consumpti of solid brass, tinned S X ; £y 43 or spring-water. Qs T0C)
forced by plunge ption, and easily adj oMo ti .umdp and (.xutsu_lf\. The pumps are of st A 1t will be seen, therefore, that this machinerys when worked for 19 /o
gland, thus avﬁi}{is moving through stuffing lm\? :‘)"11731151Ltr- for wear. The water 18 ' lr‘u:u”“%l cent. more water than it was told to produce in that time, and yielded 4 {O(t)ows}[pmduced 33 per
other kinds of punrlll‘%s th?l‘tfroublemme’ and (1ii‘iiﬁ1;ltglbllly PI}Cklt%d and kept tight by '”; 'fl‘] ?:.1,11 ‘ oy por 1 40P of coal (equal to 13 oubic metres PO 1,000 kilogrammes of coafllt)l .0:]-;6(0:0%’8'3 e

- 1L . oo Y F T@ yall ke B R e . * = exier P . 1 . T
knocking about of the '9.7 work at a moderate speed ‘l"““ 1&111‘\:1., which so frequently sto coal would h‘we_been gtill greater, had the machinery b(_aen less overworked, as AT omy of
v wh valves and oth peed, so as to avoid the excessi J P at Aden and: Alicante has jelded over 20 tons of water per 1 to machinery
m}; deleglz, and have all valves be@,eir purt'si always resulting from (1uiokww““i‘.” lwmr' o ! 1,000 kilogrammes of co } m bhosel i) DU BERC I

of bras ol ngs 2. 'k -speed. They hav Ry 2 - g i
plated of [Owssm(;z:ol)pzr, wrou ght-iron il SI/)t((l}:‘lqg?ll;ﬂdand working parts = cc)ln;tt:(;t witlll{ )wl:lne e In the above tr}al, the productive power and consumption of coal were ascertained
and all necessar) ;'{r_ owhnrg‘ iron, and have dm;u, wl gM g vods. The boilers have fu e ' | follows : —The machinery having been airly St.‘“ted’ the coals were removed from the fu ‘auie -
pressure is § y fittings. They are proved ampers, Bourdon’s pressure gauges, s A mnace Sy the working was continued under inspection, with weighed coals. Adter 19 hours’ Loy and
re 18 from 1 to L of tk e oved to double the work ALy ges, salety valves, : u d_ coals w ; d fr . d wei : hours working, the

Mo T IE § ot the bursting press orking pressure, and the W - neonsumed coals were removed from the furnaces 4% weighed, and their wel ht y
fra E —If delivered in less thgnptl,. sure. : , o working : % % from the quantity of weighed cod put into the gurnaces the difference bgin v::i deducted
5 prices for every 10 per cent. less tim 1o maximum times stated below then 4 - & weight consumed. The fresh water produced from the sea-water was eollected%n spey the

R e. : . then 4 per cent. extra b and carefully measured. The results were as ahove stated. an iron tank
Number of Estimate. \ 1‘ 1 TT::_’_:—:.—“: R e 3 . » 3
2 3 \ . 4 BRI \ ' g ‘
TS 6 - .
}";?;e’m “;”. i lete and independent ‘ I L_‘. \ o ; OPINION OF DON JOSE SOLER Y SANCHEZ
- m i « e — U .
« Typeof (ﬁ.m app:mtnami;‘acl’dﬁ“mch estis . 1 1 ‘% 1 Licentiate i Pharmacy, Doctor in Seiences, late Profsssor of Chemistry to the Faculty of Sei
Tm: single, doubls, or treble distilling) ) S R B P 1 o e 1 ; University of Madrid, Professor of Chemistry and Physics to the Institute of Alicaly!{te &fe’g:s of
boilers i A . $ ru- Double. 5 s ' 2 b s 3 3 .
Fi':i s oameludodmmhmm,w i ple. uble. | Treble. Q‘;ﬁm, g PO , | I hereby certify that having apalysed 10 T Jaboratory a sample of pure fre h e
& e houre. (Ses Note 4 | e y o. | Do. | Do. oo ple. : (X-‘llerl (’{,o sg; if the same Was drinkable, and which sample was delivered to me by th.: P:Z:itfr 1tn
Gallons .. 3 ; ' . i ' , Alcalde ( ayor) of the most illustrious Municipality, of Alicante, the said . One
Tons, of cubic metres (1 oub. metre equals 1,00( 9,000 | 9,000 | 9,000 | 12,00 according to his declaration from Mr. Normandy’s distilling engine. sample being drawn

R > = 1000 000 | 12,000 | 12,000 | 12,000 | 15,000 | 16,000 ; This sample of fresh water was received in the presence of the Notary, Mr N A :

Economy of Coal. (Sce Note A above.) vt i o s . o \ ' p 3 two glass bottles duly sealed and stamped with the letters J.C.B., the resgl’t, be{nl ereof ulbert’ X
i s:g e producing the quantiti s i 1st. 1ts hyrotimetrical degree 18 5°. : £ 08 10UCNA A

. . : " .
oér 24 hours (we{?ﬁv& tfnsthe p,od“cﬁo: % ?ud. A litre of waer contains 0,(385 grammes of mineral substance.
anmmm?) b or 1,000 kilo- . 1 3pd. Does not contain any 0rganic matter.
o8 of water (or cubic metres - £ ’ T 4¢h.. Contains 1 764gp.c. Of air per litre of water.
1t . yielded . i ’ pess .
g on {or 1,000 kilogrammes) og by At | FERNER PR : "y 5¢h. Does not prev soap from digsolving- .
R '”?;;’fk{’:’;c;m of order Yob daliers * 200 | 4,800 | 3470 | 4500 | 6150 | 4,500 | 5,15 3 6th. 1s clear, without colour, Jimpid, and transparent.
Days for delivering_all the”i'nd:’;::;enﬂ s - 2 umm"lfherefore, by its character and conditi0m, it is to be considered @ most eminently drinkable
apparatus included in abo d * (AN j ; '
. Vi Lhioxs e | ; And in order that the interested party make use of this certificate as he may think fit, at hi
e E to to to t to ‘o own request I grant the present document attaching MY signature thereto. ’ '
Days for delivering the first'ind = L to 3 . :
: first’ dent $R ALICANTE (Signed) D J.80
apparatus included in P | 1 l _ , . ' - J.SOLER Y SANCHEZ
et o esti- | S | s 11th Se tember 1879, v
Do. do.  &ec d = | & il ! P ' \
Do do t,hi::).ld §°' 4% bl :o & e fo to t . :
. - o bl \
R oE b osilb) o =l | w2 e el .
Prices delivered packed and o5 to to to :: -~ A to :o it REPORT OF DB NOAD F'R'S' ;
n g 0 -, -
iy free on board in fo g to i . P | & 1 gnd the water to be abgolutely free from organic matter, which all river and well waters
Prices for all the complete apparatus ,in each & contain, more or less, anc} which 18 owledged to be a P_redispos'mg cause of disease, it 18 alao
o sato as described above . A 3 i bright, colourless, we}l asrated and agreeable, and it contains an exceedingly small per;zenta of
0 A 2,689 | 3,052 3,660 3,638 | 4,046 ‘ oo | ede | e saline matter, wl}wh is the case yvith all waters derived from the best natural sources. gniape ?
L voafs supported on. iron_column \ ;946 | 5,770 ’ ) From a sanitary point of view, 1 consider this water to be quite equal, and, in its absolute
Sontain the above machinery o< % \ \ R / freedom from OTZanie matter, superior t0 that obtained from the purest s tuiral s
Tanks of galvanized iron to ocitein - the | T o . ‘ i 1 : therefore well suited for alimentary purposes sources, 1t 18
qur‘ltitigs of fresh water stated abové as thz | i | T . : . yP ¢ i
production per 24 hours E e ; | { 1 , = 3 A (Slgned) HENRY M. NOAD, Pa.D., RS -
# __‘7 l ‘1 " Professor of Chemistry at St. George’s
e g Hospital, London.
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REPORT OF DR. LETHEBY, M.B., M.A.

. The sample was colourless and well aérated, and it was agreeable to the palate. Tt contained
a very small proportion of saline matter, which I regard as an advantage, as it approximates the
quality of the water to that derived from the best natural sources. For dietetical purposes, the
proper aération of the water is essential. = The water was absolutely free from organie matter, and
it is very soft. - ;
Iam of opinion, from these*results, that the water is very wholesome and is well adapted

- f : for all domestic purposes.
Hy. LETHEBY, M.B,, M.A,, &e,
Professor of Chemistry in the Medical College of the

London Hospital and Medical Officer of Health
for the City of London.

.

. K rasNovopsk, Ist October 1880.

I, the undersigned, Doctor of Medicine Doctor-in-Chief of the 1 rans- Caspian Expedition,
certify that the water of the Caspian Sea ren,dered potable by Normandy’s distilling apparatus
' oy bgen -Smeitted to me, by being tak’en as it flowed from the apparatus, and that after an
i examination of fifteen days 1 found it to have the following qualities : : :

! The water was perfectly pure, free from all organic matters, contained a sufficient quantity of
air, was without any taste of machinery, or of any other unpleasant flavor. I personally used
it, and found it suited me well. I oon,sider it perfectly suitable for alimentation, and for alt

B domestic purposes. ‘
N In consideration of which T have delivered the present certificate.
.,~ DOCTOR OSCAR HEYFELDER,

Councillor of State.

{
i
5
{
'

[

All sizes supplied, producing from 100 to 15,000 gallons of water per 24 hours, and yielding

up to 20 tons, or 4,480 gallons of water per 1 ton of coal consumed.

S Al S RS o e P ] i )
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APPENDIX W.
Extracts from Report by Colonel Mullins, R.E., Consulting Engineer on Water-suppiy ‘of Bangalore.

~ Appendiz to G.0., No. 2292 W., dated 10th September 1886
32. Halswr Tank.—This tank, the present source of water-supply for the European .

B
J

troops, had naturally a catchment basin of about square miles ... o TR 550 s Lt oL S g it b
A small _portion of the western part of this area was diverted prior to the early part of the _
g e e e T 033
bllg
And between the years 1854 and 186 i f the fouggtanks known by the
p 7 the construction of the 10 a ;
j name of Miller’s tanks, near the Madras ﬁaﬂway (cantonment) s‘thn, further curtailed
. Rha W DY oid T G e B 053
Present effective area ... 464

—_—

- In 1877 an upper Halsur tank hrowing & bund across the northern mergin
of- the old tank, a.lr)xlt)l the catchment vi’:if,:,rmdﬁiggdttherefoge into two sections of 2:54 and 2°10
square milps, respectively, for the supply of the upper and lower tanks. The upper tank
?’mg‘” its surplus into the lower, and its contents are also from time to time turned into the

ower &.mn;;: supplement the supply of the latter when required. g
. greater part of the catchm therin und of the lower tank, with the
:ix'oep?otﬁ of less than one-fifth of a Squarslﬁxif: tgathe easgtwgu?d, is occupied by the large porulﬂ'
n ﬁl?iloﬁ'o e cantonment bazaar, and, until the completion of the main sewer in 1864, most of the
i e (i)op ulation of about 75,000 was washed down into the tank whenever & heavy fall of
i ouEil he wewer hav il impryved matters, 15 if capablo of carrying off all the
i ﬁ » provided the rainfall does not exceed about one-tenth of an inch an hour. There
is no doubt, however, that the water flowing into the tank after @ considerable period of dry

\;eather followed by heavy rainfall is deci iagly foul and unsuitable for drinking and culinary

urposes,
~ The whole of "the drainage of 1« which reaches the tank by the western
feeder, which runs from just o gmmﬂ.:’;,ﬁ:  roneh the basaar, might without
lifficulty be diverted from the tank by running a bund across from the culvert by which it passes

. v

-k
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INDEX T0 ESTIMATES ACCOMPANYING REP(’)R,T AND PLANS FOR
WATERSUPPLY FOR EUROPEAN TROOPS AT BANGALORE.
: s L!l:'
Number of Amduat i 8 I Su:b' ect
Estimates. o Aragea ber of 3cs
! imates l;i 2 w&h Nnglhn t
. & ; ' ) R
. ; rnomcr A. : g Shg
1 ‘1?'010 5 5678,91nm ' ity of A ‘tmk‘ S o
f . ; creasing capacity of Agaram tank
2 2 16,290 6 3,5, 10 |Bettling beds. o
: 3 9260 | 8 11 Enﬂ’m&honse o
! 4 30,900 8 AN maohmm'y,%HP .
% 4'.A. % ‘20,820 16 e ‘ v o ’ 16 db- .
{ 5 19,410 9 | 23 Filtm Es : _
: 6 1,350 10 13 Pumvwatermtom S R p s
7 1,000 0 Vuinesmdwnnampﬁutpummg ntntmn i3
e S T Ry e T Stand-pipe. $ )
9 14,740 15 16, 17 | Accommodation for establishment.
10 1,18,240 12 18, 19 | Mains, 12, 77, 81, 2. :
10-A | 1,00,310 |, 16 18,19 | Do. 107, 67, 21", 2"
11 18,910 13 35&&3 Tron roofs tocmbema
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WATER-SUPPLY FOR THE EUROPEAN TROOPS
AT BANGATORE.

—

ReporT to accompany Plans and Estimates for Projects for improving the Water-
supply for the European Troops at Bangalore,

1. PrevioUus (CorrEsSPONDENCE.— Report by _Colonel Ml_ﬂlins, R.E., Chief Engi-
neer, upon the water-supply of Bangalore, forming appendix to G.0., No. 1473 W,
dated 13th June 1884 ; G.O., No. 1814 W, dated 25th July 1884.

9. ACTION TAKEN oN CoLoNEL MULLINS' Reporr.—The results of the investiga-
tions carried out by Colonel Mullins, which are summed up in paragraph 51 of the
above report, were accepted by Government, Who accordingly directed the elabora-
tion of the scheme proposed with the Agaram tank as a new source of supply, and the
undersigned was deputed to prepare the necessary plans and estimates for this purpose.

In the Government Order of 25th July quoted above the further investigation of
Colonel Mullins’ suggestions with regard fo the possible improvement of the Halsur
tank, the present source of supply for the troops, was also directed together with the
proposal to condense water for the troops, to afford a separate supply of pure water
for drinking and culinary purposes only. :

3. ProsEcr Now suMITTED.—Plans and estimates are now submitted for three

8, V1Z, :~— . AT
Pm]eg:;jgct A.—For new pumping gear, mains, and the necessary buildings for
supplying the existing cisterns in the barracks from the Agaram tank. :

Project B.—For retaining the present system and providing for a separate
service for condensed water for drinking and culinary purposes only.

Project C.—For improving the Halsur tank and utilising the present gystem
with certain additions and modifications. 1 e )

The three projects will now be reported on in detail. : : : -

4. Prosscr A.—The arrangements in connection with this project Wwill be as
follows :— ‘

(N . 7 ‘
The source of supply to be the Agaram tank. The water from it to be collected

i i i is well the water
situated below the tank weir at its north-west extremity. From this we t
will be pumped on to filter beds, whence it will gravitate into 2 clliara:-wztec;s:’?ftl;:
From this clear-water basin it will be pumped up over a stand-pipe :vﬂl 1{)% firitage:
mains up to the existing cisterns at the vano:lls tg.ar;acksl’;s whence it
uired by the present distributing pipes and stand-cocks. . ar
a4 The p};mping station will comprise the following buildings and machmery :
" 1. Engine-house with double set of engines, pumps and boilers.
9. Pump well. . -
3. Double set of filter beds.
4. A pure-water cistern.
- 5. A stand-pipe. |
6. A store-shed and office. *f

in settling beds and conducted thence by earthen pipes to a well in a pumping station

7
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The tank therefore receives the immediate drainage of four villages, the inhabi-
tants of which together with their cattle resort to 1t fqr water, bathing and washing
their garments and household utensils. If the tank is to be adopted as a source of
water-supply for the troops these latter practices are very objectionable. Where
yillagers and their cattle have free access 0 8 tank the water must be contaminated
more or less by the washing in it of foul,” robably at times infected, clothes and
contact with human or animal ordure. The rapidity with which the germs of disease
are generated and disseminated from such causes 18 generally admitted, and no source
of water-supply can be regarded as entirely satisfactory which is liable to such

contamination. ' ey b
Inquiries have been made as to the poSﬂlblhty of acquiring these villages so as
thood of the tank being kept as free as possible

to ensure the immediate neighbou fr _
from pollution, but the eXpenst and numerous difficulties that such a course would

entail render it practically prohibitive. 1 Poll;

With the two villages of Venkatapur and, olliam on the south nothing can be
done to divert their drainage from  the'teEl, b must pass info ib. The drainage of
the village of Jacksandra can be diverted and carried into the surplus channel below

i f the existing wei
the tank by a culvert on the road just west 0 g weir.
In thg case of the Agaram village the tank can be cut off from it by a cross-bund

o run across the eastern ared of the tank (marked on plan 27), forming

|

|

| l g Qu:%tocirs and »out(ihouses for the Epginccr in charge,

1 9. Quarters for nativ: .Btokerior e I‘Jurop ean Assistants,

b Arril(l) : eﬁxﬁni??? e ol :

i llg. Additio([)l: ltx:)cxt'(laf:mg the capacity of the tank will consist of —
1 B o e e v

13. Raising th
Ags ém :nlg'?;zlt bu(rlll(.la ax}(l construction for cross bunds to divert the
village. ksandra village drainages, and protect the Venkatapur
5. THE Aarax T
ANK.—The ¢i
source of supply, are f 'he circumstances of the Agaram tank, ti 080
report, and an z;:amingiligndgzcl'}llbed by Colonel Mullins in i):lrugmphs T; 4 ;: ,I;:)gfo ﬁi .
: It has a catchment of 32-1s fiets Nos. 1, 2, and 4 will make its pr)sitiulf clear.
by 26 smaller tanks, varying i S miles, 'ubout 1,062 acres of which are ucc-upiod
~ tion regarding the waste § D waterspread from 3 acres to 237 acres. No int:orum-
Mysore Department of Publicegr discharges of these tanks was procurable from the
: approach to accuracy how far thfil‘ks,_so that it is not possible to determine with any
which they all surpl ey will affect the supply in the Agaram tank into

| us. As :

the 200 ssuming all the tanks to have an averag gl :
Fe el ey e G S M LRb AL C. Took. of the pesvall” The o ' proposed {6 be 0 estorn comr close fgfle YUAge: th. which the enaitacts SLG ©
| 6 Ha!’slu tank catchment and V].!:Ch()'s’ and, judging by the statistics of rainfall over the be compelled to resort for their water. Tllllss ivu:ilr Wf}ll IWIIL be supplied by a sluice
3 - 0075 of the annual rainfall olume of water received, given in Colonel Mullins’ report, from the main tank, and an additional surpit e ill also be constructed in the cross
| all may be expected to run off the catchment or 27" Thus bund as proposed by Colonel Mullins in paragrapt , appendix 24 of his report, which

of the surplus of the mamn tank away by the smaller one. The esti-
mates for raising the tank bund, &e., are based on the proposals made by Colonel

: 1lins in the same appendix, and all details are given in plans.
Ml‘1 1With the tank weir raise,d a bund must also be constructed to protect the village

of Venkatapur, which is close to the present F.T. Watersprgad gf the tank, and part

of which will be brought into the waterspread with the weir raised as proposed.
6. SETTLING BEDS. —These were not proposed by Colonel Mullips, but their provi-
sion is thought to be most essential. From the analysis of the Agaram tank water
iven in appendix O attached it will be seen that the ar.nount.of suspended matter 1n
the water is very considerable, and the Che{nlcal Examiner himself regards settlement
prior to filtration as necessary. Mr. Baldwin Latham, C.E., in lecturing at Chatham
in 1871 on this subject states « the advantages of subsiding reservoirs are very great.
In some experiments which I made I found that four-fifths of the total impurities in
the water, which could be removed by ﬁlt;"(}tlon, could b(_a removed by subsidence,”
. od that the slow and ansatisfactory working of the Halsur filters—

it is believe : :
:Egaﬁi;i x:fl;igh more will be gaid further on—18 due to the want of these important
- =]

S ories in the existing water-works. . .
accus;sl?ttl';eb ennle:'af ;rran 2 ements of the proposed settling beds will be understood by a
g It is assumed from the data given in appendix A

a total yield of 199:68 or 2
32-10 square miles, 8801:‘)..0('). M, C. feet may be calculated on from the catchment of
P tanks to be lost to the \I 'I)Ohlng o .Wh()h"' 138% M. C. feet absorbed by the minor
! St e N Jasusg aoous) meapt wou R 62 M. C. feet, or
estlm}:;tes at 24-008 M. C. fect, f its present capacity at F.T.L., which Colonel Mullins

elow the tagk is a ¢ : .
k is a tract of cultivated land 223 acres in extent, of which 199

acres is classed as wet, E
216,000 cubic fees: W(z-t}c CA_\SSuxmng the supply required per acre for six months to be
: for this land will amount irculars of Chief Engineer for Irrigation) the amount required

must be twice to about 43 M. (!, feet, so that the tank in its present condition
This will %E:;leto ;l;eet the yearly requirements of the land below it. _
the inflow to the 'tank? out 19 M. C, feet of the surplus that runs to waste, and as
the surplus is prob blm generally mych more rapid than the draft for cultivation,
supply what is I‘GQui:edy excessive, gng the tank can at present do little more than
tank was nearly quit (;;)r the lands under it. When visited on 14th September the G
troops would proba%l za ¥, and in itg gondition on that date a week’s supply for the :
the capacity of the tz k ve drained it completely- Colonel Mullins proposed to mcrease :
a total storage ca ac'rtl by an addition of 3 feet to the waste weir, which will, afford
With the tank tﬁ ity of 44 M. (), fee, Provision for this is made in the project.
us enlarged eXistip .mquirements will in no way be affected, 4 et . ‘
ill be stored, L reference to plan ’ N e B T b tha ok froopaiagnd

and the tank once filled
over six y gupply for the troops W
years’ supply that 60,000 gallons a day may (tling beds, each capable of containing twelve days’

which should prove
the tank as 3P ¢ ample for al] contingencies. 1t 18 . 8
source of sy en y it 18 propomad to provule thriethe ing "in any one B i 2 M8 ve bvonty fons

irrigation sluices Pply for the water for the troops :
should be placed i th: hands of the © Watcr-’works Estab supply for thebtrt?opsits?s t(il; wn'off. ‘The settling beds are to be sitnated in the tank
days to gettle beiore to be, by a bund, run parallel to the existing

will carry part

the regulation of the
lishment.”

The Resident of M
grounds that : ysore,"howey in this view, and on the "
might be t:k::ct?mns might oceur, st;r:)hdocs s ﬁ?‘ﬁ;f rainfall, when objection : bed near the north-west iy tod with it by four cross bunds a right angles to
troops ; he conside::at:ﬁ‘a?emg' drawn off f:: i):i'zilgtion as cﬁrtniling t,hc supply for the g bund 100 feet in'frpltlfxr(;i feg:;:;;‘;’ - roservoirs eag‘h 300' 100, or 30,000 squ;;re e
compensation ghould be paid for the irrigation below the :oglx bu'lll‘(}lxge’géoxl;r?tll?% e duptizof water will each contain 7 50,000 gallons or a lttle
rea. \ :

and the a : :
y mount estim. i
timated bY the Mysore Government i8 entered in the estimates.

urther compensati : |
land submerged tf’;mggz’ &lzol‘;:hl“gtto Rs. 10,944, must be paid for 114 acres of 3
€l of the weir.

over twelve days’ supply-  to be drawn off by @ perforated masonry tower con-
At the north-west a water from the tank 18 nry

; culvert through the bund of the centre settling bed branching

. A nd nmh_ ‘ ed 'th a masonr . e
& . &mn and Jacksandra, rth-cast corners of the tank are the two villages of nected wi b e el connected with each settling bed severally by
ot g L hu;‘gh:n?lilmer at the north-cast oorner {s & 'TEC U e into throe eul 23 atE;EI(: ::?:llsert is provided with a shutter, so that water can be
small one containing 61 huts. ouses, and over 1,000 inhabitants. The latter isa % earthenware plpf&s- Ve 41 ot will, ‘The per.forated tower is to be surrounded by
whenT?[:) %ther villages also lie negy : 4ot turned on tolan)' els " pac o to induce the deposit of suspended matter before the tank
n the F.T.L. is raised a the margmg the tank at the south enc, &7 rough stone 1005¢ 3 The sill of the collecting tower and culvert 18 placed at

v i 1 S pro . . T : i iy : lvert. " y
the water v;hen“ the tank is full, Posed they ‘ will be situated close to the margin of | \gvkgté z 1“;}: §.L., about the decp bed level of the tank at this point. The eaxtheg:ﬁr?
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pipes from the inner end of the culvert to the separate settling beds will each have an
internal diameter of 12 inches. These with a head of 6 inches will discharge 36 cubice
feet per second, and could fill a settling bed in about thirty hours.

The water from the settling beds will be drawn off by sluices in the eross bunds
connected with cast-iron pipes with the upper end ﬁuated a little ‘peluw the surface of
the water, so that only the upper layer of water will be dmwr_l off, and the lower end
connected with the sluice by a flexible joint. From these sluices earthenware mains
connected with a common main beyond the gettling l_)e(ls will convey tll? water to a

ump well in the pumping station. The distance from the west end of the settling
beds to the pump well in the pumping station will be about 900 feet, and with a slope
of 1,000 the 12 inches earthenware pipes would deliver 450 gallons a minute at the
pumping station, rather more than requirud.

7. Tue Punping StatioN,.—The gencral zu‘rangcmqetlt of the d‘iﬁerent_ buildings is
shown on plan No. 3. The site is on a hard red soil, and good topndntmns may be
expected. The surface has a slight slope from west to east, and 18 bounde(ll) on the
east by the surplus nullah from the Agaram tank, 1nto \thch all dram_agg can bc .eaSlly
turned. The average level of the ground is at 2,883+39, or about 17 tut l‘d. ;)‘C 4ﬂl§
bed of the Agaram tank, and the enginc-huuse and pump well from w Lu: 11t 110 t1fm
water is to be drawn should be placed at the south-east corner, wl_lore a we 118 ‘oet
deep will have a floor level of 2,865-00, or a foot below the bf)ds of the sotﬂ.ll;i,’ reser-
voirs, and secure the necessary gradient for an ample supply 10 the pump well.

3. Tue Excines.—The highest point to which the water w11} hf:w to be fL»rgidS“ﬂll
be the cistern for the infantry barracks, where the supp‘ly level is :;,UU})'O‘ ) 4+ -1... L,
or 117 feet above the level of the ground at the pumping station. .'l.h" L‘z.ll("u. ations
given in appendix D show that @ command of 30 feet ul){:\'c the infantry (.-1>t-(.~rn11i
necessary, so that the water must be lifted to a level of 3,050 or 151 feet above the
Jevel of the pumps, which will be about 6 feet below the gx:ouud_.' e e
The engines must perform a double duty ; they must first lift th‘u wate rlnn' ! ”
filter beds, and when it has gravitated through to the pure-water cistern t;:) m.ua
pump it from that o the seryice cisterns at the barracks. It is prcggmed L .n't_ncun;
tinuous daily pumping is not&pected, and that on Sundays the establishment w1 1 no
be required to work. Tf this is the case at times an interval of three days m\ﬁst ¢ apsc;
before the engines can supply the service cisterns at the barracks, 80 that tk ey xg:s
be capable of sending up three days’ supply or 180,000 gallons 1n one w((;r ing ?f
Supposing a separate engine is provided to charge the filters, pumping two day s,”um? y
or 120,000 gallons would suffice. In appendices B, C, C, Cs data are g1y fedn
regarding engine power, probable expenditure of fuel and amount of pumping required.
Supposing the engines to work for eight hours & day it seems that the more ecogom;
jeal arrangement will be to have one engine capable of pumping up three days
supply when required, which could be accomplished by a 2,4-1.101-:50f power engine
(nominal). Te allow of reserve power two such engines are provided or.l .
Compound condensing engines should be adopted, and the additiona expc_zns? a
first incurred in thei provision will be eventually covered by the economy in uel
that this type of%ne renders practicable. Illustrat_ed specx_ﬁcatlon:‘; qf numerous
engines have been consulted, and the most suitable engine of this de.scr\’[’)tmn seems to
be * Shanks’ patent compou double-acting horizontal steam-engine, desecribed in
the catalogue of Messrs. Richardson and Co., Bombay. This engine seemsb\rery
" compactly arranged, the number of its working parts is small, and it would probably
occupy less space than many other engines of equal horse-power, though of dx.fferent
design, as the fly wheel and crank shaft are placed parallel to the cylinders instead
of as in most cases beyond and in the same alignment with them. It is suggested
that this engine, if adopted, shonld also be fitted with ¢ Patent automatic variable
expansion gear.” When this gear is fitted it varies the cut off in the high pressure
cylinder and governs the engine, enabling 1t 1o exert only the power gctufallly
mquired, and thereby it 1s stated effecting a saving of .about 20 per ce;lxt. in fuel.
The cost of this gearing according %o London catalogues is about £1 per horge power

exm’i?he calenlations usually adopted to estimate the horse power of engines show in

this case that about 16 nominal horse power is required to Lift the desired quantity of

e
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water the necessary height, and to this 50 per cent. is arbitrarily added to allow for extra

power required for unforeseen contingencies, giving as the result a 24-horse power
engine. The estimates provide for two engines of this power. The nominal horse power
of an engine is always however considerably below its actual strength, and the actual
horse power of a 25-horse power engine 0 the pattern proposed is according to the
catalogues as much as 64-horse power with steam at 60 1b. pressure per square inch.
This is about the maximum working pressure of the boiler, and it would never be
advisable to work the boilers regularly up to this pressure. Probably an engine of
smaller nominal horse power working at, say, 40 1b. pressure would give an actual
horse-power greater than required in the present case,—for instance, an engine of
16-horse power nominal at 60 1b. gives an actual horse power of 40, and working at a
¥ lower pressure might still suffice. When ordering the engines this matter might be
: inquired, and the firm from whom the engines are obtained may be able to guarantee
the performance of the work required by an engine of lower nominal horse power than
that estimated. The saving however would not be very great—not more than Rs. 2,000
about on each engine.

. The Boilers—The estimates provide for Lancashire boilers of the ordinary type,
i which for a 24-horse power engine should each be 25 feet long and 6 feet diameter,
requiring a boiler room quite 35" X 26’ and a masonry chimney. It is however
strongly recommended that vertical boilers be adopted, which appear to offer numerous
advantages over the ordinary horizontal type. With vertical boilers the boiler room
required is very much less, and there is no necessity for an expensive masonry
chimney, as the boilers are fitted with iron chimneys, The saving in cost and weight
is also considerable, a 25-horse power Lancashire boiler costing Rs, 4,950 and weighing
182 cwt., while a vertical boiler of similar horse power weighs 72 cwt. and costs
i ~ Rs. 2,800. The pattern recommended is the new patent vertical steam boiler
‘ (described in the catalogues of Messrs. Richardson and Cruddas, Bombay, and Messrs,
Bolling and Lowe, London), which is said to effect a saving of 40 per cent. in fuel
over the ordinary vertical cross tube boiler. It has great effective heating surface, is
; not liable to prime, and the tubes can be readily erushed out. The working pressure
= should not exceed 60 Ib. per square inch, and, if desired, they can be adapted for
1% wood fuel at about Rs. 20 extra per nominal horse power.

The Pumps.—Ordinary treble-barrelled plunger pumps are provided to raise 370
gallons with about 18 strokes per minute. The length of stroke is to be 24, and
with this the diameter of each barrel should be 10", They are to be 12” to allow of
the usual addition of one-fourth to meet loss from slip, bad fitting, &e. To equalize

. the flow in the delivery pipe a cast-iron air vessel of about eight times the capacity of
one pump barrel is to be attached in the usual manner. The capacity of one barrel
being 1'57 cubic feet the air vesse] should be a cylinder 4 feet long and 2 feet
diameter, giving a capacity of 12:56 cubie feet. .

The Engine-ho his is designed to ‘accommodate two 24-horse power engines e,
with two Lancashire ers, and all necessary details are given on sheet No. 11, If
vertical boilers are adopted, as suggested, the boiler room can be reduced to the dimen-
sions indicated on the plan. g 14

v 9. Frurer Beps.—The rate of filtration through 5 feet of filtering bed is stated in
the “R.E. Aide Memoire "’ to range from 38 to 75 gallons per foot super in 24 hours.

i ~ In the “Caleutta Water-works,” where the filtering beds are 3} feet deep, the rate of

SR fltration is 50 gallons per square foot, and in those at Almora,” where the beds are

: 6 feet deop, the water runs through at the rate of 78 gallons per square foot in 24 hours,

% The existing filters at the * Halsur Water-works,” where the depth of the filtering ER

B i strata is 5 feet, are peculiarly slow as compared with the above theoretical and SR

ractical data, and has never exceeded 9 gallons per sqaure foot in 24 hours, and it ¢

By is believed that this slow rate of filtration may, to a certain extent, be attributed to

o  the want of settling beds, which were proposed in the original scheme, but never

constructed. gl $in N e fiag | 5
In the present project it is- assumed that with the water previously clarified by
subsidence a yield of 30 gallons per square foot per 24 hours may be expected, and the
dimensions of the filters are calculated on this data. The filter must be capable of’
purifying 180,000 gallons in the 24 hom:s, anﬂ mpp@ﬁ:ﬁ_thgepgines to take 8 hours
to fill the filter, during the process of filling 18@.‘?0?;; or 60,000 gallons would be
’ g A b e i
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# 6 ¢ ‘ ' s in larg b ble to drop garbage
., : sy the barracks in large numbers are a P g
vi . ‘ and other birds which frequent < away for food into the water and further
run through, leaving a balance of 120,000 gallons to be stored on the filter bed to run _--h-{ 7 ':: other refuse they may pick up and carry away for food into the wa

through in the remaining 16 hours, which w

‘: tAhs’ hotze‘%ei? the l.lead of Water‘on the filter bed should be limited to 2 feet, otherwise
: e rate of flow will be too rapid, this quantity should be stored in an area of 9,600

;g;ar:fft;zt;fzcieezv?ﬁelf)u({trﬂl9},1200 cubic feet. A filter 140 60, giving 8,400 square
within: 24 hotrs with o maréi ]f f1'\'=3qulred conditions and would purify 189,000 gallons

During the s b or slower rate of filtration,
ours pumping 84,000 gallons would run through, leaving 105,000
%;]lltl)ns stored on 2 feet depth of its surfuce, which would pass throu ’hg in about %
ours at the assumed rate, 8

At least two filters must v i advi
RS mmllideiyn be provided, and it would be advisable to have three,

y : one oxydising and one cleaning.

waterrgglil itglll:d()f the filters will be understood by a reference to plan No. 12. The

g S Overtiow i 011;0 tlhe.Surface by a masonry channel in one wall, frem which it

'% descendin thro:clrlh tlf sloping f«‘wt} of the wall on to the surface of the sand. After
whence cgst iron maiI(:sStr?Eﬁ1 tt will be collected in a culvert at one end of the filter,

' # will ¢ 4 ¥ " y

A strata are to be composed onvey it into the pure-water cistern. The filtering

i

: o : walls and letting their droppings fall into the
ould require an area of 6,000 square feet. rg" contaminate it by sitting on the cistern Wa 2 ¥

cisterns.

Th ght to be mo traces of ammonia in good drinking water, and, when it is
ere ought t

no WSS . 1 eyacuations of birds are highly ammoniacal, it is
rez_nembered that dthe sglgi zx:dclill%‘:ﬁ;an ces the water stored in the Race-course and
evident that under ex1s DS i liable to contangmatlon of a nflosi; deleterious character.
Royal Horse Artillery cistern o Race-course cistern, which is situated close to several
This is particularly the case at for numerous birds, who wait and watch for

. : dezvous 10% :
cook-houses and 1s a favourite ren ersigned personally on one occasion fished a

und X
the refuse of 1fhe cgolé-l‘ggnzaterﬁ this cistern, which, from the very advanced state
Jarge dead snake out 0

e | ted, must have been in the water many hours, and bones and
of decomposition it prersenare:frequenﬁy found in it. Considering the great expense
other foreign subtances & ghe pumping station and conveying it to. these cisterns,

ing the water ?ue -+ state a8 artificial filtration can make it, it is most
in as pu

114 be protected a8 far as possible from pollution while in the
e i

T NG : fs for these two cisterns are recorded in the
cmter'i‘lze estimates and plans for ivonl 190 1 this report, They amount to Rs. 18,910

division office and coplés a:q Slinglltllt(;:g in the total estimate for Project A.
. is

altogether, and the amgs __This will remain as at present and calls for no remark.
14. MiNor DisrRIBUTION. —In Appendix V is given the sanctioned

) Sed of 2 feet 6 inches sand, 4 inches animal charcoal, 3 inches
{ g:lm;ry sweetpmgs, 11 inches stone jelly, 1 foot of slab stones on flooring o’f brick on
| ge concrete, and the filter will be sunk 6 feet deep in the ground.

10. Tue Pure-water Crstegy,

i fast as the filters can purify it, the S0 L Saros il st 8y Watkr Hirse it

. - . miT - 4
ing is i filtration requiring 24 hours to complete while the UARTERS FOR EsTABLIS) - hment. The estimates provide for quarters
; . 5. tablishmets. :
ﬁ:{? It)ll:;% (IE :lltl)geﬁllltleis hours, the capacity of the pure-water cistern should be at least 19131. t%e present Water.v;::(l:sEEuSr:P subordinates, and the native fireman and
) scale . -

i : or it should hold about 100.000 gallons. The 3
*’ water basin has interior dimensions of°éd abou ;000 gallons. The proposed pure

n charge,
. - 21 % 80, which with 4 feet de I :
contamm 105,000 gallons. It is to be §' X 80', which with 4 feet depth of water will

for the Engineer !

ot absolutely essential, as they could in all
ion for
‘Accommodation

the la?'fl" lgali.am or one of the villages near the tank, but

i ' : . : 1 : i 1 neces-
girders roofed with arches carried on wrought-iron s ity find suitable dwellings ials must be provided on the premises. Al :
. All gec’e"ssl:’n ?itet‘h?lse::}:’ 'E(\)rez;ug: sohf fl;cc (\)’enlt;lation above the surface of the water, pa r[;)cbomﬂ:,,l ;d);tion for the fornlller 0 1% T A
& '5 g’- ee N R .

:
: . oF PRoJECT Bepa §:— B
pipe, and waste pipe, the lapt discharging into the pure-water basin and consisting of d 1 6. S]O: Tilp of the follow1ing item 1738.1 5 f
cast-iron flanged pipes 12 inches internal diameter, Z inches thickness of metal, fitted R m tank B2 e L 1B 290
together, as shown in plates 14 and 15, on which all necessary details are given. The Tmprovements to Agard 9290 |
total height of the stand-pipes to secure the necessary command will be 146 feet above Settling beds 5 himney v 11-1‘1.11)3 e TSN T A2
the ground !evel of the pumping station, giving atotal lift from the pumps of 150 feet. Engine-house » ) se pOWeT engines 8% P o . 19,410 ’3
Data on which the dimensions of the struts, braces and guys are based are given in Double set of 25-bor e L 7350 3
appendix E. _ ? gl Fiteoh il RO 6,390 f
i %112 I'{an Méxvs.—The mains will have to supply three existing service cisterns, a7 B R b e 16240 |
viz, the Race-course cistern, whence the cavalty and two field batteries draw. their Stand-p1pe E SRR 4 e " 10,758 \
: supply, th-.e Royal HOI‘S.B Artlllery cistem’ and the cistem in the Commissariat uare Mﬁins . e :t;l.ishmﬁnt o “ee s e o" ; 3:982 ‘
| that supplies the battalion of European Infantry. = g ] : P i A A T |
_Detailed calculations of the sizes of the mains are given in appendix D, and . ﬁ 3 Enclosure s T | LR AR L f
sections along the lines of piping are shown in sheets 18 and 19. ; . TR Roof to cisterns == L e o) TRl oy iy B
The pipes are to be laid in trenches 2 feet deep, and, as no part of the ground S = Compensatio? . Total..., 2’711’%% |
traversed by the main will rise above the hydraulic gradient, the highest point bein g o . ‘Unforeseen contingencies ... ke . |
25 feet below the top of the stand-pipe, the pipes may follow the configuration of th% b " : Grand total ... 2,90,000 bR
ground. Where nullahs are crossed the pipes are to be carried down and into their beds g : ER T SN B
across which masonry walls built of rough-stone rubble in chunam are to be constructed 3 | ' information supplied by the Mysore 8
to carry the pipes and check the soouring out of the beds by heavy showers and ' estimated O ue authorities of the lands affected Gty
possible displacement of the pipes thereby. el gt o ensation has been tioft by,the Revenue at |
In calculating the sizes of the mains the levels of their discharging points tre £ Cozgnt after personal 14 be effected on the following items tothe - - L8
assumed to be 1 foot above the tops of the cistern walls which they supply, and the , . Govern gt ol vingﬂ-ﬂonl e : 8
- lengths are taken in even yards slightly in excess of the actual distance, so that any e by the proj¢ l boilers are ) : i v e
errors are on the side of safety. : & If Vi;t;:: below :— : L 1810 | : e 1
13. Roors To SERVICE CisTERNS,.—The existing service cisterns were constifioted 1 g amount e i L s 4990 A Y
without roofs, and in 1877-78 an estimate for Rs. 66,598 was sanctioned for addi- Sl h Engipe O e T o, wai" 1 oner, fo e ed 1,034
tions to the ¢ Halsur Water-works,” which included items for roofing the three cisterns = Maohinery s+ " L e TR ND T
and the pure-water basin, but only the latter and one cistern (that at the Bakery o ‘ Carriage  *** . . Total saving ... o
Square) were roofed. The cistern at the race-course barracks and the one for the .
Royal Horse Artillery still remain uncovered. The result of this is that kites, vultures,
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A ft:rther saving in the initial outlay could also be effected by arranging that only
two days’ supply is sent up at a time, which would allow of pumping at the rate of 250
gallons per minute. In this case, both engines provided should be eonstantly in ;se
and, starting with the pure-water cistern full, could pump as shown in Appendix C :
In the event of one engine breaking down—and it is improbable that both would d::;
so simultaneously—the other gould, by pumping a few more hours daily and working
uninterruptedly, meet the demands for the troops with a little economy of consumption
until the disabled engine were in working order again. This system would involve a
slightly greater expenditure of fuel, but in this case the mains could be reduced from
127, 7%, 34", and 3" to 10", 6", and 2}".

The saving in cost of engines,upiping, and carriage by this arrangement would
amount to Rs. 28,010.

Supplemental estimates for the less powerful engines and smaller mains are
submitted.

For the above amount, 60,000 gallons of water a-day can be purified and delivered
at the barrack cisterns for a Europeuu and Native population of 4,346 souls and
horses—the water to be used for all purposes.

The annual cost for working the system would be approximately as follows, the
present establishment being considered sufficient for the new pumping station af
Agaram :—

RS,
Establishment ... 506
Fuel 170

Sundries (repaixs; .c.pil, &c) vos 124

—ee

Total per month ... 800

PR SBE.
Do. year . 9,600
. Oleaning and renewing filters ... 5,000

PRS-

Total ... 17,600

et

80 the annual expenditure may be thus estimated :

15 per cent. interest and depreciation on machinery .o e e 4,633 .
) |1 SRRy ,  on other works ... cir 02160
Working expenses BRIk - o i e e ok et 1 2/008

: Total ... 44,385

With a daily mpplf of 60,000 gallons for the above expenditure, the cost per

1,000 gallons amounts to Rs. 202,

17. GENRRAL Remarks.—The above project will probably be found ample for
the requirements of the troops, but the following points in connection with it must
not be overlooked :— '

(i) The source of supply from the Agaram tank must not be regarded as a pure
one, and on this point more will be said subsequently. The whole supply
the tank receives runs off cultivated ground ; four villages lie within its
waterspread, one of which is a large one ; and, with the removal of the
water-works establishment to this tank, the population of these villages
and the t_raf‘ﬁo .about the tank are liable to be increased to no small extent.
T_he Engineer in charge must be invested with distinct powers to enable
him to check practices liable to result in the pollution of the tank, and

S DOnee VAROY of the tank will be a difficult matter.

(ii) The supply to the tank is to a certain extent precarious, situated as
it is at the extremity of a long chain of tanks. All these have the
power of retaining and utilising much of the rainfall, and in years of
scarcity the demands foriwyater for cultivation and for the supply for
the troops might interfere with one another and give rise to compli-
cations, more especially as the lands in question lie in foreign territory.
I once the tank, with its capacity increased as proposed, were filled,

- —

9

it would meet all requirements amply and tide over several years of
scarcity, but data are wanting to show that this may be safely counted
upon.  Up to -date, in spite of the heavy rains of the past few weeks,
the water level in the tank is still 3 feet below the crest of the present
waste weir, while a few weeks'ago it was very nearly dry.

(iii) In the Agaram scheme the troops will be entirely dependent upon the
filters for their supply, and the assumed capacity of these reservoirs to
meet the required demand is based upon theoretical data that in the case
of the Halsur water-works filters have been found to be unreliable. It
may be found necessary to double the number of filters provided, and for
this there is ample space in the ground selected for the pumping station.

The details of the project could be carried out without interference with the
present system, which would continue to supply the barrack cisterns until the various
parts of the new project were completed. Probably, with a good supply of labor forth-

_coming, the whole work could be carried out in twenty-four months. A great deal of

the work, such as raising the tank-bund, construction of protective bunds, excavation
for cisterns, foundations, &c., eould be readily carried out by Pioneer labor.

1L

18. ALTERNATIVE Prosects.—In Paragraph 50 of his report Colonel Mullins
writes as follows :—* It is_nearly certain that water of perfectly satisfactory quality
could be obtained at Bangalore only by distillation,” and in G.0., No. 1814'W., dated

- 95th July 1884, the consideration was ordered of an alternative scheme suggested by

Colonel Mullins, viz., to retain the present system with the Halsur tank as the source
of supply, improve the conditions of the tank or provide a separate supply of pure
qrinking water obtained by distillation. .

19. Views o His EXCELLENCY THE CoMMANDER-IN-CHIEF ON THE SuBSECT.—On
the communication of the above Government Order to the Military Department, the
opinion of the Surgeon-General of Her Majesty’s Forces on the subject was obtained,
and his letter, No. 180-0, dated 18th August, forwarded to the Chief Engineer with
letter, No. 768-C, dated 90th August 1884, from the Quartermaster-General, stating
that His Excellency is most strongly opposed to any scheme with the Halsur tank as a
source of supply, is forwarded with this report, and will be found in Appendix R.

9. OBJECIIONS RAISED IN THE LETTERS FROM THE | SURGEON-GENERAL AND
QuARTERMASTER-GENERAL, —Before proceeding further, it will be as well to discuss the
above letters and the points set forth in them.

In the letter from the Surgeon-General, that officer raises the following objec-
tions :— ;

(«) He objects to the system of dual supply on the grounds that “ it will be
very difficult, if not impossible, to prevent men from making usﬂof the
impure ablution water for drinking purposes.” :

(b) He considers ¢ that the large natural filtration of this (the Dhobies’ wells)
water through the laterite bed 1s no safeguard against such subtle
impurities as the germs of typhoid or any other contagious fever.”
He refers to the well-known fact that the enteric fever poison has
passed from “ village to village in England by means of water which has

fltored maturally through long distances of solid earth,” and he alludes :

to this to show * that, in the event of the condensing apparatus breaking
down hereafter, the garrison would be dependent for its water upon the
Dhobies’ wells, a supply which would be dangerous to health.” :

(¢) He, in conclusion, represents « the great need for a supply of pure water
being provided for the garrison of Bangalore,” and expresses his opinion,
¢ that this end can be best obtained by the abandonment of the Halsur
tank altogether and the adoption of the Agaram tank scheme.”

The Quartermaster-General, in his letter forwarding that from the Surgeon-
General, expresses—
(d) The entire concurrence of the Commander-in-Chief with the views expressed
by the Surgeon-General and his deprecation of *the entertainment of
3
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211112' ﬁl:ﬁillir:a:l?}?h would tend to perpetuate the use of the waters of

(e) Points out that, however pure the water may become after condensation,
it must be remembered that the water drawn from the Hulsur tank for

all purposes, besides that of cooking and drinking, must reach the bar-

_racks by the same means and through the s |

(r) His Excellency’s opinion is also stated
men and families from y

(9) The danger of relying o
upon, “there being
except that which ha

(k) 1t is stated, in conclusio
‘““has at last arriy

ame pipes as the pure water.”
d that “ the difficulties of preventing
sing the impure water would be insurmountable.”
n a single condensing apparatus is commented
no source to fall back upon in case of accident
s been universally condemned.”

n, that the question of water-supply at Bangalore
ed at a stage at which a solution seems possible. An

experienced officer hag reported on the feasibility of a scheme which is
calculated to afford g pure supply of water.”

21. DiscussioN oF ABOVE OsrrcrioNs— Objection (a).—The difficulties attendant
upon a dual system of supply. It has been ascertained by a reference to the Com-
manding O_ﬂicers of the. several' European corps stationed at Bangalore that at present
the following system is practised with regard to the drinking water for the troops.
At stated_mtgrvals the regimental pakalies draw a supply of water from the stand-
cocks, which is taken to the cook-houses, boiled, and then again taken by the pakalies
anq p!aced in the Macnamara filters in the verandahs of the different barrack blocks.
This is practically a dual system ; the only difference in that now proposed would be
that a few additional stand-cocks will be erected whence the pakalies will draw drinking
water only and probably convey it direct to the Macnamara filters instead of first to
the cook-rooms for the purpose of being boiled. The men will very naturally go for
their drinking water where they ean get it with the least trouble, and it seems reason-
able to presume that.they will find it easier and more comfortable for themselves to
get it from the filters standing in the verandahs of their barracks than from stand-cocks
situated out in the open, and in many cases at no little distance from them. Of
course there is always the possibility of men, while in the ablution rooms, drinking
water from the taps there intended for other than drinking purposes. This possibility
might, it is thought, be reduced to a minimum by the provision of additional Macna-
mara filters in such places. It is also submitted that, supposing a plentiful supply of
absolutely pure water to be available for the barracks themselves, there is no means of
preventing men when out and about the cantonment drinking water or liquors mixed
with water of an infinitely impurer natyre than that now sent up to the cisterns from
the Halsur tank. The danger to the troops from the improper use of the dual system
of supply, over which considerable control could undoubtedly be exercised, is m'mgniﬁ-
cant compared with the latter entirely uncontrollable source of danger to which the
men are universally exposed. .

(). The imperfect natural filtration of the Dhobies’ wells.— It has been customary
hitherto to send the Dhobies’ wells water up to the barrack cisterns without previous
filtration. It is believed that artificial filtration at the pnmping station, previous to
transmission to the service cisterns, will considerably improve the quality of this
water. On this point, however, more will be said subsequently.

(e). Contamination of the pure condensed water by transmission through the same
lines of pipes as the water for other purposes.——A single line of mains for the dual
system 1s not contemplated. If condensed drinking water 1s supplied, an entirely
separate set of cisterns and mains are provided for its collection and distribution. 1t
would, in fact, be impossible to work the dual system with a single set of mains.

(¢) & (k). Necessity of a supply of pure water and opinion t'lzat the Agaram tank
affords such a supply.—The necessity for a supply of pure water1s an undpubted want
seriously felt, but the question as to the source of such a supply remams_stxll unsettled,
There seems to be some slight misconception with regard to the portion of Colonel
Mullins’ report upon the Agaram tank, In paragraph 44 he states that this tank ¢ on
the whole affords the best prospect of being a suitable source of supply,” and in
paragraph 45 he goes on to. say “.that the water hfls ob.tained only the qualified
character ‘usable,” but that is the highest character given in any of the analyses of
Bangalore water, and 1t seems more than doubtful whether anything more favorable
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e e conpecly a report of a pure source of supply, and in

be found.” This 18 slc a&fﬁlﬂns states, “ it is nearly certain that water of

%1y satisfactory character could be obtained at Bangalore only by distillation.”

a perfectly sa ltsl' e xzhen the Agaram tank was very low, the undersigned collected

In Aulgusf :h 7 ter from the end near the village of Agaram, but_on the side

sc;ml(;) S:mll)ges\\?ay f:om the village. These samples were submitted to the Chemical
of the tank a

Examiner for analysis, and the results aré given 1N Appendices O and Q. It will be

d and expresses uncertainty as to its being
: he water as bad,
seen that he now classes t

rend%gﬁ ggltlig;fagyrfmltggo?‘; garding this recent analysis are offered, though perhaps
(=)

eaking, the province of a qualified Chemical
the points commented upon are, Il)rzli): rlg; the Agaramptank water qwith analyses of
Analyst. « Comparing this zglal oyne Mullins’ report, Appendix 26 B, and analyses of
Halsur tank water, g‘geltnu:;amz)les collected by the undersigned last August, it will be
the same water made iro ¢ mitric acid is excessively high, being 9:00 against 7 5 in
seen that the PTOPortfon Oust’s collection and 3°0 in that collected by Colonel Mullins.
the Halsur water of 'A“gd ‘amonia is high though not so great as in the Halsur water.
The amount of albumenol afH cone ! it 18 stated that a marked excess of albume-
In Dr. Parkes’ ¢ Manual 0 ﬁ;l be a fair cause for condemning a water even if its
noid ammonia . . - e Woﬁlsewhere, in the same manual, it is stated, *“a large
other characters are g0 w;zter is always suspicious. If nitrates, &e., be also present,
quantity of ammonia mf animal substances, excreta, &e.” The recent sample of
it is more likely to be I‘OH‘I tank certainly shows indications of contamination that
water taken from the %gg:idsl olassed as “ bad ” by the Chemical Examiner equally
render it suspicious, an g llected about the same time, there appears

k water cO
with the sample of the Hals‘:g etxiu;;he two waters as a source of supply.

: bet

to be nothing to chooseé D¢ later sample from the Agaram tank was collected

It must"be l-emem:;{;ig td%isl; (fx]/l:nt;geﬂ- The tank was very low, and the water
ander the greatest po r a large village where the chances of contamination are
obtained from a Pou.u;b nteain the case of deciding upon a tank as a source of supply, the
undoubtedly greater ; u}’1 A be taken as the basis of decision. It is quite
worst possible aspect of t euainti ty of water stored in the tank very favorable analyses
possible that with 2 e les collected from it, but there can be no doubt that the
would be Oﬁtamted (i)z I?Zgig to dangerous contamination, and, if adopted as the future
Agaram tank wa er

as, or expected to be, Pu;‘;s A5 A SOURCE OF suppLY.—From the geographical position

22. REMARKS ONd T; the highest point nearly of the Mysore plateau, the question
of Bangalore, situated 0 g 2 difficult one. No large rivers pass near the city,
of water-supply 1s natura 3’ wells in the vicinity of the cantonment are the only sources
and the numerous tanks %111 Wherever there are tanks there is also cultivation and
whence water 18 obtallélao eéo that the surface Wat.er stored in the tal_lks must pass over
generally 2 village or hW t,a nks but too often receive the whole drainage of a village.
cultivated land, and the , ly, Dr. Parkes in his “Manual of Hygiene” classes
Tn speaking of sourceﬂ -(‘),atsup}ian,d as sugpiclous but palatable, and again he writes
surface water from cultl o impunty’of storage : “In India especially the
while discussing the quest ted by clothes washed near or actually in the tank,
' of excrement directly 1nto it, as well as by surface washings,
by the passage even ases the village tank 18 one of the chief causes of the sickness
go that, 1m fact,, mAiot“;; (:)utset, therefore, tanks as sources of supply must be regarded

Lt peo_p!e.’ The qualities of the water stored in them also vary with the season cf
ith suspicion. 4 1
Xll:hy:ar}) and a recapitulation of past e

H3181111' tfggzis 3§angzné;isting water-supply scheme was first Being worked out,
n :

tank was analysed and favorably reported upon. Tn 1363

) Itzlaél: 1g&tliﬁ(‘aut for examination by Assistant Surgeon Nicholson, whose

a sample was o s to have been satisfactory. In 1868 the tank water obtained a bad

report s_ﬁll appear by the Chemical Examiner at Madras as containing
reputation,

ted on by ;

e ¥§?sri£gzri Jed to the adoption of the Dhobies’ wells as a source of
faccai ma.tItIElﬂ‘iS7 1-72 a special officer—Assistant Surgeon Nicholson—was deputed by
suppiy.

is likely to i
;:arzxgrjph 50 of his report Colone

the water of the

xperience in this respect with regard to the

-' “ri .




Government to examine and report upon the waters of the Halsur tank and Dhobies’

wells. These reports were further verified and commented upon by the ('h“ruii:d

Examiner and Sanitary Commissioner. The conclusions arrived at were as follow __
(1) That the tank water contained no feecal matter.
(11) That after filtration it was I.crfuctly wholesome and fit for drinking

(iii) That the total absence of mitric and nitrous acids and AMWOnie showed
the water to be free from mineral remains, the effects of former ‘N‘_“.:‘(N.

; contamination, and the amount of organic matter found was very ,“mf

(iv) Compared with the analysis of the same water in 1863 a considerable
improvement was discernable. The greater freedom from organic matter
and chlorides in the latter analyses was attributed to the beneficial
action of the main sewer constructed in the interval and to the better
conservancy of the tank.

(v) The Dhobies’ wells water was found to be }i[‘li',‘li";t“}' identical with the

tank water, but to contain less organic matter.

(vi) Compared with Dr. Parkes’ standard, first for pure water, second for usable
water, the tank water was found equal to the second standard after
filtration, and the Dhobies’ wells to the first standard.

The opinion of the Sanitary Commissioner upon these analyses was recorded 1n
G.0.. No. 528, dated 8th February 1872, and stated that, *' although under ordinary
circumstances the water of the Halsur tank when filtered 1s perfectly pure and whole-
some and may be safely issued to the troops, the Dhobies’ wells water owing to its
greater freedom from organic matter is the safest and best.”

Since the above investigations, several analyses of the tank and wells water have

been made from time to time with more or less satisfactory results, and so rec ntly
as August 1883 analyses of the water from the Dhobies’ wells without filtration
and from the tank after passing through the filter beds gave results which classed the
water as usable, although analyses of the same waters made in May 1883—four months
earlier—condemned them as bad.

From the above brief history of previous analyses and investigations in connee-
tion with the Halsur tank water, it is an undoubted factthat so short a time as twelve
years back after careful and searching inquiry by eompetent analysts, a very favor-
able opinion was arrived at as to the suitability of the Halsur tank and Dhobies’ wells
as a source of water-supply for the troops, an opinion which was further endorsed by
the entire concurrence therewith of the chief medical authority in the presidency.

There are no grounds for assuming that the data upon which this opinion was
formed were otherwise than lh()ruughly sound. On the contrary, every I.rpv;uni..n
seems to have been taken to ensure a most careful and minute investigation, and, as the
inquiry was undertaken at the time when there was a very strong prejudice against
the Halsur tank water, it is not probable that any lumihl:: condition of impurity in
the water was overlooked. The opinion then arrived at must be accepted as indi-
cating without a shadow of a doubt the sanitary condition of the tank water at that
time, and, since cqually _uuthorituti\'e opinions are Now pronounced condemning it,
it is clear that the conditions of the Halsur tank and Dhobies’ wells water are liable
to vary in character.

The water from these sources having been once pronounced as bad,” a fresh
scheme for supplying the troops from a new tank—that at A garam—has been proposed
and worked out, the cost of which is estimated at Rs. 2,90,000.

Granted that the present conditions of the new tank are better than those of the
Halsur tank—and this they apparently now are—there i8 no guarantee that these
conditions may not change for the worse as those of the Halsur tank have dome ;
and with the Agaram tank scheme, the pmépmt of its being found at some future time
as unsatisfactory as the existing one is thought to be within the bounds of possibility.
With the formation of the pumping station by the Agaram tank and the removal of the
establishment there, the population of the existing villages will be increased, as will
also traffic to and about the tank; and, while the conservancy of the Halsur tank
lying within the cantonment limits is a difficult matter, that of the Agaram tank, three
miles off, will be more so. With the Agaram tank scheme found unsatisfactory owing
to the deterioration of the water, the whole of the very heavy expenditure required
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