


PREFACE.
Tue object of the following pages is to explain the
principles on which the efficiency of Canals in this

country depends.

The reader should be warned that some of the
views here enunciated may not” be concurred in by
" many Engineers, whose opinion is entitled to respect ;
and also, that the Principal of the Civil Engineering
- Ugllege who has kindly consented to issue the pam-
phlet as one of the College Series, is in no way respon-

sible for the accuracy of its contents.

As these “mnotes” have been drawn up hastily,

is probable that ! icler, if so inclined, will find
uch to eriticize ; but thoudh in many cases, there may
be a want of clearness in the language, it is hoped
that the meaning -intended to be conveyed will be
olerably apparent, and that the work will not on
he whole be devoid of interest or utility to the
yzounger members of the Department, Public Works.

B2WADA : 37d Oct., 1862. J. C A



NOTES ON CANALS AND RIVERS.

ANAAAAANAAAAA

1. IRRIGATION by means of Canals is chiefly applied to
tracts of country which have been formed by the gradual
eposit of alluvial matter, from rivers in a state of flood.
The deposit from the inundation begins to take place at the
points where the velocity of the stream is checled |
being along the margin of the channel, an inundatio;
country through which a river passes, will leave ’(,._‘. )
a stratum of silt in the form of a Wedde ti» thick end of
which is on the river bank.

-2, In the course of time, successive annuai inundations
Al thus have formed a slope away from the banks, resem-
ing the glacis of a fortification. The width of this slope,
1l vary according to the nature and size of the river. Tt
y be only 200 or 300 yards, and be perceptible to the eye,

it may extend to the distance of many miles,

-3. The feature above deseribed is not only to be found
along the main channel of a river, but also along its branches."
No very extensive tract of country has been formed by the
nundation and consequené-deposit )

On.the contrary it must have b ok

4. The channels of all rivers, unless when o
ocks, have been more or less liable to cliange 1
y referring to a map of any Delta, the reader will obser\ e
~fhat the characteristic of the Delta form, is that a river as
t approaches the sea, should split up into two or more
/branches or arms, which again may be subdivided into smaller
ones. Each branch has a tract of country within its in-
}ﬂuence, and serves to extend the area of alluvial deposit,
‘either by raising its banks, or by extending the Delta sea-
‘ward. ‘

5. The forms of the mouths of Delta channels will de-
A
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pend in a great measure on the influence of littoral currents
but sooner or later, they will encroach on the sea, and turn
a portion of it into dry land. As this process is in operation.
the head of the Delta also undergoes change. Without enter-
ing at present into the cause of this, it is nevertheless a fact,
that as the Delta extends itself seaward, the branch or.
branches at the head of the Delta, tend to silt up, and if the
process is not checked by artificial means, the complete cut-
ting off of the supply of water, is sooner or later certain to
take place. The main channel of the river if left to itself,
would gradually absorb the whole supply, and would thus
constitute the head of the Delta at some point nearer the
sea, where the next bifurcation might happen to have been
formed. ; /,/
6. The fact of such changes having actually occurrd
will be apparent from a consideration of the physical chara
ter of rivers, such as the Indus and Ganges, which, wii
their branches, have formed by alluvial deposit, the whole
the vast plains which extend from the base of the Himalay
to the sea. At some former period, the sea must have wa
ed the foot of the hills, and the Indus, Ganges, and & number
of other rivers which now fall into them, must then have

fallen separately into the sea, and each would have had its
own distinct Delta ; and the co

ndition of two such rivers, as
for example, the Gap

ges and Gogra, would have very much
restiabled that of the Godavery and Kistna, as they are at
present. From this analogy, it may be assumed, that there
is every probability of the Godavery and Kistna uniting at
some future period, when the extension of their Deltas sea-
ward, would admit of their doing so. By the time that
happened, the number of branches or arms by which the
existing Deltas are intersected, would have disappeared, un-
less prevented by artificial means ; or rather they would not
have disappeared, but their form would be changed to such

an extent, as to leave room for controversy, as to what they
originally weve, ;
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7. It is a common occurrence to find dry beds of rivers
in allavial plains, possessing all the characteristics of the
existing channels. In some cases channels may be found
of such capacity as to show witheut doubt, that they are
deserted beds of the main stream ; in others there may be
indications ef a partial and gradually diminishing supply
having reached them ; which, by successive annual deposits,

) hds curtailed theif section to such an extent as to admit
of their being adapted as irrigation channels, or if left
: ‘ entirely in their natural state, such channels may be silted
! up completely by successive deposits from flood water, and
i | by drifted sand and dust, until they may be no longer per-
j ceptible, and all that is left to mark ‘their course is a ridge
i of high land.
| 8 It will thus be scen that an alluyial plain (so called)
k'ﬁs not made up of an equable deposit of alluvial matter to
%he right and left of the main channel of a river, but on
he contrary by that from a number of channels, some of
S:Vhich may subsequently be obliterated. The fall of the
ountry also, instead eof only followmg the course of the
ymain channel, will be affected egually by all the others. In-
2 ‘permedmt.e between the chamnels, the ground will be low,
gnd the line formed by the intersection ef the two planes
lopmg away from their respective banks, will evidently
indicate the course in which the drainage from those plaing
‘(wﬂl tend to flow. Swuch Tines will be found also on the
pxtreme boundaries of a Delta,—receiving on one side the
drainage ot a portion of the Delta, and on the other that of
the country independent of it.
‘ 9. After these remarks it is time to explain that the
irrigation ef a tract of a country is based on very simple
:‘ principles, Supposing that a supply of water is required for
| the land near the bank of a river, which has ceased to over-
i flow it, but which may rise to the lip of the channel, then
) as the country falls away from the river, it will be readily
,‘ understood that a cut through the bank will give the means

e Rt
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of irrigating the ground beyond. This may be considered
the simplest form of irrigation. Again, if the surface of
the river falls so considerably below the lip of the channel,
as to be incapable of supplying water to the ground at a
distance, by means of a cut carried at right angles to th
course of the river, the difficulty may be surmounted by,
excavating a channel in an oblique direction ; for the cours
of ariver is never straight, and an artificial channel may be!
formed in a straight line, which will carry the water to a
higher level, than that of the surface of the river at any
point opposite to it. For every mile of its course, it thus-
gains something on the surface level of the river, and it
becomes a matter of simple calculation to find how far if
will have to be carvied, before the water issues on the sut
face.  For instance if the fall of the river surface is one foot
per mile, but with a tortuous course of one half more thar
the direct line, an artificial channel with a fall of one foot
per mile, running parallel to the general course of the river,
that is from point to point of curves, will for every mile
of cutting gain six inches on the river. So that if the sur-
face of the water at the head of the cut were five below the
lip of the channel, it would gain that amount on the rivenX
in ten miles,

10. If the cut were excavated in ground en the sam
level as that on the margin of the river, the water it carrie
would then come to the surface and be available for irriga
tion; but as the ground falls at right angles to, as well ag
with, the course of the river, the required level would b
attained by a cut less than ten miles in length ; or if the fal
along the cut, were less than one foot per mile, say six inche
per mile, the water would come to the surface in five miles
or less according as the ground might be level, or slope o
in the direction of the ecut. ' A '

11, The water in the river may fall so low at the timi
during which it may be required for irrigation, as to render
the cutting that would be required to bring it to the surface -
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inordinately expensive; and, to irrigate effectually, it may
be necessary to raise the water artificially, by means of a
dam or anicut constructed across the channel : but there
are other objects to be served by such dams besides simply
holding up the water, which, though not so obvious, are of
hardly less importance. This will be understood when I
have described the condition of the heads of Trrigation chan-
néls, which are opened from the river in its natural state.
¢ 12, Tt will be readily understood that the high ridges
nd the old channels, above described, indicate the most
Euitable alignment for a series of Irrigation channels. The
bject would be to conduct the water from the river to the
rest of such high lands, and then, for the channels along
g:hem, to arrange as far as may be practicable, that the exca-
ivation shall be no more than sufficient to furnish the mate-
“Yial required for the embankments, which should retain the
iwater at as high a level as possible, consistent with their
istability. If the depth of water admitted into the head of
he main channel is materially less than what is due to the
‘river at its full height, the depth of the excavation at the
head will increase in proportion to the difference ; and it
‘awill then be an object, in order to make the cutting as inex-
ensive as possible, to carry the line of the channel through
ow ground, until the water would flow on the surface. The
rrigation limit is then reached, and the channels should be
ntinued along the highest ground, that will allow of the
ater continuing on the same level with it or above it, as
may be found most suitable for the locality. If the ground
were level on both sides of the channel it would in many
cases be indispensable to have the surface of the water above
it ; but in the other hand the soil may be ill-adapted for
lwithét.a.nding pressure, or for preventing percolation ; and to
avoid the occurrence of breaches, it may be desirable to keep
the height of the embankments within very moderate limits.
The best alignment of channels, under such circumstances,
will be explained further on.
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ON CHANNELS OPENED FROM A RIVER IN ITS
NATURAL STATE, :
13, A channel opening direct from a river, and unprovid-
ed with a sluice or other regulating work at its head, is sub-
Ject to the two following disadvantages. It is subject either
to have its supply increased to an inordinate extent during
high freshes, or to have it cut off altogether. In one case
the current of the river may set on the mouth of the canal,
or on the bank above it, If the soil is liable to erosion, it
will be cut down and washed into the canal. the head of
the canal itself would be enlarged ; and such destructive ac-
tion would only be limited by the duration of the fresh. The
greater the fall of the canal in this case the greater the evil
Or on the subsidence of the higher freshes, the stream may -
have moved to the opposite bank of the river, leaving a mass
of sand banks between it and the head of the channel, whict
it would be impossible to cut through in time to replenisl
the supply. In this case the less the fall of the channel the
greater the evil. Botb the above contingencies must be
common in all Irrigation channels, which are opened from ¢
river with a shifting bed. In the latter a temporary bund
may in some cases be effectual in replenishing the channel
but it has generally to be constructed before the freshe,
have finally ceased, and is very Lable to be destroyed just
as it is completed. Though a new head may be formed
through the sand banks for the next season, it 1s next to im-
possible to cut through them at the close of the rains, with
a falling river, and when the water under the surface of the
sand bank stands on a higher level than that of the river.
14, The violent action on the mouth of the channel wher
the river sets against it, may be checked by revetments
groynes and such like defences, but they must also have the
effect of diverting the action of the stream from its natura
course, and thus tend to throw it off towards the opposite . .
bank. Supposing that there were no other difficulties to sur-
wmount but the two I have specified, they might be overcome
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by the construction of a head sluice, with defences against
encroachment, and of a groyne running from the opposite
bank, so as to force the stream of the river to pass alongside
the head sluice. In many cases however the construction
of such a groyne would be-impracticable. The river might
be too large, suitable material not procurable, and the expense
of Taintenance of the groyne itself, and the river defences
which it would necessitate, would be too great, to be justifi-
able, unless the channel were of very high importance —
and in that case a dam or anicut across the river would
i)e more efficacious than a groyne.

Ii 15. It does not necessarily follow that a dam is required
only for the purpose of raising the water, and thereby les-
gening the excavation of the Trrigation channel. In the ri-
t'ers in the north’ of India, the supply when at its minimum
s sufficient for the wants of the canals, the size of which is
indeed regulated by the minimum supply in the river ; and

hough it may be necessary to raise the water toa certain
ffxtent, the principal object to be served by a dam is to lead

he water to the canal

. 16. Some of the rivers in question are several miles wide,
and the channel in the dry weather will flow along one
bank one year and along the other the next, and the third
year perhaps in the middle. The arm leading past the
tnouth of the canal, which may have been the main channel
when the canal was opened, may have become raised at its
head, though the bed at the canal mouth may be of the full
depth. No dam across the arm of the river would have the
desired effect of increasing the supply. Even supposing
that below the dam a cut was excavated, so as to incréase
the fall, and thereby the draught of the channel, it would
still be ineffectual ; for the velocity thus produced would
have to be allowed to go on ‘increasing, until the whole of
the river passed over the dam ; or it would have tobe check-
ed, which implies that the supply bz thrown back. and oc-
casion deposit of silt or other matter at the head of the
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creek, If the latter is so far up the river, as to be beyond
the means of influence, neither then would the dam in the
first instance have any power to produce an increased draught
of water,

17. It follows therefore that no dam across an arm of a
river can be effectual, unless it is designed to be capable of
discharging the whole of the river supply. It is therefore
apparent that the only means of regulating the supply in a
river with a shifting chanuel, is to dam up the whole of it,
This may be accomplished by blocking up various arms, by
groynes, revetments and other appliances, and *by leaving
the channel to be dammed up, of the smallest capacity, con-
sistent with the stability of those works and of the dam it-
self.

18. Thus, as I have abovementioned, a dam may be usej
more as a limit to the capricious shiftings of a river than as
a means of simply raising the water, though probably in all
cases, it would have to be used at times for the latter pur-
pose ; for even if the depth of water at the head of the canal
were sufficient, the surface fall of the river is generally great:
er than that of the canal which opens from it, and the water
would have to be forced into the latter, by closing the dam,

19. At the heads of some of the canals in upper India,
the bed of the river is formed of boulders ; and permaneni
dams across the main channel of the river are dispensed Withi
The above remarks refer particularly to channels with shift-
ing beds, in which the changes produced by a fresh are not
capable of being counteracted by temporary expedients ; but
if by temporary expedients, the full command of any stream
is not obtainable, then a dam is certainly the only means of
acquiring it. i

20. While on the subject of river beds, I may - allude to
the modes which may be adopted to.prevent the setting up
of the heads of arms of a river—such as those in the Deltas
in  Eastern India;—which I before rémarked is sure
to happen, unless prevented by artificial means. Such
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arms are, 1 believe, originally produced by the overflow-
ing of the river banks during a high fresh,—when the
water finds a shorter course to the sea, than by the
main stream. Up to what point such arms continue to
carry the same proportional supply from year to year, and
when the equilibrium begins to be disturbed by one channel
showing a tendency to abstract by degrees the whole sup-
ply, it would be difficult to determine. It is sufficient to
know that such a tendency is sure to arise; and that if
nature were left to herself, she would assuredly block the
heads up completely.

21. The operation was in progress in the Cauvery before
Sir A. CorToN checked it by constructing the annicuts, and
it is now going on in the Mahanuddy, though measures have
been adopted to check it there also, which will probably

»sult in the system which proved so successful in Tanjore,
" being carried out at Cuttack. The effect of any groynes

» other works, designed to deal with one of two Deltaic
%ms, can only be partial, and in asword unsuccessful, A
royne constructed for the purpose of increasing the supply
of one arm, by diminishing that of the other, will doubtless
attain that end, but it cannot (I speak of rivers in sandy
or alluvial soil) proportion the inerease, nor can it, in fact,
after once upsetting the equilibrium, prevent the 2ohole of
the river being carried into the arm, in which there had
previously been a deficiency, unless a series of groynes or
other regulating works be established on that arm, as well
as on the other. - =

22.  The first effect of 'a groyne, thrown across the mouth
of one arm will be to cause a deepening and general enlarge-
ment of the head of the other. Suppose this effected by the
freshes of a single season. Those of the next season will en-
large the head of the channel still more, and the water that
thus enters the channel must find a vent either by enlarging
the channel onwfrds towards the sea, or by finding an es-

cape over the surface of the country, or hoth. The velocity
B
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in the other arm having been checked by the groyne would
lead to an extensive deposit of silt, and its head would soon
be completely blocked up and the groyne itself buried in
land. A series of counter-groynes would have to be started
from the opposite bank of the river ; but the supply of the
two arms could never be effectually regulated until a masonry
work of the nature of an annicut had been constructed across
both arms.

ON THE RIVERS IN THE NORTH AND SOUTH
OF INDIA. ;

23. It may be desirable to enter at greater length into

consideration of the causes which render the rivers in th
north of India so different in their action from those in the:
south. - The soil in both cases consists of a stratum of alh{—
vial matter over-lying sand, but in the Deltas of the Goda-
very and Kistna, the thickness of the upper stratum is much
greater than it is in the N. W. Provinces, and the sand is c]?f

a coarser and heavier quality, and more capable of resistin
the action of a stream. The Godavery and Kistna, though
hable to undergo considerable changes, do not cut away the
land adjacent to the channels, to such an extent as the
Sutluj and the Indus, though the fall of country is not se
different in the two cases as to account for the comparative
permanence of the former. The fall of the country traversed
by the Sutluj is 16 inches per mile, and that of the Goda-
very and Kistna Deltas one foot per mile. The depth of
water in high freshes is much less in the Sutluj than it is in
these rivers. How comes it then that the channel of the
Sutluj has & width of from 2 to 8 miles, and that it is never
to be found for two successive seasons in the same place?
It is evidently due to the different quality of the soil. The
depth of a river will always “depend on the nature of the
soil by which its channel is lined ; and if%in any two rivers
having an equal fall of surface and discharging equal volumes
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of water, the depth varies, it may be assumed that the one
with the greater”depth passes through soil of greater tena-
city than the other. The reduced depth of the one will be
made up by an increase of width.

24. In the Sutluj the greatest depth in the cold weather
is about 10 feet, and the height of the freshes does not ex-
ceed 10 or 12 feet, or at furthest 15 feet, which would give
a total depth of from 20 and 25 feet; whereas in the Goda-
very and Kistna, the freshes rise to a height of between 30
and 40 feet above the summer or minimum level.

25. If however, we examine the height and duration of
the freshes in the two classes of rivers under consideration,
we shall find that although the Sub-Himalayan rivers do
- 5t attain the same height (at least in tlte upper Provinces)
ds those in the south of India, they do not subside so rapid-
1 ,and it must be remarked, that, to form a comparison
-{z;tween the two, it is necessary to take into consideration
the fact of there being a large body of water in the Hima-
layan rivers during the dry or cold season. For instance,
the Sutluj united with the Beas discharges at its minimum
8,000 cubic feet per second, the Ravee between 2 and 3,000
cubic feet, the Chenab probably more than both together.
The Ganges, at the foot of the Himalayas discharges between
6 and 7,000 cubic feet per second ; the Sarda in Oude 6,000
feet, the Kowrialee,* the largest of all, though the least
known, 13,000 cubic feet per second. The two last when
united form the Gogra, which, with the additional supply
derived from several smaller affluents, discharges between
22 and 23,000 cubic feet per second. The Ganges near Rah-
mahal discharges in the month of January, with a mean
velocity of 2% feet per second, 115,000 cubic feet per second
—probably more than the minimum discharge of all the

other rivers in India (excepting the Burhampooter) put toge-
ther. Records Bengal Govt., No. XIX, p. 124. '

* 1 have seen boats taking in cargo on this river, within 20 miles of the
Himalayas.
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26. The depth of the larger rivers, at least after reaching
the plains, is 10 or 12 feet, the surface velocity at the deep-
est part of the stream between 3 and 4 feet a second, or 2
to 2% miles per hour. An addition of even 5 feet to their
minimum depth would enormously increase their volume,
and if it be considered that during the three months of July,
August and September, it very rarely falls below this, Wnile
during the greater portion of that time it retains a height
of 9 or 10 feet above the cold weather level, it will be under-
stood that the aggregate action of the rivers in question is
far more violent than those in the Deltas of the south of
India, in which, though the rivers rise to a great height,
they mever retain it for above a few days at a time, a
afterwards are liable to fall to about 15 or 16 feet below tllt:
maximum of the months I have specified.

27. Thus on comparing the Register of the Ganges at
Cawnpore for five years (1843 to 1847—see Plate 60, Atlak
attached to Sir P. Cautley’s Report on Ganges Canal), T find
the average height above the cold weather level for the
months of July, August and September, amounted to 103
feet, the greatest height during that period being 13’8
while in the Kistna the average height of the freshes above
the crest of the annicut for a similar period (1856—1 860) and
for the same months was only 6 feet, though the maximum
rose to upwards of 17 feet.

28. I proceed to describe the peculiaritics of one of the
principal rivers of the Punjab with which T happen to be
well acquainted; and also the physical features of the coun-
try through which it passes, in the hope of enabling those
who possess experience of the rivers in the south of India;
to form a more just appreciation of the distinctive character
of the two, than perhaps they would otherwise have the
means of doing.

29. This, however, is not the only object of the following
remarks. Tt will appear as the reader proceeds, that in
investigating the conditions of natural streams and dry beds
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of rivers, I am endeavbring to gain some insight into the
working of streams of whatever kind,—whether in natural
or artificial channels.

30. In the country traversed by the Sutluj there are
numerous natural channels (now dry), which at one time
must have been arms or branches of the Sutluj, or have
received the drainage of the higher country towards the
Hills, Some of them are intersected by the Sutluj, and this
would give color to the supposition that they are deserted
beds of arms of that river,—at least as regards several of
the larger channels.

31. Their heads are now completely silted up, which
would be accounted for on the same principle that explains
the silting of artificial channels, or of the secondary branches
of a riverin a Delta. No river can permanéntly flow in two
c&annels, unless the bifurcation were in unyielding rock, a
contingency of which I question the existence anywhere.
The two channels may retain their proportional supply for a
number of years, but sooner or later; the whole of the water
will be absorbed by one of them.

32. Let us suppose that when the supply of both should
have been uniform, a slight alteration should take place in
the direction of the stream above the bifurcation, so as to
increase the momentum on the head of one of the arms, to
something above the standard. The increase of velocity will
deepen the bed: a larger supply than ordinary will enter the
channel. This must cause either a general enlargement of
the channel onwards, or the additional supply of water must
find its way over the country. Should this happen, there
would seem to be no limit to the increase.

33. The moiith of the channel having been enlarged,
would, in the absence of any impediment to the onward flow
of the water, continue to be enlarged still further, and there
would be no limit to this process, until the whole volume of
the river should pass into the arm, The head of the other
arm would, in the meanwhile, have lost its supply, in pro-



14

portion as the other gained it, the velocity would gradually
become less, and silt would be deposited until the mouth
should become completely blocked up.

34. If on the other hand, the additional volume of wa-
ter, poured into the other arm, could not find a vent either
by enlarging the channel throughout its course, or, from the
land being too high, by increase of inundation, it must of
necessity follow, that the velocity would be reduced. The
water would, as it were, be heaped up, the slope of the sur-
face be diminished, and the water would be thrown back on
the head ;—the initial velocity would be destroyed and the
head which had been deepened in the first instance would be
again silted up—the current would be deflected on the head _
of the other arm, where the same process would go on. |

35. It would thus appear evident that when a stream
sets on the head of a channel with shifting sides and bed,
which opens from it, it will either continue to enlarge it
without limit, as long as the initial velocity is kept up ; or, if
the resistances which are offered to the enlargement of the
channel (from the head onwards) are sufficient to check the
velocity, the volume of water will be reduced until an equi-
librium is established. But if the volume of water is re-
duced, the current which occasioned the increase by acting
on the head of the channel must either be deflected on the
head of the other branch (or to the main channel as the case
may be), or if it continues in the same direction as before,
the velocity can only be kept up by having a diminished
section of channel, that is, the head would silt up.

36. Were the banks of a channel incapable of erosion,
though the bed might be yielding, if, let us suppose, the
banks and head of the channel were revetted, so as to secure
them against being washed down, the result would differ
somewhat from what I have described above. A current
setting on the mouth of such a channel (so as to cause an
excess of what we’ may conceive to be its normal supply),
would commence its action by deepening the bed, Were
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the deepening to extend along the whole length of the chan-
nel, the velocity and volume would go on increasing, and if
a vent were afforded for the additional supply as fast as it
was delivered, there would be no limit to the ingress of wa-

ter at the head short of the whole supply of the river. But
this is supposing a state of things which could never occur

in reality, for no channel could be revetted in such a man-

ner as to render its banks secure against being undermined

as the depth of the stream increased ; and further, the mate-
rial cut out of the bed which we have supposed to be carried

on by the stream would accumulate,—could not in fact be

carried forward, and would therefore, by raising the bed of
the channel further down, diminish the slope of the surface,

and thus throw back the stream on the head ; or, if the banks

#t the head give way, this result would be only the sooner

accomplished, as the material composing them would have to

be carried on in addition to that of the bed. The resistance

‘would then be increased more rapidly, the stream would be

thrown back, as described before, and the velocity at the

head could only be sustained by a diminished depth. The

head would be wide and shelving down from the mouth.

We suppose that the volume of water thrown into the branch

or channel is diminished, and of course the difference would
pass on to the other branch or the main channel.

37. Let us-conceive a case in which the revetments of the
mouth and banks of a channel withstand the action of the
stream which sets against them. Then, however great the
slope of the branch, the resistances which would accumulate
along the channel at a distance (unless it be allowed that the
supply may go on increasing till the whole river passes into
it), would have the effect of diminishing the surface fall, and
of diminishing therefore the volume of water. There will
then be a limited supply of water, which can be discharged
by the channel, while there will be a pressure on the head
on any additional rise of the river tending to throw in an
increased volume of water. There must be an increased ve-
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locity, and if there is no increase of volume, (or say, no pro-
portional increase of volume) in the channel, the depth of the
channel must be less in the riverin front of the mouth of the
channel, than it is in the channel itself The actual result
would be the formation of a sand bank in the form of a cres-
cent, ‘extending in front of the mouth which®would consti-
tute, as it were, a natural sluice to regulate the supply of
water. The greater the rise in the river, compared with the
discharging capacity of the channel, the greater would be
the height of this sandbank, and it weuld disappear only
when the channel could carry on the supply thrown into it
without any change in the surface fall.

38.  The above remarks are evidently applicable to the
heads of canals, and they are equally so to the mouths of Ti-
dal rivers, or inlets from the sea, \

39.  There are many different theories about the forma-
tion of bars, and thereis, I believe, no branch of Civil En-
gineering, in which the opinions of professional men will be
so conflicting, as in that relating to the improvement of Ti-
dal Rivers. It would be presumption on my part to dogma-
tize on the subject. I would merely observe that in" all the
works on Tidal harbours which I happen to have perused, T
have found the -action and effect of the tide, whether in its
natural state or modified by means of artificial works, to be
rendered quite intelligible by the simple principles above
described.

40. I may be excused a slight digression if I can shew
that the formation of bars is due to exactly the same cause as
the silting up of the heads of the branches or arms of a river.

- 41 We may suppose that there are two distinet kinds of
tidal action ; one in which the tidal current sets on the mouth
of an inlet, that is, in a direction perpendicular to the line of
the shore : the other, in which it runs parallel to the shore,
The tide may set in a direction intermediate between these

two : but it will suffice to consider the action in these cases
only,



17

42. First, then, we have the tide setting on the mouth of
an inlet. Let us first suppose the soil to be of a yielding
nature, sandy or alluvial. On the tide rising, a certain velo-
city will be generated ; and, to maintain this velocity, it is
necessary that the stream which passes into the inlet should
meet with no*obstruction. - If this condition is preserved,—
if during the rise of the tide to the full height, there is no
check to the onward flow of the stream, there will be no bar.
This, however, is a case that can rarely be found in reality.
It assumes that there is a basin or receptacle for the tidal
inundation, of such an extent as to admit a continually
increasing volume of water, up to the time of high water.
But, unless the rise of the tide were very trifling, the velo-
city would have the effect of enlarging the mouth of the
inlet. During the next flood-tide a much larger body of
water would have to be provided for, for the same velocity
. as before would act over an enlarged section, and so on;
‘the receptacle for the inundation, however large, would not
be able to receive a supply which. would go on increasing
without any limit. We must either suppose that the neck
of land between the basin and the sea is gradually cut away
until the two are incorporated, or we must allow that the
material removed by the tidal current from the mouth of
the inlet, is heaped up at some point beyond, and that the
resistances which would be formed would throw back the
tidal current on the mouth. But we have assumed the full
velocity due to the tidal rise to act directly on the mouth,
while, according to the last supposition, the volume of the
water would be reduced. T can see no escape from the con-
clusion that a complete blocking up of the mouth of the
inlet, would ensue. We have supposed the soil to be of a
yielding nature. Let us conceive the mouth of the inlet
to have been revetted, or to be on rock, what would be the
result in this case? It would make all the difference in the
world.. The tidal basin, if sufficiently large, would allow of

the stream flowing into the inlet, the sides of which we have
(o}
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supposed to be incapable of erosion, with the velocity due
to the progressive rise of the tide. The bed, however, would
be acted on, and if the materials removed were to be accu-
mulated beyond the terminus of the revetted channel, the
tidal current would be thrown back and a bar would be
formed in advance of the mouth, like that described above
in para. 38. If the bed were permamnent, as well as the sides
of the channel, it would depend on the depth, whether or
not a bar would be formed. If it were sufficiently great to
allow the stream to flow in, with the velocity with which
the tide approached the mouth of the inlet, there would be
no bar whatever., If, on the other hand, it were not suffi-
ciently great to allow this, a crescent-shaped bar would be
formed in front of the mouth ; or if the whole of the shore
were rocky, br incapable of yielding to the action of tkfe
current brought to bear on it, the tide would enter in‘a
series of eddies or counter-currents.

43. In a case when the capacity of the tidal basin may
be accurately known, as well as the rise of the tide and its
velocity from hour to hour during the period of flow, then
it would be no more difficult to predict the effect of a chan-
nel such as that above described in preventing the forma-
tion of a bar, than it would be to predict the effect of revet-
ting an irrigation channel opened from a river, in prevent-
ing an accumulation of silt at its head.

44 Any reduction of the eapacity of the basin which re-
ceivesthetidal inundation, must havesimply theeffectof throw-
ing back the stream, and of increasing the height of the bar.

45. Also an increase in a sea-ward direction, of the
length of the tidal inlet, would, by reducing the surface
fall of the stream, allow of a smaller body of water to
enter ; consequently groynes thrown outin the prolongation
of the sides of the inlet, and above the high water level,

instead of serving to prevent the formation of a bar,
would actually produce a higher one than would have
existed before. The most advantageous inlet that could be
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conceived, is that in which the point of two rocky promon-
tories form the sides.* This, of course, must be apart from
any consideration as to the danger which vessels would
encounter on entering.

46. The inlet to Kurrachee harbour is something of this
nature, but the very limited capacity of the basin prevents
a sufficient depth of water being maintained at the entry.

47. In cases where the tidal current runs parallel to the
shore, the maintenance of a free inlet is not so difficult as in
those in which the current is perpendicular to the line of
the shore. The natural condition of an inlet in shifting soil,
would then be similar to that of a ereek or arm of a river
when the stream does not bear directly upon it, that is, it
would be shelving. If the tide carries along with it sand
of other matter, the mouth of the inlet would, in time, be
blocked up as completely as the old beds of rivers above
described. But if the head of the inlet were contracted
artificially, the deposit of silt might be checked there, at
least in a great measure, and though the whole might not
return with the ebb tide, a portion of it would, and if ' the
capacity of the basin were sufficient to allow of the tidal
current entering without any check, there would be no bar.

48. The principle which, above all others, has to be
borne in mind, in dealing with tidal inlets, is, that the form-
ation of a baris primarily due to the insufficient capacity
of the basin which receives the tidal inundation. It would
be impossible to give general rules, by which the precise
condition of any natural inlet might be determined; but in
the cases in which harbours that were naturally good ones,
have been injured by artificial works, or those in which har--
bours that were naturally bad have been improved, it will,
to the best of my belief, be found that the tidal inundation
was reduced in the one case and increased in the other.

49. I have not alluded to the formation of bhars at the

* The harbours of Havauna and Port Philip may be cited as instances of
this formation. d
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mouths of the rivers, but the fact is, a river has nothing to
do directly, with the formation of a bar. So far as it im-
pedes the flow of the tide, it will favoursthe formation of a
bar; and as it must do this to a greater extent during freshes
than at ordinary times, the bar will be higher at that season
in consequence. Of course during ebb tide, the rivers will
have more or less effect in reducing the height of the bar.

50. There is a bar at the mouth of the Po, and this may
be pointed to as an instance in which the tide could have
no effect, as it is generally supposed that the Mediterranean
is a tideless sea. The fact is, however, that there is a tide
atthemouth of the Po; that it rises between two and three feet
and extends for seven or eight miles up the river. But even
if there were no tide, it does not follow that littoral and
other currents have no effect in producing a bar. The only
way to ascertain the part performed by a river, is to observe
what is the effect when it empties itself into a lake.

51.  But toreturn to the peculiarities of the rivers of Up-
per India, as distinguished from those of the South. = The ex-
istence of various natural channels in the country bordering
on the Sutluj (which may be taken as a type of the Sub-Hima-
layan-rivers, which are most addicted to shift their channels)
has been described, and their present condition of being en-
tirely silted at their heads, has been accounted for, on the sup-
position that they were at one time branches or off-shoots from
that river. Had they been independent streams, as at least
one of them probably was, which, by the encroachment of the
Sutluj, were intersected, and whose supply was thus absorbed,
the supply of the lower portions of the trunks, would thus

- have been cut off from the initial velocity and momentum
of the parent stream, and reduced to the condition of an
arm of the Sutluj, dependent on a retention of its supply to
the contingency of its momentum at the bifurcation, being
always in the same proportion to that of the Sutluj.

52. This equilibrium could not possibly hold good for
any considerable time. The volume of the water in the
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Sutluj, acting ag it does sometimes on the extreme right and
sometimes on the extreme left of its channel, would either
generate an excess of pressure on the head of the branch or
the contrary. In the one case, the effect would be what I
have above described, (para. 84), in the other, that of a com-
parative stagnation of the stream at the head of the branch,
and the deposit of silt would gradually increase. Whether the
branch had a greater or less fall than the Sutluj the result
would still be the same, there being no alternative, as I have
observed already more than once, between the Sutluj throw-
ing its whole volume into the branch, or of silting its head
completely.

53. The natural channels, then, are silted up at their
heads, but with that exception they remain in perfect con-
dition and form a remarkable feature in the face of the coun-
try, extending as they do, in some cases, to a length of up-
wards of a hundred miles. They have all the characteristics
of inundation channels, that is, their banks are higher than
the adjacent country. It is possible that some of them may
have been, at a comparatively recent period, lines of drain-
age (indeed all rivers must have commenced as drainage
channels) and from having been used as conduits for the
supply of water for Irrigation, have assumed, by means
of successive deposits along their margin, the pecu.haalty
due to inundating streams.

54. Some of those chaunels have evidently also carried a
partial supply (Whether mtroduced by artificial means or in
the course of nature, I know not) long after the bulk of the
volume had been cut off, which has had the effect of reducing
their section; and others again have been used as Irrigation
channels for many years, the supply being replenished year
by year by clearance of the heads. The width of the chan-
nels varies from about 50 to 400 feet, and their depth varies
from 6 to 15 feet. The most important of them, called the
Old Beas, has a width of about 200 feet and greatest depth
of about 12 feet, It is exceedingly tortuous, the actual
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length of the channel being 425 miles, while the direct dis-
tance between the extremities is only 225 miles. On the
whole, the fall of the beds of the various channels corres-
ponds very closely, the size not apparently having had
much to do with it. It runs from 1 in 8,000 to 1 in 10,000,
or from 8to 6% inches per mile, and the resulting theoretical
velocities without any deduction for bends, would nowhere
exceed 3 feet per second, supposing the channel full. In
the Beas with a depth of 12 feet of water at the deepest
point, it would be 2} feet per second, and it would be consi-
derably less, if proper allowance were made for the addition-
al resistance occasioned by its extraordinary tortuosity. We
should not, I believe, err much in considering the effective
fall to be less than 1 in 16,000 or about 6 inches a mile. The
same mean velocity 2% feet per second would be generated in
an artificial channel with a side slope of 1 to 1, with a bot-
tom width of 100" and depth of water of 85 feet.

55. The channels, at least those of the size of the Beas
or less, show no symptoms of having been subjected to any
considerable changes. The deep bed runs along the concave
curves of the bends, as a matter of course, and when the
channel was full, there was no doubt some degree of erosion.
But, on the whole, the channels are of a remarkably compact
section, and when they happen to run straight, as they do
in some places for a short distance, they are as perfect as if
they had been cut artlﬁma,lly The soil varies a good deal.
The general formation, as before mentioned, is a stratum of
alluvial soil, which contains a large proportion of clay, and
sand beneath. In some places the channel has been coated
with deposits of the former, and in others the sand is ex-
posed. In the latter case erosion of the banks would
take place to a considerable extent. In some of the other
channels, the clayey soil is alone to be seen* while the

= Suppesing the supply of these channels replenished, the action of the

stream would be less, than it would be in the case of an artificial channel to
the right or left, where ‘the soil is more sandy.
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country at a little distance on either side is of the usual
formation. I should suppose that this had been occasioned
by the supply of the channels having become reduced, so as
to cause a contraction by means of alluvial deposit, before it
had been finally cut off.

56. I should not omit to mention that the depth I have
specified is the depth below the lip of the channel, which
again is above the level of the country at a little distance :
further, that taking a section of the country in a line perpen-
dicular to the course of the Sutluj, the banks of the channel
would be found to occupy the highest points, and to be much
on the same level as the banks of the Sutluj itself. The
width of this tract of country which may be considered as
under the influence of the channels, is in some places as
much as 30 miles, but generally it is considerably less (W. of
the Sutluj). Further to the westward, there is an abrupt
rise which will be described hereafter.

57. I would now beg to draw some conclusions from the
information that has been gatheredsfrom a consideration of

~ those old channels.

1. It has been seen that their supply was cut off, by the
loss of their original head of water, and that the heads
became silted in consequence.

2. That with the exception of their heads they are in per-
fect condition.

3. - That the fall is about 6 inches per mile.

4. That the greatest depth of a channel ahout 200 feet
wide, is 12 feet, and that the highest theoretical velo-
city would be 2% feet per second.

5. That the uniformity of the section and the absence of
any signs of violent action, or change of course, give
evidence that the motion of the stream, when the chan-
nel was full, was uniform or approaching to uniformity.

6. That the soil is alluvial, but with sand underlying
it, and, in some places, predominating. ‘ ;

58. If we return to the Sutluj, we shall find the general
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fall of the country in a straight line, to be 16 inches a mile.
To this limit, the surface of the water in the floods must
approximate. The greatest depth of the water in the dry
season is about 10 feet, minimum disecharge 1% millions of
cubic yards per hour, highest surface velocity 3} feet per
second. Its course, in the dry weather, is excessively -tor-
tuous. Here then we have the river in a condition almost
identical with that of the dry channels, and if the dry wea-
ther volume of water continued permanent, we may conclude
that the Sutluj would assume a form similar to theirs, with
the same tortuous channel and the same fall, and that its
stream would become uniform. This it must approximate
to every season, but at the setting in of the freshes the re-
gimen is completely upset. '

59. The water then passes over all sandbanks and islands,
and the surface fall increases. It would be a mistake, how-
ever, to assume that it ever attained a fall (that is, in the diree-
tion of the current) equal to that of the country taken in a
straight line parallel to its general course, or 16 inches per
mile, with the full depth of 10 or 12 feet (the height of the
freshes) in excess of the dry weather depth, in all from 20
to 25. A mean depth of 20" and a surface fall of 16 inches a
mile, would generate a velocity of about 7' a second or near-
ly 5 miles an hour. Now, as.we have seen that the condi-
tion of uniform motion is attained when the velocity is little
more than a third of that amount, we may therefore con-
ceive that a violent derangement of the bed must ensue.

60. It would be simply impossible that the velocity of
5 miles per hour should be maintained, and T may remark
that whenever the velocity of a river is computed in the
way I have arrived at this, it should by no means be taken
as the actual velocity. If the bed of the river is disturbed
after the velocity exceeds say 2} feet a second, then T would _
ask what becomes of all the material removed when the ve-
locity rises to double or treble that amount. The water car-
ries a certain proportion of matter in suspension, but it may
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~ take up that, at the very base of the Hills, and unless to
malke up for the portion deposited during inundation, which
however generally withdraws so much water entirely from
the rivers, it ean carry no more, The sand is displaced, and
to a certain extent carried forward, but in the operation a
certain portion of the velocity is destroyed. The capacity
of the channel however great.is not more than sufficient to
carry on the voluwe of the water, and if it is enlarged either
by deepening or widening of the bed, the material thus re-
moved will go to contract it at some point lower down.

61. It would be impossible to arrive at a complete com-
prehension of the action of a large river in flood, but a gene-
ral idea of it may be formed, which may be correct so far as it
goes. The Sutluj oceupiés a channel,—as before explained
from 2 to 6 or even 8 miles wide, a portion of it being occu-g
pied by islands, which ave only submerged in high ﬂood{%
Conceive the river a% flowing in two Channels, one on the

ﬁ‘ighb» and the other on the left bank, with such an island be-
tween them. If on a sudden rise, the current sets down one
of the Channels with greater.violence than on the other, it
will act more on the bed and banks. It will remove part of
the sand and the earth washed down, to a certain distance
in advance, and throw part of it onone side. But it cannot
carry forward beyond a limited quantity of material, It
must therefore be heaped up in advance, and thé resistance
will thus acecumulate until the velocity is checked, and the
water held back, This would immediately give a prepon-
derance on the other channel, in which we have supposed
the action to be less violent before, or if the bifurcation of
the two Channels, thatis, if the head of the island were too
distant to allow of the water being held back'so far, the
stream would eut its way through it. :
- 62.  The process above described would then go on in the
" new channel. I have, better to illustrate my.meaning, figur- -
-ed the volume of the river as passing in two Channels, one
along each bank, but in reality they would be much more
: : D



26

numerous, and if it be conceived that this process of cutting,
first one bank and then the other, is carried on in a \vxdbh
on the average of about 4 miles, it may be understood that
the work thus performed in the course of a season, will be
something considerable.

63. I have, by actual measurement in two different places,
observed three quarters of a mile in width of high ground,—
of old formation, and out of the limits of the channel, and
only inu_ndafed in the highest freshes,—cut aw ay in the

course of a single season, along with villages and large trees,
and not a vestige of them left behind.

64. I have been much struck by the fa,ct that when a
concavity of this kind had been formed during the freshes, the
river was generally to be found, at the close of the freshes, in its
old course, leaving a large sand bank between itself and the
concavity ; also, that along the foot of the curve, there was the
remains of the deep channel—-silted at the head, and gra- 1
dually deepening to the other extremity. The form would

. be something in the fashion of the
v f adjqining .diagram.  The dotted
lines shew the progress of encroach-
)‘g ment to ACB, the extreme limit.
v - The change I have described as
being common after the encroach-
~ment, is accounted for on the same
‘principle as that above explainad.
The stream sets on the bank at A
in the first instance, and continues
to cut it to the form ACB, but the
resistance of the bank would evi-
dently go on increasing until the
stream would be hLeld back, and
find itself a new course, not per-
haps exactly identical with what
it had before the freshes, but pro-
bably not far {rom it.

i
i
]




bO

-
Zi

65. L have said the resistance ofiered by the banks would
be considerable, hut in fact, the resistance offered by them to
simple degradation is trifling. It is more the remoral of the
material which is washed down, that would occupy the force
of the stream. The alluvial soil would bé melted and car-
ried on to the noarest low ground, where there might be a
stagnation in the stream, that is below B, but the sand must,
I believe, be carried across the stream and form the sand
bank on one side. « The fact that strong under-currents, and
also numerous Eddies are perceptible when the stream is
acting on the banks, favor this impression. The banks give

way 50 readily owing to the upper stratum of soil (generally
of a hard compact chyey nature) being only from 3 to 6
feet thick. As the river rises the pure ﬁne sand* below is

sucked away l)y the current, and the bank falls by its
own weight.

66. Though such extensive degradation of the banks
takes place, it does not follow that the material washed down
should serve to permamently raise the bed of the chanmnel
lower down, and by this means to conuwract its section.
Solong asthe River in the freshes rises to the level of thebanks,
any enlargement of the channel on one side leaves a corres-
ponding space on the other, which will be filled up by the silt
which is broughit down from the reach higher up, where an en-
fargement may also have been formed ; and so on, along the
whiole course of the river. The process may be seen in ope-
ration on any small stream which runs in a tortuous chan-
nel, whi®h on washing down the banks at the concave
sides of the channel, carries the material on to the next bend,

and deposits it on the convex side. The process might be
continued on a series of similar bends along the whole course
of the str eam, and if the condition I have mentioned of the
water 1131110 to the brim of the channel be fulfilled, there
will be no aceession of silt, for the stream is capable of carry-

* Su fine as.to be-utterly unfit to mix with llme.
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Ing on a certain amount of matter on suspension. - If then it
has to carry on the material abraded at the first concavity,

- it must at the same time deposit an equal quantity at the

corresponding convexity.

67.  In the case of a river cutting down its baan which
- may be higher than the flood level, there must of course be
an accession of material. It would serve to raise the bed
somewhat lower down in the first instance, and permanently
so, if the water should not during a porgion of the season
reach the spot less loaded with silt than it was capable of
carrying. The Himalayan Rivers issue from the Hills for
several months in the year perfectly cl_éar, but in the allu-
vial plains they take up silt, and this aid may serve to re-
move any accumulations that have taken place during the
freshes. Not having any of the Reports on the navigation of
the Ganges at hand, T am not aware to swhat extent the
“flats” which impede the navigation are due to the washing
down of high banks at some distance above them, and to
the accumulation of mere material than the stream is capa-
ble of removing before the subsidence of the freshes.  Tt'is
at all events sufficient to explain the fact, that in some riv ers,
for instance the Indus, the higher the freshes, the greater are
the impediments to navigation, from shoals.

68.  The bed of a river may tend to rise by deo-rees ‘and

-

as the mouth advances seaward, it might be anticipated that -

the bed would rise throughout its course in an alluvial tract
of country, and doubtless such a process must take place,
and be perceptible in the portion of the river atwo great
distance from the sea. But this process' may go on for ages
without affecting the river in its upper regions. In the latter
1t would be difficult to say whether the continued raising of
the adjoining country by means of inundation is due'to »
rise of the bed, or whether the rise of the bed is not due to
the inundation. The fact is, a river has a certain regimen to
retain, and will retain it so long as the soil through which
it passes remains unchanged. If the bed rises, the banks will

‘i



29
rise in proportion, and if it be asserted that the fall of the
stream will be changed by the extension of its Delta, I would
point to the form of the channel, and ask if ‘the river has -
not the power to adjust its fall :

69. The slightest rectification of sinuosities would be suffi-
cient to make up for aly raising of the bed, and banks in the
lower portion of ariver. For instance, I have described the
direct fall of country along the Sutluj to be 16 inches,.per
mile while the fall of the channel in the cold season (judg-
ing from that of the chy bed of rivers in the adjacent coun-
try) is less than half that amount. ~ Supposing at the point
where it joins > Thenaly, the ground at some future time
should ¥ ‘ bove its present-level, and that the
actualilong : e is 480 miles (or double the direct
line) fron: Ferozepoor, it would retain the sarhe fill per mile,

Bigwith the stuface 4 feot cfremity, by rec 1ﬁ-

mg its course —= 2 Bghnilcs or oné'mile fot every 80
o &=, :

only 22 yards in every mile,—a difference so t-ifling as to !

almost inappreciable,

70. . The gradual raising of the land, will not only be ¢!
result.of inundation from rivers, but must be produced in a
similar manner by irrigation, supposing that alluvial matter
is thrown ' on the fields. The process may be so gradual,
that it may be unnecessary to make any special provision
against it ; but it is evident, that sooner or later the loss of
fall would have to be made good. On most irrigation wroks

- ona large scale, there is generally an excess of fall; more
than sufficient to- make up for any possible raising of the
land ; hut one may easily conceive a case, where there might
be none to spare, where by means of a chiannel of moderate
dimensions, the supply of water could only command a very
limited area of land, owing to its being on 2 high level. As
this became higher by the gradual deposit of silt in the fields,

“itiwould obviously be necessary, in order to keep up the irri-
gation to the same area, orin other words to suhply the same
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quantity of water as hefore, that the channel should be enlarg-
ed to make up for the loss of fall, or if there were the means
of raising the initial supply, the same result might be accom-
plished. In the case of a channel from a river, this might
be done by either opening a head at some point higher up
than the existing head ; or, if local peeuliarities prevented
this being done, the only alternative would be to raise the
water at the channel head, by means of some work on the
ri \'er: or if such a work already existed, by raising it higher.

ON THE HEADS OF IRRIGATION (CHANNELS,
OPENED FROM A RIVER IN ITS: NATURAL
STATE. 1

no ceneral rules can be laid down.. If a chann- l-> aesirraiiy °
to fill » tunk only, by the supply v»luch isthrowid ssching
from time to time by the higher freshes, the management of
it must be more simple, ,,than in a case where a channel is
used directly for irrigation, and is required to retain a sup-
ply for several montbs continuously. : £
72. Putting aside the question of expense, which must
vary in different localities, it may be asserted that the chief
difficulty to be contended against in rendering Channels ef-
ficacious, is the precarious condition of the supply of water
at the close of the irrigating season. The heads of Channels
then will have become more or less silted up, and there is
seldom time to clear them, for if they were closed for a fort-
night or three weeks, the crops dependent on them would pro-
bably be ruined. Some slight improvement, might be effect-
ed in. that time, were there a. prospect of a subsequent rise
of the river, but the excivation would be carried on under
difficulties owind to ‘the puu,ola,t;on of the water which is
held in retention by the soil,.and if the river were not to

rise again, the replenishing of the supply would be hopeless
by that meaps. o

i'M



31

73.  Bunds are another remedy to be tried occasionally ;
and while there is a chance "of their succeeding, recourse
must be bad to them. They may answer on some rivers, and
be almost sure to fail on others.

74. Cuts on the bed of the river itself, it may be to lead
the water into one of  the minor Chiannels or creeks, which
feed the Irrigation channel, are also almost certain to be inef-
fectual. Though the fall of the surface ‘may be great, the
infiltration of the water, as the excavation proceeds, renders
it impracticable to attain the required depth.

75.  All these works refer to replenishing a channel when
thepupply fails at the close of the season. Of course, the
necessary clearance or other excavation may be easily carried
~ on during the dry weather, for the next irrigation season. Bug

as a rule, if the supply fails at the close of the irrigation sea-
but ‘wa temporary expedient can be counted on for restoring it.
. v.' 1t therefore becomes an object of high importance to
fix the heads'of Channels in positions where they will be
least liable to silt up, in order that they may have no greater -
obstacle to contend with, than what is inevitable,—that is
the chance of an insufficient height of the freshes. I'nfor-
tunately, unless in a river which flows in a permanent chan-
nel; it is impossiple to find a site, where the head of an ir-
rigation channel will not be exposed to silting. The advan-
tages of any sites will only e relative : no gencral rules,
éither, can be laid down for selecting them ; so much must
depend on local peculiarities, that what might be sought after
on one river, would have to be carefully avoided on another.
It will depend on the nature of the soil, fall, &c., and the
-height of the water, whether it is advantagcous or otherwise
to expose the head of a chaunel, to catch the full effect of
stream in the River. In some pla.ces this might be a de-
sideratum, in others it would simply destroy the channel.
77.+ 1 would therafore confine myself to a few observa-
tions on particular cases on which I have found Channels
to be defective or otherwise. ritl 4
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78 1: When opened so_ as to have the stream in the
viver bearing on the head as 1huch as possible, . If the soil is
not extremely tenacious, the banks at the head of the chan-
el will be washed down, and the material thus displaced
will block up the channel. If the sides of the head are re-
vetted, a great paxt of the evil may be averted, but it will be
found that this will not prevent sand banks accumulatm g
in front of the mouth, and if the smelun acts on the bed, a
large quantity of material may be carried forward to. the
lower portions of the channel (para: 38).

- 79. - Ifa canal is opened from a bank which the river shows
a tendency to set against, and cut down at any point above
the head, then there must be evident danger of the canal be-
ing chocked up by the material which would be washed down. *

80.. In the case of a river which is liable to occasion mis-
chief of this kind, the most suitable point for opening =
channel is where there will always be a sufficient depth of
water without any violent stream acting on the banks.
Perhaps the most suitable of all conditions would be if the
viver passed at rvight angles to the head of the channel,
bug as there could be no certainty of its continuing in
that direction, it would be better to avoid such: a site, and
to select one where the water would be comparatively stag-
nant. For instance, if the river flows in the direction shown
. in the adjoining diagram after re-

ceding from a curved channel,
which it, may have formerly cut
for itself by encroachment on the
bank, orif A be the tail of creek

or arm‘of the river which leaves
the main channel at some point

- higher up, there. will be -a= back-
. water there, and, although the
)\ stream Inay pass over the sand
- bank or island with considerable
velocity 4n the freshes, it will be
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less than that of the main stream, and less likely to do mis-
chief. The point A would therefore be a grod site for the
head of the irrigation channel. It must be observed that the
backwater may be of recent formation, and that its mouth
may tend to advance down stream, so that care should be
taken to have the head of the channel sufficiently low down
to guard against the contingency of the channel in front
bscoming dry, and at the sams time not so low as to bring
it within the influence of the main stream.

81 It will frequently be found that there is no eligible
site for the head of a channel in the bank of the River in
an interval of many miles. The River may have receded
towards the opposite bank, leaving a mass of sand banks
between it and the point where the channel may be re-
quired. In such cases, however, there is generally the dry
channel of the River or of a branch of it, running along the
foot of the bank, and it may be necessary to follow it up to
its head, and perhaps to clear it, in order to make use of it
as an artificial channel. The heatl of such a channel, if
there is any choice on the matter, should be selected on the
same principle as that of an artificial channel, care being
taken to hug the bank as much as possible, or at least to
remove all the soil excavated, to the side which will be
furthest from the action of the stream in freshes, or it would
otherwise be washed into the channel.

82. In some cases there may be no alternative, but to
cut through the head of a sand bank with the knowledge
that' the effect of any excavation will only be temporary.
There will then be great danger of the supply failing when
the River subsides, and should it do so, there will be no
remedy, unless it may be that the creek leading to the canal
may be large, and may derive a partial supply, though on -
too low a level to suffice for the wants of the canal. In
this ecase, a bund across it immediately below the head of
the latter may be of some service.

83. If the country -along the River varies in level, and
: E
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the lower portions are subject  to inundation while the
higher are not, unless pérhaps in extreme floods, care should
be taken in a case when it may be desirable for the sake
of economy to open the canal in low ground, that the line
should be carried as nearly as possible adjacent to the
higher ground on the down stream side, in order that the
channel may not be liable to be taken in reverse by the
inundation, and to have its banks washed down.

84. If the canal is to be furnished with a sluice, it should
be constructed as near the head as is consistent with its sta-
bility. If the bauk of the River, and the head of the channel
can be rendered secure against injury at a moderate expense,
by means of revetments or groynes, the efficiency of the canal
would be much promoted by constructing them ; but if the
River is not tolerably permanent; and there is the likelihood
of the Canal head being left at times high and dry, with the
necessity of opening a new head at some point higher up or
lower down the River, the sluice and works connected with
it would be rendered useless.  When however there are no
such disadvantages to contend against, it would seem highly
desirable that every channel should have its head sluice, in
order that any excessive supply of water may be prevented
from entering. Unless it is built at the head of the channel,
this advantage cannot be obtained without the inconvenience
of a deposit of silt in the channel between the head and the
sluice. The extent of this will of course depend on the height
of the water, and the time during which it is held up by the
sluice. If the interval between the sluice” and the head is
considerable, this evil, would be serious ; and in many cases,
it would be better to construct the sluice at the head, with the
chance of its being destroyed. ~ This, however, is a question
to be decided separately for each case on its own merits. If
a sluice is required to prevent inundation, and if disastrous
effects would ensue from its destruction, it might be advisa-
ble in such cases to have a second sluice in reserve, ata -
sufficiently safe distance from the head. -
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ON THE FALL OF IRRIGATION CHANNELS,
VELOCITY, &ec.

85. Tt 'will not be disputed, I believe, that the higher
the velocity of the waterin a River or_Canal, the heavier
will be the amount of matter held in suspension and carried
forward by it. While one velocity will take up alluvial
matter only, another will ‘take up sand, and if the velocity
in the latter case is reduced the sand will be deposited in
proportion.

86. If it be desirable, as it generally is, to convey allu-
vial matter by means of the Canal water, to the fields which
it irrigates, while the introduction of sand must as a rule
be noxious ; it must evidently be also desirable to moderate
the initial velocity as far as possible to prevent the influx of
the latter, and also to prevent its being retarded at any
point, so as to cause a deposit of alluvial matter.

87. The initial velocity is, however, dependent on the rise
of the River, and does not in practice admit of regulation ;
and the introduction of sand may therefore be considered
as a necessary evil, which it may be possible to lessen,
though not to remove entirely. As regards the alluvial
matter, however, the case is otherwise.  The alignment of
a Canal might be conceived so perfect, that there should be
no change of velocity, excepting-at the head along its whole
course : that the wvelocity should thus be kept-up to the
point of delivery of the water on the fields; and that
there should be no accumulation of silt in the bed of the
channel, unless in the immediate vicinity of the head,
where, in the event of the Canal being furnished with
sluices, which do not admit the full height of water due to
the level of the River, the supply will enter with a greater
velocity, than will be possessed by the stream on the Canal
itself, and where ardepomt of silt must therefore necessamly
bﬁkwp]me Glhar 3 o

© 88, It is seldom, however that Cana,ls are a.hgned so per-
fecbly in regard to their fall, that no change of velocity is
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produced.  The fall of country generally becomes less and
less, the further the Canal is carried from the head, while the
width of Canal has to be reduced in proportion as the water
is expended.  This would render it necessary, in order that
there should be no loss of velocity, that the fall of the chan-
nel should constantly increase ;—which local peculiarities
may render impossible of attainment. Stillit should always
ba borne in mind that a Canal will be more or less perfect,
according as the welocity is kept up, or is diminished,
throughout its whole course.

89. The fall from the head sluice to the point of delivery
indicates the whole effective fall, and if this is one foot per
mile, it follows that in order to retain the velocity, the main
channel must start with a lower rate, while, if continued in
a straight course, it would admit of the channel which ac-
tually delivers the water to the fields having a higher rate
of fall than 1 foot per mile. _

90. If the fall of the country is greater the slopes of all
the channels may be increased, up to the limit of the capa-
bility of the soil to withstand erosion, but the rate should
always, if possible, increase as the Canal progresses.

9L In some cases as in the Canals opened from Rivers at
the base of the Hymalayas, this is quite unattainable owing
to the extraordinarily high fall of the country ncar the
Hills, but. the silting in those Canals may be kept partly un-
der the use of scouring sluices in the cold season, when the
water enters the Canal quite pure.

92. It may also be considered necessary on economical
grounds, to allow a high fall at the head of the Canal, when
the fall of the country is rapid, and when the cutting at the
head itself is excessive. As for instance, on the Baree Doab
Canal where the. depth of cutting at the head is about 60
feet.  If the fall were redueed the widih of the eutting
would have to be increased, a.nd add enmmously to the ex-
pense.

93. But in a Delta }y,hgre th_e f;\.ll is fgolex‘_ab.ly uniform
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the slope of the bed of the main channel should be less than
that of the branches, which again should be less tha,n that of
the minor channels and cuts.

94. - Not only for the reasons above stated, it is desirable
to give a low proportional fall to the main channel, but it is
also of importance that the water should be brought to the
surface, and applied to irrigation as quickly as possible. If
the cutting up to this point is considerable, the question may
arise whether it might not be better to have a higher rate of
fall, and thus a smaller width of channel, and consequently a
less expensive one, and thus by leading the water to the
surface to some point further from the head, to sacrifice a
portion of the irrigation. This must be decided by actual
calculation in each case.

95, As to the actual fall whlch should be given to the
main trunk of a Canal, apart from the consideration of ex-
pense or in fact any considerations; but that of the mainte-
nance of the channel in good working order, I would name
6 inches per mile, in preference to: any other, for alluvial
soil of moderate tenacity—on the supposition that the depth
of water will be from 6 to 10 feet, and the width considera-
ble (say 100")—being nearly the same that I have observed
has been adopted by channels in their natural state, in simi-
lar soil. - I would by no means insist on this being the best
fall in all cases.

» 96. I assume the slope of bed to correspond with the slope
of surface, but it may be desirable to cut down:the head of
the Canal, so as to yield a smaller slope of bed, in order to
obtain a supply of water at an earlier date in the season.  But
#he bed always tends to follow the slope of surface, as will be
cbvious from the consideration, that if the depth is greater to-

- wards the head than it is at some point Iower down, the velo-

city (supposing the width to be the same) will be less and silt .
will consequently be deposited until the velocity throughout
becomes uniform. Such a diminished slope at the head must
thervefore render nocessary a considerable annual clearance,
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97. On the assumption that a surface fall of 6% a mile or
say 1 in 11,000, is suitable for the main channel at starting,
with a width of 100 feet, I proceed to shew the rate at which
the fall should be increased as the supply becomes less.

98.  Let us suppose that branches are drawn off, taking
a certain proportion of the water, and that the width of the
main channel is reduced by successive degrees to a width of
80, 60, 40, and 20 feet, and that the depth is reduced succes-
sively to 5%, 5, 41 and 4 feet, but that the velocity through-
out is maintained, at what it had at starting with a width
of 100 feet, depth 6 feet, surface fall 57 inches per mile,—
namely, 2-1 feet per second. By means of the hydraulic
formula, I find the fall of surface required in the : different
cases will be 64, '7,7°9, 103 inches permile. From the ter-
minus let a channel leave with a depth of 8 feet and width
of 10 feet reduced after consumption of a portion' of the
supply of water, to a width of 6 feet and depth of 2} feet.

"The velocity to be the same as before. The fall required
for these channels will then be 148 and 195 inches a mile ;
and if we suppose the length of -each of the first mentioned
channels, or reaches of channel, to be 10 miles, and that of
each of the two last to be 5 miles, the whole fall from the
head will be somewhat more than 45 feet, and the whole
distance being 60 miles, the average would be 9 inches per
mile. If the fall of the country did not admit of so high
an average, it might be easily reduced by maintaining a
greater depth in the channels and diminishing the width.
If for instance, in the caseabove-mentioned the depth for
50 miles had been maintained at 6, the total fall required
would only haye been 26 feet, or on the average 61 inches
Pel'mile. farrrini 2 15 o hagingt

99. The above will be sufficient to indicate the mode in -
which the slope of the channel should be regulated in order
to prevent accumulations of silt. In practice a Canal is
never perfectly aligned on this principle, but unless it can be
shown to be defective, as L have no reason to think can he
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done, every endeavour should be made to adhere to it, in
designing a system of* Irrigation works, so far as local pecu-
larities and other circumstances permit.

100.  The accumulation of silt in channels, particularly
in the main channel is not only a serious impediment to
maintaining a supply of water till the crops are matured,
but the clearance may be enormously expensive, Even if
the silt cannot be carried on to the fields, as in a perfect
Canal, one mey conceive possible, one step in advance is
gained, if it is prevented from accumulating in the main
channel; for the.maintenance of the supply in it is the most
essential point, and if there are deposits in the branches
only, it may be possible to clear them in turn, without cut-
ting off the supply from the river; or if this might not be
feasible with the branches, it would be so at all events with
the smaller irrigation channels; and it would not only be
a.dvantageous to throw on the silt to them, and to clear them
in turn, without cutting off' the supply of water from the
branches, but the clearance would* evidently be much less
costly from them, than it would be from the larger channels.

101.. When the fall of country is so gentle as not to
allow of the fall of the channels being gradually increased
from 6 inches a mile, it would he necessary to reduce the initial
slope somewhat. A very slight reduction, would, as it affects
the whole of the channels onwards, in the aggregate, mount
up to something considerable.

102, If, on the other hand the fall of country may‘be
too great, the initial slope may be increased, with if neces-
sary a reduction in the depth of water; or if the fall of
country is rapid at first and afterwards more gentle, the
desired result may be attained by constructmg perpendi-
cular drops at intervals.

103, Any change of direction causes a certain loss of
velocity, and the water thrown into branches and minor
channels would loose velocity, in passing through the head-
sluices, unless they possessed the full water way of the
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channel. Due allowance would have ‘to be made for this,
by adding somewhat to the slope at the heads of the
branches and channels.

104. Tt should be observed that by diminishing the fall of
large channels, there is a gain to the minor channels not only
of actual fall but of relative fall. Thus, if the fall of country
is one foot per mile, I may assign that to both the main
channel and the branch, but if T reduce the fall of the for-
mer to 8 inches a mile—before the branch leaves it, I gain
for the branch, not only the velocity due to a one-third
greater fall, but, for the number of miles of the main chan-
nel for which the slope has been reduced 4 inches pér mile,
I may add it on to that of the branch and make it 16 inches
per mile.

105. The principle above described of the necessity of
keeping up the velocity to the point of the delivery of the
water, is so obvious that it must have occurred to évery-
one, who has had much to do with Irrigation works; and I
should not have thought it necessary to dwell upon it, at

such length, had I not reason to believe that it is very
much lost sight of in practice.

ON SILTING.

106. Any one who bears in mind the fact that a change
from a greater to a less velocity must occasion a deposit of
silt, would have no difficulty in foreseeing the effects in
which any hap-hazard alignment of a series of channels
~ would result :—still to make the subject as clear as possible,
I would propose to enter into a consideration of the cases
of defective arrangement of fall, which seem, to me to be
most likely to occur in practice.

107. A channel starting from the lower ﬂoor of a masonry
drop, has a fall say of one foot per mile for 5 miles, and .
afterwards proceeds with the reduced fall of 6 inches'a mile
for another 5 miles, the width of the channel being designed
so- as to retain the same depth of water in both reaches say
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6 and the levels at the terminus being supposed permanent,
In this case as the velocity in the lower reach is less than
that in the upper; a poi tion of the silt brought in by the
water must be deposited in. the former—and it is evident
that as the bed at the commencement of the lower reach
became raised, the depth of water towards the terminus of
the first reach would be greater than the normal depth of
6 feet ; and as the surface fall, and therefore the velocity
would be less than that at the entry, deposit would take
place there also; and the process would continue until a
uniform slope of 9 inches per mile was established along the
whole distance of 10 miles.

108. Again the velocity and depth can only be main-
tained by “having a uniform width throughout the whole
distance. If it were allowed to increase the depth of water
until a surface fall of 9 inches per mile generated the same
velocity as a fall of 12 inches with depth of 6 feet (that is
to increase it to about 8') the deposit of silt would then be
entirely prevented and the channel would present a uniform
section, and slope of bed from the head to terminus of the
reach; but if the surface of the water at the head could not
be raised sufficiently to admit of this, the discharge of the
channel would be reduced.- :

- 109. In the case of a cha.nnel of the same seetion chang-
ing from a less to a greater fall. The permanence of the
bed in this condition, would depend on whether the velocity
generated by the higher fall sufficed to tear it up. If it
could not do so, the depth in the lower portion of the channel,
would of course be less than in the upper; and the surface
slope of the latter would thereby be increased. The veloc1ty
would diminish as the depth increased towards the head, and
deposit of silt would therefore take place—gradually, increas-
ing in -quantity up to.the head, which would assimilate the
‘slope of the bed in the first reach of the channel to that
of the lower. =~

+110. If a channel of a certa.m scctxon passes into one of
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smaller section with the same fall, The -water in- the lower
part of the channel must obyiously be deeper than in the
upper. The surplus siope would therefore be decreased in
the upper portion and silting would ensue—by a diminution
of the width where the depth was in excess, that is near
the change of section, but as the section of the upper chan-
nel is ' diminished by silting, an additional height of water
must be required to maintain the supply up to the original
quantity, or to what is supposed to be flowing in the lower
channel.  This would result in the surface slope being equa-
lized to that of the bed and the depth of the upper portion
of the channel the same as that of the lower, and the width
also, the section of the former having been gradually con-
tracted by silt deposits, until it corresponded with that of the
bmaller channel.

- A channel having a width of 50 feet, length 10
miles, fall of 6 inches a mile, passes into another of equal
length, with a diminished width of 30, and fall sufficient to
maintain the same depth as that of the upper channel, say
6 feet. If the velocity in the 2nd channel were sufficient
to act in the soil, it would gradually deepen the bed until it
assumed a uniform slope throughout. If the width of
second channel remained unchanged at 30 feet, the other
channel would assume the same width and in order to main-
tain the same supply as before the depth of water would
have to be increased, or if the action of the stream in the
lower channel served to widen as well as deepen it, the sec-
~ tion of both channels would be rendered alike, the latter
being enlarged, the upper contracted, sufficiently to allow
the stream to uniform depth throughout of 6 feet.

112. I have supposed that the material which is washed
down is carried on beyond the terminus, but should the
channel at any point furtheridown, have a less fall than the
rectified bed above described, the material would be de-
posited there. There would then be a decrease in the effective

all of .the whole channel, and the bed would assume a more
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gentle slope than that above deseribed, while, i order to
maintain the same supply as before, the depth would have to
be increased.

113. If we suppose that the bed of the lower channelis
permanent, or that a masonry work, as for example, abridge
with a flooring, is' constructed across the channel where
the fall changes from 6 inches a mile, to a greater, then as
the surface slope cannot change suddenly, and as the depth
is supposed to be 6 feet, it follows that the greater slope (that
is of the lower channel) would be continued for a certain dis-
tance in the upper channel. But this would increase the depth,
. and therefore diminish the slope of the ' surface from the
head. To maintain the supply the same as before, the
depth at-the head would have to be increased. But as the
supply would then pass through a larger section, its vcloc1ty
would be less, and silting would ensue.

114. TIf the fall of a channcl is so great as to cause ero-
sion of the bed, the material removed will serve to raise the
bed at some point lower down, and tltis process ifleft to itself
would continue until the slope should become uniform, and
the velocity be so reduced, as to mo longer act on the bed.
Or if the’ stream is mnot prevented from acting on the sides
of the channel it will cut’ foritstlf a series of sinuosities, until
an equilibrium is established. Tn the latter case, it would not
follow that the surface and bed of the stream should be
changed with reference’ to the level of the country, as would
have been the case, if the straight channel had been pre-
served, 'ﬂthoun'h, of course, the material that would be
washed down would serve to raise the bed of the channel,
unless removed by artificial means.

" 115. Thus if the direct fall of the channel were 18 inches
a mile, when that required to preventfercision ,- should be 12
inches a mile, the channel might assime a serpentine form,
so that the lengtl of its course should be one and a half
mile,” for every mile in a straight line. The level of the
bed at each point where the new course intersected the old,
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would, in every case in which the above proportion of the
lengths held good, remain the same as before.- Were it how-
ever considered necessary, as it generally would be to maintain
the Canal in a straight course, the process of eutting in the

upper. portion, and raising in the lower, would have to be
checked by the construction of masonry drops or falls, by
which the excess of veloeity might be neutralized ; and if we
suppose, for the sake of illustration, that they arve construct-
ed at equal intervals apart, then by building half the height
above the level of the original bed, and half below, and al-

lowing the proper difference of level from one to the other,

the action of the stream, by cutting away the soil from the

bed in the upper half of the reach and depositing it in the

lower, would adjust it to the required slope; but of course,

the reduction of the slope of bed, would render it necessary,

i order to maintain the supply the same as before, that

cither the width of the channel or the depth of water should

be increased. -

L16. In the case of. an aqueduct or bridge constructed
with a diminished waterway in a channel, of which the fall
above and below is the same, but with au additional fall
along the masonry work in order to pass the water with the
same depth, but with a higher velocity, let us suppose the
werk t0 be an aqueduct of considerable length, and that the
supply is constant. Then the depth along the aqueduct must
be constant, or the slope of the channel aheve or below must
be changed. - But it is impossible that there should be a sud-

den change from one velocity to another. However gradual,
" the contraction at the mouth of the agqueduct thight be, the
fall of the surface in front would be greater than ‘that of
the bed of -the Canal, as at first assigned, the surface in
fact would be higher than that due to the slope of the chan-
nel; the fall of surface from the head of the channel would
therefore be less than that assigned to keep up a uniform
discharge. To rectify this, the ~depth of water at the head
would have to be inlcréased. ~Also at the lower extremity -
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of the aqueduct, there would be a loss of motion in com-
municating the greater velocity of the water from the aque-
duct, to the less velocity of that on the channel beyond.
The water would not pass off so freely as it would have
done, had the lower portion of the channel been a simple
prolongation of the upper; and the retardation of motion
. thus produced, would have to be made good by an inecrease
of depths, in order to pass off the given supply.

117. In the chanmel above the agqueduct the increase of
depth, would cause the bed to silt up until the capacity
became the same as at first, also the width of the channel
near the aqueduct would be contracted by deposits, until the
sides assumed a curved form, the width between them being
inversely. as the velocity of the stream at different points,
the depth being supposed to continue uniform.

118. In the case of aqueducts, bridges or other construc-
tions, in which the waterway is less than that of the chanmel,
not having any excess of fall over that of the channel, the
stream would still assume the same surface fall as that above
described.

119. I must own that I can see no objection to a mode-
rate contraction of the waterway of bridges and aqueducts ;
especially of the latter, where the saving of expense may
more than counterbalance the loss of fall and other defects,
such as the silting above described, and the action of the
stream on the bed of the channel at the lower extremity of
the work. In most cases the loss of fall would be of no
importance, but were an aqueduct or bridge to he construct-
ed near the head of a Canal in a Delta, a difference of two or .
three inches might materially affect the supply. It has been
.explained that a contraction must ‘hold up the water on the
chanmel above it, and that in order to maintain the supply
which the channel would have carried; had there been no con-
traction, the water at the head must stand at a higher level than
would otherwise have been required. Butif the surface of the
river cannot be raised to this level, the supply must be reduced, .
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or if the width of the channel is increased, the deposit of silt
will also increase. If there is a head of water in the River
to spare, the contraction of the head sluices of a Canal would
not be objectionable, but if, as is often the case, the River falls
below the height required to maintain the supply, any loss
of head occasioned by the contraction, would still further
reduce it, and perhaps be the cause of serious loss of crops.
If we suppose a case in which the head sluice of a chanmnel
opened from a river avhen an Annicut has been constructed,
and assume that the contraction of the waterway induces
a loss of head of 6 inches, when the Riveris at its lowest dur-
ing the irrigation season; then the Annicut is 6 inches higher
than it need haye been—that is, had the waterway of the head
sluice been the same as that of the channel, the same supply
of water would have been thrown into it, with the reduced
height of Annicut. In practice, in cases where the level of
the River is subject to great fluctuations as in those in the
Madras presidency, it is difficult to arrange the head sluices
of Canals, so that inconvenience either from excess or defect
of head of water, may not at times be experienced.

120. In aqueducts across drainage or other chamnels, in
which the water may rise to the surface of the ground or
above it, the surface of the water in the Canal will probably
be many feet above the level of the ground,—as for example,
at the Roorkliee aqueduct on the Ganges Canal. = If the velo-
city occasionced by a contraction of the waterway were so high
as to endanger the embankments at either extremity, or to
tear up the bed of the Canal at the lower end, the propricty
of contracting the aqueduct would then be very questionable:

121" In falls, when it may be desirable to distribute the -
momentumy of a large body of water, over as large a surface
as possible, it may be necessary to allow a width of waterway
equal to that of the channel, like the falls in the Ganges Canal,
but in Canals where there may be no reason to apprehend any
dangerous effects from the more concentrated action of the
stream, I see no reason for building works of the kind on so
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expensive a scale. It must generally be desirable to main-
tain the full depth of water above the fall, and to do this the
section must be contracted by degrees until the width of the
waterway should be capable of discharging the water, with a
velocity due to the height of the surface of the water, when
the Canal is at its full width, above the crest of the fall,
plus the height due to the actual velocity of the stream
at the full width. In the vertical falls on the Baree
Doab Canal, an ingenious arrangement has been contriv-
ed by Captain J. H. Dyas, Director of Canals in the
Punjab, by which the velocity of the water in its ap- .
proach to the falls, is not at all accelerated, and any
risk of accidents to boats is thus removed. The water is
made to fall vertically through a grating, laid at a slope of
about 1 in 3, and formed of wooden bars tapering off on the
down stream side. The action of the water may by this
means be spread over as large a surface as may be wished.
122. But to proceed with our illustrations of silt deposits.
A channel after proceeding a certain distance with a consi-
derable fall, passes into one with nearly still water (suppose
for navigation) while the surplus water is carried off' by a
branch or escape, at the junction. The head of the navigation
channel will be silted up, and should the water running past
it into the escape have a considerable velocity, and carry a
large proportion of silt in suspension, the head would be soon
- completely blocked up. Suppose the depth to be limited.
1t may be said that the navigation channel, once filled could
hold no more, and as the water in it would be stagnant, there
could be no introduction of silt. On the same principle it
might be said, that a channel which passes through the bed
of a tank, and the water from which would extend up to the
tank banks at a considerable distance from the line of the
channel, would not silt up the bed on either side, yet every
one who has seen an instance of this, or of a similar enlarge-
ment of the channel, could not fail to have observed, that
the silt was deposited to the right and left, and that it was
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evidently only a question of time, whether the raising of the
bed of the tank, should extend, if not over the whole surfacey
at least along the margins of ‘the channel; up to the level of
the water in the latter, from which it would slope away in
the form of a glacis. But though the condition T have de-
seribed can be thus readily observed, it admits of being éxplain=:
ed by the known principles of the motion of water, and it is
more satisfactory to take them for the foundation of an argu-
ment, than to point to isolated facts. = It will surely be ac-
knowledged that it is impossible that the water which passes
- into the branch or escape above described; should communi-
cate with theé water, in the navigable channel, without im-
pressing some movement upon it. It is a well known law of
running water that a stream could not be incommunication
with still water, without imparting mgtion to'it, in the same
direction as its own. The particles of the still water would: .
“be drawn on with those of the stream ; but as the surface:
would thus be lowered, motion in another direction would be..
communicated, which would thus keep up the supply of water.
to an uniform height; or in other words it would communi-.
cate a rotatmy motion, that is, form an eddy—carrying silt.
with it, and depositing it wherever the veloeity shounld be
retarded. The process would go on, till the head of the navi-
gation channel should be completely choked up; and if we.
suppose that instead of being on a dead level; it has a slight
fall, the silting will not only take place at the head, but
extend further, in proportion as the quantity of water admitted
into it, is increased. TFor as all the water that passes into
the navigable channel, is supposed to have a lower velocity,
than the supplying stream, every "cubie yard of water must:
deposit a certain proportion of silt, and ‘the" ‘capacity of:the:
channel Would thus be gr adually reduced, until if not cleared
out, by manual labor or other means; it would»be shoaled:up, -
not complebelv, but in a slope, commeneinig 4t the licad of the -
cha.nnel and fading gradually off-to the terminus: ~In'a stilk:
water Canal on the cohtrary, the head only would be blocked:;
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wp, though ifthe water rose at any tume above the normal
height, it would gencrate a fall of surface, and the fresh sup-
ply of water that would be thrown in, would serve to extend
the silting further.

123. As instances of the results above described, I would
point to the heads of locks, which are opened from a River, or to
sluices at the heads of irrigation channels, which may he situ-
ated at some distance from the River. Every one who has
had charge of such works must have observed, that they
become blocked up in a wonderfully short time, if the River
from which they are opened carries a large amount of silt
in suspension; and as regards'the silting of open channels,
with a less slope or velocity than that of the River which
supplies them, the above remarks, I may say, are applicable
to all such Canals whatever. It is a question of time only,
whether their heads become completely silted up or not, and
if the velocity of their stream, though great, is still less
than that of the River, the silting would only extend to a
greater distance from the head, or in other words, the great-
cr the quantity qf water that is carried into the canals, with
a less velocity than that ef the River, the greater thc quanti-
ty of silt that must be deposited.

124. There is no remedy for the latter process, but in the
case of the navigable channel which I have taken as an exam-
ple, and in that of the lock or sluice at some distance from the
River, in which the water is supposed to be stagnant in the
interval, the remedy ev 1dently lies in preventing the contact
of the stream with the stagnant water. -If, for example, a
Jock were constructed on the navigable channel, immediately
below the point, where the stream was supposed to pass in
another direction, no silt could enter the chanmnel, except
what would be due to the quantity of water let in by a
sluice or through the lock valves or culverts to make good
wastage. There would be an abundant deposit of silt in the
front chamber of the lock, but this must be considered an

inevitable evil, for which there is no remedy, unless by actual
(e}
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removal of the silt, or it might be possible in seme cases to
establish a culvert in front of the lock gates, which should
communicate with a channel, having sufficient fall to allow of
the silt or a portion of it being periodically scoured out.

125.  In the case of a channel, which is provided with a
liead sluice, the only way to prevent unnecessary silting, thatis
silting when the sluice is closed, is to have no reach of stagnant
water between it and the River. As I have remarked in a form-
er page, it would be.desirable to have a second shiice; even
with the chance of ifs being destroyed, in the immediate
j)l'oxixlmity of the River, which would give the power of shut-
ting out the high freshes; as required. In many cases, how-
ever, this would be impracticable.

126.  With regard to the entrances to locks I may ex-
plain that there is a choice of two evils—silting or a danger-
ously high current: it is impossible in Tndian Rivers to escape
cntirely from both. Danger to boats when actually entering
a lock may be entirely prevented, if an eddy i is formed in
front. This may be produced either by a gloyne run into
the strcam to the height of the surface of the water, at a
short distance above the lock, or By a hill (as at Bezwada)
or other natural projection, against which the stream im-
pinges, and then strikes off clear of the lock channel. The

- counter-current which will thus be formed may yield a
perfectly safe anchorage, and allow of boats entering
or leaving the lock without inconvenience, but in pro-
ceeding up or down strecam past the natural or artificial pro-
Jection above mentioned, they must be subjected to a more
than ordinary current, that is, a stronger one than they

_ would have had to encounter, had the projection not existed.

But notwithstanding this disadvantage, T believe that the

condition I have described is the best that can be obtained

in a_ River like the Godavery and Kistna, from which lock
channels may be opencd in the- proximity of an Annicut where
there is a current of from 6 to 10 miles an hour Tt will be
obselved that in this case, the lock may be close to the
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eddy, whereas if the channel is opened from the stream,
there-will have to be ‘a kind of basin to facilitate the move-
meut of boats, which will be constantly silting up and
blocking the gates.

127. 1In the case of a lock which may have been con-
structed. at some distance from the stream or from an eddy
such as I have described, the channel in the interval will be
silted. to a' great extent. This will be produced chiefly by
the high freshes, and as navigation, at least up stream, would

“be slack at that time, it may be worthy of consideration
whether a sluice might he established at the head of the
channel, immediately adjoining the stream or eddy and fur-
nished ‘with shutters or baulks working in grooves, and
fitting one on the other, so that the higher freshes might
be shut out entirely, or if it were required to pass boats, only
a sufficient number of the shutters or baulks should be re-
moved, as would give them the necessary depth of water.
128.  The remarks I have made as to the necessity of
7 aving a masonry work at the head of a mnavigable channel
such as is above deseribed (p. 124), apply with equal force
to- channels from which branches or escapes are opened,
with a higher fall, or with a fall sufficient to produce a
higher velocity, than that of the main stream below the
head of the branch. I could point to an instance of a
temporary head being opened for a branch channel of
which the fall was much greater than that of the main
stream—at the distance of about threc quarters of a mile
above a lock; and very heavy silting being the consequence.
129. The effect of passing the stream into the branch,
was to stagnate the water bétween it and the lock, and to
: px,oduce a deposit of silt along the bed to a depth of from one
to two yards every season. Had the head of the branch
‘heen at the lock, it is evident. that nearly all the silt might
l}:}vp been thrown into the branch, where it would probably
havg besn dess ploduc"lve of inconvenience. (
130 As another instance of rapid silting on Canals, I
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may mention a case, i which a bend in an irrigation chan-
nel was cut off. - The length of the bend, from which the
stream was - diverted was upwards of half a mile, its width
ahout 50 feet, aud ~depth from 6 to 8 feet; yet in the course
of two or three months, it became so completely silted up,—
no ‘hunds having heen constructed—as: to leave ’n;mrdly a.ny
sighis of wehannsl at all

hat mauch ofithe sile
ols wight be removed
of seouring siuices or escapes, but he must'bear
that uuless the velocity of the watér at the head of
the channel be cqual to that of the River from which it is
opened, there must be a deposit there, and although a scour-
ing sluice may have considerable effect on the bed for some
. distance from 1t, it cannot clear the bed at the head, unless
it generates a velocity along the Canal equal to, or perhaps
exceeding that of the River, as far as the head sluice.  This ean
rarely be practicable ; and even if it were, the scouring sluice
could only he used at times when the water it throws off can
be spared. - But in this case, it would generally if not always
be desirable to cut short the supply at the head, and to allow of
only so much entering as should be required for actual
consumption. « This unfortunately is mot always practi-
cable. Brush wood may become entangled in the  vents
of 'the heal sluices,* and prevent  their being closed ; and
besides it would be impossible to regulate the supply to a
system of channels to prevent their ever being an excess,
unless there were means of communicating along them' hy
a series of Telegraphs. It is therefore, necessa.ry, to provide

s ‘of chm

% 16 woulldl seem to-be very desirable, thnb there shou]d be a doub]e
set of shutters for the head sluices—one in front, the other in rear of the
vents—to obvidte this incony enienve, which'is a very serious one, Tt would
sive an immcnse amouut of silting it the water from the River were cut

when it was not wanted, and may avert accidents, One of the shutters of |

Vegaishwurum head shuice, Godavery, was blown in last- year bym.\am
ovdinary bigh floed. A set of shutters in reserve would be very valuable in

cases of the kmd Phey would be placed in postf.lun before the River should
rise 0. dangervus heighi, : =k

fAsi bt
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means ‘of  disposing of surplus water, of which no specific
description s called for. T would only repeat, that it is
highly desirable that the heads of escape channels should be
opened in the immediate proximity of & masonry work across
the ‘main: channel, in -order that therc may be no still water
between it and the escape. = I may add that the vents of the
escape should be on as low a level as possible in order that
the water, and with it the silt may pass with a high vclogity

A calingula, such as is  generally constructed i a Tank, is a
convenient form of escape in so far as it requires no establisk-
ment, or at most a very small one, to look after it. But
it-is unsuitable for channels in -which silt accumulates and
the greater the number of openings that arc pierced in it,
that is the more it approximates to the form of a sluice, the
more efficacious it will be. '

132 The remarks I have made regarding the compara-
tive inutility of escapes, for removing deposits when the
water is entering the Canal charged with silt, are not appli-
cable to them in the dry scason, when the water in the River
is clear. Any water that can then be spared, may be turned
to  good account in scouring out the bed of the Canal. But
I'meed hardly remark that water is generally too valuable at
that -season, to be used frequently for such a purpose. In
the rains-too, if drainage water in a comparatively clear
state is passed into a Canal, an escape may be able to dis-
charge an equal quantity of water, with silt in addition ; but
it-would come: to much the same thing, if the initial supply
of the Canal were reduced by a quantity equal to that of the
drainage water which passed into it.

133. The rapidity with which silt will accumula.te must
of  course depend on the character of the River from which
the channcls are derived, and will vary greatly in different
- paxts of the country: and the reader whose experience may
- not have estended to the two Rivers, with which T am most
. conversant, namely, the Sutluj and Kistna, may. think that I

attach an exagg cxatcd degree of 1mportzmce to the subject.
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Still if the prin&ples which I have advanced are sound,
I trust the illustrations 1 have given of them, may not
be entirely useless to such of my younger brother officers,
as may have to contend with the diffieulty on a minor seale.

184. That- 1 ‘have not exaggerated -the silting in the
channels derived:from. the Kistna may hey o by are-
ference to: actual:observation, I found by careful measure-
engs thatovhen: theie wassa depth of from 11 4o B3 feeh
# watior gp-the crest in the Annievt, the quantityicarriedsin

iy water that entered the Bezwada main
y ax when ey 1-200 part of the volume of water:
“WWhenin a state of slime, the silt occupied nearly twice the
bulk that it did when dry, and when in a condition resemb-
ling putty it was about one-half more than when dry.
When dry, it was condensed to the consistence of pottery ; and
as the silt would not have attained this consistence, when re-
moved by manual labor, the actual quantity, by which the
cost of clearance should be calculated, would considerably
exceed the proportion,above mentioned—of 1-200 par't. of
the volume of water.

+135. 1 find that the River was at the height of 11 feet
and upwards on the crest of the Annicut for 28 days durmg
last rainy season. The proportion of silt above mentioned
was the largest I observed, excepting in one instance when
with 11 feet in the Annicut it rose to 06 per cent. of the
volume of water. On one oceasion it was much less, 0:2 per
cent., although the height of the Rlvel was greater, (13} feet
above the Annicut.) ! :

136. -The observations were not suﬁimently numegms
to enable me to draw up a scale, by which the actual quan-
tity of silt thrown into the channel might be known at the
different stages of the River’s rise and fall. T would Jg,qt
therefore pretend to determine at all accurately the whole
quantity of silt, which may be thrown in during a season.
But on the.supposition that 1-200 part. of the -volume, of
water  passed thmugh the head blmces f01 a period of 28
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days, let- us see what the bulk would amount to. We may
suppose that 3 cubic yards per hour per acre were let into
the head shuices for that period; and as the acreage of wet
cultivation in the Kistna Delta is about 130,000 acres, the
quantity of silt would therefore be 13/10,400 cubic yards, or
- about 10 cubic yards per acve. So much of this as might
be deposited in the main channels, would be removed at a
cost of from one to two annas per cubic yard. °

187, Without asking the reader to put implicit faith
in the above calculation, T would yet have him allow that it
carries some weight. Of course, the best method of deter-
mining the amount of silting in channels, is by examining
the annual clearance estimates; but it is unnecessary to
enter upon them here, though it is not likely that I should
have lost sight of that test myself

ON. NATURAL CHANNELS; THEIR ADVANTAGES,
COMPARED WITH ARTIFICIAL CHANNELS,

138. In a former page I have entered into’a description
-of various natural channels which exist in the low country
to the west of the Sutluj; and I pointed out that they pos-
sess (para. 53) the characteristic of Rivers which have
formed the country through which they pass by the deposit
of alluvial matter daring inundation—by having their
banks on a higher level than that of the adjacent ground.
1 'have reason to believe that channels of a similar nature are
to be found in the deltas and valleys ef other Rivers, and I
would therefore propose to enter into a consideration of their
- qualifications to act as irrigation channels. :
'139. ‘The principal channel which T described has a
length measured along its actual course of upwards of 400
miles, a width of about 200 feet, a maximum depth of 12
“feet, and a fall of about 7 inches a mile. The volume of
water it i8 capable of discharging is about 3,500 cubic feet
I%ér_f’sécbnd." The mean veloeity, calculated from a number
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of careful measurements of the dry channel, would have
been 2} feet per second when the channel was in full flow.
The discharge and velocity would be nearly the same from
ayg artificial channel 165 feet wide, 8 feet deep, and with a
fall of 6 inches per mile.

140. The volume of water to be disposed of would be
about half that caleulated for the supply of the Ganges
€anal, and no one will suppose that it would be either difficult
to deal with, or to dispose of on a strip of country more
than 200 miles in length, and in some places nearly 30 miles
broad. There would therefore be no ohjection on the score
of the capacity of the channel, unless that it was not large
enough ; though as there are other natural channels of ex-
actly similar kind in the same tract of country, this need
not be considered as a defect.

141. But as the channel continues of nearly equal section -
throughout its whole course, the gradual abstraction of the
water for irrigation, would render it neeessary that some
provision should be made for keeping up the velocity to the
point where the irrigation should cease, and at the “same
time for retaining the water on a sufficiently high level.
This could only be done by causing the natural channel to
assume a gradually diminished section,* and by increasing
the rate of fall. The channel would in fact have to assume
a tapering form like that of an artificial channel, but with
this difference, that it would retain its tortuousness in a
great measure unehanged. .

142. The required alterations could be accomplished in
the easiest manner possible. Even if no artificial aid was
applied, the gradual withdrawal of the water for irrigation
would cause the channel to rapidly contract its dimensions
by silting.  For it is evident that if a smaller body of water
were to pass through any portion of the channel in which
the capacity was undiminished, the velocity would be re-

* In the case under consideration hoth as regards width and depth,
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dueed, ‘and silt would aecumnulate, until the velocity attain-
ed the 'same limit as that of the channel higher up. - But
‘the process might be aided and directed by artificial means.
143. It would be no more difficult to determine alonga
line of matural channel, what the demand for water at'dif-
ferent points would ' be, than it would in the case of an
‘artificial ‘channel,  After ' assigning the probable consump-
tion' of ‘water to different localities; it would: be: known,
what section and ‘fall: the channel should have at different
“points, in order to retain its initial velocity unimpaired. It
has® been observed in'a former page (para: 98) that if it be
“decided to retain the initial depth of water, the rate of fall
will ‘have to be increased very slightly as the width is dimi-
nished, but a ‘depth equal to that at the head could not in
practice be maintained to the very extremity of the channel,
and a gradual reduction would have to be allowed for. It
would ‘thus be necsssary to imcreass the fall by degreds-
‘This would be accomplished by simply ‘cutting off a bend
here and there. ' Fhe actual eourse of the channel being up-
wards of twice the length of the direct line, gives the means
of adjusting the fall at pleasure. - It would be unnecessary to
anake many  alterations of the kind ; probably two or three
ceuts-qaeh half a mile in length, which in each case might be
‘made to shorten the course by several miles, would be all
that would be needed to gain the required additional fall ;
and it-manst not bz supposed that any a,pprommat,mn wou]d .
be made to a straight line. .
i 144, There would thus be no deﬁcu]ty in reaulatmo- the
surface fall of ‘the channel. When the correct level at dif-
ferent~points had been ascertained, the next step would be
1o adapt the slops of the bed to that of the surface of the
-watber, as computed ; which could be accomplished by con-
structing masonry works at intervals,——say, at the points
from: which . the minor channels would be opened. - Bridges
would, in* any case, be required, at intervals probably not
- exceeding 15 miles. - By adjusting the floor of the Bridges,
H 3
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to the level of the bed as rectified, and furnishing theni
with the waterway suited to pass the supply with the re-
quired velocity, the channel would have everything dome
for it, that would be needed. At those points, at least,
the level of the surface water and of the bed, the depth and-
the width of waterway, would have been assigned as accu-
rately as could have been done inan ar tificial channel,and the
rest would be left to nature, which would rapidly (by silting)
form the channel throughout to the required section.

145. There would be a considerable waste of water, from
evaporation and absorption in the first instance, but as the
demand for irrigation would arise only by degrees, this
would be an advantage rather than otherwise.

146. After the stream had formed the channel to the
section finally required, there would be no further silting to
any considerable extent. If the consumption of water had
been accurately computed, the initial velocity would be
kept up uniformly throughout. It would not then differ
from a well designed artificial channel, except its being tor-
tuous instead of straight. : i
- 147. The simple fact of their being tortuous may be
urged as a drawback to the natural channels, but except
that they may not be so pleasing to the eye, or unlesy their
navigable properties be taken into consideration, I would
maintain that the tortuousness gives them a great supeuol ity
in practice over most artificial channels.

148.  There muSt be more or less silting on all Irrigation
channels, but in the natural channels now under considera-
tion, when once the regimen is established, that is when the
veloeity is reduced to uniformity throughout, there would I
believe be less silting, than in most artificial channels. ' For
in the former the water would be on the level of the lip
of ‘the channel, and as has been already explained (para. 66),
any cutting away at the concavities of the bends, would
give space for a deposit of like extent at the convexities ;
whereas in an artificial channel of any considerable length,
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the surface of the water must in various places, be consider-
ably below the surface of the ground, and any erosion of the
banks, at such places, would produce a clear accession of
silt, to the extent of the soil above the water line, that
might fall into the channel. - .

149. - The natural channel runs along a ridge throughout
its whole eourse, no drainage would therefore be crossed.
The drainage of the country on either side might be defec-
tive, but this must depend very much on the locality. In
the lower part of the Punjab, the fall of rain does not ex-
ceed & or 6 inches in- the course of the year, and there could
be no difficulty then on this account. In any case it would
stand in precisely the same circumstances, as an artificial
channel ; excepting that in the latter it would be almost
impossible to avoid crossing drainages.

150. If an artificial chainel were carried through the
country which is traversed by the old Beas, it could not be
run along a line of uninterrupted high ground. It would,
at one place, be on high, and at ancther in low ground. If
it were allowed the same fall as that of the country, or 16
inches par mile; then as there would be no fall to the right
or left,—the country being remarkably level in lines taken
at right angles to the Sutluj, excepting where they cross the
natural channels, it follows that to irrigate effectually, the
water in the channel would have to be on a high level, that
is it wolld have to bz carried within embankments ; or if
it werz considered preferable to reduce the slope of the
channsl to less than 16 inches a mile, a series of masonry
falls, would have to be constructed. :

151. Now the natural channel has all the advantages
which would be afforded to the artificial channel by its em-
bankments, without the disadvantages. The water, standing
on a level with the lip of the channel would be available
for irrigation of the lower land beyond the bank, by a cut-
ting of a few yards in length. If Bridges were built, as

supposed above, at intervals of about 15 miles, minor
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channels eould be opened from those points to run nedrly
tangentially to the curves of the main channel, and to tail
one into another in sucecession, or in any other direction,
that might be desired, with whatever slope up to the maxi-
mum of 16 inches a mile that -might be required to main-
tain the same velocity as that of the main channel.  The
greater the tortuousness, the greater must be the fall of
country compared with that of the channel, and the less the
expense, of conveying the water to any point. On the
whole I consider the greatest advantage possessed by natural
channels, to consist in this—that every minor channel ean
be aligned with a greater fall, than that of the main chan-
nel, and thus be free from the inconvenience of silting,—
at all events at théir heads. It would be almost impossible
to attain this with all the minor channels opened from.an
artificial canal. . : ;

152.  Let the reader compare the conditions under which
the irrigation would be carried-on from the natural chan-
nels- T have deseribed, with those under which the Ganges’
Canal has been excavated, and he may then judge whether I
have exaggerated the advantage afforded by the raised mar-
gins of the former. The following is an extract from Sir
P. Cautley’s Report on the Gangeés canal. Vol. 2, page 541.
“The depth of the water or that to which the high water
mark is limited was a point very prominently insisted on i)y
the Committee in ‘the report (Vol. 8 p. 49) to whid® I have
drawn attention in the early part of this papsr. It is one
moreover of which I highly approve, and to which in faet
“as much attention as possible was given in my original pro-
jeet. By restricting the high water mark to a limit below -
the terre-plein of the country, it is evident that all the dan=
gers to which an embanked channel are open, are avoided.
This is a' fact which directly attaches itself to the Engineer
not only in his estimate of cost, but of probabilities of acei-
dent. On the other hand, leakage, and the proximity of
‘hollows are the invariable attendants .on raised embank-
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ments., The above remarks ean apply to the main chan-
nels only : and embodying as they do, the matured opinion
of Sir P. Cautley, may be relied on implicity—so far as the |
locality spolen of is concerned. Those who are sceptical
on the subject, would not find it difficalt to obtain evidence
from other sources, of the noxious effects occasioned “ by
leakage and the proximity of hollows,” when from pecu-
liarities of the locality embankments could not be avoided.
It is to be taken for granted that the principal objection to
embankments is the danger they give rise to of swamping a
tract of country : though the deterioration of soil (and also I
believe malaria) occasioned by leakage, may initself be a con- .
siderable inconvenience—to use no stronger word. Of course,
on mingr channels, embankments must besresorted to, or the
irrigation would all have to be carried on by means of
manua,l labour or machinery. In the M: adras Presidency,
embankments, if I am not much mistaken, are universally
regarded as a desideratum, not only from their furnishing
- the most economical means of conyeying water, but from
the facilities they afford for distributing it. = Of course, if
they are carried to such a height as to endanger their stabi-
lity, they might prove a source of mischief ; and leakage, if
the water percolates any saline matter, may have an inju-
rious effect on the soil, for a time : but on the whole, the
advantages must be considered to preponderate so strongly
as to lefive room for a charge of extravagance against an
Engineer, who should excavate a channel wholly within
seil; unless local peculiarities forued him to do it. Still, no
one will deny that the high margin of a natural channel
must be superior to an artificial embzmkment, however favor-
ably circumstanced the latter may be.

153, As regards navigation, the natural channels are of
course defective ; but the saving of locks, and their estab-
lishments, would go some way to counter-balance the incon-
venience and delay occasioned by the windings of the chan-
nel. : . B3] ke : .
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154. 1 assume that proper means of regulating the sup-
ply at the head of the channel would*be adopted. = Whether
it had at one time been an off-shoot from the River, or whe-
ther it had been an independent stream which had been
intersected by the encroachment of the:River, there would
be but one.way of restoring the lost momentum. It would
be useless attempting. to re-open the channel by simply
clearing out the head. = The river would destroy it more or
less every season, and the crops under it would be in dan-
ger of being ruined. It answers on small Canals, to open
them in this way from the River, but even they require a
great annual expenditure to maintain them in working
order. In a large channel, such as the old Beas, it would
be simply impossible to collect the laborers that would be
required to execute the annual clearance, and to open out
the new heads that would every now and then be required.
Besides, this method of dealing with the channel would
reduce it to the condition of a mere inundation Canal, to
retain a supply for orﬂy. six mouths in the year.

155. So long as the River carries water waste to the
sea, when it could be utilized for irrigation, the reple-
nishing of a large channel like the Beas could not be
thought of, unless the supply were perennial. There is
but one way of accomplishing this. It would be neces-
sury to establish a control over: the River, to check its
vagaries, by contracting its channel, at the site selected for
the  head, to moderate dimensipns, and to gain the power of
supplying the required quantity of water to the irrigation
channel, by means of an Annicut or Dam. wreddl

156. = In’ making the above remarks I have chiefly kept
in view the old bed of the Beas, but they may be considered
applicable to channels in other- parts of the country. In
the Kistna district, for example, the old Pullairoo is pre-
cisely similar, not to the old Beas itself, but to other chan-
uels in the valley of the Sutluj, connected with it; and I
-conclude that many of the channels in: Tanjore that. are
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used as irrigation ducts, have much the same character. It
must therefore be of "much importance to determine what
relative advantages or disadvantages such channels possess,
when compared with artificial works; and on what prin-
eiple, changes may be introduced, with improvement of
their efficiency. It would seem almost superfluous to re-
mark that carefully drawn up plans—showing all the sinuo-
sities—and  sections, both longitudinal and transverse,
would' be necessary in the first instance. It is surprising
- how much has been written on the subject of River im-
provements, without any reference to actual measurements.
Thave read a dissertation, in which it was attempted to prove
that the natural course of a particular River, was not from
south to north, but from north to south. One would think
that a few measurements would have settled the question.

157. It must be almost unnecessary to point out that
while ‘nundation channels furnish the best lines for irri-
gation, natural drainage channels are the worst that could
be selected.

158.  Unfortunately many of the native works—on
which various modern projects have been based, have been
executed at a sacrifice of all considerations, but that of
economy in the first instance. Once a system of irrigation
is established, it is infinitely more difficult to improve it,
than to carry out an entirely new project. In the latter,
channels would be aligned with reference to the levels of
thie ground, on ‘the supposition that Irrigation will gradu-
ally be adopted wherever water is provided ; but in remo-
delling an existing system, it is impossible to disregard
existing interests; and there must in consequence be more
or less saerifice of efficiency.

11 594 ey drainage course is used as an irrigation channel,
it ‘can serve neither purpose properly, and will sooner or
later do mischief. It is no doubt very tempting to have the
means of carrying water to a distance, realy made; but
unless ‘there are facilities for diverting tle drainaze wator
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in some other direction, it would prove best in the long
run, to incur the expense of a new ¢hannel. The objection
is due more to the interference with the passage of the
_ drainage swater, than to the fact of the channel being in
low ground, as the margins would be gradually raised by
deposits from the River water introduced, and if the chan-
nels were tortuous, minor channels might be carried ina
straight line, so as to gain higher ground. The system of
bunding in order to hold up the water, has generally to be
resorted to on such channels. The natives have a particular
fondness for bunds: they are almost the only works
which they will come forward to execute at their own cost.
But their construction involves a great waste of labor, as
well as of water ; and the object in view would be answered
more effectually by Dams—furnished with shutters which
might be removed wholly or in part, when there should be
any surplus water to dispose of.

ON NAVIGATION GOMBINED WITH IRRIGATION.

160. The facility that will exist for adapting a Canal
designed primarily to serve the purposes of irrigation; as
a navigable Canal, will depend in a great measure on the
fall of country and the nature of the soil through which it
is carried. 3

161. 'The object of an irrigation' Canal may be briefly
described to consist in the conveyance of a supply of water
to certain fixed points at the least possible expense; or‘in
other words with the greatest velocity, the soil is capable of
withstanding. Tf, for example, the fall of country were 2
feet a mile, and the soil were capable of withstanding a ve-
locity of 4 feet a second, the depth of water in a channel
100 feet wide, would be about 6 feet; and if the depth of
cutting were arranged so as only to furnish material suffi-
cient to form the embankments, the expense of conducting

the water, so far as the earth work is concerned; would be
a minimum, ;
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162. But as communications would be intersected by
the Canal, it would be necessary to construct Bridges to
reconnect them ; and their waterway would have to be pro-
portioned, in some degree at least, to the width of the chan-
nel. It would therefore be a matter of calculation whether
thie fall might be reduced artificially by means of masonry
drops, so as to enable the Canal to carry a .greater depth
-of water, with the same velocity as before, .and therefore
with. diminished width; and thereby, by reducing the cost
of the Bridges, effect on the whole a saving.

163. But if the velocity were reduced, it could only be
by increasing the number of masonry falls, and also the
width or depth of the chanuel, and although it might be
conceived that a channel of any width might be formed with
no greater depth of excavation than would be required to
make up for the embankments, and thus render the cost of
the earth work of no consideration, yet there must be the
additional expense of all the extra masonry falls, and of in-
creased waterway to all the Bridges; and thus the whole
expense of the Canal would be much more than would be
required for the sole purpose of conducting the water for
irrigation.

164.. I donot at all believe that the cost of earthwork
would not be greater also, for inequalities of ground must
exist every where, which would render the expense of forming
a wide channel greater than that of a smaller ; and at the
masonry drops, the embankments above would either have
to be in excess of the ordinary section of excavation, or the
section of cutting below would be in excess of that required
to form the embankments. Still, if the falls were of small
depth the extra expense on this account might not be of
material eonsequence.

. 165. It is taken for granted that the velocity first men-
tioned, as that capable of being applied to an Irrigation
duct, would be too high to admit of up stream navigation ;

and that the reduction of the fall and velocity would be
N :
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undertaken with a view to bring the latter within the Iimits
suited for navigation. It has been shewn that both in re-
gard to excavation and masonry works, this could not be
effected without additional expense; and, if it be considered
that the Bridges, to adapt them for navigation, must be
much higher than those required for an irrigation Canal
only, it will be understood that on any large Canal, where
the Bridges may be counted by the score, the extra cost om:-
this account must amount up to something very heavy.

166. Further, if the water could be conveyed efliciently
for the irrigation, without artificially reducing the natural
fall of the country by masenry works, no locks would be
required:. Kvery reduction of slope, which entailed the con-
struction- of a masonry fall, and;, with it, of a lock, to adapt
the Canal for navigation, would therefore increase the cost:
of the Canal, by the outlay on those works.

167. Any diminution of velocity below the maximuns
which the slope of country and.the nature of the soil admit,
will therefore be a sourge of additional expense:

168, It will depend on the importance of the traffic which:
might be created on the Canal, whether this additional ex-
pense would be an economical gain in the long run or the
contrary. If the cost of locks and other masonry works
were the whole-expense that would be occasioned by altering
the design of a Canal intended for irrigation only, into one
suited also for navigation, it would not be difficult to ascer-
tain in each particular case of the kind, whether the saving
effected by reducing the cost of transport of an estimated:
quantity of goods, would counter-balance the extra expendi-
ture; but if the Canal water enters from a River with a large
percentage of silt inr suspension, any reduction of velocity
below that of the River at the head of the Canal, will cause:
a deposit, of fhe silt to take place, and so far as this reduc-
tion of velocity is produced in order to facilitate navigation,
the additional outlay required for removing the silt would
be chargeable to the navigation, sial '



L By . .
169. The combination of irrigation and navigatior may
be of three degrees. The velocity in a Canal designed pri-
marily for irrigation, may render it in that condition unsuit-
able for mnavigation altogether, unless for floating rafts or
timber down stream. In another case the velocity may be
such as to admit of navigation, but under such difficulties,
as to render it more or less unprofitable.  In a third case the
velocity may be so moderate as to admit of navigation being
carried on against the stream, not entirely without incon-
venience, but with so little as to leave no question as
to the superiority of the water communication, over that by
land. Asinstances of each of the different classes, I may
specify the heads of the Canals in the North West Provinces,
seécondly, the Ganges Canal generally, and thirdly, the Canals
in the Godavery Delta.

170. If the velocity against which it is considered prac-
ticable in an economical point of view to apply a stream for
the purpose of navigation, were a fixed quantity, it would
be an easy matter to ascertain in the first case above-men-
tioned, what additional outlay would be required to make
the Canal navigable. But there is no such standard, nor
can there be, as a velocity which may be easily overcome by
steam, and at times by the help of the wind, would be alto-
gether unsuitable for haulage.

171. Until the cost of navigating vessels against a cor-
tain force of stream, is deterfhined for each locality, there
can therefore be no precise limit fixed of the velocity to
which the current in a Canal ought to be reduced to make
it serve for navigation. Supposing it ficed with reference
to the power of the boats in cominonuse in a particular locality
with the ordinary crew, to convey goods at alower cost than,
could be done by land. Thesaving thus effected on the total
produce annually conveyed, compared with the interest of the
cost of the additional works constructed for navigation would
obviously shew the economical effect ; but what might be
applicable in one locality might not hold geod in another.
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172. It would be still more difficult to ascertain to what
extent the velocity might be still further reduced, so that
the profit derived by the improved facility of transport, might
counter-balance the expense of additional masonry works
which would be entailed.

173.  There is evidently some limit beyond which it would
not pay to cut-down the slope of irrigation Canals, while
there isas evidently a limit within which, in many cases, it
Would, -

174 The highest rate of fall I know of, as existing in

an irrigation channel, is at the head of the Baree Doab
Canal in the Punjab, in which the actual fall of bed per
mile for the first 12 miles is upwards of 4 feet, with 141 feet
additional fall, overcome by artificial rapids and masonry
falls ; in all about 190 feet in 12 miles. - The depth of exca~
vation at the head is upwards of 60 feet, which however
rapidly works out to the surface, as the fall of country is
much greater than that of the bed of the Canal.
- 175. No one in his senses would propose to reduce the
slope and increase the width of this portion of. the Canal, to
allow of its being used for navigation. Here then, is a case
of a Canal, in a portion of which at least, combined irrigation
and navigation would be impracticable.

176. We may next refer to the lower portion of the same
Canal and of the Ganges Canal, as instances of na,vigation
and irrigation combined, butén which the former is or will
be subjected to so higha velocity, as to very mmterlally
affect the cost of transit.

177. In the case of the Ga,no'es and Baree Doab Ca,nals
irrigation has been considered the primary object, and locks
and other works for navigation have been added, but I
believe in neither of those Clanalshas the slope anywhere
been assigned with a view to the requirements of navigation.
It has on the contrary been made as high, as, whether cor-
rectly or not, was supposed compatible with the stability of
the bed; and deliberately so, as it was conceived that any
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diminution of the slope beyond what was required for the
irrigation regimen would be purchased ab a higher cost, by
the additional outlay required on the masonry works, than
would be compensated by the improved means of navigation.

178. An officer in the Bengal Engineers who has been

“employed on the Canals in the North West Provinces and the
Punjab for 16 or 17 years, casually remarked to me not long
ago, that he believed the best mode of dealing with the
Ganges and Baree Doab Canals, would be to have separate
still water Canals for navigation, and I have every reason to
think he was right.

179. In the Barce Doab Canal, leaving out of the ques-
tion the first 80 miles, in which the fall is excessive, I find
that the fall of the last 140 miles of the main channel is 200
feet or nearly one and half foot a mile, the velocity from 2
Fpgstataos da e to 23* feet per second. If the slope
. in the GangesCanal is ~ 'Were to be reduced one half by means

;t:el: g;:?te‘;’ec?gidt’o o‘f of falls, 12 falls of 8 feet a.nd one of 4

‘nearly 2} to 23 miles would be requiyed with the same num-

an hour. :
§ ber of locks. For still water naviga-
tion, 25 locks and a new channel would be required without
falls. The comparative cost of the two would be a matter
of calculation by actual measurement; but I believe if the
advantages of the still water navigation be taken into account,
the separate channel would be found to be far superior to
the other. : ?

180. It should be borne in mind that the supply of the
Canals in the North West Provinces is perennial, and that still

J water mnavigation and consequently
: w;&‘:ﬁﬁ;ﬁﬁﬁ‘:cg‘; locks* have not to be provided for, as
zlt;;lt;bzt} ;gls%ni; ftxlfs Vl has to be done more or less in. the
q Canals in the south of India, where
without such aid the supply of water would be insufficient
to allow of the navigation being continued throughout the
year. The velocity in the former Canals would therefore be
uniform throughout the ygar, and be, in consequence, a con-
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stast impediment to up stream navigation. What may be
suitable in the Canals in the south of India, may therefore
" not necessaiily be applicable to those in the north.

181. It must also be recollected that the Ganges Canal
has been excavated on the assumption (see para. 152) that
the water should be carried as much as possible within soil,
and that embanking is to be avoided. Let us suppose a
portion of this Canal to be 50 feet in width, to have a depth
of 6 feet of water, and a fall of 15 inches a mile. The
velocity would then be nearly. 3} feet persecond or upwards
of 2 miles an hour. Then if we suppose that to render
navigation profitable the velocity should not execed 2 foet
a second or about 11 miles per hour, a channel of 100 feet in
width with 51 feet depth of water, would be required, in
order to discharge the same quantity of water.© In short the
restriction of the use of embankments, would render any
considerable reduction of the velocity so enormously expen-
sive, as to make it practically unattainable.

. 182. In the deltas in the south of India the fall is more
moderate than that above-mentioned, and the navigation
has been combined with irrigation with fewer difficulties to
contend against. The slope of the channels has not been
arranged for the one without reference to the other, but
while it has been considered as sufficient to carry the supply
for irrigation, it has been retained sufficiently low to admit
of the water being held up from one lock to another, and
thus to allow of still water navigation being ecarried on,
when the water is not required for irrigation, or when it is
80 scarce as to leave none available for it. %

183. Though navigation and irrigation are thus carried
on in the same channel, it is not without considerable draw-
- backs to the efficiency of both. If once the velocity is detex-

mined with which the supply in the channel will carry for-

ward the silt thrown in from the River, (excepting a certain
portion which must always.be deposited when the velocity of
the River at the entrance exceeds that on the channel), it
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should undergo no check until it reaches the point of delivery,
as has been shown at length in a former page (para. 87).

184. In oxder to understand the extent to which anm
irrigation chanmel, considered only in that capacity, must
be modified, if any modification at all is necessary in order
to adapt it for the purposes of navigation alsq, it mmst be
first known, whatslope of channel and what velocity is best
~ suited for the proper working of the former, that is for the
most advantageous delivery of the water for irrigation, and
for the maintenance of the channel in the most, economical
manner. I have already explained that a slope and velocity
cannot be fixed upon, which shall be the best possible for all
channels, considered with reférence to irrigation ; that, on
the contrary, it must depend on the general fall of the coun-
try, as well as on the nature of the soil. I have however
expressed an opinion that a slope of 6 inches (para. 95 and
57), per mile, in & Jarge channel with a depth of about $
feet, which would generate a velocity of 21 feet per second
_ or 14 miles per hour, is suitable for a country with a mode-
rate fall—such as the deltas of the Godavery and Kistna,
and I have given my reasons for adopting it in preference to
any other. ' :

185. It may be contended however that the velocity I
have assumed is unnecessarily high, and that a velocity pro-
duced by a surface fall, say if half what I have allowed, or
3 inches per mile would be preferable ;—and that the chan-
nels would not be materially more expensive, while the
advantage resulting to the navigation would be very great.
If thedeposit of silt were left out of the question, one could
easily understand there being many cases in which this
would be true; and there might also be' cases in which the
fall of country is so gentle, as to necessitate the adoption of
a slope of 3”7 a mile for the channels, whether they silt or
not. - ; s :

186. Butin the case of delta channels in this Presidency,
it must be, desirable, so far as the hrrigation only is con-
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cerned, to adopt a higher fall than 3 inches a mile, if, as I
believe is everywhere the case, the-fall of country would
admit of it.

187. At the risk of being charged with lepetltlon I must
enter into a consideration of the conditions, upon which the
slope of the jsurface of the main channels should actually
depend. '

188. The surface of the water at the head of the chan-
nel, will be determined with reference to an ‘Annicut or Dam
across the River, or if there be no such work, it must be de-
termined approximately from observations of the River for
a series of years; and, in designing a scheme for irrigation,
the surface of the water at the head must, whether cor-
rectly or not, be taken as the basis of all the calculations;
and the channels must be excavated, so that the water when
entering at that height will furnish the required supply for
irvigation. If the water falls below that level, for say a
month in the irrigating season, then if the want of water for
that period would prevent the crops coming to maturity, a
portion of them would be lost, and it would be no advantage
to raise the water at other times higher than the minimum
for that period, unless for the purpose of storing it in Tanks,
or occa,sidna,lly, when from want of the ordinary fall of
rain, the rate per acre required will be greater than what may
be fixed as the standard allowance.

189. In the delta channels in the Northern Districts of
the Presidency, the principal irrigation season is from June to
November and the standard level of the water at the heads,
will be the highest obtainable in the mdnths of October or
November. If it were less, the area to be irrigated would
have to be reduced; if it were greater, a deficiency would
exist in those months and nothing would be gained. ‘

190. As the River during the freshes from June to
October, is much higher than the standard level; it must
throw the water into the channels with a velocity due to
the head of water, that is to the difference between the levels
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of ‘the surface of the River and the channel. If the chan-
nals have a fall sufficient to produce a velocity equal to that

" of the River at the entry, they would carry forward all the
silt, for every cubic yard of water thrown into the channel
rust then carry with it the same’ proportion of silt, asis
earried by an equal quantity in the stream which runs past
the mouth of the Canal.

191. But otherwise; the velocity in the channel will.
be insnflicient to carry forward the silt, and the lower the
velocity of the water compared with that in the River the
greater will be the accumulation of silt; and it may be
readily conceived, that if the loss of velocity is considerable
the deposit may take place t5 a very great extent.

192. " It has already been observed that an irrigation
channel should possess the greatest fall compatible with the
delivery of the' water at given points, without loss of
velocity, and with the stability of the soil” exposed to the
action of the stream. But on the other hand, the lenath of
country to be irrigated may not be ‘great, and it may be de-
sirable to commence the irrigation as near the head of the
channel as possible; -and to do this, the fall of the surface
of the channel would have to be reduced.

193. There is therefore only one object for reducing the
slope of a channel below the maximum above-mentioned, as
far as the interests of irrigation are concerned. The ques-
tion then is, will the advantage thus gained in the shape of
additional irrigable area and in’ improved means of navi-
gation, counter-balance the loss occasioned by the accumula-

~ tion of silt,—also will the cost of a channel with a small
slope differ materially from that of a greater?
194 One may easily conceive a case in which the ad-
vantage gained in the command of a larger area of grounil
1nay be so great as to.render it most desirable to have a low?
rate of fall, and to more than make amends for the silting;
‘and of which the cost should not be greater, but actually

much less. We might, on the other hand, see ata glance
- .
S
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that in a country like that at the head of the Baree Doab
Canal, described before, a low rate of fall would be out of
the question. -

195. There can therefore be no general rule laid down,
which will be suitable for all localities, and the only proper
way of proceeding, is to judge each case on its own merits.

196.  Let me for the sake of illustration suppose, that a
channel is to be opened at the head of a Delta, the fall of the
ground from the River along the line of the channel to be
18 inches a mile—the surface of the water at the head to be
12 feet below the surface of the ground, and the depth of
water to be 8 feet. Let us see what would be the different
effects of different rates of fall, from 37 to 127 per mile—the
limits within which it may be assumed that combined navi-
gation and irrigation may be more or less effectually carried
on. 3

197. First, to ascertain the distance from the head at
which the water will be available for irrigation, that is, will
reach the surface,—with the fall of 8 per mile, 18 N. (N.
the number of miles) =12 x 12+ 3 N ; from which it will be
found that N =96 miles. Similarly with a fall of 6,2 9,7
and 12” per mile, the distances will be respectively 12 miles,
16 miles, and 24 miles: so that by adopting a 8” fall instead
of 6,” a strip of land 24 miles wide would be gained for
irrigation: instead of 9,” 6-4 miles; and instead of 12,% 144
miles.

198. + It would depend very much on the scale of the
channels, whether the area thus gained would be of much
importance, and whether there would be more land avail-
able with the greater fall, than the supply of water at com-
mand would be competent to irrigate.

199. In a Delta such as those of  the Goda.very and
Klstna. it would be readily acknowledged that a sacrifice of

~ 14} miles could not be thought of, but as regards the other
- cases it would be a matter of calculation, the cost of original
excavation and of maintenance in each case being compared,
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and the value of exbra cultivation being set off against the
additional expense of the channel with the smaller fall.

200. We have next to ascertain what would be the
actual cost of the different channels in the cases supposed.
We may tak> ths width of bed of the 3 fall ¢channel at 100
feet, and ascertain what sized channels the other falls will
rejuire to yield ths sams discharge,—the depth of all being
8 ; and to facilitate the calculation, I may take 5,000 feet
to represent a mile, and the side slopes at 1 in 1.

201. It will be found that the widths of bed required to
yield the same discharge will be 70’ for a 67 fall, 55" fora 9,
and 48’ for a 12 inch fall ; and as the depth of cutting at
the head will bz 20’ in each case, and 8 at the other
extremity, the cubical contents will be easily ascertained.

202. If ws supposa that the channel with the lowest rate
of fall would cost 3 lacs of Rupees, the cost of the others
with a fall of 6,7 9,” and 12,” would cost respectively 2% lacs,
3 lacs, and 4 lacs—the sam> rate per cubic yard being
allowed to all, as any saving in &he channels with less®
width may be supposed to be balanced by extra bridges, &c.,
due to their increased length. Omitting the last, we may
thus sum up the comparative advantages of the different
channels: : ol

203. The channel with a fall of 67 per mile would cost
125,000 Rupees less than one with a fall of 3 inches. It would
have a velocity of 21 feet per second or 1 miles per hour,
or somawhat less, while the other would have a velocity of
only 1% foot per second or less than 14 miles per hour. It
would .thevefore carry on a larger proportion of the silt
brought in from the River ; while, on the other hand, the
channel with 3” per mile of fall would gain the command of
a width of 21 miles additional for cultivation, and would
be more advantageous for navigation.

204. The cost of the channel with 97 fall would be the
same as that of one with 8” fall, while it would rende» -
of 64 miles incapable of being irrigated, ar-

W 1dt1
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tard the navigabtion,—the velocity being about: 8 feet per
second, or about 2 miles an hour.

205.  The value of the land which wounld be lost for irri-
gation would depend on the width of the Delta, but unless
the nrigation were extended, or there was a prospect of its
being extended, over the whole of the Delta, within the
command of the water in the channels, the loss of a width
of"2} miles would not I believe be a serious consideration.

206. - Here then we have, at least in the case under con-
sideration, the question reduced to narrow limits. A channel
with a fall of 37 per mile costs more than one with a fall of
6.” It would command more land, but not much move (pro-
bably) than would compensate for the additional cost, while
it would leave a deposit of a much larger body of silt behind.

207. Cutting out the consideration of the prime cost, we
full back on the old subject of silt.  If the irrigation enly is
concerned, the question is decided in favor of the 67 fall
1t therefore remains to be determined whether the naviga-

* tion is of such importanes as to justify the additional cutlay
required to maintain in proper order the chaunnel with the
reduced fall of 3.7 :

208.  This might admit of calculation and may :ho“ n
favor of the latter fall, in instances in which the trafficis o
great importanee, but it cannot be laid down as a rule to be
adopted in all cases. g

209. . If . the area to: he uuuated is of\crv great extent,
say several hundred thousand acres, the cost of exeavating
a channel on- the supposition that the stream thrown into it
would have a surface slope of 8 inches per mile, would be so’
great in most, if not all cases; as to render it difficult of being
carried: out at all. If however, the supply of water in the
River admits of the surface slope being inereased to 6 inches
per mile, while the bed has a less slope during the irrigation
season, the required supply of water will be thus obtained ;
and the practical result would be much the same, as in
the ease of the bed being dug to a slope of 6 inches per mile,
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cxeepting that the same quantity of water might have been
obtained from a lower surface level of the River by forming
the slope of bed from the level of the head sluice floor in
the first instance at 6" per mile. Moreover, if the depth of
water at the head of fhe Canal is greater than it is at any
point lower down, the velocity will bo less in an inverse
ratio, and sile will bz deposited, watil the  bed assumes the
same fall as the surface of the stream.

210, I.dy not mezan to say that the above arrangement

is a defect ; whether it is or mot, will dspand on various
considerations, in which it is unnecessary to enter ; I merely
wish to show how a channel with a slope of bed of less than
-6 inches a mile, may during the irrigation season have a
surface slope -of 6 inches. In- chanuels whera the surface
slope during that period does not exceed the slope of bed,
the remarks I have already made will suffice to show the
condition of its action.

211. But if the sweface slope is raised to 6 inches for the
benefit of the irrigation it must renden the navigation the more *
difficult. Suppose that it had been highly desirable to have
kept the slope at 3" per mile, but that the great outlay it
would have entailed may have rendered it impraciicuble.
But after being carried a certain distance, say up to the first
regulator or lock, the water comes to the surface. A chan-
nel with a fall of 8" per mile, sufficient to carry the fall-
supply for irrigation, may be excavated from that point on-
wards, at a comparatively trifling cost in excess of one with
a 6 fall, not by increasing the depth of water so as to obtain
the same veloeity,: as would be furnished by the latter, but
by increasing the width, and thus passing the supply with a
reduced velocity. - :

212.+ The actual velomt) in the first portion of the Canal
wou-ld be that due to a surface fall of 6 inches, and the mini-
mum depth of the channel, say 6 feet. This with a channel
100" wide would be 2% feet per sccond nearly, or above 14
miles an hour.
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213. If in the second reach of the Canal the width and
depth were thz same and the surface slope of 3" per mile,
the velocity would be 13 feet per second or upwards of 1
mile an hour. Then for every cubic yard of water throwa
into this ‘channel, it would leave behind 1t, a certain portion
of silt, whatever might be due to the difference of the velo-
cities 2% and 11 feet per second.

214. There is no escaping from this conclusion. It must
be obvious to every one, and it is only a repetition in other
words of what I have advanced before; but I trust the illus-
tration I have given will not be considered altogather super-
fluous. If the reader’s patience is not exhansted, I must ask
him to follow me a little further still on the same subjeet,
hefore I have done with it. ]

215. We have supposed the stream in the second reach
of a Canal to be flowing with a velocity of 1.mile an hour,
the width of the channel 100 feet, the depth 6 feet, the slope
of bed and of surface 8" a mile. If the whole of the water
which to‘comply with e these conditions would have to be
thrown into the Canal, were required for irrigation, either
by means of channels at the extremity of thereach, or from
the next reach, the depth and velocity would be uniform.

216. Suppose that ‘the actual quantity of water re-
quired for irrigation, or for-consumption in the lower reaches

-were less than the full supply due to the depth of 6 and
fall of 3", the quantity in that case thrown into the second
reach would have to be less; and if the depth were thereby
reduced so much as to impede the navigation, with the fall
of 3" permile, then to increase the depth the fall would have
to be reduced (by holding up the water at the lock) in pro-
portion as the quantity of water were less than the full supply.

217. If the excess in the capé.city of the channel over:
what might be required for the irrigation, were permanent,
it would be a dead loss, so far as the irrigation would be con-
cerned, not only in any additional outlay which the extra

- width may have entailed, but also by that, which the silting

-
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“occasioned by the continued reduction of slope would give
rise to. .
218. To make a practical application of the foregoing re-
marks, T would ask the question, whether the velocity of 24 feet
per second or 1% miles an hour, namely that due to a chan-
nel with a width of 100 feet, depth 8 feet, and surface fall of
6 inches a mile, can be attained at the head of the channel,
designed to irrigate a particular locality, and whether that
velocity can be maintained up to the point of delivery to the
fields. - Then, if that velocity is the measure of the stability
of the soil against the current, it is the one which ought to
be adopted for a merely irrigation channel :

219. If again itis required to reduce the surface fall to
3" a mile, to facilitate navigation the following effects will be
produced. - The original cost will be greater. If the bed of
the channel near the head is to have a fall of 3 inches a mile,
the additional outlay would in most cases, be so great as
to render it impracticable,—but if it is actually carried out
to that slope, the additional siltingewill be that due to the
loss of velocity. If the bed is excavated to a slope of 3'
which a surface slope of 6" is gencrated, along the first reach,
its silting will be greater than would be produced for the
same quantity of water by the same slope of bed and surface,
owing to the velocity being inversely as the depth, which
would be greatest at the head and be gradually diminished to the
end of the reach. If the water at the end of the first reach
is thrown with a velocity duc to a fall of 6" a.mile, into the
second reach, with a slope of bed and surface of 3" per mile,
the silting in the second reach will be, for every cubic yard
delivered equal to that due to the difference of velocity in the
two cases.  If the supply of waterthrown into the 2nd reach
is less than that required for irrigation, the width of channel
is unnecessarily great. If the supply as above is so. much
less than that required for irrigation, as to leave insufficient
depth of water for navigation, and the surface fall has in
consequence to-he reduced by holding up the water at a
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Tock rat the end of the reach, the velocity will be reduced,
and a further deposit of silt will take place.

220. What the whole amount of silt thus deposited in
the main channel by the operations above described would
amount to, could not readily be foreseen.  But'it would bhe
open to actual ebservation and measurement on any channel
which:had been -executed. - That is a test which can be ob-
jected to by mo one; the only question is, whether it wounld
be allowed that the silt found in the bed of a channel is ocea-
sioned by the navigation.

R21.  I'would therefore repeat the assertion which T made
i a fornier page (para. 87) that with the exception of the
silting at the head of a Canal due to any deficieney which
may exist between the velocity of the stream and that of the

tiver, there should, in the irrigation Canal which is pro-
perly aligned, be no silting whatever. '

222, There may: be slight accumulations at masontry
works ; and pecaliarities of ground may render it necessary
to sacrifice velocity to'a certain extent. 1 believe, thatin
most cases a very high degree of perfection is attainable—
at all events, it will be acknowledged that the prineiple,
should be Ieept clearly in view, and that if there is any
deviation from it, it’ should only be where there is rexntly
good ground for it.  If we cannot attain to perfection, thare
is no reason why we should give up the search for it.

223. 1 have said unless there is good " cause: cireum-
stances may render it nessssary to carry out a channel
which it ‘may be foreseen will silt up enormously, but the
advantages derived from the irrigation would more than
counter-balance the loss. It might have been possible t5
have carried a channel in another line, which would not
have silted but the original cost may have been more than
sufficient to outweigh the expense of ‘maintaining the other.
No one - therefore would dispute the propriefy‘"of adopting 4
the most economical channel. .. T would merely insist on the

propricty of avoiding meedless expenditare. Mif SN
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224, But it will perhaps be said that I have thrown the
whole onus of the silting produced in main channels, by a re-
duction of the surface fall below what I take to be the pro-
per standard for irrigation, on the navigation ; supposing the
reduction to have been effected on purpose to render the
channels navigable.

225. I do not deny this; on the contrary I would dis-
tinetly assert that it is the case ; but I am far from assuming
that the advantages gained by facilitating or creating naviga-
tion, are not sufficient to counter-balance the inconvenience
and expense occasioned by the silt. :

226. The latter will vary on “different Canals to a very
great extent; the traffic on one system of Canals may be
enormous, while the silting may be less than exists on another
set of Canals, in which the traffic m® not be one-tenth so
important. Surely there can be a fixed rule, either that com-
bined navigation aud irrigation are an ungualified advantage
or the contrary. What woeuld hold good for channels with
a small guantity of silt, would be® utterly inapplicable to
those in which the quantity is great; but the question may

~be considered as resolved into very marrow limits, if viewed
with reference to the amount of silt.

227. And it would not be difficult in many cases to-an-
swer the question. Let the quantity of silt annually deposited
in a series of channels which are supposed to be well design-
cd, be determined, and let the annual cost of removing it,
excepting the pertion at the heads due to the loss of the velo-
city at the entrance, be computed. Let this, added to the
_cost of purely navigation works, and establishments, be com-
pared with the saving effected on the transport of the whole
of the goods conveyed annually by those channels, and I
should say that a very fair approximation of the net saving
would be arrived at. If the silting were nil, a very moderate

 amount of traffic would suffice to balance thé_ cost of the navi-
gation works, locks, &ec., and establishments, and cven in

cases where the silting must be considerable, as @ the Goda-
L .
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very channels, one can conceive that after due allowanee for
all drawbacks on this account, the aggregate saving may be
enormous ; but it would be as easy to conceive a case, if not
to exhibit a practical e\umple, in which the balance mlvht be
all the other way.

228. As regards the Godavery channels' no one' could
cavil, with any show of justice, at the arrangement of coni-
bined irrigation and navigation which is in force there. The
repairs of irrigation works for last year cost only 4 per cent.
on the revenue, and united with the repairs that arve charged
solely to works of navigation, cost altogether but two lacs
of Rupees, while the land revenue has risen to nearly 34
lacs of Rupees, or double the amount which was collected
previous to the construction of the Annicut; aund the traffie
has arisen to a surp}:isﬂlg height. The total value of the pro-
duce that passed through the locks at the heads of the main
channels, during last official year, amounted to mo less than
582 lacs of Rupees.. The number of boats nearly 34,000,
and of rafts 5,770.  (Chief Enginecr’s Administration Report
for 1860-61). :

229. These facts cannot be controverted, and the design
which has produced such splendid results can ha,rdly fail to
elioit the cordial admiration of every one who takes an in-
terest in the improvement of the country.

230. But the very fact of this success may be productlve
of mischief in other places, if the system on the Godavery
is blindly copied, without proper attention to the peculiarities
which may cause them to differ in a marked manner from the
Godavery. The chicf lesson to be learnt from the rapid
. improvement in the condition of that district; is not that
irrigation and navigation to be successful must be earried
out in the same chaunels, but that ncither the one nor the
other should be neglected.

231. It is quite possible, and hlghly pmbable, tha,t navi-
gation may in most cases be indispensable, to give proper
cifect to exfended irvigation; but there may be other cases
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it which the conveyance of the produce raised by means of
the irrigation channels, or of other goods in . return, may be
of quite secondary cousideration. What would the transport
of cotton from Berar to Cocanada, and of salt from Cocanada
to Berar have to do with the Agricultugal produce of the
Godavery district, or what would the conyeyance of troops
or military stores, beer, gunpowder, &c., have to do “uh it ?
Evidently very, little ; and may there not be cases in “which
such traffic may far exceed that due to the simple extension
of irrigation and in which the channels which would have
to run on the shortest and most suitable lines of communi—
cation may not be at all suited for extending the irrigation ?
There would surely be many cases, in which if a channel
were forced to answer both purposes, it would answer neither
in a proper maunner, and in which it would be far preferable
to retain the channel e\cluaudy for navigation, and to ex-
cavate a; separate channel, probably in another direction for
irrigation. : :

232, Further than suggesting that.the peculiarities of every
district should be studicd attentively before any judgment
as to the superiority of combined navigation and irrigation
over a system of separate channels, is. formed, 1 have no in-
tention of pursuing the subject of the comparative advanta-
ges of still water navigation.

233. I would simply remind the reader that the solution
of this question will have to be worked out separately
for every locality, in which it may be raised. I have al-

ready called his attention to,the importance of preventing
any check to the velocity of the stream, which may be pro-
duective of accumulations of silt, and have shown that ex-
‘cept-at the head of a channel, no such accumulations should
take place, if it is properly aligned for irrigation. The
channel may be designed for navigation also, and the silting
which this would occasion may be accepted dcliberately, as

a necessary inconvenience which will be more than coun-

ter-bala.nced by the increased facmtles of transp(nt that
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would be furnished. It will be only one step further to
ascertain, whether it would be preferable to retain the chan-
nels in which the principal traflic is carried on, for naviga-
tion only, at least in their lower reaches, and to irrigate by
means of side chanyels, or others, as the levels of the country
may indicate; the additional cost of the navigation channel
being, it would be supposed, counter-balanced by the saving
effected in transport by still water navigation.

234. It should be observed, that still water navigation
may in some instances be very objectionable, owing to the
growth of weeds. In some of the channels near the foot of
the Himalayas, a very strong current is required to keep the
weeds down, and I should therefore consider it doubtfal as
yet, how far still water navigation may be suitable in that .
part of India (see Sir P. T. Cautley’s notes on Doab Canal
page 175).

ON THE IRRIGATION WORKS IN THE NORTH.:
AND SOUTH OF INDIA,

235. That there must be some radical difference in the
conditions under which Canals in the north and those in
the south of India have to be carried out, cannot haye
escaped the notice of any one who has paid the slightest
attention to ‘the subject. It must have struck the most
casual observer, that the Canals in the south of India have
proved remunerative almost as soon as they were opened,
while those in the north have to linger on for many years
before they return sufficients to cover the interest of the
capital expended.

236. This is at once partially explained by the s1mple
consideration that the Canals in Madras are opened out by
degrees, while the Ganges, and other, Canals are nearly com-
pleted before any water is thrown into them. In the one
case, after an Annicut has been completed, and a command
over the water in the River thus obtained, the water can be
turned to use by the simple excavation ‘of channels in dif-
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ferent directions. - The depth of excavation at the heads of
the main channel may be considerable, but it is generally
practicable to excavate them to the capacity required to
deliver a supply of water sufficient for the immediate wants
of ‘the district, during the period occupied by the construc-
tion of the Annicut, which will probably not exesed 3 years.
Sluices and other masonry works will be requived also, but
on some if not all of the projected lines of channel, their
progress will keep pace with that of the Annicut; and there
are generally existing channels,—natural or artiticial, which
may be used temporarily ifnot permanently, to distribute
the water in different directions. _

237. Fuarther in every part of the Madras Presidency,
there are a number of rain-fed Tanks, the revenue derived
from which may be liable to undergo extraordinary fluctu-
ations, owing to the uncertainty and insufficiency of the
supply. The cultivation then becomos a lottery ; it may be
proﬁtdble or it may not; but the cultivators, though they
may be ready to run the risk of Msing a portion of their
erops, will be obliged to refrain from cultivating all the land
under their Tanks, though if they could secure a good sea-
son, they would be only too glad to do it. The addition
of the water supplied by means of the Annicut channels to
such Tanks, would have the immediate effect of securing the
revenue and of giving confidence to the people. In look-
ing over a list of Tanks in a single ‘Taluq in the Kistna
distrigg I find that on one the revenue had fallen in one
year to 365 Rupees, while it has now risen to 10,000
Rupees, in another in one year no revenue had been
co’llecbéd, while the maximum sinee the construction of the
Annicut has been 4,000 Rupees. = Similarly in two others of
which the revenue had, fallen in one year to 123 Rupees and
323 Rupees, about 10,000 Rupees are now derived,—and
I have no doubt that much more striking instances might be
brought forward from other districts. i

238, Even with an expenditure of 20 laes of Rupees
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which is more than would be required to bring an Annicut
and channels on a large scale, into operation, it will be
readily understood, that an increase of revenue sufficient to
constitute them remunerative works, or a return of 5 per
cent., might be realized almost in the very first year, daring
“which a supply of water is provided. Dircet irrigation by
means of small channels would be carried forward at the
same time; and as the demand for water increases, there is
comparatively little to be done, beyond increasing the capa-
city of the main channels for a few miles from the Heads.

239. A large quantity of silt is thrown into the Tanks
along with the River water, and eventually their capacity
will be so much reduced as to render them unserviceable,
but this operation will be a gradual one, and it can hardly -
be considered an evil, if there is sufficient water in the
River to extend the irrigation to the beds, and if the capa-
city of the channels is made sufficiently large to carry the
supply required for the purpose, as well as to provide direct
irrigation by means of small channels to the land under the
Tanks. Whatever may-be done with the Tanks eventually,
it cannot be denied that they are invaluable subsidiaries to
the Annicut channels in the first instance, and in comput-
ing the expense of irrigation in different parts of India, it
is but fair that they, or any other existing works which
may be used to distribute the new supply of water, should
be taken into account.

240. It is not to be implied that the channel irrjgation
alone would not rapidly become remunerative, but unless a
plentiful supply of labor is avaﬂable,. the channels cannot -
be excavated so fast, as the demand for waser arises. ~Even
with the Tanks, which, it may be said, make the water go
much further than it would do otherwise,—the demandis
always in advance of the supply, and will ¢continue in ad-
vance of it, so long as there is a good market for the pro-
duce; and there is land remaining to be irrigated. &

241, Thus the Delta projects in the Madras Presidency
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provide in the first instance for the supply of water sufti-
cient to place existing cultivation in a state of security,
and for a moderate extension of irrigation to new land;
bat they .admit of expansion, until they comprehend
the whole of the: country which can be brought within
command of the water. This system must be consider-
" ed to b3 practically a very perfect one. It may necessi-
tate the enlargement of masonry works and alterations
which by proper foresight might have been avoided ; but
it does not follow that it is more economical to construct a
wmasonry work, for instancs a sluice, so that it should be ca-
pable of meeting the wants of a channel ten or twenty years
after its construction, than it would be to allow a waterway
sufficient for its wants in the first instance, and to enlarge it
afterwards as the capacity of the channel should be increas-
“ed. There must evidently be a proper medium to be observed
in such madters. &

242. If we turn to the Ganges Canal, or to the other
Canals in the North West Provinces we shall find that the
procedure is the reverse of what I have described. I trust
that it will not be supposed that I am instituting a compari-
son between the works in the two Presidencies, for the sake
of holding up the system on the Madras side to admiration
at the expense of the other. Let it be understood that I at-
tribute the difference to the physical peculiarities of country
in the two cases. Any one who institutes a comparison
bet;wegn the two systems, without taking those peculiarities
into consideration, will doubtless arrive at the conclusion
that irrigation in Madras is more profitable than it is in the
North West Provinces; but if, from that conelusion, he takes
it for granted that the scale of expenditure depends entirely
on the diﬁ'erent’manag_ement of the Canal Officers in the two
Presidencies, he can have but a very imperfect knowledge of
the obstacles which have to be contended against, in draw-
ing a supply of water from the sub-Hymalayan Rivers..

. 243. . The numerous reports W]Z}ich have been published
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‘on the subject, and particularly the voluminous report of
Sir P. Cautley on the Ganges Canal, turnish nearly all the
information thav could be desived. Still nearly all official
reports are addressed by officers to their immediate su-
periors in their own department, and it iS taken for granted
that the latter understand the general features of the locality, :
which may bs brought under.consideration. Terms are used,
which may be unintelligible to those, whose experience may
not have extended to that locality, and may even mislead
the reader, for the syme word may have different significa-
tions in different parts of India.

244. I am sanguine that the reader.-who is interested in
Uanal works, will thank ms, if Tcan help him to gain a clear
idea of what the difficulties which have to be encountered
in the North West Provinces, really consist.

245. It has already been explained (para. 56) that there
_1s a strip of low land to the westward of the Sutluj, which is
capable of being hrrigated from that River, Ifa line of level
were carried at right angles to the general course of the
Sutluj, the banks of that River would be found to be higher
than any other point.in the line. If the freshes in the Sut-
luj rise to the level of the banks, and in extraordinary
floods, rise above it, more or less of the land in question
would be inundated. It may therefore be considered as
within the limits of inundation, and any channels which
ave excavated for the purposes of irrigation, and which merely
carry a supply during the rainy season, may be termed
inandation Canals. The tract of low land I have deseribed
is called the “ Khadir.” In the valley of the Sutluj, it ex-
tends, as I remarked before, to a maximum width of 30
miles. Beyond, there is a sudden rise it may be of 30 feet,
or it may be 50 feet or even 80 feet and if we continue to
proceed at right angles to the general course of theSuthj
we shall find a table land on the higher level, of variable
width, till we approach the valley of the Ravee, when there
will be an abrupt descent, to nearly the same leyel as the
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“Khadir” of the Sutluj. - The high land is called the “ Ban-
gur,” and it may be cousidered the feature, which more than
any other, distinguishes the alluvial country in the north
of India, from the delta formations in the Madras Presi-
dency.

246. It is to be found on all the Himalayan Rivers (I
believe without exception), and indeed ma; be considered
as a characteristic of all large Rivers, which traverse exten-
sive alluvial formations,

2-&7 The “Bangur” does not differ matenally from the
“Khadix” in regard to soil. In some places it is wmore
sandy, and in others the alluvial stratum is thicker, and of

“a more compact quality, but the formation is as much an
alluvial one as the Khadir.. The surface is more irregular,
owing to the drainage water which has to traverse it, hav-
ing a greater fall into the Khadir, than any drainage course
originating as the latter could have. Deep nullas are thus
formed, and the surface of the country may occasionally be

- cut up inte a net-work of ravines (se¢ pl. V and VIII, Atlas
to Sir P. Cautley’s report on the Ganges Canal), which would
have to be carefully avoided in aligning a Canal. The soil,
consistmg of a stratum of tenacious clayey alluvium (gene-
rally) overlying pure sand is an excellent material to deal
with so long as the upper crust is not passed through; but
below this it would yield more readily to the action of water
than perhaps any other formation that could be found.

248. The comparative widths of the ¢ Bangur” and
“Khadir” will vary in different Doabs. Between' the
Ganges and the Jumna, the latter is not of great extent,
and ‘the “ Bangur” in many places touches the Rivers.

In Oude the same is the case with the Gagra, though for a
considerable distance, the “Khadir” has a width of from 3
to 6 miles. '

249. On the left bank of the Sutluj, the Khadir is ge-
nerally from 5 to 10 miles wide, the Bangur receding from

the River at Loodiana and never rejoining it. It can be
M .
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traced through the Bhawulpoer territory into Scinde, the
Narra apparently running at its base,- and the “ Bangur”
itself constituting the great Scinde -desert. On the right
bank of the Sutluj, thz < Bangur” touches it at only one
point some miles above Ferozepoor, and then gradually
recedes from the River. At Loodiana it is about 70 or 8¢
feet high, abO\?;éF erozeporr about 50 feet. To the south-
ward the heigat is gradually diminished, until in the lati-
tude of Moultan, it fades into the general level of the
“Khadir.” "

250. On the Ganges the “Bangur” is about 80 feet
above the surface of the River opposite Roorkhee, and
about 50 feet at Cawnpoor. In Oude it is about 60 feet
above the level of the Gagra, at the distance of 25 miles
from the base of the Hills, and above 40 feet in the latitude
of Lucknow.

251. The origin of the “Bangur” I do nob pletend to
account for. It may be due to a gradual elevation of the
land, such as we know ‘s going on in different parts of the
globe, or to the lowering of the beds of the Rivers, at the
base of the Himalayas, or it may be to both causes.

252. If we now consider the means of irrigating the
country above desecribed, we should observe that the Khadir -
of the Sutluj is alone of sufficient width to afford room for a
large channel. In Scinde there is also a traet of land suitable
for irrigation (and actually irrigated) by cuts from the
Indus, but in by far the greater and most important part
of the North West Provinces, it is to the “ Bangur” for which
irrigation is most required. The crops are dependent on
the direct fall of rain, and more or less on weHs and small
Tanks, from which the water is raised to the fields. The
degree to which cultivation can be profitably carried on
will vary greatly in different provinces, and even in dif—.‘
ferent parts of the same province. In Oudeand the country -
to the eastward, drought is seldom experienced, though
owing to wells and Tanks having to be used to supplement
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the rain supply, the cultivation will there be more expensive,
than would be the case, if Canals were introdueed. In the
‘Doab between the Ganges and Jumna, the water in the wells
ranges from 13 to 105 feet below the surface of the ground.
(Sir P. Cautley’s report, vol. 1, p. 340). In the southern
parts of the Punjab and in the extensive tract of country be-
tween the Sutluj and Jumna, wells are not only 60 fect deep
and upwards, but the water is brackish. The fall of rain is
insufficient to mature a crop, and the consequence is that the
tractsof country in question,are for the most partdesert, though
the soil is in no way inferior to that of the < Khadir,” of the
Rivers, where the crops are as luxuriant as could be wished.
253. Having explained that it is the ﬁangur” land for
which irrigation is in the main required, I proceed to show
where the Heads of the Canals may be most suitably opened.
954, If we proceed along one of the Himalayan Rivers,
for instance the Ganges, in the direction of the Hills, we.
shall find, at every point which we may examine, the ¢ Ban-
gur” land running parallel to us :—until we arrive within 10
or 20 miles from the Hills, there is no interruption of any
kind, unless it may be where a stream has cut through it. If,
with a view to save the masonry works which would have to
be constructed if we opened the Itead at the debouchure from
the Mills, we should look for a site below the point where the
Hill torrents join the River, we should find that there would he
10 escape from the alternative of entering the < Bangur” land
in a cutting of from 50 to 80 feet deep. (Ganges Canal re-
port, vol. 1, page 19-20).
. 955, The surface fall of the “Bangw” from Roorkhee to
the southward for a distance of 20 miles is less than 2} fect :
amile (Ganges Canal report, vol. 1, page 202-206), the soil is
sandy-throughout, even on the surface. The velocity of the
water in a Canal carried through this soil should. certainly
* not exceed 24 feet per second ; and with ‘a depth of 10 feet,.
and a supply of 6,500 cubic feet per second, the width of the
bed would have to be 250 feet. The fall of the bzd would
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ouly be about 5 inches a mile, and before the water reached
the surface, the Canal would have to be carried a distance of
upwards of 30 miles, and would cost for that distance only
‘not much short of a crore of Rupees :

256. Ifany point lower down the River were tried, it would
be found that nothing would be gained, for although the
height of the Bangur land might be less, the surface fall
would be less also, and the Canal would therefore have to be
carried in a deep cutting to a greater length. :

257. The above explanation must be superfluous to any
one who has examined the surveys of the country between
the Ganges and Jumna, but the relative levels of the  Ban-
gur” and < Khadir” might not strike one, who had merely
glanced at the plans, particularly as no crop sections of the
Doab are drawn out. The fact is, that once it is decided
that the Canal must be opened at some point near the Hills,
the level of the country with reference to the River at other
places to the southward is a matter of no interest, excepting
at the positions selected for the termini of the Canal and
branches. : :

258. It must be evident from the above deseription that
it is only by selecting some point near the Hills, where the
fall of the country is rapid, and where it exists both along
_the course of the River, and fowards it in the direction of the
Hill drainage, that the Bangur land ‘can be entered with a
moderate amount of excavation. The attainment of this
object might not however carry the Head sufficiently .
far up to secure it against injury from the capricious changes
of the River. It would cost much less and be more satisfac-
tory in every respect to have the Head of the Canal at the
point, or at ashort distance below it, where the River debon-
ches from the Hills, where the bed is formed of large bould-
ers, and where there will be facilities for gaining a control
over the supply, such as do not exist at any point lower down
throughout the whole course of the River to the Sca.

259. These advantages are somewhat dearly purchased it
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must be allowed. A great surplus fall has to be disposed of,
and torrents of the most formidable kind are intersected,
which can only be surmounted by'means of works of extra-
ordinary massiveness, and extremely expensive.

260. It would thus appear that the masonry dams, falls,
and other costly works which have been constructed near the
Heads of the Canals in the North West Provinces have been
forced upon the Officers who designed them. The estimated
expenditure per mile for the first 24 miles of the Ganges Canal
was about2,40,000 Rupees, or in all to nearly 57% lacs of
Rupees, while that of 523 miles of main channel beyond the
24th mile, was only at the rate of about 14,000 Rupees a mile,
an amount which cannot be considered immoderate, if it be

. noted that it provides for the construction of Bridges at in-
tervals of every 3 miles, and of numerous locks, falls, and
~other masonry works. It may be said that the first 24 miles
of the Ganges and Baree Doab Canals, cost nearly one-third
of the whole. outlay,—or in round Jhumbers from 60 to 40

* At least half as high lacs of Rlll)(,(,b In the latter Canal

again, on the average as the . h 2dv: nfa o TN o from

mtesl in -the North West tl_lere is the disadva 20 S {

Provinces. high rates of labour* and materials
Bricks owing to the great q o aditi ¢

searcity of Taelioont 14 q,-15 to contend against, in addition to

pusan Ll 5 ioned by the extraordi-
Saul 2} Rs. a cubie foot. that S0CCasone y

Bricklayers15 Rs.amonth. nary fall of the country for some
ag;.rillll‘eis(if:&ex?:te e:;?;:ﬁrk distance from the Head.

261. Moreover, the Head works must be completed en- -
tirely before the water can be let into the Canal. At the
lowest computation a period of ten years will be occupied
in the operation, and as the remainder of the works would
be carried forward during the same period, it may be com-
puted that on each of the Canals above-mentioned, nearly a
crore of -Rupees must be expended betore the irrigation can
be commenced. :

262. Those Canals thus labor under a great financial disad-
vantage at starting; and the number of masonry falls, damg,
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&e., with which they are furnished necessitate the employment
of expensive establishments, which must be kept up to much
the same standard, when the irrigation first commences,.as
it will amount to, when the whole of the water is utilized.

263. A limit has to be fixed for the quantity of land to
be brought under irrigation. Any increase in the supply
of water above what the capacity of the channel provides for
in the first instance, would necessitate an additional outlay
on the masoury works, as well as on the channel, and although
any quantity of water- could be obtained from the River
during six months in the year,—April till October,—it must
depend on the demand for the produce of that season, whether
the additional supply of water w ould be taken up by the
cultivators or not.

264. Inthe North West Provinces the largest crop irrigat-
ed is wheat, which is sown in October and ripens in March, and
the capacity of the Canals is made sufficient to appropriate the
whole of the water in the River, that can be utilized in that
period.  The actual axca of wheat under irrigation on the
Canals to the east and west of the Jumna, exceeds that of all
the rain or “ Khurreef”” crops put together. Of course, there-
fore, any enlargement of the channels, designed to improve
the latter crop only would be comparatively unremunerative.
This is the reverse of the condition of the Canalsin the deltas
in Madras, on which the irrigation is applied principally to
rice, during the rainy season (June to December), for which
period, the supply of water in the Rivers is generally, and in
some cases far more than, sufficient to irrigate the whole
area of the deltas. ;

265. When on the subject of the Canals in the North
- West Provinces I may refer to the extraordimary difference
that prevails in the mode of dealing with the foundations of
masonry works constructed on them, from that adopted in
the Madras Presidency. To a-Madras Engineer the founda-
tions allowed to the masonry falls, dams, and various other
works on the Ganges Canal, must appear excessive when he
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is accustomed to sec Antficuts constructed in the sandy beds of
Rivers on wells not exceeding 6 or 8 feet in depth. If the
reader refers to the Atlas attached to Sir P. Cautley’s report
on the Ganges-Canal, he will observe, however, that it is
not on'all masonry works that decp foundations are used;
those of bridges and locks, are as moderate as would be em-
ployed in similar situations in Madras. The foundations of

falls, dams, aqueduets, or works of whatever kind when a
stream with a very hmh velocity is expected to act on them,

are alone such as to give any cause for astonishment. But
1t should be taken for granted by those who have no exper ience
of the Himalayan torrcuts, that an Engineer who designs
bridges, or locks, on much the same pattern, at least so far
‘as the foundations are concerned, as those erected on other
parts of India, will not adopt foundations of extraordinary
massiveness on other works without some good reason ; and
although the reason may not be apparent, some faith should

be placed in designs which have been _adopted after the
most careful observation of similar® worlks during a long
series of years. :

‘)6() The magnificent WOI‘kS on the Ganges Canal have
been built on the model ,—though on a much larger scale,—
of those on the eastern and western Jumna Canals. The
former is in the same Doab as the Ganges Canal, and the
nature of the soil and of the obstacles to be overcome, may
be considered as precisely similar in the two cases. The
Ganges Canal was designed by Sir P. Cautley after twenty
years’ experience on -the other, and during -that period he
planned and carried out nearly all the falls and other works,
-which were required for regulating the fall of bed, and for

-~ disposing of cross drainage. Experience was gathered in
that time.by failures as well as by successes. For instance,
a dam which was constructed across the N ogong River,
_ where it crossed the Canal was destroyed. A section of
the work is given at page 857, vol. 1, of Sir P. Cautley’s
report on the Ganges Canal. No one looking at it would
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suppose that the foundations were mot sufficiently str ong ;
indeed, but for the result, they might be considered e\tm-

vagant. Again, on one of the masonry falls with two de-
: ; scents of 7§ feet each, Sir P. Cautley
ROZ,EE’E?% g Dosh Canal sepbrnsk that “when the water was

3 first admitted over the falls, there
was & good deal of slack water in the lower: chambers,
which relieved the floorings  in a great measure, from the
action of such a body of water falling upon them. South
of the falls however, and between them and the Muskurra
works, there was still a descent of 12 or 13 feet, on a line
of about 3 miles in length, somewhat tortuous certainly,
but over a sandy bed. In August 1837, after we had done
all in our power to oppose'the retrogression of levels upon
the tail of these falls, and at a time when it was considered
that this had been done effectually, at least sufficiently so,
until another set of falls could be built south, the lower
chambers sank, owing in all probability, to the sub-soil hav-
ing been carried away by percolation, arising from the Head
water acting under the foundations upon soil not sufficient-
ly protected by the tail foundation wall, which wall had
been laid bare by the retrogression of levels.”

267. The dam across the Muskurra River on the same
Canal, was founded on three lines of wells,—the first and
rear lines being carried to a depth of 12 feet—but was
breached in 1829, to a width of 200 feet, besides 150 feet
of revetment. In 1‘ebuildin0 it one bay of 85 feet clear
waterway was left—to be filled in with earth to a height of
6 feet, that it might give way to a moderate flood. The
apron consisted of River stone to a width of 20 feet cover-
ed W1‘oh a timber platform. A flood in 1835, destroyed a
great portion of the latter, and above 100 feet of the body
of the dam. Again, it was repaired to an extra degree of
strength. The apron was built of boulders in cement to as
great a depth as spring water would admit of, and covered
with a paving of brick on edge to a width to. 20 feet ; and
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for an additional width of 40 feet, boxes filled with River
stone were laid, and retained in position by lines of piles
driven parallel to the body of the work. The front apron was
also built of boulders in cement. But even these additions
'proved, insufficient to withstand the floods. In 1842; a
portion of the apron was destroyed, the foundations were
exposed to a depth of 10 feet, and some of the wells had
fallen in.
268. Similar accidents occurred to other works, and it
may be said that the position of the officers on that Canal
was one of the greatest anxiety for many years. It is only
very lately that the « great difficulties experienced in con-
~ trolling the mountain torrents which intersect the channel -

of this Canal in the first ten miles of its course have been
overcome, and that the principal dams and regulators on
this part, have been placed, and are maintained by vigilance
and timely reparation, in the most efficient®order.” (Réport
on the Canals North West Provinces, 1859-60.)

269. I have already remarked shat the supply of the
. Canals in the North West Provinces is perennial, and as
they are never closed except for a few days at a time, or on
extraordinary occasions when -a crop must be sacrificed, it
must be exceedingly difficult to repair any of the works
near the Head, where spring water comes to the surface, and
it would therefore be the most economical and advantageous
plan in every respect, to make the works sgfficiently strong
in thie first instance. ’ :

270. As regards the use of deep foundations to Bridges
across natural channels, instead of a flooring with front and
rear curtain walls, it must depend very much on the locality,
which is the preferable mode of procceding. A flooring will
not prevent a severc action on the bed beyond, and it is
only in localities where stone can be procured to form a
rough apron, that the action can be softened off’ by degrees.
In many parts of the North West Provinces, one may tra-

verse a hundred miles of country without meeting a stone

-
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or piece of lime kunkur as large as a walnut, and where
brick will therefore be the only material available.  In
many cases spring water will be found in the bed of the
stream, and the curtain walls of the flooring would have to

be formed of wells ; and the only material to be found, for

* A cubic foot of old brick
work in the Kistna dis-
- trict, has been found to
weigh almost exactly 100
1bs. and- a cubic foot of
soft gneiss 172 lbs. In
water the stone would
weigh nearly three times
- as much as the brick.

One of the cut stones which
was ripped off the front
wall of the Annicut at

forming the apron, would be brick -
cubes, which I should say, are the .
most expensive things that could be

_used for strengthening a work. They

may have to be used at times, for
want of any other 111.a,te1‘ia], but as
their effective weight in water is
from one-half to one-third* that of

Bezwada by the freshes
of 1861, and was carried
to a distance of upwards
of 80 feet contained 31%
cubic feet. Fts weight
would be nearly 2}stons.

stone, they must be altogether un-
suitable for a work exposed to the ac-
tion of a violent stream; and in any
case, it may be questioned whether
it would not be much better to carry the foundations to a
depth in the first instafice, sufficient to secure them against
the action and have done with them, instead of subjecting
the work to constant supervision and repair.

271. In the case of a suspension Bridge, or others in
which the distance between the piers is considerable, there
can be little doubt, of the superiority as regards economy
of the deep foundations, over a flooring and curtain walls ;
though of course, unless the stream is to be v1olent it does
not follow that either are necessary.

272. In the Bridges on Canals in the North West Pro-
vinces, floors and curtain walls are generally adopted, not only
for the purpose of rendering the foundations more secure, but
also to serve, to a certain extent as dams, to check the
action of the stream on the bed, when there is reason to
apprehend that the slope and velocity allowed may be in
excess of that which the soil would stand. Butin Rivers,
the surface of the stream even in the dry weather, may
stand at so high a level, as to render it difficult to construct
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a flooring at all ; and in such a case, the method pursued in
the North West Provinces of sinking blocks for the founda-
tions of the abutments and piers would seem to be the very
best that could be adopted.

273. The above explanation of the physmal features of
the country in the north of India, will have rendered it
evident to the reader that the system pulsued in the Madras
Presidency of constructing Annicuts across a River, and
of raising the water by means of them, in order to reduce
the depth of the excavation at the Heads of the channels
cannot be applied then as a general rule.

- 274 To make the conditions, in the two cases af all
similar, it will be necessary to confine ourselves to the “ Kha-
dir” lands or in other words to the tract of country along
cach of the Rivers in the North West Provinees, which is
within the inundation limit. ' But I have explained that the
« Khadir” land is generally of insufficient width to furnish
room for a first class Canal : and moreover the fact “of the
width being inconsiderable implies that the water in the
wells is influenced by the proximity of the River ; and as
the cold weather level of the latter is not above 15 feet
below the lip of the channel, and is less than that below the
level of the ground at a little distance from it, the cultivator
could never be in any straits for want of water. As a rule
a ,,gréa,t part of “Khadir” land is inundated during the
floods, and the wheat which is sown on the saturated
ground on the subsidence of the inundation, requires no
turther supply of water to bring it to maturity. There are
generally some slight showers of rain in the winter, but, at
the worst, if this aid fails, the people can have as much
water as they like at the depth of 10 or 15 feet helow
the surface of the ground. I may add, that the upper
stratum of alluvial soil being only 3-to 6 feet deep, the
water permeates the sand underneath it, and will stand at

a higher level when the River is in flood than in the dry

season, but the change in surface of the water in the wells
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must be the work of time, and though the River may -
subside somewhat suddenly in September or October, the
water in the wells will not be affected mmediately, but will
retain a comparatively high level to a much later date,

275.  Of course the further the “Khadir” land recedes
from the River, the more will the advantages above. de-
scribed be absent. The land. will not he inundated and
the depth of the wells will gradually increase with the dis-
tance from the River. It would be difficult to define the .
limit at which irrigation from wells becomes unremu-
nerative, Much must depend on the rent to be paid, but
still more on the aid derived from rain. * In the lower parts
of the Punjab, the fall of rain is very preearious ; still there
~ are always a few showers during the year: and in the win-
ter there are heavy dews which must supply its place in a
measure. - But taking things as they are, I should say that
cultivation languished when the depth of the water in the
wells below the, surface of the _ground exceeded 25 feet.
This depth is attained at the -distance of 5 or 6 miles from
the River and,at the distanceof 25 or 30 miles from the
River, that is on the extreme limit of- the western Khadir
of the Sutluj, the depth is 50 or 60 feet and in some places
eéven more. £5E053
- 276. Here then we have at least one tract of Khadir
land, which would admit of irrigation on an extended scale,

- and a similar strip of country exists on both sides of the

Indus, both in Scinde, and in the provinces to the north

of it. I am not aware of there Being any other tracts of

country along any of the Himalayan Rivers, at all events of

equal importance in whicl} the same want of artificial irriga- -
tion is experienced. I : :

277.  Butin the Punjab and in Scinde irrigation is already
extensively applied to the Khadir lands. Moultan, the
tongue of land between the Chenab and Indus, Bhawulpoor,
the Derajat, and the low lands in Secinde are watered by
hundreds of channels, many of them of great length, I
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conclude that the system of irrigation that is now in force
in these provinces was introduced by the Arabs, in the first

- Mahomedan invasion of India. - It seems to be identical
with that pursued in Egypt; and the prevalence of the date
tree and the universal use of the Pei's'ia,n wheel for lifting
water, as well as the style of building, in the valley of the
Indus, gives it an extraordinarily close resemblance to that
of the Nile.

278. The “inundation €anals” in Scinde and the Pun-
jab, though they prevent the country from being entirely
desert, excepting a strip 3 or 4 miles in width along the mar-
gins of Rivers, arve yet very imperfect. They might be much

- improved and extended even on the existing system. - The
people have been subject to oppression and the country to
anarchy for ages, and the chief obstacle to improvement is
now the want of population. They are much more effica-
cious than similar channels (considered without reference to
Tanks and without Annicuts) from the rain-fed Rivers of
Madras,.which draw off a supply from the River only-during
- high freshes. They are secure of sufficient supply for mdmo
which requires water from April.till August. But there is
very liable to be a failure in. October and November, when
the rice erop is coming to maturity, and when the lands for .
the wheat and other rubbee crops require to be inundated
before ploughing. The supply fails not from @ny want of
water in the Rivers but from the changes which it undergoes
during the floods, (as described above, 64-65). The mainte-
nance also is expensive, new Heads being very frequently
required, and the clearance for some miles from the Heads
being often so heavy as to be almost equivalent to cutting
new channels. Further, they have to be carried for a-con-
siderable distance before the water can be applied to surface
irrigation (munda’olon) ~Captain Fife, Bombay Enomeels
thus summarizes the defects of the existing channels in"a
report on the Narra, 1861, (Bombay records LX. New series,
page 19). “The precarious nature of the revenuc on the
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common inundation Canals, arising from the uncertainﬁy of
the inundations; the heavy expense and difficulties, the culti-
vators have to contend with in forming and maintaining their
deep and imperfect kurrias (minor branches) and raising the
water from them with the aid of machinery to the level of the
ground : the waste of time, waste of labor and waste of wealth
from obtaining only imperfect crops : these were some of the
" over whdmmw disadvantages, but very imperfectly under-
stood ten years back, and under which Secinde still labors.
This subject is now however, I believe fully comprehended
by all who have a sound knowledge of the country. - And
I can only conclude this: report by expressing a hope that
no obstacle may be permitted to stand in the way of works
like .the Nutrow permanent Canal, which will, more than
any others, add to the annual revenue of the province, and
improve the condition of the people” -A great part of

: the crops jhoar (cholum)
* Nore.—On one of the Scinde Canals

P Beegas.

(Bombay . Selections LITL p. f06) the
following is the account of the different
kinds of irrigation :
. Revenue.
9365 Churka or wheel...... Rs. 12,861
1762 Natural but 1mce1tam "

HR20DRICR o oe s v s wessrnsaen i s 20,979
2000 Rubbee(thatiswheat, &e.) ,, 2,000

20,336 37,380
a Beeg'\. is about 3 3 of an acre, but varies

wheels.

Bajra,* Cotton, Indian corn, -
&c., are irrigated by Persian

On some of the -
larger Canals there will be

upwards of a thousand of

these machines—not al- -

‘ways. at work certainly,

but used more or less to

in different provinces. X
make up for the want of

flooding. The area of land irrigated by each will depend
on the nature of the soil, depth of water and number of bul-
locks employed, and.of course will vary greatly, but 10
acres will not be far from the correct average I believe.
-279. I may incidentally remark that the provinces in
question have one natural advantage over the deltas in the
Madras Pre31deney, the value of which can hardly be over-
estimated,—that throughout the Khadir lands there is good
spring water to be found. It may indeed be at a consider-
able depth below the surface, but it is still every where
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* attainable, (undess in parts of Scinde) and once a man becomes

the owner of a well, he may look upon part of his crop, at
all events, as secure. It is the absence of sweet water'in .
the Godavery and Kistna districts and elsewhere, that

renders the formation and maintenance of Tanks and chan-

nels or neglect of them in the Madras Presidency a matter

of life or death to the people. e

280. The maintenance of the inundation Canals in the
Punjab and ‘Scinde is I have said expensive, and the irri-
gation is partial, and dependent on mechanical aid. It
would seem desirable to ascertain if there is the means of
making the supply perennial and of constituting existing
Canals into branches of larger channels which might be
opened ‘at some favorable point higher 'up the River, and
run nearly parallel to it, with the water on as high a level ‘
as might be wished.

281." Doubtless, this would be a most desirable consum-
mation, but the question is, how far it is practicable. There
are two Rivers to be considered, the Sutluj and the Indus.
The first at Ferozepoor—or where the Bangur land touches
it, about 20 miles above it,—commands the Khadir land to
the westward, comprehending an area of upwards of 5,000
square miles, and that to the eastward, a strip of country

_about 10 miles wide and several hundred miles long, but

mostly belonging to the Nawab. of Bhawulpoor. - The Indus
at the junction of the Chenab, commands the whole of the
country onwards to the sea, mcludmg the whole of Scinde,
part of the Bhawulpoor Territory, and.adjoining it, that
ceded to Meer Ali Morad. :
282. To say nothing of navigation what would Cana.ls be
worth which should prevent the supply in the Sutluj and
Indus running waste to the sea for six months in the year,
November to April. .The minimum discharge of the former
is about 8,000 cubic feet per second ; that of the Indus, T
have no means of ascertalnmg, but it is probably between 30

" and 40,000 cubic feet per second. ’
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283. The only means of securing a perennial sup-
ply to Canals opened from those Rivers, would be
- by gaining a complete control of the latter, which could
only be accomplished by the construction of masonry
~works across the channels, and -by extensive flaink

defences to prevent their. being turned. The- Madras
An'nicutihave been so successful in positions, where, not
many years ago, most Engineers would have anticipaﬁ-
ed nothing but failure, that one would naturally turn
to them as the model to be followed on the Rivers under
consideration.

284. The chief difficulty would be, not to give a work suf-
ficient strength to withstand the floods, or to protect it against
a flank movement of the River, but to construct it at all.
The Godavery Annicut was closed when there was a consi- -

: derable body of water in the River,
re;)?;:f\‘i‘l‘tf‘f,llo?es?lgnb though not withdut great difficul-
al Papers., Madras Engh-. ty:* but there were stone quarties
e ey <at no great distance from the work;
and the only practical difficulty was to have a sufficiency
of boats, wagons, and coolies to bring the stone to the
spot. But had there been no quarries, how many brick
cubes would have served to make up for the want of
‘them ? : : : s -

285. I do not think it likely that a pfojeet to throw a
dam across the Indus would meet with serious consideration
at present. If any improvement in the existing system is
thought desirable, it would probably not be extended beyond
the opening of main channels at Sukkur, where the River is
confined by rocks. One channel has alrcady been carried
out from that point, by Captain Fife, and the experience

* gained from that work, would make him the most compe-
tent person to judge of thgz possibility of feeding the vari-
ous inundation channels to the southward, by main chan-
nels from the same site, with the beds on a level sufficient-
1y, low, to admit a supply during j:hé cold season, The
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channel already excavated provides for a depth of only 11
foot of water, when the River is at its lowest. Captain W.
Baker suggested the cut originally, and proposed a depth
sufficient to allow 5 feet of water in the dry season. The
change is probably due to the necessity of limiting the ex-
pense of the work, and to the anticipation of inordinate
silting of the Head during the floods, which would neces-
sitate the closing of the channel for several months in the
year. Informa,tlon on this point: the quantity of silt, com-
pared with the supply of water, would be valuable and in-
‘teresting. :

286. I may remark, that unless the channel is confined
within a rocky gorge, so that the width of the stream, in
the dry weather is not materially less than in the rains,
the simple contraction of the waterway will not be suffi-
cient to ensure a supply to channels on either side. Many
of the Indian Rivers could not be contracted by artificial
works—at places where they pass through alluvial soil or
sand, to much under the width of ‘a mile, while in the dry
season, the width of the stream might not exceed one quar-
ter of a mile. On the sub51dence of the River, the Heads
of the Canals, on one side or the other, would be liable to
have a sand or mud-bank, three quarters of a'mile in width
between them and the River; which, in all probabﬂity, it
would be physically impossible to cut through in time to

“prevent the destruction of the crops. :

287. It might be possible by a system of groynes, to
‘obviate the occurrence of the serious inconvenience I have
‘described ; but they would be, at best, a very imperfect
substitute fora dam, and could do nothing to raise the
water, when it mlght have fallen to an extla.ordmarlly low,
level. :

288. The Sutluj though a formidable. River, is far in-
ferior in size to the Indus, and I am not aware of any
- River'in India, that affords a finer field for irrigation. The

country under its command, from the’junction of the Beas,
e 0
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to the southward, is some thousands of squarve miles in ex-

* As regards silting they  tent; and as channels opened from
t‘f,°;ﬁ§§eﬂ§“<‘;‘;’§;‘§?1§3 l:tf*zglg; it at that point, would not be sub-
might be closed for three jected to the draw backs* of those
:’;;"‘l‘:yh‘tomtzl‘eeuﬁ;:&‘o:hoﬁ opened nearer the Hills, so far as

would be near the Heads of -draina,oes and masonry works to
the main channels where =

the heaviestssilting would €ross them are concerned, the sup-
take pac. and iLmightbe 11y of water need mot. be limited by
set of main channels for the  that afforded by the River-in the dry
first 5 or 6. miles from the

Head, and to use them al- season. In fact the principal expense
o j would be in constructing a dam
across the River; and as in the case of the Annicuts
in Madras, the larger the channels, the higher would be
the returns in proportion to the outlay. If for instance, the
expense of a dam and Head-works were to amount to 50 lacs
of Rupees, and that of the channels and other subsidiary
works to as much more, and that water for 10 lacs of acres
(which is a low estimate) were supplied; the returns at 1

Rupee per acre would be 10 per cent. on the outlay ; and if
by the expenditure of another 50 lacs, in enlarging and ex-

tending the channels, so as to double the supply of water, an
additional return of 10 lacs were realized, the whole returns,

on 150 lacs, would be 20 lacs or 13} per cent : which would

be no exaggeration, for by doubling the expenditure in the

channels, the supply of water would be move than doubled.

289. It would serve no purpose to enter into the details

of a project for the irrigation of the “Khadir’ land under

the Sutluj. T would only beg to remark that a dam across

that River must of necessity be a very expensive work. No

material but brick would be procurable, unless for coping,
‘grooves, and other work in which stone might be considered

essential, and every cubic foot of it would cost about a
Rupee. Even bricks would cost 14 or 15 Rupees a thousand,
if not more ; and for the enormous quantity that would be
required, it would be difficult to get sufficient fuel, at any
price. . : : p
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290. In conclusion, I would beg to point out that it is
customary in the North West Provinces as well as in the
Punjab and in Scinde, for the cultivators who draw off a sup-
ply of water from the Canals to excavate and repair the
minor channels themselves.  The minor branches or Rajba-
bas from the Canals in the North West Provinces are exca-
vated under the superintendence of the Canal officers, though
the outlay is charged to those to make use of themn. But
their time and attention is not taken up with making or re-
pairing wells or in excavating and repairing channels, which
may do nothing more than water a man’s garden.

291. In the Madras Presidency, on the other hand, all
works however small, and all repairs of irrigation works es-

. timated to cost over 25 Rupees are carried out under the
supervision of the officers of the department of public works.
How this system came originally into operation, I would
not attempt to explain. It will be allowed, I imagine by
all parties, that it has great drawbacks. The question is not
whether the work can be done best I}y the revenue autho-
rities or by the department of public works, but whether it
could not be done by the ryots themselves. There can be no
doubt that it is not any difficulty of construction, that would
stand in their way ; but the difficulty of doing any thing
whatever contrary to “ Mamool.” But when so much is said
and written about educating and improving the natives,
one would think that any efforts of the kind would not be
of much good, if they did not teach the natives first of all -
to help themselves. - If thers is one thing more than another
in which they have an interest, it is the maintenance of their
irrigation works, without which their land is useless.

299" 1If the thousands of petty Tanks and channels in
the Presidency were repaired by the ryots, both they and
the Government would be gainers. The latter could well .
afford to reduce the revenue by the average cost of the
annual repairs, less the charge for superintendence, while
the ryots could of course execute the work cheaper than
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could be done by the department, to say nothing of the be-
nefit they would derive by learning to exert themselves.
293. It would doubtless be very difficult to introduce
this cimnge. It would probably be answered by those best
capable of judging, that the people would simply neglect to
do the work—so improvident are they and so religiously
tenacious of established customs. T dare say the subject has
been well considered already : and it would not have been
becoming in-me to have alluded to it, had I not been natu-
rally led to it, in describing the peculiarities of the Canal

system. in the north of India.
294. Though it may be impossible to induce the ryots

to repair ex;stmD Tanks and channels, it would be well
worthy of consideration whether some improvement on the
established system may not be feasible, in any exten-
sive new projects, which. may be carried out in future. I
believe nearly every officer who has charge of irrigation
works, could point out to instances when from want of water
or other cause, he may #ot have supported a'channel which a
~ryot was anxious to have excavated, and when the ryot
has then volunteered to do the work himself; and as for
bunds, the difficulty is to prevent the ryots from construct-
ing them. The extension of 1r11gat10n from a new Canal
would doubtless be slower, were the water withheld until
the ryots should dig the small channels to their fields : ; and
any such delay might be vexatious to the officer who may

- have designed or carried out the Canal, particularly if he is
the only person who is very sanguine of its success, but if |
he were supported by the Government, I do not think he
would fa,xl in the long run.
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