/e [ qlv.}w\/\.

www drpathan com Page #1

—
-

THE

 Juture of Sind.

. iy a g "
T T )

SUKKUR  BARRAGE  SCHEME.

Y @

0.
By '5‘) €,
A. A. I\/III(;T() r Sqz, » M. Inst. C.E.

(Reprinted  liom “THe Tines of India.”)

APAL

: 7
/"e

(\é’),/ Pw 7/“0 .aa)')

KARACHI, /

| <)
X [
/A\)
YANG;

‘e

& AR, FHE TIMES PRESS

| BOMBAY.,

£

g 1943,
TV N



.

www.drpathan.com Page # 2

-

THE FUTURE OF SIND.

SUKKUR BARRAGE SCHEME. - -

A LIFE AND DEATH ISSUE.- . .
/ R} 4

y ﬁﬁ-ﬂ:

s

oo

v v

[ 2

Before we can explain the objects and scope of the Sukkur Barrage
ijccl‘, we must understand something of the cbuntry and the peOplC
to be affected, and the defects of the system of irrigation which has served
the country for the past eenturies.

The Province of Sind is bounded on the west and north by great
ranges of mountains—The Khirtar Range which stretches for hundreds of
miles 1n seried ridges into Baluchistan. On the south 1t 1s bounded by
the Arabian Sea from Karachi to the Ran of Cutch, about half of the
sea coast being pierced by the numecrous active or dead months of the
estuary of the River Indus.  On the east it 1s bounded by, and includes,
part of the great Indian Desert, a vast stretch of barren country covered at
intervals with ridge after ridge of windblown sand hills.

The tract of country with these inhospitable neighbours has, however,
one great friend and saviour—the River Indus—which traverses the whole
Province from north to south.

Indeed, the province owes its actual existence, in its present form,
to this great river, and to its subsidiary overflow channels, of which the
principal are the Nara River, and the Pinyari, Fuleli, and Baghar Dhands,
all of whi¢h have now! been canalized. By, overflowids, wst-banks for
centuries, and spreading 1ts €ternalchburden of siU overthe surreunding
country, the niver has formed the wonderfully fertile alluvial lands which
comprise the useful portion of the Province, and the whole of the cultur-

able area.

The Province 1s about 350 miles long, from north to south, and varies
in width from 250 to about 120 miles. Its total area is about 30,000,000
acres of 47,000 square miles ; or slightly less than the area of England.
Out of this area about half, or 23,500 square miles, is occupied by
mountains, hills, and broken rocky country, or by sandy desert ; leaving
23,500 square miles, or say 15,000,000 acres, of culturable soil.

The terntory of His Highness the Mir of Khairpur, which penetrates
the Sind boundaries on the east, has an area of about 6,000 square miles
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and a population of about 200,000, Only about 1,230 sa 1.
800,000 acres, of the State are culturable, the remaining area consisting
of ranges of limestone hills, or desert and sand hills.

LIVING ON THE SOIL.

The population of Sind in 1921 was 3,279,377 of
three-quarters were Mahommedans and one-quarter Hindus. Of this

population about 40 per cent. live by direct labour on the land, 25t
10 per cent. by revenue from land, a large number on the care of catt.e
sheep and camels, and the great bulk of the remainder in tradinz in th=
necessities of life, and in domestic service. Only about 7 per cert. cf
the population live by the arts and industries, and about 4 per cent. Live
by mendicancy. .

Thus it will be seen that Sind is almost solely dependent on agricuiture
for 1ts existence.

We now have to see how this agriculture 1s carried on. It is perhaps
a platitude to state that agriculture demands three esseniials,—soi, water,

and labour ; but in'the East generaily, and.dmmiind in particular, the

coincidence of the three factors 1s often difficult to secure. VM ater i3
usually the greatest difheuity, and this'is partieniarly so In Sind. The
average rainfall in Sind 1s only” about 5% inches per annum, and 15 at
best very precarious. Most of icfall& 0 July and August, and usualivina
few heavy showersatHence it 1s practically impessible to do an cultiva- 3
tion on rainfall, though this will provide valuable grass for grazing catile
ete. Thus in the year 1917-18, when raiiiallaasvery copious, 73 per
cent. of the crops were raised on frrigation; and in the vear 1915-16,
- when rainfall was low, 99 per cent. of the crops were irrigated The
importance of irrigation in Sind cannot therefore be over-estimated
These facts may appear dry-as-dust, but, as the Sindhi knows to his
cost, there 1s a worse thing than dry-as-dust facts, and that 1s ary-as-cust
land when he 1s depending on it for his existence

[t is necessary to understand these facts before one -
vt i : 1 H £ }
the pos:ition of | thel caltivator, and the vailue of an

supply ‘to him.

RIVER OF LIFE.

r 13

Since, then, the Sindhi cultivator had plenty of good land availabie.
and sufficient labour, but nature failed to provide him with a ramfal on

which he could raise a crop, he was left to look for some other means of

=

obtaining the necessary water. He nat.urall_v turned to the inexhaustib.
supply of water flowing past his lands in the c.hanpel. of the River I‘r‘.dz:::
Now the Indus has a regular seasonal fluctuation in its surface level anc
in the quantity of water 1t passes.

This fluctuation of level has a maximum of about U tee n
flood season over the lowest water in the cold weather, at Sukkur, +2
miles from the sea : at Kotri, 120 miles from the sea, the maximum

o - .
0 teet nise,
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fluctuation is about 17 feet. The Indus has a special peculianty, which
it shares with the Mississippi and few other rivers, namely, that throughout
its course n Sind (which 1s really the delta of the river), it runs Jalong
the top of a ridge and not in the bottom of a valley. The land on either
side of the river banks slopes away from the river to lower levels than the
banks themselves. The river has formed, and is still forming, this ridge
for itself. In the flood season, June to September, the waters of the river
are very heavily charged with silt, brought down from the mountains
m which it rises. In a year of moderately high river, the water is con-
fined with the banks, i.e., within the river channel (varying in width from
} to 5 miles) cut in the top of the ridge. In a year of high floods, the
water overflows these banks, and flows down the slope on either side
right across the country—sometimes for 50 or 60 miles, unless stopped by
artificial banks bult along the river margin.  This country, on either’
side, 15 covered with vegetation, either naturally sown grass and jungle,
or crops on cultivated land.  This vegetation checks the flow of the water
and causes 1t to deposit its silt.  Most silt will be deposited at the beginning
of the checking action, i.c., near the banks of the river, and thus, these
banks are raised higher and higher with each succeeding flood, and the
slope df the country, away from the river banks, is gradually made steeper.
The slope however is very flat, and often not visible to the eye, but is
readily detected with the surveyors’ level, and 1s sufficient to assist in the
distribution and flow of canal water on the land, as will be deseribed
later.

Further, the surface of the rniver water is not itself level, but has a
slope, 1n the direetion of flow, varying from 1 foot per mile in the Punjab,
to as hittle as | foot in 4 miles near the sea. This slope is necessary to
cause the water to flow towards the sea. In the irrigated portions of
Sind the average slope of the river 1s about | foot in 2 miles. The slope
of the land, mn a direction parallel with the river is about the same as
that of the river surface ; but the land also has a slope away from the
river as already explained.  If therefore a canal is cut diagonally away from
the river bank, and the water surface of the canal has the same slope as
the river, the surface of the water n the canal will gradually become at a
higher level thanytheypland, at some distance from,the head of the canal.
Hence riyerjwater which;, at-the nyer bank, is nét, high erough (to flow on
the land, will be sufficiently high to do so over other lower lands further
inland, if carried to them in a canal. Moreover in a large canal the surface
slope of the water may be made flatter than that in the river, and hence a
further gain in level, compared to that of the land, can be gained for
every mile the canal is carried.  For centuries, the Sindhi has partly
realized this, and has excavated canals from the river, which would
convey water to his lands, and flow thereon, when the river is at a high
level. If the water in the canal was at too low a level to flow over his lands,
he erected Persian water-wheels on the canal side, and lifted the water,
into the small channels of his fields, sufficiently high to flow over the
ground. This operation is, of course, slow and expensive, requiring
many bullocks to work the wheels. This is known as ** Lift " irrigation.
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When the water flows, by gfil\fily, direct from the canal on to the fields,
these are said to have Flow " rrrigation.

e T

THE PRESENT CANAL SYSTEM.

It is evident that the water level in such canals must depend upen
and vary with, the water level in the river at their heads, and from what
has been explained of the lie of the land and river, it 1s obvious that only
at moderately high levels of the river will the canal water flow on the lands
watered 'l)y these canals.

Between Sukkur and Sehwan on the Right Bank of the nver, the country
falls more fstccply away from the river than in other parts of Sind, and in
this area, the oldest indigenous canals were able to give flow cultivation to
largc tracts of }iill(l, when t'm:rc was a modcrata: ’!cvvl in the river. In
other parts of Sind the older canals made by the Mirs of Sind, before
the British conquest, gave mostly lift-irrigation, except to srall fow
areas, and pcrhztps durmg the hcight of the river flood. The highest
levels of the river seldom last for more than a few days in any one year,
and cannot be depended on for the raising of crops. But a moderately
high river, sufficient to give flow icrigation toseme lands, and lift irrigation
‘o a much larger area, can be cxpected in most years, to last {or about
3 to 4 months, June to September,—a sufficient period to grow the hot-
weather crops of Sind. Al canals designed to work under these conditions,
i.e.. with their supplies depending on the natural flood level in the river,
are known as Inundation Canals. Since the British came to Sind, they
have improved, or remodelled, most of the old indigenous canals, and
have made many new inundation canals.  Most of these canals are designed
to get their full discharge, and full level, when the river gauge at Sukkur
reads 12 feet, (it varnes from a maximur of plus 17°9 to a minimum of
minus 2°4 feet), a level which, in a good year, can be expected from
about the 15th June to the 15th September.

Most canals are completely closed for silt clearance during the cold
weather, and are reopened between the [5th May and Ist June. If the
river is favourable a fair supply then enters the canals.

In Gind; all the lcafals,except, four, Juiz,, the Jamrao, Mithras, Fulel:
and Sukkur (Canals,! are (purelyGpandation canals, 1,e., they flow only
during such periods as the river is high, and for the remainder of the year
are dry and useless. On an average, the period of tlow may be taken as
from the Ist June to 30th September,i.c., a four months’ working season.
For the rest of the year no cultivation is possible on the areas served by
these canals, except by means of wells, or crops grown without watering,
and dependent on the land having been flooded decply before cultivation.

Such crops are comparatively small 1n area.

ITS DEFECTS.

Hence the cultivator depends, almost exclusively, on getting his
crops watered during a four months’ season. The result is that a great
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deal of labour, (both manual and cattle labour), has to he concentrated
in this short season, and for the rest of the year is comparatively idle. This
1s one of the primary difficulties in maintaining a large area of cultivation.
Incidentally, thereis mvolved, 1n many districts, a serious famine of even
drinking water during the dry season, which increases the difficulty of
retaining labour on the land. But even during the four months of flow
the cultivator may meet with serious difficulties.

Most inundation canals in Sind are now provided with head regula-
tors, and are designed more or less to give the discharge required for their
commanded areas, when the river is at a moderate level, such as may ke
(.:xpcc:tcd mn a normal year for the greater part of thes four months. But
n almoo‘l every year there are pm‘io(]s, of iongm' or shorter duration,
during which this moderate level is not attained. At such pericds, not
only 1s the supply dehcient in quantity, but it will probably be at tco low
a level to flow on to lands which normally receive flow water. The
inevitable yesult is that zamindars take all the water they can get, whenever
it 1s available, and in this way have acquired extravagant habits-in the
use of water.  On the other hand when the river rises above the mederate
level necessary for full supply, 1f the canal is not provided with a head
regulator, an excessive supply passes down the eanayand either breaches
the banks, and causes flooding in numerous places, or fiows to the low
Jying portions of the area, generally at the tail, and foods these.

This again tends to extravagance in the use of water, when it is high
enough to be available,as well as to flooding of low lands : and increases
the tendency to grow in low lands, crops such as rice, which do not suffer
by very excessive'watering. Thus it is scen that inundation canals lead
to extravagant watcring, whether  the rniver level 1s }:I(_-low_. or a’nove, the
normal required level.

AGRICULTURE A GAMBLE,

As regards the effect on the character of the people, and on their
methods of cultivation, here again they are most deleterious. The river
frequently nises to a good level carly in the season, and then sometimes
falls and remains low for a fong period ; or it may fluctuate several times
or 1t may remain atya fair tevel and then riss steadily, giving what is classed
as a good inundation. | “Thé]exdebtional zemindar is| indusifious and
enterprising, and he will prepare his' land and sow his crop at the first
moment sufficient water is available in the canal. The supply remains
good for a fortnight or three weeks, the seed germinates, and the crop
appears flourishing.  Suddenly the canal drops and supply ceases, while
the young crop slowly withers and dies. The zemindar ploughs it out,
and again sows on the next rise, with a similar result. Again he sows, and
perhaps this time the river keeps steady, and he is able to bring his crop
to maturity, but we have seen cases of 3 separate sowings of cotton, all
withered in this way, and finally a poor crop of jowar or bajri only
obtained. !

Thus cultivation becomes a pure gamble against the river, and only
the strongest in moral and financial assets can maintain a steady interest in
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their land, and cven these may be totally unable to prevent disastrous
failures in their crops. On the other hand the careless and negligent
semindars, in a good year, will reap almost as good a harvest, from a
late sown, carclessly tended crop, as their most industrious neighbours.
The soil is rich, the climate very regular and suited to the crops, and,
given the necessary supply of water, which is almost entirely dependent
on chance, a good crop will be realized, whereas no amount of care and
expense in cultivation, will save the crop, if the river 1s unfavourable. The
inevitable tendency is for the zemindar to become careless and lazy, to
adopt a fatalistic attitude, and leave results in the lap of the gods; taking
all they send him with both hands, and submitting with resignation or
indifference when the fates are unpropitious. The result is the typical
Sindhi zemindar, and the average cultivation, we see everywhere in Sind.

But there are still many keen zemindars who, wlth a fortunate season,
. ) p anly, . 1
will produce as fine cultivation and crops as any in the world.

THE HARVEST.

The principal crops grown i the hot season are rice, jowari and bayri,
(both millets),-and cotton. There are a certain number of wells in Sind
from which irrigation is performed, but generally, the'soil and water level
is such that wells are difficult to construct and give a very small supply.
Where thcy exist, crops are u]ways grown in the cold weather, and will
be usually wheat.  In addition to this, a large area 1s cultivated annually
on what is known as ** bosi " cultivation.  For this, the land is flooded
from canals, near the end of the inundation season, to a depth of about
[ foot, all over the land, which is enclosed with earthen banks to contain
the water. This water is allowed to soak into the land, and, as soon as
possible, the area is ploughed, and sown with wheat, which will then
erow during the cold weather, without further watering ; or 1t may be
assisted by one or two wa{crings from wells.

Oil seeds are also grown in this way, or more usually, on rice lands
after the rice crop is cut.  For Sindhi cotton crops, the cultivator takes
water as early as he can get it, i.e., in May or June ; and 1f a water supply
were available in March and April, the much more valuable American
and LEgyptian cottons could be grown. Cotton also requires water late
in the year;;and can with advantage be waterediptalthe cad of October.
This_1s seldom, if every possible at present.

The crops grown in the flood s¢ason are known as Kharif crops, and
those grown in the cold season as Rabi crops. The Rabt crops require
far less water, and less labour, than the Kharif, and 1f water were available
they should therefore be much greater in area than the Kharif crop.

Actually in the whole of Sind the average Khanf cultivation 1s 72 per
cent, of the total cultivation, and the Rabt only 28 per cent. ‘

On the Punjab Perennial Canals, the average Kharif cultivation is
43 per cent. of the total, and the Rabi 57 per cent. of the total; while on
the Lower Chenab, and Lower Jhelum Canals, the Kharif 1s 35 per cent.,
and the Rabi 65 per cent., of the total cultivation on these canals.

5

!
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This difference, in the relation between areas of Rabi and Kharif
crops n the Punjab and Sind, is not due to any decrease in the proportion
of total culturable area, sown with kharif, in the Punjab. On the contrary,
as the following figures show : For whereas in Sind, the Kharif cultivation
is only 22 per cent. of the total culturable area commanded by the canals,
on the Punjab Perennial Canals, the Kharif crops are 28 per cent. of the
culturable commanded area. While in Sind the Rabi crops are only 9 per
cent.,, and in Punjab Rabiis 37 per cent., of the culturable arca
commanded. Thus it will be seen that, on similar culturable areas, the
Punjabi grows nearly 30 per cent. more kharif crops, and over 300 per
cent. more rabi crops, than the Sindhi.  The total cultivation in Sind is
only 31 per cent. of the culturable commanded area, while on the Punjab
Perennial Canals itis 65 per cent., and is steadily increasing as the new
canals develop their commands.

-

_In our next article we shall explain why the present system of inun-
dation canals cannot be improved, and why new canals cannot be designed
to give reliable supplies, in both the hot and cold seasons, unless assisted
by a Barrage or weir.
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AN IMPERATIVE NECESSITY.

IL.

In our first article we explained the present system of irrigation
in Sind, by means of inundation canals, and showed their limitations
and unreliability, and the unfortunate effect they have on the character
of the Sindhi and his crops.

We showed that with a fall of the level of the Indus, below the level
for which the canals are designed, the supply in the canals becomes too
small to supply the crops already sown. We also showed that moderately
low-level waterin the river can be made to flow on to Jands some distance
away from the mver. It may therefore be asked, why cannot the canals
be designed to give their full supplies with lower levels of the rver,
levels which can be depended on for a sufficiently long season to ensure
the growth of the summer crops, or even for the whole year » We will first
see why the existing canals cannot be remodelled to meet such conditions.

Now summer crops require water for about -+ monthsz-say, June
to September inclusive.  If a samindar's lands are at such a level that,
with the full supply level in the canal, he can getwater to flow on to his
lands, he can utilize all his cattle and men for ploughing, sowing, and cul-
tivating his land, and he will keep only sufficient cattle and labour lor these
purposes. 1f the canal falls below the full level, and his land s at the
canal banks, he could, at great expense and trouble, erect a water-wheel
on the canal side, and hift water to irrigate his crop ; but this 1s very seldom
done, and the crop 1s left to die.  Usually his land will be fed by a water-
course from the canal, the watercourse taking only the top 3 or 4 feet of
water in the canal, so that with a drop m canal level, his watercourse may
altogether cease to flow, and he 1s l_‘mlplvss, and his crops  must die,
These conditions apply o the' gréat majority] 6k flow 7 land§"in Sind.

Thus the level of the “water in the canal 1s of plim;u\' importance
to the man with flow lands. In the case of [ift lands, the zammdar always
has his water-wheels in position, and cattle and men available for working
them, in addition to the cattle and men required for cultivation.

A rise or fall in the level of the canal, therefore, make shttle difference
to him (except to decrease or increase the work of lifting the water) so
long as the quantity of water in the canal 1s sufhicient for his needs.  But
obviously, lift irrigation must be far more expensive than flow 1rrgation,
and the latter is therefore always desired, and must be provided wherever
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possible ; and hence the water in the canal should be maintained at full
level throughout the season.

INUNDATION CANALS.

Now it would be possible to make inundation canals, to obtain full
supply level for a four months’ season, provided that level was sufficiently
ow to be sure of the river level not going below it during this season.
The river level frequently falls, in June and September, as low as 6 fect
at Bukkur ; but thus level may be safcly assumed as a]ways obtainable,
n any year, from June to Scptember, and canals could be designed always
to have full supply at such a level of the river.  But only very small arcas
of Sind could be irrigated, by tlow, with such a level, from existing®ranals,
howevcr rcmodc”cd, or fmm any new ('anﬂls, unless of great l«:ngth;
and the greater part of the area of the province would get only lift culti-
vation. As Iift irrigation is so much more expensive, and requires so
many more cattle and men, than flow irrigation, a compromise is effected,
and canals are designed to get their full supplics only when the river is
considerably  higher—about 12 fect on Bukkur. This level may be
expected In a very good year, to last from June to September, but in years
of average, poor, or bad inundations, it frcqucntly falls bclow, sometimes
for weeks at a time, and by as much as 4 to 7 feet : and the canals then
suffer, both in the quantity and level of their supplies. At such times of
deficiency in a canal, only one thing can be done to assist matters. By
making regulators, at Intervals, across the canals, and closing one of these
regulators entirely, or partially, for a few days, the water level in the canal,
immediately above the regulator, can be raised, and the channels leading
off the canal, near the regulator, can thus he given their full, or nearly
full, level, as long as the regulator is closed. Having done this at one
regulator for a few days, that regulator is fully opened, and another
regulator closed. Thus, successive lengths of the canal are given improved

- supply, for a few days each, in turn. This is what 1s known as rotational

working of the canal. Such rotations cannot increase the quantity
of water entering the canal, but merely raise its level by steps ; hence all
crops, by turn, will get a reduced supply, in proportion to the total supply
entermng the canal. But these rotations have one serious disadvantage
to the canals. They reduce the velocity of the water flowing in them,
and thereby cause silt to be depositéd in the bed of {thie1canab This
may not.be serious inlthe lower/reaches of 4 canal, as'the ‘silt can usually
be scoured away when the regulators are opened; but at the head of the canal,
when the hrst section is rotated, it s liable to cause silt bars in the head
of the canal, and in the river jtself in front of the canal. There is ro
means of removing these bars in the river, and they will reduce the quantity
of water entering the canal; and in some cases eventually stop the flow into
the canal altogether, as they may rise to the surface of the river water, and
completely block the canal entrance. The lower a canal bed is excavated,
relative to the surface of the river water, the more rapidly will the canal

become choked, because it draws off the lower, more silt-laden, water
of the rver.

P e
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DIFFICULT TO DESIGN.

Thus it is scen that even for the summer crops only, it 1s ditheult to
design an inundation canal to give a satisfactory supply. af the constant
level required, to flow on to the land.

Still more difficult would it be, in fact, almost impossible, to design
a canal to give a supply all the year round ; for the water levelin the nver
falls to zero, on the gauge at Bukkur, almost every vear, tor some weeks,
and often to | or 2 feet below zero, ie., from 13 to I3 feet below the level
for which present canals are designed to have their full level and supply.
Actua”_\’, at present, there are only two canals mn Sind—the Iastem
Nara, and the Fuleli Canals—which can take any water at th
Both are natural river channels which have been
to the sea. Their cold weather supply is a very small proportion of thew
full discharge, but is useful as far as it goes. The Eastern Nara gives
frequent, and increasing, trouble during the season, owing to silting m
its head, and in the river at its mouth. Yet this canal system has the very
great advantage of a large escape mmto the sea, so that large quantities ot
silt can be scouredsout of the canal channel intesthe sca. The Fuleh has

a similar advantage, and has ziven very

-

eS¢ 'iz‘\\ ‘(‘\‘CIS .

1 } il .
canaiized and have ou{\cib

l:ttle trouble from silting in conse-
quénce, but the rabi discharge 1s very small, and the rabi cultivation,
which is entirely “* 1ift,” is only 44 per cent. of the total cultivation on the
system. Both these systems haye théir canal beds at a very low level,
to enable them to takedowest river water, andiboth can get their full supply
level with a verv_moderate river, and cannot be further improved.

ANCTHER GREAT DIFFICULTY.

i
Another great d”%‘ivh}'

........

in fact the greatest difhculty—with these
inundation canals, is that their heads must be made at, or near, the natural
bank of the nver. Buat except at three pointa in the whole of Sind, where
rock occurs, the river banks are not fixed points The river 1s contimmn_\'
eroding its bank on cne side, or the other, and silting up the opposite bank
lower down; the alteration of the bank sometimes being as much. as halt
amile in a single season.  Besides this, the river very often cuts across the
narrow necx offland enclosed in a sharpybend, leaving the latter high and
dry, perhaps miles away from tHeriver. | Heérlee a danal head((and its regu-
]atr_}r) may be cntix‘e'n}' eroded away, 1N One or two seasons ; or it may be left
high and dry, completely cut off from the river. In the former case, the
canal may be choked with eroded silt, in a few days or weeks, or left at the
mercy of the highest floods, owing to the demolition of its head regulator.
[n the latter case the supply is partially, or entirely, cut off, and will
necessitate the making of a new head channel for the next season, which
will be equally hable to disaster.

The foregoing explains, roughly, the position as regards the possibility
of remodelling, or 1mproving, the existing canals. The whole case
contains many other comphcations and difficulties, of too technical a
nature to describe 1n a popular article for the layman ; but suthcient has

been said to show the hopelessness of the present system, for any intensive
development of the country.
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W(; now come to the. possibility of making new systems of canals,
depending on the natural river level, but to flow all the year round ; that is

to say, thqir heads must be capable of taking their cold weather supply
from the river at its lowest levels,

The first essential of such a canal 15, that its head shall be located at a
point where the river bank is permanent, and not liable to heavy silting
or erosion. There are only three places in Sind where these conditions
can be even approximately assured. One is at the Sukkur-Rohri gorge,
where the banks are of rocks on both sides ; one at Kotri, where the
hills approach both sides closely, and the banks are of very hard clay ;
and one at Jerruck, where rock again forms the banks.

SILTING OF RIVER BED.

None of these sites, however, is protected from silting of the river bed,
whenever the full flood discharge is reduced. The most favourable site
of all 1s that at the Sukkur-Rohri gorges. On both banks, lengthy canals
could be made, which could supply flow water, with the aid of slight
rotations, to the lands beyond about 50 miles from their heads, at a very
moderate level of the river, say 5 or 6 feet on the Bukkur gauge. But this
level 1s only available in the river under present conditions from June to
September. In other months, a much reduced supply only, could be
passed into the canals, and it would be necessary to resort to very extreme
rotations, in order to give flow water to lands under these conditions :
while the supply available would only be sufficient for an area of rab; crops,
Jess than half the area of kharif : whereas the country, and people, and cattle,
are capable of growing twice as much rabi as kharif.

Moreover, these canals would be unable to give flow water to the lands,
in about the first 50 miles from their heads, much of which has at present
aflow supply. Such lands therefore would have to be left on their present
sources of supply, (existing inundation canals), or else converted to hit
irnigation, which is unthinkable. Assuming for the moment that these
great canals were made, they would Irrigate great tracts of country, at
present irngated by existing canals taking off the river further downstream,
and also much ‘additional/land.\/ Hence the !present withdrawals, now
taken off the river between Rohri and Hyderabad, on the left bank, and
between Sukkur and Sehwan, on the right bank, together with the extra
withdrawals required for the new lands, would all be concentrated at the
heads of the new canals at Sukkur-Rohri: Hence any failure of these heads,
due to silting in the river, against which there is no protection, would
affect vast areas, now dependent on a large number of canals spread over
a long stretch of river; only a few of which canals fail, in any one year.
Thus the risk to cultivation, from faxlure‘of the canal head, would be very
greatly aggravated. But there 1s another vital effect of such new canals to be
considered. It has been shown, that the existing canals, supplying the
lands in the first fifty miles of the new canals, must remain as the source
of supply for those lands. Now as soon as the great withdrawal of the new
canals is concentrated at the Sukkur-Rohri gorges, it will appreciably
lower the river level there, and the smaller the discharge in the Indus,
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and the lower its level, the more serious will be the lowering effect of the
concentrated  withdrawals. Such times, of comparatively low river,
occur in June and September, and n these months the new canals would

: > 11 | at Sukkur, and below, by about 1 to 2
probably lower the river level at Sukkur, Y 2 R
feet. This lowering, of an already low nver, would be fatal to the culti-
vation on the remaining existing canals. If a new canal were made, on
one bank of the river only, such as the Rohri-Hyderabad Canal proposed
by Dr. Summers, the effect of 1ts withdrawals would be less than. tbat
shown above, (about half), but that effect would then affeqt all the existing
canals on the right bank of the river, already needing an improved supply,
as well as the remaining existing canals on the left bank, including the
great Eastern Nara system. Such new canals can therefore only be made
on the following conditions :—

CONDITIONS FOR NEW INUNDATION CANALS.

(a) Their heads cannot be protected from silting in the river in
front of them.

(b)) They would ruinously affect all remaining inundation canals
in the most vital months.

(c) They would vastly increase the area, (dependent on them)
to which the risk of faillure of ‘crops would be caused, by
silting at the head of the canals.

These are risks which would give pause to any reflective Government,
before launching on such a scheme, even if no alternative were possible ;
and 1t 1s doubtful whether the possible advantages would counterbalance
the positive losses, and the possible risks.

But when 1t 1s possible to avoid all these disadvantages and risks, and
moreover, to give an mfinitely superior water supply to all lands; and to
reap a far greater profit to the country, no sane Government could consider
the nisky scheme. It will be shown that an alternative scheme is both
feasible, and advantagcous n every way, and this brings us to the sch‘eme

for the Sgkkur Barrage and Perennial Canals Project, now being undertaken
by the Geyvernment. of Bombay.

THE OBJECT OF A WEIR.

o o . )
~ We will now explain the object of a weir, or barrage, on a river, and
its effect on the supply of canals, taking off the river above it.

r - . , . . Q - .
dass\lenrs may be of two distinct classes, or of combinations of those two
-~ ~ (-

First 1s the solid weir. This consists, usually
masonry, built right across the river. :
mus}t} flow over the top of it, or over a lower portion known as a waste weir :
fﬁet tzt t(}:fe t‘»gater on the upstream side must al'ways be at least level with
;vater f’ill haset r?as?nry weir (or the waste weir). In times of flood, all
by the Leioht Oc; iﬁ“ over thg top of t'he weir, so that the flood level is raised
2 raising of ot ﬁ-e welr.  Such weirs are therefore generally used, where

g ol the flood level is ummportant, and will do no damagc;

; of a great wall of solid
All water flowing past the weir
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while, at other seasons, the water 1s kept, always, at least as high as the top
of the werr, ‘

The second class of weir is one which is designed to offer as little
resistance as possible, to the passage of floods in the river, and therefore
not to cause any considerable increase in the flood level, which might
submerge lands above 11, or in other ways cause dangerous conditions.
At the same time, the weir must be capable of manipulation, so that, when
the natural level of the river 15 lower than r(:quir(:d, it can be raised to the
desired level by means of the weir. This is usually effected by moveable
gates, or sluices, of some kind, which can be opened, or closed, at will.

\THE SUKKUR BARRAGE.

G‘:fg' The Sukkur ”:llrslu(- 15 a weir of this second (.ila:-;s, and consists of a
sn“nl masonry ”mn, laid at the l)(:(l ](:vcl of the river. ()n the ficor, stand
ln‘id;:v pim'.\‘, al lnm: mtervals, and in the picrs are vertical grooves, in which
the ends of great steel gates abut.  These gates can be raised, by means
of machinery fixed on a bridee above, so as to be at any desired level,
and, m the lood season, they are lifted right clear of the river, which is
then entirely unobstructed, except by the bridge piers.  When the natural
Jevel of the river sinks, below that required for the canals, the gates are
lowered mto the water, sufliciently to offer such resistance to the flow
of the niver under them, that the surface of the river, upstream of the
gates, 11ses to the required level. All surplus water in the river, not required
for the canals, will always be passed wnderneath the gates, and whenever
the natural river nises_high enough for the canals, the Barrage gates are
lifted night clear of the river.

Now 1t has been shown, that for the proper development of Sind,
it 1s essential that the canals should be able to maintain a constant level,
sufhicient to give llow 1rrigation at all seasons, to the lands served by them,
and that this can only be effected if the water level, at the head of the
canal, 1s kept quite, or nearly, constant. It has also been shown that
the only constant level which could be guaranteed, dependent on a
natural river level at the heads of canals, would be at far too low a level,
to be of any use to the great majority of the lands. But with the Sukkur
Barrage Scherve, all canals will have their heads just dbove the Barrage,
and here 1tiwill be possible, by ‘manipulating theygates| of the(Barrage,
to head up the surface of the river to the desired level, at any time in the
year ; so long as the total quantity of water, required for all canals, is
flowing in the river. Thus the primary condition for the canals—a
constant level at head, all through thé year—is obtained.

EXCLUDING SILT FROM CANALS.

But the Barrage also gives a second very essential service to the
canals, viz., 1t keeps the river clear of silt, in front of the canal heads,
and enables only upper water of the river, which contains only light silt,
to be admitted into the canals.

It 1s hardly necessary to describe in detail how this is effected, but
it i1s sufficient to state that the canal head regulators have permanent
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masonry cills, from 6 to 9 feet higher than the floor of the _Barragc, while,
by manipulating the Barrage gates, the bed of the river front of the
canal heads, can be scoured free, whenever desired, of any silt deposited
there. Thus, with canals fed from above the Barrage, we can .ahsolutcly
guarantee, to all canals, the full level and dischargc tbcy.rcqlurc, flll the
vear round. This supply bemng constant, 1t can_be distributed with the
greatest accuracy to all branches and distributarics, and rf{om the l:xl_tcr,
to the village water courses, and thence to the fields. Thus the (‘U}tl-
vator will know, for a certainty, that he will get his water supply flowing
on to his land, with perfect regularity, and i full quantity, on the days
appointed, and necessary, for his crop. His labour and cattle can be
allotted their regular tasks, and kept fully employed, all the year round,
and he will know that, so far as water requirements arc concerned, he
can sow his crop when desired, and be certain of watering 1t until 1t 1s
ready for reaping. Compare this with the present system of utter
uncertainty, and the immeasurable advantage of the proposed system
1s self-evident.

Our next articles will give a bricf deseription, and some leading
particulars, of the Sukkur Barrage, and the great canals to be fed by 1t

r .

and the anticipated agricultural and financial effects of the scheme.
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A HISTORY OF THE PROJECT.

I1

We explained in our two previous articles, the present condition of
Sind cultivation and irrigation, and the possibilities for c—‘.'f:}o;,-rr.e'r.»t.
It was also shown how impossible it is to remodel the existing ir;r.z:';d"af::?n
canals, or to make new canals, dependent on the natural level of the
Indus, to give an assured supply of irrigation, even in the summer

(oW

season
( (7 ! v crpccity  amd
and much less tor the whole vear. We showed the necessity and
. . . H ] { 3 .
advantages of hawmg a wWeltr, or barrage, to control the level of the Ind!w,
at the heads of any new canals ; and how, by means of such a Barra e,
i)
~

we could guarantee, to all canals fed from it, an assured suppl: t
at a constant level, high enough to flow on to the fields, all the vear round
thus enabling cultivators to grow vast areas of crops in the cold weather
and to keep their labour and cattle fully employed-all the year round,
instead of for only four months as at present. We now come
various proposals, which have been made, to improve the existine con-
ditions ; and as the present Sukkur Barrage and Canals proj
outcome of all these proposals, it is necessary to zjve a brief resume,
of the long history of the project, in order to understand the present

scheme. gee
A LITTLE HISTORY. Sl P

After the conquest of Sind by the British in 1842, they formed a
Canal and Forest Department in [843. The first result of this depart-

ment was a Report by its Superintendent, [.t.-Col. Walter Scott, in
1846-47 in which he described the survey operations carried out in Sind,
the methods of maintaining irrigation in the existing canals, and a general
description of the methods of cultivation and 1rrigation hitherto adopted.
He then explained the works he considered necessary for the improvement
of the system! Hé stated that most riversy from(-which itke supply of
canals was'drawn, were wholly, or partially, stopped by dams; t¢ regulate
the level of the river. He believed such dams could only be built on
rocky beds, and the only rock site available in Sind was that above the
Sukkur-Rohri gorges. He consideted that a dam built at this site would
be certain to cause a diversion of the river above the gorges ; and a solid
weir, of the type he assumed, possibly would have done so. Hence he
found it was necessary to consider Improvements to the canals, without
the assistance of a dam to regulate the river. His proposals were merely
to do silt clearance in the best of the existing canals, and to close those
which were redundant. Nothing was done, however, and the epart-
ment was abolished in 1849 ; but was reformed, two or three years later,
under Lieut. (afterwards General) Fife, R. E

-

L oo e i i
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and to keep their labour and cattle fully employed all the year round,
instead of for only four months as at present. . We now come to the
var.ious proposals, which have been made, to improvc the cxis;ting cor~
ditions ; and as the present Sukkur Barrage and Canals project is the
outcome of all these proposals, it is necessary to give a brief resume,

of the long history of the project, in order to understand the present
scheme.
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A LITTLE HISTORY. '8 - 154

After the conquest of Sind by the British in 1842,
Canal and Forest Department in 1843, The first result
ment was a Report by its Superintendent, Lt-Col. Walter Scott, in
1846-47 in which he described the survey operations carried out in Sind,
the methods of maintaining irrigation in the existing canals, and a general

we could guarantee, to ] can
at a constani level, high
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ot this depart-
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canals was drawn, were wholly, of’partially, stopped by dams, to regulate

the level of the river. He believed such dams could only be built on
rocky beds, and the only rock site available in Sind was that ahove the
Sukkur-Rohri gorges. He consideted that a dam built at this site would
be certain to cause a diversion of the river above the gorges ; and a solid
weir, of the type he assumed, possibly would have done so. Hence he
found 1t was necessary to consider Improvements to the canals, without
the assistance of a dam to regulate the river. His proposals were merely
to do silt clearance in the best of the existing canals, and to close those
which were redundant. Nothing was done, however, and the Depart-
ment was abolished in 1849 : but was reformed, two or three years later,
under Lieut. (afterwards General) Fife, R. E
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best populated, and most valuable land in Sind. Ih;s estimate was
returned to Fife for making accurate surveys, and revising the project,
and was re-submitted by him m 1859 The Bombay Covernment
recommended it to the Home authorities, for commencement as soon as
funds permitted. From 1839 to 1867, the matter remained In abeyance.
In the latter year, a revised and larger scheme was submutted by g,aptam
Le Mesurier. This was returned for further revision. In ’ié(f‘;‘ the
Secretary of State drew attention to the need for Improving the 1rngation
of Sind, and stated that the Rohri-Hyderabad Canal, then under
investigation, would test the suitability of such g:anals‘, for the proposed
complete new system of perennial canals for the .wholc of Sind. In
August 1869 a revised project, for a still larger Rohri Canal, was prepared,
but the Cominissioner in Sind gave it very limited support, and expressed
very mistaken views, on the superiority of lift over flow cultivation.
In 1871, the Government of India asked the Bombay Government to
prepare projects, for perennial canals for the whole of Sind ; each work
to be designed as a link in the complete system.

In 1872, the Viceroy, (Lord Northbrook), visited Sind, and ordered
the abandonment of the Rohri Canal Project, and the preparation of
a project for the Jamrag Canal. In 1877 and 1880, the Secretary of
State drew attention, very forcibly, to the need ofdmproving the irrigation
of Sind. In 1881 the Covernment of Bombay veported that, although
fea’si})]c, lhcy did not consider pcz‘ennial Canafs, on either banl{, were
necessary. They recommended the construction of a small Rohri Canal,
and of the Jamrao Canal taking off the Fastern Nara. In 1882, the
Government of India endorsed these views, in submitting the scheme
to the Sccretary of State.

The matter was then dropped, uniil 1899, when Lord Reay,
Governor of Bombay, wrote a note on the subject, and commended Fife’s
proposals for further enquiry. In 1892 a Committee was appointed
under Sir Evan James, Commissioner in Sind, and they reported
unanimously that the Rohri Canal was not needed, and was a fma;lcia“y
unsound project. They recommended, instead, the improvement of
existing canals and the carly construction of the Jamrao Weir, and
Jamrao Canal, ex-EasterngNara, and the fifal abandofment of the scheme
for perennial canals. "They!did not even consider the Right_Bank of
the niver. ~The Government of/Bombay accepted their reconmendations,
but were not prepared to abandon, entirely, the principle of high level
perer}mal canals. As a result, larte sums were expended on improving
existing canals, R 2

THE BARRAGE APPEARS.

In 1991-03 the Indian Irrigation Committee discussed the possibility
of constructing a weir at Sukkur, with high-level perennial canals on both
banks of the river, on the lines of Fife's proposals. The Committee
considered this scheme was feasible, but not necessary. The site sug-
gested to them, for the weir, was just above the Sukkur-Rohri gorges
but the Committee considered that more suttable alternative sitesvmi:;ght’

-
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be found, and they recommended that the whole _SCh(:r:in_e SPE)FIISI l})(
mvestigated, In 1904 Dr. Summers, then Superinten mg'}.‘lngmc-clri
Indus Left Bank Division, toured all through the country, ‘wdnc‘.]”\;r'(i.u d
be served by the Rohri Canal, and was so convinced 0% 1[& esirabl| 1't,yt,
that he rcq[rcs{cd permission to maL'? a survey, apd picp@.’zc }u l).m):tc,"
for a feeder from Rohri to the Dad Canal. He‘ pm)nt!ed out ]t ‘1{:1t ]d'\!“r
al Sukkur, to supply new canal systems on }_.\(’)t'n Right and Le t ,:.u.n.!?T
would eventually be needed, but he thought his ;’n‘opj_i:fcd“{cedcr to the
Dad would be sufficient for many years to come.  len r'non'thx la'h:r,
he had modified this view, and asked permission to exiend his project
to Hyvderabad, and bevond.

In March 190

1 ~ r D) ~ . . . . s e
06, the Government of bomhu_\ mstructed  him to

report on the posaibility of extending the proposed new (,al’!u‘xl., t(); the
o 3 R . - 1 1o A VSR BEPSS S
south of Hyderabad, and thus provide for all lands on the Lef

(e UIoan Ir(.

THE SCHEME DEVELOPS,

In 1906, the Governmenthof Boinhay sul

bmitted to the (Ja:;vcrnn‘n:nt
. ] X ! 1o “'—x‘ o T A N " I -\~"
of hadm; p'x'clnmnzn“\' p‘ums, and a rouzn estimale, tor a canal from Rohri
1 v 1 Ny ¥ - =
to t’[}'du'al.au, piepared DY Dr. S‘.,Elhh\.\.la.

3 - . . r '- . 2 o .
In submittinesthie eftimate, they asked foF sanciicn io an est
. N . - . 1 .
for preparing detailed suryeys, and accurate plans, for this canal, and
o for R vl C ikkury They™stated that these two werle formed
RIS i\)! 4 Darraze at SURKUAT, & He_y olats.( t 1t 1IESC TWO WOTrKS IC mea
s Y i
part, only, of the complete seltme, which

1 e \1‘ A}

a would mclude—
Ay~ <

«) A\ barrage at Sukkurto supp'._\' P

b) TRC isdStern Nara Systen.

) The Rohri Hyderdbad Canal.
d) A Right Bank Canal starting

g

at Sukkur.
And they promised to send the report on the Right Bank Canal,
then under preparation, at a later date. Throughout their letter, and
‘ el Engineer for Irrigation, they
emphasized the necessity of the Barrage, for the benefit of both the
Rohri Canal, and all the other canals of the, scheme, The Chief
Engureer showed Bh#, the Roh Canolyep utd fne s congitered alone,
but fmugt |be taken withithe atfher canall svat@ms )l an dAvielieth e Barrage.

¢

In December 1906, the Governjuent of India s
for preparing the projects for the Rohri Can
generally accepted the views of t
the rest of the scheme,

the accompanying notes h_\' the C}

anctioned the estimale
al, and the Barrage, and
he Government of Bombay, as regards

In January 1907 the Covernment of Bombay issued orders for the
preparation of prejects {or the Sukkur Barrage, and for the Rohri Hyder-
abad Canal to be fed by the Barrage. [n February 1907, they called for
estimates for the Right Bank Canal from Sukkur, and for the development

of the Eastern Nara Systems, in conjunction with the Barrace,

timate,
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" Hyderabad Canal should come first,

t0 occur,

THE CONTROVERSY.
overnment, Public Worlke

In March 1909, the Under-Secretary to G Lg
Departmcnt, addressed Dr. Summers, stating  that it was understood
that His Excellency the Governor, {Sir G. Clarke—afterwards I ord
Sydenham), had heen prima facie, impressed with a contention, said
to have been put forward by Dr. Summers, that the Rohri Canal should
be made before the Sukkur Barrage. The Under-Secretary pointed out
that this was contrary to all opinions, and orders, hitherto jssued.

In reply, Dr. Summers merely states that, in the 4 years since he
recommended that schemes for Right and Left Bank Canals with a weir,
should be investigated, he had held a very decided opinion that the Rohsl.

: and that the information he had
coilected in that 4 vears, had strengthened this opinion.

This appears to have been the origin, or first public appearance, of

‘,! ! . . i . . R . " . . - ‘
the long-drawn controversy on this subject, which Dr. Summers is stil]

carrying on.

In March and April 1909, Dr. Summers wrete to the Collectors,
of districts affected by the Rohri Canal, asking them to give estirnates of
revenue from such a canal, worked as an inundationeanal without a Barrage,

on the assumption that such a canal would give an assured Rabi Supply.

In June 1909, Dr. Summers’ attention was called, by the Government
f Bombay, to the fact that the above leliers he Collectors, we
ol Dombay, to the tact that the above letters, to the Co ectors, were contrary
to the orders of Government, which were, that the Canals should ke
made, in conjunction with a Barrage. Government stated that they
considered it an erroneous assumption, that a canal without a Barrage
could give a guarantced Rabi supply, which was an essential condition for
the success of the Canal,

In his reply, in October 1909, Dr. Summers explained that, as he
saw the scheme for canals, with Barrage, at the assessments proposed, was
not likely to be a productive work, he had called_ for the recessary
information, to prepare a project for the Rohri Canal, without a Barrage.

In November 1909, Government  confirmed their orders tor the canals
, . : !
with Barrage,—as a complete scheme, but permitted “Dr. Summers to
. . * E T i N 2 ] .
submit his aliernative on condhition the genegral project was not aeiayed-

RTAVTIOLTTT
f’% ﬁiAmEu}mi‘

£
"Thus 1t will be scen that Dr. Summers design for the Rohri Canal,

without a Barrage, was not projected for scund i}jrigation reasons, l_)ut
was merely a makeshif{, int:ended_ to overcome the diffculty of ;‘Jresentm;g
a profitable project. In his design, he was able to provide only a ismalg
rabi discharge, (less than ‘half the kharif discharge), anci at a level 5.3

below his designed full supply level, on which he depend?d for commanding
the land by How. Henece to obtairx the necessary levels, he had to
work by rotation, heading up 5', and runming his canal at less thap

<
N B
sr .

s Ty . s ain certain
haif the designed non-eiifing Vt:iog.‘u_'“ e vaeee. w3 aimost cex
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i October 1909, a project for the Eastern Nara lmprovements,

prepared by Mr. Vachha, Executive Engineer, arhounting to Rs. 161 lakhs,
‘ : 1910, Dr. Summers submitted alternative

e itted.  In June ) :
:;,:;jeztfra), for the Rohri Canal, with the Barrage, amounting to Rs 55\3(2)
lakhs, and (b), without a barrage, 2 alternatives, amounting to Rs.
lakh, and Rs. 548 lakhs, respectively.

In June 1910, was also submitte
canal, prepared by Mr. Shrinivasarao,
to Rs. 530 lakhs.

In June 1910, a final revised project for the Sukkur Barrage, was
submitted by Mr. Beale, amounting to Rs. 219 lakhs.

In May 1910, the Commuissioner in Sind, (Mr. W. H. Lucas),
submitted his report to Government on the combined  scheme. He
recommended that the Barrage and Rohri Canal be {irst constructed, the
Fastern Nara Improvements when required, and that the Right Bank
Canal, as designed, was unsuitable, and should be redesigned, for part
only of the area.

In July 1910, the Chief Engineer for Irrigation submitted to the
Bombay Government, the combined project, for the Barrage, and the
three great canal system, viz., the Rohri Canal, the Eastern Nara System
and the Right Bank Canal System. He recommended for sanction
only the estimates for,

The Barrage ~ - . - - Rs. 2,19,34,767

Rohri Canal L , < # - ,, 4,49,75,788

Eastern Nara o~ ~ ~ - - gy \,\6,64,436

He stated that, the project prepared for the Right Bank Canal was
not S}lltable, and he did not therefore recommend it, or submit 1t for
sanction.

d a project for the Right B:x.nl-:
Executive Fngineer, amounting

He suggested this project should be revised, and the works built later

. ~.> . ,‘L R R . . . . '

He emphasized the absolute necessity fgr giving an assured supply

to all canals 1n the rah season, and stated this could only be secured bv
means of the Barrage. ' '

MORE "ALTERNATIVES.

In September 1910, Dr. Summers submitted his alternative project
ior constructing the ﬁrst_ two sections of the Rohri Canal before }t}f
Barrage. 'The Chief Engineer for Irrigation criticized this pro;;osal v E
adversely, and showed that the rabi supply would fail in many years eery
if the canal did not silt up, which he considered very probablz. o

Comgir;eg)ec:;piir 391(}); é}:e Government of Bombay submitted the
oo Barrai :1 dS \ }? tRe h—_ovemn.mnt of India, :amd recommended onl;
Right Bani,ang th eE ohni Canal, p Tojects. They proposed that the
the present.’ The e Fastern Nara Projects, should not be considered f
and ehomerd 1k projects re‘commended amounted to 871 lakhs of rupee

at, i the 12th year after completion, the next revenu
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In October 199, 4 project for the Fastern Nara Improvements,
prepared by Mr. Vachha, Executive Engineer, arhounting to Rs. 6] lakhs,
was submitted. In June 1910, Dr. S

. . r. Summers  submitted
projects, (a), for the Rohri Canal, with the B

lakhs, and (h),_ without a barrace, 2 alterna
lakh, and Rs. 548 lakhs, respectively.

In June 1910, was also submitted a project for the Right Bank
canal, prepared by M\, Shrinivasarao, Executive Engineer, amounting
to Rs. 530 lakhs.

In June 1910, a final revised project for the Sukkur Barra
submitted by Mr. Beale, amounting to Rs. 219 lakhs.

In May 1910, the Commissioner in Sind, (Mr. W. H. Lucas),
submitted his report to Government on the combined scheme. He
recommended that the Barragc and Rohri Canal be first constructed, the

Fastern Nara lmprovements when required, and that the Right Bank
, was unsuitable, and should be redesigned, for part

alternative
arrage, amounting to Rs. 5]f)

tives, amounting to Rs. 332

ge, was

Canal, as designed
on]y of the areca.

In July 1910, the Chief Engineer for Irngation submitted to the
ombay Government, the combined project, for the Barrage, and the
three great canal system, viz, the Rohri Canal, the Eastern Nara Systf:m
and  the Right Bank Canal System. He recommended for sanction

i
B

only the estimates_fox,
The Barrage ™ - . K - - Rs. 2,19,34,767
AN yveh
Rohri Canal - - = z = .. 449,75,788
Eastern Nara - 4 > 4 -, 1,16,64,436

He stated that, the project prepared for the Rxght Rank Capa) \;'as
not suitable, and he did not therefore recommend 1it, or submit it for L
sanction.

He suggested this project should be revised, and the works built later, .

He emphasized the absolute necessity fqr glvllng arin ‘agsurfd sucll)pbl): .
to allfcanals an the rabi seasonsend stated\this €ould onlytbe secured by
means-of'the Barrage.

MORE ALTERNATIVES.

In September 1910, Dr. Sux};n?ers submitted his é;errllat}l:ef fg()]fhd
for constructing the first two sections of the-‘Ro.hnd h.na roeooSal v;,.e. 1
Barrage. The Chiet Engmeer for.lrngatlon c“(tjlcflzfi : this p ,I;rs eve; 3
advergely, and showed that the rabi supply would fal :n min}l;lz , evenk
if the canal did not silt up, which he considered very probable.

* 1 :

In December 1910, the Government of. Bon('ibay SUb':riét:g 0;’;‘
combined projects to the Government of Indna,T z;]n : recomr;ned o g
and the Rohri Canal, projects. €y PrOposed dered LB

the Bzgragl:f, d the Eastern Nara Projects, should not be considered fof
Right Bank, a'?'he rojects recommended amounted to 871 lakhs of rupees
iﬁl%ﬁ:ﬁé that an the 12th year after completion, the next revenugs
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?vct)txlc} :)c nc?rly Rs. 34 lakhs per annum, which represented 4 per cent
ldr:::lrs:d on tllc C?pltall—(lzosé.. }Th({}v also considered that a scheme should?)e.
nsed, early, for the Right Jank Canals, as the existi 7 "

sec _ y € 2xisting canals ¢ S
bank would be adversely affected by the Barrage and Rohn Camin this

toher 1€ . '
) In Oct}fl)bn.‘r 1912, thc‘ Government of India submitted the whole
sc im(, to the Secretary of State, who appointed a committee of engineers
in London, to report thereon. o

The Committee consisted of Col. Sir J. O lev. 2 .
Jacob, W. L. Cameron and A. L. Webb. J- Ouley, and Messrs Lione

. Their report was issued in December 1913, and briefly their conclu-
slons were:
(a) that the project was unnecessary as a protective work ;
(h) that it was not productive, and was premature;
(c) that the ;n'oposa] to make the Rohri Canal, without a Barrage,
was attended by too grave risk of failure to warrant its execution,
especially as it did 1tot assure a Rabi supply;
(d) that an alternative site for the Barrage, to be founded on sand,
shouldibe.investigated, at'some point below the Sukkur gorge;
(c) that although the scheme was premature, and unproductive,
they recommended that a complete scheme be prepared, an
kept in readiness, in_case the Punjab withdrawals adversely
ffected the supply to the existing Sind canals.
[ view of thiswreport, the Secretary of State declined to sanction the

t, and drew attention to the views of the Committee, which he

project r !
recommended for the consideration of the Government of Bombay.

BOMBAY INSISTENT. -

The London Committee's report was received by the Government of
Bombay in March 1914, and, in September 1915, the latter again
addressed the Government of India on the subject. They requested per-
mission to open a special project district, for the whole scheme.

They pointed out that, although the Punjab withdrawals could not be
shown to-have had any very defnite cfiect on the river level, and discharge,
at Sukkur, yet at periods of low riveryin the critical months,  these
withdrawals might havecan dppreciable effect.

They declined to accept {Le vigws of the London Committee, as to
the prematureness of the scheme; and the, absence of necessity for
improving the present conditions of 1rrigation 11 Sind. .

That to regard Sind as an inundation country. purely and simply,
and deny it the benefits of a pefcnmal water-supply, such as was enjoye
by the Punjab and United Provinces, was to adopt a policy of stagnation,

to which they could not subscribe. '
' ' cheme, to
They made tentative proposals, for —preparing a new $
) he Rohri Canal, nd the Right Bank Canals, and for @

include the Barrage, t

new head to the Eastern Nara Supply Channel.
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of l_(‘\l_'il(:‘\k‘l“‘:i‘::l!()l()‘l”\‘f‘ ‘( sovernment ol !n«li.l uppr.nw-(l of the prnpnr:ﬂiun
S " “ :m« K stimales, for a ('mnplv.h', project for a Barrage |m'|uw

u ‘ m) gorge, .w“h LwWo L”H" mn.nls, |:lL’IlH’, off ;nlmw- it, on tlu: Rwhl
and 1eft |,‘|,\L-.s of the Indus, to provide perennial irrigation o the area
Q’mnmmlm]. ['herr letter was .'u'«‘““’l"'“‘i‘"l by a Note from the Inspector:
General f" [rrigation, (Mt'. Nethersole, ("‘)l) in which he yenerally
acreed with the Government of Bombay. |

With ““.-ld“l to making the Rohn Canal without a Parra
to nmkr w('h a (;m;al

]1;‘}‘0&\5!(](.‘1‘&\1 il mig’lll })(‘ (|l|ih? [('«h‘il)l(t

‘*“llS{“.“l\‘lll)' by iself, the nsk of its silting could not be ignored, and ‘I“i"‘-
;lp;n‘l.h'nm this, the lnuin. and insnpcr;\l)lc, ()l)i(‘('li(m LO '-,11?'}: a .',(h"mr was
that 1t would sertously affect the efficiency o the in'uul;n',ihn («”n‘i|'1.
lower down, on the l\)ug(hl hank of the IiVl-'r.

220, ;nll}mu:_{h
to work

FINAL EFFORTS.

In October 1915 an L xgeutive Engineer was placed on special duty,
to revise the Barrage Project§ and, in May 1916, cubmitted a report, and
outline projectuglor the whole seheme. These proposals were approved,
but owing to theavar Hothing was done hetween NMay 1916 and June 1918,
when the preparation of the present project was gigorously taken in hand.

\ SL‘I\iOl. (\A,‘”(_‘Ct()lh (H\(l an l‘:X(:CUtiV(f l".n‘h’ill(ftl' were i)i-l”ld on %[)(?Cit]]
dut_\'. 1 l‘”S, with a lzn'gc staflyto make a lh()rou{.{h soil survey of the areas
to be served. LHEY submitted their reporkin March 1919. Another Exe-
with a large staff, was oa special duty from January 1918

design, and estimate, thewholescheme for Barrage and
Prmitted to the Government

through the Corfimissioner in Sind, in July 1920. This present
oy ides for a Barrage,jat @ ncw site l)(‘luw the gorges, und for great
systems of ;\:‘n‘nnial canals on both banks of the nver. The total amount
of all estimates s about |8 crores of rupces. The general lines
and details of the scheme had been discussed by all local officers, and by
the Government ol Bombay, and the Government of India, during the
pr(‘;).xr.ltihu of The progect and the Congmissioner i1 Sind was, therefore able
to subnil thd complicte Sl leot far ancey tothe(Goyetningat of Bombay, with
hl {u” .t};;n'u\‘ul 4!1(1 rm'omnwndutiun. ! :hc Cu'.crnmc'_nt uf
Buxnbay su})mitlcd it with lhcir l.u“ uppmvu], to the (Government ot Indm
on 30th July 1920 strongly recommending it for the sanction of the Secre-
tary of State. The Government of [pdiu su})mittcd it to the Secretary of
State in December 1920, and the Secretary of State intimated his sanction,

1o the technical and administrative sides of the project, and to the estimates

‘1 the House of Commons on the 2nd and 3rd August, andim lth(f
deal ot

House of [ ords on the 9th August 1921 There has been a great

\ to the scheme in England, (.'ns.{inccrcd by Dr. Summers, wh().
prcparc:l the 1909 Rohr Canal Project. His contention . that the Rohn
Canal should be cumtruc!«rd before the Barrage, or any of.thc‘nl.h('r canals,
hecause, he argues, that thcrcb_v. there would be large saving i interest on

outlay for the construction of the Barrage.

cutive }':n;:inccr.
all July 1920, to're=
Can s, 1 he comp]otc present scheme was su

i O DU RS & ‘
ot Bomba

project |

{or works,

oppositiol



0
A g
www.drpathan.com Page # 25

A HISTORY OF THE PROJECT.

v

In our three previous articles, we described the present condition

of Sind, its pqssibilhips for development, the necessity of substituting
perennial, for mupdatlon, irrigation, and the history of the various pro-
posals, made during the past 70 years, for this purposc.

he present complete

We showed how these proposals have led up to t
f perennial

scheme, for a Barrage near Sukkur, and for great systems o
Canals. on both banks of the river, which will obtain a guaranteed supply
of water, at a constant high level, all the year round. We shall now
descri'bc the principal aspeets of this present sanctioned project, which
is known as the Sukkur Barrage Canals Project of 1919-20.

The scheéme consists of the Barragé ttsell, across the River Indus,
3 miles below Sukkur, and seven great new Canals. The hcad regulators
canals are made immediately above the Barrage, which can com-

ll

Of a
pletels
canals, clear of siite
THE NEW CANALS.
The canals are divided into two systems, one on cither bank of the
River, viz :
1. The Right Bank Canal System, comprising (a) two great new
the North Western Perennial Canal, and the South
| Canzxi, (md (11)) a tlm'd greal new Canal, known as the,
I, which will thow only from Nay till September, and
the remainder of the year.
hich4comprises the following
Sy he whol lti-
piving ihe whnole cuitl-

y \pproach channels to the
i

perennial canals,
Eastern Perennta
Central Rice Cana
be cniirc‘y closed for

7. The Left-Bank Camalf System w
Canals, (¢) Two large highCevel canals, for sup
vable territory of His Highness The Mir of Khatrpur.

(b)) A great perennial supply channel, to feed the Fastern Narn
River, from which a number of existing canals are fed. All these canals
will be remodelled, and most of them enlarged.

(c) A great new perennial ;_apal—the} Rohri Hyderabad Canal.

THE BARRAGE.

We will first describe the Barrage its
T}xe Barrage 1s a great masonry structure,
width of the river Indus, and 1s literally a se
which can be raised or lowered, at will, to cont

elf, and 1ts subsidiary works,
or bridge, spanning the whole
ries of great sluice gates,
5 tha level of the nve
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above them. It is located 3 miles down-stream of Bukkur [sland, which
lies between the two deep river gorges at Sukkur and Rohri.  The traveller
by train, from Karachi to Quetta, passes over the great Landsdowne can-
tilever bridge, which spans the river gorge between Rohri and Bukkur
Island, and the girder bridge spanning the other gorge between the
Island and Sukkur. Three miles below these bridges, and within
sight of them, will be the great Barrage. In the 1909 Barrage Project,
the site chosen for the Barrage was just upstream of Bukkur Island,
because, at this point, limestone rock is found in the river bed, and it
was supposed that this would make a good foundation. But to avoid
dropping mto the dccp gorges, it was not possible to make the Barrage
in a straight line, normal to the river. In following high rock in the
bed, the form of the Barrage had to be a rough half hcxagon, pointing
upstream, and only the central portion of this hexagon was directly
facing the gcnm'al direction of the river. (Sce sketch No. l.)

SITE OF THE BARRAGE.

The river swings from side to side, in different years, above the
gorges, and seldom approaches them directly. Hence in most years,
» one, or two, sides of the half hexagon, i.e., one-third, or two-thirds, of
the whole length of the Barrage, would have been obliquely inclined to
the direction of the river ; this would have caused great obstruction
to the passage of floods through it, and would have raised the level of
& these floods considerably. The level sill of the Barrage sluices would
also have obstructed the entrances to the gorges, and the combined
effect, of these two forms of obstruction, might have had a serious tendency
i to causc the river-to break through its banks above Sukkur, find a new

channel for itself, and desert its present course through the gorges. This
| is what i1s meant by an avulsion of the river. Did this occur, the Barrage,
and all canals, would be useless.  Great training works, or guide banks,
for miles upstream, would have been necessary to minimise this danger.
, Moreover, the rock, on which it was proposcd to build this Barrage, s
] known to be very porous, and is probably not very thick, so 1t is” doubtful
E whether 1t would have proved a satisfactory foundation ; as the officer
who prepared thel project, Mr. Beale, himself recodnized.

T TR

g

For all these land other! réaséns, this site for the Barragewwas not a

L satisfactory one, and, on the”recommendation of the London Com-
E mittee, a new site was looked for.
A SAFE SITE. s

The site now chosen is an id&l one, for a different type of Barrage
to that proposed in 1909. Being three miles downstream of the gorges,
the latter are not interfered with in any way, and the river floods above
them are left free, to swing naturally from side to side, and to find their
own channel into these deep gorges, through which they rush with great
force, as they have done for hundreds of years past. After passing the
gorges, the two streams of the river unite again below Bukkur Island,--
and flow steadily onward for the next three miles, in an almost straight,
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and gradually widening, channel, which gets more and more shallow
and regular, as it approaches the site for the present Barrage. In this
three mile length, the banks, for the first mile or so below the gorges,
are of rock, and for the rest of the distance are good firm clay. The
suryeys, available for the past 40 years, show that these banks have
remained almost unaltered, proving that the river has formed for itself
a channel, which is a natural suitable orifice for the streams issuing from
the gorges. No alteration is proposed to these banks. On the contrary,
they are to be protected with stone facing, and a protective stone apron,
to ensure that they shall remain unaltered.

A few hundred feet downstream of the Barrage site, the river
resumes its normal behaviour in Sind, i.c., it swings from side to side
in different years, so that, if the Barrage were built any further down-
stream, training works. would be necessary above it, to ensure that the
river should approach it normally. A study of the hydraulic conditions
of the river also shows that, at the site selected for the Barrage, the river
has formed a natural bar, which automatically regulates the conditions
of the stream, above and below it.  The Barrage 1s to be built on this
bar, and its floor will imitate the average natural conditions, so that its
_effect on the river, in flood, should be almost ml. Calculations show
that, with a flood half as great again, as the largest flood ever measured,
the Barrage will only raise the natural level of the niver by barely one
foot at the Barrage, and will have no effect at, or above, the gorges 3 miles
upstream. [t is only in the highest floods that there could be any cause
for anxiety, as to the effect of the Barrage on the river, and, as shown
above, this effect is negligible.

Accordingly, there is no danger, from the Barrage, of that oft mentioned
bogey—an avulsion of the river above the gorges.

A NATURAL SITE.

At the Barrage site, the river bed, throughout its width, 1s composed of
fine sand and silt, and this continues for a great depth, as shown by borings.
The Barmge foundalion, or floor of masonry, will be built in this sandy
bed, on principles well understood in India and Egypt; in both of which
countries, snany Barrages have been built on similar foundations.  The tep
of the floor will be slightly fower than the average natural béd level of the
river in theflood scason, but as the width will he-slightly decrcased, the
waterway provided will be almost the same as in natural conditions.  This
solid masonry floor, on which will stand all the superstructure of the
Barrage, 1s protected from scour, both.upstrcam and downstream, by
great aprons of loose stonepitching, designed to fall gradually, as scour
occurs, and thus form a stone-pitched slope, on both sides of the Barrage.

THE BARRAGE SLUICES.

The superstructureof the Barrage consists of a series of big masonry
piers, 60 feet apart, carrying two great bridges, sidp by side, right across the
river. One bridge is at a high level, and is required for suspending, and
operating, the great sluice gates of the Barrage. These gates, of which
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there will ke 66, are each 63 1/4" long and 18 1 /2 high, are built ot steel
girders and plates, ard will weigh about 50 tons each. Their ends slide
in grooves in the piers, and they are suspended on steel cables, counter-
balanced by great weights of reinforced concrete, from the electrically
operated machinery, fixed on the deck of the high level bridge. The gates
can be lowered, to rest on the flcor of the Barrage ; or raised right up, till
they are 8 feet clear of the highest estimated flced ; or they can be set at
any intermediate level.  And every gate can be operated independently of
all others.

The Head Regulators, of all the carals, are sitvated just vpstrezm
of the Barrage ither bank. Wk Lo river deral

: age, on eitrer bank. ierever tre river s at a very rrccderate
flood level, 12 feet on the Bukkur gauge, it will ke high erough to give the
full level to all canals, ard the H;u‘ragc will rot ke needed. As scen as
the river rises to that level, therefore, all sluice gates of the Barrage weuld
be raised, clear of the river, ard the latte r loft urokstrocted,

NEW ROAD BRIDGE.

Side by side with the high-level bridge {or the gates, is arother bridge
at a lower level, carrying a roadway forvehicular traffc, and two fcot-paths.
[t will connect the main roads on the Right Bank, frem Shikarpur ard
Sukkur, with those on the Left Rank frem Rohri and Ktairpur. Tke high-
level and low-level bridees are carried on the same prers, ard are of similar
design, in limestore masonry. The lenga‘h of each hridgc 15 4,926 feet,
or Just under a mile; or about 5 times the length of London Bridge. The
parapet of the high-level bridge is 77 feet above foundaticns, €6 feet akove
the floor level, and 42 feet above the highest flecd level. The rarapet
of the road-bridge 15423 feet lower, or 19 feet above. the higkest fleed
level.

The whole superstructure will ke built of u‘camy-whitc limestone
masonry, with eliptical arches, ard relieving buttresses and string courses.
It will present a very fre aprearance, frassive but e!(gcnt. ard will barmre-
nize with the vivid colouring on this fine stretch of the great river, which
is one of the few really beautiful spots, threughout its leneth, in Sird.

FEEDING THE CANALS.

Immediately ahove the Rarrade’, e bothlEadks! ceiriience (tFe kead
regulators of the sreat carals.” Thes¢ aré at right angles to the Barrage,
and consist of great masonry works, similar in a design and appearance,
to the Barrage itself. The opeiifngs between piers are each 25" width,
and can be partially, or wholly, closed by tiers of three steel gates, working
in grooves, one behind the otker, in the masenry piers. These gates are
so arranged that they can be lowered to any desired level, so that water
entering the canals, from the river, will pass only over the tops of the gates,
thus excluding the bottom water of the river, which is heavily laden with
silt.  The lowest gate can be completely lowered behind a permanent
masonry sill, which stands from 6 to 9 feet above the floor of the Barrage,
so that any accumulation of stlt in front of these sills cannot enter the canals,
but can be drawn through the Berrage sluices. and passed down the river.
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The gates are suspended {rom machinery, fixed above, on a special
high level bridge, as the Barrage, and all gates will be operated electrically.
Behind the gate-bridge, will be a lower-level road-bridge, on the same plers,
to carry vehicular and foot traffic over the canals, to and from the Barrage

Road-Bndge.
COST OF RIVER WORKS.

As already explained there will be three great canals on the right
bank, each with separate head regulators, and four great canals on the
left bank, also each with separate head regulators.

Between each two regulators, and connecting their river faces, will
be massive masonry retaining walls.  The regulators on the right bank,
with the connecting river walls, will stretch for a distance of 1160 feet
upstream from the Barrage, and those on the Left Bank for a distance of
1,320 feet; where they meet the natural river banks, which are pitched with
stone from these points, as far as the natural rocky banks, at Sukkur and
Rohri respectively. The niver banks will also be heightened by carthen
bunds, on both sides of the niver, the river-side slope of the bunds being n

‘continuation of the natural bank of the river, (which will be dressed to
a regular slope of 1} to 1, before the stone pitching is laid), and similarly
protected with stone facing. The top of the bunds  will be 25 feet, or
47 feet wide, and will form splendid river side roadways, connecting the
towns of Sukkur and Rohri, respectively, with the Barrage Road-bridge,
and thence with one another. O the downstream side of the Barrage,
short curved guide banks will ran from the abutments, to meet the river
banks on each side.  The estimated cost of all these great works on the
river 1s Rs. 569 lakhs, or say £3.800,000 sterling.. The Assouan Dam
cost £2,939,030.

THE GREAT CANALS.

Some brief explanation of the system adopted 1s necessary. In
parts of Sind, there are great areas of country which are cultivated almost
exclusively with rice crops during the flood scason. On such lands,
water is not required at any other season. A second crop (of oilseeds)
is often grewn on rice lands, after the rice 1s reaped, but such crops
require no watering, as the soil is already therouehlyssoaked bysthe rice-crop
waterings, which are very Heavy, Onlother grcab areas nol rice_is grown,
but during the flood (or Kharif) season, other crops, such as cotton, jowari,
bajri, etc., are grown. These are usually known by the misnomer * Dry "
crop, 1n contra-distinction to the Wet "' crop, rice, which 1s grown
-1 standing water. After these “dry ™" crops are reaped, and in adjoining
lands, rabi crops can be sown, and watered till matured.

On any given ~ dry ' area, (i.e., non-rice area), the maximum area of
rabi crops, will be not more than 7 to 3 times the kharif crop area, and as
rabi crops require about half the quantity of water taken by khanif crops,
the total quantity of water required for rabi crops, on any given area, will
be about the same as, or slightly more than, for the dry khanf crops on

that area.
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. : : .
Now if one canal supplies both rice areas and dry crop areas, the cana

must carry, in the kharif season, sufficient water for
(a) the rice area,
. o X3 " N
() the kharif crops on the dry " area,
And in the rabi season it will only require to carry sufficient
- er “dev " area, i.c., about equal to the
| water for the rahi crops on the ry area, t.c., abou €g
water required for (b) above.

Hence if the rice area is large, the canal will have to carry a very
much l;u'g_:cr quzmlity of water, n the khanf season, tha.n mn thc rabi
season. It 1s unpossible to work a canal, satisfactorily, 1f the discharge
required in one scason s very much less than in another season ;
since a constant level is required in the canal, to give flow water to all
lands.

Now on the Right Bank of the river, in the arca commanded by the
Barrage, there s a very large tract of rice lands, in one compact block in
the middle of the arca : while the remaining lands, on all sides, are suitable
for " dry " kharifsand.rabi crops. If all thesedands were supplied by
one great :xnml. it would reguire a (115(:lxax'gc, in the kharlf season, of 19,440
cusecs (cubic feet per second) and in the rabi season, only 6,164 cusecs.
Such a canal would be unworkable.

A RICE CANAL.

A separate canal has, therefore, been designed to supply the rice area
only. and is known.as the Central Rice Canal. It will have a discharge
of 12.346 cusec®™ For comparisenyit may be stated that the maximum
discharge of the River Thames is just under 15,000 cusecs. This canal
has a length of 87 miles, with 294 mules of branches. and 48 miles of distri-
butaries. At the head of the canal, it will have a bottom width of 291
feet, and at eround level 330 feet ; and a depth of 12 feet.

For comparison, the Suez Canal s 72 feet wide at bed, and 202 feet
at surface, with depth 20 feet ; and 1s 99 miles i length.

TheManchester Ship Canal is 120 feet wide at bottom, and 172 feet
at surfacey with (]wptl\ Zorfeat.

The Central Rice analuds provided ™ with 7 “cross-regutators, with
all of which are combined road-bridges, to cross the canal.  Besides these,
there are 11 other road-bridges aver the canal. This canal, being designed
to supply rice and other kharif srops only, will be opened in April, and
closed at the end of September, cach year. It will supply 466,162 acres
of rice crops, and 27,201 acres of other khanf crops, annually ; or an
area slightly greater than that of the whole County of Surrey, or Oxford-
shire, in England. Its estimated cost 1s Rs. 2,33,08,000, or say £1,554,000.

RIGHT BANK PERENNIAL CANALS.

The remaining areas, on the Right Bank, are suitable for perennial
irrigation, and contain a comparatively small area, of existing rice culti-
vation, to be provided for. These areas can be most conveniently served
Ly two separate canal systems, one—the North Western Perennial Canal—
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to supply the lands to the north and west of the Central Rice Canal arca,
and the other—the South Eastern Perennial Canal-—to supply the arcas to
the Fast and South of the Central Rice Canal arca.

The North Western Perennial Canal will have a maximum discharge
of 4,313 cusecs, and a minimum of 3,275 cusecs, i the Khant and
Rabr seasons, respectively.  Its length will be 97 miles, with 117 miles
of branches. and 363 miles of distributaries. At the head of the canal,
its bed width will be 165 feet, and at ground level 200 feet (al)uut the same
as the Suez Canal), while the depth will be 91 feet. It will be provided
with 9 cross-rcgu]atm's, with all of which, road-bridges are combined ;
and there will be a further 9 road-bridges across the canal.  The canal
will flow at full level all the year round, and will supply water to 215,000
acres of cotton. and other " dry " crops, 54,000 acres of rice, and 546,000
acres of rabi crops, (wheat, oilseeds, etc.), or 815,000 acres of cul{i\'a!ior},
annually ; or a greater area than the whole of Gloucestershire. Its esti-
mated cost is Rs. 1,67.36,000, or say £1,116,000.

The South Eastern Perennial Canal will have a maximum discharge
of 2767 cusecs, and a minimum discharge of 2.056 cusecs, in the
Kharif and Rabi seasons; respectively. Its_length will be 140 miles,
with 30 miles of branches, and 294 miles of distributaries. At the
head of the canal, its bed" width wall be 93 feet, and at ground level
about 135 feet, while the depth will be 9% feet. [t will be provided with
9 cross-reculators, with all of whichare cormbined road-bridges ; while
there will be a further 23 road-bridges, spanning the canal. The canal
i will flow at full levelall'the year round, and will supply water to 111,000
! acres of cotion, andeother™ dry " crops, 41,000 acres of rice, and 347,000
acres of rabi crops, (wheat, ete.), or 499,004 acres of cultivation, annuaily 3
or again, slightly greater than theswhole area of Surrey. Its estimated cost

“is Rs. 1,41,00,000, or say £949,000.s
DRAINAGE.

A great system of Main, and Branch, Drains is provided for the whole
canal system on the Right Bank ; the Main Drains being generally common
to, and separatingy the, Rice Canal area, and the Perenmal areas. There

= will be, dltogetheér, 113 -miles)of VMaind Drains, and4- 289 miles of Branch
it Drains. Al these eventuall§-dis¢hdrgeunto the gréat Mancher Liake, at the
1 extreme south end of the area. “From this I ake, a great high-level dramage
channel, 1,000 feet wide, with a low-levél drainage channel 100 ft. wide,

P

i and 10 ft. deeper, excavated along its cemtre, is provided. These channels
,_‘ will be 122 miles long, and they will empty into the river, when the latter 1s at

moderate, and low, levels. With a high river level, the river water 1s higher
than the Manchar Lake, and at present flows into, and fills, the latter, at
such times. To prevent this in future, a great head regulator will be built
| across the drainage channels, to close them completely during high river
ii periods, but permit them to flow into the river, as soon as it falls sufhciently.
% The cost of this drainage Channel and Regulator 1s estimated at Rs.

78,31,000 or say £522,000 (apart from the cost of the Main and Branch

Drains in the Canal areas, which is included in the cost of the canals).
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THE ROHRI CANAL.

The Rohri will he a perennial canal, flowing ot full Tovel all the year

round. It will have a maximum discharge of 10,250 cusecs, and a minimism
of 8,800 cusecs, in the kharil and ral; scasons, respectively.  Its length

L

will be 205 miles, with 203 miles of branches, and 2,100 miles of distribu-
taries. At the head of the canal, its bed width will be 253 feet, and at

gro'und level about 299 f(;(:t, (m:arly half a5 wide again  as the Suez .(':sm!),
w'blle 1S dcpth 'v""l“ l)(: '3 f(:ct. [l Wi“ ;,": ;‘;(';‘Ji(l(;(J Wi?;l i() ( yr,',',uﬂ';/:l1;;;?/;!',,
with all of which road-bridges will he combined, and there will be a

furt'her ++ mad’}’ri’,?%‘ across the canal. There will be 398 miles of
Main D‘ramagc (.ihum':!-:, and 371 miles of branch dras

will sum)lf{ water to 677,000 acres of cotton, and other “dry ¢ rope, 211X
acres of rice, and 1,355,000 acres of Rabi crops, (wheat, oilseeds, etc.),
or, to 2,053,000 acres of cultivatioh Bannually ; or a vreater area than the
whole of the Fast and North Ridifigs®of Yorkshire. Its estimated cost 13
Rs. 408 lakhs, or say 5:2,72"},")00:

arains, ’J"f;‘f (:H.’Hl

THE EASTERN NARA SYSTEM.

The works on this systein willscopsist of 2 @PP0t e Supply Channel,
from thc,‘{»arragc, to feed thefe:dsung Eastern Nara River and its branch
canals. The Nara River will be cafalized, throughout, by the construction
of bank; on both sides ; and all c:':;";ii;:;; })r;mch Ganais will be (:nffxrg':d,
or remodelled, andione new branch construsteds. The:- branches, which
are themselves great eanals, includethe Jamrao, MR 20 2nd Thar Canals
besides a number of smaller oness As redesigned, they will all be supplied
from one, or cther, of the three eXistine weirs on the Nara River, which
will enable the required supply t8 B8 given to each, at a constant level,
throughout their irrigating seasons. ©he Thar Canal will he greatly
en‘arged, :”‘.Ll I»‘?Tn()d{l“(;f'] das a R}'CC (:']”'l] ; aﬂd .'JE” ”’/‘-‘v' ')f‘,!:y' f!‘()m ‘/\pril
to September, and be entirely closed for the rest of the year.  All other
canals will be perennial, and will flow at full level 4l the vear round.

The few Supily Chanmelwitihdve 2 Taatitd dilcharge of 12,200
cusecs, and-alminimum of 6617 &ters, iR K hapib i Rabi seasons,
respectively.  The length of the new Channel will be 15 miles, and the
canalized length of the Nara River., which it supplies, will be 242 miles.
The Supp}y Channel will have a bed width of 359 ff:f:t, and at ground level
a width of about 390 feet, or nearly double the width of the Suez Canal.
ts depth will be 111 feet. The tptal length of all branches will be about
495 miles, with 1,240 miles of distributaries. On the main Canal, (Nara

River), there will be one head regulator, 3 weirs, with regulators and
bridges, and 3 road-bridges across the new Supply Channel. On the
branch canals, in the irnigated areas, there will be many bridges ; but none
exist at present, or, are necessary, on the main Nara River, as it flows
through uninhabited country. There will be 110 miles of new main
drains with 300 miles of branch drains ; while all existing drains, on the
Jamrao Canal system, will be improved, and new drains made, where

necessary.  The system will supply water to 406,000 acres of cotton and
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otheru dry " kharif, (including 31,200 acres in the Khairpur State),.
240,0:)3 acres of rice, and 915,000 acres of rabi, (wheat, etc.), or to a total
of l,?()!,OUO acres of cullivation, annua“y, or nearly equal to the whole
area of Devon, the third largest country in England. Its estimated

cost 1s Rs. 2,39,92,000. or say £1,600,000.
IN KHAIRPUR STATE.

. As lhg present sources of supply to the existing inundation canals,
in the territory of His Highness The Mir of Khairpur, will be interrupted
b}' tlle new British Rohri Canal, and as His Highness very wisely wished
his State to benefit by the Barrage, two new feeders will be constructed ;
to supply the whole area of the State, under the entire supervision and
control of the State authorities. His Highness the Mir has agreed te pay
a share o t.hc cost of the Barrage, whatever it may amount to. The
'y:/}lolc cost of the new Head Regu}aturs. and the new Feeders, for the
State, amounting to Rs. 20,40,000,50r say £136,000, will be borne by the
British Authorities. His Highness the Mir has permitted the passage of the
Rohri Canal, for a lenath of 50 mules, through his State, which lies between
ic. head of that canal, and the area it will irrigate in British Sind. No
11‘1:1gation will be doneyin Khairpur State, from the Rohri Canal, as His
Highness prefers to have his own separate system, The share of the cost
of the Barrage, debitable to the State, has been calculated as follows.

For the British Canals, each canal-will be debited, with a share of
the total cost of the Barrage, in proportion to the total final anticipated
area of cultivation, (kharif plus rabi); to be done by such canal.

In the case of the Khairpur State, the area, on which its share of the
Barrage has been ealeulated, has been taken as the Kharif cultivation only ;
no charge being made for the very valuable bosi-rabi crops which are
provided for. [ desired, the canals can flow from the beginning  of
May until December. The supply provided 1s sufficient for 303,000
acres of cotton and other d:y " crops, and this is the figure on which the
State’s share of the Barrage cost is based. 1t will amount to about Rs.
23.96,000, or say £!160.000. But the water provided, is also sufhcient for,
at least, another 175,000 acres of bosi-rabi crops, or a total cultivation
of, at least, 473,000 agcrcs. The State has asked for only 250,000 acres,
annuallve, The full level oFYRE Avafer supply tdn' be absolutely suaranteed,
as long as the canals are open. ;

There will be two channels, the East, and West, Khairpur Feeders,
one on either side of the Rohn Canal.

The West Feeder will have a discharge of 2,094 cusecs. [ts length

will be 11 miles, to the point where t meets the existing system of canals.

The East Feeder will have a discharge of.|,94f) cusecs. lts length
will be 12 miles, to Khairpur town, where it will meet the existing canal
system.

" These fine feeders, with their guaranteed supply, yvill_provxde for
a vast development of cultivation, and increase of prosperity, 1n the State.
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Tl)c present average cultivation is less than 200,000 acres per annum, so
this can be increased by nearly 150 per cent.

SOME TOTALS.

.I‘hus it Vyill be seen that the Sukkur Barrage and Canals Project
provides sufficient water for the eventual cultivation of the following areas,
i British and Khairpur Territorics.

823,000 acres of rice.
1,739,000 acres of cotton, jowari; ete.
3,538,000 acres of rabi crops (wheat, oilseeds, etc.)

Total 5,900,000 acres of cultivation, annually, 1n a total commanded
area of 8,132,000 acres, in British and Khairpur territories. This is an
increase of 3,522,000 acres, over the present averase cultivation of
2,236,000 acres annually.  The total cost of the project will be Rs. 1,836
lakhs, or say £12,240,000. For comparison, it may be stated that, the
total area of Lgypt 15 8,460,000 acres, while the total cultivation 1s
5,400,000 acres. Thus the Sukkur Barrage Project will provide for
500,000 acres more cultivation, annually, than there 1s at present in the
whole of Egvpt.

In our next article we shall deal with the agricultural, and economic,
aspects of the project.
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They correspond to distributaries of the new system.

PLENTY BUT NO WASTE.
The p!opowd duty " is considerably higher than the present average
duty, of the rice canals in Sind, but as e\piamcd the present canals are
wasteful, with no .ld\ antaze to t}“e rop. Their low duties are due part])
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to excessive \uppx} at some pen(, 3, \\Hen great quantities of water run
into depressions, and waterlog the country.
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will be aiven, as thew canals will be closed from October to March, but
there will be large amount of chabd | Crops, i.e., crops grown on the rice
lands alter the rice crop is cut,) afd Which will grow on these saturated
lands without further watering. -~ Such cropstare not oniy restorative to
the soil, but have the great advantage of taking un and utilising the excess
watcr in the soil, apd thereby assist the drainageeperaiions, and the nreven-
tion of water ,:u_ch;'n_'_{. In order £8 €ncourage their use, no w
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RICE AREAS ON PERENNIAL CANAL

Besides these purely rice areas, to be supplied by-rice canals, there are
considerable patches of rice cultivation in the areas to be served bv the
l new perennial canals.

On a fercomial canal)| riceds awéry extravazant ¢réy i provide for,
and also makes itdifficalt tlobt{iifa moré dr tise equal démand for water
from the canal, in the kharif and rabi seasons, since the rice area requires
: no rabiwater.  Hence rice is not to be encouraged on the perennial canals,
but all lands which had been cultivated with rice, for ten years, at the time
of the soil survey in 1918, will b given a rice supply. Rice crops, which
had been started within those ten vears, are not considered as havine
established a claim to a rice supply, and will not be given it.  The
} justification for this is that, such new rice crops have beenobtained at
the expense of the cultivators, at the tails of the present canals, who are
thereby being ruined ; and secondly, that such lands are nearly all fit for
other kharit crops and for wheat cultivation in the rah; season, and are not
alkahne, like the oreat rice arcas. Such new rice lands will, therefore, he
given a water  supply for other kharif crops, and for rabi crops, but
will not be given a water supply for rice.
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COTTON, AND OTHER KHARIF, CROPS.

The cotton, and other kharif, crops are usually grown on higher lands
than rice, and are, therefore, still more handicapped by a fluctuating water
level in the canal. Naturally, therefore, the cultivator takes as much water
as he possibly can get, whenever 't s available, to tide him over probable
times of shortage. Hence, under present conditions of irrigation, the actual
quantity of water used in the season, to producc a satisfactory crop, 1S
bound to be wasteful. The advantage of a rcgular and constant water level
in the canal, will be very great, and lead to much more offective use of the
water. This is already shown, in Sind, by the much hicher duties obtained
on the Jamrao Canal System, {which is partially secured by a weir at Jam-
rao), than on the ordinary inundation canals of Sind. The average duty
ohtained, at the heads of branches of the Jamrao Canal, (which correspond
to the distributaries of the new system), 1s 85 acres per cusec, while three
of them wive over 9J acres per cUsSec, and one, over 100 per cusec. For the
new systems of canals, which will have an absolutely guzu‘antee':l level
and supply, for the whole vear, the duty on which the distributaries have
been designed, is S/@eresIper, cusec . a very slight increase over the actual
present average, on the Jamrao Canal, with its ill=secured supply, and much
below the figure adopted 1n the Pumjab, where the designed duty, at
distributary heads, is usually taken as 100 acres per cusec. For successhu
cotton cultivation, an assured supply, tor carly sowing 1n March and April,
and for final waterings in October, 1s essential. L his 1s never obtainable,
now, on the Jamrao eanal, butwill be cuaranteed on the new canals.
The other kharif crops such as jowar, bajri, etc., require about the same
quzmtity, per waterings, as cotton, but for a sonr:‘.«'}ml six()rtcr season.
The same duty of 87 at distributary heads has been allowed for these crops,
and will give a very Liberal supply, as 1t will be certain, and at constant
level, whenever required. [n every new canal. the design has been worked
out from the tail, apwards ; cach distributary being given the required
gupply, for the area to be growil on it, and the bx'dnch(‘s and mamn Canals,
from which_the UistFiblitaries are fedjyare desiened to carry this supply
for all distributaric;, pius the/ losses due to evaporation, and percolation,
n Such brzmc}lcs a'-.nd main Canals ; accurd’(cly Calculatcd. fmm thei!‘ length
and wetted perimeter. The total kharif supply, required on each distributary,
‘s found by calculating the supply required for rice lands, at a duty of
43lacres per cusec, allowing for 30 pey cent. of the rice area being shown
in ;‘\pril, (th{lt iS, zlmplc {or a“ seed bcgis), 75 per cent. Of Yhe area requiring
full water in May, (i.e., transplantation proceeding rapidly), and the
whole area requiring full water throughout June, July, August and Septem-
ber. For cotton crops, provision 15 made for 70 per cent. of the full area
as requiring full supply in March ; and the whole area from April to
September ; while 80 per cent. of the area is assumed to require water
throuzhout October, (the remainder being reaped earlv). For other
kharif crops, it is assumed that one-sixth of the full area will be very early
sown, and require water in March ; 75 per cent. of the full area in April ;
and the whole area throughout May to September.  This 1s a far Jonge;
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::(::(]):: tljﬁm t‘}‘m?c crops ever have at present, and will give vastly improved
sults, especial y with the amPl‘-‘ SuPply allowed, at constant level.

THE RABI OR COLD SEASON CROPS.

/\@ present, there is a0 canal in Sind, which has an assured supply of
water 1n the cold weather. There are only four canals which have any
.'\:}1;)})].)' i’ll’ all, throughout the year. Of these, the Sukkur Canal and the
Fuleh '(,anul have only a very small cold weather supply, (a mere fraction
of their fu“ summer discharge), at a very low level, depending entirely
on the winter level of the river.  But these small supplies are fully utilised
and eagerly taken by the cultivators, for growing crops of wheat and oil-
seeds. The other two canals are the Mithrao and the Jamrao Canals.
Both are supposed to obtain a regular cold-weather supply from the
Fastern Nara River, headed up by weirs at the hcads of the Canals.
But the Eastern Nara River gets its supply from the Indus at Rohri, and
as the Indus is at present uncontrolled by any weir, or barrage, the supply
entering the Nara Supply Channel, in the cold weather, 1s extremely small

has failed altogether. The result 1s

in many vears, and In some years

that, the Canals dependent on it have never had a recular, or reliable,

supply in this season. In'the first few vears after the Jamrao Canal was
opened (1901), the people expected a regular cold weather supply, and 1t
happencd that the Nara Supp]y Channel worked fairly well for those
As a result, the rabi sowing increased by leaps and bounds, from

years. ' »
nothing, to 132,526 acres 1n 1905-06, or to about 75 per cent. of t}}e
maximum kharif crop. Then came years with a poor water supp]y n

destroyed the confidence of the cultivators,
at sowing decreased in the following years.

Although, since then, there have been some years with a good cold weatber
:c,u;)ply"thc cultivator has never regained his confidence, but, remembering

often the supplv has failed him, has restricted his rabi sowings to
| area. But there is not the least doubt that, once
d, and the cultivator has confidence 1n

it and can foreseer s requirements of dabour and seed, fthe rabi sowings
will increase enormously ; land evcn(uallY_ every drop, o v.vatc}rl' a}gan]gb}l}e
will be utilized. This has been“the myanablc cxpcnbencc mbt e :3]? ,
and elsewhere, when a reliable perenn.lal supply h_as ce]n Slll) St‘t‘}’f i }?r
an irregular inundation supply. Rabi crops req?nre on'y ad Oul: akht .‘;
quantity of water that is required for equal areas of cotton :;‘n other a_:lx
Hence if the canals run full ih the cold weat!ler, they can provide
cr<{>£5;ent water for twice as great an area of crops mn the rabi season as
fll:eycéan supply in the kharif season. Such an expansion of the r ab::lmﬁs'
(at present very small), will take place gradually, and it "ci estxpﬁat l t ba:
the full area, possible and provided for, on the new canals, will only

tion of the canals. Judging by experience
reached 30 years after completio the canels, e able that crience

! : e 1 ry safe estl )
in the Punjab, this 1s a very thereby greatly increase the revenues

! d
.rea will be sown much sooner, anc
:f the canals, as well as the prosperity of the people.

the cold weather, and this
and ruined their crops, so th

how o '
a comparatively small a .
a good rehable supply 1s p{ovndc

Sl e &
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PRESENT CULTIVATION.

' 1 he. present cultivation, in the commanded areas, varies considerably
in the different areas (see table below), and depends almost entirely on
the water supply available. Thus, 1n the Rohri Canal tract, where rabi
waterings are never available from the present canals, the cultivation
in the rabi season is very small, and 1s bosi rabi, i.e., crops grown in the
rabi season, by giving the land only a heavy watering at the end of the
kharif season, before sowing the rabi crop, and perhaps assisting it from
wells. Even this crop is eagerly grown, wherever water can be obtained.
Qn the Right Bank, there 1s very little rabi in the rice areas, and this little
is almost entircly unwatered dubari. The rice areas are not fit to grow
watered rabi, as they are heavily saturated for the rice crop. In the
North Western Perennial Canal area, there is, at present, a small rabi
supply available in some of the canals, and this 1s eagerly utilised for
wheat cultivation, the present proportion, i.e., one of rabi crops to two 0
}(harlf crops, being a very good ratio for inundation canals. The rabit
is capable of a vast increase when a guaranteed water supply is available.
[n the South Eastern Perennial Canal area, the proportion of rabi crops
is abnormally high, fer.an i nundation canal tract, but this is due to the
long riverside strip of land, lying outside the river bunds, and the lands
round the great Munchar [ake. Most of these lands are flooded annually,
by the rise of the niver, and cannot be cultivated 1n the kharif season,
but are available for a rabi crop, as soon as the water drains back into the
{alling river. In these tracts, therefore, the people are already accustomed
to doing far more rabi than kharif cultivation. The following table shows
the average cultivatton, in the five years ending 1917 :—
PERENNIAL CANALS.
Percentage Kharif and
of Rabi pro-

In Commanded Area of Kharif Rabt Total  culturable portions of

cultivation. cultivation. cultivation. area total
cultivated. cultivation.

613581 92650 74L231 292%  875%

Rohri Canal - -
12°5%
N.-W. Canal - L 221,642 . 104860 326,302 33°5 68°5
32%
S.-E. Canal - - J125,296 125,409 250,705 4204 509%
A 50%
Mithrao Canal =~ - - - *103,000, 23000 126,000 25°6% 829,
187%
Jamrao Canal - - - 161,000 90,000 251,000 339, 64°,
369
* 75.000 acres is rice cultivation and 28,000 other Khanf. ?
RICE CANALS.

C:atral Rice Canal .. - 259,476 46,974 316,450 58% 85%
Thar Canal . - . 51.250 Nil. 51,250 35% 1009

Nil
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he ll’?:,c;):](, tlltu .consl'ruztmn of the perennial Lower Chenab Canal in
oroportion ’of y l‘f"""(}dll “d. area was servcd. by inundation canals. The
C(‘An[; m;)i . r!‘* ;lsﬂn. khanf in th'c total cultlv.ation was then about 25 per
perennial ’("‘uln)cl /1 l)cxi Cf?nt. kharif ; ‘wh_erca.s in 1915-1916, with the new
et e “ al / per cent. of the cultivation was rabi, and only 29 per
Tl It Was ant, dhh({“gh the actual area of kharif had greatly increased.

1is shows the great increase of rabi cultivation which follows the intro-

duction of a perennial water supply.
-

PROSPECTIVE CULTIVATION
DEVELOPMENT. ON AFTER FINAL
deducting, from

['he culturable area of any given tract, is found by
thf—' gross area of such tract, the total unculturable area, (as found by the
soil survey), and also a further deduction of 6 per cent. of the gross area,
Lo a“()w. fm‘.l;m(ls occupivd l)y (‘:mals, roads, \'i”ages, etc. ThL: intcnsit_\'
of cultivation to be provided for, in the culturable areca, varies with the
dllﬂercnl canal systems, according as they are to suppl)'
rice lands, or net, Distinct rules are used for

(a) The Rohri Canal.
(b) The Perennial Canals, of the Right Bank, and of the Eastern

a large area of

Nara, System.
(c) The Rice Canals, of the Right Bank, and of the Eastern
Nara, System. 8 Comy
The rules adopted are as follows :— .’ o"'é
1064

(@) The Rohri Canal.

27 per cent. of the culturable

kharif cultivation. About | per cent. of the
only the present established rice area.

area will be given rabi supply, i.c., the
82 per cent. of the culturable

for cotton and other

area will be provided
area will be allowed

Cu]turable

a rice supply,—i.c.,
54 per cent. of the culturable
total intensity of annual cultivation wil! be

of the Right. Bank and Eastern Nara.—
The area-of established rice etl€ivation,  (as! found by the soil survey),
is assumed to be 93 per cent. of the areas suitable for rice, the balance,
5 per cent., being depressions, and occasional fallows.  The rice cultivation
reais thereof multiplied by 100-95 to give the area of rice lands. This
lance of culturable

area is deducted from the total cui_turable, leaving the ba
land, suitable for perennial ‘cropping. Of this perennial culturable area,

on any given distributary, the total intensity of cropping is taken as 82
per cent. (as in the Rohri Canal area). Out of this total of 82 per cent.,
the ratio of rabi to dry kharif 1s varied, between 2 to ] and 3 to |, so as to
give the rabi discharge of the channel, as nearly equal as possible, to the

total kharif discharge, (rice plus dry kharif).
(c) Rice Canals of the Right Bank and Fastern Nara Systems—
‘< taken as being rice land, and 10 per

90 per cent, of the culturable area 1

area.

(&) +The Perennial Ganals
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cent. as being suitable for dry kharif crops.  Of the rice lands, 95 per ca;to
- allowed for rice cultivation every year, and of the dry kharif lands 5
per cent. is allowed for cultivation each year, so that total cultivation 18
305 per cent. of culturable, annually.

DISCHARGE OF CANALS. {
i ) ) ‘.
The full designed seasonal discharges, required at canal heads, io {
the final development of cultivation, as above, are shown below : :
Canal. Total Khant Cultivation Rab: C‘f!‘i"'atic'“
and discharge. and discharge.
Acres. Cuasecs. Acres. Cusecs.
I_.- 31.’.;
Rohri Canal - - .- 693,300 0250  1,355.000 9,900
) \ 200,000 3,000
_ B 233 000 134  (bosi-rabt)
- B ~£5.05) 12.3X) 614,500 6,787 |
- . 493,223 12,340 Nil siilﬁ,
“w TR 4B13" 545,922 3,639
. - i51.307 2,787 347,471 2525
2.536.217 45,030 3,362,863 25,851

The present average rate of assessment for Fice crops varnes in different
districts from Rs. 4-340%peracre to Rs. 6.8-0, according to the security of

the water supply: the higher rate beingeharged on the Jamrao Canal, where

.',‘- F i 1. . .
the suppix' is fairly well assured. Forthe guaranteed supply, to be given by
the new canals, for a much longer season, the rates proposed vary slxghtly,

with the varying conditions of the tracts. On the Right Bank, which 1s

—

cuited for the highest grades of rice, the rates proposed are somewhat
hicher than on the Left Bank, where, in the Rohri Canal, and Eastern
Nara, tracts, the soil is not quite so suited for the highest grades of rice,
and the rate€ chargeld afe Jtherefore, shighitly lower “(see table below). -
On the otherhand, cotton is @lready wmell established on the Left Bank,
and the conditions very favourable, while on the Right Bank very little
cotton has vet been grown, (owing to unfavourable water supply) and 1t
needs encouragement. The rates on the Right Bank are, therefore, some-
what lower, for the first 20 vears, than on the Left Bank. Rabi rates are
the same on both banks, as the conditions are similar. The present,
and proposed, rates are shown in the tables below, from which 1t will be
seen that the increased rates, for a guaranteed flow supply, for a long season,
as compared with the present unreliable supply, which frequently fails
to give flow water, are not much higher than the present maximum rates,
Unwatered Dubari, on rice lands, at present pays a small rate, but in future
would be free, in order to encourage restorative crops. On the Right
Bank there will be small areas, not commanded by flow water. These
will have a lift supply, and the rates charged will be half the flow rates.

-
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The gn‘.\f argas of existing h .
e v b T S eulivation
- Jagir lands. has beer assessed .t 1 oreca}s;ts. anif cultivation
Governement lands, and thc‘ rabi ‘alt'onc'_qua”er T chftrged o
Government l;m(l\" These ‘J' ".Lu nllanc‘i)n il v i

- less precarious 8. Lhese agir  lands have always had a (more
or less precarious) kharif supply, but the proposed rabi supply 1s entirely
new, and they can take or leave it as they wish. There is no doubt 1t
will be ‘_“‘-\"‘,*"l." taken. Whether or not such a great rebate for these lands
can be justified is doubtful, but it has been allowed, for safety n the
estimates.

The new canals will be opened in sections, at different periods, as

v N | Intil cach givcn area 1s con\'crt(‘d to the new water supply
it will remain on ats present rates of assessment. As soon as converte
t})e new rates will apply to each such section, for ten years; then the next
higher rate will apply for ten years ; and thereafter the highest rate will

work progresses. [

apply.
. Proposed Rates of Present Rates of
Crop. Asscssment. _ Assessment.
All for Flow supply l _
Fiest Second Third I! Flow Flow p!us !,!ft.
10yrs. 10yrs. IQyrs. | maximum. lift  maximum-
| maximum,
LEFT BANK CANALS. |
Rice B - 7-0 8-0 9-0 7-8 .. .o
Cotton ” - 20 6-8 207/ b 5-0 4.4 3.8
Other Khant - 40 4-0 48 M 3-4 2-11 2-2
Rabi (wheat and oil- 5-0 6-0 6-0 ’ 4-4 3-10 2-14
St‘c‘\!;,\. .
Leguminous (khanf same as other khanf
for rabi). - 2-8 3-0 3-0 or rabr.
RIGHT BANK CANALS. '
Rice - . 8-0 8-0 10-0 | 5;'- ..
Cotton - - 5-0 6-0 7-(3 ' 4)—(’) o .
Other Kharif - 4-0 4-8 4-¢ o 3-12 .. 3.7
\b.. \}\\({ \{ il‘ ,
Rabi, (sheat €050 g0 60 L2 40
ouemiabus (kharif .
Ltg»u,.-!,.}l,?( ’ _(“”“ L 28 340 3:0 same/as other khanf
or i or rabif~ )

LIFT RATES HALF ABOVE.
ANTICIPATED GROWTH
al apticip:'xted area of annual cultivation is

As already stated, the fin tvation |

8! per cent. of the culturable area. e present area of cultivation 1s
about 435 per cent. of culturable. _'1he increase, from the present
intensity of 43°> per cent, to final intensity of 81 per cent., after 30 vears,
is assumed to occur very gradua“y, year by year; b}lt as rice extequ very
rapidly when a good supply 1s available, there will be a large increase
almost immediately the new canals are opened. The following statement
der the whole scheme.

hows the present, and estimated, cultivation un _ b e
The increase is more rapid on the r:ce canals, and less rapid on the perennia

canals.

OF CULTIVATION.
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. | eultivation | . Acres.
Present annua cu]tnv‘ltmn in this area and percentage of culturable area now

commanded (4,677,000) . - - _ . - - 2,036,037
435 p.c.
Total culturable area under the project - - - - : - 6,529.705
Anticipated culuvation ten years after opening of canals and percentage of 3,440,288
(‘nlluri\Hl: - - - - - . - - - 52 p-C.
.r’\ntlupal"d cultivation twenty ycars after opening - - - - 4,060,828
. . . ) . 65 p.c.
Anticipated cultivation thirty years after opening and thereafter - - 5,308,408
81 p.c

On the Punjab perennial canals, the actual intensity of annual culti-
vation 1s well over 90 per cent. of the culturable area, while in some of the
largest rice areas in Sind, the present annual cultivation exceeds 75 per
cent. of the culturable arca.

The project forecast, would therefore, scem to provide a very safe
estimate of the pro])ubln: growlh of cultivation.

The following figures show the approximate present quantities of
crops grown, and exported, and the anticipated future quantities, after
final development of the tracts affected by the project. They give some
indication of the enormous increasce which may be expected in the export
of commodities, <uch as wheat, cotton, rice, etc., which are in world-wide
demand. Itis believed that the figures shown for exports, would neces-
sitate doubling the present capacity of the Port of Karachi, and possibly
‘ncreasing the capacity of the North-Western Railway ; while numerous
feeder ratlways would find a lucrative (ield ‘of enterprise, in carrying the
produce to the main railway, . Apant from the direct revenue, from the sale
of water and land , on which the productivity of the scheme 1s calculated,
there will be further great ndircet gains to the State, due to the enormous
ncrease of traf'{ic 01l thc Nox‘th-Westc:m Railway, and at the Port of
Karacht : while the increased trade and wealth of the Province will react
on income-lax, and other sources of revenue. No credit is taken in the
project for any of these gains to  Government, which will be due entirely
to the comstruction of the Barrage and Canals. The construction of these
great works will also haveamportant and beneficial political effects, both

in Sind and ‘Baluchistan.

Approxunate quantities of crops in, the Barrage Canal areas :—
. Anticipated
As grown at alter final
present. development.
Crop. Tors. ’ Tons.
\\ heat - - - 68,600 535,000
Rice - - - 280.000 515,000
Cotton - - - 52,000 190,000
owar and other crops - 300,000 575,000
Exports .. - - 183,000 1,380,000

In a final article we shall deal briefly with the financial side of the
project.
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THE FINANCIAL ASPECT.

VL

In our five previous articles on this subject, we gave a full
account of. the present and proposed systems of irrigation in Sind,
and a brief description of the proposed Sukkur Barrage, and the
great canals to be fed by it. We also explained the present and proposed

systems of assessment for water and land rates, and the revenue to be
denved therefrom.

In this final article on the subject we shall explain briefly the financial
aspect of the scheme. '

DEFINITION OF A “PRODUCTIVE” PUBLIC WORK.

. In submitting a Project for a Productive Public Work, for the sanc-
tion of the Secretary of State, the Public Waorks Department has to

show that the scheme, as estimated, satisfies the following condition,
)y AN
Diz.,

“ There must be good reason to believe that the revenue derived from
it will, within ten years after the probable date of its completion, repay
the annual interest on the capital invested, calculated at 5 per cent. (now
6 per cent,) but in preparing a project for sanction no deduction 1s to
be made from the total capital outlay on account of anticipated excess of
revenue over simple interest,

“Note : Capital invested includes (1) Direct charges, (2) Indirect
Charges, and (3) all arrears of simple interest, if any, 7. e., balance of total
interest over total net revenue.

AN EXPLANATION.

One point m this definition will immediately strike the business

man, viz., that only simp[e interest on out]ay 1s to be calculated. .»’\ctua“_\ ,

of course, (Goyvernment must-bear;the ¢ost oficompound’ interest charges.

until such “timeas ‘the project revenue 1s suflicient to meet the annual

simple interest.  This 1s to say, Government must meet the annual interest

charges, on all accumulated arrears of simple interest, until such time.

But such compounding charges aresnot debited to the Project, and are

, usually met from the general revenues of the country, for this reason,

viz., that after the project becomes ' productive,” i.e., after the revenue

from it 1s more than sufficient to meet the annual interest charges, no credit

1s given to the project, in reduction of capital outlay, for any such surplus

revenue, which all goes to the general revenues of the country. But such

surplus may be applied to paying off the accumulated arrears of interest.
A simple example will explain this.

Suppose _the total direct and indirect expenditure on a project i's'
1,000 lakhs of rupees, and that by the time the work becomes *‘productive

4 R M ir e
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(say 6 years after completion), the accumulated arrears of simple interest
amount to 150 lakhs. Then the total ** capital invested " in that year 1s
1,150 lakhs, and the interest charges on this sum at 6 per cent. per annum
come to 69 lakhs. If the net revenue from the project is 70 lakhs, the
project 1s ' productive ” and pays 6' per cent. Assume the net
revenue goes on increasing with the development of 1irngation, as
follows :—

Nel revenue. Surplus over

simple interest.

7th vear after completion - - 75 lakhs per annum - - 6 lakhs.
8th " - - 80 . -1
Ith . - - 8 . - - 16,
10th o - -9 . . -2y
1th . - - 95 . - - 26,
12th . - - 100 . - - 30,
I3th . - 105 . - - 36,
14th . - - 110 o - - 41,
15th and !ht'u';\ftcx' ~ - 2 S0 - - 46 ys

Then in each year, from the 6th year onwards, there 1s a surplus
over the simplc interest Chzu‘ges, i.e., the net revenue givcs a return vary-
ing from 6°1 per cent. in the 0th year, to 10 per cent. n the 15th year and
thereafter, on the total capital invested.  As will be seen this surplus
amounts to a very large sum, and by the 13th year has more than paid
off the 150 lakhs of arrears of interest. In the next year the surplus far
more than compensates for the compounding charges which Government
had to pay, on the 130 lakhs of arrears of simple mterest, which accumu-
lated during the vearsof construction and up till the 6th year after comple-
tion. After the 14th year all such surplus is gain to Government revenues,
and is not applied to the reduction of the capital of the project.

Many ** productive ” works in India, if credited with their surplus
revenues. could bear all compound interest charges, and also wipe off
the whole of their capital cost, 1n a few years after reaching com-
pletion.

THE ORIGINALIFINANCIAL FORECAST.

Having now explained the nicthod of accounting, adopted in the
preparation of the financial forecast of an 1rrigation project, we will exa-
mine that of the Sukkur Barrage Canals Project of 1919-20. At the time
this project was prepared, the orders<of the Secretary of State were that
interest should be calculated at 5 par cent. per annum. (This has now
been increased to 6 per cent.) The cost of the project will be 1,844 lakhs
for direct and indirect charges, and it was shown on this 5 per cent. basis
that, 1n the 9th year after completion, the accumulated arrears of simple
interest amounted to 356 lakhs, making the total capital invested
Rs. 2,200 lakhs. The net revenue in that year was shown to be 1155
lakl?s, or 517 per cent. on the total capital invested:i.c., on a5 per cent.
basis of calculation, the project was ** preductive 7 in the 9th vyear

after complction. since the net revenue exceeded the interest
charges.
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~ This net revenue included revenue f
m our last article), and also interest at 5
lthed occ'ﬁ)aney fees, obtained for the
andas. 1€se occupancy i :
on ridiculously lgzlvnceystifflzst;s Cr?d'lted fo, the project, were based
as they were ot need of area and value, simply because,—
-y Were not needed to ensure the productivity of th ject,—
archaic practice hitherto ruling in S: vi O ane project—the
lind to s o ruling in Sind, of giving out vast areas of valuable
assumed to contciiuez.am"lffix(i?srsi,t i:asil o fira'dio}r: ! t}}eir e
a total ares of over 1 500,000 ?ssume In the project that, out of
540 00q mea © »JUU,UUU acres ot unoccupied culturable lands, only
»JUU acres would be paid for at all, and that these 540,000 acres would
produce only I_O rupees per acre, 1n occupancy fees, or a total of Rs. 54
lak!\s. The price at which similar good lands are sold privately in Sind
varies from Rs. 30() to Rs. 1,000 per acre, according to watcr—sfxpplv and
locality. Thus, in the Project, credit was taken for interest at 5 per
cent. on Rs. 5_-4 lakhs only, from the sale of lands. Even so, the Project
was  productive ”’ on a 5 per cent. basis of calculation.

THE INCREASED COST OF BORROWING.

_\Vhen the Secretary of State’s orders were received to increase the
‘basis qf calculation from 5 per cent. to 6 per cent. for borrowed capital, the
financial prospects of the scheme had to be entirely re-casted, and with
the original proposal for raising revenue, the Project was no longer “pre-
ductive.”

With the increased cost of borrowed capital, and the original revenue,
the latter did not exceed the interest charges on total capital invested
(included accumulated arrears of interest), until the 16th year, after
completion, when 1t would pay 617 per cent. In the [0th year after
completion it would pay only 4'95 per cent. With the revenue originally
estimated for, the scheme 1s therefore not a " productive " project, and
cannot be sanctioned as such.

NEED OF FURTHER REVENUE.

Hence, unless—this great bene fietal Project was to-be abandoned,

it was necessary to find some means of increasing its preduc-
k]
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rom water rates (as detailed
per cent. on realizations from
grants of vacant Government

tivity.
No one can contend that any pottion of the areas affected has a satis-
factory water supply at present, and the cultivators and landholders
themselves are the most insistent on Improvements being carrged out ;
so there could be no question of abandoning the Project until further

efforts had been made to improve the financial prospects.

It was not considered prudent to reduce the estimate of capital cost
of the works, though there may be savings under some heads, owing to
the steady reduction in the cost of plant and machinery. It was, therefore,
necessary to increase the revenue.

P T RS R r——
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THE POSSIBILITIES.

This could be done in several ways, viz.,

(a) By hastening the period of construction, and therefore
reducing  interest  charges. o

(b) By accelerating the estimated rate of development of 1rngation.

(¢) By mcreasmg the chm'gcs for water.

(d) By increasing the area of lands to be disposed of, and the
pricv at which it should be sold.

(¢) By selling lands before completion of the works, or before
in:ix:.\liun‘]u‘s:ins. and from the procwds h(:lp to pay the
interest ch.n“g:'vs during construction.

Fach of these possibilitics will be examined below :

(a) The programme of construction has been worked out on a
fairly conservative basis, allowing for rapid and _eﬂ’lCle_nt
progress with the most up-to-date methods. [t 15 quite
pmlm[)lc that the period allowed for may be un.proved on,
and the works completed in considerably less time, 'but it
would be unwise to base the success of the Project on this pro-
bability. Ne change is, therefore, proposed in this programme.

(b) The rate at which, in the Project estimates, cultivation is
calculated to increase m the present occupied areas, and to
extend nto the present unoccupied areas, 1s based on an
extremely safe estimate ; and 1n actual practice, this estimate
1s almost certain to be surpassed very greatly: But so many
factors affect this matter,—chiefly the confidence and industry
of the people,—that it is advisable to retain a very safe estimate,
which allows for posstble set-backs, and the training of the
people by easy stages. No change is therefore proposed in
this estimate.

LOW ASSESSMENTS.

(€}~ Thejassessments proposed in the Profect are/ consolidated
agsessments foi-watér-and land rates.. As showrl in our last
arficle, these are.based on an incremental scale, Increasing
after 10 years and 20 years from the date of commencement of
the new water-supply. The rates for the first 10 year period
undoubtedly are pitched® very low for the vastly improveci
regular water-supply that will be given to all crops ; and 1t 1s
the opinion of many experts that the rates of the second 10
vear period might be applied from the very eginning. Many
zemindars also admit that stil] higher rates could \easily be
paid for an as§ured supply of water, but very few of them
are able to believe that the new works really will give them
that security of supply, which they have never vet experienced
in Sind, with the existing inundation canals, It is one thing

or the engineers designing the project, and the officials who
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will admmster it, 1o know for a certainty that this security can
be absolutely guaranteed,  But at is quite another matter
to make the cultivator ’wliuv«: and r('nli'u_: lhis, before he has
.t(‘hm“y seen it and has (rxpt-ri(:n(.‘('d the Sccurity for some
Vears, e and his ancestors have been so accustomed to
alternating periods of a few good years, followed by a few,
or more, bad years, that until he has seen the good supp]y
last for several years «'untimum.«;]y. he cannot be cxpcctcd to
attain full confidence i this security.  Hence, 1t is advisable
to keep rates considerably lower than the actual value of the
waler, and not L{rmtly above present rates, until the cultivator
has gained 4~x;,rtifnu-, and realises that 1t 15 an (;x(:c”cnt
mvestment for him to pay a ;{fmd water rate, and thus obtain
ad Z.’!"d’.ly ill('f“[l‘il‘(i Vf‘illl(_‘ f’)!' !H.'u Crops. i\IUl"'OV(:!‘, it 1‘3 unneces-
sary 1o charge all cultivators with hif.{hcr rates of assessments
than those already pmpuscd, if those zemindars obtaining
other advantages pay a fair value for them, as will be cxplaincd
in the fu”uwing par:mraphs.

ARCHAIC CUSTOMS.

((1) The new canals are dcsigncd not on]y to fmpmvo the water-
'\upp]y of existing cultivated lands, but to give this improvcd
supply to vast areas of new lands, now unoccupied for want
of water, but which will crow excellent erops, and be of great
value, as 8000w as a regular water-supply is given to them.

As already stated, there are morethan 1,500,000 acres of such unoccu-
pied culturable lands, which are the ‘property of the State. There would
have been a far greater area of such lands, available for sale, had not
immense arcas been  given out in past years to present landholders
n Sind, who .'dx(:zn!y had far more lands than thcy could cultivate. Such
]('lnd.(] hr’lV(f })(,’(,'n f."l"/(,'” away or " S()l(i " at I'i(“‘fjlll(l‘uls!y l()‘yv \'ﬂluutions.
Thus, in the past 20 years uxding 1920-21, no less ,t}mn 923,000 acres
of good culturable land, in the Barrage Canals Zone, were given out to
present landéwners, on paymentefyastotalisum ofRs: 36;:63.000 brat an
average priceof ldss than'RsL §pey dere L [nlthe lastiok these 20wyears,
namely, 1920-21, the area given out was 7,081 acres at an average price
of Rs. 243 per acre. One of the cyrses of Sind to-day is that most of the
land is in the hands of landholders who own far more land than they can
cultivate, even 1n years of favourable water-supply.

The reason of these great grants of land 1s an archaic custom of
half recognising a claim known as the ™ Mohag " rights of existing land-
holders. This Mohag claim has never been clearly defined, and indeed
has never had any real recognised meaning. It prebably originated in
the following way. When two neighbouring zemindars each excavated
a water-course from a canal, to irrigate his own lands, if these lands were
scparatcd.l)y a strip of unoccupied Government land of reasonable width,
cach zemindar was supposed to have a claim, superior to that of any third

4
!l
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party, to obtain the grant of half this strip of land.  Similarly, if on any
frontage of his holding, lay a strip of unoccupied land, the granting of
which to another man would have cut off communications, or caused
serious inconvenience, to the existing zemindar, the latter was sup-
posed to hold a prior claim to the grant of such land.

In some few cases there was a reasonable justiﬁcation for a”owing
such claims within moderate limits, but the custom has been abused and
expanded to such an absurd extent, that any zemindar will now claim,
under his Mohag, all unoccupied lands anywhere in his neighbourhood,
with no limit apparently, except the horizon ; and no rules have ever
been formulated to define the limits of grants under these claims. There
are undoubtedly some cases where the grant of small areas to outsiders
might cause considerable inconvenience to present landholders, and 1n
such cases the latter should be given preferential treatment and the hrst
option of purchasing. But such conditions can never apply to large
blocks of unoccupied land, of 50 or 100 acres, or more, and they do not
even appl_\' to the great majority of the smaller blocks.

GENEROUS TREATMENT FOR PRESENT LANDOWNERS.

[t is proposed, therefore, to provide for all such claims on a very
liberal basis, by reserving for individual consideration all blocks of small
area, which may, or may not, be granted on preferential terms to neighbour-
ing landowners, as may be found equitable.

In the whole Barrage Zone, out of 1,500,000 acres of unoccupied
culturable land, an area of 350,000 acres, consisting of small blocks, has
been thus reserved : and for estimating purposes only, 1t has been assumed
that this area will be granted at an average price of Rs. 15 per acre. These
lands will all be given an absolutely assured flow water-supply all the year
round. As noted above, the average price on which lands were granted 1n
1920-21 was Rs. 24'3 per acre, and these lands have at present only an
uncertam and fluctuating wuter-supply for four months in the year.

It will be seen, therefore, that the assumed price for future grants 1s
a very low estimate, and covers a very great area. In actual practice it
will certainly be found that far less area has any claim to preferential
treaturent, andy that the assumed priceds much below a fair preferential
value ofrthd land!—HoWever, these vamatiens will merely wcreate an
extra reserve in favour of) the Project, and-give’a very wide ' margin of
safety. ¢

FAIR AND BUSINESSLIKE SALES OF LAND.

The remaining area of 1,150,000 acres of unoccupied culturable
lands, in the Barrage Canals Zone, is all in large blocks, for which there
can be no preferential claims ; and this area is, therefore, available for sale
to the highest bidders.

The Project cannot be carried out unless extra revenue can be obtained,
and there is no conceivable justification for increasing the proposed water
rates to all zemindars, in order to give away this great area of vacant
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lands, at prices far below their true value, to some zemindars with no
vestige of claim to them. By selling these lands at reasonable prices, to
the many who desire to buy them, it will be possible to keep the assessment
for water-supply at a reasonable figure for all zemindars, on both existing,
and newly, cultivated Jands. \

These principles having been defined, it remains to arrange a pro-
gramme of sales on the most beneficial and economical plan.

A PLAN OF OPERATIONS.

Innumerable plans may be devised, and it 1s only necessary to describe
one such feasible scheme, and to show its financial results. In the hrst
place, it must be noticed that for the construction of these great works,
both for the Barrage itself, and for all the great Canals, a very large quantity
of expensive plant and machinery will be required from the very com-
mencement to ensure rapid execution of the Project. The capital required
to purchase all this plant and machinery must be borrowed, and interest
has to be paid on 1t from the very start, while no assessment revenue will
come in, until irrigation begins in the 7th year after commencement of
wm‘ks.

If no lands are sold until irrigation begins, then the interest charges,
in the first seven years, must be paid entirely from further borrowings,
on which again interest must be paid. \

Hence, the sooner lands are sold the less will be the borrowings and
the compound interest charges to be pad.

ADVANCE SALES AND VALUES.

But if lands are sold several years before irrigation commences, or be-
fore the works are in full swing and have given the prospective purchasers
some confidence in the approaching water-supply, 1t cannot be expected
that such sales would realise the eventual full value of the lands when 1rni-
gation 1s available.

The reduced prices to be obtained for such advance sales cannot be
calculated by ordinary rules for discounting the present value of a future
sum. The aetual prices realised will be less than such calculations would
show. Thelquestion of confidénce ahdspeculation will enter|very largely
into such prices, and here an intimate” knowledge of the pecple, afd of
the present conditions, 1s required to forecast approximately what prices
may be expected. J |

It would certainly be more profitable to borrow all capital, and sell
no land, until irrigation had already begun ; but m order to reduce
borrowings, and also in order to enable new lands to be prepared for
irrigation, and the people and cattle organised, as soon as water 1s available,
it is desirable to sell some areas in advance at lower prices.

The areas to be sold each year in advance will actually be decided at
the time, and can be adjusted to suit the demand, the prices realised,
and the sum required, to affect most beneficially both the people and the
Project.

2
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But for estimating purposes, a scheme sy giraiangon Fage # 51
following description is of one such feasible plan, and shows the financial
results which would follow from its adoption.

A PROGRAMME OF SALES.

.Salcs in open auction would commence in the third year after
starting construction, i.c., four years before irrigation begins. At the
same time would begin grants of the small blocks at the preferential
rates, to those having real claims to preferential treatment for such lands.
In this year about 10,000 acres would be sold in open auction, and about
10,000 acres granted on preferential rates. The price assumed for the
auctioned lands in this year would be only Rs. 100 per acre. Sales would

“increase regularly from the third to the seventh year (when irrigation

begins), and in the latter year would be about 38,000 acres auctioned,
at an assumed Tull price of Rs. 150 per acre, while 30,000 acres of small
blocks would be granted at the preferential rate of Rs. 15 per acre. There-
after, sales would increase steadily, year by vear till the seventeenth year
(10 years after commencement of irrigation), when a maximum area of
66 000 acres would be sold by auction at Rs. 150 to Rs. 250 per acre.
Up till this time 99 per cent. of the lands sold by auction would be first-
class lands, and 10 per cent. would be sécond-class lands unavoidably
intermixcd with the formner. Thcrcafter, the remaindf:r of the second—
class lands would be disposed of, frem the 18th to the Z6th years, at an
assumed rate of Rs. 50 per acre, by annual areas diminishing frem 65,CC0
acres in the 18th year, to 35,000 acres in the 26th year.

From the 8th year till the 15th year, 30,000 zcres annually, of small
blocks, would beavailable for granting at the assumed preferential rate
of Rs. 15 per acre.

By this plan, the total area of land disposed of up to
commencement of works would be as follows i—

1

the 26th year from

(a) By auction.
605,000 acres of first-class lands.
520,000 acres of second-class lands.
]:IWZS'QE)U acres total.

(b)By grant.at Preferential Rates,
350,000 acres of first artd second-class lands.

SAFE ESTIMATES.

[t may be noted that, 1 the above forecast, the maximum price assumed
for first-class rice lands 1s Rs. 250 per acre, and for first-class perennial
lands is Rs. 150 per acre, when water is actually ready to flow on the lands.
While for second-class lands the price assumed 1Is only Rs. 50 per
All these lands will be given an absolutely assured water-supply

acre. | -
round, for perennial lands, and six months for the rice

all the year
lands.
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When at v remenibered that the prresent wm«fr..‘,querﬂth?D'gom-Page #52

dation canali 1o nce Lands, never laots lotger than 5 months, and ofter
Huctuates badly and that these Tahds now sell at prices, Varyio freer
R"- 5““ lo R ',“U“ Pper acre ace nl(“nz( to qn;nlﬂy, w;;'::rw,l.'pl,i,’ ;1;.’i le,e ;:f:‘ /

s

it will e realined that the above eotimated rates are extees !',' Jour,
. For |N*u'nni;n| el there 1o no « mu]mri','m avalable 1n Sind, a- there
15 nowhere o real |N'u'|mml "“l'l"'/: but st recent Governnent auction
sales (|‘)|‘) 20) of waste lands o the ”llllj'l’l, the [irice realiced for land
ol average agrrrcultaral r;n;x“ly wa, over 1o, l,()'()() per acre,

5)
per acre for first-class Tands, and 120,50 per acre for wecond-cla land-,
arce also extremely low estimates,

It ul)viun"., ||u-|'r|rm, that the rates asoumed :1};'/‘/", 7:;:':.!'}‘/, Fs. |

A HANDSOME RETURN ON OUTLAY.

But with these assumed rates, and the prograrnine of sales outlined
u‘)()vv, the l’miwl would become pmtln«h"."', [.¢., pay Mmore i
cent. on all x.’nl;il.nl mvested (imlmlin;{ accumulated arrcars of interest
in the third year alter (um;:lrliun of works, or in the 15th year frem
commencement of works.  In the 1O8Rear after the completion of works
(the test year accordmg te P.W.D. (:0(’/:), the f’rojcct would pay 10°4
cent. on t"t[)il.‘ll invested an the 20th year after Compiet;on it would 3
I3 per cent. and in the 30th year after rurn;;!(:ti(m, and thereafter, 1t would
pay 146 per cent.. on all fnpilul imvested. Al accumulated arrears of
interest  would be paid off by the 9theyear after completion of work:
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The maximum ameunt of capital which must be borrowed will ke
about Rs. 16 crores,

The final capital invested will beeRs. 1,836 lakhs, and the final net
annual return, at 14°6 per cent. represents a net profit to Goverrment
(;xflcr p:xying all interest ('Ix;uqu), of 86 per cent. on the (‘enpi?af out}a}.', or
a nel surplus of Rs. 158 lakhs per annum for the benehit of the zeneral
revenues of the Province.

Thus it will be scen that this great Project can be carried out with
vast benefit to the people of Sind, and at the same time to the very great
profit of the-Eresidgncygas a whole.

The estmates of the ¢ogt of/alllworks havebeen based | on careful
and sufficiently liberal rates, which should not be exceeded, and may
probably be found more than sufficient ; while 1t 15 hoped that the above
explanations show that the estimates of revenue, from all sources, are
based on most conservative low rates.

THE LEGISLATIVE COUNCIL’S OPPORTUNITY.

[t is expected that the Secretary of State for India will very shortly
signify his approval to the proposals of the Government of Bombay
for financing the work. It will then only remain for the Bombay

Legislative Council to approve the whole Project and permit the start of
construction,
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It can hardly be doubted that our wise 1NN RANIHNpRM Ragas# 53
great  scheme, which will bring  such abounding prospenty to Sind,
and such great profit to the funds of the Presidency.  They may also
take some legitimate pride in reflecting that they are inaugurating what
is by far the greatest irrigation scheme in the world.
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