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- PAPERS

RELATING TO

THE KOHIMA AND GAUHATT WATER-SUPPLY SCHEMES
© AND THE MHOW WATER-WORKS.

REPORT ON THE KOHIMA WATER-SUPPLY.

- 1. The whole Watex-supply of Kohima is worked by gravitation. The supply is obtained
(see index map) from a ravine A on the Pute Badz? hill, and is conveyed in an open channel AB
for about 1% miles to the filter tank B, which is situated just above the Executive Engineer’s

qua.rters.
The filter tank has an area of 240 square feet of ﬁltermg mateua] or a suf’ﬁclent area

to hlter 20 x 700==18,667 gallonsin 24 hours or 13 gallons per minute, a quantity which the
discharge from the 2-inch pipe only exceeds for a short time after it is thoroughly cleaned and

relaid.
Before the water passes ‘through the filtering material, it is screened and allow ed to settle . .

in a small settling reservoir, from whlch it over ﬁows into the filter,

The filtering medium is a column of charcoal, 3 feet t6 4 feet wide, and after that 11 feet
‘o 12 feet of broken stone of size valymg from 4 inches to { inch.
3. From the filter tank two pipes take off. One, a 2-inch pipe BC, takes off to a 10-feet
cube iron cistern situated in the fort. This pipe has a total length of 1, 990 feet and an effective
-head of 20-33 feet, thus earrying a discharging capacity into the foxt cistern of 158 gallons
per minute. At the fort cistern, head is broken, as the cistern is pxactlcally an open-one with- -
a constant flow of water from a waste spout.
4, From the fort cistern two pipes take off——
. (4) CDE fto the north, capable of carrying a discharge of 83 gallons to its first clstern '
. and nearly 5 gallons to its second cistern per minute, and supplying. the eivil

establishments, bazaar and police lines. .
(5) CFGH to the south, capable of carrying a discharge of 78 ga,llons to its first and
7'5 gallons tq its second cistern per minute, and- supplying the mlhtary estab-

lishments of the station. - .

5 The branoh CDE is & 1-ipch pipe throughout, it length of 1,428 feet, which ie broken at

D by a 5-feet eube iron tistern and has its lower length DE, 1,111 feet terminating in another
5.feet cub@a‘on vistern B-situated at the police lines.and above the houses of the civil clerical
egtabhqhménti and bazaar,. The vistern D supplies the Public Works Department work and
olerical establishments. maupply entering D is regulited by stop-cocks in both cisterns C and
D, and is'maintained as nearly as poasnble at 6 to 7 gallons per minute, It is capable of a full
argo of 84 gallons per minute. ~The supply leaving cistern D and passing along pipé DE
to cistuer B is regulated by means of stop-cocks in D and E and is limited as near as possible to
about 4 to 5 gallons per minute.’ " It is capable of dxsohaxgmg 4:9-gallons per minute, Thus a
continuous overflow of sbout 2 gallons per minute is left from cistern D and 4 to 5 gallons per

minute from cistern E, ¢
The populatxon mnng these two cxsterns is approximately as follows ;ae:

Publie Works Depar.tment and others in the vicinity of cistern D . R . . 100
Police and civil establishments, bazaar, &o., from cistern B . . : . . 500

,AE:Q’; 6: The branch CFGH is & l-inch pipe between C and G for a length of 1,550 feet and‘

thén it is continued as a -inch pipe to H, distant 830-feet lower down.

" The length CFG is broken at F, distant 896 feet from C by a 5-feet cube iron cistern « -

which supplies the bachelors” barracks of the military lines, and the length FG terminates in-

N
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a cistern G (654 feet lower), the overflow 'from which supplies the married lines and regi-
mental bazaar in cantonments.

The length GH is carried down to the qumtens occupied by military officers. It is a -
“inch pipe closed at its lower end by an ordinary screw-down stop-cock. The pipe is capable of

dlschargmg 2% gallons per minute, but only the several military officers and their estabhsh- ‘

ments use the water, and when it is not being drawn by them the cock is closed. Tlris pipe

G'I‘_I was supplied in a subsidiary scheme, the original project terminated at the cistern G
The numbers 6f persons using the overflow from cisterus F and G and stop-cock H is very

variable and depends on the number of troops with families located i the barracks. The
theoretical discharge of pipe CF is 78 gallons per minute, and that of FG 7-25 gallons..
The cisterns F and G being both supplied with stop.cocks to regulate the incoming and out-
going discharges, it is possible to lessen or increase the discharges at both cx'sterns in accord-

ance with regimental reguirements. Usually 6 to 7 gallons per mitute a1e passed down to

_ cistern F, and 3.to 4 ga.llons to cistern G.
e 7. The second pipe which takes off from the lter tank is a 3-inch pipe which is let into

the filter 14 feet higher thgn the 2% pipe which carries to the fort. This §-inch pipe BK is 177 °

feet long, and with 16 feet head discharges nearly 4 gallons per minute into a small cistern K,
which is sitvated conveniently between the Executive Engineer’s and Deputy Commissiorer’s

quarters, and it is provided with a stop-cock which allows of water bemo' drawn from it when
- fequired, .

8. From cistern K twaq plpes take off—

Ficst a 4-inch pipe KL, 860 feet long and. dlschm ping with head ‘of 95 feet : it is capable

of giving a comstant supply of 1'85 gallons per minute at the quarters of the As-
sistant Commissioner.

~ The second pipe which takes off from the cistern is a g-inch pipe KM, which has a length

of 18] feet and head of 62 feet and is capable of giving a eontinuous supply of
1:37 gallous per -minute, This pipe terminates at a convenient pent between
" the Inspection' Burigalow and Mr. Pritchard’s house and gives a continuous
supply to the establishments.of hoth houses, '
The lower ends of both the pipes KL and KM are erch fitted with an ordinary brass
: screw-down stop-cock so that the water can be shut off or let on at plessure.

9, The above Is ‘s full descupt:on of the water-supply system of Kobima. The scheme}
works well when the channel runs clear, but owing to the lmpelfect ﬁltenng material and the
very wuddy water which comes down the channel AB after rain, it is found necessary to shut
off the water entering the filter and to maintain the supply at the varvious pomts of discharge
in the dbainon with the water stored in the filter and in the large iron cistern in the fort. As
# 48 mot a.lvmys possible to shut off the channel when it is running thick with mud, especially
in the case of heaxy unexpected showers which oceur at night, the filter is often fouled with
duty water, which fouls the - p&pel ‘oggmiderably. At the lowest point on the 2-inch pipe BC is

Plnced a seouring valve which is constantly used to scour out the pipe; But as an instance of

" how mud getsconveyed along I would note that at the end of & year an accumulation of 6 inches

. %0 9 inchesgof silt was found in eistern &, and it contained amongst smaller fish ene that was about

8 inches long Which could mot pessibly have passed down to the mstem excopt in the form of a
very small spawn. °

in the rains, to guard against the foulmt, .consequent of heavy rain at night, the whole
w,a.ter.supyly is shut off at dark and re-opened at dawn.,

Another drawback to the schemie is the very short supply of water reeeived from the

open channel during the dry weather. The ravine A,alt head of the channel A B, has been
. gouged in the driest weather to discharge 85 gallons per minute, But this quantity, by the
time it reaches the filter tank, is reduced by absorption and evaporation to 7 gallons per minute.
When these conditions occur, it is necessary to change the supply of water from a continuous

to an mtermlttent one, conseguently the supply is only open betyeen the hours of 5 4. M. and -

10 A. ., and again from 8 ». M, till dark. . During the time when the supply is shut off, the
filter and- cistern C are allowed to fill up as much as possible : much inconvenience is felt by this
system, but unless the water were so conserved, the whole would soon run of and matters be

“ much worse. . ' :
‘Tt is not possible to reduce the waste from eva,porahon and absorption in the open channe}
which is dug in theside of a very porous hill. The only remedy is to bung down a pipe all the
: way from the ravine A. There is sufficient head to allow of a 2-inch pipe being used in order
$o0 .got imore than the supply now calculated on, viz., 16 gallons per mingte, The scheme would

AND THE MHOW WATER-~-WORKS.

cost. R10,000 to B11,000. 'The water in the ravine A is never muddy and no filtering woull
be required.
10. The cost of the existing system, as far as completed at present, has been R12,760 and
is distributed as follows :~— N
" QOpen channel, only repairs and improvementa of an old channel . . . + 1838
Fl‘ter . . . . . . . . 198341
2-inch pipe BC w1t,h 1. mch brancbes CDE and CFG . . . . . . 4758
Subsidiary scheme p\pe GH -, . . . . . 300
. pipes BK, KL and KM . . . . . . . 885
10- feet cube iron cistern 4—>5-feet cube iron cistern . . . . . . 3233
Contingencies . . . . . . . . . . 586

ToraL . . 12,760

11. The formnla used for calculations is that given by Box and is—
—{G XL
=(FE) e
d = diameter of pipe in inches.
L =length in yards.
H =head of water in foet.
G = gallons per minute,

JAMES ROLLO,

Egecutive Engincer,
Naga Hills Division,

DRAWINGS ATTACHED TO THE REPORT.

I.—~Index map showing general scheme of supply.
I1.—Enlarged skeleton plan of distributing pipes and cisterns.
IIL—~Plan and section of filter tank. -
IV.—8ection of 2’ pipe connecting ilter tank with the cistern in the fortified post
V.—Plans and sections of narth and south 1” distributaries.
VI.—Plans and sections of subsidiary scheme for supplying Civil Officers’ quarters.
ViL— Ditto _ ditto for supplying Military Officers’ quarters.

Note,~Drawings Nas, 11, VI and VII bave not been reproduced with this Selection.



Reg. No. 855, Hengal, WOrKS.ee §=7=89.=800

PWDL

Clerhs

fnes and.
Quuarters

-
4‘—’
-

~— -
——

{ J

Az

Wi Mess Hous

e o] |
2 in Comm%: €
1:\&(,.;;1)@ qu &

\\
3emi D QW N2

vl Clerical Establichinents

Sheet N1

Civil Baxar

8, QALOUTTA, SOMN 063




N

N

SR \
DRI

DS

Y

on —

HRRN

_T Mt

§\\\\\}\\\\\\\\‘\;\\\\\\\\\

e ——

S OMNNN

,\\.
)

Eé’top cock

Pipe _fram Channel cupplying le,w

N
N

7
7

//.

N
N

wup,, buipeg 0 23] 10417 UOIII2S 85040

op cock 18 only opened when woler
can be drawn divect from Setlling Tank,

sto

This

KoHIMA WATER SUPPLY

Filter Bx6x3deep

o o
ST e e e

N

i

sreens each
4X2 of very-

lwireguucye ~
n vfh'ngf

e gatoamyd)

)

e ——

nire or Work.

Ling?t Section thro: Ce

Fritertng

Reg. Na. 4b8. :nga

. Worka =6 «7-80.~800

SETTLING TANK AN FiLTeER BED

inett € 3
IS - ;—i——%—:_—;’f'“

SRR

roduled and charcoal

7

7

T
JZ//MZ%’/ Y,

%

e

x.ﬁltcring maderial abo
NN
NN

Stop coc

Masonry wall refaining corne {e below
Open. well of filtered

o
.
'y

e

N
N

e
N
N
NN

=

N

N \\\ .
\\\\\\
NN

.\\

N
N

N

A
\\\\

O
NI

N

AN\
N \\\\

.

[
N
AN\

.

2 main leads
£ main leaBt

DL

ny %o Foré

o Ford

R L. 483575

e

- 7
material brohen gratss (/7

o c}ulr(‘oal. )

Shieet N§ 2

PHROTCZINCUG RAPHED

aT 1gg AURVEY 0P INDIA GYWIUES, CALCOITE, JUMB 1888,




Sheet N% 3

H

3

S
h
2
S

<

2
g

<

~

10 cube. Cistern in Fort.

'
|
|
i

i

............................ - e?s?k 04-5i8Y
........................ it R

z
=
-]
T
®
o
5 ¢
e S
N
2 ©° ®
-
»n b g
© 2 -
< b3
W S
- = :
< 1%
S =z 2 £
x g . 1
3 : 3 E
> 2 % &3
I * 3
o & .m am,m
X o g ;
~ EN e ial
> ; Sy In i
- = o A—s
"

|||||||||||||| 1 L6L¥ |-

||||||||||||||||||||||| 29908% { 29 -poer :

.............................. = ] slwevl-

- #8 RE8Y

| 5

612

i mmmememmesmoTToTTITIOCSITITIITIITIIIIITIT 125098V} zg .198b |- 1052

S 1 298% 202

) _lozoer} oz .piew |-
w7 T loseian| 9% sies [

3 ,
£ T
Wi w.?m 3 % » 5 s o ~ |
- & *3VO8 1VYIILN3A . © =
ann ] S 2 3
%o.,t a, ] Mv
= R
=33 302 8 oL 2
MMV,M o = = A
r..mm.cJ L
X 1)
S
5373
583

gooft

-1

0

LE. ..

300

200

100

HORIZONTAL SCA

100 15 60 15 9

!no'rosuoeonmlb AT THB BITRVEY OF (WDTA QUFICRS, CALOGTTA,

Jory 1688,

Reg. Mo S Rengal, Works =333y, ~R00



SheetN? 4

—Sou th Branclsren £ ort o Military Lines —=

——KoHiMA WATER SUPPLY—
— | Piess —

syonLing BrH PRHADIN Buifyddns u42peL)

Top of Cistern: 4791.69

2 IDLLDE] QUL PIVLLOUN(] M
wof pinoLy IPOLDL U0 1L}

O A2 ULATL)

R.L.486300

o O 40) USRS

Sectiorn—

rvom Fort e Police Lirnes=——

= North Br

$
bt .
m 5
-_— R 2
2B
R
3
313
$33
SR
ppll
ML
x

e o Y[ 9L 05 8 PLY osst
SO VT T 2 TR

A e -2 1 o4

1

Lo 6L

" p0-vPLY

E- AR B

1256LY
®
M 8T -68Lt ]
¥
2 +5 -LaLy fool
S 1 ey-rpie fo5?
.W #L-06Lt POY
¥}
=
oy
.;.to §5 2084
W Li-508%
S
&~
=S
~ 6 -Ci8b
........ w T3 918
~
2
-
....... N £b - 9B
coSeRY ] 09 seee 6%
1026588 s6-ever ot

o (/224 LA I R

RIS T 5 £ Sl

SCALES

lying Cistern 4781.06

Cistern 49592

L.Top of
L.Pipe supp

R
R

[ uwo.ﬁﬁi » ﬁn!

R N 744 05 LOLY 65!

Li 6Ly ALIST

e emee{ 150088 | 4E¥OBT{LIZ

e cmmcmmemmae - -1 95008 95-108% 060/

£0-108% {LI0/

ce-1080 Y18

e nm e men a1 00008 60.008 5 WOL

u 6o -£o8b {195

9L -S18b 1804
ey 6100 {i3r

" §5-938 b | Lt

nls Barrachs.

e
-3
S
=
g
2
>
Y
£
&
3.

pUmoLl IPOIOL UG 249351,

/
/
%, RS
-3 J
% 2 2130, Jtay
JLOF UL WAYELD
N
] -
]
=
S| 2
S N
S 3 = =
. .
N -
W *
ww ay
W S

san] WSNQ«»:@\.:@EC w@.:uhw

|
|

/

L3R U0S8y {IE
. . lso8z8w £i€
982288 d
e - oW ¥28Y AL NN TR
ne

8- L2 {86/

6c-oret { T

oo-gse¥do

R.L.Ground —
Distances—-

40 U1 WsP8L)

—plan =

noro::looamnn Az 289 FURVETY OF

LEDIA RN A8 GAKIGTES, JOLY 1589

g5, Bengal, Works =287-80 =&

teg. No.



¢ BRIEF DESCRIPTIVE ACCOUNT OF THE GAUHATI WATER-
SUPPLY.

The original scheme for the Gauhati water-supply, and which was estimaied to cost R38,214,
provided for a well 10 feet in diameter (subsequently increased to two wells, the second being
8 feet in diameter) to be sunk on the left bank of the Brahmaputra at Gauhati near the Suk.
lesvarghit to a depth of 50 feet, or until an ample supply of water filtered into them from the
river, These wells were to form practicaily the main reservoir, over which a pumping engine,
capable of delivering 200,000 gallons of water per day, was to be erected, which would throw
water by means of a 6-inch delivery pipe into the proposed Storage and Service Reservoir to be
built on the crest of what is known as the Dik Bungalow hill, and from the Service Reservoir
the distribution system of piping would be led into the town and ecivil station, the quantity,
nz., 200,000 gallons was fixed upon as representing the requirements of 10,000 head of popu.
lation at 20 gallons per head. Later on theeestimate above referred to was increased to
R40,501 in consequence of the inereased demand for hydrants and private taps, to generally
smtisfy the requirements of the population,

2, On these lines the scheme was carried out and practlcally,completed by the late Major
“Willans, R.E., excepting that the pumps were placed in a small well 5 inches in diameter sunk
between the 10.feet and 8-feet wells, the pumps being fixed about 20 feet below the surface,
the saction pipes being arranged horizontally at a depth of about 24 feet below the surface into
the large and small wells, and continued vertically to a depth of about 40 feet in each at first,
which vertical longths had to be subsequently removed in consequence of the wells silting up
g0 rapidly with sand when pumping was attempted.

8. After several trials with the pumps, it was found that the inflow of sand was so great
‘g to effectually choke and seriously damage the pumps, valves, &c., and that the percolation of
river water into the wells proved inadequate to supply the quantity required : it became neces-
sary therefore to revise the project, and in December 1886, the following three alternative

achemes were drawn up t—

Scheme No. 1.—To dispense with the wells entirely and pump water direet into the stor-
age reservoir from the main channel of the Brahmaputra, where it was proposed to anchor a
barge (on which an engine and pumps would be fixed) above the upper ghét at the east end
of Gauhati, This plan involved taking up the delivery pipes leading from the wells to the stor-
age reservoir and relaying them: it also necessitated the purchase and laying down of 6,400
lineal feet of additional main pipe along the main road from the storage reservoir to the
rocky point above the upper ghat near which the barge would be anchored, the connection
between the end of the cast-iron pipes at the rocky point and the pumps being effected by
means of a sufficient length of flexible india-rubber pipe to allow of any movement of the
barge.
Scheme No, 2.—To dispense with the wells entirely and pump water direct from the river
into the storage reservoir by means of an engine and pumps fixed on a barge to be anchored
in the river ag near as practicable to the storage reservoir on the Dik Bungalow hill, This plan
also involved taking up the delivery pipes and relaying them and providing an additional length
of pipe along the top and down the river face of the hill on which the storage reservoir stands,
the connection hetween the one end of the pxpe at river bank and the pumps being effected by
means of a suitable length of india-rubber pipe to allow for any movement of the barge.

Scheme No. 8.~To utilise the existing wells ag intermediate reservoirs, into which water
would be pumped direct from the river by a boiler of 12-horse power and a No. 7 pulsometer
fixed on a barge to be anchored in the river, as near as practicable tothe wells as the state of
the river would allow: this plan simply necessitated the relaying of only a small portion of
the delivery pipes from wells to storage reservoir and the removal and re-erection of the engine
boiler and pumps in a more convenient engine house suﬂicuently large to enclose 2/ the machi-
nery and the large well, the pumps being fixed in the Jarge well on a strong platform 22 feet §
inches above zero (zero on the Gauhati water-gauge being 148'76 feet above mean sea level) to
admit of their being readily reached and examined at any time, and the wells being connected
by means of a syphon pipe laid on the surface horizontally and continued vertically into them
to a height of about 15 feet above zero; or b feet below the water level, the said water level
being maintained at a uniform height of 20 feet above zero. - Under this arrangement the
pumps would deliver water direct from the large well into the storage reservoir, and jnto theg
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e
small well water would be pumped direct from the river by the No. 7 pulsometer, the connec*
tion between the barge and small well being effected by a sufficient length of flexible hose, and
as great a length of light wrought-iron pipe as can be convenitutly used, the whole of the PP
ing from barge to well being so arranged as to admit of its being easily lengthened or shortened
as circumstances may require,

4, It was decided on careful consideration to adopt scheme No 8 as being the most suit*
able as well as economical in all respects, and a second revised estimate was accordingly dra®®
up and sanctioned, in which provision for the previous expenditure was also made. This revised:
estimate amounts to 165,897, of which R53,565 represents the cost of the work doue by the
designer of the original scheme, and the balance 112,332 is for the alterations and addition®
subsequently found to be necessary to complete the works.

' 5. These alterations were taken in hand in November 1888, and the works were thoroughe:
ly completed and hauded over to the Gauhati Municipality in Juue 1887. The total expendi=
ture stands at R68,457, which has been subsequently reduced to R67 ,049 on account of a writes-

back of materials to the value of 11,408 charged for, but not used, so that the excess over the:
final estimate is only R1,152, ’

8. The following is a general ‘descriptilon of the Storage and Service Reservior on the Dik:

L Index map shewing general scheme of Buugalow hill and of the distribution system.

supply. . i : oin i ing the:
L PraPBY: etion of roservoir tanks,. Detailed dr.awmgs as per margin illustrating < .
J1I, Arrangement of pumps and platforms in 10« OOmPlGW pipe system are appended. .
feet well, 3 s : : /
IV. Detailed plan of pump platform, ’ 7. The water is delivered by 6-inch pipes fror®
V. Pumping engine house.

s ity voiler. val the large well into a.small receiving cistern abou$
- T ¥, puiso- . - . g
L B:;g:ér, &:frﬁngth %Tp::;:, beam ’1? feer O feet square and '@ feet deep. This cistern (A)

9 inches, depth 4 feot. is of concrete, lined with Portland cement, and ha¥
two outlets, one delivering on each side of the central dam which divides the settling tanks. » d"
settling tanks are originally two in number, ach 150 feet x 125 feet x 2 feet deep, but were di¥ie”

ed by a cross dam in 1888, There are therefore £08'
# B, C, D, sud E.

settling tanks now * These tanks were found_ to.
leak very badly at first and had to be repuddled with clay, with the satisfactory result of makitg:

B and C practically water-tight and D anl E considerably better, but not so good as B and C»
As B and C have been found quite sufficient for the supply, D and E have not been used mucb-
¥ and G ave the two filter beds and H the Service Reservoir, These are each 39 feet x 40 foets
built of concrete, and not being lined with Portland cement, leak to some extent from one i!}f"’
the other and still more into the soil below them, the water finding its way out at the foot of
the Dk Bungalow alongside the main road; this leakage apparently neither increases nOf
decreases and cannot be prevented without emptying the settling tanks, filter beds, &c.

8. The filter beds are provided with a 8-inch layer of broken stone and 18 inches of sand
above the stone as the filtering medium ; brick tunnels or are laid lengthways and cros®
the bottom of the filter beds with the object of foreing the filtered -water to collect in them and.
thence through a cock and pipe from each filter bed into the service reservoir, The cocks and.
pipes are built into the partition walls close to the bottom of the filter beds and service reser*
voir. The water from the receiving cistern A is let into the settling tanks B or D near th?
bottom and allowed to settle from tanks B or D: it is drawn oft from the surface into tanke
€ or E (or if necessary into the filter beds F or @) by means of pipes laid along the bottom of
the settling tanks and through the cross dams and walls between tanks C and E and filter beds
F and G, respectively. These pipes are so arranged that the ends can be raised or lowered a8 fe'
quired to suit the height of water in settling tanks. The bottom of the filter beds and Servic®
Reservoir is about & feet below the bottom of the settling tanks, consequently the water drawn
from the surface of the settling tanks falls on and passes downwards through the filtering
medium in the filter beds and from the filter beds into the service reservoir, entering the latter
at the bottom. v

9. The service reservoir (which on the.average contains about 18,000 gallons)—the filtered
water is distributed about the town by means of a 4-inch main to the foot of the Dk Bungd*
low hill, where, close to the main road, is fized a water metre ; after passing through the metre
the supply- ie diverted into two S-inch mains, one leading towards the Uzén Bazaar, where it 1,5
again diverted into two 2-inch mains at the corner of the main road near the Commissionet’d
bungalow, one supplying the northern|portion of the bazaar by means of one iron tank, two
pipes and stand, eight private taps, the other the southern portion by means of three iron tanks,
one-stand pipe and ten private taps. A 1}-inch main from the 2-inch southern main distributes
the water due south to one stand-pipe and five private taps. From the 3-inch main between the
metre and the Uzan Bazaar, one 13-inch main ran- south and supplies part of the Pan Bazaat
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AND THE MHOW WATER-WORKS. : s
—

with t.wo s!:a.n(}-pipeé and 18 private taps, a 2-inch pain runs south down the Shillong road
gupplying two iron tanks, one stand-pipe and two private taps, and from the 3-inch main, two
. stand-pipes and nine private taps are supplied direct. S R
' The secoud 8-inch main runs past the police station and Phdnsi Bazaar, following the line of
the main bdfzaar road as far as the jail, thence it becomes a 2-inch main as faras the Maskhoa
. Musjid, where it divides into two 14-inch mains, one.continued straight on to the mouth of the
Bhoroloo river, the other running south to the-main Trunk Road. This line of mains supplies
eight iron tanks, three stand-pipes ahd about 84 private taps. From the 8” main near the’dis-
pensary a 2-inch main runs south™to the police lines, thence as a 14-inch main westerly to
Athgaon, supplying ‘five iron tanks, one stand-pipe and 16 private taps. '
The total nymbéer of iron tanks is therefore 19, of stand-pipes 13, and of private taps about
« 152. The 3-inch mains are both provided with stop-cocks near the water metre and the smaller.
mains, where they branch.off from or form continuations of the two 3-inch mains. All the iron

tanks are fitted with self-acting ball valves and are constantly full. .
4 : F. J. JOHNSTONE,

Chief Engineer, dssam.

REPORT ON THE MHOW WATER WORKS, . :

‘1. The Cantonment of Mhow is situated near the Vindhya range- of 'mountqins,' not far Situation of
from the head waters of the Chambal river, on a ridge between the Gumbhir stream on the Mh°W:

west, and the Sateir on the east,’about two miles above the junction of these streams to the

south of the cantonment. ; i o . .
9. Water for the garrison, camp followers, commissariat animals, aud for. the greater rngufciency of
: the present, .

pz;.rt of the bazaar was procured chiefly from wells, scattered all over cantonments, and varying Wator supply
in depth between 20 feet and 100 feet or more, Many of these ran dry every hot weather, ~
and the coustantly recurring scarcity” at last overcame the financial diﬂicultie.s conggcted with -

the gravitation scheme finally sanctioned in July 1886. . o
3. Before this scheme had been suggested, others had been proposed to which it may be Proposed

as well tq.refer to in passing. . {,‘f Eﬁ‘g ‘;:;2::“ '
4. Well No. 43, to the south of the British Infantry Lines, although not by any means %%gﬁll%d. 43.

the deepest nor the lowest in cantonments, generally outlasted all.thé others. It was used to
611 a plunge bath, and to irrigate the soldiers’ gardens near it. If. was tho\:ght'prob.a.l.)lg,
‘therefore, that a considerable enlargement and deepening of ‘this well might r_esult -in giving
an adequate supply for the troops, if not.for the bazaar als.o. A survey aafi estimate were pre-
pared, and it was ascertained that the rainfall (after allowing for evaporation .and absorption)
on-the area round this well would be of itself insufficient, and as the well does not appear to tap
the project was given up ; especially as the cost of pumping the water up

distant springs }
e e e would have at least equal-

. to the barracks, and of the maintenance of the engines and pumps,

" led that of the existing establishment of bhisties, &e.’ _ _
%. After each motsoon, for some years past, several earthen dams have been thrown across pDams across the

_ the Sateir at different’ spofs between the village of Gararia and the Native Infantry RifleSateir.
Rances. These dams impounded sufficient water for washing purposes and for watering
cattl:' and maintained the sub-soil watet at a higher level in the wells on or near the banks of
the siz;\'eam: than would otherwise haive been the case ; besides giving a supply for the Govern- .

ment and private brick-fields on its banks. L ‘
8. The Gambhir flowing past the west of cantonments was not dammed up yearly like Dams aoross the
the Sateir, hecause being to windward of cantonments _during the hot weather and reins, mala. G8bhir. . -
ria might have been caused to a serious degree. As it is the medical authorities have been con. .
stantly been on the look-out to prevent the formation of any ponds in the neighbourhood of the.
British Infantry Lines, even for watering the cattle which graze on or near the parade ground,

" 7. The water damured up in the -Sateir was always too dirty for drinking, otherwise it Hathi-ka-
might have been-possible by erecting pumps to have obtained a fair supply from wells sunk in ﬁhgﬁg%’a taeli):.m
its banks between which, a little above the Goojerkhera bridge, there iea spring beiow a pool

*called the © Hathi-ka-khoond,” about 10 fect below the bed. - . .
8. This spring is however apparently chiefly supplied from the Sateir iteelf, and as-the Probablesourg
successive pools above it, formed by the different dams, are far from clean, the water would re. Of the SPring.
quire a considerable amount of filtration,-as was proved afterwards in 1886, - ‘

- 9, It might be doubted also whether the supply would have met all the demands ; for the Supply for the

Rajputana-Malwa Railway had a steam pump on the banks of this stream somé distance “3-Wa¥. .

higher up; and Jwater enough even for railway purposes could not thence be obtained in 1886,
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B uacy of 10. 1t was therefore necessary to.arrange for the more permanent and suﬁ:;cignt supply at
pozedthe a greater distance from Mhow, first proposed in 1875. - '
s to P . )

BupPLY- ‘Head waters of the Gambkir. o
b from the 11. The Gambhir rises to the south south-west of Mhow near the Janee Pao Hill, which;
of the with its lijtle white temple.and a tree or two, is a permanent abject in the landscape as viewed |
& from the general parade ground on “one tree hill,” in front of the British Infantry Lines.
“ Janee Pao,” one of the peaks of the Vindhya range, hasan élevation of 3,979 feet and forms the £ORM T8 LEVEL 20000
apex of an amphitheatre of hills which, at a distance of fbur or five miles from thw, close '

into within about three-quarters of a mile from each other; so that a dum of that leugth, across
the valley between these spurs, impounds the water falling on the area'of about 3% square

q
A

¢

' i
. 1 .
% . riles formed by this amphitheatre. : ‘ . F éﬁ% 1 1 i !
;"‘y and 12. The late Babu Behari Lal, Executive Engineer, was deputed in April, May and June - { ﬁ | | { ‘ L
mtenr lavels 1875 to make a contuured survey of the Gambhir valley below the ¢ Janee Pao”’ peak, as well ] i | }
th?’li%acof' the s a preliminary survey of the ground between it and Mhow, ‘ 2 i l
m.:fdlako. 13. Mr. G. A, Anderspn, Assistant Engineer, was employed in N 6vqmber 1876 in pre- [ | ;
tos. paring the fajr project, and was sent to Bombay and Poona in May 1877, to examine. into the ! ! i
: pragtical working of the Vehar and other water-works, and he prepared, uuder the direction of the % ‘
- Executive Engineer,:Mhow Division, the detailed plans and estimates for the Gravitation scheme. l LL
Jinanoial . 14, It was chiefly the financial difficulties that deferred the execution. of the project for g
difonlties. neatly ten years. Tlie Government of India allowel’ certai io i AR R S
X . : y ten years, ( of India allowe anpuaﬂy a'cerf;alll proportion of the abkart : CUTTING & EMBANKMENT SRS =288 ]
revende to l()‘e a]pp;:prmted for the water-works and for railway feeder-roads in Central India- ’ Crarr1TT o1 L
: . Buta sum of only 10,000 was set aside for the former, whilst most of the abkari contribu- 3 E 33%38%3
AR tion was expended’on the latter under the orders of the ’Loca.l Administration. T ) SURFACE OF SHAUEN BASATT & 2 g 232 T EI: TN
. 13'3&'“ in 15. In February 1886,.water was so.scarce in Mhow that extraneous sources had to be L] Jil [ 11 S
'r;)ade ufse of, ;’l‘ i(;t“lg}al? for. The wells in the-bazaar and nearly all those in cantonments were GROUND SURFACE g g g 5 § g g g g R
Jary, a Iewen y or ing an l]ncerta,in Supp]y : two or thl'ée feet de thof water ﬁltel’in durina N NN NN N N NN~
. the night into those to the porth-west of the fort. ‘ p‘ L BEE \TUM LINE.109-53 BELOW B.Méircuns::acoRNER qu ”L 1L Jﬁlrlﬂ—lmw wo o o e w0
i:,xnk.i‘ng new 18. New wells were sunk in this ground, as well as in the right bank of the Gambhir, but _ OF PLINTH . OF E":B;,ROB_OC; o 4 q; %~ LONGITUDINAL SECTION OF BUND
even these used to be emptied before night, add the people who flocked to them: from the - & SEA LEVEL = 5. ry
bazaar could mot get enough., - . '

Vells and holes * 17. Tosupplement this supply, holes were dug in the bed of the Sateir above the Goojerkhera;

::%';&ekd.“ bridge on the Simrole road. Thebed of the Sateir itself was not only dry, but the sub-soil
- wter level sank 10 or 1% feet below it although the dams generally retain water all through
the hot weather. - P , .
*umps and 18. A pump and filter were fitted up in the bed, and a cistern was made to hold the
lher, filtered water, so that the poorest residents in the bazaar, who could not afford to pay the price
demanded by the bhisties, thus obtained a gratuitous supply ‘as often as they nee(iedyit d
Pulsometer 19. A pulsdmeter pump was fitted up near the Hathi.ka khoond spring; to. reach ."whicﬁ a
pump. large oblong excavation was made in the bed of the river. Sufficient water for washing pur- -
~ poses and for watering many of the animals was thus obtained. . ‘ me paE
Quality of the -  20. Analyses proved that until the water was filtered, it w. i
Saten- {vater. gerous (and afterwards in 1887, when mules had to be wa’tered a:tu:l?: goage?rnk::: :::: danl-l
) ' was dug in the bank, and a filter and cistern were fitted up for them). . parate wet

Fxternal supply 21. For the cavz.llry horses, a well was dug and 4 trough constructed close to .th y
ior Ogvalry the Gambhir, below its junction with the Sateir, near the village of Kooti, about 2} mi?e: ;irgﬁ
orses. - . o of Mhow, where a long pool of water afforded a suffftiency by infiltration into the well, Most

BMS (718 & 19.

of the horses were watered at this well at least once a day,

rtiﬁ horses 23. The artillery horses and cattle, and some of th nim
?d tggsport . y s of the trausport animals,

. we |
nimals. open_boolis or wells, uged by the peasantry for irrigating. their felds below ¢ raserel ot

.
Y
p 24
; ow the vi i
Koodria, to the south-east of cantonments, troughs being -made and. the wells dee’ee;l:;a gf‘:o(: ;2
time to time as required, . . " .- _ P At ; ‘—}
23, At one time it was thought that the Cavalry and Artillery might I e sent .

the Narbuda river., 36 miles pﬂ". The Narbuda itsélf was o i ave to be sent to

lower than it had<been known fo be
o for many years. -t ) )

Extornal supply. 24, Selected pucca boolis or masonry-lined weilsin the fields beyoﬁd Koodria, were also
Tor thy troops.  deepened and cleared, so as toact as a reserve for the troopsshould the supply in cantonments
‘ utterly fail. . : ) . . ;

Cultivator’s 25, The, cul'tivétors were quite willing and indeed anxious tq‘allofv the animals to be
}l::'lizin:ggove? watered at their wells, for the benefits they themselves received, in the clearand, deepening,

drought. - and improvement of their boolis.

e (Y, [t by oteccc.,

EXE. ENGINCER MHOW O™
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PHOTORINCOGRAPERD AT TR spavIT OF INDIA CFFICED, CALCUTTA, JANUARY 1800.
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MHOW WATER SUPPLY
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AND THE MHOW WATER-WORKS.

26, Other transport animals were picketted near th® Patalpani Railway Station, close to Dams ne
ar

;1"011’ three or four small dams were thrown across the stream belore it fell over the ““Little Patalpani
alls,” and troughs were mjde below two of these dams. ]slt;%,i(!,ivz:y
27. By these means the effects of the drought of 1886 were scarcely felt except in the .

8reat inconvenience of having to go so far for water. Neither the health of the troops nor
of _the bazaar residents seems to have suffered at all in consequence,

28. All this scarcity emphasized the necessity for precuring a more trustworthy and inde-
Pendent supply for Mhow, and the Government of India was induced in July 1886 to sanction

the estimate which had been prepared nearly ten years before.
29. In 1887, another drought was threatened, and as nearly all the bazar wells failed Drought in
‘ 7

agnin, another well was sunk in the left bank of the Sateir below the Goojerkhera bridee, 1887
orton’s well tubes being inserted, as the bank there is not so hard as in other parts, and ﬁlt:rs

and cisterns were provided,.so that the poorest could get good water. The dams bhad however’

been thrown across the Sateir earlier than usual after the rains of 1886, and so had retained

sufficient water for washing purposes.

General scheme jfor supplying Mhow witk water.
scheme for supplying Mhow with water included the undermentioned Gravitation
. - schemae for the

30. The general
supply of Mhow.

works ;e
No. 1.—An earthen dam, about 43 miles from Mhow limits, .
2.—A waste_weir, with inlet and escape channel at the west end of the dam.
,» 8.—Inlet and outlet wells and cuttings at the east end of the dam.
~,, 4.—A Service Reservoir near the British Infantry Barracks.

5.—A 10-inch main pipe about 43 miles long from the outlet well to the Service

»

‘"
_ Reservoir.
» 6.—Delivery and distribution mains and pipes between the Reservoir and the
Cantonment Railway and bazaar. .
hment area.

7.—Compensation to the villagers of Baircha, within the cate

8.—Bungalow (temporary) at the head works.
9.—A road along the pipe line between Mliow and the dam.

4 ) " Details. .
31. The report and details of the sanctioned estimate show more fully what work was to ganctioned
estimate.

be done, and the calculations connected therewith,
82, It was proposed to have smaller Service Reservoirs in the fort, as well as in the Proposed future

Cavalry and Native Infantry Lines and the bazaar, but the cost of these would have swelled 3dditions.

the estimate considerably, so further consideration of them was left for the future,
Reservoir

43. One reservoir should however be constructed in the fort as soon as possible after the
: ) particularly
necessary in the

opening of the works,
Fort.

, Plans and Sections. .

34. The plans and sections accompanying this report are the following :— . List of Plans °
No. 1.—Longitudinal section of Baircha, ' aud Sections,

1A.—Bund cross sections.

1B.—Progress section.

1C.—Contoured plan of tank.

»
R »

»”

# » 2.—~Waste weir,
» 8. —Outlet wells,
5 8A.—Outlet channel.
¢ ,»» 4.—Service Reservoir.
,» 4A.—Service Reservoir stress Diagrams.
. 5 B.—Road section.
s DBA.—Culverts,
s 5B.—Road and dam and grass Kooran.
- ,, 6.~Distribution plan of pipes. ‘ )
' ,, 6A, B, C, D.—Details of distribution pipes. .
- . 1.—Sheets of photographs of completed works.
,, TA.—Waste weir showing half of upper lips and part of retaining wall, water -
' " level n tank one foot below top of upper lip.
) ;5 TB.~Tank and earthen dam from the wasté weir end shewing outlet tower
‘and Assistant Engineer’s Bungalofv in the distance.
T t been reproduced with this Selection.

Noté—Drawings Nos. 14, 2, 34,5, 64,7, 74 and 7B huve no
. _ . c
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No. 7C.—~Tank and dam’from the outlet works end.
» 1D.—View of the tank and dam from below tle Asswtnnt Eugineer’s bun-
galow.
5 TE.~—=Outlet tower, bridge over tunnel,and dam from the end of the Mhowe.
. ' " Baircha Road. :

5» TF.—Outlet works from & point on the banks of the outlet channel,

5 1G.~—Qutlet works, tunnel, bridge over tunuel, and outlet cuttmg for the

: 10-inch main to Mhbow.

s TH.—Mhow-Baircha Road.
7L.—~The Service Reservoir in the lines of the European Infantry Regi-

ment, Mhow.
7J —~Wronght iron tank of No. 3 European Infantry Barrack Roof, Mhow,

) 1
for the water-supply of the European Infantry Barracks.
» TK.~—Stand of eight taps in the market place, Mhow Baz.ar,
7L.—~Common type of stand with three or four taps elected in several of

2»
the hazaars at Mbow.
7M. —Stand of four taps for batbmg purposes for the Native Infantry Lines

at Mhow,
7N. Bhoras temple, Mhow Bazaar, one of the bmldmge supplied with waters

»”

»

* 5 70..Mhow Water-works “ Past and present.”
: Daily Supply regm'ml )
35. The scheme proposed to ensure a supply of 15 gallons per diem for a popu]atwn of
26,000, with an addition for the Railway, is as follows~—
Gallons,

Bazaar residents, 20,000 @ 15=, . e . 800,000
Troops and camp followers, 6,000 @ 156= " . . 90,000
Raﬂway . . . v . . . . . . . 25,000

" Tomr . . 415,000

or 66 400 cubie feet daily,
Allowing for evaporation in the Service Reservon', the total in round numbers would be

25,000,000 cubic feet auuually.
36, The rainfall. at Mhow varies between 22 and 40 inches, 32 being the average. This,

after deducting one-third for absorption, would amount to 173, 465,000 cubic feet of water, s0

Rainfall at
Mhow,
that the lake cun be filled in one year easily.
Capacity of the 87. The capacity of the lake below R. L. 2,085:46 or 8 "foot below the weir crest thas
lake. Cubic Feet.
allowipg 8 feet for evaporation is . .. 71,305,090
. At R. L. 2,084'48, the hxgber outlét, 1t'u . . . . 64,660,800
Difference . . 6,644,200
or about three months’ demand,
At R. L. 2;074°46, the lowest outlel;, it is¥, . . . 96,691,322
or between the two outlets * . . . . . 8%969,478 °.
Actually required . . . o . e . . . 25,000,000
Surplus . . 12,969,473
e

. ]
or six montbs’ extra supply, even if the water level in the lake should, after any monsoon, not

be higher than the higher outlet. The rate of evaporation and absorption is not yet known,
though observations are being taken which will be valuable ; and as there has been no drought
from the lake between the time of its first filling to the weir level, up to the opening of the

water-works, the aotual daily and monthly loes between the monsoons of 1887 and 1888 can
be almost accurately ascertained.

38. Up to the end of January 1888, the znﬂow had maintained the water level up to that
of the crest of the weir. It may here be mentioned tbat, during the monsoon of 1887 the
lake was filled before the 20th September 1887.

) The Dam,

‘pam 8s design- 39. The dam as designed was to be of earth, with a puddle wall in the centre, 5 feet
ed. ~ide at the top, and a batter of 1in 12. The bank of two parts small moorum mixed with
onc part of black soil, freed from stones, roots, and other foreign substances was to be earried

up in layers not exceeding 12 inches deep, rather inclining on both sides towards the pud-

" spectively, 24(b) and 14(c) feet below the crest of the dam.
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dle walp, which itself was to be founded on the sound rock below the dam, and to consist of
prepared and screened clay puddled in layers of 9 inches..
40, The water slope of the dam was to be 3 to 1, pitched with trap stons, about 12 Slopes.
inches deep by 9 inches square, laid by band and hammered with wooden mallets at least 4 :
inches into the glope. The outer slope was to be 2 to I sown with grass,
41. The roadway or crest of the dam was to be ]2 feet wide, and to be metalled for the Roadway of
full width, with broken trapstone consolidated in two coats, each 3 inches deep. Dam
42. The clay was to be puddled by men’s feet, and the dam was to be consolidated by Puddle wall au
consolidation o

any or all of the means meutioned, viz, by the trampling of men, cattle, or elephants, or by the ombonk
i ted. The surfa.ce ment,

" yollers (including steam rollers) or rammers, water being plentifully supplied

soil at the site of the dam was to be dug out to the depth of a few inches,
438, The extreme height of the dam above the bed of the Gambhxr was to be 48 feet, and

lts extreme length 8,622 feet.
. Waste Wecr.

44, Tt was proposed that a curved waste weir.at the west end of the dam should have a
chord 800 feet long and 815 feet on the curve, to discharge a rainfall of 4 inches in the
first hour, 2 inches in the 'second hour, and 1 inch in the third hour, or a total fall of 7
inches in three hours, with a maximum rise in. the lake of 80 inches, at a cost of R84,531; or

i ‘the crest. The

for a weir of 200 feet chord, 154,631, with a maximum rise of 33} inches overthe crest
A rainfall of 14 inches in 16 hours was regis:

longer weir was sanctioned with the estimate.

tered at Indore on the 20th-21st June, 1570.
45. A curved inlet channel was to be cut above the waste weir, narrowing as it approached Escape channel,

-it.  The escape thannel below the weir was to be in cutting 120 feet wide, having a fal] of
1 in 20 with a sufficiently hard bed to resist ordinary scour. This cutting was to extend to a
small tributary which falls into the Gambhir just below the dam.

46. A lower weir was to be constructed at the commencement- of the 1 in 20 fall the Lower weir.

L
flanks of both weirs being connected by curved training walls of masonry,

Inlet and Outlet works and Channels.

47. The inlet and outlet works were to take the form of a double well built in lnrd trap, Inlet and outlet
ells and

at the east end of the dam, the inlet well being connected with the lake by a curved supply e
. 2,072
(b) R.L.2 »074°

channel, with its bed at 254(a) feet below the crest of the dam or 20} feet below the weir (a) R.
The inner well was to be connected with “this channel by two 12+inch inlet pipes re-
(e)R L. 2,084

crest,

48. To ensure greater purity, lt was first considered undesirable to draw off water from Le» el of lowest
outlet plpe

the supply or inlet channel at less than 54(d) feet above its bed. But to meet unforeseen calls (i) R. L. 3,078
and to allow of silt being drawn off, it was finally decided to have the lowest draught 14(d) 48.

feet only above the bed.
. 49. In'the dividing wall between the inner and outer Well a pxpe was.to be fixed, to the
end of which, in the outlet well, the 10-inch main was to be connected, 80 that access to the

.

junction could be obtained at any time.
10-inck Main, .
50. The 10-ineh main passing from the outlet well, through a tunnel about 200 feet long, 10~1nch delivary

was to be laid in the cutting beyond it, and-thence to Mhow, at a depth of. about 3 feet below the main.
one of the air valves was to be fitted at

surface, with the necessary air stop and scour valves :
the crest of a spur up which the IO-mch main at a distarice of about 18,000 feet from Mhow

was to be taken. -
. © Service Reservoir,
51. The Service Reservoir was to have been built to the east of the British Infantry Service Reser-

Barrack No, 4, almost on the highest pavt of the parade ground, so as to lose as little head as Voic
possible, and was to be large enough to hold seven days’ supply for the troops and bazaar, ¢

divided into two compartments,-to facilitate cleansing and repairs.
52. The walls were to be of solid rubble masonry set in hydraulic hme, the stones for the Reservoir walls.

inner and outer faces and for the corners being roughly hammer dleseed to the slope and shapes

requlred and the joints pointed on all the exposed faces.
53." The floor was to be of hydraulic concrete, in. two layers of 7 inches and 8§ mches Resaorvoir Floor.
54. A roof was also proposed consisting of a séties. of brick arches resting on iron girders Reservoir Roof
as proposed, but
not sanctioned.,

(of which a large number happened to be in stock at the tune) supported by masonry pillars.
c?
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The stock price of the girders was ratber beax;y, and the cost of the roof thus became very °

high. The roofing was therefore not euntered in the abstract of the estimate as qubmitted

for sanction.
Iron Cistern,

High service for 55. An iron cistern was to have been fitted on to the verandah roof of No. 8 British In-
g;‘r?:gklﬁfan"y fantry Barrack to supply the upper stories, as many of these could not otherwise have been
served by gravitation.
Daily Supply in the Reserooir.

Daily delivery 56. It was calculated that the 10-inch dellvery main would supply 66,940 cubic feet to the
at the Reservolr. garyice Reservoir in 19 hours with a head of 66 feet, so that, with a constant service, more *
than the daily requirements of 66,400 cubic feet could easily be met.

.  Baircha Village, »
Demolition of 57. The houses in the village of Baircha were to be dismantled,. the soil in, under and
.Bair?ha V@age around them being dug up aud removed to some pluce below the dam, compensation beinyg
paid for trees, wells, and honses,
Engineer's Bungalow.

Engineer’s . 58. A small temporary bungalow was to Le bmlt for the Engineer in immediate charg
temporary f h head
Bungalow. of the head wotks, .
: Temporary Road.
E:ﬁpﬁ?gy the 69, A temporary road 16 feet wide was to be constructed along the line of the 10-inch main
pipe lme.g between Mhow and the dam, ghargeable to the contingencies of the estimate.
' Estimated Cost.

80. The total cost of the work, exclusive of the roofing of the reservoir and of Establishe-
ment, but including contingencies, was to be 85,70,536, madé up as follows 1~

. . 1,64,818

Earthen dam at Baircha , ‘ . .
Waste weir 800 feet long, including mlet and oaoapo ohunnels . 84,632
Xolet and outlet works . . . . . . . e . 13,614
Service reservoir without roof . . . . . 44,0064
10-iuch Main from the outlet well to the Sornoo ervon' . . . . 1,46,670
-“Distribution in Mhow . . . . . . . . . .. 120,798
Compenuhon to Baircha . . ca o N . . . . 1,905
Assistant Englne@t s bungalow . o a e . . . . . 1,232
. T Granp Tomar . . 570,536

Provision of Funds.
g;ilagiezl -~ 61, To meet these charges, it was at first proposed that Government and the residents
orjx'?nally - should pay in proportion to the value of house property in the cantonment and buzaar.
proposed. , . o : .
Population and 62. The census pf the population gave the following results :—

value of house No.
property. Bﬂzul' residontl . . - L. ) o ') . . . . : 14,799
Troops and cawp fol]owerl . . . . e . . . . 7,478
Torar . . , 22,277
or in the proportion of about 2 to 1.
Jopulation and —
o of B But takmg the value of house property the resnlt would be
roperty. . 4
Value of houses in tho bauar snd of Officers’ bungalow . o . . 1583,562
. 49,33,463

Governwment buildings . o« e . . . . .

‘orabont 1t 8
l’roportionof 63.. It was suggested that Government should bear half the cost, part of which half

f,‘;ﬁ:g‘{f t%x_ should be debited against the, Holkar and Scindia-Newvmuch Railway, sub-dividing the cost

srument. roughly thas :~= . _ .
. . : . : )
Bﬂm‘ . . . . . . . o . . . . . 3,00,000
Railway . ‘ . e e e 90,000
QGovernment in the Mlhhry Dcpartmont . . e . . . -1,80,000
- ) . ’ : 2,70,000

Poat . . . 540,000

“a few of the difficulties encountered in the exccution of the pro;ect may uow be considered.

-
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and that Government ‘should advance R3,00,000 to the Municipality (Cantonment Com.
mittee) at 4 per cent. interest, the principal to be repaid in ten (or more) instalments of 830,000
each from the Abkari Revenue, then at the disposal of the Local Administration, and that the.
interest should be covered by a water rate levied on the registered value of all houses in the

buzaar and of officers’ bungalows thus :—

. . : R
Officers’ bungalows varying assessments according to rental . . . . - 2,820
Houses in the bazaar according torental - . . . . . . . . 20,159

D et et

Torat . . . 22,976

of which it was roughly caleulated R5,000 might be absoxbed in working expenses, leaving
. . the rest to cover the interest.

64. The decision of the Government of India will be found in Military Department letter, Decision of the
Government of -+

No. 2388, dated lst June 1886. But it was represented by the Cantonment Committee that India.
ne rate could ba levied until water was supplied ; and therefore Government was urged not to
ask for interest on the loan till water should actually be laid on in the eantonment and

bazaar.

65..In sanctlomna the estimate, the Government of India contributed R3,00,000 as its Proportion ot
only and final share of the cost, disdaining all further responsibility, and lent 83,00,000 to %“&f,‘:,},’fn'i’ﬁgﬁf

the Cantonment Committee at 4} per cent. interest from July 1856, provided that a sinking g b8 ﬂna]ly decid-
o

fund was also established to clear off the prineipal. .

68. The methods whereby the Cantonment Committee proposed to repay the loan and in- Method for pay-
ing the interest

terest are shewn in the Proceedings of the special committee assembled in February 1887 to u3%ye 1osn and -

revise the taxatibn of Mhow. . . for establishing
Preliminary Operalz'ana ' ‘ . g‘l:le];mkmg
67. The actual method of construction, where different from theoriginal specification, and Method of con-

struefion.

Mhow Water-works Division.

68, The Mhow Water-works Division was constituted in July 1886 under the direct Mhow Wator-
superintendence of Colonel Thomason, R.E., Superintending Engineer, and Secretary to gl‘;’éﬁ’acg;‘;;;' ato

the Agent Governor Geuneral for Central India in the Public Works Department, wh@ took a Division.
great personal interest in it, and who placed Mr. D, M. Litster in executive charge.

69. Mr. Gustadjee Cooverjee, Contractor, undertook to complete-the dam and head works Contractor for
the dam and .

before the monsoon of 1887, . heoad work.
70. Arrangements had to be made during the monsoon, 1686, for the hutting, feeding, and Arrangements

sanitary affairs of about 8;000 labourers, be51des buffaloes, donkeys and cattle, ) :ggdlo:u{_'ofhgﬂrﬂ-
’ work.
71. Sites for rows of huts were selected below the east end and west end of the dam, and Huts. d

on the spurs in prolongation of the east end, and’ were so alranoed as to secure ventilation and
cleanliness.
72. A hospital and a well furnished dispensary of a tempoxary natire were established Hospiml and
under the charge of a native doctor and dresser, Dispensary. '
73. It was found almost impossible to make the natives resort to the sites selected for Sanitary ar-
latrines, as they preferred to go into the’ adjacent fields; so sweepers were employed to cover rangemonts,
the excreta with earth, as well as to keep the lines clean
74. The Contractor was made primarily responsille £ar cleanliness and order i in the lines, Contractor’s .
responsibility, .
and to assist him in maintaining order some policemen (for whose services he paid) were sent
to him from Mhow. The headsof the different gangs were answerable for order and cleanliness

smongst their men. Mgpgisterial powers, to a small degree, -were conferred on Mr. Litster, to Ma;gutenal
Powers.

_enable him to settle petty cases on the spot. The chief obstacles to cleanliness were the large Obstacles to

quantities of litter and manure in and about the buffaloe and donkey lines, the reasons for the cleanliuess.
constant removal of which their owners could not understand, especially as, during the mon-
soon the litter, &ec., could not well be removed at once to the fields,

75. The labourers were encouraged, as far as possible, to obtain drinking water from wells Water-supply -
in the fields below the dam, or from fresh holes dug near the bank of the river as frequently 1:;::&“'

a3 was necessary, men being separately employed for this purpose or for providing water near
the huts or on the work.

76. ‘Buneahs were induced to settle amongst the vano's by being allowed to sell gram at Food supply. *
a8 lightly higher rate ‘(about equivalent to that caused by the extra five miles or so of cartage)
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-
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how, though
22 many m
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87. It was intended that t
But it would have cost good deal to
ween the small dam and

77. As the flow of the
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in the embankment. Eart}:nfo:] puddling purposes as well as ;::‘i:'l%‘el)‘er:.lly about March, it
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it there, and so some of it was
the water slope. The remainder should, however, be remove
inlet cuttings, as it takes up water space, and may also be gra

T
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78 A :’ma][])a‘;ls somewhat delayed the commen cg hdt escape channels were provided and . channel itself.
rom taken from th:m was aleo forined a fow feet ab:ze:f of t}-)e Buircha dam. - : . 88. The Baircha dam was commenced in November 1886, and by the time il .
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: - - Constructi
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- used between the back of the masonry and the face of the excavation, as ov
gome springs in the fissures of the rocks would in time have softened the puddle and washed

it out, leaving bollow spaces between the masonry and the rock. )
95. The vertical channels, ‘0 the sides of the inlet channel f

. about 6-inches wide, were left i :
the insertion of strainers ; as well as to facilit £ shutters or timbers for puddle

ate the insertion o
.walls, should it be necessary at any time herea the lake end of the inlet

on of the dam. The escape channel was
to pass down it, and early in September

out @ feet high was thrown across

@ upper weir, to pe

t a higher level as long as possible, so as to cover some of the loss

94, The masonry O
channel, was of solid coursed rub

fter to obtain access to

them, were completed in January

96. The inlet and outlet we

~ 1888, except the timber covering and the fixing of the screw

out 8 feet below the natural surface, for Bscape channel.

the outlet Temporary dam
above the waste

ber 1887, a temporary dam ab
rmit the coastruction of the latter, and to main® yoir

or Strainers in the
walling of the
inlet channel.

pipes. -
Ils, including the roof over glfmlrllet.ion of
lifting gear for the 18-inch valVe, ou?;leltl :,teﬁ:.d '
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and the cement pc.ih’ting of parts of the inner faces, which were covered with water before it

could be finished. The wells are however very water-tight. The wells were finally completed
in February 1888,

97. The outlet pipe was cast as a 15-inch branch pipe with" the bell mouth in the inlet well
and two 12-inch branches opening into the outleﬁ well, 80 that two mains, or one main’ and one
scour pipe, could be hereafter bolted to its ents, instead of only one. The outlet chanuel
througb and beyond the tunnel had t6 be lowered to keep the mouth of this larger and deeper
pipe at the proper level; and separate lifting gear was also required, as the pressure on the
valve would now and then be greater than could be safely overcome by the erab winoh used for
lifting the valves of the two inlet pipes.

- 98, The tunnel from the outlet well was made only 20 feet long, the east npproa.ch to the
dam being immediately over ¥, and it was lined with coursed rubble at the sides with,a dress-
ed stone arch, the floor being concreted. The fissures in the rock were so numerous that the
tanmel leaks a good deal. Open cutting was therefore substituted for the rest of the tunnelling,
for the 10-inch main ; and about 700 feet from the present end of the tunnel an outlet has
been.ont for the scour water, so ag to divert it more digectly into the Gambhir, instead of
lettmg 1b run down the cutting towards the road, and the village of new Baircha.

. * 8ervice Reservoir, :
99. The. Supenntendmg Engineer considered it advisable to alter the design for the Ser-
LA oo 4 - vige Reservoir so far as the position of the delivery

and distribution mains and the materials for Lhe
wallmg were concerned. The plans * shew the sections of the walling,

+100. Concrete with selenitic mortar snd a facing of coursed rubble was rubstituted t‘or
randoin rubble for the sake ot eeonomy Conorete mixturés and mortar mills were erected on
ground near the site of the reservoir, .

101." As a tather large quantity of water was required for the concrete, pulsometet pumps
and boilers were fitted up on the right bank of the Gambhir, close to the lime-kilns near
Gonlipoora, and a dam was thrown across the stream. Water was pumped up thenceinto a
cistern built close to the circular road, whence another pulsometer pump forced it up to adother
tank at the site of the work, dpare 2-in#h pipes being used.

102, Most of the machinery had been nsed previously in the reconstruction of the bastmns
of tlsa Mhbow Fort which had recently been com pleted

- 103. The excavation for the Reservoir was cut in fairly hard moorum, and the spoil there-
from wis spread out all round the outer walls in Jong slopes.

"104. The conoréte made of trapstone metal, not all of the hardest kind, but such as’is
uled for the Mhow mﬁu, was mixed as required, and thrown at once into the wallitg snd-

rammed by men, 'The.interior face of the walling was of coursed rubble trapstone averaging
o1 foot fu thickness, with a batter of 1 inch, the backing being of concrete. The sides of
*4he excavetion were nearly vertical, snd to sllow of the proper curve being given to the back

-of the walle, clay walling was plaoed in ateps between the face of the excavation and the
concrete, so thal the latter mlght be rammed without spreading.

108, The walllog with its inner face. of stone and backing of concrete was, as & rule,
carried up bourse by cpuiee with an intérnal batter of 1 in 12 up to the ground. level, aud above
 this, it was constructed all through of coursed trap rubble stone. A coping of Neemuch slabs

waa also provided, the cost.of which was much greater than one of trap stone would have been,

108. 1t was found that the concrete in the floor, even after it had set, would nob.hald
. wager long, and even if it had been. _plastered with Portland cement, the latter would have been
i msnﬂmmﬁ togrdven@ percolation even it oracks could have been prevented over so large an

area. 8o elabé of Neemueh stone were set in mortars on the concrete floar, and the joints in
the ﬂoomfg and walls were aftérwarde pointed with cement.

107. The :elemtxo mortar nsed in the concrete was mized in the followmg Proportions ;=

-

g
- o Ixenapisnzs., v - For conorete, | For qonmd rubblo. °
' g‘h'iawbhm kunk" 11“10 v, “ . ‘ . ’o 0 . * . . 5 G, ft. o
‘el W T ":‘ . * . . . 7
BOQY.kM . . . . » ¢ [ . . 2* "
Gnﬂlm ¥ L] , . : * v . . * ’ :

. [ a,
] . » - o

b . ek
S

.All the mgrednentl were ground dry sepatately and were used xmmedmtely uftcr bmng
) thoroughly tmxed thh the stone in the pxopox t:on of 1 of mortar 2} broken stone.
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108. The Service Reservoir was commenced in December 1886, and was completed, except ¢

bl
a course or two by the end of March 1887, when Mr. Litster went home for two years’ train- ¢

ing, and the water-works were placed under charge of Colonel Gibbs, Executive Engineer, with
My, Tickell, Assistant Engineer, to superintend the two Subdivisions from May 1887,
Colonel Thomason still taking a divect interest in the work,

109. The revised design for roofing the Reservoir, provided for trapstone pillars support- !
ing brick arches, on which flat concrete arching would rest. But the necessity of secu\:mg1
cleanliness being fully recognized by the Cantonment Committee, sanction to it was deferred,

because it was ploposed to construct ﬁlters in or near the Service Reservoir or near the inlet
wells at the head work.

.

Proposals for using the Head still avatlable at the Resewom‘

110, Colonel Thomagon had also some idea of using the head of water still available at
the Reservoir either for commissariat flour mills, or for electric lighting, and had made
enquiries with these ends in view. The question of the roofing was therefore deferred for the
present. A branch pipe with a butt joint has however been fixed in the delivery main outside
the Reservoir, on the east side, so that a turbine can be connected with it hereafter

10-vuck Pipe line and road.

111. The plans shew the pipe liue as actually laid out. To avoid the steep ascent over
the spur, about 1,800 feet from Mhow, the line was diverted round the foot of the ridge, a
horizontal curve being thus only required instead of a vertical bend. Tu order that there
ghould be only descending gradients in the pipe line, between the outlet well and No, 1 Culvert
below the Circular Road, a cutting with a maximum depth of 17 or 18 feet was made. Thus
between the outlet well aud Culvert No. 1 there is no ascending gradient, and between Culvert

* Nos. §, 5A, sud 5B, width of road done the No. 1 and the Reservoir there is no deseending
pipe line, g gradient. The positions of the scour, valves, &c.,
on the main are shewn on the p\ans*

112, The Superintending Engineer ordered that the road along the pipe line should be
made 30 feet wide with 10 feet of metalling, or nearly twice the width of the road ougmallx
proposed. The gradients of the ‘pipe line, and the prevention of cross drainage at inconve-
nient points necessitated a much higher embankment than would otherwise have been planted.

© 113, An estimate of R37,559 was made out for a 80-feet road, and the work has been
carried out on the savings of the water-works estimate.

114, The first half mile or so of the road, beyoud the Cireular Road, was made at the
gole expense of Mr. Gustadjee Cooverjee, the Contractor, who undertook to make also at bis
own expense a branch road from it to the Parsee Tower of Silence, on the understanding that

. the Cantonment Committee would undertake to keep both roads in proper repair in future.

1156, The plans and gections of the bridges as comp\ehed shew the relative heights of the
pipes and the positions of the scour and stop-valves.

Baircka village,

116. Most of the peasantry who had to leave Baircha hutted themselves below the dam
close to the point where the pipe cutting from the®dam joins the road. The old village was
dismantled and the soil over the greater part of its area was carted away, any suitable soil
having been thrown into the outer slope of the dam.

117. It was ascertained that interments ever took place near old Baircha, nor within the
lake area, 50 it may, be presumed that the site is fairly clean.

118, Where the road crossed irrigation channels, 3-inch pipes were inserted in the embank

ment, with masonry troughs at either end, so built that a long bamboo could be passed at any
time through the pipes to clear them of silt when required.

2

. Catchment area.
-119«. An inspection of the plans of the catchment area* with its boundaries will show

. ® No.9 that His Highness the Maharajah Holkar had, for
’ 0, O

several years, previous to the commencement o
the dam, made over to the Government, for commencement for ¢ Commissariat” and “ Tap.

khana * grazing purposes, most of the land lying within the catchment area. The compmahvelg
small Bhadurkba Koorun, and part of the Baircha ¢ Koorun’ were not included in the are:
transfeired,guntil the water-works project was sanctiooed. The revenue from these twe

“ Kooruns’ will now also be lost: to His Highness. This would be about equivalent to the
value of from 400,000 to 500,000 bundles of grass yearly.- ' .

D



+ might bave been.
L

18 KOHIMA AND GATUHATI WATER-SUPPLY SCHEMES

120. There is no doubt, however, that the value of the land below the dam- will, for revenue
purposes, be considerably enhanced hereafter; as there will be more water available for irriga-
tion for some distance below the dam, owing to percolation, than there ever was before at the

season when irrigation is most required.
121. The catchment area and the pipe line and road should, for administrative and judi-

cial purposes, be placed under the jurisdiction of the Cantonment Magistrate, Mhow,

Valves, Pipes, and Fittings.
122. The valves, pipes and fittings fixed in the inlet and outlet wells, and in the Service
Reservoir, were supplied through or by Messrs, Richardson and Cruddas of Bombay, who also
cast the flanged pipes for the main in the head works cutting and for the delivery and distri-

bution mains and ecour valves and stand-pipes in and near the Reservoir.
128. The spigot and socket 10-inch main pipes, and thofe of smaller diameter for the distri-

bation in Mhow, were supplied through the Secretary of State for India. _
- 124. The first consignment of 3-inch and 10-inch pipes arrived in Mhow at the end of

November 1887,
125. The embankment and cutting from the Reservoir, across the British Infantry parade

giound, and as far as the circular road, were finished first, and a commencement in laying the

"10-inch pipes was made early in December 1887,
126, The distribution pipes as they.arrived wers carted to the roads along which they

“would bave to be laid, and placed in the side ditch, or where this would have caused danger
or inconvenience, they were stacked in groups of 50 or so, about 450 feet apart, at convenient

points, close to the pipe lines.
127. On the 24th January 1888, Colonel Gibbs went on furlough and was relieved by

Major Conner, and on the 21st February 1888, Mr. Tickell was transferred from the Water-
Major

works to charge of the Civil Works of the Mhow Division owing to serious illness.

Conuor was relieved of the Mhow Division on the 24th May 1888 by Mr, R. H. Tickell,
Executive Engineer.

. 128, On the 26th May 1888, the 10-inch main was completed from Mhow to Baircha and
water was let into the Service Reservoir. One tank of the latter was filled in 86 hours. The

estimated rate of filling is 83 hours, when the Bairoha tank is down to low water level.
129. About 18 per cent, of the pipes of the 10-inch main arrived at Mbow cracked at the

spigot ends, but nearly all of these were utilized after cutting. Great delay oceurred in com-
pleting the main owing to the special pipes at the culverts not having arrived. Only 10-inch

pipes had to be replaced on account of leaks or bursting. _
180, No air valves were fixed in the 10-inch main, as it was designed without any vertical

‘angle. For this reason the pipe line and road to Baircha are rather more circuitous than they
. There are three stop valves at places where nullahs are crossed, and to each are filted tees
and scour valves, \ ’
' Zhe Pipe distribution at Mhow,
131, The pipe Iaying ia the cantonflent was commenced on the 3rd April 1888, but

rapid progress could not be made &s there was no water available for testing purposes. After

pipe

the Servicé Reservoir was filled, the mains were Jaid and tested rapidly, All the C, I. pipes

were tested to preseures varying from 100 to 130 1bs. per square inch, and were caulked till

free from all sweating, previous to the filling up of the trenches.
132. The following ‘shows-the progress made ;e

) . Completed.
Ruuning feet.
10.inch Main . . . . . . N . 24,497
T 432 8
8 » ” . . L] A4 . » . 0 7,600 g
7 1 1 . . . . . . . . 774 g
6 " 1] . . . . . . 396 E )
53 ” ” - - . hd . . . . . 4,215 ° %
4 " o . ¥ B . . . . . . 8,238 ﬂg -t
3% 9 ”» . . . . . . . . . . 3,483 2
3_ 8 s . . ‘ . . . 13,706 e
2% ” ” . . i . . 8,456 ]
. s T
. Total of C. 1, Pipes R 71,797
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Completed.
Ruuocing feet,

Carried over . 71,797

W. L Pipes—
2 inch ,, . . . . . R R . . . . 1966119 %
1 L P i X 4.4 g’é’_
1 » 7" . . 3 » . . . » 3 . . 12,000 3 %%
N . . . . . S . . . . 1340V 2=
Y ¢ KA
Total of W. 1. Pipes 72,305
Graxp ToraL . 1,44,102
[————"""

133. The water-supply of the barracks is arranged on the following plan : —
Three-quarter-inch taps direct from mains are laid on to all filters, cisterns of kitchens
- and bath-rooms, and kitchens and bath-rooms and kitchens of sergeants’ quarters.
The barrack lavatories have each a masonry cistern to which the water is carried by ball
valves and the water distributed by tape in the bath-rooms.
134. The married men’s barracks are each provided with either two or four wrought-iron

galvanized cisterns 3 feet 34 inches or 4 feet square. From these cisterns the water is carried in
pipes along the walls and a fap is fixed in each bath-room and an outside tap for each set of

four or six kitchens.
135, Followers’ lines and followers’ bazars have each one or more stand-posts from which

- to draw water, ,
186, Native Infantry Barracks have cast-iron or masonry stands with numerous taps sup-

plied direct from the mains. _
187, The bazaar is supplied with water by about 140 public taps arranged as'shown in

the distribution and detail plans No. 64, 6B, 6C, 6D. .
138, All Government buildings hive water laid on with one or more taps in each bath-

room, kitohen and block of servants’ quarters. ' ,
189, Only 12 private bungalows have at present had water laid on, but numerous applica-

tions have been received. .
140. The following is a list of the Government buildings or set of buildings to which

water has to be laid on, and the number of taps in each :~—

- Bg_";j’* Basar | 2 inob. |14 inch. | 1 fnch. |4 inch. | § inch,
1. European Infantry Barracks supplied from a W. L) . 1 1| .. o | 40 2
tank 20 X 10X 6 on the roof of No. 3 Block, the tank
being iv direct connection with the 10-inch main,

2, Roya! Horse Artillery Earrack and Bezaar S O 1 1 | 39

8. Garrison Celle . . ' . . RS - v o 4

4. Royal Astillery Barracks . . . . —— 1 1 36
5. Station Hospitaland Bazaar, &o. . . . 1 27 -
6. Auxiliary Hospital . . . - . e 1 14 oo
7. Staff Hospital . . . . . . 6 | ..
8. Compmissariat Mule Lines and Bazaar . . . 2 12
9. Fort and Arsepal . . . . . H 1 1 1
10. European Cavalry lines . . oo |1 3 e | 104
11. Lines of 17th Native Infantry . os 14 e
12. Lines of 7th Native Infantry . . . 1 1 17 ves
18. Native Infantry Hospital . . . 1.
14, Charitable Rospital . . . 1 . .
15. Dak Bungalow . . . . . . " . 5 e
16, Telegraph Office . . . . . . 3
17. Post Otlice . . . . . . . . -
18. Government Slaughtery . . . - . 2
19.  Ditto  Bakery and its out-houses . .
20. Protestant Church . . . . . 1 1
21. Roman Catholic Chureh'. . . . . . 1
22, Commissariat Store Yard . . . . “
23, Library . . . . . . e - . 2
24; South old Travellers’ Bungalow . . . . 4

256. North Public Works Store yard . .

O MWDo ey i D - D G~y b e

26, South ditto ditto . . -

27, North Public Works Subordinafe’s Quarters o roe

28. South ditto  ditto itto . . " e 0ee
29, Commissariat Conductor’s Quatfers . . . . cor .
30. Ordnance Couductor’s Quarters pear Staff Hospital e . .
31. Barrack Master’s House . . . e . e

32, Barrack Sergeant’s House | .. . e !, oo »

[
[

83. Presbyterian Church . { . .
34. Oid Bomb-groof Building in Orfnance Lines .
35. Bazaar Public 8tand Posts . . . ,

-}
™
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from 114610. tﬁl;gg the lines of all C. 1. pipes, there are fire plugs fixed at distances varying
. yard.s. In the bazaar the fire plugs average 1 in every 100 yards.

ive strut watering posts are fixed along the main road, and two fountains are supplied at

the Station Hospital and the Mhow Library. -

142. The whole of the pipe laying for Government buildings and bazaar with the fitting
up of taps, &e., was completed by November 1888.

143. In the bazaar 150 public taps of % inch diameter have been fixed to stands shewn in
the Plans. A supplementary estimate of R5,128 for various masonry works required for the
publie hydrants and two estimates of R4,824, and R4,727, for taps, pipes and fittings to be pro-
cured 'from Bombay, were sanctioned to complete the pipe distribution gcheme out of savings
of various sub-heads of the original estimate.

144, The accompanying statement shows the amounts expended on the various sub-heads

21
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“’//’—’/f:om 96,000 to about

i i last 12 years
i Low has increased in the . - ut
T o POP.“ 1: t;?:: :hfel\;lsto:;f January 1889 the water mains have supg‘h;(}ﬁagl)lo (c)legn;;zns.
$8,000. . I—loweve"l’ . gumption of water grom the 1st J anuary has avelrz.toz 1 006 D gelon
The l.egmterte‘cll dallnf;uc:: availiable when the Baircha tank is at low level 18 219,0% g
The estimated &

i _cupply falling short of demands. '
dayy 80 Wt (et ng danger 2L e :v‘t)r;isy after completion taken by the Executive

: 143, A shest of photographs of the
Engipeer accompany the drawings. %, H. TICKELL, )
) Maov; } Frzecutive Engineer, Mhow Division.
) 97th March 1889. -
N /

Mhow Water-works up to end of January 1889, and probable expendibure
on j

to completion of work.

Statement showing the ewpenditure

of 13110 e'stim.ate up to the end of January 1889, with the probable cost on completion, from
which it will be seen that a saving of 2,282 will be effected on the estimate, or of R31,746

on the allotment ;—

1 2 ] 4 [ 8
[} 4 b
Niuz or Wosxs, Eatimated :ope;u}t:r e:;gx?gltllfre p;f)%:"‘},e Probble | Probuble | RoMazxs,
amoant. Jllus:eu;.ry comp'iguon, expenditure, waving. excoss,

i () R B ] R ® T
Gambier Bund - . . .| 164816 | 1,560,858 v 1,560,088 8,862
Waste Weir . . . . 84,682 86,174 ‘oo 86,1747 48,8568
Outlet Works- . . . 16,614 20,188 o 20,188 3,674
Service Reservoir . . . 44,064 55,313 55,313 11,249
10-inch Main, = . . .| 146,678 | 101,862 196 1,01,657 | 45,119
Pipe distribution . . .| 120798 | 186,776 6,808 1,42,680 | . ... 21,782

. Assistant Engineer’s Bungalow 1,232 1,718 1,718 " 486
Compensation . . . - 1,006 2,025 2,025 o120
Road to Dam . . . " 24,643 7,000 81,643 vee 31,643
Establishment - . . . er 6,673 T+ 260 6,823 e - 6,888
Light and Fencing . . Vo 285 - . 235 v 235
Furpitore . . . . 272 e 272 272
Tools and Plant . . . 1,081 o 1,081 ae ... 1081
Medicine . . . . e ‘440 440 IR g S
Interest . . . . . . 14,808 8,000 7,303 s 17,803

TOTAL 570,586 | 551,006 | 17,250 | 5,868,255
2 == T

145. It is proposed to construct two filter beds out of the savings on the allotment, and

plans, and an estimate amounting to B27,468, have been submitted for

sanction.

One of the proposed sites of the filter beds is shown on plan No. & and 6 B., they are
designed 1 foot below the draw off levels of the collecting tank about 1,000 feet from the
outlet works, Designs for filter beds near No. 3 European Infantry Barrack at Mhow are
also in hand. This arrangeraent would utilize the full need of water available in the 10-inch

main, but would necessitate separate filtering arrangem
the roof of No. 8 Barrack.

ents for the wroughtsiron reservoir ‘on

v

146, From December 1st 1888, to the 15th of March 1589, the fol]owing buildings have

had water laid on e
Contagiouns

Disease Hospital
near Sarwan MoHab, one tap

_ & inoh.
Burplus Porter Godown No. 20
in Cavalry line, one {ap £ inch.
Setfaant’q quarters near Cave
alry stable, five taps 4 ivoh. -
- Indore Darbar Vakeel’s Bunga-
. low, one tap § inch.>

49

inch.

4 inch.

Bungalow No. 57, two taps1 inch,
_and one tap 1 inch,
Railway Police Office, one tap 1

Bungalow No. 8, three taps § inch.
. No. 67, three taps £inch.
Station Master’s Quarters, one tap

Bqﬁgalow No, 64, one tap § inch.

Private Houses.

”
”
»
M
”
”
»
”

Bungalow No. 28, dne .tap 4 inch,

» 80, one tap 4 inch,
s 7, four taps % inch,
, 11, one tap % inch, .
, 14, five taps 3 inch.
,» 63, one tap 1 inch,
» 122, two taps % inch,
, 83, four taps §inch.
» 20, one tap } inch,

; By Houo No. 415, two taps 4 inch. | House No. 2542, one tap % inch.
o1y 3 ™ » 187, three taps 4 inch, ” » 2617, one tap 4 inch.
o ) ” » 318, two taps 3 inch. |, » 320, one tap % inch.
N e 3 » » 802, ond tap § inch. »s s 1670, one tap 4 inch.
B s e ggfs), one :ap i {nc}l)!. » » (;82, one tap fim;)h.
ihabe 4 »” » 168, one tap 4 inch. » 72, one tap } inch.
» ?*g _fh;‘;h' s s 1018, 0ne t.g. 1 inch. :: » 2548, twol;vt?pa % inch.
" oo» H 065' ! W‘.‘,f Dﬂilﬂeb- “w  » 820, 0me tnppz inch. M : ,» 308, one tap § inch,
Rilvay Qi e ap dinch. |, 197, ono tap finch. ko, 36, om0 tap } inoh
Chariteble Dis 8, one th‘:'é inch, s » 201, one tap 4 inch. " , 397, one tap % inch.
R nch pensary, threo tips » 3 198, one tap } inch. w » 77, 0metap }inch,
- " » 414, one tap % inoh, » » 306, one tap 4 inch,

House No. -16. one hﬁ 3 ingh,

» 462, two taps § inoh.

.

5 6
! ———'—"“" 2 ‘f - REMABKS,
— | gxpenditure Probable Total Probable Probable :
Estimated to end Ol exge:g::\:re pm‘aﬂ’\l;e. aving. eXCERS.
Naus 0¥ Wosxs: veeoRl B R S
" _ - R
/ R
3 B B B
447
Gascmoan BUIP- o |
. of puddle trench 5,034 4,587 785 260 s | Barthwork nstead of Puddle was done
Excavation o' F goil 1,045 785 78,989 - 21, in the centre.
Bout%hmgksrl:fb";“‘sk .| 67,816 78,989 " . o5 622 Puddle wall was only done under
Earthwor ‘ 20,58 X e ound.
ddle wall L] asze | 20897 &
ew ot
g?tching face with ro;xgig X 35,796 " 877 .
drossed trep st0n¢ X4 goo10 | 85,796 - 364 196 o
sﬁvﬁg grass on land ﬂk’P‘é 560 '
Metalling’ foqnda“";‘h ‘(’) s 2,142 18
bund 6 inch in deRER 74 gn50 | 2,142 - sasl | 2041 e
me'tulel.lt;ies L : ) b 7’872 b'ggé .:- 855 . "t 3.361
gz::;nogary est,abl'ls‘m‘le“t ‘ 3,361 . 3,361
Earthwork in slope of bune - 39 e 39 .
Fwork refiling Dalabl) g | Wl 103
Excavation moorum dra/n 103
Dry stone filling 12 drain ' 86 . 36
Excavation moorum rock 26 e _ '
in slope of east bank -}t —2,943 2,943
Deduct perceumg‘:;:c““' —2,943 s > 3 "
ed from contrad . 3 -
Amount due to Jabourers -« P ’____9;;, — —1—5'9‘0‘2" 31,530 ﬂ
3 1,63, o ’ ——
Totﬂvl Gumbie\‘ Bund - 1’54’815 e —ee——
Wasts WEIB. 6.067 e Waste
ton i d 34,422 ’ Retaining wall on west side of Wal
Exocavation in moorum an 855 84,422 oo 233 17,095 ! ot built.
rock . b . - Togos | zess | % m | - Weir was 0
dom rubbie : * 51
g:?m‘:ler dressed stoné ¢ . ggg 160 v 160 280
Chisel dressed 86058 » "1 280 g4 | 8,005
oncr: Lt * 2,59 -
ingencies . . . 4 e
g:‘citl‘cbg percentage recovers- —u87 v —737 737
ed from contractor .
Ada for Weir 100 feet clhoi'd 30,000 -
for every additiond "1 30,000 Phaiatadn —
foet . . ___._._._—-4 36,174 54,425 st
Total Waste Weir "8'4:5_3_2__’ . 36,17 e ———]
OUTLET WORKS, 3’1‘95
1 i et ’
Excacvlgtion in moorum and 9,38 6,2’12 i e.g ;3 1,022
ro > y ) ° ves [yl
Tunnelling in rock « 1»322 . 7.ise
Puddle concrete backing . 450 76 02 7,6% : a1
Coursed rubble K . 16 46 e 288 328 e ‘
Coursed rubble arching - 656 833 5 467 oo K
Coursed rubble tunnelling . £52 85 . 8 5,943
Coursed rubble tuanel arched 5,043 R - M o
Random rubble . . i W 114 . 4
Hammer dressed stone . pre 114 ~ 84 10 ]
Chisel dressed stone . . 34 . 9 . ‘ )
Concrete . . . g; 18 | 13 e 17| -
Flat tiles in roof 12 % 12x2 17 » s v ////
Lime plaster . . . .

b ek e
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. Statement showing the cxpenditure on Mhow Water-works up to end of January 1859, and probadle expendit:
to completion of work——continued.

| v | s ] s | 4 3 s |
Niusm oy Wozxe, Estimated Et?gggi‘t)gre ex;:‘:nl:jailt’{fro p,'f,‘jf,‘,‘,’le Probable Probable Ruisxs,
amount, J‘l';‘;;” ;?o:f;:. expenditure, |  B8VIDB. + excess,
B B ) B R B
Ovrrer WoRRS—conid, '
Teak timber work - , . 5 . Vi ves o
Iron work . . . 670 480 - 480 190 .
Cast iron pipes . 1,651 1,578 . 1,678 e 22
Special bend and castmg . 2%4 274 274 e 40
Strain girders and nettmg. 68 498 voe 498 . 430
Valve to 10inch main o 180 848 ver 848 oo 168
12 inch plug to inlet pipe , 100 1,233 . ree 1,282 ee 1,182
Single purchase crab winch 140 143 or 143 ver 8
Wrought iron pulley block
9 inch, . 54 22 o 22 82 o
Hoisting and fixing strmn-
or g"'d .o 1 "o 200 e P
Hoisting and ﬂxmg can.
tilevers . 6 s e o * o0
Hoisting and ﬁxmg ersb
winch d 0i b ] 0 ves ree ver
Laying an mtmg 1 ine
g’a]g . po 80 86 PPy 86 v R o
- Laying and pomtmg 10
inch valve 1 . - veo 1 e
Laying and pointing 12joch
inlet and outlet bend . 4 oo e oo 4 e
Laying and pointing § inch
pulley block . . 8 oo, vor ves 8
Tar coating . + 8 LAN IR 9 . 1
Portland cement pomtmg . 82 124. 124 . 42
Contingencies , . . 786 890 v 890 396 .
oo 20,228 . - 20,228 e e
Dednct percentage recover-
ed from contractors - —298 296 296

19,932 o e
256 2566
20,188 8,851

Materials at sito of work .
Total Ountlet Works .| 16,514 20,188

S8gavics RBIERVOIR.

Excavation moorum and
. 5,883 4,620

TOoC . . .
Random rubble trap mason-
ry R . . . 29,872 e
Coursed rubble trap. . 6,128 11,899

Chisel dressed stone in cope .
629 1,657

Execnted in concrete.
5,271

ing . . « . 1,028
" Chisel dressed s_tone in

17;.2.34 Dope in conerete instead of masonr;

steps . . . 76 ree
Concrete Hydraulic ime , 170 .| 19,404 17,404
18t class brick in lime . 255 s oee 255 i
»  brick-in-lime arch- .
lng . . . . 4,355 e e 4'555 o
Lime pointing . . 28 Y oe . 28 Roof was not made,
Roof terracing . 8.330 . o 3,330 oo
Iron girders 25¢ feet long. 89,590 o 39,690 ot
Iron girders templates
(18 x 12 inch) N 900 e i 900 e
Iron work (brqckets, Iade .
ders, &c.) €97 532 532 165
Cast iron pipes (ﬂanged on .
the straight) . L7174 793 792 982
Cast iron pxpes (spigot and .
faucet) Y 868 853
Cast iron pxpel, bend and| -
casting . 42 | 7, 442 .
10 inch dmmeter nlvo . 620 .. " 620 v
9 inch 260 189 189 71
Cast iron valvc mndud
withrod . . 625 17 17 608 v
Cast iron Jifting wheel . 180 ves 180 "
» plug 9 inch dia-
meter ’ 120 | s 120 oe
Filling cock to sypbon . 8 e . 6
Wrounght iron chain § inch 14 e 14
Teak timber work ., . 465 ver 465 -
Tar coating . 43 er 43
Girders 25} foet long . 214 214 "
Blm of cast iron pipes . 141 141 _,' .
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Shtement showing the expendztwe on Wow Hater-works up to end of January 1889 -and praba&k expendilure .
to completion of work—continued.

1 ) 3 4 [ 3 6
Expendit Probabl f
Nixz or Wogxs, Estimated | soomd of | expenditure ptate | Probsble | Probable Eruapxs,
. amount, J;g;l&tl gl)e%?;ﬁ.. cxpenditure, | 58ViBE. excess.
ServicE RESERVOIR-cOntd, B & R B B B
Valve with rods and . )
byackets [ ves . 51 o
Valve without rods and ,
brackets . 1 oo ver o 1 o
Hoisting wheels and stan.
dards , . . . 9 e e 2 e
Contingencies , . v 4,844 4,787 w 4,787 67
1,01,722
Deduct cost of roof , N et ves Ve ‘e 6!
Neemuch stone ﬂoorlng . 67,688 6,616 " 6,616 ‘e 5'673’5?2
Temporary bund 819 .- ’819 819
Tempor ary estabhshmenb . “¥o7 . 707 e 797
Cement pointing wall . — 630 T e 630 630
” » floor i o . 4563 . - 458 e 453
k 60,612 . 50,512
Dedugt percentage recav.| .
ered from contractor . . 1,014 res 1,014 1,014 “
. . 49,458 48,408
Materials at site of work . 5,832 . 5882 £,832
65,330 © $5,330
Due to labourers . . 17 17 17 |°
Total Service Reservoir .| 44,064 5%,813 . 55,313 83,989 06,238
10 Ivcm Mary Pree.
Excavation in moornm . 2,284 | 2483 . 2,483 199
10 inch Pipes . . 1,28,633 | 83,946 -83,946 | 44,687 e,
10 inch Stop valve on mmn 1,350 852 852 498 e
10 inch Pipe laying main , 7,296 5,164 v 5,164 2,132 .
Iron trussing . . 128 oo 128 T e
Contingencies , 6,985 605 .. 605 6,380 v
Excavation of earth in ‘pIPG
lime . N 1,182 1,182 1,182
Rock excavation . . 1,154 “os L;gg o 1,154
Air valve . . o o 19 o 195
E;cavatxon of foundnt\(m 7 er 7 v V]
Coursed rubble masonry | ° .., 563 ver 663 v 563
‘Stone masonry for arch . w ] &7 e ____'51'_ e e 57
Deduct pomnt.gq recover- 96,013 96,268
ed from’ codtractor . . ~189 18 189 va
) : 95,824 96,019
dlaterials at site of work -, 5,651 6,551 5,551
1,01,375 1,014,570
Amount due to labourers v 3 13 13 -
Total 10 inch main pipe .| 1,46676 | 1,0L,862 | 195 | LO1,667-| 54027 | 408
Piek DISTRIBUTION. J
Pipes from 9 inch to 4 inch | 56,805 41,777 Nn,777 15,028
_ we Biinchtodinch| 44126 | 55,005 55,005 10,969
9 inch Stop valvecocks 125 6552 552 ver *427
5 o» » . egg 424 424 zgg R
” ”» . e o wes "
f, ” ” . 860 215 215 145
85 » » . 408 334 v 334 I 71 e Bg. FT. BXECUTED UP 70 THE
s ». » . lgg 140 . 140 e 5 END oF JANUARY 1880,
»” Ty . 2 889 T aee 339 o 64
% . . . 120 540 U 420 | Formanr Maip
13 Yot o . 320 315 . 815 ] - Private Houses, |Government
1 » MRyl 8;2 162 162 | . 180 Buildings, .
’ - » R B . 32 . 82 40 .
é » »”» - M .‘ ‘320 . N i
. R »o . o 12 e 12 8 ver
Laymgg inch pipes o} 29 108 108 79 108 $ z.é ] g 432
g o] «&009 1,909 we ) 1,909 100. 8,087 5, w28 7,600
O AR 202 | 202 | .. 6 895 | S5oE” 174
w8, 79 118 1138 84 423 | g 4335 396
n 5w . 700 835 o 835 - 135 4479 | SEE3.% 4,218
» b . . 946 1,303 - 1,308 " 857 7,664 3 E’ g9 E 8,285
» 8%, . . 244 446 48 | .+ . 202 2228 | g* 8% 8,483
= 8, . .| L1235 | 1688 1,688 563 | 12008 | ExgEZE | 1430
» 2 . . .| Uss | 16 o] 161 5756 (7,506 | eszzig | 8665
” » N I KT 1,568 1,568 426 18087 | & 22,661
W, 750 | 1593 1,593 843 | 16,999 260 20,482
. ; »oo 141 718 o 718 577 4,517 840 15,121
U S 80 | 814 814 784% 960 687 18,163
Iro;; cistern o E I' b ; By e e vee v sos P 1,808 2,070
on L., 1, ar-
« racks |, . . . : 1 *The cost ot laying these pipes is
8,000 1,836 1,836 1,164 . shewn below in item (a).
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- Statement showing the expenditure on Mhow Water-works up to end of Japuary

1889, and probable expenditure
to completion of work—continued.

Statement ohowmy the expenditure on Mhow Water-works up to end of Janwary 1889, and probable expenditure

- n = = - A : —_ to completion of work-—continued.
Expenditare | Probab! : ) 1 -3 8 4 d hd
Naue or Wores. - Estimatted %‘;ee%dl :fm expr:ndit:re px?é‘%ta:}le Probable Probable REMazgs. Na Exvenditure| Frobable ‘ . . BExangs
smourt, | Jaouary | oo | DO | seming. | osune , LT e | SRS | G| I, | 2 | 2o '
‘ ‘ " 1 “Yeso. pletion, { expenditure.
PreE D1sTRIBUTION—cOntd, R B B B B R Y R R R R R
i}lnch Rivets . 24 24 - ‘ . E
Liinch Wrought iron tie’ rods 99 .. 99 ) .
Fixing in position, staying 4 . Culvert for Pipe, ! ) :
and riveting cistern 120 481 |- .. 481 361 Coursed rubble masonry .| . . 50 50
Coniiilngencies . K . . 5,752 2,793 |. 4,081 6,824 . 1,072 . M
Small cistern tanks . . ean 2,220 e 2,220 e 2,220 ’ Do
Iﬁayiﬁg ikiMh pipes. - 26 "16 o, " 26 Excav:t‘::“r: fNo :t ; ) 9 9
artbwor . . . e 43 15 T, b8 s a) Pid ‘ n of foundstion . < ean 9 o .
ookl LR ; o .. me | 7;-2 (a) Pide remark as nbove. . Coursed rubble wasonry 664 664 - 664
Stone masonry . . e 638 B 2 B U T R 715 [ g::f stone tumsoury . el e 28 ser 28
Concrete A 424 118 .| - 339 539 A ne archwork . 48 1 48
Stoue pavement  , . 1,944 676 | 8,620 3,620 ‘ R I
%emenh plaster . 81 1 82 e 82 . Culvert No. 8 : . ' ' .
Moorum . . 38 . 88 e : W ” 1 - :
Dressed stone masonry . 345 74 419 e 4?&8) g:::::gl mﬁ%‘le ‘masonry . . 1 4(1)2 - 1 4,.(1)3, 1 432;
gourfed rubblﬁ mnsomy . 8 ) 8 L 8 . Cut stone mesonry . ves ol rer Ao el
avalry ‘roug . 25 606 681 . . e ) 5 . e
Masonsy  drin of 1tk 631 Stowe archwork - ¥, . s 820 820 320
Native Infantry Lines otr ee 77 77 ee )
Masonry drain for drivers g o . 7 g 7“. B! L Culvert No. 4 .
line, Royal Artillery . . ' oo s i : , .Excavation of foundation , 71 w - 17 17
Lines . s 186 186 e 186 Coursed robble masonry . . 1,210 |5 1,210 1,210 -
Cut stones on top of foun- Cut stone work . . “ .- 88 88 88
tains . . . . vee e 150 150 ver 150 Stone archwork. . N 132 182 e 182
llzslm e .. | 1,80,748 - -
Deduct percentage recover- . 686 R S Culvert No, §. :
f; £ . e T e . . . . .
ed from contractor T 686 686 " Exeavation of foundation . 9 e 9 9
. . 1,28,252 1,30,057 .Coursed rubble masonry .| ... 503 703 708
Materials at site of work . - 18,804 v 18,894 - 13.894 | Mnterials should be brovght on te Cut stone work . . 30 30 80.
’ stock if possible, Stone archwork ' . 48 " 48 48
1,37,146 1,483,951 o
. ! Culvert No. 6.
Amount due to labourers , “ 67 . 67 67 - ) . 3 :
e rae of foundation . e e e e ) wee
» 2 contractor , 1,804 OV 1,304 1,304 Ig:s:::;l::bble masonry . - 1,690 1,690 1,690
~1,371 —],3 Cut stone masonry . . e 63 63 3
. e : L3l Stone archwork . . 565 . 565 - 565
Total Pipe Distribution .| 1,20,798 1,86,776 6,808 | 1,42,580 19,217 40,999 Rock excavation . . © 840 840 840
' E g . : Trrigation Syphon, .
A““E‘;’:ﬁiggun 8 Excavation of foundation . 2 oo » 2 2
: Coursed rubble masonry . |. .. 52 | .. 52 52
Bungalow . 961 1,600 - 1,600 . 539 Iron pipes . ‘ o 72 72 72
Servants’ houses and sta- Contingencies , . . e 1,399 672 1,971 1971
bles . . . 183 184 ros 184 e 1
Cook house . . . 88 67 67 21 "
Deduct percentage recov- 24,766 " 81,755 .
ered from contractor . 88 s . 83 | 33 o . ’ )
3 to labourers 12 n2 112
Total Assistant Engmeer’e
Bungalow o« . 1,282 1,718 . 1,718 54 540 —
) A AD TO Dax . 24,643 7,000 | 31,643 112 81,755
COMPENSATION . .| 1,905 | - 3,028 2,025 120 '
ESTABLISHMENT . . 6,578 250 6,823 o 6,823 ND TOTAL .| 570,636 | 5,561,005 17,260 | 568,255 | 2,68,205 | 2,50,924
LigaT AND FENOING . 286 235 236 : :
FURNITURE - . e - %;7;% o oe 272 - 273
X ANT . K - .
gﬁ(g‘fm‘;in ‘L. : 440 1’22(1) 1’22(1) ItJ is believed th;tlt derom thc1 Ist of . LL
. . . N . anuary 1889 the Municipality will
INTRREBST .| 14,808 8,000 | 17,303 17,303 | o el interest ch';fge, From fands at R. H. TICKELL,
their disposal. The payment of al} i . : Mhow Division, P. W, D
interest charges previous to that date ecutive Engineer, ow L g
6,70,536 | 6,26,362 10,250 | 5,36,612 | 2,53,093 | 2,19,169 is also under pconslderutlon, and
that the R17,303 may be available
Roip 10 DAM, for further improvements, not ori.
‘| ginally provided for in the Water-
Barthwork N . e 8,315 s 8,315 e 8,815 Works -Project.
Boulder soling . . e 2,171 2,171 e 2171
Moorum blinding . . 124 . 124 ,]24,
1st metal coat . 2,466 2,466 o 2,466 :
2nd . L e 3,970 3,970 3.970 ) ’ '
Sand blinding Tst cont . 124 124 124 . . . D il
nd , 124 124 |- .. 124 - ;)J e
Earthwork forbankmg side 457 45y 457
%ﬁnle stone  , . 10 10 10 -
urlong stone . . 12 - " : Lt BRY
Spreading and “consolida- : 12 12 ’ . m }
ting of boulder soling - 1,020 -
Bpreading and consolidat- ’ 1,020 - 1,020
ing of stone metal .1 .., 1,040 1877 | 2917 2,917

Government of India Central Printing Office.~No. 806 P, W. D,~-23-1.80,~800,



