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PREFACE

S S Yt

Tue following Report was drawn up on my leaving
India, in 1854. It was written expressly for the in-
formation of the Government of India, for the aid of
my successor in carrying on the works, and for the
use of the Irrigation Department, generally, in the
North-Western Provinces.

Beyond answering these purposes it has no preten-
sions whatever. For the English public it can have no
interest, and but little even for the English Engineer.
To the officers and men of the Irrigation Department,
and particularly to those of the Ganges Canal Works,
for whose information I have entered into such minute
details, these details will, I hope, prove useful.

Many years of doubt and difficulty have been cheered
by the prospect of my ultimately being permitted to
place this Report in the hands of two of the warmest
friends and supporters of the project, James Andrew,
Marquess of Dalhousie, Governor-General of India, and
the Honourable James Thomason, Lieutenant-Governor

of the North-Western Provinces,
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In the case of Lord Dalhousie, my hopes have been
realized ; but Providence has ruled it otherwise with my
excellent friend Mr. Thomason, who died six months
before the Canal was opened.

PROBY T. CAUTLEY.

London, September 1, 1800.
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Vol. 1. p. 303, diagram, for “ Cola Ghat,” read *“ Gola Ghat.”
Vol. 1. p. 304, line 11, for “struggling,” read ‘ straggling.”
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Akh, Asclepias Gigantea.

Bgjra, Panicum spicatum.

Bangor, high land.

Bazar, market for general purposes.

Beega, a measure of land, in the canal district, North-West Provinces,
55 yards square, or five-eighths of an acre.

Beldar, an earth-digger.

Beri, Byr, Zizyphus jujuba.

Bhabur, Eriophorum comosum.

Bulla, a large pole made of a single tree.

Bulli, a small pole made of a single tree.

Bund, embankment.

Chittak, a weight equal to two ounces or 1-16th of a seer.

Choki, a guard-house, a building for protective purposes.

Chupper, thatched roof.

Chuprassi, servants, wearer of a belt with a chuprasor plate on it.

Classi, servant, tent pitcher.

Daghbel, a mark laid out on the ground as a guide for excavating
or building.

Daul, scoop for raising water, term applied to irrigation by means
of machinery.

Doob, Cynodon dactylon.

Ghat, steps or slope to reach the canal water.

Gram, Cicer arietinum.

Gunj, market for corn.

Gusht, patrol.

Jamun, Eugenia jambolana.

Jhama, vitrified brick from brick-kilns.

Jheel, pond, hollow, marsh.

Jowar, Holcus sorghum.

Jute, Corchorus olitorius.

Khadir, low land.

Khalesuh, land held immediately from Government.

Khelur, Acacia arabica. -

Khet, a field.

Kist, instalment. )

Kool, artificial water-course, to the east of the Ganges termed
“ gool.”

Koom,gmanure, refuse used in burning bricks in the native brick
kiln or puzawa.

Kujoor, Phanix sylvestris.

Kunkur, alluvial deposit of a clayey limestone modular or in
tabular masses.
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Kupas, cotton (uncleaned).

Kurreel, Capparis Aphylla.

Khureef, rain and warm weather crop, from May 1st to October 31st.

Kurri, a small sawed-up rafter.

Kutcha, unburnt, reverse to pukka.

Kyr, Acacia catechu

Lakhraj, rent-free.

Lobya, Dolichos sinensis.

Makkee, Indian corn.

Mali, gardener.

Mangoe, Mangifera Indica.

Maund, a weight equal to 80 pounds in the canal department.

Mistri, "head mason, or head artificer of any sort.

Mong, Phaseolus Mungo.

Moonje, Saccharum manja : the culm is sirki.

Moonshi, writer, secretary, superior to mutsuddi.

Mutsuddi, writer, keeper of accounts.

Neem, Melia Azederachta.

Neemchuk, a wooden frame, on which masonry is placed for under-
sinking.

Nuddi, natural watercourse (wet).

Nulla, natural watercourse, wet or dry.

Oopla, cow-dung made into cakes for burning.

Oorud, Phaseolus radiatus.

Oosur, barren.

Pukka, burnt. Metaphorically applied to anything solid and sub-
stantial.

Puzawa, brick-kiln.

Rajluhka, a main line of artificial watercourse directed from the main
canal or reservoir.

Root, cotton (cleaned).

Rora, broken brick.

Rubbee, cold weather crop, from November lst to April 30th.

Saees, groom.

Sal, Shorea robusta.

Seer, a weight equal to two pounds.

Simul, Bombax Malabaricum.

Sissoo, Dalbergia Sissoo.

Soorkht, Soorkhee, pounded burnt brick.

Suddur Bazar, Government market.

Tar, Borassus flabelliformis.

Teak, Tectona grandis.

Til, Sesamum orientale.

Toddy, (properly, Tarri,) unfermented juice of the Tar-tree.

Toon, Cedrela Toona.

Tor, term apphed to surface 1rr1gat10n

Tughar, trough in which water is mixed (in the ground).

Tnlao, tank.

Tukkavi, cash advances to cultivators.
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THE GANGES CANAL,

CHAPTER .

PRELIMINARY PERIOD,

Under the directorship of Licut.-Col. P. T. CAUTLEY.
From 1839 to 1845.

TaE direction of the drainage on the southern slopes of
the Himalayas throughout the provinces of Upper India
lying to the north-west, the character of the rivers which
constitute this drainage, and the topographical features
of the country through which it passes, point out by
unmistakeable signs a region designed by nature as a
great field for artificial irrigation. These rivers after
their debouche from the mountains enter upon a cham-
paign country with a rapidly decreasing slope, and from
the parallel direction which they assume in their passage
to the Indus on one side, and to the Ganges on the other,
divide the country into sections of a larger or smaller
width, all of which, both in soil and declivity of surface,
possess in themselves every requisite for irrigation. The
steep slopes that exist at the immediate debouche from
the mountains enable the engineer, by a proper adapta-
tion of levels in his artificial channels, to obtain a com-

mand of water, which places the whole country under
B 2
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his control ; the benefits, in fact, that he is able to confer
upon it by means of irrigation are limited by the volumes
of water which are at his disposal; and his greatest, it
may be said his only, difficulties are in the neighbourhood
of these steep slopes, and in their connection with moun-
tain torrents. From the above description it will be
evident that a canal whose head supply is derived from
the higher levels of these rivers, and whose course is
carried parallel to them, must inevitably act as a medium
for irrigation ; this plain fact is appreciated by every vil-
lager who resides in the vicinity of these rivers, and who,
although he may not have the means, in the possession
of land, of turning it to account in irrigation, yet adopts
the principle in designing cuts to turn his corn-mills, or
in establishing dams for the application of his fishing
apparatus. On a larger scale this same fact has been
taken advantage of by our Puthan and Moghul prede-
cessors, not only on the Jumna, but on the rivers in
Rohilkund and in the Punjab; on the Jumna especially
the canals on the east and on the west of that river,
which within the last thirty years have been restored by
the British Government, are vestiges of its early appre-
ciation. The Husli Canal from the Ravi in the Punjab
is of the same character ; while Rohilkund, and the coun-
tries bordering on the Indus, throughout their length
and breadth offer a variety of specimens of canals of
more humble pretensions, but proving in every case that
the method of obtaining irrigation was perfectly under-
stood. With so many examples before us, no great
exertion of intellect was required to arrive at the con-
clusion that the system might be generalized; with a
map before us, it was fair to infer that, if canals had been
so easily supplied from the Jumna, similar canals might,
under similar circumstances, be taken from the Jhelum,
from the Chenab, from the Ravi, from the Sutlej, from
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the Ganges, from the Ramgunga, or from any other of
the rivers that, after leaving the mountains, pass over a
country possessing in its contour every qualification for
enabling the engineer to make the best possible use of
the water that could be distributed over it.

It was under these well-known characteristics of sur-
face, and with the example of the Jumna Canals before
us, that the idea of taking a line from the Ganges
originated. There were natural difficulties existing on
both sides of this river at and immediately below the
point where it leaves the mountains, that had notoriously
injured its reputation as a source of supply for a canal ;
but so little was known of the detail of these difficulties,
or of the extent to which the surface of the country was
affected by them, that, in consequence of the similarity
of connection between the Boodhi Gunga and Boodhi
Jumna, and the main rivers of which they were respec-
tively ancient branches, a hope was entertained that the
former would furnish a site for the head works of the
Ganges Canal equally appropriate and effective with that
supplied by the latter for the head works of the Kastern
Jumna Canal. It was from a point near the village of
Badshahpoor marked A in diagram I. that the first line of
levels was taken; the extraordinary elevation of the
country at D, from whence the high land of the Doab
commences, was not then known by those interested in
irrigation. At the point where the line of levels from A
crossed the boundary of the high land, the rise of country
was equal to 83:225 feet; the possibility, therefore, of
using the Boodhi Gunga as a head for a canal was totally
out of the question; but the same course of reasoning
which had led to the adoption of the Boodhi Gunga in
the first instance, led further to that of a point situated
on the main river at higher levels; as it was clear that
by proceeding higher, and leaving cost out of considera-
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tion, the certainty of discovering a line upon which a
canal might be traced was indubitable.

Before entering upon the narrative of the rise and
progress of the works of the Ganges Canal, a few words
on former projects for the irrigation of the districts which
are to be placed under its influence may be appropriate;
these, so far as I am aware, are only two in number : the
first, or Muhummud Aboo Khan’s Canal, which apper-
tains to a period prior to the accession of the British—
the second, a project of Captain Debude’s, of the Bengal
Engineers, submitted to Government in 1827.

The canal of Muhummud Aboo Khan, the remains of
which still exist in the neighbourhood, and to the north-
north-west of Meerut, consisted of a cut made from the
West Kalli Nuddi, near the village of Rampoor, to the
head of a small tributary of the East Kalli Nuddi, called
the Khodara Nulla, which rises near the village of
Deorala. The length of this cut did not exceed 12}
miles, and its dimensions, judging from the existing
hollow, could not have exceeded 15 feet in width. The
water, after reaching Deorala, must have passed down
the Khodara Nulla to the town of Meerut, in the neigh-
bourhood of which there are many groves and gardens,
and it is supposed that it was for the purpose of supply-
ing water to these that the canal was originally projected.
There is no tradition, however, of its existence as a
running stream, although there is no reason to doubt
that, for a season at least, it was so. The canal was
evidently one of those which, from the circumstances
affecting its supply, and from the total absence of all
masonry works, could not have been classed under the
head of permanent works for irrigation. The West
Kalli Nuddi, at the village of Rampoor, although a
perennial stream, is one of those lines of drainage which,
during the periodical rains, is subject to very great floods.
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The river meanders through a valley of considerable
extent, and during the dry months is 30 feet below the
level of the country, or below that land over which
Muhummud Aboo Khan’s Canal was carried. The canal
was merely excavated to a few feet in depth, and water
was supplied from a lake, formed by throwing an embank-
ment across the bed of the West Kalli Nuddi. The
flooding of the valley by this retention, or damming up of
its waters, must have done extraordinary damage to the
properties within its limits; the amount of money and
labour expended on an embankment, of proportions suffi-
cient to gain the engineer’s object, must have been very
great; and the necessity for an annual reconstruction of
a work, which was inevitably destroyed during the rain-
floods, and the certainty that water could only have
reached the mouth of the canal during the dry months of
the year, are facts which reasonably led us to conclude
that no great benefit was ever derived by the cultivators
on the high lands in its vicinity. The line of the present
Ganges Canal channel crosses the remains of Aboo’s
Canal (as it is now called), at an angle of 50°, near the
village of Jowalagurh, and, by a singular perversion of
purpose, that portion of it which approaches the canal
from the West Kalli Nuddi is now converted into an
escape, for throwing the waste water from the canal into
the valley of the river. The plan above described as
carried into effect by Aboo Khan, is an illustration of
canal-designing, which is by no means uncommon in this
part of India. It possibly originated partly in the in-
ability of the owners of the site upon which the bund was
erected to take possession of land at a higher level of the
river’s course, and partly from the apparent magnificence
of a design which, in converting dry land into a lake,
realized in the eycs of the multitude the acts of the jinns,
or genii, of Eastern fable. Over the Kirsunni or Kristna
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River, which runs westward, and parallel to the West
Kalli Nuddi, and close by the towns of Jullalabad and
Thannabhown, a similar work appears to have been
executed during the short period of Gholam Kadir's
government. The bund thrown over the river at this
point was of moderate extent in comparison with that at
Rampoor, but its purposes were the same. Bunds of
this sort were by no means uncommon in the earliest
history of these districts, and at the present day every
river in the tract of country between the Jumna and
Ganges is interrupted in the upper parts of its course by
embankments, more or less extensive, for the purpose of
collecting a supply of water for irrigation. In the Delhi
and adjoining districts, as well as in the districts farther
west, irrigation from reservoirs of the above description is
extensively used.

Captain Debude’s project, to which I have referred as
the second instance recorded of an attempt to supply the
means of irrigation to the lands on the right of the
Ganges, was in fact a mere enlargement of the scheme
originated by Muhummud Aboo Khan, in so far that the
plan of damming up the West Kalli Nuddi, and raising
the water until it was able to afford a supply to a channel
excavated on high levels, was resorted to. Captain
Debude, in fact, adopted the site of Muhummud Aboo
Khan’s embankment on the West Kalli Nuddi as the
position of the head of his canal, and, although the works
for irrigation which were projected by him were calculated
to be of more extended benefit, they were, as all our
canal undertakings had been up to that period, a simple
attempt to restore, and in restoring to improve upon, the
acts of our predecessors.

I have before explained that Muhummud Aboo
Khan’s Canal was a mere cut, for the apparent purposes
of giving water to the town of Meerut and the gardens in
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its neighbourhood. Captain Debude’s idea was to extend
the benefits of the introduction of water on the high
levels, by carrying a canal to the south, through the
Meerut, Bolundshuhur, and the northern portion of the
Aligurh districts. The possibility of obtaining a supply
for this purpose from the Ganges River, under the diffi-
culties that were supposed to exist, did not enter into his
calculations, and the whole bent of his mind was directed
to devising the best and most economical method of
turning to profitable account the whole available supply
furnished by the perennial streams connected with the
West Kalli Nuddi and its tributaries.

The Hindun River, which in character is similar in
every respect to the West Kalli Nuddi, runs parallel to
and joins the latter river on its right bank, at a point
about 10 miles below the village of Rampoor, or the site
of Muhummud Aboo Khan’s embankment. The supply
of water in the Hindun River is continuous during the
year, and, as is the case with the West Kalli Nuddi,
increases during the rainy months to a very considerable
volume. It was Captain Debude’s intention to throw
embankments, with masonry sluices, over both these
rivers ; to create by such means two gigantic reservoirs,
connected by an excavated cut; and by these works to
raise the level of the water to a sufficient height to
enable him to pass it off at a canal head, which was
situated at Rampoor.

It would be out of place here to enter into a detail of
a project which, although it was never carried out, may
be considered as the germ of future operations for the
cconomical application of waters now allowed to run to
waste ; it will be sufficient to state that Captain Debude’s
scheme involved the construction of two very extensive
masonry dams, with their embankments, over the rivers
above described, the sill of that on the Hindun being 15
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feet, and that on the West Kalli Nuddi 25 feet, above the
beds of their respective rivers; it involved, moreover, a
sacrifice of a considerable tract of very valuable land,
which would have been inundated on the formation of
the reservoirs. There was reason, however, to doubt
whether, during the rainy months, or for that period when
irrigation is especially required for sugar-cane and rice,
the regularity of supply could have been insured, and
whether, even during the dry months, the reservoirs,
being subject to diminution of volume from the effects of
evaporation and absorption, could keep up a supply suffi-
cient for the purposes of irrigation, and, in all probability,
uncertainty on these points led to the sacrifice of the
project. The plans and papers were submitted in great
detail to Lord William Bentinck, who was then Governor-
General, with an estimate amounting to about three
lakhs of rupees.

The difficulty as well as danger of interfering with
the courses of rivers liable, as the Hindun and West
Kalli Nuddi are, to floods of the most violent description
during the rainy months, were by no means unappre-
ciated by Captain Debude; but the times during which
he carried on his labours were not those when the
advantages of irrigation were understood and recognized
as they were a few years afterwards. Captain Debude’s
means were limited, not only by instructions under which
he acted, but by the certainty that estimates to a large
amount would not be viewed by the Government with
the shightest satisfaction; whatever, therefore, may have
been Captain Debude’s views as to the feasibility of
obtaining a supply of water from the Ganges on the
principles that had already been adopted on the Jumna
River, no reference is made to them in any of the papers
that have come under my cognizance, and his ultimatc
removal to a superior appointment in Calcutta, which
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took him entirely from the scene of his early engineering
inquiries in the North-West Provinces, gave a new
direction to his thoughts, and introduced him to new
fields wherein his talents were as profitably exerted as
they had been elsewhere.

As time advanced, and the results of the Jumna Canals
had proved to the Government that the money which had
been laid out on these works had been most profitably
expended ; that, independently of paying off their own
expenses annually, they were, both directly and indirectly,
increasing the land revenue, improving the resources of
the country, and greatly benefiting the community ; views
of irrigation on a more extended scale were freely
advanced. Rohilkund, which had from time immemorial
been the field of very extensive irrigation, disarranged it
is true by the anarchy that had prevailed previously to its
settlement as a regulation province, but still containing
within itself all the vestiges of its ancient canals, water-
courses, and dams, was one of the first localities that
came under the notice of Government : a series of papers
illustrative of this irrigation was submitted to Colonel
Colvin, the Superintendent of Canals at that time,
and subsequent inquiries led to the deputation of that
officer to report upon certain projects for the immediate
restoration of some of the old lines. Colonel Colvin’s
report, and the favourable opinion he expressed of the
extraordinary capabilities of the district, led to the
appointment of an engineer officer to superintend the
execution of a line of canal near the town of Nugeena;
the completion of this work, and afterwards the appoint-
ment of Captain Jones, of the Engineers, to carry out the
intentions of Government in extending the means of
irrigation thronghout the province, led to the establish-
ment of a permanent system under an officer entitled
“ Superintendent of Canals and Embankments in Rohil-
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kund.” Captain Jones, who still continues to hold this
appointment, is the author of a variety of reports on the
subject of irrigation in the province.

In 1836, Colonel Colvin left India, having devoted a
long period of his life to the canals in these provinces,
and having left a spirit of emulation amongst his suc-
cessors, the result of which has been favourable in no
small degree to the advancement of those objects to
which so much of his time had been devoted.

In 1837, the Deyra Doon, or valley between the
Jumna and Ganges, lying north of the Saharunpoor
district, from which it is separated by a low line of
mountains called the Sewaliks, became the field of
inquiry for purposes of irrigation; the valley itself was
intersected by running rivers, and the Himalayas, which
bounded its northern front, supplied from numerous
perennial streams of greater or less volume, ample means
for providing irrigation to the high lands forming the
northern part of the valley. The examination of a field
thus prolific in its means for irrigation, has led to the
execution of numerous works: the Beejapoor, Rajpoor,
and Kutta Puttur Canals have been already executed;
two other lines, which come under the designation of the
Kalunga and Sunsadharra Canals, have been delayed in
execution merely from want of executive superintendence ;
and numerous unexamined streams, now lost in the
ravines and forests which skirt the base of the Himalayas,
are in all probability as capable of being turned to useful
account, as those which have been already worked upon.

About the same period that the Doon irrigation was
brought to the notice of the Government, Major Baker,
the superintendent of the Delhi canals, was occupying his
time in many useful inquiries as to the means for supply-
ing irrigation to the country lying between the Jumna
and the Sutlej rivers; the results of these inquiries, as
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embodied in a series of reports and papers, were published
by the Government of the North-Western Provinces.
The Tihara Canal, for supplying during the periodical
rise of the river two natural channels in the ceded Sikh
States and Bhutti territory, referred to in these printed
reports, was examined more minutely and reported on in
1847. There appear to have been difficulties unforeseen
in the original plan, which put a stop to the undertaking.
This canal would have left the Sutlej on its left bank
between Loodiana and Ferozepoor, near the village of
Tihara. The Cugger, which leaves the hills at the
eastern extremity of the Pinjore valley, was the only line
of perennial river that, prior to the period of Major
Baker’s inquiries, had been taken up as a supply for
irrigation. Its being brought under the consideration of
Government at all was, I believe, due to certain disputed
rights of water claimed by an independent Sikh chief (the
Puttialla Raja) through whose territories a portion of its
course runs. Engineer officers had been deputed to
establish works for regulating and equalizing the available
supply. The means of irrigation offered by the Cugger
were, however, comparatively small, and were confined
entirely to the establishment of earthen dams at fixed
intervals for the formation of reservoirs from whence the
irrigators drew their water; the value of the Cugger as
an irrigating stream was, in fact, confined to a narrow
tract on each edge of the river. Major Baker was
accordingly led on to the consideration of some more
comprehensive scheme, embracing not only certainty of
the supply, but extension of the area to be irrigated, so
as to include the distant lands to the south and west of
Ferozepoor, together with those on the right bank, or
to the north of the Delhi canals, the levels of which
were too high to admit of their being watered from that
line.



14 PRELIMINARY PERIOD. [PART 1.

The Sutlej River, on its approach to the plains at
Roopur, takes a considerable turn to the west, regaining
its eastern direction by a sharp and abrupt bend; the
course of the river at this point forming a long loop, the
neck of which is not more than seven miles in width. It
was to a point above this loop, as giving evident advan-
tages of slope, that Major Baker’s attention was first
directed, as promising an appropriate site for the head
of a canal. To this idea, however, the mountain ridge,
which leads to the deviation of the river from its direct
course, offered an insurmountable barrier; the highest
accessible point, therefore, was selected by Major Baker
for the commencement of a line which was to pass
centrically through the country bounded by the Sutlej
and the Jumna. The results of the survey showed the
feasibility of a project which would provide irrigation to
an immense extent of country, the more western parts of
which are at present totally unirrigatable even from
wells, and at the same time would supply water for
domestic uses in regions now reduced to deserts from
the total want of it.

Major Baker, having satisfied himself of the fact
that the Sutlej might be made use of for irrigation, and
having carefully examined the country lying between
Loodiana and Kurnal, submitted his views to the
Government. At this time a great portion of the land
over which the projected canal would have taken its
course was In the hands of independent Sikh chiefs and
others who recognized no further control by the British
Government than that offered by treaty for their protec-
tion; no regular plans and estimates were thercfore
submitted to the Government, and the whole question,
interesting as it was at the time, was allowed to drop.
Laying aside the reasons for adopting this course, which
I have no doubt were in every way sufficient, but, at the
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same time, looking to the extraordinary benefits that the
country would have derived from the introduction of
water, and the consequent establishment of villages and
agriculture on a large area which is now a wilderness;
knowing, moreover, the singularly fertile nature of the
soil at those points where the blessings of water are felt
even in their most limited extent; looking to the
predatory life of the scattered population now existing,
and contemplating the certain change to that of agricul-
ture, with all its concomitant advantages; the causes
that led to the abandonment of Major Baker’s project
may, I think, be regretted ; and we may hope that, with
the satisfactory data he has provided, and with the daily
increasing interest that is arising in the extension of
irrigation, the subject of the Sutlej Canal may ere long
be resumed with full vigour.

I have now completed a rapid outline of the different
projects for canals in the North-West Provinces, the
surveys of which had been conducted at the same time
with those of a line of canal for the irrigation of the
country between the Jumna and the Ganges, or of
that line which is especially the subject of the present
paper. )

I have before mentioned that the only attempt which
had been made in our time for the irrigation of the land
lying on the right of the Ganges River, was when Cap-
tain Debude proposed to make use of the waters of the
Hindun and West Kalli Nuddies, and by establishing
dams over their courses to obtain the means of irrigating
the Meerut, Bolundshuhur, and Aligurh districts; the
site of the proposed works being on an ancient canal
bearing the name of Muhummud Aboo Khan, a native
chief, by whom it was supposed to have been dug early
in the eighteenth century.

Captain Debude’s inquiries established the fact that
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the united volumes of the above-mentioned two rivers
would not during the dry months provide a supply that
would last longer than 180 days, and that during the
rainy months the works on the rivers themselves would
be subjected to the most extreme flood action. To these
sources, therefore, it was hopeless to look for the means
of meeting the demands of any comprehensive scheme
for irrigation : the Ganges River alone could consequently
be depended on. Colonel John Colvin, C.B., at that
time Superintendent General of Canals, was satisfied
that an examination of the river above and below Hurd-
war would prove its efficiency for the purposes required.
Colonel Colvin’s views and my own coincided on the
advisability of making early inquiries, and subjecting that
part of the Khadir or low land lying between Hurdwar
and the head of the East Kalli Nuddi, to careful survey.
The impracticable lining out of this part of the country,
especially the depressed tract of land above alluded to,
and the abrupt transition from high to low levels in the
neighbourhood of Jourassi, Noornugger, and Sookurtal,
were certainly features by no means favourable to success ;
but it was determined to settle the question at the earliest
opportunity possible.

Colonel Colvin left India at the end of 1836, giving
over charge of his duties as Superintendent General of
Canals to me ; and it was in November of that year that
the first series of levels was taken. The Bangunga, an
old branch of the Ganges River, is connected with the
parent stream, in the same way that the Boodhi Jumna
is with the Jumna River. The head of the Boodhi
Jumna is the head of the Eastern Jumna Canal ; it was
supposed, therefore, that the Bangunga might do equally
good service at the head of a canal from the Ganges.
The village of Badshahpoor, which is close to the
Bangunga, was selected as a favourable point from
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whence to commence a series of levels; and the most
desirable question to decide, was the difference of level
between the water at that point, and the high land near
the village of Rampoor, the site of Captain Debude’s
canal head, after he had raised the water by means of
dams to a height of 80 feet from the bed of the West
Kalli Nuddi. The results, as will be seen from Dia-
gram 1, were very unsatisfactory, and showed that the
point which had been taken up on the Bangunga was
totally unfitted for the site of a head of supply. To try,
therefore, a point higher up on the line of the Ganges,
was the evident method of overcoming the difficulty which
next offered itself; and it appeared that by taking a
circuitous route the impracticable line of country might
be avoided. Colonel Colvin, with whom I was in cor-
respondence on the subject, was sanguine that success
would ultimately attend an inquiry having for its object
the examination of the country lying between the Sewaliks
and the high land of the Doab; it seemed to me, how-
ever, that under such difficulties it was more than
probable that the cost of a canal would be too great to
warrant the undertaking of the work; and it was not
until some time afterwards, when I had made myself
acquainted with the features of the tract above referred to,
and had examined the data which I had obtained in my
Badshahpoor levels, comparing them with those of the
Eastern Jumna Canal, and the known barometrical
heights which connected the whole, that I was able to
form a proper estimate of the practicability of such a
work : at the time, however, my occupations were of a
nature that prevented me from continuing the inquiry,
and the question remained temporarily at rest. At this
period the appointment of superintendent of canals, in
which I had been acting since Colonel Colvin’s departure
for England, was abolished, and I returned to my duties

YOIL. 1. Y
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as Superintendent of the Eastern Jumna Canal and its
dependencies.

The calamitous events of the year 1837-38, and the
extent of human misery then caused by the utter failure
of the crops in the central provinces, especially in the
lower districts of the Doab, leading to famine in its most
aggravated shape, and to misery such as is unknown in
civilized Europe, are not even at the present day forgotten
by those who at that time were resident in Upper India.
The exertions of the European community in alleviating
the sufferings of a starving population were carried on
with true Anglo-Saxon energy; and the sacrifice of a
million sterling in revenue, either in remission or in dis-
tributing food, was a guarantee of the interest that the
government felt in this frightful calamity.

As the famine was chiefly felt in the lower and
centrical districts of the Doab, and as the evils had after
all been only partially relieved by such an amount of
philanthropic exertion, and such an enormous sacrifice of
revenue, the question, as to what might have been the
results if a canal for irrigation had been completed pre-
viously to this year of famine, naturally suggested itself
for consideration; had such a work been executed, the
Government would in all probability have been saved this
sacrifice of money, and in a moral point of view have been
spared the distress of witnessing so much misery. The
project of making a canal from the Ganges so as to
provide irrigation to the Doab was, therefore, no longer to
be considered a mere subject for speculation, but a question
to be decided at the earliest possible period. My views
regarding it were explained to Lord Auckland, who was
at that time Governor-General, with a recommendation
that Government should authorize the dishursement of a
few thousand rupees for an examination of the Khadir, to
prove the practicability, or not, of overcoming the diffi-
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culties which were supposed to exist in that region. His
lordship having approved of this measure, and having
directed me to carry on the inquiry, I proceeded to
Hurdwar, and commenced operations early in the month
of December, 1839.

My design for carrying out these operations will be

best explained by a diagram, and by a detail of the data
on which my views were founded.

Diagram 1.
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The line of levels which had been taken by me in
1836 is shown by the dotted line; it commenced from
the surface of the water in the Bangunga near the village
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of Badshahpoor, which is situated 23 miles south of
Hurdwar. From the point A the levels ran for a dis-
tance of 4 miles (impinging on the head of the East
Kalli Nuddi at B or at the village of Untwarra marked in
the above diagram) to the point C on the West Kalli
Nuddi; it was at the point C immediately under the
village of Rampoor, that the head of Muhummud Aboo
Khan’s Canal was situated, and where the dam proposed
by Captain Debude was to have been built.

The following results were obtained from the above
line of levels:—The point A—83-225 feet below D;
A—23-19 feet below B; A—12:66 feet above C; A—
8071 below the land on which the village of Rampoor
stands. In other words, on a line of 40 miles, or from
the surface of the river near the village of Badshahpoor,
to the surface of the West Kalli Nuddi at Rampoor, the
fall is only 123 feet ; and to the surface of the high land
on which Rampoor stands there is an actual rise of
30 feet.

From the point A to D, a distance of 10} miles, the
land is almost entirely on one level for the distance of 9
miles; at this point it rises suddenly until it gains an
elevation of 83:225 feet near the village of Kumbhera at
D; its slope onwards towards Rampoor may be estimated
at 23 feet per mile.

The debouche of the Ganges into the plains lies at
least 25 miles lower on a latitudinal line than that of the
Jumna. The Eastern Jumna Canal, which leaves the
Jumna at the point of debouche from the hills, has
opposite the town of Saharunpoor (which is nearly on
the same parallel as Hurdwar) lost 300 feet of level.
The Eastern Jumna Canal at the village of Bynswal,
which is similarly situated to Belra, is 125 feet below
Saharunpoor. Taking, therefore, the known barome-
trical heights of Hurdwar and Saharunpoor, and reducing
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the canal levels accordingly, the following results were
arrived at : —

Above the Above the
Sea. Sca.
Saharunpoor . . . 1,013 ft. | Hurdwar . . . . 1,024 ft.
Bynswal, on the East-
ern Jumna Canal . 888 ft. | Belra . . . . . 888+
Total fall from Hurdwar to Belra . . . 136 ft.

I assumed, therefore, that the village of Belra was
not very far different in barometrical height to that of
Bynswal, and that as by taking a circuitous route from
Hurdwar to Belra, which could hardly, under any cir-
cumstances, exceed 50 miles in length, the object of my
survey was evidently attainable even were the land at
Belra much more elevated than I had assumed it to be.
The line of operations for the survey, therefore, was
sufficiently clear: it resolved itself into a simple exami-
nation of the ground between Hurdwar and the westerly
portion of the Khadir, both above and below Roorkee ;
and, to use the words of my original Report to the
Government, ‘the only objections (supposing that my
assumed height of Belra is correct) to the project
depend upon the state of the country’s surface in that
direction ; if a connected ridge can be discovered, only
broken by the escape of the Solani, this river would,
I imagine, offer no unconquerable impediment to a
canal.”

By feeling my way along the country westward of
Hurdwar, and embracing the westerly portion of the
Khadir by circles of levels in numerous sweeps both
above and below the true line upon which the canal
would take its course, this true line exhibited itself in two
dircctions—the first extending very much to the west,
by which the line of canal bed would continue in soil ;
the second, a more direct line crossing the valley of the
Solani River by an aqueduct. The onc had a very ex-
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tended circuit, stretching far to the west into the high
land which forms the heads of the Solani River, and
thereby coming in contact with a great quantity of moun-
tain drainage; the other was more direct. In avoiding
the forests and drainage which the first line had to con-
tend against, it necessitated, however, the crossing of the
valley on high levels, and the construction of an aque-
duct, the cost of which was great.

After completing the survey of the Khadir tract, and
satisfying myself of its being suited to the required pur-
poses, I continued a series of levels both longitudinal and
transverse to a point near Mynpoori. I had, during my
survey at Hurdwar, measured the discharge of the Ganges
River, the supply of which in the months of December
and January was equal to 8,000 cubic feet per second,
and therefore capable of providing for any demands that
we might make upon it. I had, in my progress down
the country, observed that material of all sorts could be
procured without much difficulty, and it appeared to me
that in submitting a project to Government it was de-
sirable to produce one on a minimum scale, in which the
cost of the works through the Khadir would be met by a
sufficiently remunerating return on the irrigation which
lay below that tract; the estimate, in fact, which I pro-
posed to submit was intended to show the smallest
amount at which a canal could be made with advantage;
and having explained the facilities that existed, both in
material and in a supply of water, together with the
means of carrying that supply over the difficulties of the
Ganges Khadir, I left it to the Government to determine
whether, by the construction of alarger and more spacious
channel, the extent to which the water of the Ganges
could be applied to irrigation in the Doab might not be
taken the fullest advantage of.

My report and estimate on the Ganges Khadir is
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dated 30th June, 1840 ; the amount of the latter was
Company’s rupees . . . 10,00,113

The supplemental report on the pro-
longation of the canal down the Doab is
dated 15th August, 1840, and the amount of
the estimate which accompanied it was . 15,91,045

Total Company’s rupees . 25,91,158

The foregoing included 255 miles of main canal,
73 miles of branch, and the necessary machinery for
converting the main into a navigable line.

The return, which was calculated on the average of
that from the irrigation canals on the Jumna, was esti-
mated at about 10 per cent. on the outlay.

With reference to the abstraction from the Ganges of
large bodies of water, which would be the first effect of
the execution of the proposed canal, it became an object
at this period of the inquiry to establish gauges at dif-
ferent points on the river, and to obtain as many measure-
ments of discharge as opportunities offered. Water gauges
for measuring the rise and fall of the surface of the river
were established at Hurdwar, Gurmookhteesur, Futtehgurh,
Cawnpoor, and Allahabad. The registers of these gauges,
with the exception of the two first, which were entrusted
to native agency, were kept by the engineers or civil
officers of the stations. The Hurdwar, Gurmookhteesur,
and Allahabad gauges were discontinued in consequence
of disarrangement by floods and doubts as to the de-
pendence to be placed on the records; but those at Fut-
tehgurh and Cawnpoor, which are to be found in the atlas,
may be depended upon, and for the last ten years will
give a very accurate representation of the rise and fall of
the river’s surface.

From a series of measurements for discharge taken by
myself, at a point on the Ganges just above Hurdwar, I
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calculated that the discharge, which might be considered
a minimum at that point, was equal to 8,000 cubic feet
per second—an amount that did not differ in any great
degree from that which was formerly given by Captain
Herbert from measurements taken by him about ten
years before, when he was employed op the Himalayan
survey.

At the Gurmookhteesur Ghat, a point situated below
the shingle, a set of observations was made simultaneously
with those at Hurdwar ; the time selected was early in
March, when the river is supposed to be at its lowest,
and just before the melting of the snow of the mountains
leads to a rise in the surface. I hoped to obtain the
minimum discharge of the river by making these measure-
ments in March, and the uniformity of the results of dif-
ferent trials gave me great confidence. The results were
as follow :—

Discharge per Second.

Hurdwar .  1st March, 1842 . . . 7,166-1891

Gurmookhteesur, 1st  ditto . . . 8,685-2194
2nd ditto . . . 8,883:195
25th February, 1842 . . 8,681:894

Gurmookhteesur is situated 95 miles south of Hurdwar,
and the excess of volume at the former point is to be
accounted for by the river having in its course received
all the drainage of the Khadir, including that from the
Puttri, the Solani with its tributaries, and the different
smaller lines both on the right and left banks of the
river. The results of the measurement at Hurdwar, it
will be observed, showed that in the driest season of the
year we might depend upon 7,000 cubic feet per second,
and the establishment of gauges at different points on
the course of the river would, hereafter, when a body
of water had been abstracted for canal purposes, show

the effects of that abstraction on the surface level of
the river.
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The Government of India having been satisfied of the
advantage that the high land of the Doab would derive
from the introduction of irrigation, and being convinced
by the plans and surveys of the practicability of over-
coming any engineering difficulties that might occur in
the Khadir, recommended to the Court of Directors that
the works should be designed on a scale capable of taking
the fullest advantage of the supply available at Hurdwar.
The Court, in their despatch dated the 1st September,
1841, recognize the importance that is attached to works
for irrigation, and to their financial benefits, and observe
that, ¢ apart from the consideration of financial results,
which we are far from contemplating with indifference,
there are few measures connected with our revenue ad-
ministration in India more calculated to contribute to the
general improvement of the country, the amelioration of
the condition of the people, and to raise the character of
the Government, than those of the nature now under our
consideration. We concur in opinion with the Govern-
ment of Agra that a higher ground for advocating these
works is found in the security which they afford against
famine and its attendant horrors.” ¢¢Two years,” Mr.
Robertson remarks, ¢ have scarcely passed since the very
country through which the proposed canal will be exca-
vated was laid waste by a famine, which cost the lives of
thousands, and presented a scene of suffering still fresh in
the recollection of all classes ; to such another visitation
the canal will afford a palliation, if not a remedy. In-
flucnced by these considerations, which are strengthened
by the observations contained in the minute of the Go-
vernor-General, dated 8rd April, 1841, and relying on the
discretion of your Government with reference to the
period of commencing, and in carrying this project into
cxecution with due caution and with a strict regard to
economy, consistent with the importance of the work, we
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have resolved to give our sanction to the proposed under-
taking, on such a scale as may be consistent with safety
to the works, and the accomplishment of the important
objects contemplated in their construction.”

On the receipt of the despatch from which the above
is an extract, a Committee, consisting of Major Abbott,
of the Engineers, as President, with Captain Baker, of
the Engineers, and myself, as members, was directed to
proceed to the ground and report on the efficiency of the
proposed works, the probable success of the undertaking,
the scale on which it should in the first instance be
carried on, and the precise measures to be recommended
for adoption. The letter conveying this order was dated,
““ Military Board Office, 24th November, 1841,” and, on
the 7th of February following, the Committee’s report
was submitted to the Government. I may remark here
that the attention of the Committee had also been called
to the following points :—1st, the probable effects of the
abstraction of the maximum supply of water on the navi-
gation of the Ganges; 2ndly, the probable cost of ex-
tending the canal to Allahabad; Srdly, the probable
return from the work. On the first of these points I
shall have more to say hereafter, but in the meantime
the Committee, when recommending the abstraction of
6,750 cubic feet per second, or very nearly the whole of
the supply in the river at Hurdwar during the driest
months, came to the following conclusions, founded on
the analogous example of the river Jumna :—* During
two months, January and February, of each year,” the
Committee remarks, ¢ the whole apparent supply is di-
verted from its channel to feed the two canals east and
west, yet the under-current which percolates the gravelly
bed, together with the drainage of the intermediate
country, furnishes a navigable stream of water at the
station of Agra, a distance of 260 miles by the river’s
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course ; and the Committee infer from this example that,
in abstracting 6,750 cubic feet from the Ganges supply at
Kunkul, which, during the dry season, is estimated at
8,000 cubic feet per second, the navigation of this river
will not be injured below Cawnpoor. Between that point
and Gurmookhteesur Ghat, the navigation for the larger
classes of river craft will probably be impaired, if not
altogether stopped ; therefore it appears to the Committee
to be absolutely necessary that the main line of canal
from Kunkul to Cawnpoor should be rendered completely
efficient for navigation.”

The Committee considered that it was in every way
desirable to provide irrigation for the whole of the lands
lying between the Hindun and the Ganges rivers, and
that this should be combined with navigation; to effect
these objects it would be necessary to use 6,750 cubic
feet per second of supply. This supply, the Committee
observe, ‘“ will be found ample to carry one main line of
navigable canal from Kunkul to Cawnpoor, and to supply
irrigation to the whole district bounded by the Ganges on
the one side, and by the Hindun and Jumna on the
other.”

The straight line by aqueduct (the aqueduct being
faced by revétments in the form of ghats) was preferred
and recommended by the Committee after a careful in-
vestigation of the ground, especially of that on the cir-
cuitous route, over which a levelling instrument was
passed. The preference to the aqueduct line was given
on account of the many difficulties which attended the
other in crossing numerous lines of drainage by dams
constructed across the sandy beds of rivers on steep
slopes ; estimates, however, were submitted for both
lines, and the following detail left the adoption of either
one or the other to the judgment of the Govern-
ment :
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ON Aquepuctr LINE.

Co.’s Rs.
Cost of Works in the Khadir up to the Town of
Roorkee . . . . . . . 18,70,835
Cost of Works from Roorkee to Cawnpoor . 27,01,220
Ditto Futtehgurh Branch . . . 6,22540
Ditto Tuppul ditto . . . 1,84,520
Ditto Shekoabad ditto . . . 6,77,140
Ditto Allahabad ditto . . . 2,91,580
Five per cent. Contingencies . . . 8,17,391
Total . . . 66,65,226
Cost increased by Building Ghat Revétments .  5,61,180
Grand Total Cost of Aqueduct Line . 72,26,406
CircuiTous LINE WITHOUT AQUEDUCT.
Rs. A, D
Cost of Works in the Khadir . . 11,88,335 14 O
Ditto, from Roorkee downwards, in-
cluding branches as before . . 44,776,920 0 O
Five per cent. Contingencies . . 2,83262 12 8
Grand Total Cost without Aqueduct . 59,48,518 10 8

From the investigations of the Committee on the
subject of returns, it was calculated that irrigation would
be provided for 2,303 square miles, the return upon
which, at the average rate of 10 annas per beega,

sq. miles. beegns. annas.

2,303 x1,024 x 10
203 X 02X 10 =14,86,420 rupees,

independently of the collections for mill-rent, transit
duties, and the miscellaneous sales of canal produce.

In closing their report, the Committee recommended
that no time should be lost in commencing the manu-
facture of bricks at those points which are common to
both the straight and circuitous line, and that Captain
Cautley should be permitted to commence at once the
main trunk from Roorkee onwards to Cawnpoor, com-
pleting all the masonry heads of branches, and excavating
such portions of the branches themselves as the executive
officers may find it in their power to undertake.

It was also recommended that a staff of three executive

would be equal to



CHAP, 1.] PRELIMINARY PERIOD. 29

officers, six assistant executives, and twelve overseers
should be placed at Captain Cautley’s disposal.

During the whole of the preliminary period above
adverted to, Mr. T. C. Robertson, who was holding the
reins of the Government of the North-Western Provinces,
and who, from his appreciation of the value of the Jumna
Canals, looked with extraordinary interest and favour on
the Ganges Canal project, exerted every energy to break
ground, and to advance the progress of the works. The
time, however, was that of our disasters in Afghanistan,
and in these, combined with a change of the heads of the
Supreme Government, may perhaps be found sufficient
explanation of that want of sympathywith the project which,
byleading to my being refused the aid of assistant engineers,
left me to carry on the work as well as I could without it.

On the 25th of February, 1842, orders were issued by
the Agra Government for the commencement of the work
on the terms of the Committee’s recommendation, and
on the 16th of April following ground was broken in the
neighbourhood of Kunkul by a commencement of the
excavation of the channel. At the same period, also,
brickmaking was commenced at different points on the
line under the supervision of Mr. Wright, an unco-
venanted officer who was under my orders on the Eastern
Jumna Canals. At this period, also, Lieutenant Turn-
bull, of the Engineers, was detached by me from the
Eastern Jumna Canal works to commence operations on
the high land from Roorkee downwards; so that with
the means at our disposal we had in the month of July,
1842, lined out nearly one hundred miles, collected a
large quantity of materials, and had excavation in full
progress at three different points.

As far back as May of the same year, some doubts
had been expressed by the Supreme Government as to
the propricty of proceeding with the works, and various
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reasons were alleged for entertaining this view. My
application, in fact, for staff had been met by a desire to
suspend for the present, on financial and other considera-
tions, the arrangements and appointments which I had
recommended. The collection of material and excava-
tion, however, was allowed to proceed until the month
of July, when the Supreme Government, in a letter dated
21st June, 1842, to the address of Mr. Hamilton, the
Secretary to Government, North-West Provinces, in
directing all the works to be stopped, called for state-
ments of expenditure up to the time of closing the works,
with a report upon their present state. My report,
which accompanied these statements, was dated Tth
August, 1842. It referred to a letter addressed to the
Military Board by Colonel Stuart, Military Secretary to
the Government with the Governor-General, dated Allah-
abad, 29th June, 1842 (eight days after the letter from
the Supreme Government to Mr. Hamilton just alluded
to above had been written), by which it appears that the
intentions of the Governor-General had been modified,
and that it was now his wish that the works should be
prosecuted on the principle established in Mr. Hamilton’s
letter, No. 980, of the 17th June, 1842. Accordingly, 1
stated in my report that in consequence of having re-
ceived the Military Board’s orders conveying those of the
Government, dated 29th June, ‘I had directed the daily
parties to be again entertained ; at the same time it would
relieve me from much anxiety if Government would at
once place a limit on my annual expenditure, which will
enable me to work satisfactorily under the conviction that
I am acting strictly agreeably to the wishes of Govern-
ment.” I observed that a lakh or two of rupees per
annum would enable me to carry on work very steadily
with the small establishment at my command : ‘“ Both
brickmakers could be entertained, and about fifty or one



CHAP. I.] PRELIMINARY PERIOD. 31

hundred earth contractors might be kept in employment ;
if only half a lakh, or even a smaller sum, was allowed, I
can regulate my expenditure accordingly.”

The statements that accompanied my report above
alluded to showed that up to the 14th July, 1842, the
actual expenditure and liabilities had amounted to Com-
pany’s rupees 1,38,198-8-3.

The Supreme Government, in their Military Secretary’s
letter No. 38, dated 17th September, 1842, in reply to
the above report, observe: ¢ In compliance with Captain
Cautley’s wishes, and for the purpose of obviating any
misconception of the wishes of Government, the Governor-
General is pleased, until further orders, to restrict the
annual expenditure on the Ganges Canal, salaries and
establishments included, to two lakhs of rupees.”

The above précis of correspondence which took place,
will throw some light on the interruptions which were
experienced in the early days of our progress; a variety
of difficulties had been urged by parties, and these diffi-
culties had been answered; an error in my original re-
port, due to the omission of a decimal point, by which
the proportion of surface of the Doab which would derive
benefit from the canal was much exaggerated, was
brought forward, and it is possible that this error had
some influence on the indecision which the above corre-
spondence exhibits. The error was undoubtedly an un-
fortunate one, but it vitiated none of the calculations on
which the merits of the project were based, and this was
immediately and most fully explained, especially by the
Military Board in their letter No. 2,294, dated 17th
August, 1842, to the Licutenant-Governor of the North-
Western Provinces. The probable effects of earthquakes
were brought forward as obstacles to the construction of
the Solani aqueduct. The destruction to the navigation
of the Ganges was urged as a sufficient cause for not
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proceeding with the works. The effects in a sanitary
point of view upon the districts which compose the high
lands of the Doab by introducing miasma were urged
with a perseverance scarcely justified by the information
at command. The works, however, had proceeded too
far to be violently stopped, and under the restrictions
pointed out above they proceeded steadily, with the
cordial support of the Agra Government, but with little
countenance from other quarters.

My duties and responsibilities had meanwhile been pro-
gressively extending : the executive duties of the canals in
the Deyra Doon had been added to those of my specific ap-
pointment as superintendent of the Eastern Jumna Canals;
in addition, I had at this period the whole of the responsi-
bilities of the Ganges Canal works and its expenditure.

The Supreme Government, in the month of July, 1843,
placed me in independent control of the canals in the
Doab, relieving me from executive duties; and on the
21st February, 1843, I had the satisfaction of obtaining
the services of Lieutenant Strachey, of the Corps of
Engineers, for the executive duties of the Ganges Canal.
No additional expenditure to the two lakhs already
granted, however, was authorized, and the Gwalior cam-
paign, which took place at the end of 1843, still further
reduced the chances of obtaining aid from the Govern-
ment, and still further destroyed the hopes that I had at
one time entertained of being permitted to push the
works on with proper vigour.

At the period of my giving over charge of the execu-
tive duties to Lieutenant Strachey the amount of expen-
diture was thus:

Co’sRs. A, P
Excavation . . . . . . 73,970 9 4
Materials and Sundrics . . . . 36,988 0 0

Total expended up to 1st March, 1843 . 1,10,958 9 4
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Early in the cold weather of 1843-44 the levels of the
Doab, which in my survey of 1839-40 had been com-
pleted only to Mynpoori, were pushed forward to Cawn-
poor and Allahabad, and the whole of the cold season of
1843-44 was passed in perfecting the levels and recon-
naissance of the country. The completion of this survey
enabled me to draw up a full report and estimates of the
canal works ; these were submitted to Government, and
are dated 12th February, 1845.

Before entering into a detail of this report, I must
observe that previously to my undertaking the survey
above alluded to, the Supreme Government had decided
that a total modification of the original design should
take place, and—to use the words of the minute to which
my attention was directed—¢‘ it should be in the first
instance a canal of navigation, and all the water not
required for that purpose may be distributed for the
purposes of irrigation.”

The main trunk, in short, was to be directed upon
Allahabad, that being the point to which steamers now
ascend the river ; the original project, therefore, whereby
the navigable line was carried merely to Cawnpoor, having
been merged into one of considerably greater length, and
(as connected with irrigation) into one leading to much
greater difficulties, I submitted three projects which will
be explained hereafter, noting at the time that I had
endeavoured, so far as was in my power, not to lose sight
of the purposes for which this canal was originally pro-
jected, and to provide means for irrigation as extended as
the security for navigation to Allahabad would admit of.

With these views, I placed before the Government three
projects, with estimates of the cost of each appended tothem.

The first project was one wherein the main line had a
declivity of bed varying from 24 to 12 inches per mile,
with falls and locks attached, to overcome the superfluous

VOL. I. * D



34 PRELIMINARY PERIOD. [PART I.

slope of the northern district, and with works of ascent
and descent into the Jumna River at Allahabad. Efficient
means for irrigation on the main line were provided in
this project as far as the boundary of the Cawnpoor and
Futtehpoor districts, in advance of which they were
somewhat interfered with by the depth of the excavated
channel. In addition to the main line, the following
branches for irrigation were proposed :—

Futtehgurhbranch, 160 miles in length ; Bolundshuhur
branch, 70 miles in length; Etawah branch, 172 miles in
length ; Cawnpoor branch, 431 miles in length.

This line is an artificial river, constructed on the
same principles as the canals now existing in the
North-Western Provinces. The total amount of the
estimate on project No. 1, was Company’s rupees
1,02,36,643. 14. 11.

The second project differed from the first in continu-
ing the main line from the boundary of the Cawnpoor
and Futtehpoor districts to Allahabad, by a system of
reservoirs with locks to the Jumna, and extending the
Cawnpoor line of irrigation to the neighbourhood of the
town of Cawnpoor,—the tail water being discharged into
a ravine or tributary connected with the Pandoo River
near that place; or, if such disposal was more convenient,
by using it as the means of supply for an irrigation
channel, bearing upon a point where the Pandoo unites
with the Ganges River. The total amount of estimate on
this project was Company’s rupees 97,03,558. 2. 9.

The third project differed from the first in continuing
the navigable line from the boundary of the Cawnpoor
and Futtehpoor districts to the Jumna near the town of
Jar, turning from thence to the south, and connecting the
canal with the Jumna at a point opposite the junction of
the Kane River. In this project, the canal which for the
last 80 miles had run contiguous and parallel to the
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Rinde River would in fact have maintained its relative
position to that river until it falls into the Jumna. The
Cawnpoor line was designed to be navigable and locked
into the Ganges with a branch for irrigation towards the
junction of that river and the Pandoo. The total amount
of the estimate for this No. 3. project was Company’s
rupees 93,39,746. 12. 6.

It was evident that to carry out any of these modified
plans, works of a much more extensive nature than those
originally contemplated would be found necessary. The
determination to make the main line navigable to Allah-
abad instead of to Cawnpoor led not only to an excess
of length in the excavated channel, but the flatness of the
country through the districts of Futtehpoor and Allahabad
rendered it necessary to restrict the declivity of bed for
the last 173 miles to 12 inches per mile, and to increase
proportionably the area of the excavated channel, so as to
effect a discharge of the calculated volume of water.
With such a length of navigable channel, it was found
convenient to straighten the course of the canal between
Roorkee and Mynpoori, thereby bringing the calculated fall
between those points on a much shorter distance. The
necessity of additional arrangements for disposing of this
surplus slope was obvious; another masonry fall, therefore,
was projected at Boodpoor in the Saharunpoor district,
for clearing out the tail of which further excavation was
required. Many works in the shape of aqueducts and
means of crossing rivers, which were not anticipated by
the committee, were included in the present’ estimates,
and in proposing means for still further securing the
stability of the works on the Solani valley, the cost of
these works was materially increased. In all these pro-
jects it may be remarked that the efficient drainage of the
country through which the canal passed had been one of
the leading points of inquiry; it had in a great measure

D 2
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influenced the direction in which the canal had been
carried, and had on all occasions been considered as one
of the first points for investigation.

The above estimates were framed on the supposition
that the Solani River in the Ganges Khadir would be
passed by an aqueduct. My report, however, in including
the reduced estimates for the circuitous route, placed it in
the power of Government to make its own selection. In
submitting these estimates, I remarked that the profile on
the circuitous line was in every way adapted to the pur-
pose of the canal, and that its original cost would be much
less than of the direct route. I drew attention, however,
to the fact that the numerous ravines, rivers, and cross-
drainage lines, whereby the course of the canal would be
intersected throughout its whole length, were not only
very serious objections to the former route on the first
construction of the works, but that they increased so much
the contingencies of subsequent repairs and maintenance,
as to make it questionable whether a course subject to so
many sources of accident would not ultimately prove
much more expensive than the direct line. The country
traversed was further a wild and uninhabited tract, and it
was evident that want of supplies for our working parties
would be a constant inconvenience. It would have been
impossible to avoid inundation at the head of each dam;
communication would have been liable to frequent inter-
ruptions, inspection always difficult, and unhealthiness in
the neighbourhood inevitable. Finally, as all our works
must have been established at points high up on the
courses of the intersecting rivers, all the evils notoriously
due to the excess of slope would have been greatly
augmented. On these various considerations therefore
the committee was unanimous in preferring the direct line
by Bajooheri and Muhewur with aqueduct to the cir-
cuitous line whereby this work could be avoided.
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The estimates for the three projects above described,
based on the adoption of the circuitous route in the
Khadir, were as follows :—

CosRs. A. P

No. 1 Project . . . 92,26,695 12 4.
w 2 . . . 86,93,610 0 2.
y 3y . . . 83,29,798 9 11.

By taking this line, and avoiding that of the aque-
duct, a saving would be effected of Company’s rupees
10,09,948. 2. 7, or upwards of ten lakhs.

Previously, however, to the submission of the estimates
above described, considerable changes had taken place in
the administration of the country; Mr. George Clerk had
succeeded Mr. Robertson in the government of the North-
Western Provinces, and in the fullest appreciation of all
projects for the improvement of the country, had given
not only his countenance to the project for the Ganges
Canal, but all the aid that he was able to bestow upon it
during his administration, had resigned his seat to Mr.
Thomason, formerly secretary to Mr. Robertson. Mr.
Thomason, in the early days of our progress, had given
his deepest attention to the subject of the canal, to the
influence that it was likely to exert upon the welfare of
the country, and by urging on by every means in his
power energetic movements to facilitate its completion.
In the middle of 1844, Lord Ellenborough was replaced
by Sir Henry Hardinge, who as Governor-General
reached Calcutta and assumed the reins of Government
in the month of July, 1844.

At this period my health, which after twenty-six years
of Indian service had been gradually failing, determined
me to proceed to Europe, and early in February, 1845,
I left the North-Western Provinces, having made over
charge of the Ganges Canal works to Major W. E. Baker,
of the Bengal Engineers.
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CrarTER II.

INTERMEDIATE PERIOD,

Under the directorship of Major W. E. BARER.
From 1845 to 1848.

TaE state of the works at the period to which I have
alluded in the last chapter corresponded with the amount
of annual expenditure that had been accorded to us by
the Supreme Government; bricks had been burnt and
collected at numerous points on the line from Hurdwar to
below Meerut and Sirdhunna; masonry work had been
commenced on a small scale on the dam and regulator at
Myapoor, the commencement of the excavated channel
above Kunkul; workshops had been built at Roorkee;
Choki posts had been established at Myapoor, Roorkee
and Munglour; and a considerable portion of the channel
between Myapoor and the town of Jowallapoor had been
roughly excavated ; excavation had also been commenced
upon, on the high land of the Doab near Munglour, and
lining out had been completed for about 100 miles, south
of that place.

When I delivered over charge to Major Baker, the
amount of annual expenditure to which we were limited
was two lakhs of rupees. For the management of this
expenditure, there were two executive officers, Lieutenants
Strachey and Turnbull, of the Engineers, and two unco-

venanted Assistants, Mr. Wright and Mr. Read, to
assist them.
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War, and its consequences on the improvement of
the country and the progress of works of public utility,
appeared to be perpetually the rock upon which the
advancement of these works was to be wrecked. It may
be said that the Ganges Canal, originating as it did during
the commencement of the Afghan war, was nursed at a
period of intense trouble to the State ; its weary progress
was unwillingly prosecuted during the whole of a warlike
administration, in which the return of the armies from
Afghanistan, and fierce battles with the Mahratta chiefs,
were the most remarkable events. The early part of the
succeeding administration, distinguished as it was by
Sikh invasion, and the consequent demands on the public
treasuries, was marked by still further interruption to
the progress of the canal; Major Baker and his two
engineer assistants in joining the army which was con-
centrated on the northern frontier, had, in fact, by their
departure, virtually put a stop to all further progress,
excepting that of continuing contracts which had already
been entered into; and it was not until the close of the
war, and on the return of those officers to their respective
duties, that the subject of the Ganges Canal works was
allowed again to occupy the attention of the Govern-
ment.

In the interviews that I had with Lord Hardinge
previously to my departure from Calcutta in 1845, I
had gathered from his lordship the especial points which
had influenced parties in their objections to the project ;
these resolved themselves into the injury that would be
caused to the Ganges as a navigable river by the abstrac-
tion of water for the canal supply, and to the probable
effects upon the high land of the Doab by the introduction
of malaria from irrigation. As these were the two leading
points, and as the first had for the present at least been
disposed of, the malaria question was naturally one for
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specific sanatory inquiry. For this purpose a Committee
was assembled in November 1845, and on the submission
of its report in 1847* the whole question of the Ganges
Canal was brought under the notice of Government. In
March, 1847, the Governor-General visited Roorkee and
the site of the proposed works in the Ganges Khadir;
and it was on this visit that the vigorous prosecution of
the undertaking was determined on. During this period
my sojourn in England brought me in contact with
those whose views on the navigation and malaria ques-
tions led them to doubt the policy of continuing the canal
works. As these questions had considerable influence
in party feeling towards the project, I will here interrupt
the thread of my narrative by explaining the views of
them that had been adopted by myself and others, who
were advocates for the establishment of the Ganges
Canal. I will take up the questions as they were
argued, beginning with that on navigation, or ‘on
the probable effects to the Ganges as a line of naviga-
tion to Allahabad, arising from the abstraction of 6,750
cubic feet per second from its volume at Hurdwar.”
The arguments which were used by me may be thus
explained :—

The discharge of the Ganges at Hurdwar during the
driest season of the year, or that previous to the melting
of the snow in the mountains, is calculated at about 8,000
cubic feet per second; if, therefore, at this period we

* The Committee, which commenced its operations on the 30th of
November, 1845, and had proceeded through the irrigation districts of
the canals west of the Jumna as far as Hissar, was broken up at that
stage of their labours for the purpose of its members joining the army
of the Sutlej. On the 1st of November, 1846, the Committee resumed
its labours, and completed its investigations. Its report, which was
dated 3rd March, 1847, was presented to the Governor-General on his
vigit to Roorkeec.

Of this committee, Major Baker, of the Bengal Engineers, was

president, and Dr. Dempster, of the Bengal Medical Staff, with Lieu-
tenant H. Yule, of the Bengal Engineers, were members.
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remove for the purposes of the canal, 6,750 cubic feet per
second, it appears that we leave only 1,250 for the supply
of the river.

There is a peculiar feature attendant on the tract of
country lying at the foot of the Sewalik hills as connected
with springs that is well known in the Rohilkund territory,
and 1s also observable through the Doab and westward of
the Jumna. In the immediate vicinity of the passes and
at the foot of the hills, spring water rises to the surface,
sometimes exhibiting itself in mere pools, at other times
in small streams and rills, which flow for a short distance,
and then disappear in the sand and shingle of the river.
Parallel to and south of this line is a belt varying from
five to ten miles in breadth, in which water can only be
reached at extreme, and in some cases, at unmanageable
depths.

In advance of this dry belt the springs rise to or near
the surface, forming in Rohilkund the unhealthytract called
the Turai; in the Doab, a decrease to the depth of wells
marks the approach to the belt in question; although on
a line traceable from Badshahpoor near Dhunowri to the
southern angle of that part of the Ganges Khadir with
which the canal works are connected, the existence of
detached, and in some cases extensive, jheels and marshes
assimilates the surface to that of the Rohilkund Turai.
The cause of this peculiarityis, that in the whole of the tract
skirting the mountains there is a deep-seated impervious
stratam rising near the foot of the hills, and cropping out
on the northern limit of the Turai belt, that the water
passing down the rivers percolates through the shingle,
and passing under this impervious stratum rises again
to the surfacc at a considerable distance, leaving the
intermediate space dry. The following section is ex-
planatory of the views that I hold as to the springs
above alluded to :—
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of consideration: it appears, therefore, that in defiance of
the abstraction of the whole apparent supply of the river
from the shingle tracts at the canal heads, the Jumna
opposite the city of Agra still maintains its character as
a river, navigable to a certain extent, and carries a volume
of water the origin of which can only be explained by
springs and percolation.

Between Hurdwar and Allahabad, or Cawnpoor, on the
Ganges, there are the following tributaries :—

Solani and Bhat Nuddies and Turai,
Tracts of the Ganges Khadir :—

East Kalli Nuddi,

Yar Wooffadar,

Ram Gunga,

Eesun.
All giving a perennial supply to the main stream: the
gystem of percolation which is so manifestly conspicuous
on the Jumna may equally be anticipated in a river
placed in its neighbourhood, and flowing over a country
similar in geological character. The extent of percola-
tion (if percolation is admitted at all) will, it is pre-
sumed, bear the same ratio to the original volume on the
Ganges, as it holds in the paralle]l case of the Jumna.
Should this be acceded to, we have the following results
(laying aside the supplies of tributaries, and assuming that
the Ganges canal absorbs the whole volume of the Ganges,
as the Jumna canals do that of the Jumna).

As 400:1,861*::8,000 : 3,722 cubic feet per second ;
that is to say, that independently of the supply received
by the Ganges in its course from the five rivers above
noted, the volume of water which would pass Cawnpoor
under the conditions above supposed would be 3,722

* 1,861 = 2,061 — 200 cubic feet: 200 cubic feet per second being
the calculated supply received from the Hindun River between the
Sewaliks and Agra.
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cubic feet per second! in short, that the Ganges River at
Cawnpoor would, when the canal was in full vigour, still
possess a volume of water nearly as great as that of the
Jumna before the canals on that river were constructed.

The conclusions at which I arrived from the above
investigations tended to show that little or no interruption
would arise to the navigation of the Ganges as high up as
Futtehgurh, even supposing that the whole body of the
river as it leaves the hills was taken for the supply of
the Ganges Canal. North and above Futtehgurh the
demands for navigation are trifling, and the few boats
which pass up to Gurmookhteesur and Sookertal (the
latter being the most northerly point to which boats
reach) would readily be accommodated in the canal itself,
and with infinitely greater convenience as regards the
land carriage of goods to the large towns and cantonments
in the Doab. Moreover, that were the canal to be made
a navigable line from the Jumna upwards, it would be
preferable to the main Ganges, and thus compensate fully
for the evils it might cause to the stream itself, by the
additional facilities for transit which it would thus supply.
As to the question of the Ganges being affected below
Allahabad, or below the junction of the Jumna, the
question was one of great importance, but it was one
upon which we had no sufficient data to guide us; the
map of India with the configuration of the drainage of the
Gangetic Valley, and the proportion borne by the line
under discussion to that of the numerous tributaries
extending from the Himalayas to the Bay of Bengal,
appeared to supply evidence in favour of those who antici-
pated no injury to navigation.

The whole question was an intricate one; nobody
ever doubted that the abstraction even of the smallest
possible quantity of water affected to a certain degree
the navigation of the Ganges, but the effects were merely
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in degree, and the general results of the inquiry appeared
to resolve themselves into this : ‘“ Were the evils to navi-
gation of a nature so injurious as to counterbalance the
benefits arising from the canal ?”’

To those who considered that the navigation of the
Ganges would not be interfered with by the Ganges Canal
works, the analogous position of the canals on the
Jumna, and the effects they produced on that river, were
peculiarly conclusive and satisfactory; a question, in fact,
which might have been otherwise perplexing was, if not re-
duced to a very simple one, rendered comparatively easy.

The Jumna being a smaller stream than the Ganges,
was more dependent on the canal heads for its supply;
the canals on the Jumna abstracted at certain seasons of
the year, and at periods when the navigation of the river
was least able to afford it, the whole available volume ; a
great part of this volume, passed off to the westward
towards Hansi and Hissar, and, whether by means of
percolation or evaporation, was entirely lost to the parent
river: along the greater portion of its course the Hindun,
which affords a supply of little or no consideration, is the
only tributary ; on its banks are situated the large towns
of Delhi, Muttra, Agra, Etawah, and Kalpi, to which the
Jumna affords the only means of water-carriage for all the
rich and extensive districts that lie on its banks; if, there-
fore, under these circumstances, the Jumna canals having
done their utmost to destroy the navigation, the naviga-
tion that exists continues to be of the greatest importance
and value, why should the Ganges River, the supply of
which is less influenced by the canal works, be supposed
to produce other results? The Ganges canal, in the first
place, does not take away the whole of the supply from
the Ganges, there are numerous tributaries or feeders
scattered along the whole course of the river ; the perco-
lation from the canal is confined to its own region, and
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whether it escapes into the Jumna or the Ganges, is
equally available for the purposes of navigation. The
absence of all large towns on the left bank (or that
unconnected with the canal) of the Ganges as far south
as Allahabad, with the known fact that the tributaries on
that side are' imperfectly navigable, reduces to some
extent the value of the Ganges as a navigable line to that
particular region. The navigation of the Jumna, on the
contrary, appears to be of importance to many large
towns which lie on the right, or bank unconnected with
the canals, to all of which the river provides water-
carriage. The inferences are, that the abstraction of
water from the Ganges at Hurdwar will be of less
importance to that river, than the abstraction of water
for the Jumna canals is to the Jumna; and I must add
that whilst the latter is providing the means of water-
carriage to some of the most rich, and, in a commercial
point of view, most valuable provinces of the North-West
which lie on its banks, and whilst the canals which are
taken from it are the source of great wealth and pro-
sperity to the tracts that come under their influence, it
seems to me that the philosophy of denying advantages of
a similar nature to the Ganges, which it is proposed to
place under the same regimen, is somewhat questionable.

From the month of April to the month of December
following, when the rivers are either affected by the
melting of the snow in the Himalayas, or by the
periodical rains, the abstraction of water for canal pur-
poses has less influence than it has in the remaining
months. During those of the rains, when the greatest
part of the traffic of the country is transported by water-
carriage, no sensible effect is produced by the canals at
all, and it is only during the months of January,
February, and March, when the supply taken for the
canals bears the greatest proportion to the volume of
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the river, that the reduction of surface level is appreciable.
During this period, or rather during the seven months,
which are entirely free from the rains or their effects, the
navigation of both the Jumna and Ganges is confined to
their own lines; the tributaries at this period having no
pretensions to being navigable. The extreme points to
which boats reach on the Jumna are Agra and Muttra
during this period : on the Ganges, Gurmookhteesur and
Sookertal. The size of the cotton boats which reach
Agra gives the tonnage of boats on the two rivers in
favour of the Jumna, and these cotton boats to which I
refer reach Agra at periods when the whole of the supply
of the river is derived from percolation. In the foregoing
paragraph I have attempted to show that the Jumna
suffers from the abstraction of water for the canals to a
much greater degree than the Ganges will suffer, and
that, therefore, there is every probability of the latter
being more favourably placed with regard to navigation
than the former.

Whatever may be said as to the effect of the Jumna
canals on the parent river, the fact is a notorious one,
and one of which every resident in these provinces might
convince himself, that the Jumna during the whole year
continues to be the line of water-carriage of a large and
flourishing trade, the best exemplification of which is in
the fleets of bodts, many of them cotton boats of large
tonnage, which pass up to the city of Agra.

It is, however, solely in the distribution of the volume
that the water which (under the worst circumstances of
canal interruption) passes down the course of the Jumna
and Ganges rivers in their approach to Allahabad, can be
said to be insufficient for navigation! This evil arising
from distribution would, in consequence of the excess of
breadth of the bed of the Ganges, show itself in all proba-
bility under more exaggerated circumstances in that river
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than it has done in the Jumna, and shallows rendering
navigation difficult, or even in some cases impracticable,
might be the result of an over-reduction of the volume of
the river ; but artificial means which lead to the evil,
are at hand to remedy it, and the process of deepening
channels in wide sandy beds is one so well understood in
India, and can be effected with such moderate means,
and at so small a cost, that the injury to the navigation
arising from this circumstance is one properly of no
serious moment. As long as there is a body of water
in the bed of a river sufficient, if properly distributed, to
ensure navigation, it is the fault of the Government, or
of those concerned, if there is no navigation. To raise
objections to the abstraction of water for canal purposes,
when these purposes are acknowledged to be conducive
to the prosperity of the country, to the increased wealth
of the inhabitants, and consequently to the improvement
of the revenue to an enormous degree; and when such
abstraction leaves an ample supply in the river for all
purposes of navigation, if such supply is properly regu-
lated ; is .simply the enunciation of a doubt as to the
pecuniary value of the canal when contrasted with the
cost of rendering the river navigable. It is granted,
however, that the canals for irrigation in these provinces
do return to the Government treasury the most liberal
profits ; if a portion of these profits, therefore, be ex-
pended in works for the proper regulation of the large
supply unquestionably at command in both the Jumna
and Ganges, even after the utmost demands of the canals
have been adequately supplied, the advantages resulting
from the improvement of the river, thus effected, may
fairly be expected to be almost, if not entirely, sufficient
to compensate the commercial community for any injury
that the abstraction of the canal waters may temporarily
entail upon it.
VOL. L. E
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From the hills to Delhi on the Jumna, and from the
hills to Sookertal on the Ganges, the navigation is
restricted entirely to rafts of timber, and to the pas-
sage of boats, which, being built in the valley of Deyra,
are with some difficulty and great danger floated, empty,
down the rapids; from Delhi to Allahabad, the Jumna,
with all its injuries as inflicted by the canal works, is
the only medium of water carriage. The Jumna Canals
themselves afford to the timber trade in the valley of
Deyra, an immense outlet for wood of all descriptions
to Hurriana and countries to the westward, as well
as to the inland districts which are situated above
Delhi: at that point, however, the advantages of canal
navigation cease ; nor are the canals themselves as navi-
gable lines connected at their southern extremities with
the Jumna, so that all craft which leaves the hills for
places below Delhi must take directly to the course of
that river, and, as I have before said, encounter such
difficulties as the abstraction of water subjects them to,
in their downward progress.

In such a state of things the advantages of the
Ganges Canal would be of immediate importance; it
would provide navigable lines from the mountains to
Cawnpoor on the Ganges, and to a point opposite Kalpi
on the Jumna: these lines, instead of being dangerous
and interrupted, as the beds of the Ganges and Jumna
naturally are, would be comparatively safe and convenient.
During the dry months to which I have before alluded,
the line of traffic on the canal would be open and un-
impeded ; and during the rains, when the water carriage
of the country is in the greatest requisition, and when
the main rivers themselves, relieved from all the effects of
canal abstraction, were giving to the country the benefits
of unimpaired navigation, the Ganges Canal would in its
centrical course between the two rivers provide additional
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facilities for the conveyance of merchandise, and give
fresh means for the distribution of the produce of the
country.

So far for the question of the injury to navigation:
let us now turn to the counterbalancing benefits derivable
from the canal. I have in the former paragraphs shown
that, as a navigable line, both in itself, and as far as its
effects on the parent river are concerned, the Ganges
Canal has great and favourable claims for consideration.
The leading and most important fact, however, must not
be overlooked, that the original idea of a canal from
the Ganges was for the purposes of irrigation; and that,
although at one period of its progress mistaken views
led to its being diverted from its primary object, it has
been from the first, both in the mind of the projector
and in the contemplation of every one who has carefully
turned his attention to the subject, distinctly a line for
irrigation ; its uses, as a navigable channel, being in-
cidental and entirely of a subordinate character. To
return, however, to the counterbalancing benefits which
might be expected from opening the Ganges Canal, I
cannot do better than introduce, nearly verbatim, the
expressions made use of at the time by one who is well
able to appreciate the true merits of the question. ¢ To
deny,” says the writer, ‘“the value of irrigation to agricul-
ture in India, is like denying the value of manure to an
English farmer! The difference between irrigated and
unirrigated lands is the first rudiment of his profession
which a revenue officer has to acquire. It is an axiom in
most parts of Hindostan, that whatever affords new irriga-
tion or cheapens that which exists, gives food and wealth
to the people, and adds to the resources of the State.
Hence, the ecfforts to multiply wells, to form tanks, and
to make canals all over the country. In Rohilkund, on

the Jumna, on all the rivers between the Jumna and the
E 2
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Sutlej, the prosperity of the country depends on canals.
In southern Madras, the waters of the Coleroon and the
Cavery are used for the same purpose, and works are
either contemplated or are in progress for turning the
waters of the Kistna and the Godaveri to the same
account. In times of drought, canals support the culti-
vators, because they bring the water from a source beyond
the reach of the periodical rains, and because they give
employment and support to a people who would otherwise
be helpless. Famines may arise not only from a want of
food, but from inability to obtain it. During the famine
of 1837-38, there was good reason to suppose that grain
sufficient for one or two years’ consumption was then in
store; in the private granaries in Hindostan there was
grain in abundance, and when the Government found the
people employment, they were able to support themselves
on a pittance below the ordinary rate of wages.

““The cry was not for food, but for money to buy food.
The whole population, who lived by tillage, were unable
to till, and were therefore starving. If they could have
watered their fields from canals, they would have con-
tinued to till, and instead of starving would have grown
rich. This was notoriously the case on the Jumna Canals
at the period of the famine above alluded to; the canal
villages grew wealthy, on account of the miseries of their
countrymen. In Ireland, railways and an open coast did
little to alleviate the famine that raged in that country;
whilst the people were starving, food was exported from
the want of purchasers. It was necessary by employing
the poor on public works to give them the means of
purchasing food. What public works effected in a wasteful
and extravagant manner, the canal is calculated to do in
the most beneficial way possible.

“« Famines do sweep over India occasionally in a most
terrible form, and it is not perhaps much which the
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utmost human skill or foresight can do to alleviate them.
No canal can be a substitute for the rain from heaven;
but wherever its influence extends, it may incalculably
lessen the evil. It may give life to thousands; it may
save other thousands from utter destitution; and it may
save the Government from that financial injury, which
cannot but weaken its power, and impair its energy.
But in all seasons irrigation from the canal will more or
less give comfort to the cultivator, wealth to the pro-
prietor, and revenue to the State. Are all these certain
advantages to be forfeited, because for a part of the year
boats will reach the villages on the banks of the Ganges
with some greater difficulty than at present ?”’

We now come to the question of malaria as connected
with existing canals, and to its effects on the population
of these provinces; together with the increased evils
from this source which the opening of the Ganges Canal
has been supposed likely to engender.

In discussing the effects which may be produced upon
climate by the introduction of canals for irrigation, I have
in one of my reports made use of the following expres-
sions : —‘ In referring to the low tracts of the Doab, and
especially to those situated in the Futtehpoor district, my
attention has been drawn, during the last two years
especially, to an opinion which has been prevalent, that
wherever lines of canal exist in these provinces, the
genius of malaria and sickness holds undisputed autho-
rity. Without producing proofs that are numerous, that
the epidemics which have shown themselves in towns and
villages near the canals, have been equally felt at others
far removed from the influence of either canals or of
irrigation, it is natural to infer that the introduction of
moisture and excess of vegetation on the surface of
countries which had been comparatively dry before, must
necessarily lead to a change of climate; that change must
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necessarily demand an alteration in the habits of the
people subjected to its influence, and there can be no-
thing extraordinary when we look to the way of living
adopted by the native community, their lightness of
clothing, their indifference to exposure to the night air,
their sleeping on the ground, and frequently carrying on
their field labours during the night-time, as well as during
the day, in arriving at the conclusion, that, by the change
from a dry to a moist climate, some modification of this
system is necessary.” The paragraph which I have
quoted is, in my opinion, the key to a great deal of canal
sickness that takes place. The hygrometrical differences,
as shown by the dry and wet bulb thermometers in
regions uninfluenced by irrigation, are extraordinarily
great ; and the Englishman, fresh from Europe, or he
who has spent the greater part of his life in the Bengal
Provinces, is surprised, on reaching the latitudes above
Allahabad, to find the green to which his eye has been
accustomed no longer existing ; to see before him plaing
as brown as the soil of which they are composed, and,
with the exception of tracts irrigated, tracts totally
denuded of verdure. The contrast is a very remarkable
one, and the fact does not appear to have been at all
understood by those who, without having visited the
North-Western Provinces, have been called upon to give
an opinion on the subject. Very serious sickness had
occurred at Kurnal and Hansi; two large towns, with
military cantonments attached, which were situated on
the canals west of the Jumna; and to these two cases
references were made on all occasions ag examples of the
evil effects of canals in general. Without data of a more
extensive nature than we had at the time, it would have
been difficult to say how far the sickness that existed at
the above two places, as well as at other portions of the
North-Western Provinces, was dependent on the canals;
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at any rate, before these most necessary and useful works
were condemned, it was desirable to have it proved
whether the sickness complained of was confined to their
vicinity—whether this sickness arose from malaria due to
the canal, or to an epidemic common to the country; it
was also advisable to discover, should it be proved that
the sickness does originate in the canals, whether such
sickness arises from lands irrigated, or from marshes
caused by imperfections in the canal, or from jheels being
filled, and allowed to remain as stagnant water. Water
carelessly used, and allowed to run to waste, appeared to
be another element in the inquiry which ought not to be
overlooked ; whether it is chiefly in the neighbourhood
of rice, or in cultivation in general, that sickness is
prevalent; and whether by carefully embanking the
canals, and removing the evils above mentioned, the
health of a country might not be restored.

The removal of the cantonments from Kurnal, which
was situated on the banks of the Delhi Canal, was no
doubt a political measure based on the necessity of
establishing a post more advanced towards the Sikh
frontier ; this removal, however, which was popularly
attributed to the effects of the canal, with very severe
sickness at Hansi, a town situated on the Hansi branch
of it, had been the chief causes for the canals in the
North-Western Provinces having obtained a character for
unhealthiness. The town and cantonment of Kurnal
were situated on the edge of the high land which skirts
the Khadir or valley of the Jumna River; the Delhi
Canal, which at this part of its course winds through the
Khadir, or the ancient line given to it by its Puthan
projectors, skirts the foot of the high land on which the
town of Kurnal is built, and to some distance north
and south consists of extensive reed marshes, which in
the decomposition of vegetable matter, and in the harbour
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which they provide for animals and nuisances of all
descriptions, most indubitably acted very prejudicially
on the health of the neighbouring country. At Hansi,
the canal, from its want of slope and with its consequently
sluggish stream, was a nursery for weeds of all kinds;
the district of Hurriana, moreover, of which Hansi is the
capital, was previously to the opening of the canal in a
great measure pasture land; the introduction of water
had entirely changed the appearance of the country
throughout the whole region in which irrigation extended,
and a richly cultivated had succeeded to a pastoral coun-
try. In both these cases, the reasons for the occurrence
of sickness appeared to be sufficiently obvious. They de-
pended upon the abuse rather than on the use of canals.

The canal in its northern parts and in the neigh-
bourhood of Kurnal, notoriously required to be remo-
delled, but money judiciously spent on silt clearances and
on embankments would in all probability have remedied
the evil, even with all the faults of alignement admitted
to exist by eradicating the marshes, and restricting the
water to its own channel; funds, however, were not
available for purposes of this sort at the period to which
I allude. The sickness of Hansi arose in all probability
from the effects of change of climate to which I have
before adverted, added to the want of expenditure in
maintaining the canal channel clear and free from silt
and weeds.

The Eastern Jumna Canal (which is embanked, and
is not liable to such marshes as are above referred to) has
by no means escaped from the sickness complained of else-
where; this sickness having been prevalent at Rampoor,
Shamli, Saharunpoor, and in other large towns in the
southern districts, whereas the tracts situated to the
north, which, from their proximity to the Sewaliks, and
from their jungly character, have the name of being the
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most unhealthy, have been -comparatively free from
sickness.*

Previously to 1843, inquiries had been instituted by
the Government of the North-Western Provinces, as to the
progress, causes, and localities of the universally reported
sickness arising from the canals; it was the fashion at
that period to make the canals the sources of all sickness,
and to hold out the removal of the Kurnal cantonment as
the great proof thereof; the reports which were called for
at this period from the medical officers of the different
districts, rather tended to mystify than to clear up the
question : towns stated to be suffering under the effects
of canal irrigation were shown to be at a distance, and
altogether detached from the canals, and sickness ap-
peared to exist quite independently of Irrigation. A
report from the Meerut district, in calling for medical aid
for the population on the canal banks, exemplified in a
remarkable degree the feeling which led people to con-
clude at that time that sickness and fever must necessarily
depend on canal irrigation. The only canal that was
connected in any way with the Meerut district was the
Eastern Jumna Canal, which irrigated a comparatively
small portion of it lying to the extreme west, and bounded
by the Kirsunni River and the Jumna. At the period to

* The Muskurra and Nogong torrents, over which masonry dams
have been constructed for the passage of the Eastern Jumna Canal, unite
near the town of Sultanpoor, about ten miles below the dams. By an
action (which is attempted to be described in Part II., Chap. IL.) on
the beds of the torrents, caused by the application of masonry bars
across sandy beds on steep slopes, a retrogression of levels has taken
place up to the dams ; the beds of the torrents up to these points
having bhecome deepened to an immense extent, whilst the sand and soil
thus excavated or cleared out by the action of the strcam, have been
deposited over the surface of the low country in the neighbourhood of
Sultanpoor, to the very serious injury of a number of villages. The
evil was quictly and gradually going on from the period (1830) when
the canal was opened. The first complaint made of the damage done

was fifteen years afterwards. Sultanpoor is altogether unconnected
with canal irrigation.
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which I allude, there was considerable sickness in the
canal neighbourhood, but the same sickness prevailed
throughout the whole of the Meerut district.

At the town of Begumabad and its neighbourhood,
situated 23 miles east of the canal, and separated from it
by the Hindun River, there was sickness fully equal to
any that existed in the vicinity of the canal; Moradnuggur
and other large towns, with which I at that time was
acquainted, and which had no connection whatever with
canal irrigation, were suffering precisely in the same way;
there was an epidemic in fact throughout the country,
with which I imagine the canals were in no way con-
nected, and yet the canal neighbourhood only was selected
as a matter of especial reference for medical aid. The
conclusion arrived at was, that the authorities had taken
for granted what had by no means been proved, and
further, that the reputation for unhealthiness which the
canals in the North-Western Provinces had obtained
(being unsupported by the facts which this inquiry had
developed) rested on no sound basis whatever. One
question, however, forcibly attracted the attention of those
who, seeing the benefit conferred by canal irrigation,
wherever it was employed, were therefore anxious to
check any mistaken views which threatened to delay its
extension : ‘‘Allowing that canal irrigation leads to sick-
ness in its neighbourhood,” they argued, ‘‘is this sick-
ness, confined to a comparatively small portion of the
population (a population that eagerly appreciates the
advantage of canal irrigation, and as with one voice
anxiously calls for it), to be considered of sufficient
moment to prevent the execution of a work which has for
its object the salvation of the many? Is a sickness of
this sort to be put in competition with the famine of
Guntoor in 1833, so graphically described by Captain
Best of the Madras Engineers, in which the loss of life
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was fearful, and that of revenue so enormous, that Captain
Best clearly shows it would have been worth while merely
in a financial point of view for Government to have ex-
pended 221 lakhs of rupees (2,210,000!. sterling) to
have prevented it ? Is the famine of 1837-38, which led
to the sacrifice of a million sterling of revenue, and which
raged in the North-Western Provinces, through the heart
of which the Ganges Canal will run, and on account of
which the project was specifically approved of, already
forgotten ?”’

Those who were connected with the project felt suffi-
cient confidence in such considerations to satisfy them
that the progress of a work so intimately connected with
the happiness and security of our North-Western Provinces
would ultimately meet with the liberal attention and
fostering care of the Supreme Government.

Whatever might have been the value of the arguments
and opinions above given, they resolved themselves after
all into mere speculations, and as such were not likely to
carry much weight. The researches, however, of the
Committee to which I have before referred, which was
expressly assembled ¢ for the purpose of reporting on
the causes of the unhealthiness which has existed at
Kurnal and other portions of the country along the line
of the Delhi Canal;”’ ‘¢ and further, whether an injurious
effect on the health of the people of the Doab is, or is not
likely to be produced by the contemplated Ganges Canal,”
placed the matter on a sound basis.

The results of the Committee’s labours were arrived
at after the most patient examination of the population
in villages the lands of which were irrigated by the
canals; the members were of high professional and scien-
tific acquirements, and they were called upon to reply to
certain categorical questions the answers to which must
have been in one way or the other conclusive. As the
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report of this Committee is one of great importance, not
only to the Ganges Canal Works, but to the future
extension of artificial irrigation in the North-Western
Provinces, I have in Appendix B given it in extenso,
and shall content myself here by noting the principal
conclusions at which the Committee arrived.

1st. That an extensive epidemic had of late years
pervaded a large portion of the North-West Provinces,
and especially during and after the rainy season of 1843.
That to this epidemic, the sickness which occurred in the
canal districts was partly attributable; and in these
districts the disease was generally, though not universally,
more prevalent and severe than in other situations.

2nd. Fever in a greater degree than usual visited
nearly every place in the North-West Provinces; and in
certain situations, neither irrigated from the canal, nor
within reach of its influence, fevers prevailed to an extent
and with an intensity as great as in the worst canal
villages.

8rd. Evils not necessary to canal irrigation ; but to
irrigation impeded by bad drainage, natural drainage of
the country checked or interfered with, stiff and retentive
soils, and natural disadvantages of site enhanced by excess
of moisture.

4th. Considers that if irrigation was stopped within a
circle of five miles round military stations, their salubrity
would not be affected, and that the effects of canal
irrigation are remarkably local.

5th. Recommends certain conservative arrangements
as beneficial near villages, but questions whether advice
with regard to mode of life, exposure, &c. would be
adopted and voluntarily practised by the agricultural
population.

6th. That the Eastern Jumna Canal furnishes some
of the best and worst results of canal irrigation:—SIick-



CHAP. II.] INTERMEDIATE PERIOD. 61

NESS where the drainage has been obstructed, and where
the soil is clayey, as in the centre division ; HEALTH where
the drainage is perfect, and the soil is light, as in the
northern and southern divisions.

The result of the Committee’s inquiry led, therefore,
to the conclusion that salubrity depended in a great
measure on the nature of the soil and the efficiency of
the surface drainage; it depended, in fact, on the irrigation
from a canal being properly regulated, and on the canal
itself being properly laid out, so as not to interrupt the
drainage of the country. With reference to the Ganges
Canal Works, ““ We consider ourselves warranted,” say
the Committee, ‘“‘in anticipating a far less amount of
contingent evil than has been experienced on those of the
Jumna, which were originally constructed without re-
ference to many important points, which have been kept
in view in projecting the present work, and more espe-
cially in drawing inferences from results on the Delhi
Canal great allowances should be made for the natural
disadvantages of the country through which it lows when
compared with the Doab generally.”

With regard to its effects on the surrounding country,
the Ganges Canal had, independently of the experience
gained from the Jumna Canals, natural advantages of a
very high order for securing the most perfect drainage.
Its course was on the water-shed of the land lying be-
tween the Ganges and the Jumna Rivers; the beds of
rivers or the hollows of ravines were on its whole course
ready to receive any cut that might be made for the
relief of land lying in its vicinity. The whole of the
works had been designed with reference to the most per-
fect system that could be devised for effecting irrigation
with as little interruption as possible to the natural
drainage of the country, and by a judicious arrangement
of inlet and escape to maintain an equilibrium of water
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during the monsoons, and during those periods in the
cold weather when the country was liable to inundation
by partial, though heavy, falls of rain. The Jumna
Canals, on the contrary, were in some respects most in-
conveniently lined out with reference to the drainage of
the country—the Hansi and a large portion of the Delhi
Canal especially : they had in their original construction
been planned without any reference to those points upon
which the Committee place such especial weight. The
system of irrigation, although by no means deprived of
the benefits of rajbubas, was, to say the least of it, very
imperfect, and was occasionally of the worst possible de-
scription. It did not therefore follow that the evils of
the irrigation from the Jumna Canals were to be per-
petuated on a new line, where every attempt had been
made to avoid them.

The recommendations of the Committee with regard
to measures connected with the execution and manage-
ment of the Ganges Canal Works were judicious; they
were summed up in the following terms, and were strongly
urged upon the attention of the Government :—

1st. That the Ganges Canal be kept as much as pos-
gsible within soil, <.e., that its ordinary surface level
should be below that of the country.

2nd. That earth wanted to complete embankments be
never obtained from excavations made outside of the
canal, except in such localities as will readily admit of
drainage.

8rd. That the canal and its branches be taken as
much as possible along the water-shed of the country, so
as not to interfere with the drainage; and in all cases
where such interference may be unavoidable, that the
executive officer be instructed to provide otherwise for the
drainage.

4th. That masonry drains be constructed under raj-
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buhas or bridge ramps, whenever these cross the drain-
age of the country.

5th. That no private watercourses be allowed, but
that irrigation be practised exclusively from rajbubas or
main watercourses.

6th. That irrigation be prohibited within five miles of
a military station, and within one or two miles of large
native towns.

7th. That in clearing embankments, the grass, weeds,
&e., be not suffered to rot on the ground, but that they
be burned as soon as possible after they are cut.

8th. That irrigation be altogether prohibited in lo-
calities which appear naturally to possess a malarious
character.

In concluding these rules, the Committee observe
that they are aware that their adoption will involve an
expense not contemplated in the original estimates for
the work.

The two main questions, therefore, upon which the
further prosecution of the Ganges Canal Works depended
had been seriously discussed and deliberately investigated.
With the proper application of remedies as recommended
by the Committee, the apprehensions regarding the effects
of malaria on the health of the people were not deemed
by the Government of sufficient consideration to warrant
the relinquishment of the project; nor, although the dif-
ficulty of obtaining satisfactory evidence on the question
of navigation was fully admitted, were the apprehensions
entertained on that subject considered to be sufficient to
justify any departure from the original scheme.

The Supreme Government, therefore, in a despateh’
dated 1st May, 1847, issued directions to the Agra Go-
vernment to prosecute the work with the utmost diligence, -
on the principle that *the more vigorously the work can

now be prosecuted, the cheaper it will be to the State.” |



64 INTERMEDIATE PERIOD. [PART 1.

From this period, therefore, the Government were
fairly embarked in the undertaking. Major Baker was
called upon to report on the best measures for carrying out
the wishes of Government, and his attention was drawn
to the following points regarding the construction of the
work which Government had finally determined on :—

1st. The primary object of the canal is to be irriga-
tion ; navigation is to be a secondary object, but is to be
accomplished so far as may not be inconsistent with
irrigation.

2nd. The work is to be constructed in the most com-
plete and substantial manner practicable. This includes
the construction of all the works between Roorkee and
the Ganges, in the manner recommended in Major
Cautley’s last printed report of 1845, with any subsequent
improvements and precautions suggested by Major Baker.
The precise course of the canal and its several branches
below Roorkee is yet open for determination.

3rd. The precautions recommended by the Committee
in their Report of the 8rd March, 1847 (of which I have
before given a copy), are to be adopted as far as may
be practicable. The first four of these suggestions must
be borne in mind in the construction of the canal. The
last four will come into operation after the canal has been
opened and irrigation commenced.

4th. The available water-power is to be employed as
extensively as may be practicable for moving machinery
at suitable places for the erection of such machinery;
where there may be no immediate demand for it, pro-
vision should be made for its future erection.

5th. In taking land for the canal, arrangements are
to be made for the formation of reservoirs and plantations
on the plan which has been adopted on the Jumna
Canals.

As the above rules are those upon which the work
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has been conducted, I have considered an introduction of
them verbatim as an interesting feature of my narrative.
There was some discussion at this time on the subject of
the more southern distriets, and of those which would
derive the greatest benefit from the canal. As these
were questions, however, which depended on close sur-
veys of country, they will be more fully entered upon
hereafter. It was evident, however, that the surveys for
my original project having been made for the purpose of
discovering the watershed or backbone of the Doab, and
therefore conducted through one line of country merely,
were insufficient for laying down branch lines, or of
determining through what districts such lines might be
most advantageously carried.

Major Baker’s report was addressed to the Military
Board, and dated the 13th April, 1847. The document
18 an exceedingly interesting one, and as it bears upon
the whole of the question, and defines the rules upon
which the executive officers and others have been since
guided in the progress of the work, an abstract of its
contents will in this place be explanatory of the views
that were then entertained on the subject.

Major Baker’s plan of operations was founded on the
following considerations :—

1st. That a very small portion of the canal can be
brought into use before the Solani Aqueduct is com-
pleted.

2nd. That earthwork in channels and embankments
being liable to much injury from the weather, and con-
sequently requiring extensive repairs, it is desirable that
these should not be completed before the masonry works.

3rd. That the whole project, including both main and
branch lines, should be completed at once, both with a
view of bringing the whole into operation as soon as pos-
sible, and to admit of a full supply of water being used,

VOL. 1. T
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which could not be the case unless the branches were
ready to receive their respective shares.

The rapid completion of the Solani Aqueduct was a
necessary desideratum under the above considerations;
and it was proposed to concentrate all means upon this
work, by which the object would in all probability be
gained in six years. The calculations on which this. was
based were as follow :—

The cubic contents of the aqueduct being 8,749,524
cubic feet, the following quantity of material would be
required for its completion : Bricks, 12" x 6’/ x 23" for
building, 69,996,192; ditto, ditto, for soorkee, 13,474,258;
lime, in cubic feet, 962,447 ; or, in round numbers,
1,000,000 cubic feet of lime and 850 lakhs of bricks.

The workpeople required in preparing and using the
material would be as follows : In brickmaking, inclusive
of wood-cutting, 3,143,333 labourers; in building ma-
sonry and laying floor, 781,946 ditto; in pounding
soorkee, 641,682 ditto; in undersinking the blocks,
811,040 ditto ; in the earthwork of the aqueduct (ex-
clusive of draught cattle), 1,972,750 ditto. Brick-
making, to be completed in five years, allowing 190 days
in each year (deducting Sundays and rainy season),
would require per diem 149 brick-moulders and 3,309
labourers. The remaining work, to be completed in six
years, allowing 250 working days per annum, would re-
quire 204 bricklayers and 2,471 labourers per diem.
The workshop would require 50 smiths, and 80 to 100
carpenters per day ; and an establishment of about 1,000
bullocks, exclusive of contract carriage, would be required
for the earth-waggons and other purposes.

To those who are unacquainted with the part of India
in which the above works are situated, and with the
system which the nature of the people and of the country
itself renders necessary in the Department of Public
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Works, it may be advisable to point out here that there
are no contractors to depend upon for the supply of
material. The engineer, as the architect, has to make
his own bricks, and to burn his own lime; he has to
purchase his supplies of timber, and, in many cases, to
proceed to the forests himself to superintend its collection.
He has, in fact, neither contractors for making his ma-
terial, nor contractors for putting that material together ;
he is literally driven to his own resources, and, although
the contract system in a limited sense is by no means
misunderstood in these provinces, it is confined to the
manufacture of material in small quantities, and to the
excavation of earth—the latter being a trade which has
long thrived both in the Punjab and in the more southern
States. The earth-contractor must have originated in
the great demand for tank or reservoir digging, which
exists both amongst the Mussulman and Hindoo popula-
tion, or for watercourses on the canals for irrigation.
There are tribes of a wandering class whose chief, if not
entire occupation, is digging tanks and watercourses, and
to these people we are indebted for the greater part of
all our canal excavations. The respectable and wealthy
class of contractors which in Europe relieves the engineer
and the architect from the detail of building, is unknown
in the North-Western Provinces of India ; the difficulties,
therefore, that were encountered by the Director of the
Ganges Canal Works at the early period of their esta-
blishment may be fully estimated.

In continuing his Report, Major Baker, when referring
to the executive establishment that would be necessary,
drew especial attention to the unusual quantity of material
that was required for the construction of the Solani
Aqueduct, the position in which it was placed with
reference to supplies, and the impracticability of meeting
our wants excepting by the exertions of our own establish-

F 2
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ments. The appointment of an officer expressly for the
purpose of superintending the manufacture of material
for the Solani Aqueduct was recommended. This officer’s
duties were to be restricted to the northern division, to
which a second executive officer was to be appointed for
the supervision of the works. Five other executives were
recommended for the works south of Roorkee, their divi-
sional duties being confined within certain limits detailed
in Major Baker’s Report.

It was proposed that the whole of these officers should,
as early as possible after the close of the rains of 1847,
or in the month of November of that year, employ them-
selves in obtaining an accurate survey of their respective
districts, and such a series of connected cross levels as
would enable them, in consultation with the Director of
the Works, to fix on the best possible line for the canal:
they would burn bricks wherever fuel might be available
along the probable course of the canal, and in quantities
proportionate to the probable requirements. On the ap-
proval of the line by the Director, it would be carefully
marked out, and masonry bench marks established ; and,
to use the words of Major Baker’s Report, “ The principal
masonry works would then be commenced, and a careful
calculation having been made of the quantity of excava-
tion in the channel, and the time required for its execu-
tion, the ground would be taken up, and the excavation
be commenced with such reference to the progress of the
Solani Aqueduct as would admit of the simultaneous
completion of all the works.”

The extent of the divisions which were thus told off to
the different officers was arranged on the supposition that
the third project which I have, in my Report of 1845,
recommended for adoption, would prove to be the most
desirable ; but before this could be determined on, accu-
vate surveys of the country were required : it was there-
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fore proposed that the Director should personally visit
the different districts, and, in communication with the
civil authorities, determine the best and most favourable
lines upon which irrigation could be extended. This
determination would necessarily be based on the results
of the different surveys and levels upon which the execu-
tives were to be engaged during the cold season of
1847-48, regulated by the instructions conveyed in the
report of the Medical Committee. In the meantime, the
progress of the works in the northern division, or in that
portion between the hills -and Roorkee, especially that of
the main works at the canal head and on the Solani
River, would go on unimpeded, their positions having
been accurately determined in the earliest stage of the
project.

The establishment which Major Baker recommended
was in accordance with that of my Report; it gave to
each executive the following aid, independently of that of
two assistants, in his executive duties :—

EnGrLisH OFFICE.

Co.’s Rs. A. P.

1 English Accountant . . . 100 0 0

1 Ditto Writer . . . . 45 0 0

1 Ditto Assistant . . . 20 0 O
— 170 0 ¢

NaTive OFFICE.

1 Moonshee . . . . 380 0 O
1 Assistant ditto . . . . 15 0 0
1 Native Surveyor . . . 25 0 O
1 Native Doctor . . . . 15 0 0
2 Sowars, (0 15 rupees each . 30 0 O
1 Dufladar . . 6 0 O
4 Dwrkindauzes, @ 4 rupces each 16 0 O
1 (;]]111’)1"]‘191(‘ . . . 6 0 O
2 l)mo, (v b Tupees c'tch . .. 10 0 O
4 Classics, (@ 4 rupecs each . . 16 0 O

b
D
O
(=)
o

Carried forward ) . . 839 0 0
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Co’s Rs. A, P.
Brought forward . o . 339 0 0
TREASURY.
Co’sRs. A. P
1 Treasurer . . . . 20 0 O
1 Assistant ditto . . . . 10 0 O
1 Jemadar . . . . . 8 0 O
1 Duffadar . . . . . 6 0 O
16 Burkindauzes, @ 4 rupees each 64 0 O
_— 108 0 0
Works.

1 Mistry Smith . . . . 256 0 O
1 Ditto Carpenter . . . 25 0 O
1 Ditto Bricklayer . . . 15 0 O
1 Ditto ditto . . . . 12 0 O
1 Jemadar of Chuprassies . . 8§ 0 O
10 Chuprassies, at 5 rupeeseach . 50 0 0

— 135 0 O

Total per Month . . . . . 582 0 0

With permission to employ on detached works under-
overseers—one mootsuddi, @ 10 rupees per month; one
chuprassie, @ 5 rupees per month: and a guard propor-
tionate to the stores and treasure in his charge was also
recommended.

In reviewing the system of accounts as practised in
the Department of Public Works, Major Baker drew the
attention of the Government to certain points which ap-
peared to him inapplicable to the expenditure on the
large works of the Ganges Canal. Under the system
now in force, the engineer in charge of the works keeps
detailed accounts of expenditure, and on the completion
of a work submits a bill for audit, in which the actual
rates of work are compared with those of the estimate.
If the estimate be not exceeded, or the excess be satis-
factorily explained, the bill is passed, and the executive
engineer is relieved of its amount.

Major Baker argued that if this system was observed
in the Ganges Canal, the expenditure on the Solani
Aqueduct, the Myapoor Regulator, the dams, and prin-
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cipal works of the northern division, would not come
under revision for many years, when the work would have
passed through the hands of several executive officers,
and when, the money being spent, the check would be
retrospective and inoperative; and that the amount of
money at the personal risk of executive officers would
accumulate before the completion of the works to an ex-
tent that would be felt as a grievous burden, whilst the
arrangement of complicated and long-standing accounts
would engross the time and energy which wo