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Proceedings of the Madras Government, Public Works Department,
3rd July 1869.

No. 53. Read the following Circular from the Government of India, Pubhe

Works Department, (Civil Works—Communications )dated Simla, 12th
May 1869, No. 33 .—

Sir A, Cotton’s plan for the construction of Steam-boat Canals, the water Jor lockage
and evaporation besng raised by steam-power.

Read the following papers —

From Lieutenant-General Sir A. COTTON, R. E, Madras, to th Under Secretary
of State for India, dated 23rd June 1868,

In 1858 I was ordered by the Government of India to proceed to Cuttack, to
report upon the state of the Mahanuddee at that city, and the Licutenant Governor
of Bengal took the opportumity to obtain the authority of the Viceroy for my
inspecting the country between the I'Iooghly and the mam Ganges, in order to
project a work for the constant communication by water on thatlme, The present
direct communication by the three rivers, the Matabhanga, Jelinghee, and Bha-
giruttee, being ounly available three months in the year on account of the insuffi-
ciency of the water in them when the Ganges is low, for the rest of the year, the
stcamers have to go down the Hooghly to the sea, and through the Sunderbunds
to the Ganges, a detour of 300 miles.

I had the honour of furnishing the Governor of Bengal with a project for this
purpose, the works consisting of a weir across the Gang.es a Raymahal, similar to
those at Madras, with a canal for both irrigation and navigation, thence to Calcutta,
180 miles. This, I have no doubt, will be a most beneficial and highly remunera-
tive work.

1 understand a work of this kind is now under consideration,

But circumstances have lately arisen which have forced this question of navi-
gation in Bengal upon me, and have led to the discovery of a mode of accomplish-
ing this object of navigation alone so cheap.ly, that had 1t occurred to me at that
time, I should have probably proposed a project of much smallerextent, and wh.1ch

it is extremely probable would have even then been carried out, as Lord Canning

was Viceroy at that time.

This matter has been brought before me now by the late Report of the Orissa
Irrigation Company, in which the extraordinary returns recaved on th.eu' navi-
gable canals have ghown the immense demands for such works, and their conse-

g rative character.

:quengz: g:;;lytir;:;u::nal’ between the Hoogghl?7 and Midnapoor, they have now
" opened only about twenty-five miles, and of this only the first portion of eight
miles was used to any extent, and though 1t was so short, and ended at 1:10 place of

the smallest importance, therc was a trafic of no less than 8,300 boats in the last

half of last year, carrying 57,000 tons and 30,000 [;aszngelrs, paymg £736, or

about £ 80 a mile, equal to £ 160 per annuin, and as the l Stft lreimonths of 1863,

the tolls were three times that of the corresponding period of 1867, 50 also on the

“twenty-six mles of canal leading towards Cuttack, and also ending at only a
d the work 1n a very incomplete state, the tolls were £ 946, or £ 36

sma} L town,a;ﬂtl £ 792 per annum ; while the previous year theywereonly £397. 1f

:h:iei,sz%:h a :rafﬁc fn such small portions of canal, not completmg the communi-
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cation with any important point, with such a rapid increase in a single yea.r(,i 1: hls
certain that when these two lines are completed, the one to Mldnapoor.and. i
other to Cuttack, putting the whole Delta and the Upper Mahanuddee in direc
communication with Calcutta, the tolls will be many times these amounts.

If the tolls are no less than £ 160 a mile on a small portion of tl-xe 11medto
Midnapoor, and £72a mile on the first twenty-six males towarf’ls Cuttac};;a re:; *
and increasing 2} and 3-fold in a single year, we may be certain thatil‘.‘ hcn 1:;:
lines are completed, the tolls will be at least £ 300 or £ 400 a mile, w ducb Oﬂb X
fifty miles of canal to Midnapoor, and the 250 to Cuttack, would be abou

£100,000, or 10 per cent. gross, an ample return on the whole present capital of
the Company.

From this it scems certain that asthey will have at least 500. miles of
main canal when they have completed their first sc't ot: Works,.costmg abou:
£1,300,000, the navigation alone will provide a Ligh interest independent o
any 1irrigation returns.

But it is certain that the traffic on this side of Calcutta must be.only one-
fifth or one-tenth part of what there is on the other side lfzading to the main Ganges
and the Berhampooter. The tonnage of the boats entering, and t.he. same leaving
the Circular Canal at Calcutta, was several years ago three ml.lltox.x tons, and
it must be rapidly increasing, and were there a constant commumc.atmn with the
Ganges by an effective steam-boat canal throughout the year, this alone would
certamnly add enormously to the traffic, so that we could not reckon upon less than
two or three million tons and passengers per annum on such a line.

These great and astonishing results already obtained on the short canal.s
of the Company, have led me to re-examine the whole subject of water communi-
cation in Bengal, and this is what has led to a most important discovery in the
matter in a point which eatirely escaped my notice when I was ordered upon that
duty in 1853. At that time it never occurred to me to calculate what would be the
cost of raising waler by steam-power to re-place that lost by lockage and evaporation tn &
canal carried upon a kigh level. But I have now done this, and find that the cost is

altogether insignificant, so that a canal may be carried upon any level that will
give the least possible excavation.

1 have, therefore, now the honour of submitting the accompanying Memo.
randum on this subject.

This investigation shows conclusively that canals may be cutin any direc-
tion in Bengal at a cost quite tnfling, fitted for large steamers, and at any speed,
at about £500 or £ 600 a nmule. And not only in Bengal, but as the cost of
raising the water is so small, that even a Lft of 50 feet would be no obstacle, such
canals might be cut on any part of the Plains of the Ganges, or in other tracts of
India, each individual canal of 30, 50, or 100 miles connecting important points,
being a complete project in itself, quite independent of an y extended scheme.
Tlis puts the whole question of stcam-boat communication over a great part of
India on au entirely new footing as most important lines might de opened wn a few
months, costing from £10,000 to £ 50,000 each, paying any interest that might be
requited. Tor instance, had this point occurred to me in 1859, I should probably
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have proposed a simple work of this sort from Calcutta toa point in the direction
of the main Ganges, where it would meet a branch river that is always open a
distance of 100 miles, costing at most £ 50,000, which could have been cut by
10,000 men in about six months, conveying a traffic of at least two million tons,
and yielding, at a toll of one-eighth pence per mile, £ 2,000 a mile per annum.

I therefore beg to submat this plan for steam-boat canals as worthy of thorough
_consideration.

3
g

P ——

Memorandum by Lieutenant-General Sir A. COTTON, R. E, Madras, on proposed

canals for Bengal on a high level, the water for lockage and evaporation
being raised by steam-power.

!

TnE fundamental question with respect to navigation canals in Bengal, and,
indeed, throughout the Plains of the Ganges, and in other Plains of India, is what
‘i3 the cost of re-placing the water consumed 1n lockage and evaporation by raising 1t by

steam-power ¢ If this cost is found to be insignificant, then, instead of a dee-p
cutting for the canal in order to be able to admit water from the river or creek, it
“wall only be necessary to cut a single yard, or sodeep just to obtain earth enough to
form an embankiuent on each side, so as to give a sufficient depth of water, part.of
'the water being below the level of the surface of the ground, and part above it,

rand the excavation will be simply in dry earth, and the quantity for a broad canal
ivery small.

The longitudinal and eross section of the canal might be then as shown here—

5

4

Top of Embankment
High Woter © Surlace of Water
« Lewvet of Larnd, <
Bed of Canals < ¢
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23 Yards

Excavation banks 7} yards X2 * 2= 30 yards; 30 x 1,760 = 53,000 culbic
ards, @ 114, = £330 per mile.
’ 'i‘his Wgo;ld give a canal 35 yards broad at the top, and 23 yards at the bottom
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_ In such a canal the water in it would be 4} feet above high-water, and 134
above low water, or the average hft, if the engine was worked throughout the
day, 9 feet If the locks were 150 feet long, 15 feet broad, with an average hift
of 9 feet, the contents would be 750 cubic yards of water, weighing at 1,700 Bs.
per cubic yard, about 13 million bs. to be raised 9 feet, = 13} mullions 1 foot, or
about 8 Indicator H. P. 1 hour, or three nominal II. P. 1 hour; and the cost would
be at 3 Ibs of coal per I. H. P. at Rupees 10 per ton, jd,or adding for manage-
ment, &c, about half per L H. P. per hour. This would give 44 per lockfull.
Locks of this size would pass boats of at least 200 tons, and if the canal were 50
males long fiom one creek to another, 10,000 tons would be carried 1 mile for
every lockfull, so that the cost for supplying the lockage would be r3'ssd per ton
per mile, in fact, insignificant.

On the same canal the evaporation allowing 2 yards per annum, or }inch
per day above rain-fall, would be 1,760 yards x 2 yards x 35 yards x 50 miles
x 1,700 s = 10,500 millions bs. to be raised 9 feet,= 95,000 million bs.
1 foot — 60,000 I. H, P. 1 hour, costing @ 44 per I. H. P. £ 125 per annum,
and 1if the traffic were 1 million tons, and passengers a year, equal to 50 millions

through 1 mile, the cost of supplying water for evaporation would be ;212

80 wuilons
1. 5d- per ton ard per passenger per mile. .

This also would be quite insignificant, the two together being only , 2 +d.

We arrive, therefore, at this remarkable conclusion, that the cost of raising
the water 18 in effect nothing, leaving us to cut the canal on any level that wll
give a mimmum excavation. And even if the water had to be raised 50 feet out
of deep rivers or wells, 1t would still be only ;1.d. per ton per mile.

It may bo asked,—but what absorption? To this I reply that, in these
alluvial soils, there would be none at all, but even if it were very considerable and
permanently s0, €ven an inch a day, 1t would still only raise the cost to s3sd The
cost of locks on such a canal would be, at £200 per foot of Lift, 13} x 200 =
£ 2,700, or £5,400 for one at each end, adding £ 100 per mile. If we allow 50
yards of aqueduct for crossing small creeks or streams in the 50 miles at £ 100
per yard of length, this would add £ 100 per mile, and the eslimate would then
be per mile—

®

Eacavation . . . 3{.34; 0
Locks . . . .. . 110
Aqueduct . . 100

or £ 540 a mile for a canal 35 yards broad and 2 yards deep

The cost of engine-power and apparatus would be trifling, as an engine
of 10 nomunal . P. working by day only would be sufficient, costing about £500
or £ 20 per mle. Such an engine would take about a month to ﬁlr the canal in
the first instance, but the canal would be available of course as soon as it had 2 or
3 feet of water 1n it.

The returns on such a canal vn an important line in the neighbourhood of
Calcutta, allowing only 1 mllion tons and passengers, or 500,000 of the former
at 1d,and the same of the latter (1,600 passengers per day) at +%d, would Le
£ 380 per annum, or 65 per cent. on £ 560 a mile. But on the ma1:1 line con-
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necting Calcutta with the Ganges, the traffic would be at least 2 millions for the
tonnage of boats alone entering the Circular Canal, several years ago was 3 millions
tons, and of course the some boats left 1t, and this is besides all that discharged and
loaded in the Hooghly.

And thi? .plan. is equally applicable to the upper plains of Ganges, because
the cost of raising is so small, that even the ground is 40 feet above the summer
level of the river, it would still be an 1nsignificant item.

To make a navigable canal to be supplied from the river in such a case,
without raising the water, would involve a weir, which would be a heavy work, and
would, perhaps, take two years to build where the river is wide, besides heavy cut-
ting at the head of canal , but if the water is raised, the canal would be formed as
near the sea, by a simple cutting of a yard or sodeep ~Thus astraight steam-boat
canal might be substituted for the winding river with its strong current in the
monsoon, and its shallows in the dry season from Allahabad to Benares, reducing
the cost of transit to quite a nominal sum, and the time, from several days as it often
18 in the dry season, to a few hours.

This line of 80 miles would involve about 100 feet of lockage in all, at
£200 a foot, or £20,000, and 50 nominal H P. of engine costing about £2,500, or
with £350 per mile for excavation, about £650 per mile in all. The toll required
to pay the interest of this capital at 7 per cent., including repairs, would be §d. on
only 90,000 tons a year, and a million tons would yield a return of £500 a mile,
80 per cent with that toll.

These plain calculations seem quite sufficient to show the great importance
of this pomnt, and the wonderful opening 1t makes for providing steam-})oat
navigation over a great part of India at a tnfing cost in a very short time,
and with very great money returns; a single million would probably provide
2,000 miles of first class steam-boat canal, yielding at least half a million a year,
and the works might easily be executed ina single year.

* On any line in which so wide a canal as the above sections show was not

) required, a considerably less section and excavation would be suﬁ?cient‘ as 1t might
be made deeper and narrower, and the embankments low; for instance, 1} yard

« of the depth of water might be carried below the surface of the. land, and of } yard
above, making the embankments only 1} yard high, with a section of only 9 square
yards each, costing only £200 a mile for excavation.

t

s —The Governor-General in Council is disposed to mistrust the
stimate, not only as to first cost of excavation
but also as to probable cost of pumping, and

OBSERVATION
. sufficiency of Sir Arthur Cotton’s €
of the canal and provision of locks,

" amount of traffic and consequent returns
) 9. Tis Excellency in Council considers, however, that it may be. useful to
. circulate the papers to the various Local Governments and Administrations, with
arequest that when any project 18 ander consideration, and of which the. condi-
tions may be similar to those described by Sir Arthur Cotton, the Execut.lve E.n-
« gineer may be directed to ascertawn to what extent the system carn be applied with
advantage to that particular case, the data on which the conclusions are drawn 1n

favour of the oxdinary or proposed system being fully explained.

i
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OzpER.—Ordored, that copies of this Resolution be forwarded to the Local

Governments of Madras, Bombay, Bengal, North Westorn
Provinces, and the Punjab

Chief Commussioners, Oudh, British Barmah, Central Pro.
vinoes, Myaore and Coorg

Resmdent at Hyderabad

Agents to the Governor-General for Central India and Raj-

Governments and Administrations mar-.

ginally noted, for information and
guidance.

pootana.
(Signed) R.STRACHEY, Colonel, R. E,
. Ofg. Seey. to the Govt. of India,
No. 54. Ogoer THEREON, 3ed July 1869, No, 2,154,

CIVIL WORKS, No. j0.

CoxyuarcaTED to the Superintend-

Ing Engineers for information and
guidance.

(True Extract.)

To the Chuef Engineer for Irrigation,
To Superintending Engineers

To the Officer in charge of Operations 1n Wynaad.

Exd, S. T. Avgustin,

- et

[P

R S ey

Colonel, R. E,
Secretary to Government.
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My M. -
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GOVERNMENT OF INDIA. Y.

. 4

PUBLIC WORKS DEPARTMENT. ,
CIVIL WORKS

Communications,

Snrra, May 12, 1869.

Sir A. Cotton’s plan for the construction of Steam-boat Canals, the water
for locLage gnd evaporation bewng raised by steam-power.

3 .d the following papers :—

Dated 23rd June, 1868.
“f From—Lievr -Gevt Sz A Corrox, R. E, Madras,
¢ To—Under Secretary of State for India

3 was ordered by the Government of India to proceed to Cuttack, to report
xponItnhelsstg.%e :f the Mahanudde); at that aty, and the Lientenant Governor (t);f Ben;gal
ook "che opportunity to obtan the authonty of the Viceroy for my inspecting }:c e cou: r};
"etween the Hooghly and the main Ganges, i ordec to project a work for the constan
Jimmumcahon b; water on that e The present direct communication by the three Rlvel:,
:he Matabranea, Jellinghee, and Bhagiruttee, being only available three months fm Ehe

ear on account of the nsufficiency of the water 1n them when the Ganges 1s lo}\;lv , :]11' th:
Zest of the year, the steamers have to go down the Hooghly to the sea, and throug
Sunderbunds to the Ganges, a detour of 300 miles

I fhad the honour of furmshing the Governor of Bengal with a project hfor tlnts }{tixrgg:g,

the vmrhs consisting of a werr across the Ganges at Rajmahal, similar to 11:8 (c))se al B\ aTlus’

e a canal for both irmgation and navigat on, thence to Calcutta, mles ,
:h.ve no doubt, will be a most beneficial and highly remunerative work
i I understand a work of this kind 18 now under cons1d:rat13nt.h , . —_

ansen which have forced this question of navig

B oglutuc::uﬁzta:rcxfls hlz’:\;e lt?iteg the discovery of a mode of accomplishing thlls iblelc(t;

fena ogtxon al,one so cheaply, that had 1t  occurred to me at that time, Sb0111)1

h nawll’) bly proposed a project of much smaller extent, and which 1t 1s extremely probable

Evi)‘uit‘pll‘lomi e{'er; tlljlen been carried out, as Lord Canning was Viceroy at that time

I'his matter has been brought before me now by the lﬁte Report 0151 the Oi'lssal.1 :rzlgﬁgl‘sg
v v
the extraordinary returns recerved on their navigable canals
ﬁf:lllx):llgxi’n;: (‘1‘;]:;(:1}111(15 ?’or such WorkZ, and therr consequently highly remunerative character

he Hooghly and Midnapoor, they have now opened only

On ’theu'l txdalngal(l)ifll tﬁfst W:sly :h: first c’pozy"’mon of 8 miles was used to any extent, and
about 35 mies, @ chort, and ended at no place “of the smallest 1mportance, there
though u;ﬁwasfsoo less than 8,300 boats m the last-half of last year, carrying 57,000
was a tra 0000(6 I;ssenoers paymmg £736, or about £ 80 a muile, equal to £160 per am:lum,
tous and 3 s thp ogths,of 186%, the tolls were three times that of the corresponding
and as the first three nllso on the 26 muiles of canal leading towards Cuttack, and also ending
period of 1867, so and the work 1n a very mcomplete state, the tolls were £ 946, or
at only a small town, a £72 per annum, while the previous year they were only £ 397.
£36 a mile, equal to P , anal, not completing the communication

tions of ¢
IF there 1s such : tr: ﬁi((:ngg ::1211: :um;ﬂlapl?;pll(zlnmcrease m a single year, 1t 18 cgrtztun ;c{hat \;:heg
with any important p lsted, the one to Midnapoor, and the other to Cuttack, putting
these two hines are compreirr, ddee 1n durect commumnication with Calcutta, the

the whole Delta and the Upper Mabanu

tolls wil oy e ﬂ]leS: a;]?:zn:lmwa mile x(P)n‘a small portion of the line to Mideapoor,
If the tells arf ng : S26 miles towards Cuttack already, and 1increasing 21 and 3-fold
and £72 a mile on the LS tain that when these linesare completed, the tolls Ynll be at least
o T mayh ehce;n the 50 mles of canal to Midnapoor, and the 250 to Cuttack,
£30(1)d0§ £4go ::-,n;::df(’)(;‘ 0(;((:) "or 10 per cent gross,an ample return on the whole present
would be abou ,00Y,
capital of the Company
From this 1t seems certain b
they have completed their first set od or
will provide a high interest 1ndependen A
But 1t 18 certain that the traflic on this frl te (ic b
part of what there s on the other sideleading eolea.vmo'
tonnage of the boats entering, and the sam )

t least 500 miles of main canal when
ha{f;' :::o?ll{? c‘f)lsltlul::v:bﬁut £ 1,300,000, the navigation alone
£ :’my 1rnzratlon returns.
cutta must be only one-fifth or one-tenth
n Ganges and the Berhampooter The
the Circular Canal at Calcutta, was

’
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several years ago 3 million tons, and 1t must be rapidly ncreasing, and wer

e, e there a con
communication with the Ganges by an effective steam-boat canal throughout the ye‘;rsgﬁ:
alone would certamly add enormously to the traffic, so that we could not reckon upot,l les
than 2 or 3 million tons and passengers per annum on such a line . o

These great and astonishing results already obtained on the short eanals
have led me to re-examine the whole subject o(y water communication 1n Bezfratlh?uﬁ‘iorl)lrlmn ,
what has led to a most important discovery 1n the matter 1n a point which entlrgly’ esca ed8 o
notice when I was ordered upon that duty 1 1853 At that time 1t never occurred ;(I)’ m mti
caleulate what would be the cost of raising water by steam-power to re-place that lust by locks ce {
evaporation in a canal carried upon a kigh level © But I have now done this, and find th:zt d;;;le

cost 1s altogether 1nsienificant, so that a canal b
gost, Possxbtie excavau%n, y canal may be carried upon any level that wall give the

Ih
- sabjoct ave, thefefore, now the honour of submitting the accompanying Memorandum on this
This investigation shows conclusivel
& y that canals may be cut n any direct, 'ne
aA Icl&()is:lg;notz]tnﬂuﬁ;, ﬁti;edbf(zr largile steamers, and at any g})eed, at abfm{ £;:)eg ;:%gb?ti,,;l&t
¥ 10 bengal, but as the cost of rasing the water 18 so small, tht
itiet Wot!;lld be no obstacle, such canals mickt be cut on any part of the ’Pl Jnse‘:)efnt‘;n:lf(‘g;nfof !
mmmo ber tracts of India, each mndividual canal of 80, 50, or 100 miles connecting 1mporty St’
P tls] . emng 3 complete project.an itself, quite 1ndependent of any extended schaemep .
puts the whole question of steam-boat communication
zti%lrgg) ntiw;z fo(;)toxgg, as most 1mportant lines might be
2 30,000 each, paying any interest that might be requs
] g red, T s
Fr?)l;t Co:}ccu::f;ltto me mtISo:)l,l I dshould probably have proposed qa sunple c:;:l:m:fpe’t}l:x:d s})lrl:
0 2 pomnt 1a the direction of the main Gances, wh
niver that is always open a distance of 100 1 1t most £30.000 - oy Tacet 3 Lruorh
boen by 10000 miles, costing at most £30,000, which could bay
3 en 1n about s1x months, conveyine g traff f .
tons, and yielding, at a toll of 3th pence per mile, £ 2’0y00,; mile pe(:' a(:mu:;; feist 2 mullon

I therefore beo t.
s:deration. eg to submit this plan for steam-boat canals as worthy of thorcugh con.

1]

-

18
over a great part of India or?‘;lm
opened im a few monihs, costinz from

oo 11 Dated 22nd June, 1868
0. -
1# ;EUIT Gsvr Sie A, Corrov, R E, 2Madras, on proposed canals for Bengal on a
e igr level, the water Jor lockage and evaporalion being raised by slcam-poicer -

The fun

throughont tiimI"el’;t:L qf? “:;tloa with respect to navigation canals in Bengal, and, indeed
w-plazmg 1he wator 0 de anges, and i other Plaing of India, s, what 1 the eost o;
cost 15 found to Ty mzlmg wn lockage and evaporation by rassing 3t Ly sleam-power ? If: th
able to admut wates }’;ﬁ’;,lﬂ{t;ant, then, 1nstead of a deep catting for the canal in order to b]:
so deep just to obtain the over or creek, 1t Wﬂ.1 only be necessary to cut a sinele yard, or
sufficient” depth of e:ar enough to form an embankment on each sude, 8o as t)rv y

P water, part of the water being below the level of the’ eurfaceo :t":hz

ground, and part above 1t and
Fora boand part o ? 1 Lan the excavation will be sunply 1n dry earth, aud the quantity

The longitudinal am{ cross-section of the canal might be then as show n here —

Top of Evibankment

4

|

Excavation banks 7§ yards x 2 x 2==30 )::rld's"
2

3 ke
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=£330 per mile
This would
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L'\J
80 x1,760=53,000 cubie yards, @ 1.d,

g1ve a canal 35 yards broad at the top, and 23 yards at the bottom
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In such a canal the water 1n 1t would be 41 feet above lgh-water, and 13} above low-
water, or the average hift, 1if the engine was worked throughout the day, 9 feet If the locks
were 150 feet long, 15 feet broad, with an average lift of 9 feet, the contents would be 750
cubie yards of water, weighing at 1,700 Ths per cubie yard, about 13 million Ibs to be raised
9 feet,=134 mullions 1 foot, or about 8 Indicator H P 1 hour, or three nommal H P 1 hour;
and the eost would be at 3 Ibs of coal per I H P at Rs 10 per ton, 3, or adding for man-
agement, &c, about half per I H, P per hour This would give 44 per lockfull.  Locks of
thus s1ze would pass boats of at least 200 tons, and 1if the canal were 50 mules long from one
creck to another, 10,000 tons would be carried 1 mle for every lockfull, so that the cost for
supplying the lockage would be 554, ;@ per ton per mile, 1n fact, msignificant. }

On the same canal the evaporation allowing 2 yards per annum, or + inch per day above
ran-fall, would be 1,760 yards x 2 yards x 35 yards x 50 miles x 1,700 Ibs = 10,500 mllons
Ibs. to be raised 9 feet, = 95,000 million Ibs 1 foot = 60,000 I H P. 1 hour, costing @ 34
per Is I P. £125 per annum, and if the traffic were 1 million tons, and passengers a
year, equal to 50 mullions through 1 mule, the cost of supplying water for evaporation would be

£125 o L . per ¢ o
P 17554 per ton and per passenger per mile.

This also would be quite insignificant, the two together being only +5'%+d

We arrive, therefore, at this remarkable conclusion, that the cost of rasing the water
18 m effect nothing, leaving us to cut the canal on any level that will give 2 mimmum
excavation And even if the water had to be rawsed 50 feet out of deep rivers or wells, 1t would
still be only +3,4 per ton per mile

It may be asked,—but what about absorption ? To this I reply that, n these alluval
goils, there would be none at all, but even 1f 1t were very considerable and permanently so,
even an mch a day, 1t would still only rawse the cost to i454. The cost of locks on
such a canal would be, at £ 200 per foot of hft, 13} x 200 = £ 2,700, or £ 5,400 for one
at each end, adding £100 per mle If weallow 50 yards of aqueduct for crossing small
crecks or streams in the 50 mules ab £ 100 per yard of length, this would add £ 100 per
mile, and the estimate would then be per mile—

£
Excavation ... . . . . 330
Locks . . " .. . . 1(1)8
Aqueduct . . e o1

or £ 540 a mile for a canal 35 yards broad and 2 rards deep. - f 10 ,

Th t of égg:me- ower and apparatus would be tnfling, as an engine o nomina
ImPp wf)flglsno by day on%y would be sufficient, costing about £ 300, or £ 20 per mile  Such
an engine would take about a month to fill the canal 1n the first instance, but the canal would

“ be avamlable of course assoon as 1t had 2 or 3 feet of water in 1t

o an important line 1 the neighbourhood of Calcutta,
e aad e gers, I:n' 500,000 of the former at 14, and the same
at L4, would be £ 380 per annum, or 65 per cent on
fine Calcutta with the Ganges, the traffic would
e entering the Circular Canal, several years
boats left it, and this 1s besides all that

The retuins on su
allowing only 1 million tons and passen
of the latter (1,600 passengers per day) a
£560 a mile But on the mam line connecting
be at least 2 millions for the tonnage of boats alon
ago was 3 mullons tons, and of course the same

o the Hooghly.
discharged and loaded 10 upper plans of the Ganges, because the

Iy applicable to the
cost ﬁ.nif;;sap}: nsols ;3;11?, {hat? peven the ground 15 40 feet above the summer level of the

|11 be an msigmficant item \
rwer:l‘lt Wo;ida.s:mvwable can:l to be supplied from the river 1n such a case, without raising
o mak g

uld be a heavy work, and would, perhaps, take two
the water, “'O“I‘i‘n"‘,;{f;er?vgeg"ﬁ:]%;?des heavy cutt}:ng at the head of canal, but if the
years to build where al would be formed as near the sea, by a simple cutting of a yard or
watet 15 raised, the cano-ht steam-boat: canal might be substituted for the winding nver with
s0 deep, Thus a strm{, monsoon, and 1ts shallows 1n the dry season from Allahabad to
Its strong current 1n the t of transit to quite a nominal sum, and the time, from ge‘ve’ral days

e cos o
Benares, reducing th t0 a fow hours

as 1t often 1s in the dry seasomh ’ 1 £200 afoot
rol bout 100 feet of lockage n all, at —2 a foot,

This line of 80 mules wioulde;f? Z:"?“e costing about £2,500, or with £330 per mule

or £20,000, and 50 nomma 1L  The toll required to pay the 1nterest of this

= le 1n all.
i(;r glca:a;:lon, ac};z;lt %ni?l?d?sfg I:;palrs, would be 12. on only 90,000 tons a year, and a
pt al per ’

0 of £ 500 a mile, 80 per cent with that toll
million tons would yleld;l a::t:eem quite sufficient to show the great importance of this point,
These plain calcul 100 1t makes for providing steam-boat navigation over a great part
and the wonderful opentts t 1 a very short time, and with very great mogey returns, a
of India at a tnfling colsmbly provide 2,000 miles of first class steam-boat canal, yielding
s;nlgle nﬁllllgonm“l'ﬁ ndaP;'&r, and the works might easily be executed 1n a single year
at least half a daall1o

h s0
line 1n Whic
On any op and ex

wide a canal as th

narrower, and the em e
carried b:alow the surface of th

h, cesting only £ 200 a mile for excavation
\ f only 9 square yards each, g
yard high, with a sect10n ¢

~

-~

e above sections show was not requred, a
cavation would be sufficient, as 1t might be made deeper and

considerably less sect! for 1nstance, 1} yard of the depth of water might be
rably ankmentslzll‘l’]‘g:’;;]dogf 1;1 yard ab%\?;, making the embankments gnly 1%




(4)

Ozservarions.—The CGovernor General in Council is disposed to
mistrust the sufficiency of Sir Arthur Cotton’s estimate, not only as to
first cost of excavation of the canal and provision of locks, but also
as to probable cost of pumping, and amount of traflic and consequent

returas.

2. His Excellency in Council considers, however, that it may be
useful to circulate the papers to the various Local Governments and
Administrations, with a request that when any project is under consider-
ation, and of which the conditions may be similar to those described by
Sir Arthur Cotton, the Executive Engineer may be directed to ascertain
to what extent the system can be applied with advantage to that particular
case, the data on which the conclusions are drawn in favour of the ordinary
or proposed system being fully explained.

+  OznbEr.—OQOrdered, that copies of this Resolution be forwarded to the

Governments of Madras, Bombay, Bengal, North Western Local GOVGI’ nmenfs and Admin-
Provinces, and the Punjab

Chief Commissoners of Oudb, Bntih Burmab, Central istrations marginally noted, for

Provinces, and Mysore and Coorg . .
Resident at Hyderabad. information and guidance.

Agents to the Governor General for Central India and Raj-
pootana.

(Signed)  R. STRACHEY, Colonel, R. E.,
- Qfg Secy. to the Goot. of Inda.

/’W[C(Cf/fav At ¢ L,

Asstt. Secy. to the Govt. of India.
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