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Report of a Committee convened by Order of His Excellency the Governor General of India in Council (No.
20,41Oc., of Government of India, Public Works Department, dated 24th February, 1866), to decide upon
the propriety of proceeding, as previously determined,
with Major Crofton's project for remodelling the
Ganges Canal, or of stopping its progress, pending the
preparation of a detailed project according to the
views of Major-General Sir Arthur Cotton, R.E.,with
a comparison of the cost and advantages of the two
plans.
President.
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EDWARD
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--
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The Committee having met at Cawnpore on the 31st &$arch, Pmecdinpof
Committee.
proceeded, accompanied by Major J. Crofton, R.E., to examine the
Canal Works from the river Ganges up to near the Dubowli Falls,
and also the river itself in the vicinity of the town. They then went
to Agra and examined the river Jumna at that place, and for a few
miles lower down.
T h e Ganges was examined near Rajghat, opposite Allygurh, and
the Committee proceeded for about eight miles along the canal above
Nanoon, after i:~specting the Regulating Works at that place. The
river Jurnna was examined at the confluence of the Hindun, and afterwards a t Alee, a small village near the ruins of Toghlukabad, about
ten miles below Delhi.
T h e Committee, then returned to the Ganges at Gurmuktesur,
and from thence marched along the edge of the high land, to the con.
fluence of the Solani torrent with the Ganges, examining its junction
with the strip of low ground along the margin of the river nearly the
whole way, and more carefully in the vicinity of the Solani. Crossing
the high land to the canal, the Committee then proceeded along its
banks from the Jaoli Falls to the head a t Hurdwar, examining each
important work as closely as circumstances permitted, and terminaB

the

ting their inspections with the temporary bunds in the river and the
head works of the canal.
The tommittee also saw some of the places near Hurdwar from
whence stone has been obtained for the canal works.
*ldomhved
After much discussion and careful consideration of every point
st.
bearing on the subject, the Committee have arrived at the following
conclusions, on grounds explained in the subsequent detailed reports.
Web
the
I. That the construction of a weir across the Ganges below the
Ganges near the Sohi.
confluence of the Solani with other necessary works for supplying
a1,128,681.
water to the canal, at an estimated cost of Rs. 1,12,86,314 cannot be
recommended.
Weir and - a t
11. That the project for opening an additional canal bead, inRqjghat.
cluding the construction of a weir on the Ganges at Rajghat, or other
&1,130.417.
point in that part of the river, at a coat of Rs. 1,13,04,170, for bringing
under irrigation lands not now watered by the canal is feasible, but
should be held in abeyance until the probable returns appear more8
proportionate to the outlay than at present.
weir
the
111, That the construction of a weir across the Jumna at ToghJumna, and canal for
irrigation.
lukabad with a canal for the irrigation of that part of the Doab below
#B~,K~o.
Allyghur, not under the influence of the Ganges canal, at a probable
cost of Rs 36,45,701, inclusive of branch channels, is practicable, and
that the project should be further investigated ; but they are of opinion that it cannot be substituted for any portion of Major Crofton's
project.
MajorCrofton9sproIV. That Major Crofton's project for remodelling the Ganges
ject.
canal should be proceeded witb, subject to the modifications suggested
in this Report.
V. That the construction of a permanent weir across the GanWeir at Hurdwar.
ges at Hurdwar, though not indispensable while the present reduced
quantity of water is passed down the canal, will become a matter of
absolute necessity in order to maintain without risk of interruption
the full supply of 7,000 cubic feet per second.

-

PROPOSED

HEADS FOR THE GANGES CANAL.

P R E L I M I N A R Y OBSERVATIONS.

Pecnliaritiea of
1. As the Committee think that the peculiarities of the Ganges Ganges
somewhat re-

are somewhat remarkable, and that a comprehension of them is indis- markable.
pensable before an opinion of any value can be formed as to the relative advantages of different sites for the opening out of new canals,
they will endeavour to describe them.
2. The Plains in the N. W. Provinces, unlike the Deltas on pE-;%e$.
2
the East Coast, are far above the limit of the inundation of the to
b v i n ~ i rne e o n
the nvem fiowmg
through
them.
I
n
the
course
of
ages
the
Ganges
and
the
Jumna
have
scoop
rivers.
ed out their beds to a far lower level than they must have had at
some former period, and this operation has completely changed the
relation of the land with the rivers. The N. W. Provinces for a ,
distance of several hundred miles from the base of the hills are thus
formed of a vast plateau, which rises many feet above the highest
flood level of the Ganges and Jumna. This elevated tract is termed
the Bangur, in contradistinction to the Khadir, or the strip of low
land in the actual valleys of the rivers, and which is more or less
inundated by them during high floods. The fall of the Bangur is
not exactly the same as that of the rivers; or, in other words, the
plane of the surface is not parallel to the surface of the rivers. That
of the Ganges is more elevated near the hills than it is at any point
lower down. For instance at Sookertal, at the distance of 34 miles
from the hills, it is 80 feet above the flood level of the Ganges opposite ; and at Cawnpore, 353 miles below Hurdwar, the elevation is
only 38 feet. But the difference is in a nearly regular gradation,
so that knowing the height of the Bangur above the river at any two
points, say 40 miles apart, it may be assumed with confidence that
the height at the point midway between them would be almost exactly the mean bf the other two.
3. A range of low hills called the Sewaliks runs in a nearly
Unbroken
from S e d i k hifi;'
straight line across the head of the Bangur land from the Ganges Allahabad.
to the Jumna. From their base to the junction of the two rivers at
Allahabad, the great plain is unbroken by a single elevation larger
than a sand hillock.
4. The drainage water from the southern slopes of the Sewalik S s ~ ~ , '*"" 'he

range has to find its way into the Ganges and Jumna. T h e portion
due to the latter, that is the Western section, runs for the most part
through the Bangur, and united with the minor drainages form the
river Hindun which joins the Jumna below Delhi. But the drainage
courses on the eastern section of the Sewaliks turn off abruptly
towards the Ganges, constituting a series of ,torrents which have
completely altered the character of the portion of the Bangur triversed by them, that is along a distance of about 20 miles, extending
between the well knowxi towns of Hurdwar and Roorkee. Hurdwar
is on the east flank of the Sewaliks and close to the Ganges ; Roorkee
is on the Bangur land beyond the influence of the hill drainage.
he canny ?lops
5. Thus the original formation of the Bangur from Hurdwar to
along the rmagc
contoward8 the Roorkee is broken. I t has in fact been washed down by the torrents,
Ganges between HurBut
and Roorkee: which have thus formed a plane sloping towards the Ganges.
p e a t expense of carrying canal Wross the this plane also has a slope parallel to or along the Ganges, so that when
drainage.
selecting the line for a Canal to open from the Ganges at Hurdwar,
the Engineer could obtain the required fall (indeed there was more
than sufficient), and could at the same time work up the course of
the drainages, so as after crossing the last of them, t o be able to
enter the Bangur land, in a moderate cutting. Thus the.point selected for crossing the Solani, the last bf the hill torrents, is 80 feet
below the head of the canal at Hurdwar, but it is 70 feet above the
level of the Ganges immediately opposite.\ T h e aqueduct across the
Solani raises the sole of the canal 20 feet, and the level of the Bangur at Roorkee being 45 to 50 feet below the head of the canal ; it
can be entered in a cutting 10 to 15 feet in depth. Besides the
advantages thus gained by opening the canal at Hurdwar the two
other important objects have been attained. I. The water from the
river enters the canal charged with much less silt than would have
been the case had the head been lower down. 11. T h e channel being
of a comparatively permanent nature, the sluice and regulating works
are secure against the action of the stream, which can be more easily
controlled, and by temporary arrangements more easily diverted towards the mouth of the canal, than at any point below. On the other
hand, the Hurdwar head involved an enormous expense in masonry
works for the Solani and other hill torrents which the canal had
to cross, and for overcoming this excessive slope of country.
Sir '1. Cotton in
6. Sir A. Cotton maintains that it would have been far better to
Favor of a head near
Snokrrtnl.
have opened the canal head in the first instance near Sookertal, below
the confluence of the Solani with the Ganges; and that even now,
instead of spending a large sum to improve the existing line, it would
be preferable to open a new head about Sookertal.
Width of Grip
7. T h e Committee refer to this point, and find that the valley of
at Sookcrkl.
the Ganges is four miles wide. The river is only about half a mile in
width during the dry season, but in high floods the whole of the valley
is submerged.

,

I
I
I

I
I

!

is submerged.

8. The Khadir, or low land forming the valley, is formed of a v ~ e $ ~ e ~ ~
crust of alluvial soil, which may vary from the thickness of a few
inches to a yard or more, overGing pure and exceedingly fine micaceous sand, which extends to an unknown depth. The Khadir everywhere possesses the same character, but is wider at one point than another ; and while in some places the dry weather channel rune
nearly through the centre of it, in others it may run on one flank or
under the foot of the Bangur, as for instance at Rajghat, Futtehghur,
and Caw npore.
9. The Khadir is intersected by deserted arms of the r i ~ e r , _ ~ ~ ~ f y g ~ ;
some of which have become choked by deposits, till there is only atherivedepression to mark their course. The Khadir cannot properly be
termed the channel of the river though mostly inundated in high
floods ; and it is liable to be, and frequently is, encroached upon by
the action of the stream, so that at no single point can it be said to be
safe from its influence. The experience of some of the Membere of
the Committee on the Ganges in Bengal, the Punjab rivers, and the
Indus in Scinde, could furnish proofs of the extraordinarily rapid and
extensive action of the Himalayan rivers in eroding their banks and
altering their courses. Instances could be adduced of villagee and
trees being carried away bodily, even in ordinary floods, not by direct
action of the stream during inundation, but by its undermining action
before it rose to the level of the bank. The sand is sucked away by
the current when the river is rising or falling, and the crust of stiff
alluvial soil falls in masses by its own weight. There is thue no
stability in the Khadir. If embanked, the action of the 'river being
on the sand s t a low level, the embankment would have no strength
to resist the stream, and no material is procurable on the spot for
protecting the foot of the slope.
lo. I t would be irrelevant to seek for examples of the destruc- changss at ~ookartd on the Gangas, and
tive and changeable character of the Himalayan rivers at poitits a t a .t the confiuence of
Himdun with the Jumdistance from those which do not more or less nearly concern thenb
Ganges canal, but below Sookertal, the very point which Sir A. Cotton has selected as the most suitable head for the canal, the river
instead of flowing close to the foot of the Bangur land, as it is shown
in the Trigononletrical Survey sheets, has now a course more than
one and a half miles to the eastward, while the confluence of the
Hindun with the Jumna, about 10 miles below Delhi, which Major
Crofton has similarily pointed out as a likely place for a head to the
canal, is now four miles lower than it was, when the Trigonornetrical
Survey was made.
1I. The hanks of the Godavery and Kistna are formed of allu- h b a ~ d . , ~
K i s b more pervial soil containing a large proportion of clay down to and below the and
manent
summer level of the water : here and there strata of sand are to be
seen, but as a rule the banks are firm.
12. On tbe Ganges it is different. Sir A. Cotton s e e m for- gu A. cotton .od
C

z
;
;
4
z
9 Ibemerly to have thought so also, as will be seen from the following

extract from one of his Reports on the Godavery.
must be observed that these changes, from the action of the
its banks are much slower on the Godavery than in the Colleroon and Cauvery, and as it seems also on the Indus and Ganges ;
so that there is plenty of time to take the necessary precautions ; and
the stone we have here at hand is a material for barriers far beyond
the power of the stream to remove, even though in pieces of the size
of the fist." " I n comparing the present state of the river with the
map constructed 30 years ago, it will be seen how very slowly the encroachments of this river proceed." Major Haig bears testimony to
the same effect. The following is an extract from his Report, dated
Blae 3rd February, 1862. " I n the first place the Godavery differs from the
B%%h%pper
-wv,lssa,p.76.
Ganges in two very important particulars. I t s banks are but little
liable to erosion and subject to little change. The changes which
take place on the Ganges in the course of a few weeks or months
would be on this river the work of a century, or rather, it would be
more correct to say that the country along its banks presents incontestible proofs that no material alteration has taken place'in the position of the channel for ages. I11 the second place, the material of
which the bed is composed is a large course grained sand, totally unlike the fine powdery sand of the Ganges, and therefore requiring a
very much more powerful curretrt to displace it."
13. The obvious conclusion to be drawn from the above facts is
wo* for m-that, although the Ganges for a considerable distance from the Hirnatrol of Gangea reqaire to be on amore layas discharges during floods, a very much smaller body of water
extsnsivs d e than
am
,
the
than the Godavery, yet owing to the weakness of its banks and the
FW.
long continuance of its floods, it is so much more destructive than the
latter, that works on a more estensive scale in proportion to its discharge would be required to control it.
P r o f ~ 0 n . Papers,
l
"It
M a d m Engineera,
vol- m.,P 190.
river on
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HEAD W O R K S N E A R SOOKERTAL.
FLOOD DISCHARGE AND L E I G T H O F WEIR REQUIRED.

md

have no means of ascertaining with any
,
,
, high degreeTheofCommittee
accuracy the flood discharge of the Ganges. Mr.
14,

a m pat SwkB"ta.

Login estimated it at between 180,000 and 190,000 cubic feet per
second at Hurdwar; not however including the quantity discharged
by the Myapoor Dam and the canal, which would probably amount
to 20,000 cubic feet per second more. Sir Proby Cautley again
estimates the flood discharge of the Solani at 84,000 cubic feet per
second, and the discharge of the other large drainages between the
Solani and Hurdwar, must amount to at least as much more. A
considerable body of water must also enter at the opposite bank of

v-&

po*e

01.aep.166.

w

1

the river. Hence i t may be concluded that the flood discharge of the
Ganges below the confluence of the Solani would be much greater
than at IIurdwrzr. From the cross section which has been taken a t
Sookertal below the Solani, combined with the surface fall, it is found
that a rise of 13$ feet above the ordinary low level, would give a discharge of 516,000 cubic feet per second; but this is probably an
extraordinarily high flood which might not be experienced under an
interval of 20 years. According to the Registers, which were kept
a t Cawnpore and Futtehghur from 1843 to 1853, the higheat flood at
the former was 13 feet 8 inches, and at the latter 10 feet 8 inches,
above low level. T h e highest rise at Cawnpore is probably attributable to the influx of the Ram Gunga, and 10 feet 8 inches, or say 11
feet, is more likely to represent the rise between Futtehghur and
Hurdwar. Applyiog this to the section at Sookertal, the Committee
find the discharge would be 279,000 cubic fect per second. Taking
Sir A. Cotton's estimate of the flood discharge of the Godavery,
.at 1,500,000 cubic feet per hecond, and that of the Ganges at 280,000
cubic feet; i t might be assumed that if the rise of the flood were the
same in both cases a i d the circumstalices in other respects similar, a
weir of less than one-fifth the length of the Godavery anicut would
suffice for the Ganges at Sookertal. As the length of the former is
about 12,000 feet; the length of one for the Ganges would thus be
about 2,200 feet.
15. But the circumstances of the two rivers differ to a notable LOW watar compared with flood level
extent. T h e Ganges discharges a considerable body of water in the ,r G~~~ and Godsdry season, with a depth in mid channel of between 9 and 10 feet, and '"'
the floods rise from 10 to 14 feet above the level. T h e Godavery
carries a comparatively small body of water in the summer. T h e
surface is only 3 or 4 feet above the bed, while the flood rise t o the
height of 30 feet. T h e crest of the Godavery anicut is 14 feet above
the bed. T h e passage of the flood water is therefore 16 feet deep.
T h e length of the work being- 12,000 feet; the mean velocity will be
1,500,000= 8 feet per second nearly.
16 X 12,000
16. Sir A. Cotton, in one of his pamphlets, suggests a solid weir b,e md height
of welr edtable to
for the Ganges, 7 feet high above summer or low level. If the length Ganges.
of the weir were to have the same proportion t o the discharge as the
Godavery ; and if, as Sir A. Cotton intended, there should be no perceptable afflux or heaping up of the water above the work, it would, as
above-n~entioned,be 2,200 feet long, so that as the rise in flood is 11
280 000
feet, the velocity would be
= 32 feet a second nearly, or
four times as much as that of the Godavery. I f the length of the weir
were to be increased to 4,000, the velocity would then be 173 feet per
second, or still very mucK greater than that of the Godavery ;but if
the height of the weir be cut down from 7 feet above low water to 5

e4

L

feet, there would then be a velocity of

280 000
- 113 feet per second,
4oob

8

or nearly 8 miles per hour. The afltlux of the water above the natnral level at that height of flood would be less than 14 foot; there would
therefore be no cause for apprehending injurious flooding of the
Khadir. The above velocity corresponds very closely with that of
the Kistna anicut, with a depth on the crest of 17 feet. Owing to the
curve formed by the water in falling over the dam during moderate
floods, the depth of water on a portion of it'is less than at the crest,
and the velocity is then considerably higher. There would be this
same thing with the overfall on a weir on the Ganges. Were the
discharge during an exceptionally high flood to amouht to 500,000
cubic feet per second, which would be the case if the river rose to 133
600,000

feet above summer level, the velocity would then be Gioxs;j
= I4
feet 'i inches per second, or 10 miles per hour.
17. The length of the Kistna anicut at Bezwada is 3,600 feet,
its height above the bed of the river is 20 feet. What is considered
suitable for the Ganges is a weir 4,000 feet long, and a hdght of 6
feet added to the ordinary depth of the river during the dry season,
or in all 15 feet above the deep bed.
Additional height
18, For the supply of a canal the surface might be raised in
of 2 or 3 feet to be
e e d by moveable the dry season as suggested by Sir Arthur Cotton, by means of iron
pl&.
posts and moveable planks, to a height of 3 feet at the utmost above
the crest of the weir, or 8 feet above low water level ; but the Committee consider that 2 feet for the planking is as much as could be
calculated on in practice, and that the weir would either have to be
raised or the channel deepened one foot additional.
LXOCIUW
of ~ s n 19. The discharge of the river near Sookertal was measured in
gas at 800kertal dm~ n the
g drg m n .
April of this year, and found to be 5,300 cubic feet per second, while
a supply of upwards of 6,000 cubic feet per second was entering the
canal at Hurdwar, a portion of the latter having been returned to
the river by the mill escapes. The river was then slightly higher
than it had been during the winter, and allowing that the present
supply of the caual is maintained, 5,000 cubic feet would be the most
that could be counted on as available at Sookertal.
Capacity and fall of
20. A channel 180 feet bottom width, side slopes 2 horizontal
channel to carry 5 000
-nd.
to 1 vertical, and with a fall of 5; inches per mile, would discharge
feet
that quantity with a depth of 10 feet, and velocity of 2i-feet per
second. The latter is the highest the lighter kinds of soil could
stand, while any reduction would render necessary an additional
width of channel and an additional expense, besides causing an increased deposit of silt. The bed of the channel would thus be 2 feet
below low water level of the river.
M W ~auitable site
21. The most suitable spot for the head to the canal in the
for weir at h l e e
ohar, 4; milee below neighbourhood of Sookertal is at the bridge of boats, 43 miles below
so0kpd.l.
that village, known as the Raolee GhBt. The level of the surface of
the river in April was 206 below the head of the Ganges canal, and
h g t h o f weirpm
at 4,000 feet :
above low w e and
ter 6 feet.

Gt

.

.

the head of the proposed new channel would therefore be 208 feet
below the same datum.
22. T h e bed of the Ganges canal a t the 116; mile from Hurdwar A ch~nnrlfmru the
weir to the main csis 242 below the head of the canal, the distance of the site of the pro- n d would be 7Omilea
posed weir to this point, measured along the line which is considered long'
best calculated to meet Sir A. Cotton's views, is 70 miles, and the fall
required t o carry a supply of 5,000 cubic feet a second with a velocity
of 2; feet per second, and depth of I0 feet, being 5+ inches per mile,
70 x 54
= 32 feet 1 inch, as the total fall from the head.
there will be
Adding this to the relative level above-mentioned 208 feet, gives 240
feet 1 inch, which corresponds closely enough with the level of the
present canal bed a t 116; mile.
23. Before entering upon an estimate of the cost of construe- I;me of =hsnnd
ting a weir across the Ganges, the Committee propose to specify the
wu
kr
approximate cost of the channel. It would be carried along the
Khadir or low land for a distance in all of 20 miles. T h e surface of
the Khadir falls much more rapidly than the proposed bed of the
canal, and as the total height of the Bangur land above the Khadir is
between 50 and 60 feet, it is desirable, in order to avoid a cutting of
that depth, to carry the bed of the canal for some distance above the
level of the Khadir, or in other words within embankments. For the
last 13 miles of this section of the canal it is proposed to follow the
base of the B m g u r land, as the ground is coiisiderably higher there
than the general levd of the Khadir. It however presents great
irregularities. T h e edge of the Bangur is cut up by ravines, some of
which extend back t o the distance of about half a mile, and their
beds are only slightly above the Khadir level. T h e section therefore
presents a series of sharp undulations, which will necessitate a cutting
in one place, and a heavy embankrrient in another. According to the
arrangements proposed, the maximum height of the water level will
be 29 feet above the ground, and as the soil is generally very sandy,
this is considered as much as could be allowed withiany degree of
safety. A simple earthern embankment would not be sufficient along
a portion of the channel under consideration. Puddling would be the
most effectual mode of preventing leakage, but as suitable earth would
have t o be brought from a distance, the Committee recommend, as an
addition t o the ordinary soil obtainable on the spot, a rough concrete
wall in the centre of the bank for ten miles out of the whole distance
of thirteen miles. This would also have the effect of protecting the
bank against vermin, a precaution which the Committee consider to be
very necessary. Only one enlbankment where the channel runs close
t o the Rangur is allowed T h e water is supposed to stand back in
the ravines, which would thus form silt traps, but the raising of t h e
bed would only be a question of time, and sooner or later the drainage water would have to be carried under the channel, or a large
body of silt wo~ildbe brought into it ; for the drainage courses, though

.

$rzh

D

embracing an insignificant area, drop from the Bangur 50 feet above the
level of the channel, and the erosion must evidently be considerable.
Ddn.ge
24. A catch-water drain carried along the Bangur behind the
timUely neeessarg.
head of the ravines, would cut off part of the drainage water, but still
it is considered that the portion of the channel afiected by it would
always be liable to damage, and that the ultitnate cost of the work is
likely to be much greater than an approximate estimate based on a
simple section of the ground would show. In taking the cost of this
part of the channel into consideration the additional expense of constructing under-tunnels and catch-water drains should not be lost
sight of.
objectim to high
25. Some of the Committee consider that it would be objectionsmbankients.
able to carry an embanked channel through the Khadir, with .the
surface water more than 4 or 5 feet above the level of the ground :
that in consequence of the sandy character of the soil, embankments
could not be guarded effectually against excessive percolation or
breaches, excepting at a much heavier outlay than the present estimate
provides for. They would further remark that the large body of drainage water that will be admitted into the channel, will increase the danger
of breaches, and that in the event of the bank giving way in the rains,
it could not in all probability be repaired till the next dry weather.
Deep cutting
26. At the end of the 29th mile the channel would enter the Banthrough Bangur land,
and m*onrJ.
gur in a cutting of about 35 feet, which would work out to 15 feet at
the 52nd mile. From thence to the junction with the present line of
canal the cutting would be moderate. Masonry works are allowed for
on the scale of Major Crofton's estimate for the 1st section of the
"alternative line," proposed by Sir P. Cautley (after deducting the
cost of the falls and regulator at head), which was to have the same
capacity as the channel now under consideration. The rate allowed
for contingences and establishment, is also the same as in Major Crofton's estimate. The masonry works would be very heavy as the
channel from beginning to end is carried across the drainage of the
country. No separate allowance is made for catch-water drains or
for the masonry works which will eventually be required to dispose
of the drainage of the Bangur where the line of channel runs at its foot.
Pstimste of cost of
27. The Committee estimate the cost of the channel at nearly
channel.
682 lakhs of rupees. An abstract of the cost of the different portions
of it is given in the Appendix.
porn of wair far
28. As regards the proposed weir across the Ganges a section
Ganged.
has been proposed which assimilates to a considerable extent to that
of the Godavery anicut. T h e form of overfall has however been
changed. Sir A. Cotton has expressed his opinion on the subject in
the following terms; after he had completed the Godavery anicut,
" I must however say that here as in the Coleroon, I would now prefer
ProfessionalPapers,
afadrm &sineem building a work with a vertical fall as safer in sandy rivers ; and so it
vd. m.,p. 18s.
would in any place excepting one similar to the Kistna, where there

,

is unlimited supply of stone at very low rates, and where consequently
20 cubic yards of rough stone could be obtained a t the same cost as
one of cut stone. When I planned the Coleroon anicut, I considered
that the great point in these rivers was to break the force of the
water effectually, and prevent it scouring the lower channel; and
what I have here seen makes me think still more of the importance of
that principle. But I believe where stone can be obtained very
cheaply, a large mass of rough stone with a very long slope 'on the
lower side, will be the cheapest and safest work in a sandy river."
f-d*
29. I t will be observed that a depth of 15 feet has been allowed
for the well foundations. This depth though considerably in excess of
that allowed in the Madras works, is about half what is generally considered necessary in the N. W. Provinces in the foundation of falls,
and other works subjected to a scouring action. The plans of Madras
micub, as at first constructed, do not show the works in their present
state ;for example, the rough stone in rear of the Godavery anicut extended in the first instance to a width of only 75 feet, now according
to a section which the Committee have received from the Superintending Engineer of the division, it extends to a width varying from 120 to
150 feet. The anicut across the Kistna has also received considerable additions siuce it was' first built, and large masses of rough stone
have beensthrown in along the front of the works, which do not appear
in any plan. The Committee learn from Colonel Dyas, that several
dams in Rohilkund have lately given way, owing to the want of a stone
apron; vitrified lumps of kiln refuse, the only material available, having
proved an altogether inefficient substitute.
30. I n designing a weir across a river like the Ganges, the foun- wt'y;:;enE
dations have to be secured against two distinct actions: firstly, thejectbd.
scouring action which is produced when the stream meets with an
obstructiou, and which would undermine and destroy the foundations,
unless they are either carried down to the full depth to which the scouring extends, or unless they are protected by a mass of stone or other
suitable material; and secondly the pressure arising from the water on
the up-stream side of the weir being-ponded up above the level of the
water on the down-stream side. Unless the pressure is counteracted
by the formation of the foundation wells or filling between them into
a water-tight screen, it will force the water tbrough between them,
and by carrying with it the sand under the body of the work would
cause i t to subside and fall to pieces.
31. An instructive example of the scouring action is furnished in
one of the Reports of the Godavery works. One of the sections of dovery .nicnt
the anicut had not been carried completely across the channel, but for ProflsyiooalPapom,
a distance of 260 yards an embankment and wing wall had been sub- :,"?&, ,Ef;ms#
stituted. The course of the stream being obstructed by these works,
and the only outlet for the water being over the anicut, a current w q
formed towards it along the face of the wing wall, and that of the

timyth

in~~;~~0,"

anicut itself. T h e result was the formation of a deep channel far below the bottom of the foundations, and a reference to the sections will
show that the only thing that saved them was the deposition of a
great mass of rough stone.*
Example of effect
31. AS an example of the effect of hydraulic pressure, the Comof h drnnlic presasure
a A1e-n micue. mittee quote the following from a report by Colonel D. Sim, on the
professiOnalPapers~C~ler~~n
anicuts. "This anicut was completed about the end of
Madras Engineers,
*
April, and was breached the following June during one of the freshes,
about 80 yards of the northern division having been entirely destroyed ; various causes have been assigned for the failure, and it is
difficult a t this time to ascertain which is the true one. I t has been
supposed by some to have been caused by a tall upright stone which
had been fixed in the body of the work where the breach occurred, to
indicate the height of the river in freshes, having got entangled in a
quantity of straw and bushes floating down the stream, the large surface exposed by which acted upon by a powerful current tore it out of
the anicut, and the water thereby getting access to the masonry which
had not had sufficient time to set, easily destroyed the work. Others
attributed the failure to the anicut having been undermined by the
water being forced through its foundation by the heavy pressure duiing high freshes, and washing from under it the sand on which i t
rested. This appears to me the most probable cause of the failure of
the lower anicut which mas breached at the end of the second season,
but I think the upper one could scarcely have been destroyed in that
manner in the short period of a fortnight or three weeks. The water
it is evident was forced under the foundation, and it was observed bubbling up in many places through the apron below, the anicuts whenever there were 5 or 6 feet standing above them, and if it passed in
considerable quantities, which there is reason to believe it did, it would
be very liable to wash away the sand by degrees and leave the work
without support. During the last two years both anicuts have been
materially strengthened by substantial aprons of cut stone in chunam
being constructed behind them, to break the overfall of water, which
have been executed in a very efficient manner. Since these additions
the passage of the water underneath the foundation would seem to be
considerably diminished, for it now spouts through the apron in only
a few places and in small quantities, but I am not inclined to attribute
this improvement so much to the aprons as to the large quantities
of fine clay, and which has been collected in front of the anicut, and
,
the water being forced underneath them."
33. TO apply the above facts to the case before the Committee,
protection agimt
scouring acEon of the
they have to remark that the length of the proposed weir, which for
Ganges.

The Committee have been informed that the following large weirs at Madras have been breached at
different times, viz :-Upper Coleroon anicut, in 1836 and 18-59. Lower ditto, 1837, 1862, 1863, 1864, and
1885. Pennair anicut, 1858 and 1859. Vellanr anicut, 1858. Godaveq anicut-@ar nnknown).

economical reasons has been limited to 4,000 feet, is only nine-sixteenths the width of the channel of the river during high floods. It
is certain, therefore, that a scouring action similar t o that above
described as having occurred on the Godavery anicut, would be liable
to be induced along the flanks of the work, and that they would
require either a great depth-of foundation or have to be protected
in front by.a large quantity of rough stone. T o what depth the
Ganges is liable to scour when it encounters such an obstruction as
it would then meet with, there is no means of ascertaining; but it
is known that the sand of which the bed and banks are formed is of
a remarkably mobile quality, partaking in fact of the nature of quicksand, and that it is not unusual for the beds of the Himalayan rivers
under conditions similar to those of the Ganges at Sookertal, to be
scoured to a depth exceeding 20 feet below the ordinary level, when
the stream sets against an exceptionally firm piece of bank. It may
therefore be reasonably concluded' that the foundation of a weir on
the Ganges would require to be protected to a depth of at least 30
feet below the bed. I t is proposed to allow 800 feet in length of
wing walls for the up and down-stream sides together, on each flank
of the weir, or 1,600 running feet in all ; but in addition to this, the
river would either have to be trained by means of rough stone groins
for a considerable distance above the weir, or if defensive measures
were confined to the embanked roadway which would have to be
carried through the Khadir land, a large quantity of stone would have
t o be thrown in along the foot of its slope. It is impossible to judge
precisely t o what extent this protection would be necessary, but it is
indispensable that precautions should be taken to resist the action
of the river at any point against which the stream would be liable
to set, and as this would be the case throughout the whole width of
the Khadir, stone must be provided for the protection of the whole
embankment. I t would not necessarily be thrown in until the embankment should be threatened, but it would have to be collected at
the spot ready for use a t a moment's notice. T h e total length of
bank to be thus protected would be 44 miles. For this it is proposed
to provide stone of the section 30 x 7 for a length of one mile which
would have t o be divided over the whole 4; miles a t such intervals
as should in practice be found necessary.
34. As regards the undermining action generated by the simple Ixmtection M n s
the action arising
hpdranlic P ~ S pressure arising from the head of the waters on the weir, it is usual
to puddle with clay in front and between the foundation walls t o as
great a depth as possible, but it would be difficult in the Ganges to
work such material through the natural bed of semifluid silt, and it
would be unsafe to wait until a scouring action should deepen the bed,
before arrangements should be made for covering the front of the wells
with a layer of clay. T h e actual process could hardly be arranged
beforehand, but in one form or another it would be indispensable.
E

T h e closing of the dam must also be a difficult and expensive
process. Captain Orr, in one of his Reports on the Kistna anicut,
Profe.miona1Papera,
En+-,
mentions " the almost insufferable difficulties we met with in closing
Madras
Vol. IV.,p. 44.
the Rallee branch of that river (Godavery), and the alarming doubt
that for some time existed of our being able to so a t all."
summer d k h a q
35. T h e discharge of the Godavery, according to Captain Haig,
of Godavery and Ganranges from 3,750 cubic feet per second iu February to 1,500 cubic
ges compared.
feet in the first half of June. T h e discharge of the Ganges at the
site of the proposed weir is 5,000 cubic feet per second. I t is possible
that when the Godavery anicut was closed there was an exceptionally high supply in the river ; but the same contingency might occur
with the Ganges.
Heavy contingen36. I n preparing an estimate for a weir, i t may therefore be
ciea in constructing a
the
cmassumed
that the expenditure on' temporary embankments and in
weir
gea
baling out water, and the losses occasioned by interruption of the
works by unseasonable floods, and by the damage that would be produced by the floods passing over an unfinished work, would be very
heavy; and that 50 per cent. would not be too large an addition to
make to the rates a t which the work (excepting cut stone) could be
carried out for on dry land, free from all the drawbacks that have
been mentioned.
Rates.
37. T h e ordinary rates are as follows :-Cut stone from Bhurtpore, Rs. 2-8 per cubic foot ; it is possible however that stone of suitable quality may be obtained from the Himalayas at Rs. 2, if the road
from thence to Hurdwar, 16 miles in length, is made practicable for
heavily laden carts. For rough stone, boulders might be used, but as
they wou!d have to be brought from some distance above Hurdwar,
and as the carriage would be very costly, it will probably be advisable to use blocks of concrete instead. Any quantity of shingle can
be obtained from the bed of the river 25 to 30 miles above the site of
the proposed weir. I t cannot be delivered at a lower rate than an
equal quantity of brick, and allowing that the extra quantity of lime
which would be used would be nearly an equivalent to the saving of
bricklayers, i t may be assumed without great risk of error that the
concrete would cost much the same as brickwork, that is Rs. 20 for
the commonest work.
=mate
for weir
38, The estimate for the weir amounts to 44 lakhs of rupees.
44 lakhs.
This may appear an inordinate amount compared with the cost of the
large works of a similar kind which have been executed in the Madras
Presidency, but the extra cost of the material of the Ganges weir
serves in a great measure to explain the difference.
&~mparcdwithwt
39. T h e anicut across the Kistna a t Bezwada, cost only Rs.
of Anicnt across a
t,t Bezwada
6,42,000, though a considerably larger amount of material was
Professionnl Papers,
But a t
Ma&M
En+wrs, expended than has been provided for the Ganges weir.
IV.9 p. 70.
Bezwada there are inexhaustible quarries of easily worked but serviceable stone within 300 yards of the flanks of the work, and the

.,
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rough stone of which it was mainly constructed cost only 11 annas per
cubic yard, or a fraction over Rs. 2-8 per I00 cubic feet. The cut
stone cost Rs. 5, and the largest blocks Rs. 9 only, per cubic yard or
from 3 to 5; annas per foot. Rough stone or concrete for the Ganges
weir could not be delivered under eight times the Bezwada rate ; or
suitable cut stone under Rs. 2-8 per foot.
40. Some doubt is entertained as to the possibility of laying the p
r
o
w floor of
Ganges weir might
concrete or brick foundation of the weir to the depth shown in the hvet, a,a,-t
section, namely 10 feet below low water level. Should it be found un- ed on a higher level.
practicable, partly by the aid of baling and partly by working in
water, to attain to this depth, the only alternative, without altering
the plan would be to construct the floor on a higher level. This
would necessitate an extension of the rough stone apron at a corresponding additional outlay.
41. A weir on the pattern of the Bezwada anicut could be con- A rough stoneweir
could be more expedistructed more expeditiously than the one proposed by the Committee, tionaly c o n m c k d ,
but would not be less
but it is questionable whether any saving would be effected in first expensive.
construction, while the annual repairs would be very costly.
42. The construction of under sluices at one or both flanks of Great coat of well
fonndahow to under
weir must necessarily be a very expensive operation, as the whole of slnices.
the floors would have to be founded on wells, and as the capacity of
the sluices would not only have to be sufficient to discharge the
ordinary supply of the river during the dry season, but the exceptionally high one, which is liable to be brought down in January and
February.
43. I n the above enquiry, the valuable experience which has Experience gained
M&IW kept in
been gained in the construction of weirs in the Madras Presidency in
view by committee.
has been kept in view, and the plan adopted for a weir on the Ganges,
differs no further from those approved in Madras, than is considered
necessary to meet the peculiarities of the Ganges, which have been
previously described.
44. One of the members of the Committee not satisfied as to Snmestion
member of the
the stability of the wells 15 feet in depth, or the feasibility of con- mi
,.
strutting the flooring from a level 10 feet below low water, has drawn
out a section for a weir, on the principles which are generally followed
in the N. W. Provinces, when 'a scouring action has to be provided
against.
45. The cost of a weir on this pattern would be niuch the same Weir would cost
much the same if
as that of the other, the extra cost of the wells being counterbalanced well
foundations were
extended and rough
by the saving in rough stone.
stone reduced.
46. I t is generally supposed, or by at least a large section of the Deep foundations
1- costly than mugh
Engineers in other parts of India, that the foundations of bridges and stone in certain 1other works in the N. W. Provinces are extravagant, but in many""'
places rough stone is so costly as to render deep well foundations the
most economical procedure that could be pursued, for securing a
work against the action of a powerful current.

47. The total cost of a weir across the Ganges, near Sookertal,
and a channel from it to the present main line of canal to carry 5,000
cubic feet per second would thus be 112: lakhs of rupees.
ComparedwithMa48, As Major Crofton's estimate for the rectification of the whole
jor Crofton's project.
1ength)of canal from Hurdwar to the head of the cawnpore Branch,
including compensation and loss of water-rents, if the canal were
closed for a year, amounts to about 45$ lakhs, (Major Crofton's
Report, p. 61,) it is evident that the Sookertal project cannot be
recommended as a substitute.
Water in Gan
49. When the additional works provided for by Major Crofton
inedcient for G
S~PFJ~Y
of canal at shall have been completed, the canal will be competent to carry
Hardwar, and a separate canalat &Lor- the supply originally contemplated of 7,000 cubic feet per second.
tal.
~ d w as
, the Committee have before observed 5,000 cubic feet per
second is the maximum* supply likely to be available at Sookertal,
when an equal quantity is entering the canal at Hurdwar, there is
llot likely to be much above 3,000 cubic feet available when 7,000
are admitted at Hurdwar. I n that event the great cost of a weir
across the Ganges, which must be the same, whatever quantity might
be taken from the river at Sookertal, would seem to render the consideration of a separate project for a head from that site superfluous.
Reference to Raj50. The remarks however which have been made in the section
ghat project.
of the Committee's Report relating to the proposed head from Rajghat, when a supply somewhat in excess of 3,FO cubic feet per
second would probably be available, are applicable with slight modifications, to a project for conveying 3,000 cubic feet from Sookertal.

Cost
weir and
channel together, 112f
lakha

I

H E A D WORKS ON THE GANGES BELOW SOOKERTAC.
v

GURMUKTESUR.
51. The examination which the Committee made of the river at
and about Gurmuktesur, led them to conclude that the site is unsuited for headworks ; the great extent over which the river travels,
the width of its bed, the unfavorable nature of its banks, combined
with the scarcity of good building material in the neighbourhood,
render it a most objectionable position for any such project.
RAJGHAT.
BCS~site for weir
urd head works.

I
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52. The point on the Ganges which seems best adapted for the
contruction of the necessary works either for supplementing the
lower part of the canal, or for supplying water for irrigating additional land on that part of the Doab, is in the neighbourhood of Raj-

* For the year 186465, the average fiupply admitted into the canal wM 4,026 cubic feet prr second.
An observation taken at Gurmuktesur, 50 miles below Sookcrtal, on 5th February. 1865, make8 the die
charge of the Ganges only 4,278 cubic feet per second ; total 8,301 cubic k t .
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ghat, nearly opposite Allyghur. T h e banks of the river and the adjoining land there, seemed to be sufficiently favorable for the purpose,
t o warrant such a survey of the locality as would supply details for
estimating the cost of the work.
taken ta col53. T h e Ganges canal plans, and the Trignometical Survey maps lectsteps
information for
were first examined in order to ascertain the best trace to follow in eetinuting.
the more detailed enquiry; the line was then levelled, a cross section and rough survey of the river made, and the discharge a t low
water measured. From these data the accompanying estimate has
been drawn up.
&afW;ti54. T h e construction of a weir across the Ganges a t this site
difficulties
and
heavy
expense
as
a
t
will be attended with similar
Sookertal, nor can the examples of the Madras works be fairly applied
t o the case, for it cannot be too clearly explained that the difficulty
and cost of such undertakings does not depend so much on the heights
of the floods of a few weeks duration as on their long continuance,
and on the volume and steadiness of the permanent stream, the nature
of the bed and banks of the river, and the facilities of procuring materials, on all which points there are essential differences between
the Godavery and the Ganges. T h e Committee-while
careful t o
estimate the cost of the works as correctly as possible-are aware, that
some degree of uncertainty must exist, and feel it their duty t o guard
against the necessity of further outlay except for bondsde repairs ;
the weir has therefore been designed with every regard to stability,
and as much economy as circumstance9 will allow.
B ~ O O
diachuged
~
and
55. T h e quantity of flood water for which provision has been dimensions
of weir.
made is 300,000 cubic feet per second, that is 20,000 feet more than
has been provided for a t Sookertal-see note on that project. It is
proposed to build the weir 4,500 feet long, to raise the low water level
8 feet, 5+ by a masonry weir, and 2; feet by a moveable board, and
the flood level aboiit 1; feet; this height would be attained during very
high floods only, and would not injure the low land to any important
extent. There would be a velocity of about 12 feet per second over
the .weir in high floods.
56. T h e design for the work has been prepared with a view to Matorials and their
coat.
using as far as possible the materials which are ava!lable in the district.
It differs from the Sookertal weir so far, that the wells are designed to
be sunk 30 feet below the bed of the river, and consequently, less protection of loose stone has been provided for. T h e most important of
the local materials is the block kunker, it is found a t a distance of about
fourteen miles from the river ; the cost in a rough state, delivered on
the bank is about Rs. 10 per 100 cubic feet. Cut stone must be
brought from Bhurtpore ; the cost at Muthra is Rs. 1 per cubic foot,
carriage from Muthra t o Rajghat (a distance of about 80 miles) Rs.
I, dressing and setting, Rs. 0-8, a total of Rs. 2-8 per cubic foot.
Trrinio and pro57. The extent and cost of training and protection walls and aGm w&r

2%

embankments is very uncertain ; the right bank of the river is good
and would therefore require very light works, but the left bank is subject to much erosion, and consequently would require heavy works
and constant attention.
Water available in
58, The quantity of water passing Rajghat on the 10th April,
dry seeson
1866, when the Ganges was at a low level-some of the villagers said
it was at its lowest for the year-was 5,630 cubic feet per second ; while
a measurement made at Cawnpore on the 5th of the same month, gave
5,438. The quantity for which provision is to be made in the new
channel is 5,000 cubic feet per second, which is considered a fair quantity to fix for the purpose of this estimate ; but it is tolerably certain
that so much would not be available during very dry seasons with the
canal taking its full supply from Hurdwar, while if a canal were to
be opened from Sookertal to take off the whole supply of the river in
the dry season at that point, the supply that would then be available
at Rajghat would be very small.
59. I n fixing the dimensions of the channel the fall has been
Detail8 of
made as great as the nature of the soil permits, the object kept in
view being to give as small a sectional area as possible through the
deep cutting in the first twenty miles. By diminishing the slope and
increasing the sectional area, the length of the line might be shortened; but the decrease in quantity by shortening, would be much more
than counterbalanced by the additional width of excavation in the deep
cutting. Ae the results of his enquiry, Major Crofton has adopted 2.5
feet per second a3 the highest velocity which the lightest of this
kind of soil can stand, the same has been adopted here ; consequently,
the sectional area required to carry the quantity fixed upon is 2000
square feet. The depth of water to be carried has been fixed at 10
feet, and the side slopes of the channel at 2 to 1, with berms of 12 feet
wide at 3 feet above high water.
Rabforexavation
60. The rates for works have been fixed as nearly as possible in
and cost of masonry
work
accordance with the prices now being paid in the district, making such
additions for the great depth of cutting and consequent distance to
which the spoil must be carried as were considered necessary. The
number of bridges over the line has been estimated on the same principles as those by which the Ganges Canal Officers were guided ; the
rule being, that there should be a bridge at about every third mile.
Very accurate estimates of the cost of crossing the small rivers, could
not be made without waiting for detailed surveys and observations,
which would cause much delay; they are, however, perhaps sufficiently accurate for a merely comparative estimate of this kind, the best
information available having been collected from both Railway and
Canal Officers.
be
61. The estimate for the work amounts tosnbstitnkdcannot
for Major
Crofton's on .cco1~1t
of cost.

Channel,
Weir,

.... .... .... .... .... ...

67,54,550
45,50,280

6
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this sum is for conveying 5,000 cubic feet of water per second from
the Ganges to a point in the Cawnpore branch of the canal about 18
miles below the Nanoon regulator. The whole cost of Major Crofton's scheme for remodelling the canal to carry the full supply down
to this point does not amount to half this sum, it is therefore clear
that the project cannot be recommended as a substitute in any way
for his scheme.
Projectseherne.
M mind*
62. As an independent scheme for supplying additional water pendent
for the irrigation of new ground in the lower part of the Doab, the
cost of forming distributing channels and rajbuhas must be added to
the estimate quoted above. The cost of the Cawnpore and Etawah
branches of the Ganges canal, which pass about 3,500 cubic feet per
second, will be about Rs. 29,00,000 ;taking the cost of passing 5,000
in the same proportion, the amount would be 42,00,OOO. The cost
of the rajbuhas for the Ganges canal will be about 53,00,000, this is
for distributing 6,750 cubic feet per second; supposing the cost of
distributing 5,000 to be in the same proportion, the rajbuhas for the
Rajghat pr~jectwould be 37,00,000, making the total cost, say
1,92,00,000.
~
63. The cost of the Ganges canal water is estimated by Major d
Crofton at 4,740 Rs. per cubic foot per second passed through the head g,";p%%w~*
works ; this, however, includes the cost of navigation, for which a
deduction of one-tenth may be made, making the cost for irrigation
alone 4,260. The estimated cost per foot per second of the supply
192,00,000
= 3,840 Rs. per cubic foot per
from Rajghat would be 1

,,,,

second, so that the water would be a little less expensive than that
of the Ganges canal.
64. The cost of clearing silt from a channel taken off from the Sit w0.d *mub l a m e , but other anGanges at a point so low down as this, must be much greater than ~%~gpensa"odd
the cost of clearing a channel taken off at a point so near the hills as
Hurdwar ; but, on the other hand, this channel would be much shorter
than the Hurdwar line, and consequently it would require less repairs
and less establishment, and would not probably on the whole be
more expensive to maintain.
65. Again, supposing the quantity of land which may be irri- Return on capital.
gated by each cubic foot per second to be 200 acres, a result now
attained on the Jumna canal-and one hoped to be attained on the
Ganges canal-and suppose the value of water to be Rs. 2-8 per acre,
which is about the average rate now charged on the Ganges canal,
and that the profits be taken at Rs. 1-8 per acre, those of the Ganges
canal in 1863-84 being Rs. 1-6 out of Rs. 2 4 ; the result would be a
profit of 8 per cent on the capital.
000feetpawnd
66. It must however be remembered that 5,000 feet per second not6 ,always
certain.
cannot always be relied on at Rajghat. If the Ganges canal were
taking ite full supply, that is about 3,000 feet per second more than

~

Conclaaion.

was entering at the time when the Ganges measurements above referred to were made, two-thirds of 5,003 would 'be fully much as
could be calculated upon, while such a limited supply would continue
the profits would be reduced to about 5 per cent.
67. The Committee therefore conclude that the project can
not be considered a reasonably profitable one to undertake at present;
but it is not at all improbable that the value ofowater will rise, and
that the quantity distributed per acre will be greatly reduced without
any injury to the consumer, and if so, the project may be worthy of
more careful examination at some future period.
H E A D WORKS O N THE JUMNA

River near Agra

NEAR AGRA.

The difference of level between low water at Agra and the
high land is 61 feet, and the point at which water could be brought to
the Etawah branch, anowing a fall on the channel of 6 inches per
mile, is 116 miles from Agra, and within 27 miles of the termination
of the branch. The Committee considered that on account of this
great length of channel, and depth i f cutting, and proximity to the
termination of the present canal-beyond which are heavy drainages :
further examination of that scheme was unnecessary.
68.

NEAR D E L H I .
The point on the Jumna which seems best adapted for head
works, and for the formation of a channel to bring the water on to the
land to be irrigated, is close to the village of Alee, about ten miles
south of Delhi, and just opposite to the old fort of Toghlukabad.
The selection of this site involves the necessity of building weirs
across both the Jumna and the Hindun, but after having examined
the river at and below the point where the llindun joins, and also at
Alee, the Committee have no hesitation in recommending the latter as
the best position for such works. The right bank of the river is
remarkably firm and good, and the left bank is not particularly bad ;
but the strongest recommendative in favor of the site is the abundance
of stone-both of rubble and of blocks, almost completely dressed,
which can be obtained from the old fort, opposite to and within a
'distance of three miles of the river bank at Alee. Neither is the
country on the left bank near the site unfavorable for the formation of
a channel ; the water could be brought into the Ganges canal below
Baroli bridge, about the 115th mile from Hurdwar, or to the surface
of the ground where irrigation might be commenced, without any
great depth of cutting, and by a length of fifty-seven or fifty-eight
miles of channel.
PI^,,^
dischqe
70. The information available regarding the flood discharge of
Jumna md Hindan.
the Jumna is even less than in the case of the Ganges; indeed there is

River nem Delhisite
soited for
head works.

69.

none to be foulld that can be safely relied upon. T h e railway engineers
provided waterway of 2,400 feet in length a t Delhi; but this has ae
much reference to the width of the river at that place as to the quantity
of water to be passed through. An attempt has been made to calculate
the discharge from a few isolated cross sections and the average fall,
the results, however, have been so contradictory that they have been
rejected as altogether untrustworthy, and i t has been assumed that,
as the heads of the rivers Ganges and Jumna are situated near each
other, and almost similarly circumstanced as to sources of supply, the
flood and dry weather discharges probably bear about the same proportion to each other in the two rivers. I n the absence of better
data, this mode of calculating has been adopted. T h e dry weather
discharges of the Jumna is four-sevenths of that of the Ganges, the
latter at Rajghat has been calculated at 300,000 cubic feet per second,
four-sevenths of which or about 170,000, will be taken as the Jumna
discharge. Regarding the Hindun, the railway engineers have porvided a length of 440 feet of waterway across it, and as there is no
better means of calculating the discharge it will be taken in the same
proportion to that of the Jumna, as the waterway of the bridges bear
t o each other; this gives about 31,000 cubic feet per second as the
flood discharge of the Hindun.
71. Several measurements of the low water discharge of both D, weather discharge of J u m n n and
the Jumna and the Hindun have been made. T h e register of the Hindnn.
height of the former river kept by the Executive Engineer of
Canals residing at Delhi shows, that as a general rule the water is
lowest in January ; hence it is in that month that discharges are generally taken. Information on this subject has been kindly furnished by
the Resident Engineer of the railway, which is to the effect that the
water was ar low in April last as it was in December; but as his
own registry shows that the river was higher ih April, and as he
accounts for the rise shown by his gauge by assuming merely, that
the damming up of the river by the bridge works at Delhi, caused a
rise of the water level equal to that shown by his gauge, the Committee think that his information cannot well be relied upon; they
prefer trusting to the readings of a gauge near Delhi, regularly kept by
canal officers, and removed frorn the influence of any changes of level
caused by the bridge works.
72. T h e dry season discharges of the Jumna at Delhi, and of the Meaanrement0f&,
weather discharge.
Hindun near its junction with the Jurnna, were measured, as shown
below and were found to be-

JUMNA
AT DELRI.
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357

.. .. 501

21858

Average discharge,

weir
na

..
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making a total average low water discharge of the two rivers of
1,554 cubic feet per second, or say 1,500, which will be taken as the
dry weather supply available for irrigation. I t will be observed that
this is above the observed minimum supply, but the very low discharge cannot be of long duration. The measurement made in April
last, when the river was considered to be low, gave Jumna 2,800,
Hindun 500 = 3,300. There are other measurements, which although
not taken at Delhi, go to show that 1,500 cubic feet per second is not
too low for an average minimum supply. Sir Proby Cautley, in page
43, of his Ganges Canal Report, Vol. I., makes the discharge at Agra
2,061 cubic feet per second; and Capt. Stewart made it 1,153, at the
same place on the 19th January, 1865. Mr. Garbett made 5,004 a t
Delhi on the 19th January, 1866, but in the registry is noted " rain on
the hills,* which of course renders the result useless as a minimum guide.
rnss
Jnm73. The design of weir which is considered best adapted for the
site is one in which the least quantity of brick-work and the greatest
quantity of rough stone can be used, an abundance of the latter
material being available at a very low rate. I t is not considered sufficient to build the foundation of dry rough stone alone, the leakage
through such a base, unless it were of very great width, would be
considerable, if not even large, and the sand forming the bed of the
river being very fine, would pass through with even a small leakage,
the rough stone base would then sink, and the masonry floor, and probably the weir would be in great danger of breaking down. The form
of section designed for Sookertal, has therefore been adopted, that is
wells of moderate depth, protected by a large quantity of rough stone.
The part of this report relating to Sookertal weir explains why such a
section has been proposed there. I t is proposed to raise the low water
level 8 feet, 6 feet by a solid weir, and 2 by a moveable board. T h e
length of the weir has been fixed at 2,500 feet, that being inabout the
same proportiou to the length of the Rajghat weir, as the floods of the
Jumna at Delhi bear to those of the Ganges at Rajghat. Such a weir
would pass the calculated floods with an afflux of about one and a
half feet, and with a velocity over the crest of about 11 feet per
second, and without causing much injury to the low land above it.
74. As the river navigation past the weir should be provided for,
and as the proposed canal would be important as a line of navigation,
two locks would be necessary, one to pass the weir, which should be 24
feet wide, to allow the largest river boats to be locked, and one to pass

.

through the canal, which as it is probable that through the canal
entrance would be the best way of passing the river, may require
to be of the same size.
75. The right bank of the river is good, consisting of very sound tion on of banks.
clay and kunker, $he amount of protection required to it would therefore be very small; but the left bank is of the usual sandy loamy
nature, and would require nearly the same class of works, to protect it,
as provided for the Rajghat project.
76. For crossing the Hindun and taking in its dry weather water, , 1 1 ~ 1 6
1 th"i"
works similar to those used for passing the Rutmoo river in the Ganges
canal would seem to answer very well, it is quite possible however that
a more careful examination may show that great modifications would be
found desirable ; the Rutmoo plan is only adopted now as the best available guitle in forming the estimate. The width of waterway provided
by the Railway Engineers for their bridge over the Hindun must be
sufficient for the passage required on the irrigation channel ; they allow
440 feet. No lock has been provided for passing boats up, although it
is not certain that one might not ultimately be required. Both banks
of the river are easily eroded, and will require considerable protection.
It may be well
77. As the cost of weirs across the Jumna and Hindun remains take
water for a Kharthe same, whatever quantity df water may be taken off by channels in reaf crop.
connexion with them, it may be more desirable to take an addition t o
the low water supply, when the river affords it, for the irrigation of a
Khureef crop, than to trust to the dry weather supply alone ;both views
of the question will be briefly examined.
er gqtllmtito bo
78. Probably the best rule to be guided by in fixing the qurrntity ~ of wiatthe
of water, above dry weather supply, which should be provided for in the sen for I(hurreef '
-P.
new channel, is to make it as large as is consistent with keeping it
navigable all the year round by the low water supply of 1,500 cubic feet
per second. The lowest depth which is desirable for this purpose is
about 6 feet, and the greatest depth in the channel may be limited
to 10 feet, a maximum discharge of about 3,300 cubic feet per second
will meet these conditions.
79. The highest velocity which the weakest of the soil through _ ~ ~ ~ $ ; n ; ~ , . ~ ~ r
which the channels would be cut, could bear, is 2-5 feet per second,
and a lower velocity than this would rapidly deposit the silt, carried
by the rivers of this part of the country, 2.5 may therefore be taken
as the velocity for the maximum discharge when the water would
be the most heavily laden with silt. When the discharge falls to the
dry weather supply, the velocity would be only about 2 feet per
second ; but then the water would be comparatively clear, and hence
the decrease of velocity would be of little consequence.
80. T h e sectional area of channel required to discharge 3,300 , c $ ~ f j Q h m n e p d
cubic feet per second, with a velocity of 2.5 feet per second, is 1,320
square feet, and the fall required is pbout five and a half inches per
mile. As in the Ganges projects, it is proposed to hbve the bed of

,

'Hates and cost
project.

the channel 2 feet under the present low water level of the river or
10 feet under the crest of the regulating board of the weir, and following the most favorable line of country, the water in the proposed
canal could thus be brought to the surface in a distance of a b o u t
58 miles from the river,-passing through the low land of the J u m n a
and Hindun valleys for 19 miles, then through higher land i n a
cutting not exceeding 26 feet deep, and coming to the surface near
the village of Baroli.
81. T h e rates for the earthwork have been taken from Major
Crofton's estimate for the alternative line of canal, and the estimate
for the masonry works required has been based on the same information; of course great accuracy is not professed, nor could i t be
attained without a detailed survey. T h e cost of this project would
then beWeir and works on the Jumna and Hindun,
..
17,00,000
.. 54,00,000
Channel, and all masonry works connected with it,

..

Total,
.. 51,00,000
b t of project if
82. I f instead of providing a supply for Khureef watering, profor d weather s o p
vision be made for carrying the dry weather supply of 1,500 cubic
ply o x y .
feet per second only, a channel large enough to carry it, having t h e
same fall of 53 inches per mile, and a depth of 10 feet, would give
a velocity of 2.4 per second, which for the clear water of the d r y
weather would probably be enough ; a sectional area of 50 feet bottom
width, and side slopes of 2 to 1, would carry rather more than t h e
required quantity. T h e cost of bridging and crossing s m ~ l lrivers
would also be greatly diminished, but the weir works would remain
the same. T h e cost of this project would be
Weir works, on the Jumna and Hindun, ..
.. 17,00,000
Channel, including all masonry works, &c., .. 18,65,791

--

Total,
.. 35,65,791
This project wm
83. I t does not seem to have been contemplated either by Sir
not meant aa a sub~titntefor the ssnc- A. Cotton or by Government, that any work on the Jumna or on the
tioned work of remodelling.
lower part of the Ganges should have been in any way substituted for
the present line of the Ganges canal ; but it appears to the Committee
that a few words may properly be introduced here on the subject before examining the Jumna work as an independent project.
showing
it
84. It is evident that aid from thct Jumna, could only be substirhould not be anb&itnted for thesane- tuted for the improvement of the Ganges canal, as sanctioned by
tioned work.
Government, to the extent of the low water supply of that river. All
the projection calculations, and all the calculations of the engineers
who completed and worked the canal, are based on the supposition
that it should have the full supply of 6,750 cubic feet per second during
the whole dry season ; an additional supply thrown in when the rivers
would not be at their lowest, would not compensate in any way for
the loss of water in January, when there is a large demand for the
irrigation of the Rubbee crops, and when a continuous supply for them

is abeolutely necessary. 1,500 feet per second is the full extent to
which the Jumna at Dehli could afford aid, and consequently the supply to be received through the upper part of the canal could only be
diminished by that quantity. Now, there can be very little room for
doubt that the difference between the cost of improving the canal to
carry 6,750 feet, and that of improving it to carry 5,250 feet would be
small; if the Engineers should be obliged to turn ofl the water to
carry out one project, they would certainly be obliged to turn it off to
carry out the other, the difference of cost between the two works
could not exceed twenty per cent., and it is not at all likely that it
would amount to even so much. Major Crofton's estimate for remodelling down to Nanoon, is about 35,00,000, one-fifth of which, or
7,00,000, would be the probable gain by taking 1,500 feet from the
Jumna, and 5,250 feet, insteadof 6,750, from Hurdwar. But the cost of
taking the 1,500 feet from the Jumna has been calculated at 35,50,000
rupees, so that the question of cost alone seems to the Committee to
afford the most ample grounds for adhering to the project for
remodelling.
85. But there are other reasons also. Adopting the Jumna scheme w&$it&st
would be trusting to that which was not certain for that which may sanctioned
substitutedwork.
for the
be considered tested and certain,-the. feasibility of building and
maintaining a weir across the Jumna is yet untried, and although
there is no reasonable doubt but that it could be done, there is no
certainty as to the time required to complete it, nor indeed as to the
cost of the work. The quantity of silt which would be brought in
by a head so low down the river is also an unsettled question, although known to be a very important one. Then there would be the
evil of delay,-the Jumna project could not be undertaken without
a careful examination, a detailed survey, and references for sanction ;
so that it would most likely be a year, or perhaps more, before any
works could be commenced, and three or four years before they
could be finished. And, lastly, although there is no appearance of immediate failure in the works of the canal, it is not at all certain that
they would remain in a safe state for even one year; indeed, the
Committee have recorded their opinion in another part of this Report, that it is of great importance that the repairs should be taken
in hand as soon as possible. They have no hesitation whatever
therefore in coming to the conclusion, that a new head from the
Jumna cannot be substituted-either as a temporary or permanent
arrangement-for the sanctioned project for remodelling.
a work for
considered
supply86. If the work be adopted as a means of irrigating additional asProject
land, of which there is plenty available to the south-west, the cost of ing
additional
water land.
to imgate
making distributing channels and rajbuhas must' be added to the
estimate given above; but on the other hand, the water would be
brought to the surface of the land to be irrigated by channels a t least
10 miles shorter than those required to bring it to the canal. Consider-

;r;:

'

H

ing it first as a project for taking 3,300 feet per second when so much
can be had, the shortening of the channels would lessen the expense
of the main line by about 4,00,000 Rs. Then in order to make it
complete as a navigation channel, the main line should be connected
with the Ganges canal, this would require 10 miles of still water navigation at, say 15,000 a mile = l,50,000. Making the total cost
for weir and main channels 48,50,000.
The cost of distribution channels and rajbuhas for the Cawnpore and Etawah branches of the Ganges canal, which are to carry
3,250 feet per second, isChannels,
Rajbuhas,

.. .. .. .. .. ..
.. .. .. .. .. .. -.. . ..
29,00,000
9,50,000

Total,

a

58,50,000

This estimate would give a fair idea of the cost of distributing
the 3,300 feet from the Jumna, if the whole were to be used for a
Rubbee supply ; but 3s about half of it is for a Khureef supply, and
as one foot per second used for Khureef, waters less than half the area
which it would do if applied to Rubbee crops, it is evident that the
distribution channels for a certain quantity of water used for Khureef
watering, would be only about half the length of those required for the
same quantity if used for Rubbee crops, and they would be only about
two-thirds of the capacity. Now, as more than half the supply
of the project under consideration is for Khureef watering, a deduction of about one-sixth may be made from the cost of the Cawnpore and Etawah branches, making the amount 38,50,000 - 4,83,000=
33,67,000 ; which, added to the cost of main channels, give a total of
82,17,000.
~ + ~ b s b rl ee t m s
87. The probable return from this outlay would be,-for Rubbee
from capital.
and Khureef crops, 1,500 cubic feet per second, at 200 acres per foot
per second = 3,00,000 acres, at a profit of 1-8 per acre ( ~ e enote on
Rajghat project) = 4,50,000. Again using the Cavnpore and Etawah
branches of the Ganges canal as a guide, it is found that each cubic
foot per second, waters under 60 acres of Khureef crop: but it is
probable ihat in this instance all the water is not utilized. T h e
returns of the Eastern Jumna canals for 1863-64, give 75 acres per
foot per second as the quantity watered by the Khureef supply, using
this as data, 1,800 cubic feet per second would water say 1,35,000
acres. The profit per acre would be about the same as that already
calculated for Rubbee crops, giving a return of 2,00,000, and making a total on the whole outlay of 6,50,000, or a little under 8 per
cent., exclusive of returns from navigation, plantations, &c.
Project conaidered
88. If the project be confined to the use of the dry weather
PB providing for
d" weather wpply supply of 1,500 cubic feet per second only, the result would be,only.
cost of bringing the water from the Jurnna to the Ganges canal, as

estimated above, $5,50,000 ; from which is to be deducted-cost of
10 miles of channel, by which the line would be shortened by delivering the water on the surface of the ground to be irrigated, 3,00,000,
less the cost of 10 miles of navigation channel required to connect
the irrigation channel with the Ganges canal, 1,50,000 = 55,50,000 (3,00,000 - 1,50,000) = 34,00,000. The cost of distributing 1,610
cubic feet per second on the Cawnpore branch of the Ganges canal is
16,00,000, and the cost of rajbuhas for the same 5,50,000; making a
total of 21,50,000. Taking the expenditure for distributing 1,500 to
be in the same proportion, the cost would be 20,00,000 nearly, making
the total cost 34,00,000 + 20,00,000 = 54,00,00C. Using the calculation given above as to the value of the water, that is 1,500 cubic feet
per second x 200 acres per cubic foot x 19 Rs. per acre profit =
4,50,000 on an expenditure of 54,00,000 ; giving a return of about 8$
per cent., exclusive of returns from navigation, &c. From this it
appears, that the project for taking in the dry weather supply only
would be the more profitable. But further, the quantity of silt, which
would be taken in by the Khureef supply when the river would be
disturbed, and consequently muddy, would be very large, and without
doubt must involve heavy additional expenditure for cleaning.
89. On the above grounds, the Committee are of opinion that
the project for taking, either 1,500 cubic feet per second, or 3,300
cubic feet per second from the Jumna, is well worthy of a detailed
examination, ae an independent scheme for the irrigation of land in
the lower part df the Doab.
90. They would, however, draw attention to the separate paper
recorded by Mr. Sibley (Appendix A.), dissenting from the views of
the majority, and advocating the formation of a canal from the Jumna
at Toghlukabnd, in substitution for Major Crofton's project.

opinion of
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THE P R E S E N T CONDITION OF T H E GANGES CANAL,
W I T H REMARKS ON I T S FAULTS AND UPON
THE REMODELLING PROJECT.
91. So much has been said of the serious faults and inefficiency b n t condition
of this great work, that it has been a matter of some surprise to the Of
Committee to find that it has been carrying nearly two-thirds of its
full supply during the past tweuty months ; and that the navigation, F , , u , p l y , t ~ r though imperfect, has been going on without interruption during the maintained,
Lee, 6,760. supply
4,200 cusame period, during which the canal has not been closed for even a bic f"t p' secondsingle day.
92. The canal has now been in operation for eleven years, and 1n-e
inigation, but velocity of
though no outlay has been incurred for additional falls to lessen ,,atbm,t.
#

.

the slope and velocity of current which have been found, to be mucu
too great for the soil to bear, the area of irrigation has steadily
increased.
be
to
93. Looked a t as an irrigation work, for which it was princiits fullest capabilities
till fdwOrh
in- pally intended, it has one very serious defect. The excessive slope
creased
of the country is not sufficiently overcome by artificial masonry falls ;
and, consequently, as already mentioned, the velocity of current is too
great. The canal cannot therefore be used to its fullest capabilities
till the fall works are increased.
Navigationimpeded
94. Viewed with regard to navigation the velocity of current
by velority of current.
is a great obstacle to traffic. The want of sufficient headway under
bridges on the Cawnpore Branch is also a serious disadvantage, as in
carrying light and bulky cargo, boats are loaded to a great height
above their decks. The insufficiency of headway is the more unfortunate, as it would not have added much to the original cost of the
works to have given 10 feet, as in all the large bridges on the main
line.
95. The excessive velocity of current appears to have been furImperfection of mrangements in rcgnlatiog paRsageof water ther increased by an imperfection in the arrangement for regulating
at falls.
the flow of water over the falls. They were originally designed of
of greater width than the earthen channel, and in several separate
chambers or compartments, the entrances to which were fitted with
sleepers to admit of their being closed for repairs. But when the
canal was first brought into operation, and all the works were new
and in good repair, the stream was permitted to pass through all the
compartments, and its velocity as it approached the falls was thus
accelerated. No evil would have 'resulted from this if the soil had
been firm, but it was too soft to bear the rapid current.
Delay in applying
96. The canal authorities do not appear to have been fully
remedy.
aware till too late that the current was so much too rapid, and that it
was steadily working upon the bed, and causing a retrogression of
levels below each set of falls. What principally engrossed attention
at first was the construction of minor distributing channels, and especially the arrangements for giving the water to the cultivators by
measurement, the importance of which was certaialy not over estimated. The canal, moreover, had only been in operation two years,
when the district which it traversed became the scene of the mutinies,
and Europeans of all ranks were compelled to leave their ordinary
duties. The mutinies, and the unsettled state of affairs which immediately followed, were hardly over when this same part of the country was striken with famine, and the whole attention of the canal
department was given to distributing the water to tide over the
calamity ; minor channels were pushed on in every direction with the
utmost possible rapidity, and as much water as could be distributed
was thrown into the canal.
97. Thus great delay occurred in reducing the waterway at the
a

falls; and when at lellgtll the urgent necessity of doing so becaine
apparent, fi~rtlierdelay occurretl in c a r r y i ~ ~the
g necessary arrangement
into effect, from the sleepers, which are 25 feet in length, giving way.
I t was not till 1862 that the waterway was effectually reduced, and l'l~e~lelnri~irreosed
~ nptht- t l i f f r l ~ i t of
by that time so much retrogression of level had taken place that it pl>inK
became impossible to apply means, which at an earlier stage would
have been feasible. Whether at first it would have been quite
safe to have completely closed scveral of the fall compartments, and
have passed the water through,the remainder with an increased depth,
cannot now be decided; but there is no doubt that by delay the
cushion of water on the floorings had become so much reduced that
such a plan could not be attempted, and the espedient was adopted
of partially closing all the compartments and distributing the water
equally over them. This arrangement however in obviating one
difficulty led to another. The water instead of gliding over the ogee
descent in the manner intended, fell suddenly upon it from an increased height, and exposed the masonry to an action it was never
designed to bear.
98. The parts of the works which suffered most from the retro- InjnT t,theworka
gression of levels were the floorings under the falls. The water now fmnr eevere action of
fell from an increased height upon the masonry itself instead of into
a cushion of water, and the action thus intensified tore up the brickwork wherever it happened not to be of the very best quality, as was
the case a t the Mahmudpoor, and some other falls below Roorkee.
Above Roorkee, as well as in other parts of the canal, the brickwork,
though requiring occasional repair, has not suffered seriously.
99. Another evil which the retrogression of level caused was the .
greatly illcreased velocity with which the water escaped from the
floorings into the earthen section of the canal below. Instead of
flowing off with a moderate velocity, it made a rapid shoot and scooped
deep holes in the soft soil where the protective boulder crib work
terminated, an effect which was increased by the direction given to
the wing walls at some of the falls: Thus the whole of the masonry
work was endangered. An accident was only prevented by the crib
work with which the foundations had been protected, and which accommodated itself to the change in the level of the canal bed without
permitting the foundations to be completely exposed.
100. Various expedients were adopted by the canal officers to Expedients ada ted
to mrnedy evil o! remitigate the evils caused by the retrogresion of levels. Small rough h m i o n of levels.
supplementary weirs were thrown across the floorings to hold up the
water and thus obtain a " cushion" under the falls, and other rough
weirs were carried across the canal at a distance of about 100 yards
below the tails of the floorings, to head up the water and diminish the
plunge over the crib work into the soil excavation. None of this
work was of a permanent character, but it has enabled the canal officers to keep the canal steadily ruuning with two-thirdsof its full supply.
I

At the road bridges also the retrogression had an injurious
effect, but this was remedied partly by the crib work with which their
floorings had been originally protected, and partly by adding loose
boulders.
ExpedienbadopM
102. Since these expedients were adopted there has been no
prevented
further
W~;OUS b w , butfurther serious damage, and the deep holes which had been formed
on not 81near the masonry works have to some extent silted up ; but that reEEC-ted.
trogression is still going on, was evidenced by the state of the water
at different points along the canal at the time the Committee examined
it. This view is concurred in by Colonel Dyas, who in reply to a
question from the Committee, writes as follows :a As to the bed (of the canal) erosion is no doubt going on in
many places, inasmuch as during the cold weather, when the water
coming in from the Ganges river through the Myapoor regulator (the
head of the ;anal) is almost quite clear, the water in the canal gradually becomes very muddy. But a comparison of cross sections of the
canal bed, which 1 have lately had taken at every mile along the
canal, with similar sections taken by Major Crofton in 1864, shows'
that no dangerous action is going on at present."
rd~
ea C X P ~
103. The falls, moreover, notwithstanding all the expedients
to most violent action.
that have been applied, are still exposed to a most violent action,
which the brickwork was not designed to bear, and it is impossible
to predicate how soon some accident may necessitate the sudden closing of the canal and the destruction of the crops dependent upon it.
The Committee were anxious to have had the canal laid dry to enable
them to closely examine the masonry works, but such strong objections were urged against it by the canal officers, on account of the
'time it would occupy and the injury to crops which required constant
watering, but more especially on account of the injury which might
be caused to the floorings of the falls when the depth was reduced,
both when shutting off the water and re-admitting it again, that the
point was not pressed. With respect to the condition of these works,
Colonel Dyas replied to the Committee as follows :-"As to the falls in the ~ o r t h e r ndivision (from Myapoor to
Jaoli) the extent of damage done (during the past twenty months),
as far as can be ascertained by careful sounding and probing, consists
of a slight displacement of crib work battens. I n the Meerut division
two falls have been slightly injured, but not sufliciently so to warrant a closure of the canal for the purpose of repairing them. T h e
Chitoura fall (55 miles 4976 feet) has had part of the ogee in No. 3
bay ripped out, and that bay is kept closed in consequence, to prevent further damage ; and the Sulawur fall (67 miles 2350 feet), has
had two of the hammer-dressed Delhi stones in flooring of No. 3 bay,
lifted out and turned over. This occurred in September 1864, and
the stones have not moved since. The bridges are all secure."
Colonel Dyas' report is on the whole a favorable one ;but it is evident
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to the Committee, as it is to all the canal ofhers, that the falls are *
still in danger, and that no time should be lost in taking steps to
render them secure.
104. The navigation on the Ganges canal has always been Navigation i m w
necessarily imperfect from the great velocity of current which in the 'ln
main canal was intended to be from I* to 2f miles per hour; and in
addition to this obstacle the retrogression of levels, and'the consequent
necessity for limiting the depth of water admitted into the canal has
acted most injuriou~ly. The lock channels, instead of having a depth
of 9 or 10 feet of water in them, and a width at water line of 43 to 46
feet, have had barely enough water below the locks to float boats of
light draught, and a width at water line of only about 28 feet, the
width at bottom being 16 feet. This very limited capacity of channel
has of course delayed the introduction of large boats, and has led to
frequent interruption when silt accumulated. The shortness of water
aupply in the canal morever necessitated the alternate closing of the
Cawnpore and Etawah branches to distribute the water for irrigation,
and thus the navigation on the former which connects the main canal
with the river Ganges has occasionally been completely closed. Under
a11 these circumstances it is not surprising that the navigation has not
increased satisfactorily.
105. The Committee may remark here that the present lock ~ o e k w ~ s .
channels would probably work efficiently if the eroding action of the
stream in the main canal were less, and if the valves at the locks
were larger to admit of more effectual scouring. But where new
locks have to be constructed, they think that attaching them to the
falls, as in Major Crofton's project, is a great improvement.

REMARKS ON T H E REMODELLING PROJECT.
I n correcti~igthe great fault of the canal, or " remodelling" ~m-CB of economy--some of the
it as it has been termed, an expression which however is apt to lead changepnnneceasarily
expeneve.
to a somewhat erroneous impression of the measures required, the
Committee remark that while on a work like this, of almost a national character, they would not expect to see such rigid restriction of
expenditure to works of absolute necessity as is generally practised
in the constr~ictionof ordinary irrigation canals, yet at the same
time, considering how important it is both for the reputation of the
Ganges canal itself, as well as for the interests of other large irrigation projects in other parts of India (whose execution is supposed to
be delayed on account of uncertainty as to their financial success),
that economy as well as efficiency should be studied, they cannot but
regard some of the changes provided in the remodelling project as
unnecessarily expensive, and they would therefore suggest that the
following points be carefully reconsidered :106.
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The Excavafion.-It

*

appears that the effect of the retrolevels has been to deepen the canal in the reaches between
! $ ~ ; ~ ~ ~ ~ ~ each
~ s " set of falls, and in the remodelling it is proposed to alter the shape
of the section by widelling it and filling in the bed where ma rial is
furnighed from the widening, and trusting to the deep spots
UP
where material for filling is not available. Now, however deJra le it
would be in'designing a new work to adopt a shallower section, it
can hardly be necessary to alter an existing work to give i t that precise form. The cost of the excavation from the head of the canal to
Jaoli falls is estimated at upwards of four lakhs of rupees, and it is
apparent to the Committee that by slightly raising each set of falls, so
as to reduce the surface slope by about one inch per mile, the present excavation will generally answer, and a considerable outlay will
be saved.
Grating at Kunkul
108. G r a t i q and lock at Kmkd bridge.-These are estimated
bridge objectio~inble
RS. 30,000, and may well be omitted. The sunken grating
andlock nnn-ry.)OVer
in almost a perpendicular position seems to be actually objectionable, and the lock with its attendant working expenses, can hardly
be required to meet the contil~gencyof a boat passing up the stream
at a time when there might be only a small supply of water in the
canal. I t will always be necessary to maintain a large volume in the
canal, and supposing a boat to arrive at Kunkul, when there might
accidentally happen to be a small supply, the acceleration of the current at the bridge could be checked by partially closing the compartments of the falls three miles below, especially if iustead of giving the
bed of the canal a sudden drop below the bridge, the change from the
small to the large section be made gradual.
New fa11 and i ~ k
100. New ,fall and lock at Roorkee.-It appears to the Commitat Roorkee may be
diswnsed witll. ob- tee that by pitching the bed of the Solani aqueduct (earthen portion)
jection to incrensing
depth 01 water on SO- and securing the floorings of the bridges at Rutmoo, Peeran Kullier
lani ~ulueclnct.
and Mahewar, the new fall and lock may be dispensed with, and some
l'rotertion of canal
bed.
reduction in the expense effected. But they also object to the proposed falls on other grounds. The Solani aqueduct was designed to
carry a stream 10 feet in depth and if the falls are constructed this will
be increased to nearly 13 feet. The Cotnmittee do not doubt that the
aqueduct can be made to carry the increased depth, but sufficient provision is ~ i o made
t
in the estimate for this, and as the expense will
be heavy to render the work perfectly secure from accident, and
there is already percolatiou through the brickwork of the masonry
aqueduct which must in time do harm, they would prefer retaining
, the designed depth of water in place of increasing it to nearly 13 feet.
Reduction nf slope
110. With respect to the reduction of the velocity of current
below ntluetl~~rt
to be
.ac,.t,,l by raising from the aqueduct down to the Asuffnugger falls, it will be necessary
Asiiffnngpr falls.
to raise those falls slightly ; but this will not be attended with any
difficulty, and it will have the effect of saving a large quantity of
excavation in the manner indicated in a previous paragraph.

111. A d d t i d arch lo increme /he watenwy under Gdgct.-

b,&gz?h?t$

This does not appear to be absolutely necessary. All the bridges have nv.
already been subjected to a very severe test from the retrogression of
levels, and the boulder protection to the floorings has been increased.
When the floorings are lowered to suit the altered bed level of the
canal, the waterway will be increased, and the velocity of current
will not, the Committee cansider, be too great. If the wide section
proposed in the remodelling be adopted, the omission of the additional
arch will only increase the velocity from 1% to I*miles per hour, and
this only for a few yards. If the deeper section recommended in para.
107 of this Report, be adopted, the inc~easeof .velocity will be even
less.
112. Before leaving the subject of the works provided in the n u ~ f m m l
remodelling estimate, the Committee would make some observa- ~$~~ti~n$";"~,"~
tions on tho question of closing the canal for a long period to admit
der
"gof the works being executed. I n Major Crofton's report the estimate
of loss from closure amounts to Rs. 13,48,213 ; but owing to the extension of the irrigation r3ince that estimate was made, and to the
increase in the water-rate levied, it appears that the loss from a long
closure now would probably amount to upwards of twenty lakhs of
rupees.
The Committee are sanguine, however, that the works can be
executed without a long closure, especially if the details of the floor- '
ings of the new falls are modified, With the view of obtaining a deeper
cushion of water over the floorings, Major Crofton has placed them
at about 4 feet below the bed of the canal, and at this depth a covering of brick-on-edge is considered by him sufficient to resist the
action of the water. The advantage of the deep cushion is probably
*
not over-rated, but placing the flooring at so low a level will cause
great delay for unwatering or forming cofferdams, and as the loss
from long closure will be very heavj, the Committee would recommend that the deep cistern be omitted, and that the flooring be
placed at the level of the canal bed; and covered with Bhurtpore
dressed stone, 15 inches in thickuess ; and they would remark that,
though the stone is very expensive, there is this great advantage in
the arrangement that, whenever repairs may be required to a flooring placed at the level of the bed of the canal, they can be readily
executed, because directly the canal's supply is shut off the floorings would be exposed to view. With the aid of the grati;lgs which
the Committee understand Colonel Dyas has contrived with complete success on the Baree Doab canal, for breaking the water w
it begins to fall, the Committee consider that the modification they
recommend will be found to answer well.
113. Supposing that the works can be executed during two , ~ ;
short closures of about 3&months each, the loss of revenue would beclam
comparatively trifling. From information furnished by Colonel Dyae,
x
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the Committee have approximately* estimated it at Rs. 350,000 for
each closure, on the supposition that the crops which must be stopped
are not replaced by others which'can be watered at some other period
of the year when there is an abundant supply in the canal. If other
crops be substituted, the loss during each closure would only amount
to about Rs. 150,000.t
114. The Committee believe that two such closures will be
found sufficient to complete all the work up to water line, and they
would point to the cases of the upper and lower Coleroon anicuts,
and the Gunnarum aqueduct in Southern India,$ each of which was
commenced and completed in one dry season, aa instances of what
may be done in speedily executing hydraulic works.
Ffibre i m v *
115. The Committee would now draw attention to some points
menu.
affecting both the nsvigation and irrigation which seem to call for
consideration as measures of future improvement.
h r g e proportion of
116. 9'he krge proportion ef " artificial" 5 to " ncrlurdjhw" 11
nrtificinl to mtural
flow irrigation on the irrigation on the Cawnpore and Etawcdr hanc17rea.-There
is a consiCawnpore and Etawah brunches.
derable loss of revenue on this account on the two branches, but
whether this is caused by the smallness of the supply of water which
keeps the surface at too low a level; by the levels of the country
being unfavorable for the cross distributing channels; by a faulty
alignment
of those channels; or from the excavation of the canals
themselves being unnecessarily deep ;the Committee have not aacertained. A great part of the Ca~vnporebranch appears to be in light
excavation. The Etawah branch7 is generally deeper. The cross
channels or rajbuhas are said to be badly laid out; and to work very
imperfectly. However this may be the subject demands careful
attention, and if it should be found necessary to introduce weirs at
intervals to bring the water up to a higher level at certain spots, it
would be desirable to make allowance for such alterations in level
where the headway under the bridges is increased for navigation,
otherwise it may be necessary to alter the bridges a second time.
The introduction of weirs would be advantageous as affording the
means ot more efficiently controlling and distributing the water on
The Committee applied to Colonel Dyas for an estimate of the ~ wbat
, have been disappointed in
not w i v i n g it. Since the Committees' Report was drawn out, Colonel Dyas bas written demi-o5cidly
M follows :l
Ig
have been dieappointed about the information I wrote for to enable me to estimate
the low that would be incurred by closing the canal in March, April and May, and I fear when i t d~
eome i t will be too late to be of u a to the Committm, M) I think you had better go upon the estimate you
d m up, and ;hi& L founded on the latest information I have. I should be very much obliged by your
mending me a copy of it. I will write again if the information I have written for comes soon; bat
don't wait for lt."
t The Committee observe, aide Revenue Report, dated 4th March, 1864, that the loss snstained during
a three months cloeure in 186263, amounted to Ra, 2,25,689. The closure was necessitated by an injury
to ons of the fall^, and tmk plaoe at an rmfortnnats period of the year, while the Rnbbec irrigation
it
it8 height.
f All of these works are on well foundntions.
5 Artificial, i. c.. aided by machinery.
/I Xntural flow, i . c., by gravitation.
7 Average depth of cxcarntion in Campore brnnrb is 4.82 feet for the first 120 rnilcr : nvernge depth
in Etawah b m r h for the aunt k w h is 6.65 f e a . The water i s 6 feet &p in both cnse8.
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these long branch lines, and would also benefit the navigation by
reducing the velocity of current. These are additional reasons for
an investigation of the question by the canal officers. It may be
found possible to improve the irrigation by extending the distributing
channels till they command more low land.
117. Want of mflc:ent waterway a t f e r m i m of Campom Campore b-ch
to be calkged .t itJ
QrmA-This branch is too narrow near its terminus to allow of the w91
largest class of boats passing each other, but this may easily be corrected by enlarging the canal from 20 to 27 feet bottom width from
the 159th mile, and making it still water navigation from the 164th
mile to Cawnpore, a distance of 5: miles; arrangements will of course
be necessary at the commencement of the still water canal to lead off
for irrigation the volume of water which is brought down to that
epot by the flowing canal. The silting and growth of weeds which
are likely to occur in the still water must be accepted as unavoidable,
but as the length is short there will be no serious difficulty in maintaining the canal in good order.
118. Tk Etawah b r a d - T h e headway under bridges on this Etawsh I,-ch to
have ita navigation
branch is insufficient and should be increased, the tail should be lock- improved
for C S W I I ~ O
ed down to the Jumna with still water navigation, arranged as re- mended
branch.
commended for the Cawnpore branch.
119. Cruss canals Jor navigation.-At
present boats have to shart msr mala
navigation to conmake a long circuit to get across from one canal to another, thist,for
,
with
each other, and with
ehould be provided for by constructing short cross lines ; similar lines important
should also be formed to connect important places like Meerut,
Bulundshuhr, Coel, &c., with the main lines, an the requirements of
trade may indicate.
120. Y'he width of locks.--This question seems to demand some Width lock lC
remark from the Committee, as it has been proposed to go to some ~
~*
expense to obtain 20 feet in width. The existing locks are 16 wide, and
after careful discudsion the conclusion arrived at is, that this dimension is sufficient. The depth of water generally in the canal is so
great that there could be no objection to the use of screw propellers
if steam navigation should appear profitable: the stern wheel also
could be used. Moreover, locks of 20 feet width would still be too
small for side paddle steamers except of a very small class.
121. hew branch canal from Roorkee to Deobund.-The
con- Brureh
for
struction of this work has been under con side ratio^^ for some years9 ~Lee0 to
1 ~Deobtmd
f n n n m~ o o
but the shortness of supply in the main canal has of course hitherto e"mm"deb
kept it i n abeyance. I n Colonel Turnbull's Can$ Revenue Report
of 186162, Mr. Login's opinion on the result of the survey is mentioned as most favorable. The Committee have also received the
opinion of Mr. Williams, the Commissioner of Meerut, who strongly
adv'ocates the carrying out of the project for protecting the district
through which it will pass, against famine, and for more equally
distributing the benefit of canal irrigation throughout the counw,
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the Deobund district being most unfortunately circumstauced aa
regards water, which is only obtainable at present from very deep
wells. The line which this branch will follow corresponds with
that recommended by Sir Proby Cautley as the alternative line, and
the Committee think that the time has arrived for turning attentian
to it.
short periodical
122. Pm'odical chmre of canal.-In so large a work depenc l o a ~of caaal rn
commended for ex- dent on many masonry structures of a difficult nature, a short anamination and repsir
afror~
nual closure would be desirable to admit of everything being closely
examined, and repaired if necessary. The canal .officers will of course
be able to decide upon the best period for such closures, as they
know during which portion of the season the demand for water is
least. If the plan of making a periodical closure is carried out,
the cultivators will probably soon learn to store a small quantity
of water near their fields to continue the irrigation till the canal is
re-opened.

PROPOSED WEIR ACROSS T H E GANGES AT
HURDWAR.
The importance of gaining a control over the Ganges at
by means of a masonry weir across the channel has been
generally recognized. There is no difficulty however in throwing in
the supply at present required by the canal, namely 5,000 cubic feet
per second, and the expense has not increased to the extent that was
anticipated by the late Colonel Turnbull. During the last four years
the outlay incurred on the shingle bunds, or temporary dams, for.diverting the supply from the river to the canal has amounted to 60,702,
or 15,175 rupees per annum.
124.
cubic feet per second were to be the full supply
~
~
t
h
~
~ If 5,000
nary for the preaent
of the ,-J.
of the canal, the Committee would not advocate the construction of
a permanent weir across the Grlnges. The expense of keeping such
a work in repair would not certainly be less than 5,000 rupees per annum; 10,175 rupees would therefore be saved in maintenance, and
allowing even that the expense of raising the bunds should increase ao
as to make the saving 15,000 rupees per annum, this would represent
a capital of Rs. 300,000, and a perinanent weir across the Ganges could
not be built for that amount.
125. I t is true that although there is no difficulty in throwing
Temporq bunb
m 1 y nemeary durb e m o w n mah.
5,000 cubic feet er second into the canal during the dry season,
there is the possibility of the river falling so low during some of the
rainy months, as to render it necessary to have recourse to bunds
even a t that season; which was the case during the famine year of
1860-61, nnd the inefficiency of the temporary arrangement. during the
monsoon months, has afforded the strongest argument that has hitherto
been brought forward for the construction of permanent works.

123.
Importanaofa
nunent weir st
nerally re- Hurdwar
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126. But the Executive Officers have now a much more ex-,!xr$zf,"$

tended experience of the management of the river, than they had up b"cha"'j"~nc~.
to the famine year; and the Committee consider that with the good
management which may be expected, there ought to be no difficulty
in feeding the canal during the monsoon. They believe that the
failure during the famine year has been exaggerated. For a great part
of that year, the whole supply of the river was turned into the canal,
and the revenue returns were more than double those of the previous year; but the fact of 73 acres only having been irrigated per
cubic foot of water admitted into the canal, while at present upwards
of 140 are irrigated by the same quantity, indicates that the great
want of the famine year, so far as the canal was concerned, was the
ineans of distributing the water. The rajbuhas were then in their
infancy, and without a proper proportion of them, it would have been
useless to increase the supply from the river.
137. When the full supply of 7,000 cubic feet per second has With fall supplr
in and muidamble
to be thrown into the canal, the construction of a weir becomes more 1- of ~ . t ebyr I&necessary than with s supply of 5,000 cubic feet. Sir Proby Cautley's %
estimate of the minimum discharge of the Ganges is over-rated ; at warp weir newasmy.
times it falls considerably below 7,000 cubic feet per second. With
shingle blinds there must always be considerable leakage, and at such
times, the loss thereby occasioned might seriously affect the efficiency of the canal. The Committee look upon this as the most
.
important argument in favor of a masonry weir, but they may add 1''
that it is very desirable that both Europeans and Natives should !j
-.
be saved from the exposure and sickness which they have to undergo
in the construction of the temporary bunds during the most unhealthy time of the year.
128. Several projects for a weir have already been before GO- Design far weir
vernment, but none of them have met with acceptance. Colonel Dyas lett to COIOU~IDYM.
was about to enter upon the subject, and was having detailed surveys
prepared, when the Committee was ordered to assemble; but not
knowing that the question of a weir at Hurdwar would occupy their
attention, he removed the officer who was surveying there to employ
him on a survey of the Khadir land between Sookertal and Gurmuktesur; some further measurements are therefore required before
Colonel Dyas can submit a plan and estimate for a weir to Government.
The Committee are not prepared to furnish a detailed plan, which
would require a more comprehensive knowledge of the locality than
they have had the means of acquiring.
.
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On

Matters of secondary

importance.

Having in the foregoing Reports stated their views and
opinions on the principal points connected with the subject referred
to them, the Committee proceed to offer some observations on
matters, which, though of secondary importance, will not, they trust,
be considered irrelevant to the complete elucidation of the state and
prospects of the Ganges canal.
129.

STONE PROM T H E SEWALIK HlLLS AND HIMALAYAS FOR THE CANAL WORKS.
G o d stone dnly
?30. With respect to the use of stone from the Sewalik hills
procurable in small
quantities from dif- at Hurdwar, and elsewhere on the canal, the Committee having
ferent places in the
Bewalik hills, and made the most careful enquiries, and to some extent, inspection of
the search for stone
in the Himalayashi- the localities, are satisfied that although stone of good quality may be
therto unsatirfactoy.

obtained in small quantities scattered over ,the hills, yet there is
apparently no single spot where quarries can be opened with the
prospect of an abundant supply being met with, and that as regards
the main Hidalayas, they find that the search for stone has hitherto
proved equally unsatisfactory in its result.
131. The Committee are however convinced that the canal offiFurther and more
extended search re
commended.
cers have used their best endeavors to obtain stone of suitable
quality for the works, and beg to refer to the following replies from
thk Chief Engineer of Irrigation to queries put by them on the
subject. They however think that the search on the main Himalayas
should be extended when the weather will admit of its being done
more carefully than i t could be at this season; and also that a quarry
on a more extended scale than any which the Committee have seen
should be opened at Hurdwar.
Reply to Commit
132. Replies to questions in Colonel Lawford's letter of yesb e ' s enqniy.
terday.
Question I.-" What was the result of the search made for stone
at Hurdwar and in the Sewaliks in the neighbourhood, stating cost
" Quarrying,
of
Dressing,
" Leading to canals,
Making roads,
'' Superintendence."
Reply.-The report made in para. 13 of my letter 4,293, dated
23rd November, 1864, ~ h i c was
h printed with Captain Crofton's Report
on the Ganges canal is correct, viz. : " The quantity of serviceable
atone to be had at any one place is very small, and there are not very

-

Q ~ 8 t i o n2.-" Has any search been made for stone in the main
Himalayas in the neighbourbood of Luchmun Jhoola, or elsewhere,
and if so the result ?"
Reply.-"There
are now no European officers here who can
give information concerning matters of ancient date, nor have I been
able to find in the records of this office any report of explorations
made beyond the Sewaliks. But I have ascertained from the old
mistrees employed on the works that the country up to and beyond
Luchmun Jhoola was often in vai~lexplored for stone. I n 1862,
Professor H. B. Medlicott was employed in exploring, with Mr.
Login, but I can find no other report of his than may be gathered
from the printed memoirs of the Geological Survey of India, Vol. III.,
Part 2.
" Lately, at my request, Mr. Kelly has examined the valley of
the Ganges and the streams which run into it on both sides as far
as the stream above Tupobun, but he has not found anything worth
quarrying. H e reports that the sandstone about Rikheekes is much
the same as the sandstone of the Sewaliks, that the black shale which
underlies the limestone is in thin layers, that the limestone itself flies
to pieces under the hammer, and that the slate is only to be had in
small .thin pieces.
'' On Mr. Kelly's return with this report I requested him to offer
a liberal reward to any one who would point out a place where good
hard stone was to be had in sifu, and he has men employed in exploring. He is now in all probability before the Committee, as I requested him to call on them and to communicate all his information personally.
"1 have now the honor to inform you, that Mr. Kelly has made
a further examination of the ground, this time on the left bank of the
Ganges, up the La1 Nuddee, opposite Ghora GhAt; his men having
brought in a good specimen of limestone from that locality.
" I regret to say that Mr. Kelly has ascertained that the sample
stone was a boulder merely carried down possibly from some other
locality. H e describes the rock in silu as a 'very hard tough stone,
well suited for coarse rubble masonry, but not for dressing, as the
beds are very irregular and the joints run in every direction.' H e
adds, that 'possibly an odd stone might turn out in quarrying down
a cliff,' and that 'there are lots of shapeless masses of stone in the
ravine hard enough for anything, but all intersected with false joints,
so that they cannot be split up straight, and being in scattered blocks,
the carriage would be very expensive.' H e does not think that a
stone of 4 cubic feet when dressed could be found there ; and his men,
whom he has out on search, with the incentive of Rs. 100 reward
before them, all say that at and above Rikheekes nothing capable
of being dressed has been let with.
"1 may add, that although I considered Mr. Kelly's report

to be conclusive as regards the localities examined by him; and
although the prospect of finding good stone within a moderate distance of Hurdwar appears to be remote ; yet, the search for it shall
not be abandoned."
Quedion 3.-" The Committee are anxious to have a copy of Professor Medlicott's Report, if it can be found."
Reply.-" Memoirs of the Geological Survey of India, Vol. III.,
Part 2, sent by to-day's post."
Professor Medlicott states (page 176) "that stone fitted for ornamental or monumental purposes might be found among the thick
bedded hard limestone of the " Krol group." Of this group the belt of
limestone and slate which crosses the Ganges between Rikheekes and
the stream beyond Tupobun, would appear to be the continuation ;
it seems strange though, and it is most disappointing that no vein of
good hard stone should be found in such a locality. But as Mr.
Kelly has remarked, if there were any veins of hard stone they would
probably have contributed good hard boulders of fair size to the
Ganges deposits, whereas it is notorious that the limestone boulders
are small, mere shingle."
P.8.-The best stone to be had in the neighbourhood of Hurdwar is the conglomerate, ot which the caps of the Myapoor dam
spiers are made. I t is hard and durable under running water. That
one was not experimented on because from the nature of it, experiment on a small specimen would be useless. Unfortunately, the
quantity of this stone, which is to be had within a moderate distance
from Hurdwar, is very small. The visible supply has been almost
worked out.

.

(Signed) J. H. DYAS,LIEUT.-COLONEL,
Chief Engineer, rwigdian Wwks,
ROOBKEB,
May, 1866.

31st

EXTENSIOS O F T H E CANAL FROM CAWNPORE
T O ALLAHABAD.
I n the concluding paragraph of his first letter to the Go- sir A*hnr
ton's plan for extendvernment of India, Sir Arthur Cotton has strongly urged the necessity ing the canal m\iof carrying the canal as a line of navigation to Allahabad, as the gation to All*
point "which is essential to its effective operation;" and the Committee have accordii~glygiven the subject their best consideration,
especially as it appears to have been Sir Proby Cautley's original
intention to adopt the same terminal point.
134. The length of that part of the Doab is 120 miles, and its Area of the loner
part of the Dosb and
average breadth under 25 miles; it is bounded on each side by altsm-~fcommani133.

H

cation vary favorable navigable
appears to render the
extension not neces- way, and
ruy p-t.

river, and intersected throughout by the East India railthe Grand Trunk road, and it appears to the Committee
that no part of Indla is better provided in prqportion to its area of
3,000 square miles with the means of transport, either for its own
produce in favorable seasons, or for that of other districts for its
relief in times of scarcity, and they therefore fail to perceive the
necessity of an expenditure of at least 15 lakhs, in carrying a navigable canal through this narrow tract.
irrigation af
135. With regard to the irrigation of this extremity of the
the extremity of the
DO& no! resnir+m Doab, the Committee have been informed that the failure of rain is
much as ~ t extanmon
s
inthonpperdisbicb less frequent there, than further northward, but without accepting
this as an ascertained fact, they may remark that it will be equally
advantageous and more economical, to extend irrigation in the upper
districts, as the great length of the canal has unquestionably been one
material cause of its heavy cost, and disproportionate financial returns.
The ex-on
to
136. While, therefore, there are other objects of so much more
Allahabed not recommendedurgent importance in connection with the canal, demanding attention, the Committee cannot do otherwise than advise that the Allahabad extension should for the present remain in abeyance.
FINANCIAL STATE OF CANAL.
Nett r-ipte f137. The ,annual statement of remunerative works in the N. W.
canal do not cover
interest on capital. Provinces, exhibits the Ganges canal in an apparently hopeless state
of indebtedness. The total expenditure on new work is charged with
interest at the rate of 5 per cent., and the expenditure up to the end
of 1863-64, having amounted to upwards of 2 millions, the charge for
interest is over 10 lakhs of rupees. The total income for that year
was Rs. 7,73,390, and the expenditure in maintainance and for establishments was Ks. 6,09,711, leaving only Rs. 1,63,679 to meet the
charge of 10 lakhs. About Rs. 8,40,000 thus appear at the end of the
year as a balance of charges against the canal. This operation which
has been going on from the commencement has caused the accumulated charges up to the end of the year 1863-64, to amount to upwards
of 83 lakhs of rupees.
138. If the above procedure be accepted as correct, it is evident
Remunerative
W m e n t not a fair
erjterianof bemerib that the canal must be pronounced a failure as a commercial speculadtheeansl.
tion, until the nett receipts shall exceed the annual charge for interest.
The Committee do not however consider that the annual statements
of remunerative works, from which the foregoing particulars are taken,
are at all a fair criterion of the merits of the canal.
Poliq of ~~overn139. The statement to the following effect of Colonel Colvia, .
ment in lcvying low
which Major Crofton has quded in his Report, well deserves attention;
water-ntea
that the object of Government was not so much to form a productive
source of revenue from the actual price paid for the water, as to gain
'

a sufficient control over its expenditure and to prevent its being
wasted, and that they looked to the general improvement of the country as the source from which they should derive a return adequate to .
the outlay." The Committee believe that until very recently the
Home Government continued to hold the same views, and it is to this
policy the extrabrdinarily low water-rate which has been charged on
the Ganges canal up to the end of 1864-65 is to be attributed.
140. The Committee are ~ i o aware
t
to what extent per acre the , ~ ! u ~ u , " 6
land revenue of the country watered by the Ganges canal has been canal
be exhibitedshould
in rcmunerenhanced by irrigation ; but they are of opinion that whatever it may tive st.tement.
be, it should appear as an item of canal revenue, and if it cannot be
separated from the ordinary land revenue, and incorporated with the
proceeds from water-rates, it should at least be exhibited in the an,
nual returns to the credit of the canal; On this point the Committee
entirely agree with Colonel Dyas, who has expressed his views in the
following terms in his report for 1863-64.
Colonel DYM' api141. '' Nothing appears clearer #to me than that all proceeds nion
on the abject
resulting from the construction of a work of irrigation should be s110ted.
clearly shown, whether they happen to be on the debtor or on the
creditor side, whether profit or loss, for if they are not shown, how
is it possible for Government to know whether it is advisable to
construct any new work. I t matters little under what names or heads
the proceeds are shown, whether as land revenue, enhancement of
land revenue, diminution of land revenue (a negative proceed) or
water-rate; the one thing. needful is to show them all clearly and
not to allow any of them to be muddled up with the land revenue
proper, that is, with the land revenue assessable, had the canal no
existence."
hcof land
142. As an example of the effect of a canal in the N.W.Pro- revenue
due to i m p vinces in improving the land revenue, we quote as follows from a tion 0s ~ a a JUh
na cenaL
report also by Colonel Dyas, with reference to the Meerut district,
watered by the Eastern Jumna canal.
Of that district at the time of the settlement, 71,920 acres were
irrigated, and the land revenue from that land in 1848 was Rs.
1,35,195 ; hence the rate of land revenue for land irrigated at the time
of the settlement is Rs. 188 per 100 acres.
Of the same district, 4,58,896 were (in 1848) unirrigated, and
the land revenue secured amounted to Rs. 6,35,893, hence the rate
of land revenue for unirrigated land is Rs. 138 per 100 acres.
The increase therefore due to the Eastern Jumna canal is Rs.
50 per 100 acres, or eight annas per acre."
143. As regards the Ganges canal, it would appear that it has NO similv benefits
Ganges canal, and
not heretofore received credit for any increase of land revenue, and on
water-raten inaufficiit was impossible that the low water-rate that was charged up to the ent to yield a profit.
beginning of 1865-66, should alone suffice to return a profit on the
capital expended.
16
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144. Should however an increase of land revenue equal to that
which as above has accrued to the irrigated land under the Eastern
Jumna canal, be credited to the Ganges canal when the new settlement comes into operation, the annual receipts will be increased by 8
annas per acre, or about 583,000 acres, or nearly 3 lakhs of rupees.
From the returns obtained by Colonel Dyas from the Collectors, it
would appear that in two districts alone, the enhancement due to
irrigation amounts to Rs. d7.863, and the above estimate is more likely
to be below than above the mark.
145. Fortunately for the future prospects of the canal, the GoWater-ate increwedfrom 1st May,l866.
vernment have lately sanctioned the introduction of increased waterrates. From 1st May, 1865, they will be equal to about double what
they were before. The average yield for last year will be about Rs.
2-4 per acre. Should the area of land irrigated by flow of water or
gravitation, as compared with that irrigated by machinery, be raised.
as is certain to be the case when the full supply is admitted into the
canal, the profit per acre will be considerably increased, and for future
calculations, Rs. 2-8 is more likely than Rs. 2-4 to be the average rate.
146. The irrigation returns for 1865-66, have been received by
hrennekomcsnal
for 186666.
the Committee. The receipts will be as follows :-

inma9e
due to Qauges canal
*medat8~-per
rcm of irrigated area.

.. ..
.. .. ..
.. ..

.. ..
.. .
. ..

Water-rents-Khureef,
a
I,
Rubbee,
Miscellaneous receipta from sale of produce,.
Receipta from navigation,

Rs.

,,
*,
,,

.. ..
Total, Rupees, ..
..

4,88,553
7,439806
65,226
43,662
15,39,047

147. The charges for the year for repairs and establishment
which the Committee have obtained from the Controllor, P. W. Accounts, N. W. Provinces, amount to Rs. 5,98,531, the nett receipts
will therefore be Rs. 7,40,516.
Return on clrpit.l
148. The total expenditure on new works on the canal, includoutlay.
ing rajbuhas, up to the end of 1864-65, was Rs. 2,08,14,654, the
interest at 5 per cent., 10,40,732; the nett receipts only yield a return
of fully 3) per cent. ;but if the enhancement of land revenue due t o
the canal, which is estimated approximately at upwards of Rs.
2,90,000, be credited in the receipts, the return for the year would be
5 per cent. on the outlay.
149. However, if only the canal revenue proper is taken into
Failure of canal
though in an nnfinof ,, m+ account, the above figures show that the financial failure of the canal,
ishea
dified kind
even in its present half developed state, is of a very modified kind.
Progressire im150. An increase of irrigation may be confidently anticipated,
prorcment certain.
and as the charges for establishment and maintainance do not increase
in the same proportion, the nett receipts will go on steadily increasing
year by year. While for the five years, from 1860-61 to 1864-65, the
quantity of water discharged by the canal remained nearly uniform,

Charges
revenue.

the irrigated area increased during that period from 3,42,909 acres to
5,66,5 14 acres, the revenue' (at the old water-rates) from Rs. 6,45,111
to Rs. 9,90,866, and the area irrigated by each foot of discharge from
73 to 141 acres.
151. I t is found on the old established canals from the Jumna, m-b
daty of
that each cubio foot of discharge irrigates from 100 to 290 ' acres ;canal dcnlrted. '
the average may be taken at about 220 ; and if the Ganges canal attains to this standard, its full supply of 6,750 cubic feet per second will
irrigate 14,85,000 acres. But allowing only 200 acres per cubic foot,
the area would be 13,50,000 acres, which at Rs. 2-8 per acre, will yield
33,75,000 rupees ; to which may be added, at the lowest computation,
1;25,000 for n~iscellaneousrevenue receipts and for navigation tolls or
in all 36,00,000, exclusive of enhancement of land revenue.
152. Major Crofton estimates the total cost of the project, in- ~ h l on~ apital
g ~
to be met.
cluding all works in the original design, except the extension to Allahabad, at Rs. 3,10,00,000. If the additional works the Committee
have recommended, raise the cost to Rs. 3,25,00,000, the annual
charge at 5 per cent. will be 16f lakhs of rupees.
153. The maintenance.eventually will, it is confidently expect- A
retorn anticipated
ed, be on a far lower scale that it has been of late years, seeing that
there have been unusually heavy repairs to masonry works, and estensive clearances due, not to the silt admitted from the river, but to
the erosion of the bed and sides of the channel. Probably 7 lakhs per
annum will suffice to cover all expenses. The nett returns would then
be 29 lakhs, which would not only suffice to cover the cliarge of 5 per
cent., but to pay off the accumulated interest of former years, and
that once effected, to yield a clear profit of 8 per cent. per annuln
exclusive of the enhancement of land revenue.
154. Considering therefore all the circumstances noticed above, Delay in
canal
which have hitherto tended so materially to frustrate the success of from Ganges
not dism
the Ganges canal in a financial point of view, the Committee are of ~ ~ ~ b f O r ' " ' p t i O n
opinion that it)l comparative failure up to the present time alfords no
ground for doubt of a fair and reasonable return from other irrigation
projects, 'constructed with the express object of yielding a direct
profit.
155. I n concluding their enquiry into the financial prospects of Water ehonld be
mld by mesaarrment.
the canal, the Committee would observe that complete economy in the
use of water for irrigation cannot be looked for until the charge is
made on the cubic quantity taken, and not on the area of land irrigated, as is the present practice.
156, Under the present system no inducement is afforded to Cultivator not en.
conraged at preaent to
the cultivator to make the most economical use of the water ; on the ,,,~, , , b .
contrary, every inducement is towards wasteful profusion.
157. H e pays the same tax per acre, for a particular crop, what- water-tax according to area irrigated,
ever may be the amount of water thrown upon i t ; and thus, if by without reference to
quantity of water exthrowing double the quantity upon the land he could increase the y ~ n d d .
N

yield by only 2 per cent., it would be to his pecuniary interest so
wastefully to apply it.
Area imgated per
158. The number of acres irrigated on the Ganges canal by
cnbic foot per second
on Ganges canal.
each 1 foot per second of discharge has been increased during the last
five years from 73 to 141 in 1864-65.
A- irrigated on
159. The quantity irrigated by each foot per second of discharge
Eastern Jumna canal.
on the Eastern Jumna in 1864-65 was 220 acres.
Capable of farther
160. But this is far*below the theoretical maximum ; and, as
increase.
in the latter canal the rajbuhas are now doubtless fully developed,
indicates some defect in the system of disposal.
Quanti of water
161. Mr. T.. Login, an officer of great experience in these subrquired 7,a wheat
C ~ P . sir.
Login's jects, reports that from careful experiment he found that four water.endeuce.
ings of 23 inches, or a total of 10 inches in depth of water, was amply
sufficient for a wheat crop in these soils.
opinion of cnlti162. A common concord of opinion amongst cultivators is that
vatom
one foot of water suffices for a wheat crop.
DU
which ahonid
163. Allowing 20 per cent. of the whole discharge for absorption
be peznned per cubic
foot o f q ~ ~ h s r g e . and evaporation, this would make the total required 15 inches in
depth ; or one foot per second of discharge should theoretically irrigate 580 acres of crops, consuming equal amounts to wheat crops,
assuming that the water were fully utilised throughout the year.
Four times the
164. The quantity of land actually irrigated by the Ganges
quantity required for
:(1":;k",i=~d-canal
in 1864-65 was 141 acres per 1 foot of discharge per second,
and the depth of water consumed was 5-17 feet, or deducting 20 per
cent. = 4.65, or nearly four times the quantity actually said to be
required for wheat crops.
Theoretical dutv
165. But of the whole area irrigated, 30 per cent. consists of
per cubic foot KhnreGf
andRubbeeeombined. Khureef crops ; which, on the average, as at present composed, consumes nearly the same total quantity of water as the Rubbee' crops.
Assuming the present proportion of Rubbee and Khureef, and the
present cornposition of Khureef crops to remain the same, and assuming that the water on the Khureef is equally utilised, then the area
irrigated of average crops, both Rubbee and Khureef, should be 414
acres per cubic foot of discharge.
Economy
water
6
The Committee are aware that the subject of the disposal
not of importanca
hembfo*~ but
of water by cubic measurement has from time to time engaged the
be very neeeesary
when canal is a m - attention of the canal officers, but as owing to the imperfect developpleted.
ment of the rajbuhas and to the dernand for water for extension of
' irrigation being of gradual and slow growth, the necessity for economy
of water has not been so urgent as it will be when the canal shall
have been completed.
Committee mom167. The Committee would therefore recommend that the exmend a am of experiments on water- periments now being made at Roorkee should include a comprehenmcm.
sive enquiry into the feasibility of bringing into use a cheap and
effective water-meter, and they are of opinion that the great importance of the subject would warrant a liberal outlay.

COMPARISON O F FINANCIAL RESULTS O F MADRAS
IRRIGATION WORKS W I T H THOSE O F
THE GANGES CANAL.

1

The .financial results of the Great Irrigation Works in_^&^^^^
a t n n dd
~idSouthern India have been so promineutly adduced as examples of ruried
fesent circnmstaneea
what the Ganges canal, if cpnstructed on'sound principles, ought to
have yielded, that the committee think it necessary to remark briefly
on the very different circumstances under which the works in the
Northern and Southern Piovinces appear to have been carried out,
which are explained more fully in separate papers,* recorded by two
of their number.
169. I t appears that in Madras nearly all the large works under- hyg;yE
taken by the British Government have been to an important extent for old
improve and bvelope
epkmn of irrigathe purpose of restoring and developing irrigation systems which, in a tion.
more or less imperfect state, had existed for ages. I n Tanjore especially extensive channels from the Cauvery covered the Delta, and needed only proper regulation to render them thoroughly effective. I n
the Godavery and Kistna Deltas also, it is stated, that numerous old
channels, some of which were of considerable size, had served to distribute, though imperfectly, a supply of water from those rivers.
They were incorporated with the Delta systems dependent on the
anicuta, and formed serviceable feeders of the new canals, thus saving a considerable cost in 'excavation, and expediting the distribution
of the improved supply of water.
170. I n other districts, extensive reservoirs of ancient construc- imga;tbyykE
tion, required only the powerful aid of weirs across the feeding rivers, stmction of weirs.
and in some cases connecting lines of channel, to restore and develope
their storage
- capacity to its fullest extent.
171. Further, the rapid extension of irrigation in the South has i m ? $ ~ & ? ~ ~
been materially promoted by the fact of the people being accustomed
to that mode of cultivation, and by their readiness to avail themselves
of the large tracts of waste land fit for the cultivation of their great
staple, rice, which can be raised only by artificial flooding in all the
irrigated districts.
172. The Ganges canal on the other hand is an entirely new proif
ject from which no return could be derived, till the main works had Q w e s d been completed, and the results of which must necessarily depend
on the gradual development of an entirely new system of branches.
Wheat, the great staple produce, can be raised in favorable seasons
at moderate expense by well irrigation, acd the proportion of available
waste land is but small, added to which, although the water-rate has
been fixed very low, the sale of water depends wholly on the demand
168.

z;

*

Appendix B and C.

on the part of the landholders, which it is understood is not the case
in Madras, while canal irrigation in these provinces is of hut recent
introduction ; and not, as in the South, a system practised for centuries.
Difference of rela173. The Committee consider the foregoing causes sufficient
tive leveh to the land
between the Delta to account for a great and apparently disadvantageous contrast
rivera and those of the
between the North and South ; but when it is also borne in mind that
Northern D M ~ .
owing to the essential difference between the relative levels of the
Delta rivers to their field of irrigation, and those of the Northern
Doab to the adjacent land, a vast additional expense must be incurred in the latter case, in bringing the water to the surface, whether
by taking off a canal from above or below the rapid slope of the bed
following the debouchmeut of the river from the hills; they cannot
but feel that no just comparison can be made between the results of
works so very different in character as those referred to.

174. With reference to para. 10 of the order of Government,
No. 20,410, the Comm'ittee desire to ackn*ledge the assistance

and information they have received from Colonel Dyas and the
Executive Engineers under his orders.
They were also favored with the valuable evidence of Mr. T.
Login, late Superintendent of the Northern Division of the canal, as
to its past history.
They regret that owing to the urgent pressure of his duties
in Cuttack, Colonel Rundall was unable to join them in their
inspection of the Ganges, and although that officer offered to reply
t o any written questions referred to him, they did not consider it
expedient to delay their proceedings for that purpose, when personal
examination of the localities seemed essential for arriving at a correct
opinion; so far however as can be judged from Colonel Rundall's
unofficial communications, it would appear that his views as to the
best site for the weir and line of canal near the Solani, do not differ
materially from those adopted by the Committee.
175. The Committee would further record their best acknowledgfments of Major Crofton's unwearied efforts to promote the
objects of their enquiry, both by efficient arrangements for their
movements and by full explanations of his own plans.

EDWARD
LAWFORD,
COL.-COMMANDANT,
R E.
J. C. ANDERSON,
LIEUT.-COLONEL,
R.E.
J. G. FIFE,LIEUT.-COLONEL,
R.E.
HUGHLEONARD,
C.E.
MUSSOORIE,
18th June, 1866.
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DISSENT.
1. I dissent from the above report mainly as to conclusions No.

111. and No. IV., the first negativing the proposed canal [from the
Jumna near Delhi (bringing 3,300 feet per second to complement the
present 4,400 now brought down by the main canal), as a substitute
for the remodelling above the junction ; the second recommending that
-the remodelling. according to Major Crofton's plans (with certain
modifications), be at once proceeded with.
2. I n reference to the latter's conclusion, I dissent from paras.
No. 140 and 149 of the report, which state that the main difficulty in the
remodelling, as proposed by Major Crofton, lies in the depth of the
cisterns below the new falls, and which further state that if these
cisterns be modified, the work up to water line many be executed during two closures of the canal, each of 34 months duration.
3. I dissent from this latter conclusion, because Major Crofton
has, after careful investigation, expressed his opinion, in para. 102 of
his report, that to execute the work as designed by him, the necessity
for shutting off the canal supply for at least one irrigating season is
inevitable, and that an entire year would not be too large an allowance ;
because Colonel Dyas, the Superintendent, Irrigation Works, N. W.
Provinces, has concurred generally in that opinion ; because in my
judgment the period assigned is rather understated to carry out the
works as designed ; and because I do not regard the deep cisterns as
the most troublesome part of new falls, nor nearly so likely to cause
uncertainty and delay as the well foundations ; and I decidedly do not
think that the proposed modification of the cisterns would render it
probable that the work up to water line could be executed (except at
entire disregard of cost) during two periods of 3* months stoppage of
the canal.
4. Further, I am not satisfied with the estimate of probable
loss from such a closure for 34 months, Colonel Dyas having been
asked for a statement of such loss and having not yet given it because
he had not sufficient information.
5. I n respect to conclusion No. IV., I dissent because I hold
that it is only as a last resort that the serious evil of stopping the
canal supply for a whole year, if not longer, should be incurred, and
because the proposed canal from the Jumna offers a mode (if the
3,300 feet per second discharge of the Jumna and Hindun rivers can
be depended upon, and for which conclusion there appears to me to
be strongprim8 facia ground) of making up with the 4,400 feet per
second now brought down the main canal, an amount of water supply
in excess of that provided under the remodelling scheme, at a less, or
certainly not greater cost, and without incurring the serious evil of
stopping the canal supply.
0

6. For the further elucidation of this subject, I refer to the

Memo. in that project, printed in Appendix A., and I recommend that
during the next season, a complete survey should he made of that
project, and that, in addition to daily record of water level, the discharges of the rivers ~ u k n and
a Hindun should be taken on the 15th
of each montb, from October to May inclusive, and that if the result
should show that a quantity approximating 3,300 feet per second can
generally be relied upon during those months, then the canal from.
the Jumna should be made in supersession of the remodelling above
the junction, if it be determined not to execute both, or in priority to
the remodelling if it be determined that both should be carried out.
7. I further recommend that, meanwhile, stone and other material should be collected at existing falls, sufficient for their complete
repair should failure occur, but that no further steps should be taken
towards the remodelling above Nanoon junction, until the question of
general minimum discharge of the Jumna and Hindun be settled.
8. I dissent generally from paras. No. 70 to 89 of the report,
treating of the Jumna project.
9. I n reference to para 71 of the report, in which it is stated that
the water gauge kept at the railway bridge at Delhi, wae not a safe
guide, because it was affected by the damming up of the bridge spans
for girder erection purposes. I would point out that this damming
gradually increased in extent from the beginning to the end of the dry
season ; and, consequently, so far as it affected the water level, would
have the effect of making it appear relatively higher in April than in
December.
10. I dissent from para. 73, which decides to adopt the same
section for weir at Toghlukabad on the Jumna as at Sookertal on the
Ganges. At Toghlukabad there is a practicably unlimited supply of
stone from the old fort, much of it dressed, and any further quantity
of rough stone can be quarried within 3 miles of the work.
11. At Sookerttrl there is no stone within 50 miles, and probably
no sufficient supply of fit stone within 66 miles, and this last has not
yet been explored.
1.2. These conditions are ao essentially dissimilar as, in my judgment, to demand different treatment.
13. For the above reasons I dissent from the estimate of weir
across Jumna given in para. 81.
14. In reference to para. No. 101, I do not concur in ucribing
the deep holes below the falls, chiefly to the increased velocity with
which the water escaped from the floorings.
15. I think that the most serious part of that scouring is due to
the wings which curve inward, thus reducing the width of the channel,
and throwing a current at right angles to the direction of the stream,
by which a rotary motion is produced, and deep scouring naturally
follows.

16. Had the scouring been chiefly due to the velocity of the
water over the crib work, the greatest depth of scouring would
naturally have been looked for immediately close to the crib
work, where the light soil joins the protective work; but the deepest
scour is not found there, but at a considerable distance lower down,
and just where the conflicting currents are converted into a rotary
motion.
17. At Nirgajnee falls (next below the Mahmudpoor falls) which
is without these inward-curved wings, but little scour has taken
place.
18. I would recommend that these inward-curving wings be
altered at once, the work could be done without interrupting the
canal.
19. On the subject of the supply of stone referred to in paras
No. 130 and 132, it should be noted that Colonel Dyas' experiments
were made on the . Sewalik sandstone lately brought in, and are not
necessarily to be regarded as representing the crushing weight of the
sandstone seen in the old buildings at Hurdwar.
20. A more important point on the subject of stone is that the
report does not, in my opinion, lay nearly sufficient emphasis on the
importance of examining the apparently unexplored field in the main
Himalayas in the neighbourhood of Luchmun Joola and Tupobun,
where, at a distance of about 17 miles from Hurdwar, the bills for
miles in extent appear to be formed of a hard ferruginous clay slate,
and rather farther up the valley of the Ganges, of evenly stratified
whin-stone.
21. Should a good building stone be discovered there, it would
reduce the estimate for the weir at Sookertal by upwards of 4 lakhs,
and would reduce the cost of ashlar stonework executed on the upper
portion of the canal by from 30 to 50 per cent.

GEORGE SIBLEY.

APPENDIX A.
Memo. on a pqjec! for makinq a canal from the Jumna at ToghMabad, about 10 milea below Delhi, to the main canal near BirotoleG
bridge (or to the Sirnra ,faUaj, about 20 milra above Nanoon junction,
the head oj the Cawnpore and E'tawah branclm.
1. I n considering the relative merits of the various schemes for

obtaining the desired result, of bringing down the full amount of
water which the canal was originally designed to carry, there should
be kept constantly in view the vital importance of not closing the
canal and stopping irrigation, except as a last resort.
2. In para. 97 of Major Crofton's Report he writes, "the absolute
" necessily of maintaining uninterruptedly the present volume of water
" to supply existing irrigation, unless there be very cogent reasons to
" the contrary, is assumed by all."
3. I n para. 102, he states his conclusion that for executing the
work proposed by him in remodelling, " the necessity of shutting off
" the canal supply for at least one irrigating season, or half a year,
" appears inevitable, and to do the work satisfactorily and give time
" for the larger masees of masonry to harden sufficiently, an entire year
" would, in my opinion, not be too large an allowance."
4. This opinion is concurred in generally by Colonel Dyas,
Superintendent Irrigation Works, N. W. Provinces.
5. The Committee of Engineer Officers summarised the advantages of a duplicate channel to complement the supply, as presenting1at.-Facili ty of construction, and of forming reliable est imaG
of time and cost of construction.
2nd.-The
very great convenience that may be anticipated from
the possession of a duplicate line of main channel, which
would admit of a considerable amount being sent down to
the lower parts of the canal, while either of the main lines
was closed for repairs.
6. Sir P. Cautley (in page 75 of the Discussion) writes, " the
6g remedy however appears to be rather in the division of the great body
" of water and thereby in diminishing the effect of its action, than in
'' the continuance of the existing channel as a single line:" again (in
page 76) he writes, " I am much in favor of reducing the present vo~nmc
\

of water in the main canal, with so many falls and so large a body of
'' water passing over them, perpetual repairs and interruption will in" evitably occur, let the slope be reduced to any extent. B y the duidon of the waters this wiU be avoided, and the evil of accident on one
" line will (as far as supplies for irrigation to the South are concerned)
" be neutralised by the existence of an alternative line."
7. Sir P. Cautley also, in his Memo., printed in Appendix A. t o
Major Crofton's Report, insists on the value of having an alternative
line for the security of the irrigation of the Southern districts ; in this
view, and also to avoid the serious evil of stopping the irrigation for
an indefinite period Sir P. Cautley proposed a duplicate channel, leaving the main channel below Roorkee.
8. The Government of India in reviewing Major Crofton's
port rejected this project for an alternative channel-lstly, because it
appeared from Major Crofton's figures that it would be more costly
than the remodelling by some 30 lakhs ; and secondly, and chiefly, because it appeared that the really serious objection to the remodelling,
the necessity for closing the canal for a while, was found to be equally
applicable to that scheme.
9. The Government of India at the sametime remarked that,
had there been a prospect of the scheme being practicable without the
necessity for closing the canal, it might have been thought desirable
to incur additional outlay to avoid such serious interference with the
convenience of the agricultural community, though it might have been
doubtful whether even on that ground so large a charge as 30 or
40 lakhs should be incurred.
10. Major Crofton's comparison of the cost of the remodelling
with Sir P. Cautley's alternative line, was based on the supposition
that the present channel could carry with safety only 1,870 feet per
second below Roorkee, leaving the alternative channel to carry 5,000
feet per second, or nearly three-fourths of the whole quantity.
11. Now, it appears that, since the last closure in August, 1864,
(a period of 21 months) the canal has carried regularly 4,400 feet,
being 2+ times the estimated safe quantity ; that the action in the bed,
falls and bridges, has been carefully watched, and that no injurious
action worth noting has been ascertained to have occurred.
12. This fact, as to the comparatively favorable condition of the
works, if well established, would lead to the conclusion that only
2,500 feet instead of 5,000 feet need have been provided for in t h e
new channel, and would so far modify the comparison of cost between
the alternative channel and the remodelling scheme ;as, however, the'
alternative channel was rejected, not so much on the ground of ext1.8
cost alone, as on the ground that the serious evil of closing the canal
appertained to that scheme also, it does not appear to be necessary t o
go into the question of how far the comparison between the two
projects would be modified.
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13. Without having the canal laid dry, it is of course impossible
to state with absolute certainty whether any seriously injurious action
has taken place, but the concord of evidence from surface observation leads to a contrary presumption.
14. The Committee made a formal request to Colonel Dyas,
the Superintendent of Irrigation Works, N. W. Provinces, to have the
waters shut off for a few days, so as to enable them to satisfy themselves, by actual inspection, as to the condition of some of the more
important and previously threatened works, but this request was met
by objections so numerous and so strongly urged as almost to amount
to a protest, and under these circumstances the Committee decided
not to press their request.
15. Colonel Dyas reports as to the condition of the works since
the date of Major Crofton's Report, as follows:" As to the bed, erosion is no doubt going on in many places, in" asmuch as during the cold weather, when the water coming in from
*' the Ganges river through the Myapoor regulators (the head of the
canal) is almost quite clear, the water in the canal gradually becomes
" very muddy ; but a comparison of the cross sections of the canal bed,
" which I have lately had taken at every mile along the canal, with
" similar sections taken by Major Crofton in 1864, shows that no dan'a gerous action is going on at present.
" As to falls in the Northern division (from Myapoor to Jaolee)
the extent of damage done, as far as can be ascertained by careful
" sounding and probing, consists of a slight displacement of crib work
" battens. I n the Meerut division two falls have been slightly injured,
'' but not sufficiently as to warrant a closure of the canal for the p u p
" pose of repairing them. The Chitoura fall, 55 miles 4,976 feet, has had
a part of the ogee in No. 3 bay ripped out, and that bay is kept close
" in consequence to prevent further damage ; and the Sulawur fall (67
" miles 2,350 feet) has had two of the hammer-dressed Delhi stones in
66 flooring of No. 3 bay turned over : this occurred in September, 1864,
*' and the stones have not moved since. The bridges are all secure."
16. The result of the last 21 months' working appears therefore
nearly conclusively to show that for a lengthened period this quantity
of 4,400 may be safely sent down the present channel, so that if a
quantity equal to that which is required for the irrigation below
Birowlee bridge, on the Simra falls, can be brought in from any independent source, the whole irrigation below that point may be pelmanently secured ; and if by repairs, such as may be effected during
the ordinary periods of closure (the cost of which Major Crofton estimates at Rs. 1,06,424), the old channel may be made securely to carry
ierrnanently the present 4,400 feet per second, the result would be
that a total quantity of 7,700 feet per second would be available for
irrigatioll (as compared with the 6,742 feet of the remodelling scheme),
and this result would be obtained without stopping the irrigation.
#'

17. I t appears frnm an examination of the country and of the
levels, that such a complementary channel could be made a t moderate
cost by leading the water from the Jumna, oppovite Toghlukabad, about
10 miles below Delhi, crossing the Hindun, and taking its waters also,
and joining the main line at or near Birowlee bridge, near the 168th
mile from Hurdwar.
18. The minimum discharge of the Jumna for this year, as appears from sections taken by the Resident Engineer, of the Jumna
bridge, on the 9th April, 1866,
Being
.
.
..
2,820
And that of the Hindun, taken by an Assistant
480
Engineer of the Railway at Gazeeabad,

.

.

..

..

..

.. -

Gives a total,

3,300

feet per second, which is very nearly the full amount required below
the Birowlee bridge, on Simra falls, according to Major Crofton's
scheme.
19. This discharge is corroborated by the discharge taken a t
Agra by Mr. Dodd, Executive Engineer, on the 5th April, 1866,
which showed 3,544 feet per second, and which he reports to have
been the lowest for the season.*
20. The Resident Engineer of the Delhi Railway bridge, who
took the discharge on the 9th April, and who is on the river daily, reports however, that he is perfectly confident that the river was a t its
minimum for the season on the 9th April, that there was only 9 inches
difference between water level on that date and on the 19th DecemSber, a difference that was fully accounted for by the channels having
been bunded for the purpose of girder erection.
21. There appears to be at least sufficientpinod fa& evidence
of the general correctness of the minimum discharge taken, or 2,820
feet per second, to demand further investigation.
22. Toghlukabad is a very favorable position for the building of
a weir across the Jumna-firstly, because the river bank, opposite t h e
village of Alee, is of a very firm character (kunker and clay); and
secondly, because there is a practically unlimited supply of stone admirably suited for such purposes, a very large amount of rough stone
and a very considerable quantity of dressed stone (Delhi quartzite),
being available from the ruins of the old fort of Toghlukahad, which
is also built on rock.
23. A channel 130 feet wide at base, 10 feet deep, with slopes 2
to 1, and fall of 4) inches per mile, giving a velocity of 2-80 feet p e r
second, would discharge 3,300 feet per second, and would fall into t h e
main canal at about the 15Sth mile from Hurdwar, or about 22 mile8
I

A doubt has since been thrown as to whether this wns lowest minimum discharge, by its haring
been stated that the discharge of the Jnrnne on the 19th December, 1866, was only 839 feet per second.
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above Nanoon junction, the head of the Cawnpore and Etawah
branches..
24. An approximate estimate of such a channel and weir shows
that they could be executed for about 39 lakhs (£390,000) including
superintendence.
The amount is composed as follows :-

..

.. .. .. ..
.. .. .. , .
.. ..
.. ..
Add contingencies, at 8 per cent., ..

33,13,788
2,65,103

..

35,78,891
2,50,522

Earthwork,
Bridges, &c. (19),
Weir and regulator at Jumna,
Weir and regulator at Hindun,

Add establishment, at 7 per cent.,

Bs.

20,59,788
3,80,000
6,64,000
2,10,000

38,29,4 13
Land, 57 miles at 64 acres per mile, at Rs.
.
24 per acre,

.. .. .

..

87,552

..

39,16,965
Total, Rupees,
25. I n the above estimate earthwork cutting, depth average
10 feet, has been taken at Rs. 3 per 1,000 ; and average depth 20 feet,
Rs. 4 per 1,000. I n the estimate for weir at ~ u m n athe
, rough rubble
stone is taken at Rs. 10 in place, and the dressed masonry at Rs. 30
per 100 feet; probably the whole of the material required being obtainable from the old fort of Toghlukabad ; or if further rubble stone
be required, it can be quarried within 2 miles of the weir.
26. I t is considered that with the mass of rubble stone available, and with a good puddle clay on the spot, wells would not be
needed under the weir wall ; if a double row of wells be added, they
would increase the estimate by about Rs. 2,00,000.
27. In the estimate for Hindun river weir, the actual rates of
work in the Hindun railway bridge have been adopted.
28. The percentage for contingencies and for establishment
have been taken the same as in Major Crofton's alternative line.

.

.

..

BB

29. T o the total, . .
.
. ..
As above, there is to be addedRemodelling between Birowlee bridge and
..
..
Nanoon,
.. .. ..
Repairs above Birowlee,
Re-adjusting rajbuha heads above junction,

39,16,965

..
Total, . .
Remodelling Cawnpore branch, as per Major Crofton's estimate,
.. .
Giving as expenditure, Grand Total, Rupees,

44,81,847

..

..

.

It might prove adviaable to bring in the new channel Mow
about the I W mila

)
..

3,58,458
1,06,424
1,00,000
4,26,842
49,08,689

ths Sirma fdls,6 milea l o r n down, or

30. Major Crofton's estimate for renlodelling the
. 39,19,850
old canal-including the Cawnpore branch is, ..
Of which is debited for navigation above Birowlee,. . 9,05,000

.

..

'

Leaving debitable to irrigation, Rupees,
30,14,850
Now, though the above amount (9,05,000) may.as a part of a whole
be fairly debitable to navigation, it is doubtfill whether the work due
to irrigatiorl alone could be executed for the balance.
31. Assuming however the above figures, to that balance, would
have to be addedBthedifference of cost between that of a permanent
dam at Hurdwar, without which the full supply could not be relied
on, and the capitalisation of cost of maintaining present bunds which
suffice for present supply, this difference will probably not be less
than Rs. 5,00,000.
32. Again is to be added the amount of loss and compensation
due to the stoppage of the canal. In Major Crofton's estimate, this is
put down at Rs. 13,48,213, but in this the canal revenue is taken a t
only Rs. 7,73,390, since the date of that estimate the rates have been
raised, and it is expected that the canal revenue will, before the work
can be undertaken have reached 15 lakhs.

..........
..

T o the above,
Will therefore have to be added,

RS.

RS.

13,48,215
15,00,000
7,73,3YO

7,26,610

Giving a revised total,
80,74,823
33. The cost of the remodelling scheme then, exclusive of navigation above Birowlee, becomesRS.

....

Works, as per Major Crofton's estimates,
Permanent head works (difference in cost),
Losses' and compensation,

..

30,14,850
5,00,000

..........

35,14,850
20,74,823

Grand Total, . . 55,89,673
The cost of the duplicate channel scheme from
the Jumna and remodelling below junction
$08,689
being,

..................
Shows tr difference of,
..

6,80,984

34. The rates for the duplicate channel, executed in the dry,
have been taken at the same as in the remodelling; but it may be
safely predicted that in work executed under pressure for time, with
a " working bee," as proposed, the rates would rule far higher in the
remodelling than in the duplicate channel.
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35. As previously noted, the Government of India remarked,
that it would be desirable to incur additional outlay to avoid such a
serious interference with the convenience of the agricultural commnnity, as would be caused by the closure of the canal; it appears
however from the above figures that the duplicate line would cost
absolutely less than the scheme, which involves the stoppage of the
canal.
36. The disadvantages of the duplicate channel may be stated
to be as follows :lrt. That it does not improve the navigation ab'ove the junction
near Birowlee to the extent contemplated in the remodelling scheme; leaving, as it does, a velocity of 4 feet per
second where only 3 feet would be given by that scheme.
The minimum headway is left nearly the aame in both
schemes by the water level being kept 3 feet 6 inchcs lower
in the one than in the other. It is to be remembered, moreover, that the cost of such improvement is also omitted from
the calculations; the improvemei~tof the navigation below
Nanoon (the really defective portion j is equally provided for
in both events.
2ndly.-The asserted extra cost of maintaining and working the
extra lengths. This is doubtful, the certain amount of extra
establishment will probably be more than counterbalanced
by the smaller bodies of water to be dealt with, and by the
fact that 3,300 feet is carried only 57 miles in lieu of 158
miles.
3rdly.-The loss of head in the rajbuhas owing to the full depth
originally intended not being maintained in t.he canal. Should
it be deemed advisable in any particular case, the additional
head could be obtained by taking the rajbuha from the fall
above the present outlet-a sum of Rs. 1,00,000 has been
provided for that purpose in the estimate. I t is to be remembered that in any event many of the rajbuhas will have
to be remodelled, owing to them being below the surface.
4thly.-The extra loss by absorption and evaporation. As regards
the first, the 3,300 will have to travel only 57 miles before
being utilised in lieu of 158 miles, and the latter is scarcely
worth taking into consideration, as assuming an evaporation
equal to 60 inches per annum, the total loss on the channel,
57 miles long, would be equal to a discharge of only 8 feet
per second.
5thZy.-The injury to navigation in the Jumna by abstraction of
the water for the new canal. The whole of the water is at
present abstracted from the Jumna at the canal heads, and
yet there is nearly 3,000 feet flowing at Delhi, 140 miles
lower down. Agra is 140 miles below the new proposed
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weir; and practically there is in the cold weather no navigation above Muttra, but little above Agra, and but imperfect
above the junction of the Chumbul river.
31. Among the advantages of the duplicate channel (from the
Jumna scheme) areI&-The maintaining irrigation permanently over, a t least, the
lower half of the main canal, and most probably over the
whole, without any break from closing.
2~td.-Facility of construction, and of forming reliable estimate
of tim; and cost of construction in the dry.
3rd.-The great convenience of a duplicate line of main canal.
4th.-The provision without extra cost of an additional 57 miles
of first class navigation, without a lock in the whole length.
38. The balance of advantages appears to be so clearly in favor
of the duplicate channel that, if the quantity of 3,300 feet per second
can be ge~ierallyrelied on from the Jumna and Hindun-I have no
hesitation in recommending the duplicate channel from the Jumna
near Toghlukabad in preference to, and in supersession of the remodelling of the main canal above the point of junction.
39. As a matter of course no works should be commenced until
that point, as to the discharge, is established; and I would recommend that, during the ensuing season, a complete survey should be
.made of this project ;and that, in addition to the daily record of water
level, the discharges of the rivers should be taken on the 15th of
each month, from October to May inclusive.
40. I would also recommeqd that stone and other materials be
collected at the existing falls, sufficient for their complete repair
should failure occur ; but that no further steps be taken towards the
remodelling above Nanoon junction, until the question of general
minimum discharge of Jumna and Hindun be settled.
41. Having regard further to the facts that the above total of
6,744 feet per second is calculated, at a standard 40 per cent. in excess
of present duty, to irrigate only I* million acres (or if 7,700 feet per
second, about I+ million acres), and though this higher standard of
duty will doubtless be much further raised when the system of measurement by volume shall be 'generally introduced; yet, seeing that
the culturable area of the Doab above Cawnpore is upwards of nine
million acres, of which only about 2,25,000, are irrigated by the Eastern Jumna canal, i t would appear worthy of consideration whether,
when the duplicate channel shall have been completed, and the irrigation of the lowest half of the canal secured, the remodelling of the
main channel above the junction might not then be profitably carried
out, generally as proposed by Major Crofton, but with modifications
(except as to suggested shallower foundations for cisterns of new falls),
as recommended by the Committee, when remarking on that project,
and with such further modifications if possible (whether by use of

iron-piling or otherwise) as may avoid the necessity for any lengthened closure of
*
the canal.

ESTIMATE
of the cost a canal from the Jumna near Toghlukabad, 10 miles
below Delhi, and the maiu line near Birowlee bridge, on Silnra fall?, a length of 57
miles, to carry 3,300 feet per secoud.
Description of work.

QaantiQ.

c.

EARTHWORK
IN EXCAVATION.

n.

155,535,333

let section, 19 m i l q average depth;

261,255,000

2nd

,,

3rd

,,

-

202,752,000
599,518,335

14

,,

$9

19.80,

24

,I

s)

10.59,

-

,,

57

..

Total of earthwork,

JUYNAWEIR

e. R.

..

9.13,

..
..

Dressed masonry,
at

2,000

Training walle,

3

4,00,600

0

0

4

10,44,933

0

0

6,08,256

0

0

20,59,788

0

0

SO

1,48,896

0

0

10

3,47,434

0

0

67,680

0

0

1,00,000

0

0

6,64,000

0

0

2,10,000

0

0

5,80,000

o

0

0

0

33,15,788

0

0

2,65,103

0

0

35178,891

O

O

2,50,522

0

0

0

0

8

----

..............

..........
..............

50

Hindun weir and regulator,
Bridge &c. (19),

M h w o r k , aa above,

----

AMD REGULATOR.

..............
Rubble stone place, . . . . . . . . . . . .
3,474,240
. Regulaturandlock, . . . . . . . . . . . .
per ft.
148,896

BE.

20,000

............

Contingences, at 8 per cent.,

Eshblishment, at 7 per cent.,

---20,59,788

....

--

----

....

A

88,29,413

miles.
57

Land, 64 acrea per mile,

..........

Grand Totul,

......

29

87,554
39,16,965

-0

0

0

0

GEORGE SIBLEY.

A P P E N D I X B.
N o h on the Comparative FinanctnctaZ
R e d t s of Irrigation Works m
i
and the N. W.Provinces.
the Madraa Pre&y

~ h financial
s
rs1. I have long been of opinion that the financial results of great
of irrigation
workmin Madrasover irrigation works in the South of India have been over estimated, and
drrutsd
aplta

that fallacious ideas of what may be effected elsewhere have been
formed upon erroneous data, but it has not hitherto been any part
of my duty to investigate the subject.
- 0 t h causes
~
in2. That the general prosperity and revenue of the districts in
maned revenue.
which such works have been carried out have been enhanced to a
degree unknown in less favored provinces is. an unquestionable fact,
but as all of them are on the seaboard, it is certain that the great
increase of foreign trade, and of the salt revenue, which has taken
place in the last 20 years, must affect this result, and credit cannot I
think be taken for the entire increase as due to the works of irrigation.
3. Moreover (as the4Government of India have recently sugThe works not mtiwly new.
gested) the returns in many cases are the effect, not merely of British
science and expenditure, but of an extensive system of hydraulic
works which had been in operation for ages before the country came
under our rule, but which had suffered deterioration, partly from
from natural causes, and partly from neglect, and have only recently
been restored to efficiency.
4. I t is well known that the works in Tanjore are the prototype
1)esrription of the
works in Tanjore by
Major H. C. wtbn. of all other improvements in the coast districts ; there irrigation had
been carried on from time immemorial. under the river Cauvery, the
chai~nelsfrom which covered the province, and made it the Garden
of Southern India." In 184.2, Major H. C. Cotton wrote as follows :
" The main branches of the Cauvery with the branch which retair~s
the
parent name, the minor channels separating from these, and the innumerable ramifications threading the surface of the Delta, are so disposed that one can scarcely believe it was a gradual work, each
portion the accidental result of what had been done before, but would
rather suppose it the work of consummate skill and science, planning
the whole system a t once and establishing it. Changes have taken
place during the last 40 or 50 years, disordering in some measure
I'

the irrigation of certain tracts, and remedies have of late years been
applied, but these have been almost entirely confined to restoring these
tracts to the condition they had been in at some former period. The
deterioration which had occurred was due to the tendency of one of
the arms of the river to absorb a continually increasing proportion of
the whole of the supply, and thus to injure the irrigation dependent
on the other arm. The remedy applied was the construction of weirs
or anicuts across the river, and various other works, for the regulation
of the supply to different channels." These works were in the highest
degree successful, and the revenue which had been falling off for a
number of years, not only regained its former maximum but rose far
above it, and produced returns exceeding 100 per cent. on the amounts
actually laid out in the works above describe'd. I t is, however, clear
Their profib not
that ssllch profits were due not to these works alone, but to thedue
to ths mimu
improvement they caused in the pre-existing canals by which their "'On&
benefits were conveyed to every part of the Delta, and which had
cost the British Government nothing.
5. So also the construction of weirs across the Vellaur, P a l a ~ r , , ~ ~ $ ~ ~ ~ ~
Pennair, Ponnyaur, Poiney, and other secondary rivers oil the Eastern ~ ~ e g ~ ? & & ~ - ~
coast, was expressly designed for the better up ply of large reservoirsment .
of ancient formation; which at the best had received but a precarious
supply and had yielded an uncertain revenue, and which had gradually become inefficient from deposits of silt and general decay ; but it
cannot be fairly said that the returns in the shape of increased revenue
are owing to the weirs alone, independently of the Vast embankments
by which the increased supply of 'water was stored, and which likewise were heir-looms froin former rulers, by whom their advantages
were fully appreciated.
6. T o institute a comparison between the rernui~erakivereturns Comparison 01 the
results of such worka
from such works as those of Southern India, and the financial results withthose the hgea canal fallacioaa
of an extensive and costly project like the Ganges canal, involving
an entirely new system of hydraulic works over a tract of coulitry
hitherto destitute of all such artificial aids to cultivation, and in
which the Engineers themselves were almost much concerned in
teaching the people the value of canal irrigation, a s in constructing
the works, is obviously fallacious, and calculated to lead to unfounded
expectations and disappointment.
7. The greater part of the Southern Presidency deperids mainly The Madras PWsidency dependent on
for prosperity on its ancient system of irrigation by channels and re- its
ancientirri *titm
but the &. W.
servoirs, without which it would be almost a desert, while the N. works,
Pmvincesnotso, aud
the canal con~tructW. Provinces are favored with a firbe climate and general fertility ed
as a preventive of
of soil, capable in ordinary seasons, of raising a great variety of pro- "a"0na1 fami"'.
duce without artificial irrigation, the introd~ictionof which by the British Government was avowedly intended, not as a con~mercialillvestment, but as a means of mitigating the effects of those disastrous
seasons with which Northern India is sometimes visited ; and it is on

such occasions that the profits 'derived from the canal are highest,
because the demand for water is greatest.
Di6renee of I-eve8. The great difference between the Madras revenue system,
nue system.
under which irrigated land bears a permanent increase of assessment,
and the voluntary and annual purchase of water by the Zemindare
of the N. W. Provinces, is another material cause of the discrepancy
upon which so much stress has been laid. The Madras Ryot paye
the same amount to Government, so long as his fields are irrigated
whatever the season may be, but the Zemindar of Cswnpore or
Meerut looks to the clouds, and purchases canal water or not, as he
may judge the prospect of rain to be favorable or otherwise.

E. LAWFORD.
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APPENDIX
1 am quite willing to accept Sir A. Cotton's estimate of the Thehighprofladerived fmn Godavev
benefits derived from the Godavery and Kistna works. But I am of and Kistna WO~ICSa t
tribntable to the exopinion that these works were carried out under exceptionqlly favora- ceptionally favmbie
c i r e a m c u under
ble circumstances ; and that there are few, if any, non-Delta forma- which the?. were ertions in India where the same results could be attained at the same ecnted.
proportional expense. Not only would Government be disappointed
were they to take the returns from the Madras Deltas, as the standard which properly managed irrigation works ought generally to
yield, but private companies might be led, through the same mistake,
to embark in. schemes which a real knowledge of the Delta works
would have shown them, could not be of an equally profitable character. In the belief that a description of the peculiar advantages under
which the Godavery and Kistna works were executed will not only
be useful in clearing away much mis-apprehension that prevails regarding them, but will help the Government to 'understand better
than they seem to do at present, the cause of their yielding a much
higher rate of profit than the irrigation works in the North of India,
I proceed to impart such information as I possess on the subject.
2. I n the Godavery and Kistna Deltas irrigation from old chan- o l d c h n e b for
in Ood.nels was carried on to a considerable extent before the new works irrigation
very and gbtnr
were commenced. I n the reports on the Godavery, frequent allusion
Vide Profosaiod
is made to the old channels. They are described as being very imper- pa,,, ~~d~ EnVol. III., p.
fect, as they opened from the river bank on a high level, which ren- gineers,
116. Captain ,-,
Report, No. 184;
dered them liable either to get an insufficient supply when the river ,Orr's
pT
16~:Lient..Colono k T. Cotwas low, or an excessive one when it was high. The actual value of ,,,
.,
the channels however was not only considerabl6, but they afforded the
the means of at once distributing the water from the new main channels, and they possessed an lrgricultural class ready to use i t as soon
as it was offered them. The new works were thus enahled to return
a profit much earlier than they could have done, had an entirely new
system of distribution channels formed a part of the project.
3. That the old channels in question must have been valuable VdMble suasluadjuncts to the new works, is shown very clearly in following extract rieatonew
from Captain Orr's Report. " By what has been shown as the benefit Profemimal pb
pen, Madras Engiderivable from the anicut by means of the channels immediately neers, VoL III., p.
affected by it, i t will be seen, that with an expenditure,of 9 lakhs, 118.
an annual increase (culculated on the lowest data) of Rs. 1,00,451
would be obtained, a result of itself sufficient to justify the con%truction of the anicut.
1.

-*

,
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I n the Kistna Delta there were not only irrigation channels
considerable size, but a large number of tanks, both of which have
been of invaluable service to the new works. Of the channels I may
particularize the Pullairoo in the northern section of the Delta.
Though now of moderate size, about 50 feet near the head, it is evi\dently an ancient arm of the river, running on a ridge like the Kistna
itself, and admirably adapted for distributing the water for irrigation.
I t sufficed by means of numerous amall branches to irrigate a large
proportio~~
of the Delta ; that is when it had water. Before the construction of the anicut at Bezwada, it was liable like the channels in
the Godavery, to receive either an insufficierlt or excessive supply,
according as the freshes might be below or above the average, and
like them and the channels in Tanjore, it only wanted a regular supply
to secure the revenue due to the whole of the land under it. This
want the anicut combined with a new head 15 miles in length, supplied, and the desired result was at once attained. The importance of
this channel and its value to the new system may be understood from
the fact, that when 65,000 rupees had been expended in the course
of about eight years subsequently to the admission of water from
the micut, solely for clearance and repairs of the channel and.it.8
branches, 6,500 rupees only had been expended during the same
period in new works and improvements. The cost of repairs to the
Delta channels is under 8 annas per acre of irrigated area, and the
water-rent was until htely 3 rupees per acre, or six times as much.
The large expenditure on repairs therefore represents a large irrigated area.
Profit derived by
5. Another channel existed in the southern section of the Delta
throwing in an improved supp~p hp and conveyed water to a number of important tanks to supplement
means of new heads.
the supply from the local rain-fed streams. A cut of 12 mges in
length connected it with the anicut, and changed its supply from a
variable and uncertain quantity to a certain and uniform quantity.
There were 17 tanks under this channel, and the average revenue derived from them, from 1851 to 1855, that is for four years prior to the
introduction of a supply from the anicut, amounted to Rs. 52,929,
the minimum being Rs. 31,458, and the maximum Rs. 70,092. T h e
revenue derived from the same tanks in 1863, the last year of which
I possess the accounts, was Rs. 1,39,323 showing an increase over the
former average of Rs. 86,394. The fluctuation of the revenue before
the admission of water from the anicut was very remarkable ; thus
in the course of four years only, four of the tanks yielded respectively
a minimum revenue of Rs. 0, Rs. 10, Rs. 323, and Rs. 123, and a
maximum of Rs. 3,321, Rs. 2,908, Rs. 3,663, and Rs. 6,327.
culfi~a6. he supply of the tanks was formerly very precarious, and the
tion done way with ;
revenue s e c M andabove exatn~les
testifv.r to what extent both Government and the
a
inrrecrs~d.
Ryots were liable to suffer. The immediate effect of the more certain
supply from the anicut was to give confidence to the Ryots, to secure

nld h n k s a d
rhsu~~elain Ki~tna
Delta. Formcranpply of
defective.

4.

the revenue at the highest figure to which it could have risen had the
tanka received a good supply from rain, and by doing away with all
risk of loss to the cultivators, to induce an extension of the cultivation, and a further increase of revenue. But without .'the aid of the
tanks and the channels leading to them, which were, & 1 may say,
superadded gratis to the anicut works, the same increase of revenue
could not have been attained, excepting by. a large additional expenditure on new channels or tanks, and a delay of several years.
7. Besides the above, there are another series of tanks in the
Kistna Delta which were fed by a number of small channels from the
river. A short branch from the new main channel into a cutting
which had been formed to make an embankment along the river, fed
these tanks with a regular, instead of their former precarious supply,
and a large increase of revenue was the result.
8. I t will thus be seen that the Godavery, and still more t h e , ? ~ i n ~ ~ m L
Kistna Delta works, started in possession of some advantages over an trybv-by
om~ e cra d .
entirely new system of works like the Ganges canal, where not a
single village channel existed along the length and breadth of the
.
country to be irrigated, and where the cultivators were unused to an9
other mode of irrigation but that by means of wells. The Godavew
and Kistna works have other advantages in regard to the alignment
of new channels, which alone would render a comparison between
them and the canals in the N. W. Provinces, altogether unfair.
9. The anicuts which have been constructed across the G
~ ~ ~ ~ ~
~(ietna
" Q"d"ery
Deltas.
davery and Kistna are about 14 and 19 feet, respectively, above the ""I"'
bed, and the ground along the banks may be from 13 to 17 feet
above the crest of the anicuts. The heads of the main channels are
between 6 and 6 feet lower than the crest, consequently the depth of
cutting will be from 18 to P2 or 23 feet.
O f n i ~ ~ ~ !
10. If this depth of cutting had to be maintained for any considerable distance, the expense of conveying the large body of water EbyB.l in
required for the irrigation of the Delta would be very great. But
the fact of the country to be irrigated being liable to periodical
inundation by the river from a remote period, implies that the deposits during a series of years have raised the land along the banks to
a higher level than that at a distance from them, so that the deep
cutting at the head d the main channels, works out into a moderate
and inexpensive cutting in the course of a few miles.
11. Sir A. Cotton in one of his early reports on the Godavery,
thus describes the peculiarities I have mentioned :-" Besides the $
?
; &d.,dnbed
slope of the land towards the sea in a Delta, it has another slope, Madm
Pddd~apera,
Engineera,
viz., a fall from the river in a direction perpendicular to its course, ~ol.
I I I . , ~ 20.
.
and the fall is much more rapid than that towards the sea. In the
present ease it has been ascertained to be, near the head of the Delta,
16 feet in two miles from the west, and 7 feet in two and a half
Miles on the east side. Thirteen miles lower down, that is twenty-

tre$?Ei;;f

2:;

~

~

ht~;fzkyg
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five miles from the sea, the fall is 9 feet in two and a half miles on
the west side of the Godavery. Thus the river banks form a ridge
from 18 to 7 feet above the level of the land, at the distance of from
three quarters to two and a half miles distant on either side, providing most remarkably for the leading out of the water upon the
lands.
" The apparently formidable operation of bringing the water
from the bed of the river is upon an examination of the level reduced
to this, that the highest part of the Delta is only 8 or 10 feet above
the bed of the river in its immediate neighbourhood, that is within
two miles of it, and that if an anicut be built I 1 feet high above the
deep channel of the river, the deepest excavation for the irrigating
channels will be 18 feet, and within two miles, the country ou the
west side would be below the level of the top of the anicut. On the
east side the lands would be on the same level within about four
miles. The apparent objection arising from the great depth of the
river is thus completely disposed of."
Gangen canal had
12. On the Ganges canal the water before reaching the tract of
to be carried across a
nnmber of torrents, country requiring irrigation, had to be carried across a series of foror in a very long cattin., MOR the ini-midable torrents, which required a vast expenditure of time and money.
gation limit could be
Had the canal beeu opened from the river below the point where the
reached.
last of the torrents joins it, it would have had to traverse a distance
.
of 50 or 60 miles before the irrigation limit could be attained. I n
either case heavy expenditure was necessarily entailed before the water
could be turned to any use.
Heads
main
13. The main channels in the Godavery and Kistna are simple
channels in the Deltas,
simple and inexpen- cuttings, unimpeded by any natural difficulties. Combined with the
sive works and the
length of d;stribution anicuts, these short cuts carry the water to the points from which i t
channels 30 or 40
miles on the ayersge. may be distributed to every field in advance, to near the sea, and the
distribution channels have not to extend beyond an average distance
of 30 or 40 miles.
14. On the Ganges canal the water is conveyed over much
allngescanalnecesrarily of great length.
more unfavorable ground to a distance of 350 miles from the head.
Sir A. Cotton considers this fact, as one of the errors of the original project. The practicability of forming separate heads between
Roorkee and Cawnpore in order to reduce the distance to which
water is conveyed, without being utili~ed,forms the subject of separate
enquiry. 1 may remark in this place, that the principal object of the
Ganges canal was to ameliorate a famine, and with this ob-ject the
Vide Sir P. Cantl e ~ *~e
s rt on Cen- water was distributed in a certain proportion over a much larger tract
no$cd''w' of country than was economically necessary. Had it not been for the
restriction thus laid on the projector, he could have utilized the whole
of the available supply of water in a canal of one-half or one-third the
length to which it has been actually carried, and would have had the
opportlinity of effecting a large saving in the cost of the work.
Wuun 4 d in
15. There are several other facts which serve to explain in
~elru.

~
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some measure the high and quick returns yielded by the Godavery
and Kistna works. There is an enormous extent of waste lnnd in the
Deltas : the great mass of it is either sandy or more or less swamp, but
large tracts not far removed from the sea and recently inundated by
it are unfit for cultivation until the soil is improved. Both this and
the sandy soil, however, become as valuable as any other land in the
Deltas, after several floodings by the river water, loaded as it is with
mud of the most fertilizing character.
16. Large tracts are thus rendered productive, which in their w p d t . dsrived.
natural state were absolutely useless. A further extent of country
is brought within the influence of the Delta channels by embanking
or draining swamps. It is a common occurrence for 1,000 or even
9,000 acres of such waste land to be taken up in one plot for rice
cultivation in a single season; and there is one instance in the Kistna
Delta, of the Ryots of a number of villages uniting to present an agreement to take up in one block 15,000 acres of waste land as soon as
certain drainage and irrigation channels should be completed, and to
pay Gover~rmentrent for it at the rate of Rs. 6 per acre, or Rs. 90,000
in all per annum.
17. This is no exaggeration, as the land was actually taken up NO~nehrrdranw
on the Doab.
on those terms as fast as the drainage and irrigation works progressed.
T h e canals in the N. W. Provinces have no such advantages. Not only
is the area of waste cl~ltivableland in the Doab between the Ganges
and Jum~iaof comparatively small extent, but the revenue settlement
extends over a period of 30 years, and the cultivator has to yay no
more for irrigating waste land, than the small water-rate which he
has to pay for land already under cultivation.
18. But on the other hand, high as the returns have been from Returns from Deltos retarded by iathe Delta works, they would have been far higher had the works ex- sufficient allotments
of funds to complete
perienced a tithe of the liberality with which the Ganges canal has the works.
been treated from first to last. Notwithstanding the Government have
received incontestible proofs of great and manifold advantages having
accrued, both to themselves and to the country, from the extension of
irrigation in the Madras presidency, the works which above all others
may be taken as the type of what can be accomplished, when a supply of water can be cheaply distributed, are o~rlyhalf finished.
19. The Government readily sanction the estimates for the Estimaresmnctioned, bnt money not
various new works and extensions that are submitted to them, but available to complete
variom worlrs.
the money to carry them out is not forthcoming. Not even the
modest demands of the local officers for a fixed and regular ann'ual
allotment of 5 lakhs of rupees per annum for new works on the Godavery and Kistns united, until the Delta system shall have been fully
developed, has been complied with. Channels which may have been in
progress in one year, are sumillarily stopped the next, or if the main
channels are completed, the funds required tb carry out the minor
works, and to turn the others to profitable account may not be granted,
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though the works themselves have received the complete approval
of Government. Numerous instances could be adduced in which the
delay that has thus arisen in utilizing the supply of water, has occasioned a large loss of revenue. .
A noti" Of
20. I have described the advantages which the Delta works had
grants for expendine-=v to at starting
over the Ganges canal, and to render the comparison a fair
complete the corn.
parisonbetweenDelhone,
worka and Gangea
I think myself bound to take conspicuous notice of this one
u9d.
great disadvantage which they have had to contend against for a long
succession of years.
Dm'"6eheIs
21. Many of the drainage channels in the Godavery and Kistna
used for irrigation in
De1t-v
but not in have been used for carrying the water for irrigation.
I n the counGanges c a d .
try affected by the Ganges canal the drainage courses are deep,
and nothing would be gained by using them as irrigation channels. Had they been shallow, the local Engineers would probably
still have avoided them, and wolild have preferred to go to the
expense of excavating new channels rather than interfere with the
proper function of the drainages. Allowing that there are serious
disadvantages in using channels for both purposes, there can be no
doubt, that the Engineers in the Godavery and Kistna have secured
a large additional revenue by being content to use imperfect channels,
when time and money would have been required for the excavation
of new ones.
BwmpinginDalten
22. The slight fall of many portions of the Deltas, combined
not unhealthy, aa it in
with the system of using the natural channels for purposes of irrigain the ~ o s b .
tion, serves to produce extensive swamping ; notwithstanding this, it
is a remarkable fact, that the Deltas are more healthy than other parts
of the district. Fever especially is far less prevalent in the Deltas
than in the country immediately beyond it, where there is but little
rice cultivation and no swamps. The cause is unknown to me. It
can hardly be the influence of the sea air, because the formation of
the east coast of India closely resembles that of other countries
which are notoriously unhealthy. I t is more likely I think to be in
the geological formation of the soil. However that may be, it would
bs useless to attempt to prove that ill-drained rice cciltivation in the
N. W. Provinces should be healthy because it is healthy in the Madras coast districts.
FW b r i d p
23. There are but few bridges on the Godavery and Kistna
the Delta h n n e l a
canah. I n most cases biidges are built over the locks, but on several
of the channels there are no bridges for 30 miles and upwards. O n
the Ganges canal the bridges are built at every two or three miles
apart. They have not been constructed in such profusion simply
because the Engineers thought them necessary or wished to construct
them, but because the Local Government, acting as they would act
towards a private company, insisted on having them where communications were intersected.
24. Sir 8. Cotton's argument in favor of the procedure which
p ~ t r05

-

"

-
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has been followed in Madrns seems a sound one. Doubtless, in some

rct-22:

parts of the Deltas, considerable inconvenience is occasioned by the h d i n g irrigation.
want of bridges, but if only a limited sum was available for expenditure, it. was best that it should be used to extend the irrigation.
26. The actual want of bridges is not so great in the Deltas as Bridgesraqoiredin
ter number in the
in the N. W. Provinces, for the nature of the eoil and absence of suita- E b .
ble material are almost-,prohibitory to the formation of roads, which
should be passable in the rains. Indeed, there are no metalled roads
in the Deltas, but the numerous navigable canals supply their place
along the principal lines of trafic, and any other traffic is unimportant.
In the Ganges and Jumna Doab, there are greater facilities for moving
carts ; the extent of thickly populated country is much greater ; and
there is a far higher proportion of important towns and villages, than
are to be found in the Godavery and Kistna. Hence, more cross communication is necessary, and we may reasonably expect that bridges
at short intervals will be looked upon as a necessary addition to the
canals. I 'may add that the canals in the N. W. Provinces, are rarely
closed unless for emergent repairs, when solrie sacrifice of revenue is
likely to be entailed ; and that bridges can be built at a considerably
less cost in the first instance before water is admitted, than would
be possible afterwards.
26. Thus it appears that a considerable expenditure on account consider able ant la^
~veb
d Delta w e .
of bridges has to be borne by the Ganges canal, while the Delta channels in Madras are relieved up to this time of any beavy charge on the
same account.
27. I n the Godavery and Kistna channels navigation and irrigaOII combinedNS2tErigation in
tion cap be carried on together more favorably than is possible on the h l t a chmnels, more
favorably than is
canals in the N. W. Provinces. The principal crop in the Deltas is si?le
inN.
R
rice, which requires water from July to December. There is also VInm.
auger-cane and a second crop of rice in the Godavery, but the area
and quantity of water consumed by them is small compared with the
requirements of the others. The channels are aligned with a slight
fall, generally from 3 to 6 inches a mile, and locks are placed a t such
intervals as will allow of still water navigation, when the water is not
required for irrigation.
28. The surface fall of the channels does not necessarily corres- ~args mppiy of
water m Delts &anpond with the fall of the bed. For three or four months in the year,
for only a
tion of the year ; difJuly to October, it may be increased to 9 inches per mile. The femt ,h,,,h,
crop in Delta and
velocity, especially in the upper reaches, is then very considerable, of
th -.
and boats cannot work up stream without some difficulty. But for
the remaining eight months of the year, a smaller body of water ia
admitted from the river, and for half that period there is practically
still water navigation. On the Ganges canal, on the other hand, the
prin&pal demand for water is not during the rains, when the river could
supply any quantity that might be required, but during the dry season. Rice is the great staple produce in the South of India, wheat

that in the N. W. Provinces. The one is raised in the rains, the
o t h e ~in the dry season. , The wheat crop on the Jumna canals ia
greater than all the rain crops united. These canals have been in
operation for many years, and rice cultivation has iu no way been discouraged, unless near cantonments and large towns; yet it has not
extended to such a degree as to require a greater supply of water
than the wheat. The following figures which are taken from the last
report (for 1864-65) of the Chief Engineer, Irrigation Department,
Punjab, serve to show the state of the Irrigation under the Western
Jumna canal.
Total number of acres irrigated during 1864-65, 434,965.
Area in acres of the principal crops irrigated for the last five
year :--

1860-61.

.. .. .. ..
Cotton,
.. .. ..
Sugar,
.. =. ..
Wheat,
.. .. ..

1861-62.

1862-63.

1863-64.

186465.

44,965

58,578

57,925

47,553

57,157

43,706

33,558

25,549

45,882

77,7SS

26,102

83,782

44,730

30,089'

29,786

1,81,208

1,48,317

111,129

1,45,234

1,65,159

2,95,971

2,74,255

2,39,335

2,68,558

3,27,840

(Famine yw.)

Rice,

----

--.--

The rice and cotton are rain, or " Khureef" crops. Wheat, dry
weather crop, or " Rubbee :"the sugar is irrigated in both seasons.
mlleaargs of we&
29. The average monthly discharge of the canal was 1,784 cubic
tamJllmrrcr4 d m
feet
per
second ; 243 acres were therefore irrigated in 1864-65 by each
ing.crch
cubic foot per second. The following was the discharge during the
different months :--

..
.
..
.

May,
.
June,
July,
..
August,
September, .
October,

..

..

..
..
..

..

..
.

,@,

Khureef.

November,
250
1,98502 December,
2,481-80 January,
1,559'15 February,
March,
9,265
April,
2,554

.. . .
.. ..
.. ..

.. ..
.. ..
.. ..

Rubbee.

2,48 1.8
1,717-5
482.73
1,532.28
1,898.05
2,554

1,777
Average,
. 1,791
Demand for water
30. From the above it appears that the demand for water in
u great in dry wason
April was as great as in July, and in December and March as in AuM in rains.
gust, though July and August tare months in which rice requires a
plentiful supply of water.
No
of
31. Instead therefore of the demand for water being fluctuating
ysrr available for still
ia the case in the Delta channels, it is nearly constant throughout
,

the year, an exceptionally high supply is .not wanted awing to the
rains ; on the contrary the maximum supply required is that yielded
by the river during the dry season, and the current will have to be
kept up at its maximum during the whole of the period, which on the
Godavery and Kistna is available for still or nearly still water navigation.

J. C. ANDERSON, LIEUT.-COLONEL,
Royal Engineer*.

A P P E N D I X D.
Note on the deqo cutting o j the Ganged canal, and the supposed g e c t a
of irrigation in the saldrity o j the N. W. Pfoainces.
1. The second of the fundamental mistakes imputed by Sir
Arthur Cotton to the original construction of the Ganges canal is, that
the whole of it " has been cut so as to carry the water below the level
of the surface, entailing a vast unnecessary expenditure, and keeping
the water below the level a t which it is required for irrigation ; also
that in cutting the canal deep in order to prevent the water keeping
the neighbouring lands in a wet state, its Engineers produced the very
effect they intended to prevent, because they cut through the watertight stratum, and let the water into the lands below, which carry it
all through the country."
2. There can be no doubt that a considerable saving might
have been effected by carrying the canal on a higher level and keeping
the surface above soil, but as the heads of the rajbuhas or main distributing channels are governed by the levels of the weirs or falls, there
does not appear to be any difficulty (except in the Etawah branch) in
regard to the irrigation, which commences within 19 miles from the
canal head.
The effect consi3. With respect to the evils supposed to be caused by the perdered to be exaggerated.
colation of the canal water through the sandy soil below the harder
upper crust, it seems that this effect has been exaggerated, as no
evidence of it appeared along that part of the canal inspected by the
Committee ; the only appearance of ooze being where the level is high
nor was any information received on the subject ; but supposing it t o
be partly true, it cannot possibly extend "all through the country,"
Probable resulbof nor can it cause the formation of swamps likely to influence the saluimgation in raising
the spring level.
brity of the district. The general effect of extensive irrigation will
no doubt eventually be to raise the spring level of the tract irrigated,
but this will not depend on the surface level of the main canal.
4. On the other hand, there does seem to be no small risk in
Risk of c-ing
the cam1 on a high
carrying a large body of water at a considerable elevation for a great
IeveL
distance between embankments, composed of such poor materials as
even the best soil of these districts, and as it is very doubtful if i t
was possible to ensure throughout an impermeable bed, it seems that
the deeper cutting although more expensive was the safest plan.
k p cutting of the
canal impnted as the
second fundamental
mistake.
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In the Delta of the Cauvery the annual rise of the rivers theyB,"dF&$
the
above the level of tbe country over which they spread is invariably =;-t
followed by a corresponding appearance of spring water on the adjacent lands, and constant vigilance is required to secure the embankments.
nnknom
6. But it is remarkable that although that Province is more or in *&a
T y r e , but comless inundated for half the year, and extensive swamps are formed monly lieved to *
salt from irrigation
along its southern coast, malaria is unknown ; a fact as little capable in the N. W. P*
Vinm
of explanation as the existence of the evil on the rocky uplands of
Coimbatore and Mysore, and especially along the banks of the same
river Cauvery ; and no inference can be fairly drawn from the salubrity
of the Southern Deltas and other irrigated districts, to invalidate the
cornmon belief in the malaria caused by irrigation in the N. W.
Provinces.
5.

E. LAWFORD.

A P P E N D I X E.
Note on the section of tkprqpo8ed weirs a ~ ~ o the
a a Gang88 and Jumna.
This section being avowedly prepared more in conformity with
that of the Godavery anicut, than those of weirs in Tanjore and other
Southern districts of Madras, I am desirous of explaining my own
views on the principal points in which the proposed work differs from
the latter.
1st. The depth of the wells. The Madras wells are sunk only
10 feet below the bed of the river, not merely because they are as firm
at that depth as if they were carried lower, provided that no scour removes the sand, but on account of the great di5culty and expense of
increasing their depth. Experience has however shown that without
an almost unlimited supply of rough stone for their protection, it is
not safe to rely on this depth, even in the firm coarse sands of the
Southern rivers ; much less then would it be prudent to do so in the
beds of the Ganges and Jumna, consisting of remarkably fine micaceous sand, totally unlike the former, and sinking when wetted under
the slightest pressure.
2nd. The breadth of the cut stone apron. This has been fixed
a t 50 feet, for a dam 9 feet, or with its upper board 12 feet high, and
may seem excessive compared to those of the South, which seldom de
if ever exceed three or four times the height of the weir. I, however,
concur in the proposed plan, because I believe it will often be found
impossible to remove the board in time, and then the height of overfall will closely approximate to the same proportion to the apron as
in the Southern rivers. This difficulty has been felt at the Godavery
anicut. Further, as there is no doubt that the beds of the rivers will
become raised even above the height of the weirs, the overfall will in
time be extended beyond its 'first distance, and may act on the rough
apron with too great force.
3rd. The rough concrete apron is carried out 120 feet, with 7
feet of depth at the inner, and 3 feet at the outer, edge. With a cut
stone apron of 50 feet, I cannot think such a broad inass of rough
material beyond will at first be necessary, but considering the nature
of the san:! already described, and the inferior kind of material of
which this part of the work must necessarily be formed, I have no
doubt that the aggregate quantity will be required in a year or two,
and it ought certainly to be provided for in the estimates.

E. LAWFORD.

A P P E N D I X . F.
ESTIMATE,No. 1, of the probable expense of a channel &om the
Ganges at Raoli GhaG to join the Gangea Canal, at 1108 mila
from Hurdw'ar,
Width, 180 feet, side slopes, B to 1 ; depth of water, 10 feet ; embankments, 12
feet wide at crest ; 5 feet high above water surface ; side slopes, 2 to 1 ; fall, 5+
inches per mile ; total length, 70 miles.
RUPEES.

1.
2.

3.

1 to 9th mile. Depth of outting varying from 3.5 to 11-5feet :
contents, 81,404,400 cubic feet, at 3 Rs. per 1000,
10 to 16th mile. Embankment from 9.5 to 13.75 high ; contents,
31,159,920, at Rs. 5 per 1000,
.: .
. .
..
17 to 29gth mile, 1 0 i miles. Embankment, average height 19-4
feet ;contents, 55,287,672 cubic feet, at Rs. 5 per 1000,
..
Concrete wall in centre of bank, at Rs. 6 per running foot,
..
29 miles cutting, average depth 8.3 feet ; contents, 23,693,243, at
Rs. 3 per 1000,
.
.
.
.. ..
299 mile to 52nd mile. Berms 12 feet wide, three above water;
cutting, 105 mile, from 25.3 to 36.4 feet ; contents, 418,532,664
.. . .
. ..
cubic feet, at Rs. 5 per 1000,
Cutting for 11 miles, from 15 feet to 24'3 feet; contents,
.. . .
260,973,504 cubic feet, at Rs. 4 per 1000,
Embankment across Kalq Nuddee, width of crest 20 feet ; height
. .. .
14.6 ; contents 70,96,320, at Rs. 8 per 1000,
53 to 70th mile. Cutting from 5 to 14 feet ; contents, 172,666,560,
at Rs. 3 per 1000, .
. . . . . ..
..

.

. ..

.

4.

..
.

.

8,44,213-2
1,55,799.6
2,76,438.4
3,36,60090

. ..
.

.

5,

..

71,079.7

..

20,92,663.3

..

10,43,894.0

.
..

. .

56,770.5
5,17,999-7

ABSTRACT.
1 to 9th mile,
10 to 16th mile,
17to29$thmile,

29# to 52nd mile,

..
..
..

..

Embanking Kala Nuddee,
53 to 70th mile, . .

..

..

..
..

..

..

..

..
..
..

..

..

..

..

RUPEES.

..

2,44,2 13-2
1,55,79gs6
6,84, I 18.1
20,92,663-3
10,43,894-0
55,770.5
5,17,99gS7

..

..
..

10,50,OUO
Mworlry works, 70 miles, at Rs. 15,000 per mile, -58,45,458-4
. -4,67,636.6
Contingencies, at 8 per cent.,
-63,13,095-0
. . 4,41,916.0
Establishmcnt, at 7 per cent.,
1,17,600.0
Land, 70 acres per mile, for 70 miles, at Rs. 24,
68,72,61190

.
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ESTIMATE, No. 2, of the probable cost of constructing, a .weir
across the Ganges at Raoli Ghat, 4; miles below Sookertal.
I. WEIR.
1. Cut stone floor, 50 x 14 = 75
6 x 2 =12
79

-

....

87, at Rs. 2-8 per foot,

RUPEES.

217'5

Concrete or brickworkFloor,. . . . 59 x 44 = 265G
' Body wall,.
8 x 83 = 68
Rear apron, 120 x 5 = 600
Front,
30 x 7 = 210

.

..

Wells,

..

-

1 143-5, at Rs. 30 per 100,

3 x 6 x 15 = 270, at Rs. 60,

....
. . .

343.05
162-00

Total, per foot run,. .
. . . . 722.55
Total for weir, 722.55 x 4000 = 28,90,200
5 x 4000 =
20,000
Cast-iron standards and planking,

..

2.

+107
- 162-5, at Rs. 30,
Walls, 25 x 3-

= 108.00
Wells, 2 x 6 x 15 = 180, at Rs. 60,
Concrete apron, in front, 30 x 7 = '210, at Rs. 20 = 42-00

.....

Total per foot run,
198.75
Total for wing walls, 198.75 x 1,600 = 3,18,000
Concrete
blocks
along
foot of embankment through Khadir,
3.
2,2 1,760
5280 x 7 x 30 = 11,08,800, at Rs. 20 per 100,
ABSTRACT.

..............
............

1. Weir,
2. Wing walls,
3. Concrete blocks dong embankment,
4. Head sluice and under sluices, . .
Embankment,

..

..
..........

Add 10 per cent. for contingences,

Ru~aas.

29,10,200
3,18,000
2,21,760
2,50,000
50,000

..

3,74,996
--

Establishment, at 7 per cent,

....

-

4 1,24,956

2,88,747
44,13,703

~ ' o T E . - ~ O per ccnt. has been added to ordinary rates for work to be executed in water, b cover eost of tempow
embankments, baling, b ~ ~ from
e s flood, kc., k c . A n e ~ ~ e p t i o n nhigh
l l ~ rate ie allowed for well foundations, offing to the
depth of their heads below low water.
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ESTIMATE, No. 3. Weir and Works, near Rajghat.

36 feet cutting, at Rs. 5 per 1000, . .
38,58,00,000
27
9,
9,
4
,,
.
10,80,00,000
15
,, 3-8 ,,
19,30,00,000
10
,,
3
,,
..
Bridges 10, at 25,000 each,
..
. .
..
Crossing nullahs (4) and passing canal under Futtehghur
hranch, . .
.
.
.. .
5 1,68,00,000 cubic feet

ill

.

7)

9,

..

9,

99

.
.

..

Contingencies, at 8 per cent.,

..

57,84,000
4,62,720

Superintendence, at 7 per cent,

..

62,46,720
4,37,270

..

66,83,990
70,560

..

67,54,550

.. .

..
..

..

.

Land, 42 miles, at 70 acres per mile at Rs. 24 per acre,
Total for channel,

-

-

WEIR.
Wells 7 x 7 x -7854 w 3 x 30 = 450, at Rs. 30 per 100
.. . . ..
cubic feet = Rs.
Sinking and curbs for ditto, Rs. ..
. .
Bhurtpore cut stone apron, 30 x 2 = 60
.. 6 x 3 = 1 8
Weir face,
Coping,
. . .. 5 x 3 = 1 5

..

..

.

.

135-0
90-0

-

93, at Rs. 2-8 = 232-8
Best block kunker, dressed, 20 x 1l.9" = 35, at Rs. 1 = 35-0
,,
10 x l"6" = 15, at Rs. 0-12=
Second
Rubble masonry under apron,60 x 6 = 360
,, body of weir,
9 x
8 = 72
j 9

11-4

-

= 130-0

432 at 30
100

Dry rubble, down-stream,
UP
27

9s

90 x 4 = 360
30 x 10 = 300

---

= 99-0

660 at '6
Moveable board and posts, per foot run,
Puddle, per foot run, say, . .
..

..

..

100

..
..

Total, per foot run,

..

..

5-0

.. 10-0
747-12, say 748
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bength of weir.u1.500. at R s. 748 per foot.
Sluice and regulator.
Wing walls and lock. 24 feet wide.
Training and protecting banks. ..
..

..

..

..

..

..
..
..
..

Contingencies. at 10 per cent..
Superintendence. at 7 per cent..
Total for weir.
Total for channel.

Total for the whole work.

..

..

..
..

..
..

..
..

33.66. 000
2.50. 000
1.50. 000
1.00. 000

..

38.66. 000
3.86. 600

•

..

-42.52. 600
2.97. 680

..
..

..
..
..

..

.1.13.04. 270

--

45.50. 280
67.53. 990

ESTIMATE,No. 4. Weir and works on the ~umna,'fora project to
carry 3,300cubic feet per second.

13,24,22,400 Excavation in 10 feet cutting, at Rs. 3,
3,97,267
25,87,20,000
14
,, 3, 7,76,160
23
9,
,, 4, 11,45,464
28,03,66,080
3,80,000
Bridges 19, a t Rs. 3,000,
Crossing drainages,
.
1,50,000
38,49,891
Total,
Contingencies, at 8 per cent.,
2,27,991
30,77,882
3,15,451
Superixitendence, at 7 per cent.,
3298.335
- Land, 57 miles, a t 64 acres per mile, at Rs. 24 per
87,552 33,80,885
acre,
Weir, per foot runCut stone apron,
50 x 1 $ = 7 5
,.
.. 7 x 2 = 1 4
Do. front of weir,
.
.. 6.5 x 2 =.-13.Do. coping,
102 at Rs. 0-12 = 76-8
Wells, including sinking and curbs, &c., 3 x 6 x 15 = 270,
= 162-0
a t Rs. 60 per 100,
.
- a
Rubble rough stone, down-stream, 120 x li = 600
up
,, 30 x 7 = 210
810,atRs.GperlOO = 48-9
..
Rubble masonry, . .
. . 59 x 4& = 265
8 x 8; = 6 s
- 60-0
333, at Rs. 18
347-1
Length of weir 2,800, at Rs. 347 per foot,
3Ioveable board and post, at Rs.5 per foot run, .
Sluiccs and regulators,
.
Wing walls and two locks,
..
..
..
Training axid protecting banks, ...
..
Total,
Contingencies, at 10 per cent.,
Total,
.
Superiutendence, at 7 per c e ~ t . ,
Total,
Weir and passage over Iiindun, including
440,
.
training and protecting walls,
Total Rupees,
Say, Rs. 5 J,OO,OOO.
9,

9,

9,

..
..

..

..
..
..

..

.

..

..
..
..
..

..

..

.

..

..

..

..

.

..

>#

..

..

.

..

..

9,

..

..
..

..

..

.
.

..

..

..

.

>

.
..

..

.

ESTIMATE, No. 6. Weir and works on the Jumna, Estimate for
project to carry 1,500 feet per second.

7,02,25,000 cubic feet in 10 feet cutting, at Rs. 2-8 per 100,
14,41,44,000
14
99
J,
2-8
99
,, 3-8
99
23
18,09,50,100
19 bridges, at Rs. 15,000,
. . ..
.
Crossing drainages,
.
. . . . . ..
99

'

99

..

..
.

9,

..
.

.

Contingencies, at 8 per cent.,

..

..

Superintendence, at 7 per cent.,

..

..

Land, 58 miles, at 50 acres per mile, at Rs. 24 per acre,

..

69,600

..

18,65,684

)

17,00,000

..

35,65,684

Total for channel,
Total for weir over Jumna and Hindun, as in preceding
estimate,
..
.

..

..

.. .

..

Total for project,

I

